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IZRIGATION WATER SUPPLY STUDY

CASTERN GRAND PRAIRIE BREGION

et ]

INTRODUCTION

1. The Eastern Grand Prairie area, as idencified on Plate 1, is locatad in
the east-cenctral portion of Arkansas. The study area Ls primarily agricul-
ural land and the principal crops grown are rice, soybeans, cotton, and
wheat. Much of the area relies heavily on irrigacion. The need to iavesti-
gate uslng surface watar to satisfy irrigacion needs has resultaed from dimin-
ishing ground-water sources. This study deals with the economic feasibility
of pumping water from the White River for Lrrigacion purposes 1o the Easctern
Grand Prairie area. However, no investigations have been made as to the
avallability of White River water to meet the identified irrigation water
needs. ’

STUDY AUTHORITY

2. This atudy is being performed in response to a request by the Arkansas
S0il and Water Conservatioan Commission (ASWCC). The authority for the study
1s provided under Section 22 of Public Law 93-251, Planning Assiatance to
States Program, which authorizes the Chief of Engineers (OCE) to cocperate
with scaces in the preparation of comprehensive plans for the devalopment,
utilizarion, and conservaction of the water and related land resources of
drainage basins located within che boundaries of the scacas.

SCOPE OF THE STUDY

3. This study is belng conducted to determine Lf che currently authoerized
Corps of Engineers Grand Prairie project can 2conomically meet the agricul-
tural irrigaction water needs in the varicus areas of the Grand Prairie
region. More specifically, the scudy will idencify those farmlands chat can
most economically be frrigated from waters of the Whice River.

HISTORY

5. Irrigacion wacter in cthe Grand Prairie area is cobtained from shallow wells,
deep wells, surface reservoirs, and natural streams. The greater part of the
water required for irrigation Ls pumped from shallow wells. Under natural
conditlicns water supplies are adequate for general agricultural production.
Saurces of watar other than the Quaternary aqulfer, where the ground wacer 1s
found, must be expanded or wacer must be transported f{rom some outslde source
into che area. Furthermors, the lmportacion and concrol of supplemencal agri-
cultural water appear necassary. to restore ground—-water tables which have pro-
gressively diminished due largely to heavy demands of rice culcivation. Since
the Quatermary aquifer 1s not of uniform thickness, the lowering of the under-

5. A project to provide supplemental water supply to the eastern portionm of
the Grand Prairis re i

gion was authorized by the Flood Control act aof L35G,



House Document No. 2355. 1/ This project was put in a “defarred” study status
on 28 March 1980 because of a lack of a legally constltuted local sponsor
capable or willing to provide the required assurances of local support. 1In
1982, local interests formed the Whice Biver—CGrand Prairie Irrigacion Dlscrict
to provide sponsorship for the water supply project.

6. In 1983, che Arlkansas House of Representatives passed a resolution direct-
ing the ASWCC to conduct studies to determine the feasibilicy of diverting
water for agricultural irrigation purposes throughout the Grand Prairie Ragion
to loclude diversions from the Arkansas and Whice Rivers. This directive
requires the states agency to provide a report on thelr findings to the
Arktansas Legislature 1o the 1985 session. Subsequently, the ASWCC requested
the Lictle Bock District to investigace both the Arkansas and Whitce Rivers.
Lictle Rock District proposed using Section 22, Planning Assistance to Statesa,
funds to accommodate this request. They also requesced the Ticksburg Diacrict
to do the eastern part because of the work done 1o this aresa on the old
authorized project.

7. 1n conjunction with this, ASWCC has contracted the University of Arkansas,
Agricultural Engineering Department, to conduct studies relating to
conjunctive—use water management in both the easterm and western Grand Frairie
areas. These scudies are under the direction of Dr. Hichard Peralka.

STUDY PARTICIPANTS AND COORDINATTION

8. Two separate studies, Eastern Grand Prarle Region and the Western Grand
Prairie Region, are being performed by the U. S. Army Corps of Englneers as
shown on Plate 1. The Little Rock District 1s iavestigating the feasibilicy
of supplylng Arkansas River water via a gravity flow canal to the western
portian of the Grand Pralrie region, which includes the Plum Bayou and Bayou
Meto drainage basins. Existing streams and dralnage ditches would be used as
laterals and distributaries. The Vicksburg District studies involve a review
of the previously authorized project to supply White Blver water via a pumping
staction at DeValls Bluff, Arkansas, to the eastern portion of the Grand
Prairie region by a maln canal and several laterals as shown on Plate 2.

9. These studies were doune with the cooperacion of and in coordination with
several Federal, state, and local agencies such as the U. §. Army Corps of
Engineers, Lictle Rock and Memphis Districts; the ASWCC; the Soil Consecvation
Service; the U. S. Geological Survey; and the Universlty of Arkansas.

PRIOR STUDIES AND REPCRTS

12, A list of previous reports on the subject Is provided in Table 1.

1/ House Document No. 255, 8lst Congress, lst Session, "White and Arkansas
Rivers and Tributaries, Grand Prairie Regilon, Arkansas.” July 1949.



