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ABSTRACT OF THESlS 

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 

coll ected over a b/o-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 evaluated for both their local and composite 

impact on the selected constituents . Treatments included grazing, 

road-fill encroachment, lake-based recreation and extended primary 

sewage treatment. Additional sites were selected to characterize 

the water quality of strategic locations in the watershed. Cluster 

analysis was employed to aid the ihterpretation of the composite 

land use effects on water quality. 

Findings at the four treatment sites shov/ed significant 

increases in fecal streptococcal bacteria densities at the grazing 

sites, considerable suspended solids delivered to the creek during 

runoff events at the road sites, no substantial effect on stream 

water qual ity from lake-based recreation and significant increases 

in suspended solids, total dissolved solids, specific conductance, 

nitrate and chloride at the sewa ge lagoon treatment sites. Differ­

ences in the composite land use effects on vlater quality could only 
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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. Generai water quality of the watershed was good and no 

serious water quality problems were indicated. 
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I NTRODUCT I Oil 

Rapid population and econo~ic 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 limited 

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

sequences resulting 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 evaluate the composite land use 

effects on \<Jater quality. As part of a long -term study, the United 

States Forest Service Rocky f.1ountain Forest and Range EXflel"i ment 

Station in cooperation with the Department of Earth Resources, 

Colorado State University, sought to establish baseline conditions of 

hO .... 1 existing land use effects water quality. The objective of this 

study vias to assess current composite land uS,e il11pacts on \vater 

quality in tIle Trout Creek: \<Jatershed by cOlllpal"ing \<Jater qU.'llity con­

stituents in both Trout Creek and its Illajo )" tributJries. Index 

stations considered to be representJti vc of the COl llpos ite upstn?alll 
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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 incbrporated city within the 

basin and is located in its headwaters region. 

Watershed Characteristics 

Precipitation 

Annual precipitation in the \"atershed ranges betv-Ieen 35 and 50 cm 

per year with a long term average of 39 cm at the Manitou Experimental 

Fores't 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 \"here the maxi­

mum rainfall intensity for a 10-minute period was 11 em per hour on 

the Missouri Gulch Y/atershed, a small tributary to Trout Creek. A 

second, but also important kind of storm pattern results from the 

passage of lurge air masses. In general, the fronts pass from 

west to east. however. occasionally upslope conditions occur. 

Precipitution associated "Iith these fl"OntiJl events is relatively 

low int~nsity-high dUfJtion in nature. 



4 

Figure 1. GenerJl loCJtion of T)'out C)'ee~ \·Ic1tcrshcd . 
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Winter precipitation most frequently is in the form of sno\,l. 

Accumulated snow does not attain great depths in the lower elevations 

as snow frequently ~elts 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 \'Jettest months averaging about 2l~~ and 17% 

of the annual total due primarily to frequent convecti ve storms 

(Gary, 1975). December is the driest month averaging onl y about 

2% of the total annual precipitation. 

Geology 

Trout Creek is the principal drainage for a graben known' 

locally as Manitou Park. The park is approximately 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 approximately 2200 meters at the confluence of Trout 

Cree k and ~'J es t Creek. The ri dges formi ng the eas tern and \'Jes tern 

borders of the watershed average between 430 and 460 meters above 

the valley floor, 

The dOlllinant rock formution of the area is Pikes Peuk Granite. 

In the southern port of the basin, the Pikes Peak Granite is covered 

... lith \,Iest dippinC] Paleozoic sediments covered by a veneer of gravell y 

soil (r.1arcus , 1973). The cen t!'.:: 1 [Jortion is filled by thid alluvi al 

deposits \'llJich r;xtend.)s ftlt' nOi'th as Rilin[)mv Falls Park \ 'Ihen~ Tl'oUt 
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Creek begi ns a 240 meter descent through a gran ite canyon reachi ng 

the West Creek confluence in approximately six kilomete rs . 

The alluvial deposits of the central portion of the basin are 

very mobile . Spring snovnnelt freshets redistribute large quantities 

of these deposits through active channel and bed migration. Intense 

summer convective storms move large quantities of sediment, partic\..!­

larly through the intermittent channel network from the east and \'i2St 

flanks of, the basin and have caused gullying in several intermittent 

and ephemeral channels tributary to Trout Creek . 

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 darns offer 

a pronounced stabilizing influence on the fluvial system until suc ~ 

time that a dam fails as a result of high flows or old age. Some 

of these dam failures can have a maj6r effect on the stream as was the 

case in spring of 1980 when high ~nowmelt 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 highly permeable. Head';IJtcr )'eiJions of the intermittent strea:l:s 

of the east Jnd w:st flanks of t he i-Iatcrshed are \'Iell fOl'cStC j , 

\'J here t he soi ls (lrp. undi -;tul' ;)eU by rna n there is little l?l'osiun 
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(r1arcus, 1973). ~·1ost all the soil is susceptible to severe erosion 

vlhen the vegetative cover is removed (U SFS-Rr1FRES, 1966). 

Vegetation 

Vegetation of the area is typical of the Montane Life Zone. 

Berndt in a 1960 study of precipitation and streamflow considered 

the Missouri Gulch 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 aspen, shrubs, grass, erosion pavement and 

bare roc k (Gary, 1975). The pines dominate the south and \,Iest 

facing slopes whereas the spruce and fir dominate the north facing 

slopes. Grasses and shrubs dominatethe alluvial terrace deposits 

at the lower elevations. 

Hydrology 

Average annual runoff for a 19 year period on the Missouri Gulc h 

watershed \.,as reported to be 5.6 em (Gary, 1975). Although ~11issouri 

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 approximatel y 10 to 15S 

of annual precipitation . 

Runoff pattern for Trout Creek is a typical sllO\vlllelt reqi l1le. 

FlO\'1 is 10';10st in late fall Lind eJrly \'Iinter ~·Iith th e peak occulTi nQ 

in r\~ l"il 01" i· lilY. Su pe ri fllp os0d 011 this nenr:r.1l runoff r,lttenl ,:ll"e the 

r:fTects of t~ it hc l" intr".'nse con'l(;cti'/e StOl":1lS or Tl"O"t.)1 StOl"::1S. ,tin 
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average of three to five storms each year have sufficient intensity 

to effect runoff (Gary, 1975). A hydrograph for Trout Creek just 

above the confluence with West Creek for the 1980 wat~r year is 

presented in Figure 2 (Gary, 1920). Long-term flow measurements 

are unavailable for Trout Creek. 

Land Use 

Historical land uses in the watershed include fur trading 

(early 1800's), mining (late 1800's), ccmmerical logging (1860-

present), farming (1900-1930's) and grazing (18BO -present ) 

(United States FOl-est Service, R:1FRES, 1960). The mining activity 

of the late 1800's vias the primary economic activity which 

stimulated farming and commercial logging. Commeri cal logging of 

the Ponderosa pine stands began in 1860 but was mostly discon-

tinued in 1900 when few merchantable stands remained (Love, 1958). 

Grazing had its peak activity bet0een 1880 and 1890. Major decreasRs 

in forage resources during the 1930-1950 period, forced dramatic reduc~ions 

in numhers of grazed animals. Durinq the same period many fanninq 

operations which were initiated in the lJte 1800'5 and early 1900's 

failed due to inherent 10\'1 soil fertility, €l-ratic moistut-e and 

depressed economic conditions (Love, 1958). Gully erosion was 

extensive bctvleen 1930 lind 1950 uS Love (1958) clcli ms th,1t it \'Ias 

res ponsible fOI- 60 ~: of sedi ll:cnt in stn:al11 chJnne1s and rcser 'lo it's 

at the ti n: i: of his pu blicJtion. 

Tod.] /, Sl' ,,:: i nc; 2nd co::':::r:· rcill lo :!q i !1 ~ 1 O!'O!" ,tiOl~ ' ; .I I" ~ elt J ;'lIci1 

l(J'. !r>f 1 <:':r::l t:1Jn in th (~ DJst. C.:::::1 .: hl' nl S h.:\'c L"'i;t1 I·C '.:uc :, ·J ~o 
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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 ti mber harvest operations continue in the watershed. In 1980 

a 2. 6 square kilometer partial cut of ponderosa pine occurred in 

\~hite Spruce Gulch (tributary to Trout Creek just south of Missouri 

Gul~h). A much smaller sale of Ponderosa pine between the west 

s ide of Trout Cree k, just south of Rainbow Falls Park and State 

Highway 67 occurred in 1979. These small timber sales were speci­

fically designed to minimize watershed damage 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 moni~ored to prevent watershed 

damage and their impact is consid~red negligible. 

OLer current land uses within the v/atel'shed include residential 

development and recreation. Urbanization is concentrated in the area 

around Woodland Park and Divide. Numerous subdivisions have been 

recently constructed and work continues. Road systems are already 

in place awaiting housing construction in the upper regions of Mule 

Creek and nearby areas of Trout Creek; Recreationists from Woodland 

Park, Colorado Springs, and various points of ColorJdo, and out of 

state can be ooser'/ed throu ~lhout the \·Iatershed. Common activi ties 

include cJ IIl[1inQ , fishin C] , picnicking, horseback riding, huntin<], 

off-ro,1d '/chiclc riding and siQhtseein l] . Ove)'ni qht Clllllf)inlJ 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 DESIGN 

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 composi t e 

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 Cree k stream system. Si nce Phase 1 \<Jas only a prel imi nary 

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 in tensi ve 

livestoc k grazing, rOud-fill enc roachmen t , extended pri mary domestic 

sewage treatment and l ake-based l"ecreation. 

Three levels of stutions were established during the recon-

nais sunce study , each s.J ll1 pl ed at a different intens i ty. t·10st 

f requentl y sampled VJere the pri mary leve l stll tions f rom vlhi ch datJ 
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were collected at least once per week. Occasionally, additional 

sampling for assessment of storms, diurnal effects and samp ling 

variation i'las conducted on the primary level stations in addition 

to the routine i'leekly sampling. Secondary level stations ... Iere 

sampled bi-\'1eekly while tertiary sites i'Jere sampled monthly. 

Primary stations i'Jere monitored to evaluate water quality 

impacts at the four treatment areas. The first of the treatment 

areas was a flood irrigated past~re 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 enough such that stations 6 and 7 could be used 

to identify changes of suspended solids between the two encroachment 

areas. All four road sites were within one kilometer of each other. 

A third treatment area was designated at the Woodland Park north slo pe 

sewage treatment lagoons along State Hi ghway 67 (Figure 3). Station 

10 i'/as located on Trout Creek approximately 100 meters upstream fro:!! 

the south'.'Jcs t corner of the south lagoon i'Jith stJtion 9 apptOxi:l1ate1 y 

100 Illeters upstream of station 10. StJtion 11 1.'1as 10CJtcd 2PPI'oxi -

1::Jtely 100 i,;eters dO'.'mstreJl'1 of the nol'thern mo st lagoon, StJtion 1..: 
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was established off Trout Creek in a seepage area directly west of 

the middle lagoon. The main interest in th e lagoon treatme nt areas 

was to determine \'Ihat impact, if any, waste'tlater treatment lagoons 

had on the nitrates, total dissol ved solids and fecal coliform and 

fecal streptococcal bacteria levels in Trout Crpe k. The final 

treatment area \'/as r·lanitou Lake. a popular day-use recreat ion 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 fecal streptococcal bacteria densities were the 

const1tutents of maj or interest, but nitrate was also observed. 

Secondary stations served as the v/atersned reconnaisscnce 

stations. Stations 2, 8, ·10 and 11 already described as primary 

stations also served as reconnaissance stations. Additional 

secondary stations were established upstream on Trout Creek and 

on the tributaries of Trout Creek at Mule treek (Stations 16 and 17), 

Rule Cree k (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 were designed to supplement the infor­

mation of the vlatcrshed reconrl<1issance stiltions. TI'Io tel'ti:try sites 

vlere established ilt sp rin(]s on the Glen Johnston Ranch (StJtions 3 

ilnll 41'-"'lilile thc foul' rClil,1illin'J terti.wy sites \'le)' C 10cJted on 
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Trout Creek below its confluence with Mule, Rule and Fern Cree ks 

and ~1 issouri Gulc h (Fig ure 3). r1easured var ia bles at terti ary 

s ta ti ons v.Jere much t he same as on seconda ry s i tes \vi t h t he exce pt i Oil 

that discharge and suspended solids were not measured at t he sprin? 

sites on the Glen Johnston Ranch. 

As a result of the reconnaissance level wor k conducted in 

Phase 2, several sub-basins were selected for more detailed anal ysis 

during Phase 3. Selected sUb-basins included the Trout Cree k 

tributaries of Mule Creek, Rule Creek, Missouri Gulch and Fern 

Creek. Sub-basins on the Trout Cree k mai nstem include the uoper , 

middle and lmver portions of the drainage system. Sub-basin desc r i pt­

ions and their land uses are presented in the following sub-section. 

Land use descriptions are based on areal and field observations made 

over the course of the two year study . . 

Sub-basin Descript i on 

The Upper Trout Creek sub- basin is represented by four stations. 

They are stations 2, 3, 4, and 8. Located in the head\vaters of the 

system, the sub-basin is pri ma rily rural in nature as it i s u ~s tream 

of most of the re s idential subdivis i ons centered around Woo dl and Pa rk . 

Grazing is IllOSt domi nu nt use on the Glen Johnston r.unch \'/hic h cO:l:p r ise 

over 70% of the area. Station 2, previous ly descri bed und er the 

grllzing tretl tmen t dis cussi ons, re oresen t s un area of intense l iv e­

stoc k gr 2. Zi nCI . Th(; i l'r ir;utcd pu stu re i lll111edi lltel y ups tr r.unl sel"Ves as 

J \·Jintr:l~ fceding IJ r ounr.l fO l' Jbout GO 1 ivestock Jnd is used to ~1 ' O ':! 

il llY dUI' in~i the su : : ;,, ~e r. St utio ns 3 and <l ,1)'e heuG\'!,H er SfJrillCl sites 
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designed to illustrate groundwater conditions in the upper watershed. 

Both sites are subject to light grazing 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 watershed, but unli ke 

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

The middle Trout Creek sub-basin is heavily influenced by Wood­

land Park and its north slope sewage lagoons. This is the most urban­

ized region of the watershed as the entire north slope of Woodland 

Park and surrounding area contributes to this sub-basin. Domestic 

wastewater from this drainage area is treated at the sewage lagoons. 

The sub-basin is represented by stations 10, 11, 16 and 19. Stations 

10 and 11, previously described in the lagoon treatment discussion, 

isolate the direct lagoon discharge as ' they are located upstream and 

downstream of the effluent discha~ge respectively. Heavy livestock 

grazing was observed in the area during the 1979 field season, while 

no cows were present during the 1980 sampling season. Trout Creek 

stations above Mule Creek (Station 16) and Rule Creek (Station 19) 

represent the recovery zone from the sev/age 1 agoons. Interven i ng 

land uses between the sewage lagoons and station 16 consisted of 

growing hay and grazing seven and three animals for the 1979 and 1~80 

season respectively. Bet\·/een r'lule Creek and Rule Creek on Trout 

Creek, appt'o;<imutely 125 head of cuttle l'le)'e g)'azed durin,! July 

1930, hut 11011('1 I'Jere obserl/ed ut allY other tilile. A SUlIlI !'(>l' Ctl l;lP for 

hJndiCJ6re d chilcit' t~n is locat(?d several hllndl'(?d liletCt'S urS trec):;i ')f 

station 19. Its septic tank and leach field fuiled and was re~laced 
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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 withi n 

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 Hoodland 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 Cree k, reflect the moderate grazing. 

intensities on the Manitou Experimental Forest. The two most recent 

timber harvests have been located in this area as well. Station 28 is 

th~ final downstream station of this study. Several substantial fish 

rearing ponds are located at a private fish hatchery 1 km do\'mstream 

of Station 25. Belo\ll the hatchery, Trout Creek f10\lls through a stee !J ­

walled ~anyon before being impounded by numerous beaver dams just 

upstream of Station 28. Several residential units are located near 

Trout Creek appro ximately 2 to 3 km upstream of Station 28, but 

otherwise the area is undeveloped. 

