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QGROUND WATER IN THE DICKSON AREA OF THE WESTERN
HIGHLAND RIM OF TENNESSEE

Michaal W. Bradley
ABSTRACT

A bydrologic study of the Bicksom, Tenmn., ares provided additional
information on the occurrance of ground water in the Missimeippiss carbonate
rocks of tha western Bighland Kim, 7Twenty-six vells were drilled to derermins
the occurrence of ground vater is relation to topographic position, regolith
thickiheas, stresmflov gains or lLosses, lithology of the underlying formations,
and linssr EesCiros.

Yielde of 26 tasc walls ranged from 0 co about 300 gallous per minute and
averagad about (8 gslloas per mioute. HMins wells yielded 80 to abouc 300
gallous pur mioute; specific capacities ranged from about O.71 to 17.7 gallons
per sinute per foot of drawdown. Seven of thase nine welle yislded water (xm
solution apesings in th¥ Wareiw Limestome. The other two I1# yiclded vater
fron gravel and samd in the regolitb. Aquifer tescs ware conducrad an two
wells. One well wes pumped 4t an sverage race of 350 gallons per minute for
72 hours with 34,77 feet of drgydown. The second well was pumped for § houras
at 120 gellous per misute with 20.86 feet of drawdown: The vster from both
walle wvae of generally good gquality. iater from ooe well bad & dissolved
solids concencration of 170 nilligrans per liter. Tha dissolved solids im the
veter from s sacond wall was u:mud from specific conductance ae about 160
willigrame per liter.

Thick regolith and the presesce of hnr.nnu linastoss interbedded
vith cosrse-grained limestoss near the base of the regolith appeax to be
significant conditions for the development of solution apcnin.- thac yield
large smouats of vetex. Seveoty pement of the test walls in vhieh thess
conditions occurrad yielded 80 gallons per miouts or mors.

INTRODUCTION

The need for alteroative sources of water has ampbasized the need. for
additicusl inf, ion on tbe e of ground water in cerbonate rocks.
In the paesc, thése aquifers have beeo used, for the moat part, as rural
domastic wvater sources. Development. of thess aequifers for municipal and
industrial purposes is deterred by their bighly varieble water-bearing
propertise; lowyielding wells sre common and the cccorrwnca of large supplies
is unprediccsble. A three phase atudy was conducted near Dickaon, Tena., to
acquire a batter understanding of tha ground-water system.

The study hed chrea objeckives;
. To describe the ground-water hydrology of the vestern Bighland Rim
in tke vicinicy of Dicksonm,



. To test coocepts aof ground-watew cccurrence by drilling test walls
at sites salected oo the bseis of hydrologic criteria, a
. To acquire and Laterpret dacta ou the quantity and quality of grouwd
watar sad on tha geologic envirowment ia which it occurs.
To accomplish these cbjectivas the first phase of che study included iater
pratation of well and spring records, water—quality data, stresmflov sessure
meuts, aerisal photographs, and geologic data. During the aecood phass, test
sites ware selected and « total of 26 wells was drilled. In the tbird phase,
aquifer teste vere conducted to datermine aquifer propercies. Water sicples
were collected for watexr—quality amalyssas.

This atudy was conducted by.the U.8. Geologicel Burvey, in cooperaticn
vith the city of Dickeoe and the Tennesses Division of Wster Basources aud is
part of a larger study of the carbonate rocks of the Highland Rim in which the
concept of ground-water occurrence is being tested in spacific sreas.

DESCRIPTION OF THE STUDY AREA

The Dickson sres liss on cha rolling platesw of the western Highland Rim,
& section of the Interior Lowv Platesus physicgraphic province. The stady area
is within Dickeon County and approximately 40 wilme wast of Mashvilie {fig. 1).
Tha 104~wquarswile axea lies along the drainage divide batwaen the Teaons
snd Qmberland River basins. The msjor etreams are che EZaot and Wesc Pinny
Rivers which drain the western aud southern part of the ares and Jones Creek
vbich draine tha gortheastern part. These scresms are decply iooised into the
platesu providing about J00 feet of relief. Alcitudes range from near &0

© fest in tha vallay of Pimsy River to abowt F00 .fask above saa lavel.

The Dickson area has & tesperace clicace, mean moachly tecperaturs ranges
from 39°Y in Jemuary to 7¢°F in Jaly (fig. 2. The mesn sonual tesperature is
59°F. The Dicksoun sres receives about 50 inches of prscipitation in & normal
year. Fowsvar, wost of the precipitation falls duriog the lata winter aod
early spricg. Mesn monthly precipitacion ranges from 2.54 inches in October
to 3.52 inches in Mareh (fig. 3.

GEOLOGY

Formationa an the ner Bighlsnd Kim ia the Dickson ares
include, in descending order, the Tuscalooss Cravel of the Cretacecus Period
sod the Bt. louis Limestoas, the WUarsav Limmstone, and the Fort
Yormation of the Hississippisn Period (fig. &). The Tegionsl - 4ip ot the
£ormagions. .ie towa «- uorthesst (Marcher, 196200,  focal.
rutum include lowe to the southusst and northesst
that are scparatud an esst-weat tranding esticline. i
Dickson (Ligs. 4 mod 5{

uoder, the city -of

The Tuscslocsa Gravel coosiste of chert gravel, mand, silt, and clay.
The chart gravel ie composed of weli-Toundad fragmests up to 6 inches in
disdetar, avd wvas derived from the Camden Chart of Davonian age or locally
from the St. louis, Warssw, and Tort Payna. DPecause of ita isolated nature
and limjited distribucion, tbe Tuscalovss is not s significant scurce of ground
vater.

