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ABSTRACT

Water quality was investigated from April, 1964 to September,
1965 on a mountain vjatersbed in the Colorado Front Range. The primary

objectives of the study were;

1. To assess vjater quality characteristics v/ithin the catchment at
varying na-tural flow regimes under conditions of limited to no
land use;

2. To measure the impact of land use on water quality.

Ten stations, ranging in elevation from 7,6GO to 9,790 feet, Viere sam-
pled during the two runoff years. Samples Were collected on a weekly
to ten-day basis from Hay to September, and sev'eral times during the
rest of the year. A total of 604 samples x;ere taken. The parameters
measured were; flov;; water temperature; pH; turbidity; suspended
sediment; dissolved solids; and total, coliform, fecal streptococcus
(FS), and fecal coliform (FC) bacteria.

Statistical and graphical analyses indicated that the bacteria
groups were closely related to the physical parameters of the stream
and were especially dependent on the "flushing effect" of runoff from
snovmielt and rain, summer storms, or irrigation. The seasonal trend
for the coliform, FC, and FS bacteria groups was similar: (1) lov;
counts prevailed v;hile the water was 0°C, although bacteria from all
groups were isolated during winter; (2) high counts appeared during the
rising and peak flov;s ci-iused. by June sno;/melt and rain; (3) a short
"post flush" 1lull in counts took place as runoff receded in early July;
(4) high counts v?ere found again in the July-August period of warmer

temperatures and low’ flow’s; and (5) counts declined iri September.
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Colifonas fluctuated from 0 to about 300 colonies/10C ml de-
pending on the site and season. The FG and FS ranged frora 0 to about
75 colonies/100 ml. A fev; counts following sumraer storms and during
extreme spring flooding rose to several thousand coliform colonies/1GO
ml and several hundred FC and FG. The FC, FS, and coliforms all clear-
ly defined grazing-irrigation irapact; the FG showed the "highest sensi-
tivity" to such pollution. The coliforms rated slightly less, while
the FS were the least sensitive. Samples from above and below two
campgrounds along streams did not indicate human contamination nor
physical pollution.

A greater number of correlations were found among the physical
factors during the high flow period of Ilay-June in both years. Minimum
pH values occurred near the peak flow with a total range of from 6.3 to
8.7 pH units observed. There wvias a 0.1 to 0.2 pH unit decrease per
1000 feet of elevation. Turbidity and suspended sediment were posi-
tively related to flow and to each other. An approximate 5:1 sediment-
turbidity ratio was found. Kaximum storra readings were 724 mg/I for
sediment and 475 Ilellige units (ppm Si02) for turbidity. Most of the
sediment appeared to be from roads; the periodic, sediment readings did
not reflect a grazing-irrigation impact. Hater temperatures ranged
from 0 to 24°C. Dissolved solids ranged betw'een 0 to 205 mg/l; no re-
lations between dissolved solids and other physical or bacterial

parameters were found.

Samuel H. Xunkle

Department of Recreation and Watershed Resources
Colorado State University

February, 1957
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CHAPTER I

INTRODUCTION

Today greater demands are placed on our western mountain vratcr-
sheds than ever before. Industry, business, and agriculture are press-
ing for more intensive utilization of natural resources from mountain
catchments. The demands of an affluent populace for mountain recrea-
tion are accelerating. eoe”™ rr co™t.uctrox., x5 er t exioporc, ax
v/atershed management are becoming cotnmcn where water yields or timing
must be improved. Unprecedented demands on the x/atersheds cirisa wdien
entirely nevr tourist resort complexes spring into being.

Simultansously, municipalities, industry, recreationists, and
agriculture are clamoring for a clean water supply from these sarac
multi-purpose, higher elevation watersheds. In the past, many cities
traditionally closed their mu-icipal watersheds to all forms of land
use, 1in order to have "pure" x/ater. Today people are seeking to open
up public xracersheds fox* sixch public uses as camping and hunting. As
present demands for mountain land use corxtinue, "locking up" a xxater-
shed--albeit an easy method--is not 1likely to survive as a ccminon tech-
nique for producing clean water from mountain catchments. We must rec-
ognize that the =xnast majo'clty of our water xvill coma from lands sub-
ject to a variety of uses. In order to produce xvater of acceptable
quality, it becomes wvitally important that xe understand the impact of

land use, stream use, anc xtatershed managcmer.t cn x/ater quality. First



we need to know what constitutes the basic natural quality of water
from an essentially undisturbed watershed. Secondly we must determine
how these basic water quality parameters change as land management
practices are carried out.

In 1964 a ten-year study designed to investigate the impact of
land use on water quality was undertaken by the Cooperat5.ve Watershed
Management Unit (presently the Department of Recreation and Watershed
Res:urces), Colorado State University. The primary objectives of the
study were:

A. To assess water quality characteristics within a forested
mountain watershed at varying natural flow regimes under land
use conditions of limited to non-use. This is essentially the
"calibration stage" of the study.

B. To measure the effects of multiple land use management--includ-
ing road construction, logging, recreational development, and
grazing--on water quality.

Some phases'of the research under the heading of "calibration stage" es-
sentially provide background inform.ation for later implications; other
phases of the study (for example, grazing impact observations) are seg-
ments of the "impact stage" (Objective B) and provide much more conclu-
sive evidence at the present time. This report utilizes data from the
first two.years of study. Some of the data is only of a basic recon-
naissance nature. Wherever possible, conclusions have been drawn.

A comprehensive review of literature discussing natural water
quality and the impact of land use thereon was prepared as part of this
study; mimeographed copies are available from the Colorado State Univer-
sity Department of Recreation and Watershed Resources. The materials

cited in, the literature reviev; are all included in the bibliography of

this thesis.



CtlAPIER II

RESEARCH DESIGN AlH) METHODS

Study Area

The study was conducted on the Little South Fork of the Cache
la Poudre R.iver (Fig. 1). This watershed is located on the northern
boundary of Rocky Mountain National Park, approximately 70 air miles
northwest of Denver, in north-central Colorado. The stream drains into
the Cache 1la Poudre, which is a tributary of the South Platte River. -
The catchment 1is 105 square miles in area, ranging in elevation from
6,600 feet to approximately 13,000 feet. It is a reasonably typical
forested watershed of the Pvocky Mountains' eastern slope, being cov-
ered primarily by spruce-fir, lodgepole, ponderosa pine, and aspen
forest types.

Colorado State University's Pingree Campus is located at
Pingree Park on the study catchment. The Little South Watershed is
being intensively studied as a "resource complex’' with studies undervijay
on t/ildlife, fishes, timber, geology, recreation, soils and climate in
addition to water yields and quality. This watershed is described in
detail in the watershed analysis of the drainage (Johnson et al., 1962).
Laboratory and shop facilities are available. Weather instrumentation
and stream gages are. maintained cooperatively by the U.S. Geological
Survey, the U.S. Forest Service, and the Department of 3.ecrcacion and

Watershed 'Re-sources o' Colorado State Uni\-ersitv. Additional



Little South Fork

Figure L--3Ludy area,

Cache La Poudre River Watershed

shov/ing sampling site locations.



reaches of streams v/era calibrated where necessary for the

study.
Sampling

The stream sampling network x"as designed to take samples at
various elevations within both the montane and subalpine zones. Col-

lection points XVere located at existing stream gage sites where pos-
sible (Fig. 1). Measurement of land treataent impact was a major con-
sideration in sampling site location, and several stations vrere posi-
tioned to sample above and belo'w land use, such as irrigation-grazing
(Fig. 2) or campground utilization. Future land treatment xras kept in
mind and certain sites were located for ultimately recording the effect
of increased logging, grazing, recreation, road building, home con-
struction, or other land use expansions. Ten sices xvere sampled
regularly. The sampling route was altered randomly to provide varied
sampling times at an individual site.

The study v?as conducted during the period April, 1964 to
September, 1965; two runoff years were observed. Samples were taken
at least monthly during the March through November periods. Weekly
sam.ples were generally made from May until late summer, a period when
stream flow 1is greatest and land use is most intensive. More frequent
collections V/ere made for certain occurrences, such as summer storms,
concentrated tourist use, algae blooming, or the heavy peak flows of
1965 (Fig. 3). A four-day study under xvinCer conditions was carried
out in March of 1955.

A half-liter polyethylene bottle was used to collect xcater for

the physical parameter analyses; the bottle was inserted in a "D-I1 43



Figure 2--Cattle grazing on irrigated meadow,
Pennock Creek (top). Irrigation water from

ditch floods onto meadow (center). Irriga-

tion water seeping and draining through cat-
tle-disturbed area (bottom).



Figure 3— High flows of June, 1965 "flushing out" Pen-
nock Creek (top) and cutting new channel in meadow of
Little Beaver Creek (bottom).



depth-iutegral;ing hand sampler" (Fig. 4), 1in order to attain a cross
section of the stream-sediment Load. Simultaneously 30C ml of vrater
for bacteria analysis \ias collected in a second polyethylene bottle.
This bottle was rinsed thoroughly in the stream prior to filling,, and
after sampling \“& transported on ice to the Fort Collins laboratory.
Temperature readings were made on site, using a pocket Taylor
thermometer, precise to ca. +0»5°C. Three Foxboro air and water
thermographs v/ere installed in late 1964 and used for the 1965 season
at sites 1, 2, and 17. Measurement of pH was carried out on site by
means of a battery-powered Beckman Model N pH meter, reading pH units
to jrO0.1 unit. Staff gage readings were taken at calibrated stations
during the collection, for later conversion to flow data in cubic feet
per second. In some locations staff gages had to be installed and the
necessary calibration carried out, using a Gurley flow meter. On the
smaller streams this technique produces results precise to ca. +77z1 on
the larger streams, during heavy flows, calibrated cross sections would

produce less accurate flow readings due to channel changes.

Laboratory Techniaues

All bacteria determinations were made by the membrane filter
technique (Fig. D5). Coliform counts were determined by following the
Standard Methods procedure (American Public Health Association, 1I960)
for coliform isolation by the membrane filter technique. Fecal ccli-
form concentrations v;cre derived by utilising m-Fecal Coliform Broth
(Bifco), with incubation in a v/ater bath at 44.5**0 (jf).5°) for 2A
hours. Total bacterial counts were made by using m-Plate Count Broth

(Difco), incubating plates at 35°C for 24 hours. The fecal



Figure 4--Wintertime collection of bacteria sample
(top) and summer sediment collection with "depth-
integrating”" sediment sampler (bottom).
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Figure 5--Membrane filter apparatus: fun-

nels, filter papers, and suction flask (top).
Hand operated unit for field use
Autoclave for pipettes, funnels,
supplies (bottom).

(center) .
and other
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streptococci (enterococci) detc.nninat.ions vere made by employing
m-Enterococcus Agar (Di.rco) i.r.Etend of a liquid medium, incubating at

for 48 hours. Further descriptions are given in Standard Methods.
Coliforra isolations v;ere usually made from an aliquot of 10 ml. This
volume provided +1070 accuracy, since each colony on the plate wvould
represent 10 colonies/10C ml. Fecal coliform and fecal strcptococcu
isolations were made from 50 or 100 ml, so that each colony represented
2 or 1 colony/100 ml respectively.

Turbidity readings vjere made on a Hellige Turbidimeter, with
values recorded in pom "turbidity units'" (based on S102 concentra-
tions) . Suspended sediinent values were derived gravimetrically by
filtering a knovm volume of sample (ca. 400-500 ml) through a mecabrane
filter. A Mettler Analytical Balance was utilized, and «?eights 'were
determined to the nearest 0.1 mg, yielding results in mg/l suspended
sedimeirt (earlier in the study samples were filtered through fiber-
glass filters in Gooch crucibles, but the membrane filters xvere found to
be less hygroscopic, very similar in porosity, and easier to weigh).
Sediment results were jprobably precise to ca. pj5 mg/l.

Total dissolved sol.Ids determiaat Ions were found by evaporacing
100 ml of filtrate (after sediment wvjas removed) for 24 bo’.'s at 105-'C
in a pyrex container, weighing the residue, and reporting the results
in mg/1 TDS. At these very low concentiatians, hygrcscopic errors are
important' in that .moisture could cause an error cf MEmg/l. In view of
hygroscopic errors and the v/eighing accuracy, the d.i.3solved solids re-
sults are prob.obly precise to around 37 mg/l. 1/eigh.ing accuracy is ex-
tremely important in me-asurement of such low concentrations of dis-

solved solids. For example, a weighing error of only ,0003 g cor a



25 mg/1 sample represents a 207, error. Use of membrane filters in
place of the very hygroscopic Gooch crucibles helped reduce errors, but
weighing discrepancies remained an obstacle to the collection of ac-
curate low-concentration dissolved solids data.

Chemical tests were carried out on certain samples by the
Soil Testing Laboratory, Colorado State University, using colorimetric
techniques. Determinations included Ca, Mg, Na, K, CO”~, HCO®, Cl, 307,

and NO”™.

Data Analysis Techniques

Each year's data were entered onto punch cards, for use in an
IBM 1401 computer. In 1964, "mark sense" punch cards vjere employed in
the field and laboratory, with observations and determinations marked
directly by pencil onto specially prepared cards. The marks were
machine read and converted to punches at the season's end. The mark
sense cards were found to be unsatisfactory (pencil smudges for example
caused much grief), and in 1965 the data v?ere punched directly onto
standard 80-space cards.

Data for each entire year vj;ere analyzed by sites for betwaan-
parairieter correlations; the results were extremely poor. Several
parameters werti then put on plastic overlays and graphical comparisons
were made. The relations between parameters in the spring to early
suimner period were seen to be different than the same relations in mid-
to late summ.er. After numerous comparisons the season's data were
separated by the-convenient (and perhaps logical) breaking point--the
peak of the hydrograph. Analysis for correlations betv/een parameters

was once more carried out by sites for Time Period I (from spring melt
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until the peak flow) and Time Period II (from peak until autumn)
separately. Much more frequent and higher correlations resulted.
Graphical comparisons (using plastic overlays) were relied on heavily
in nearly all analyses because of the obvious lack of linear correla-

tions among parameters.