Four tributary su b-basins were se lected for intensive study for 

Philse 3. r'lu 1 e Creek is the fi rs t 11laj or tri buta ry to Trout Creek in 

the study urea. lts I'/aterstled is ncarly cOlllp letely forested \"ittl .onl y 

a small amount of t~esidenti(ll devclopment in the helld\'Jaters 1I10ng its 

divi de \l/ith Rule Creek ilnd Uoper Tt'out Ct'eek. i,lorc delJclori'lcnt is 
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in this area. Substantial recreation use was observed near its 

confluence with Trout Creek, as a well worn trail parallels the cree k 

and fresh evidence of recent horse use was commonly found. Rule 

Creek is the largest of the Trout Cree k 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 Cree k and Trout Creek would be quite similar in the area of their 

confluence were it not for the influence of Woodland Park on Trout 

Creek. Missouri Gulch is the smallest of the tributaries considered. 

It \'Ient dry in July of both 1979 and 1980. Its watershed is essentiall y 

in pristine condiiion with no observed. resid~ntial development. 

It is mostly forested and has a few gravel access roads, but had no 

active harvest operations at the time 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 

little activity occurring in the basin . 

Only the four selected tributaries contribute substantial flows 

to Trout Creek in the study area. All but Rule Creek re pres ent 

essentially pl"istine lll"eas. Rule Creek is similar to Trout Crc:ek in 

draini1~Jc area, dischu)",]e arlO land use \'Iith the nlcJjo)" e;-;ccption of the 

influence of ' .. ;oodL,11d Pllt'k Oil 1)'OUt Cn~(?k. Tosethr)", the tJ"i ~) '. ltaries 
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represent an opportunity to compa re 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 compos~te effects of various 

land uses on water quality. Fifteen stations described previously 

under sub-basin descriptions were sampled for suspended solids, 

specific conductance, total dissolved solids, nitrate, chioride, 

fecal coliform and fecal streptococcal bacteria. The specific 

treatment study at the sewage treatment lagoons was continued and 

supplemented by additional 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 obtaining storm 

samples. The grazing and day use recr~ation ~reatment studies 

were discontinued because thel'e \'/as no grazing in the treatment area 

and there had been a demonstrated 1 ack of any impact from 1 al:e 

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 Below Mule (Station 18), Trout Below 

Rule (St c1 tion 21), Trout Belo\v ~~ issouri Gulch (Stution 24), und 

Trout 8elow Fern (Stution 27). One new station wus added. Since 

the t tl i rd S (~\'hlgO 1 ,)']oon \"Ju S di sch,w9i n ~ di rectl y into Trout Cl'eek, it 

\"i<lS Scllll[11ed on a t'e~Jul'lr b,lSis and dcs i 'pl(ltE'd St.ltion 31. /\1 1 des i ~;­

rl Ll ted rhase 3 st:t io ns \Jere sampled '.-Jeckl~/ . 
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In addi t i on to the sampling sit~s designated in t he Phase 3 

study olan, numerous miscellaneous sites were samDl ed on an irregular 

basis. These sites focused on three areas. The fir st was the area 

around the lagoons . On three diff erent occasions an intensi ve survey 

was conducted from just above the sewage lagoons down to Trout Creek 

at the Experimental Forest Headquarters in or der to establis h a 

longitudinal 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, downstream through a small stock pond and 50 ~e ters 

downstream of the pond. The third group of miscellaneous observations 

were taken on groundwater samples in t he vicinity of t wo coo perating 

landowners who were interested in nitrate levels and how they might 

relate to possible toxic effects on livestoc k. All three sets of 

miscellaneous observations were designed to supplement the sys tem-wide 

informa ~ ion provided by the index· station. 

The Phase 3 sampl i ng pl~ograll1 \'ias des i gned to accornmoda te pa ired 

station anal ysis using classical paired t-tests and regressions on 

paired observations of a given variable. Paired t-tests were used 

to test for signifi.cant differences in \'Iater quality variables bebleen 

station pairs. 8y plotting each constituent for each station against 

t he sa lll p. for selected pa ired st2tion and computing.) linetlr 1'l?9ressi on 

equation, rel at i onships bet\'lce n one station pair Cun be co: !:p.1r~d '.-li th 

n:lationshirs of otiicr station p.li l~S. Diffe re nce's ~et\':eer. st:1tioJl 
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pairs can be expressed in terms of differences in the slopes and 

intercepts of the regressi on lines. The hypothesis is that t he 

differences in slopes and intercepts can be accounted for by differences 

in land use. 



METHODS AND PROCEDURES 

Fi e 1 d Pt~ocedures 

Discharge was regularly measured 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 vert i cals 

taken across each section was a function of stream width and flow 

conditions . When stream width was greater than 1.5 meters and 

not limiting. the number of verticals ranged from fifteen to t wen;y­

five. Under extreme low-flow conditions, the verticals were spaced 

as close as 0.5 dm apart and may have total l pd as few as five per 

cross section. Under low flow conditions at site 2, discharge was 

measured by capturing the entire flow of the stream in a pan for 

a specified ti me and measuri ng the volume with a graduated cylinder. 

Suspended sediment samples were collected using a USGS DH-48 

depth i ntegl~ati ng sediment sampl el~ when flo\,1 conditi ons permitted. 

When flow was so low that the DH- 48 could not be used, samples were 

taken by holding three well rinsed fin gers over the mouth of t he bottl~ 

and slowly lowering the bottle at several verticals across the 

section. 

Bacteria samples \-J ere collected in distilled \·Ii.l ter dnsc:d­

sterilized p1u stic bo t tl es. Samp les I'lere ta ken f rom just il p. lo ~-I t he 

\-Iater surfilce vlith a sin ~l e s\-Iec pi ng moti on Jcro ss the ell til'(; s ec t ~ on 

t ,1 K i r. ~J carr: 11 0t to co ntJI: Ji n.1t c: t l1t: s <1 11 11' 10 bottle . C ol l l)cted - " ,i l~ill lr; s 

\-!t: i ' r; i:::;;.;~ ui _lto l y ch il l C' d in an ic c C OO i~I' and ' .. Icr e: CJc n i~l"J1 1y Jc li 'lpr-::d 
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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 It/ere measured and recorded 

at each site . Temperature \'Jas measured ItJith a laboratory qrade 

pocket thermometer . Heasurements '.'Jere protected from direct solar 

radiation and were recorded to the nearest 0.50 celsius. Specific 

conductance \"as measured us i ng a Beckman "Sol u Bri dge" portable 

conductivity meter, in micromhos/cm at 25 0C. Several measurements 

were taken at each site until the conductivity readings were within 

2~~ of the mean. 

Laboratory Procedures 

Generally , laboratory procedures ",ere performed at tile Manitou 

Experimental Forest Headquarters in accordance with Standard Methods 

for the Examination of "Jater and \·iastev/ater - 14th Edition (APHA, et 

al., 1975). Standards \'/ere analyzed on each procedure for \vhich they 

could be developed and were run in at least triplicate such tllat 

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 

'.'lith the procedure "Total Nonfiltrable Residue Dried at 103-1050 C" 

(APHA, et a1., 1975). Two hundred fifty milliliter samples \'/ere 

filtered during the 1979 field season but 350 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 deviation of ± 5.2 mg/l at 15 mg/1 (coefficient of 

variation = 33%) and ~ 24 mq j l ( coefficient of variation = lO~) 

at 242 mg/1 (APHA, et a1., 1975). Laboratory results of this study 

revealed that for a mean of 4.8 mg/l the standard deviation was 

~ 1.2 mg/l and the coefficient of variation was 25~ . The results 
, -

presented here are considered to be within the accepted precision 

for the procedure. 

Total Dissolved Solids 

Total dissolved solids \-Iere analyzed using the "Total Filtrable 

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

Examination of l~ater and \'iaste\'iater, 14th Ed (APHA, et al., 1975) . 

One hundred milliliter filtrate samples I'/ere used. APHA states that 

"lith standard sJmp1es containing 134 019/1 filtrable residue t he 

stando3rd devio3tion \'laS found to be : 13 lllg/ l (APH/\, et 031., 1975). 

,A. series of ten stJndo3nls \'I ith 03 c oncentrJtion of 1201::,)/1 \'l llS nm 
... 

o3nd th c;_ stJ ndo3 I'd de'lio3tion 'I'I.1S found to b(~ ':" 12 il1q/ l 1:li th J coeffic i ent 
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of variation of lOS. 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 low range 

nitrate- nitrogren is performed by adding premeasured powder reagents 

to samples according to instructions described by Hach (Ha ch, 1975 ) . 

The major ad vantage of the procedure is that it is much simpler 

than the standard procedure, hm'lever, the sens i ti vi ty of the 

technique is lower when compared to the .more elaborate standard 

procedure as described by APHA, et al. " (1975 ) . Only ap prox imately 

35% of all samples collected were within the.detectible limit 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 perfo l,ned 

using the Ca dm ium Reduction Method of Standard Methods (APHA, et a1., 

1975 ) . Earl y in the sUlllmer rroblems \'Iel'e encountered in lll11intain ill9 

the fl 0\'1 ra tethrough the col UI11IlS in the requi red range. \-Illel1 the 

coluill ns 'lien: re (lI;l cll ~ ,l l; lated for the first ti nlC, they \,Iel'e l'(;[)Jckcd 

in 1 CI11 intcl'l1Jl dia l;;c t ':::r hlll"r:ttes instcClcl or the st.::ndlll'd (oluii:n 
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the analyst to precisely control the flow rates in the column s 

within the required range of 5 to 8 ml per minute, saving cons i dera ble 

ti me. Other than the modification j ust described , all othe r aspects of 

the procedure were performed in accordance with the standard procedure. 

Samples I'lere chilled in the fieldandvlere generally del i vered to 

the lab within four hours of collection . Samp l es were stored at t he 

lab at 40 C until filtered with distilled water rinsed glass fibre 

filter pads prior to analysis. Samples were run once per wee k with 

half of the samples analyzed within 24 hours, with the remaining 

'samples anal yzed within 48 hours. The samples collected in t he 

vicinity of the sewage lagoons, Mule Cree k and Rule Creek were 

always analyzed with 24 hours of collection. The remaining sa~ples 

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 wee k. 

Analytical technique of the project was tested by preparing 

five different concentrations of standards and running each in 

triplicate. A one-way anal ysis of variance test revealed that 

there was no significant di ffer~nce in the precision of the procedure 

at the various concentration levels at the lO~ confidence level. 

(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 signi f icant di ffer -

cnccs bc tl'lccn thc .meils ured concen t rat ion and the S~ JIl(:,lr( : C Ollccntl" l~ 'L ion 

( t-s t J t is tic of 1. 749 COi:l;,)Jl'cd t o a u i tic 21 v.)luc of 1. 7Gl l'lith H 

de'] l' ces of fn:erJGiil) . 011 conc cnt l'JtiollS r ClIl (l i 1l0 fl'Oi :1 0.01 to 0 . .:15 1'19/ 1 

1';0, - :1. t he 00·' c onfi d ~ll c e int erv21 fO l' t he diffe n: nce hetl':een the 
.J 
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standard sample an d measured sample was calculated to be ±0.007 and 

the coefficient of variation was 15 ~ . For concentrations greater 

than 0.5 mg/l N03-N dilutions would have to be made and the width 

of the confidence interval increases directly with the proportion 

of dilution water. 

Phosphates 

During the 1979 field season phosphates were measured in 

accordance with the low range orthophosphate procedure describ~d in 

;~ 3.C> (1<:.'73). :>2 s2nsitivit~1 of ~c:'e :Jrocec,ure ',Jas inadcClu3te 

of all measurements made ~ere in the detectable range and nearly 

all of those were at 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 sea~on. 

Chlorides 

Chlorides were determined using the Argentometric Method as 

described in Standard i'lethods (APHA, et a1., 1975). For a series 

of five standard dilutions ranging from 0 to 10 1119/1, b1 ind titl~ations 

\'Jere performed in triplicate at each concentration. The standard 

deviation for the diff~rence between t he standard concentration and 

the measured concentration was 0.67 I11g/1 , the mean difference was 

0.01 lllg/l \'Ihile the 90 ,'.: eonfidence intel'va1 \'Ias c()lculated to be 

+ -0.3 :::g/1. 
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Fecal Coliform Bacteria 

Fecal coliform bacteria were analyzed using the Fecal Coliform 

Membrane Filter Procedure as described in Standard Methods (APHA, 

et al., 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 \"/ere 

delivered to the laboratory usually vlithin four hours but ahvays 

within six hours of sample collection. Membrane filtration and 

plating I'/as frequently performed immediately upon arrival to the 

lab but always within two hours. 

During the October 1979 and January 1980 sampling runs, a 

delayed incubation technique was employed so that the plates could 

be incubated and counted in Fort Col1i~s. Tne 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 sampl ing runs I'las 

less than the maximum limit of three days specified in the instructions. 

Fecal StreptococcJl Bacteria 

Fecal streptococcJl bactGria were analyzed in accordance with 

the "i1emorane Filter Technic Test for the Fecal Stl'eptococcJl Group" 

described in St<1ndard :'~ethod~ (APII'I, et al., 1975). As I,lith t he fecal 

colifonn r:led iJ, the (~F Strc[)tococcus ,1\<]Jl' ,=,:1010';'1"0 \'/<15 (l CO: i,i;1t'I'ci ,11 
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preparation of Difco Laboratories. Shelf time of prepared plates was 

considered to be tV/O v/eeks and plates not used within the t\'lo-v/eek 

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 Mi11ipore (1973). 

Sampling Variation 

On several occasions during the 1979 field season special sampl­

ing runs were made to evaluate samp ling error and analytical error. 

Analysis of variance testing was conducted on nitrates, suspended 

solids, total dissolved solids, fecal coliform and fecal strepto­

coccal bacteria. In a~l 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. = 0.1 level (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 pro~e(t 

effort include pJired t-tests, grouped t -tests and analys i s of 

variAnce (MJOVA). \·Jhile a nUlnher of statistical package proSll'a lns 

huve been llsed, tho [Ji:tcka go pI'O<jI'JIIi usc:d IllOSt extensivel y, hJS been 

t to e 'S t J t i ') : i cal [\) c k ,1 <.1 P. for t \1 '2 Soc i a 1 Sci 0 nee s " (S p S S) \"1 hie his 

r1\'c:il'-lbh~ tt1l"Guqh the (o l ol' "do State iJniversity COIlIP Ut CI' (C!1t !'r 
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tNie, 1975). The cluster analysis routine employed for the basin­

wide composite effects interpretation is a program developed by 

Veldman (1967). Other systems used include "r'1initab", an inter-

active package available through the CSU Computer Center, a statistical 

package developed by Hewlett Pac kard for use on their HP-67 model 

hand calculator, and hand calculations based on formulas found in 

the statistics 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 normally distributed. This was evident by plotting 

histograms and observing that the variances were larger than the 

means, and that third moments frequently exceeded 3. Since 

parametric statistical procedures require normal popUlations, 

log transformations have been made on nearly all occasions. Resulting 

histograms are much improved and variances are consistently smaller 

than the means. Third moments ari consistently less than 1 and 

ali-lays less than 2. Instances \'/here log transformations ' have not 

been made will be specifically noted in the text. 