Physiographic Provinces of Tenmessoe
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Figurs 1.~ Lacation of the Dicksan ares, Tenneeses.
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EXPLANATION

[1 8t Lows Limestone

[Z) Warsaw Limestons

Ml Foit Payre Formation

Flgure §.— Geologic croue saction of the Dlckeon siow.

The 8c. Louis Limestoos, which caps wosc of the uplands, is genarally
Tepressnted st land euifice oaly by e residual ciay soil containing blocks and
nodules of chert. The St., Louis ie & yellowish-brown Fioegrained chacty
linsstone which locally jucludes beds of mediuw- to coarsa-grained fossil-

fragmantal silty limsetoua similar to the underlying Warsaw Licestone. The

3t. Louis regolith contains chert which is dark, very deuse, and brictls, snd
in places is cherscterized dy round chert “cannonbslls” (Marcher and others,
1964). Bagolith is the mautle of uncomsolidated matsrisl which overlays tbe
bedrock. .

The Warsew Livestone is typicslly u thick-badded, light colored, wedium
to coarmea-grainoed, foesil fragmental lLimestons. In the Dickson area it is
approximstely 100 faet thick. The od- sica foesil fragoeacts were derived
prisacily from crinoids and bryozomas. Quarcr and calcite are the main
minersls pressot, but glaccooite and pyrite occur locally in very saall
asounts. Locally, the WHarsav Li i £i inad, charty beds
which are typical of the underlying Fort Payos Formatioa. Tha Warssw-PFort
Payne contact is geasrslly £ vith dati aud possible incer-
tooguing octurring batwean the two formatiows.

The Part.. CYormation is typically s calcarecus, dolomitic, vary
cherty siltscom. aizum thicknesa in che Dickson sres is spproximately 250
fsat. GChart occurs throughout ths fdrsation in distinct beds, as irreguiar
disgonticuous beds or nodules, aod vithis che matrix of the Limestone and
dolowite. 5Small cavities (less cthan 2 inchas in diarerar) costein quacte or
calcite. Sows gypsum occurs in che lower part of tha Fort Payna. Glsucoaite
end pyrice also oceur in seall quastities. Some beds in the Fort Psyoe are
mediom- €0 coarse—grained, foesil fragmantsl limescoos similar to the typical
Warsav’ lissstove. h

Uoderlying the Mississippian formaticus is the Chactencoga Shale, s
fissile bluck shele approxinately 20 faeet thick. Melow this is a thick
sequence of Bilurian snd older socks comsisting of limestons, dolowite end
calcarrous siltacone (C. R. Bucrcbett and on Zuravski, written commn., 1979).
For additionsl discuseion of tha geoiogy of the Ditkson sres, see Harchar aod
others (1964). .

HYDROLOGY
CONCEPT OF GROUND-WATER OCCURRENCE

Carbonate vocks uaderlying che Dickson area have liccie intergranular
permeability. Secondary pemseability featurss, primarily solutiocn anlsrged
badding plase openings, transmic wost of the wacar (fig. 6). Moorm xad
Bimgham {1965) reported that Che lergast amsunts of ground water occur in.
solution openicgs in soluble limestooe, auch ae sowa beds in the Warsaw and
8t. Louis Limestone.

The St. Louis Limestons snd locslly the uppar part of rhe Warssw geserally
bave veasthered to & clay regolith in the Dickson arsa. The regolith has low
peromabilicy but n importent role in ground-water occurrence in this ares.
The regolith store large amount of vatexr snd slowly releasss it to solutiop
opemings iu the underlying. limestons. Thaere the molvant action of the vater
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Figure 8.-- Canceot s ground-welw ooowrrence end Haw in ihe Dickeon ares.

enlarges openings aud iacreesss permecability, The occarreocs of thick rego-

lith over the soluble Wersaw Limsstoua is conducive to the devalopsmnt of aigh*

yielding solution openiags.

The nom—va:-r system (8 recharged primaxily from. precipitation om the
uplands. Water moves down thm;h the regolith &nd into solution cpesmiuge snd
frace ia the Ii her apd others (1964) catimated thac about 12
percant of Che total precipitetion rechsrges the ground-varer system. Onca the.
wvater ie in the limsetone, it moves sloug the solution openings sed vertical
fractucae to diacharge pouu:u at spriogs and axlang streams.

Springs and streas segmonts 'hich sain nov ere poli:ivc indh:unn of tha

presence of ground-water s (Rima &
this. axea, with.tha exception of Payne Bprin(, all inu zm th‘“
stone. Thie. indicates -that:. the Warsaw. is & ground-witer reservoir and’ the
dense cherty Yort Payne Pormation is- ;-wnuy a5 underlying coofining lLayer.