The Water Quality of the Area

The v;aters of the study catchment are exceptionally "pure" in
comparison to many lower elevation areas. As seen in the chemical
analyses of Appendix Table H parts per million results of all the com-
mon chemical comiponents are quite lo(m The pH values are near neutral,
temperatures are cold, and the coloring is normally very light. Sed-
iment 1is exceptionally low, except during storms or wery early spring
runoff. The runoff 1is largely from snovImelt sources with a high per-
centage of the yearly runoff occurring in the May-July melt period, as

shoi;m in the hydrographs of Figure 6.



m1964

-1955

flow in cu ft/ sec
for watershed

Figure 6--Kydrographs at loudest station on the



CKAFfER III

THE PHYSICAL PARAMETERS OF WATER QUALITY

Data relating each of the physical parameters of water quali-
ty--temperature, pH, turbidity, suspended sediment, and dissolved
solids-"to flow and the interrelationships of these physical factors
vwith each other are presented in this chapter. The "correlation di-
agriims" of Figures A-a through A-h in the Appendix show correlations
significant (at 95 or 99 percent) Dbetween all the parameters; the four
bacteria groups appear on the bottom row of the ciagraras and the six
physical factors are shown across the top ro>7, with connecting lines
representing significant linear correlations found between parameters.
The data are analyzed by tw'o time periods: Time Period I is from ini-
tial melt runoff until peak floWw; Time Period II is from peak flow un-
til autumn. Extrerae miuicuci and maximum values found for all param-
eters, by site, are presented in the tables of the Appendix, A through

E.

Tempera ture

Analysis of the data taken at sampling time shows almost no
significant flow-v;atcr temperature correlations at the 95% level in all
time periods of 1954-65 (Table 1). Graphic comparisons of water tem-
perature and flovr data for the two years (Fig. 7 and 8) shov; the major
difference in water temperature-flow relations in 1954 as opposed to

1905 to be: (1) the snow-supplied, peak June flow's of 1954 were
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TABIJS 1--Signifleant correlations at 95% between flow and the other
physical parameters. !
Year TP Station pH fempera- Tu%bid— pzsjgd szisgd
ture ity Sediment Solids
1964 T 11 J.
8 - + | 3
II 4 +
1965 I 11 +
10 - - +
4 - X
3 - +
1 - +
17 Lia "h
15 4
2 - A +
1T 11 - G+ -
10 -
4 +
3 s +
1 T +
17 - +
15 +
2 - + + £
TP = Time Period, Time Period I is frora initial spring melt
, until peak flow; Time Period II is from peak flow until
autumn.
+ = positive linear correlations

- = negative linear correlcvt Ions
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Figure S--Flow red temperature observations for individual sampling
sites during 1965. Temperature graphs represent moving means of
three consccutiv'e sainples. Flows are values observed at sampling
time.
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accompanied by rising water temperatures, v/hereas (2) the heavy rains
of June, 1965 brought about peak flows during decreasing v/ater tem-
peratures. Late summer v;ater temperatures rose 1in both years, as might
be expected.

Water-air thermographs were in operation during 1965 at Sta-
tions 1, 2, and 17. Station 17 (Hourglass Creek) 1lies in a forested,
subalpine area at an elevation of 9,500 feet, where snow melting in the
immediate vicinity upstream provides the flow. Station 1 (main stem,
Little South Fork) 1is located at the lovjer end of the watershed at
7,600 feet, below open meadows where the stream has meandered and been
exposed to vzarming. Records from the thermographs at these stations
indicate that daily maximum water temperatures in summer, 1965 occurred
as much as three hours earlier in the day at the 9,500 foot elevation
station (ca.l1l200 to 1400 hr) as at the 7,600 foot station (ca. 1400 to
1600 hr).

An analysis of 5-day means (Fig. 9 and 10) reveals the rela-
tions between air and water temperatures. Although the air temperature
graphs are not greatly different for the two stations, summer water
temperature fluctuations at the higher station average about 3°C per
day, while 5-6°C fluctuations are shown for the lower site. Daily
minimum values of water temperature during the early summer months ap-
pear to be influenced by the proximity of the themograph to the snow-
melt source. At Station .17, near the melting snow, the daily minim.um
water temperatures in June-July, 1965 vjere often below the daily
minimum air temperatures. At Station. I, where the water had been

exposed to air temperatures for several hours, the daily minimum
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Figure 9--Daily maximurii and tniniKUCi temperature value.? for water
and air, plotted by 5-day mean.g, liourglasa Creek.
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Figure 1Q---Daily mexirmur.i and minimun temperature values for water
and air, plotted by 5-day means. Main stem.
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v/ater temperatures during the same period tvere seldom below the daily
minimrum air temperatures.

The monthly temperature means for both thermograph sites appear
in the Appendix, Figure B. Extreme high values of temperature recorded
for each station are listed by time periods in Tables A to E, Appendix.
The highest water temperature at sampling time encountered during the
period of study v/as 17°C at Station 1 c MAugust 18, 1964, The highest
water temperature recorded on "he continuous monitoring thermograph was

24°C at Station 1 on July 10, 965.

Hydrogen Ion Activity (pH) Relations
Flow and pll

Distinct differences were observed between the two years of
sampling in respect to pH-flov; relations. Nearly all significant 95%
pH-flow correlations occurred in 1965 (Table 1). The nine pH-flcw cor-
relations in both time periods of 1965 were all negative. In Figure
12, the negative pH-flow relationships for 1965 are graphically shewn.
w:ith values of pH arl flow for eacfi site being compared. These graphs

show for 1965:

1. soma rise in pH at ino3t sites d.arlild th.e early soring (Apr.1
Hay) melt period;

2. a drop in pH for mo'Sc site3 d3 runcfi: increases, with pH mini-
mums occuirring duri.ns the peak flo-BB5 of June;

3. a general (nGt cons tent) rise in pjifor all sites as the sum-

me.r contiilua3 intio tumn.
The 195h data c.o not present the distinct pH-flov; relations ob-
served in 1963; the graphs of pH-flov; values (Fig. 11) for 1964 show:
1. miniioum pH values during the first peak flovjs in June, at near-

ly all sites, similar to the trend for 1955 (low pH values also
occurred 1in August at several stations).
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Flgui'e 11--?lov; and pH obi'arvationr. con individual sampling site”
during 1964. Graphs or pH are moving means of three consecutive
samples. Flovs are values observed at sampling time.
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2. fairly constant pH readings for much of the summer following
the peak flows of June, without the general rise in pH shoxnri

in the 1965 data.

The only major similarity in pH values for both years was the
occurrence of pH minimum values at or near the first large spring-early
summer peak in flow. Individual sites varied widely in pH values, but
the seasonal trend in pH, as described above for each year, was similar
for nearly all stations on the v;atershed. The lowest pH observed dur-
ing the two years was 6.3 (Station 1, August 4, 1964), and the highest
PH recorded was 8.7 (Station 2, May 30, 1954). Extremes by stations
appear in the Appendix, Tables A through E.

Sediment, Turbidity, and pH

Spring to autumn pH and flow values v."ere seen to be inversely
related. Turbidity and suspended sediment on the other hand vjere
positively related to flow, as seen in the Table 1 list of correla-
tions. The pH-turbidity and pH-sedlm.ent correlations probably were
significant due to the dependence of pH, turbidity, and sedim.ent on the
common factor, flow. It is also worth noting that the sediment of the
v;atershed (mostly from roads) often had a pH of ca. 6.5. Perhaps in a
year of heavy rains, such as 1965, sediment concentrations can lovrer
pH.

Higher, turbid flows in 1965 apparently accentuated relation-
ships among the physical factors, resulting in an increase of sig'uifi-
cant (95%) correlations. In Time Period I (from runoff initiation un-
til peak flow) 1965, seven out of the nine sites showed significant pH-
turbidity negative correlations, whereas the same time period in the
much drier year of 1964 showed only two out of nine sites with signifi-

cant pH-turbidity correlations (Appendix, Fig. A). Time Period II
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(from peak flow until autumn lov; flows) exhibited a marked absence of

pH-turbidity correlations in both years.

The pH-sediment relations (Appendix, Fig. A) appear very simi-

lar to the pH-turbidity relations described above; again the signifi-

cant correlations commonly occurred only in the heavy flov; period of

1965.

Elevation and pH

There is indication that pK is somehow related to elevation.

The 1954 and 1965 streaja pH values from the sampling network averaged

about a one-tenth to two-tenths pH unit decrease for each increase of

1000 feet elevation within the range of elevation sampled. This ele-

vation-pH relation appears in Figure 13, where "high elevation" values

from the watershed are compared v;ith "low elevation" wvalues. The pH

readings from Stations 10 (8,900 feet), 11 (8,980 feet), 15 (9,020

feet), 17 (9,500 feet), and 14 (9,790 feet) are averaged to give the

mean monthly "high elevation" pH value; the mean monthly "low eleva-

tion" pH reading 1is derived by averaging pH values from Stations 1

(7,600 feet), 2 (8,350 feet), 3 (7,900 feet), and 4 (8,030 feet). As

seen in Figure 13, 1in every month of both years, the "lov elevation"

pH value exceeds the "high elevation" reading. Exact values appear for

each station in Table F, Appendix.

Paired Stations Comparison of pH

Two sampling sices at nearly the same elevation may have dis-

tinctly different pH values. A comparison of pH values for two sites--

Stations 10 and ll--has been made. The two sar;pling sites are only one-

quarter mile apart on the stream so that by taking samples from the two

stations at nearly the same time, differences in flow, temperature, or
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Figure 13—:*". elevatio" cornparisor*. of pH for both years, where
"high ele\"tion" wvaluo.s are an average of observet”’olVs iroiTi Sta-
tions 10, 1II, 15, 17 ana 14. "Low elevation" readings are an
average of values frer) Stations 1, 2, 3, and 4.
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time of day remain insignificant. The major differences 1 narent in
the two stations are the physical features of the stream Immediately
above the sampling sites: Station 11 is located below a long, flat
reach of meandering stream, whereas Station 10 (dovmstream from 11)
lies below a stretch of rocky, steeper gradient, well-aerated stream.

In Figure 14, moving means from each of the paired stations
are shovm. Station 11 (below the meanders) clearly had lower pH values
than Station 10 (below the aerated reach) during the 1965 summer sea-
son, v;ith exception of the rainy period in mid-June. Exact values used
in deriving the graph are found in Appendix Table G.

The "winter" samples of 1964-65 (Table 2) shovred en even
greater trend for lov/er pH values at Station 11 (below the meanders)
than at Station 10. The 1964 summer season (Table G, Appendix) did not
present a pH difference between the two sites, despite tlie consistent

differences shown during other seasons.

Turbidity and Suspended Sediment
Turbidity-Sedi'ment-Flow Relations

The bar graphs of turbidity, suspended sediment, and flow in
Figures 15 and 16 shov/ the positive relationship of these three- fac-
tors in both years of sampling. Turbidity-sediment-flew relations--not
concentrations-"for both years were similar, and seasonal trends were
much the same for the two years. The much larger runoffs of 1965 pro-
duced far higher sediment and turbidity concentrations, especially at
the downstream sites. Note that a different scale was necessarily used
for each year's graph, due to the great difference in values between

years.
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Figure 14--S?ri.ng rnd sumner pH value comparison between sta-
tions 10 end 1137 1955, using moving means cf three consecutive
samples.
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TABLIil 2--Comparison of "winter" pH values

at sampling times for Stations 10 and 11,

showing distinct difference in pH between
the tv/0 stations.

pH

Date

Station 10 Station
Nov. 23, 1954 7.8 6.9
Mar. 18, 1''55 7.1 6.4
Mar. 19, 1965 7.0 7.0
Mar. 20, 1965 . 7.1 6.6
Apr. 13, 1965 6.8 6.7
Apr. 22, 1965 7.5 7.3
Nov. 24, 1965 7.2 6.9
Nov. 25, 1965 7.2 6.9

"winter mean" 7.2 6.8

11
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There 1is a tendency (with exceptions) for turbidity and sedi-
ment values to be greater at lower sites on the vratershed. Stations at
high elevations on the catchment (e.g., 14 and 17) have consistently
low sediment yields, under present conditions. For r asons unknowTi,
Little Beaver Creek (Station 2) had higher sediment yields in both
years than might be expected, compared to the other stations. The ex-
treme values of sediment and turbidity fo nd at any site (not including
isolated storm samples) may be found in A,pendix Tables A through E.
Using regular non-storm samples during both years, the maximum sediment
values (in mg/l) attained by each station (by number) v;ere: 1, 118;

2, 178; 3, 184; 4, 207; 8, 120; 10, 219; 11, 84; 14, 9; 15, 85; and
17, 17. A few samples were collected during thunderstorms, and analy-
sis shovred a turbidity of 475 Kellige Units (ppm Si02) and a sediment
concentration of 724 mg/l for one storm (Station 10) to be the maximum
values found to date on the catchment.

Statistically, the turbidity-flew and sediment-flow relations
are accentuated during greater flov/s, as in 1965. Every station
analyzed” in 1965 shewed significant (9570) positive turbidity-flow
and/or sediment-flow correlations (Table 1); on the other hand, the
1954 data v/ere almost entirely devoid of statistically significant
turbidity-flow or sediment-flow correlations.

The bar graphs (Eig. 15 and 16) 'were constructed with the sedi-
ment scale five times that of the turbidity scale. A 5:1 ratio allovis
better graphical comparison. This sediment to turbidity ratio of 5:1
appears again, in Figure 17, where data from the main stem stations of

| ~"Station 3 liad no 1965 flow data and therefore v;as not included
in this analysis.
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the Little South Fork, 1965, are used to present a scattergram of sedi-
ment vs. turbidity. Almost every point of the scatter falls to the
left of a 1:1 ratio line, and the sediment-turbidity ratio is seen to
be perhaps 4:1 or 5:1. In other words, the Hellige turbidity unit
values from our catchment should be multiplied by perhaps five to pro-
vide an estimate of sediment in mg/1”.

The 1965 data also shov; a far greater number of turbidity-
sediment (all positive) correlations than the 1964 data, as seen in

Table 3.

TABLE 3--Significant turbidity-sediment correlations foi
sampling sites, by time periods, during both years.

Time Period I is fromi initial spring melt until hydro-
graph peak; Time Period II is from peak until autumn.

19 o6 4 19 55
TP
Station Percent Station Percent
I 1 95 11 99
99 4 95
99
1 99
17 99
15 95
8 99
II 1 95 3 99
1 99
99

Impact of Land Use on Turbidity and Sediment
Large scale land use on the watershed wvsas insignificant during
1964 and 1355. Sediment concentrations from storm runoff probably best

describe lar.d use impact (Table K, Appendi:-c). Observation of surface
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runoff during thunderstorms indicated that, reads probably contributed
most of the storm sediment, while sheet erosion or gullying appeared to
be very minor sources of sediment.

