
• • 

•• 

• 

EVALUATION AND ACCESSING OF DATA 
FOR A WATER RESOURCES SIMULATOR 

Richard C. Peralta 
Roberto Arce and 
Timothy Skergan 

D,~. 

Agricultural Engineering Dept. University of Arkansas 

Publication No. 91 

March,1983 

Research Project Technical Completion Report A-060-ARK 

Arkansas Water Resources Research Center 
University of Arkansas 

Fayetteville, Arkansas 72701 

Arkansas Water Resources Research Center 

Prepared for 
United States Department of the Interior 



EVALUATION AND ACCESSING OF DATA 

FOH A WATER RESOURCES SIMULATOR 

Richard C. Peralta 
Roberto Arce, and Timothy Skergan 

Agricultural Engineering Department, University of Arkansas 
Fayetteville, Arkansas 72701 

Research Project Technical Completion Report 

Project A-060-ARK 

The work upon which this report is based was supported in part by 
federal funds provided by the U. S. Department of the Interior, as 
authorized under the Water Research and Development Act of 1978, 
(P. L. 95-467). 

Arkansas Water Resources Research Center 
University of Arkansas 

223 Ozark Hall 
Fayetteville, Arkansas 72701 

Publication No. 91 

March, 1983 

Contents of this publication do not necessarily reflect the views 
and policies of the U. S. Department of the Interior, nor does 
mention of trade names or c~nmercial products constitute their 
endorsement or recommendation for use by the United States 
Government. 

The University of Arkansas, in compliance with federal and state 
laws and regulations governing affirmative action and non-discri
mination, does not discriminate in the recruitment, admission and 
employment of students, faculty and staff in the operation of any 
of it's educational programs and activities as defined by law. 
Accordingly, nothing in this publication should be viewed as 
directly or indirectly expressing any limitation, speCification 
or"'discrimination as to race, religion, color or nation origin; 
or to handicap, age, sex or status as a disabled Vietnam-era 
veteran, except as provided by law. Inquiries concerning this 
policy may be directed to the Affirmative Action Officer. 



***************************************************************** 

ABSTRACT 

EVALUATION AND ACCESSING OF DATA FOR A WATER RESOURCES SIMULATOR 

This report evaluates the availability of data needed to use a 
groundwater simulation model for real time conjunctive water 
management in the Arkansas Grand Prairie. It is assumed that the 
goal of such management is to protect existing groundwater rights 
by maintaining water levels so that wells do not go dry, even in 
time of drought. 

Sufficient hydrogeologic data exists to use the simulation model 
to predict the effect of known pumping rates on groundwater 
levels. Developing an optimal set of "target" levels and annually 
managing pumping to achieve those levels requires additional data: 
fall 9roundwater levels, degree of connection between aquifer and 
recharge streams, and annual cell by cell prediction of aqua
culture and irrigated agriculture acreages. Successful management 
also requires continuous monitoring in the critical area where 
saturated thicknesses are small. 

Peralta, Richard Co, Roberto Arce and Timothy Skergan 
EVALUATION AND ACCESSING OF DATA FOR A WATER RESOURCES SIMULATOR 
Consultant's Report to Office of Water Planning, U. S. Department 
of the Interior, March 1983. Washington, D. C., 32 p. 
KEYWORDS--data collections/ monitoring/ data acquisition/ well 
datal groundwater management 
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INTRODUCTION AND OBJECTIVES 

Arkansas established a Water Code Commission to make recommen-

dations for legislation and rules concerning how Arkansas' water 

resources should be managed. An option which gained considerable 

support is the establishment of sub-state water management 

districts. The Grand Prairie of Arkansas represents a possible 

prototype water management district. The Arkansas Soil and Water 

Conservation Commission funded the calibration of a groundwater 

s imu I at i on mode 1 for the Qua ternary aquifer under lyi ng the Grand 

Prairie (13). This report supplements that effort by determining 

data needs appropriate for using the simulator for management. 

In this report groundwater management refers to those acts 

which are necessary: to protect exi sting water rights by pre-

venting water level s from dropping so much that wells go dry, or 

to assure the long-term adequacy of the .water supply, even in 

times of drought. The authors assume that the water users them-

selves should decide if the latter goal is appropriate or desir

able. With this in mind, the objectives of this study are to: 

1) Determine data needs for the effective utilization of a 
groundwater simulation model for the Grand Prairie Quaternary 
aqui fer. 

2) Develop appropriate procedures to access available data bases. 

3) Make recommendations for additional data needs. 

The approach is first to report what data is needed for the 

effective use of the simulation model. Available data and data 
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bases are subsequently evaluated concerning suitability in meeting 

data needs. Software and/or procedures to retrieve appropriate 

data are presented. Finally, recommendations for additional data 

needs are made. 

PROCEDURE 

Determination of Data Needs 

It is judged desirable to make groundwater management as admi-

nistratively simple as can be successful. Probably, the period of 

pumpi ng whi ch a water agency can most readily manage is one year. 

In other words the agency can, using the simulator, determine now 

much water can be pumped out of each part of the Prairie in one 

year's time to meet the area-wide goals of the water users. In 

practice, the agency will regularly determine whether actual re-

suiting water levels do indeed agree with predictions. Adjustments 

in permitted pumping may be made as the resources, goals, or needs 

of the users change. 