All statistical analyses have been conducted at the lOS con­

fidence level. 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 study 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 confinement. 

Previous investigations on grazing effects on \'/ater quality 

conducted on the Manitou Experi mental Forest and ~eported by 

Johnson, Gary and Ponce (1978) indicated only minor effects on 

water quality. Their findings )-evealed small but statistical 

significant increases in both fecal col iform and fecal stn?ptococcal 

bacteria densities when li vestock were first introduced to a pasture 

... /ith il fai)'ly quick return to previous bacteria densities once the 

livestock \'/ere r 0IilO vc: U. flo s i cnif ic J nt differenc~s \'/PI'e obset'ved 

\'lith rJi:.; solved oxygen. suspcndpd solids , total dissolved sol ids. 
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c· 
I , gure 4. Gra z i ng sites. 
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specific conductance, nitrate and orthophosphate. Stephenson 

and Street (1978) found that the occurrence of feca 1 col Hom bacteri a 

in a southwest Idaho rangeland watershed was directly related to 

presence of livestock with levels increasing soon after the intro­

duction of livestock and remai ning 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) 

reported that a livestock wintering operation showed little increas~ 

in fecal coliform bacteria levels where livestock activity was dis­

persed, but where 1 i vestock acti vity \'1as concentrated, fecal col ifonn 

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 bet\o/een the t\·/o sites due to flood irrigation. Discussion of 

the wa·, ~r qua 1 i ty cons t i tuents fo 11 ows . 

Suspended solids measurements represent base flow conditions 

and are low at both sites. Although the difference in the mean val ues 

of 3 and 6 mg/l between the upper and lower stations is statisticall y 

significant (Table 2) it should not be considered a f~nction of the 

grazing activity as 1) there were no livestock in the pasture at the 

time of salllilling, 2) the coefficient of variation of the analytical 



T: II I c 1. Sllllllllary Statistics fOl' 1979 Paired Gl'llzing Sites (Station ') 1, 2). 

Tola1 
Suspended Specific Ois~olved Fecal Fecal 

Dischilrge Solids Temp Conduc ta nce So Ii ds Nitrate Co 1 iform Streptococci 
~::;J( I L (l/sec} ~L 1~ lJlmhos/Clil) ~~!JL (pg/l) 1co1/l00ml ) ~IOO ml} 

r'~~J 11 IS 3 16.5 146 90 30 570 

:~ r. d ian 21 0 17.0 142 100 24 3~0 

Sld .Dev. 11 4 5.5 15 23 36 650 

Range 1-44 0-12 8-22 120-165 64-141 <160-105 0-123 38-2400 

11 2] 8 22 13 21 22 10 18 w 
U1 

LG.J (Z) 

/·I':cll1 7 6 16 216 H] 52 1200 

ncd icln a 2 16 215 131 22 380 

Std.[)(?V. 5 13 5 29 25 72 2000 

Hilnge 1-25 0-19 8-21 170-255 105-190 <150-165 3-200 30-6700 

n 23 8 22 13 21 22 18 18 
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Table 2. ·Paired t-tests for grazing treatment (Stations 1, 2) USi i.l 
log tra nsfor~ed data. I 

Number 
Variable of samples "\.l1-J.l2 s ~1- J.l 2 

Significant 
t at a=O.l 

Di scharge lS .14 0.24 2.2S * 

Suspended 
Solids 9 -0.24 0.28 -2.S7 * 

Temperature lS 0.003 0.04 0.02 N.S. 

Specific 
Conductance 14 -0.16 0.06 -9.70 *** 

Total 
Dissolved 
Solids 14 - .13 O.OS -8.99 *** 

Fecal 
Col iform 16 -0.009 . 79 0.00 N.S . 

Fecal 
Streptococci 16 - .28 .37 2. 92 * 

N.S. Not significant 

* S i gnifi cant 

** Very sign ifi cant 

*** Very highly significant 
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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 lower site was located below a culvert where during periods of 

low flow water fell from the c~lvert 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, 

th2 ratio of total dissolved solids/specific 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 to 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/lOa ml at site 1 compared to 

380 colonies/lOa ml at site 2). The fecal colifonn/fecal strepto­

cocci ratio stron gly supports the conclus i on that the fecal 
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contamination is related to the presence of livestock. It appears 

that the effect demonstrated by this treatment area on the fecal 

streptococci densities is to increase the magnitude but ~ost1y 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 total 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 

limits of the analytical procedure employed. Fecal coliform 

bacteria densities were uneffected whil'e an increase in magnitude 

but mostly variability of streptococci 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 livestock. 

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 co~non 

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 transported. In evaluating road impact on suspended 

solids, these low-flow conditions can either be included or excluded. 

Beschta (1978) elected to eliminate low flow values in his work 

in evaluating the effects of logging and road construction in a 

long term study in the Oregon Coast Range. Others have also 

reported low suspended solids concentrations under base flow conditin n~ 

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 d'esigned to isolate two areas where 

a county gravel road encroaches on the Trout Creek channel and one 

area where the immediate stream channel is well removed from the road 

(Figure 5). Suspended solids concentration at all four stations 

were low, with most reflecting dry weather or base flm'J conditions 

(Table 3). Although the discharge at two of the four stations was 

significantly greater (a = 0.1) in 1980 than in 1979, suspended 

solids concentrations were not significantly different between years 

at any station at the 10~ confidence level. Using paifed t-tests 

\'Jith log. transfol~med data at the a = 0.1 level, a significant increa.se 
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Figure 5. Road fill encroachment sites (Stations 5, 6, 7, 8) 
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Table 3. Summary statistics for road sites (Stations 5, 6, 7, 8) 

1979 1980 197~ and 1980 Combined 
Suspended Suspended Suspended 

Discharge Solids Discharge Solids Discharge Solids 
l/sec mg/l . l/sec I11g/1. _ l/s~ .l11g/1 

Stat ion (5) 
~lean 13 7 130 12 45 8.8 
r·ledian 3 6 15 11 3 6.5 
Std. Dev. 24 8 180 9.4 110 8.4 
Ranl]e 1-130 0-39 1-440 3.1-40 1-440 0-40 
n 34 28 14 13 48 41 

Sta t i on (6) 
I·lean 12 9 130 13 45 10 
Hedian 3 6 15 12 4 8.3 
Std. Dev. 19 10 180 8.3 110 9.2 .po 

r~anu e 2-94 0-45 1-440 3-37 1-440 0-45 
n 34 28 14 13 43 41 

Station (7) 
1·1ea n 16 7 130 11 45 7.9 
f.1 edian 4 5 '15 10 4 6.0 
Std. Dev. 21 9 180 6.9 110 8.6 
Range 2-82 0-44 1-440 3.4-30 1-440 0-44 
n 3'1 28 14 13 51 41 

Station (8) 
11ea n 16 5 140 15 50 8.2 
rledian 3 3 15 9.2 7 S.2 
Std. Oev. 20 5 200 14 120 10.2 
Range 2-98 1-13 1-520 4. 1-61 1-520 0.8-61 
n 43 28 16 14 59 42 
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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 betvJeen 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 sol~ds 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 existing pools and numerous 

new sediment deposition areas wer~ 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 tile t\oJO­

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 \'Iere 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 

stor:~1 event once the runoff subsided. 
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Table 4. Paired t-tests for road sites for log transforme d 
suspended so l ids. 

Station Number 
s ~1-~ 2 

Sign ificant 
Pairs ~1- ]l 2 t at c(= 0.1 

5, 6 40 -0.06 0.197 -2.063 * 

6, 7 40 0.13 0.282 2.838 ** 

7, 8 40 -0.01 0.284 -0.328 N.S. 

N.S. Not s i gnifi cant 

* Significant 

** Very s i gnifi cant 
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Since these intense summer convective storms are of short dur­

ation, their runoff is generally sufficient to move the sedi ment 

only a short distance downstream except 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 ~o 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 densities 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 statisticall y 
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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 Creek immediately below the lake. 
. . 

Paired stations were located in a runnin~ water site at the 

highway bridge above the lake 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 flowing 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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Fi<Jure 6. Lake-based recreation sites. 



Table 5. l1)JY Summary statistics for lake sites (Stations 13, 14) 

Specific 
Suspended Conductance Total Fecal 

Discharge Solids mhos/em Dissolved Fecal Coliform Streptococcus 
l/sec .m9/ 1 @ 250 C So 'lids colonies/lOO ml colonies/100 ml 

Station (13) 

t-lean 56 1.8 260 170 33 350 
t'lecJ i Ulll 8 0.9 270 170 24 240 
Std. Oev. 93 1.8 41 25 29 380 
Range 1-340 0-5.6 200-345 120-200 2-100 27-1700 

n 18 11 17 16 32 33 
J::. 
'-J 

Station (14) 
Hean 64 8.6 260 160 190 3900 
f.1edian 22 7.2 270 160 150 2400 
Std. Oev. 89 8.2 36 20 2~~ 4400 
Range 11-330 2-32 190-325 110-200 0-930 16-19000, 

n 17 11 19 17 34 34 
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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 streptococcal bacteria. 

The range of values of suspended solids is fairly low. Although 

the difference is stati~tically significant, the actual impact on 

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

to the reach betwe~n the dam outlet and the station. This area is 

heavily used by recreationists. Trails 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/l which is less than 6% of the mean. 

The difference observed is well within the noise of the analytical 

procedure and the differences in total dissolved solids concentrations 

is not considered important. 
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Table 6. Pai red t-tests for lake sites (Stations 13, 14 ) 
using log transformea data. 

Number 
Variable of Samples ]..11-]..12 S]..11-]..12 t 

Sign"i fi cant 
at a =O.l 

Discharge 13 -0.22 0.35 -2 . 33 * 
Suspended 8 -0.67 0.30 -6.38 *** 
Solids 

Temperature 15 -0.03 .03 -3.34 ** 

Specific 14 0.00 0.04 0.02 ~l. S . 
Conductance 

Total 14 0.03 0.04 2.94 * 
Dissolved 
Solids 

Fecal 13 0.07 0.56 0.45 N.S. 
Col iform 

Fecal 16 -0.39 0.73 -2.15 * 
Streptococci 

N.S. not significant 

* Significant 

** Very significant 

*** Very highly signi f icant 
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Fecal coliform bacteria densities showed no significant change 

bet1tieen the tviO 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 collected 

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 densi ties at the dam outlet were 

consistent with the findings of Ponce and Gary (1979). Dramatic 

increases in both fecal coliform and fecal streptococci 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 feca1 streptococcal and 

fecal coliform bacteria in the area. It should be noted that fecal 

coliform densities at the lower 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 Ifiere observed \'Iith specific conductance 



Tab 1 e 7. Compa ri son of bacteri a 
lake sub-stations. 

Feca 1 Col iform 
colonies/laO m1 

50 Meters 
Top of 

Dam 

4 

3 

15 

a 

Downstream 
of Dam 

525 

48 

48 

6 

2 

51 

densities between lower 

Fecal Streptococci 
colonies/lOa ml 

50 ~~eters 
Top of DOl,olnstream 

Dam of Dam 

80 4500 

23 2600 

22 3500 
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or total dissolved solids. Nitrate and phosphate concentrations 

were consistently below detectable limits. Suspended 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 lagoon treatment study was broken into two parts. 

The first portion of the study involved \oJeekly monitoring of 

four sites during each of the two field seasons to evaluate the 

effects of the sewage treatment 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 

determi ne the extent of the impact the se'.'Iage 1 agoons 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 10 

and 11 respectively), one station sampling the lagoon discharge 

into Trout Creek upstream of station 11 (station 31) and a site 

west of the nliddle lagoon where seepage from the lagoons reached 

the ground surface (station 12) (Fi!J. 7). ° SUI:lmary statistics are 

presented in Table 8. 



Figure 7. 
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Sewage lJqoon station loc~tions. 
(Stations 10,11,12,31 ) 



Table 8. 1979 and 1980 Summary statistics for lagoon sites (stations 10, 11, 12, 31). 

Spec ifi c Total f eca l Fecal 
Suspended Conductance Dissolved Coliform Streptococci 

Discharge Solids ItlIlhOS6Cll1 Solids Nitrate N itra te Chloride col on ies colonies 
~~ 111'1/1 @ 25 C 1119/1 mg/l :n911 'IlQ/1 _ /100 101 ~OO ml 

Sl.lIiun (10) 

l'lea li 30 6.6 210 140 0.02 8 .0 5.8 79 340 

IktJi"fl 27 3.0 210 140 0.59 0.3 6 .0 35 260 

5 til. Dev. 3U · 11.9 21 31 0.34 1.1 1.6 120 270 

1l,'I1~ ; c 7-190 0-52 140- 280 61 -220 .39-1.55 5.4-9.0 2-0 0-500 90-1600 

n 30 10 29 23 24 11 12 37 39 

St.1t ion (II) 

~k.)11 33 50 200 170 0 .74 7. 2 9 .6 130 500 

HeJi.lI. 31 10 280 170 .60 7.2 10. 53 400 

SlJ. Ll~v. 20 97 40 29 0 .46 1.3 4 lAO 330 

nunf~ l: 8 - J[lO 0. 4-350 160-350 90-220 0 . 45-2. 65 5.0-10 ::-1:; 2-960 180-1600 111 

38 20 29 24 II 13 37 39 
.p. 

n 

~ l uti(;n (12) 

l-IeJ Il 740 410 * 1.3 D 760 3600 

l'i(;tJjllll 760 410 * 1.2 34 160 2200 

5tJ . . J..:V. 07 22 .5 2.0 1400 7200 

llan'Je 900 360-450 .4 -2. 4 3:) -37.5 13-6700 165-47000 

n 29 22 11 11 37 39 

~ t iltiun (31) 

f.1eJII 2.2 650 350 2.9 33 250 370 

11ed i In 2. I 700 340 1.8 3') 50 260 

5 tiJ . : ... ~.: I . 0.9 100 67 2.5 4.·j 370 320 

R lllI~le 1-4 400-760 210-430 .3-8 . 9 3J-" ~J 0- 1000 0-11 00 

n 10 13 12 10 I t: 12 13 

*Less than detectable lill1it , 
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Since heavy livestock 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. During 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 causing nearly the entire contents of the lagoon 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 unconsolidated alluvium eventually 

discharging into Trout Creek. The effluent continuously eroded 

its channel and formed a gulley reaching a d2pth 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/l. Additional measurements 

\'Jere not made due to the impossibility of distinguishing beb'Jeen 

suspended load and bedload in the effluent which averaged 

al"ound 2 1 i ters per second. 



Table 9. T-tests between years at lagoon sites (stations lO~ ll~ 12 ) using log 
transforr.lation data. 