However, soms vells yield water from solutiom openings in the !955 l‘lync.

prings
bat

WELL RECORDS

Data on welle in the Dickeon srea era in the Eiles of the lenneesse
Division of Water Rasources and U.8. Canlogicsl Survey. Since 1963, wvater
wall drillers have beeo submilting reports to the State oo the wells that chay
drill. Dsts on yield and casing lsngeh were obctsined from thess driller
reporte.

Reported well yielde for 1563 wells in the arsa (fig. 7) racge froa less
chan 1 to sbont 100 gallmio. Iixty-nine percent of the welle yield less thea
10 gal/ain. However, 12 percent yisld 153 gal/mis or wore. There is oo clear
pattern to the distribetion of well yield and locstiow (fig. &. walls
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figwe requenay dlatiibation ot reporied weit ylslda (g
Tenaessaa Dividion of Water Resowoes. unpubilshed

Casing lengthe have besn rsperted For 226 velle in the Dickeon srea. The

.lengtha racge frow a minimm of 6 feet to a omxioun of 188 feet. About half

of the vells ars caszed to betwsea 40 snd J9 faet (fig. 9). Beceuss State
regulations require that well casing be eet inko bedrock, most reported casiag
lengthe are at lexat a8 grest as the vegolith chicknnse and may be greacar
{Burchect and Zuravaki, written commus., 1979). (usiog lengths vere ussd to
spproximate the regolick thichnase (£ig. 10).
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Begolith in the upladdy ia geperally about 50 to mqre then 150 feet Chick.
Oae exception ia thaset of Dickeon along Highway 45, as upland ares where,
1 o0 cesicg lengthe, the regolith is less thas 50 feet thick. Iz the
valleys of the-major screams, East and West Pinay Rivers, Jonee Creek, aud
Little Jones Crask, the cagslith is less than 50 fuer thick (f£igl.10).

GROUND-WATER LEVELS

Ground water i the Dickeon area £love from recharye aress whers wetar
level slevations ers bigh, to discharss points at lower elevations. WGatse
levels in 59 wells. vare wassored in Merch 1960 (Marcher end others, 1964) and
ranged from 0 to 110 fust below land surface. It ie likely that vatsc levels
are similer wow (19%) 4a grousd-vater pumpegs in the area haas aot chsnged
grestly. -

A water level contour map modified froo Marchar and others (1964) ix based
oo the Harch 1960 vacar levels and the altitudes of cine springs (fig. 11).
This map showe high vater-leval altirudes under the drainage divide vhich ruas
aorchwest to southeast chrough Dickesn with the highest varer levels corthwast

33
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of Dickson. The water table is a8 much as 300 fest lowar in aititude in the
valleys of the major stremss (Burchett and Zurawski, written cosmun, , 1979},
The direction of ground-water flow is similar to the surface drafnage} flow ia
avay from uplande end Coward lower water-level altitndes in the velleys.

SPRING DATA

Springs are nstural outlets for grocad water snd occur vhere lend sucface
intarsects t wacer tsble. Moot of the largé springs in the Dicksvm area
(Eig. 12} discharge from aear the bottom of deeply incised hollows (Marcher and
octhers, 1964},

Discharge measursaents werw oade during July 1979 &t six spriogs ia the
Dickzon ares. Two springs, Walout Grove §pring and Crsasy Spring, hod tha
lowest diacharge of the six apriags aessured (teble 1), The messured yield of
the four springs along West Pinsy River ranged from 0.57 to 1.78 cubic feer per
sacomd (£t3/e). Payne Spring was weasured in Sepiember 1978, with a flow of
0.20 ft3/a. Bight discharge asssuremeats ranging frow 0.13 to 0.79 fc3/a
vwere wade at Tica Spring from Septamber 1980 chrough Joe 1981. Specific coa~
ductsnce of watar from the apringe ranged from 175 to 295 wicroabos per ceati-
Deter (ymwhoe/cm) snd pH ranged from 7.0 to 7.7 (cedle L),

bischarge measuremants have been mada pariodically froe 1931 through 1979
at KMeldar and Nuce Springs (table 20, TFifey-seven measuremants have been
aade st Fialder 8pring; Bruce Spring has been messured 17 times doring the
sama pariod as Fieldar Bpricg. Discharge from Bruce Spring is coasistently
Lower than discharge Lrom Fielder Spriag.

STREAMFLOW DATA

Streanflov messuzements were wads ou July 19, 1379, et 96 sites along
streams in the study ares (fig. 13). The streams wars dey at 27 of the sites.
All bur two of the dry sites have drainags areas of 1 than 1 square mile.
The largest dreinsgs sres vas 1.588 square miles., The sverags streamflow for
«ll 96 sites was 0.26 cubic foot per secoud per equare mile. If the 27 dry
aites vere omitted, the averaga vas 0.36 cubic foot per sscond par square mils.

