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OBJECTIVES AND OVERVIEW

The main objective of thie study is to develop two
conjunective water use strategies that can gatisfy maximum
potential irrigation water demand in the Grand Prairie region of
Arkansa=, for glimatically average growing seasons. To accomplish
this. the potential irrigation demand in each 3 mile x 3 mile
call of the study area is first determined on a monthly and
seasonal basis for average climatic conditions. The potential
demand 1is2 also calculated for dry climatic conditions. although
these latter demand figures are not used in developing the

potential conjunctive water use sirategies.

It i3 assumed that the.avarage season potential demand will
be satisfied with a combination of groundwater withdrawal= and
surface water diversions. Therefore, wa next present two
sustained grounduater withdrawal strategiés that will
approximately maintain 1983 groundwater levels. The difference
between the two strategies is that one of them assures at lea=st 3
29 £ft saturated thickness in the Quaternary aguifer in all cells
(Strategy A) while the other is not constrained in that way
(Strategy B). Each strategy presents o¢ell by cell annual
grounduater withdrawal volumes. [t should be noted that
implementation of a particular sustained yield groundwater
withdrawal strategy will result in the eﬁolution of a unique

steady state potentiometric surfacel61.

A potential conjunctive water use sBtrategy is a spatially

distributed and temporally varying pattern of groundwater and



diverted river water wuse. To develop such a strategy for a
particular sustained yield groundwater withdrawal strategy. one
gubtracts each cell's annual groundwater withdrawal volumes from
ite potential annual water needs. The result is the required
annual diverted volume cof surface water required for each cell.
Then, the potentially required annual volume= of groundwater and
diverted river water are appropriately divided into the volumes
of water needed during_gach month of the irrigation season. This
ig accomplished in such a way as to minimize river water
reguirements during months of low flow. The resulting =set of
monthly ecell-by-cell grounduater and river water use values is a
conjuctive water use gtrategy. This process is performed for both

gustained groundwater withdrawal strategies A and B.

Other affiliated information provided is ¢ the elevations of
the top and bottom of the water bearing formation of the
Quaternary aquifer in the center of each 3 mile x 3 mile cell,s
" recharge and discharge historically obssrved across the study
area boundaries. and the potential crop acreage in each cell. In
addition, we present an analysis of the time reguired for the
potantiometric surfaces to evolve from 1983 levels to the stable

steady—state levels corresponding to Strategy A.



METHODOLOGY

The Grand Prairie (GP) Study Area

The study s&arses considered in this report is the Grand
Prairie (GP) Region, which includes parts of Arkansas, Lonoke.
Monroa and Prairie counties. The eastern boundary ism the White
River; the western boundary is2 the Bayou IMetc from Beacon:
Arkan=as, to its confluence with the Arkaneas River: the southern
boundary is the Arkansas Post Canal; the northern boundary is an
east—-west line located approximately 3 miles =outh of State
Highway 38 between Cabot and Des Arc, Arkansas. The Grand Prairie
study region is shown in Figure l(a). Major tributaries in the
region include Lagrue Bayou, Little Lagrue Bayou, MNill Bayou,
Bayou Two Prairie. and Bayou Meto. The entire area lies within

the Misgigsipi River Alluvial flood plain.

Literature RBeview of Hydrogeologic Characteristics

A gtorage coefficient of 6.3 and a permeability of 1900 gpd
(254 ft or 77.4 m per day!) per squars foot were -reported by
Engler et al., [31. They concluded that deep percolation from the
ground surface into the aguifer was negligible because o©f the

clay cap overlying the aguifer.

Sniegocki [111] reported a permeablity of 2,000 gpd (267 ft

or 8l1.4 m par day) and a storage coefficient of 8.3.

In a two dimensional groundwater simulation model of the



Quaternary aquifaf underlying the GP region, Griffis [L41
succeggfully used a storage coefficient of @.3 and a2 hydraulic
gonductivity of 267 feet per day. He assumed that deep
percolation was negligible and that the regional aquifer behaved

as an unconfined aquifer.

Broom and Lyford [1] used a twe-dimensional flow model in
studying a nearby portion of the Quaternary aguifer. Their model
produced the best results when a storage coefficient of 8.3 and a
hydraulic conductivity of 270 feet or 82.3 meter per day were

used. They also assumed a regionally unconfined aquifer.

Peralta et al.{5] successfully validated a two dimensional
groundwater simulation model of the Quaternary aquifer. They used
an effective porosity of 6.3 and 2 hydraulic conductivity of 270
ft per day. The same hydrsulic conductivity is wused in this

study.

