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WATER-QUALITY VARIATIONS AND TRENDS IN MONUMENT AND FOUNTAIN CREEKS, 
EL PASO AND PUEBLO COUNTIES, COLORADO, WATER YEARS 1976-88

By Barbara C. Ruddy

ABSTRACT

Water-quality data were collected at four stations on Monument Creek and 
five stations on Fountain Creek during water years 1976 through 1988. These 
data were statistically analyzed to determine variations and trends in water- 
quality properties and constituents. A qualitative comparison using boxplots 
of water quality among all stations was done for the period of record. A 
spatial trend analysis was done to compare the water-quality changes among 
seven of the nine stations for water years 1980 through 1988. Analysis of 
time-series trends at each station was done to determine if changes in water- 
quality conditions occurred during the period of record.

Median values of the water-quality properties and constituents were 
compared to the appropriate State water-quality standards. Median values of 
the water-quality properties and constituents were within the State standards 
except for the following trace-metal concentrations: dissolved manganese at 
Monument Creek above North Gate Boulevard at U.S. Air Force Academy and 
Fountain Creek above Little Fountain Creek below Fountain; total recoverable 
copper at Monument Creek at Pikeview and Monument Creek at Bijou Street at 
Colorado Springs; and total selenium at Fountain Creek at Pueblo. Occasional 
violations of the State water-quality standards occurred at all stations.

Generally, median concentrations of most water-quality properties and 
constituents were larger downstream. Nutrient concentrations, except for 
nitrite plus nitrate as nitrogen, were largest at Fountain Creek below 
Janitell Road below Colorado Springs, which is downstream from the wastewater- 
treatment plant at Colorado Springs; the concentrations then were smaller 
downstream.

Statistical comparisons of median values of selected water-quality 
properties and constituents for determining trends among seven of the nine 
stations were made for water years 1980 through 1988. For Monument Creek, 
the comparisons indicated that median concentrations of most constituents at 
Monument Creek at Palmer Lake were significantly different from median con­ 
centrations of most constituents at Monument Creek at Pikeview and Monument 
Creek at Bijou Street at Colorado Springs, which are more similar to each 
other. Median concentrations of most constituents at Fountain Creek near 
Colorado Springs, upstream from the mouth of Monument Creek, were signifi­ 
cantly different from the median concentrations of most constituents at 
downstream stations on Fountain Creek, with a few exceptions. Median 
concentrations of most constituents at Fountain Creek at Colorado Springs, 
downstream from the mouth of Monument Creek, were more similar to median 
concentrations at Monument Creek at Bijou Street at Colorado Springs than to 
median concentrations at Fountain Creek near Colorado Springs.



Water quality at Fountain Creek atj Colorado Springs and at Fountain Creek 
below Janitell Road below Colorado Springs, upstream and downstream from the 
Colorado Springs Wastewater-Treatment Plant, were compared, 
property and constituents were not statistically different:
ture, nitrite plus nitrate as nitrogen,
following properties and constituents had statistically significant increases
downstream: instantaneous streamflow,
nitrogen, un-ionized ammonia as nitrogen, total recoverable copper, total
recoverable zinc, and 5-day biochemical 
ties and constituents had statistically 
dissolved oxygen, suspended solids, and

and fecal coliform bacteria. The

oxygen

The following 
water tempera-

specific conductance, total ammonia as

demand. The following proper-
significant decreases downstream: pH, 
total recoverable iron.

Time-series trends in water quality were investigated at all stations for 
the period of record; the significant trends varied at each station. All 
stations on Monument and Fountain Creeks had significant temporal trends of at 
least one water-quality property or constituent.

INTRODUCTION

1980 s.
the! 

develop!

Rapid population growth occurred 
area from the mid-1970's to the mid- 
accelerated growth did not continue during 
anticipated. Water resources in this 
maintaining water quality is a concern, 
in the Colorado Springs area is likely 
of Monument and Fountain Creeks, the princi 
(fig. 1) and which have relatively low 
changes could cause water quality to 
uses, such as recreation, aquatic life,

ing

in Colorado Springs and the surrounding 
Although the projected

late 1980's, future growth is
area are not abundant, and 

Development of land and ground water
changes in the water quality 

streams that drain the area 
during most of the year. Such 
limiting factor for some stream 
supply, and agriculture.

become

and to

In 1975, the U.S. Geological Survey 
Peak Area Council of Governments, began 
to compile a data base, for use by 
areawide water-quality-management plan, 
quality conditions. General water-quality 
Fountain Creeks, with emphasis on 
fications, for 1975-83, are reported by 
of record was not adequate at most 
detection of water-quality trends was 
was begun by the USGS in cooperation with the 
Utilities, to evaluate water-quality 
extended period of record through 1988.

(USGS), in cooperation with the Pikes 
a study to monitor water quality and 

local agencies in the development of an

relation

sites

Purpose

to cause
ipal 

flows
a 

water

characterize surface-water-
chalracteristics of Monument and 
of water quality to stream classi- 