The user-related data needed for this purpose are estimates of 

the water requirements in each 3 mile by 3 mile cell of the study 

area, as affected by cl imatological conditions. The necessary 

hydrogeologic information includes: 

- effective porosity and hydraulic conductivity of the aquifer 
(including spatial variations, if significant). 

- elevations of the top and bottom of the aquifer material. 
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- spring and fall el evations of the groundwater level. 

- degree of connection between the aquifer and streams which 
serve as recharge or discharge sites. 

At the very least, groundwater levels must be measured annually 

(in the spring) over the entire area. The USGS has historically 

made annual measurements in the spring (8,16). Continuity of 

records must be preserved. It is preferable, however, to make the 

area-wide measurements on a semi-annual basis (spring and fall). 

The most important reason for this is that almost all the water is 

pumped during the summer. Simulation verified every spring and 

fall could provide more accurate information on the next year's 

permitted pumping than simulation verified only in the spring. 

That information would also be available six months earlier. A 

third reason is that recharge into the study area from its periphery 

depends largely on the hydraulic gradient from the recharge source 

towards the area interior. The only estimates of the gradient cur-

rently available are those in the spring. At that time the rivers 

which border and recharge the area are at their highest stage and 

the aquifer has recovered, as much as it will have opportunity to, 

from the previous summer's pumping. It is important to know also 

what the gradi ent is 1 i ke in the fall, when recharge streams are at 

low stage and aquifer water level s have not recovered much from the 

summer's pumping. Estimates of the degree of connection between the 

aquifer and penetrating streams are needed to permit approximation 

of the maximum feasible recharge to or discharge f~om the aquifer. 
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Measurements more frequent than semi-annual, over the entire 

area, would provide little useful information, since the effect of 

pumping wells during the summer distorts the water levels in their 

proximity. The process of compensating for that effect to estimate 

average water levels in the summer would be too time consuming to 

be justified. 

The precedi ng paragraphs have addressed the necessary data for 

determining annual permitted pumping volumes. This volume/year 

flowrate, since it is simple, is necessarily fairly ·crude," The 

temporal di stribution of pumping during the summer by independent 

users can only be estimated. Therefore, resulting summertime 

saturated thicknesses in some parts of the area could be less than 

anticipated. For this reason more frequent observations should be 

made in that part of the study area where saturated thicknesses are 

critically small. Weekly, daily, or possibly continuous obser-

vation and subsequent management action may be necessary to prevent 

the litigation which can result when wells go dry. Such monitoring 

also provides a check on the simulation model. This check is 

needed since no model of an area the size of the Grand Prairie is a 

perfect predictor. 

Evaluation of Available Data Bases and 
Development of Software for Data Utilization 

Predicted water needs for an upcoming year (on a cell by cell 

basis) are not available in any existing data base. They may, 
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however, be estimated. The water need for irrigable crops and 

given climatological conditions (7) can be approximated using a 

daily simulated water balance. Appendix A contains a procedure 

which uses the resulting crop water needs, the USGS's 1972 RIDS 

data base (2,11,12,14) and proaected crop acreages to estimate 

annual water needs for each cell. 

The Crop Reporting Service is the most likely source of anti

cipated acreages (1). An additional source of general infonnation 

on water use is the excellent periodic water use summary prepared 

by the USGS (17,18). A more accurate means of estimating the 

acreages of irrigated crops in each cell is desirable. 

Adequate estimates of municipal use of Quaternary groundwater 

can be made from data in the Arkansas State Water Plan (4). 

Estimates of aquacultural acreage in each cell can be made from 

the State Water Plan (3), and records of the Arkansas Fish and 

Wildlife Service (see Appendix B). It is a common opinion among 

extension agents that there are thousands of acres of unreported 

aquaculture. The annual water needs of aquacultural activities 

range from 3-8 acre-ft/acre. Accordingly, accurate knowledge of 

aquacultural water needs are important for any management effort. 

A Simple program was written which sums agricultural, 

aquacultural and municipal water needs and estimates the pumping 

from the Quaternary aqui fer on a cell by cell basi s (Appendix C). 

Probably, water needs are greater than permissible pumping under 
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most desirable management strategies. Therefore, an alternative 

source of water will probably be needed. The physical availabi-

1 ity of divertable surface water from the Arkansas or White Rivers 

can be determined using USGS streamflow records (19). 

Several USGS reports (6,10,14) cite estimates of effective 

porosity or hydraulic conductivity. A review of these is found in 

a recent report by Peralta, et al. (13). Estimates of the top and 

bottom of the Quaternary aquifer are found in existing maps (5,~). 

They may al so be created using data from Reports of Water Well 

Construction (Appendix D) which are filed with the state. 1 These 

reports contain useful information on the formation, type of water 

user, well characteristics, etc. The Soil Conservation Service 

also has a comprehensive listing of wells and surface water diver

sions. Spring elevations of the piezometric surface are available 

from USGS reports (8,16). Fall elevations are not available. 

Standard programs are available on most computer mainframes to 

grid random three-dimensional observations. Sample procedures 

include polynominal fitting, spl ine fitting, and universal 

kriging. Such programs are used to prepare gridded estimates of 

the saturated thickness of the aqui fer from the data di scussed 

above. 