Total Fecal FC/FS 
Suspended Specific oi~solved Fecal Strepto- (Unt rans-

~-_1979) Discharge So lids Conductance ' So li ds Co 1 i foro.!_ cocci formed) ----

Station (10) 

Significant *Ir N.S. N. S. N .. S. N.S. U.S. * 
(3 '( = 0. 1 

T-statistic 3.69 0.58 -0.74 0.18 -0.61 -0.05 -2.11 

oe'Fee of 26 16 26 21 25 27 24 
Fl'eedolfl 

p-'/a 1 t;e 0.001 0.568 0.463 0.860 [) .544 0.963 0.045 

Ul 
Station (11) CJ) 

Si,)nificant ~* * N.S. N .S. N.S. * N.S. 
@ Lt = 0.1 

T - s ta tis ti c 3. 77 2.20 -0.38 0. 54 -1.n3 -2.26 -1.14 
Degree of 26 13 26 22 2[, 27 26 
r 1'(~(;jo;1I 
p-'/alue 0 .001 0.041 0 .710 0.597 0.313 0.032 0 .265 

S t J t i 011 (1 2) 

Sjynificant N.S . N'.S. N.S. N.S. N.S. 
al , ( = 0.1 

T -stat istic - 1.57 -1.24 -0.27 -0.62 -0.50 
n(;ljH' t: of 
F (,E:!:dUi.I 26 19 26 27 26 
p-'/a lue 0.128 0.231 11.79? 0. 542 0.623 

II . S. 110 sign ifi can t 

* Signi ficant 

Vr:ry ~i9roi ficont 
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Performing paired t-tests using both years data revealed 

significant differences in discharge, suspended solids, specific 

conductance total dissolved solids and chloride, betv/een 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 station 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 

betvleen stations 10 and 11 is from the lagoon effluent. 

Caution must be taken in assuming that all of the discharge 

gain betvleen stations 10 and 11 is accounted for by the direct 

lagoon runoff. No measurable surface water enters Trout Creek 

between stations 10 and 11 although 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 l ag oon effluent. A chlm'ide Illass 



TJb 1 c 10. Ptlircd t-tests for .1 J900n sites usin~ log trilnsforl'liltions on 1979 and 1980 data. 

Total fecal FC/FS 
Suspended Specific Dissolved Fecal Strc l'to - (Untrans -

Discharge Solids Conductance Solids Qllori~ Coliform cocci for;,lcd) - --

(]O, 11) 

SilJni ficant a : 0.1 *** *'k *·k* *** * * ** N.S. 

Ii of cases 28 10 28 23 ' 13 27 29 26 

i)iffe:rence -0.08 -0.67 -0.11 -0.09 -0.21 -0.23 -0 . 16 0 .93 

SlJ . Dev . 0.07 0.77 0.06 0.07 1. 2:; 0.58 -0.27 4,96 

t-stdtistic -5 . 77 -3.68 -9 . 72 -6.69 -3.01 -2.04 -3 . 23 0.96 

,. - ', ~ 1 UC: 0 .000 0.002 0.000 0.000 0.1)11 0.05 0.003 0.346 

(!D, I :!) 

Siqni fi cilnt '" ;0.1 *** *** *** *** *** N.S . 
II (,f C d~ e ~ 2fl 21 11 27 

U1 
29 26 ()) 

D iff (.:f e liCe -0.52 - ,47 -'l . 73 -0.92 -0.93 -1 .62 

Std. Dt.'v. 0.09 0.00 :1 . Hi 0.74 0 . 51 15.6 

l- s llt i s tic -20.05 -20,31 -14 . 74 -6 . 51 -9.02 -0,5 3 

p-V J lue 0.000 0.000 O. rJOO 0.000 0. 000 0.00 

(11, 12) 

5i _:ni fi cd nt " : 0.1 *,,* *** *** *,,* *** N.S. 
il of ca <;cs 20 21 11 28 29 28 
[li [f"rcllce -0.41 -0.39 -1).5') -0.70 -0 . 77 -2.139 
Std . J (! y . 0.09 0.06 .J . ?,~ 0,56 0.45 12.87 

t -s l " ti~tic -25.39 -28 . 25 -7 . 75 -6.62 -9 .28 -1. 1 'J 

p-\' lll k 0.000 0.000 0. 000 0.000 0.000 0. 24 

11 . 5 . Not significant 

* Signi ficant 
** . Very signi ficilnt 

"k" Very highly signific<lnt 
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Table 11. Paired t-tests for lagoon sites using log transformations on 1979 data. 

Pa i rs ---

10, 11 

10, 12 

11, 12 

Suspended 
Discharge Solids 

Significant a=O.l *-k .* 
N of cases 15 7 
Difference 0.09 -0.44 
Std. Dev. 0.04 0.45 
t -s ta tis tic - 3.98 -2.59 
p-Value 0.001 0.041 

Significant a=O.l 
N of cases 
Difference 
Std. Dev. 
t-statistic 
p-Value 

Significant a=O.l 
N of cases 
Difference 
Std. Dev. 
t-statistic 
p-va1ue 

N.S. Not significant 
* Significant 

** Very significant 
*H Very highly significant 

Fecal 
Nitrate ~treptococci -----

** 
.15 16 

0.02 -0.25 
0.08 0.30 
0.80 -3.38 
0.435 0.004 

*** 
7 
0 . 22 
0.08 
7.04 
0.000 

** 
7 
0.21 
0.10 
5.33 
0.002 

:..n 
~ 



T;'b1012. Paired t-tests for lil£loon !;ites usinq 10::1 trilnsfon'liltions on 19.80 data. 
Total 

Suspended Specific Dissolved Fecal Fecal 
Dischar!)e Solids Conductance Solids ~jili!.!:.i. de Nitrate ~lifo~ Streptoc~c.£i -----

10. 11 
5 il]ni f iCJnl u = 0.1 *** * *** ** * * N.S. N.S. 
tI of CJses 13 11 13 12 13 11 12 D 
II iff t:rulce -0.07 -0 .82 -0.11 -C}. 10 -0. 21 0.04 -0.19 -0.04 
SlJ. Dev. 0.05 0.91 0.06 o.oa 0.25 0.04 0.78 0.16 
l-5tH i ~ t ic -4.74 -2.97 - 6.44 -4.33 -3. OJ 2.92 -0 .83 -0.97 
p-vJll.e 0.000 0.014 0 .000 0.001 OJlll 0.02 0.424 0.350 

10. 31 
Si lj ni fi ciJll t , = 0.1 *** *** *** "k** *** N.S. N.S. 
N of CdS~S 10 13 12 12 10 11 13 
lli ife,'(: llce 1.07 -0 . 49 -0.40 -0.79 0.45 -0.30 0.10 
~ to. 1),,'1. 0.27 0 .06 0.13 0 . 17 0.25 1. 27 0.61 
t -S t.: l i q i C 12.57 -32.03 -10.64 -15.0J 5.72 -0.79 0 .50 
p -vJI ~J e 0.000 0.000 0.000 0.0'l0 0.000 0.448 0.570 (Jl 

a 

11. 31 
Sil]nificant (t = 0.1 *** *** *** *** M* N.S. N.S. 
t/ of CJ5 CS 10 13 12 12 10 12 13 
o iff ·; f ;, r.U, 1. 14 -0.30 -0.30 -0 .58 0.41 0 .02 0.14 
Std . 1,(: '1 . 0.25 0.05 0.09 . 0. 16 0.23 1. 19 0.5U 
l-s t.lt is ti c 14.76 -25 . 37 -11. 42 -1 2. 1 ~ 5.67 0.05 0.87 
p-v<llu ," 0.000 0.00 0.000 D.flOD 0.000 0.457 0.40 

12. 31 
Si'Jni fi can t " 0.1 tl .S. * ** N.S. * ** 
II of CE eS 13 11 11 10 12 13 
Differellce 0 .00 0.08 -0.06 -0.16 0.74 0.96 
Std . L·C/ . 0. 13 0.00 0. 1'6 0.31 1. 34 0. 79 
t- s tHi s tic 0 . 12 3.03 -3 . 1~ -1.64 1. 92 4.40 
p-'/a lu e 0.94 0.013 0.007 .135 0 .081 0 .001 

II . S. lIot si9ni ficant 
~ i'Jni ficanl 
Very si'Jnificant 

* •• Very hiShly significant 
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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 cree k betvleen 

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 eva 1 ua te the impact of the se'-'1age 1 agoons on fecal coliform 

and fecal streptococcal bacteria the grazing influence must be 

separated. Consideration will only be given to 1980 data when no 

grazing occurred. Neither fecal coliform nor fecal streptoc~cci 

changed significantly between stations 10 and 11. At the same time, 

there '-'las no s i gnifi cant difference bet'.·/een the 1 agoon effl uent 

and either station 10 or 11. Clearly the sewage lagoons had no 

effect on Trout Creek fecal coliform or fecal streptococcal bacteria 

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 km 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 di s ta nce 

described ~bove (Table 13) . 
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Table 13. Longitudinal nitrate profile data. 

Dis t.lnce 
FrolR irout IIi tr.ltes ~litrJtes ~ii tra tes 

Station 1 t lucky l ~d: <'19/1 JS ~,O3 r::911 J S ~,O_ :-:911 a S ~;'), Nitl"'3te 
Station lIame ~ I<! 1 717 13') 8112180' 211 8/30 • ~ 

