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NOTATIONS

B Partial Regression Coefficientsn

B = A Constant
0

Q = Flow of Water, Million Gallons

RZ
= Correlation Coefficients

X Quality Attribute

Xz = Alkalinity, mg/l

X
3

Hardness,mg/l

X4
= Turbidity, Jackson Turbidity Units, J.T.U.

Xs Iron,mg/l

Y
Z

Monthly Average Rainfall, Inches

Y
3

= Monthly Average L(tke Level, Feet

Y
4

= Monthly Total of Lake Water Used, Million Gallons

Ys = Monthly Total of Hell Water Used, Million Gallons
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ABSTRACT

The objectives of the research project were to determine time,

season, and antecedent conditions when reservoir (impoundment) water and

groundwater separately reach optimum quality. Further, the project was to

compare the quality of these two water supply sources at any given time so

as to establish quantified· combinations from the two sources which would

give optimum quality. Examination of water quality data from the wells

which furnish a part of the water supply of the City of Norman was found

to be essentially constant, which is to say that no significant water qual

ity changes for the wells were noted during the period of record. Therefore,

well-water quality, parameters for the purposes of this study were necessar

ily used as constant values. Water quality was measured at the City of

Norman water treatment facility. The method used to evaluate data for this

project was stepwise regression utilizing the IBM statistical subroutine

package. This technique has been used on similar projects, and was found

to give highly satisfactory results for this study as well. Water quality

data was obtained from the water quality records of the City of Norman,

and from the United States Geological Survey. Additional data was obtained

from the Oklahoma State Department of Health. Rainfall records were obtain

ed from the Oklahoma State Department of Health. Rainfall records were

obtained from the City of Norman, and the U. S. Weather Bureau. Lake level

readings for Lake Thunderbird were supplied by the Central Oklahoma Water

Conservancy District. Regression analysis was performed on the data which

was finally divided into the four seasons. The resulting linear equations

are multiterm and establish correlation between the independent variables,

rainfall, lake-level, surface water used, well-water used, and the water

quality dependent variables deemed important in this study. The dependent
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variables are pH, alkalinity, hardness, turbidity, and iron concentration.

Only the regression equations of best fit, that is, the prediction equa

tions having the highest correlation coefficient are presented.
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AN OPTIMAL WATER QUALITY MANAGEMENT

TECHNIQUE FOR CONJUNCTIVE GROUND

AND SURFACE WATER USE

CHAPTER I

INTRODUCTION

The City of Norman, Oklahoma, used groundwater as its only

source of water supply until 1964. Since that time it has been com

bining groundwater and surface water from Lake Thunderbird, a nearby

linpoundment. Water quality records pertaining to the water wells

indicate only minute changes in water quality during the period of

record. Therefore, we11water quality parameters were considered to be

constants for this study. Water quality records pertaining to the

mixture of ground and impoundment water were only available from

January 1966 to the present time. Therefore, the basis of comparison

will be the source time reference, namely, 1966 through 1974.

The methodology is essentially one of analyzing, comparing,

and correlating data and information relative to the quality of the two

water supply sources. Inasmuch as it has become standard practice to

measure quality in terms of such attributes as hardness, dissolved solids,

turbidity, pH, alkalinity, etc., and to identify the contributory·para

meters to qualify in terms of rainfall, antecedent moisture index, land

use, land type, and aquifer properties, in the case of groundwater, a
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weights of these parameters.

correlation can be established between a quality attribute and a set of

contributory parameters or variables. This correlation, either numeric

and/or logarithmic is of the form:

Where:

X denotes a water quality attribute
n

B a constant value
o

B = partial regression coefficients
n

Y = independent variable
n

Thus, a regression function will indicate which contributory parameters

are significant in determining the quality attribute and the relative

The resulting X values for the mixture of
n

ground and impoundment water were determined using an arithmatic monthly

average.

Since a quality parameter, X , is established only if there
n

is a contributory parameter, Y , it becomes necessary, from an engineer
n

ing point of view, to associate X and Y • A linear model will serve
n n

to describe the relationship between input flows and the desired water

quality parameter, ie:

Qtotal = Qlake + Qgroundwater

QtX = 0 X + Q (Xg)
t n n g

Where:

Q = the flow of water

X = the concentration quality attribute

The prediction models, regression equations, were derived from monthly

averages of the data.
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This effort consisted of investigation of the influence of seasonal

changes and antecedent precipitation conditions. The variables of land

type and land usage were kept constant. The quality attributes measured

were pH, alkalinity, total hardness, turbidity, and iron concentration.

As expected, the prediction model has adequate sensitivity to be put into

meaningful use. As is usually the case; however, the more extensive and

variable the input data, the more realistic the model becomes. Conse

quently, this effort can serve as a later basis for a more in-depth study.

Water treatment practices in Oklahoma have varied widely across

the state. This has been true because the quality of available water

varies across the state. In most central and eastern Oklahoma regions,

an abundance of high quality groundwater has presented a meaningful

justification for the appropriate pumping of virtually untreated water

for direct municipal use. The City of Norman, OklahoUla, may be cited

as an example. Until 1964 Norman used 17 local wells as the sole source

of water supply. However, the watertable elevation continually lowered,

along with the general water quality, and it was decided that a new im

poundment, Lake Thunderbird, should be used as an additional source of

water. Presently, with two sources of water available, either source can

be used alone or conjunctively. However, the initial condition of the

water at the inflow source to the treatment plant dictates the degree of

treatment that must be performed. Unfortunately, Norman, like many other

cities, has haphazardly and randomly used the wells and the lake water

as a mix, primarily because the qualities are not anticipated and are

not being related to other parameters. Availability and not quality, has

been the prime criterion for selection. It has been our experience that

the quality of surface water varies widely with antecedent conditions,
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time of year, and land use activities around the lake. If municipal water

could be used from the source where the quality is the highest, maximum

cost-benefit ratios could be realized.
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CHAPTER 2

LITERATURE REVIEW

The School of Civil Engineering and Environmental Science at the

University of Oklahoma has vigorously studied water quality for many years.