Edelmann (1990). Because the period 
for i^any water-quality constituents, 

limited. In 1985, an additional study 
Colorado Springs Department of 

variations and trends based on an

and Scope

This report describes water-quality variations and trends of Monument and 
Fountain Creeks. Data from nine water-quality 
record ranging from 5 years (water years 1984-1 
1976-88) were used in the analysis. Spatial 
30 individual water-quality properties 
tatively using data from most stations

stations that had periods of 
88) to 13 years (water years

variations in streamflow and 
and constituents were evaluated quali- 
in a graphical box-plot analysis. In
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addition, a statistical analysis of spatial trends of streamflow and selected 
water-quality properties and constituents among seven stations for a similar 
period of record (water years 1980-88) was performed. Finally, results of a 
seasonal Kendall test applied to identify trdnds in the time series of stream- 
flow and each water-quality property and constituent that met specific 
criteria, for the period of record at each station, are presented,

i|
Approach

Data from nine water-quality stations were used in the analysis of 
water-quality variations and trends (table 1). Streamflow and water-quality 
properties and constituents evaluated during the study were limited to the 
following: instantaneous streamflow, specific conductance, pH, water temper­ 
ature, dissolved oxygen, hardness as calcium carbonate, dissolved calcium, 
dissolved magnesium, dissolved chloride, dissolved sulfate, suspended solids, 
nitrite plus nitrate as nitrogen, total ammonia as nitrogen, un-ionized 
ammonia as nitrogen, total ammonia plus organic nitrogen, total organic 
nitrogen as nitrogen, total phosphorus, total cadmium, total recoverable 
copper, dissolved iron, total recoverable iron, total recoverable lead, 
dissolved manganese, total recoverable manganese, total recoverable nickel, 
total selenium, total recoverable zinc, 5-day biochemical oxygen demand (BOD), 
total coliform bacteria, fecal coliform bacteria, and fecal streptococcus 
bacteria. Although data for instantaneous streamflow, water temperature, and 
dissolved-oxygen concentrations are included in the analyses, these measure­ 
ments are time dependent, and substantial daily variations generally occur. 
The data are presented for comparative purposes and to provide background 
information for future uses. Un-ionized ammonia as nitrogen was estimated 
using the method of Thurston and others reported in Willingham (1976). The 
method uses water temperature, pH, and ammonia-nitrogen concentration data. 
Summary statistics were compiled for streamflow and the water-quality proper­ 
ties and constituents based on data available for each station. Comparison 
of streamflow and each water-quality property and constituent was made among 
stations that had available data. Box plots were used to display the varia­ 
bility of data at each station and to qualitatively compare data among 
stations. Statistical comparisons also were made on the data from stations 
07103747 Monument Creek at Palmer Lak^; 07104000 Monument Creek at Pikeview; 
07104905 Monument Creek at Bijou Street at Colorado Springs, hereinafter 
referred to as Monument Creek at Bijou; 07103700 Fountain Creek near Colorado 
Springs; 07105500 Fountain Creek at Colorado Springs; 07105530 Fountain Creek 
below Janitell Road below Colorado Springs, hereinafter referred to as 
Fountain Creek below CSWWTP (Colorado Springs; Wastewater Treatment Plant); and 
07105905 Fountain Creek above Little Fountain Creek below Fountain, herein­ 
after referred to as Fountain Creek below Fountain, for water years 1980 
through 1988 to determine the existencje and significance of trends among the 
stations. The comparisons were made uping the stations where sufficient data 
had been collected during a common period of record. Time-series trends in 
streamflow, water-quality properties, and concentrations of constituents were 
computed for all stations.



Table 1. Water-quality stations on Monument and Fountain Creeps
used in this study

c-4. .u   Stream 
btation ^ TT     , . ,   *. *_   , segment U.S. Geological Survey station name 
number °, i number x

07103747
07103780

07104000
07104905 
07103700 
07105500 
07105530

07105905

07106500

6
7

7
7 
1 
2 
2

2

2

Monument Creek at Palmer Lake
Monument Creek above North Gate Boulevard at

U.S. Air Force Academy 
Monument Creek at Pikeview
Monument Creek at Bijou Street at Colorado Springs 
Fountain Creek near Colorado Springs 
Fountain Creek at Colorado Springs 
Fountain Creek below Janitell Road below

Colorado Springs 
Fountain Creek above Little Fountain Creek

below Fountain
Fountain Creek at Pueblo

Period 
of 

data 
collec­ 
tion
(water 
year) 2

1977-88
1984-88

1976-88
1980-88 
1976-88 
1976-88 
1976-88

1976-88

1976-88

Colorado Department of Health (1989).
2Data collected at each site varied during the period of record

DESCRIPTION OF STUDY AREA

Monument and Fountain Creeks are the two main drainages northwest, west, 
and south of Colorado Springs (fig. 1). Monument Creek, which originates in 
the Rampart Range at an elevation of about 9,200 ft, generally flows northeast 
towards the town of Palmer Lake, where it changes direction and flows south­ 
east to Colorado Springs. Monument Creek flows into Fountain Creek within the 
city limits of Colorado Springs. Fountain Creek, which originates on the 
slopes of Pikes Peak at an elevation of over 14,000 ft, generally flows south­ 
east to Colorado Springs. From Colorado Springs, Fountain Creek continues to 
flow southeast to Pueblo, where it flows into the Arkansas River. Fountain 
Creek drains an area of 926 mi2 . The main sources of streamflow in both 
creeks are snowmelt, runoff from thunderstorms, and return flows from munic­ 
ipal, agricultural, and industrial water use. Along Fountain Creek, ground- 
water discharge also is a source.

Flow in Monument Creek is perennial. Flow from the Palmer Lake-Monument 
Wastewater Treatment Plant, flow from Cottonwood Creek, and miscellaneous 
inflows from urban areas are the main sources of flow for Monument Creek. 
Mean annual streamflow increases downstream and ranges from 7.52 to 28.8 ft 3 /s 
for the period of record at three continuous streamflow-gaging stations: 
Monument Creek at Palmer Lake; Monument Creek above North Gate Boulevard at 
U.S. Air Force Academy, hereinafter referred to as Monument Creek at USAFA; 
and Monument Creek at Pikeview.



