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GROUND-WATER FLOW PATTERNS AND WATER
BUDGET OF A BOTTOMLAND FORESTED WETLAND,
BLACK SWAMP, EASTERN ARKANSAS

By Gerard J. Gonthier and Barbara A. Kleiss

Abstract

The U.S. Geological Survey, working in
cooperation with the U.S. Army Corps of Engi-
neers, Waterways Experiment Station, collected
surface-water and ground-water data from 119
wells and 13 staff gages from September 1989 to
September 1992 to describe ground-water flow
patterns and water budget in the Black Swamp, a
bottomland forested wetland in eastern Arkansas.
The study area was between two streamflow gag-
ing stations located about 30.5 river miles apart
on the Cache River. Ground-water flow was from
northwest to southeast with some diversion
toward the Cache River. Hydraulic connection
between the surface water and the alluvial aquifer
is indicated by nearly equal changes in surface-
water and ground-water levels near the Cache
River. Diurnal fluctuations of hydraulic head
ranged from more than O to 0.38 feet and were
caused by evapotranspiration. Changes in hydrau-
lic head of the alluvial aquifer beneath the wet-
land lagged behind stage fluctuations and created
the potential for changes in ground-water move-
ment. Differences between surface-water levels in
the wetland and stage of the Cache River created
a frequently occurring local ground-water flow
condition in which surface water in the wetland
seeped into the upper part of the alluvial aquifer
and then seeped into the Cache River. When the
Cache River flooded the wetland, ground water
consistently seeped to the surface during falling
surface-water stage and surface water seeped into
the ground during rising surface-water stage.
Ground-water flow was a minor component of the
water budget, accounting for less than 1 percent

of both inflow and outflow. Surface-water drain-
age from the study area through diversion canals
was not accounted for in the water budget and
may be the reason for a surplus of water in the
budget. Even though ground-water flow volume is
small compared to other water budget compo-
nents, ground-water seepage to the wetland sur-
face may still be vital to some wetland functions.

INTRODUCTION

Wetland areas in the lower Mississippi River
Valley are being significantly reduced. Tumner and oth-
ers (1981) estimated that 16 percent of southem bot-
tomland forests were lost in the United States from
1940 to 1975. Wetlands are destroyed primarily so th=
land may be used for agriculture or urban develop-
ment. Wetlands perform many functions including th=
maintenance of wildlife, improvement of water qual-
ity, and the control of flooding (Gregory and others,
1991). An additional bottomland forested wetland
function is the recharge of surface water into the allu-
vial aquifer (Novitzki, 1978; Siegel, 1988).

In 1987, the U.S. Army Corps of Engineers,
Waterways Experiment Station began a multidisci-
plinary wetlands research study. The study was
designed to consider physical, biological, and chemi-
cal aspects of a bottomland forested wetland ecosys-
tem and included assessment of hydrology,
sedimentation, fisheries, spatial information, vegeta-
tion, water quality, and wildlife of the Black Swamp.
eastern Arkansas. The major objectives of the study
were to better understand the bottomland, forested
wetland systems of the lower Mississippi River Valley
and to use the information obtained to aid in the evalu-
ation of the functions of this wetland type. The Wate-
ways Experiment Station conducted many of the
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studies including surveying ecology and monitoring
sedimentation rates. Ouachita Baptist University col-
lected water-quality data. The U.S. Geological Survey,
in cooperation with the Waterways Experiment Sta-
tion, collected surface-water, ground-water, and sedi-
mentation data as part of the multidiscipline effort.

Literature Review

Very little information is available in the litera-
ture about ground-water flow and ground-water/sur-
face-water interaction within bottomland forested
wetlands. What little information that exists does pro-
vide some important initial findings. Gavenciak and
Lindter (1988) determined that “fluctuations of
groundwater table are synchronous with fluctuations
of surface-water level” in the “floodplain forests” in
the vicinity of the Danube River in former Czechoslo-
vakia. Their biweekly soil-moisture measurements
down to the water table for a 7-month period provide
evidence for ground-water/surface-water interaction.
Mitsch and others (1977) attempted to determine the
ground-water component of a water budget for Heron
Pond located next to the Cache River, southern Illi-
nois. Very limited water-level data indicated that
ground-water flow conditions changed from before
spring flooding to after spring fiooding. Data were not
sufficient to calculate the ground-water component of
the water budget for Heron Pond. McKay and others
(1979) detected changes in vertical ground-water flow

direction in a ridge and swale complex near the main
channel of the Mississippi River in southern Ilinois.
The data were “not sufficient to allow an asses~ment
of the role of ground water in the budget.” McF ay and
others (1979) provided soil borings information that
was used in the development of the Black Swamp
water budget. It is the intent of the Black Swamp study
to improve upon the cursory information about.
ground-water flow and ground-water/surface-vater
interaction within bottomland forested wetlands pro-
vided by previous studies.