The recent culmination of those efforts has been the Water Quality Stan

dands Study (1) for the State of Oklahoma, wherein it was concluded that

water quality is strongly affected by rainfall, land-use, and the hydrologic

elements of the area. Another study by the School has dealt with water

quality and land-use correlations (2). The recent study reported by Harp

and Laguros (7) on Quality Variation has been a test of the study reported by

Harp, et.al. (2,3) on six candidate cities. The result was that the methodol~

ogy and model prediction techniques are indeed generally feasible and could

be applied where applicable. Studies which are related to groundwater re

charge and reservoir properties have generally indicated that quality and

rate of recharge are interdependent. Surface and subsurface waters are

largely inseparable. Activities in one would seem to affect the other.

Wastes, for instance, frequently appear to be contained by the hydrogeologic

environment making land disposal an attractive alternative for waste dis

posal activities. This leads many to view the groundwater system as an

isolated independent body of water. The unfortunate truth becomes apparent

when slow migration of subsequently contaminated groundwater eventually

reaches the surface system (8). Care should be exercised to avoid a
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simplistic view of water quality problems as they exist today and will

exist in the future. Even if waste treatment practices were improved be

yond a level attainable with current technology, problems in water quality

and water resource allocation would still exist. Reference is made to

increased demand for water, and of the attendent rise in cost of water

treatment for an expanding population. Characteristically, that portion

of a typical region's total water resource which is required for municipal

supply is often rather small in relation to other uses such as agriculture,

industrial cooling, and waste dilution. In the economic sense, however,

municipal water supply represents the largest portion of the total invest

ment in water resource facilities. Because of quality parameters, the

costs per gallon for municipal water supply are typically at least an order

of magnitude greater than those, e.g., of agricultural water (9).

Water allocation and management techniques are directly linked

with land use planning. Mathematical programming models have been used

to determine municipal optimal water and land allocation and agricultural

needs to the year 2000. The existing models encompass the whole of the

nation's agriculture and include restraints and detail for 223 producing

areas and 51 water regions. Because of the large supply capacity and loss

income of agriculture in previous times, the nation implemented a supply

control program based on land retirement. Through payments to farmers for

keeping land idle, cropland retired under federal programs averaged 56,000,000

acres over the decade 1961-1970. Food crops can be grown on non-irrigated

land presently retired from production and can replace crop yield decreases

caused by decreased irrigation. With elimination of farm programs with

holding land from production, the nation could free water from agriculture
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for other uses long before the year 2000. Pricing policies could be im

portant as a means to lessen water demand in the western states. These

possibilities exist as land management and technology is substituted for

increases in water demand. Without farm programs and with a population of

300,000,000 in the year 2000, irrigated acreage could decline by 13% over

the 1964 values. The problem facing the nation is not water shortage for

agriculture but an improved allocation of this resource (10). This demon

strated need for resource planning leads us to the purpose of the work

presented here.

A careful study of Volume 9, the current Water Resources Cata

10& and WRSIC has been made. Ongoing studies related to this research

effort are indicated in references (12) through (27). The ongoing projects

listed appear to be related to the present research effort, but do not

appear to duplicate efforts.
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CHAPTER 3

COLLECTION OF DATA

The data for this study were collected from several different

sources. Rainfall records were supplied by the Weather Bureau, the U.S.

Department of Commerce, Environmental Science Services Adminstration, and

by the City of. Norman. Water quality data were supplied by the City of

Norman, and by the Oklahoma State Department of Health, Water Quality

Service. Data regarding Lake Thunderbird were obtained from the Central

Oklahoma Water Conservancy District. Maps and related materials were

obtained from the U.S. Geological Survey.

The rainfall data covers the appropriate span of ten years and

is typical of rainfall for the area of the City of Noramn. The water qual

ity data used in this research effort include pH, alkalinity, hardness,

turbidity, and iron content. Additionally, the data includes well water

quality, and amounts of both well water and lake water used in a given

month. Lake levels and other information pertinent to Lake Thunderbird

cover the period of record from 1964 to the present time. The data is

further elucidated in the form of graphical presentation.

Figure 1 presents a diagramatic view of the major water mains

within, and projected for the City of Norman within the near future. You

will note that where the arrows point toward the mains, water inflow into the

system is indicated. Conversely, if the arrows point away from the water

mains, withdrawals of water in the amounts indicated are shown.
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Figure 2A represents three water quality parameters, pH, alkalin

ity, and iron content. pH, of course, is expressed as a dimensionless

number. Alkalinity and iron concentrations are expressed in mg/l. Sub

surface water values for pH, alkalinity, and iron content are expressed

as straight lines on the graphical presentation. This is because subsur

face water quality is considered to be constant for purposes of this study.

Figure 2B represents the remaining water quality parameters; hardness and

turbidity. Each of these values is presented in mg/l. Figure 3 is a simp

lified graphical presentation of water levels in two test wells as com

pared with rainfall during the period 1942 through 1963. You will note

that while a rough correlation exists, aquifer hydrographs necessarily lag

behind rainfall due to the time required for water from precipitation to

percolate down to the water table. In areas of heavy subsurface water

usage aquifer levels nnd subsequent water quality values may be heavily

dependent on withdrawals as well as recharge.

Figure 4 is presented to acquaint the reader with the area under

study. Additionally, types and locations of wells are presented.
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CHAPTER 4

METHODOLOGY

The methodology is essentially one of analyzing, comparing,

and correlating data and information relative to the quality of the two

water supply sources. Inasmuch as it has become standard practice to

measure quality in terms of such attributes as hardness, dissolved

solids, turbidity, etc., and to identify the contributory parameters in

terms of rainfall, antecedent moisture index, land use, land type, and

aquifer properties in the case of surface water, a correlation can be

established between a quality attribute and a set of contributory para-

meters or variables. This correlation is in the form:

Where:

x = a dependent water quality variable
n

B = a constant
n

B = partial regression coefficents
n

Y = independent variables
n

The constant B is determined by a separate equation of the form:

Xn = centroid values for the dependent variables

Yn = centroid values for the independent variables

The partial regression coefficents B
l

, B2 , B
3

, •.•.B
n

, are determined using
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the method of least squares which utilizes the following normal equations

of the form:

y = nB +~~+~~0

XlY B 2
= Xl + Bl Xl + B2 Xl X

20

X~ B X2 + 2
= Bl Xl X

2
+ B

2
X

20

Where:

n = number of observations

Before any statistical analysis began all of the data was pro-

cessed and monthly averages obtained. The data was then divided into

seasons, Spring, Summer, Winter, and Fall. The information was then

transferred to data cards and fed into an econometric software package for

computer analysis. The title of the statistical subroutine used is

BMD02R. The exact methodology of computer operation may be obtained in

the computer library of the University of Oklahoma.

