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INTRODUCTION

The Natchez municipal water supply is obtained from aquifers that
occur at depths of 400 feet and 600 feet in the strata of Miocene ag e.
Several public water-supply wells obtain water from a deeper Miocene
stratum. that occurs at a depth of about 1,000 feet and some small
water supplies are obtained from wells less than 200 feet deep that
tap the post-M iocen e sediments in the uplands. Most of the gr ound
water usedin the area is pumped from the Mississippi River alluvial
aquifer for industrial use .

Although the Mississippi River is the western boundary of the City
of Natchez, it has in the past not been used as a water-supply source
because of treatment requirements and the availability of ground
water. The largest source of surface water, excepting the Mississippi
River, is the Homochitto Riv er. These st reams are not convenient
sources of water for most of the county a nd for most uses the water
would require treatment. Dependable surface-water supplies a re
limited in most of Adams County, and some streams have been su b-
ject to pollution for many years (Ca llahan and othe rs , 1964, p. 21;
Childr ess and others, 1976 , p. 122).

Recently, the U.S. Geological Survey completed an appraisal of the
current ground-water situat ion a nd of the potential for increas ing
the ground-water supply in the Natchez area (Boswell a nd Bednar,
1985 ). Ground-water data were needed for planning expa ns ions of
public water supplies and for efficient development of the area's water
resources.

PURPOSE AND SCOPE

This paper summarizes a recently completed study of the ground
wate r resources of the Natchez area <Boswell and Bednar , 1985) and
presents alternatives for the development of suppleme ntal sources
of ground water in the area.

The recent study included an aly sis of water-use t re nds a nd water
level declines, determination of the interrelat ions of water -bearing
zones, identification of ground-water quality problem areas and deter
mination of favorable areas for future ground-water development.
This report includes data for tw o water wells that were not avai lable
during the recent study.

Description of the Area

Th e Natchez area includes the City of Natchez in the west -centra l
part of Adams County, Miss issippi, and adjacent parts of Concordia
Parish , Louisi an a . The town of Washington, Mississippi, is in the
easte rn part of the area and Vidali a, Louisiana , is immediately to
the west (Fig. 1).

The study includes areas in the Loess (Bluff) Hills and in the
Mississippi a lluvial plain (Fig . 1). The alluvial plain is a nearly flat
surface whereas the Loess Hills district is a rugged, highly dissected
area. Drainage is by the Mississippi River and tributary streams.

GROUND-WATER DEVELOPMENT

Virtually all water used in the Natchez area and in Adams coun
ty is obtained from aquifers in the alluvial deposits of the Mississippi
River and in the strata of Miocene and younger age that underlie
the area (Table 1). The Mississippi River alluvial aquifer, a most pro
lific source of ground water, can yie ld up to seve ral thousand gallons
per minute to wells. Wells that tap the Miocene aquifers can pro
duce up to about 1,000 gaUmin.

The municipal water system at Natchez was established about 1889
when two well s were drilled for a water plant located at the base
of th e bluffs. The Devereaux Water Plant, located in the upland part
of th e area, started operation about 1940 and the old plant was later
abandoned. Six wells at the Devereaux plant were supplemented by
five well s drilled at other locations. In 1983, three wells at the
Devereaux Water Plant were replaced with new 600-foot sand wells
(Figure 2a, 2b, and Table 2).

Industrial water use was negligible until about 1938 when the first
of several large industries located in the area. Most public and in
dustrial water systems obtained water from wells that tap Miocene
aquifers; however , all industrial water produced by the largest user
of ground water, is pumped from the Mississippi River alluvial
aquifer. The highest production reported from the aquifer was about
46 Mga Ud in 1955 (Mississippi Water Resources Policy Commission,
1955). In 1983, average pumpage was about 38 Mgalld (K. G. Perkins,
written commun., 1984 ).

Pumpage from Miocene aquifers increased from less than 1 MgaUd
before 1940 to about 5.3 Mga Ud in 1962 a nd to about 8.4 MgalJd in
1980. Since 1980, pumpage from Miocene aquifers for public supplies
has increased but industrial withdrawals have decreased, owing to
conservation me asures taken by some users and to operational
changes by others. In 1983, the City of Natchez prod uced about 3 .2
Mgalld and industrial pumpage from the Miocene aquifers was about
the sa me. Rural community water syste ms in Adams County pro
duced an ave rage of 0.95 MgaUd. Total usage from Miocene aquifers
in 1983 was about 7.4 Mgal/d .

