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Abstract:

Regression equations were developed for the individual common ions versus electrical conductivity
(EC), and the individual common ions versus EC and flow (Q). These regression equations relate the
instantaneous concentration of common ions in Meq/L to the instantaneous EC and Q in pumhos/ cm @
25°c and cfs, respectively. The regression equations relating the common ion concentrations to EC
produced relatively good results. A cation-anion balance was used to determine the quality of the
simulated common ion concentrations.

Water quantity and quality models based upon the principle of conservation of matter and employing
the macro-to-micro philosophy were developed on an annual basis. A methodology for obtaining the
quality model from the quantity model was developed. The quantity model simulates the amounts of
flow associated with the various flow components; and the quality model simulates the EC associated
with the various flow components. The use of EC in the quality model provides the necessary
parameter for the use of the regression equations involving the common ion concentrations.

Both the quantity and quality models provide reasonable results that would be expected on an annual
basis.
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ABSTRACT

Regression equations were developed for the individual common ions
versus electrical conductivity (EC), and the individual common ions versus
EC and flow (Q). These regression equations relate the instantaneous con-
centration of common ions in Meq/L to the instantaneous EC and @ in pmhos/
cm @ 25°c and cfs, respectively. The regression equations relating the
common lon concentrations to EC produced relatively good results. A cation-~
anion balance was used to determine the quality of the simulated common ion
concentrations, .

Vater quantity and quality models based upon the principle of con-
servation of matter and employing the macro-to-micro philosophy were
developed on an annual basis. A methodology for obtaining the quality
model from the quantity model was developed. The quantity model simulates
the amounts of flow associated with the various flow components; and the
quality model simulates the EC associated with the various flow components.
The use of EC in the quality model provides the necessary parameter for the
use of the regression equations involving the common ion concentrations.
Both the quantity and quality models provide reasonable results that would
be expected on an annual basis, i




CHAPTER I .-
Introductiohf;i":

The passagé of the Federal Water Po;lgtion Conirol Act Amend-
ments of 1972, Public Law 92-500, éxemplifiésTa ma jor concern for the
protection of water quality in the nation's waters. Congress stated
that the goals of the Act were to restore and maintain the chemical,
fhysical, and biological integrity of these wateis (Ref.'l). Thus,
the Act implied the need to describe natural variation in the chemical;

- physical, and biological behavior of the water ecosystem. These
descriptions are needed in order that rational management decisions,
can be made with respect to water quality.

In résp@nse to P. L. 92-500, many gdveinmental agencieé that
are concerned Qitﬁ—water resource management have been collecting water
quality data on the nation's watérways. "As watei quality data increases
in amount, it is necessary to analyze the data for relationships which
can be used to determine what the natural variations of the various
factors are in the ecosystem. These relationships can also provide
predictions needed in water quality managemen;. Further, such relation-
ships may identify those parameters for which more data is needed and
those parameters for which data collection can be discontinued.

Recent concern for the water quality in the Yellowstone River
Basin in Montana has increased due to the increase in coal and energy

related developments in the middle portion of the basin. An intent of

this study was to analyze the available data for relations that would
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aid in the water quality management of this area of the Yellowstone
Rivep Basin,

The invgrse relationship between the concentration of dissolved
constituents and flow (Q) has been well documented in the literature.
This hyperbolic relationship has been pursued in a number of inves-
tigations on natural waters to determine regression equations. These
regression equations are generally in terms bf the logarithm of con-
stituent concentration versus the logarithm of the flow (Ref. 7-11).
Total dissolved solids (TDS) has received by far the most attention in
its inverse relationship with Q (Ref. 8, 9). To date, these regression
equations have involved the concentration of dissolved constituents in
mass per volume units. In this study, however, the concentration of
the common ions used in régression equations are in terms of milli-
equi&élence per 1i£re (Meq/L) which is a measure of the number of
charged ion particles per volume. The regression equations are in terms
of these concentrations for the common ions versus the measured electri-
cal conductivity (ECM) and Q. In a recent investigation by Leonard
Frost,'Jr. (Ref. 5), linear regression analysis was performed on a
number of dissolved.constituents,including the common ions in mass per
volume units of concentration, with ECM. .

