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PREFACE

This investigative study was initiated on October 1, 1966,
with an estimated completion date of September 30, 1969, Sub-
sequently, the termination date was extended until June 30,
1970, in order to permit stream quality data collection and to
encourage further investigation of stream storage potential
within the basin. The primary goal of the study was to review,
ahdlysc i & Cgew Walu
for use by the Arkansas-Oklahoma Compact Committee (the Compact)
in apportioning the joint water resource of the respective
states.

The information requested by the Arkansas-Oklahoma Compact
Committee is listed in order of priority:

1. Stream discharge throughout the base period of
study (water years 1938-1965, inclusive) for all major
watercourses flowing between Arkansas and Oklahoma.

2. Statistical review of the stream flows derived
in (1) above in order to provide usable flow data based
on various recurrence intervals.

3. Particular attention must be given to low flow
investigations in the river basins under study because
the water yield under drought conditions is of major con-
sideration in subsequent apportionment.

4. Conservation storage feasibility must be con-
sidered at: (1) the state line between Arkansas and
Oklahoma, and (2) at potential reservoir sites wherever
valley configuration permits feasible reservoir storage.

5. Water quality investigations of the major
streams must be reviewed and predictions of the effect
of reservoir storage and anticipated future use of
these streams must be made.

Most data used in the study consisted of previously
collected information. Field investigations were a minimum,
except where previous data was insufficient.

SUMMARY OF ACCOMPLISHMENTS

The following accomplishments are reported at the end
of the investipation.
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1. Mean monthly flows from actual gaging and by derivation
were established at all gaging stations and at the sites
where major streams cross the Arkansas-Cklahoma state line.
These stream flows have been established throughout the
study period of record, 1938-1965, for the following
sub-basins of the Arkansas River within the Compact area
of interest:

a. Spavinaw Creek Sub-basin

b. Illinois River Sub-basin

c. Lee Creek Sub-basin

d. Poteau River Sbu-basin

e. Arkansas River (main stem sub-basin)

2. Flow frequency studies are complete for all gage sta-

tions within the Compact area of interest. In the case of
flood frequency investigations, the Pearson Type III fre-

quency distribution is most applicable. For minimum flow

occurrences, the Pearson Type I frequency distribution is

more characteristic of flow variations.

3. Reservoir storage procedures have been developed which
permit the sizing of reservoirs at a chosen stream location
providing chronclogical flow data is available for the
stream at point of consideration., The basis for one opera-
tion isZInflow - E0utflow = change in storage. This
"book-keeping equation" can be maintained over the whole
period of inflow records employing either a graphical
solution or a computerized analytical approasch. 1In
Appendix C the graphical procedure as applied to each

major stream at the state line for three specific storage
vield conditions were determined at each location. These
three different theoretical storage conditions considered
applicable to this study were: (1) the maximum storage
reservoir -- which represents the volume required to sustain
the mean annual flow rate of the stream 90% of the time;
(2) the maximum withdrawal rate (yield) which could be sus-
tained 997, of the time using a storage reservoir with 70%
of the average annual flow 99% of the time.

A second procedure given initial development by
Dr. H. M. Jeffus employs a ststistical process for storage
regervoir sizing with application reduced to basic equa-
tions. Initially reliance was based on a mathematical
model developed by Moran and subsequent study is being
continued under WRRC Project B-015 ARK which commenced
July 1, 1970.



4, An experimental multiple correlation involving
rainfall, antecedent moisture, season and runoff was
made on the Illinois River Sub-basin using stream gage
station readings as the controlling variable. The
correlation on the attempted graphical procedure was so '
low that attempts at synthesizing monthly stream flow
records based on precipitation and estimated "water
loses" were discontinued.

5. Land use patterns for the entire basin within the
State of Arkansas were examined particularly for potential
irrigation demands. While the annual rainfall over the
basin averages in excess of 40 inches, supplemental irri-
gation is commonly needed to bring crops to their ultimate
fruition. An inventory of the agriculture use of lands
was made using reports and aerial photographs of the U.S.
Department of Agriculture. Most of the region is covered
with timber and the soll is not of the quality to support
crops. The survey of tillable land subject to irrigation
was not based on proximity to a watercourse, elevation,
or previous irrigation practice but rather upon feasi-
bility of the soil type to support irrigated crops ----
termed potential irrigable land.
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WATER RESOURCES PLANNING STUDY
for

ARKANSAS AND OKLAHOMA

INTRODUCTION

The purpose of this study is to make an appraisal of the local
water resources in the Arkansas River Basin common to the two States
of Arkansas and Oklahoma as defined by the Arkansas-Oklahoma Compact
Committee (hereinafter referred to as '"the Compact Committee™). A
review, analysis, and correlation has been made of hydrologic data
previously collected by others. Consideration is given to the evalu-
ation at selected sites of the storage and potential use of existing
water gources.