Two additional methods of analysis were tried but were un-

fruitful and not presented. The description of the methods and reasons

for their exclusion are as follows. The first method did not divide the

2data into seasons, and the R values obtained were unacceptable. The

second method was a variation of the method which was used. In it, all

of the data was weighed equally, and the computer was not allowed to

delete information in order to determine which independent variables

actually had the most effect on water quality.
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CHAPTER 5

. DISCUSSION OF RESULTS

The values obtained by using the multiple linear regression tech-

nique on data obtained in this study are shown in Table 1. Raw data for

Table 1 may be found in Appendix 1.

The best fit for the data was

est coefficient of multiple correlation

selected on the basis of the high

2
or R value. It should be noted

that not all of the independent variables are included in each equation.

As stated previously, the computer program selectively eliminated independ

ent variables and re-ran each equation over and over until a maximum R2

value was obtained. This technique not only selects the relationship

which gives the highest correlation coefficients, but effectively demon-

strates which of the independent variables has the greatest effect on

water quality under given circumstances.

Results and correlation coefficients regarding pH values were

found to be somewhat different than expected. pH was found to be at its

lowest in the summer with a value of 7.58 and highest in the winter with a

value of 7.82. The correlation coefficient R2 , for summer was 0.7531 and

the R2 for winter was 0.7462. R2 values can generally be expected to be

lower during the fall and spring.

Correlation coefficients for alkalinity were stable and within

expected limits, R2 was 0.6317 during winter, 0.6097 during spring, and

17



0.7141 during dall. 2
However, the R value for alkalinity falloff sharply

during the summer with a value of only 0.4515. This drop is due to carbon

dioxide, alkalinity, and pH interrelationships. This can be better explained

by the following equations:

CO 2 + H2O \ +
\

H2C03 + H

M(HC03)2 \ ~+ 2HCO;
\

HC0 3
\ CO;- +~,

\ -C0
3

+ H
2

O HC0
3

+ OH
\

It is obvious that carbon dioxide and the three forms of alkalinity are

all part of one system that exists in equilibrium, since all of the equa-

tions involve HCO;. A change in concentration of anyone member of the

system will, of course, cause a shift in equilibrium and alter the concen-

tration of the other ions. This ion shift can, and docs account for noted

changes in both pH, and alkalinity (11).

Values obtained for hardness are typical for this area, and were

well within the scope of the anticipated results.

Turbidity values were generally constant, and showed a noteworthy

fluctuation only during the spring and fall. 2The R value for spring was

20.5595, and the R value for fall 0.3420. This increase of turbidity may

be attributed to a number of factors, but the main ones are probably higher

surface wind speeds during the spring, which accounts for more mixing and

less settling of suspended solids, and more rainfall which means more silta-

tion in the stream or lake. Normally, turbidity is affected by at least

such factors as carbon dioxide content, nutrient availability, and solar

radiation.
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Iron, while its concentrations are low the year around, does

appear in larger concentrations during the spring, summer, and fall

months. This suggests that anaerobic conditions may exist in some parts

of Lake Thunderbird during the warmer months. This would account for the

d . f' f . F +t+ . F -++ Si 1 hre uctlon 0 lron rom lts e state to lts estate. nce on y t e

reduced form of iron is soluble, this would possibly explain the higher

concentrations.
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Table 1. Seasonal Variations of Water Quality Parameters

Dependent

Variable

Winter

Constant Partial Regression Coefficients X Independent Variables Std. Error

pH = 8.48693 + 0.00597Y2 - 0.00651Y4 - 0.00726Y5

Alkalinity = 1427.33154 + 0.38541Y2 - 1.24378Y
3

+ 0.32239Y4 + 0.06686Y5

Hardness = 1676.80420 - 0.26049Y2 1.45767Y
3

+ O.18885Y4 - 0.15746Y5

Turbidity = 262.53979 - 0.24349Y3 - 0.05018Y4 + 0.05115Y5

Iron = -0.21597 - 0.00641Y2+ 0.00032Y
3

- 0.00098Y4 + 0.00057Y5
No Spring

pH = 23.66663 _ 0.00801Y
2

- 0.01559Y
3

+ 0.00113Y
4

Alkalinity = 943.74927 + 0.92789Y2 - 0.74012Y3 - 0.04339Y4 - 0.17313Y5

Hardness = 1091.51440 + 0.29639Y2 - 0.86604Y3 - O.05727¥4 - 0.33286Y5

Turbidity = 600.07275 + 1.10423Y2 - 0.58266Y
3

+ 0.09879Y4 + 0.17738Y5

Iron = 12.68387 - 0.01742Y
2

- 0.01256Y
3

+ 0.00352Y4 _ 0.00447Y
5

Summer

pH = -8.96371 + 0.05066Y2 + 0.01630Y3 - 0.00630Y4 + 0.00816Y5

Alkalinity = 1085.27295 _ 0.18451Y2 - 0.90206Y
3

+ 0.08307Y + 0.06876Y5

0.7462

0.6317

0.8564

0.5897

0.4134

0.5253

0.6097

0.8203

0.5595

0.7548

0.7531

0.4515

0.1995

12.9906

10.3185

3.2138

0.0515

0.2448

13.8041

9.7041

0.6397

0.0890

0.1970

12.2892



Hardness = 1279.04419 - 0.87572Y2 - 1.07110Y3 + 0.07715Y4 - 0.07525Y5 0.5850 11.8652

Turbidity 50.42255 + 0.78381Y2 - 0.02645Y
3

- 0.12063Y4 + 0.02466Y5 0.5890 5.5094

Iron = -8.91810 - 0.00454Y2 + 0.00891Y3 - 0.00231Y4 + 0.00176Y5 0.6221 0.0770

Fall

pH = 13.22942 - 0.04368Y2 - 0.00540Y3 + 0.00106Y4 + 0.00169Y5 0.4858 0.2446

Alkalinity 1474.51587 - 0.21071Y2 - 1.27430Y3 + 0.09982Y4 + 0.05377Y5 0.7141 11.0497

Hardness = 1299.53979 - 1.08665Y3 + 0.02136Y4 - 0.09057Y5 0.7665 10.6243

Turbidity = 107.70085 + 0.34158Y2 - 0.08597Y3 - 0.05427Y4 - 0.01347Y5 0.3420 4.6990

Iron = 3.67254 - 0.00157Y2 - 0.00346Y3 + 0.00035Y5
0.3258 0.0796

N.....



CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

1. Water quality in Lake Thunderbird definitely varies with seasonal

changes as evidenced by the changing values of the water quality para

meters selected for this study. For instance, pH varies seasonally with

its lowest values in Summer and its greatest values apparent in the Winter.

Alkalinity reaches its highest values during the Spring, and its lowest

values during the Summer months. Hardness, as explained in Chapter 5,

was generally constant for all seasons. Fluctuations in turbidity were

probably due to surface mixing due to wind action, and to land erosion

due to surface run-off. Turbidity was lowest in the Winter when wind

speeds and rainfall amounts were at their lowest. Iron concentrations

were found to be generally constant during all seasons except Winter

when it is lowest. This is believed to be due to possible anaerobic

conditions which undoubtedly exist in at least some parts of Lake

Thunderbird.

2. Water withdrawals from Lake Thunderbird are not confined to sole

use by the City of Norman. Midwest City, Oklahoma, and Del City, Oklahoma,

also use Lake Thunderbird as a supplemental water supply. With this in

mind, it should be noted that municipal water quality genra11y decreases

to some degree during the summer due to increased demands from the lake

by these cities. These decreases in water quality are due, in part, to
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evaporation and concentration of suspended solids and salts. Evaporation

rates tend to increase as lake levels are lowered. The sum total of these

demands on the lake's resources would seem to necessarily be limited to

some degree in order to maintain desirable water quality levels within

the lake.

In addition, constraints exist which prevent unrestricted use of

subsurface water. As stated in Chapter 1, the reason for using Lake Thunder

bird as a supplemental source of water supply was to prevent further lowering

of the water table in the Norman area. Therefore, since a finite quantity

of well water does exist, and since a finite quantity of lake water is

available, these water supplies may be visualized as discreet amounts of

water available to the City of Norman for use. Logic dictates the use of

well water when the Lake's quality is at its lowest, and lake water when

the lake I s quality is at its highest. HO"8ver, since l.:lkc wo.ter, even at

its best requires extensive treatment, well and lake water are used as a

mixture. The higher the quality of the lake, the greater the amount used

in the mixture. In this manner full advantage is taken of the changes in

water quality which occur in Lake Thunderbird.

Quality as the' sole criteria for municipal, or other use, cannot

always be the element defining the source of supply. The constraint which

sometimes exists is actual availability of either the subsurface

surface quantities. Demand may well effect water quality parameters as

much, if not greater, than seasonal variations.

The Central Oklahoma Water Conservency District has the respon

sibility of insuring that Lake Thunderbird does retain desirable water

quality levels as shown in Appendix 2 and that the lake is not overtaxed

by demands for water from municipalities.

23



3. As stated previously land use, land type, recreational function, hy

drologic conditions, and geologic conditions were necessarily considered

to be constant for purposes of this study. These factors were inherent

constants since only the one reservoir was studied. This assumption was

unavoidable in order to use the available mathematical modeling techniques.

These techniques worked well for this study, but it must be stated that a

need exists for similar studies to be conducted on other bodies of water

and for different land use parameters and hydrologic values. Just as

various geologic formations are unique, so is each set of land use, land

type, hydrologic, and geologic parameters. These parameters vary from

lake to lake and from watershed to watershed, but studies of a large number

of these areas could produce useful patterns and models for future study.

Therefore, it is recommended that further studies of this type be undertaken.

4. All of the water quality parameters were judgemcntally rated on a scale

from 0 to 2. A rating of poor, 0, indicates that said parameter is at its

worst level as indicated by data gathered for this study. A rating of good,

2, indicates that said parameter is at its best level as indicated by data

gathered for this study. It must be realized that this scale is subjective

and is only meant to compare data within this study. As can easily be de

termined from the values listed on the following table, overall, or conjunc

tive water quality in Lake Thunderbird reaches its peak during the Summer and

Winter months. Therefore, considering this data and the fact that greater

demands are made upon the lake in the Summer months, it is recommended that

maximum withdrawals of water from the lake be made during the Winter. Further

it is recommended as determined in this study and based on water quality con

siderations, that insofar as possible, well water be used during the Spring

and Fall.
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TABLE 2

SPRING SUMMER FALL "'INTER

2 1 1 0 pH

0 2 1 1 ALKALINITY

0 2 1 1 HARDNESS

0 1 1 2 TURBIDITY

1 1 0 2 IRON

3 7 4 6 TOTALS

5. According to the U.S. Geological Survey, the City of Norman's water

wells are located in geological formations known as terrace deposits. These

deposits generally exist along alluvial rivers and are composed of gravel,

sand, silt, and clay. These particular deposits are located in and along

the Canadian River and North Canadian River valleys. These deposits are

moderately permeable and yield small to moderate quantities of water to

wells. This water is suitable for most uses, but may require some softening.

It is for this reason, and because the water quality from all the wells was

very similar, that well water quality was determined from all available re

cords to be constant for purposes of this study. These parameters are nearly

constant from year to year, and from season to season because of the homo

genous nature of the aquifer from which'the water is taken. It is note

worthy to mention that small variations occur in well water quality, but

these have been determined to be of small magnitude. The following is a

typical listing of City of Norman well water quality parameters.
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PARAMETER

pH

ALKALINITY

HARDNESS

TURBIDITY

IRON

TABLE 3

VALUE

8.8

267.7 mg/l

34.7 mg/l

0.0 JTU

0.026 mg/l

These values reflect a data base of only ten years. The reason that

longer periods of time were not considered is that records of this type

are taken out of the State of Oklahoma Archives and destroyed after a

period of ten years.
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Hixlures of Lake and Hell Haler