The majority of water quantity and quality models documented
in the literature develop an extremely detailed model of a small incre—A
mental element of a basin., Often times, because of the extremely |

complex nature of the interacting components of a real world hydrologic
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system, the model is either unsolvable, or because of generalizations

and appfoximations does not give realistic results. In this study,

the macro-to-micro philosophy of modeling of large scale systems was

enployed. This approach proviqes a number of advantages. First of
all, it provides a working model of the system from the very beginning.
Even though the model at the most macro level may not produce usable
results, it provides a stepping stone toward the micro level. The
formulation of relationships at the mécro level provide structure that
can be built upon at the next level of modeling. Thus, a systematic
develépment of working models is produced ﬁhich allows for feedback of
information. The next level of modeling, toward the micro, providés a
check on the model at the previous level., Another advantage to this
method of modeling is that in many instances usaﬁle results can be

obtained from the first few levels (Ref. 2).

Scope and Objectives

The scope and objectives of this study were:

1. To deveiop a system of feéression equations for predicting
the level (conqentratioﬁ) of selected water qualify parameters at
specific points along the Yellowétone River and its major tributaries
between Billings and Miles City, Montana. Relationships were sought
between the common ions - calcium (Ca), magnesium (Mg), sodium (Na),
potassium (X), bicaxl'bonate.(HCO3), carbonate (CO3), sulfate (SOy), and

chloride (Cl) - and the measured electrical conductivity (ECM), and flow




-
(Q). The specific-points on the Yellowstone River were the U. S.
Geological Survey water quality and quanfity stations at Billings and
Miles City. The poihts on the major tributaries were the U. S. Geolog-
ical Survey water quality and quantity stations on the Bighorn River
near its confluehée with the Yellowstone River at Bighorn, Montana, and
on the Tongue River near its confluence with the Yellowstone River at
Miles City. |

2. To initialize an approach to the large scale modeling
required to describe incremental changes in water quality parameters as
a result of various water use categories in the Yellowstone River Basin.
The Montana State Department of Natural Resources and Conservation's
water planning model was calibrated on an annual'basis for>the Yellow~"
stone River sub-basin 42KJA (Ref. 2, 3). The water planning model is a
flow, hydrologié, or "quantity" moﬁel which has the potential of provid-
ing the flow éomponent quantities required in modeling water quality.
After the calibration of the water quantity model for sub-basin 42KJA
on an annual. basis, thié model was employed in developing a water quality

model,

Physical Description of the Study Area

Figure 1 shows a sketch map of the middle portion of the Yellow-
stone River Basin. This portion of the Yellowstone River Basin is on
the western edge of the Great Plains. The basin is generally an area of

rolling hills with gentle to moderate relief., The major surface water
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6.

inflows to the study area are the Yellowstone and Bighorn Rivers. The
confluence of the Yellowstone and Tongue.Rivers mark the eastern bound-
ary of the study area. The Tongue River is not inclﬁded as an iﬁflow to
sub-basin 42KJA.

_ Mountains to the west and southwest of the middle portion of
the Yellowstone River Basin create a moisture shadow. Air masses
moving toward the basin from these directions must rise to get bver
the mountains, and thus lose most of their moisture before.reaching the
basin. Average annual precipitation for the area ranges from 11 to 16
inéhes per year (Ref. Ly,

Abéut 75 percent of the land in the middle portioﬁ of the Yel-
lowstone River Basin is used for pasture and'rahge land in the production
of livestock., Of the irrigated iands; aﬁoht 70 fercen{ is used in the
ﬁroduction of hay, pasture and sugar beets. There is also a subétantial
amount of dryland farming for the production of grains, With the'renewed
interest in coal development, certain areés of this portion of the basin
may, in the future, be supporting vast strip mines.,

Agricultural irrigétion is ;he primary water use in the basin,
With the increase in coal and energy.developmént expected to occur, the
amount of water needed for industrial use will increase, but agricultural

uses will probabiy still dominate because of existing water rights,




CHAPTER II

Ion Concentration Versus Electrical

Conductivity and Flow Relationships

In this study, the dissolved constituents of interest are the
common ions. The common ions represent the major cations and anions‘
dissolved in natural waters. These ionic species are the positive
(cations) and negative (anions) components of salts that have beéome
dissolved in the water. These common ion constituents of natural waters
are most likely derived from direct chemical solution of minerals in
' ro;ks-and in soils in which the water comes into contacf.