The change in, streasflow per. addicional. square dile of drainage srea
between sites wrs dotarmined for each. sits wder _to delineate i n:reachye
vhich are gaining wore ground Water than othi ches (fig. 13). The

ini y Teas which have
some celativaly high teported well yields. The gaining reachad of stremss,
similar to springs, icdicate dischargs frow the ground-water reservoir,

lov-flow dischargs measureswots have heen poblished (Gold, 1980) for 10
pites vithin the study ares (fig. 14 aud table 3). Lov-flow messuressnts ars
pade 4t a time when thers is 00 overland runoff [roe precipitstion, snd flow
is suatained by dischargs from The ground-water system.

Jres ey
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Tsble L.--Disch

specific ¢

from apringe ip the Dicksom ares.

, aud p of varar

Table 2.--Uischarge sessoresants ~ Fialder Spring end Bruce Spring

Specific
conductance Tenper—
Spring Discharge {(umho/cm ature P
(£ig. 12} Date (£e3/4) 25%C) [
Walaut Grove $pring 7-11-79 0.0 245 16.5 7.4
7-19-79 0.04% 270 6.0 —
Dousgan Spriag 7-11-79 0.4 20 L. 7.0
Badden Spriag 7-11-79 0.57 220 135.5 7.8
7-18-79 0.68 20 5.5 -—
Fialder Spring 7-11-79 1.781 233 4.5 7.6
Bruce Spriag 7179 142 20 15.8 7.7
7~ 179 1 s 14.8 -
Gr‘n-y $pxing 7~19-79 0.07 — _— —
Payne Spring | 5-29-78 0.26 -— — -
Tice $pring 3-17-80 0.16 280 - 16,0 -
12-22-850 ¢.13 260 13.0 ——
1-12-81 017 2@ 13.0 -
2- 2-81 0.18 290 4.0 —em
2-23-81 0.22 Cam 3.0 -—
4-13-8% 0.28 250 4.5 —
5-21-81 0.79 150 n.e -—
6-29-81 0.21 295 TR -
* Ratimated.

hiluur;‘ Diacharge
» £ 3

Date Fielder Brace Date Fialder Sruca

Spring Spriag Spring Spring
03~06~31 2.06 1.30 08-29-62 1.9 -——
92931 172 110 09-26-62 1.8 -—
07-17-52 .17 1.68 10-25-62 1.93 -
08-12-52 1.90 L1y 11-28-62 1.78 -
09-23-52 1.86 L1y - 01-12-62 1.57 -—=
10~22-52 2,02 1.12 01-12-83 1.48 ——
11-20-52 1.72 .17 ‘03-27-63 1.01 —
12~04-52 1.62 1.00 04~10+63 1.8% -
01-20-53 1.74 1.08 03~07-63 1.92 —
02-24-5) 1.98 1.54 060563 1.91 -
03~18-53 2.18 1.67 07-12-63 . 1.56 -
04-29-33 1.95 Laé 08-05-53 1.74
05-26-53 PN 1.75 09-10~53 1.78
06-23-53 .09 1.45 . 10-03-63 1.40
0$-02-54 194 1.3 11-13-63 1.53
00761 .96 - 12-10-63 1.66
18-09-61 3.1z —_ 01-23-64 1.36
09-07-61 2.09 -— 02-14-64 1.5
10-04-61 .07 _— . 3-10-84 2.2%
11~02-61 1.83 —— 04~16-64 1.33 -—
12-04~61 1.58 o~ - 05-15~64 2.67 ——
01-02-62 1.7% -— 06-13-64 1.96 -
02-07-62 2.0 -— 07-16-64 1.65% —=
030652 2.70 - 08-20-64 111
040362 3.0 — 09-23-64 1.78 —
05-02-62 2.58 - 10-i3=64 i.70 -—
050362 2.38 — 11-17-64 1.50 ——
010362 2.23 - 0F11-79 1.78 1.42
08-02-62 2.30 — 07-18-79 —— 1.34

Heap Yaxisum Hloim:a
Flelder Spring 1.98 3.12 1.4%
Bruce Spring 1.34 .75 1.00
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Table 3.--Low-flow discharge maasuremsnts for stresms in the study ares

Drainage
Refarence Statioan area Discharge Di scharge
no. . (ai®) Date (et /o) bata  (fc'/e)
{21g. 14) .

L 03434585 5.0% 10-17-530 0.42 06-24~52 0.57

2 03434550 13.1 . 0T-31-24 .20 08-21-75 1.8

3 03434593 10.9 07-071-50 3.47

& 03434595 13.3 09-12-51 0.57 .

3 06302170 2.14 10-10-61 o 09-27-863 0.05

- . 05-15-62 0.56 10-04-64 [:]

04-25-63 D45 03-06~65 0.36

& 036092 21.2 07-07-50 12.5 05-15-62 22,0
09-12-51 9.01 04~25-63 17.7
10-17-51 73 09-27-63 9.93
06~24-52 10.6 10-G4~64 9%.11
10~10-61 401 081065 12.6

7 W602193 1.95 11-13-52 1]

] 03602196 2,50 10-24-34 0.47

9 6RO 6.21 10~10-61 1.67 100464 2.38
45-15-62 5. 50 08~10-63 5.57
042 5613 4.88 090369 3.16
Q9~27-63 1.61

10 W6M@ 210 0.73 11-13-32 ]

Data fram Gold, 1980.

