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ABSTRACT OF THESIS
COMPOSITE LAND USE IMPACTS ON WATER QUALITY ON A

DIVERSELY DEVELOPED WATERSHED

The purpose of this study was to assess the composite land
use effects on water quality on a diversely developed tributary to
the South Platte River in the Colorado Front Range. Data were
collected over a two-year period to assess impacts of mountain home
development, grazing and lake-based recreation on suspended solids,
specific conductance, total dissolved solids, nitrate, chloride,
fecal coliform and fecal streptococcal bacteria. Four specific
treatment areas were eyaluated for both their local and composite
impact on the selected constituents. Treatments included grazing,
road-fill encroachment, lake-based recreation and extended primary
sewage tréatment. Additional sites were selected to characterize
the water quality of strategic locations in the watershed. Cluster
analysis was employed to aid the interpretation of the composite
land use effects on water quality.

Findings at the four treatment sites showed significant
increases in fecal streptococcal bacteria densities at thé grazing
sites, considerable suspended solids delivered to the creek during
runoff events at the road sites, no substantial effect on stream
water quality from lake-based recreation and significant increases
in suspended solids, total dissolved solids, specific conductance,
nitrate and chloride at the sewage lagoon treatment sites. Differ-

ences in the composite land use effects on water quality could only



be discerned by comparing the water quality of the tributaries to
the main stream. Water quality differences related to land use were
found with suspended solids, nitrates, chlorides, fecal coliform and
fecal streptococcal bacteria. No substantial differences in water
quality were found between the three clusters on the Trout Creek
main stem. General water quality of the watershed was good and no
serious water quality problems were indicated.
Peter J. Gowen
Department of Earth Resources
Colorado State University

Fort Collins, Colorado 80523
Spring 1987
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INTRODUCTION

Rapid ponulation and economic growth in Colorado's Front Range
urban corridor is stressing the region's natural resources. An im-
portant key to the general welfare is the abundance and quality of
the water resource. With numerous competing uses for the same 1imited
supply, it becomes imperative that resource managers understand the
consequences of their land management decisions on subsequent down-
stream uses. This study was conducted to evaluate water quality con-
sequances resuiting from mountain home development, ranching and in-
creasing recreational activities in the Trout Creek watershed of
Colorado's Front Range.

Historically, most water quality studies have been directed
towards specific treatments and identifying cause and effect relation-
ships. Little has been done to eva1u§te the-composite land use
effects on water quality. As part of & long-term study, the United
States Forest Service Rocky Mountain Forest and Pange Experiment
Station in cooperation with the Department of Earth Resources,
Colorado State University,sought to establish baseline conditions of
“how existing land use effects water quality. The objective of this
study was to assess current composite land usg impacts on water
quality in the Trout Creek watershed by comparing water quality con-
stituents in both Trout Creek and its major tributaries. Index

stations considered to be representative of the composite upstream



drainage basin were evaluated along with specific treatment areas
to determine water quality interactions and their impacts within

the watershed.



DESCRIPTION OF THE STUDY AREA

General Location of the Study Area

The Trout Creek watershed located in Teller and Douglas Counties
in the Colorado Front Range was selected as the study area (Fig. 1).
Originating on the northwest flank of Pikes Peak about 25 km north-
west of Colorado Springs, Trout Creek flows generally north and is
tributary to the South Fork of the South Platte River near Deckers,

Colorado. Woodland Park is the only incorporated city within the

basin and is located in its headwaters region.
Watershed Characteristics

Precipitaticn

Annual precipitation in the watershed ranges between 35 and 50 cm
per year with a long term average of 39 cm at the Manitou Experimental
Forest Headquarters (Gary, 1975).. Two types of storm patterns commonly
occur in the area. More dramatic and intense are the summertime con-
vective events occurring most frequently in July and August.
Gary (1975) cites a study during the period 1940-1949 where the maxi-
mum rainfall intensity for a 10-minute period was 11 cm per hour on
the Missouri Guich watershed, a small tributary to Trout Creek. A
second, but also important kind o7 storm pattern results from the
passage of 1afge air masses. In general, the fronts pass from
west to east. however., occasionally upslope conditions occur.
Precipitation associated with these frontal events is relatively

Tow intensity-high duration in nature.
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Winter orecipitation most frequently is in the form of snow.
Accumulated snow does not attain great depths in the lower elevations
as snow frequently melts within days. Snowpacks at higher elevations
store substantial quantities of water which are released at time of
melt in April and May.

Precipitation is unevenly distributed throughout the year.

July and August are the wettest months averaging about 21% and 17%
of the annual total due primarily to frequent convective storms
(Gary, 1975). December is the driest month averaging only about

2% of the total annual precipitation.

Geology

Trout Creek is the principa1-drainage for a graben known -
locally as Manitou Park. The park 1is approximate?y 50 km long
and 7 km wide with a south to north orientation. Relief ranges
from 3200 meters at Rasberry Mountain in the southern extremity of
the basin to approximateiy 2200 meters at the confluence of Trout
Creek and West Creek. The ridges forming the eastern and western
borders of the watershed average between 430 and 460 meters above
the valley floor.

The dominant rock formation of the area is Pikes Peak Granite.
In the southern part of the basin, the Pikes Peak Granite is covered
with west dipping Paleozoic sediments covered by a veneer of gravelly
soil (Marcus. 1973). The central portion is filled by thick alluvial

deposits which extend as far north as Rainbow Falls Park where Trout



Creek beqins a 240 meter descent through a granite canyon reaching
the West Creek confluence in approximately six kilometers.

The alluvial deposits of the central portion of the basin are
very mobile. Springsnowmelt freshets redistribute Targe quantities
of these deposits through active channel and bed migration. intense
summer convective storms move large quantities of sediment, particu-
larly through the intermittent channel network from the east and west
flanks of the basin and have caused gullying in several intermitient
and ephemeral channels tributary to Trout Creck.

Considerable beaver activity plays an important role in the
stability of the fluvial systems. Small beaver dams are found up
and down the entire Trout Creek drainage system. The dams offer
a pronounced stabilizing intluence on the fluvial sysﬁem until such
time that a dam fails as a result o% high f]qws or old age. Some
of these dam failures can have a major effect on the stream as was the
case in spring of 1980 when high snowmelt and storm flows washed out
a large number of beaver dams creating new channels and choking

channels with sediment.

Soils

Most of the soils in the watershed are derived from the Pikes
Peak Granite (Marcus, 1973). These soils are coarse (grained
and nighly permeable. Headwater regions of the intermittent streams
of the east and west flanks of the watcrshed are well forested.

Uhere the soils are undiszturbed by man there is little erosion



(Marcus, 1973). Most all the soil is susceptible to severe erosion

when the vegatative cover is removed (USFS-RMFRES, 196€).

Vegetation

Vegetation of the area is typical of the Montane Life Zone.
Berndt in a 1960 study of precipitation and streamflow considered
the Missouri Guich watershed as representative of the general area.
His breakdown of vegetation types were approximately 25% Lodgepole
pine, Englemann spruce, 30% Ponderosa pine-Douglas-fir with the
remainder a mixture of aspern, shrubs, grass, erosion pavement and
bare rock (Gary, 1975). The pines dominate the south and west
facing slopas whereas the spruce and fir dominate the north facing
slopes. Grasses and shrubs dominatethe alluvial terrace deposits

at the Tower elevations.

Hydrology

Averace annual runoff for a 19 year period on the Missouri Gulch
watershed was reported to be 5.6 cm (Gary, 1975). Although Missouri
Gulch is a steeper watershed with a higher percent forest cover than
Trout Creek, the annual average runoff for Trout Creek is likely
fairly close to that figure as this represents approximately 10 to 15-
of annual precipitation.

Punoff pattern for Trout Creek is a typical snowmelt reqime.
Flow is Towest in Tlate fall and early winter with the peak occurring
in Anril or tay. Superimposed on this aeneral runoff pattern are the

effects of oither intense convective storms or frontal storms.  An



average of three to five storms each year have sufficient intensity
to effect runcff (Gary, 1973). A hydrograph for Trout Creek just
above the confluence with West Creek for the 1980 water year is
presented in Figure 2 (%ary, 1920). Long-term flow measurements

are unavailable for Trout Creek.

Land Use
Historical land uses in the watershed include fur trading
(early 1860's), mining (late 1800's), commerical logging (1860-

present), farming (1500-1830's) and grzzing (1880 - present)

W

(United States Forest Service, RIFRES, 1%62). The mining activity
of the late 1800's was the primary economic activity which
stimulated farming and commercial logging. Commerical logging o7
the Ponderosa pine stands began in 1860 but was mostly discon-
tinued in 1900 when few merchantable stands remained (Love, 1838).
Grazing had its peak activity between 1830 and 1890. Major decreases
in forage resources during the 1930-1930 period, forced dramatic reduczions
in numbers of grazed animals. DOuring the sawme period many farming
operations which were initiated in the late 1800's and early 19C0's
failed due to inherent low soil fertility, &rratic moisture and
deprassed economic conditions (Love, 1953). Gully erosion was
extensive between 1930 and 1950 as Love (1958) claims that it was
responsible for 607 of sediment in stream channels and reservoirs
at the tiﬁe of his publication.