The study area is divided inte 204 (3 mile x 3 mile) cells.
Figure 1(a) shows the counties and the row and column of all
celle within the area. Figure 1{(b) shows the surface water basins
and reachee of zall cells. There are 52 constant head cells on the
study area periphery. These are cell= in which the groundwater
levels are assumed to remain constant throughout the year. There
are 152 internal ¢ells for which potential water needs are

determined in this study. Table ! identifies cells by [,J and



gur face water basin and county codes.
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The study area ig underlain by & @Quaternary (alluvial}
aguifer composed of sand and gravel. This aguifer is overlain by
a semipermeable layer of silt and clay beds about 25 to 50 feet
thick and is underlain by a thick confining bed in the Jackson
Group.. The average thickness of the aquifsr (not the saturated
thickness) is about 90 feet. The ground surface elevations in the
study region range from 250 feet above MSL in northern Prairie
county to 15@ feet above MSL in the southern part cf Arkansas
county. Surface drainage basin divides do not coincide with the
ground water divides in the area. Well yielda vary from S00 to

3,002 gpm in the area.

Elevations of the top of the water bearing =ands in the
center of each cell in the spring of 1983 are shown in Figure 2,
The value for a particular cell is either the slevation of the
spring 1883 potenticometric surface or the elevation of the top of
the Quaternary aquifer. whichever is lower. Also shown in Figure
2 is the elevation of the bottom of the aquifer. These values=
were developed uéing geostatistical kriging from the Uu.S.
Geological Survey records [21 from records of water well

congtruction and topographic quadrangle maps.

Subtraction of the elevation of the bottom cf the Quaternary

agquifer from the elevation of the top of the water bearing =and



within the agquifer (Figure 2) yields the saturated thickness
estimated for the center o0f each ¢ell in 1983. All such
calculated saturated thicknesses exceeded 20 ft, although five of

them were less than 25 ft.

Crop Acreage and Water Reguirements

The three crops evaluated for the study area are soybeans.,
rice, and wheat. The maximum potential cell by cell acreage for
@ach crop wae estimated on the basi® of SCS crop recommendations
for predominant soilg in a given cell [12]1. This had already been

accomplished for some parts of the region [6,9,101.

The first step was identifying so0il texture. Peralta et al.
- (891 wumed the 1977 Arkansas HResource Data Information Systam
(RIDS) to identitfy the soil texture in the center of each gqusrter
km2 subcell for parts of Arkansas and Prairie counties. They
agsumed that the =Se0il in the center of =a subcali existed
throughout that subcell. Peralta and Dutram {8,101 used couniy
s0il surveys to asgign a dominant soil texture to each square
mile cell in parts of Lonoke and Arkansas counties,. In the
current study. the procedurse described by Peralta et al. [39] uas
uged to assign 8o0il texture toc those cells of Arkaness and
Prairie counties that had not been previously assigned. For those
parte of Lonoke and Monroe counties that had not been previously
2

assigned. the dominant soil texture of each gquarter km gubcell

wae identified from county soil surveys [121].

The second sStep wa= to assign a crop or land use to each

soil texture. Based on the county soil surveys [121, the most



water intensive of the three subject crops that was appropriate
for a particﬁlar s0il texture was assigned to that texture. In
doing so.» land that is only appropriate for or was already
agsigned to pastures. woodlands, urban use. water (bayou.
reservoir, streams» etc.), levees, mines, quarries, and borrow
pi;s was not considered available for production of the subject
crops. Nor were non usable lands (intsrmittent. rocky. cobbly.,

wildlife or unmapped) considered appropriate for agriculture.

Finally. the potential acreage appropriate for each crop in
each ¢ell was computed for those cells feor which it had not
already been determined {8,9,1801 by adding all the quarter kmz
subcells assigned to each crop. Figures 3-5 depict potential
soybean. rice, and wheat land in each 3 mile % 3 mile cell in the
Grand Prairie Region for the 152 internal cells. The total acres

of 1land judged to be appropriate for three crops arei scybeans

(124,652 acres)r rice (542,892 acres), and wheat (28,657 acres).

In estimating the potential water needs for each cell., the
potential rice land shown in Figure 4 is assumed to ke plantéd
1/2 in rice and 1/2 in soybeans and wheat. the potential soybean
land shown in Figure 3 is double cropped with wheat, and the
potential wheat land shown in Figure 5 is planted to wheat conly.
in a given season. .Thia regults in assuming actual acreages of
271,446 acres for rice, 396,098 acres for soybeans and 424.7%5

acres for wheat in the tested cropping pattern.

The potential water reguirements for a particular crop were

egtimated by using an irrigation scheduling simulation computer



model develeoped by Peralta and Dutram [1@3. In computing the crop
water requirements for each cell the same procedurss were
followed as are described in refersnces 8,9 and 1@. Pertinent
data on crop acrsage and crop water requirements documented in

these references [8.9,101 were alsc utilized in this astudy.

Figures 6-11 depict monthly potential irrigation water needs
for the months of April through September of an average climatic
geagon for each of the 152 internal cells. Figure 12 shows the
cell by call total annual potential irrigation water needs for an
average #eason . Figures 13—-18 show the monthly irrigation water
nesds for April through September in a droughty season
(e.g.1980). Figure 19 shows the annual potential irrigation water

needs for each of the 152 internal cells in a droughty season.