The common ion concentrations are generally expressed in milli-
grams per litre (Mg/L). This is a mass (weight) concentration. The
mass of an ionic constituent divided by its equivalent combining mass
_ (weight), termed equivalent weight, gives a measure of the number of
jonic charges (positive or negative) of that specie in the water solution.
The equivalent weights of the common ion, listed in Table 1, can be
found in any general chemistry textbook. The result of the division of
the mass concentration of an ionic ;pecie in Mg/L by its equivalent
welght has the units milli-equivalenée per litre (Meq/L). In all natural
watef solutions there exists electrical neutrality, i.e. the number of
positive charges equals the number of negative charges. Thus, by
sumning the concentration in Meq/L, of all fhe positively charged ions
(cations) and subtracting the sum of all the negatively charged ions .

(anions) the result should be zero. Of course, there are many other
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TABLE 1
Equivalent Weights and Conductance

FPactors for the Common Ions

Common Ion Equivalent Weight . Conductance Factor

(abbr.) (Mg/Meq) (pmhos/cm @ 25°¢/Meq/L)
Ca 20,040 52,0
Mg 12,156 b6,6
Na, o 22.990 | ‘ 48.9
X : 39,102 72.0
HCO3 60.998 - . 436
CO3 | 29.995 | 84.6
SOy 48.030 73,9

Ccl 35.453 759
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constituents dissolved in natural waters‘besides the common ions.
Generally, the total aﬁount of these other constituents is so small
compared to the total amount of the common ions that they add little to
the sum of either cations or anions and are well within the experimental
error involved in measuring the common ions. Thué, in determining the
sum of cations and anions in natural waters only the common ions are
considered. The difference between the sum of cafions and the sum ;f
anions is termed the cation-anion balance. The cation-anion balance is
generally used to indicate the quality of a chemical analysis performed
on a sample of natural water. |
Since the common ions exist in natural waters as charged‘species,
natural waters are electrolytic; i.e., they are qapable of carrying an
electric current. The conductance of a water solution is related to the
amount and type of dissolved ionic constituents. For example, a solu-
tion with a high concentration of common ions has a higher conductance
‘than does a solution with a low concentration of common ions. Also,
under identical conditions, potassium ions are better conductors than
calcium ions., This is an innate feature of the individual ions. Thus,
each ionic specie in a solution of natural water makes a contribution_to
the overall conductance of that solution, Tﬁe conductance for‘strong
electrolytes as the common ions are classified, approachés a definite
value at infinite dillution. That is, when no other ions are present
and the conqentration of a particular ion is decreased, the conductivity

due to that ion approaches a limiting value. This limiting value is
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generally termed the conductance factor of the particular ion. Values of
the conductance factor for the common ions are given in Table 1 in the
uni;s of micro-pmhos per centimeter at 250 per Meq/L (umhos/cm @ 25°¢c/
Meq/L). The common unit of conductance reported in the analysis of natu-
ral waters is umhos/cm @ 250c. Of course, solutions of natural waters are
not infinitely dilute and thus, an electrical conductivity calculated from
the amounts of the various common ions'(ECC) is generally higher in value
than the actual measured electrical condﬁctivity (ECM), This is primar-
ily due to the perturbing effect the ions have on one another, which
decreases their mobility. As a part of this study, an investigation was
made to determine whether a statistical relationship existed between ECH
and ECC, an& the individual common ions. Ali relationships between common
lons, electrical conductivity and flow rate employ Meq/L for common ion _

concentration, pmhos/cm @ 25°%¢ for electrical conductivity, and cubic feet

per second (cfs) for flow.