There was no indication (by outinc sampling) ch.at the level of
human use in campgrounds, picnic or cabin sites increased sedi-

I
Eient in the streams. jw roads, rfs<fc/Hyoir construction, and logging
are potentially major ediment sources in the next few ye.nrs.
\%

Comparison uas made of a pair of ‘sub-water sheds-e+-Pennoch Creek
and Little Beaver Creek--where the former was grazed and irrigated, the
latter not. The grazed catchment did not sho'w higher sediment values
than the natural v;atershed (Fig. 18). Ko significant amount of erosion
was comraon on either drainage. By contrast, three, bacteria pollution

indicators distinctly shov.”ed land use impact on the grazed drainage

(see Chapter 1IV).

Dissolved Solids Concentra-tions

The bar graph presentation of the data (Fig. 19) .s'mows no dis-
tinct seasonal trend for dissolved solids coirmon to all site;; on the
catchment. The graphs show no apparent relation between di.ssolved
solids concentrations and flow. Alraost no statistically significant
dissolved solids-flow correlations appear (Table 1); likewise the ''cor-
relation diagrams" of Appendix Figures A-a to A-h reveal a scarcity of
correlations between dissolved solids and any other paratacter. The
comparisons of monthly mea.n values of dissolved solids with flow, tem-
perature, coliforras, and pH made in Figures C to K, Appendix, show no
relationship between dissolved solids and the other parameters. The

dissolved solid? graphs are quite erratic.
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1964

Figure 18--SuSpended sedirasnt; coi-'.cenr.rations in ing/l1 sho”ra by moving
mean of three consecutive samples on Pennock (grazed and irrigated)
and Little Beaver Creek (natural), 1954 and 1965.
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Figure 19--Comparison of the mean monthly dissolved
solids concentrations for each sampling site during 1964
(black) and 1955 (nhite).
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In 1965 (April excepted), the dissolved solids values were
generally higher than the comparable months in 1964 (Fig. 19). Com-
paring year-to-year differences of both flow and dissolved solids by
using the graphs of Figures 6 and 19, it appears possible that the
higher flov7S of 1965 contributed the increased dissolved solids con-
centrations of that year, in which case it might be inferred that
dissolved solids on the watershed are derived more from surface sources
than from ground v;ater The highest dissolved solids concentration v/as
205 mg/1 at Station b on May 19, 1965; the lowest dissolved solids con-
centration observed was 0 mg/l at several stations during Time Period
II, 1954.

Chemical tests vrere run for certain samples. These results

appear in Table H, Appendix.



CHAPTER IV

THE BACTERL:\L PARA1-1ETERS OF WATER QUALITY

The bacterial parameter data from both sampling years are pre-
sented in this chapter showing mean values and ranges for the bacteria
groups at each site, the distribution of bacteria concentrations area-
wise on the catchment, the comparison of Time Period I to Tima Period
IT values for each bacteria group, the interrelationship betv;een bac-
teria groups, and land use impact on the bacteria counts. L5.near cor-
relations betv/een the bacteria groups, by year, site, and time period
appear in Figure 20. Total bacteria counts for 1964 appear in Table I,
Appendix. Extreme values of bacteria are sho'm in Tables A through
E, Appendix. Bacteria to physical parameter relations are presented

primarily in Chapter V.

Ranges of Bacteria Concentrations

A frequency distribution of a site's bacteria concentrations
by class intervals (Fig. 21 and 22) categorizes observations, showing
the broad bacteria count distribution for each year of sampling. Such
a breakdown depicts "typical” bacteria counts for a site during the
year (usually different from the mean value), shows té&e range of con-
centrations pictorially, and facilitates sito-to-site comparisons.

The Conforms in 1964-65
In Figure 21, coliform classifications for all sites during

1964 and 1965 are presented, with class intervals of:
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The number of observations taken at each site appears in paren-
theses by each bar graph. The stations all had approximately equal
numbers of observations (except Station 14), taken from the spring to
autumn period. A greater number of observations v;ere taken in late
spring to early summer, making the histograms biased toward values of
this period.

Station 14 is exceptional in having had only half as many ob-
servations as the other sites. In 1954, sampling was reasonably per-
iodic at the site, but in 1965, heavy- snows reduced spring sampling at
this station; this reduced the number of zero or near zero concentra-
tions of the springtime period and consequently made the station's
distribution graphs biased in 1965. Probably the "class a" group for
Station 14 should be a much larger percentage.

The most obvious feature presented by the Figure 21 graphs
is the v/ide range of bacteria concentrations found at most sites.

Only at very few sites (e.g. 17) did the observations fall predominant-
ly into one or two classes; at most sites a v/ide range of values v/as
common .

In 1964, many sites at both the higher (Stations 10, 11, and
15) and lov/er (Stations 1, 3, and 4) elevations showed similar distri-
butions of bacteria counts in the "a-e" class breakdovm. Distribution
by classes v/as similar for 1964 and 1965, although lov/er sites (1, 3,
and 4) shov/ed fev/er observations in class "a" in 1965 (i.e., less

"zero" counts v/ere isolated).
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Stations 2, 14 (in 1964), and 17 showed a highly skewed distri-
bution toward classes "a" and "b”; this skew tov/ard lower concentrations
is predictable for such high elevation or "virgin" sites.

The 1965 results for Station 8 seem to depict grazing impact
(higher percentage of classes "d" and "e"), but the same number of ob-
servations in 1964 failed to show the contamination.

Total Bacteria in 1964

Total bacteria counts for 1964 presented an extremely wide
range of values, from several million colonies per 100 ml dovrn to oc-
casional counts of less than ten thousand colonies per 100 ml. These
erratic data are difficult to interpret and the observations taken no
doubt do not fully describe total bc”cteria counts that occurred on the
V7atershed. Rather than present maps or frequency diagrams as v;ith the
other bacteria groups, the actual values for total bacteria, by station
and date, appear in the Appendix, Table TI.

Fecal Conforms and Fecal Streptococci in 1965

The FC and FS bacteria, occurring less commonly than the con-
forms, were isolated in much lower concentrations. Classification of
FC and FS bacteria into a frequency distribution (or class intervals)
therefore requires a class breakdown utiliz?lng lower values than those
used for the coliforms. The following intervals are used for the

graphs of Figure 22:

class a = % samples with 0-9 colonies/100 ml
M " T
10-19
e " 20-29 T
"od - " 30-49 !
! e = >50 .

A definite skew to the left (totfard zero) appears in most of

the individual bar graphs,** despite the lower values comprising the
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class intervals; this emphasizes the preponderance of zero to very low

FC and FS Isolations. There v;ere predominantly lower class "a" oc-
currences at several stations. Extremely low counts of FC and FS bac-
teria typify high elevation or backcountry sites. Observations of FS

bacteria were spread among all the frequency intervals "a-e" at many
lower stations on the drainage, without the left hand skew; this FS
frequency distribution perhaps bears greater resemblance to the coli-
foi'm distribution than to the FC.

For both FC and FS bacteria the upper elevation to lower ele-
vation comparison is fairly distinct. Many more zero counts occurred
in streams at higher elevations than in streams lower on the v/atershed
(the coliforms did not show a distinct difference).

Land use impact (grazing-irrigation) at Station 8 appears
clearly in the FC graph, not so distinctly on the FS. The increase in
higher concentrations ("d" and "e" class occurrences) apparently fol-
lowed the Station 8 flow dov/n into the main stem; higher percentages
in classes "d" and "e" showed up at Stations 4, 3, and 1 (see also the
section on "Impact," this chapter).

Wintertime isolations of bacteria in March, 1965, under ice-
covered conditions, exhibited counts usually close to zero for all
three bacteria groups (Appendix, Table L) . Isolated V7inter sam.ples
of FS displayed readings as high as 40 for unknown reasons. The FC
concentrations were nearly alv7ays zero; the highest FC isolation was

only 6 colonles/100 ml.
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Distribution of Bacteria on the Watershed

Areal distribution of bacteria count observations on the v/ater-
shed is shown for both years of observation in Figures 23, 24, and 25.
The year 1965 had a more distinctive and seemingly "logical” pattern
of bacteria count distribution than the year 1964, in regard to pat-
terns of land use. Time Period II was more comparable between the two
years than Time Period TI.

1964

Time Period I (TP I) mean coliform counts in 1964 were higher
than Time Period II (TP II) means at many sites on the catclrment
(Fig. 23). Station 8 was a notable exception to this trend; during
both 1964 and 1965 the site had higher TP II than TP I coliform con-
centrations. This station 1is exceptional, being irrigated by water
spreading and grazed by about 75 head of cattle during the sunmier.

The 1954 mean coliform count was especially high at Stations
11 and 15 in TP I (Fig, 23); these stations did not have higher counts
.than'other stations in TP II of the sa.me year, nor did they have
higher counts than other sites in either time period of 1965. It is
possible that either (1) local contamination occurred at or above these
stations in 1954 only, or (2) the TP I 1964 coliforms in question vrere
not of fecal origin.

The areal pattern of coliform count distribution in Time 'Period
IT 1964 (Fig. 23), . the other hand, more clearly approximates the
pattern of both time periods in 1965 (Fig, 24 and 25).

1965 |
The tv;o time periods of 1965 had sirailar coliform mean counts,

unlike the marked difference between time periods observed in 1964.
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The fecal coliforms (FC) did not show this similarity betv/een time
periods, and higher concentrations of FC vrere common to TP II at most
sites. The "flushing." flows of TP I apparently increased coliform
counts but not so much FC counts, v/hereas FC concentrations were pos-
sibly increased by the TP II impact of lower dilutions, warmer tem-
peratures, continued grazing, or other factors. Examples of higher

FC counts in TP II a’”'e seen at Static 2,3, and 8 (Fig. 25).

Relations Between Bacteria Groups

A broad comparison of bacteria counts reveals great year-to-
year differences in bacteria group interrelationships. The betc;een
groups correlations, by year, station, and time period appear in
Figure 20 (a condensed form of the "correlation diagrams" of Figures
A-a to A-h, Appendix); the connecting lines represent %k correla-
tions .

The 1954 P.elations Between Bacteria Groups

The 1964 observations showed consistent correlations only be-
tween the total bacteria group and the. enterics. Total bacteria and
the coliforms had no correlations for 1964, while other between-bac-
teria group correlations were too infrequent to have meaning (Fig.
20) . Total bac.teri.a-—enterics positive correlations (957") w'ere numer-
ous, appearing at five stations in Time Period I, three in Tim.e Period
II. After 1964, total bacteria, counts "?re discontinued with the
fecal coliforrm test being initiated in spring, 1965, The 1954 coliform
correlations with other bacteria groups were very sporadic, Coliform

count graphical presentation is shox/n in Chapter V.
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| The 19&5 Relations Between Bacteria Groups

Bacteria indicator groups from many of the sampling sites
were positively correlated with each other in 1965, somewhat more
frequently in Time Period I than in Tine Period II (Fig. 20).

During both time periods of 1965, positive correlations between
coliform organisms both the fecal coliforns (FC) and fecal
streptococci (FS), ap eared at numerous stations, as shovm in Figure
20. Time Period I displayed lese correlations more frequently than
Time Period II. Since FC or r. counts were not determined in 1954
(except FS for TP II), coliform-FC or coliform-FS data cannot be com-
pared for the t//0 years. Graphical illustration of the coliform

counts, by stations, appears in Chapter V, where the coliform-flow re-

lationship is presented. Similar presentation of FC and FS for 1965
appears in Figure 26. The broad seasonal trend for all three organism
groups (colifoms, FC, FS) was similar: low winter counts, higher

concentrations during the high flows of June, a short "post-flush"
period of low bacteria counts often in mid-summer, higher concentra-
tions once again in the warmer late sunamer, and finally declining counts
as auturm begins. Such a positive relationship between organisms sug-
gests mutual dependence of the groups on flov; and temperature (see

Chap, v) -

Enteric bacteria--those organisms appearing also on the m-Endo
places with the coliforms but not having the coliform color--v;ere
enumerated in both years. Since total bacteria v;ere not tabulated in
1955, it is not possible to see if significant enteric-total correla-
tions would be found, as in 196h. In 1965, the enterics were not con-

sistently correlated to any other bacteria groups. The enterics sho'/ed
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no obvious relation to the coliforras. Very often, enterics v/ere
numerous on a plate having no coliforms, or a plate heavy in coliforni
colonies was devoid of enterics.

A positive relationship between fecal coliforms and fecal
streptococci occurred at five of the nine stations in 1965 (Fig. 20).
The relationship between the two bacteria groups is shcv/n graphically
in Figure 26. The FS attained higher counts in spring and early summer
at most stations, V7hereas the FC reached maximums later, often in
June-July. Both were possibly dependent on flow and temperature (see
Chap. V).

The FC-F3 relationship.may also be described in terms of the
FC/FS ratio. This ratio has been under investigation by the U. S.
Public Health Service for use as a pollution indicator, where the
FC/FS value would indicate the contamination source--for example,
whether human or cattle (Geldreich et al., 1964). Values of FC/FS for
the Little South Watershed in 1965 (Fig. 26) were:

1. commonly less than one during the spring (April-May) period
of slight warming but small flows;

2. greater than unity during the early June "flush" at many (not
all) sites,

3. m.uch higher, reaching Tfl.eximms of over tv/enty during the peak
flows of June to the somewhat lov;er flows of July;

4. Icv'er during August and September generally, although FS counts
remained high at certain sites (remember that FC/FS ratios do
not depend -an the concentrations off either bacteria group per
se, only ai\ the. relationship between the two);

5. again, leas than unity during tiie autumn, at most sites.
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Land Use Impact on Bacteria Counts

Grazing-Irrigation Impact:
Pennock-Little Beaver

The combined impact of grazing and irrigation of a m.ountain
meadow on water quality v/as observed by comparing a pair of similar,
neighboring sub-x/atersheds from the study area--cre V7ith approximately
the lovrer half grazed nd irrigated by surface s%reading in sunraer
(Pennock Creek), the other essentially "natural' (Little Beaver). Both
X'/atersheds are about 18 sg. mi. in size; both have similar topograpaj'-,
vegetative cover, and stream discharges.