3y usiog lowflow dats, the minimm smount of recharge to the groun
water syetaw ia the Oicksom area can be estimated. Discharge data frow the
gaging station ou the Pioey River at Varnon, Tenn., south of che study ares,
wers used for this purposs. During 1980, the miniomm discharga of tha Pinay
River at Veruon was 90 ft3/s. At this site, the Piney is draining 202
squato miles. While part of this drainage besin is outeide of the atwdy
arsa, it is sssumad That the recharge rate for the ancirve basin fs sbour the
saue as the recharye rate in the Dickson srea.

Assuming ther tha 90 te3/g repcasents the smount of ground weter beisg
discharged to strwams smd eprings, then sbout 320 scre—fest of vater must

.recharge sach squara mile sanocually. This represents a minisum vata of sbost °

5 inches of the suuuel precipitetion that is rechsrging the grocnd-water
system azound Dickson.

RESULTS OF DAILLING
Test ol Oata

Tuenty-six walls vers drilled during the study (fig. 15}. Wall dapths
ranged from 21 to 400 feet, and the wells were cassd to depchs racging from
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i to 317 feat below land surface
lngnh.th niuknu_ nned

feat in the uplands, Yialds dut{u
drilling vere léps .then 1. .to moxe
then’ MOI!IUILD. unly tvn vells wors
dry (cab 'ght welle yicldad
sorw. thaa - 1 1/min (Eig. “17).
Data from. the test welle sre sumes
rized in cable 4. -

The regolith st the 16 ceet
vells ranged from & ro 331 fest thick
(table &) with an aversge thickness
of 88 feet. FNourtesn wells pens
tratad at least 80 faet of regolith
aad 10 of thase wells had fine
graiced beds of limastons naar the
top of rock. Of these 14 wells, 7
(a1l with fine-grained limestons
near the top of rock) yielded 80
sal/ein  or wors frum . solution
opanicgs in bedrock, sod 2 wells
yielded sore than 100 nh‘un fron
the regolich (fig. 18). wall ¥y
yielded™ 175_gal/min frow en B:f

bedrock. Wil Di-15 yielded mors
than 300 gal/mio from & §0-foot thick
section of calcereous samd. The
remaining five wells vith st lesst 80
fest of regolith yielded lesw cthan 20
galhinin For i2 walls which
have leass thao 30 feet of regolith, 9
yialded less than 20 gal/wie. The
three remsiciog wells, all with fica
grained beds of limsstoos nesr the
top of rock, yislded 0 co 50
galfuin; bowever, the yhld £-oune u!
these wells, Dk-24, may
by the presence of chie: x,ty_,lqu
wpich causes local  grousd-water
levale to remain n:h‘ -

Tha regolith  thickness was
* highly vaerisble withio shovt lsteral

distances. Fov exanple, wellis Di~L7,
Dk~18, and Dk-19 sre withioc 200 feet
of each other and have regolicn
thicicnesses of 90, 110, and 70 faet,
raspectivaly. Well Ok-9 has 331 feet
of rpegolith whereas two domestic
walls within about 400 fest of Dk-9
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have r d_ regolith thi of 95 aud 160 Fest. Well Dk~73 bas

approximataly 120 feec of regolith sud well Di-24 which is 230 feer avay hss
ouoly 10 feet of regolith. Thess varistions in regolith thickness iodicare
that the bedrock surface is irreguler and esay be pineacled.. ‘Thy smalyeis of
the regolith, thxckuu nod yisld showed that wells. A:, likely to pruduu more
wacer ih-aress of chidk regolith. R

The primary.. vnum-bn:hg wonay are solytien, nmin.. in the Warssv Line-
stona and _to sous estent io_the Foit_.Payoy Poumtioo., The regolith comsisced
of denss clay acd, vith two #xceptions, yislded very little weter. The sireof
salution openings pevotrated during drilling rapged. frow less” than 1 foat to
wmdre_then 40 feat chick. Cenaially, the smaller opegioge vers clessn, waterr
Dearing acues whergss, the larget openings, wore r.luu 10 fest, were partially or
sloase cowpletely filled vith clay.  Solecicd openinge which oggurred bslow
Einergrained_“cap rock!’ desr the top of bedrock vqro more likxely to yield large
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smounts of water.. This "cap rock” is a fine-greined siliceous limestone or
dolomite which ellowed for the development of solution openinge by iuhibiting
the downward weathering and movement of clay ioto the solution openings. The
size and number of solution openings decressed with depth.

épeelﬂc Capacity Tests

Specifiec capacity tasts were conducted on 10 wells. Specific capscity is
the discharge of s well expressed as a rate of yield per unit of drawdovn aud
can be used as an indicator of the capacity of the well and aquifer. Averege
yisld ¥or the individusl wells during the tests ranged froe about-72-galimin
in Dic24 to.300 gnl/_n{n,iy Dk-15. Specific caspacities for the wells ranged
from 0.71 to 12.7 galloas per minute per foot {(gal/min)/ft) of drawdova (table
5) and averaged 4.10 (gal/min)/fr. A high epecific capacity, such as 12.7
(gal/min}/t in Dk~21, indicates that.che water-bearing gsoune supplying the well
is capable of transmitting ground water aore resdily than s wall with a'lower
specific capacity, such as 0.71 (gal/min)/fr in Dk-24.