1 It would aid groundwater protection and management in the 
state if information concerning all strata and their color, 
and the quarter section in which-rhe well is located were
included in all such reports. 
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Until recently, one well in the Grand Prairie's Quaternary 

aquifer was continuously monitored. Encrustation of the well 

ended its usefulness. A new monitoring station has not yet been 

established (possibly for economic reasons). Continuous moni

toring site(s) need to exist in that part of the Prairie where 

saturated thicknesses are smallest. Preferably, data from the 

site(s) would be retrieved weekly or as collected (by telemetry). 

Determination of the number of continuous monitoring sites 

requires prediction of the effect of future pumping strategies and 

is beyond the scope of this report. 

Estimates of the degree of connection between aquifer and 

penetrating stream are not available. 

CONCLUSIONS AND RECOMMENDATIONS 

A program has been written which estimates cell by cell water 

needs based on available data bases. However, no data base 

accurately reflects the acreage of irrigated cropland or aquacul

ture which will probably exi st in each cell in the next year. 

This is an important need. The availability of such information 

would enable the water management agency better to fill water 

needs with available groundwater and diverted surface water 

resources. 

Sufficient data is available to estimate the effect of dif

ferent pumping strategies on future Quaternary groundwater availa

bility in the Grand Prairie. Thus regional pumping strategies can 
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be developed using a calibrated simulation model (13) and existing 

data bases. Optimizing or successfully using such strategies will 

require some additional information. 

For most of the Grand Prairie, only spring water levels are 

currently being measured. This means that a management ayency can 

determine the effect of its management strategy only after every 

spring. Tnis provides inadequate lead time for determining the 

sUbsequent- summer's groundwater withdrawal strategy. Thus it is 

recommended that observations be made in the fall as well as in 

tne spring for all sites currently being annually monitored. It 

is also suggested that continuous monitoring be used in areas 

where saturated thicknesses are critically small. The resulting 

data should be retrieved and analyzed regularly to protect against 

unexpected dewatering. 

The degree of connection between penetrating streams and the 

aquifer is currently unknown. This should be determined to permit 

estimation of maximum feasible recharge and the effect of ground

water pumping on the downstream availability of surface water. 
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AC~E (M) 

APPENUIX A 

Procedure to Estimate 1983 
Agricultural Pumping in Cell M, County A 

= the agricultural acreage in cell M in 1972 (ac) 

TAGAC (A) = the total agricultural acreage in county A within 
the study area in 1972 (ac) 

RAGA (A,83) = the expected rice acreage in county A within the 
study area in 1983 (ac) 

SAGA (A,83) = the expected soybean acreage in county A within 
the study area in 1983, (irrigated) (ae) 

RIR (83 ) 

SIR (83) 

QUAT (A) 

Z (A,83) 

= irrigation water used for rice irrigation in 
average years * 

= irrigation water used for soybean irrigation in 
average years * 

= the percent of the county's irrigation water which 
is drawn from the Quaternary aqui fer 

= RAGA (A,83) x RIR (83) + SAGA (A,83) x SIR (83 ) 

= total expected water need for rice and soybean 
irrigation in county A in 1983 (ac-ft) 

ACRE (M) AGPUMP (M,83) = Z (A,83) x TAGACW x QUAT (A) 

= the vol ume of water need expected for rice and 
soybean irrigation in cell M in 1983 (ac-ft) 
which is pumped from the Quaternary aquifer 

* The irrigation water used for rice and soybean irrigation was 
computed by daily water balance simulation. 
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co TPHJE 

RfAn IN IHE PERCENTAGE OF AGRlq'LTURAL WATER CO~ING FROM 
PUMPING U~ THE l~lJATlPNARY AQUIfER 

PEA!)!"o) tSHlo!EIL) .L=1,4) 
C 
C 
C RFAn IN ,nE MUNICIPAL WATER USE By LOCATION (IC._FT., 
C . 

AD 00970 
.AD OOQf,O 
AD OOCJ90 
AD 01000 
10 01010 
AD 01020 
A/1 01f)~n 
AD 01n40 
10 01050 
10 OIOAO 
AD 01070 
10 01n~0 
AD 01090 
AD 01100 
10 01110 
AD 01120 
AD 01130 
AD 01140 
.tI.D 01150 
AD 01160 
AD 01110 
AD 01180 
AD 01190 
AD 01200 
AD 01210 
AD 01220 
AD 01230 
AD 01240 
AD 01250 
AD 012AO 
AD '01210 
AD 01280 
AD 01290 
AD 01300 
ID 01310 
AD 01320 
AD 01330 
AD 01340 
AD 01350 
AD 01300 
10 01370 
AD 01380 
AD 01390 
AD 01400 
AD 01410 
A.D 01420 
AD 01430 
AD 01440 

, 

n 
0 
:::> 
<+ 
~. 