GEOHYDROLOGY

Sediments exposed in Adams County are Miocene to Holocene
(Recent) in age. The southward-dipping Miocene sediments contain
freshwater to depths ranging from about 300 feet below sea level
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in northern Adams County to about 1,800 feet below sea level in
the south (Fig. 3). The deep confined (artesian) Miocene aquifers are
the main source of ground water for public supplies and for some
industrial supplies. Water-bearing strata that occur below the
Miocene aquifers do not contain freshwater and in the southern part
of the county, the basal Miocene aquifer contains saline water.

Ground water occurs in shallow water-table aquifers in some places;
however, much of the area is blanketed by loess, a material that does
not yield significant quantities of water to wells. A shallow minor
aquifer, the Natchez aquifer, underlies the loess and overlies the
Miocene aquifer system in the uplands. The Mississippi alluvial plain
is underlain by as much 8S 200 feet of sand, gravel, silt, and clay.
The sand and gravel deposits form the Mississippi River alluvial
aquifer.

Ground-water movement in the confined aquifers is generally
southward, except in the Natchez area where movement is from all
directions into a cone of depression (Fig. 4). Recharge for the major
freshwater aquifers presently used at Natchez occurs in the northern
and northeastern part of the county, and in adjacent areas. The
Mississippi River alluvial aquifer is recharged by infiltration from
the Mississippi River and tributary streams when at high stages,
by precipitation on the land surface, and by flow from hydraulically
connected Miocene and younger aquifers.

On the east side of the Mississippi River, the alluvial aquifer is
not present at Natchez where the river impinges the bluffs (Fig . 1).

To the north and south of Natchez, however, the alluvial aquifers
are significant sources of ground water and are capable of yielding
several thousand gallons of water per minute to wells. Ground water
in the aquifer occurs under confined and unconfined conditions,
depending on the position of the potentiometric surface relative to
the base of surficial confining clay and silt beds. Under average
climatic and recharge conditions, water levels-in the alluvial aquifer
recover to about the same level each spring, mostly as a result of
hydraulic connection with the Mississippi River.

Pumping tests made using industrial wells in the alluvial aquifer
south of Natchez (Callahan and others, 1963, p. 26) indicate
transmissivity values ranging from 22,000 ft 2/d to 33,000 ft 2/d and
hydraulic conductivities averaging about 250 ft/d. Specific capacities
range from 28 to 148 (gal/min)lft of drawdown, and typical wells pro
duce about 2,000 gal/min although yields of 4,500 gal/min have been
reported <Table 2). Comparable yields can be obtained from the
alluvial aquifer in areas north of Natchez.

Overlying the confining clay beds that form the uppermost Miocene
strata in the Natchez area are beds of post-Miocene gravel, sand,
and clay . These deposits, together with the loess deposits that form
the surface in the area, have a maximum thickness of about 250 ft .
The sand and gravel beds form the Natchez aquifer <Boswell and
Bednar, 1985), a source of water for shallow wells in the uplands.
The aquifer is similar in lithology, thickness, and hydraulic
characteristics to the Citronelle aquifers in southern Mississippi
(Boswell, 1979).

Ground water in the Natchez aquifer is subject to drainage into
the deep valleys and into the upper part of the Mississippi River
alluvium. The aquifer is characterized by thin saturated zones and
restricted drawdown space in wells . The largest production reported
for a well in the aquifer is 366 ga l/min (Table 2). Water-level
measurements indicate that withdrawals have had little effect on
water levels in the aquifer.

The principal confined freshwater aquifers in the Natchez area are
sand zones in the Miocene deposits. Water-bearing strata that occur
below the Miocene aquifers do not contain freshwater in Adams
County and in the southern part of the county, the basal Miocene
strata contain saline water.