Dadle 3.--dpacificcapaelily tast data

staife
wmtes level dvacnge
belew . yleld langth
Mate  measuricg  Neav-  durisg pecille of
11 mo. of paist down test . capacity cesk -

¥re it weer U} - (f0)  (gatfate) [Ggsijmislirel () e
-3 H:k-$ s/w/m 49,30 42.33 m 3.3 1.0 Slew snd incamplate vocovery.
-9 oi ¥-47 1/ Um0 1310 18.7 173 1J% 1.0 Tislde water frem ragolith.
W16 DL:F-48 1 rie AR43 3408 R 1.4 .9 .
-1 D71 1/18/ 90 43,07 17.74 23 L 1.3 5
w13 di:r-7 im0 S1.64 27.89 300 it 1.0 Yiolds watar from regolich.
D1y sireTe s Um Te.47 3844 1 3.0 10 .
=18 Bi-P-2§ 10/ 1/ [} 973 Ab.62 ™ s.re 1.8
W HA-7e 1w 0/ .30 19.33 F - 1. 4.0
m-23  pLT-EL varn 3. 313 »” 1.62 .4

24 D{:-82 vu/a 19.42 109,73 n e.n 4.0

YIELD-SPECIFIC CAPACITY TESTS

Testa at the Dk-ﬁ Sits

Two tests were conducted at the Di-17 sitei A 72-hour teat took place-in
November 1980, and an B-hour test was conducted in August L9810 Well Dk-i7 vaa
pumped duriog both tests, sod vater levels were measured st four obsasevation
welle. Woells Dk-16, Dk-18, and Dk=19 are 830, 200, and 190 feet, respectively,
(h:om the pumped well, Di:P-27 is a domestic well about 415 fest from Dk~17

rig. 19. g
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The test aite is underlain by the St. Louis Limmstous, Warsaw Limeatooa,
and Yort Peyne Forsation. Ths 5t. Louie Limastome and the upper pert of tha
Warsav Limescons hawve weathered to a clay regolirh approximarely 90 feat cthick
(fig. 19). Ground water occurm in eqlution opebings in the. laresv. limestona
and at the contact Vith the fare hy\u lnmziqn. Hauy opeaings peuetrated by
Dk-17 and Dhk~18 vere partially or completely filled with clay.

The teat bsgan on Hovemder 1§, 1580, snd ended Movember 22, 1980, sfter
deys of pusping. The initial pumping vate vas approximately 10 gel/wid,
Water levels {s chs observacion walls raspoaded ro pumpiog 0x-17 in various
degress (fig. 20). The epecific capacity of Dk~17 at the and of the firet stap
vas 1.0 (gal/min)/ft of drswlovn. At the end of the tsst, the -p«:ihc capac~
ity had decreased to L.8 (gal/min)/ft of va faor an g rate
of 155 gal/vin, The decresss.in. specifi capacity miy Caflect well loasaa
ceused by lover vatar lgvels pr. ‘posaible_devatering of some upper waterbearing
sover. Water lovels in Dk~19 begsa to rise before puxping stopped. Tois couhl
occnr if the comection betwesn Dk-12 and Dk~17 became blocked. Drawdown in
Dx-17 aod tha ohservation wells is summarised in table ¢. Data from this test
were anslyred u-uu a mathemstical model, but the results were iocouciusive.
Because of this, £ eaponse of tha well to hiuur pusping races or to £
looger pumping pcr_lq_{v uld Got be detqﬂhnd;

T2-HOUR TEST
To T M T
“ou-1e

trereciisnans

WATER LEVEL, iN FEET
BELOW MEASURING POINT

s

h

\

)

)
1

EJDOP - -
# zo0p 4
T 00 4
§ L i R i . : . )

1300 2400 1200 2409 1200 2400 1200 2400 1200

NOV 19 KOV 20 NOV 21 NOV 22 NOV 23

Figuwe 20.— Hydrograph and yleid of 7€-hour test a1 Dk-17,

28 -

uhla 6.,-~Drawdown sud racovery in wellm at the Dk-17 site
durieg the J2-hour rest

Wel} no.
Dx-17
(pumped wall) Bi-16 Di-18 D19 Di:p-27
Distance from - "0 200 190 413
putped well,
in feat.
Prepusping 73.49 n.7n Tabk 74.80 74 (ent)

wacer leval,
in feet below
massuring
point.

Dr awdowa 46.78 5.20 38.10 27.95 13.6
at sod of

firer step,

io feet.

Drawdown at 87.51 10.68 7468 46,23 -
the end of

test, i

fest.

Lacovery 27.51 T 0.0% 14.04 0.89 -
2 hours after .

pusping stoppad,

in Eeet.

souss in D " for observation walls in ao “aquifer vith uniform properties,
this typc of plot would ideally show & straight line ueer the pumped well and
a4 smooth curve at cthe distant observation walls. Tha alope of curves betveen
Dl? and. Mk-18 {s relativaly cometant which unh that these vells have &
306d_hydraulic comsection. Ar cimes (r = 1,800 “iad 4,200. sioutes) the slope
ie steepor them earlisr in the test. sn-peniu of the slope may be due co
posaible dewateriog of the aquifer or well entrsnce losses.

i



Tabla 7.--Dravdown and r-ecmry im Dk~17, Dk-~18 and Dk~19
during the B-hour cest

Well no.