FREe= RAINFALL FOR ~CNTH IN INCHES
Pti= HYC~OGEN ION CCKC~NTRATICN

ALK= ALKAL!~ITY IN MG/L
~A~O= TCTAL ~ARONESS IN ~G/L

TURf= TVRSIDITY IN JACKSON T~R3IOITV UNliS
I~CN= IRO~ IN ~G/L

LL= L~KE LEVEL IN FEET ABOVE SEA LEVEL -_._--_._-----
s~= S~QFACE ~ATcR USED IN MILLION GAL/~ONTH

~_~ ~CLL _ATER USEe IN MILLION GAL/~CNTH

T .. = TOTAL WATER USED IN MILLION GAL/MDNTH _
0.0 INDICATES DATA NOT AVAILABLE

3 O.f5 0.0

2 1.88 8.5

--~-

loW Tw

81.412 81.412

o.coo 0.000

0.000 0.000

65.069 88.872

65.156 98.1C7

64.578 109.599

0.000 0.000

0.000 85.071

0.000 0.000

0.000 83.369

6.710 79.Si59

0.000 74.249

swLLIRON

o.oco 0.00 0.000

HARDALK

209.0 121.0 0.00 0.000 0.00 0.000

0.0 0.0 0.00 0.000 0.00 o.uOO

191.5 194.5 29.30 o.ooe 1011.75 23.803

180.7 186.0 21.50 0.500 1014.11 32.<:JSl

182.9 194 ... 1 15.40 0.077 1013.84 4S",021

0.0 0.0 0.00 0.000 0.00 0.000

192.0 206.0 18.00 0.000 1013.1..5 e5 .. 071

0.0 0.0 0.00 0.000 0.00 0.000

180.6 190.7 18.40 0.118 1014.22 83.369

184.0 198.a 17.40 0.000 1013.62 73.2/;9

184.0 211.0 15.00 0.108 1013.33 74.249

0.0 0.0 C.O 0.00

7.8

PH

8.0

0.0

0.0

7.8

7.8

0.34

1.91

0.61

0.22

PREC

7

6

12

11

10

w
o

________~ 5.16 8.1



1017.06 ,;,.2e4

1017.10 83.278

0.00 0.000

0.00 0.000

1015.94 674-398

1015.84 76.436

1015.b8 68.880

1015.43 68.038

.. "----,---

yt:t..R.:; 1907

PREC= ~AI~F4LL FeR MONT~ IN INCHES
PH= ~YC~CG~~ IOP~ CCNCENTRATICN
ALK= ALKALlr~ITY IN ~G/L

~ARC= TaT~L HARD~ESS IN MG/L
TURE= TU~EIDITY IN JACKSON TURBIDITY ~NITS

IRC~= IRC~ IN MG/L
LL= LAKE LEVEL IN FEET ABOVE SEA LEVEL
s~= SURFACS ~AT2R USED IN M[LLION GAL/MONTH
~w= .~LL ~ATCR USED IN ~ILLION GAL/~O~Tn

T~= TOTAL ~ATER ~SEO IN ~ILLION GAL/~CNrH

0.0 INDICATES DATA NOT AVAILABLE

":Ct-:TH
""
P~EC PH ALK HA';.(j) TURB [r\CN

1 0.23 7.9 190.0 218.9 10.10 0.022
" ----"-----_. -----.-----

2 0.19 c.o 0.0 0.0 0.00 0.000

3 2.11 8.3 199.0 216.0 16.50 0.108

.. 6.23 8.0 199.0 :217.0 20.00 0.066-- -------- .. _---~--_.

w
5 7,.~ 155.6 176.0 55.40 0.000..... 4.6g

6 3.19 7.6 154.0 168.0 17.00 0.000

7 1.34 0.0 0.0 0.0 0.00 0.000_._--- --------- -------,"

8 2.$9 0.0 c.o 0.0 0.00 0.000

9 4.73 7.7 187.8 189.3 16.80 0.000

10 0.96 7.8 188.0 193.8 20.80 0.252--
II 0.40 8.0 U~8.0 109.5 17.20 o .;~44

12 1.05 7.9 188.0 201,,0 15.00 0.000

LL

1013.06

0.00

1012.66

1015.01

Sill

0.000

71.850



. PREC= qAIhFALL FOR MONTH IN INCHES
Pb= ~YC~C(SN IC~ CCNCENT~ATION

ALK= AL~AL1~lTY [~ MG/L
hARC; TQTAL HARONESS IN ~G/L

Tv~S= TURSIDITY IN JACKSON TURBIDITY UNITS
IRON: IROh IN MG/L
LL= LAKE LEVEL IN FEET ABOVE SEA LEV=L _. . "__ ..._. ~ .. ._. . "

S~= SU~FACE ~ATER USED IN MILLION GAL/MONTH
.W= *E~L ~ATER USE~ IN ~ILLIC~ GAL/~ONTH

;~= TOT~L WAT~R USED IN ~ILLlaN GAL/~CNTH

0.0 INDICATES DATA NeT AVAILABLE

0.000

TW

85.442

85.896

82.018

91.363

90.0B7

100.560

120.777

133.980

107.662

0.000

26.336

26.293

15.039

13.660

15.429

13.505

0 .. (;00

Sw

63.3c9

5Q.~49

86 .. !~77

<12.623

.:30 .. 943

77.858

112.512

101 .. 358

0.00

LL

1015.52

1020.11

1024.40

1024 .. 89

1016.15

1024.29

1024.80

1024.41

1025.97

M:'NTH PREC PH ALK HARD TURB IKON

1 2.79 e.1 182.4 198.2 11.30 0.050
"- _._--~_.--_._-~ . ----_._-- -----_._--

2 0.82 8.2 111.5 192.5 15.ao 0.000

3 3.12 8.2 174.0 1<;<;.0 10.50 0.000

4 3.87 0.0 0.0 0.0 0.00 0.000----_.- ---------
w

5 5.79tv 7.5 182.0 189.0 25.50 0.000

6 4.09 7.2 153.0 It.:C.7 33.00 0.000

7 2.04 7.3 159.0' 175.0 18.00 0.000- -- ---- •._-- --._----

8 3.71 703 171.8 181.7 15.40 0.000

9 5.08 7.4 174.8 183.0 15.60 0.000

------ 10 2.31 7.6 175.3 180.0 16.30 o.coo------
11 4.65 7.7 173.5 160.8 12.50 o.coo

---~._.-

_.
12 1.76 7.7 169.9 181.0 12.00 0.050



P~EC= qAI~FALL FeR ~ONTH IN INCHES
Pn= ~YC~CG~~ ION CCNCENTRATION
ALK= ALKALINITY IN ~G/L

~~KC~ TCTAL ~ARGNESS IN MG/L
Tv~e= T~ReI01TY IN JACKSON TURBIDITY CNITS
IRCr\= IRQI' IN MG/L

LL= LAKE LEVEL IN FEET ABOVE SEA LEVEL
s~= SURFACE ~ATcR USED IN MILLION GAL/MONTH
~W= wELL ~ATER ~SED IN ~tLLION GAL/~ONTH

Tw= TCTAL WATER USED IN MILLION GAL/MONTH
0.0 INDICATES DATA NOT AVAILABLE

--~- -- ---_._-~._--_ .. ..-._.._---- -"---'-". -----*- ._.._.- -. --~- _.._-_.- -.+.__ . - ....-._._-- ~ _ .... - -_.__... ~- -~----- .+---_._,,---

MONTH PREC PH ALK HARD TUR3 IRON LL sw "'''' T.