Trout at lucky lady A-I a 0.11 0.02 0.01 .05 
Road 

Northeast Tributary A-Z . 5 8.6 8.3 7.7 8 . Z 

$.J'Jtheast Tri butary A-3 .5 8.1 8.5 7.1 7.3 

~~~ t~~St Tributary A-4 . 5 3.6 0.C5 2.1 1.3 

~ i!'OW 1 Tributaries A-5 .5 3. 4 7.~ 6.2 7.! 

·'~st Snrinq A-6 .q 0.15 3.0 0.13 1.1 

:lorth'.'!H Tri butary A-7 .6 9.7 10 .0 9.6 9. 7 

:Iortll Tributa.ry A-8 .5 9.6 10. 7.2 9.:1 

Statill" 10 (lZ) A-9 .9 9.0 8.2 7.7 8. 3 

Station 12 (L4) A-l0 1.2 1.0 1.2 1.5 1.3 

S ta t i on 31 (DlR) A211 1.J 3.3 .29 .75 1.6 

,rou t Above DlR A-12 1.4 8.7 7.6 6.0 7.S 

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-IS 2.0 5.1 7.5 6.0 6.2 

Station 19 (TAR) A-16 5.0 4.7 7.5 6. 6 6.1 

Station 21 (TBR) A-17 5.1 2.2 4.4 2.2 3.1 

Trout. ~t Snuth A-Ill 6.S 1.5 3.5 1.2 2. 1 
:leadows CJmO'Jround 

Station 13 (Ul) A-19 10 0.6 0.3 0.28 0. ;0 

Stat ion 14 (ll) A-20 11 0.001 0.001 0.32 0.11 

T rou ~ ., t Ma n i tau A-21 12 0.07 n.14 :l.JS '1.:' 
E,'(Oo!"i"'~ntal >or'!s t 
H'! .~d ~: J~ rters 
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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 Robins~n (1976) demonstrated substantial loss of N03-N 

of a 2-km long spring-fed stream in Ontario with a mean flow of 

3 liters/sec. Denitrification was proposed as the process by which 

the nitrate concentrations were reduced. Laboratory observations 

on stream sediment-water columns · (Sain, et al., 1977) indicated that 

denitrif.ication could explain the nitrate loss observed on the 

small Ontario stream reported by Kaushik, et al (1975). While the 

researchers on the Ontario .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 treatment plant and concluded 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 playa 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 flO\oJs across the 

mea d 0\'/ in undefi ned channels ~ Approximately 0.5 km downs tream of 

the road crossing, several indistinct water paths converge creating a 

head cut, reforming a distinct Trout Cree k channe l . Seven spr i ngs 
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or sub-channels in this area were sampled. Further downstream, 

samples were collected at the permanent lagoon siies 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-g). Of the two sites that had lower nitrate levels, one 

(A-6) was a true sp'ring with a constant flow and temperature whi1e 

the other (A-4) was a very slow moving stream of water with a lush 

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 general decreasing trend from a po)nt 

upstream of the permanent station 10 site. A significant difference 

was observed when the Trout Creek stations above and belO\'J Rule Creek 

were considered with those upstream sites previously mentioned 

(Table 14). 



Table 14. One way analysis of variance for nitrate profile data. 

Sum of Degrees of Mean Critical 
Sites Source ~uares Freedom Square F . F-value 

A-2, A-3 Factor 4.14 3 1.38 1. 23 2.92 
A-5, A-8 Error 9.00 8 1. 12 

Total 13.13 11 

A-2, A-3, A-5 Factor 5.29 6 0.88 0.79 2.24 
A-8, A-9, A-12 Error 15.67 14 1.12 
A-13 Total 20.96 20 

O't 
O't 

A-2, A-3, A-5 Factor 14.03 8 1. 75 1. 33 2.04 
A-8, A-9, A-12 Error 23.72 18 1.32 
A-13, A-14, A-15 Total 37.75 26 

A-2, A-3, A-5, A-8 Factor 80.01 10 8.00 5.29 1.9 
A-9, A-12, A-13) A-14 Error 33.25 22 1. 51 
A-15, A-16, A-17 Total 113.26 32 

A-1, A-2, A-3, A-5, A-7, Factor 598.45 16 37.40 34.6 2.85 

A-8, A-9, A-12, A-13, A-14 Error 36.60 34 1.08 
A-1S, A-16, A-17, A-18, Total 635.05 50 
A-19, A-2J, A-21 . 
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Of particular interest is the dramatic increase in nitrate levels 

from Trout at Lucky Lady Road to convergent surface water sites about 

0.5 km downstream. From these several sites to Trout Creek belo'll 

Mule Creek, the nitrate levels are more than 10 times those found 

in the remainder of the Trout Creek system, and substantially greater 

than the lagoon effluent. There is no reason to believe that this is 

due to natural causes. The lagoon effluent is not a factor in the 

nitrate increase as the dramatic increase in nitrate levels occurs 

several hundred meters upstream, and the effluent has a lower nitrate 

level than Trout Creek. This is a likely result of the treatment 

process where considerable algal growth can be observed in all 

three sewage ]agcons. Althouqh the laQoon effluent is not a 

factor, the lagoon treatment system must still be considered a 

point source, as if it were not present, the nitrate levels would 

likely be comparable to those found in the remainder of the watershed. 

Preliminary evidence at least suggests the possibility of a leak 

in the interceptor, a short distance upstream of the first lagoon, 

as the source for the increased nitrate concentration in Trout 

Creek. 

The longitudinal profile of mean nitrate concentration versus 

distance from Lucky Lady Drive is presented in Figure 9. Highest 

nitrate levels were observed a short distance above the sewage 

lagoons. Nitrate levels continuously decrease until the outlet 

of Manitou Lake where the nitrate concentration is similar to that 
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found in areas in the watershed unaffected by the ~ewage lagoons. 

Regressing the nitrate concentration versus distance. results in 

strong linear regressionwith an R2 = 93% (nitrate (mg/l) = 8.7 -

0.8* Distance (km)). The decreasing trend with distance is clear 

and a one-way analysis of variance on all of the sites of the pro-

fi 1 e confi rms that there are di fferences bet\'Jeen the sites. Oil uti on 

from tributaries, denitrification and plant uptake are all likely 

factors in explaining the decrease of nitrates with increasing 

distance downstream. 

In summary, the ~ewage treatment lagoons have several effects 

on Trout Creek. Specific conductance significantly increased 

bet'w'Jeen stations 10 and 11. Total dissolved solids and chloride 

concentrations also increased in Trout Creek as a result of the 

lagoon treatment. Fecal coliform and fecal streptococcal bacteria 

densities were uneffected by the lagoon treatment. Nitrate 

levels in the general area were found to be more than 10 times 

those found elsewhere in the watershed. High nitrate concentrations 

were observed several hundred meters upstream from the lagoons 

and were found to decrease according to a strong linear relation­

ship with distance. Nitrate effects on Trout Creek from the sewage 

lagoons were no longer detectable by the time the water left 

Manitou Lake. 
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Compos i te Land Use Impacts on \~a ter Qua.l ity 

Investigations into composite land use impacts on water quality 

have taken several approaches. Asmusen, Sheridan and Allison (1975) 

sought to identify differences in water quality of streamflow and 

alluvial groundwater between four categories of watersheds in a 

predominately agrictultural area of the Georgia coastal plain. 

Their ·land-use categories were described as · l) rural-agricultural, 

2) rural-agricultural with some urban influence, 3) rural-agricultural 

with definite urban influence, and 4) urban-suburban. They found 

that ·population densities less than 400 per square mile had little 

effect on water quality. Above that level increases were observed in 
. . 

specific conductance, chloride, total nitrogen and total phosphorous. 

Looking at the relationship bet\'1een land use and nutrient outputs 

of eighteen rural watersheds of the Cayuga Cake Basin of Western 

New York, Gates and Haith (1975) could not establish quantitative 

relationships between land use and nonpoint sources of nitrogen 

and phosphorous. White (1976) observed different land use-water 

quality impacts based on geologic formations. He found that 

construction of access mining roads in west-central New Mexico 

had the greatest effect on suspended and dissolved solids on 

streams draining sedimentary formations as compared to basalt 

formations. Local grazing and irrigation for orchJ~ds had no si9-

nificant effect on water quality for either ty~e of rcologic forrn~tion. 

Using Nationa Eutrophication Survey data from 473 nonpoint ~ource-

type drainages in the eastern United States, Omernik (1976) found 
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that nutrient concentrations were generally proportional to the 

percent of agricultural land. Mean total phosphorous concentrations 

were nearly ten times qreater and mean total nitroqen concentrations 

five times qreater in streams draininq aqricultural areas compared 

to forested areas. 

The approach taken with the Trout Creek data was to use cluster 

analysis to determine if the data had any structure v/hich could be 

related to 1and use. Once the link between land use and water 

quality was established in defining clusters, further comparisons 

were made to determine if differences in land use between clusters 

had any effect on water 'quality. 

Cluster Analysis 

Cluster analyses was a major interpretive tool employed in 

evaluating the composite land use-water quality relationships in 

the Trout Creek watershed. The procedure is a quasi-statistical 

technique which groups data on the basis of similarities between 

specified variables thereby illustrating the underlying structure 

of a data set. Cluster analysis was applied to the Trout Creek 

data to identify those sites with similar water quality and to 

objectively determine -if differences between cluster groupings 

might be explained by land use. The cluster program used in this 

study was developed by Veldman (1967). 

A necessary requirement for interpreting the program results 

is an understanding of how it operates. Means of each water quality 

constitutent serve as program input. Variations -within each consti tuent 

are scaled to an equal range. with the lowest value equated to 0 and 
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the highest equated to 100. Each input variable is given equal 

weight with respect to all others. The program then determines 

which stations are most similar and produces a dendrogram which 

ill ustrates the relative degree of simil arity beb/een stations. 

Several different clustering runs ItJere made specifying 

different combinations of constituents each time. Cluster group-

ings were the same regardless of the combinations of constituents 

run with only minor exceptJon. When suspended solids were omitted 

from the analysis, station 11 was grouped with stations 10, 16 and 19. 

With all other runs it fell into a cluster by itself. It should 

be noted that suspended osol ids were not monitored at the two spri ng 

sites (stations 3 and 4). When the cluster routine was run with­

out suspended solids, these sites fell in a cluster with stations 2 

and 8, regardless of all other variable combinations that were run. 

The final cluster grouping run includea i~spended solids~ 

specific conductance, total dissolved solids, nitrate, chloride, 

fecal coliform and fecal streptococci (Fiqure 10). In order to 

include the spring sites in the analysis, mean suspended solids 

concentrations of 2 mg/l were assigned to them. The 2 mg/l value 

was used as a reasonable estimate of their mean suspended solids ' 

concentration based on two years of observation and comparison with 

measured values throughout the watershed. While this estimation of 

suspended solids for the spring sites may appear arbitrary, it 

has only a minor influence on the shape of the final cluster dendro­

gram, and no effect on the final cluster groupings. The cluster 
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groupings are the main concern and since they were the same regard­

less of the combination of variables considered in the analysis, 

inclusion of the spring sites in this manner appears justified. 

Assessment of Composite Land Use Effects 

Table 15 displays the cluster groupings with their mean values. 

Cluster one (stations 2, 3, 4, and 8) represents the upper Trout Creek 

sub-basin. This area is primarily rural with moderate grazing 

activity throughout. Residential development is scattered through-

out the area but is generally located along the drainage divides. 

While the four stations comprising the cluster have similar charac­

teristics as compared to remaining stations in the watershed, there 

are numerous ,significant differences between them. Summary statistics 

for cluster one stations are presented in Table 16. Analysis of 

variance reveals that there are significant differences. 

between the stations with all constituents except for fecal strepto-

coccal bacteria (Appendix E). Paired t-tests between station pairs 

reveal the precise differences in water quality variables between 

stations ' (Appendix F). The moderate qrazinq activity observed in this 

sub-basin is its most common bond between the stations and explains 

why the cluster has the highest fecal streptococcal bacteria den­

sities in the watershed. 

Cluster two (stations 17, 20, 23 and 26) includes all four 

tributaries to Trout Creek. Summary statistics are presented 

in Table 17. Mule Creek, Missouri Gulchand Fern Creek represent 

watersheds essentially in their pristine condition. WhilePule 



Table 15. Cluster groupings with mean values. 

Specific Total Fecal Fecal 
Suspended Conductance Dissolved Nitrate Coliform Streptococcus 

Cluster Solids mhos/em Solids mg/l as Chloride colonies/ colonies/ 
Station (1119/1 ) at 250C (mg/l) N03 {mg/1 } 100 m1 100 Illl 

2 6.5 200 150 0.3 0.3 73 1100 
3 170 150 1.3 1.2 27 430 
8 8.2 200 140 . 0.1 1.5 42 740 
4 150 120 1.3 0.9 100 290 

17 1.8 130 100 0.0 0.3 9 550 

2 20 3.1 150 100 0.1 0.1 18 700 
23 4.4 140 100 0.1 0.3 10 100 
26 2.6 120 80 0.1 0.6 11 300 

"'-J 

10 6.6 210 140 8.0 
(J1 

5.8 79 340 
3 16 21 270 160 5.9 7.2 110 360 

19 12 250 160 4.3 6.4 86 240 

22 20 240 160 0.1 2.8 190 400 
4 25 10 270 160 0.1 2.8 83 480 

28 13 250 150 0.0 5.6 58 500 

11 50 280 170 7.3 9.7 130 150 



Llole lG. Summat'Y statistics for cluster one (Stations 2,3,4 and 8). 

Total Fecal Fecal 
Suspended Specific Dissolved Coliform Streptococcus 

Discharge S(lidS Conductance Sol ids Chloride Nitrate colonies/ colonies/ 
Station l/see. m91l ) mhos/elll at 250C (mgll) . (mgll ) ",gil as N03 100 1111 100 Jill 
---
l 
Ilean 14 6.5 200 150 0.3 0.3 73 1000 
lIe: dian 5 4.0 210 140 0.1 0.3 24 480 
Std. Dev. 3~ 6.5 47 27 b.b 0.2 110 1600 
flJnge 1-192 0-22 80-260 85-190 O-? 0-0.6 0-540 26-6700 
II 38 21 27 34 12 10 32 32 

J 
1·lean 170 150 1.2 1.3 27 430 
!':eJi 3n 170 140 1.1 1.3 23 310 