Today. mrazing and ceoomvercial letraing onerations ara ab 3 »ugh

Tower Tevel than in the past. Caotle nevds hove beon roducad =2
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less than half of the peak size and shorter grazing seasons have

been adopted (USFS-RMFRES, 1966). Current grazing intensities

are generally light to moderate with less than 40% utilization of
perennial grass and sedge herbage based on casual field observations.
Small timber harvest operations continue in the watershed. In 1980
a 2.6 square kilometer partial cut of ponderosa pine occurred in
White Spruce Guich {tributary to Trout Creek just south of Missouri
Gulch). A much smaller sale of Ponderosa pine between the west

side of Trout Creek, just south of Rainbow Falls Park and State
Highway 67 occurred in 1979. These small timber sales were speci-
fically designed to minimize watershed démage and their impact is not
considered important. Free use firewood harvests sponsored by the
Pike National Forest are located in several areas throughout the
watershed. These too are closely monitored fo prevent'watershed
damage and their impact is considered negligible.

Ot.ier current land uses within the watershed include residential
development and recreation. Urbanization is concentrated in the area
around Moodland Park and Divide. Numerous subdivisions have been
recently constructed and work continues. Road systems are already
in place awaiting housing construction in the upﬁer regions of Mule
Creek and nearby areas of Trout Creek. Recreationists from Hoodland
Park, Colorado Springs, and various points of Colorado, and out of
state can be ohserved throughout the watershed. Common activities
1ncfude caimning, fishina, picnicking, horseback riding, hunting,

off-rcad vehiclie riding and sightseeing

Overniaht campinag is
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restricted to developed campsites by the Pike National Forest, but
day use recreation can be found nearly anywhere within the watershed.

Heaviest day use recreation is at the Manitou Lake Recreation area.



STUDY DESIGH

The study was conducted in three phases. Phase 1 developed
the conceptual framework for the two field seasons that were to
follow. The watershed was evaluated for generalized land use and
all possible station sites were evaluated. Sub-basins of potential
interest were defined and described from maps and field inspection.
Phase 2 was the first sampling season. The purpose of this phase was
to prepare a reconnaissance level characterization of the water
quality of the basin in preparation for detailed analysis of composite
land use impacts on water quality and to assess the water quality
impacts of several specific land use treatments. Phase 3 was the
second and final field season and its objective was to characterize
the composite effects of various land uses on water quality of the
Trout Creek stream system. Since Phasé 1 waé only a preliminary
planning step it will not be further described.

Reconnaissance Study

The main purpose of this phase was to conduct a reconnaissance
level survey of the water quality of the watershed and to isolate
several land-use treatments and evaluate their impact on water
quality. Specific land use activities considered included intensive
Tivestock grazing, road-fill encroachment, extended primary domestic
sewage treatirent and 1ake-ba§ed recreation.

Three levels of stations were established during the recon-
naissance study, cach sampled at a different intensity.  Most

frequently sampled were the primary level stations from which data
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were collected at least once per week. Occasionally, additional
sampling for assessment of storms, diurnal effects and sampling
variation was conducted on the primary level stations in addition
to the routine weekly sampling. Secondary level stations were
sampled bi-weekly while tertiary sites were sampled monthly.

Primary stations were monitored to evaluate water quality
impacts at the four treatment areas. The first of the treatment
areas was a flood irrigated pasture used for livestock grazing on
the Glen Johnston Ranch near Divide. Colorado (Figure 3). Stations
1 and 2 were located above and below the pasture respectively.
Nitrate, fecal coliform and fecal streptococcal bacteria were con-
stituents of primary concern. Four stations were located in an area
of road-fill encroachment of Trout Creek along County Road 23
(Figure 3). Two specific encroachment sites were isolated by locat-
ing stations above and below each.area. Stations 5 and 6 isolated
the first area while stations 7 and 8 isolated the second. The sites
were spaced close enougn such that stations 6 and 7 could be used
to identify changes of suspenced solids between the two encroachment
areas. A1l four road sites were within one kilometer of each other.
A third treatment area was designated at the Woodland Park north slope
sewage treatment lagoons along State Highway 67 (Figure 3). Station
10 was located on Trout Creek approximately 100 meters upstreanm froﬁ
the southwest corner of the south lagoon with station 9 approximately
100 meters upstream of station 10. Station 11 was located apvroxi-

10

mately 1C0 iieters downstream of the northern most lagoon. Station



14

Trout
Creek

fern Crazek

Missouri Gulch

PeniTey EXPERIMENTAL
fF0REST HEADQUARTERS

(AN
Legend
¥ 18‘:
U oo i s i B
kilometers 7
1
g S 1 GNva -
2 LS. Highviay Mule /////
- Rule Creek— Creek

State Highway \) Trout
\;3 Creek &

Wranie D Park

Fiqure 3. Sampling station locations.



19

was established o7f Trout Creek in a seepage area directly west of
the middle lagoon. The main interest in the lagoon treatment areas
was to determine what impact, if any, wastewater treatment lagoons
had on the nitrates, total dissolved solids and fecal coliform and
fecal streptococcal bacteria levels in Trout Creek. The final
treatment area was Manitou Lake. & pooular day-use recreation area
near the Manitou Experimental Forest Headquarters. Stations 13 and
14 were established on Trout Creek above the lake at the highway
bridge and just below the dam respectively (Figure 3). Fecal
coliform and Tecal streptococcal bacteria densities were the
constitutents of major interest, but nitrate was also observed.

Secondary stations served as the watershned reconnaissance
stations. Stations 2, 8,-10 and 11 aiready described as primary
stations also served as reconnaissance stations. Additional
secondary stations were established sttream on Trout Creek and
on the tributaries of Trout Creek at Mule Creek (Stations 16 and 17),
Rule Creek (Stations 19 and 20), Missouri Gulch (Stations 22, 23),
Fern Creek (Stations 25, 26) and at West Creek (Station 28) (Figure
3). Measured variables included: discharge, temperature, specific
conductance, total dissolved solids, nitrate, orthophosphate, fecal
coliform and fecal streptococcal bacteria.

Tertiary level stations werc designed ﬁo supplement the infor-
mation of the watcrshed reconnaissance stations. Two tertiary sites
were established at springs on the Glen Johnston Ranch (Stations 3

and 4), wiile the four remaining tertiary sites were located on
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Trout Creek below its confluence with Mule, Rule and Fern Creeks
and Missouri Gulch (Figure 3). Measured variables at tertiary
stations were much the same as on secondary sites with the exception
that discharge and suspended solids were not measured at the sprinc
sites on the Glen Johnston Ranch.

As a result of the reconnaissance level work conducted in
Phase 2, several sub-basins were selected for more detailed analysis
during Phase 3. Selected sub-basins included the Trout Creek
tributaries of Mule Creek, Rule Creek, Missouri Gulch and Fern
Creek. Sub-basins on the Trout Creek mainstem include the upper,
middle and lower portions of the drainage system. Sub-basin descript-
ions and their land uses are presented in the following sub-section.
Land use descriptions are based on afeal and field observations mads

over the course of the two year study.

Sub-basin Description

The Upper Trout Creek sub-basin is represented by four stations.
They are stations 2, 3, 4, and 8. Located in the headwaters of the
system, the sub-basin is primarily rural in nature as it is upstream
of most of the residential subdivisions centered around Woodland Park.
Grazing is most dominant use on the Glen Johnston ranch which comprise
over 70% of the area. Station 2, previously described under the
grazfng treatment discussions, represents an area of intense live-
stock grazing. Tne irricated pasture immediately upstream serves as
a winter feeding ground for about 50 Tivestock and is used to orow

nay during the summer. Stations 3 and 4 are headwater spring sites
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designed to illustrate groundwater conditions in the upper watershed.
Both sites are subject to light arazing use with light residential de-
velopment (one house per two hectares) upslope. Station 8 represents
the composite water quality as it leaves the sub-basin. Grazing is
still the dominate use of its contributing wetershed, but unlike

station 2, there is no grazing in the immediate area.