Flow in Fountain Creek is perennial from Colorado Springs to Fountain. 
In this reach, the strearaflow is augmented by discharge of wastewater effluent 
from Colorado Springs, Garden Valley, $ecurity, Fort Carson, Widefield, and 
Fountain (Edelmann and Cain, 1985). The percentage of annual flow contributed 
by wastewater effluent does not clearly explain the effects of wastewater 
effluent on the flows in Fountain Creek (Edelmann and Cain, 1985). Short 
periods of heavy runoff in Fountain Creek contribute a large volume to its 
annual flow, while flows of wastewater effluent are more constant. Downstream 
from Fountain, no-flow periods may occur during the summer because of agricul­ 
tural diversions. Most of the land use between Colorado Springs and Pueblo is 
agricultural. Mean annual streamflow increases downstream and ranges from 
14.6 to 72.1 ft 3/s for the period of record at three continuous streamflow- 
gaging stations: Fountain Creek near Colorado Springs, Fountain Creek at 
Colorado Springs, and Fountain Creek at Pueblo.

SUMMARY STATISTICS

For the nine stations where water-equality data were collected for this 
study, seven statistical parameters that define the distribution of the data 
were determined for streamflow and all water-cuality properties and constitu­ 
ents that had a sufficient number of values. These parameters were the mean, 
standard deviation, minimum, lower quartile (25th percentile), median (50th 
percentile), upper quartile (75th percentile), and maximum. The criteria for 
a sufficient number of values were defined as follows: (1) At least 10 values 
equal to or exceeding the detection lirait, and (2) no more than 75 percent of 
the values less than the detection limit (censored values). If either cri­ 
terion was not satisfied, only the minimum and maximum values were reported 
to indicate the range of measured values. j

Because the data for many properties and 
(less-than) values (because of improvement in
resulting in a lowering of the detection limits), the methods used to compute
the summary statistics were selected based on

constituents included censored 
analytical methods over time,

their accuracy for estimating
specific distributional parameters for data sets containing censored values. 
Gilliom and Helsel (1986) determined that the log probability regression was 
the best method to estimate the mean and standard deviation of such data sets
and that a lognormal maximum-likelihooc
median and quartile values. The software used in this study to compute the 
summary statistics incorporated these two methods, modified to accept data 
sets that had more than one detection limit (censored values) (Helsel and 
Cohn, 1988).

Summary statistics for the data compiled
study are listed in tables 4 through 12

method was best for estimating the

in the
for the nine stations in this 
"Hydrologic Data" section at

the back of ttie report. Also included in the tables are the applicable State 
water-quality standards that were in effect in 1989 (Colorado Department of 
Health, 1989). The standards vary in different stream segments. The standards 
are maximum allowable concentrations, except for the pH standard, which is an 
allowable range, and the dissolved-oxygen standard, which is a minimum allow­ 
able concentration. Where two values are listed for the dissolved-oxygen 
standard, the larger value applies during periods of spawning of cold-water 
fish. The standards for most trace metals were based on total recoverable 
concentration except for iron and manganese, which have standards for dis­ 
solved and total recoverable concentrations.



Exceedances of the State water-quality standards can be observed in the 
summaries listed in tables 4 through 12. Median pH values at all stations 
were always within the water-quality-standard allowance range. The maximum 
water-quality standard for pH was exceeded once at station 07103780 Monument 
Creek at USAFA (table 5) in August 1985 and once at station 07105530 Fountain 
Creek below CSWWTP (table 10) in September 1984.

Median dissolved-oxygen concentrations always exceeded the water-quality 
standard. At station 07105905 Fountain Creek below Fountain (table 11) in 
July 1988 and at station 07106500 Fountain Creek at Pueblo (table 12) in 
August 1981, the dissolved-oxygen concentrations did not meet the water- 
quality standard. At station 07103700 Fountain Creek near Colorado Springs 
(table 8) in August 1980, the dissolved-oxygen concentrations did not meet the 
standard for spawning of cold-water fish.

At station 07106500 Fountain Creek at Pueblo (table 12), the standard for 
nitrite plus nitrate as nitrogen was exceeded once in July 1982. Median con­ 
centrations of total phosphorus were larger than 0.1 mg/L except at station 
07103747 Monument Creek at Palmer Lake (table 4) and 07103700 Fountain Creek 
near Colorado Springs (table 8). Data for total phosphorus were not collected 
at station 07103780 Monument Creek at USAFA. For the stations with median 
values larger than 0.1 mg/L, the median concentrations ranged from 0.16 mg/L 
at station 07104000 Monument Creek at Pikeview (table 6) to 4.4 mg/L at 
station 07105530 Fountain Creek below CSWWTP (table 10). There is no State 
water-quality standard or Federal criterion for phosphorus; however, the U.S. 
Environmental Protection Agency (1986) has stated that in order to prevent 
nuisance algal growth associated with accelerated eutrophication, total 
phosphorus concentrations should not exceed 0.1 mg/L in streams. This con­ 
centration is associated with eutrophication-related water-quality problems 
in reservoirs. Currently (1988), there are off-stream but no on-stream 
reservoirs on these two creeks.

Median trace-metal concentrations were less than the State standards at 
all the stations except the following: stations 07103780 Monument Creek at 
USAFA (table 5) and 07105905 Fountain Creek below Fountain (table 11), dis­ 
solved manganese; stations 07104000 Monument Creek at Pikeview (table 6) and 
07104905 Monument Creek at Bijou (table 7), total recoverable copper; and 
station 07106500 Fountain Creek at Pueblo (table 12), total selenium. The 
State water-quality standard for fecal coliform was exceeded at least once at 
each station except stations 07103747 Monument Creek at Palmer Lake (table 4) 
and 07103780 Monument Creek at USAFA (table 5).