Su.l. Dev. 15 34 0.4 0.2 28 420 
iIJn~t! 130-190 110-270 0.5-2 1.1-1.6 0-97 2- 1500 
II 17 16 12 10 19 19 

-\ 
liean 150 120 0.9 1.3 100 290 ....... 
11c:diiln 150 120 0. 5 1.4 24 340 Q) 

Std . Oev. 9.4 17 1.3 0.3 270 
l(dllge 130-170 81-160 0-4 0.8-1.6 0-620 2-1200 
tI 17 16 12 10 19 19 

0 
1·lean 50 8.2 200 140 1.5 0.1 42 740 
f.l i:d ian 7 5.2 200 140 1.8 0.1 11 270 
~ [d. Oev. 120 10 . 2 31 31 1.3 0.2 110 1900 
ilon<;e 1-520 0.8-61 100-240 60-240 0-4 0.0-0 . 7 0-620 28-12000 
II 59 42 36 49 12 10 37 37 

Cluster 
JS I/hole 
lkun 36 7.7 190 140 1.0 n.71i 60 710 
f.1,,(liiln 7 4.6 190 140 0.6 0.71 18 310 
) ld . Dev. 95 9.1 37 30 1.1 0.59 110 1500 
Hdll,)e 1-524 0-61 81 - 260 60-270 0-4 0.02-1.59 0-620 2-12000 
II 97 63 97 116 48 40 107 107 



Table 17. Summary statistics for cl uster two (Stations 17, 20, 23 and 26). 

Sped fic Total Fecal Fecal 
Suspended Conductance Dissolved Nitra te Coliform Streptococci 

Discharge Solids I'l1IhOS/CIII Sol ids Ch 1 ol'i de IIIg/1 colonies/ co10nies/ 
Station 1~ ~!9.L!L at 250C (/Onll) (IIIn/ 1 as NO] 100 m1_ 100 1111 

17 
Nean 22 1.9 130 100 0.3 0.04 9 550 
~' ed i an 9 1.7 130 100 . 0.1 0.04 2 120 
Std . Dev. 33 1.6 14 33 0.3 0. 01 III 690 
fl3 nge 1-130 0-5 .6 90- 150 71-220 0-0.8· 0.01-0 .04 0-75 13-2200 
N 19 14 19 17 13 11 9 19 

20 
!'!E:an 98 3.1 150 100 0.1 0. 14 19 700 
r.lcdian 37 1.7 150 100 0.0 0.10 10 280 
Std . Dev. 170 3.6 III 16 0. 2 0.14 21 1300 '-I 
R.1n f j<: 6- 780 0-12 110-180 45 -120 0-0.5 0.02-0.49 0-68 4-4900 '-I 

II 23 8 22 21 13 10 23 23 

23 
I'~c dn 30 4.4 140 100 0. 3 0.05 10 99 
I-Icd ian 12 3. 1 120 100 0.2 0.04 J 69 
Std . Dev. 56 3.8 49 26 0.5 0.04 15 88 
Ran)e 0-205 0.3-11 80- 120 65-150 0- 10 0.01-0 . 11 0-47 13-32D 
tI 14 7 10 11 7 5 11 11 

26 
HE:a n 41 2.7 120 80 0.6 0.08 11 11 
!·Ied i an 27 1.1 120 80 0.2 0.08 11 300 
Std. Dev. 47 4.3 18 13 1.0 0.02 17 360 
RJ nge 4-160 0-17 65-140 60-110 0-30 0.05-0.12 0-74 22- 1500 
tl 23 17 21 21 12 10 21 22 

Clus ter 
s ~:ilo l e 
1-1e~ n 51 2.8 no 93 0.3 0.08 13 450 
!1[: ;Ji an 19 1.7 no 93 0.1 0.06 5 140 
Std. Dev. lOG 3. 5 27 24 0. 6 0.09 13 820 
Range 0-780 0-17 65-220 0-3 0.01-9,49 0-95 4-4800 
tI 79 56 72 70 45 36 Jt1 75 
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Creek is larger than the other three and slightly-more developed, 

it is considerably less influenced by urbanization than Trout Creek. 

The lowest values of all constituents are found in this cluster. 

One way analysis of variance reveals no significant difference 

between the cluster stations with respect to suspended solids, 

chloride and fecal coliform bacteria (Appendix G). Specific differ-

ences between station pairs within the cluster have been made using 

paired t-tests. Their results are presented in Appendix Po. 

Cluster three includes the stations of the middle Trout Creek 

sub-basin (stations 10, 16, 19). This is the area most effected by 

the urbanization centered around Woodland Park. The dominant feat-

ure on water-quality in this sub-basin is the Woodlan~ Park sewage 

treatment lagoons. It should be noted, however, that station 11, 

located immediately downstream of the sewage lagoon effluent 

discharge is not included in this cluster, Its water quality is 

so substantially different from the other stations, that it 

warranted a separate cluster by itself. Summary statistics for 

the cluster are presented in Table 18. Except for station 11, the 

highest nitrate and chloride concentrations in the watershed are 

found in this cluster. Specific conductance and total dissolved 

solids concentrations are also among the highest in the watershed, 

a distinction also shared with cluster four. One way analysis of 

variance reveals that chloride and fecal streptococcal bacteria are 

the only constituents that are not significantly different between 



Table 18. Summary statistics for clll~tcr three (Stations 10, 16 and 19) 

Specific Total fecal fecal 
Suspended Cunductance Dissolved Nitrate Coliform Streptococci 

Di scharge Solids ~1/1lhos/cm Solids Chloride mg!1 as colonies/ colonies/ 
S ta t ion l/s'ec (mg/1 ) at 250C (rng/1 ) mg/l N01 100 rnl 100 ml -----

10 
Mean 30 6.6 210 140 '5.8 8.0 79 340 
~lcd ian 27 3.8 210 140 6.0 8.3 35 260 
S td . Dev. 30 12 21 31 1.6 1.1 120 270 
Range 7-190 0-52 140-280 61-220 2-8 5.5-9.0 0-500 98-1600 
II 38 18 29 '23 12 11 37 39 

--.J 

16 
\0 

f1ean 86 21 270 160 7.2 5.9 110 360 
Nedian 33 12 290 160 7.4 6.1 100 300 
Std. Dev. 160 23 50 28 3.6 2.6 80 240 
Range 12-740 2.4-98 150-320 77-220 . 2-13 1.2-9.2 4-330 54-970 
/I 23 20 23 21 13 11 23 23 

19 
f1can 97 12 240 160 6.4 4.3 87 240 
f·lcdian 35 11 260 160 6.9 4. 5 72 240 
S td. Dev. 160 7.8 45 24 3.1 2.0 87 110 
Runge 7-700 1.9-33 130-300 110-220 2-12 1.1-7.5 0-310 56-450 
tl 23 19 22 21 13 11 23 23 

Cluster 
as 14hole 

I-123n 64 13 240 150 6.3 6.1 89 320 
~leui an 31 8.4 230 150 6 . .1 6.6 62 250 
S td. Dev. 120 17 47 29 3.0 2.5 100 230 
Range 7-740 0-97 130-320 61-220 1-13 1.1-9.2 0-500 54-1600 
N 84 57 74 65 39 33 83 85 
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stations of the cluster (Appendix I). Comparison~ between specific 

stations within the cluster with all variables have been made using 

paired t-tests with the results reported in Appendix J. 

Cluster four (stations 22, 25 and 28) represents the lower 

Trout Creek sub-basin. Land uses represented by these sites 

are not dominated by any single use. Grazing and forest lands are 

most common ~/ith only minor residential development in the sub-basin. 

These stations integrate all upstream land uses and reflect the composite 

effects of land use on water quality throughout the Trout Creek 

drainage system. Summary statistics for the cluster are presented 

in Table 19. Nitrate levels are low and are similar to those found 

in the tri buta ry watersheds. Sped fi c conductance and total 

dissQ1ved solids are similar to those of cluster three and together 

are the highest in the watershed. Chloride concentrations are higher 

than any other cluster except for the area near the sewage lagoons. 

Suspended solids concentrations were higher than any other site 

except for station 11. Highest fecal coliform bacteria densities 

of the watershed were found in this cluster. 

One \vay analysis of variance reveals that there are no 

significant differences between the cluster stations with respect 

to suspended solids, specific conductance, total dissolved solids, 

nitrate, fecal colfionn and fecal streptococcal bacteria (Appendix ­

K). Paired t-tests were made on specific station pairs and their 

results are reported in Appendix L. 



Table 19. Summary statistics for cluster four (Stations 22,25 and 28). 

Specific - Total Fecal Fecal 
Suspended Conductance Dissolved Nitrate Coliform Streptococci 

Discharge Solids IJlllhos/cm Solids . Chloride mgll as colonies/ coloniesl 
Statlon l/sec mg/1 at 250 C -..!!!9LL mg/l NOl 100 ml 100 ml 

)? 

Hean 238 20 240 160 2.8 0.10 190 400 
f.1<>dian 93 9.4 250 160 3.0 0.05 49 390 
Sill. Dev. 390 2.8 53 42 1.0 0.12 390 520 
f{ ,lnge 2-1600 0-100 140-370 110-310 1.5-4 .. 5 0.02-0.40 4-1500 21-2500 
tI 22 17 21 21 12 10 21 22 

:!5 
t'~ean 250 10 270 160 2.8 0.06 83 480 
t-I~L1ian 83 3.4 260 170 2.8 0.04 47 280 
5td. Dev. 480 14 65 34 1.1 0.06 100 630 

CO R~nge 1-2200 0-49 140-380 90-210 1.0-4.? 0.01-0.18 0-470 62-2700 
/I 23 17 21 21 12 10 22 22 

213 
/':ean 510 13 250 150 5.6 0.03 58 500 
/'\i!di an 250 4.1 250 150 5.1 0.03 28 380 
Std. Dev. 710 20 46 26 3.0 0.01 76 410 
11 .• lnge 20-2500 0.4-65 150-350 11 0-200 2.0-10 0.01-0.04 2-270 28-1300 
1\ 23 17 20 21 12 10 22 21 

Cluster 
:15 Hhole 
'·;..:an 340 14 250 160 3.7 0.06 110 460 
\' :'. :l~ ian 120 4.6 250 160 3.1 0.03 37 300 
~ tj. Dev . 550 215 56 34 a 0.08 240 520 
((<Jllve 1-2500 0-100 140- 380 90-310 1 ~ 10 0.01-0.4 0-1500 21-2700 
:, 68 51 62 63 36 30 65 65 
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Cluster five consists of station 11. Locateq immediately dm·m­

stream from the sewage effluent discharge, this station is su f fic­

iently different from all other sites so as to form a separate 

cluster by itself. (Summary statistics can be found in Table 8.) 

Comparisons between clusters were made using unpaired t-tests 

on log transformed variables. All observations for each variable 

at each station in the cluster were aggregated and tested against 

similar values of another cluster (Table 20). Both years of data 

were used with the exception of nitrate where only 1980 data were 

considered due to the differences in the analytical technique employed. 

Suspended sediment concentrations did not vary significant ly 

between any ().f the clusters on Trout Creek. The tributary cluster, 

however, varied si~nificantly with each of the Trout Creek clusters. 

The explanation of this goes beyond land use. Development along 

the tributaries is nearly non-existant as most of the land is 

slightly managed forest. Trout Creek lands by contrast are more 

developed with road systems, urbanization and grazing. Another 

important factor is the nature of the respective watersheds. 

Trout Creek generally flows , through a thick and very mobile alluvial 

fill deposit. The tributaries flow through narrow "V-shaped" 

valleys nearly devoid of extensive alluvial fill deposits. The 

increased suspended sediment in Trout Creek as compared to the 

tributaries is likely the composite effect of the mobile all uvial 

fill deposit through which it flows, livestock grazing in the ripari an 



Table 20. T-tests for cluster pairs. 

Total 
Suspended Specific Olssolved fecal reeal 

__ ll_ . ... ~.t .' · !~ j}.~ _ _ .. __ SJ litls (Onjdc t J OCe Sol his Nitrate (hluride Co 1 iform ~_!f!,Jli~C:P~~~2. ---- ---_.- ---'.--
I ., , . 

Si'illificJllt at ., :0.1 ... . .. .., ... . .. .. , 
t -_llt i , li c 5. 94 9. 52 13.18 7. 05 4. 14 5.31 2. 70 
[\.: '1. :;,r j I b.: JO:;. 99 150 155 75 91 166 177 
(I-",ll lI0 0.000 0.000 0.000 {l.000 0.000 0.000 0.000 

1,1 
Si ;:diic,tI;l at -,: 0. I N.S. 11 . 5 . ... ... .. 11 .5 . 
t· ,.1,)[ i :. [ i c 1.09 -7 . 60 -1.07 -12 . 71 - 12 . 92 -]. 41 0. 11 
:'l:.). of i fr.t:do"l 100 160 150 75 tl5 1f.5 174 
I' · '/ Il.Je 0. 278 0.000 0.2 05 0.000 0.000 0. 001 0. 900 

1, ·1 
ro Si';lIiiic.lllt .It .. : 0. I II. S. . . ".,* ... 11 .5 . W 

t '~l at i~: ie 0. 19 -8.37 -2.78 6.53 -n. 75 -2.28 0. 07 
:," I. 0 f f Ic" lom 93 148 140 69 62 1~6 167 r,- ..... 1 III.! 0. 1153 0. 000 0. 006 0.000 0. 000 0.024 0.944 

2, ] 
~ i : ,,~j Cl! illf. dt . : 0. I .. , ... 
, . ', :.I~ i f.: k -6.96 -17 . 03 -12 . 57 1'.1 . 46 - 19 .59 -0 . 30 - 3.29 
I ,. I . 0' I .-",·tlOIll III 144 133 70 HZ 147 153 
1'1- '.' .llllI~ 0. 000 0. 000 0. 000 o.oon 0.000 0.000 0. 001 

!, 4 
\, ;"1 r Il ,'I,l ,Il 'I :. 0 . 1 U.S. 
t -'dJI i~t ic -4.09 - 16 . 96 -14 . 12 0. 5] -14 . 99 - 7. 10 -2.61 
1,,,-' ": . (,I r,(-o.: .111111 104 137 131 M /9 1311 146 
:I-I .• I-. t.: 0. 000 0.000 0.000 0 . ~911 0.000 0.000 0.010 

.1, -1 
~i ' I"i fi cJ,.l Jt ., : 0. I 11.5 . II . S. tl. S. 11.5 . N.S. 
[ - .l.l t i '.. ti c 1. 17 -1 . 46 - 1.50 11 . fl6 4. 22 1.01 -0. 04 
r,c- :;. of f '- ~ ""'O" I lOS 134 126 M 73 137 , 14] 
p - '/ u I tJC 0. 245 0.148 0.136 0.000 0.000 0. ]14 0.964 

II. S. - lIot sinnificant; , Siljnifican t; ., Very Significant; Very lIiljhly Signi ficant 
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zone, and the construction and periodic failure of numerous beaver 

dams. It should be noted, however, that although tne differences 

are statistically significant, the concentrations do not repre­

sent any threat to any beneficial uses for which the water may be 

used. 

Specific conductance and total dissolved solids vary significant-

ly throughout the \'/atershed. Each cl uster is si gnifi cant ly diff-

erent from the others with the exception of cluster pairs three and 

four for both specific conductance and total dissolved solids and 

cluster pairs one and three for total dissolved solids (Table 20 ) . 

Lowest values are found in cluster two which represents the 

Trout Creek tributaries. On Trout Creek, bDth variables are lowest 

in the upper regiori and gradually increase with increasing distance 

downstream. The primary mechanism by which specific conductance 

and total dissolved solids increase is dissolution of soluble 

minerals with increasing hydraulic residence time. In the grazing 

treatment discussed previously, increases in specific conductance 

and total dissolved solids were not attributed to grazing but rather 

to the flood irrigation process, The lake based recreation treatment 

revealed no discernable impacts on either specific conductance or 

total dissolved solids concentration. The sewage treatment was the 

only specific treatment considered that had any significant effect 

on specific conductance and total dissolved solids concentrations. 

While the lagoon effluent resulted in a significant increase within 

the treatment area, its composite effect on the lower portion of 
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Trout Creek is minor. Differences between clusters 3 and 4 are not 

significant. Differences between the upper and lqwer Trout Creek 

clusters though statistically significant, are small. The increase 

in specific conductance between the two clusters is only from 190 

to 250 ~mhos/cm at 250 C. while the increase in total dissolved solids 

concentrations is only from 140 mg/l to 160 mg/l. 

Nitrate levels in the watershed are strongly influenced by the 

Woodland Park sewage treatment lagoons. Nitrate concentrations for 

surface waters outside of cluster three average 0.1 mg/1 as N03. 

Mean nitrate concentration for cluster three is 6.2 m9/1 as N03, 

more than 60 times that found in surface waters for the remainder of 

the watershed. Cluster three nitrate concentrations are significantly 

different from a1lother clusters due to the nitrate influence 

exerted by the sewage treatment. Cluster one nftrate concentration 

are also significantly different from all other clusters. By 

examining the mean nitrate levels for the cluster (Table 15) 

it is clear that the two spring sites (stations 3 and 4) are the 

primary cause for the difference bet\'1een this cluster and clusters 

2 and 4. Station 2 is also higher than most other surface water 

stations outside cluster three. This is a likely effect of the 

ni tra te fertil i za ti on by the 1 andowner of the meadow immedi ate ly 

upstream of the station during the 1980 field season. Nitrate 

levels of cluster 2 and 4 are essentially the same (Table 20). 