The investigation includes those interstate waters of the Arkansas
River and its tributaries indicated in the Site Map of Figure 1. The
sub-basins of the Arkanmsas River which intersect the Arkansas-Oklahoma
State line from north to south are: (1) Spavinaw Creek (2) Illinois
River (3) Lee Creek (4) Arkansas River and (5) Poteau River.,

Base Period of Study

The base period of record for this study was arbitrarily selected
by the Compact Committee to include water years 1938 to 1965, inclu-
sive. Included in this interval of time was one major, prolonged
drought from May, 1953 until January, 1955. A short, intensive dry

period was experienced from June, 1963 through February, 1964.
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TABLE I

Gaging Stations & Their Period of Record

Drainage | Period
Station Area of
Sub-basin Number Location 8q. Mi. | Record
Spavinaw Creek 1912 | Spavinaw Creek, Sycamore, Okla. 127 |10/59-9/61%*
1912.2 | Spavinaw Creek, Sycamore, Okla. 133 [10/61-9/65
(1 mile D.S.)

Illinois River 1950 | Osage Creek, Elm Spring, Ark. 129 |10/50-9/65
1955 | Illinois River, Watts, Okla, 635 8/55-9/65

1958 | Flint Creek, Springtown, Ark. 14 6/61-9/65

1960 | Flint Creek, Kansas, Okla. 110 8/55-9/65

1965 | I1linois River, Tahlequah, Okla. 959 110/35-9/65

1969 | Barren Fork, Dutch Mill, Ark. 43 4/58-9/65

1570 | Barren Fork, Eldon, Okla. 307 {10/48-9/65

1980 | Illinois River, Gore, Okla. 1626 4/39-9/65

Lee Creek 2495 | Cove Creek, Ark. 36.9 5/50-9/65
2500 | Lee Creek, Van Buren, Ark, 427 9/30-6/37

Arkansas River

(Mainstream) 1945 | Arkansas River, Muskogee, Okla. 96,674 |10/25-9/65
2450 | Canadian River, Whitefield, Okla.| 47,576 7/38-9/65

2455 | Sallisaw Creek, Sallisaw, Okla. 182 |10/42-9/65

2465 | Arkansas River, Sallisaw, Okla. 147,757 |10/47-9/65

2505 | Arkansas River, Van Buren, Ark. 150,483 |10/27-9/65

Poteau River 2470 | Poteau River, Cauthron, Ark. 200 2/39-9/65
2475 | Fourche Maline, Red Oak, Okla. 122 110/38-9/65

2485 | Poteau River, Wister, Okla. 993 5/38-9/65

2494 { James Fork, Hackett, Ark. 148 4/58-9/65

*Station records unreliable



Source of Records

Stream Flow

Stream Floﬁ records at the various United States Geclogical Sur-
vey (U.5.G.S.,) gage stations indicated on subsequent sub-basin maps
were obtained from the various U.5.G.S. Watér Supply Papers. Listed
in Table I are the stream gaging stations according to identifying
number, location, drainage area and term of stream flow records.
Published data for each station includes the mean daily flow rate,
mean monthly flow rate, and extreme discharge values. The only stream
gaging stations with continuous records throughout the entire base
period of record (1938 to 1965, inclusive) were Numbers 1965, 2505,
and 2485. All other stations with shorter term records were extended
by synthesizing discharges for the remainder of the base period. The
methods used in synthesizing flow data are discussed on page 6.
Precipitation

Precipitation records are published by the United States Weather
Bureau (U.S.W.B.) at Ashville, N.C., and are known as '"Climatological
Data for the United States by Sections". The locations of these
precipitation stations are found on subsequent sub-basin maps.