A comparison of suspended sediment for the tv;jo streams did not
shot; higher wvalues for the grazed drainage, i.e., the analyses of
sediment (or turbidity) did not detect the land use impact (Fig. 16,
Chapter 1III), Despite no significant sediment differences between the
two streams, all three bacteria groups clearly defined the grazing-ir-
rigation impact in 1965 (Table 4); nearly every observation shox/ed
-higher coliform counts on the grazed catchment than on the ungrazed.
The much drier year of 1964 di.d not shox7 such distinct differences
betxv?een Xvatersheds in coliform counts. The other bacteria groups--
fecal conforms and fecal streptococci--v7ere not in use in 1954.

In addition to a distinct coliform count difference betx”een the
grazed and ungrazed drainages, the fecal coliform (FC) and fecal
streptococci (FS) counts also emphasized the land use pattern. The
moviug< mean, values o.f FC Jind FS bacteria in Figure 27 shox7 consistently
higher, values on the grazed (Pennock) creek as opposed to the ungrazed
stream (Little Beaver). The bacteria concentrations of all three

groups attained hig'-er I'alnes in July and A.ugust (Fig. 27 and 28), a
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TABDS 4-“Mean values for 1965, number of observations, and range
of values encountered for Little Beaver and Pennock bacteria

samples. Significant differences betvreen the two stations
indicated.
Significant
Mean n Range level of
difference
COLIFOPdiS 37.3 28 C-240 90%
Little Beaver 120.8 23 0-1390
Pennock

FECAL COLIFOFCIS
Little Beaver 4.2 24 0-22 997;
Permock 67.7 24 0-500

FECAL 3TREPTCCCCCUS
Little Beaver 14.2 24 0-46 90% .
Pennock 24 .1 24 0-150

FC:FS RATIO

Little Beaver 1.3 - - -
Pennock 7.6 -

period cf low flov;s and vrarrmer water temperatures V/hen grazing and ir-
rigation probably had the largest effect.

The ratio of fecal coliforms to fecal streptococci (FC/FS)
ranged from less-than-1 to 4.5 on the natural catchment but less than
1 to a maximum of 44 on the grazed-irrigated watershed. The average
1965 FC/FS ratios were 1.3 for the natural as opposed to 7.6 for the
grazed v;atershed, neglecting samples where either FC or FS was =zero.

The "ability to detect cattle pollution" is evaluated for each
indicator group--coliforms. FC and FS“-as well as for the FC/FS ratio,
by comparing yearly means of each bacteria group for the grazed as op-
posed to the ungrazed catclrments. This grazed-to-natural comparison,

or "impacted; natural" factor is presented in Table 5. The fecal .
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coliform (FG) group shov/s the highest value or greatest sensitivity to
this type of pollution; for the FC group the grazed v;atershed's mean
is 16.1 times greater than the ungrazed. The high sensitivity of the
FC group increases the "rating" of the FC/1 ™ indicator as well (FC
being the numerator), as sho™m in Table 5. The coliforms rate some-
what less sensitive, while the FS group is ranked least perceptive as

a pollution, detector.

TABLE 5--Grazed site to natural site fac-
tors (Pennock: Little Beaver) for the bac-
teria indicator groups used in 1955.

"grazed:natural"
Bacteria Group '

factor
Coliform 3.2
Fecal coliform 16.1
Fecal streptococcus 1.7
FC/FS ratio 5.8
Grazing-Irrigation Impact: Pennock-1llain Stem

The irrigation-grazing impact appears once more in Figure 29,
V7here FC/FS raticj: from the grazed and irrigated Pennock Creek drainage
are compared again--this time to ratios from sites along the main stem
of the Little South Fork (Stations 1, 3, 4, 10, and II, averaged).
Grazing above the main stem stations was less intensive in relation to
flow volumes. Figure 29 shows FC/FS ratios greater for Pennock than
for the main stem during the entire season. A definite rise of FC/FS
values appeared on Pennock during the June-July "flushing" period of

peak flows, while the main stem values remained imuch lo';jer; actual
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levels of FC/FS reached 22.0 on Pennock, only 5.4 on the main stem.
As flows receded, FC/FS ratios for Pennock decreased, but still re-
mained twice as high as values for the main stem stations.

Other Considerations of Grazing Impact

In Figure 25, the FC-FS interrelationships are shown; very pos-
sibly the figure also shov;s land use impact. Areas above Stations 8,
4, 3, and 1 were grazed most heavily, while on areas above Stations 10
and 11 grazing v/as less common, and Stations 2, 15, and 17 had little
or no grazing effect by cattle. The relationship of FC to F3 counts,
seen in Figure 26, bears resemblance to the grazing intensity patterns,
with heavily grazed stations generally showing higher FC/FS ratios.

In the time period means of Figures 24 and 25, a distinct d.if-
ference is seen for the fecal coliform counts in regard to the location
of a sampling station respective to intensity of land use impact. In
both time periods, higher elevation stations such as 17, 15, 10, and
11 were clearly loxvrer in FC bacteria concentrations than Pennock Creek
(8) or the main stem stations below’ Pennock (1, 3, and 4). This pat-
tern xvas also exhibited by FS counts in TP II, but not distinctly in
TP T.

Campground Impact

Analysis was made of the impact of heavy campground use during
holiday v/eekends, by taking samples above and below Tora Bennett Camp-
ground and above and belov/ Fish Creek Campground on July 3, 6, and 7
(twice daily) and September S and 10 (using duplicate samples) in 1964.
July 5, 1965 xvas .also sampled. I;o0 siguifleant difference between

samples "above" and "belox'j" the campground was shown (Appendix, Table

J).



CHAPTER V

THE PHYSICAL TO BACTERIAL RELATIONSHIPS

Relations betweei the bacterial and physical parajneters are
presented in this chapter by comparing the bacteria data of Chapter IV
to the basic physical parameter data presented in Chapter III. Addi-
tional information in the Appendix includes the extreme values (Tables
A through E), winter values (Table L), ston-i values (Table K), and com-
parison of the coliform bacteria to the physical parameters (Fig. C
through K) .

Statistical and graphical analyses indicate that the bacteria
groups investigated were related to the physical parameters of the
stream. Significant (95%) linear correlations were found between the
bacteria groups and many of the physical factors. Table 5 is a broad
tabulation of these significant correlations, all 3am.pling sites pooled
together. Tables 7, 8, and 9 are detailed breakdowns of Table 6.

The tabulation of Table 6 is separated into "Time Periods I and
II," the former covering the period from initial spring melting until
the peak flov7 (which normally is in mid-June), the latter extending
from the peak flow until autumn. In the S.ocky Mountains, Time period
I is the time of maximum flows, but perhaps more important it is a
period of rising stages, when streaia channel and meadow "flushing out"
occurs. During both sam.pling years in Tima Period I, significant cor-

relations between the bacteria groups and flow, pH, turbidity, and
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sediment vrere common (Table 6). Conversely, Time Period II exhibited
a scant number of bacteria to physical parameter correlations. Com-
parison of the tv/0 time periods Suggests that higher bacteria concen-
trations accompany the rising “ages, larger flows and flushing ef-
fects.
Al |
TABLE 6--Summary tabulation of significant (95%) correlations between
bacteria groups and temperature (tp), flow (fl), pH, turbidity (tu),

suspended sediment (ss), and dissolved solids (ds), all sites pooled
together, :n 1964 and 1965 time periods.

TP

(both tp fl pH tu ss ds
+ - ; wo~ b o F
years) )
k
I Coliforms 4 3 4 1 X
Total bac- 1
teriax* 1 1 2 1 2
Enterics 1 2 3 3 3 2
Fecal
Coliforas* X 5 4 6 3
Streptococcus* 0 4 4 4 1
Totals 1 1 14 15 20 15 1 5 1
IT Conforms Z 1
Total bac-
teria* 1 1
Enterics 1 2 1 1 2
Feca i
Coliforms*
Streptococcus 1 1 1 1 1 1 1 1
Totals X 1 2 1 5 2 1 2 1 2 2

*indicates one year of sampling only.

Other observations also indicate a positive bacteria-flow rela-

tion. Significant coliform-flov; correlations (35%) were far more
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common in the year 1965--a very wet year--than in the drier year of
1964 (Appendix, Fig. A-a to A-h). Bacteria counts for all groups v;ere
observed to increase drastically during the rising stages of summer
storm runoff, then drop belovr pre-storm values temporarily during the
reclining limb of the storm, hydrograph. High bacteria concentrations
associated with grazing and irrigation impact (see Chap. IV) 1likely de-
pend on the "flushing effect" of flooding: shortly after irrigation
ceased (with cattle remaining) bacteria counts decreased markedly.
These examples all point to a strong, positive bacteria-flow relation-
ship. . ’

It is notable that the larger flows and higher bacteria concen-
trations of certain sites (particularly lower on the catchment) did not
necessarily produce more bacterial-physical parameter correlations of
significance. Small streams containing few bacteria by comparison
(e.g. Sta, 2) had as many significant (95%) bacterial-physical corre-
lations as larger, "more polluted" sites.

The significant correlations of bacteria groups to pH, turbid-
ity, and suspended sediment were numerous as seen in Table 6, however
it must be remembered that these same physical parameters were also
highly correlated to flov; (Table 1, Chapter III). This suggests a
mutual dependency of all physical parameters as well as the bacteria
groups on the key factor, flow.

The temperature data v;ere essentially not correlated statis-
tically to any of the bacteria group data. Partial correlations were
carried out for the combit.ed Time Period I plus Time Period II season,
to remove, the effect of flow and determine if thereby the bacteria-

temper.ature correlations would improve. The correlations did not

4
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improve. The rise in bacteria coniraon in late summer suggests a bacter-
ia dependence on temperature but this has not been verified statis-

tically in this study.

Relations of Coliforms to the Physical Parameters
'itatistical Analysis

The coliform were the only bacteria tested in all time periods
of both years. Significant correlations between the coliforms and all
physical parameters appeared much more frequently in the rainy 1965
sampling season than in drier 1964, more frequently in Time Periods I
than in Time Periods IT, suggesting a strong dependence of coliform
counts (ss other bacteria) on stream flow and precipitation. A summar3d/
of the coliform to physical parameter correlations appears by years and

time periods in Table 7.

TABIE 7--Tabulation of correlations at the 95% confidence
level between cciiforms and temperature (tp), flow (fl),
pH, turbidity (tu), suspended sediment (sg), and dissolved
solids (ds), by site, time period, and year.

Year TP Station tp fl pH tu s3 ds
1964 I 1 +
3 +
11 -
II ° -
4 —
1965 T 1 + 7
2 - +
_ - w
4 Sf- +
10
15 +

IT
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Positive COliform-sediment and coliform-turbidity correlations
appeared only in 1965, Time Period I--the "v;ettest" time period of both
years--indicating that flushing by rain increased sediment and bacteria
concentrations simultaneously.

Statistically, coliform-pH negative relations v/ere more fre-
quent in 1965 than in 1964. No coliform-temperature relations were
indicated by the statistics. "Partial correlations," designed to re-
move the effect of flow and thereb; reveal a better coliforn-tempera-
ture correlation, did not indicate a coliform dependence on temperature.
Relations betvraen colifoms and dissolved solids v;ere not apparent.

Graphical Analysis

Graphs for coliforms and flow are shown by individual sites for
1964 (Fig. 30) and 1965 (Fig. 31). The graphical analysis agrees vrith
the statistical analysis in most respects. In both years Time period
I coliform graphs for most sites follow an upward trend as spring
"flushing" occurs (note scale differences between graphs for each
year) . In Time Period II, where coliform-flow correlations v/ere not
found statistically, coliform count graphs bear no resemblance to the
hydrogiaph. Early in TP II (July), many stations showed v/hat might be
termed a "post-flushing" 1lull in coliform counts, ar. the time v;hen
stream flov/s began to decrease. During the late suirxiar portion of TP
II, when v;amar water temperatures and small, fiov/s prevailed, coliform
counts attained new highs--even peak values at soma sites.

In Chapter II, it v/as showni that pll attained lov/est values near
the peak of the hydrograph (rig. 11 and 12). Tne correlation of ccli-
forms to flov/ vas positive for TP I. It then is logical that negative

coliform-pH correlations appeared in TP I (1965), since coliform counts
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increased as pH dropped. The lack of significant pH-coliform correla-

tions in TP I, 1964 appears to be due to the far lower flows of that

year, which probably caused smaller fluctuations of all parameters.

Comparing the coliform graphs of Figiires 30 and 31 to the

temperature graphs of the same sites in Figures 7 and 8, no very ob-

vious relationship appears. The coliforms are also compared to the

physical parameters in the Appendix, Figures C through K. The coli-

forms reached a peak near the hydrograph peak and again in late summer

at many stations, wv;ith low values occurring during the "post-flush"

period in mid-summer. The water temperature at individual sites es-

sentially followed a steady increase throughout the summer.

The enteric bacteria--those organisms appearing on the m-Endo

plates with the coliforms but not having a coliform golden color—--v;ere

enumerated in 1964 and 1965. Fluctuations of enterics v;ere extremely

high, making analysis of limited numbers of observations very diffi-

cult. Correlations found between enterics and the physical factors

are presented in Table 6; these correlations are similar to those

sho™ (in the sane table) by the other bacteria groups.

Relations of Total Bacteria to the Physical Parameters

Tests for total bacteria were conducted during the 1964 season

only. Correlations found betv?een 1964 total bacteria and physical

parameter data were not numerous (Table 5). A positive total bacteria

relationship to flow, sediment, ai;d dissolved solids, and a negative

relation to pH, 1is suggested by a small number of significant correla-

tions; this indicates that many of the relations between coliforms and
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physical parameters might also hold true between total bacteria and
the physical parameters.

The extremely large fluctuatioa5j of total bacteria counts makes
analysis difficult (and perhaps meaningless) unless observations are
numerous. It is not meaningful to graph the 1964 weekly observations,
therefore they appear in Table I, Appendix. Comparison of total bac-
teria observations to flow shows no distinct relationship between the
two. Likewise a comparisc i of total bacteria counts to other physical
parameters shows no consistent relationships. Again, the large fluc-
tuations in bacteria concentrations necessitate very frequent sampling

if meaningful results are to be obtained.