Data Availability and Preparation

For the common ion and ECM data available.a£ the selected sites,
there are two types, composite and instantaneous. Composite data are
obtained by combining a number of samples together according to the
value of the flow at the instant each samplg was taken. Thus, a com-
posite gives a flow weighted average over a partiéular-timg ;nterval.
Composite data for the selected sites are available from U. S. Geological
Survey annual water resources reports (Ref..6). Instantaneous data are

obtained from individual samples taken at any instant in time. The term
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grab sample data is often used to imply instantaneous dat%. Instanta-
neous data is available from thé U. S. Geological Survey annual reports
and from the Montana State Water Quality Bureau. Siﬂce one of the
objectives of the study was to determine relationships between common
ion concentration, ECHM, and Q, the instantaneousidata were preferred to
the composite. Also, once the regression equations for the com;on ions
vere developed the compqsite data would poésibly provide a check; much
like the split record approach of validation in modeling. Data from
the Water Quality Bureau was generally incomplete; i.e., missing certain
vaiueé of common ion parameters or not having instantaneous flow values.
The period of recoxrd for which data arelavailable at tﬁe four sites is
tabulated in Table 2. Only data predating Yellowtail Reservior (1967)
were used for the sife on the Bighorn River, ‘Tﬁe data is usually taken
at monthly intervals. The earlier data are generally composite and
the later data, instantaneous. - Another reason for preferring the
instantaneous data in the construction of the regression equations is
that the most current data has the benefit‘of'Better technology.

As previousiy mentioned, thé cation-anion balance is commonly
used to determine the quality of é common ion analysis. This same idea -
was extended to determine the quality of the available instantaneous
data. By using the cation-anion balance, a screening process was devel-
oped to exclude any sample data for which there was a high probability

of error either in the chemical analysis or in the printing of the data

for publication. A data point consists of the measured concentrations of
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TABLE 2 -

Data Availability for the Four Sites

o 5 o+ e AR X aee ten

Type of Data

Site Period of Collection
Yellowstone River 10/50 - 9/58 Composite
at Billings 7/63 - 12/69 Composite
1/70 - Current Instantaneous
Bighorn River 11/45 - 8/47 Composite
at Bighorn 3/49 ~ 12/50 Composite
1/51 - 12/69 Composite
1/70 - Current . Instantaneous
Tongue River 9/48 - 9/49 Composite
at Miles City 1/51 - 12/69 Composite
1/70 - Current Instantaneous
Yellowstone River 10/68 - Current Composite/
at Miles City™ Instantaneous

*For the site, Yellowstone River at Miles City, the flow is
taken below the confluence with the Tongue River and the common ion
and electrical conductivity data are taken above the confluence.

PrEc——r
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the various common ions in Meq/L, the measured electrical conductivity
(ECM) in umhos/cm @ 25°¢ and the measured flow (Q) in cfs. The cation-

anion balance which was termed the difference between the sum of the

.cations and the sum of the anions is not in itself a good gage. For

example, suppose that the sum of the cations and the sum of the aqions»
were 2.00 and 1.50 Meq/L, respectively. Then tﬁe cation-anion balance
would be .50 Meq/L. Now suppose for another sample %he sum of the
cations and the sum of the anions were 5.00 and 4,50 Meq/L respectively.,

Again, the cation-anion balance would be .50 Meg/L, but clearly the - -

 cation-anion balance in the former case is more seriously in -error than

in the latter case. 1In order to use the cation-anion balance for com-
pafison to determine qualify, the balance was normalized by dividiné by the
average of the sum of cations.and.anions. This normalized cation-anion

balance was termed the error of balance (ERR) and is given algebraically

by:

(= cations - s anions) (1)
(= cations - =anions)/2

ERR =
Tables A through D in Appendix I are tabulations of the raw data for
each of the four sites. The concentration of the common ions for this
data is in Mg/L. Tables E through H in Appendix T give the concentration
of the common ions in Meq/L, the value of'ERR, the ERR sample mean

(ERR), and the ERR sample standard deviation (Sgrg) for each data point

'at the four sites.