Monthly precipitation for all U.S.W.B. stations are tabulated in

Appendix B.
Evaporation

Two sources of evaporation information were used in this study.
One of these, U.S5. Weather Bureau Technical Paper No. 37, "Evaporation
Maps for the United States' provides very general and rather widely
used annual lake evaporation data. The other reference is the Review

Report of '"Lee Creek and Pine Mountain Dam in Crawford County, Arkansas"



prepared in 1965 by the Little Rock District, Corps of Engineers. The
latter report gives detailed monthly pan evaporation values at several
sites in, or near, the Compact study area. Evaporation studies indi-
cate the regional mean annual lake evaporation is substantially equal

te the mean annual precipitation.

INVESTIGATIVE PROCEDURES

Basic hydrologic investigations have been completed on all sub-
basins except for the Arkansas River portion. The systematic hydro-
logic development includes: (1) a listing of stream flow records
giving mean monthly discharge rates; (2) the analytical development
of mean monthly discharge flow rates for unrecorded intervals during
the base period of study (1938 through 1965); (3) where no border
station exists, a translation of records including derivation of mean
monthly discharge values to the Arkansas-Oklahoma line; (4) stream
flow investigations of extreme droughts during the base period of
record; (5) flood frequency analyses at critical basin locations based
upon instantaneous peak discharge; and (6) simulated water storage
determinations on major streams at border locationms.

Stream Flow Analysis

Mean monthly discharge records have been compiled for the complete
base period of record (1938 through 1965) at all gaging stations as
well as at State Line locations in the area under study. Because
stream gagings were continuous throughout the base period of record
at only a few stations, it was necessary to develop missing events

through synthesis of flows using statistical procedures.



Graphical correlations between a graphical gaged and a partial gaged
station have been developed by the U, §. Geological Survey and are de-

scribed in detail on pp. 80-85 of U.S.G.S. Water Supply Paper 1541-C. The

correlations defined the simultaneous flow events between two statiens
and are used to determine the ungaged flows most likely to have occurred
based upon the corresponding gaged flow at a nearby station. Figure 2
is an illustrative example of this correlative procedure for a gaged

and ungaged station in this study.

All derived discharges for gaging stations in Spavinaw Creek
Sub-basin, Illinois River Sub-basin, and in Lee Creek Sub-basin were
either directly or indirectly dependent upon the Tahlequah gage (Sta-
tion 1965).

There was no need to synthesize data on the discharge values of
the Arkansas River because all stations records were complete for the
total base period of record. Developed discharge values for gage
stations on the Poteau River were based on the gaged discharges at
Wister, Oklahoma. (Station 2485).

For some stations, such as Spavinaw Creek near Sycamore, Oklahoma,
a series, or step, correlation utilizing an intermediate station, in
turn based upon the Tahlequah gage, was developed. The step method was
used only when a larger coefficient of correlation was indicated than
by a direct correlation with the Tahlequah gage.

Discharge records for ungaged state line sites were computed by
a ratio of drainage areas utilizing, where possible, the records from
a nearby gage on the same stream. Where no gage existed on a particu-
lar stream, the ratio of drainage areas was established with a gaging

station on a nearby stream.
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Flood Frequency Analyses

The primary value of flood frequency analyses is to determine
the size of spillways and other outlet works for reservoirs. A portion
of flood flows may be used to restore storage depletions caused by
normal reservoir operations. The major portion of a large flood flow
must be passed on downstream. Therefore, flood flows are of only
secondary interest in stream discharge apportionment because alloca-
tions are based upon mean annual flow rather than instantaneous or
peak flood discharge rates.

Flood flow frequency distributions in this study are accurately
typified by the Pearson Type III skew frequency distribution as
illustrated in Figure 3. The type curve is constructed by plotting
the areas, for the indicated skewness, under the Pearson Type III
curve on arithmetic probability paper. The individual observations

are plotted in the usual manner, i.e., rank the observations in descend-

M
N+T

where P is the probability of exceedance, and N the number of years

ing magnitude M and then plot the given flow volume at P =

of record.