:::> 

'" CD 
0-

". 
-u 
-u 
rrI 
:z 
0 
~ 

x 
n 



~ 

<.T1 , 

OATA E~PH~C/4bP60.1 
C 
C 
C 
C 
C 
C 
C 
C 

ooooo*o*~~*****~*******************o************************ 

PEAO ~T.A ItMF.NTS 

AOUNDAqtC~ -- FOR ENTIRE ~ODEL -- , 
flO 100 Y=!: .. ?l 
RE AD (~,tI) ..JLf.F T (Y 1 .. JRIC::HT (I) 

In 0 corn I1\1I1f. 
C, AnIiNOARJt.~ FOR SUBSE.T f-IODE.L 
C*.*****o***.**~~*.****o***.*.o •• *.***.**.*.**********.000 
C ~IRC;T PERFnRM A NULL P.EAD ON AnSIMPlJ~' DATA 
c 

CllO 
C 
C 
C 

uu 110 1=).22 
ht.AOI5 .. *, NLL(117NRR(I) 
LVl\lT I NUE 

"O~I PEAD THE LI~lTS OF THE SUBSET OF THE GRAND PRAIRIE 
F"OR TI-lF. C"'LIRRATION RUN TO HE PfFiFORMfO 8Y .;mlIstf>A. 

no /I? I=l.?? 
Qf. A 1 (q .. *) NJLF..FT (I) ,N"J~ I T ( I ) 

lli! CO!'IITHIIJF 
C 
C·.OOi •••••••••• ·.*.* .. ** ••••••••••• *_ •••• ***.** •••••• Qo.O· 
C 
C RfAD IN IHE TOTAL AG. ACREAGE fOR EACH COUNTY (AC.) r. . 

l~O 
C 
C 
C 
C 

C
len 

C 
C 
C 

REAOI5.-D) (TAGAC(L) .L=1.41 
COf.,ITPWE 

READ IN IHE ACREAGE Of IRRIG~TED RICE (AC.) 

DO 160 N=l .. lO 
PEA I) (5 .. * J (P.A GA (f>.; • L 1 ,L= 1 .. 4 ) 
CONTINUE 

QEAO IN ALQEAGE OF IRRIGATE.D SOYAtAN (Ae.) 

no 110 N=1.10 
REAI)(!;.*) ($.AGA(N.L',L=l,4) 

17 0 CONT I Nilf 
C 

~ 

AD 00490 
AD OO'iOO 
AD 00510 
,no on5?o 
AD 00530 
.AI) OO!-)40 
~o 00550 
An Q05f10 
AD OO~70 
AI) 005flO 
AD 005g0 
AD 00600 
A[1 00610 
AD 00620 
AD 00630 
An nOf.40 
AD 00650 
AD 00&60 
AD 00670 
AD 00680 
AD 00f,90 
AD 00700 
AD 00710 
AD 00720 
AD 00730 
AD 00740 
AD 00750 
AD 007f,0 
AD 00170 
AD '00780 
AD 00790 
AD 00800 
AD 00810 
AD 00e20 
AD 00830 
AD 00840 
AD 00850 
An 00860 
AD 00870 
AD 00880 
AD 00890 
AD 00900 
AD 00910 
AD 00920 
AD 00930 
AD 00940 
An 00950 
AD 00960 

:to 
n -0 
o -0 
::> rn 
c+ :z 
~. CI 

::> -
'" x (D 
0. n 
~ 

-, 



~ 

.po 
I 

c 
r. 
c ~!AME: ADS I~PtlM FORTRAN A 
C 
C CAlCtJLAlt'.S THE A"'OUNT OF PUMPING FROI-1 THE QtrATfP~IAFfy 
C ACUIFFR IN TH~ GR~~D PRAIRIE REGION. ONLY CONSIDERING pICE AND 
C SOyREIlN ACRF:A..,t (REPORTED FOR EACH COUNTy). 
C 
C 
C nATA ptulJIREO IS IN: 
C --ADSIMPUM DATA A--
C 
C TH~ ~lLE TO EXECUTE THIS PROGRAM IS UNDER THE NAME Of 
C --AUSIMPUM EXEC ,4--
C 

c 
c 
c 
c 

DH1fNSIOr'li ,JLEFTC-?f.lt JRlfiHTr26). FEJ..4P(Z6dH) 
nT~fN~JO~ NJLEFT(?b).NJPITr26) 
OI~FNsrON NLL{?~), NRR(~6) 
OJPFNSION TAGAC(4), SHWE(4) 
nI~FNSIO'" RAGA(lO.4), SAGA(10,4), RIROO), STRrlO) 
[lJ~ENSIOJII ICOUN(?fl,lP.), ACRE{?6,}A), R/II\oj.A(l?6,lfl) 
DI~ENSION PAQIJA(26,lR) 
riJ"'FI\JSrnl\j PAX(lO.4), R8Y(lO.4), CAXPY(lo.4). SIlM(lO,4) 
DH'ENSION $IIMT(10) , QN(lO,240) , P5(10.,4), P6(10,4) 
DJt.lF.NSIQN TAQ(}O,4), TIIQI110.4), TIIOII(10.4) 
OI~EN~ln~ ADAQUAIIO,26,lB) 
nI~fN510N EHPREC(?6.18) 