WATER-QUALITY VARIATIONS AND TREND ANALYSIS

Variations and trends in water-quality properties and constituents were 
investigated during this study. Water-quality variations among stations were 
evaluated qualitatively using box plots. Variability of water-quality data at 
each station and among stations was compared for the period of record. 
Because the period of record is not the same for all stations, the statistical 
determination of water-quality trends among seven of the nine stations was 
done for a common period of record: water years 1980 through 1988. Time- 
series trends at all nine stations were determined for the period of record.



Water-quality variations and trends are affected by the water uses in
the basin. Wastewater-treatment plants 
Springs affect the water quality in the

from station 07104000 Monument Creek at

downstream from Monument and Colorado 
two creeks (Edelmann and Cain, 1985).

Urbanization has increased throughout the northern part of the basin. Cotton- 
wood Creek flows through a developing urban area into Monument Creek upstream

Pikevlew. Cottonwood Creek contrib­
utes large volumes of suspended sediment to Monument Creek (von Guerard, 1989) 
and has a larger specific conductance than Monument Creek. Downstream from 
station 07104905 Monument Creek at Bijdu, more: storm drains in Colorado 
Springs flow into Monument Creek. The area along Fountain Creek between 
Colorado Springs and Fountain generally is more urbanized than the area along 
Fountain Creek between Fountain and Pueblo, which generally is agricultural. 
Water use and reuse and tributary ground-water inflows downstream from station 
07105530 Fountain Creek below CSWWTP probably cause the increased concentra­ 
tions in many constituents (Cain and Edelmann, 1986). Jimmy Camp Creek, a 
tributary that has large specific-conductance values, flows into Fountain 
Creek between stations 07105530 Fountain Creek below CSWWTP and 07105905 
Fountain Creek below Fountain.

Water-QualiUy Variations

Comparisons of water-quality properties and constituents were made among 
stations. Box plots were constructed to graphically display the constituent 
variability at each station and to qualitatively compare data among stations. 
Only qualitative comparisons and not trend analysis can be made because the 
number of values and period of record Were different at each station. Box 
plots are useful because variability bcttween data sets and unusual values can

following information (fig. 2). Theeasily be seen. Box plots contain the 
horizontal line and diamond inside the 
cent of the data are greater than this 
less than this value). The lower line 
lower quartile (25 percent of the data 
line of the box is the 75th percentile

construct the box plot. The period of
number of data values. The number of data vajLues and the period of record 
are important and need to be considered by the reader before conclusions are 
made about reasons for differences in water quality among stations.

based
Generally, concentrations of most 

constituents were larger downstream, 
figures 3 through 32 in the "Hydrologie Data"
are not included because it is the only constituent that for all stations 
either had more than 75 percent of the 
or most of the summary statistics were 
Helsel and Conn (1988).

box represent the median value (50 per- 
value and 50 percent of the data are
of the box is the 25th percentile or
are less than this value). The upper 
or upper quartile (75 percent of the

data are less than this value). The interquartile range (IQR) contains the 
values between the 25th and 75th percentile and is the difference between the 
25th and 75th percentile. The bottom of the vertical line on the box plot is 
the smallest value within 1.5 times the IQR of the box. The top of the 
vertical line is the largest value within 1.5itimes the IQR of the box. 
Outside values, shown as D , are greater than 1.5 times the IQR from the box. 
The far out values, shown as o, are greater than 3 times the IQR from the box 
The number at the top of the box plot :Ls the number of data values used to

recordL in years, is listed above the

of the water-quality properties and 
on comparison of the box plots in

values

section. Box plots for cadmium

less than the detection limit,
estimated using methods described by
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    Period of record 

^^~^ Number of values

Far out value (greater than 3 times 
IQR from the box)

Outside value (greater than 1.5 times 
IQR from the box)

O3
c
03

cr 

I

Largest value within 1.5 times IQR 
of the box

75th percentile (upper quartile)

Median

25th percentile (lower quartile)

Smallest value within 1.5 times IQR 
of the box

Figure 2. Example diagram of a box plot.

Median values of instantaneous streamflow (fig. 3) were larger down­ 
stream on Monument Creek, and were larger downstream on Fountain Creek to 
Fountain Creek below CSWWTP. Streamflow was smaller at downstream stations 
on Fountain Creek because of irrigation withdrawals in this reach (Edelmann 
and Cain, 1985).

Median values of specific conductance (fig. 4) and median concentrations 
of dissolved chloride (fig. 11) and dissolved sulfate (fig. 12) were larger 
downstream on both creeks probably because of increasing urbanization, which 
increased wastewater effluent and urban runoff along Monument Creek (Edelmann, 
1990, p. 15) and ground-water inflow and irrigation-return flow along Fountain 
Creek (Cain and Edelmann, 1986, p. 8). Median pH values (fig. 5) were smaller 
at station 07105530 Fountain Creek below CSWWTP. Median values of temperature 
(fig. 6) generally were higher downstream, and median dissolved-oxygen concen­ 
trations (fig. 7) generally were smaller downstream because of warmer stream 
temperatures. Median dissolved-oxygen concentrations were smaller downstream 
from the wastewater-treatment plant at Colorado Springs probably because of 
the smaller dissolved-oxygen concentrations in the effluent.