Drought Flow Analysis

Low flow studies are important in water supply planning. The
amount of storage necessary to insure adequate water for subsequent
withdrawal is dependent upon the frequency of occurrence of periods
of low flow and the amount of flow during these critical periods. A
commonly used method for determining reservoir storage was formulated
by W. Rippl in 1883. Under Rippl's procedure a mass curve is con-
structed including the lowest flows of chronological record. A line

with a slope equal to the desired draft rate is then superimposed on



Figure 3
Illustrative Example of Flood Flow Analysis

using

Pearson Type IIL Fitted Curve
on

1llinois River near Tahlequah, Ckla.
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the mass diagram tangent to the first point of significant decrease

in flow rate. The maximum ordinate value between this draft line and
the mass curve indicates the required storage. This is illustrated

in Figure 4. Shortcomings of this procedure include: (1) the recurrence
interval of the worst drought of record is unknown and more severe
droughts than those of record will surely occur; (2) the actual draft
rate is not constant but fluctuates with seasonal demands; (3) a reser-
voir designed solely for water storage is presumed to be full at the
commencement of the dry season --- often a questionable presumption.

Some of the previously listed shortcomings of the Rippl Method
for determining storage volume can be corrected. From a statistical
analysis of low flows of record, a recurrence interval can be computéed
for a series of droughts each with a different degree of severity.
Also, the effect of draft rate variation can be diminished by extend-
ing the mass diagram over several years of record. Lastly, a portion
of the reservoir capacity can be allotted to compensate for a partially
full reservoir at the commencement of a drought period. All of these
factors increase the design size of reservoir required to provide a
given supply of water.

Drought studies of the Illinois River at Tahlequah, Oklahoma
included several approaches to determine recurrence intervals of low
flow. The twleve month interval of lowest flow was determined for the
established base period of record and was termed the "low flow year”
in Figure 5. An analysis of the average annual mean daily flow is
shown on Figure 6. The agreement between the data of Figures 5 and 6

is indicated in Table II.

10
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Figure 6
ILLINCIS RIVER AT TAHLEQUAH
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Table IT - Annual Drought Recurrence Interval

12 Month Low Flow Average Annual Mean
Return Interval in cfs Flow in cfs
(From Fig. 5) (From Fig. 6)
100 80 77
50 120 115
20 230 211
16 350 307
5 520 480

From Table II it can be seen that the average annual mean flow
compares favorably with the twelve month low flow for drought predictions,
especially at lower return intervals.

Flow Duration curves were not prepared for this report because
of the misleading nature of the resultant curves. Because flow data
at state line locations was synthesized only for monthly flows the
flow duration curves derived from arrayed monthly data would be con-
siderably different than that from recorded daily flow data at stream
gaging stations. Because hydrologists generally prefer, and accept,
flow duration curves prepared from daily records, flow duration curves
prepared from prepared monthly derived flows were omitted from this
report because of their controversial nature.

Reservoir Storage Procedure

Because the compacting of waters flowing between Arkansas and
Oklahoma wiil be based upon reservoir storage, it is necessary to know
the total amount of storage which could conceivably be needed on a

stream at the point of consideration -- in this case the state line.
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Since the maximum water removal rate from the stream cannot exceed

the long-term mean annual flow rate of the stream, the maximum reser-
voir storage allottment should not exceed that volume necessary to
assure &8 removal rate equal to, or less than, the stream's mean annual
flow rate. The reservoir removal should include all withdrawals from
the reservoir -- that removed by man for productive use, evaporation,
transpiration, seepage, wastage and that spilled over the dam in

time of floods.

It is impractical to comstruct reservoirs large enough to com-
pletely control the stream flow at all times, but it is possible to
provide enough storage for control during a large percentage of the
time.

Early in the investigation a graphical solution was developed
which considered three different reservoir storage conditions with
variables: storage volume in acre feet; percentage of time the
reservolrs would be depleted of water; and maximum draft rate of
permigsable withdrawal from the reservoir. A modified Rippl proce-
dure for reservoir sizing employed the mass curve of reservoir inflow
for the total base period (1938 through 1965). Three different
theoretical storage conditions were considered in this study:

(1) the maxumum storage volume -- that which would be sufficient
to sustain the mean annual flow rate 90% of the time; (2) a storage
volume equal to 70% of the maximum storage; and (3) the reservoir
size capable of sustaining 70% of the average annual flow 997 of

the time. In cases (1) and (3) the minimum storage volume was

15



determined after fixing the withdrawal rate and the percentage of
allowable time the reservoir could be empty. In case (2) the with-
drawal rate was maximized while storage volume and percentage of
time for an empty reservoir were fixed.

