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AN EVALUATION OF WATER-QUALITY DATA OBTAINED AT FOUR 

STREAMFLOW DAILY-RECORD STATIONS IN IDAHO

by Kenneth L. Dyer

ABSTRACT

Chemical data for four stream-gaging stations in Idaho, 
each having 6 to 22 years of available records, were analyzed 
to determine functional relations between concentrations of 
the major inorganic constituents, specific conductance, and 
stream discharge. Three of the four stations had sufficient 
available record for assessing changes in constituent relations 
with time. The records for each long-term station were subdivided 
into segments of approximately 5 years each. Plots and regression 
equations were derived for each record segment to show the 
relation of each major constituent value to levels of specific 
conductance and stream discharge. At only one station, Boise 
River at Notus, was there an apparent significant change in 
chemical characteristics with time. Between 1940 and 1951, 
the percentages of chloride and sulfate in solution at this 
station declined appreciably and were largely replaced by 
bicarbonate.

In general, there were highly significant correlations 
between the major inorganic ions and specific conductance, 
although those observed at Bear River at Border were distinctly 
poorer than those observed for the other stations. Corresponding 
correlations between the major ions and discharge were almost 
always less significant than those observed between the same 
ions and specific conductance. The common ion-discharge relations 
observed on the Snake River near Heise were more highly correlated 
before 1957 than thereafter—probably because of changes induced 
by the construction of Palisades Dam. A similar decline in 
correlation of common ion-discharge relations was observed 
at the Snake River at King Hill station after 1957, and this 
also might be attributable to changes in water regulation 
at various upstream impoundments.



INTRODUCTION

The design and operation of any water-quality information 
system should be subject to continual reappraisal so that the 
greatest possible value may be obtained from its operation. 
This evaluation should include such factors as need for and 
projected use of the information obtained, number and types 
of variables to be measured, frequency of measurement, accuracy 
commensurate with needs, and the money and manpower available 
for operation of the system.

This study is limited to four U.S. Geological Survey stream- 
flow stations located in Idaho (figure 1). The 6 to 22 years 
of stations were assembled and evaluated through use of computer 
techniques for data plotting and regression analysis developed 
by Steele (1972). Objectives of this evaluation were (1) 
to show which parameters were highly correlative with the levels 
of specific conductance and(or) discharge and (2) to see if 
any changes in overall chemical character of the stream had 
occurred over the long term.

Data for three stations with approximately 20 years of 
record were subdivided into four or five segments of approximate­ 
ly five years each and evaluated individually. The sub-periods 
of record that were used in the plotting program and in regression 
analysis are shown in table 1. This evaluation of chemical 
data was limited to the major inorganic ions and related constitu­ 
ents. This is not to suggest that the data available on pesticides, 
total nutrients, radiochemicals, and temperature are not of 
interest and of increasing importance, but data limitations 
precluded statistical analysis of data for these latter variables.

The great bulk of the analyses up to and including the 
1969 water year represent samples composited for periods of 
time ranging from 2 to 31 days. These composite samples were 
usually grouped so that waters of similar conductivity were 
combined. Occasional single samples of a markedly different 
conductivity were analyzed separately. Composite sampling 
was discontinued at station 10039500, Bear River at Border, 
at the end of the 1970 water year and replaced with monthly 
sampling. This replacement of composite samples with monthly 
samples was instituted at the other three stations at the end 
of the 1969 water year.



FIGURE 1.—Location of daily water-quality 
stations in Idaho.

EXPLANATION

1. 10039500 Bear River at Border, Wyo.
2. 13037500 Snake River near Heise, Idaho
3. 13154500 Snake River at King Hill, Idaho
4. 13212500 Boise River at Notus, Idaho
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Table 1.—Summary of the chemical data subdivisions 
_____________used in this study_______________

Station Period of Subdivision of Number of Number of
number record period of record years analyses 2/ 
_______________ _______by water year I/__________________

10039500 Oct.1965-Sept.1971 1966-71 

13037500 Jan.1953-Sept.1971

1953-56 
1957-61 
1962-66 
1967-71

13154500 Mar.1951-Sept.1971

1951-56 
1957-61 
1962-66 
1967-71

13212500 Jan.1939-Jan.1940 
Nov.1950-Sept.1971

1939-40 
1950-56 
1957-61 
1962-66 
1967-71

19

4
5
5
5

21

6
5
5
5

22

1
6
5
5
5

105

454

133
105
118
98

480

191
86

104
99

661

36
225
146
150
104

I/ A water year is the 12-month period October 1 through 
September 30. The water year is designated by the 
calendar year in which it ends and which includes 
9 of the 12 months.