The middle Trout Creek sub-basin is heavily invluenced by Ycod-
land Park and its north slope sewage lagoons. This is thé most urban-
ized region of the watershed as the entire north slope of Woodland
Park and surrounding area centributes to this sub-basin. Domestic
wastewater from this drainage area is treated at the sswage lagoons.
The sub-basin is represented by stations 10, 11, 16 and 18. Stations
. 10 and 11, previously described in the lagoon treatment discussion,
isolate the direct lagoon discharge as they dre located upstream and
downstream oY the effliuent discharge respectively. Heavy livestock
grazing was observed in the area during the 1979 field season, wnile
no cows were present during the 1930 sampling season. Trout Creek
stations above Mule Creek (Station 16) and Rule Creek (Station 19)
represent the recovery zone from the sewage lagoons. Intervening
land uses between the sewage lagoons and station 16 consisted of
growing hay and grazing seven and thres animals for the 1979 and 1980
season respectively. Between Mule Creck and Rule Creek on Trout
Creek, approximately 125 head of cattle wera grazed during July
1230, but none were observed at any other time. A sumuer camp *for
handicapped children is located several hundred meters upsorean o7

staticn 19. Its septic tank and leach field fajled and was repiaced



in July 1980, but care was taken by the contractor to prevent any
discharge to Trout Creek and there was no indication that any
effluent had reached the stream. While light grazing occurs within
this sub-basin, the dominant land use is the urbanization of the

Woodland Park area.

The lower Trout Creek sub-basin is a rural area of very little
residential development dominated by forest management and grazing.
The effects of the lYoodland Park sewage treatment lagoons are unde-
tectable. This sub-basin is represented by Stations 22, 25 and 28.
Stations 22 and 25 located 2.5 km apart at the Trout Creek confluence
with Missouri Gulch and Fern Creek, reflect the moderate grazing
intensities on the Manitou Experimental Forest. The two most recent
timber harvests have been loczted in tnis area as well. Station 28 is
thé final downstream station of this study. Several substantial fish
rearing ponds are located at a private fish Hétchery 1 km downstream
of Station 25. Below the hatchery, Trout Creek flows through a steen -
vialled canyon before being impounded by numerous beaver dams just
upstream of Station 28. Several residential units are located near
Trout Creek approximately 2 to 3 km upstream of Station 28, but
otherwise the area is undeveloped.

Four tributary sub-basins were selected for intensive study for
Phase 3. Mule Creesk is the first major tributary to Trout Creek in
the study area. lts watershed is nearly compTete]y forested with only
a small amount of residential development in the headwaters along its
divide with Ruie Creek and Uoper Trout Creek. More develorment is

planned as o subdivision road syscam has alraady bean constructed
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in this area. Substantial recreation use was observed near its
confluence with Trout Creek, as a well worn trail paraliels the creek
and fresh evidence of recent horse use was commoniy found. Rule

Creek is the Targest of the Trout Creek tributaries. Its drainage
area is comparable to that of Trout Creek above its Rule Creek con-
fluence. Grazing is prevalent in the upstream area near Divide, but
the lower portion of the basin is well forested with only minor
grazing except in the immediate area of its confluence with Trout.
Creek. Livestock had access to the confluence area during most of
July 1980 as evidenced by frequent observations of fresh fecal deposits.
Rule Creek and Trout Creek would be quite similar in the area of their
confluence were it not for the influence of Woodiand Park on Trout
Creek. Missouri Gulch is the smallest of the tributaries considered.
It went dry inJduly of both 1979 and 1980. Its watershed is essentially
in pristine condition with no observed residential development.

It is mostly forested and has a few gravel access roads, but had no
active harvest operations at the ﬁime the study was being conducted.
The Fern Creek sub-basin is another essentially pristine area. With

a larger drainage area than Missouri Gulch, its flow was sustained
throughout the duration of the study. It too is mostly forested with
Tittle activity occurring in the basin.

Only the four selected tributaries contribute substantial flows
to Trout Creek in the study area. A1l but Rule Creek represent
essentially pristine areas. Rule Creek is similar to Trout Creek in
drainaqge area, discharge and land use with the major excoption of the

influence of YWoodland Park on Trout Crock. Together, the tributaries



20

represent an opportunity to compare water quality of relatively

undeveloped watersheds with the more developed Trout Creek.

Composite Effects Study

Phase 3 was undertaken to take a more intensive look at basin
index stations to characterize the composite effects of various
land uses on water quality. Fifteen stetions described previously
under sub-basin descriptions Qere sampled for suspended solids,
specific conductance, total dissolved sclids, nitrate, chioride,
fecal coliform and fecal streptoccccal bacteria. The specific
treatment study at the sewage treatment lagoons was continued and
supplemented by additiconal sampling to determine the effect of the
lagoons on Trout Creek in the area. The suspended solids study at
the road treatment area was continued in hopes of cobtaining storm
samples. The grazing and day use recreation treatment studies
were discontinued because there was no grazing in the treatment area
and there had been a demonstrated lack of any impact from lake
based recreation during the reconnaissance study. Stations dropped
from the previous years sampling program included: Upper Glen
Johnston (Station 1), Lagoon 1 (Station 9), Upper Lake (Station 13).
Lower Lake (Station 14), Trout Delow Mule (Station 18), Trout Below
Rule (Station 21), Trout Below Missouri Gulch (Station 24), and
Trout Below Fern (Station 27). One new station was added. Since
the third sewage Tagoon was discharging directly into Trcut Creek, it
vas sampled on a reqular basis and desimmated Station 31, ATl desic-

nated Phasc 3 stitions were sampled weekly.
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In additicn to the sampling sites designated in the Phase 3
study plan, numerous miscellaneous sites were sampled on an irregular
basis. These sites focused on three areas. The FTirst was the area
around the lagoons. On three different occasions an intensive survev
was conducted from just above the sewage lagoons down to Trout Cresk
at the Experimental Forest Headquarters in order to establish a
Tongitudinal nitrate profile for the area. A similar, but less in-
tensive survey was conducted on three occasions to establish a
longitudinal nitrate profile from the first spring site on the Glen
Johnston ranch, downstiream throuch a small stock pond and 50 meters
downstirsam of the pond. The third group of miscellaneous observations
were taken on groundwater samples in the vicinity oT two cooperating
landowners who were interested in nitrate Tevels and how they might
relate to possible toxic effects on livestock. All three sets of
miscellaneous observations were designed to supplement the system-wide
informa Sion provided by the index station.

The Phase 3 sampling program was designed to accommodate paired
station analysis using classical paired t-tests and regressions on
paired observations of a given variable. Paired t-tests were used
to test for significant differences in water quality variables between
station pairs. By plotting each constituent for each station against
the same for selected paired station and cemputing a linear regression
equation, relationships between one station pair can be compared with

relationships of otner station pairs. Differences hetweer station
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pairs can be expressed in terms of differences in the slopes and
intercepts of the regression lines. The hypothesis is that the
differences in slopes and intercepts can be accounted for by differences

in land use.



METHODS AND PROCEDURES
Field Procedures

Discharge was regularly measurgd with each station visit using
the cross-sectional area-velocity method. A direct reading Marsh-
McBirney Model 201 current meter was used for velocity measurements
in conjunction with a top setting wading rod. The number of verticals
taken across each section was a function of stream width and Tlow
conditions. When stream width was greater than 1.5 meters and
not limitinc. the number of verticals ranged from fifteen to twenity-
five. Under extreme low-flow conditions, the verticals were spaced
as close as 0.5 dm apart and may have totalled as few as five per
cross secticn. Under Tow flow conditions at site 2, discharge was
measured by capturing the entire flow of the stream in a pan for
a specified time and measuring the volume with a graduated cylinder.

Suspended sediment samples were.co11ected using a USGS DH-48
depth integrating sediment samp?e} when flow conditions permitied.
then flow was so low that the DH-48 could not be used, samples were
taken by holding three well rinsed fingers over the mouth of the bottle
and slowly lowering the bottle at several verticals acfoss the
section.

Bacteria samples were collected in distilled water rinsed-
sterilized plastic bottles. Samples were taken from just pelow the
water surface with a single sweeping moticn across the entire section
takirg cere not to centaninate tho sample bottle. Collected-<amples

ware Tmseciataly chilled in an dce cooier and were generally deliverad
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to the lab within three hours. Plating frequently occurred within
the first four hours of sample collection but always within six
hours.

Temperature and specific conductance were measured and recorded
at each site. Temperature was measured with a laboratory qrade
pocket thermometer. HMeasurements were protected from direct solar
radiation and were recorded to the nearest 0.5° calsius. Specific
conductance was measured using a Beckman "Solu Bridge" portable
conductivity meter, in micromhos/cm at 25°C.  Several measurements
were taken at each site until the conductivity readings were within

2% of the mean.