The Miocene sand st rata in the Natchez area vary considerably
in thickness and hydraulic characteristics. The principal water
bearing zones were designated. the "400-footsand" and "600-footsand"
by Callahan and others (1963) and a deeper zone was called

"I,OOQ.foot sand" by Boswell and Bednar (1985). Figures 5 and 6 show
the stratigraphic positions of the three Miocene aquifers and the Nat
chez aquifer at Natchez. Driller's logs and geophysical logs for bor
ings outside the environs of the city indicate that the 4OQ.foot and
600-foot zones are a single aquifer, whereas the I,OOO-foot zone per
sists as a separate water-bearing unit.

The average hydraulic conductivity for four aquifer tests made in
the early 1960's using wells in the Natchez area was 96 ftld-near
the average for Miocene aquifers in Mississippi (Newcome, 1971, p.
17). Transmissivity (T) values, a function of aquifer thickness and
permeability, range from 2,000 ft 2/d to 10,000 ft 2/d, averaging about
6,400 ft2/d. In the Natchez area, T values generally are lower in the
400-foot zone than in the 600-foot zone.

The highest producing wells screened in the Miocene aquifers, com
pleted in the 600-foot sand in 1983 by the City of Natchez, each pro
duce about 750 gal/min <Table 2, wells C64, C71, and C73). Specific
capacities for these wells indicate T values within the above range.

Several wells completed recently in the 1,()()()'foot sand <Table 2,
wells C50, 040, E31, and 073) indicate that the zone is, at least local
ly, capable of large yields to wells. A rural water system well <Fig.
6) located several miles east of Natchez was determined to have a
specific capacity of 40 (gal/min)lft. of drawdown, indicating a
transmissivity of at least 10,800 ft 2/d. A second well (073) was
reported to produce more than 800 gal/min during testing.

WATER-LEVEL CHANGES

Water levels declined in the 400- and 6oo-foot sand from about 70
feet above sea level in 1939 to about sea level by 1955 and by 1961,
had nearly stabilized, averaging about 10 feet lower in the 400-foot
sand than in the 600-foot sand. By 1982, water levels were a few
feet lower than in 1961 (Fig . 7).

The lowest water levels measured in 1982 were in wells one-half
mile east of the Devereaux Water Plant at the Armstrong Rubber
Company. The water level in a 600-foot sand well <Fig. 2, well C15)
declined from about 15 feet above sea level in 1952 to about 30 feet
below sea level in 1982 . At the same location the water level in a
400-foot sand well <Fig. 2, well C16) declined to about 50 ft below
sea level during this period. The deepest water level observed, 69
feet below sea level in a 400-foot sand well (Fig . 2, well C 18), was
attributed to the pumping effect of a nearby well .

Water levels in the 400- and 600-foot sands in industrial wells 2lh
miles southeast of the Devereaux Water Plant at Johns Mansville
Corporation have remained essentially stable since 1961. Water
levels have remained fairly stable about 4 miles northeast of the
Devereaux Water Plant in wells at the Mississippi Power and Light
Company generating plant.

Although water levels have not declined excessively in the Natchez
area since 1961, the cones of depression in both the 400- and 600-foot
sands have expanded. The expansion in the cone of depression in
the 600·foot sand between 1963 and 1982 (Fig. 4) is attributed most
ly to a broader distribution of withdrawals, and to a continuing
adjustment of the potentiometric surfaces in both aquifers. The
change in the cone of depression in the 400-foot sand is similar in
size and depth to the change in the 6OG-foot sand.

WATER QUALITY

Average values for concentrations of most common constituents
and for the properties of water in aquifers in the Natchez area do
not exceed criteria for potable water supplies established by the En
vironmental Protection Agency (1976). The water is moderately high
in dissolved-solids concentrations (250 to 500 mgIL) and hardness
ranges from soft to very hard <Table3). Recommended limits for con
centrations of iron and manganese (0.30 and 0.05 mgIL, respectively)
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are exceeded in water from several wells. Color is visibly high (20·50
units) in water from severa l well s that tap the deeper Miocene sands
and exceeds the recommended limit (75 units) in a few wells . Color
in water from well C50 (Table 3) in the 1,000-£oot sand exceeds recom
mended limits; however, as in the shallower aquifers, the quality
improves northeastward. Analyses indicate that to the northeast and
east water from the 1,ooO-£oot sa nd is soft, comparatively low in
dissolved solids, a nd has a pH of 7.0 units or higher. The iron con
tent in all samples was less than 0.3 mgIL. Table 3 summarizes water
quality for aquifers in the Natchez area.