Relations of Fecal Coliforms to the Physical Parameters

Tests were conducted for the fecal coliforms in 1365, in place
of the total bacteria tests. The fecal coliforra counts for individual
sites, compared to the physical parameters showed the significant (95%)
correlations in Table 8.

The fecal coliforms were clearly related to certain physical
parameters in Time Period I. It is very striking that Time Period II
had no correlations at the 95% confidence level. The fecal coliform-
physical paramvT.er relations V/ere essentially the same as coliform
relations to the physical parameters, although FC counts were commonly
only about 1/4 or 1/3 as high as the coliform values.

Comparisoa of the fecal coliforms (FC) graphically to flow in
Figure 32 shows a trend very similar to that of the coliforms in
Figure 31, namely: (1) a spring rise in concentrations during the

"flushing" of rising stages, followed by (2) a "post-flush 1lull" in
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TABLE 8--Tabulation of correlations at the 957, confidence
level between fecal coliforms and temperature (tp), flow
(fl1), pH, turbidity, (tu), suspended sediment (ss), and
dissolved solids (ds), by site and time period during 1955.

TP Station tpv fl pH tu ss ds
I 11 h + 4 +
10 + - +
4 + +
3 : + +
1 +
15
8 - d £
II -- no correlations at 95% confidence level

counts, after the hydrograph peak, and finally (3) a July-August peak
in concentrations during the warm water and lower flow period.

Relationship of the fecal coliforms to rlovr is not fully under-
stood but the data indicate that the "flushing effect" of rising
stages in flow is most important in increasing bacteria counts--
probably more important than the volume of flow per se.

Partial correlations were carried ouc am. the fecal coliforms--
as with coliforms and the FS--to remove the effect of «<lx and thereby
etest the temperature-fecal ccliforra correlatiorts; no .LT.provemant in
correlations resulted.

In comparing the fecal coliferra graphs (Fig. 32) to pH wvalues
(Fig. 11, Chapter 11I1) for 1965, an inverse relationship is evident in
Tiir.e Period I, while no relationship is seen for TP II. This agrees
with statistical findings.

No fecal coliform-water temperature relationship is found by

comparing the FC (Fig. 32) graphs to values of temperature (Fig. S,
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Chapter III) for 1965. Possibly bacteria changes lag behind changes
in temperature, but this study cannot measure such a lag.

The many f cal coliform-turbidity correlations are likely a
factor of mutual dependence on flow, although it remains to be clearly
determined if bacteria are increased by the sediment increases per se,
i.e. 1if the bacteria are attached to or "riding with" the sediment.
pyclations of Fecal Streptococci

the Physical Parameters

Tests for the fecal streptococci (the enterococci) were car-
ried out for Time Period II in 1964 and the entire season of 1965. The
fecal streptococcus counts for individual sites, when compared to the

physical parameters yield the significant correlations of Table 9.

TABLE 9--Tabulation of correlations at the 95% confidence
level between fecal streptococci atw temperature (tp),
flow (fl), pH, turbidity (tu), suspended sediment (ss),
and dissolved solids (ds), by site and time period, 1964

and 1965.
Year TP Station tp f1 PH tu s3 ds
1964 I No samples
IT 10 - +
1965 I 11 i
4 + - + +
3 - +
S - + +
2 + - + +
11 4 i
8 +
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The fecal streptococci (FS) were related to pH, turbidity and
suspended sediment, very much like the FC and coliform bacteria. Time
Period II was also nearly devoid of significant correlations.
Comparing the fecal streptococci graphically to flow in Figure
33, a trend similar to that of the coliforms (Fig. 31) and FC (Fig.

32) appears v/ith one major exception--the early spring period of April
and Kay shows higher than v/ould be expected FS counts at many stations.
This 1is the same period during which coliform and FC counts were com-
monly near zero. The rise in FS concentrations during the "flushing"
of rising water in June and the "post flush 1lull" of late June-early
July is very much like the FC and coliform trends. The late sunmier
rise in concentrations also is in evidence, although perhaps not as
clearly as in the case of the other two indicator groups. The reason
for the late winter or early spring concentrations of F3 bacteria--
from the same saiiipling that produced near zero FC and coliform bac-
teria counts—i'-; rot knovni (Appendix, Table L) .

Partial correlations carried out on the fecal streptococcus,
to remove the effect of flow and thereby increase the temperature-fecal
coliform correlations, were of no value; the r values remained basical-
ly the same.

Comparixrg the fecal streptococci (Fig. 33) to pH values (Fig.
11, Chapter III) for 1965 shows an inverse relation in Time Period I,
vijhile Time Period II shows no such relation, substantiating the sta-
tistical results of Table O.

The comparison of F3 to water temperatures (Fig. 8, Chapter
ITTI) for 1965 shov;s no relationship, in agreement w'ith statistical

findings.
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As v/ith coliforms and FC, several FS-turbidity and FS-sediment
correlations v/ere found. The mutual dependence of both the bacteria
and sediment on flow is thought to be the reason for the bacteria-
sediment and turbidity correlations.

The fecal streptococcus counts Vicre lov/, comparable in
intensity to the FC counts and much below the values found for coli-

forms .



CHAPTER VI

DISCUSSION AND n'lPLICATIONS

General Comments

The results of the study are discussed in this chapter by
describing possible significance of the data, pointing out shortcomings
of the study, comparing results v?ith these of other investigators, and
speculating on reasons certain results were or were not obtained. Not
every subject of the preceding chapters is mentioned again; only those
aspects are discussed where additional explanation or comment is
thought to be of wvalue.

Daily cycles of all parameters of the stream environment no
doubt occur, depending ultiunately on energy input of solar radiation.
These hourly fluctuations of environmeiital or water quality parameters
are especially distinct in small streams, vjhere a smaller volume of
flow is influenced by radiation, weather changes, land use impact and
other factors. Water temperatures on the vratershed can fluctuate S-
11°C (15-20°F) daily during summer according to the recorded tempera-
ture data, causing difficulty in interpretation of v;ater temperature
data betv/een sites saunpled at various tj.mes of the day.

WTiile the study was not specifically designed to investigate
diurnal fluctuation of water quality parameters, these variations must
be taken into account during data analysis. The sampling route was

varied in an attempt to avoid sampling an individual site always at
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the same time of the day. If a site 1is so located on the sampling net-
work 'that it is usually sampled in mid-day, the site's data would be
biased in regard to temperature, pH, flow, and to an unknoTO extent
bacteria concentrations. Two sites on the network, consistently sam-
pled at markedly different times of the day, are possibly biased in op-
posite directions, making realistic comparison between the sites diffi-
cult. Comparisons between sites have nonetheless been made, but the
follovring limitations imposed on the data must be recognized: (1) be-
cause of accessibility problems, all streams could not be sampled at
approxim.ately the same time; (2) daily and hourly fluctuati.ons of water
quality parameters on the watershed are too inadequately understood for
correction factors to be applied; and (3) weather fluctuations, wvzhich

affect stream environment, were not recorded in the subt7ate.rsheds.

Water Temperature

Analysis of instantaneous water temperatures from sampling
times 1is problematic for the reasons discussed above. Ideally, tem-
perature data should be taken by recording thermometers at all sta-
tions. As noted by Macon (1959), the duration and fluctuation of tem-
perature is often of more concern to the aquatic biologist than the
actual level attained. Thermograph data could improve analysis by sup-
plying temperature information in terms of degree-hours of heat sup-
plied to a stream, for a designated period of time prior to sampling.
Studies are now underway utilizing recording temperature data.

Vegetation alteration, for purposes of improving water yield
and timing, may increase stream temperatures. It is not kno™. to what

extent v/ater temnerature increases 1in mountainous areas affect counts
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of conforms, fecal conforms, or fecal streptococci. During later
stages of this study, after land treatment is implemented, temperature
increase effects will be studied.

At high elevation sites, parameters of v/ater quality probably
depend very much on available ’eat. Water temperature is likely the
key limiting factor to biologic productivity in cold, high elevation
streams. The question arises as to what degree low bacteria counts at
cold sites (e.g. 14, 17) are due to limited laud use, to what extent
due to lack of heat. Itlhas been demonstrated by Morrison (Morrison
and Fair, 1956) that conforms exhibit a very low survival rate in ice,
although in winter certain organisms survive in ice and snow along
streambanks. It seems logical that fecal organism counts would be
higher in a vjarmer, lower elevation, stream environment where condi-
tions are favorable for survival and possibly reproduction. Winter-
time isolations cf bacteria in March, 196!;, under iced-over conditions,
shovTsd very low or zero bacteria counts. Greenberg (1964) believes
stream temperature to be the single most important factor of plankton
production in his study area. Other studies by Potter (1963), Barman
(1961), and Morita (1954) point to a strong temperature-organism rela-
tionship .

Is water temperature related to other quality parameters muc'n
more than the statistical results indicated? imy the scarcity of sig-
nificant correlations between temperature end oth.er parameters? Graph-
ically, temperature-flov; relations were apparent during the spring melt
period; radiation melted the snow to increase runoff and also warmed

the strear.’.. It is seen in Figures 8 and 9 that flow and temperature

were related over the entire melt season but are not necessarily
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related on a sample-to-saxaple basis. Looking at diurnal water tempera-
ture fluctuations from the temperature recorder charts, if water tem-
perature varies a typical 5°C, it is fluctuating ca. 25% of the total
water temperature range in the high mountain stream. During the same
day, flow values may fluctuate only a few percent of the total range
possible for the season. The large difference in daily variation for
the two parameters may partially account for lack of significant f£flox7-
water temperature correlations. Again, thermograph degree-hour data
might make realistic flow-temperature data possible.

Another study on the Little South of daily temperature and pH
variation in 1966 showed temperature and pH to be related, but a "lag"
appeared between fluctuation of the two, i.e. the values did not flue-

¢
tuate simultaneously.-"

Values of both pH and v;ater temiperature are dependent on solar
radiation; pH changes are due in part to photosynthetic activity and
the resulting ,, use by agquatic plants xHiereby the water becomes less
acidic during the cay. Temperature and pH do not respond at the same
rate to solar radiation changes; the resulting difference in response
complicates statistical comparison of the two param,eters. This differ-
ence 1in cycles might partially explain the lack of significant corre-
lations betxjeen the water temperature and pH parameters for the season.

A study of coliform, fecal coliform, and fecal streptococcus

bacteria and x/ater temperature fluctuations x/as begun, in 1965 and xjill

continue in 1967. The outcome may reveal bacteria-temperature
“E. G. Lappala. 1966. Changes in pH betv/cen paired stations
on a mountain stream. College of Forestry and Natural Resources Under-

graduate Research Project. Colorado State University (unpublished).
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relationships comparable to the strong temperature-organism relations

found by some investigators.

Hydrogen Ion Activity (pH)

The major similarity in pH data for the tVio study years v/as the
occurrence of pH seasonal minimums near the season's peak flov/ in June.
Analysis has found sediment load material in the area slightI” acidic,
a fact that might partially explain the inverse relation between pH and
flov7 values in June. Photosynthesis 1is known to increase pH values
(Palmer, 1952). It seems logical that under turbirl conditions less
light would result in less photosynthesis and consequently in lower pH
values, 1in agreement with the data found. Stream "buffering” (IlutCner,
1964) is also changed by addition of sediment to a stream.

The year 1955 had many more correlations between pH values and
other parameters than the year 1964. Sediment loads vjere much higher
during peak flows, a factor that should intensify the inverse rela-
tionship betv/een flow and pH values. In 1965, rain-on-snow produced
the heavy runoff, as opposed to the smaller 1964 snowmelt runoff. The

hea\r,7 washing of rain over thawed soils may partially explain the lower

pH values. Goldiaan and V/eteel (1963) found an inverse relation be-
tv;een rainfall and pH. "pure" rainwater, according to Junge (1953),
may vary widely in pH values, from 3.0 to 8.0. It is not known ho'w the

pH of rain compares to the pH of snow meltwater in the study area.

Most water quality parameterG (if not all) were related to flew
in the study area. It seems reasonable that increased flows might em-
phasize relations between tvjo factors, such as pH and coliforms, where

both are dependent on flov?. The heavy? rains of 1965 probably
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intensified all the pH relations while the lov; flows of 1964 de-empha-
sized them.

The pH-suspended sediment and pH-turbidity negative relations
found were much li%e the pH-flow relations. The effect of turbid water
on photosynthesis “nd consequently on pH was mentioned. The slightly
acidic sediment possibly helped reduce pH values, producing the strong
inverse pH-sedJ.ment correlations of 1965 (when sediment loads were
high) .

Powers (1929) determined that a general decrease in pH accom-
panies elevation increases in the Smoky Mountains. He referred to the
process of "ageing" as water travels further dovmstream, pH increasing.
The results of 1964-65 appear in agreement vrith Powers' findings.

It is recommended by most investigators not to transport samples
to the laboratory, rather analyze for pK on-site. During the study,
"drifting" of the pH meter was comraon, due to temperature differences,
dryness of the electrode, and other factors. Expensive repairs, be-
cause of transportation and handling in the remote study area, vjere
often needed. On-site pH measurements seemed to cause more serious
errors, all factors considered, than the errors made by brief trans-
port of a cooled, completely-filled sampling bottle to the field

laboratory, where pH measurements V/ere possible under ideal conditions.

Turbidity, Suspended Sediment and Pissolved Solids

Land modification on the study area during 1964-65 was negli-
gible. It is not surprising that turbidities were low. Regular
sampling, as conducted in 1964-65, was adequate for attaining general

values of sediment encountered, but as noted by Swenson (1964) 90% of
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a stream's sediment may discharge in 10-12 days and as much as one half
of the year's sediment may occur in one storm. The validity of col-
lecting samples periodically is open to serious questioning, once in-
tensive land use 1s under way.

The conversion of periodic sediment sampling values to soil
loss figures is not micaningful. Taking samples during all storms would
be preferable, but storms habitually ignore the investigator's field
schedule and are not sam.pled. The best sampling method may be use of
a series of automatic-suspended sediment samplers, as described by the
U. S. Interagency Committee on Water Resources (1961). These samplers
could be mounted at a series of stages in the stream, collected after a
storm occurs, and re-installed for future storms. Wherever possible,
storms could be sampled by hand, for comparison to automatic sampler
values. Heidel (3.956) observed peak concentrations of suspended sedi-
ment to lag behind the peak of a storm hydrograph. This presents a
problem in use of automatic suspended sediment samplers, which collect
on the rising stage only. Perhaps a device could be arranged to make
possible sampling on the falling stage. Sediment collectors or "split-
ters" may also be attached to weirs, to take a constant sample of sedi-
ment, should a weir be located below a treatment area.