Purpose and Scope

The purpose of this report is to describe ground-
water flow patterns and the water budget of a bottom-
land forested wetland, Black Swamp, in eastem
Arkansas. Ground-water flow patterns include ground-
water/surface-water interaction. The water budget was
developed to determine the proportion of the water
budget that was ground-water flow in a bottomland
forested wetland within the lower Mississippi Piver
Valley. The scope of the report includes the collection
of surface-water and ground-water heads from 119
wells and 13 staff gages, and interpretation of th= data.
This report discusses findings from the monthl mea-
surements collected from September 1989 to Septem-
ber 1992 (table 1) plus more frequent measurerments
including continuous records.

Table 1. Measurement dates of water levels at wells and staff gages in Black Swamp during the study period
[--, no measurements; *, measurements were made at less than 30 percent of the 119 wells and 13 staff gages normally measured]

Month 1989 1990 1991 1992
1 - January 22-26 January 7-10* January 6-10
2 - February 12-16 January 28-31 February 10-14
3 - March 12-16 March 4-8 March 9-13
4 - April 23-27 April 8-12 April. 6-10
5 - May 21-25 May 13-17 May 4-8
6 - June 18-22 June 3-7 June 8 -10
7 - July 16-20 July 8-12 July 13-17
8 - August 20-24 August 12-16 August 23-25
9 September 11-15* September 10-14 September 9-13 September 20-23
10 - October 15-19 October 28-31 -
1" - November 5-9 November 18-22 -
12 December 11-15 December 3-7 December 16-20 -

2  Ground-Water Flow Patterns and Water Budget of a Bottomiand Forested Wetland, Black Swamp, Eastern Arkansas



Description of the Study Area

The study area was in Woodruff County, eastern
Arkansas, approximately 60 mi southwest of Jones-
boro, Ark., 65 mi east-northeast of Little Rock, Ark.,
and 72 mi west of Memphis, Tenn. (fig. 1). The Black
Swamp wetland is bottomland, forested wetland con-
tained within the small alluvial valley of the Cache
River. The Black Swamp usually is forested but a
small portion of the area was cleared for agriculture,
Agricultural 1and use is prevalent on the upland of the
alluvial plain and is adjacent to the bluffs bounding
Black Swamp wetland. A large portion of the small
alluvial valley of Cache Bayou is used for agricul-
ture.The Black Swamp study area included the union
of the area where wells monitored for water levels
were located, and the extent of a drainage area used to
develop the water budget. Some wells used to study
ground-water flow patterns were located outside of the
drainage area.

The study area was located in a regional low-
land called the Mississippi Alluvial Plain (Fenneman,
1938), herein referred to as the alluvial plain. General
alluvial deposition has left terraces of different land-
surface altitudes. Two land types are treated separately
in this report: (1) lowland adjacent to the Cache River
and Cache Bayou, and (2) the upland of the alluvial
plain. The lowland is 10 to 20 ft lower in altitude than
the upland of the alluvial plain and comprises small
alluvial valleys within the alluvial plain. The small
alluvial valleys harbor the Cache River and Cache
Bayou and were created by the larger St. Francis and
Black Rivers in prehistoric times. Lowland on either
side of a tributary to the Cache River, the Cache
Bayou, merges with the Black Swamp wetland near
the southernmost gaging station. Land-surface altitude
of the lowland areas, excluding the Cache River chan-
nel, range from 175 ft above sea level at the southern-
most gaging station to 205 ft at the northernmost
gaging station. Land-surface altitude of the upland of
the alluvial plain ranges from 185 ft at the southern-
most wells used in this study to 232 ft at Nubbin
Ridge, which runs parallel to Highway 17. The low-
land and upland of the alluvial plain are separated by
moderately sloping bluffs 10 to 20 ft in height. The
bluffs are about 1.5 mi from either side of the Cache
River.

Land-surface altitude within the Black Swamp
wetland varies about 3 ft. The Cache River channel is
3 to 5 ft lower than the surrounding wetland. Some
wetland areas often are associated with abandoned

meander channels or traces of small streams and ar:
inundated by stagnant pools for 10 to 12 months a
year. Some areas near the bluffs are inundated by
water impounded by beaver dams or poor local drain-
age. Better drained areas also are inundated by Cache
River floods for up to 5 months a year. Patterson, Ark.,
is situated on a broad area in the lowland, herein
referred to as the intermediate land around Patterson,
about 5 ft higher than the rest of the lowland and rarcly
is flooded.