Saline Water and Aquifer Contamination

In Adams County, th e base of the freshwater (wate r that contains
less than 1.000 mgIL of dissolved solids) zone ranges from about 300
feet below sea level in the north to about 1,800 feet below sea level
in the south (Fig. 3). Th e ba se of the 3,000 mglL (slightly saline) zone
ranges from about 600 feet below sea level in the north to about 1,900
feet in the south and the ba se of the moderately saline zone (3,000
- 10,000 mgIL) ranges from about 700 to about 2,000 feet below sea
level (Ga ndl, 1982, Plates 2 and 3).

Several instances of freshwater-well contamination by oil-field
brine in the Natchez area have been reported. The use of some
shallow industrial and rural water association supply wells was
discontinued because of brine contamination. Future instances can
be expected wh ere new wells are drilled into contaminated strata
or where saltwater migrates into existing wells. "Slugs" of saltwater
from long-abandoned pits or wells may be present almost anywhere
in the subsurface of Adams County.

ALTERNATIVES FOR GROUND-WATER DEVELOPMENT

The 600-foot sand, the source for about 75 percent of the present
public water supply at Natchez , can sustain moderate increases in
withdrawals at the cost of deepening and enlarging the cone of depres
sion. Available drawdown space for 600-foot sand wells in the deepest
part of the cone of depression is presently more than 200 feet . Large
wells have pumping drawdowns of30 to 50 feet; therefore, about 150
feet of drawdown space remains to accommodate future well in
terference and water-level declines.

Geophysical logs for oil te sts indicate that the 600-foot sand ha s
the potential to yield as much water to wells to the northeast and
east of Natchez and at places in the southern part of the city as at
the Devereaux Water Plant. The 400-foot sand is not included in the
logged interval on most of the geophysical logs available; however,
the potential as a source of ground water is not large in the city ,
because (1) the sa nd is ext reme ly variable in thickness and it is not
capable of large yields to wells in the southern part of the city and
(2) low static levels result in a severe limitation on pumping
drawdown space in well s. Small yields are possible, however, and
the aquifer is a suppleme nta l source of water.

A well drilled by th e city of Natchez in 1980 to the I ,OOO-foot sa nd
(C50, 864 feet deep) produces water that is highly colored and
moderately high in dissolved solids. The quality of water in the sand
improves substa nt ia lly to the north, northeast, and east and the
aquifer is capable of large yields to wells. Two rural water system
wells completed recently at locations about 6 miles east of Natchez
(0 73 and E30 produce water of good quality and both are capable
of producing several hundred gallons per minute. Chemical analyses
for severall ,OOO-foot sand wells (Table 3) indicate that in some areas
the water would be suitable for general use without treatment.

The Natchez aquifer, also a supplemental source of water, is capable
of sustaining moderate yields of up to several hundred gallons per
minute to wells in some places. Two community water system wells
(019 and 045) were reported to pump 366 and 250 gal /min, respec-

tively, and similar production could be expected at some other sites.
The Mississippi River alluvial aquifer is presently pumped heavily

in the area south of Natchez; however, an area of several square miles
north of Natchez that is underlain by the alluvial aquifer (Fig. 0
is available for development of very large public or industrial water
supplies. Water treatment probably would be comparable with the
treatment for water from the 600-foot sand. The depth of wells (200
feet versus 600 feet) and the pumping lift for water (about 200 feet
less than from the Miocene aquifers at present and eventually
perhaps about 400 feet less) would be considerably less. Another
factor favoring the alluvial aquifer is the fact that it is replenished
annually by recharge from precipitation and from the Mississippi
River. In addition, the alluvial aquifer north of Natchez is separated
from the alluvial aquifer south of the city and is not, therefore, sub
ject to interference from the present industrial pumping.

The most favorable areas for new water-supply development from
the Miocene aquifers are north, northeast, and east of the present
city limits of Natchez, where the drawdown from present pumping
is small. Factors that favor development in these areas include (1 )

the source of recharge is to the north, and the 400-foot and 600-foot
aquifers merge in that direction; (2) the water-bearing sand beds are
thicker to the north and east; (3) the 600-foot sand outside the city
is less affected by pumping from existing wells; and (4) the l,ooo-foot
sand improves northeastward and to the east in chemical and
physical quality and may not need treatment for most uses.