The method of graphical solution for the three critical con-
ditions previously described involved successive adjustments of the
independent variable until all limits were satisfied. The principle
employed in this solution satisfies the following equation: cumu-
lative stream inflow minus cumulative withdrawal equals the change in
storage for each monthly increment. In order to follow this storage
determination step-by-step, reference is made to Figure 7 Operation
Curve No. 1, on Spavinaw Creek using the graphical solution is listed in
Table ITI. A description of the procedure follows with specific
reference to Figure 7 and Table IIX.

"While the storage investigations began with water year
1938 (October, 1937) There was no storage avajlable until
January 1938 because demands had exceeded inflow until
the fourth wmonth, The reservoir theoretically contained
61,895 acre feet of water. From that peak volume the
reservoir continued to become depleted until it became
dry during October, 1939. From the end of October,

1939 until December, 1940 the reservoir was dry because
in every month the total withdrawal exceeded the cumu-
lative inflow. During the interval December, 1940 until
January, 1955, the reservoir was never dry and it

reached the maximum storage value (110,000 acre feet)
several times during this interval. Water was spilled
for the first time during March, 1943. In January, 1955
the reservoir again dried and remained in this state
until March, 1957. These two dry intervals were the sole
instances of reservoir depletion in the study but they
totalled slightly over 10% of the whole base period."
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Table ITI

ANALYTICAL STORAGE PROCEDURE
(to accompany and explain Figure 7)

Water Cumulative Cumulative Storage
Year Month Inflow in Withdrawal in
Acre Feet in Acre Feet Acre Feet
(1) (2) (3) (4) 3y - (4)
1938 Oct 879 6474 -
Nov 1649 6474 -
Dec 4960 6474 -
Jan 9235 6474 2761
Feb 49870 12948 36922
Mar 65522 19422 46100
Apr 79849 25896 53953
May 92852 32370 60482
Jun 100739 38844 61895
Jul 102165 45318 56847
Aug 103141 51792 51349
Sep 103821 58266 45555
1539 Oct 104254 64740 39514
Nov 105374 71214 34160
Dec 106012 77688 28324
Jan 106903 84162 22741
Feb 113585 290636 22949
Mar 119726 97110 22616
Apr 125806 103584 22222
May 132789 110058 22731
Jun 135366 116532 18834
Jul 136540 123006 13534
Aug 136955 129480 7475
Sep 137154 135954 1200
1940 Oct 137695 142428

Continued on Curve No. 1, Figure 7
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The second procedure was an analysis of storage requirements by Jeffus
using the Rippl method, the sequent peak method, Hazen's method and Moran's
model.1 These algorithms were applied to ten streams in Northwest Arkansas
and Eastern Oklahoma. Some of the ten streams were outside of the study area
but were included to get a better statistical basis for comparison. Moran's
model is apparently the better algorithm for determining the design size
of a water supply reservoir.

Moran's model may be described as follows:

Let: Xt be the streamflow during time t. X; is inde-
pendent or without serial correlation and is
equal to 0, 1, 2,... with probabilities By Py
Pg,:-., Trespectively. 2, be the reservoir con-
tents and equal to 0, 1, 2, ..., K at time t with
probabilities Py, Py, Py, ... Py, where:

K is the size of the reservoir and,
M, Xt,K and Ziare integral multiples of some unit
also,

M is the draft from the reservoir.

1Jeffus, Hugh Milton, An Application and Evaluation of Operations Research

Lo Water Supply Reservoir Design, Doctoral Dissertation presented at the
University of Oklahoma.
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After the reservoir has been in operation for a periocd of time, the
probability distribution of reserveir contents, Zt, will have achieved a
stable distribution so that:

Pi at t = Pi at t+1
From a recurrence relationship, Zt will then be defined by the system

of equations:

Po = Po (1:»o +...+ pM) + Pl (po +...pM_1) +...PMpD,

. +
P = BoPus By Py 1 T BuaPor
Pew = Bo (B +oe) + one g Pyt -e)s
and PK-M&i = PK =0

In this case 0 Zt g'K-M, and the distribution of Zt
can be found by solving the above equations.

The probabilities of streamflow, pi, were determined as follows:
(1) Each stream was analyzed for the parameters of a Pearson type III
frequency distribution. (2) The Pearson type III curve for each stream
was plotted on probability paper. (3) Probabilities of streamflow in
increments of 0.1 cubic feet per second per square mile were taken from
the Pearson type III curve. The other variables in Moran's model
are the reservoir size, K, and the draft or release from the reservoir,
M. For a given K and M, the output of Moran's model is the probabi-

lities of the contents of the reservoir totaling 0, 0.1, 0.2,---K

volumes. The probability of the reservoir being dry, containing zero

20



volume of water, is the item of primary interest.