The Black Swamp drainage area, for which tI*»
water budget was developed, is the drainage area
between two primary streamflow gaging stations
located about 30.5 river miles apart on the Cache
River. One gaging station, located at the Highway €4
bridge crossing the Cache River at Patterson, Ark.,
monitors surface water entering the Black Swamp
drainage area. The other gaging station, located at a
county bridge crossing the Cache River 4.5 mi west-
northwest of Cotton Plant, Ark., monitors surface
water leaving the Black Swamp drainage area. Drain-
age areas for the inflow and outflow gaging stations
are about 1,040 miZ and 1,170 mi2, respectively. Th=
Black Swamp drainage area between these gaging s*a-
tions is 127.8 mi%. Upland of the alluvial plain com-
prises 61.7 mi? (48 percent) of the drainage area, and
the Black Swamp wetland, adjacent small alluvial val-
leys, and intermediate land around Patterson comprise
66.1 mi? (52 percent) of the drainage area (fig. 1).

The climate for Black Swamp is subtropical to
near temperate. Annual rainfall in the area averages
48.8 in. (Freiwald, 1985) and is heaviest from Novem-
ber to May. Evapotranspiration averages about 38.6 in.
The average monthly temperature ranges from 40 °TF
in January to 81 °F in July (National Oceanic and
Ammospheric Administration, 1990).

The Cache River is a pool and riffle stream.
Stage frequently rises and falls over 10 ft in an annual
cycle. Surface-water discharge ranges from no flow to
over 10,000 ft’/s. In the drainage area, small tributar-
ies do not contribute significant discharge to the Cache
River except when rice farmers drain their fields in
late summer. Dikes and diversion canals commonly
are used to control inundation during floods of agricl-
tural land that extends into the wetland and diverts
water from surface-water bodies during the summer in
the southwestern part of the drainage area.

Much of the area known as Black Swamp has
become a U.S. Fish and Wildlife refuge, and the area
has been designated as a RAMSAR site, which is an
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internationally recognized wetland of critical ecologi-
cal importance. Soils are hydric and are under und-
rained conditions within the Black Swamp wetland.
Tree species vary according to frequency of inunda-
tion. Bald cypress (Taxodium distichium L.) and tupelo
gum (Nyssa aquatica L.) dominate the abandoned
meanders or stream traces of the lower wetland. Over-
cup oak (Quercus lyrata L.), bitter pecan (Carya
aquatica L.), willow oak (Quercus phellos L.), and
nuttall oak (Quercus nuttallii L.) are prevalent in the
slightly higher areas of the wetland. Water oak (Quer-
cus nigra L.) is prevalent in areas 3 to 15 ft higher than
the wetland.

Geologlc Description

The alluvial plain lies within a large structural
trough called the Mississippi embayment, herein
referred to as the embayment, which extends 600 mi
from the southern tip of Illinois to the Louisiana coast.
The alluvial plain attains a maximum width of about
125 mi in central Arkansas (Ackerman, 1989). Geo-

logic units of Tertiary age and older dip toward the
axis of the Mississippi embayment with a southwarc'
component of dip following the southward plunge of
the axis (Hosman and others, 1968) (fig. 2).

In the embayment, alluvial deposits of Quater-
nary age, which comprise the Mississippi River Valley
alluvium, herein referred to as the alluvium, lie unccn-
formably on the eroded surface of the geologic units of
Tertiary age and older. This erosional surface gener-
ally dips to the south and locally undulates (Saucier,
1994). Most of the geologic units in contact with the
base of the alluvium are unconsolidated sand, silt, ard
clay beds of Tertiary age.

Six geologic sections were constructed from
drillers' logs to show the lithology and distribution of
the alluvium deposits of Quaternary age in Woodruf®
County. Most of the drillers’ logs were from previ-
ously constructed wells. Additional drillers’ logs cre-
ated when wells were constructed for this study also
were used. The traces of the geologic sections are
shown in figure 3 and the geologic sections are pre-
sented in figures 4-9.