. De-17
(pumped well) Dk-18 Dhe-19

Prepunping 5.8 : 56.00 55.71
water level, in
feer below
megsuring point.
Dr awdown 17.24 13.65 9.23
after 4 hours, ’ =

in feet.
Drawdovn at 20.86 17.12 13.44
end of test,

in feet.

Recovery 1 hour 11.94 8.12 3.89
after pumping .

stopped, in

feet.

Tost at the Dk-21 8ite

* Well Dk=21 was pumped at wun average réte of 330 gal/min duriog a.72-hour
aquifer test: begun on December 13, 1980: Wells pk~13, Dk-14 and Dk-20 wvere
vithiun S00 feet of Dk-21 and were used as observation wells. Dk-25 and Dk-26
are alse located pear the site (fig. 23) bot had not been drilled at the time

of the test.

The wells at this site began in the lover part of the 8¢t. Louis Limestons
which, along with the upper part of the Warsay Limestone, has weathered co
form a clay regolith vith some scattered chert gravel (fig. 23).
vater-beering sone ip Dk-21 is & 17-foot high _solition opening in
Linestona, The opening rhins to 4, feet 15 Dk=l4. )

The initial rate of pumping was 430 gal/min. Pigure 24 shows the responss
of water levels in the pumping well Di-21 and the observation wells Dk~13,
Dk-14, and Dk-10. Wien puping stopped on December 18, water levels in Dk-14
and; Dk~21 recovered rapidly. Water levels ia vells Dk=13 and Dx~20 responded
slowly to the eud of pumping (table 8). Specific capacity at the end of cthe
1,530 micute step was 8.6 (gal{min)/ft of drawdowt et 430 gal/min. At the and
of the test, specific capecity was approximately the esme at 8.8 (gal/min) /L
of drawdown with aun average punpiog rate of 350 gal/mio. Thie_agaifer test was
slso apalysed and agaia the results wara incouclusive. The response of this
well to longer periods-of pumping or o a nigher rate of puoping could not be
determined. T o :
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Figura 24.~ Hydrograph and yield duing ihe 72-bow teel of wall Dk-21,°

Table 8.--Drawvdown and.racovery in wells Dk~13, Dk-14, Be-20, and Dk-21

during the 72-bour teet

- Well wo.
21 i

(pumped woll) Di-13 D14 20
Distance froe - ss2 330 51
punped well,
in fset.
Prepumping 6543 81.13 C 7665 82.29
wvater level, in
feat balov
Deasuring poiat.
Drawdova 45.97 17.65 © A&96 19.13
at ead of
firsc atep,
in feet,
Drawdown at 39.77 20.52 3876 2304
end of temt,
io faet.
Recovery 200 21,29 2.9¢ 20.28 2.55

misites afrer

pumpiug ¢ topped,

in faer.

The response of tho water levels jo Dk-I3 and Dkr2) indicates ‘that the
wxter—baaring sone in Dk-2! and Dk-14 ias poorly coanecfed with other rones in
D-13 dnd Dk-20. A graph of drawdown versus distsuce frow the pumped wall
(£ig. 25) ahows the ehaps of the cone of depression duriog pumpiog. ' The abrupt
changs ib the slope between Dk-14 .and Di>2) supports the ssmmption that wells
Dx-13 end Dk-20 are open to.difierent water-beering sones, than the wain soue
in Derlh sod Dk-21. & avels in Dk~20 and Me=13 regpond to pusping

thess two velle and

Q T T T YT T T TFT

DAAWDOWN, IN FEBT

o

oo - 2 h
Ponped wall) D%-20, Ok; 43|
" ol sl el O
ot . k] 10 190 1000

DISTAMCE FROM PUMPED WELL. IN FEET )

Figure 28, Orawdown versus (RIANCE frOM Ha SUMOEd wel
ior the ten of 21,

ADDITKONAL DRILLING NEAR THE DK-21 MITE

Kollowing the 71-hoor test, two additionsl wells, D25 snd Dk~26,. were
drilled in an attempt o detarmine the lstersl extent of the primary water-
baaring fone in Dk-21. Well Dic-25 was drilled to a depth of 220 feet. The
final yield was A gal/min vhile klowing with comprassed gir for 15 miavtes.
Water levels at Pk-14 did aot respond to drilling Dk-25 (fig. 26). Hovever,
the samall yield from Dk-25 sud short pumping time would not be expected to
effect water levels in Dk-1% which is more than 1,400 feet away.
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Figure 28. riydrograoh for wel) Dk-14 during Nay §-7. 1881,

Well D-16, abour 900 fear frow Dk-1k, was complered to a depth of 2130
fest. the final yield wam 37 gaifmis. The hydsogreph of Dh-IA (Eig.. 16)
shows en. abrupt drop in. vater level dering the drilking of k=26 ou Hly 7
mdxutin. 4 hydrwulic connection betussn _the welis. THe  water-basring
zemes at 104 40d 132 feet in Dk~26 may corrslate with tho uein water
tone in Dk=21 and Dk~14 (fig. 23).