2/ Includes either daily composite or monthly coinmon-ion 
analyses, but excludes the available daily conductivity 
and temperature measurements.



APPROACH

This data evaluation was acpomplished through use of 
a series of computer programs developed by Steele (1972) 
for the data analysis of water-quality records. Other state­ 
wide water-quality evaluation studies using this method have 
been reported by Steele (1971) and Blakey and others (1972).

In making this evaluation, the selected data were first 
retrieved from the Geological Survey's data storage and retrieval 
system in punched card form. A statistical summary for each 
station period of record was then obtained showing means, 
maxima, minima, standard deviations, and other statistical 
measures. This summary was used to initially screen the 
data and to determine coordinate values for data plots. 
Data plots were printed by computer showing each chemical 
variable plotted against both specific conductance and discharge. 
Cartesian-coordinate plots were obtained for specific conductance 
versus each of the following parameters as available: silica, 
calcium, magnesium, sodium, potassium, bicarbonate, sulfate, 
chloride, dissolved solids, hardness, non-carbonate hardness, 
boron, percent sodium, fluoride, nitrate, pH, color, and, 
in most cases, discharge. Similar plots were obtained using 
log-log coordinates for discharge versus the above variables 
and specific conductance.

These data plots were carefully reviewed to detect extremes 
of data which did not fit the general pattern or scatter. 
All highly questionable data were checked against the original 
laboratory results for errors, corrected when possible, or 
ptherwise deleted from the analysis. Three selected examples 
of these data plots are shown in figures 2, 3, and 4.

As a fourth and final computerized step in this data 
assessment, regression equations were determined for selected 
dependent water-quality parameters as functions of specific 
conductance and of stream discharge. Summaries of these 
regression results are tabulated in appendix A. The specific- 
conductance regressions were made using numerical values 
of analytical data while the stream-discharge regressions 
were made using log-transformed values of the data. In most 
instances, a regression for specific conductance versus stream 
discharge was obtained using both the numerical-value and 
log-transformed models for purposes of comparison. For the 
three stations with long-term records, the regression analyses 
and data plots for the sequence of time segments were studied 
further to determine whether or not there had been apparent 
long-term changes in water quality at each station. The 
standard error of the estimate as a percentage of the mean 
value was used to show approximately how closely values for
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different parameters could be estimated from measurements of 
specific conductance. Information obtained by application of 
these techniques will be discussed in the next section. It is 
generally possible to simulate a record of the major in­ 
organic constituent concentrations in streamflow by using 
the daily or periodic records of specific conductance 
and the results of the regression analysis. Such a stream- 
flow chemical-quality simulation program has been developed 
by Steele (1973) , and typical results and comparisons 
with independent test data are given in Steele (1971) , and 
Blakey and others (1972) . However, simulation of data was 
not undertaken as part of the present study.

DISCUSSION

The sample correlation coefficient, r, was used to 
indicate the degree of linear relations between the two 
variables. The more linear this relationship is, the closer 
r will be to a +1 or -1. A sample correlation coefficient 
of zero would indicate a completely random distribution 
of paired data points. All correlation coefficients for 
each station were copied from appendix A to a single 
table (appendix B) so that they might be more readily 
compared. The highly significant relations between 
specific conductance and most of the major inorganic 
constituents are readily apparent. In a lesser number of 
cases, significant correlations were observed for the 
relations between discharge and these same parameters.