EXPLANATION

AXIS OF THE MISSISSIPPI
EMBAYMENT STRUCTURAL
TROUGH

*

BOUNDARY OF PHYSIOGRAPHIC

BOUNDARY OF THE
GULF COAST AQUIFER |
SYSTEMS
(Williamson and others, 1990)
32" e

TEXAS

100°

SECTIONS FROM FENNEMAN (1938) COUNTY%Q

94 ) -
ARKANSAS &
)
g -
|
LOUISIANA
T . —_
o
/o ALABAMA
{0
VRN ‘ FLORIDA
V= TN ]
>
|

< GULF OF
MEXICO

ILLINOIS
90°

0
MISSOURI j KENTUCKY

36°— 4
X/ TENNESSEE
N/

WOODRUFF

34°

0 50 100 150 MILES
0 50100150 KILOMETERS

Flgure 2. Location of structural and physiographic setting in the region of the study area.
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The base of the alluvium is about 90 to 150 ft in
depth and consists of sand and gravel (figs. 4-9). At
many locations the base of the alluvium mainly con-
sists of a gravel layer about 3 ft thick. Maximum grain
size is 4 in. at the base of the alluvium and decreases
upward. At some locations sand mixed with gravel is
within 30 ft of the land surface, but it mostly occurs
below a depth of 30 ft. Sand mixed with gravel usually
is at depths from 50 to 150 ft. In many locations the
alluvium also contains blackened wood chips that usu-
ally are rounded and are more than 0.33 in. in diame-
ter. Thickness of the blackened wood chip deposit
varies considerably over short distances. Sand of
medium- to fine-grain size and of "salt and pepper”
color exists at depths from 10to 100 ft. The "pepper”
color is caused by the presence of fine, sand-grain
sized pieces of blackened wood chips or plant matter
in the white sand. The surficial deposit overlying the
sand at most locations within the Black Swamp drain-
age area consists of clay and silt and usually is S to 30
ft thick, but is absent at some locations where fine- to
medium-grain sand deposit is at the surface (figs. 4, 6,
and 9).

Hydrogeology

The alluvium consists of two distinct but grada-
tional lithologies; clays and silts overlie coarse sands
and gravels that decrease in grain size toward the sur-
face (Ackerman, 1989). The sand and gravel from the
eroded surface of the deposits of Tertiary age and
older to the base of the surficial silty clay deposits
form the basal Mississippi River Valley alluvial aqui-
fer, herein referred to as the alluvial aquifer. The low
permeability clays and silts form the overlying Missis-
sippi River Valley confining unit, herein referred to as
the confining unit,

The alluvial aquifer produces a great volume of
water for irrigation. The alluvial aquifer is bounded by
the extent of the sand or sand and gravel, which ranges
in thickness from about 70 to 150 ft. Horizontal
hydraulic conductivity (Kh) values for the alluvial
aquifer range from 90 to 400 ft/d (Krinitzsky and
Wire, 1964; Newcome, 1971) and have a geometric
mean of about 205 ft/d (Ackerman, 1989). The hori-
zontal hydraulic conductivity is much larger than the
vertical hydraulic conductivity (Kv); the Kh/Kv ratio
can exceed 100 (Williamson and others, 1990).
Although discussion in this report emphasizes the
lower and upper parts of the alluvial aquifer, the allu-
vial aquifer is a single hydrogeologic unit.

The confining unit consists mostly of silt and
clay that confines the alluvial aquifer and impedes ver-
tical ground-water flow into or out of the alluvial aqui-
fer (Krinitzsky and Wire, 1964). The confining unit
generally is about 5 to 25 fi thick in the Black Swamp
drainage area; however, the unit is absent in the parts
of the upland of the alluvial plain and in the intermedi-
ate land around Patterson near the Highway 64 bridge
over the Cache River (figs. 4, 6, and 9). Laboratory
determinations of horizontal hydraulic conductivity
for clay to silty sand texture samples of the confining
unit range from 1 x 10" to 5 x 10°! ft/d (Ackerman,
1989, p. 16); these values are near the minimumn hori-
zontal hydraulic conductivity values for clayey, silty
substrate in other wetlands (Siegel, 1988; Andrews,
1978; O’Brien, 1977). Vertical hydraulic conductivity
values from other studies range from 7.10 X 107 fi/d
(McKay and others, 1979) to 1.30 x 10! ft/d fo~
“black muck” (O’Brien, 1977).

Cuttings obtained during the construction of
wells within the wetland indicate that the top 1 ftis a
soil zone riddled with macropores. During the d-illing
of one well, water was trickling out of a small hnle in
the side of the drill hole, clearing the side of the hole,
and rapidly pouring into the well. Vertical hydrzulic
conductivity of the top 1 ft probably is near that of
gravel (250 ft/d). Beneath the zone of macropores, the
confining unit is silty or sandy clay and consistently is
4 10 8 fi thick. The bottom of the confining unit rela-
tively quickly grades into clayey sand. The silty or
sandy clay probably has a hydraulic conductivit~ simi-
lar to that of McKay and others (1979), and a value of
1.51 x 103 fi/d is used in this report. For this report,
based on drillers’ logs, the confining unit in the Black
Swamp is assumed not to be fully penetrated by
macropores. Field observations indicate that the Cache
River breaches the confining unit and has a riverbed
comprised of a mixture of silt and sand.

DATA-COLLECTION METHODS AND
DESCRIPTION OF SITES

Ground-water flow patterns in the Black Swamp
were studied from five different perspectives: (1) areal
distribution of head in the upper part of the alluvial
aquifer using shallow wells, (2) areal distribution of
head in the lower part of the alluvial aquifer usire
deep wells, (3) general vertical distribution of head
along two transects perpendicular to the Cache Fiver
using wells and staff gages, (4) vertical distribut'nn of
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head at ground-water-flow study sites along two
transects, and (5) comparison of highly localized verti-
cal head between a shallow well and an adjacent staff
gage in a nested site.