O~TA QN/~4onUO.1 
rATA FEM~/4h~*O./ 
DIOENSIO' TP(IO.4) 
DJ~ENSION p{ln.26.18). P2(lO.26.1ft). P3(lo.26,18) 
OI~FNSION P4(lO.?6,lS) 
nT~F~SION O~ltW(lO,30.fl) 
nATA TA~"~/4*O./, SHWE/4*O./ 
IlATA RAGA/4n o o./, SA6A/40*O./t RIR/IO*O./, SIR/IOOO./ 
DATA PAx/"'nuo./~ r:?H.Y/40*O,./, CAXP,Y/40*O./, 5IJM/40*O./ 
D~TA P~/4U*o./,P6/4n*n.1 ~TAQ/40*O.I,TAQI/40*O./.TAQIr/40*o.1 
nATA ACPt/4~~*O./. RMWA/46~oO.I. TP/40~O./ 
O~TA PAqlJ./4hM*O.1 
DPTA C;lr!VIlllo*tl./ 
r)~TA P/4b~0*O./. QNEW/2400*O.I, P2/468000.1 
DATA P3/~bAO*O.1 , P4/4-nBO*O.1 
DATA IcrU~/46H*?OOO/ 
CATA AnAUUA/ 4 6HO*O.1 

AD 00010 
AD OOO~O 
AD 00030 
AD 00040 
An 00050 
AD 000110 
AD 00010 
AD 00080 
tiD 00090 
AD 00100 
AD 00110 
AD 00120 
AD 00130 
AD 00140 
AD 00150 
AD 00160 
AD 00170 
AD 00180 
AD OOlgO 
AD 00~00 
AD 00210 
AD 002?0 
AD 00230 
AD OO?40 
AD 00?50 
AD 0021'0 
AD 00270 
AD 00280 
AD 00290 
AD 00300 
AD .00310 
AD 00320 
AD 00330 
AD 00340 
AD 00350 
AD 00360 
AD 00370 
AD 00380 
AD 00390 
AD 004(10 
AD 00"10 
AD 004?0 
AD on430 
.An 00440 
AD 00450 
An 004f.O 
AD 00470 
AD OO_RO 

"U 
-s 
o 

<.Q 
-s 
~ 
:E: 
:::r 
~. 

() 
:::r 
fT1 
Vl 
<+ 
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3 
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'" Vl 

n 

'" ~ 
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~ 
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'" <+ 
CD 
-s 
:z 

'" '" c.. 
In 
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"U 
-0 
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:z 
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n 



APPENDIX B 

* PLEASE ESTIMATE PRODUCTION ACRES SO THAT WE CAN ASSIST YOU IN 
PLANNING BY ESTABLISHING CHANGING TRENDS IN FISH FARMING. 

SPECIES OF FISH 

Golden Shinner 

Fathead M'innows 

Catfish (Food) (Brood) 

Catfish (Fingerling) 

Goldfish 

Trout 

Other (Specify) 

*Total Acres 

ACRES - 1978 

25 

20 

25 --------

315 --------

15 

White Am 40 

'400 

ACRES PLANNED - 1979 

40 -----------

____ £0 _____ _ 

25 -----------

____ 315 _____ _ 

25 -----------

400 -----------
... " i 

( 

J~7 
Lonoke 
ENCLOSED IS CHECK OF $25.00 FOR 1979 RENEWAL OF 

FISH FARMER CERTIFICATE NUMBER 220 

(r j'C;;~ 

BULLFROG PERMIT NUMBER 

SIGNATURE OF OWNER OR AGENT 

ADDRESS IF CHANGED 

(PLEASE PRINT) 

$25.00 
$25.00 LtC 5 '·8 

......................................................... 

........................................ 

...... " ........ ~ ..... " ...................... . 
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~ 

<0 
I 

f TnTAt. M~IJJ.<l.IILTU~,AL Pl)PJPH~G 15 TAOO'hl.) 
T ,A(J {I\,.L ):H.>\r,tIIA (I .,J) +ADM·'UA (N, I. J) +1 AQ eN ,L) 

r 
C TPP\I.L) T~ TI-II: PIJt.°pII\IC; FOR THE COtlt'\TY 
C 

c 
c 

4Jl;O 
C 
C 

TPIN.L)=PtN.[~JI 

~t!~I~'.L) 1~ ThE TOTAL PtJMPING FOR EACH CCUNTY 
c:::w·~ rl'-'.L I =~LJM (N ,L) +TP (~,.L) 
rO~IT!k..'IIE" 

S!Jf-4T IN) l~ TI'11-: TOTAL PU~.pING FOR THE yEAR (ACRE FEET) 
SU~),T (1\I1·::;~L!"q II\.) +S1JM (N ,L) 

4QO CCf.:TlNttF 
C THf ~EXT T~R~E ~lATEMf~JT~ ADDEO 3/3/P3. 
C THEY Ani) RfLhAQG~ TO TrlF ThREE CELLS INCLUOEn. 
C THF PE"CHARr,r:. Ie; 11-:£ AvERA(,E OF ThE. STf.A[JY STATf. PI1MPING VALUES 
C FROM TM nliTPUT OF 11/15/82. 

~nO 
r. 
c 
c 
c 
c 
c 

c 
550 
510 
~qO 

C 
"Q? 

PIN.lR.11) P(N.18.111-61355noo. 
PIN,lQ.l?1 p(~.lg~1c)-lnl03000. 
P{N.?).l~J P(N,21.131-?02140non. 
r.O~H I tvllF.: 

.*O*.*.*O~***.******.~OO**O*.**D******~***.***** 

THI~ NExl PART WAS AOOED TO ~RITE nUT THE PfJMPING IN A 
FOPMAT \.!hlCH SJr.JllU\T I-'UST PEAD IT 

DO sGn N=l dO 
lCO.! 