TABLE 1
REFPORTS ON THE GRAND PRAIRIE REGION

1. "Review of Reports, Grand Prairie Region and Bayou Meto Basin, Arkansas,”
Corps of Englneers, Vicksburg Districc, July L548.

2. House Document No. 255, 8lst Congress, lst Sesasion, "White and Arkansas
Bivers and Tributarles, Grand Prairie Region, Arkansas,” July 1549.

1. House Document No. 303, 88th Congress, 2d Sessionm, "Misslsaippi River and
Tribucaries, Grand Prairle Regilon and Bayou Meto Basim, Arkansas,” Aonex P,
O:tohﬂr ].9 59 N

4. T"Hydrogeology of a Part of the Grand Prairie Reglon, Arkansas,” U. 5.
Geological Survey Water Supply Paper l615-B, Department of the Interior,
Washington, D. C., 1964,

5. "Lower Mississippl Region Comprehensive Study,” Appendix F, Land
Resources, 1974. :

6. "Final Watershed Plan and Enviroumental Impact Statement, Plum Bayou
Watershed, Flat Bayou Portion,” U. S. Department of Agriculcure, Soil
Conservation Service, Lictle Rock, AR, 1981.

7. “Assessment of Arkansas River Water Quality and Potentlal Quancities
Required for Irrigation im the Bayou Metoc Basin,”™ R. C. Peralca and P. W.
Dutram, Agricultural Engineering Department, Universicy of Arkansas,
Fayetteville, AR, September 1932.

8. T"Pocrential Use of Arkansas River Water for Irrigation in the Plim Bayou
Warergshed.”™ R. C. Paralta and P. W. Dutram, Agricultural Eangiloeering
Department, University of Arkansas, Fayetteville, AR, February 1983.

9. "A Survey of Soils Irrigated with Arkansas River Water,” J. T. Gilmour,
H. D. Scoct and R. E. Baser, Publication No. 96, Arkansas Water Resources
Research Center, University of Arkansas, Fayetteville, AR, March 1933,

10. "Estimated Poteacilal Water Needs for the Easctern Grand Prairie Region by
Irrigacion Scheduling,” R. C. Peralta and P. W. Dutram, Agricultural Engilneer~
ing Department, Tniversity of Arkansas, Fayetteville, AR, December 1333.

Ll. "Using Target Lavels to Develop a Sustained Yield Pumping Stractegy in
drkansas, a Riparian Rights State,” Richard C. Peralta and Ann W. Peralera,
sppendix to the State Water Plan, dMay 1984,

12. "Paper No. 5021 = Qptimizing Conjunctive Use Under Sustalned Tield
Conatraints,” R. C. Peralta, P. Killian, and W. D. Dixon, American Sociaty of
Agricultural Engineers, St. Jogeph, Michigan, Junme 1984.




DESCRIPTION OF THE STUDY AREA

ll. This section of the repart describes che scudy area and the existing
condicions.

STUDY AREA

lZ. The study area is located Iin the sast-central portion of the State of
Arkansas in Prairie, Monroe, and Arkansas Counties and 1s shown on Place 2.
For purposes of this report it 13 bounded on the west by the Bayou Meto Basin,
by the White River on the east, by Highway 70 to the north, and the Arkansas

Biver on the south.
WATER QUALITY AND AVATLABILITY

13. To evaluate and determine the qualicy of the wacers which may potentially
be required for lrrigatilon, past and present water qualicy data were collected
In the project area so a comparison could be made between the data collected
and the established wacer quality criteria. The data were retrieved from the
water quality coantrol information system knowan as Storec. .A list of the
stations sampled with the period of record is contained in Table 2.

TABLE 2
INFORMATION ON SITE LOCATIONS
Site No. Descriptiocn : Period of Record
of Locations : Beginning Date : Ending Date
Whice River at:

28 DeValls Bluff, AR 74/04/03 g2/09/14 a/
29 Charendon, AR 71/10/21 82/11/02 X
10 St. Charles, AR 77/09/07 82/08/23 a/
3l St. Charles, AR 74/05/15 83/09/06 X

a/ Period of record is approximate.

l4a. For evaluating the suicabilicy of water for irrigation, the following
parameters wara analyzed: conductance, sodlum absorptlon ratle, chloride,
sulfate, bicarbeonacte, alkalianity, pE, and heavy metal conteat. Water qualiiy
standards for each of thesa parameters were complled by Peralta and Dutram =
as shown in Table 3 with a summary of the results showan in Table 4. The
following classifications were paraphrased from the Departmenc of Agriculture
Handbook 60:

2/ R. C. Peralta and P. W. Dutram, "Assessments of Arkansas River Water
Quality and Potential Quanecities Required for Irrigation in the Bayou
Meto Basin,”™ Agriculcural Engineering Department,- Universicy of
Arkansas, September 1982.