Data from 119 wells and 13 staff gages were
obtained for this study. Sixty-one wells were pre-exist-
ing privately owned wells; 58 wells were constructed
specifically for this study. Of the 61 pre-existing wells,
54 were used for irrigation, 6 were unused, and 1 was
domestic. Many of the wells constructed for this study
are nested with each other or a pre-existing well.
Selected well nests, herein referred to as nested sites,
specifically designed to study ground-water/surface-
water interaction in the Cache River or wetland are
named in table 2.

Table 2. Description of wells used to study Black Swamp

For the study, 23 wells were drilled with a
hydraulic rotary system that used a 3-blade 6-in. dre<
bit, and 35 wells were augured. Most of the wells wee
constructed with screens that were relatively short
compared to overall well depth so that the wells could
be used as piezometers. The exception is shallow well
S55. After the well was drilled, water was injected irto
the casing to flush drilling mud away from the screen.
Clean sand was poured around the well screens, and
bentonite pellets were poured around the well casing.

Wells ranging in depth from 2.3 to 140 ft wer
screened in the alluvium. Eight wells were screened in
the confining unit (fig. 10) and the other 111 wells
were screened at various depths in the alluvial aquif~r
(figs. 11 and 12; and table 2). Wells and staff gages
were monitored at least monthly (table 1); wells and

[ft, foot; in., inch; N, nested site; L, log available; B, bored or augered; USGS, well drilled specifically for the Black Swamp study; U, unused; TB, well is on
Transect B-B’; --, unreported, unavailable, or not applicable; CR, continuous recorder data available; TD, well is on Transect D-D’; Y, hydraulic rotary; H,
domestic; GW, data used to calculate flow through the wetland confining unit; I, irrigation; GR, data used to calculate flow through the bed of the Cache
River; Z, well destroyed during study period]

Altitude
of land Depth
surface  of well Length Dia-
Name of Latitude Longitude above below of meter Pri-
selected (degrees, (degrees, sea land Drill-  open- of mary
Well nested minutes, minutes, level surface ers’ Ings casing Con- use of Com-
name site seconds)  seconds) (ft) (ft) log (in.) (in.) struction  water ments
Wells open to the confining unit
C13 N4 350906 911753 183.73 3.40 L 24 200 B,USGS u B
c16 N5 350906 911721 184.64 5.30 - 36 125 B, USGS u -]
c18 N6 350905 911722 179.89 3.50 L 24 200 B,USGS u T8
c20 N7 350858 911655  182.99 2.30 L 2% 200 B,USGS U CR, TR
C24 N100 350901 911618 183.80 330 L 24 200 B, USGS U B
C40 N8 350454 911854 178.85 3.50 L 24 200 B, USGS u 0
C42 N9 350442 911821 177.88 5.00 L 24 200 B, USGS u CR, T
C45 N12 350444 911658 178.56 3.60 L 24 2,00 B, USGS U TD
Wells open to the upper part of the alluvial aquifer
S1 - 351334 911619 192.15 18.50 - - 1.25 - u -
S2 - 351333 911522 195.20 24.60 - - 200 B,USGS u -
S3 - 351330 911450 189.39 13.00 - 60 125 B,USGS u -
S4 - 351253 911550 194.19 14.00 - 60 1.25 B, USGS U -
S5 - 351241 911442 190.41 11.40 - 60 1.25 B, USGS U -
S6 - 351058 911503 200.71 20.70 - 60 1.25 B, USGS U -
S7 - 351047 911740 197.08 16.70 - 120 1.25 Y, USGS U -
S8 - 351028 911726 190.05 10.00 - 60 125 B, USGS u -
S9 - 350953 911545 191.88 23.60 - 60 125 B, USGS u -
S10 - 350930 911826 185.02 1420 - 60 125 B, USGS u -
s - 350916 0912036 200.00 23.70 - - 1.25 B H -
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Tabie 2. Description of wells used to study Black Swamp--Continued

[ft, foot; in., inch; N, nested site; L, log available; B, bored or augered; USGS, well drilled specifically for the Black Swamp study; U, unused; TB, well is on
Transect B-B’; --, unreported, unavailable, or not applicable; CR, continuous recorder data available; TD, well is on Transect D-D’; Y, hydraulic roary; H,
domestic; GW, data used to calculate flow through the wetland confining unit; I, irrigation; GR, data used to calculate flow through the bed of the Cache
River; Z, well destroyed during study period]