B The 5:1 sediment-turbidity ratio of figure 17 represents values
of the calibration period, giving no assurance that the same ratio wmll
occur after treatment. The time-consuming sediment determinations
might be partially replaced by convenient turbidity analyses, should it
be found that the 5:1 ratio is wvalid throughout the entire range cf
values encountered. The large scatter, however, indicates accuracy

would be lov; if such a technique were used.
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Certain investigators have assumed the sediment-turbidity ratio
to be 1:1, calculating soil loss from treated areas accordingly. Re-
sults from this study indicate the danger in applying such relation-
ships indiscriminately. If turbidity is used strictly as a relative
tool for comparing types of land use, actual values of sediment are
not of great interest.

Color in water affects turbidity readings very much. Streams
in the study area have a slight brovm, probably organic coloring in
spring. To V7hat extent turbidities are affected by the coloring is not
presently knowm. Much of the study area's turbidity may also be due
to colloidal nraterial.

The measurement of very small concentrations of dissolved
solids 1is not accurate v;ith nornnal laboratory equipment, because of
weighing errors, limitations on the volume that can be evaporated and
\7eighed, and hygroscopic errors. Measurement of conductance is worth-
while 1if the investigator understands how much of the dissolved solids

concentration is inorganic.

>acterra t"ariation

Stream bacteria data interpretation is made difficult by the
tremendous -hour-to-hour, perhaps minute-to-minute variability in bac-
teria concentrations. Seasonal fluctuations in bacteria counts are
shovrn by data of the study to be very large; periods of intensive
sampling have demonstrated that hourly variations in bacteria counts
must also be great. Because a "recording bacteriograph" is yet un-
available, interpretation must be made of individual observations. In

studying the bacteria frequency distribution histograms of Figures 21
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and 22, one must recognize the limitations placed on the data by the
large daily bacteria count variations. The individual observations
are from various hours of the day.
At what tijte of the day are bacteria counts usually highest?
What changes in concentrations occur due to organism deaths, multipli-
cation, sedimentation or other factors? How much variation takes place
daily? Many quest5.ons concerning bacteria variations are unanswered.
In 1966-67, the study continues as an intensive sampling
project of one sub-basin of the study watershed, one purpose being to
investigate diurnal and weekly variability of coliform, FC, and FS bac-

teria.

Bacteria Source

The pollution indicators used in the study--coliforms, fecal
conforms, and fecal streptococci--all exhibited siiriilar seasonal
trends in concentrations. Conversely, total bacteria counts did not
follow the seasonal pattern shovm by the three indicator groups. The
similarity for all three pollution indicators suggests a common bac-
teria source, while lack of similarity in seasonal trends between total
bacteria and the three pollution groups implies different bacteria
sources for the total bacteria counts. Althou” no proof is given
that fec”:1 material is the primary source of the pollution indicators,
comparison of grazed to ungrazed areas (Chapter 1IV) gives strong evi-
dence that in certain streams cattle are probably the principal source
of coliform, FG, and FS bacteria.

The fecal coliform counts were very low at high elevation, es-

sentially unused sites, such as Station 17. ' 'Background" counts of
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fecal coliforms, wviz. those occurring naturally in the stream, likely
depend on the physical environment of the stream, for example water
temperature and dissolved solids. Perhaps the low counts at high ele-
vation sites is as much a factor of cold v/ater temperatures as a fac-
tor of "virgini /" or lack of use, of the land. Geldreich et al. (1962)
maintain that fecal coliforms of surface v/aters are derived largely,
if not completely, from fecal pollution of animal origin.

Fair points out (1963) that the coliforms are probably not
enti.rely of fecal origin. The occurrence of frequent coliform counts
at sites where contamination is very improbable suggests that coli-

forms are of non-fecal as well as fecal sources.

The FG/FS Ratio

Use of the fC/FS ratio as a method of distinguishing human from
animal pollution on the Little South watershed is still questionable.
The conform, FC, and FS bacteria all indicated stream contamination
by cattle in grazed areas. As summarized in the Table 5 (Chapter 1IV)
comparison of the three groups, the FC group rates "most sensitive" to
cattle pollution, the heavily grazed watershed containing 16 times
higher FC concentrations than the lightly grazed one. The FS group is
"least sensitive' of the three, the heavily grazed watershed showing
less than twice the concentrations of the lightly grazed one. These
distinct contrasts between FG and FS "sensitivity" make it obvious that
the FC/FS ratios, FS being the denominator, must at times be large on
the grazed strejua. Studies by the RiS Taft Sanitary Engineering Center
describe use of tn.e FC/FS ratio to detemine human pollution, v/hereby

the smaller FG/FS ratios (less than ca. 1.0) would represent domestic
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livestock, the larger ratios, human (Geldreich et al., 1964). Accord-
ing to such a hypothesis, the results shovm in Figure 29 v/ould neces-
sarily be rated as "human contamination," despite the apparent fact
that the cause must be cattle pollution; cattle are nonchalantly de-
fecating in the stream while no apparent human pollution is occurring.
In comparing results of this study with results reported by other in-
vestigators, such as the Taft Center, it must be remembered that en-
vironmental conditions in the cold, "pure" mountain streams of the
study area are drastically different from those found in warmer, "con-
taminated," low elevation streams. No specific study of wildlife im-
pact was carried out during the tv:o year study. In certain areas of
the Xi/atershed, such as the Little Beaver drainage, herds of elk (up to
ca. 50) and scattered groups of deer probably affect the v/ater qual-

ity--to ifnat degree is not knovm.

Stream "Flushing"

As sho”m in Chapter V, bacteria concentrations in the stream
may depend on the "flushing" effect of rising spring flews. Bacteria
counts are also observed to increase drastically during the rising limb
of storm hydregraphs. In the case of irrigation, a similar flushing
of bacteria into the stream apparently takes place. The rainy year of
1965 exhibited muc-i higher bacteria counts than drier 1964. All evi-
dence implies a strong dependence of bacteria concentrations on "flush-
ing." Horrison and Fair (1966), studying a Colorado v;atershed north
of the study area, also found evidence that surface runoff washes bac-
teria directly into the stream. They found increases in bacteria con-

centrations during summer sCorm runoff, hovrever they found a reduction
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in bacteria concentrations near the hydrograph peak, possibly due to
dilution. During rising stages of the spring runoff, they surmised
that water v/ashes material into the stream and picks up foreign mate-
rial from stream banks.

The data of both years show a "post-flush" 1lull in bacteria
concentrations during the receding flow period following the season's
peak flow. Foreign material is apparently v/ashed into streams from

land surface and streambanks during rising stages by the high velocity

waters. This leaves streambads essentially "clean" up to the height
of the peak flow. Ine low counts during the following receding flov/s
are possibly due to: (1) a lack of "contaminated" streambanks, (2) the

still large volume of v/ater, causing great dilution, and (3) high
velocities, creating an unfavorable environment for bacteria reproduc-
tion on the stream bottom.

The few storms sarapled also exhibited a "post-flush" 1lull in

bacteria counts, during the receding limb of the storm hydrograph.

Late Summer Bacteria ?.dses

Morrison siiid Fair (1956) found that during periods of stable
streamflow, in the absence of precipitation, bacterial numbers are di-
rectly related to the wetted perimeter and velocity of the stream and
indirectly related to the cross-sectional area. In periods of low
flows, the wetted perimeter would be large in relation to the cross-
sectional area, causing high bacteria counts. This hypothesis agrees
with findings on che Little South, where late summer bacteria counts
are high at most sites. The "v;etted perimeter-cross-sectional area

hypothesis" prcbacly also needs a factor for temperature as noted
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by Morrison and Fair. It seems most likely that the late summer in-

creases 1in bacteria counts are to sorae degree a function of tempera-

ture.



CHAPTER VII

SUI>!MARY A.ID CONCLUSIONS

Sutnmary

In 1964 a ten-yea~ study designed to investigate the impact of
land use on v:'ater quality was undertaken. The primary objectives of
the study v/ere:

1. To assess water quality characteristics within a forested
mountain watershed at varying xiatural flow regimes under land
use conditions of limited to non-use;

2. To measure the effects of multiple land use on water quality.

This 1is a report of the first two years of investigation.

The study watershed is the Little South Fork of the Cache la
Poudre Pviver in north-central Colorado. The catchment is 105 square
miles in area, ra?tging in elevation from 6,600 feet to approximately
13,000 feec. It is a reasonably typical forested v/atershed of the
Rocky Mountain's eastern slope, being covered primarily by spruce-fir,
lodgepole, pondsrosa pine, and aspen forest types.

The stream sampling network was designed to sample below ele-
vation-vegetatina zones. Several stations Vere positioned to sample
above and below such land use as irrigation-grazing or campground
utilization. Ton sites ;;ere sampled regularly.

Investigation wv?a3 carried out during the period April, 1964 to
September, 1965; two runoff years were observed. At least weekly sam-

ples v;ere taken in the suicmer period.
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The following parameters were measured by the methods

shovm:

PARAMETER METHOD
temperature pocket thermometers and
three recording thermo-
graphs
stream discharge existing stream gages and

calibration of other stream
cross sections

PH - portable pH meter
turbidity Hellige Turbidimeter
suspended sediment filtration and weighing
dissolved solids evaporation and weighing
total bacteria (1964 only) membrane filter technique”
coliform bacteria membrane filter technique
fecal coliform bacteria membrane filter technique
(1955 only)
fecal streptococcus membrane filter technique
bacteria

Higher, more turbid flow’s accentuated relationships among the
physical parameters of water quality in 1965 as compared to 1964. A
greater number of correlations v/ere found in Time Period I (from ini-
tial spring melt until peak flow) than in Time Period II (from peak
flow until autumn) in both years of observation. Temperatures ranged

d
between 0 and 24° C. Minimum pH values occurred near the peak flow.
Within the range of elevation sampled, pH decreased 0.1 to 0.2 units
per each 1000 foot elevation increase. Total range of pH was from 6.3

. ""Membrane filter tf”chnlque isolations of bacteria carried cut
according to Standard Methods (1960).
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to 8.7. Turbidity and suspended sediment were positively related to
flow and to each other. Maximum readings were 724 mg/l for sediment
and 475 Hellige Units for turbidity. Dissolved solids ranged between
0 and 205 mg/l; no relations between dissolved solids and the other
physical parimeters were found.

A v/ide range of bacteria concentrations was comiron to most
sites. Disregarding sporadic, exceptionally high counts, coliforms
fluctuated from zero to about 300 colonies per 100 ml, depending on
the site and season. Fecal coliforms and fecal streptococci fluctuated
less, frora zero to around 75 colonies per 100 ml, not including occa-
sional, exceptionally high counts. The high elevation sites usually
exhibited near zero counts of FC and F3 and lov; values for coliforms
(< 40), x/hile heavily grazed, downstream sites showed much higher
counts of all three indicator organisms.

Total bacteria counts (1954 only) presented a range of values
of from several million colonies per 100 ml to occasional concentra-
tions of less than ten thousand colonies per ICO mi.

Concentrations of bacteria from wintertime sampling during ice-
covered conditions of March, 1965, were low, however bacteria of all
three indicator groups were found. Fecal coliform ana fecal strepto-
coccus counts for the period were all less than 10 colonics/1CG ml.
Most sites showed coliform counts of 0-20 colonies/100 ml; one site
showed a 140 colonias/100 ml concentration.

For the 1965 sampling year, bacteria indicator groups from many
of the sites were positively correlated X'Tith each other, somewhat more
frequemtly *in Time Fariod I (frora spring melt initiation until peak

flow) than in Time Period II (from peak floxT until autumn). The
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colifoms, fecal coliforms, and fecal streptococci were positively
(9570) correlated at most sites, while the enterics were not signifi-
cantly correlated to the three indicator groups for most stations.

All three bacteria groups (coliforms, FC, and FS) clearly de-
fined the grazing-irrigation impact in 1955 on Pennock Creek. Ne;arly
every observation showed higher coliform counts on the grazed catchment
than on the ungrazed. The "ability to detect cattle pollution" under
conditions of the study is evaluated for each indicator .group--colie
forms, fecal coliforms, and fecal streptococci--as well as for the
FC/FS ratio, by comparing means of each bacteria group for samples
from the grazed as opposed to the ungrazed catchment. The FC show the
highest value, or "greatest sensitivity,” displaying a grazed watershed
mean 15.1 times greater than that of the ungrazed. The coliforms rate
much less sensitive (3.2), while the ?S group is ranked "least percep-
tive" as a cattle pollution detector, showing a grazed watershed mean
only 1.7 times greater than the ungrazed. The FC/FS ratio is not as
effective as the FC group alone in describing cattle pollution in the
study area, but is better than either the coliform or FS bacteria
groups; ,FC/F3 values are 5.8 times greater for the grazed watershed
samples. Samples taken above and below certetin campgrounds during
holiday weekends showed no significant difference between "above" and
"beiew" campground bacteria counts.

Statistical and graphical analyses indicate that the bacteria
groups investigated a.re closely related to the physical pdTrSaCtATS Q£
the stream. In the soring to early summer period, when stream channel
and meadow "flushing out" occurred, significant (9571) correlations be-

tvreen the bacteria groups and flow, pH, turbidity, and sediment were
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common . Conversely, the peak flow to autumn period exhibited a scant
number of bacteria to physical param.eters correlations at the 957, con-
fidence level.

Bacteria-physical parameter correlations vjere far more coiraaon
in 1965--a very wet year--than in the drier year of 1964. High bac-
teria concentrations associated with grazing and irrigation impact ap-
pear to depend on the "flushing effect" of the flooding. All evidence
points to a strong, pos”,tive bacteria-flov/ relationship, with the
"flushing effect" probably of more importance than the volume of water
per se.

Correlations of bacteria groups to pH, turbidity, and suspended
sediment v/ere numerous, however it 1is seen that these sane physical
parameters v;ere also correlated to flot"™~, suggesting a mutual dependency
of the physical parameters as well as the bacteria groups on the key
factor, flow. Partial correlations were carried out to see if remov-
ing the effect of flow on bacteria would reveal significant bacteria-
temperature correlations. The correlations were not improved.

