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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 stationms.

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

Period
of
Station Stream data
segment U.S. Geological Survey station name collec-
number 1 .
number tion
(water
year)?
07103747 6 Monument Creek at Palmer Lake 1977-88
07103780 7 Monument Creek above North Gate Boulevard at 1984-88
U.S. Air Force Academy
07104000 7 Monument Creek at Pikeview 1976-88
07104905 7 Monument Creek at Bijou Street at Colorado Springs 1980-88
07103700 1 Fountain Creek near Colorado Springs 1976-88
07105500 2 Fountain Creek at Colorado Springs 1976~88
07105530 2 Fountain Creek below Janitell Road below 1976-88
Colorado Springs
07105905 2 Fountain Creek above Little Fountain Creek 1976-88
below Fountain
07106500 2 Fountain Creek at Pueblo 1976-88

1Colorado 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 mi?. 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 ft3/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 streamflow is augmented by discharge of wastewater effluent
from Colorado Springs, Garden Valley, Security, 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 ft3/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-quality data were collected for this
study, seven statistical parameters that define the distribution of the data
were determined for streamflow and all water-quality 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 limit, 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. |

\

Because the data for many properties and constituents included censored
(less~-than) values (because of improvement in analytical methods over time,
resulting in a lowering of the detection limits), the methods used to compute
the summary statistics were selected based on '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-likelihood method was best for estimating the
median and quartile values. The software used in this study to compute the
summary statistics incorporated these o methods, modified to accept data
sets that had more than one detection llimit (censored values) (Helsel and
Cohn, 1988).

Summary statistics for the data compiled 'for the nine stations in this
study are listed in tables 4 through 12 in the "Hydrologic Data' section at
the back of the 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 iffereat stream segments. The standards
are maximum allowable concentrations, cept flor 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 concentrati




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.
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EXPLANATION
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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 CSWWIP. 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 CSWWIP. 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 calc¢ium carbonate (fig. 8), and median
concentrations of dissolved calcium (fig. 9), dissolved magnesium (fig. 10),
and suspended solids (fig. 13) were larger 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 CSWWIP
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 concentratioms of nitrite plus nitrate as nitrogen,
which resulted in dilution. Larger comcentrations 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
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were larger downstream to station 07105530 Fountain Creek below CSWWIP 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 CSWWIP, 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 statioms; 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 CSWWIP 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 r%sults are combined into a single test
statistic (tau). The significance level (p-value) of tau then is adjusted to
account for serial correlation.

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, flow 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 copld erroneously remove the changes in
values of water-quality properties and concentrations of constituents. Flow
adjustment is not appropriate when the purpose 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 to identify trends in the time
series of each water-quality property and constituent at each station. For
this study, the seasonal division was defined to be monthly because the water-
quality sampling usually was done monthly. Results of the trend analyses are
summarized in tables 13 through 21 in the "Hydrologic Data" section at the
back of the report. The properties or constituents were included in these
tables only if the data had the following characteristics:

1. At least 3 years of record.

2. 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] Colorado Springs, 07105530 Fountain
Creek below CSWWIP, and 07105905 Fauntain Creek below Fountain.

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

Several significance levels are reported in the tables. The significance
level of the trend test is the maximum probability of erroneously identifying
a trend that does not actually exist. The significance level unadjusted for
serial correlation is reported for all trends. If the period of record is
10 years or longer, the significance level adjusted for serial correlation
also is reported. Generally, the adjusted 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. 1In 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.
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Median values of the water-quality properties and constituents were
compared to the appropriate State waterrquality 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| Fountajin Creek at Pueblo. Occasional
violations of the State water-quality standards occurred at all stationms.