Becharge and Discharge Across ths Study Arsea Boundaries

Figure 20 shows the maximum annual recharge or minimuﬁ
annual discharge rates that occurred acroes the study area
boundaries between 1872 and 13983, based on springtime hydraulic
gradients. Negative numbers in the peripharal constant-head cells
indicate recharge to the aguifer underlying the study area.
Recharge comes eithar from surface water resources in connection
with the aguifer. or from extengions of the aquifer system

6utside the study area.

Since the hydraulic gradients between the peripheral cells
and the internal study area change scmewhat during the year,

estimates of recharge based on springtime gradients are not



completely accurate estimators of the maximum feasible recharge
‘to the study area. In fact, the net total annual recharge to the
area shown in Figure 20 ig 128824 ac—ft, while unpublished
volume balance studiés of the area indicate an annual rescharge
rate of about 170.000 ac—ft. This 24 percent disparity may be
partially due to the change in gradients during the year, which
are in turn the result of pumping during the summer. Since water
iavels have been falling during that perieod of analysis, 172,000
sc—ft is obviously not a sustainable rate. The trus upper limit
on sustained groundwater withdrawal is probably betueen 128,000

and 179,000 ac—ft per year.

Annual Sustained Groundwater Withdrswal Stratsgies

Two sustained groundwater withdrawal strategies were
developed for the study area using the approach resported by
Yazdanian and Peralta [13]. The procedure utilizes gquadratic goal
. programming to minimize the sum of the sguares of the deviations
betuwaen the target (1883) water levels and the optimized
groundwgter levels., while determining the spatially distributed
groundwater withdrawal atrategy that will maintain the optimized
levels. In developing the strategies. the kr?ged top and bottom
elgvations of the aquifer. 1983 saturated thicknesses and =a
hydraulic conductivity of 270 ft/day were assumed., Upper limits
were placed on the volume of groundwater that could enter the
study a;ea in any constant~head cell. These limits are the
recharge values shown in Figure 20 plus 1080 ac—-ft. The use of
the 1000 ac-ft buffer in each recharge cell prevented

mathematical constraints within the model from unrealistically



regtricting the development of a desirable strategy. In the
strategies discussed below., portions of the buffer were used. but
only in cells along the White River or Bayou Meto whare recharge
iz most likely availabls. ﬁo limit was placed on the volume of
grounduater that could leave the study area.

Strategy A represents the groundwater withdrawal strategy
that will approximately maintain the currsnt (1983) groundwater
levels, as well as inguring 20 feet of sasturated thickness in all
cells. The spatially dietributed withdrawals of Strategy A are
geen in Figure 21. The total ovf groundwater use is 117,731 sc—ft
per year, which equals the total recharge. This lies well within

the estimated range of feasible recharge to the region.

Strategy B is the strategy that will approximately maintain
the current (1983) groundwater levels, without assufing any
particular minimum =saturated thickness. The cell by cell
grounduwater withdrawals of Strategy B are ssen in Figure 28. The

total pumping in this strategy is 117.209 ac-ft par—year.

It should be noted in Figures 21 and 28 that sSome cells :hﬁw
no groundwater withdrawal even though they may be adjacent to
cells pumping significant volumes. Ag Peralta and Peralta have
stated ([B1 and Yazdanian and Peralta have demonstrated (131,
puaping strategiss that are spatially more uniformly distributed
can be developed. In general however. constraining the solution

in this way hurts attainment of the regional objective.

Surface Water HReguirements in Each 3 Mile x

[[A]
B
-
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D
2
@
—
bt

The potential annual surface (river) water required for

10



diversion toc a given cell was estimated by subtracting the annual
withdrawalas of that cell either Strategy A or B Figure 21 or 28
respectively) from its crop water needs in-a climatically ﬁvaraga
year (Figure 12). The potential monthly surface (river) water
regquirements were also estimated. To accomplish thisa, it was
assumed that as much of the annual allotment of groundwater as
possible would be used in August. If annual groundwater
availability exceeded the August water reguirement= of a cell.
the remaining available groundwater was utilized consecutively in
July, June, May. April. and lastly in Septembsr. The process-was
followed backwards in time to minimize the need for surface water
during periods of low flow. The same technique waz uzed for both
Strategies A and B. Figures 22-27 show monthly surface water
neede for an average year based on Strategy A. Figures 29-34 show
monthly surface water needs for an average year bassed on Strategy

B-

Egtimated Number f Yesrs to Attain the Target Potentiometirig

Surface for Strategy A, Beginning from 1983

Implementation of any particular sustained yield groundwater
withdrawal strategy will result in the evolution cf a unique
steady state potentiometric surface [6,7]. We will refer to the
potentiometric surface that will evolve 1if Strategy A is
implemented as the "optimal" or "target" surface. (Figure 35).
Although-. the optimal surface is esimilar to the 1983
potentiometric surface, in some cells the differences between the
two exceeded 20 ft. It was appropriate to determine how long it

will take for the coptimal surface to be attained assuming that

11



groundwater withdrawal Strategy A werse implemented in the spring.
of 1983. To accomplish this, a3 validated groundwater simulation
model of the Grand Prairie Quaternary aquifer was utilized I[5]I.
Dynamic simulation was performed using annual time steps. and the
potentiometric surface elevations resulting after 1. 30. and 6@
yvears of simulation were evaluated.