Df) S70 1=1.7.2 
Ll."JLFFI (I) 
l.P=N.lRITll) 
on ~~t1 J::'Lt..LR 
IltJ(~.TCn,=n(l\,~t,J) 

\IIP1TF (t"·.9117) (ICf),QN(flJ 9 TCO) I 
ICfl=Tl.U+l 

r:nNTINIJI:.. 
CI)~fTlt>.I\lt: 
rnNTINtli:.. 
nn 5QS 1'1=1.10 

ICO·o no SCi4 1=1.26 
DO C:;C? .J=1.t1 

ICr-=ICU + 1 
~Nf~(N,l.J)=QN(N,ICO) 
HRITF. ([J. qnf:l) (ICO , (JNn' (N, J ,J) ,ON eN .. ICO) 1 

CONTlf'1l1F 

AI) 0.2(.) 0 
AO 0242/l 
AD 02430 
AD 02440 
AD 02450 
AD O?4f.,0 
AD 02470 
An 024AO 
AD 02490 
I>[J 02'500 
AD 02Sl0 
AD 02520 
AO 02530 
AD 0£'540 
AD n2~50 
AD 025"0 
AD 02510 
An 025AO 
AD 02500 
AD 02"00 
AD 02"10 
/10 O?h?O 
AD 02(-.30 
AD 02640 
AD 02650 
AD 026"0 
AD 02610 
AD 02h80 
AD 07.M~O 
AD 02100 
An 02710 
AD 02120 
AD'02130 
AD 02740 
AI) O?7~O 
AI) O?7AO 
AD 02110 
AD 021HO 
AD 02790 
AD 02AOO 
AD 02810 
AD 02M20 
AD 02830 
AD 02840 
AD 02850 
AD 02~hO 
AD 02810 
AD 02880. 

~ 

(") 
0 
::::l 
rl-
~. 

::::l 
s::: 
CD 
0.. 
~ 

:» 
-0 
-0 
rn 
z 

'" ~ >< 
(") 



I 
N 
0 
I 

,<;4 
C;~~ 

se17 
Sq" 

C 
C 
r. 
c 
c 
c 
r. 
C 

600 

(o,O? 

li04 

60f' 

,,0'-1 
61? 

61:=t 

01, 

CnflJT If'JlW 
CnNTINpF 

{.In r .. 4~ I',,,, ,10 
rt(l C;q-, l=l.?b 
\d?l T F (7' ~I n I,.J {fJNFIIf (N. 1 ,.;) • J:: 1 • H) 

cntl!T 1 NllF 
COf'lTll"'.IJ:; 

**o*nooO*oooo~~n*Goo.o*~**.O*.O*~GO******O***.* 
*.*o**o.oooooo*onG.**oo*ooo~***~o***.*O*D* •• O** 

\o!QTTP.t{, OlJT T,",F.. Sllt~ nF THE PUMPII\rG FOR I::.lICH COttl\lTY t;y rEAP 
F0R T~E' IOTAL PU!-'PIN(;. THE PtJt~.prl\!{; FOR ~rCE IRPJG,6TION, 
.lINll THf PlH~PIl'IG J:"()R ~OY!-'EjlN HHlIGIITION 

[)O 6cfl K'?=1.6 
TYE'{lP=197 l 
T~(K?FQ.h) GO Tn ~OB 
JF(~?EO.~) GU TO ~06 
TF (K?FQ.~1 ~o TO 604 
IF{I<C.EQ.,,j) r,n TO 60? 
IF(K?F.Q.C) GO Tn non 
\'jQln (t ... qclJ) 
r.() TO 612 
\.fPITF((, .. Qll) 
(.;("l T(I f'12 
,.,.RITF (h.glc) 
~o TO ":"1? 
,,"-<ITt-" ( ...... g14) 
~n TO 61? 
\ .. 0 I T F. (ti. 9ltl) 
G0 Tf) fo:l? 
\.!RtTF (6.Quq 
wP I H' pi, Q.c~:1) 
,,'~iITF: (6,CjjO) 
1)('1 61~ N=l~10 
TYEfl.F<:;::TYEJlH'+l 
IF ("?EG.6l GO TO ~17 
TF(K;;:.Fn.~J <i0 Tn (,\6 
IF (KC.J:r. .. <i-) GO TO 615 
IF' (K?.FIJ • .jl r.o TO 614 
IF (K?F:0.c J GO TO 613 
\,J-~n T F If,. g (J II) (I Yf.. AR .. t sut-o (N, L) ,L~ 1 ,4) .. ~U""T (N) l 
(;(1 TI1 f:.lA 
\'IJ'.lITf{f>tqUlJ) (IYEIJP, (P5(N.L) .L;:1.4») 
~O Tn ~lH . 
'.:P. I T F.. It,. g 0 U) (I YE Po R. {P 6 (N, L) • L ~ 1 .. 4) ) 
~O Tn 6lA 

~ 

AD 0'2890 
An 02900 
,Il[) O?g]{J 
All O?q?{) 
AD 02Q30 
AD 02940 
.Arl O?g~u 
~.O 02960 
AI) 02970 
AD O?'C)I"IO 
AO 02990 
AD 03000 
AD 03010 
AD 03020 
AD 03030 
AD 031')40 
AO 03050 
AO 030M 
AO 03070 
AO 030"0 
AD 03090 
AD 03100 
Afl 03110 
AD 03120 
AD 03130 
AD 03140 
AO 03150 
AD 03160 
AD 03170 
AD 031"0 
AO 03190 
AD'03200 
AD 03210 
AD 03220 
AD 03230 
AD 03240 
AD 03250 
.liD 032f.O 
,AO 03270 
AD 032RO 
AD 032Qu 
AD 03300 
An 03310 
AD 03320 
At) n33.:W 
AD 03340 
AD 03350 
AD 03360 

~ 

" 0 
::s 
M" 
~. 