1 1.40 7.8 169.9 185.5 10.00 0.050 1026.21 6=:.323 28.863 94.186_.----------- "- ------ ---- ._------~,- ---_.._- ._.... -.-"

2 2.91 7.7 177.7 188.0 13.30 0.000 1026.99 61.616 25.383 86.999

3 2.<:)2 7.7 187.3 191.2 14.50 0.100 1028.27 ' 70.289 28.321 98.610

4 2.62 7.7 190.5 195.6 13.70 0 .. 028 1029.22 77.758 19.877 97.635._---_. --- --
...,

5 4.22 7.6 184.7 Ig0.8 17.10 O.lOC 1031.80 8R .. 347 17.875 106.222...,
-~--_.- ._~

6 2.73 7.4 179.4 187.0 12.20 0.000 1032.39 93.183 26.446 119.629

7 2.10 7.6 184.9 1:;'4.9 9.00 ·0. C 17 1031.96 12~.569 37 .. 341 166.910
- _._ .. _-- .. -_._----- --_._----- ,-_._,-- -

e 2.83 0.0 0.0 0.0 0.00 0.000 0.00 0.000 0.000 0.000

9 4.82 7.5 186.0 198.6 13.20 0.025 1031.19 92 .. 263 14.743 107.006

10 2.56 7.6 188.1 199.4 14.10 0.053 1030.79 92.a62 7.399 100.261
---~---

_.._._-~ ------

11 0.39 7.8 193.9 201.9 9.20 0.066 1030.44- 83.096 12.323 95.419

12 2.12 7.9 194.8 203.6 5.03 0.028 1030.33 77.531 12.096 89.627



'(C.A;1,; 1970

PREC= RAI~F4LL FOR ~ONTH IN INCHES
PH= HYDROGEN lCN CONCENTRATION
ALK= ALKALINITY iN MG/L
HA~C= TCTAL HARDNESS IN ~G/L

T~RE= TURBIOITY IN JACKSON TURBIDITY UNITS
IRC~= IRON IN to'G/L
LL= LAKE LEVEL IN FEET ABOVE SEA LEVEL
s.= SURFACE ~ATE~ USED IN MILLION GAL/~CNTH

ftW= wELL ~ATER LSED !N ~ILLION GAL/~C~TH

T*=_TOT~L WATER USED I~ MILLION GAL/MON~H

0.0 INDICATES DATA NOT AVAILABLE

swLL

1030.27 77.892

1030.12 71.401

1030.07 14.982

1030.41 19.965

1031.14 lC4.506

1032.29 98.641

1031.67 126.397

1030.3$ 1J2 ... 678

1031.21 1<:6.014

1036.01 93.342

1036.91 79.015

1036.83 83.321

IRON

0.;)22

0.013

0.060

0.044

0.033

0 .. 206

0.072

0.066

0.072

O. ! 41

0.152

0.108

6.30

8.80

TURB

11.90

HARD

202.3

201.0 10.90

194. .. 9 12.00

190.4 6.40

1":;2.8 7.00

186.7 17.60

157.5 25.50

157.8 19.60

161",2 13.20

204.6 4.50196.2

1~6.9

194.4

182.1

178.3

197.5

196.5

180.9

170.8

141.7

143.5

7.9

7.8

7.5

7.6

7.3

PH ALK

7.8

7.5

7.6

7.7

7.7

e.17

2.92

0.60

3.43

1.58

0.25

Pr:lEC

3

2

5

a 2. (;6

6 1.83

II

12

~CNTH

~__ .~?__ ~.. 2.77



PREC= RAI~FALL FeR ~ONTH IN INCHES
PH= ~YD~CGEN'ION CONCENTRATION
ALK= AL~ALI~ITY IN ~G/L

HARe= TOTtL HA~D~ESS IN ~G/L

TCR8= TuRelOITY IN JACKSON TURBIDITY UNITS
lRC~= IReN IN NG/L
LL= ~AKE LEVEL IN FEET A80VE SEA LEVEL ---------_.-
s~= SU1FACE ~ATE~ USED IN MILLICN GAL/MONTH
~~= ~ELL ~ATER USED IN ~ILLIaN GAL/NC~TH

T~= TOTAL ~ATER USED IN ~ILLION GAL/~GNTH

C.O INDICATES DATA ~OT AVAILABLE

.-_._-----MCNTH P'lEC PH ALK HAi,:D TURB

.._._----- 1 1.015 7.8 146.3 166.7 7.60--_.
2 1 .71 7.B 149.4 lc6.6 6.10

- -- -.
3 0.03 7.7 151.1 115.7 10.60

4 1.60 7.5 155.4- 171 .. 6 15.60---------- -_.__ .

w 5 3.59 7.6 155.9 t 74. ~ 8.<:;10'"
C 5.54- 7.6 156.0 17 3.0 9.00

7 3.18 7.5 156.0 173.0 7.00- --_._----_.~~-.

6 2.C9 7.5 163.2 175.5 6.90

9 4.74 7.5 168.1 176.9 9.20

10 4.42 7.5 168.0 176.0 8.00.-_._-_.• _._-_._---

11 0.9.3 7.5 168.0 176.0 12.00

12 3.29 7.6 168.0 176.0 12.50

._------~--_._- ._-- -----------_._- - _.._._- ._-- ..- .. _..._--'-_.__ ...-_..._.-