TABLE 3
WATER QUALITY STANDARDS

o sallnic
Parametcer
Low - Medium : High : Very High
Conductivity a/ < 250 250 = 750 750 - 2,250 » 2,250
(EC X L09)
(micromhos/cm)
Sodium adsorption < 6 6 - 10 g - 18 > 18
ratio 3/ (SAR)
Chloride b/ ¢/
(meg/l) < 5 5 = 10 > 10
(mg/1) < € 177 177 = 355 > 355
Sulfate ¢/
(:eg?ﬁ & < 10 - 20 > 20
(mg/1) : < 480 480 - 961 > 961
Bicarbonates d/ (HC3)
(meg/1) g -3 > 3
{mg/1) < 183 > 183
Alkalinicy d/ (CACDq)
(meg/1} £ 3 > T
(mg/1) < 150 > L350
pd &/ < 8.5 >  B.5
Heavy Metals f/ *
(mg/l) < 10 > 10

* Al + A3 +Ba+Cd+Cr+Cu+Fe+Pb+ L1+ Mo+ Hg + Mo +NL+ Ag + U + Zn

a/ U. 5. Salinlcy Laboratory staft, [J954. Ulagnosis and Lmpfovement oL
Saline and Alkali Soils. USDA Handbeook 60.

b/ H. J. Harper and 0. E. Stout, Salt Accumulation in Irrigation Soils.

Oklahoma Agricultural Experiment Station, Bulletin No. B-360

(DOctober 1930).

¢/ Anon, Water Resources of Californla. California State Water Resources

Board, Bulletio No. 1 (1951).

d/ Personal communication, John T. Gillmour, University of Arkansas,
Fayatteville, AR.

e/ J. E. McKee and H. W. Wolf (ed.). Wacter Quality Criteria. Califormia

State Water Quallty Control Board Publicatciom Ne. 3-4 (1963).

£/ R. F. Gondey, Developing Standards for the Protection of Groundwater.

Journal A.W.W.A. 39, 1010 (1947).



TABLE 4
SUMMARY OF RESULTS

Paramecer 3 wnice diver
Conductivicy low
Sodium Adsorption low
Chloride low
Sulfate low
Bicarbonate low
Alkalinicy good
pE good

Heavy metals low

a. Low conductance or salinity water (< 250 mmhos/cm, cl) can be used
for irrigation with most ¢rops on most solls.

b. Lew sodium absorption ratio (< 6) can be used for irrigation with
most crops on most sollas. ‘

c. Low chlorides and sulfatrs are excelleat to good and sultublae for
moat plants and secils. '

d. Low blcarbonate concentrations are considered good for irrigation
purposes.

Alkalinity as CaC03 5. concenrracions less than 150 ag/l is also
consldered good for irrigation purposes.

2.

f. pH level between 6.0 and 8.5 13 counsidered good te prevent harmful
effects.

g. Heavy matal conteat of lessg than 10 mg/l 19 considered satisfactory.

15. By comparinog Tables 3 and 4, it can be seean that the White River water is
normally suitahle as a source for irrigation water. During a "dry year,”
below normal rainfall, salinity is often high during a large portion of che
growlng sedason. TFor example, 1o 1980 the state experlienced its worst drought
ino 25 years, aod the average conductivity values during this period Jjumped
from low to medium.

16. 1In 1980 the riverflow rates were extremely low and barely sufficlent to
malntain navigation oo the river. Presently, the Memphis Discricc, Corps of
Englneers, is trying to maintain a 5-foot navigation channel in the White
Alver along the reach imcludiang DeValls Bluff. During some years, the White
River will provide adequate water for both nawvigational needs and for the
maximum potential water demand scenario for irrigation, but In other years,
inadequate runoff during the irrigation season will provide conflicts between
irrigational and navigatcional needs.



17. Several studies presently In the aczive status for this area ara the
Eastarn Arkansas Reglon Comprshensive Study, the White River Mavigarion
Project, and the White River, Arkansas and Missouri, Authorized Report (che
conseructon of four regservoirs for water supply and mawvigation).

TOPOGRAPHY

18. Somewhat more than one-half of the Grand Prairie region lies oao a wide
ridge or terrace that was once a part of the Elood plain of the Misslssippi
and Arkansas Rivers. Thias terrace axtends in a southeasterly dirsction from

the foothills of the Ozark Mountains for a discance of about 75 miles. It
lies between the Whice River on the aast and Bayou Mato om the west and 13

about 25 miles wide at the widest polont. Tha terrace rises some 30 to 60 feet
above the presenot floocd plain of the White River and 10 to 30 feat above that
of the Arkansas River and-Bayou Meto. The land surface i3 gemerally flac to
undulating wich an average elavation of about 235 feer, National Geodectic
Vertical Datum (NGVD), in the northwest corner and sloplog to abouc L300 feet,
NGVD, at the sgutheastern extremlty. Along the eastern boundary, cributary
streams 1ian their descent to the White River have sroded deep and narrow val-
lays. Streams to the west have far less slope and their valleys are noC so
pronounced. This tarrace land, most of which 13 cleared, contains the priao-
clpal rice growing area of the Grand Pralrie region.