The relatively poor correlations and standard errors 
of estimate for concentration-conductance and concentration- 
discharge relations for station 10039500, Bear River 
at Border, indicate that the proposed technique for summar­ 
ization of geochemical relations in streamflow may not 
apply equally well to all cases. In this instance, the 
poor results of regression analysis are thought to be caused, 
at least in part, by inaccuracy in the available data. 
This stream is relatively high in concentrations of dissolved 
calcium and bicarbonate ions, and historical samples collected 
at this station are known to be especially prone to pre­ 
cipitation of calcium carbonate while awaiting analysis. 
The majority of samples from which data in this study were 
obtained were not preserved in any way, so one might suspect 
that many of the analyses do not accurately represent ionic 
concentrations in the stream. It is believed that analytical 
data more accurately representative of streamside conditions 
obtained now and in future sample collections at this 
station will result in better correlations between the 
various major ions and specific conductance or discharge.



Streamflow sampling station 13037500, Snake River near 
Heise, monitors the Snake River before it enters the Snake 
River Plain. The analytical data obtained for this station 
are probably more reliable than those obtained for the other 
three. This would be expected since this station near 
Heise has the lowest concentration of those dissolved salts 
most subject to precipitation from solution prior to analysis. 
In all cases the regression of each major inorganic constituent 
against specific conductance and against discharge1 was 
highly significant for all four time segments. Prior to 
the construction of Palisades Dam in 1956, the regressions 
against discharge were almost as good, and in some cases 
even better, than those against specific conductance; but 
after 1956 the discharge relations became less well 
defined. No major land-use changes have occurred in the 
Snake River basin upstream from Palisades Reservoir since 
1956; therefore, by using these same regression delations 
and a reconstructed river flow estimated from the gage 
records upstream from Palisades Reservoir it should be 
possible to make a good estimate of what the chemical 
composition of streamflow would have been had Palisades 
Dam not been constructed. Since construction of Palisades 
Dam, short-term water-quality fluctuations at this station 
have been largely damped out. There appears to be little 
present need to continue a daily record of specific conductance 
at this site. A weekly or monthly record of specific conductance 
along with other pertinent data should be adequate for any 
anticipated information needs. Although information on 
the major ions cannot now be simulated from discharge at 
this station with a high degree of accuracy, excellent estimates 
of these same ions may be provided from specific-conductance 
records in conjunction with the appropriate regression functions.

Streamflow sampling station 13153500, Snake River at 
King Hill, was established to measure quality conditions 
in water leaving the Snake River Plain of south central 
Idaho. Although this station may be adequate for determining 
discharge, it is not well situated for monitoring water 
quality with once-daily grab samples. The river flow at 
this point is highly regulated by power dams, which can 
cause sharp fluctuations in the mixture of spring yaters and 
stream water. The concentration-conductance regression 
relations were, in general, less well-defined than for 
the station upstream near Heise, especially for data collected 
after 1956. The concentration-discharge regression relations 
would have been even poorer had instantaneous discharge 
values been used instead of the daily mean values used prior 
to the 1970 water year. Many samples collected at this 
site appear to be affected by precipitation of calcium carbon­ 
ate but the worst of these were deleted and not used in

10



the regression analysis. A digital recorder for monitoring 
specific conductance was installed at this site in January, 
1973; consequently, future records of this parameter collected 
at this site should be much more adequate than those collected 
in the past.

The purpose of streamflow station 13212500, Boise 
River at Notus, is to monitor the quality of water leaving 
the rather highly-developed Boise basin. Highly significant 
regressions of the major inorganic ions versus both specific 
conductance and discharge were obtained for each of the five 
time intervals at this station. Selected data plots for 
each multi-year increment of the total period of record were 
visually inspected and compared to determine whether there 
had been discernable shifts in the relations with 
time. Significant shifts in concentration-conductance 
regressions were observed when data for 1939-40 were 
compared to time segments for 1950-71. To illustrate 
these shifts with time at this station, plots of the 
regression lines for specific conductance versus calcium, 
magnesium, sodium, bicarbonate, sulfate, chloride, and 
discharge are shown in appendix C. In these plots the 
regression lines for the five time increments (table 
1) were superimposed so that shifts in the regression 
functions with time would be more readily apparent. 
Between 1941 and 1950, there was a significant decline 
in the chloride and sulfate ion concentrations relative 
to a given level of specific conductance; but unfortunately 
no records of chemical quality are available for this 
period of time. This decline in chloride and sulfate 
was largely compensated for by an increase in the proportion 
of bicarbonate ion. Calcium ion concentrations also 
increased significantly relative to specific conductance 
during this interval of time.