For a’given data point, the values of bicarbonate (HOC3) and
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carbonate (CO3) together make up what is termed the alkalinity (AILK).
In natural waters, especially in this region, HCO3 is by far_the ma jor
contributor to ALK. This is basically due to the fact that CO3 can only
exist in natural waters ﬁhen the pH is greatér than 8.3. At a pH of 8.3,
any CO3 present is chemically converted to HCO3. HCO3 also has another
source besides the solution of minerals from rocks and soils; photo~
synthesis. Photosynthesis produces éarbon dioxide (CO2) which combines
with water (Hz0) to produce HCO3. CO3 seems to be significant when pre-
sent, but most often'it is not present. AIK and HCO3 were used in this
study rather than HCO3 and CO3. When good regression equations exist for
AIX and HCO3, the concentration of 003 can be determined from the dif-
ference in ALK and HCOs. |

For the data points at each of the four sites, the EﬁR values
were statistically tested for normal distribution with population mean
(ugrR) equal to zero. A chi-square goodness'of fit was employed to test
fhis hypothesis. .Rejection of the hypothesis could imply thé following
conditidns:

1. The sample is not representati&e of one having an underlying
normal distribution.

2. The population mean (uggrg) is not zero.

3. Both, ngpg is not equal to zero and the underlying distri-
bution is not normal. »
A rejection of the hypothesis because ugpp is significantly different than

zero could mean that the assumption of the -common ions being the major
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catiéns and anions in natural water solutions is not upheld. Neglécting
a significant constituent in the determination of ERR would-caﬁse HERR
to be different than zero. Figures 2 through 5 show flots oﬁ normél

probability éaper of the ERR data associated with each site. If the
.ERR data falls along a straight line this indicates the possibility of an
underlying normal distribution. The chi-square goodness of fit test for
the ERR data for the Yellowstone River at Billings is shown in Appendix
II. The chi-square goodness of fit tests for the other three sites
were performed similarly. For each site, except the Yellowstone River
at Miles City, the underlying distribution was determined to be normal:
Wwith pgRR equal to zero. The level of significance (e0) for the chi—
square goodnesé of fit tests was set at .05. Since the hypothesis of
a norﬁal distribution with uggg equal to zero was rejected for the Yel-
lowstone River at Miles City, a hypothesis was set up to test whether or
not ugRrp was significantly different than zero. The z test statistic
was employed for testing this hypothesis. The actual hypothesis test is
shown in Appendix II. The resu1£s of these hypothesis tesits are summa-
rized in Table 3. |

Using the normal distribution, upper and lower limits were

determined on the ERR data for a 95 percent probability of occurrence.

Pr(L < ERR < u) = .95

L - pgrR , ERR - MERR , U - BERR \

Pr< { (——] = .95
OBRR SERR ORRR

Thus, the lower limit, L, is given by: '




©
©
©
4 0
b
3
5
g 5
o |
8
(&)
"-05_ O
‘007" O
-,09 |- ©
| | | | | | | Pl | | | I | i |
St 5 10 20 30 40 50 60 70 80 90 95 98 99 - 99.9

Cummulative Probability

Figure 2. Grouped ERR Data for Yellowstone River at Billings
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Site

TABLE 3 .

Summary of Hypothesis Testing for the Various Sites

~

Hypothesis Test

Test Statistic

Degrees of Freedom

Critical Test*
Statistic Limit

Yellowstone River.

at Billings

Bighorn River
. at Bighorn

Tongue River
at Miles City

Yellowstone River
at Miles City

Yellowstone River,

at Miles City

Ch14square
Goodness of Fit

Chi-square
Goodness of Fit

Chi-square
Goodness of Fit

Chi-squafe
Goodness of Fit

7Z Test
for Means

X2 = 5.28

X2 = 2.90

»s
N
|

3.67

~
N
0

17.77

0.51

5

X2 = 11.07
7.81
X2 = 7.81
X2 = 7.81

1.96

N

<
N

14+

*X= ,05 level of significance for all tests

(074
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L'= -1.96"65mg
and the upper limit, U, is given by
U = 1.96*6%zg
- The sample standard deviation (SERR) was used as an approximation to
6fRR. These upper and lower limits, termed acceptance limits, wére ﬁsgd
to screen the data. For example, consider a data point whose ERR Qalue
falls outside the interval created by the acéeptance limits, Such a
data point has a probability of occurrence of only .05. Since errors can
be made-in the chemical anaiysis of a water sample or in the tabulation
and publishing of the data, there is a relatively high probability that
some of tﬁe data for this data point is incorrect. By rejecting data
points whose ERR values lie outside the interval, only good quality data_
is used in the development of the regression equations, One of the char-
acteristics of least-square regression analysis is that minimum variance -
rather than minimum deviation is used., Thus, if erroneous_data is used
there is the possibility of the analysis showing little or no statistical
correlation when in fact one does exist. Since the hypothesis of ﬁ
normal distribution for ERR was rejected for the Yellowstone River at Milesz N
City, no'attemp£ waé made to screen this data. This screening process \
resulted in the rejection of 3 data points'ffom the 68 data points for
the Yellowstone River at Billings, 3 data poiﬁts from the 66 data pointé
for the Bighorn River at Bighérn, and 2 da&a‘points from the 66 data