Altitude

of land Depth

surface  of well Length Dia-

Name of Latitude Longitude above below of meter Pri-
selected (degrees, (degrees, sea land Drili- open- of mary
Well nested minutes, minutes, level surface ers’ Ings casing Con- use of Com-
name site seconds) seconds) (ft) (ft) log (In.) (In.) struction  water ments
S12 N4 350906 911753 182.89 11.00 L 24 200 B,UsGS u GV, TB
S14 - 350907 911745 187.04 16.00 L 24 200 B,UsGS u B
S15 N5 350906 911721 184.44 9.35 - 60 125 B, USGS u GWV, TB
S17 N6 350905 911722 180.16 11.00 L 24 200 B,USGS u G, TB
s19 N7 350858 911655 18297 620 L 24 200 susas u R
S21 - 350902 911636 183.94 9.90 L 24 200 B,USGS U T8
S22 - 350839 911631 198.05 21.90 - 120 125 Y, USGS u -
S23 N100 350901 911618 183.65 10.30 L 24 2.00 B, USGS U TB
S25 - 350902 911606 187.97 35.50 L 60 400 Y, USGS u B
S26 - 350002 911606 188.50 29.10 L 60 4.00 Y, USGS U B
Ss27 - 350802 912004 198.13 18.85 - 120 1.25 Y, USGS U -
S28 - 350750 911841 184.46 20.00 - 12 125 B, USGS u -
S29 - 350750 911841 185.59 10.00 - 12 125 B,USGS u -
S30 - 350750 911841 185.98 10.00 - 12 125 B, USGS u -
S31 - 350750 911841 187.45 30.00 - 12 125 B,UsSGS u -
S32 - 350559 912007 185.34 16.85 - 120 125 Y, USGS u -
S33 - 350559 912007 185.36 19.20 - 120 125  Y,USGS u -
S34 - 350511 911834 181.39 10.00 - 60 125 B, USGS U -
835 - 350513 911718 196.48 27.00 L 120 400 Y, USGS u -
S36 - 350509 911717 193.42 19.60 - 120 125 Y, USGS u -
837 - 350446 912012 183.34 13.80 - 120 125 Y, USGS u T
S38 - 350404 911918 185.09 35.60 L 60 4.00 Y, USGS U TD
S39 N8 350454 911854 178.81 14.00 L 24 200 B,USGS u GW, TD
S41 N9 350442 911821 177.41 8.00 L 24 200 B,USGS u G\‘;S) R,
S43 N11 350444 911712 180.56 5.30 L 24 200 B,USGS u GW, TD
S44 N12 350444 911658 178.50 8.30 L 24 2.00 B, USGS u GW, TD
S46 - 350445 911652 186.97 33.00 L 60 4.00 Y, USGS U TD
S47 - 350349 911701 190.22 14.00 - 60 1.25 B, USGS U -
S48 - 350209 911918 180.57 32.30 L 60 400 Y, USGS u -
S49 - 350152 911904 183.65 14.40 - 120 125 Y, USGS U -
S50 - 350148 912047 179.47 16.90 - 120 1.25 Y, USGS U -
S51 N10 350506 911763 186.19 17.50 - 60 125 B, USGS u -
S§62 - 350353 912014 182.70 13.60 - 60 125 B, USGS u -
S53 - 351636 911536 198.13 14.50 - -- 2.00 - U -
S54 - 351349 911823 200.45 18.90 - - 1.25 - u -
S55 - 350148 912047 178.96 9.50 - 108 125 Y, USGS U -
Wells open to the lower part of the alluvlal aquifer
D1 - 351641 911943 216.00 - - - - - 1 -
D2 - 351640 911910 214.00 - - - - - 1 -
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Table 2. Description of wells used to study Black Swamp--Continued
[ft, foot; in., inch; N, nested site; L, log available; B, bored or augered; USGS, well drilied specifically for the Black Swamp study; U, unused; TB, wel’ is on
Transect B-B’; --, unreported, unavailable, or not applicable; CR, continuous recorder data available; TD, well is on Transect D-D’; Y, hydraulic rotary; H,
domestic; GW, data used to calculate flow through the wetland confining unit; I, irrigation; GR, data used to calculate flow through the bed of the Cache
River; Z, well destroyed during study period]