The significant change in proportions of chloride, 
sulfate, and bicarbonate after 1940 raised a question 
as to whether the annual loads of these ions in the Boise 
River had changed since 1940 as a consequence of man's 
activities in the basin. Estimates of total chloride load 
were made for each year for which data were available 
and it was observed that there had been no significant 
change in total chloride loads carried from the basin in the 
years during the period of record. It was concluded 
that the different proportions of ions observed for 1939- 
40 can be attributed to the fact that this was near the 
end of an exceptionally long dry cycle. The chloride ion 
is highly soluble and little affected by ion exchange, therefore 
it varies in concentration in inverse proportion to the 
water available. Much of the time the Boise River at 
Notus is saturated with calcium and bicarbonate ions so

11



the concentrations of these ions are not so greatly affected 
by the stage or flow of the river; however, in dry years 
the proportions of chloride and sulfate in solution at a 
given river stage can increase greatly as observed in 1939-40 
This means that the simple regression relationships derived 
in a normal or wet weather cycle from paired data sets 
would not be applicable to an extended dry cycle and vice 
versa. Multiple regression techniques using both discharge 
and specific conductance as independent variables should 
produce relations of greater validity for both wet 
and dry years, but it was beyond the scope of this study 
to pursue this line of investigation further. Also cur­ 
vilinear regression would have shown improved relations, 
especially in 1939-40.

The regression relations obtained permit estimation 
of chemical composition of streamflow from either records 
of stream discharge or specific conductance. It is beyond 
the scope of this study to simulate such records and to 
compare them with actual data. The probable accuracy of 
a simulated record may be determined from the standard 
error of estimate, a complete listing of which may be found 
in appendix A for the selected stations. The standard 
error of estimate is an indication of how accurate the 
estimate can be relative to the true value (Ezekiel and 
Fox, 1959). Approximately two-thirds of the true values 
will be in the interval of plus or minus one standard error 
of estimate from the regression line, if the data values 
are assumed to be normally distributed. An estimated value 
plus or minus two times the standard error should encompass 
the true value about 95 percent of the time. A list of the 
standard errors of estimate expressed as percentage of the 
mean is given for each station in appendix D. This percent­ 
age is an approximate measure of the percentage of error 
which can be expected in individual estimates obtained 
through use of regression equations. At three of the 
four stations under investigation in this study (Snake 
River near Heise, Snake River at King Hill, and Boise 
River at Notus), it should be possible to obtain estimates 
based on specific conductance that are within 10 percent 
of the correct value two-thirds of the time for the major 
common ions such as calcium, magnesium, sodium, bicarbonate, 
and sulfate. In general, estimates of dissolved solids, 
hardness and pH should be within 5 percent of the correct 
value about two-thirds of the time.

12



SAMPLE COLLECTION TECHNIQUES

Much of the water-quality data collected at the four 
streamflow stations under study may not be represent­ 
ative of water in the streams at the time they were sampled. 
This is because certain chemical changes can occur in a 
water sample between the time it is collected and the time 
it is analyzed. For samples used in this study, the period 
of time between sample collection and analysis ranged from 
a few days to about a year, with an average delay of perhaps 
1 or 2 months. Not all chemical constituents are 
equally affected by the ageing process. The relatively 
stable constituents in samples collected from the four 
streamflow stations under study include chloride, sulfate, 
magnesium, and sodium. The constituents or parameters 
most likely to change in ageing, non-preserved samples 
include calcium, potassium, bicarbonate, carbonate, nitrate, 
phosphate, fluoride, pH, boron, silica, dissolved solids, 
specific conductance, and hardness.

Water from all four of the sampling stations under 
study can at times be saturated or supersaturated with 
calcium, carbonate and bicarbonate ions. Growth of bacteria, 
algae or diatoms in the sample, changes in temperature 
or presence of any of several other catalytic agents can 
cause the precipitation of a major portion of the calcium 
and bicarbonate ions from solution as calcium carbonate. 
This in turn reduces the dissolved solids, the hardness, 
and the specific conductance, while at the same time 
the pH, percent sodium and carbonate levels would have 
to increase. The concentrations of nitrate, phosphate 
and any other nutrients present may be greatly affected 
by the growth or decay of micro-organisms in the sample. 
Silica and potassium may both dissolve from sediment in 
the sample and both can be affected by pH changes induced 
by microbial growth or decay. Silica and boron can also 
gradually dissolve in significant quantities from the glass 
bottles in which samples were commonly stored in the past.