After the (first simulated year,» S0 percent of the 152
internal calls had a difference batween the gimulated
potentiometric surface elevation and the optimal potentiometric
surface elevation less than plus or minus 5 £t. Seven percent of
the cells had a difference between S and 10 ft» 2 percent of
cealls had a difference between 10 and 15 ft and ! percent of the
cells had a difference between 15 and 20 ft. After 30 years of
gimulation, 99 percent had an elevation difference of less than
or egual to plus or minus % ft and 1 percent had a difference
between 5 and 19 ft. No cells had an elevation difference greater
than 18 ft. Thua, 'after 30 years., the estimated potentiometric
surface was practically coincident with the optimal syrfacs.
After 6@ years of simulation, the elevation difference was within
plus ‘or minus 5 ft for 99.3 percent of the celis and only 0.7

percent of the cells had a difference betewsen 5 and 10 ft.

12



SUMMARY OF RESULTS

Az outlined in the methodology. the top and bettom of tha
water bearing sand in the Quaternary aquifer were estimated for
the center of each cell using geostatistical kriging. The
elevations of the top of the water bearing sand varied from 96 to
181 £ft above mean sea level (MS5L). Aquifer bottom elevations
varied from 9 to 121 ft above (MSL). The aquifer saturated
thickness varied from 19 to 119 ft with an average thickness of
€9 ft for the entire study area. The s=aturated thickness is
alwayas less than or equalrtn the aquifser thickness. The sum of
the maximum recharge rates cbserved at all peripheral cells based
on the springtime hydraulic gradients of 1872-83 is 128.524 ac—
ft.

The evaluated cropping pattern assumad potential acreages of
3956, 298, '271,445, and 424,755 for =soybsans,. rice and wheat
regpectively. These acreagss., used in double cropping and crop
rotation practices.. are assumed for a total crop area of 686,201

acreg.

For averagse climatic cohditions, total aﬁnual potential crop
water requirements for the study area were 863,153 ac-£ft, with
surface water requirements of 745,422 ac-ft and_ grounduwater
pumpage of 117,731 ac—£ft for Strategy A. Table 2 displays monthiy
potential crop water reguirements and surface and groundwater
raquirements hased on Strategy A. Surface and groundwater
requirements are regpectively 865.4 % and 13.6 % of the =seasonsl

crop water requirements. Table 2 indicates that 86.2 ¥ of the

13



annual Strategy A pumping is utilized in August alone and 13.8 %
i distributed over the other five month® o0f the irrigation

Season.

The percent of the water needs met by surface water and
groundwater in each month are also shouwn in Table 2. It is
assumed that as much groundwater as possible will be used in
August. then consecutively in July, June. May, April and
September. In this way groundwater use will be concentrated in
monthae during which streamflow is the least. As a result. in
August of a climatically average season. 36.3 % of the potential
crop water needs will ba met by groundwater. the largest monthly
contribution by groundwater. The percentage cof the monthly nseds
met by groundwater declines significantly through the rest of .the

irrigation months and reliance on surfacse water increases.

Table 3 shows the monthly potential crop water needs and
surface and groundwater needs based on Strategy B. Similar
regults were obtained to those of Strategy A (Table 2}. in the
caee of Strategy B (Table 3). 88.4 % of the total annual pumping
iz wutilized in August alone and only 11.6 % is available for the
other 5 irrigation months. As is the case in Strategy A, the
percentage of the monthly water needs met by groundwater
declines gignificantly and reliance on surface water increases

during the rest of the irrigation season.

There are diffsrences between the 1983 potsntiometric
surface and the steady state potentiometric surfaces (target

surfaces) that will evolve if either Strategy A or Strategy B is

14



adopted. Dynamic sSimulation of water level response to the
pumping of Sirategy A was performed in order to evaluate how long
it would take to complete the svolution from current levels to
the target potentiometric suriace of Strategy A. The
potentiometric surface elevations resulting after 1. 30, and 62

years of simulation were evaluated.

After the first simulated year 9@ percent of the 182
internal cells had a differsnce between the gimulated
potentiometric surface elevation and the optimal potentiometric
surface elevation less than plus or minus § ft. Seven percent of
the cells had a difference between S and 12 ft. 2 percent of
cella had a difference between (1@ and 15 £t and 1 percent of the
cells had a difference between 15 and 20 ft. After 30 years of
gimulation, 98 percent had an aelevation difference of less than
or equal to plus or minus 5 ft and 1 percent had a difference
between S and 12 ft. No cells had an elevation difference greater
than 19 ft. Thus., after 30 years, the estimated potentiometric
surface was practically coincident with the optimal surface.
After 60 years of simulation: the elaevation difference was within
plus or minus 5 ft for 99.3 percent of the cells and dnly 2.7

percent of the cells had a difference beteween S and 10 ft.