Although nitrate levels increase dramatically in the region 

of the \'Joodland Park se ... ,age lagoons, they gradually decreas.e ,vith 
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distance downstream until the outlet of Manitou Lake. At this 

point nitrate levels are similar to those found throughout the 

remainder of the watershed uneffected by the lagoons. 

Another illustration of nitrate decreasing fairly rapidly with 

distance was observed with a small study conducted in the vicinity 

of station 3 on the Glen Johnston ranch. On three occasions nitrate 

samples were collected at the spring egress, the inlet to the small 

stock pond approximately 100 meters from the spring, the pond 

itself, the pond outlet and a site approximately 50 meters down­

stream of the pond (Figure 11). The raw data is presented in 

Table 21. One way analysis of variance indicates no significant 

difference in observations by date (F = 0.4 compared to a critical 

value of 2.81 for 2 and 12 degrees of freedom). Significant 

drops in nitrate concentrations occurred between sites one and 

two only 100 meters apart. as well as between sites two and sites three 

and four (Table 22). No differences were found between the 

pond and the outlet, but a significant increase was observed 

between the outlet and the site 50 meters downstream. T\vo con-

current processes appear to be occurring. Based on the laboratory 

observations of Sain, et al., (1975) denitrification is likely 

occurring at the interface of the bottom sediments and pond water 

and possibly beb/een the spring egress and the pond inlet. Exten-

sive algae growth was observed in the pond and substantial nitrate 

is presumed to be assimilated in the living biomass. The increase 

of nitrate downstream of the pond outlet is likely the result 
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Table 21. Ra\oJ data for spring-pond nitrate observations. 

Nitrate Concentration in mg/1 as NO 
5dm Dovmstream 

Spring Inlet Pond Outlet of Outlet 
Date ( 1 ) (2) (3) (4) ( 5) 

7/28/80 1.6 0.36 0.005 0.00 0.08 

8/4/80 1.4 0.98 0.01 0.00 0.24 

8/18/80 1.3 0. 90 0.01 0.01 0.18 

r~ean 1.4 0.75 0.008 0.003 0.17 

Std. Dev. 0.15 0.34 0.003 0.006 0.08 
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Table 22. T-tests for spring-pond nitrate observations. 

Significant at Degrees of 
Stations a = 0.1 t-statistic Freedom Q-value 

1 ,2 * 3.12 2 0.085 

3,2 * 3.792 2 0.063 

3.4 N.S. 1.342 2 0.312 

3,5 * -3.391 2 0.077 

4,5 * -3.491 2 0.073 

N.S. Not significant 

* Significant 
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of the outlet water being mixed with additional groundwater 

with a higher nitrate level. It would appear from ' these obser­

vations and those of the nitrate profile study at the lagoon 

area that available nitrate 5n Trout Creek is either- fairly 

rapidly lost to denitrification or converted into biomass. 

Chloride concentrations vary considerably between cluster 

groups. Highest chloride concentrations are found- in the area of 

the sewage lagoons. The obvious source is the domestic wastewater 

whose treatment process has little effect on chloride concentrations. 

One set of observations were made on the two large lagoons and the 

lagoon effluent on July 7, 1980 and the chloride concentrations were 

all the same (40 mg/l). Lowest chloride concentrations are found 

in the tributaries '(Cluster 2) where concentrations are barely 

detectable. Concentrations in the upper region of Trout Creek are 

also fairly low with an increasing trend downstream. Significant 

differences between cluster pairs occur between all cluster com-

binations (Table 20). 
Chloride concentrations in the Trout Creek watershed are low. 

Igneous geology plays a major role. Locally important sources in 

the watershed include domestic wastewater from the sewage treatment 

lagoons and septic tank leachate. Another potential local source 

might include salt blocks used for livestock. Natural geologic 

sources cannot be dismissed when talking about such low concentrations. 

Unlike nitrate, chloride is a conservative substance which does not 

interact in the aquatic environment. Once in the stream it will 

remain. The reason why the highest chloride concentrations are found 

in cluster three and not cluster four, is dilution from the several 
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tributaries from the lagoons to the lower end of the watershed. 

However, the contribution of the lagoons to the overall chloride 

mass at Trout Creek near the confluence with West Creek is not 

particularly great. Mean chloride mass flux at station 11 is only 

320 mg/sec. At station 28 the mass flux is 2900 mg/sec. The mass 

at station 11 represents approximately 11 % of the total mass at 

station 28. While important additional sources likely include 

natural geology, septic tank leachate and livestock salt blocks, 

it should be kept in mind, however, that the chloride levels 

observed throughout most of Trout Creek are low and have no appre­

ciable impact on water quality. 

Fecal coliform bacteria densities vary considerably throughout 

the entire watershed. Variations within each station outside the 

tributary cluster range across three orders of magnitude. Lowest 

fecal coliform bacteria densities are found in cluster two . Densities 

from this cluster are significantly lower than any other cluster. 

Along Trout Creek, the lowest fecal coliform densities are in 

the upper portion of the watershed. A significant increase occurs 

between this cluster and the lagoon cluster, but no significant 

change occurs between the lagoon cluster and the lower watershed 

cluster. Land use clearly plays a major role in determining \'Ihy 

the tributaries have tr.2 lowest fecal coliform densities. They are 

relatively pristine and t hare are few fecal sources. The upper 

region of Trout Creek is the only Trout Creek sub-basin which 

doesn't have an appreciable amount of residential development 
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either within the area or upstream. This might explain the 

statistically significant lower fecal coliform bacteria densities 

in the upper portion of the watershed as compared to the rest of 

Trout Creek. Comparing the mean fecal coliform densities of cluster 

one with those of the remaining Trout Creek clusters indicates that 

although there are statistically significant differences between 

clusters, the differences are generally within the range of the 

standard deviation for the mean at each station and have few water 

quality implications. 

Fecal streptococcal bacteria exhibits a slightly different 

pattern than fecal coliform bacteri a . Although the lowest feca-l 

streptococci densities are again found in the tributaries, the 

highest den;ities are found in the upper Trout Creek sub-basin. 

Significant differences exist between the tributary cluster and 

all others. This is expected, due to the undeveloped nature of the 

tributary watersheds. Despite the fact that the highest fecal strep­

tococcal bacteria densities are found in the upper Trout Creek 

sub-basins, there is no significant difference in fecal strepto­

cocci densities betweeri the Trout Creek clusters. Although the 

grazing treatment demonstrated that grazing can increase fecal 

streptococci densities in a specific local area, assessment of 

composite effect reveals that land use does not playa significant 

role on the fecal streptococcal bacteria densities along the Trout 

Creek mainstream. Land use does playa major role in explaining 

dfiferences between Trout Creek and its tributaries. 



SUMMARY AND CONCLUSIONS 

The purpose of this study was to evaluate composite land use 

impacts on water quality of Trout Creek, a tributary to the South 

Platte River in Colorado. Four specific treatment areas were con­

sidered for their local impacts on water quality before assessing 

basin-wide composite effects. Composite ~ffects were evaluated 

by employing cluster analysis. This quasi-statistical techni.Que 

groups stations on the basis of similarities of input variables. 

Summary 

The findings of the study are as follows: 

1. Th~only observed effect of the grazing treatment was with 

fecal streptococcal bacteria. Specific conductance and 

total dissolved solids increased through the study area, 

but this was due to flood irrigation and independent of 

grazing. Nitrate and phosphate were consistently below 

detection limits for the analytical procedure employed. 

Fecal coliform levels were uneffected. A statistically 

significant increase in fecal streptococci was detected 

along with increase in variability. 

2. The road treatment area was observed to serve as a source 

area for suspended solids during runoff events. Summer 

convective storms supply the energy which can deliver sub­

stantial quantities of sedi ment to the stream, but their 
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specific inputs are difficult to monito~ due to their 

unpredictable and sporadic nature. Base flow conditions 

result in very little sediment transported through the 

hydrologic system . . 

3. Lake-based recreation was shown to have very little effect 

on Trout Creek in the area of the Manitou Lake recreation 

area. A minor but statistic~lly significant increase in 

suspended solids concentration was observed. Nitrate and 

phosphate levels were below detectable limits. Specific 

conductance, total dissolved solids, fecal coliform and 

fecal streptococcal bacteria densities were uneffected by 

th~ recreational use of the area. 

4. Sewage treatment lagoons had several effects on Trout 

Creek . . Specific conductance, total dissolved solids, 

and chloride all significantly increased in the immediate 

area. Nitrate levels for the cluster were more than 10 

times those found elsewhere in the watershed with highest 

nitrate concentrations more than 60 times the mean for 

surface water stations outside of the lagoon dominated 

cluster. High nitrate concentrations were observed 

several hundred meters upstream of the lagoons and were 

found to decrease according to a strong linear relation­

ship with distance. Nitrate effects from the lagoons on 

Trout Creek were no longer detectable by the time the water 

left Manitou Lake. 
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5. Cluster analysis proved to be ~ very effective tool in 

interpreting water quality of Trout Creek. Cluster 

groupings followed a marked spatial pattern, distinguishing 

bebJeen upper, middle and lower sub-basins of Trout Creek, 

Trout Creek tributaries and a single station immediately 

downstream of the sewage lagoon effluent discharge. 

6. Suspended solids concentrations showed significant differ­

ences between the tributary cluster and all Trout Creek 

clusters, but no significant differences were observed 

between Trout Creek clusters. Differences in land uses 

between the tributaries and Trout Creek, do not explain 

the entire difference as physical characteristics of th~ 

watershed also play an important role. 

7. Specific conductance and total dissolved solids vary stat­

istically significantly throughout the watershed. Values 

are lowest in the tributaries. The lowest values on Trout 

Creek were observed in the upper sub-basin. Only the 

sewage lagoon treatment had any significant local effect 

on specific conductance and total dissolved solids. Al­

though statistically significant differences were detected 

beween the upper and lower Trout Creek sub-basins, the 

magnitude of the difference was small and had little 

water quality importance. 



8. Nitrate levels were dramatically effected by the sewage 

treatment. Concentrations decreased linearly with dis-

tance and were no longer detectable at the outlet of Manitou 

Lake. Any nitrate introduced to the aquatic system appears to 

be lost to denitrification or rapidly converted into biomass. 

9. Chloride concentrations vary considerably between cluster 

groups. The sewage treatment area is a locally important 

chloride source but its overall contribution to the total 

chloride mass at the mouth of the watershed is about 10%. 

Natural geology, septic tank leachate and livestock salt 

blocks are lik~ly important chloride sources for the basin, 

but the overall chloride concentrations are quite low. 

10. Fecal coliform densities between the tributary cluster 

and all Trout Creek sub-basins are significantly different. 

Land use is a prime factor as there are few fecal sources 

in the tributaries. Although differences between the 

upper Trout Creek sub-basin and the remainder of Trout 

Creek are statistically significant. the differences have 

little water quality importance. Land use differences have 

little impact on fecal coliform bacteria densities on the 

main stream of Trout Creek. 

11. Fecal streptococcal bacteria densities exhibit the same 

relationship between the Trout Creek tributaries and the 

main stream .:IS fecal col iform. The qrazinq treatment 
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demonstrated a locally significant increase in fecal 

streptococci densities, but the composite effect of all 

land uses on the Trout Creek main stem fecal streptococci 

densities is insignificant. Land use differences playa 

major role in explaining significant differences between 

Trout Creek and its tributaries . 

Conclusions 

Composite land use impacts on water quality within the Trout 

Creek watershed are only discernible when comparing the tributaries 

with mainstream clusters. Sewage treatment has a significant local 

impact on nitrate water quality of Trout Creek but its impact was 

no longer detectable approximately 10 km downstream. Other con­

stituents were uneffected by composite land uses along 

the Trout Creek mainstream. Differences in land uses between the 

tributaries and the main stem of Trout Creek effected suspended 

solids, nitrate, chloride, fecal coliform and fecal streptococci 

concentrations. Differences in specific conductance and total 

dissolved solids cannot be attributed to land use. 

In general, the water quality of the Trout Creek watershed is 

good. None of the constituents considered in this study were 

present in concentrations which represented a threat to existing 

beneficial uses. 
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Appendix A. ANOVA for suspended solids analytical procedure. 

Sum of Degrees of Mean Critical 
Station Source Squares Freedom Square F F-value ---