Median values of hardness, as calctium carbonate (fig. 8), and median 
concentrations of dissolved calcium (fig. 9), dissolved magnesium (fig. 10), 
and suspended solids (fig. 13) were latger downstream except at station 
07105530 Fountain Creek below CSWWTP. Larger median concentations occurred 
downstream on Monument Creek probably because of wastewater effluent, tribu­ 
tary inflow from basins that drain sedimentary formations and erosive soils, 
and urbanization (Edelmann 1990). Larger median concentrations occurred down­ 
stream on Fountain Creek because of inflow from Monument Creek. The median 
concentrations are smaller at station 07105530 Fountain Creek below CSWWTP 
because of dilution, but the resulting streamflow increase from the effluent 
re-suspends sediments in the stream channel (Edelmann, 1990).

Median nutrient concentrations (figs. 14-19), except for nitrite plus 
nitrate as nitrogen, were largest at station 07105530 Fountain Creek below 
CSWWTP downstream from the wastewater-treatment plant at Colorado Springs 
because of the large volume of discharge from the wastewater-treatment plant 
(Kuhn, 1991). Median concentrations of. nitrite plus nitrate as nitrogen 
(fig. 14) were larger downstream except at station 07105530 Fountain Creek 
below CSWWTP. The smaller concentration probably was due to the CSWWTP 
effluent containing small concentrations of n:Ltrite plus nitrate as nitrogen, 
which resulted in dilution. Larger concentrations of nitrite plus nitrate 
downstream probably result primarily from nitrification of ammonia.

Median concentrations of most trace elements are larger downstream, 
probably because of water reuse. Median concentrations of total recoverable 
copper (fig. 20) and total recoverable zinc (fig. 28) were larger downstream 
except at station 07105905 Fountain Creek below Fountain. Median concentra­ 
tions of total recoverable lead (fig. 23) were larger downstream except at 
station 07103780 Monument Creek at USAfA and at station 07105905 Fountain 
Creek below Fountain. Median concentrations of dissolved iron (fig. 21) were 
smaller downstream and concentrations of total recoverable iron (fig. 22) 
were larger downstream except at station 0710!>530 Fountain Creek below CSWWTP 
and then were larger again at station 07105901) Fountain Creek below Fountain. 
Median concentrations of dissolved manganese [fig. 24) were smaller downstream 
in Monument Creek except at station 07103780 Honument Creek at USAFA. Median 
concentrations of dissolved manganese (fig- 24) were larger downstream in 
Fountain Creek except at station 07106500 Fountain Creek at Pueblo. Median 
concentrations of total recoverable manganese (fig. 25) were larger downstream
in both streams except at stations 071 
07106500 Fountain Creek at Pueblo. Me

)5530 Fountain Creek below CSWWTP and 
lian concentrations of total recoverable

nickel (fig. 26) were larger downstrean excep: at station 07105905 Fountain
Creek below Fountain and then were lar; 
Creek at Pueblo. Median concentration
substantially larger downstream from station )7105905 Fountain Creek below 
Fountain, possibly because of selenife::ous be Is in the shale bedrock (Cain and 
Edelmann, 1986).

Values of median 5-day biochemica 
Creek were largest at station 07103780 
downstream from the Palmer Lake Monument 
larger downstream on Fountain Creek ex :ept 
at Pueblo. Median bacterial counts (f 
stream in Monument Creek. Median coun

again at station 07106500 Fountain 
of total selenium (fig. 27) were

wast 
at

gs. 30 
s of f

L oxygen demand (fig. 29) on Monument 
Monument Creek at USAFA, which is

ewater-treatment plant and were 
station 07106500 Fountain Creek 
-32) generally were larger down- 
seal coliform bacteria (fig. 31)
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were larger downstream to station 07105530 Fountain Creek below CSWWTP and 
then were smaller. Median counts of fecal streptococcus bacteria (fig. 32) 
were larger downstream except at station 07105905 Fountain Creek below 
Fountain and then were slightly larger at station 07105600 Fountain Creek at 
Pueblo.

Water-Quality Trends

Quantitative comparisons of median values of selected water-quality 
properties and concentrations of constituents were made among seven of the 
stations for water years 1980 through 1988. The stations analyzed were 
divided into two groups; the first group included three stations on Monument 
Creek: 07103747 Monument Creek at Palmer Lake, 07104000 Monument Creek at 
Pikeview, and 07104905 Monument Creek at Bijou. The second group included the 
most downstream station on Monument Creek, 07104905 Monument Creek at Bijou, 
and four stations on Fountain Creek: 07103700 Fountain Creek near Colorado 
Springs, 07105500 Fountain Creek at Colorado Springs, 07105530 Fountain Creek 
below CSWWTP, and 07105905 Fountain Creek below Fountain. Station 07104905 
Monument Creek at Bijou was included in the second group of stations on 
Fountain Creek in order to compare the water-quality properties and concen­ 
trations of constituents of Monument Creek to the water-quality properties and 
concentrations of constituents of Fountain Creek because generally more than 
50 percent of the streamflow in Fountain Creek is from Monument Creek (Doug 
Cain, U.S. Geological Survey, oral commun., 1990). Stations 07103780 Monument 
Creek at USAFA and 07106500 Fountain Creek at Pueblo were not included in the 
analysis because of insufficient data.