The coliforms, fecal coliforms, and fetal streptococci v;ere
positively related to flow, turbidity, and suspended sediment, but
negatively related to pH at many sites on the watershed.

The broad seasonal trend for the coliform, FC, and FS bacteria
groups xvas similar; (1) loxj xjinter counts prevailed while the water
v/as G° C; (2) high concentrations appeared during the peak flows of
June; (3) a short "post flush" 1lull in counts took place as the hydro-
graph declined in mid-sumir.sr; (4) high concentrations Vere found again
in the late summer period of wan-ner tempera,tures and loxr flows; and

(5) counts declined x/ith the arrival of autumn. The fecal streptococci
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(FS) were different from the other tvro indicator groups in that the
period of moderate flows and cold water in April-Kay showed much higher
counts than commonly shown by the FC or coliform groups. The FC/FS
ratio was seen to be low (less than 1) in early spring, greater in
June--reaching maximums of over twenty during the peak flov/s, and

lower in late summer and early autumn.

, Diurnal fluctuation of water quality is especially distinct in

small mountain streams, where a smaller volume of flow is influenced
by radiation, weather changes, land use impact, end other factors.
The study was not designed to investigate diurnal variations in the
quality parameters, hov/ever these fluctuations of stream environmen-
tal factors vjere seen to complicate analysis and comparison of data
from sites sampled at different times of the day.

At high elevation sites, stream environmental factors depend
greatly on available heat. Water temperature is likely the key limit-
ing factor to biologic productivity in many cold, high ele.vation
streams. Results of the study indicate that tem.perature data should
preferably be taken by thermographs as opposed to instantaneous mea-
surement, so that duration and fluctuation of temperatures may be
evaluated.

Temperature and pH do not respond at the same rate to solar
radiation changes; the resulting difference in response makes statis-
tical comparison of the two parameters difficult. !

Values of pH are dependent, among other factors, on the tur-
bidity of the stream; turbidity regulates intensity cf 1light, thereby
influencing the aii'ount of photosynthesis which occurs. Turbid waters,

allov/ing less photosynthesis, shoo.ld therefore be more acidic.



Sediment of the catchment was found to be slightly acidic--another
fact that would help explain the lov; pH values during high, turbid
flows. To Vhat degree the low pH readings vzere due to decreased
photosynthesis, to what degree to acidic sediment, was not revealed by
the study.

In regard to land use impact measurement, sediment samples
taken from storm runoff peaks are preferable to samples collected at
periodic intervals. Storms were seen to exhibit by far the highest
sediment values. Since "manual" storm sampling is not practical, au-
tomatic suspended sediment sampling devices might be utilized. Tur-
bidity readings could also be used to estimate soil losses. The 5:1
sediment-turbidity ratio from the catchment is in marked contrast with
the 1:1 ratio assumed by certain investigators for their use of tur-
bidity to estimate soil loss.

Strong evidence was shora that in certain streams of the study
area cattle v/ere probably the principal source of coliforra, FG, and
FS bacteria. Results indicated however that the fecal streptococci and
conforms may also be of non-fecal origin. Use of FC/FS bacteria
ratios to distinguish human from animal pollution appears very ques-
tionable under conditions in the study area.

Bacteria concentrations in the strear.is likely depend on the
"flushing effect" of spring flow, summer storms, or irrigation. Low
counts v;ere common to receding hydrographs in early July or in-imediately
following sumirjer storm peak runoff.

Data found was in agreement with observavtions by Morrison and
Fair (1956) that bacteria counts are high in la;te summer periods of

low flow and warmer water temperatures.

m\



97

Recoimnendations for Future Studies d

Several questions arose during the conduct of this study.
Areas of investigation that might be particularly useful in understand-
ing the quality of source-area waters might include:

1. Intensive studies of bacteria pollution indicator groups above
and belov; land use impact, such as logging, road construction,
and camping.

2. Frequent bacteria sampling during the rising limb, peak, and
falling limb of storm hydrographs.

3. Study of relations between pH and suspended sediment, pH

and turbidity.

4. Monitoring of the hour-to-hour variability in bacteria counts.
5. Investigation of the impact of aigae on water quality.
6 . Concentrated studies on the effects of water temperature on

indicator organisms in relatively cold mountain v?aters.

7. Development of an inexpensive technique for measurement of

dissolved solids in very low concentrations.
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TAP.TK A--Maximuin and minimum values attained 1'3 pax'ameters at individual stations in Time Period I,
indicates tliat the value occurred on more than one date.

tion

Date

Dace

Date

Daf.e

Date

10
Date

11
Date

14
Date

15
Date

with date of occurrence;

Temp,
Mxu Max
40 53
4-28 -
33 48
5-30 6-9
38 5/-
4-20 -
40 53
- 5-12
32 50
4-20 5-19
32
4-28 5-19
! 32 4-4
4-28 6-2
33
6-9 6-13
33 43
4-28 5-19

Kin
7.1
»*26

6.9
5-26

6.9
5-30

G.9
5-12

N 3
T .
NN

pH

Max

0.4
5-30

8.0
6-13

8.3
6-11

8.2
6-30

7.8
6-16

Enter icc

Min

)
4-28

10
5-5

40
6-9

100
5-5

50
5-5

40
5-5

90

40
5-5

1000 Colonies

Mao:

100
5-26

130
5-26

200
6-15

420
5-13

80
5-26

100
5-25

500
6-13

40
6-16

500
5-26

Co l.iforms

Colonies
Min Max
(0] 320
- 6-13
[0} cO
10 410
- 6-13
o 500
— 6-13
[0} 170
0o 760
5-19 6-13
(0] 860
5-19 6-2
o 30
6-16 6-9
(6] 840
“ 6-2

Turbidity
ppm
Ilellige
Min Max
0.38 5.00
5-5 5-26
0.44 5.30
5-5 5-26
0.27 2.90
6-23 5-26
0.44 2.10
5-5 6-16
0.50 1.50
4-28 5-19
0.32 2.90
5-12 6-16
0.27 4.10
6-2 6-15
0.17 .34

- 6-30
0.44 3.20
- 5-19

Sus.

Min

Sed,

Max

13
5-19

34
5-26

16
5-19

14
5-19

19
5-12

18
5-30

17
4-28

Dis.

mE

Min

5-30

14
4-28

15

5-30

6-23

10

4-28

5-26

22
6-13

17
6-16

1964

Sol.

Max

74
4-28

93
5-26

114
6-30

84
4-28

67
6-2

61

96

6-30

90
6-30

62
6-9



TABLE B--Maximura and tninimatn values attained by parameters at individual stations in Time Period II, 1964,

with date of occurrence; (=) indicates that the wvalue occurred on more than one date.
l’emp pll Strep. Enterics Goliforms Turbidity Sus. Sed. Dls. Sol,
ca- Colonies 'Colonies Colonies ppm

' PH units per 100 ml per 100 ml per 100 ml Helliee mg/1 mg/1
Min Max Min Max Min Max Miu Max Min Max Min Max Min Max Min Max
I 38 63 6.3 7.9 2 382 200 ~ 0 550 0.28 3.52 0 7 16 70
isate 10-31 8-18 8-4 7-14 _ 8-11 10-31 7-14 - 9-1 10-31 8-4 7-28 - 9-1 10-3
2 35 58 6.7 7.9 0 1800 110 252 o 710 0.56 1.20 o 7 20 80
Date 10-31 7-28 8-4 10-31 8-4 7-21 10-31 10-3 8-11 10-31 11-28 10-31 — 7-21 7-8
39 56 7.0 7.9 2 .272 200 50%* o 340 0.33 3.20 1 7 0 64
Date 10-31 - 9-4 10-31 - 3-11 i0-31 7-14 - 10-3 10-31 11-28 - 9-18 7-14 9-4
4 38 58 6.9 7.9 o 190 50 17 (0] 130 0.33 1.07 (0] 6 0O 158
Date 10-31 7-14 9-4 - - 7-21 10-31 8-18 — 9-4 10-31 8-11 8-18 - 7-21 7-8
S 37 57 7.5 7.9 (0] 56 140 150%* (0] 120 0.30 1.60 0o 9 0o 58
Date 10-31 7-14 8-18 B-4 - 10-3 11-28 7-8 - 8-11 10-31 11-28 — 8-4 - 8-18
10 36 54 7.1 7.9 (0] 38 150 60* 0o 3900 0.38 1.15 0o 14 (0] 56
Date 10-31 7-21 - B-4 - 8-4 7-28 7-8 7-8 7-23 8-18 - 10-3 7-14 7-28
11 35 56 7.0 7.6 o 26 200 100* (o} 350 0.44 1.70 (o} 5 4 122
Date 10-31 7-21 7-28 10-3 - 8-4 10-31 7-8 - 8-18 - 8-U - 10-3 7-8 7-28
14 32 48 7.0 7.8 0 240 30 9 (0] 560 0.33 1.91 (0] 3 (0] 62
G 10-31 10-3 — 10-3 - 10-3 10-3 3-18 - 9-4 7-21 3-11 3-4 - 10-3 7-14
15 35 59 6.9 7.9 (0] 25 15 9 (0] 200 0.56 3.00 o 40 2 24
Date 10-31 7-21 8-18 8-4 - 9-4 10-3 8-18 - 9-4 7—3 10-3 8-18 10-3 8-11 7-28

*EesC possible estimate of dense plate
1000 Colonies
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TABLE C-a-—Maximum and minimum values attained by the physical pa-

rameters at individual stations in Time Period I,

occurrence: (—
Temp.
Sta- oF
tion
Min Max
1 38 53
Date 5-6 5-19
2 36 50
Date 6-1 5-19
3 40 51
Date 6-11 5-19
4 38 48
Date 6-11 5-19
8 37 46
Date 6-11 5-19
10 35 46
Date 6-11 5-1
11 35 45
Date 6-11 5-19
14 Insufficient
15 36 50
Date 4-22 5-19
17 32 35
Date - 6-15

pK
PH units
Min Max
6.6 7.7
6-11 5-J3
6.6 7.9
6-11 6-1
6.7 .8
6-11 -1
6.7 7.9
6-11 5-1
6.5 7.7
6-10 4-22
6.9 7.5
6-11 -
6.4 7.6
5-29 6-4
data 1in this
6.9 7.7
- 6-1
7.1 7.8
6-13 6-1

date.
Turbidity
ppm
Hellige
Min Max
0.82 19.50
5-13 6-11
0.25 25.50
5-13 6-11
0.65 22.30
5-13 6-11
0.44 22.80
5-1 6-11
1.30 19.50
4-22 6-11
0,44 3.20
5-29 5-11
0.3 10.20
5-6 6-9
time period
0.60 7.10
5-29 6-11
0..18 1.75
3-13 6-18

1965,

Sus. Sed.
mg/1
Min Max
0 118
6-4 6-11i
0 178
4-22  6-11
1 184
- 6-11
1 144
— 6-13
1 120
4-22  6-11
0 219
— 6-9
0 84
6-4 6-9
1 85
5-13 6-15
1 17
- 6-18

v?ith date of
) indicates that the wvalue occurred on more than one

Dis. Sol.
mg/1

Min 2
14 79
6-4 6-1
29 145
5-1 5-13
4 93
6-4 5-13
24 54
5-13 6-11
7 205
5-1 5-19
49
6-11 5-18
12 140
- 6-1
9 171
6-4 5-29
8 62
6-4 5-13
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TABLE C-b--Maximum and minimum values attained by the bacterial param-
eters at individual stations in Time Period I, 1965, wv;ith date of oc-

currence; (— ) indicates that the wvalue occurred on more than one date.
Strep. Col iforms Enterics Fecal Colif.
Colonies Colonies Colonies Colonies
per per per per
Station 100 ml 100 ml 100 ml 100 ml
Min Max Min Max Min Max Min Max
1 (0] 344 (0] 1000 (0] 500%* (0] 113
Date — 4-22 5-29 6-11 - 6-11 - 6-11
2 0 32 0 240 (0] 3000%* C 9
Date 6-15 6-11 - 6-11 - 5-19 - 5-29
3 (o) 86 0 750 0 750%* o 72
Date - 6-11 — 6-11 - 6-18 5-1 5-11
4 2 48 o 500 0 2500%* 0 70
Date 5-1 4-22 - 6-10 - 5-19 - 6-11
o 0 215 o 5000 0 200* o 26
Date — 6-11 — 6-10 - 5-29 - 6-11
10 0 184 (6] 460 (6] 200* (0] 20
Date - 5-13 - 6-11 - 6-18 - 6-11
11 o 36 0 680 0 2500%* 0 7
Date — 6-1 - 5-13 - 5-19 — -
14 Insufficient data in this time period
15 iy 440 C 500 o 2000% 0 S
Date - 6-11 - 6-11 - - — 6-9
17 0 18 0 40 0 2500% 0
Date W 5-6 - 6-4 5-18 - 6-9

*Best possib le cstimate for dense plate



TABLE D-a--1TIaKijnum and minimura values attained by the physical pa-

rameters at individual stations in Time Period II, 1965,

of occurrence; (—

Sta-
tion

Date

Date

Date

Date

Date

10
Date

11
Date

14
Date

15
Date

17
Bate

Temp.

Op

Min Max

41 60
7-16 8-10
36 56
9-26 8-5
45 57
6-21 8-26
45 57
6-21 3-5
41 57
6-21 0-5
40 50
16-26 -
36 53
6-18 3-26
33 50
6-26 -
43 53
6——25 -
36 45
7-1 S-5

)

indicates that the value occurred on more than

FH
pH units
Min Max
7.0 8.1
T7=-22 8-26
7.3 8.0
- 8-25
7.2 7.8
- 3-26
7.2 7.9
6-21 8-26
7.1 7.8
6-18 8-26
7.1 7.7
6-21 -
6.4 7.7
6-21 S-26
7.L 7.6
7-22 8-26
7.1 7.7
7-22 9-26
7,0 7.7
7-22 8-19

one date.
Turbidity
ppm
Hellige
Min Max
0.57 13.50
9-26 6-21
0.51 17.00
9-26 6-21
0.65 19.50
7-16 6-21
0.65 17.50
7-15 8-10
0.51 5.00
9-26 7-30
0.70 3.30
9-26 8-10
0.04 2.90
9-26 -
0.01 2.55
8-19 6-26
0.45 2.90
9-26 6-26
0.01 2.55
S-19 6-26

Sus. Sed,

mg/ﬁJ

Min Max

2 59
8-19 6-21
3 101
7-16 6-21
1 70
9-26 6-21
1 207
9-26 6-21
1 63
9-26 5-21
1 29
9-26 6-26
3 31
7-30 6-21
1 unkn.
7-16 -
9 75
9-26 5-21
1 12
9-26 6-25

with date

Dis. Sol.
mg/1
Min Max
29 154
7-30 6-21
46 128
8-19 6-21
37 113
8-19 6-26
132
7-1 6-26
16 91
6-21 7-16
6 73
6-21 6-26
28 87
6-21 6-IS
15 87
6-9 7-16
36 5?
7-1 6-2G
30 92
9-26 6-26
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TABLE D-b.--Maximum and minimum values attained by the bacterial param-
eters at individual stations in Time Period II, 1965, With date of oc-

currence; (— ) indicates that the values occurred on more than one date.