points. for the Tongue River at Miles City.
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Regression Analysis

At each of the four sites, lineaf regression'anélyses.ﬁéré per-

- formed on the acceptable défa.' A value for the calculéted‘electrical
conduéti?ity (ECG).was determined for each data point at each éité using
the conductance factors'in Table 1.- | | |

Be ==y Ky (lem)i (2)

Where Ki is the conductance factor for the ith ion, and-

(ion); is the concentration in lMeg/L of the 1th ion,

The BCC along witﬁ fhe coﬁmon lons were regressed individually:with.the A
natural logarithm of the ECM as the independent variable. .Thelresulis of.:
the linear regreséion anél}ses for the fouf'éitgé are shéwn in Tablgé-& -
through 7. The general form of the regression equations is: j T

.i(ion>i = bi log(ECH) - ai ) -

Where: B - - l

(i0n); is concentration of the ith
ion in Meg/L-or ECC - o

ail and bi are the regression .
" -constants for the ith ion

HCM is in umhos/cm é~2§éc_ 
The regreésion equations haVe'high R? values gxqep£ fqr:thoseiof:k and. .
Cl. - The Rzlvaiues for!thése fﬁqlioné are consisten%ly low for each site;
The t—v#lues listed in_fableé b throﬁgh 7'fefer'tq'tbe significancg of...
the coefficient bi on the independent variable. The..Oﬁ:significaﬁcé '

level («) for. the regression




TABLE 4
Summary of Linear Regression Fquations with Log (ECM) as the

Independent Variable for the Yellowstone River at Billings

\?:.g;g%izt g Regression Equation R2 Vaiue
ECC ECC = 359.68° Log (ECM) - 1699.03 959 38.60
Ca Ca = 1.322+ 1og (ECM) - 6.004 .923 27.45
Mg Mg = 0.8547° log (ECM) - 4.022 939 31.02
Na _ Na = 0.9595°* Log (ECM) - 4.595 .891 22.68
K | K = .05645« 1og (ECM) - .2509 - . 561 8.97
ALK ALK = 1.543 « 1og (ECM) - 6.716 .963 40,41
HCO4 HCO3=  1.538 - log (ECM) - 6.686 - .962 39.65
SOy S0y, = 1.454 « Tog (ECM) - 7.153 .908 | 24,87
¢l cl = .1409 * 1og (ECM) - .6565 : . 669 11.29

€2




TABLE 5

Summary of Linear Regression Equations with log (ECM) as the

Independent Variable for the Bighorn River at Bighorn

Dependent T

Variable Regression Equation R2 Value
ECC ECC = 1116 « Log (ECM) - 6479 .926 27.66
Ca Ca = 3.047 « Log (ECM) - 16.91 .822 16.75
Mg Mg = 2.420 « 1og (®CM) - 14.17 791 15.19
Na Na = 4,194 « Tog (mCM) - 24.90 .854 18.85
K X = .07011 « Log (ECM) - .3750 396 6.33
ALK ALK = 2.132 « Log (ECM) - 11.04 .736 13.03
HCO3 HCO3= 2.092 « Log (ECM) - 10.78 .707 12.13
SOy soy = 7.018 « Log (ECM) - 41.66 .892 22.50
¢l ) o 2846 + Log (ECM) - 1.635 «571 9.01