--- .._. - .._-- .._-----_. - -_ ..__ ._--_... ~.- _. -.~ ._-

IRON LL sw WW TW

0.072 1036.87 8C.~B2. 15.350 95.732

0.038 1037.25 6':).341 19.703 8<;;;.044

0.072 1037.43 76.747 26.874- 103.621

0.072 1037.10 97.462 16.375 113.837

0.066 1036.91 1()7 .. 320 10.7te 118.168

0.066 1037.18 107.925 14.355 122.280

0.056 1036.86 123 .. 215 26.359 154.574

0.050 1036.24 118 .. <;50 17.976 136.926

0.038 1035.61 122.062 23.015 145.077

0.033 1036.20 1Cf..S18 2.755 109.573

0.033 1036.00 80.017 28.098 10S.115

0.038 1036.19 79.:331 31.989 111.320

--_._-_...-_..- _._ ... _.- --~--.- - -_.'-- ._- ..-- .~-- . _._--- .-



Y;';A.l:::: 1972

pqEC= RAINFALL FeR ~ONTH IN I~CHES

PH= HYCQCGEN leN CC~CENTRATlaN

ALK; ALK~LINITY IN ~G/L

hARC= TOTkL ~ARDNESS IN MG/L
TURB: TURBIarTY IN JACKSON TURBIDITY UNITS
IRCN= IRC~ IN MG/L
LL.;:;: LA.KE LEVEL IN FEET ABCVE SEA LEyEL .. .
sw= SU~FAC~ WATER LsED IN MILLION GAL/MONTH
~~= W~LL ~ATER USED IN MILLION GAL/~ONTH

Tw.;:;: TOTAL ~ATER USED iN ~ILLIGN GAL/~ONTH

0.0 INDICATES DATA NOT AVAILABLE

._.,- _._----- ---- -- --_._-~---- ...- _...-_._--- .-- .... _. ------- ~--_., ._--- --- .. _, ...--~----'"----_ .. _---._ .. ,-

PiAC" T H PREe PH ALK HARD TURB IRON LL S"

I C.33 7.8 167.8 175.6 6.20 0 .. 033 1036.38 77.076
.. . --~ --- -_.~-- - . -----_ . ---_.

2 0.67 7.8 169.4' 17'; .. 2 4.90 0.038 103f.27 3:'.645

3 0.59 7.7 172.6 179.7 11.30 0.038 1036.08 95.911

4 4.55 7.6 177.0 181 • 1 11.80 0",210 1035.94 108.749
-- --~---~ -----

....
5 2.89 7.6 171.0 ~UO.l 13.10 0.017 1036.88 U.O.2370'>

., 1.23 7.6 170.3 177.7 8.ao 0.017 1036.62 138.025

7 2.51 7.5 167.4 173",9 5.70 0.013 1036.39 140.219-._--- -- ------- ._...._.__ .

E 1.24 7.6 166.0 176.0 5.00 0.017 1035.69 133).:)':::2

9 0.43 7.5 171.3 176.6 7.90 0.013 1035.07 119.064-

10 6.47 7.6 174.0 178.0 12.00 0.013 1034.51 6~ .. 604
--~--- ---- ------ ------ ._------

I 1 5.57 7.7 170.4 173.2 12.30 0.013 1036.27 ~.a07

12 1.03 7.7 172.0 176.0 12.00 0.013 1036.55 62.e26

"- _ .. - -_.~-

WW TW

32.160 109.236

2g.177 110.522

29.406 125.317

17.292 126.041

22.351 132.583

42.402 180.427

59.358 199.577

70.980 2C4.632

59.106 178.170

99.242 :61.846

113.760 123.567

61.500 124.326

....--_.._--- - _."



YE.A~.= 197'::

PREC= RAI~FALL FOR MONTH IN INCHES
Ph= ~YCqCG~N ION ccr~CENTRATION

ALr~= ALKALI:--.JI TY I/',j IVG/L
hARe= TuTAL HARD~ESS IN MG/L
TvRB: TUREIDITY IN JACKSDN TURBIDITY UNITS
IRON= IRON IN MG/L
LL= LAKE LEVEL IN FEET ABOVE SEA LEVEL

_._-----_.~---~.-

SW= SU~FACE wATER ~SEC IN MILLICN GAL/MDNTH
~W= WeLL ~ATER USED IN V!LLION GhL/~QNTH

TW=. TCTAL '.MATE~ LSED IN MILLION GAL/to'Ql\TH ~_ .. _"

0.0 INDICATES DATA NOT AVAILABLE

MCNTH PR:EC PH ALK HARD TURB IRON LL SW 'liti

1 3.66 7.9 165.5 17500 5.90 0.013 1037.16 81.704 43.676-----_._----- --_. -,,------ ._----- --- - -_ .._~ .. -

2 1.23 7.9 166.0 175.0 6.00 0.013 1037.88 81.142 36.471

--- -_.'---
3 7.31 7.9 162.0 174.3 20.00 0.013 1039.34 82.130 43.139

4 3.19 7.7 155.3 162.0 22.50 0.006 1040.91 B2.013 43.035..- _... - -_._.'-- ------- ._-_ .. ,--

w 5 5.92 7.6 158.1 162.1 14.40 0.006 1039.95 e7.:'06 67.131...,
6 6.18 7.7 152.1 157.6 16.30 0.010 1040.79 122·Q16 16.972

7 2.41 7.4 150.7 157.4 11.30 0.010 1039.23 135,.'548 41.144
._._----~--

8 O.'i9 7.3 150.1 163.5 9.50 0.116 1038.70 1,~6.Bel 55.352

-- •.- - ._- "

9 9.31 7.1 156.8 163.1 17.80 0.181 ).038.87 85.442 56.842

10 3.51 7.2 149.5 154-.5 20.90 0.167 1039.50 59.394 9S.292--"-----

11 3.10 7.7 151.2 151.1 17.80 0.163 1039.50 :::2.993 116.476

12 0.47 7.3 155.7 153.0 15.30 0.163 1039.46 62.939 81.588

T.