Generally, concentrations of most water-quality properties and constitu-
ents 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 spatial trends were made among
seven of the nine stations for water years 1980 through 1988. For Monument
Creek, the comparisons indicated that the median concentrations of most
constituents at Monument Creek at Palmer 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 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, 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; the water quality of Monument Creek has
a large effect on the water quality of Fountain 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, specific conductance, total ammonia as
nitrogen, un-ionized ammonia as nitrogen, total recoverable copper, total
recoverable zinc, and 5-day biochemical|oxygen| demand. The following proper-
ties and constituents had statistically|significant decreases downstream: pH,
dissolved oxygen, suspended solids, and|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 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 plus nitrate as nitrogen, and un-ionized
ammonia as nitrogen had positive trends| at all stations that had a significant
trend. Concentrations of total ammonia|plus organic nitrogen, total recover-
able copper, dissolved manganese, and total recoverable nickel had negative
trends at stations that had a significant trend. All stations on Monument and
Fountain Creeks had significant temporal trends of at least one water-quality
property or constituent.
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INSTANTANEOUS STREAMFLOW, IN CUBIC
FEET PER SECOND

SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER
AT 25 DEGREES CELSIUS
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Figure 3.--Variations in instantaneous streamflow.
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Figure 4.--Variations in specific conductance.
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pH, IN STANDARD UNITS

WATER TEMPERATURE, IN DEGREES CELSIUS
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Figure 6.--Variations

EY STATION NUMBER

in water temperature.
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Figure 5.--Variations in pH.
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DISSOLVED OXYGEN, IN MILLIGRAMS PER LITER

HARDNESS AS CALCIUM CARBONATE,
IN MILLIGRAMS PER LITER
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Figure 7.--Variations in concentrations of dissolved oxygen.
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Figure 8.--Variations in hardness as calcium carbonate.
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DISSOLVED CALCIUM, IN MILLIGRAMS PER LITER

DISSOLVED MAGNESIUM, IN MILLIGRAMS PER LITER
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Figure 9.--Variations in concentrations of dissolved calcium.
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Figure 10.--Variations in concent
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DISSOLVED CHLORIDE, IN MILLIGRAMS PER LITER

DISSOLVED SULFATE, IN MILLIGRAMS PER LITER
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Figure 11.--Variations in concentrations of dissolved chloride.
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Figure 12.--Variations in concentrations of dissolved sulfate.
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NITRITE PLUS NITRATE AS NITROGEN, IN

10,000

SUSPENDED SOLIDS, IN MILLIGRAMS PER LITER
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Figure 13.--Variations in concentrations of suspended solids.
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'UN-IONIZED AMMONIA AS NITROGEN, IN

TOTAL AMMONIA AS NITROGEN, IN
MILLIGRAMS PER LITER
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Figure 15.--Variations in concentrations of total ammonia as nitrogen.

0.5
MONUMENT CREEK FOUNTAIN CREEK
1976-88
103
o]
0.4 |- —
&
- B
= o3 —
e o a
w
o
2 :
=
<
[0 o
9 o2} _
= Note: A value of 2.35 mg/L at station 1976-88
S 07105530 is not plotted. 1976-88 130
119
8
o]
1981-88
0.1 1984-88 84
55 1976-88
o 124 1980-88 » 8
1977-88 84 1917&88 o]
59
.
o —@— r
07103747 07103780 07104000 07104905 07103700 07105500 07105530 07105905 07106500

U.S. GEOLOGICAL SURVEY STATION NUMBER

Figure 16.--Variations in concentrations of un-ionized ammonia as nitrogen.
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TOTAL AMMONIA PLUS ORGANIC NITROGEN,

TOTAL ORGANIC NITROGEN AS NITROGEN,

IN MILLIGRAMS PER LITER

IN MILLIGRAMS PER LITER
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Figure 17.--Variations in concentrations of total
ammonia plus organic nitrogen.
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Figure 18.--Variations in concentrationT of tof
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TOTAL PHOSPHORUS, IN MILLIGRAMS PER LITER

TOTAL RECOVERABLE COPPER, IN
MICROGRAMS PER LITER
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Figure 19.--Variations in concentrations of total phosphorus.
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Figure 20.--Variations in concentrations of total recoverable copper.
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DISSOLVED IRON, IN MICROGRAMS PER LITER

TOTAL RECOVERABLE IRON, IN MICROGRAMS PER LITER
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Figure 21.--Variations in conrentrations of dissolved iron.
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Figure 22.--Variations in concentrations of total recoverable iron.
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TOTAL RECOVERABLE LEAD, IN
MICROGRAMS PER LITER

DISSOLVED MANGANESE, IN MICROGRAMS PER LITER
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Figure 23.--Variations in concentrations of total recoverable lead.
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Figure 24.--Variations in concentrations of dissolved manganese.
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TOTAL RECOVERABLE MANGANESE, IN
MICROGRAMS PER LITER

TOTAL RECOVERABLE NICKEL, IN
MICROGRAMS PER LITER
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Figure 25.--Variations in concentrations of total recoverable manganese.