It was observed that at high draft rates M, i.e., draft rates greater
than 50 percent of the mean annual flow, the relationship between reser-
voir size, K, and the probability of the reservoir being dry, Po’ was
linear when plotted on semi-logarithmic paper. Equations developed by

Jeffus expressing this relationship are:

1in P0 =N - SK (1)
where P, is the probability of the reservoir
being dry,

in 8 = 0.159 - 3.30 1In ( % draft ) (2)

where S is the slope of the plotted relation-
ship between P, and K,

In N = -0.868 -4.34 1n ( % draft ) (3)

where N is the intercept of the above
relationship

Note: 7% draft is expressed as a decimal value
of mean annual flow.

The coefficients of determination, Rz, for equations (2) and (3)
above are 0.966 and 0.931, respectively, for ten streams studied in
Northwest Arkansas and Eastern Oklahoma.

An example of storage requirement calculations using lLee Creek
near Van Buren, Arkansas, is as follows.

Example Solution

Given:

Mean Annual Flow = 0.95 cubic feet per second per square mile
Probability of reservoir going dry = 0.05 = B,

Draft rate = 80% of mean annual flow = .8
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Drainage area = 427 square miles
Solution:
Solving for S:
In § = 0.159 - 3.30 1n ( % draft)
ln § = 0.159 - 3.30 1n 0.8
= 0.159 - 0.736 + 0.895
Solving for N:
in N = -0.868 - 4,34 1n 0.8
= -0.868 + 0.968 = 0.100
N = 1.105
Solving for K3
1n P = 1n (0.05) = -3.00 = 1.105 - 2.44K
K = 1,68 units

Converting K to acre-feet:

Storage = 1.68 (427) (1.9835) (365) (0.95)

492,320 acre-feet

Note: in above conversion
K = 1.68 units
427 = drainage area in square miles
1.9835 = conversion of sfd to acre-feet
365 = days in one year
0.95 = mean annual flow in csm
The following tabulation shows the results of such analysis for
determing reservoir size necessary to maintain a draft rate of 80

percent of mean annual flow compared with calculations made using

the sequent peak method and Hazen's method.
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Storage Requirements (acre-ft)

Stream Sequent Peak Hazen's Equations
Poteau 100,500 ( .20)* 324,920%*% 248,200%*
Lee 174,500 ( .34) 675,460 495,000
Fourche Maline B4,200 ( .29) 209,900 144,000
Illinois 436,000 ( 16) 1,224,040 1,008,000
Barren Fork 128,200 ¢ .29) 447,400 306,000

* The probability of reserveir going dry is shown in parentheses.
*%* The probability of reservoir going dry in Hazen's method and
in Jeffus equations is 0,05 in all cases.

Evaporation Studies

As previously mentioned on page 4 of this report, evaporation
information was wholly derived from the reports of other agencies who
have collected field data within the geographical limits of this
study. A generalized mep in J. S. Weather Bureau Technical Paper No.
37 gives a regional variation of annual lake evaporation rate within
the Compact study area of 47 to 52 inches per year. This annual
evaporation range is verified by the value of 50.14 inches calculated
on Table IV based upon pan evaporation data collected by the Corps
of Engineers. The values for monthly pan evaporation at two reser -
voirs within the Arkansas River Basin were taken directly from the
"Lee Creek - Pine Mountain Dam" Review Report of the Corps of Engin-
eers. The monthly pan evaporation values in Table II were averaged
and then converted to equivalent lake evaporation by multiplying by
an accepted "pan coefficient" of 0.78.