::s 
s:: 
CD 
0-
~ 

)0> 
-0 
-0 

"" Z 
Cl 
~ 

>< 

" 



1 -

'" ~. 

1 

c 
c 
r. 
c 
c 
c. 
c 
c 
c 
CC 

hIt. 

61' 
fI]7 
AIQ 
1';':'0 

C I;qn 
C 7no 
C 
C 
C 
( 
C 
C 
C 
C A: 

c 
r. 
c c 

no 
721 

7?? 
724 

\~ f.< I Tf (~ • Q Ill' 1 (I'1 E:" P t CT 1\1'3 I (N. L) • L = 1 ,,4 ) ) 
ron 10 f:lP 
\ .. ", I Tf' If, t q II{,) ( 1 Y E to R" IT AOI I (N" L ) t L= 1 ,4) ) 
(.;0 TO t1]P' 
\~,nTTF rf.,QUU) (IYE'lI.P. (TAQ (~,.L) .L=l ,'t» 

en"',1 P.ltiF 
C()"~l' INlJ~ 

~*oo**~ •• ~~O**o*o****o****o*o*o**ooOoOo**O*O*O*O*O**o*000** 

THF NExl ~TATEM~NTS ARE ONLY TO CRfATE THE SAME 
f'ltlTIl INTO A FILE 11-1,/1T CAN BE USE flY SAS. 

00 700 N=1.10 
nO f':ftr L:q ,4 
WPJTt{~.q40)N,L,SlIM(NtLl 
rO~ll J NUt 

CONTI t-:Ut. 

OOOO***~**O*.*OO***O*****OO***OO****O****OO*O******O**GOOOOO 

THIS PART ADDED P/?5/"2 TO WAITE THE WATER USE IN MAP FORM 

A~RTClJLTUkAL LANU, 'IN ACRES 
1){1 7?n I::J.,?? 
no 7?n J=l'l~ 
~C~E(I.~)=MCPE(I,Jl0247~11 
((lNT J r"lJ~' 
\.IRITF. UH7t::l) 
FI1Pr..·AT(h'1''II2f)X,8AGRICULTt.lRAL LAND USE CELL flY CELL. AC.t,/) 
nO 7?? I'd.?? 
i,q·HTE(6.7l: 4 ) (AC~E(!~Jl.J=1.1~) 
r.!11'.;TINI,IF 
FOP~ATf?X'lRF700.1) 

C A2: PU~PI~G UUE TO AG~ICULTURE. ACRE-FT 
C 

127 F~R~AT{1119?OX"PUMPING DlJE TO AGRICIJLTURE. ACRF_FT',3X.IS,II) 
no 7?p N=l'lO 

IYFAP=1~71·N 
WPITEI~.7~/)IYEAR 

791 FOPMAT(///////////,20X.'yEAR = •• 14,11) 

AD 03370 
AD 033~0 
AD 033<10 
AD '03400 
AD 03410 
An 034?0 
PO 03430 
AD 03440 
AI) 03450 
AD U34hO 
AD 03470 
,/:10 034RO 
AO 03490 
,lI0 03500 
AD 03510 
AO 03520 
,0.0 03S30 
AD 03540 
AD 03550 
AD 035h{) 
AD 03570 
AD 03SRO 
AD 03590 
AD 03600 
AD 03610 
AD 03620 
AO 03630 
AD 03640 
AD 03"<;0 
AD 03"60 
AD 03670 
AD,03hAO 
AD 03hQO 
AD 03700 
AD 03710 
AD 03720 
~D 03730 
AD 03740 
AD 03750 
AD 037eO 
AD 03770 
AD 03780 
AD 03790 
AD 03AOO 
AD 03810 
AD 03R20 
AD 03A30 
AD 03840 

~ 

n 
0 
=> 
<+ 
~, 

=> 
<:: 
C1) 

0-
~ 

:>0> 
"0 
co 
m 
;z 
<::I 
~ 

x 

n 



c 
c 
c 
c 
C 
C 

c 
C 
C 
C 
c 
r 
C , r 

N 
N , 

C 
C 
C 
C 
C 

C 
C 

C 
C 

no 1;-,1 1=1'77 
JoIllllt fr .. '.· ... I(l'?IN.' •. II.,I:.'l.lHl 

-/~1t rOt-,I TNII!' 
7?q FO'lt·AT/?X,1~F7.0./1 

H: 

731 

73? 
7714 

c: 

741 

740 
744 

74h 

740 

747 

MUNICIPAL WATER Uc::E, ACRE .. FT 

l<lRTTF.lf,,1::l1) 
frR~AT(ll'·?OX.~MIJNICrpAL WATER USE, ACRE-FTI,I/) 
f)n 737 I=h?? 
I~RI1E(li.7j41 (1·H-"'l~A (I,J) .J=l,IHl 
CPt>., T l' NtJF 
FOR~AT(2X,18F7.0./) 