The comparisons were made using Tukey's studentized range test (SAS 
Institute Inc., 1985). Tukey's test was used to compare the median value of 
a water-quality property or constituent for all stations in a group. An alpha 
level of 0.05 was used to determine whether the median values were signifi­ 
cantly different. The results are presented in table 2. Stations with the 
same letter or number are not significantly different. A, B, and C are used 
for the first group of stations; 1, 2, 3, 4, and 5 are used for the second 
group of stations. The lower the letter in the alphabet or the smaller the 
number, the smaller the median value. For example, the median water tempera­ 
ture at station 07104000 Monument Creek at Pikeview is not significantly 
different from the median water temperatures at stations 07103747 Monument 
Creek at Palmer Lake or 07104905 Monument Creek at Bijou, but the median water 
temperatures at 07103747 and 07104905 are significantly different from each 
other. The median values listed in this table may be different from the 
median values listed in tables 4 and 6-11 because of the period of record 
used.

Results of Tukey's test generally indicate that for Monument Creek, the 
median concentration of most constituents at station 07103747 Monument Creek 
at Palmer Lake is significantly different from stations 07104000 Monument 
Creek at Pikeview and 07104905 Monument Creek at Bijou, which are more similar 
to each other. The median concentration of most constituents at station 
07103700 Fountain Creek near Colorado Springs, upstream from the mouth of 
Monument Creek, is significantly different from the median concentration of 
most constitiuents at downstream stations on Fountain Creek except for pH at 
station 07105500 Fountain Creek at Colorado Springs and for fecal coliform at

11
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stations 07105500 Fountain Creek at Colorado Springs and 07105905 Fountain 
Creek below Fountain. The median concentration of most constituents at 
station 07105500 Fountain Creek at Colorado Springs, downstream from the mouth 
of Monument Creek, is more similar to the median concentration of most 
constituents at station 07104905 Monument Creek at Bijou than to the median 
concentration of most constituents at station 07103700 Fountain Creek near 
Colorado Springs, indicating that the water quality of Monument Creek has a 
large effect on the water quality of Fountain Creek.

To determine the effect of the Colorado Springs Wastewater-Treatment 
Plant on the water quality of Fountain Creek, station 07105500 Fountain Creek 
at Colorado Springs, upstream from the wastewater-treatment plant, and station 
07105530 Fountain Creek below CSWWTP were compared. Tukey's test results 
indicated that there were no statistically significant differences in the 
water quality between the two stations for the following property and 
constituents: water temperature, nitrite plus nitrate as nitrogen, and fecal 
coliform bacteria. The following properties and constituents had statisti­ 
cally significant increases downstream: instantaneous streamflow, specific 
conductance, total ammonia as nitrogen, un-ionized ammonia as nitrogen, total 
recoverable copper, total recoverable zinc, and 5-day BOD. The following 
properties and constituents had statistically significant decreases down­ 
stream: pH, dissolved oxygen, suspended solids, and total recoverable iron.

Time-Series Trends

Time-series trends at each station were analyzed to determine if changes 
in the values of water-quality properties and concentrations of constituents 
had occurred over time. Factors such as land use, water use, and climate in 
the basin can affect water quality. Detection of temporal trends in water 
quality can indicate changes in the factors that affect water quality.

Trend analysis of time-series data for water-quality properties and 
constituents is complicated by several common characteristics of the data: 
nonnormality, seasonality, serial dependence, and censoring. Nonnormal data 
cannot be described by a symmetrical, unimodal, bell-shaped distribution. 
Seasonal data have a natural sequential order over time and vary, depending 
on the time of year. Water-quality data often are serially dependent; the 
constituent concentration at one point in time is dependent upon and related 
to prior data. Censored data contain less-than values due to the detection 
limits of the analytical methods.

The seasonal Kendall test, which was used in this study to detect 
temporal trends in water quality, is based on methods developed by the U.S. 
Geological Survey (Hirsch and Slack, 1984). The seasonal Kendall test is a 
statistical technique unaffected by the problem characteristics described 
above (Hirsch and others, 1982; Hirsch and Slack, 1984). This technique is 
used to identify statistically significant monotonic changes (only increasing 
or only decreasing trends) in data over time. The technique also provides an 
estimate of the magnitude and direction of the change, which can be used to 
calculate the percent change in the median constituent concentration for the 
period of record. The seasonal Kendall test is a nonparametric statistical 
technique; the test statistic is determined by using ranks of the data rather 
than the actual data. Nonnormality of the data set and censored values are
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not problems in a nonparametric approach, because they do not affect the rank 
of the data. Trends are evaluated separately for each specified season 
(months were used in this study), and results are combined into a single test 
statistic (tau). The significance level (p-value) of tau then is adjusted to 
account for serial correlation. i

In addition to testing the original data, [the seasonal Kendall test can 
be used to identify trends in the time series of flow-adjusted concentrations. 
Flow adjustment would be used to eliminate the effect of correlation between 
streamflow and values of water-quality properties and constituent concen­ 
trations. This adjustment would decrease the possibility of erroneously 
concluding that the concentrations of a particular constituent have increased 
or decreased as a result of some change in land or water use in the basin when 
the change in concentration is a result of a change in flow conditions during 
the period of record. For this study, iflow adjustments were not made to the 
concentration data because the changes In streamflow and the water-quality 
properties and constituents have probably resulted, at least in part, from 
human activity in the basin (for example, increases in discharge of waste- 
water effluent and urban runoff). Flow adjustment should not be used where 
human activity has altered the probability distribution of streamflow (Hirsch 
and others, 1991). Flow adjustments could erroneously remove the changes in 
values of water-quality properties and concentrations of constituents. Flow 
adjustment is not appropriate when the >urpose of the study is to assess the 
effect of trends on the suitability of water for use by humans or aquatic 
organisms rather than to investigate the cause of the trend (Hirsch and 
others, 1991).