15



REFERENCES

L1l Broom:. M.E. and F.P. Lyford. Alluvial agquifer of the Cache
and ©GSt. Francis river basging, northsastern Arkangas. U.S.
Geological Survey Open—-file HReport B81-476, Little Rock.
Arkansas 1981.

{2] Edds, J. Groundwater Laevela in Arkansas. Spring 1983. United
States Department of the Interior. Geological Survey., Little
Rock, Arkansas 1983, Open—-File Report 83.

{31 Engler» K.» D. Thompson, and R. Kazman. Grounduwater Supplies

for the Ricge Irrigation in the Grand Prairie Region.
Arkansas. Bulletin No. 457, University of Arkansas
Agricultural Experiment Station, Fayettevillle, Arkansas
1945,

[4] Griffis, C.L. Groundwater—-Surface watser Integration Study in
the Grand Prairie of Arkansas. Arkangas WVater Resources
Research Center Pub. No. 11, University of Arkansas,
Fayetteville. Arkansas 1972.

[S5] Peralta, R.C.3 A. Yazdanian: P. Killian and R.N. Shulstad
(1985). Future Quaternary Groundwater Accessibility in the
Grand Prairie-13983. University of Arkansas. Agricultural
Experiment Station, Fayetteville, Arkansas. in the press.

[6] Peraltza. R.C. and Ann ¥. Peralta. Arkansas Groundwater
Management Via Target Levels. Transactions of the ASAE (Vol.
27y No.6, pp. 1596-17@33, 18984).

L71 Peralta. R.C. and Paul J. Killian. Optimal Regional

Potentiometric Sur face Dasign: Least—Cogt/Sustained
Groundwater Yield. Transactionse of the ASAE 1985 {in the
pregss) .

[8]1 Peralta R.C. and Paul ¥W¥. Dutram. Potential Use of Arkan=as
River Water For Irrigation in the Plum Bayou Watershed (1983).

(91 Peralta, R.C.3 Paul W. Dutrams+ and Paul Killian. Estimatad
Potential Water Needs for the Eastern Grand Prairie Region by
Irrigation Scheduling. Arkansas State Water Plan., Special
Report in the Lower White Basin {December 1983).

[12} Peralta, R.C. and Paul V. Dutram. Assessment of Potential
Irrigation Needs in the Bayou Meto Watershed. Agriculture
Experiment Station, Division of Agriculture. University of
Arkansas., Fayetteville 727@1. Report Series 285, May 18984.

18



£1t13

[12]

[131]

Sniegocki» R.T. Hydrogeology of a Part of the Grand Prairie
Region:. Arkansas. Geological Survey Vater-Supply Paper 1615-
By, Department of the Interior, Washington D.C. 1SB64.

United States Department of Agriculturer, Soil Conservation
Service in Cooperation With Arkansas Agricultural Experiment
Station. Soil Surveys of Prairie., Lonoke:. Arkansas. Monroe.,
and Desha Countiea.

Yazdanian, A. and R.C. Peralta. Sustainsed-Yield Groundwater
Planning by Goal-Programming 1985 (under review).

17



Table 1: Cell Identifiers and Their Surface Water Basin and County

Codes.

1 J Surface Water Basin Code County Code
1 2 LWVo1l LO
1 3 LWa1 LO
1 4 LWO1 ) PR
1 5 LVvol PR
1 <] LW@al1 PR
1 7 LWol PR
1 a8 LWo1 PR
2 1 BB®3 LO
2 2 BBO3 LO
2 3 LWél LO
2 4 LWO1 LO
2 5 LWO1 LO
2 B LWa1 PR
2 7 LWG1 PR
2 8 LWO1 PR
2 9 LVa1l PR
3 1 BBG3 LO
3 2 BBO3 LO
3 3 BB@3 - LC
3 4 BBZ3 . LO
3 5 LVel LO
3 6 LW@1 PR
3 7 LW@21 PR
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J Surface Water Basgin Code County Code

8 LVo1 A PR
9 LVGL PR
10 LV@1 PR
1 BBO3 LO
2 BBO3 . ‘ LO
a0 BBG3 LO
4 BB@3 Lo
5 BB@3 Lo
6 GP@1 PR
7 GPO1 PR
8 GPO1 PR
g GP@1 PR
10 GPO1 PR
1 BB@3 Lo
2 BBO3 Lo
3 BBO3 LO
4 BBG3 LO
5 BBO3 Lo
5 GPO1 PR
7 | GPO1 PR
8 GPO1 PR
9 GP@1 PR
19 GPB1 PR
11 LW@1 PR
2 BE@2 Lo
3 BB@3 Lo
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10