The values in the last column entitled "Average Equivalent Lake

Evaporation' are recommended for subsequent use as required. Another
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Table IV
EVAPORATION DATA

Wister Dam and Fort Gibson Dam, Oklahoma
(Based Upon Table 4 of Corps of Engineer's Lee Creek Report, 1965)

Average Monthly Pan Evaporation Average
Equivalent Lake
Wister Fort Gibson | Average Evaporation
Month Dam Dam e o
in in

Inches Inches Inches Inches
January 2,03 2,01 2.02 1.58
February 2.54 2.49 2.51 1.96
March 4.55 4.29 4.42 3.45
April 6.05 5.91 5.98 4.66
May 6.98 7.15 7.06 5.51
June 8.25 B.48 8.37 6.53
July 8.76 8.92 8.84 6.90
August 8.15 8.89 8.52 6.65
September 6.26 7.03 6.65 5.18
October 4.31 5.06 4,69 3.66
November 2,99 3.26 3.12 2.44
December 2.05 2.08 2.07 1.62
Annual
Total 62.92 65.57 64.25 50.14

*Based on lake evaporation equivalent to 0.78 times pan
evaporation.

24



useful curve also developed in the Corps of Engineers report is found
in Figure 8, which relates the net annual lake evaporation(annual
evaporation minus annual precipitation) to the annual precipitationm.
This relationship applies to any point of application within the
Compact area of investigation.

Precipitation Analysis

Precipitation records were obtained solely from published data
furnished by the U. S. Weather Bureau as "Climatological Data' for
each of the respective states -- Arkansas and Oklahoma. Daily
precipitation as well as monthly and annual summaries are available
for both recording and non-recording stations. Annual snowfall
ranges from an average of 4 inches so that snow melt within the Basin seldom
makes any significant contribution to peak flood flows on any Basin
streams. Details on precipitation amounts are found in each of sub-
sequent sub-basin summaries and in Appendix B.

Land Use Patterns

An inventory of the agriculture use of lands within the Compact
area was made using reports and aerial photos of the U. S. Department
of Agriculture, The major portion of the total area is presently
covered with timber. Details concerning land use are tabulated for
each separate sub-basin. This tabulation contains one catagory
entitled maximum potential irrigable land. Such land is capable of
being irrigated and is not based on proximity to a watercourse,
relative elevation, elevation, or previous irrigation practice, but

upon feasibility of the soil type to support irrigated crops.
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Water Quality Ianvestigations

The chemical character of the streams, except for the main stem of
the Arkansas, is of excellent quality and suitable for municipal, indust-
rial, and agriculture use. Within the total area of investigation,
the U. S. Geological Survey maintains continuous water quality sampl-
ing stations only on the Illinois River below Tenkiller Ferry reservoir
near Gore, Oklahoma, and on the Arkansas River near Van Buren, Arkansas.
Spot sampling has been conducted occasionally by the U.5.G.S. at other
locations within the Compact area, but the overall information on stream
quality is generally inadequate for planning purposes.

Because of the lack of stream quality information on stream quali-
ty information, field data collection was commenced in February, 1969,
on the Illinois River, within the State of Arkansas. This atream is of
major potential importance to the water resource development of North-
west Arkansas and permitted a thorough study over one and one-half
years within the limitations of & restrictive budget.

Stream quality analyses were made at approximately monthly inter-
vals. These analyses included detailed chemical, physical, and biolo-
gical examination of stream samples at six selected field locationms.
Chemical examination included: orthophosphates, iron, nitrates, ammon-
ia, carbondioxide, alkalinity, dissolved oxygen, pH, and 5 day B.0.D,
Physical tests measured temperature and turbidity. Biological exami-
nation included counts of coliform bacteria and plankton.

Daily stream flows were extimated at four of the six sampling

27



stations on date of sampling by calculation from U.S.G.S. stream quality
discharge records,

All stream quality data is tabulated in Appendix D of this report.
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Figure 9
Spavinaw Creek Sub-Basin
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SPAVINAW CREEK SUB-BASIN

Spavinaw Creek has its source in Benton County, Arkansas, near
Bentonville. It flows in a westerly direction crossing the Oklahoma-
Arkansas State Line into Delaware County, Oklahoma and thence into
Mayes County where it flows into the Grand River near Spavinaw, Okla-
homa. See Figure 9 for Spavinaw Creek Sub-basin map.

The topography of the basin varies from steep hills in the upper
reaches of the basin to rolling hills of moderate elevation in the
western portion. The stream elevation drops from approximately 1200
feet to 600 feet mean sea level at the mouth. With a total drainage
area of 401 square miles approximately 127 square miles lie in Arkan-
sas. The principal tributaries are Cloud Creek and Beaty Creek.