Altitude
of land Depth
surface  of well Length Dia-
Name of Latitude Longitude above below of meter Prl-
selected (degrees, (degrees, sea land Drill-  open- of mary
Well nested minutes, minutes, level surface ers’ ings casing Con- use of Co™-
name site seconds) seconds) (ft) (ft) log (in.) (in.) struction  water me=ts
D3 - 351611 911411 194.64 63.30 L 60 4,00 Y, USGS U GR
D4 - 351611 911338 201.03 -- - -- - - | G
D5 - 351337 912027 202.59 - - - - - | -
D7 - 351330 911621 200.20 - - - 4.00 - | GR
D8 - 351345 911358 196.90 - - - - - U G
D9 - 351328 911251 210.09 140.00 - -- 8.00 Y | -
D10 - 351252 911701 194.84 - - - - - | -
D11 - 351233 912052 200.82 - - - - - | -
D12 - 351047 911740 196.94 100.00 - - - - | -
D13 - 351028 911830 192.56 - - - - - | -
D14 351035 911412 226.05 - - - - - | -
D15 350907 911019 199.91 - - - - - | -
D16 350905 911812 188.79 111.00 L 60 400 Y, USGS u T
D17 - 350008 911812 189.26 50.00 L 60 4.00 Y, USGS U GR, T8
D18 - 350902 911606 188.31 65.50 L 60 400 Y, USGS u GR, TB
D19 - 350901 911505 21235 67.00 - - 6.00 - | ™
D20 - 350858 911434 218.65 81.00 - - 6.00 - | T
D21 - 350857 911416 22231 - - - 6.00 - z -
D22 - 350839 911631 198.09 - - -- -- - | -
D23 - 350802 912004 198.36 - - - - - | -
D24 - 350805 911854 195.97 - - - - - | -
D2s - 350819 911435 220.58 - - - 14.00 Y | -
D26 - 350700 911648 197.34 - - - - - | -
D27 - 350559 912007 185.56 -- - - - - | -
D28 - 350520 911834 186.67 - - - - - | GR
D29 - 350509 811717 193.30 120.00 - -- 6.00 - U GR
D30 - 350442 912136 186.12 - - - - - | T
D31 - 350446 912012 183.43 - - - - - | ™
D33 - 350443 911921 185.27 80.00 L 60 4.00 Y, USGS U ™
D34 - 350445 911652 187.32 75.80 L 60 4.00 Y, USGS U ™
D35 - 350440 911635 194.79 - - - 10.00 - | ™
D36 - 350441 911554 201.52 - - - 8.00 - | ™
D37 - 350452 911503 217.18 - - -- -- - | -
D3s - 350422 912012 184.50 - - - 12.00 - | -
D39 - 350403 911546 194.63 - - - 6.00 - | -
D40 - 350354 912125 184.26 - - - - - | -
D41 - 350310 911746 186.09 - - - -- - | -
D42 - 350219 912045 181.88 - - -- - - | -
D43 - 350220 912002 172.05 - - - - - | GR
D44 - 350208 912102 179.00 - - -- -- - | -
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Table 2. Description of wells used to study Black Swamp--Continued
{ft, foot; in., inch; N, nested site; L, log available; B, bored or augered; USGS, well drilled specifically for the Black Swamp study; U, unused; TB, well is on
Transect B-B'; --, unreported, unavailable, or not applicable; CR, continuous recorder data available; TD, well is on Transect D-D’; Y, hydraulic ro*ary; H,
domestic; GW, data used to calculate flow through the wetland confining unit; I, irrigation; GR, data used to calculate flow through the bed of the Cache
River; Z, well destroyed during study period]

Altitude
of land Depth
surface  of well Length Dia-
Nameof Latitude Longitude above below of meter Pri-
gselected (degrees, (degrees, sea land Drili- open- of mary
Well nested minutes, minutes, level surface  ers’ Ings casing Con- use of C-m-
name site seconds) seconds) (ft) (ft) log (in.) (in.) struction  water ments
D4s - 350148 912047 179.00 119.00 - - 6.00 - | -
D46 - 350152 911904 183.51 - - - - - | GR
D47 - 350152 911735 185.70 - - - - - | -
D48 - 351031 912350 190.00 - - - - - | -
D49 - 350745 912423 187.00 - - - - - | -
D50 - 350613 912347 185.00 - - - - - | -
D51 - 350451 912448 183.00 - - - - - | -
D52 - 350216 912603 180.00 - - -- -- - | -
D53 - 350059 912257 175.00 - - - - - | -
D54 - 351602 910739 207.00 - - - - - | -
D55 - 351537 910917 206.00 - - - - - | -
Dse - 351318 910848 201.00 - - - - - | -
D57 - 351230 910857 203.00 -- - -- - - | -
D58 - 351045 910827 202.00 -~ - -- - - | -
D59 - 350950 910914 202.44 -- - - - - | -
D60 - 350758 919756 196.00 - - - - - | -
D61 - 350651 910755 196.00 - - - - - | -
D62 - 350455 919744 198.00 - - - - - | -
D63 - 350336 919720 211.00 - - - - - | -
D64 - 350151 919854 204.00 -- - -- - - | -
D&s - 350649 911444 218.05 59.30 - -- 2.00 - U -
D66 - 350209 911918 18500  64.60 L - 400 Y,USGS 2 bcas'"g
re~ched

staff gages in more critical areas of the Black Swamp
were more frequently monitored. Well and staff gage
altitudes above sea level were surveyed within 0.01 ft.
Water levels in wells were measured with a steel tape
using the method described by Staliman (1968). Data

were stored in the Ground Water Site Inventory
(GWSI) and Automatic DAta Processing System

