EVALUATION AND ACCESSING OF DATA™™*
FOR A WATER RESOURCES SIMULATOR

Richard C. Peralta
Roberto Arce and
Timothy Skergan

Agricultural Engineering Dept. University of Arkansas

Publication No. 91
March, 1983

Research Project Technical Completion Report A-O60-ARK

Arkansas Water Resources Research Center
University of Arkansas
Fayetteville, Arkansas 72701

.~ BAwRRC

Arkansas Water Resources Research Center

| o

Prepared for
United States Department of the Interior




EVALUATION AND ACCESSING OF DATA
FOR 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 commercial 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
empioyment 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.



Thkkkkkhkrkkkkkkkhhhkkkkihkhkkkhkikhkikikhkhkhkhkhkkikkkikikikikk

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 ygroundwater levels, degree of connection between aquifer and
recharge streams, and annual cell by cell prediction of aqua-
culture and irrigated agriculture acreages. Successful management
alse requires continuous monitoring in the critical area where
saturated thicknesses are small.

Peralta, Richard C., 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
data/ groundwater management

dedkkkokdokdodkkodokokwdokiokkkkokdkokk ekkkkkkikdokkokkkdkkdokkdokokhokkkkkkhokkkhkkkkkk



TABLE OF CONTENTS

Introduction & Objectives « o ¢ v ¢ &« 4 o o & o & o o o o o 1
Procedure and Results . » &« & o & o & e s 4 & s s w e s a 2
Determination of Data Needs . . . « « « « ¢« .« . « 5 e e 2

Evaluation of Available Data Bases and
Development of Software for Data Utilization . . . . 4

Conclusion and Recommendations « o « o « ¢ o o = o o » =« . e 7

Appendices , . . . . . . .. .
Appendix A. Procedure to Estimate 1983 Agricultural
Pumping in Cell M, County A . . . « + « « « 12
Appendix B: Sample Application for Aquaculture
Permit . & ¢« ¢ & & & 4 ¢ o o o s o & = = « 13

Appendix C: Program Which Estimates Cell by Cell
Water Needs . . . . . T I

Appendix D: Sample Report of Water Well
Construction . . & & 4 v & v o & = s o o« &« 25



INTRODUCTIUON 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

stmulation model for the Quaternary aquifer underlying 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 existing water rfghts-by pre-
venting water levels 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 Tatter 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 simylation model for the Grand Prairie (Quaternary
aquifer.

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



bases are subsequently evaluated concerning suitability in meeting A(

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 groundwatér management as admi-
nistratively simple as can be successful. Probably, the period of
pumping which a water agency can most readily manage is one year.
In other words the agency can, using the simulator, determine how
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- (

sulting 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 climatological conditibns. The necessary
hydrogeologic information includes:

- effectiverporosity and hydraulic conductivity of the aquifer

(including spatial variations, if significant).

- elevations of the top and bottom of the aquifer material.,



- spring and fall elevations of the groundwater level.

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

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 bé 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 1m§0rtant to know also
what the gradient is like in the fall, when recharge streams are at
Tow stage and aquifer water levels 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 from 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 preceding parayraphs have addressed the necessary data for
determining annual permitted pumping vo]umesl This volume/year
flowrate, since it is simpTe, is necessarily fairly “crude." The

temporal distribution 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,



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 projected 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 information
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 bé 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 aguacultural activities
range from 3-8 acre-ft/acre. Accordiﬁg]y, 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 aquifer on a cell by cell basis (Appéndix C).

Probably, water néeds 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-
lity 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 tbp and
bottom of the Quaternary aquifer are found in existing maps (5,9).
They may also be created using data from Reports of Water Well
Construction (Appendix D) which are filed with the state.! 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 surfdace 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, spline fitting, and universal
kriging. Such programs are used to prepare gridded estimates of
the saturated thickness of the aquifer from the data discussed

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 the 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 exigt 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 contfnuous 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 exist in each cell in the next year.
This is an important need. The availability of such information
would enabie 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 strétegies on future Quaternary groundwater availa-

bility in the Grand Prairie. Thus regional pumping strategies can

-7-



be developed using a calibrated simulation medel (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. This 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
the spring for all sites currently being annually monitored. It
is also suggested fhat continuous monitoring be used in areas
where saturated thicknesses are critically small. The resulting
data should be retrieved and analyzed regulariy 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.