Water-quality samples now being collected at these 
four streamflow stations are being analyzed more promptly 
than in the past and also are preserved to retard deteriora­ 
tion of nutrients and acidified to prevent any change in 
cation concentrations. It is recommended that in the future 
all analyses at these stations for pH, carbonate and bi­ 
carbonate be performed in the field. It is recommended 
that all samples for dissolved cations (calcium, magnesium, 
sodium, potassium, and minor elements) be filtered and 
acidified. The silica sample should be collected in a

13



plastic bottle and the boron sample should be collected 
in either boron-free glassware, or a plastic container 
known to not adsorb significant quantities of boron.

CONCLUSIONS

At three of the four stations studied, very] good 
regression relations were observed between specific conduct­ 
ance and most of the major ions. These three stations were 
Snake River near Heise, Snake River at King Hill, and Boise 
River at Notus. It seems probable that a simulated record 
of these major ions based on daily specific conductance 
(or possibly even on daily discharge) would be adequate for 
most current needs at these three stations. For some 
purposes the simulated record might actually be more useful. 
For example, total annual loads of given chemical species 
might be estimated more closely from simulated daily data 
than from data representing monthly grab samples. It would 
always be necessary to analyze three or four samples a year 
to make sure that the regression equations remain valid. 
The savings in analytical costs could be transferred 
to the analysis for other parameters which would be more 
relevant to a pollution-conscious society, and which would 
not be so readily predictable by data-simulation techniques. 
Those parameters not commonly analyzed in the past include 
nutrients, dissolved oxygen, biochemical oxygen demand, 
pesticides, and the minor elements.

In general, both specific conductance and discharge 
correlations obtained for station 10039500, Bear River at 
Border, are distinctly poorer than those obtained at the 
other three stations. The correlations with discharge obtained 
at both Snake River near Heise and Snake River at King Hill 
were appreciably poorer after 1957 than they were before. 
The lesser degree of correlation with discharge for the 
Snake River near Heise after 1957 might be attributed to 
the construction of Palisades Dam and subsequent regulation 
of streamflow. Similarly, the change in correlations with 
discharge observed on the Snake River at King Hill can be 
attributed to changes in regulation of streamflow from upstream 
impoundments or changes in daily sampling routine, or a 
combination of both. At both of these Snake River stations, 
corresponding correlations with conductance were relatively 
constant over all time intervals, indicating the utility 
of using these relations for estimating chemical composition 
of streamflow despite changes in the hydrologic regime.

14



At the station, Boise River at Notus, highly significant 
regressions of the major inorganic ions versus both specific 
conductance and discharge were obtained for each of the 
five time intervals; nevertheless, it was noted that dif­ 
ferent regression equations were needed for wet and dry pre­ 
cipitation cycles. The dissolved constituents at this 
station, especially the chloride and sulfate, vary far more 
in concentration than at any of the other three stations 
investigated. The simple regression technique used was not 
completely adequate because the concentrations of chloride 
and sulfate depended on phase in the weather cycle as well 
as on stage of the river and level of specific conductance. 
Curvilinear regression would have yielded improved relations, 
especially in 1939-40. Multiple-regression techniques using 
both discharge and specific conductance as independent variables 
should produce relations having somewhat greater validity 
for both wet and dry years at this station.
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Appendix B — Summary of mean values and correlation
coefficients
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Bear River at Border, Wyo. (1965-71 water year)

PARAMETER

Discharge

Si02

Ca

Mfi

Na

K

HC03

so4

Cl

Die. Solids

Spec. Cond.

Hardness

Noncarb.Hrd.

B

Na %

F

?H

Color

N0 3

MEAN

581

9.2

56

24

25

2.5

240

58

25

328

549

239

40

.064

18

.30

8.0

.55

Conduct. 
Correl . 
Coef £ .

———— **- 
.293

** 
.450

* * 
.788

** 
.834

-.029

** 
.736

** 
.713

** 
.804

** 
.954

** 
.879

** 
.255

.169
**

.557

-.045

-.056

.158

Discharge 
Correl . 
Coeff .