Precipitation

Precipitation records taken from U.S. Weather Bureau "Climatological

Data" are summarized for stations in, or near, Spavinaw Creek Sub-
basin in Table V. Detailed precipitation information is found in

Appendix B.

Table V

PRECIPITATION STATIONS IN OR NEAR SPAVINAW CREEK SUB-BASIN

Years
Station of Annual Precipitation in Inches
Record Average Maximum Minimum
Spavinaw, Okla. 42 43.79 66.48 28,27
Gravette, Ark. 63 44,89 63,98 23.91
Bentonville, Ark. 55 44 .52 68.67 34.56
Jay, Okla. 26 41.62 57.48 26.00
Grand River Dam, 24 42,23 59.13 24,89

Okla.
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Stream Discharge

Records are available at one gaging station (1912.2) operated

since October, 1961, by the U.S. Geological Survey near Sycamore,

Oklahoma.

conditions similar to those in the Spavinaw Creek Sub-basin.

Several stations on near-by streams have hydrological

VI summarizes information at station

by stations.

the border, records essentially the state line flows.

1912.2 and

Table

other near-

Station 1912.2 located a short distance downstream from

Records for

station 1912.2 were synthesized for the record deficient portions of

the base period and a summary of the complete flows is tabulated in

Appendix A.

Table VI

GAGING STATIONS ON OR NEAR SPAVINAW CREEKEJ

Average 2/

Drainage | Annual Minimum{ Maximum
Station Location Area Discharge | Flow Flow
No. Sq. Mi, | Acre-Feet cfs cfs
1912.22/ | Spavinaw Creek near| 133 43,800 1.2 4,240
Sycamore, Okla.
1965 Illinois River near 959 613,200 0.1 150,000
Tahlequah, Okla.
1960 Flint Creek near 110 64,430 0.6 23,600
Kansas, Okla,
1/ Detailed monthly flow is tabulated in Appendix A.
2/ Records too short to determine £lood frequency or flow duration.
3/ For base period of study, 1938 through 1965.

Flood Frequency Analysis

The flood frequency curve of Figure 10 showing maximum daily

discharge at Spavinaw Creek near Sycamore, Oklahoma, was based upon

the discharge data on the Illinois River near Tahlequah, Oklahoma.
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This indirect curve derivation was used because records on Spavinaw

Creek were too short to permit development of a fitted flood frequency

curve.

Reservoir Storage

In 1922 Tulsa, Oklahoma constructed the Spavinaw Reservoir on
Spavinaw Creek for a water supply for the city. It has a capacity
of 30,600 acre-feet. In 1938, Tulsa obtained the Oklahoma water
rights of Spavinaw Creek. Later Tulsa constructed the Upper Spavinaw
or Eucha Reservoir with a capacity of 79,600 acre-feet. In 1965
Tulsa reported 67,500 acre-feet of water diverted from Spavinaw Creek
at Spavinaw Reservoir.

Arkansas has no major water developments within the basin. The
Arkansas Game and Fish Commission has a recreation lake of approximately
40 acres surface area, Crystal Lake, on the Dry Fork Creek, tributary.
to Spavinaw Creek.

The procedure for reservoir storage analysis described on pp. 14-18
and detailed in Appendix C gives the following on Spavinaw Creek at
Sycamore: (1) the maximum storage -- that which would be sufficient
to sustain the mean annual flow rate 907 of the time is 110,000 acre
feet; (2) the maximum flow rate for 70% of the maximum storage {70%
of 110,000 acre feet or 77,000 acre feet) is 4350 acre feet per month
sustained for 99% of the time; and (3) the reservoir size capable of
sustaining 70% of the mean annual flow 99% of the time contains

91,000 acre feet.
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Land Use Patterns

Table VII provides information on present land use within the
Spavinaw Creek Sub-basin for Arkansas only. It also estimates maxi-

mum potential acreage which may be developed using supplemental

irrigation.

Table VII
AGRICULTURE 1/
LAND USE IN ARKANSAS PORTION OF SPAVINAW CREEK SUB-BASIN-=
(all areas in acres)

PRESENTLY DEVELOPED POTENTIAL IRRIGATION
DEVELOPMENT
Row Close Orchards Rotation|Pasture| Maximum Irrigable
Crops | Growing and Hayland | Hay and and Land
Crops Vineyards Pasture |Range
2800 905 776 258 14,870 |15,172 16,430

1/ Compiled from 1965 USDA Annual Report
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