11

i2

1@

11

12

13

Surface Water Basin Code

BB@3

BBO23

GPO1

GPo1

GPO1

GF@1

GPO1

LW@1

LVo1

LBO1

BBO3

BB23

BBO3

BBO3

BB@3

GPO1

GP@1

GPO1

Grol

Lwoz2

Lwoz

BB@2

BBO2

BB@3

BB@3

BEB@3
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County Code
LO
Lo
PR
PR
PR
PR
PR
PR
PR
LO
LO
LO
LO
PR
PR
PR
PR
PR
PR
Mo
MO
LO
LO
LO
LO

PR
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10
19
19
12
19
10
10
10
10

11

19

11

12

13

19

11

12

13

14

19

i

12

13

14

Surface Water Basin Code

GP21
GPO1
GP@1
GP@1
LW@2
LVG2
BBG2
BBO3
BEB23
BB24
GP22
GP@2
GPO2
GP22
Lw@2
LVG2
BB@3
BBO3
BB24
GP@2
GPO2
GP@2
GPO2
LVG2
LWG2

BBG4
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County Code
PR
PR
PR
MO
MO
MO
LO
LO
PR
PR
PR
PR
PR
Mo
Mo
MO
LO
PR
AR
AR
AR
AR
AR
AR
AR

PR
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11

11

11

11

11

11

11

12

12

12

12

12

12

12

12

12

12

13

13

13

13

13

13

13

13

19

11

12

13

14

15
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11

12

13

14

15
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1@

11

12

13

14

Surface Water Basin Code

BB@4

BB@S

GP@2

GP22

GP@2

GFP@2

LV@2

Lv@2

BBO4

BE24

BEB@5S

BB@S

GPDB2

GP@2

GPa@2

GPO2

GPo2

Lwez2

BBO4

BBO4

BB@S

BBOS

GPo2

GF@2

GF@2

GFP@2
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County Code
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR

AR
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13

13

14

14

14

14

14

14

14

i4

14

14

14

15

15

15

15

15

15

15

15

15

15

15

16

15

16
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1@

11

12

13

14

15

i6

17

18

1@

11

12

13

14

15

16

17

18

Surface Water Basin Code

GP@2
LWD2
LWO2
BB24
BB@S
BBOS
GP@2
GP@2
GPO2
GP@2
GP22
GP@2
LVO3
LYD2
BBO4
BBO4
BBOS
BBOS
GP@2
GP@2
GPO2
GP@2
GP@2
LV@3
LW@3

BB@4
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County Cocde
AR
AR
MO
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
Mo
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR

AR
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16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17
17
17
18
18
18
18
18

18

10
11
12
13
14
15
16
17

18

10
11
12
13
14
15
16
17
18
12
il
12
13
14

i5

Surface Water Basin Code

BEO4

BB@S

BB@5

GP@2

GPa@2

GP@2

GPG@2

GP@2

LWe3

LW@3

BBOS

BBO4

BE@5

GP@2

GPO2

GP@2

GP@2

GPO2

LWG@3

LWa3

BB@S

BBOS

BBOZS

GPD2

GPG2

GPG@2
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County Code
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR

AR



I J Surface Vater Basin Code County Code

18 16 GP@2 AR
18 17 Lv@3 AR
19 11 BBOS AR
19 12 BBOS AR
19 13 _ GPO2 AR
19 14 GP@2 AR
19 15 GP@2 AR
19 16 GPO2 AR
19 17 LVO3 AR
20 11 BBOS AR
20 12 BBOS AR
20 13 APD1* AR
20 14 APO1 AR
20 15 . LVo4 AR
20 16 LWo4 : AR
21 11 APO1 AR
21 i2 APG1 AR
21 13 APO1 AR
21 14 AP@1 AR
21 15 APB1 AR
21 16 LV@4 DE
22 12 APD2% AR
22 13 . APQ@2 - AR
22 14 AP@2 AR
22 15 AP@2 AR

# AP@1 is2 the basin just north of the Arkansas Post canal and

AP22 iB the basin just =outh of the Arkansas Post canal.

25



Table 2: MNonthly Potential Crop Water Needs and Surface and
Groundwater Needs Baged on the Strategy that Maintains at least

20 ft Saturated Thickness (Strategy A).

Month Total Water Surface Vater Groundwater % of total Monthly
Needs {(ac-ft) Needs (ac-ft) Needs (ac-—-ft} Vater Needs
{monthly % of the (monthiy % of the {(monthly % of the Surface Ground
total seasconal annual surface annual ground-
water neseds) water needs) water nseds)
August 279709 178280 12159 63.7 36.3
(32.4) (23.9) (86.2)
July 213897 204428 9469 95.6 4.4
(24.8) (27.4) (8.0
June 2496638 244375 5293 97.9 2.1
(28.9) (32.8) (4,5) ‘
May 63528 582761 767 98.8 1.2
(7.4) (8.4} (2.7)
April 39003 38534 469 98.8 1.2
(4.5) (5.2} (B.4)
September 17348 17124 224 98.7 1.3
(2.9) {2.3) (@.2)
Total 863153 745422 117731

Annual
Surface water needs are 86.4 % 0of the annual crop water needs.