-.054

** 
.421

-.061

-.017
** 

.480

-.066
** 

.514

-.076

-.022

.138
** 

.322
** 

.638

-.095
** 

.240

.195

.106

* Relationship significant at 5% level 
** Relationship significant at 1% level
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Appendix C — Plots of specific conductance against
selected dissolved ions for station 
13-2125, Boise River at Notus, Idaho, 
1939-40
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Appendix D — Standard errors of estimate as percentage
of mean calculated from regressions 
against specific conductance
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Bear River at Border,Wyo.
Standard error of estimate as % of mean 
(Calculated from specific conductivity)

PARAMETER

Discharge

Si02

CA

Hfi

Na

K

HC03

soA

Cl

Die. Solids

Spec* Cond.

Hardneoe

Noncarb.Hrd.

B

Na %

F

P H

Color

N03

1966-71

18.9

11.0

11.5

16.4

42.3-

8.6

16.9

17.5

4.0

5.3

35.5

66.7

16.7

39.4

3.0

.102
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5nake River near Heise,
Idaho Standard error of estimate as % of mean 

(Calculated from specific conductivity)
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MS
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K
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soA

Cl

Die . Solids
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N0 3

1953-56

48.7

13.9

4.9

6.2

13.8

19.7

5.1

8.3

12.3

1.6

3.6

10.8

36.7

18.1

33.4

2.1

38.4

49.6

1957-61

46.7

21.1

3.3

6.1

12.1

11.6

3.2

7.3

17.9

2.4

2.8

10.5

48.0

13.2

30.4

4.4

49.3

1962-66

59.2

12.4

2.5

6.3

8.9

7.4

3.1

5.3

8.4

2.5

2.7

9.9

79.2

15.9

16.4

2.2

49.7

1967-71

50.9

22.1 .

5.2

5.2

10.3

13.0

4.8

9.8

17.7

5.6

3.7

14.3

83.4

9.5

16.4

3.0

112.0

63.8
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Snake River at King Hill,
Idaho

Standard error of estimate as % of mean 
(Calculated from specific conductivity)

PARAMETER

Discharge

Si0 2

CA

MS
Na

K

KC03

so4

Cl

Die. Solids

Spec. Cond.

Hardness

Noncarb.Hrd.

B

Na %

F

PH

Color

N03

iQM-^fi 1957-61

21.7

8.2

4.4

4.7

4.4

20.6

1.9

3.5

5.4

1.5

3.2

25.2

64.9

4.6

15.2

1.9

47.0

17.1

19.6

5.0

4.6

7.3

4.1

8.9

2.6

4.0

4.1

2.0

2.8

24.4

38.8

3.7

10.7

3.0

11.8

1962-66

32.7

10.5

5.1

5.0

5.7

6.0

2.7

3.3

2.9

2.2

2.9

21.7

52.4

5.6

12.3

2.3

50.3

13.4

1967-71

33.3

24.3

7.0

5.2

6.5

5.3

5.5

7.3

12.0

6.0

3.7

38.8

36.9

6.2

19.5

2.2

100.2

58.8
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oise River at Notus, Idaho standard error of estimate as % of mean
(Calculated from specific conductivity)
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Na

K
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so4
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Dis. Solids
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Hardness

Noncarb.Hrd.

B

Na %

F

PH

Color

N0 3

1 Qiq-40

74.1

8.4

12.3

4.9

12.0

5.9

19.3

3.3

8.6

127.9

59.9

1951-56

63.4

8.4

8.7

10.0

7.1

30.2

4.3

5.3

12.8

2.1

7.5

0.0

47 R

7.6

1 Q Q

2.8

53.7

35.6

1957-61

82.8

12.0

12.1

10.8

9.8

14.7

9.0

5.3

13.6

2.4

8.8

0.0

53.4

9.4

18.1

4.5

36.3

L962-66

82.0

7.5

6.5

9.8

6.9

7.6

5.9

4.9

11.1

2.9

6.7

0.0

47.5

5.3

9.1

3.0

28.1

1967-71

82.2

37.3

12.0

8.0

6.6

40.3

7.9

6.6

18.1

7.1

9.2

0.0

39.8

7.8

11.1

5.0

57.0

69.2
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