-8-
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APPENDIX A

Procedure to Estimate 1983

Agricultural Pumping in Cell M, County A

ACRE (M)

TAGAC (A)

RAGA (A,83)

SAGA (A,83)

RIR (83)

SIR (83)

QUAT (A)

Z (A,83)

AGPUMP (M,83)

"

the agricultural acreage in cell M in 1972 (ac)

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

the expected rice acreage in county A within the
study area in 1983 (ac) -

the expected soybean acreage in county A within
the study area in 1983, (irrigated) (ac)

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 aquifer

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)

Z (A,83) x ?Cﬁic-MA X QUAT (A)

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

* The frrigation‘water used for rice and soybean irrigation was
computed by daily water balance simulation.
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APPENDIX C

Program Which Estimates Cell by Cell Water Needs
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APPENDIX B

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

SPECIES OF FISH

ACRES - 1978

Golden Shinner 25 __
Fathead Minnows __ 20 _ _
Catfish (Food) (Brood) . 26
Catfish (Fingerling) __ 315 __
Goldfish R LR
frout o ___
Other (Specify) White Am . 40 _ _ _
*Total Acres 400

ACRES PLANNED - 1979

Lonoke

ENCLOSED IS CHECK OF $25.00 FOR 1979 RENEWAL OF
FISH FARMER CERTIFICATE NUMBER 220
BULLFROG PERMIT NUMBER

SIGNATURE OF OWNER OR AGENT ...................
ADDRESS IF CHANGED

-------------------

(RLEASE PRINT)

-13-

--------------------
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APPENDIX D

5T-1054 “  STATE OF AAKANSAE
REPORT ULf wruR WELL CONSTRUCTICH

County ... ..A,,A_rkﬂ“ms.

tita WL X Woer-over Well . ... Replacement Wedl ...
Ownerof Well ... JoJ. Jones . R wIEL ekl fpeate
Well Caruractor ... Layne #rkonsﬂCBmPG"y ~SEL Well‘IS near 5 o 5V‘fmad
Contrastor Licanse No.. 1099 Seckion ... 'I’l:u.n.vnsh|'|é|:).l..l Noﬂhs?;:g:f .“ Fum

Directions for Reaching Well: 0
‘ {use perraanent 125amarrj

Drilier Wame and No. .HQFYE)"BUI lock = D=2204 .. .

Date Wel was Completed Moy 9, 1979 " about 3 miles North of town

] Descripion and Color of Formation Depths  1n feel
1. Total Depth of well 436 Ft. (sang, shale. sandstane, eic.) “ Clrom to
2. Waler Producing Formalion: From a56 FL.

To. 636 Ft

134! “See Attoched Sheet

3. Water Level Below Land Surface
4 Gallons per Hour ... 78000 .
5. Weh Disintected with .HIH
6. Casingto 542.. Ft. i -
7. Cased with 122 Di +250 Casing
1

. Cemenied from 0 ¥ Ft. 10 542 Fi.

g Use of Well: Domestic lrmigation Momicipat  Jiher

This well is guaranieed agains! delective materizl or workman- Remarks:
Y »y i
ship lor a pericd ol ... Signed: A P//‘-f'lﬂ‘b#“ Cate: 5/]6/79

Foum yr AWD-3 Al 10; Commutiee on Waler Well Consiruction, 2915 5S¢ Pine Streer,
unile Rock, Arcansas 72204

Geaatogy Copy

151AL THICKERS
BEFIH sr{n:\"rﬂb\ FORMATION
3 35 Red Sendy Clay-
70 1 35 Red Clny)r ¢

100 30 Fine Sand

136 36 Coarse Sand&Gravel
235 9 Gumbo

236 1 Rock

244 8 Gumbao

245 1 Rock

280 35 Gumbo

295 15 Fine Sand & Stks, of Shole

3469 74 Gumbo

445 76 Sandy Shale

522 77 Gumbo

547 25 Fine Sond

4633 86 Medium Sand

648 15 Gumbo

670 22 Sandy Shale
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