GEOLOGY

19. The region is underlain by Pleistocene alluvium consisting of clay,
sands, and gravels, which range from 85 feet to nearly 200 feet in thick-
ness. The macerials are not uniformly depeslited but, in general, vary from
fine elays near the surface to water-bearing saands and gravels at the base.
The water-bearing strata are the source of all the shallow-well ground supply
of lrrigaction wacer in the Grand Prairie region. Prior to heavy pumplag of
water from chese sands the water was coafiped under artesian pressure by che
overlying clays. At presenc, a2 frese wacer table axists aver mosc of che
region as a result of pumping in excess of the recharge iaflow. Above the
Plaelstocene sands lie thick strata of impervious clays, sands and silc, coo=
sisting partly of Recent alluvium and partly depositcs of Plaistocene origin.
The lmpervious clays (hard-pan)} prevent inflow of surface water intoc che
Pleistocene sands, except that a limiced inflow along the White Rivar and
parhaps along the lower reaches of Bayou Meto Ls indicated by records of water
levels in the shallow wells. The Pleistocene formatioms resc unconformably on
sediments of Tertlary age. Watar—bearing horizons wichin the Tertlary sedi-
ments are tapped by the deep wella at depths ranging from 450 to 1,200 faac.

CLIMATOLOGY

TeEEeracura

20. The Grand Pralrie region has a humid, subtropical climace wich long, warm
gummers and short, moderately cold winters. The mean annual temperature is
61 degrees F at Stuttgart, with a mean of 76 degrees F for che moncths of May



through September. Snowfall is genarally light and usgually melcs in a few
days. The ground seldom freezes to a depth greater than 2 1lnches.
fracipilcation

2L. The distribution of rainfall 1s fairly uniform over the region, with an

average annual toral of approximataly 48.7 lnches with 17.9 inches occurring
from May through Septembar. A breakdown for the !rrigation season 13 as
follows:

May = 4.3 ioches
June = 3.2 ilnchas
July - 3.6 inches
August - 3.1 inches
September - 3.7 1laches

Evaporacion

22. 4An svaporatilon station has been malntained by che Rice Experiment Station
near Scuttgart since 1929. These records indicate that the average annual
evaporaticn from raservoirs and other water surfaces 1s about 37.4 ilnches wich
23.3 inches occurring from May through September. It should be noted that the
average evaporation exceeds the average raiofall for the months of May through
September by 5.4 inchas.

ENVIRONMENTAL COMSIDERATIONS 3/

23. The Grand Prairle region 1s unique witchin the Stace of Arkansas. Aside
from its value to agriculture, the region contains natural lakes, bayous,
manmade lakes, bath large and small drainage ditches, irrigation reservolrs,
fishing reservolrs, large acreages of water devoted to aquaculture,.large
acreages of seasonally flooded reservoira for duck hunting, and the large
(37,000 acres) HBayou Meto Wildlife Management Area. Primary crops are rice,
soybeans, wheat, and corn. Cotton is diminishing ia importance as well as
acreage. Thls diversity of land use provides diverse habitats for all forms
of wildlife, particularly waterfowl, shorebicds, fur bearers, and beoth sport
and commerclal specles of fish. Endangered and threatened speclies such as the
American alligator and the bald eagle, both with water-dependent Life stages,
do well in these habitacs.

24, Terreatrial wvegetation comnsists mainly of remnants of the once prevalent
bottom=land hardwood forest of which only two large tracts, the Bayou Meto
Wildlife Management Area and the White River Natiomal Wildlif« Refuge,
remain. Small remnants along some of the natural waterways have gurvived.

1]

3/ TlIrrigacion Water Supply Study, Western Grand Prairie,” Corps of

Engioeers, Litele Rock District, 1984.



Much of the disturbed area 13 now covered with willows, sweatzum, cottonwoods,
and numerous smaller shrubs. The sloughs aad shallow wacer badies contain
willows, bald cypress, tupele gzum, buctonbush, and a variecy of aquacic
vegatatlon.

25. Fish life {n the natural waterways includes catfish, largemouch bass,
whice crapple, several species of sunfish, bowfln, ecarp, buffalo, gar, and
oumerous specles of native minnows. Specles propogated for fimancial gain in
the aquaculture ilodustry include catfish, golden shiners, fatheads, grass carp
(white amur), and some game fish such as crappile.

26. Game spacies of wildlife inelude squirrels, rabblts, deer, turkey, bob—
whica quall, mourning dove, and fur—bearing specles such as raccoon, mink,
migkrat beaver, and othera. Both sport and commercial waterfowl huntiag is
well astablished Lo this region, with the Stuttgart area Couced as a duck
hunting capitol. Frog hunting 1s a favorite seasonal sport.

27. Commercial fishing far cacfish, buffalo, carp, and gar provides employ=-
meat for individuals In the reglon. Most of this fishing {s done on the
Arkansas and White Rivers and their asscclated fload plain lakes.

28. There are many acres of wetlandsa, both macural and created, 1o the Grand
Prairie region. The nacture of the land use is such that aminor fluctuations in
acreage gccur yearly, but the trend i3 toward a gradual incraass in acreage.

29. Prime farmlands abound in the reglon. The only lands not considered
prime are used for urban and builc-up areas, are coo steep co be congiderad
prime, or experlence excessive flooding during the growing season. Surface
water qualicy is considered to be a problem In the region. Water quancities
range from a deluge of water in che spring and early summer, most of which 1s
highly turbid, to a scarcity of water in midsummer when water in the streams
consists of water drained from rice fields. This “rice water™ is clear and is
of a higher quality than the waters in the early spring. Turbidity and sedi-
mentation are problems associated with the current land uses.