The Mississippi River alluvial aquifer, undeveloped north of
Natchez, is capable of supporting very large withdrawals of ground
water . Well depths and pumping lifts would be less than for the
Miocene aquifers.

SUMMARY

Ground-water withdrawals from the Miocene aquifers (mostly the
600-foot sand) in the Natchez area increased from about 5 .3 Mgal/d
in 1962 to about 8.4 MgaVd in 1980 and declined slightly to 7.4 Mgal/d
in 1982. Ground water use from the Mississippi River alluvial aquifer
reached a maximum of about 46 Mgal/d in 1955 and declined to about
38 Mgal /d in 1983.

Although water levels in the 400- and 600-foot sands have declin
ed nearly 100 feet since 1939 most of the declines had occurred by
1960. Since 1960 declines have been small . The potential is excellent
for increasing the production of ground-water from the 600- and
1,000-foot sands to the north, northeast, and east, and southeast of
Natchez and from the Mississippi River alluvial aquifer north of the
city . In addition to being capable of very large yields to wells,
pumping lifts in the alluvial aquifer in the future will be significantly
smaller than from the Miocene aquifers.

Available data indicate that some in creases in pumping
withdrawals from the 600-foot sand in the cit y can be made and stilI
maintain pumping levels within acceptable limits; however, large
increase s in pumping within the present cone of depression may
result in excessive declines.

The water in the major aquifers is usable after t rea tment for most
purposes and water from the I ,OOO-foot sa nd may be sa ti sfactory
without treatment. In freshwater aquifers the dissolved-solids con
centrations average less than 500 mglL and hardness ranges from
soft to very hard. Iron and manganese concentration and color are
present in objectionable concentrations in some well s in all aquifers.
Mean silic a concentration is highest in the 1,000·foot Miocene sand,
and lowest in the alluvial aquifer.
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Tabl e l .--Geologi c units and the ir l ithol ogic characteri st ics In the Natchez area

St ra ti graphi c Thickness Physica l
System Serl es Group uni t ( fe el) cha ract e r Water-bearing properti es

Hol ocene - Alluvium 0-200+ Clay, silt, s and, and Deposits In tributary streams may yie ld as mu ch as 100
gravel . gp"' . Mi s s is sippi River alluv ium, 2000 gal/mIn or more

with spec i f ic capaci t ies of 30 to 150 gal/min per foot 0
drawdown . Recharge to the aquifer depends partl y on

f-- -
on ri ver stage.

Quaterna ry Loess 0- 50 Brown calcareous si lt. Unimpor t ant as an aquifer . Pre vents recharge to aqui fe r s
to aqui fe rs , wh ich restricts yi e l d to s t re ams.

Plels to - Natchez For mati on 0- 80 Sand and gravel, maln- Forms Natchez aquifer . Yield up to 350 gpm .
cene aod Iy chert and quartz .

ter ra ce deposits Some grains of igneous
f----l · - .,d rock .

Pl ioce ne

Miocene Ha tt Ies burg 0-2200 Clay, sand, and gravel . Mun ici pal and Industr ial suppl ies. Yie lds 100 to 800
end Formati on, Pea grave Is of '800 Qal/mln wi t h spec i fi c cap~ltles of 3 to 25 gal /min

Ol igocene Catahoul a pol ished black chert. .pe r foo t of drawdown . Well in Natchez area are pro .
Sandstone

• ,d duced f rom IrrpDular 'end bed, Tn Catahoula Sandstone .

Ch Icka sawhay
~o nnat Ion
(undivIded)

Buca tunn a Forma t ion 160 Cl ay , marl, and I lme- Unimportant as an aquifer .
Vicksbu rg Byram For ma t ion stone.

Glendon Format ion
Marianna For ma t ion

Ol igocene Forest Hili Sand 200 Fine sand and carbona- Unimportant as an aquifer
ceous clay .

Te r ti ary
Yazoo Format ion \ 50 Clay. Confi ning la yer .