The seasonal Kendall test was applied 
series of each water-quality property 
this study, the seasonal division was d 
quality sampling usually was done monthly 
summarized in tables 13 through 21 in 
back of the report. The properties or 
tables only if the data had the following

to identify trends in the time 
constituent at each station. For 

efined to be monthly because the water- 
Results of the trend analyses are 

"Hydrologic Data" section at the 
constituents were included in these 

characteristics:

acid

the

At least 3 years of record.
At least 20 values were larger than or equal to the detection limit 

at stations 07104000 Monument Creek at Pikeview, 07104905 Monument 
Creek at Bijou, 07105500 Fountain Creek at Colorado Springs, and 
07106500 Fountain Creek at Pueblo; or at least 30 values were
larger than or equal to the detection limit at stations 07103747
Monument Creek at Palmer Lake, 07103780 Monument Creek at USAFA,
07103700 Fountain Creek near
Creek below CSWWTP, and 07105905 Fountain Creek below Fountain.

3. No more than 10 percent of the 
limit (censored values).

Several significance levels are r 
level of the trend test is the maximum 
a trend that does not actually exist, 
serial correlation is reported for all 
10 years or longer, the significance 
also is reported. Generally, the a

Colorado Springs, 07105530 Fountain

values were less than the detection

eported in the tables. The significance 
probability of erroneously identifying 
The significance level unadjusted for 
trends. If the period of record is 

level adjusted for serial correlation 
djusted significance level will be larger;
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the trend is less significant because there is less information in serially 
correlated data. The difference between the unadjusted and adjusted signifi­ 
cance levels increases as the strength of the serial correlation increases.

The trend slope listed in tables 13 through 21 is the seasonal Kendall 
slope estimator, as defined by Hirsch and others (1982). A negative trend 
slope indicates a decrease in the property or concentration of the constituent 
with time; a positive trend slope indicates an increase in the property or 
concentration of the constituent with time. The seasonal Kendall slope 
estimator, the trend slope, is the median of all possible differences in the 
time-series data within the same month and provides an estimate of the median 
annual change in the data.

In instances where the distribution of the data was highly skewed (the 
data distribution is asymmetrical; the mean is different from the median), a 
trend is unlikely to be linear; therefore, the trend-slope estimator computed 
from actual data values is not appropriate. Transforming the data to 
logarithms will linearize the trend if the annual changes are proportional to 
each other. The significance of the trend, which is based on the ranks of the 
data, is not affected by this transformation. Most of the trend analyses in 
this study were made on the actual data values; however, the logarithms of the 
number of colonies per 100 ml was used for trend analyses of all bacterial 
data. The trend slope for the bacterial data in tables 13 through 21 is the 
multiplicative change in median value each year because of the logarithm 
conversion. The change is not constant with time but increases or decreases 
with time. The change in median has been detransformed and is the overall 
change as a percentage of the estimated median for the first year of record in 
the original data units.

Significant trend slopes are identified in tables 13 through 21 by using 
the following criteria:

1. Moderately significant (*), if the significance level is less than 
or equal to 0.1 and greater than 0.05.

2. Significant (**), if the significance level is less than or equal 
to 0.05 and greater than 0.01.

3. Very significant (***), if the significance level is less than or 
equal to 0.01.

If the significance level (p-value) is greater than 0.1, there is a greater 
than 10-percent chance that there is no real trend. Selection of the signifi­ 
cance level used in the above identification, if more than one significance 
level was reported for a property or constituent, was based on the order: 
(1) Significance level adjusted for serial correlation; and (2) unadjusted 
significance level, if there was no adjusted significance level reported.

For example, in table 13, the trend slope for water temperature is not 
significant. In table 13, the trend slope for pH was determined to be 
significant because the adjusted significance level (greater than 10 years of 
record) 0.0497 is less than or equal to 0.05 and greater than 0.01. Also in 
table 13, the trend slope for fecal streptococcus is very significant because 
the unadjusted significance level is 0.0100.
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A summary of significant trends for all stations is listed in table 3. 
Several general observations about trends in the study area can be made from 
the results in this table. Instantaneous streamflow had positive trends 
except at station 07103780 Monument Creek at USAFA. Streamflow may have sub­ 
stantial daily variation but the instantaneous streamflows at time of sampling 
were characteristic of the mean daily streamflows (Edelmann, 1990). The 
frequency curves of the instantaneous measured streamflows from 1975 through 
1983 were nearly identical to the mean daily streamflow-duration curves except 
for the extremely large and small streamflows. Specific conductance had 
variable trends. Stations 07103780 Monument Creek at USAFA and 07104905 
Monument Creek at Bijou had positive trends, whereas stations 07103747 
Monument Creek at Palmer Lake, 07103700 Fountain Creek near Colorado Springs, 
07105500 Fountain Creek at Colorado Springs, 07105905 Fountain Creek below 
Fountain, and 07106500 Fountain Creek at Pueblo had negative trends. pH and 
concentrations of dissolved sulfate, nitrite plus nitrate as nitrogen, and 
un-ionized ammonia as nitrogen had positive trends at stations that had a 
significant trend. Concentrations of total ammonia as nitrogen, total ammonia
plus organic nitrogen, total recoverable copper, dissolved manganese, and
total recoverable nickel had negative trends at stations that had a signifi­ 
cant trend. The other metals had variable trends at stations that had a 
significant trend. Concentrations of 5-day BOD had positive trends at two of
three upstream stations on Monument Creek and 
downstream stations. Fecal coliform and fecal 
trends at all stations that had a significant
at station 07105530 Fountain Creek below CSWWTP, which had a positive trend.