PROBLEM IDENTIFICATION,
PLANNING OBJECTIVES, AND CONSTRAINTS

PROBLEM IDENTIFLCATION

30. Over the past 20 years, total water use, particularly ground-water use,
in easceru Arkansas has ilncreased dramacically. The economy is based almost
exclusively an agriculture. Agriculctural production in turn ls dependent on
the availability of large quancicies of ground and surface water for Llrriga-
tion of rice, wheat, and soybeans. This, coupled with withdrawals due to
lncreases in population and greacar recreatiomal, industrial, and aquaculrural
water demands, has resulted io a decline of cthe region's water table. Water
use for 1981 L3 shown io Table 5. Large quanticies of water are pumped each
year from the Mississippl River alluvial aquifer or quatermary aquifer to meet
these needs. Withdrawals from the aquifer have lncreased from 1 milliom
gallons per day (mgd) in L1960 to 4.6 mgd Lin 1980. Declining water levels,



TABLE S
WATER USE FOR ARKANSAS, PRAIRIE, AND MONROE COUNTLES

1981 a/
County : Toral : Irrigation : Aquaculture ¢ Irrigation and
: Use ¢ e : PETCENT  : :  Aquaculture
(mgd) (mgd) (% of total)
Arkansas 408 379.57 93.0 23.88 98.9
Prairie 252 203.29 80.7 46.26 99.0
Monroe a7 152.72 a1.7 32.88 99.3

Ef "Warer Use in Arkansaa, 1981," Water Resources Investigations Report
No. B4-4070, Deparvtment of the Interlor, U. S. Geological Survey, 1984.

coupled with shartages of surface water during the c¢rap season, have resulted
in significanor crop losses and severe financlal haraships for area farmers and
businesses. 1If current trends continue, the alluvial aquifer will coatinue to
be dewatered in these areas reducing the saturated thickness to a level which
can no looger sustain the needa of the area.

PLANNING OBJECTIVES

31. The major objective of this amalysias 13 to estimate the volume of ground
and surface water which can be used conjunctively to saclsfy the maximum
potential agricultural irrigation needs as estimated by Dr. Richard Peralrta in
his report, "Esucimaced Potential Water WNeeds for the Eastern Grand Prairie
fdegion by Irrigation Schedullng.” The authorized plan calls for a pumping
plaat at DeValls Bluff to pump water from the White River. The water would be
pumped into a main canal and would f£low by gravity te lateral canals, as shown
on Place 2. A siphoa will be needed to pass the canal flow under LaGrue Bayou
where the Etwo lntersact.

PLANNING CONSTRAINTS

32. Planning consctraints which have been recognized during the course of this
gtudy Include the following:

a. This report i3 limited Lo scope to the area designated as the Eastarm
Grand Pralrie BRegion and more gpecifically the currently authorized Grand
Prairie project.

b. The ASWCC wanted the analysis basad on the potential water needs as
derived by Dr. Peralra for the State of Arkansas.

c. Reservolrs, whether private, atate ar Federally owned, are unot

included In the calculaclona for the amount of water avalilable for irriga-
tion. Only water from the Whitce River is used.

10



d. Since this report deals only with the amount of wacer needed for
{rrigacion and not the amount of wacer available from the White Rivar and
acher sgurces, more Ln—-depth studies would have to be coonductad.

8. Mo coasideration was gilven to transporting irrigationm water from che
canal or laterals to each lnodividual user. It 13 assumed that some addicional
ditcch network will be required to allow irrigation watar to eater all desired
areas. A gated control structure will be needed at the inlet to thesa ditches
to regulace water comlng from the water supply canals.

f. The canal system crosses numerous natural streams and dicches, some
of which carry significant flows. Future studies should address solutlouns to
blocked drainage problems and ways to pass irrigarion flows around these
patural streams.

FORMULATION AND REEVALUATION OF AUTHORIZED PLAN

FATENTIAL IRRIGATTION DiEMAND

33. The authorized project calls for the buillding of a pumpling plant at
DeValls B8luff on a laop of the White River which has been cut off by the main
stream but which is scill connected thereto at both the upper and lower ends
of the loop. This statieca would have a total capacity of 2,750 cfs and would
be comprised of a number of smaller pump silzes. The wacer would he pumped
inco a maln canal and would £low by gravity to lateral canals.

J4., To estimate the irrigation water needs for the scudy area, a 3- by 3-mile
grid system was established by the A%ricultural Engineering Department, Uni-
versity of Arkansas, Fayetteville. %/ (See Figures L and 2) The paotential
crop usgsage of each 3-mile gquare was decermined based on soil designacions
from the 1977 Arkansas Resource Data Informacioan Syscem (RIDS) studwy and eggp
racommendations from the Sail Conservatlon Service's county soil surveys. =
The water supply canal network was designed based on che required irzrigatieca-
needs of the area plus an estimare of losses which were assumed to be L5 per-
cent of the total flow (see Table 6). This would require a pumping plant with
a capacity of 5,370 efs. Location of the malm canal and each lateral was
based on servicing the largest possible area. Each lateral cerminaces at a
nature stream enabling all excess flows to evacuate the systam. In general,
the project iovestigated for this report would be much larger than the
presencly authorized Grand Prairie irrigacion project.