Laboratory Procedures

Generally, laboratory procedures were performed at the Manitou
Experimental Forest Headquarters in accordance with Standard Methods
for the Examination of Water and Wastewater - 14th Edition (APHA, et
a].; 1975). Standards were analyzed on each procedure for which they
could be developed and were run in at least triplicate such that
the analytical variation could be assessed. Specific procedures
and their analytical variation will be briefly described in the
following section along with any departures from the generally

accepted technique.
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Suspended Solids

Suspended solids measurements were performed in accordance
with the procedure "Total Nonfiltrable Residue Dried at 103-105°¢ "
(APHA, et al., 1975). Two hundred fifty milliliter samples were
filtered during the 1979 field season but 250 ml samples were used
during 1980 since additional filtrate was required to conduct sub-
sequent analyses for total dissolved solids, chloride and nitrate.
Published accounts of the precision of the procedure include a
standard deviaticn of # 5.2 mg/1 at 15 mg/1 (coefficient of
variation = 33%) and - 24 mg/1 {coefficient of variation = 10%)
at 242 mg/1 (APHA, et al., 1975). Laboratory results of this study
revealed that for a mean of 4.2 mg/1 the standard deviation was
T8 mg/1 aﬁd the coefficient of variation was 25%;. The rasults
presented here are considered to be within the accepted precision

for the procedure.

Total Dissolved Solids
Total dissolved solids were analyzed using the "Total Filtrable

Residue Dried at 103-105C" procedure of Standard Methods for the

Examination of Water and Wastewater, 14th Ed (APHA, et al., 1973).

One hundred milliliter filtrate samples were used. APHA states that
with standard samples containing 134 mg/1 filtrable residue the
standard deviation was found to be ¥ 13 mg/1 (APHA, et al., 1975).

A series of ten standards with a concentration of 120 mg/1 was run

+ : e
and the standard deviation was tound to be - 12 mq/1 with a ceafrici

e

i

+
-
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of variation of 10%. These results were again within the

expected range of the standard procedure.

Nitrates

Nitrates were analyzed using two different procedures for the
two field seasons. During the 1979 field season a procedure developed
by the Hach Chemical Company as a modification to the cadmium reduction
method was employed. This procedure, known as the Hach Tow range
nitrate-nitrogren is performed by adding premeasured powder reagents
to samples according to instructions described by Hach (Hach, 1975).
The major advantage of the procedure is that it is much simpler
than the standard procedure, however, the sensitivity of the
technique i5 lower when compared to the more elaborate standard
procedure as described by APHA, et al., (1975). Only approximately
35% of all samples collected were within the detectible 1limit for
the 1979 field season. This approach was acceptable during the
watershed reconnaissance phase of.the study during the 1979 field
season but was inadequate for the more detailed work of the 1980
season.

During the 1980 field season nitrate analyses were performed

using the Cadmium Reduction Method of Standard Methods (APHA, et al.,

1975). Early in the summer problems were encountered in maintaining
the flow rate through the columns in the required range. Vhen the
columns were reamalgamated for the first time, they were ropacxed

in 1 cm internal diaseter bureties instecad of *the standard coiumn

arrangement described in Standard flethods.  The burettes enabled
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the analyst to precisely control the flow rates in the columns
within the required range of 5 to 8 ml per minute, saving considerabie
time. Other than the modification just described, all other aspects of
the procedure were performed in accordance with the standard procedure.

Samples were chilled in the field and were generally de]ive}ed to
the lab within four nours of collection. Samples were stored at the
lab at 4°C until filtered with distilled water rinsed glass Tibre
filter pads prior to analysis. Samples were run once per week with
half of the samples analyzed within 24 hours, with the remaining
samples analyzed within 48 hours. The samples collected in the
vicinity of the sewage lagoons, Mule Creek and Rule Creek werz
always analyzed with 24 hours of collection. The remaining samples
were frequently held up to 48 hours before analysis. In no case
was the holding time greater than 48 hours. The same routine was
followed each week.

AnaTytica] technique of the project was tested by preparing
five different concentrations of standards and running each in
triplicate. A one-way analysis of variance test revealed that
there was no significant difference in the precision of the procedure
at the various concentration levels at the 10% confidence Tlevel.
(F statistic = 2.58 versus a critical value of F = 2.61 with 4 and 10
degrees of freedom.) A paired t-test revealed no significant difrer-
ences between the measured concentration and the standard concentration
(t-statistic of 1.74% comnared to a critfical value of 1.7061 with 14
degrees of freedom). On concentrations ranning from 0.01 te 0.45 ng/]

HO,-1i. the 907 confidence interval for the difference hetween the
-J
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standard sample and measured sample was calculated to be 20.007 and
the coefficient of variation was 15%. For concentrations greater
than 0.5 mg/1 NO3-N dilutions would have to be made and the width
of the confidence interval increases directly with the proportion

of dilution water.

Phosphates
Curing the 1979 field season phosphates were measured in
accordance with the Tow range orthophosphate nrocedure describad in

-
)

12 520

%3]

=ach (1973). itjvity of the nrecedure was inaacouite

Far tm2 concantrrticas found ia the study 2rea. Mnrnroximately 157
of all measurements made were in the detectabls range and nearly
all of those were a* only two out of a total of 28 stations. With

the orthophosphate concentrations so low, it was decided to dis-

continue the measurement of phosphate for the 1980 field season.

Chlorides

Chlorides were determined using the Argentometric Method as

described in Standard Methods (APHA, et al., 1975). For a series

of five standard dilutions ranging from O to 10 mg/1, blind titrations
were performed in triplicate at each concentration. The standard
deviation for the difference between the standard concentration and
the measured concentration was 0.67 mg/1, the mean difference was

0.01 mg/1 while the 907" eonfidence interval was calculated to be

+
-0.3 mg/1.
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Fecal Coliform Bacteria
Fecal coliform bacteria were analyzed using the Fecel Coliform

Membrane Filter Procedure as described in Standard Methods (APHA,

et ai., 1975). The M-FC broth was a commercial preparation manu-
factured by Difco Laboratories. Petri dishes were prepared prior
to the weeks sampling but were always used within 96 hours of prepar-
ation. Samples were chilled immediately in the field and were
delivered to the laboratory usually within four hours but always
within six hours of samplie collection. Membrane filtration and
plating was frequently performed immediately upon arrival to the

lab but always within two hours.

During the October 1979 and January 1930 sampling runs, a
delayed incubation technique was employed so that the plates could
be incubated and counted in Fort Collins. The procedure is des-
cribed as the "Delayed-Incubation Fecal Coliform Procedure" in

Standard Methods, (APHA, et al., 1975). The holding time on the

vitamine-free casitone transport medium for both sampling runs was

less than the maximum 1imit of three days specified in the instructions.

Fecal Streptococcal Bacteria

Fecal strentococcal bacteria were analyzed in accordance with .
the "Membrane Filter Technic Test for the Fecal Streptococcal Sroup”
described in Standard Methods (APHA, et al., 1973). As with the Tecal

coliform media. the KF Strentococcus Agar emoloyed was a couinerciai
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preparation of Difco Laboratories. Shelf time of prepared plates was
considered to be two weeks and plates not used within the two-week
period were discarded (Millipore, 1973). The delayed incubation
procedure for the October 1979 and January‘1980 sampling runs used

the KF Streptococcus Agar as described by Millipore (1973).

Sampling Variation

On several occasions during the 1979 field season special sampl-
ing runs were made to evaluate sampling error and analytical error.
Analysis of variance testing was conducted on nitrates, suspenced
solids, total dissolved solids, fecal coliform and fecal strepto-
coccal bacteria. In all cases, except nitrate where concentrations
(using the Hach procedure) were less than detectible limits, the
variation between samples was insignificant compared to the vari-
ation within each sample at the a = O;] 1evei (Appendix A-C).
Diurnal sampling was conducted on-suspended solids, total dissolved
solids, fecal coliform and fecal streptococcal bacteria. No signi-

ficant diurnal pattern was observed with any variable (Appendix D).

Statistical Procedures

Statistical procedures used throughout the entire proiect
effort include paired t-tests, grouped t-tests and analysis of
variance (ANOVA). While a number of statistical package programs
have been used, the package program used most exfensive]y, has been
the 'Statistical Package for the Social Sciences" (SPSS) wnich is

available through the Colorado State University Computor Centor
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{Nie, 1975). The cluster analysis routine employed for the basin-
wide composite effects interpretation is a program developed by
Veldman (1967). Other systems used include "Minitab", an inter-
active package available through the CSU Ccmputer Center, a statistical
package developed by Hewlett Packard for use on their HP-67 model
hand calculator, and hand calculations based on formulas found in
the stati%tics text by Snedecor and Cochran called Statistical
Methods (Snedecor and Cochran, 1967).

Most of the data dealt with in the discussion and results
section are not normaily distributed. This was evident by plotting
histograms and observing that the variances were 1arger—than the
means, and that third moments frequeﬁtTy exceeded 3. Since
parametric statistical procedures require normal populations,
log transformations have been made oﬁynear]y_a]] occasions. Resulting
histograms are much improved and variances are consistently smaller
than the meaﬁs. Third moments are consistently less than 1 and
always less than 2. Instances where log transformations have not
been made will be specifically noted in the text.

A1l statistical analyses have been conducted at the 10% con-

fidence Tevel. Two tailed tests have been used in all cases.



RESULTS AND DISCUSSION

Discussion of the study results will be addressed in two
sections. The first will consider the specific treatment areas while
the second will cover the composite land use effects on water quality

within the Trout Creek drainage system.