WATER QUALITY

Specific comductance of ground water from the test wells ranged from 200
to more than 1,500 micrombos per ceatimeter (Umhoa/cw). Most veloes were
between 250 and 350 umbos/cm {(table 9). Cunsrally, the spescific conductance
intraased with dapth.

'

Grouad water from the regolith (k-9 and Dk~15) and froa solution opesings .

in the Varsew Limestoue, such ss iu Dk-14, Dk-17 and Dk-21, had a specific
conductanca ranging from 200 to about 400 pmhos/cm. Wells which penstrated
solution openings in the Port. Payne Pormation (Dk- and Dk-26) ‘generally hed
values vithin this rauge. Bowever, in wells Dk-1, D=3, &ad k-8, hydrogen
sulfide wvae detected in water Froa openinge ia the Fc:c Psyns Formation. After
the detection of hydrogen sulfida, the apecific cocductavce rsnged froa 800 to
ae wsch as 1,550 pmhos/cm.
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Table 9.~Spacific conductance of watar from the tast wells *

Depth of vell at  fSpacific Depth of wall at 8pecific
Well cime of sampling  conductacce ¥ell time of sampling conducteoce
Bo. $inbo/en no. fnhafem
{toec) a5 23%C) {fong) 26 25°C)
-1 400 850 D~15 250 300
B 260 300
-2 300 380 290 310
0 . 340
D=3 ‘10 400
120 To428 Uie-16 3% 3
16 450 .
163 $60 D~17 116 20
270 173 133 - 400
3oe 1,475 143 338
320 1,550 180 300
340 1,475 190 300
339 1,200 200 50
400 1,400 240 300
260 308
k-8 106 800 . 275 300
290 300
k-9 318 280 .
X 275, Dk-13 168 290
340 320 173 300
1 235
Di-10 me - 20 250 320
Dk-14. 156 220 Dic-21 130 8¢
180 200
13 320 Dh-22 2% 330
D25 220 350
Die~24 150 423
180 420
220 3%
250 390

Ground water from wells D‘k-l) aod Di-2] tapping the Warsav Limsetons was e

snalysed fo: .54 parametars. These soaly whow uo major water~quality
(tabla 10}, Water fram both vells ia bard, calcium bicarbonate
with similar proportione of major mineral constitusnts (fiz. 27). By
compariscn, well Fv-13 in Pairview, Teon., yiside mineralized watear from the
Port Payne Formation. Bydrogea sulfide wae also detectad ia this well, che
water type is believed to be similer with water froo the Fort Payne io wells
D1, Di~5, and Die8,
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MAJOR CATIONS AND ANIONS, IN MILLEEQURVALENTS PER LITER

Flguwe 27.-- Comparieon of major cations ead anions in wells
Dk-21 Dh-17, and Fr13

SUMMARY AND GONCLUS!ONS

0:0«:4 watsr in the Diskscn eres occurs primarily in the Seisaw. Limsstone.
Sceoqdu-y pu”cbiuty. suth solutios openings, ire the principle avenuas
ot smovemant., The underlying. Port Payas Porwarion is Ffine-grained
And L] ully acte as The base of the a uifer., YTesc-vell sites vere chosen on
the basia of " copographic position, n(ohzh thickness, and the lithology of
the underlying formsticns. Data from the test wells were analyred Lo relate
gaology sud copography te md-«ulr oscurrence. It -appears thac regolith
thicksess acd the litholagy of the Bedrock ars the sain -fsckors influeacing
thy development of high-yielding. solution. opeaing,
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Tan of the 26 test wvells bad thick regolith and a finegrained lirzestope

saax the top of the coarse-grained bedrock, Seven of the 10 welle yielded 80
gal/min or mors. The specific capacity for chese seven uells renged from 1.02
ta 12,7 {gal/min)/Er of drawdown. &n:-yhldmg lation openings ‘are more
likely to devalop {x araas where there is thick r-wlu.h and & fxprgxnnd
limsstone is present at tha top of rock.

Aquifer casts wvers conducted et two welle which penecracad high-yielding
solution openiags. Well Dk~17 vas pumped for 72 bhours at an average rate of
155 gal/wia with a specific capacity of 1.8 (galfuin}/ft. Am 8-hour test was
conductad st Dk-17 after edditionsl casing wae inatalled to seal off some
upper sones. During this cest, discharge vas 120 -gal/min  wicth a apacific
capacity of 5.75 (gal/fmin)/ft.

4 sacond well, Pk-21 vas pumpad st an avorage yisld of 330 gal/mis for 72
hoore and Bxd ‘s epecific capacity of 8.8 (gal/uin)/ft. FRorther drilliag. et
this- sice_indicates
lagerally. Moat of tha ope-inu seeaed to be very localired.

The Warsaw l.immn!' in the Dickeon area is capable of yielding good
quality water for drinking or industrisl use. Shile low-yislding wells are
the rulm, the developmtut of high-yielding wells ia possible.
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that ths solution opening way exteod sbout. $00 feec
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