4/ "Project Complecion Report - Grand Prairie Wacer Supply Project — Phase I,°
R. C. Peralcta and R. V. Aree, Agricultural Engineering Department,
Universicy of Arkansas, Fayetteville, Arkansas, L9383.

5/ "Esctimated Pocential Water Needs for the Eastern Grand Prairie Region by

=  Irrigation Scheduling,” R. C. Peralta and P. W. Dutram, Agricultural
Engineering Department, University of Arkansas, Fayeccaville, Arkansas,
December 15983.
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FIGURE 2

8 T 8 9 10 . I 12 13 4 13
NC.2 | NO.2 | NO.2 | MAIN | MAIN
NO.2A | NO.2A | MAIN | MAIN NGO, 1
NO.2 | MAIN | MAIN | NO.I
NO.3 | NO.4 | NO.4 | NO.I
NO.3 | NO.5 | NO.S | NQ.3
NO.3 | NO.& | NO.& | NO.6 | NQ.&
NC.3 | MAIN | NO.BA | NO.6A NC'.EI NO. |
NO.7 | NC.7 | NO.9 | NO.9 | NO.8A| NO.I
NO.T IMAIN MAIN | NO.9 | NO.GA | NO.I
NO.7 | NO.7 | NO.8A | NC.9 | NO.BA | NO.IO | NOQ.I
NO.Il | MAIN | NO.8A | NO.6A | NO.GA | NO.I
NO.I1 | MAIN | NC.BA | NO.9 | NO.9 | NOI
MAIN | NO.BA NO.9 | NO.9 | NO. I
MAIN NO.9 | NO.9 | NO.I

MAIN AND LATERAL CANALS

MILE CELL.

SUPPLYING WATER TO EACH 3 MILE 8Y 3
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TABLE &

IRRTGATION DEMANDS 2/

; Accumultive Demand : Accumilacive :  Accumulacive

e f A?::-;::; ; SEW pexTDay i (cfs %g%ﬂﬂay} : (E%E*%e%‘ﬁﬁ??
Main Canal 84,845 4,669 700 5,369
Lacaral #1 4,198 Joz 45 347
lateral #2 4,035 291 4iy 335
Lateral #2A 1,877 135 20 155
Lateral #3 3,733 270 4l 311
Lateral #4 1,591 LL5 17 132
Laceral #5 3,006 217 3 250
Laceral #6 12,966 : 934 140 1,074
Lateral #6A 8,302 598 90 688
Lateral #7 5,276 380 57 437
Lateral f8A 4,733 342 51 393
Lateral #9 10,223 736 110 846
Lateral #10 1,025 74 11 45
Lataral f1L1 _ 2,370 171 26 197

4/ Based on the peak weekly potential irrigation wacer needs from
Dr. Peralta's report, "Estimated Potential Water Needs for the Eastern
Grand Prairie Region by Irrigation Scheduling.” !

CANAL SIZE CALCULATIONS

35. The canal system originaces at the pumping plant and extends as a coa-
erate flume for approximataly 3,300 feet. Downstream from this point, it is a
canal with a trapezoldal eross section. Through most of the system, lavees
are necessary to confine the flow. 1t 1ls assumed that levee grades will
provida a I1-foot freeboard over the maximum computad water surface. At the
headworks, the canal has a capacity of 3,370 cfs. Table 7 contains the gen-
eral design information on the water gupply canals. Beginning at mile 3.53,
latarals intercept the main canal as necessary to supply the area with
required -water. Hence, the alze of the main canal and each lateral is reduced
in size in accordance with the decrease in flow as you descend downstream.
Water ls delivered inco each laceral by way of a gataed control scructure to
allow complece regulacion for flows up to 1ts design capacity. AL the outlet
to each lateral, a minlmum gaced control structure was designed to allow
drainage of each lateral and to prevent any water in the laterals from
encering the aatural stream lnto which each one was tied, 1f desired. Whare
the water supply canals cross natural streams, a siphon or some Cype of gated
contral scructure will be neseded. A listc of the structures and pumps requirsd
13 shown on Table 3.

L4



TAEBLE 7
GENERAL DESIGY LNFORMATION ON CANAL SYSTEM

Icam : Amounc
Ganeral
Area to be served (acras) 426,240+
Maximum quantity of water available for
. lrrigation (cfs) 4,670
Capacity of pumping plant (cfs) 5,370
Main Canal
Lengch (miles) 45.8
Capacity at intake (cfs) 5,370
Wacer surface at lntake (fset, NGVD) 226.5
Average aslope (feet per mile) . 0.22
Freehoard (feet) 2
Bottom width (feet) L5 rto 135
Mean velocity (feet per second) 257
Concrate siphons (oumber) 1l
Drop structures (oumber) 3
Gated controls to distribution system (number) : L2
Maximum depch of wacter (feec) 16.5
Channel side slope LV on 2H
Levee side slope 1V on 3H
Lands required (acras) 1,228
Laterals
Length (miles) 114.8
Capacity at inlet (cfs) ' 85 ro 1,075
Control structures (oumber) 11
Drap chutes (number) 9
Pumps (oumber) 2
Freeboard (fsat) 2
Boctom width (feet) . 2 to 40
Average slope (feet per mile) 0.11 to 0.29
Maximum depth of water (feet) 8.0 to lo.l
Channel side slope LV an 2H
Lavee gide slope ‘ 1V oo 3H
Landa required {acras) . 1,565