TABLE 6
Summary of Linear Regression Equations with Log (ECM) as the

Independent Variable for the Tongue River at Miles City

3:£i2%§2t : Regression Equation R? Vaiue
ECC ECC = 1023 + log (ECM) - 5813 .940 31.27
.Ca Ca = 2.278 « log (ECM) - 12.15 .807 16.09
Mg Mg = 3.756 + log (ECM) - 21.64 .898 23.35
Na Na = 3,067 . log (ECM) - 17.84 . - 811 16.30
X " K = ,09219 * Log (ECM) - .4877 514 8.09
ALK ALK = 3.448 + Log (ECM) - 18.56 .830 1737
HCO3 HCO3=  3.411 + log (ECM) - 18.33 ‘ 822 16,94
SOy S0y = 5.595 * log (ECM) - 32.65 .898 | 23.38
45 Cl = .09498 » Log (ECM) - .5214 535 8.45

G2




TABLE 7

Summary of Linear Regression Equations with Log (ECM) as the

Independent Variable for the Yellowstone River at Miles City

325:2%5? Regression Equation R2 Va]t.ue
ECC ECC = 625.6 *+ log (ECM) - 3272 960 26.86
Ca Ca = 1.834 . log (ECM) - 9.130 933 20.50
Mg Mg = 1.355+ Log (ECM) - 7.070 .907 17.14
Na Na = 2,207 + Log (ECM) - 11.83 .9u8 23.34
X K = .0620 * Log (ECM) - .3069 .837 12.41
ALK AIK = 1,660 « Log (ECM) - 7.816 .960 26,84
HCO3 HCO3= 1.637 + Log (ECM) - 7.688 .957 25.92
S0y, SOy = 3.610 + log (ECM) - 19.56 .927 19. 57
i €l = .1926 + Log (ECM) - 1.006 .840 12.56

92
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constant, bi, is + 1.96. If the t-value is greater than 1.96 or less
than -1.96, then the regression coefficient has §tatistical significance.
Thus, the ééefficients, bi, are all significant, e&en those for the
regression equations of K and C1. The low R2 values-for the K and C1 -
regression equations may suggest fhat the variations in.k and ¢1 are not
sufficiently measu;able with variationé in ECM. The magnitude of tﬁe K
‘and Cl concentrations are relatively émall in compariéon t? those of £he
other common ions. K and Cl concentrations are reported generally to
only two significant figures. The current analytical methods for deter-
mining K and Gl céncentrations can yie}d more accurate results than
have been published.__The publishing of X and C1l concentrations to only
two significant figures is probably due to historical publishing and the
fact that more accurate results have little effect on the cétion-anion
balance., By replacing the regression equations for K and C1 with the
regression equation for ECC and the cation-anion balance equation, a
better set of regressions might be produced( The procedure would be té
calculate all the common ion concentrations, except for K apd cl, from
their respective regression equations and theh solve {he ECC regression_
equation and the cation-anion balance equation simultaneously for K and
Cl. In the ECC regression equation, ECC would be replaced by its
_expression from eduation (2). ' The undesirable aspect of this system 6f
equations is that the cation-anion balance equation is lost as a check
on the predictéd valués of the common ions. The possibility of using

the ECC regression equation to show consistency is also lost.
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The form of the regression equation for ECC may be quite'realis—
tic, i.e. a physical regression equation as opposed to a purely
statistical regression equation. For high ECM values the ECC values
would.tend to be quite a bit larger than the ECM values, whereas at
low ECM values the ECC values would tend to be closer to the ECM values,

_Physically, this may be due to increased interference with ion.mobility
and the possible lack of full ionization of the salt molecules at high
ECM values.' The high,Rz values assoqiéted with the regression equations
for the common ions may indicate that the relative proportions of the
commoﬁ ions in natural water solutions remain somewhat constant. For
example, suppose that the fraction, (ion);/ECC, eqﬁaled a constant:

(30n);/ECC = C4 (%)
Then from the regression equation for ECC '
ECC = B log (ECM) - A

upon suﬁstituting for ECC from equation (4) and rearranging terms, the
following relation is obtained: |

" (ion)y = (C4°B) log (EcM) - (Cy-A)
This is the form of the regression equations for the -common ions, equa-
tion (3) where (Cj+B) would be bi and (C4+A) would be ai.