Specific Treatments
Grazing

The grazing treatment stucdy was conducted on the Glen Johnston
ranch during the 1979 field season at stations 1 and 2 (Figure 4).
The pasture studied is approximately 1 km long and several hundred
meters wide. It is irrigated in the summer for growing hay and
is-used in the winter as a feeding ground for about 60 cattle. During
the 1979 field season, there were no livestock in the pasture, but
substantial quantities of fecal material were present as a result of
the previous winter's cattle conf%nement.

Previous investigations on grazing effects on water quality
conducted on the Manitou Experimental Forest and reported by
Johnson, Gary and Ponce (1978) indicated only minor effects on
water quality. Their findings revealed small but statistical
significant increases in both fecal coliform and fecal streptococcal
bacteria densities when Tivestock were first introduced to a pasture
with a fairly quick return to previous bacteria densities once the
Tivestock were removed. Mo significant differences were observed

with dissolved oxygen. suspended solids. total dissolved solids.
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specific conductance, nitrate and orthophosphate. Stephenson

and Street (1978) found that the occurrence of fecal coliform bacteria
in a southwest Idaho rangeland watershed was directly related to
presence of Tivestock with levels increasing scon after the intro-
duction of livestock and remaining high several months after the
livestock had been removed. They also observed a decrease in
bacterial concentrations in a downstream direction which was
attributed to a natural self-purifying process. Milne (1974)
reporﬁed that a livestock wintering operation showed little increase
in fecal coliform bacteria levels where livestock activity was dis-
persed, but where livestock activity was concentrated, fecal colifqrm
bacteria densities increased significantly.

Summary statistics for the upper and lower Glen Johnston ranch
sites (Stations 1 and 2) are presented in Table 1. Discharge decreas-
- ed between the two sites due to flood Hrrigaéﬁon. Discussion of
the wa" 2r quality constituents follows.

Suspended solids measurements represent base flow conditions
and are low at both sites. Although the difference in the mean values
of 3 and 6 mg/1 between the upper and lower stations is statisticallvy
significant (Table 2) it should not be considered a function of the
grazing activity as 1) there were no livestock in the pasture at the

time of sampling, 2) the coefficient of variation of the analytical
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Us(1)
Fean
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Std.Dev.
Range

n
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Mean
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Std.Dev.
Range

n

Summary Statistics for 1979 Paired Grazing Sites (Stations 1, 2).

Discharge

(1/sec)
15
21
11
1-44

23

1-25

23

Suspended
Solids

(mg/1)
3

Temp
(oc)

16.5
17.0
5.5
8-22
22

16

Total
Specific Dissolved
Conductance Solids Hitrate
(umhos/cm) _(mg/1) (y9/1)
146 98 -
142 100 -
15 23 -
120-165 64-141 <160-185
i 21 22
216 113 -
215 131 -
29 25 -
170-255 105-190 <150-165
13 21 22

Fecal
Coliform
{col/100 m1)

Fecal
Streptococci
(col/100 ml)

38
24
36
0-123
18

52
22
72
3-280
18

570
340
650

38-2400
18

1200
380
2000

30-6700
18

S€
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Table 2. Paired t-tests for grazing treatment (Stations 1, 2) using
log transformed data. ’

Very highly significant

Number _ - Significant

Varijable of samples H17H SH1TH t at a= 0.1
Discharge 15 .14 0.24 2.25 *
Suspended

Solids 9 -0.24 0.28 -2.57 *
Temperature 15 0.003 0.04 0.02 N.S.
Specific

Conductance 14 -0.16 0.06 -9.70 Fkk
Total

Dissolved

Solids 14 =N 0.05 -8.99 Fkk
Fecal

Coliform 16 -0.009 .79 0.00 N.S.
Fecal

Streptococci 16 - .28 .37 2.92 *

N.S. Not significant

* Significant
** Very significant
* %k
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procedure is quite high in this range and 3) the difference is probably
more a function of the upper site being an undisturbed sample, while
the Tower site was located below a culvert where during periods of

low flow water fell from the culvert into a small plunge pool. A
small spring discharge with a substantial nitrate concentration
entered the creek at the plunge pool. The samples were collected
downstream so the effect of this spring would be included.

Specific conductance and total dissolved solids significantly
increased between the two sites (Table 2). Despite this increase,
the ratio of total dissolved solids/specitic conductance remained
constant between the two sites (0.67 at station 1 compared to 0.66
at station 2). This indicates the same process of dissolution of
inorganic substances appears to be operating at both sites. The
increase in specific conductance and total dissolved solids is a
likely result of the flood irrigation process where the water is
given a greater opportunity tc leach soluble salts from the soil.

Fecal streptococci densities show a significant increase
between the two stations while fecal coliform densities do not. Fecal
streptococci measurements were much more variable at station 2 than
station 1. This is evident by comparing the standard deviations of
650 for site 1 to 2000 for site 2. Median values are very close
for the two sites (340 colonies/100 ml at site 1 compared to
380 colonies/100 ml at site 2). The fecal coliform/fecal strepto-

cocci ratio strongly supports the conclusion that the fecal
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contamination is related to the presence of Tivestock. It appears
that the effect demonstrated by this treatment area on the fecal
streptococci densities is to increase the magnitude but mostly the
variability of the densities probably through the variations inher-
ent in the flood irrigation process.

The grazing treatment had little effect on water quality, a
finding similar to that of Johnson, Gary and Ponce (1978). The
only observed effect was solely in the fecal streptococcal bacteria
densities. Specific conductance and tectal dissolved solids sig-
nificantly increased through the study area, but it was shown that
this increase was likely independent of the grazing. Nitrate and
phosphate concentrations were consistently below the detection
1imits of the analytical procedure employed. Fecal coliform
bacteria densities were uneffected while an increase in magnitude
but mostly variability of streptocpcci densities was observed,
consistent with the findings of Stevenson and Street (1978) that
bacteria populations can remain viable up to several months after

the removal of Tivestock.

Road Fill Encroachment

Forest road systems have long been recognized as major
sources of suspended solids and it is well documented that the water
quality from forest watersheds is affected by the number, location
and construction and maintenance practices of forest roads (EPA. 1975).
Soil mass movement is considered by EPA (1975) to be the most common

and significant factor in water quality degradation from roads and
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increased suspended solids concentrations. In most cases, the
soil mass movements are caused by undercutting unstable slopes.
improperly constructing embankments and drainage system failures.

Suspended solids concentrations are highly dependent on stream
discharge as a threshold energy level must be met before suspended
solids can be tran§ported. In evaluating road impact on suspended
solids, these low-flow conditions can either be included or excluded.
Beschta (1978) elected to eliminate Tow flow vaﬁues in his work
in evaluating the effects of logging androad construction in a
long term study in the Oregon Coast Range. Others have also
reported low suspended solids concentrations under base flow conditions
and stratified their samples to consider wet weather and dry weather
flows separately (Skau and Brown, 1974). The effort considered here is
to evaluate the local and composite effect of forest roads in the
Trout Creek watershed under both wet and dry weather.

The four road stations were designed to isolate two areas wnere
a county gravel road encroaches on the Trout Creek channel and one
area wheré the immediate stream channel is well removed from the réad
(Figure 5). Suspended solids concentration at all four stations
were low, with most reflecting dry weather or base flow conditions
(Table 3). Although the discharge at two of the four stations was
significantly greater (o = 0.1) in 1980 than in 1979, suspended
solids concentrations were not significantly different between years
at any station at the 107 confidence level. Using paired t-tests

with log transformed data at the = = 0.1 level, a significant increase
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Table 3.

Station (5)
Mean
Hedian
Std. Dev.
Range
n

Station (6)
[lean
Median
Std. Dev.
Range
n

Station (7)
Mean
Median
Std. Dev.
Range
n

Station (8)
[Mean
Hedian
Std. Dev,
Range
n

1979
Suspended

Discharge Solids
_1/sec mg/1
13 7
3 6
24 8
1-130 0-39
34 28
12 9
3 6
19 10
2-94 0-45
34 28
16 7
4 5
2 9
2-82 0-44
37 28
16 5
3 3
20 5
2-93 1-13
28

43

Summary statistics for road sites (Stations 5, 6, 7, 8)

1980 197¢ and 1980 Combined
Suspended Suspended
Discharge Solids Nischarge SoTlids
_1/sec __mg/1 _1/sec _.g/1
130 12 45 8.8
15 11 3 8.5
180 9.4 110 8.4
1-440 3.1-40 1-440 0-40
14 13 48 41
130 13 45 10
15 17 a4 8.3
180 8.3 110 9.2
1-440 3-37 1-440 0-45
14 13 43 41
130 11 45 7.9
15 10 4 6.0
180 6.9 110 8.6
1-440 3.4-30 1-440 0-44
14 13 51 41
140 15 50 8.2
15 9.2 7 5.2
200 14 120 10.2
1-520 4.1-61 1-520 0.8-61
16 14 59 42

87
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was found at the first encroachment area, and a significant de-
crease in suspended solids ccncentration was found at the inter-
vening recovery zone between the two encroachment areas (Table 4).
No significant change was found at the second encroachment area.
One way analysis of variance between the four stations failed

to show a significant difference in suspended solids concentrations
(F statistic = 0.8 compared to a critical value of 3.2 for 3 and

150 degrees of freedom ).