Groundwater needs are 13.6 % of the annual crop water neads.
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Table 3: Monthly Potential Crop Water Needs and Surface and
Groundwater Needs Based on the Strategy that Maintainsg at least

@ ft Saturated Thickness (Strategy B).

Month Total Water Surface VWater Groundwater % of total Monthly
Needs (ac-ft) Needs {ac-it) Needs (ac-ft) Vater Needs

(ﬁonthly % of the (monthly % of the (manthly‘x cf the Surface Ground

total seasonal annual surface annual ground-
water needs) water needs) water nesds)
August 279709 176168 103541 63.¢ 37.0
(32.4) (23,6} (88.4)
July 213897 1284527 9379 95.6 4.4
(24.8) (27.4) (8.0)
June 249668 2486099 3569 98.6 1.4
(28.9 (33.3 (3.9)
May 63528 63145 383 99.4 2.6
(7.4) (8.5} (@.3)
April 39003 38769 234 99.4 2.6
(4.5) (5.2) (3.2}
Septembar 17348 17236 112 99.4 8.6
(2.9) (2.3) 7 (@.1)
Total 863153 745944 117209

Annual

Surface water needs are 86.4 % of the annual crop water needs.

Grounduwater needs are 13.6 % of the annual crop water needs.
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Figure:3 Potential Soybean Land in each 3 x 3 mile cell in the Grand Prairie
Region in acres.



2 1 4 5 6 7 8 9 101 12 13 14 15 16 17

1 | ] 1 | i L| 1 1 L ] | 1 1 1 1 1
, i
2 i | 8]0 | 0| 0 |803845|927 )
3 1 D | 1441 (2083 721 [2455{32222626(1833
4 ) 980 (1920 1440 | 320 | 1621 {2088|1674 1575
s i 2080|4460|4320[2880{4048|4948/502915270/23255
6 | 1920 |4640(2240{2876| 4961{ 4841(4268{2823}2275
7'- 4160(3680{4160|3373(1903 (5384(4158|3472| 55 | 641
8 ) 3520(3200[{2208(4292|5566( 9418|3478/ 2403
9 ) 2880| 800 [3674|5071{5233|5276(1582| 0
10 ) 1120 [4640|4035(4528/5023(5190| 445
i i 4860/3207|5516)4942(5251)1650/3393
! 12 ] . S780|S750|5760)5237|5579i3645|4664(3635
13 i 5800|5760{5600/5297|5270| 4912/1056|5468(4242
14 k 5760|5760/5664/5 208! 4016{2193(5190{5169{2528
15 ) 5600(5500(5780|4035|340+4| 1433|4880 4541|3413
16 ) 43205600(5780(s780|5517| 4423 877 [1635(27858
17 ) , 5760(5260{5183(5455(5165(3688(1483 | 124
18 ] 4640(5600{5487| 4102(3435| 618
19 ] S120{5144(3423{3972] 2471
20 | . 4960(3136{5164(4664
2 ] | 2400} 2144 (37383429
22 )

Figure:4 Potential Rice Land in each 3 x 3 mile cell in the Grand Prairie
Region in acres. :
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Figure:5 Potential Wheat Land in each 3 x 3 mile cell in the Grand Prairie
Region in acres.



2 K] 4 S5 & 7 8 9 10 1 12 13 ¥ .15 16 17

T A A A T S S Wt Sl Tl WA SR SR A
1_
2d 517|517 397 | 7 |255|460] 418
3- 6 | 72 [132] 33 [237|398|381] 405
4- 44 | 881110 | 44 |18 | 96 | 109|125
'5’— 345323330338 274 | 271|288 ( 270|302
sd 440 | 316 | 426 |338|250| 282|253 | 299257
7 | 338|360{338{373|428(289234|300| ¢ | 147
a- 367|382 440 |327256|258| 184 | 345
sd 396|482(359{262{250| 278/ 103 [220
10- 477 | 316 | 214 | 208{ 230263 | 29

I 11-1 2711 147 | 253)227 | 263|129 265
12_ 264|264 | 264|240 | 261|248 | 303|258
13_ 271{264|257|243{258| 298 61 [438|263
14- 264|264|258{273 (3391 148 {278 | 294 | 110
15- 271|271{265|203 {284 176 | 314 { 293|307
15m 271|271 | 264|268 (263|316 | 141 | 313|190
a8 - |264|242|237 | 273|292{227 {177 | 35
13-’ 213 | 257|267 | 294|308} 74
19- 235|254 |231[229] 118
20 | 301 144 {288(254
2§- © l2s4|131|248] 194
22“