5 Factor 1.50 2 0.75 0.62 3.46 
Error 7.31 6 1.22 
Total 8.81 8 

6 Factor 54.57 2 27.78 0.67 3.46 
Error 243.65 6 40.61 
Total 298.22 8 

7 Factor 0.33 2 0.16 0.08 3.46 
Error 11.63 6 1. 94 0 

Total 11.96 8 

8 Factor 1.10 2 0.55 0.17 3.46 
Error 19.07 6 3.18 
Total 20.17 8 



Appendix B. ANOVA for total dissolved solids analytical procedure . 

Sum of Degrees of Mean Crit i ca 1 
Station Source Squares Freedom ~uare F F-va1ue 

Factor 86.72 2 43.36 0.89 3.46 
Error 292.32 6 48.72 
Total 379.04 8 

2 Factor 112.39 2 56.19 0.59 3.46 
Error 566 . 83 6 94.47 
Totai 679.22 8 

8 Factor 70 . 17 2 35.08 0.61 3.46 -' 

Error 347 . 33 6 57.89 0 

Total 417.5 8 
N 
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APPC~DI XC. ANOVfl, for fecal coli forr.l and feca 1 streptococca 1 bacteri·) 
analytical procedures. 

Sum of Degrees of ~1ean Critical 
Sta t i on Source Squa res Freedom Square F F-'1a1ue 

FECAL COLI FORr·1 BACTER IA 
9 Factor 0. 67 2 0.33 0.6 3.46 

Error 3.33 6 0.56 
Total 4.0 8 

10 Factor 24.89 2 12.44 l. 10 3.46 
Error 68.00 6 11.33 
Total 92.89 8 

11 Factor 64.67 2 32.33 0.74 3.46 
Error . 263.33 6 43.89 
Total 328 8 

12 Factor 308.22 2 154.11 0.53 3.46 
Error 1760. li7 6 293.44 
Total 2068.89 8 

FECAL STREPTOCOCCAL BACTERIA 

9 Factor 9205 2 4602 0.36 3.46 
Error 75950 6 12658 
Total 85155 8 

10 Factor 19062 2 9531 l. 42 3.46 
Error 40250 6 6708 
Total 59312 8 

11 Factor 2314 2 1157 0.09 3.46 
Error 78133 6 13022 
Total 80448 8 

12 Factor 1601666 2 800833 l. 09 3.46 
Error 4428333 6 738055 
Total 6030000 8 



;·. PP[liDIX D. Diurnal nilircd t-tests. 
Standard 

Number Deviation t- Significant 
Stlltion of Cases Mean of nean Statistic @ u = 0.1 

. - --- -- -- -- -

SPECIFIC CONflUCTANCE 

F<G J d 1 ( 5 ) 8 0.0 11.0 0.00 N. S. 
I~n .l d 2 ( 6 ) 9 -.11 89.0 -0.037 N.S. 
Poad 3(7) 8 -.38 5.04 -.21 N.S. 
EGad 4(8) 8 . 125 5.94 0.06 N.S. 

TOTAL DISSOLVED SOLIDS 

ROild 1(5) 7 -.43 lO.8 -.105 U. S. 
h .. )c1 2(G) 8 -.25 '11 .7 -0.061 N.S. 0 

J<iJJd 3(7) 9 .22 12. 1 0.055 N. S. +:0 

I~OJd 4(8) 8 .38 3.34 .318 N.S. 

FECAL COLIFORM GACTERIA 

Ur,per Lake (13) 11 .27 28.2 .032 N.S. 
lI~: per Lake (13) . 7 -.29 24.4 -0.031 _ N.S. 
l.cuer Lake (14) 8 . 13 291 0.001 N.S. 

FECAL STREPTOCOCCAL BACTERIA 

III ~"", I al' e (13) 11 .36 444 0.003 N.S. 
L!I I'U L j ke (13) 8 .63 446 0.004 N. S. 

tl. S. Not significant 
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APPENDIX E. ANOVA on cluster one using log transformed 
data (Stations 2, 3, 4 and 8) 

Sum of Mean F 
Source D.F. Squares Sguares Ratio 

DISCHARGE 
Between Stations 1 2.4 2.4 6.68 
Within Stations 58 20.8 0.36 
Total 59 23.2 

SUSPENDED SOLIDS 

Beween Stations 1 .77 0.77 5.29 
Within Stations 43 6.23 .15 
Total 44 7.00 

CHLORIDE 

Between Stations 3 .58 0.1 9 5.41 
Within Stations 44 1. 58 0.04 
Total 47 2.16 

SPECIFIC CONDUCTANCE 

Between Station! 3 .14 0.05 6.14 
Within Stations 84 .66 0. 01 
Total 87 .80 

TOTAL DISSOLVED SOLIDS 

Between Stations 3 0.09 0.039 4.55 
Within Stations 83 0.52 0. 006 
Total 86 

NITRATE 

Between Stations 3 .84 .278 64.38 
Within Stations 37 . 16 0.064 
Total 40 1.00 

FECAL COLIFORM BACTERIA 

Between Stations 3 2.96 0.988 2.33 
Within Stati ons 89 37.81 0.425 
Total 92 

FECAL STREPTOCOCCAL BACTERIA 

Bet'Neen Stations 3 2.10 0.698 1.40 
With in Stations 96 47 .97 0.500 
Total 99 

F 
Probabil it:L 

0.01 

0.03 

0.00 

0.00 

0.01 

0 

.08 

.25 



I'npendix F. Paired t-tests on cluster one using log transformed data. 

Tutdl 
SU :~PI.~;IUCJ ~:l'~': i ," ic Ois solvI!.t f eca l fecal 

PJ i ,') o i ;c-'I 'l":~"! .SQ.I),(s . . r~ .. ~du(" t.; I .H(}~ ~:IJ lid:. Cll.l .orill!! !ti tr.a_tP,. ~2. ill Q!:!!! Stre,n~o.c!?,,-c~ 

t.3 
N.S . II . S. Si ')lIifi.:JII( Jl .. -0 . 1 .. , *" 

!I of t."~'. 17 15 12 10 19 19 
Uifh·,.. ·· • .::,: 0 .05 (1.04 -0 . 26 -0.26 0 .53 O. )0 
Stu . !t(:v. 0 . 125 1).IQ2 0 . 14 0 .06 0 . t;9 0.69 
t -'; I" I hi ic 1. 66 1. 6U -6.29 -12 . 911 3.32 1.91 
fl-.., ··llh! 0.166 0. 115 0.000 0.000 0.004 0.072 

2.~ 
Si '; lIi .' itJ.1t Jt ., -;J. I • N. S . 
tI 01 C I',,:'. 17 15 12 10 19 19 
01 f fl ' o'l'''(c~ 0 .09 0 . 10 -0 . 15 -0 . 25 0. 14 0. 46 
S I J . "ie" . 0 . 14 O.OU 0 .26 0 .06 0 .64 0. 55 
('51 'listle 2.113 5. 17 -2.02 -13 .119 0 .93 3. 66 
IJ - ¥1I111O: 0.012 O.OQ·) 0.()6U 0 .000 0 . 362 0.002 

2.11 
Si<JllifiL" .. l J l .. 11 . 1 ... N. S. , . N. S. 
t: of C.l r, e: :; 27 21 ~5 24 12 10 25 2U ..... o if' f r~: I It(: ·0 . )) -0.21 -!l.01 -0 .02 ·0 . 211 0.06 0.38 0 .26 a 
'>10 . Il ' ·J . 0 . 23 0. 53 fl.06 o.oe 0.27 0.12 0 . 79 0.52 0'\ 
(·~t.·I. i ·" i t - 7. U -0 .99 -0 . 74 2. 14 - 3 . 53 I .44 2. 39 2.66 
p-v ,I IIII ' o.uno 0 .061 0.466 0 .043 0 .005 0. 133 0.025 0 .01l 

3.4 
S ilJlI1 f i \.... JlIl ..Il . . J. I ... N. S . 11 . 5 . 
II 0 r cJ· .• ·•. 17 15 12 10 19 19 
Oi fll ·I·.· .. U! 0.04 0 .03 0 . 11 0.01 -0. )9 0. 15 
Sld . Ce ·, . 0.04 0 .0) 0. 23 0. 03 0 . 72 U. 37 
t- S l .j l i r, t i ( 4.06 4.52 1. 6) 1. 37 -2.35 1. 79 
p- v .... lu t! 0.000 O.Of)) 0 . 132 0.205 0 .030 0 .090 

3.8 
Si'lniti :: dnt Jl , ' 11.1 11 . 5. *., N. S. 11.5 . 
Ir or ( ..... 1··. 17 15 12 10 III 1'.1 . 
lJ If 11: I ' I ' U ( '-= -0 .06 0.03 -0.92 0 . 32 0 .01 -0 .04 
S ll.l . [) f; 'I. 0 . 10 0 .03 0. 25 0 .09 0 .68 0 . 54 
( -st.ll. hi j.; -2 . 67 4. 52 -0 . 28 11 . 35 0.06 -0 . 36 
v - vJlul! 0 .017 0 .00') 0.7U7 0 .000 0 .956 0 . 721 

4.11 
Si'Jllifi{. .lI l t !.It •• - 0. 1 .. N.S . , .. .11 . 5. 
II of l.,'.I ". 17 16 12 10 18 19 
01 fft ·n.!lIll: -0. 11 -0.06 -O. ll 0 . 31 1 .41 - 0. :'~ 
~lIJ . UI: I . 0. 10 0 .07 0 . 42 0. 11 0.71 U. 53 
t ~ ~ t il t I '. l 11. .. -4.20 - ) . J7 - I . U~ U . 4~ 7..)7 - I . bJ 
" . v.1i u(: 0 .001 0 .004 U .3 1~ 0 .000 0 .030 Il . llU 

r'. ~ . .rIot Siq~ifjcant; , Siqni flcMlt; .. "cry SlfJllific~/ll : ... Very lIiuhly Slo.lllfic~nt 
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APPENDIX G. ANOVA on cluster two using log transformed data 
(Stations 17, 20, 23 and 26). 

Sum of Mean F F 
Source ~ Sguares Sguares Rat io Probabil itz: 

DISCHARGE 
Betl·/een S ta ti ons 3 5.80 1. 93 6.26 0.001 
Withi n S ta ti ons 75 23.17 0.31 
rotal 78 

SUSPENDED SOLIDS 

Between Stations 3 0.53 0 . 176 1.43 0.24 
Within Stations 52 6.39 D.123 
Total 55 

CHLORIDE 

Between Stations 3 0. 08 0.026 1.33 0.28 
Within Stations 41 0.81 0.620 
Total 44· 0.89 

SPECIFIC CONDUCTANCE 

Between Stat;ons 3 0.15 0.050 8.11 0.000 
Within Stations 68 0.42 0.006 
Total 71 

TOTAL DISSOLVED SOLIDS 

Between Stations 3 0.09 0.029 3. 29 0.026 
Within Stations 66 0. 57 0.009 
Total 69 0.66 

NITRATE 

Between Stations 3 0. 607 0.002 2. Ell 0.055 
Within Stations 32 0.026 0.0608 
Total 35 

FECAL COLIFORM BACTERIA 

Between Stations 3 1.99 0.664 1. 340 0. 268 
Within Stations 71 35.20 0.496 
Total 74 

FECAL STREPTOCC~L BACTERIA 

Between Stations 3 4. 53 1. 51 3. 78 0.014 
Within Stations 75 30 .01 0.40 
Tota I 7B 34.54 



Appendix H. Paired t-tests on cl uster two using log transformed data, 

Tot.11 
Suspended Spec if ic Ilis so lved Fecal Flee,, 1 

. f~J!..s _____ Olscharqe_ 5ill<!L_ Co'!!Lu.Eti!!~ So I hi s ~!!.!2!..L<k tlitra teo Col.!form 5 tr!jHO(OCC i ---", --.. --
17. 2J 
Si~,1i fioot at .. =0 .1 . ,' ... U. S. • U.S. 
II of CJse5 18 13 19 17 13 10 18 18 
aiff\!r"clll:c - 0.71 - 0 .2 5 0 . 06 -0 . 01 0 .06 -0 . 03 - 0 . 47 - 0 . 10 
S lJ . i..c;. 0 . 18 0 _ 34 0 . 04 0 .09 0 . 11 0 . 05 0 . 45 0 . 34 
( -5 ( .• 1 hti c -17 . 03 -2.62 - 6 . 37 -0 . .. ~ I.IlO -2 . 31 - 4 . 49 -1.19 
Jl - vdlu~ 0 .000 0 . 022 0 . 000 O. !"iJ 0 . 097 0 . 046 0 .000 0 .25 1 

17. 23 
Si.)nificdnt at .. =J . I N. S. tl. S. N.S . N. S. H.S. N. S . • N.S . 
II of (;IS~5 12 6 10 11 7 5 11 12 
Oi (f~f"O C,! 0 . 15 -0.4 -0 . 05 -0 .'12 -0.00 -0.0\ -0 . 42 0 . 19 
5 tel . I).,y. 0.37 0 . 26 0 . 11 0 . 13 0 . \2 0.02 0 . 6\ 0 . ~9 

t -o; l..t i '. IIC 1. 39 - 1.05 - 1. )7 -0 . !)'l -0.06 -1.00 -2.29 1. 12 
Jl · V(1) u \! 0 . 192 0.344 0 .205 11. <.ill 0 . 953 0.374 0 . 045 O.l(l6 

17. 2E 
Sl ';nifi ;'.l nt at • ' 0 . 1 II. S . .. N.S . 11 . 5. U. S. 
II 01 tJ , c·, \8 12 \7 17 \2 \0 III Ii! 
III f f", 'e fl ll' -3 . 49 -0 . 06 0 . 05 0.')7 -0 . 05 -0 . 01 -0.45 0 . 15 
5 1;1 . J .. v. 0 .2 5 0 .2l) 0 . 05 0 . \2 0 . 10 0 .02 1.\0 0 . 67 
l -) l . ,lt ~. li c - B.3 1 -0. 75 4.29 2. 41 - 0 . 92 -\ .% -\ . 67 0 .43 
r,· v.ll UI! 0.000 0 . 466 0 . 00\ !l. ')27 0 . 379 O.OUI 0 . 115 0 . 364 

0 
c::> 

20.n 
Si'jflifi cdfl l ill . , '0. \ , .. N.S . N.S. . U. S. N. S. N. S. N. S. 
tl of U;I!S \J 7 \0 \1 7 5 11 13 
Oi f f. ·'·.·.ICC 0 . 87 0 . \2 0 . 01 -O ,i)1) -0.09 0 .03 0 . 19 0 . 40 
Stu. D,· ·/ . 0 . 29 0 .5 \ 0 . \1 0 .09 0.15 0 . 07 0 . 60 0 .59 
t - ) : .• l iSl it 10 .34 0.62 0.42 -0.17 - \ . 55 1.00 1.00 2.46 
p - Y d l~ ~ 0 . 000 0 . 559 0 , 683 O.~:7 0.\72 0 , 374 0.314 0.030 

23.20 
S i '] ni(i.:Jnt al • ' 0 . \ l:.s . .. , N. S. U.S. II. S. II . S. 
!~ of (J:'I: I) 2\ \5 \9 20 12 9 20 21 
o if( " fcnce 0 . 20 0 . 11 0.12 0 . 06 -0.1\ 0 .03 0 . 00 iI . \9 
Slll . !J~· v . 0.18 0.40 0 . 04 0 . 11 0 . 24 0 .06 0 . 91 0 .72 
t -~ t If i ~ tic 5 .0~ 1.06 1\ . 46 7.F7 -1 . 63 1.33 0.02 I. 24 
p - yjlu ~ 0 . 000 0.309 0 . 000 0 . 015 0 . 132 0 .219 0.986 0.229 

23.26 
~ i (Jnif i c~ , . t ot •• =0 . 1 

.,. II.S. •• .. U.S. N. S . N. S. 
/I CJ f CJ~es \4 7 \0 II 7 5 1\ 14 
Ij Iff U-l"n c c -0 . 62 0.00 0.12 0.12 -0.10 -0 . 01 - 0,40 -0.43 
~ ld . Of:·/ . 0 . 36 0 . 45 0 . 09 0.09 0.27 0 :02 0 ,89 0 . 52 
t - st .. t iSl IC -6.48 0 . 01 4 . 36 4 . 1l2 - \ . 01 - 1,00 - 1,49 - 3. 12 
p - y~lue 0.000 0 . 995 0 . 002 0 . 001 0.351 0 . 374 0 . 168 0 .008 

!t. S. ~'ot Sill.li flc,1nt; < ~I()njficilnt; ., Ve ry Significant; ... Very lIi !Jhly Sl9nifi c.l'lt 
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APPENDIX I. ANOVA on cluster three using log transformed data 
(Stations 10, 16 and 19). 

Sum of I·lean F F 
Source ~ Sguares Squares Rati 0 Proba b il i tv 

DISCHARGE 
Betl'leen Stations 2 1.53 0.763 4.52 0.014 
Within Stations 72 12.14 0.169 
Total 74 13.67 

SUSPENDED SOLIDS 
Bet\~een Stations 2 3.35 1.67 10 .45 0.000 
Within Stations 54 8.65 0.60 
Total 56 12.00 

CHLORIDE 
Bet~leen S ta t ions 2 0. 05 0.0025 0.61 0.550 
Within Stations 36 1. 50 0.042 
Total 38 1.55 

SPECIFIC CONDUCTANCE 
Between Stations 2 0.14 0.069 10.84 0.000 
Within Stations 71 0.45 0.006 
Total 73 0.59 

TOTAL DISSOLVED SOLIDS 
Between Stations 2 0.06 0.032 4.07 0.022 
Within Stations 62 0.49 0.007 
Total 64 0.55 

NITRATE 
Bet~leen Sta ti ons 2 0.34 0.171 3.68 0.036 
Within Stations 33 1. 53 0.046 
Total 35 1.87 

FECAL COLI FORrl BACTERIA 
Between S ta t ions 2 0.63 0.314 0.80 0.455 
Within Stdtions 71 27.94 0.393 
Total 73 28.57 

FECAL STREPTOCOCCAL BACTERIA 
Between S ta t ions 2 .37 0.185 2.58 0.083 
Wi thin Stations 73 5.24 0.072 
Totd 1 75 5.61 



Appendix J. ~aired t-tests on cluster three using log transformed data. 
Total 

Suspended Specific Dissolved Fecal Fecal 
Pairs Discharge 2Q..~ Conductance Solids Chloride tlitrate Col iform Strep tococ i 

10,16 
Significant at u 0. 1 *** ** *** * N. S. * N. S. N.S. 
N of c a~es 22 14 18 18 13 11 21 22 
Difference -0.23 -0.58 -0 .10 -0.07 -0.09 0.16 -0.16 -0.02 
Std. Dev. 0. 19 0 . 61 0.71 0. 11 0.26 0. 19 0. 51 0. 33 
l-sl~ti s tic -5 . 59 -3 . 54 -6.67 -2.(.7 -1.21 2. 73 - 1.48 -0.29 
p-vJlue 0 .000 0.004 0.000 0.016 0.251 0.021 0.153 0 .775 

10,19 
Significant at u 0. 1 *** * ** * tLS. *** N. S. * 
II of cases 21 13 20 17 13 11 20 21 
Di f ference -0 . 30 -0.44 -0.05 -0 .05 -0.05 -0.27 0.08 -0. 14 
Std. Dev. 0 . 22 0.53 0.08 0.09 0. 25 0.17 0.56 0.36 
t-stHistic -6.22 -2.97 -2 . 94 -2.34 -0 . 67 5.10 -0 .66 1.86 

.~ 

I--' 
p-value 0.000 0.012 0.008 0 .033 0.513 0.000 0.516 0.078 c..' 

16,19 
Significant at a 0. 1 ** ** *** N.S . N.S. ** N.S. ** 
II of cas"s 21 18 20 20 13 11 2 1 21 
Difference -0.06 0 . 20 0.05 0.00 0.04 0.11 0 .09 0 . 16 
Std. Dev . 0.08 0.25 0.03 0.09 0.00 0 .00 0 . 30 0.24 
t-stHi s tic -3 . 57 3.46 6.87 O. I? 1. 76 4 .45 1 .40 3.05 
p-value 0.002 0.003 0 .000 0.9a4 0.103 0 .001 0.177 0 .006 

N.S. Not significant 
* Significant 

** Very Significant 
*** Very highly signficant 
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APPENDIX K. ANOVA on' cluster four using log transformed data 
(Stations 22, 25 and 28) 

Sum of t1ean F F 
Source ~ Squares Squares Ratio Probabil iti: 

DISCHARGE 
Between Stations 2 3.09 1.545 3.66 0.031 
Within Stations 64 27.01 0.422 
Total 66 30.10 

SUSPENDED SOLIDS 
Between Stations 2 0.60 0.298 1.04 0.362 
Within Stations 47 13.49 0.287 
Total 49 14.09 

CHLORIDE 
Between Stations. . 2 0.36 0.179 6.75 0.004 
Within Stations 33 0.88 0.027 
Total 35 

SPECIFIC CONDUCTANCE 
Bet\~een Stations 2 0.02 0. 010 1.00 0.373 
Within Stations 59 0.58 0.010 
Total 61 0.60 

TOTAL DISSOLVED SOLIDS 
Between Stations 2 0.005 0.002 0.27 0.766 
Within Stations 60 0.504 0.008 
Total 62 0.509 

NITRATE 
Between Stations 2 0.003 0.0013 1.63 0.215 
Within Stations 27 0.022 0.008 
Total 29 0.025 

FECAL COLI FORN !lACTER IA 
Between Stations 2 0.92 0.459 1.22 0.303 
With inS ta ti ons 62 23.39 0.377 
Total 64 24.31 

FECAL STREPTOCOCCAL BACTERIA 
Be tween S ta t ions 2 0.48 0.243 0.67 0.518 
Within Stations 66 24.08 0.365 
Total 68 24.56 



Appendi x l. Paired t-tests for cluster four using log transformed data. 
Total 

Suspended Spec! fie Oi sso lYel! fecal fe cal 
Pa I rs Dis charge Solids Condue tance ~!!..cJ~._ Chloride Nitrate Coliform Streptoc.2li.L 

22.25 
SicJnifi eant at u 0.1 •• • N.~. N. S. N. S. N. S. N.S. 
r:o . of Cd ~ l'S 22 16 20 21 12 5 21 23 
OJ ffu~nec 0. 10 0.20 -0 .04 -0.01 0.00 0 .001 0. 14 -0 .07 
StJ . D, ·v . 0 . 25 0. 25 0 .06 0.07 O. ll 0.02 0 .67 0 . 35 
t -\tH istic 1. 87 3.09 -2.88 -0 . 41\ 0. 13 1.00 0 .94 -0 .98 
p- v., l ue 0 .076 0.007 0 .010 O. IlS7. 0 .8')9 0 .374 0 . 358 0 . 337 

22 .28 
S i 'Jnific dnt ill ,,0.1 ... .. N. S. N.S . N. S. N. S . N. S. 
~ I (l. of CJ~c~ 22 16 20 21 12 10 21 22 
o i fieri·nee - fl . 1') n. 24 -0 .01 0. 01 -0 . 21 0.02 0 . 24 -0. 10 

N Std . Oev. 0 . 27 0 . 29 0 .05 0.07 -0 . 21 0.02 0 . 24 -0 . 10 
• t -stH iHic -6 .63 3. 27 0 .85 o.~r) 5.02 1. 55 I. 56 -1.06 

JI - vJ lue 0 .000 0.005 0 . 41)7 0.4')f. 0.000 0 .155 0 .115 0. 302 

25.28 
Si'Jflificant at " 0. 1 N. S. •• N. S. N. S. N. S. N. S. 
Uo . of Cd ~es 22 15 19 21 12 10 21 22 
D iff ercnce -0.49 0 .01 0 .03 0 .02 -0 . 21 0.01 0.10 -0 .02 
Std . Dev. 0 . 37 0 . 28 0.04 O. ')6 0. 20 0 .02 0. 56 0.48 
t - SlHi H ic -6. 15 0 . 18 3.39 1.45 -1.78 1.50 0 .86 -0. 15 
p- vdluc 0 .000 0.857 0 .00) O. Hi2 0.00] 0 ,168 0 ,401 0 .882 

N, S, Not significant 

Si 9nifi cant .. Very significant ... Very hi ')hly significant 
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