While the tabulated data represent base flow conditions fairly

well, runoff events have more dramatic effects. Visual evidence
strongly indicated that large quantities of sediment were trans-
ported through the system during the peak flow period of 1980.
Major changes in channel configuration, many recently cut banks,
obliteration of nearly all previously éxistiné pools and numerous
new sediment deposition areas were all witnessed in the treatment
area at the first visit of the 1980 field season.

High flows supply the energy necessary to move this material.
Much sediment is brought into the channel by runoff of summer con-
vective storms. Although no storms could be sampled during the two-
year study, two storms during July and August 1979 were observed to
have washed substantial portions of the road fill into the creek.
Alluvial fans from the runoff channels were large enough to actually
divert the flow of the creek around them. Suspended solids concen-
trations at all the sites were back to normal shortly after the

storm event once the runoff subsided.
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Table 4. Paired t-tests for road sites for log transformed
suspended solids.
5, 6 40 -0.06 0.197 -2.063 *
6, 7 40 Ol s 0.282 2.838 *%
7, 8 40 -0.01 0.284 -0.328 N.S.
N.S. Not significant

*  Significant

**  Very significant
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Since these intense summer convective storms are of short dur-
ation, their runoff is generally sufficient to move the sediment
only a short distance downstream aexcept for extreme events. The
sediment is then stored until it can be transported by the next high
flow. Most of the sediment redistribution occurs during snowmelt
peak flows when high flows are sustained and the energy necessary for
transport is available. This appears to be the case throughout the
Trout Creek watershed as well as in this treatment area.

The net effect of the road fill encroachment is to serve as a
source area for sediment during runoff events. Summer convective
storms supply the energy which can move substantial quantities of
sediment, but their specific impacts are very difficult to monitor
due to their unpredictable and sporadic nature. Base flow con-
ditions result in very little sediment transported through the

hydrologic system.

Lake Based Recreation

Day-use and overnight recreation areas have been found to have
mixed effects on water quality. Brickler and Utter (1975) found
that sewage disposal facilities were the major source of water con-
tamination in developed recreation sites in Arizona. Johnson and
Middlebrooks (1975) observed sharp increases of fecal coliform
bacteria deﬁsities at picnic and camp grounds during high use periods
in Utah's Wasatch Front followed by sharp declines at the end of

the recreation season. Aukerman and Springer (1976) found statistically
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insignificant increases in fecal coliform bacteria densities at
eight recreational study sites in the Colorado Front Range west of
Fort Collins. Ponce and Gary (1979) reported that intensive day-
use recreation at Manitou Lake on the Manitou Experimental Forest
had no measurable effect on the water quality of the lake itself.
The Manitou Lake Recreation Area receives substantial day-use
recreation usage, particularly on summer weekends. -Ponce and
Gary (1979) observed a decrease in total coliform and fecal
coliform densities between the lake inlet and outlet, probably
due to ultraviolet radiation disinfection. The study undertaken
here, looked beyond the recreational impact on the lake and
considered effects on Trout Cresk immediately below the lake.
Paired stations were located in a running water site at the
highway bridge above the Tlake and on Trout Creek, 50 meters down-
stream of the lake outlet dam (Figure 6). Summary statistics
are presented in Table 5. While discharge apparently increased
between the two sites, it should be noted that beaver activity
at the upper lake site made it impossible to measure the entire
flow into the lake. During low flow conditions, there was an easily
observed increase in lake outflow compared to that fiowing in
without any observed change in water level of the lake. The source
of this additional water is likely groundwater flow. Substantial
quantities of groundwater are presumed to flow in close association
with surface flow through the thick coarse alluvial deposits in the
valley bottom. Construction of the man-made lake has likely inter-

cepted the groundwater flow. Deeper springs apparently also discharge
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Table 5. 71979 Summary statistics for lake sites (Stations 13, 14)

Station (13)
Mean

Medium

Std. Dev.
Range

n

Station (14)
Mean

Median
Std. Dev.
Range

n

Specific
Suspended  Conductance Total Fecal
Discharge Solids mhos/cm Dissolved Fecal Coliform Streptococcus
1/sec_ mg/1 @ 250C __Solids colonies/100 ml colonies/100 ml
56 1.8 260 170 33 350
8 0.9 270 170 24 240
93 1.8 41 25 29 380
1-340 0-5.6 200-345 120-200 2-100 27-1700
18 1 17 16 32 33
64 8.6 260 160 190 3900
22 7.2 270 160 150 2400
89 8.2 36 20 249 4400
11-330 2-32 190-325 110-200 0-93 16-19000.
17 11 19 17 34 34

Ly
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into the lake. A conversation with a Forest Service recreation
ranger in August 1979 revealed that the primary reason why the
Forest Service prohibits swimming in the lake is the dramatic
temperature fluctuations apparently caused by spring discharges.

In the past, several drownings have been attributed to unsuspecting
swimmers debilitated while swimming into the cold water.

Results of paired t-tests on log transformed data (Table 6)
reveals significant differences in discharge, suspended solids,
temperature, total dissolved solids and fecal streptococca] bacteria.
The range of values of suspended solids is fairly low. Although
the difference is statistically significant, the actual impact on

water quality is low. What difference there is can be attributed

to the reach between the dam outlet and the station. This area is

heavily used by recreationists. Trai]s‘are ubiquitous and sub-

stantial vegetation has been trampled to death. Children were

frequently observed wading and playing in the stream in this section.
Specific conductance was unchanged between the two sites.

Although the total dissolved solids revealed a significant

decrease between the two sites, the mean difference between the

two sites was only 10 mg/1 which is less than 6% of the mean.

The difference observed is wellwithin the noise of the analytical

procedure and the differences in total dissolved solids concentrations

13 not considered important.
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Table 6. Paired t-tests for lake sites (Stations 13, 14)
using log transformea data.
Number 0 -1 SU. -1 Significant
Variable  of Samples 172 172 t at o =0.1
Discharge 13 -0.22 0.35 -2.33 *
Suspended 8 -0.67 0.30 -6.38 lald
Solids
Temperature 15 -0.03 .03 -3.34 i
Specific 14 0.00 0.04 0.02 N.S.
Conductance
Total 14 0.03 0.04 2.94 *
Dissolved
Solids
Fecal 13 0.07 0.56 0.45 N.S.
Coliform
Fecal 16 -0.39 0.73 -2.15 *
Streptococci
N.S. Mot significant
* Significant
** Very significant
%k k

Very highly significant
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Fecal coliform bacteria densities showed no significant change
between the two stations while fecal streptococcal densities did.
The area where the bacteria are introduced to the system appears
again to be the reach between the dam outlet and the station
located 50 meters downstream. To confirm previous results reported
by Ponce and Gary (1979), several bacteria samples were collectad
at the top of the dam in August 1979. These were paired with samples
collected at the regular lower lake station. The results are pre-
sented in Table 7. Fecal coliform densities at the dam outlet were
consistent with the findings of Ponce and Gary (1979). Dramatic
increases in both feca1'co11form and feca] straptococci densities
were observed between the dam outlet and the station 50 meters
downstream. According to the FC/FS ratio, the fecal contamination
cannot be attributed to human sources as the ratio in all cases is
much less than 0.7. Numerous bird nestS were observed in the
escarpment on the west bank of the creek below the dam. Birds
might explain the dramatic increase in fecal streptococcal and
fecal coliform bacteria in the area. It should be noted that fecal
coliform densities at the Tower site were similar to those upstream
of the lake but fecal streptococci densities were significantly
higher.

The overall effect of the lake based recreation on the water
quality of Trout Creek in the'immediate area of Manitou Lake is

minor. No real effects were observed with specific conductance
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Table 7. Comparison of bacteria densities between lower
lake sub-stations.

Fecal Coliform Fecal Streptococci
colonies/100 ml colonies/100 ml
50 Meters 50 Meters
Top of Downstream Top of Downstream
Dam of Dam Dam of Dam
4 525 80 4500
3 48 23 2600
1 48 22 3500
15 6
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or total dissolved solids. Nitrate and nhosphate concentrations
were consistently below detectable Timits. Suspeﬁded solids con-
centrations significantly increased in a statistical sense but the
magnitude of the increase has little water quality importance.
Fecal coliform and fecal streptococci bacteria densities were

also unaffected by recreational use of the area.