Figure:s Potential Irrigation Water needs in April for an average season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure:7 Potential Irrigation Water needs in May for an average season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft,.
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Figure: 8 Potential Irrigation Water needs in June for an average season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure: 9 Potential Irrigation Water needs in July for an average season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft,
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Figure:1p Potential Irrigation Water needs in August for an average season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure.]]l Potential Irrigation Water needs in September for an average

season in each 3 x 3 mile cell in the: Grand Prairie Region in
ac-ft,
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Figure: 12 Annual Potential Irrigation Water needs for an average season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure:13 Potential Irrigation Water needs in April for a dry season in
each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure: 14 Potential Irrigation Water needs in May for a dry season in each
) 3 x 3 mile cell in the Grand Prairie Region in ac-ft,
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Figure:15 Potential Irrigation Water needs in June for a dry season in
each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure:16 Potential Irrigation Water needs in July for a dry season in each
3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure:17 Potential Irrigation Water needs in August for a dry season in
each 3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure:18 Potential Irrigation Water needs in September for a dry season
in each 3 x 3 mile cell in the Grand Prairie Region in ac-ft,
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Figure:19 Annual Potential Irrigation Water needs for a dry season in each
3 x 3 mile cell in the Grand Prairie Region in ac-ft.
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Figure:20 The maximum annual recharge values estimated from 1972-83 in each

constant head cell in the Grand Prairie Region in ac-ft,
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Figure;2l Annual withdrawds based on the Strategy that maintainsZ20 ft.
Saturated Thickness and Groundwater Levels gimilar to those
of 1983 in ac=ft.
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Figure: 22 Sur¥face Water Requirements for August of an Average year based on
the Strategy that maintains220 ft. Saturated Thickness in ac-ft.
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Figure:23 Surface Water Requirements for July of apn Average year based on
the Strategy that maintains220 ft, Saturated Thickness in ac-ft,
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Figure:24 Surface Water Requirements for June of an Average year based on
the Strategy that maintains220 ft. Saturated Thickness in ac=-ft.
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Figure:25 Surface Water Requirements for May of an Average year based
on the Strategy that maintains220 ft. Saturated Thickness in ac-ft.




2 3 4 5 6 7 8 8 10 11|12|134H 15 16 17
L

] I ] L i . I el ] ] l I
, -
2 | 5171517 1387 | 7 |255:460(| 18
3 l 0 | 72 | 132 33 | 237|398 381|405
4 j 0 |88 (10| 44 ;118 0 |108 125
5 1 345 0 |330(338(274| 2712852701302
6 ] 440 | J16 | 426 | 338|250 282|253 | 289 | 257
7 1 338|360 |338| 3731428 (289|234 |300| 4 | 147
8 : 367 (382} 440 | 327 | 256 258 | 184 | 345
g ‘ 396 | 492 | 359|262 |250( 278 | 103 | 220
10 ] ’ 477 | 316 | 214 | 208 | 230|263 29
11 | 271 [ 147 (2531227 | 263 | 128 | 265
12 | - 264 | 264 264 | 240 | 261 | 248 { 303 | 258 -
13 | 271 (284 | 257 | 243 1258288 61 | 438|263
14 264 | 254 (259127313391 148 | 278 | 294 | 110
15 ] 2711271 | 285[ 203 | 284 | 176 | 314 | 283 | 307
16 | 271} 271 | 264|268 | 263 | 316 | 141 § 317 | 180
17 ) l 264 | 242|237 | 273 [282(227 1177 | 35
18 ' 213|257 (267 {294 | 308! 74
19 1 235) 2541 231 (2291 113
20 | 301| 144 1288 ( 254
21 ] ) 7 2541131 | 248 | 124
22 |

Tigure:26 Surface Water Requirements for April of an Average year based
on the Strategy that maintaing220 ft. Saturated Thickness in ac-ft.
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Figure:27 Surface Water Requirements for September of an Average year
based on the Strategy that maintains220 ft. Saturated Thickness
in ac=-ft,
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Figure: 28 Annual Withdrawals based on the Strategy that maintains2

0 ft., Saturated thickness and Groundwater Levels

to those of 1983 .in ac-ft.
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Figure: 29 Surface Water Requirements for August of an average year
based on the Strategy that maintainsg20 ft. Saturated thick-
ness in ac-ft,
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Figure:3() Surface Water Requirements for July of an Average year based

on the Strategy that maintains20 ft. Saturated Thickness in
ac-ft, 7
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Figure:3]1 Surface Water Requirements for June of an Average year based
on the Strategy that maintains20 ft, Saturated Thickness in
ac-ft,
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Figure:32 Surface Water Requirements for May of an Average year based
on the Strategy that maintains20 f£ft. Saturated Thickness in
ac-ft.
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Figure:33 Surface Water Requirements for April of an Average year
based on the Strategy that maintains20 ft, Saturated
Thickness in ac-ft,
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Figure: 34 Surface Water Requirements for September of an Average year
based on the Strategy that maintains20 ft. Saturated Thickness
in ac-ft.
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» and Aquifer Bottom Elevations (in ft.

Optimal or Target Steady~state Potentiometric Surface Resulting from

Implementation of Strategy A

above MSL),
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