The trends considered to be very significant are plotted in figures 33 
through 55 in the "Hydrologic Data" section. The trend plots include the 
data, the smooth line, and the trend line. The smooth line, or lowess curve,
is an estimate of the weighted moving average
constituent with time (Chambers and others, 1983). The trend line describes 
the linear change in the water-quality jroperty or constituent for the period
of record. Because of the variability

negative trends at some of the
streptococcus had negative 

trend except for fecal coliform

in the
trend line help show the trend in the data. Kany of the plotted trends are 
probably related to changes in pH and increases in wastewater discharge from 
treatment plants.

of the water-quality property or

data, the smooth line and the

SUMMARY

Water-quality data were collected 
five stations on Fountain Creek during 
data were used to determine variations 
and constituents. A comparison of water 
qualitatively using box plots. Only 
because the number of data values and 
station. Water-quality trends for Monument 
Creek at Pikeview, Monument Creek at Bijou 
Fountain Creek near Colorado Springs, 
Fountain Creek below Janitell Road below 
above Little Fountain Creek below Fountain 
also were evaluated. Time-series trends 
determine if changes in water-quality 
record at each station.

at four stations on Monument Creek and 
water years 1976 through 1988. These 
and trends in water-quality properties

quality among all stations was made 
qualitative comparisons could be made 
period of record were different for each

Creek at Palmer Lake, Monument 
Street at Colorado Springs, 

Fountain Creek at Colorado Springs,
Colorado Springs, and Fountain Creek 

, for water years 1980 through 1988, 
at each station were done to 

conditions occurred during the period of
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Median values of the water-quality properties and constituents were 
compared to the appropriate State water-quality standards. Median values of 
the water-quality properties and constituents were within the State standards 
except for the following trace-metal concentrations: dissolved manganese at 
Monument Creek above North Gate Boulevard at U.S. Air Force Academy and 
Fountain Creek above Little Fountain Creek below Fountain; total recoverable 
copper at Monument Creek at Pikeview and Monument Creek at Bijou Street at 
Colorado Springs; and total selenium at Fountain Creek at Pueblo. Occasional 
violations of the State water-quality standards occurred at all stations.

Generally, concentrations of most water-quality properties and constitu­ 
ents were larger downstream. Nutrient concentrations, except for nitrite 
plus nitrate as nitrogen, were largest fit Fountain Creek below Janitell Road 
below Colorado Springs, which is downstream from the wastewater-treatment 
plant at Colorado Springs; the concentrations then were smaller downstream.

Statistical comparisons of median values pf selected water-quality 
properties and constituents for determining spatial trends were made among 
seven of the nine stations for water years 1980 through 1988. For Monument 
Creek, the comparisons indicated that tie median concentrations of most 
constituents at Monument Creek at Palme r Lake were significantly different 
from the median concentrations at Monument Creek at Pikeview and Monument 
Creek at Bijou Street at Colorado Springs, which are more similar to each 
other. The median concentrations of rnout constituents at Fountain Creek near 
Colorado Springs, upstream from the mouth of Monument Creek, were signifi­ 
cantly different from the median concentrations of most constituents at 
downstream stations on Fountain Creek, except for a few constituents. The 
median concentrations of most constituents at Fountain Creek at Colorado 
Springs, downstream from the mouth of Monument Creek, were more similar to the 
median concentrations of most constituents at Monument Creek at Bijou Street 
at Colorado Springs than to the median concentrations of most constituents at 
Fountain Creek near Colorado Springs; tie water quality of Monument Creek has 
a large effect on the water quality of 7ountai:i Creek.

Water quality at Fountain Creek at Colorado Springs and Fountain Creek
below Janitell Road below Colorado Springs, upstream and downstream from the 
Colorado Springs Wastewater-Treatment Plant, were compared. The following 
property and constituents were not statistically different: water tempera­ 
ture, nitrite plus nitrate as nitrogen, and fecal coliform bacteria. The 
following properties and constituents had statistically significant increases
downstream: instantaneous streamflow, ispecifi
nitrogen, un-ionized ammonia as nitrogen, total recoverable copper, total
recoverable zinc, and 5-day biochemical 
ties and constituents had statistically 
dissolved oxygen, suspended solids, and

c conductance, total ammonia as

oxygen

total

demand. The following proper-
significant decreases downstream: pH,

recoverable iron.

Time-series trends in water quality were investigated at all stations for 
the period of record. The significant trends varied at each station. All 
stations except Monument Creek above North Gate Boulevard at U.S. Air Force 
Academy had positive trends in instantaneous streamflow. pH, and concentra­ 
tions of dissolved sulfate, nitrite pluis nitrate as nitrogen, and un-ionized
ammonia as nitrogen had positive trends 
trend. Concentrations of total ammonia
able copper, dissolved manganese, and total re
trends at stations that had a significant trend. All stations on Monument and
Fountain Creeks had significant temporal trend 
property or constituent.

at all
plus organic nitrogen, total recover-

stations that had a significant

coverable nickel had negative

s of at least one water-quality
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Figure 19. Variations in concentrations of total phosphorus.
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Figure 21 .--Variations in concentrations of dissolved iron.
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Figure 49.--Trend of total recoverable manganese at water-quality station 
07105500 Fountain Creek at Colorado Springs.
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Figure 50. Trend of total recoverable zinc at water-quality station 07105500

Fountain Creek at Colorado Springs.
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Figure 53. Trend of dissolved oxygen at water-quality station 07106500
Fountain Creek at Pueblo.
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Figure 54. Trend of nitrite plus nitrate as nitrogen at water-quality 
station 07106500 Fountain Creek at Pueblo.
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Figure 55.--Trend of 5-day biochemical oxygen demand at water-quality 
station 07106500 Fountain Creek at Pueblo.
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