Sewage Lagoon

The sewage Tagoon treatment study was broken into two parts.
The first portion of the study involved weekly monitoring of
four sites during each of the two field seasons to evaluate the
effects of the sewage tréatment lagoons on the water quality of Trout
Creek in the +immediate vicinity. The second portion of the study
looked at the longitudinal nitrate profile of Trout Creek from a
point approximately 1 km upstream of the sewage treatment lagoons

downstream to the Manitou Experimental Forest Headquarters to

determine the extent of the impact the sewage lagoons had
on the nitrate levels of Trout Creek.

Stations considered in the first portion of the study included
Trout Creek stations above and below the sewage lagoons (stations 19
and 11 respectively), one station sampling the lagoon discharge
into Trout Creek upstream of station 11 (station 31) and a site
west of the middle lagoon where seepage from the lagoons reached

the ground surface (station 12) (Fig. 7).  Summary statistics are

presented in Table 8.
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Figure 7.



Table 8.

Station (10)
Mean

Median

Std. Dev.
Rance

i

Station (11)
Mean

Hedian

Std. dov.
Ranee

n

Station (12)
Hean

Median

Std. oev.
Rangye

i

Station (31)
Hean

Median

Stu. Loz
Range

n

1979 and 1980 Summary statistics for lagoon sites (stations 10, L - S

/100 ml

*Less than detectable limit,

Specific Total Fecal
Suspended  Conductance Dissolved Coliform
Discharge Solids umhosécm Solids Nitrate Hitrate Chloride colonies

(1/sec) mq/1 @25°¢C mg/ 1 my/ ng/ 1 mg/ 1

30 6.6 210 140 0.82 8.0 5.8 79

27 3.8 210 140 0.59 { 8.3 6.0 35

30- 11.9 21 3] 0.34 1.1 1.6 120
7-190 0-52 140-280 61-220 .39-1.55 5.4-9.0 2-6 0-500

38 18 29 23 24 11 12 37

33 50 280 170 0.74 7 2 9.6 130

31 10 280 170 .68 7.2 10. 53

28 97 40 29 0.46 1.3 3 180
8-160 0.4-350 160-350 98-220 0.45-2.65 5.0-10 2-15 2-960

38 20 29 24 1 13 37

- - 740 410 * 1.3 33 760

- - 760 110 * 1.2 34 160

- - 87 22 5 2.8 1400

- - 900 360-450 .4-2.4 33-37.5 13-6700

- - 29 22 1A A 37

2.2 - 650 350 - 2.9 38 250

2.1 - 700 340 - 1.8 35 50

0.5 - 100 67 - 2.5 4.4 370

1-4 - 480-760 210-430 - .3-8.9 33-495 0-1000

10 - 13 12 - 10 12 12

Fecal
Streptococci
colonies

/100 ml

340
260
270

98-1600
39

500
400
330

180-1600
39

3600
2200
7200

165-47000
39

370
260
320
0-1100
13

2]
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Since heavy 1ivestock grazing occurred at the site during 1979
but not 1980, unpaired t-tests were run at each station on all var-
iables to determine if any variables changed between years (Table 9).
Few changes were observed. Discharge increased at both station 10
and 11 following the same trend observed throughout the watershed.
Fecal streptococci densities decreased significantly at station 11.
This is likely a direct result of the absence of livestock during
1980 and unrelated to the sewage treatment. Suspended solids sig-
nificantly increased at station 11, which was an obvious result of the
lagoon effluent discharge to Trout Creek. Ouring 1979 there was
no direct discharge from the lagoons to Trout Creek until an intense
storm caused a failure of the downstream wall of the finishing
lagoon causipg near]y the entire contents of the Tagoon to empty
into Trout Creek in late August 1979. Throughout 1980, the third
lagoon had a discharge that flowed approximately 100 meters from

its outfall culvert over unconsclidated alluvium eventually

discharging into Trout Creek. The effluent continuously eroded

its channel and formed a gulley reaching a depth of over

four meters at times. The effect of this discharge of suspended
solids concentration of Trout Creek was observed as far downstream

as the confluence of Trout Creek and Rule Creek. A single measure-
ment of suspended solids was made on this effluent on August 12, 1930
with a result of approximately 8400 mg/1. Additional measurements
were not made due to the impossibility of distinguishing between
suspended load and bedload in the eff1uent'Wh1Ch averaged

around 2 liters per second.



Table 9. T-tests between years at lagoon sites (stations 10, 11, 12) using log

_(1980-1979)

Station (10)
Significant
0 u=0.]

T-statistic

Deyree of
Freedom

p-value

Station (11)

Significant
g = 0.1

T-statistic

Degree of
Frecdom

p-value

Station {12)
Significant
at = 0.1
T-statistic

Negree of
Frecdon

p-vatue

n.S.

transformation data.

Suspended
Discharge Solids

Specific
Conductance*

i N.S.
3.69 0.58
26 16
0.001 0.568
ok

3.7 2.20
26 18
0.001 0.041

llo significant
Significant

Very significant

M.S.

-0.74
26

0.463

N.S.

-0.38
26

0.710

N.S.

-1.57

26
0.128

Total Fecal
Dissolved Fecal Strepto-
~Solids Coliform cocct

N.S. N.S. N.S.
0.18 -0.61 -0.05
21 25 21
0.860 0.544 0.963
N.S. N.S. *
0.54 ~-1.03 -2.26
22 26 27
0.597 0.313 0.032
N.S. N.S. N.S.
-1.24 -0.27 -0.62
19 26 27

- 0.23 n.792 0.542

FC/FS
(Untrans-

_formed)

-2.11
24

0.045

N.S.

-1.14
26

0.265

26
0.623

96
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Performing paired t-tests using both years data revealed
significant differences in discharge, suspended soiids, specific
conductance total dissolved solids and chloride, between stations
10 and 11 (Table 10). Significant differences were also observed
with fecal coliform and fecal streptococcal bacteria, but these
comparisons would have to be made on separate years due to the
grazing influence of 1979 and not 1980.

Discharge and total dissolved solids increased between
stations 10 and 11 considering each year separately or combined
(Tables 11 and 12). The increase is due to the lagoon effluent
reaching Trout Creek. A-mass balance calculation on total dissolved
solids for stations 10, 31 and 11 reveals a difference of only 20 mg
between the sum of gtation 10 and the lagoon runoff, and the measured
mass at station 11. The closeness of this mass balance clearly
indicates that the source of the increase in total dissolved solids
between stations 10 and 11 is from the lagoon effluent.

Caution must be taken in assuming that all of the discharge
gain between stations 10 and 11 is accounted for by the direct
lTagoon runoff. No measurable surface water enters Trout Creek
between stations 10 and 11 altnough a small immeasurable amount
of discharge occurs at station 12, as a result of seepage from
the lagoons. The seepage that does enter is fairly close in total

dissolved solids to that of the lagoon effluent. A chloride mass



Table 10.

(10, 11)
Significant
N of cases
Difference
Std. tlev.
t-statistic

p-Value

(19, 12)
Stgnificant
Iof cases
Difference
Std. Dev.
t-statistic

p-Yalue

(11, 12)
Sienificant
ioof cases
Niflerence
Std. uov.
L-statistic

p-vilus

Paired t-tests for lagoon sites using

a =0.1
u =0.1
wo=0.1
i.S.
*
Kk
* kW

Total
Suspended Specific Dissolved
Discharge Solids Conductance Solids Chloride
K *k * kK *x K *
28 10 28 23 13
-0.08 -0.67 -0.11 -0.09 -N.21
0.07 0.77 0.06 0.07 3.25
-5.77 -3.68 -9.72 -6.69 -3.01
0.000 0.002 0.000 0.000 0.7
* kK xkk * kk
28 21 1
-0.52 - A7 -9.73
0.09 0.08 316
-20.85 “28K3] -14.74
0.000 0.000 0.503
*kk * Kk Kk * kK
28 21 1
-0.41 -0.39 -9.59
0.09 0.06 .22
-25.39 -28.25 -1.75
0.000 0.000 0.000

Not significant
Significant

Very significant

Very highly significant

Fecal
Coliform

27
-0.23
0.58
-2.04
0.05

LR

27
-0.92
0.74
-6.51
0.000

28
-0.70
0,56
-6.62
(0.000

log transformations on 1979 and 1980 data.

fecal FC/FS
Strepto-  (Untrans-
cocci forwed)

*x N.S.

29 26
-0.16 0.93
-0.27  * 4,9
-3.23 0.96

0.003 0.346
e N.S.

29 26
-0.93 -1.62
0.51 15.6
-9.82 -0.53

0.009 0.00
e NS
29 28
-0.77 -2.89
0.45 12,87
-9.28 -1.19
0.000 0.29

8S



Table 11.