13



REQUIRED STRUCTUBRES aAND PUMPS

TABLE 8

ame dileage Typa Quancicy and Size
Main Canal 0.00 Pump One 5,370-cfs
L0.19 Siphon 10 feetc high by
90 feet wide
30.55 Drop structura 7=Efoot drop
38.65 Drop structura 8-foot drop
45.85 Drop structures 8=Foot drop
47.20 Gated box structurs One 6~ by 6-foot
Lataral 1 Q.00 Gaced culvert Two 60=inch CMF
3.00 Drop structure f=£foot drop
.50 Drop structure 6.5=fooc drop
9.25 Gated culvert One 60-1inch CHMP
Lataral #2 0.0a Gated culvert Two 60—-Lfnch OMF
10.45 Gated culvert Ooe 60-inch CHMP
Lateral #24 Q.00 Gated culvert Two 54-inch CMP
3.55 Gated culvart One 42-inch CMP
Lataral #3 d.J0 Gated Culvert Three &0-inch CMP
6.00 Orop structure 6.5—foot drop
8.00 Drop structure 6.5=foot drop
12.03 Gated culvart One 60=Linch CMP
Lacaral #4 d.00 Gaced culvert One 54=Linch CHMP
5.50 Gated culvert One 42=-lnch GMP
Lateral #5 0.00 Gated culvert Three A6=inch CMP
8.00 Gacted culverc One 60-Llnch CMP
Lataral #6 0.00 Gated box structurs Threa 8- by 8-faot
11.90 Gated culvert Three 60-inch CMP
Lataral 64 0.00 Gated box scructura Two 7— by 8=foot
7.50 Gated culvert Two 60-inch CMP
Lateral @7 Q.00 Gated box structure Two 6~ by 6—foot
L.50 Drop structure 6.4=foot drop
2.50 Drop structure 6.4~foot drop
10.20 Gaced culvert One 60-inch CMP
Lacaral #38a 0.00 Gated box structura Two 7= by 7-foot
2.50 Drop structurs 7.5=foot drop
3.15 Gated culvert One &60-inch CMP

L6



TABLE 8 (Cont)

name ; Ailaage i Type ; Quancity and Size
Lateral #9 0.00 Gaced box structure Three B-= by 8-foat
4.50 Drop structure 4=Ffoot drop
13.00 Drop structure b=foot drop
28.00 Gated culvert Threa 60-inch CMF
Lateral #10 0.00 Pump One 85-cfs
Lateral {11 (.00 Pump One 200-cfs

36. Tha land required for the main canal and =ach lateral was held to a minoi-
mum while channel grades were kept flat so that velocicies would be low enough
to prevent eroslon from occurring. By combining various channel bottom widths
and overbank flow widths, canal thalwegs were then escablished. Where needed,
drop structures were located to keep the ground elevatlons above the channel
thalwegs. Some assumptions made and used include: Mannings' “n” value for
channels was 0.035 and for overbank flow was 0.075; vertical discance between
the upstream and downstream thalwegs at any drop structure was limited to a
maximum of 8 feet; and the channel grade was kept around 0.2 foof per miie.
Required land acreages, channel excavation, and lavee fill quancicies are
shown in Table 9.

TABLE 9
REQUIRED LAND ACREAGES, CHANNEL EXCAVATION,
AND LEVEE FILL QUANTITIES

F Required : Chagnel i Levee Fill b/
Name : Land E/ : Excawvation ;

(acres) (cuble yards) (cublc yards)

Main Canal 1,228 8,681,189 2,829,584
Lateral #1 113 637,087 L87,790
Lataral #2 110 1,562,596 22,525
Lateral f24 32 477,890 0
Lateral #3 120 1,321,958 49,577
Lateral {4 55 123,554 125,029
Lateral #5 92 145,660 231,601
Lateral #6 149 900,923 110,765
Lateral #64 135 769,206 220,795
Laceral #7 156 534,677 723,375
Lateral #8A 55 49,862 211,334
Lateral #9 492 2,420,246 699,395
Lateral #10 16 39,253 20,150
Lateral #11 &Q 21,349 163,363
Total ) 2,793 17,705,450 5,595,283

a/ Between landside Ctoes of lavees.
b/ Aasumes 2 feer of freeboard.

17



COST DATA

37. The following tabulacion shows a summary of costs and economic benefics
: 1 o a - i urra
far chis plan based on a +27 Ppercent comtlngency and the current Faderal

{aterest rate of 8=1/8 percent.