AQIJ~CULTUHAL WATER USE, ACRE-FT 

HRllE (~,7ltl) 
FORM~T(ll"2QX,VAQIJACULTIJRAL PU~PING. ACR~-FTttl/) 
00 740 1=1'22 
Io:t:{ I Tf ,6.74'1-) (R MH.I A ( 1 • J) 9 J= 1 , 18) 
CONT P.!IIE 
FOPMATf?X,lAF7.0./) 

"ODITIONAL INPUT 

\o1P.ITE'(to,747) 
flO 7/.6 1=1.22 
\lIQl TE (b .7H6) (AnAOUA (6, I.J I ,J=l,}R I 
CO"IT T NtJE' 

WRITEltl t 7t;f,!) 
r'ln 74'-1 1=1,1'2 
IoJR 1 T F. I b t· 70:;2 I (FE""P (l ,J) ,J= 1 0 18 ) 
CQI\JTIl'luF, 

FOqMAI (tl',lrtX,'AOOITlONAL ,AQUACUlTURAL PUMPING 1977-1981 

~ 

An 031tSO 
/II/ (I,HH,f} 

/Ill 03f\7n 
AD 03PflO 
An 03P·gO 
AD 03900 
AD 03910 
AD 03920 
AD 03 Q30 
AD 03440 
AD 0]950 
AD 03960 
AD 03Q70 
AD 0]9AO 
AD 0]990 
AD 04000 
AD 04('10 
AD 04020 
AD 040]0 
A"O 04040 
,liD 04050 
.llD 04060 
AD t)4070 
,Ar) 040 fHl 
AD 040QO 
AD 04100 
AD 04110 
AD 041?O 
AD 041]0 
AD 04140 
AD 04150 
AD 041AO 
Af"l'04170 
All 041HO 
AD 041QO 
AD 04200 
AD 04210 
AD 04220 
An 041'30 
AD 04240 
An 04250 
AD 04?bO 
AD 04?70 
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00 7AC; I:::l,?? 
,.,PITt" (b,"~t';) (P4 IN ,I .J) ,J:::;l, 18) 
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APPENDIX D 

51 -1054 STA7E OF ARKANSAS 

AEPORT c..~ W:-":R \r,aL COl~STFlUCTrorJ 

~.!!'" VI!:I. X W':"~'OVH Well. Replacement Well .. Counly ....... Arkons.as .. 
Owner 0' Well .... .1 .. ). J.OI').~S '.'~ Wh,U ... ~lI .. "':"e1. 

Well Coni' actor .... .!"ay_~ . .!:.r~on.s.~ .. ~.~P.~!Y ... ··.· ...... ··SH Well is near ...•..• R~ad 

Contractor License No ..... .c:=_.1099. 
Dnlle' Name and No . .Harvey ,Bullo~k.~.D~2204_ .. 
Dale Well was C:>mpleled ............... M.~ .. ~.I.J.n~ 

1. Total Deplh 01 Well._ .... _ 636' ..... Ft. 

Seclion ......... ~ ....... "' Township .?S.... Range _ .. ~W . 
DirectiOns for Reaching Well: On North side of his farm 

I~~'~";~';';;-~;;~~-; ;,'~;m~'~'; 

........ _ .. ~?~.t.~._.~~!.~.~ .. ~.~.~h O;f. .. !.~~.~. 
DescriptIon and Color of Formation 

(sand, shale. sandstone. etc.) 
Depths 

. from 
III leet 

10 

2. Water ProdUCing Formation; From ~.~ ....... FI. 

1~ [ To 636 .... FI. 

3. Waler Level Below Land Surface .....•••.... .l3.4.~ ......................... . 
4. Gallons per Hour •• , . .?§~O 
5. Well DiSinfected with .. .HT.H .. 
6. Casing 10 ........... ~.1.~ ....... . . ...•.. _. FI. 

7. cased with ...... J.~.~ ....... Diameter .... ~.~CL 

8. Cemented Irom ...... _ ... o ...... Ft.1o .. 542 
x 

CaSing 

... FI. 

9. Use 01 Well: Don.esiTi: Irr'lgai"ion MLiiiiCTiiB' aitler 

ThiS well is guaranteed against defective material or workman

ship lora period 01... 1 Yeer 

1 
................... -..... -. 

............... 

.......... .1 

D"oo ...... 5/.16/?? ... . 

Ma.1 10. CommJllee 0" Wale. Well C"";;;~~M~. ·i·9~5·S~··;;;;;·s;·,;~;:···· . 
lIme 11000k. A«." .. s 72204 

Geology Copy 

lOIAl lHlCY"~"~ 
O!~IH £A~H IOlW.ATleN ~iP.AfUM 

35 35 Red Sandy Cloy' 
70 35 Red Cloy 

)00 30 Fine Sand 
)36 36 Ccorse Sond&Grcvel 
235 99 Gumbo 
236 ) Rack 
244 8 Gumbo 
245 ) Rock 
280 35 Gumbo 
295 )5 Fine Sond & Sfks. of Shole 
369 74 Gumbo 
445 76 Sandy Shale 
522 77 Gumbo 
547 25 Fine Sond 
633 86 Medium Sand 
648 )5 Gumbo 
670 22 Sandy Shale 

'-25-