_Pairs

10, 11

10, 12

11, 12

Paired t-tests for lagoon sites

Suspended

Discharge Solids Nitrate
Significant a=0.1  ** Lk
N of cases 15 7 X .15
Difference - 0.09 ~-0.44 0.02
Std. Dev. 0.04 0.45 0.08
t-statistic - 3.98 -2.59 0.80
p-Value 0.001 0.041 0.435
Significant a=0.1 v
M of cases 7
Difference 0.22
Std. Dev. 0.08
t-statistic 7.04
p-Value 0.000
Significant a=0.1 *x
N of cases 7
Difference 0.21
Std. Dev. 0.10
t-statistic 5.33
p-value 0.002

N.S. Not significant
* Significant
**  Very significant
**%x  \lery highly significant

using log transformations on 1979 data.

Fecal

Straptococci

*k

16

-0.25
0.30

-3.38
0.004

6Y



Toble 1Z.

10, N
Significant
H of cases
Difference
Std, [ov.
t-statistic
p-value

10, 31
Sicnificant
N or cases
Dirfarence
Std. bLov.
t-sreatictic
p-valuae

11, 3N
Significant
i of cases
Duff .rince:
Std. liv.
t-statistic
p-value

12, 31
Significant
M of caces
Difference
Std. wes.
t-statistic
p-value

Paired

a = 0.1
¢ = 0.1
a = 0.1

0.1

N.S.

ka

b A

cites using log transformations on 1980 data.

t-tests for lagoon
Suspended Specific
Discharge Solids Conductance
*kk * LE 3
13 1 13
-0.07 -0.82 -0.1
0.05 0.9 0.06
-4.74 -2.97 -6.44
0.000 0.014 0.000
*k X * %k
10 13
1.07 -0.49
0.27 0.06
12.57 -32.03
0.000 0.000
A kk * ok k
10 13
1.14 -0.38
0.2% 0.05
14.76 -25.37
0.000 0.99
N.S.
13
0.00
0.13
0.12
0.94

Hot significant

Significant

Very siygnificant

Very highly significant

Total

Dissolved
_Solids

**

12

-0.10
0.08

-4.33
0.001

* kK

12
-0.40
0.13
-10.64
0.000

*k Kk

12
-0.30
0.09-
-11.42
0.000

0.08
0.08
3.03
0.013

Fecal
Chloride Nitrate Coliform
. . N.S.
13 11 12
-0.21 0.04 -0.19
0.25 0.04 0.78
-3.m 2.92 -0.83
0.0 0.02 0.424
Kk * ok N.S.
12 10 11
-0.79 0.45 -0.30
0.17 0.25 1.27
-15.83 5.72 -0.79
0.090 0.000 0.448
*kk Wk N.S.
12 10 12
-0.58 0.1 0.02
n.16 0.23 1.19
-12.14 5.67 0.05
0.0n0 0.000 0.457
>k N.S. *
1N 10 12
-0.06 -0.16 0.74
0.6 0.3] 1.34
-3 -1.64 1.92
0.007 .135 0.081

Fecal
Streptococci

N.S.
13
-0.04

0.16
-0.97
0.350

N.S.

13
0.10
0.61
0.58
0.570

N.S.
13
0.14
0.58
0.67
0.40

ok

13
0.96
0.79
4.40
0.001

09
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balance indicates that the mass of chloride at station 10 and the
lagoon effluent accounts for 82% of the chloride mass at station 11.
While the discrepancy of 18% is not large, it does suggest the
possibility that additional chloride is entering the creek between
station 10 and 11 other than the lagoon effluent. The small but
not measurable discharge entering the creek at station.12 is an
obvious source of additional chloride.

Nitrate levels show a significant decrease between stations
10 and 11 but this will be discussed in further detail in the
second portion-of the lagoon treatment study.

To evaluate the impact of the sewage lagoons on fecal coliform
and fecal streptococca1.bacteria the grazing influence must be
separated. Considerétion will only be given to 1980 data when no
grazing occurred. Neither fecal coliform nof feca] streptococci
changed significantly betweén stations 10 and 11. At the same time,
there was no significant difference between the lagoon effluent
and either station 10 or 11. Clearly the sewage lagoons had no
effect on Trout Creek fecal coliform or fecal streptococcal baéteria
densities.

The second portion of the sewage lagoon treatment study con-
sidered the longitudinal profile of nitrates from a road crossing
of Trout Creek approximately 1 ki upstream of the lagoon area to
the Manitou Experimental Forest Headquarters (Figure 8). On three
occasions during the 1980 field season., nitrate and chloride
grab samples were collected and analyzed over the 12 km distance

described above (Table 13).
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Exoerirental Fforast
Heydauarters

Table 13. Longitudinal nitrate profiie data.
Oiscance
from Trout Mitrates MHitraces Hitrates
Station 3¢ Lucky Lady mg/l as 503 mg/1 as NQ. ~q/1 as 203 Mitrage

Station Mame Nunber K21 7/7/22 3/12/20° 3/18/80 ean
Trout at Lucky Lady A-1 0 0.11 - 0.02 0.01 .35
Road
Northeast Tributary A-2 3 8.6 8.3 7.7 3.2
Sautheast Tributary A-3 .5 8.1 3.5 7.1 7.9
louthwest Tributary A-4 .3 3.6 0.C3 2.1 1.3
Zelow 1 Tributaries A-5 .5 3.4 7.4 6.2 7.4
‘“ast Snring A-8 .§ 0.15 3.3 0.13 1.1
llorthyast Tributary A-7 W7 10.0 3.6 9.7
Morth Tributary A-3 6 9.6 10 7.2 9.2
Station 10 (L2) A-9 9 3.0 3.2 7.7 8.3
Station 12 (L4) A-10 1.2 1.0 1.2 1.5 1.3
“Station 31 (OLR) A=l 1.3 3.3 23 75 1.6
Trout Abaove OLR A-12 1.4 2.7 7.6 5.9 7.8
Station 11 (L3) A-13 1.4 8.4 7.0 7.2 7.6
Station 16 (TAM) A-14 2.0 7.2 9.2 6.0 7.5
Station 18 (TBM) A-15 2.0 5.1 7.5 5.0 6.2
Statinn 19 (TAR) A-16 5.0 4.7 7.5 6.6 6.1
Station 21 (T8R) A-17 5.1 2.2 4.4 2.2 3
Trout at South A-18 6.3 1.5 3.5 1.2 2.1
eadows Camoqround
Station 13 {uL) A-19 10 0.6 5.3 0.28 0.0
Station 14 (LL) A-20 1 0.001 9.901 0.32 0.1
Trout at Manitou A-21 12 0.07 n.14 .18 707
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Nitrogen transformations in lakes have been studied in consider-
able detail and summarized by Kenney (1973), but published reports on
such processes in natural streams are few (Sain, et al., 1977).
Kaushik and Robinson (1976) demonstrated substantial loss of NO3-N
of a 2-km long spr%ng—fed stream in Ontario with a mean flow of
3 Titers/sec. Denitrification was proposed as the process by wnich
the nitrate concentrations were reduced. Laboratory observations
on stream sediment-water columns-(Sain, et al., 1977) indicated that
denitrification could explain the nitrate 1o0ss observed on the
small Ontario stream reported by Kaushik, et al (1975). While the
researchers on the Ontaéio.stream observed significant decreases
in nitrate which they attributed to denitrification, Johnson, et al.,
(1976) observed increases in nitrate fluxes on a central New York
stream downstream from a sewage treqtment plant and conc]uded that
denitrification in the stream was not an important process in
the overall nitrogen cycle in the watershed. While the role of
denitrification has not been specifically studied with respect to
the Trout Creek data, the following discussion at leasts suggests

that it may play a role.

The Trout Creek channel disappears at a point 100 meters
downstream of its crossing Lucky Lady Drive. At this point, some
flow recharges groundwater, but the remainder flows across the
meadow in undefined channels. Approximately 0.5 km downstream of
the road crossing, several indistinct water paths converge creating a

head cut, reforming a distinct Trout Creek channel. Seven springs
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or sub-channels in this area were sampled. Further downstream,
samples were collected at the permanent lagoon sites and at Trout
Creek immediately upstream of where the lagoon effluent enters.
Other samples were collected on Trout Creek immediately above and
below Mule Creek and Rule Creek, Trout Creek at South Meadows
Campground,upper and lower lake sites (stations 13 and 14) and
near the headquarters of the Manitou Experimental Forest.

Of the seven convergent sites upstream of the lagoons four
(A-2, A-3, A-4 and A-8) are essentially the same with respect to
nitrate according to a one-way analysis of variance on untransformed
data. One site had significantly higher nitrate concentrations

(Site A-9). Of the two sites that had lower nitrate levels, one

(A-6) was a true spring with a constant flow and temperature while
the other (A-4) was a very slow moving stream of water with a Tush
algal growth. Comparing the four similar sites with those sites
adjacent to the lagoons (sites A-9, A-12 and A-13) revealed no
significant difference between any of the stations at the 10% level
(Table 14). Extending the comparison to include Trout Creek above
and below Mule Creek, still no significant differences between
stations were found despite a