Figure 26.--Variations in concentrations
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TOTAL SELENIUM, IN MICROGRAMS PER LITER

TOTAL RECOVERABLE ZINC, IN MICROGRAMS PER LITER
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Figure 27.--Variations in concentrations of total selenium.
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Figure 28.~~Variations in concentrations of total recoverable zinc.
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TOTAL COLIFORM BACTERIA, IN COLONIES
PER 100 MILLILITERS

5-DAY BIOCHEMICAL OXYGEN DEMAND,
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Figure 29.--Variations in S-déy biochemical oxygen demand.
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Figure 30.--Variations in counts of total coliform bacteria.
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FECAL COLIFORM BACTERIA, IN COLONIES
PER 100 MILLILITERS

FECAL STREPTOCOCCUS BACTERIA, IN COLONIES
PER 100 MILLILITERS
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Figure 31.--Variations in counts of fecal coliform bacteria.
100,000 £ 3
t MONUMENT CREEK 1984-88 FOUNTAIN CREEK E
C 49 1985-88 ]
C o 43 ]
I 1984-88 ‘9%‘2'88 o ]
1984-88 49 (o}
10,000 8 48 o} =
- e} o) 8 o 7
- 19?33'88 o 1984-88 g l o) .
i ” ]
1985-88 : .
1985-88 47 a l E | ?
1,000 & 47 . 4 -
g e X | E
100 I | ’ ’ =
10 -
1
07103747 07103780 07104000 07104905 07103700 07105500 07105530 07105905 07106500

Figure 32.--Variations in counts of fecal streptococcus bacteria.
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Figure 33.--Fecal streptococcus bacteria at water-quality
station 07103747 Monument Creek at Palmer Lake.
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Figure 34.--Trend of instantaneous streamflow at water-quality station
07103780 Monument Creek above North Gate Boulevard at U.S. Air Force Academy.
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Figure 35.~-Trend of specific conductance at water-quality station 07103780
Monument Creek above North Gate Boulevard at U.S. Air Force Academy.
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Figure 36.--Trend of pH at water-quplity station 07103780 Monument Creek

above North Gate Boulevard at U.S. Air Force Academy.
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Figure 37.--Trend of dissolved chloride at water-quality station 07103780
Monument Creek above North Gate Boulevard at U.S. Air Force Academy.
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Figure 38.--Trend of suspended solids at water-quality station 07103780
Monument Creek above North Gate Boulevard at U.S. Air Force Academy.
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Figure 39.--Trend of un-ionized ammonia as nitrogen at water-quality station
07103780 Monument Creek above North Gate Boulevard at U.S. Air Force Academy.
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Figure 40.--Trend of instantaneous streamflow at water-quality station
07104000 Monument Creek at Pikeview.
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Figure 41.--Trend of nitrite plus nitrate as nitrogen at water-quality
station 07104000 Monument Creek at Pikeview.
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Figure 42.--Trend of un-ionized ammonia as nitrogen at water-quality
station 07104000 Monument Creek at Pikeview.
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Figure 43.--Trend of pH at water-quality station 07104905 Monument Creek
at Bijou Street at Colorado Springs.
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Figure 44.--Trend of dissolved chloride at water-quality station 07104905
Monument Creek at Bijou |Street at Colorado Springs.
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45.--Trend of dissolved sulfate at water-quality station 07104905
Monument Creek at Bijou Street at Colorado Springs.
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Figure 46.--Trend of nitrite plus nitrate as nitrogen at water-quality station
07104905 Monument Creek at Bijou Street at Colorado Springs.
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Figure 47.--Trend of total ammonia [plus organic nitrogen at water-quality
station 07104905 Monument Creek at Bijou Street at Colorado Springs.
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Figure 48.--Trend of total recoverable copper at water-quality station
07104905 Monument Creek at Bijou Street at Colorado Springs.
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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 51.--Trend of fecal coliform bacteria at water-quality station
07105905 Fountain Creek above Little Fountain Creek below Fountain.
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Figure 52.--Trend of pH 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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5-DAY BIOCHEMICAL OXYGEN DEMAND,
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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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