Using the regression equations in Tabies 4 to 7, and the ECM data
from which the regression equations weré originally generated, values of
the common ions were simulated. These simulated values for the common
ions for the four sites are shown in T#bles 8. through 11. The common ion

concentrations have been converted back to Mg/L for comparison with




TABLE 8
Simulated Common ion Data in Mg/L for

the Yellowstone River at Billings

Ca Mg Na K HCO3 €03 SOy cl (umho/cm @ 259¢)
(Mg/L) (wg/L) (Meg/L) (we/L) (Mg/L) (Mg/L) (Me/L) (Mg/L)  ERR ECM' ECM
7.0 - 13.2 - 264 b 1R 50 - 7,6 6.6 -.0046 391 393
37.7 1%.4 25.9 3.4 351,77 o0 72.9 6.5 -.0048 387 389

‘38,3 13.3  26.4 Fobt 51598 0. Ph.5 6.6 -.0044 396 398

L2 .4 14.9 29.8 £ 168.4 .0 85.4 7.4  -,0021 459 Lé5
40,8 14.3 28.5 3.6 162.8 .0 81.2 7.1 -.0029 L34 438
43,2 15.2 30.5 3.8 171.2 0 87.4 7.6 -.0018 473 479
38.7 13.5 26.8 3.4 1555 50 75:7 6.7 -.0041 402 405
32.1 10.9 29,1 2.9 131.9 .0 58.2 5.5 =.0090 316 315
6.1 7 = b o7 39.7 .0 =-10.4 6 -.2120 123 118
18.0 53 9.5 1.7 81.9 .0 21.0 2.8 -.0332 190 185
L % 10.5 20.5 2.8 128.6 .0 55.7 5.3 -.0098 306 304
4.5 11.8 23.3 3.1 1%0.4 0 64,5 5.9 =-.0070 345 345
D 13.0 25.7 3.3 151.0 .0 724 6.5 -.0049 384 386
38.3 13.3 26,5 3.4 154.1 .0 h.7 6.6 -.0043 397 399
37.5 13.0 25,7 - 151.0 = .0 72.4 6.5 -.0049 384 386

34.1 11.7 22.9 3.1 139.1 .0 63.5 5.8

.0073 340 340
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Table 8 (Cont.)

Ca Mg Na K HCO3  CO03  SO4 cl (umho/em @ 250¢)
(Meg/1) (Mg/L) (Mg/L) (Mg/L) (Me/L) (Me/L) (Mg/L) (Mg/L)  ERR ECM" ECM
37.9 13.1 26.1 3.4 1524 =..0 3.5 6.6 -.0046 390 392
.9  H3E 28,6 3.6 21633 71 .0 - BGS 7.1 -.0029 436 440
40.3 14.1 28.1 3.5 160.9 .0 79.8 7.0 =-.0032 425 429
23.2 7.4 13.8 2.1 108.3 " *,0 34,7 3.8 -.0204 229 225
14.3 3.9 6.5 1.4 68.9 .0 11.3 2,1 -.0492 166 161
17.1 5.0 8.8 1.6 8.8 .0 18.7 2.6 -.0363 184 179
273 9.0 17.3 2.5 1150 - .0 45,6 b6 -,0141 266 263
32.3 11.0 21.5 2.9 132.8 - .0 58.8 5.5 =.0087 319 318
33.0 i1.2 22.0 3.0 135 % 0 60.6 5.6 -.,0082 327 326
36.5 12.6 24,9 i % 147.5 - a0 69.8 6.3 -.0055 371 372
38.3 13.3 26.4 3.4 153.8 & .0 74.5 6.6 -.0044 396 398
43.5 15.4 30.8 3.8 3724 .0 88.3 7.6 -.0016 478 485
40.3 14.1 28.1 3.6 16049 - <0 79.8 7.0 -.0032 425 429
39.8 13.9 27.7 55 159.3 .0 78.6 6.9 -.0035 419 422
40.9 14.3 28.6 3.6 163.0 - .0 81.4 7.1 -.0029 435 439
46,8 16.6 33.5 44 184.0 .0 97.0 8.2 -.0002 539 549
22,2 78 13.0 % | 96.9 .0 32.2 3.6 -,0223 221 217
16.8 4,9 B:S 1.6 77,8 0 17.9 2,6 -.0374 182 197

0t










































































































































































































































































































































































