117.613

125.048

154.237

139.888

176.692

202.243

142.284

157.686



PRfC= RAI~FALL FOR ~CNTH IN INCHeS
PH~ rysqcc~~ ION CC~CE~T~ATION

ALK= ALKALI~IITY IN ~G/L

hA~C= TOTAL H~RC~ESS IN MG/L
TURE= TUReIOITY IN JACKSON TURSIDITY UNITS
I ;CN= IRC!\; IN MG/L
LL~ LAKE LEvEL rN FEET ABOVE S~A LEVEL
$w= SU~FACE wATE~ U5~D IN ~ILL!O~ GA~/~CNTH

~~= ~ELL ~ATER USeD IN ~ILLION GAL/~ONTH

T~= TQTAL WATER ~SED IN ~ILLION GAL/~C~TH

0.0 INDICATES DATA NOT AVAILABLE

-_._-------- -- -~.~-~ ~~-------~._---- .... _.-~. _._ .. - - .._- ._. --_. _.- ._--_.__._-_. - .. _--------_._---_._- .. _------- -- _...._- --~

~"CNTH PR~C PH ALK HARD TURB lRCN LL S>: ww Tw

1 0.14 7.4 158.8 157.7 8.80 0.018 1039.47 60.552 77.739 146.291-------- ._._------

2 1.64 7.2 161.4 1 n2 • 5 8.90 0.154 1039.36 62.586 76.192 138.778

- 1.77 7.0 165.7 167 .. 3 16.00 0.150 1039.32 75.370 73.933 149.303

4 2.78 7.6 168.5 171.1 22.30 0.188 1039.05 97.(;63 6S.705 163.358

w
S 4 .. 19 e.l 168.0 1 7~·. 0 20 .. 00 0.3 11'+ 103g.73 122 .. 27':' 56.609 178.683co

6 2.23 8.1 167.8 171.2 17.40 0.213 1039.49 124.964- 55.509" 180.473

7 0.36 8.1 168.1 166. C 12.20 0.288 1038.83 149.~37 137.796 287.133
- ~._----

e 5 .. 22 8.1 162.5 161" 7 12 • .l'~0 C.1 e3 1(;38 ... 26 134 .. S03 51.905 166.413

9 4.57 Sol 164.0 16C .. O 12.00 0.180 1037.99 122.578 46.642 169.220

10 5.04 e.l 162. a 165,,0 23.00 0.169 1037.89 91.151 77.608 168.759

11 1.83 8.1 162.0 165 a O 13.00 0 .. 154 1039.64 70 • .376 60.649 140.025

12 1.36 8.1 162.0 168.0 a.oo 0.161 1039.23 64.801 66.745 131.546

- -_.- -- -'--~.- -- --~_._~------_ .. _------- . - '--' ~ .. - .



Min~rale: For chlorid~s. sulfates, and total dissolved solids th~ arithmetic mean of the con

c~ntr.tions of the samples t8k~n for a year at any point shall not exc~ed on~ standard

deviation grenter than the arithmetic ne~n of th~ historical data. Not more than one

in twenty samples ~andomly collected shall exceed two standard deviations greater than th~

arithmetic mean of the historical data g~nerated for that point.

B"ct~ria: In areas d~sign"t.. d as recre3tional, primary body contact, or a public or private

water supply, b~cteria of the fecal col;.form group shall not exceed a monthly geometric

rnean of 200/100ml, a.s det~rmined by multiple tUbe fermentation or membran~ filter

procedur~s and based on a minimum of not less than five sampl~s for any 30-d"y period,

nor shall more than t~n percent (10%) of the total samples during any thirty day period

exce~d 400/100ml.

In areas designated secondary body contact bact~ria of the fecal coliform group shall not

exc~ed a monthly geometric m~an of lOOO/lOOml, nor shall more than ten p~rc~nt(lO%) of
w
~ the total samples during any 30-day p~riod exceed 2000/100ml.

Oil and:

Grease

So' ids:

Essentially free of floating or ~mulsified oil and ~reas~.

Free of floating devris, bottom deposits, scum, foam and other materials of a p~rsistent

nature from other than natural sources.



Turbidity: Turbidity of other than natur~l origin ghall be restricted to the following in-stream

nurr.f"':rical "'falues:

Cold ~ater Streams (those designated

as small-mouth bass or trout fisheries)

25 Jac~son Units

50 Jackson Units

10 Jackson Units

Color: Color producing substances of a persistent nature from other th.n natural sourCes

shall he limited to concentrations which will not be detremental to beneficial uses.

Temperature:

During any month of the year, heat shall not be added to any stream in exces, of the

amount that will raise the temperature of the water more than 5°F. ·In lakes the

temperature of the epilimnion shall not be raised more th"n 3°F aboTe that which

existed he fore the ad~j.tion of ~rtifioial heat. Normal daily and seasonal fluct-

mRximum tem~erature\lations shall be maintained. The

not exceed 68°F in tr01~t streams, Q4 0 F 'v l.n small mOllth

due to man-made causes shall

ba"", streams, or 90
0

F in all

other streams ",,0 l"kes except for the following:

Arkansus River from Kaw Reservoir Dam to the Headwaters of Keystone Reservoir 94°F.

Arkansan River from Keystone Reservoir Dam to Coody Creek near Muskogee, Okla 93°F.
o

S~lt ForK Arkansas River 93 F.

R d R ' 1 d' L 1. Texoma 9)"oF.elver exc U lng a~e

North Fork Red River 91
o
F.

Taste and Taste and odor producing substances from other than natural origin shall be limited to

Odor: concentr~tions that will not interfer~ with the production of potable wat~r by modern

treatment methods or impart off-color or unpalatable flavor to flesh of fish, or

result in offensive odors in the vicinity of the water, or otherwise interfere with bene-

fici;:ll uses.



Die""lved

CXY5en :

Nutrients:

The dissolved oXYGen concentration shull not be lees than 5mg/l for all warm waters,

end 6M~/1 for those waters desir,nated as small-mouth bass or trout fisheries. Diurnal

variatione may cause the dissolved oxygen to decrease lmg/l belol'! the above values

for short periods (not to exceed 8 hours) during any 24 hours provided that the water

quality is favorable in all other respects.

The total phosphorous concentration and nitro~en/phosphorous ratio shall be liWited

to prevent eutrophication problems.

Toxic Toxic substances shall not be present in such quantities as to cause the waters to be

Substances:toxic to human, animal, plant, or aquatic life, nor detrementDl to any beneficial Use

including continued ingestion by liveBtock or continued use for irrigation. For

aquatic life, using bioassay techniques, the toxic limit shall not exceed one-tenth

of the 96-hour median tolerence limit for the most sensitive species common to the

stream. In the absence of information on the most sensitive species the concentration

shall not ~xceed the one-tenth of the 96-hour median tolerance limit to Pimephales

promehs (Fath.. ad ~']innow) and/or L"pomis lI1acrochirus (BlueSill).

Specj.es A diversity value for benthic (bottom dwelling) macroinvertebrate organism~ shall

Diversity be maintained at a minimum of three (3) unless natural conditions op pheno~ena CaUse

Index:

Eli:

the value to be less.

The pH shall be between 6.5 and 8.5. pH values below 6.5 and above 8.5 must not be

due to waste discharge.