(ADAPS) data bases of the U.S. Geological Survey.
Wells screened in the alluvial aquifer have been sepa-
rated into two categories based on their depth. Wells
less than 36 ft deep (fig. 11), herein referred to as shal-
low, are considered open to the upper part of the ailu-
vial aquifer whereas wells greater than 36 ft deep (fig.
12), herein referred to as deep, are considered open to

14

the lower part of the alluvial aquifer. The 36-ft limit is
somewhat arbitrary. All pre-existing wells are assumed
to have fairly long screens. Though the exact depth of
the irrigation wells usually was not reported, inter-

views with well drillers and owners, indicate that irri-

gation wells penetrated most of the alluvial aquifer. Of
the six unused wells, three were shallow and thre=
were deep. The one domestic well was shallow. C € the

58 wells constructed for this project, 51 were shallow
and 7 were deep. Forty-seven shallow wells were mea-
sured to study the interactions between the upper part
of the alluvial aquifer and the surface whereas 64 deep
wells were monitored to study ground-water flow in
the more permeable lower part of the alluvial aquifer.

Ground-Water Flow Patterns and Water Budget of a Bottomland Forested Wetland, Black Swamp, Eastern Arkansas
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Figure 10. Location of monitoring wells open to the Mississippi River Valley confining unit.
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Some deep wells were located in a large area east of
the Black Swamp drainage area.

Staff gages were used to monitor surface-water
levels in the Cache River and in the wetland (fig. 13,
table 3). Daily surface-water discharge and stage of
the Cache River were measured at the two primary
gaging stations (G1 and G13) using conventional U.S.
Geological Survey methods. Cache River stage also
was measured at three other staff gages between the
two primary gaging stations (G2, G5 and G10). Stage

in the wetland was measured at eight other staff gages.

Wells and staff gages were concentrated along
two transects (B-B’ and D-D’) perpendicular to the
Cache River (fig. 14) in order to study ground-water/
surface-water interaction from a cross-sectional per-
spective. Transect B-B’ crosses the Cache River east
of Gregory, Ark., and Transect D-D’ crosses the Cache
River about 7 river miles downstream or 5 straight-
line miles south of Transect B-B’. Transect B-B’ con-
sists of 5 staff gages and 19 wells ranging in depth
from 2.3 to 111 ft (fig. 15), and Transect D-D’ consists

of 4 staff gages and 16 wells ranging in depth from 3.5
to 100 ft (fig. 16). Individual well response times,
local topography, well locations upstream or down-
stream from the traces of transects, and water levels in
nearby wells must be considered to assess the ground-
water flow pattern beneath a location in the wetland.
Ten nested sites were constructed for the se-
cific purpose of studying ground-water/surface-water
interaction in the wetland (table 4, fig. 14). Nested
sites usually were comprised of a staff gage, a w~ll
open to the confining unit (2.3 to 5.3 ft), and a well
open to the top of the alluvial aquifer (5.3 to 17.5 ft)
(fig. 17). Nested sites N10 and N11 did not have a well
open to the confining unit, and nested site N100 had
limited use because it did not have a staff gage.
Ground-water/surface-water interactions in the Cache
River were studied using nested site N10. Beginning
about halfway through the study period, measure-
ments were made inside and outside of well casings

Table 3. Description of staff gages used to study Black Swamp

[*, primary gaging station; --, not applicable; D, daily streamflow; S, daily stage; M, monthly measurements only; N, selected nested site; wooded wetland,
flooded 1 to 5 months per year (contains oak and bitter pecan); relatively high wooded wetland, flooded on average once per year; lower wooded wetland,
almost always inundated with stagnant water (contains Bald Cypress and Tupelo Gum); C, partial continuous water-level record exists for this staff gage;
poorly drained wooded wetland, sometimes inundated with stagnant water due to impoundments but not as low in altitude as lower wooded wetlandl

Nameof Latitude Longitude Datum of
selected (degrees, (degrees, gage abeve
Gage  nested minutes, minutes, sea level Avallable
name site seconds) seconds (feet) data Hydrologic setting
Gi* _ 351613 911419 182.96 D, S Cache River at the U.S. Highway 64 bridge,
Pauerson, Ark.
_ On the State Highway 260 bridge over the
a2 351330 911509 201.44 M Cache River, 1 mile west of Grays, Ark.
_ On a bridge (since destroyed) over water
G3 350907 911800 185.65 M im ded by a beaver dam.
G4 N4 350906 911753 182.66 M Wooded wetland.
The end of a canal directly connected to the
GS N5 350908 911718 176.74 M Cache River. Near relatively high wooded
wetland.
Gé Né 350905 911722 178.80 M At the edge of lower wooded wetland.
Wooded wetland 720 feet from the
G7 N7 350858 911655 181.20 c Cache River bank.
Poorly drained wooded wetland (staff gage
G8 N8 350454 911854 179.15 M dis 1 during the stody period),
Wooded wetland 180 feet from the
G9 N9 350442 911821 177.13 c Cache River bank.
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