Jackson
Moody Branch 25 Sandy marl . Unimpor t ant as an aquifer .

Formati on

Cockfi eld 570 Sand and clay. Sal i ne water .

Eocene Format ion

Cla ibo r ne Cook Mounta in 150-2 50 Shale and sandy llme- Conf ining la yer .
Format ion s tone .

Sparta Sand 900 Sand and shale. Sa l ine water .
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T.bla 1.--ltloor<k o f ..l.rtad ...na in Ada•• Co~ty. 1I1a.tla1ppl

Wat e r ·kulnq Unlta . IUIVA, Mlad ldppJ Rlyu dlwhl lIQul fu l TIICS, 'r er e ece 6epodtl' 11001, IlI1 ocen. IIndUferentllUd,
CTKL. C. U h oul a S. ndat o.... ' 11'1'0 Matcher Aquifer.

Wlta. U••• I. Electri c Power, H, oo.eat1cI I, l .rlllation, N. Indu l t r l o\l ' P, PublicI II. RecreaU onl $ , Stock,
T, In.t1tutl o.... l, O. Unu.ed, S. Other.
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Figure 3.--Configuration of the base of the freshwater
zone in Adams County, Mississippi

(modified from Gandl, 1982).



Figure 4.--Potentiometric surface in the 600-foot sand, April 1963 and June 1982
(from Boswell and Bednar, 1985)
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Table 3.--Chemical analyses of water from selected wells in Adams County
(Results ,n milli9rams per liter except as indicated)

'!"J
;z:

SPECIF IC
tl'l
0

CONOUCT- !ANCE ALKA- OIS- HARO- SOO-
WELL (micro- CAL- MAG- SOO- POTAS- L1NITY SUL- CHLOR- FLOU- SILI- SOLVEO NESS IUM MANGA- ..

WELL OEPTH mhos at pH CIUM NESIUM IUM SlUM as FATE IDE RIDE CA SOLIDS as (per- COLOR IRON NESE it
No. OATE (ft ) 25°C) (units) (Ca) (M9) (Na) (K) CaC03 (S04) rcn (F) (Si02) (ROE) CaC03 cent) (units) (Fe) (Mn) p,..

tl'l
Mississippi River Alluvial Aquifer I~

!!l
I

832 4/83 120 675 6.9 80 37 10 1.5 349 5.1 4.9 0.2 27 416 360 6 15 0.02 0.01
F8 9/61 246 477 7.2 56 30 11 2.1 270 4.2 6.8 .2 18 281 263 8 - .02
Fl8 9/61 235 537 7.3 II 32 9.3 1.8 302 10 8.0 .2 14 329 308 6 3 .02

Natchez Aquifer

019 6/82 135 600 67 30 9.1 1.1 313 4.0 6.0 .3 29 340 290 6 1 .00 .00
045 6/79 150 514 6.7 62 26 8.4 1.2 240 27 14 .2 30 354 260 6 0 .01 .08

400-Foot Sand

C1 3/61 457 538 6.7 51 17 44 3.8 279 12 5.6 .2 42 348 196 32 10 .91
C16 3/61 455 532 7.1 53 19 35 3.5 272 12 5.1 .2 42 340 210 26 10 .96
C65 12/61 406 496 7.5 42 12 54 6.3 266 12 4.6 .2 37 330 155 41 10 . 05

600-Foot Sand

C33 6/82 655 600 7.1 1.3 .6 150 3.9 300 15 4.2 . 1 44 398 6 95 1 .15 .03
en 10/83 655 574 6.8 41 14 60 5.5 284 15 6.0 .2 44 357 160 44 2 .82 .23
C73 10/83 615 580 6.7 50 16 48 6.7 271 14 6.4 .2 44 360 190 34 1 .62 .29

l,OOO-Foot Sand

C50 4/83 864 750 8.4 .7 .1 170 1.8 197 7.6 120 1.8 51 479 2 99 110 .02 .01
040 6/82 1053 515 7.8 .4 . 2 130 1.6 262 2.0 8.4 . 5 47 352 2 98 6 . 13 .01
E29 5/84 1220 520 7.8 .5 .2 130 1.7 280 1.8 8.8 .1 49 389 2 98 20 . 23 .02