Summary of Costs

Required structures and pumps (Table 8) 578,6817,580.00
Contingency at 4357 19,654,420.00
Subtotal 599,27Z,000.00

Required land acreages, channel excawvation,

and levee £1ill quantcicies (Tabla 9) §21,667,371.00
Contingency at 4j5% 5,416,829.00
Subt®ral 7 st iro0 0T

TOTAL COST

Summary of Economilc Beneflts

Welghred average productivity per acre

{(Futura with project) (Tables 10 amd 1l1) 5156.41
Welghted average productivicy per acre

(Future without project) (Tables 12 and 13) 85.08

Welghted average benafit per acre § 71.33

Anoual benefic
426,240 acres (Table 7) X 3571.33

§ 30,403,659.20

Annual benefit/interest rate 5363,029,244.20

Annual cost - over l0O-year period § 12,535,620.00

Benefit-cost ratio = 2.43

5125,356,200.00

a/

a/ Based on with-project benefits calculated from distribution of craps fouand
in "Estimaced Potential Wacer Neads for the Eastern Grand Praicie Region by
Irrigacion Scheduldng,” by R. C. Peralta and P. W. Dutram, December 1983.
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TABLE 10
WATER SUPPLY DISTRICT
NET RETURNS TO CROPLAND
GRAND PRAIRIE, ARFANSAS
{ PROJECTED WLTH PROJECT)

(Current Normalized prices - 1933 Price Levels)

Crop Yield ! Uaict Crap Discribution Welghte
Price Value ast
(5 (3) (%) (3)
Catton
lint lbs 675 0.74 499 .50 0 0]
Cotm
bu 50 0 0 0 0
Rice .
cwt 52 11.15 579.30 46 266.71
Soybeans
bu as 6.87 240 .45 48 115.42
" Wheat :
bu 35 3.88 135.80 6 8.15
Pasture
Lbs beef 340 69.46 236.16 0 8]
Idle 0] 0
Other ._9. 0]
Total 100
Weighted crop value per acra 39¢.23
Less welghted crop cast per acre 233.87
Welghted net return 156.41
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TABLE 11
COST OF PRODUCTION
CRAND PRAIRIE, ARKANSAS
(WITH PROJECT)

. . . i Weighted
Crap : Tield i ErosagEigg :! : Diatriﬁu:inn.= Cost
() (%) ($)

Catton

lint lbs 675 0 a 0
Corn

bu 50 a o] Q
Rice s

cwE 52 3156.48 46 163.98
Soybeans

bu 35 - 1l3l.68 48 63.21
Wheat

bu 35 11l.38 & £.68
Pastcure

lbs heef 340 g 0
Idle Q Q
Ccher o .____Jl
Total 100 233.87

a/ Updated to 1983 price levels using "prices paild farmers.” Economic
Indicators, Councll of Economilc Advisors.
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TABLE 12
WATER SUPPLY PROJECT
NET RETURNS TO CROPLAND
GRAND PRAIRIE, ARKANSAS
{PROJECTED WITHOUT PROJECT)

L Unict : Cra Distribucl weightCed
LEp Fiald : Price a/ ; ?alug - SRSERRMS Value
(%) (3) (%) (s)

Cottan

lint 1hbs 463 0.74 344.10 1 6.49
Corm

bu Q 0 0 a Q
Rice

cwt 52 11.15 579.80 10 57.98
Soybeans

bu 25 6.87 17L.75 20 34.35
Whneat

bu 23 1.38 89,24 10 B8.92
Pastura

lbs beef 260 69.46 180.60 44 79.46
Idle 1d Q
Ocher 4 --—-—-O
Total 100

Weighted erop value per acre 187.60

Leas welghted crop cost of production 102.52

Welghted net return 85.08

a/ Currtent normalized prices. 1983 price levels.
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TABLE 13
COST OF PRODUCTION
GRAND PRAIRIE, ARKANSAS
{WITHQUT PROJECT)

. t of . I Welghced
Crop Tleld ; Prugﬁgtign a/ Ristrsutiod : Cost
(%) (%) (s)

Cotton

linc lbs 465 295.10 2 5.90
Corn

bu 1] 0 Q 8]
Rice .

cwe 3z 356.48 10 15.65
Saoybeans

bu 25 98.05 20 19.61
Wheat

bu 23 73.34 L0 7.33°
Pasture

1bs beef 250 77.33 44 34.03
Idle 10 q
Other 4 0
Total 100 102.52
a/ Updaced to 1983 price levels using “prices paid farmers.” Economic

Indicators, Councll of Economic Advisors.



CONCLUSTON

38, This report was based on Dr. Peralta's study on the Eastern Grand Prairie
Ragion using the irrigariom needs for the maximum potencial water demand
scenario. Available water sgurces such as private- and governmeant-owned
ragervolirs, and private wells were not taken lato consideration. The maximum
need of 5,370 cfs at DeValls Bluff pumping plant could be reduced when these

are taken inco account.

39. Based on the benefic-cost ratio, the project 1is economically feasible.
Further studies will be needed to determine whether or not the project can be
guccessfully implemented.

40. In general, the project investigated for this report would be much larger
than the pregently authorized Grand Prairie irrigation project; L.a., pump
plant size and channel size. This would in all likelihood require addicional
Congressional authorization for Faderal construection.

RECOMMENDATIONS

41. It i3 recommended that any future studies made be coordinated with the
persons aod agencles working on the following: White River Navigatica
Project; the Whice River, Arkansas and Missourl, Authorized Report; and the
Eastern Arkansas Reglon Compreshensive Study.
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