Strep Coliforms Enterics Fecal Colif,
Colonies Colonies Colonies Colonies

per per per per

Station 100 ml 100 ml 100 ml 100 ml
Min Max Min Max Min Max Min Max
1 (0] 146 (0] 300 (0] 1000 (0] 280
Date 6-26 7-1 9-26 8-19 - 7-1 - 7-1
2 . (6] 35 (0] 200 (0] 1000 (0] 22
Date — 7-22 — 8-26 — 7-1 — 7-1
3 (0] 34 0 600 0 1500 (0] 200
Date 6-25 8-19 — 8-19 6-26 6-21 — 7-1
4 2 68 0 600 1 loco 0 26
Date — 6-26 - 8-19 7-16 7-1 — 8-19
g 0 150 (0] 1390 (0] 1800™ 0 500
Date 6-26 7-22 - 7-22 — 7-1 3-5 7-22
10 (0] 10 (0] 340 (0] 1000 (0] 50
Date - 8-19 — 8-19 - 7-1 - 7-22
11 (0] 24 (0] 360 (0] 1000 (0] 106
Date - 7-16 - 8-19 - 7-1 — 7-9
14 0 7 0 350 (0] 10GO 0 3
Date — 8-5 6-26 8-19 — 7-1 — S-19
15 0 10 0 480 0 1000 o 7
Date - - - 8-19 — 7-1 - 7-22
17 (0] 16 C 70 (0] 1000 (0] 70
Date 8-26 —* 3-19 7-1 7-22

*Best possib Is estimate for dense plate



Sta-
tion

Date

Dduo

Date

Date

Date

10
Date

11
Date

14
Date

15
Date

17
Data

TABLE E--Maximum and minimum values attained by parameters at individual stations during

PpH units

Mill
6.7
3-20

6.7
473

=~
|
ol

6.7
3-20

6.5
3-20
6.8
4-13

6.4
3-18

7.0
3-19

7.1
4-13

A

pH

113X
7.8
4-22
7.8
4-22
7.5
3-16
V.5
3-16

7.3
3-19

7.0
3-19

1A
3-20
1A
4-13

7.1
4-13

Strep,
Colonies

per 100 ml

Min

4-13

Mane

4-13

4-13

3-20

3-18

4-13

4-13

Enterics

Min

100 Colonies
per 100 ml

Max

4-13

60
3-18

60
3-18

20
3-18

4-13

of 1964-65.

Coliforms
Colonics
par 100 ml

Min Max
(0] 1
3-18 3-20
0 7

— 4-5
(0] 4

o 0

— 3-20

(0] 16
3-19 4-13
(0] 1

(0] 2

- 4-13

0] %

(0] X

(0] (0]
4-13 4-13

Fecal Colif.

Colonies

per 100 ml

Min

4-13

Max

3-20

3-20

4-13

4-13

3-20

3-20

Sus Sed.

m3/1

Min' Max

2 4
3-16 3-20

- 3-16

- 3-20

3-20 -

4-13 -

3-18

4-15

3-18

4-13

4-13 3-18
3 10
4-13 3-18

1 1
4-13 4-13

Dis

Sol.

m3/1

Min
10
3-18
34
7-16
31
3-19
17
3-19
25
3-19
15
3-18
27
3-20
21
3-20
29
3-18

48
4-13

Max
63
3-16
58
3-20
67
3-20
65
3-18
50
4-13
39
4-13
53
3-18
35
3-19
42
4-13

48
4-13

"winter"

Turbidity
per
Hellige

Min

0.01
3-16
0.18
3-15

0.28
3-16
0.38
3-18
0.56
3-20
0.44
3-18
0.38
4-13
0.50
3-19

0.08
4-13

Max

0.63
3-19

1.50
3-19
0.77
3-19
0.56
3-18
8.00
4-13
0.84
3-19
0.77
4-13
0.62

1.60
3-20

0.08
4-13
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Apr il
May
June
July
Aug
Sept
Oct

"high

1965

March
April
May
June
July
Aug
Sept

"hlg)

F--Comparirion of "high elevation"

"High Elevation

Itontlily mean pH values
for individual stations
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All

.03
.37
.60
.35
.40
.22
.48
.23

.34

.02
.20
.32
.27
.20
.54
.62

.31

"low elevation"

1964

April

May
June
July
Aug
Sept
Oct
Nov

"low elevation"

1965

March
April

May
June
July
Aug
Sept

"low el

stations,
values are alx”ays higher in the loxg’ elevation group.

"Lox7 Elevation

Monthly mean pH values
for individual stations
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showing that pH

All

.72
.60
.78
.63
.50
.38
.60
.75

.62

.22
.55
.50
.30
.45
.60
.67

.47
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TABLE G.--Comparison of the pH values at sampling times during

the spring-summer season at Stations 10 and 11, showing the

difference in pH for 1965 between the two stations. No differ-
ence betv/een the two stations is evident in 1964.

19 6 4 19 6 5
Sample Station Station Sample Stapion Station
10 11 i0 11
April March
28 7,0 6,9 18 7.1 6.4
May 19 7.0 7.0
5 7.9 7.8 20 7.1 6.6
10 7.3 6.9 April
19 7.3 6.9 13 6.8 6.7
26 7.2 7.2 22 7 7.3
30 6.9 7.2 May
June 1 7.3 6.9
2 7.4 7.2 6 7.3 6.7
9 7,1 7.6 13 7.5 7.2
13 8.0 8.3 19 7.4 7.2
16 7.5 8.1 29 7.4 6.4
23 7.5 7.5 June
30 7.5 7.5 1 7.5 7.5
July 4 7.3 7.6
8 7.2 7.3 9 7.2 7.0
14 7.5 7.6 11 6.9 6.7
21 7.6 7.1 15 7.1 7.2
28 7.4 7.0 18 6.9 7.0
August 21 7.1 6.4
4 7.9 7.2 26 7.4 7.2
11 7.4 7.5 July
18 7.1 7.3 1 7.2 7.2
September 5 7.2 7.0
4 7.3 7.1 9 7.3 7.4
October 16 7.3 7.1
3 7.1 7.6 22 7.3 7.3
31 7.6 7.5 30 7.5 7.4
August
5 7.7 7.4
10 7.7 7.3
19 7.4 7.3
26 7.6 7.7
September
26 7.6 7.5
Annual 740 7.38 Annual 7.30 7.09

mean mean



TABLE H-—-Parts per raillien of chemical components for selected samples throughout both sampling
season! , showing general range of concentrations common on the watershed.

Station Date Ca Mg Na K co3 KCo03 Ccl S04 NO3
1 6-13-64 4.0 3.6 2.0 0.0 0.0 12.2 4.0 7.4 0.6
1. 6-7.3-64 2.0 7.3 0.0 0.0 2.4 9.8 4.0 14.0 0.0
1 7-28-64 2.0 8.5 0.0 0.0 0.0 12.2 4.0 6.6 0.0
? 8-11-64 4.0 12.2 0.0 0.0 0.0 14.6 4.0 7.4 0.6
1 3-18-65 4.0 4.9 0.0 0.0 4.8 17.1 4.0 19.8 1.3
! 3-18-65 2.0 7.3 0.0 0.0 2.4 22.0 4.0 13.2 0.3
8 3-13-65 2.0 8.5 0.0 0.0 4.8 14.6 6.0 9.1 0.3

14 3-19-65 2.0 6,1 0.0 0.0 0.0 17.1 4.0 4.1 0.8
15 3-19-65 2.0 9.7 0.0 0.0 4.8 1 2.0 9.9 0.0
1 3-19-65 2.0 6.1 0.0 0.0 2.4 22.0 4.0 8.2 0.0
1 5-1-65 4.0 4.9 2.8 1.0 0.0 31.7 6.0 18.9 1.4
1 5-19-65 4.0 6.1 2.8 1.0 0.0 29.3 8.0 46.1 1.4
1 6-15-65 2.0 10.9 2.0 1.0 0.0 14.6 6.0 12.5 1.1
1 6-26-65 2.0 5.1 2.0 1.0 0.0 12.2 4.0 4.6 1.1
1 7-1-65 2.0 4.9 1.5 1.0 0.0 12.2 4.0 23.9 1.1

1 7-16-65 4.0 2.4 1.5 1.0 0.0 19.5 8.0 4.7 1.1
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TABLE I-a.--Total bacteria observations in thousand colonies per
100 ml for main stem stations, 1964.

Station

Date .

11 10 4 3 1 Main

Stem X

4-28 13,000 130 20 110 30 2,658
5-5 360 30 20 50 20 96
5-12 300 120 120 20 60 124
5-19 400 650 450 20 180 340
5-26 - 550 400 260 790 500
5-30 350 120 80 550 500 320
6-2 500 160 60 2 100 164
6-9 30 20 10 (o - 15
6-13 4,000 - 4,000 30 20 2,012
6-16 70 - - 340 50 153
6-23 160 110 7,000 80 180 1,506
6-30 400 - 120 ca.llo - 210
7-8 880 280 40 50 o~ 250
7-14 480 200 90 450 130 270
7-21 180 400 3,000 300 1,000 976
7-28 20 100 20 - 190 82
8-4 60 200 80 330 520 238
8-11 420 60 130 450 100 232
8-18 170 10,000 80 20 670 2,188
9-4 20 500 70 430 20 208
10-3 210 80 120 ' 40 1,200 330

*"Zero counts" actually mean the count is less than 10,000,
since each colony on the plate represents 10,000 colonies/100 mlj
due to the dilution used.
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TABLE I-b.--Total bacteria in thousand colonies per
100 ml for tributary stations,

Date

10

20

280
450
60

200

10
40

30
100

20

900
4,000
8,000
350
800
80
100

3,000

Station

8

150

30

220

630

40

SO

20

80

860

120

250

1,700

60

20,000

70

190

250

500

450

14

70

30

170

120

350

270

40

120

350

140

130

1964,

15

5,000

600

10,000

1,200

10

40

60

880

30

500

100

550

50

200

530

650

500
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TABLE J"-Coliforms (COLIF), fecal streptococci (FS), and total bacteria
(TOT BAG) per ICO cil for "holiday" samples, above (A) and below (B)
campgrounds in 1964. In 1965 fecal coliform (FC) counts are listed in
place of total bacteria. Tom Bennett Campground (A) is Station 11; (B),
Station 10. Fish Creek Camipground (A) is Station 3; (B), Station 4,

(— Mmeans no data collected.

Holiday Samples
————— muu WATER

Place Year Date Site Time COLIF F'S °
TOT BAG TEMP °F

Tom 1964 7-3 A 1130 180 0 50 43

Bennett 1 A 1130 350 0 10 43

i B 1130 90 0 void 43

n B 1130 10 0 110 43

7-6 A 1600 180 8 1,060 55

n E 1630 120 4 1,350 55

7-7 A 0730 330 0 330 43

! B 0750 320 6 260 44

" A 1610 130 0 620 55

n B 1620 340 0 void 55

9-3 A 1340 void 0 170 53

N A 1340 10 - - 100 53

n B 1400 30 0 120 53

It B 1400 20 - 140 53

9-10 A 1200 0 14 8,000 52

" A 1200 0] 4 20,000 J

1 B 1220 0] 44 400 52

t B 1220 0] 22 460 52

1965 7-3 A 1120 60 8 O*. 46

" B 1130 140 12 o* 47

Fish 1964 7-3 A 1200 0 1 540 et

'Creek 1 A 1200 30 0 void 50

n B 1210 180 33 void 51

B 1210 150 30 void 51

7-G A 1650 120 18 1,400 58

M B 1700 330 0 400 58

7-7 A 0810 330 4 130 48

t B 1830 130 o} 470 49

1 A 1650 400 0] 1,100 58

M B 1700 280 0 1 59

9-a A 1420 40 o 200 55

1 A 1420 0 - - 530 55

" B 1430 20 10 530 55

" o 1430 10 - 610 55

9-10 A 1320 0 12 SO 58

” A 1320 0 16 340 58

t B 1340 0 66 600 58

§ 3 1340 0 28 void 53

1965 7-5 A 1320 220 12 8= 52

B 1330 100 10 16* 53

'Indicates FC councs in colonies/100 ml
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TABLE K"-SaiaplGS collected during summer storms,
showing turbidity, suspended sediment, temperature,
and dissolved solids wvalues.

Storm Samples, 1964

Date Station Time Turb. S3 Temp DS
7-21-64 ii 1750 5.00 void 40 65
" 15 1800 0.77 13 38 40
" 10 1810 0.62 8 41 16
i 14 1850 0.56 void 38 120
" 11 1920 0.44 10 41 28
8-2-64 11 1533 65.00 233 54 (0]
" 11 1550 16.50 54 54 0
! n 1558 5.00 15 54 1
" 11 162.6 0.56 8 54 1
" 11 1645 0.70 8 54 0]
Storm Samples, 1965
6-15-65 15 1450 2.90 34 48
N 17 1550 2.90 59 - 68
! 10 1630 1.20 24 -- 61
" 8 1710 11.00 95 - - 74
. 4 1720 .11.00 57 - - 38
" 11 1836 3.30 52 - - 52
" 17 1900 3.30 102 - - 12
! 15 1920 0.65 68 - - 46
" 10 1930 9.55 93 2
! 8 1950 46.00 596 —~ 88
7-22-65 10 1310 475.00 724 52 52

11 1300 12.00 50 52 .27
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TABLE L--Samples collected during "winter," iced-over conditions
of March, 1965. Values by stations for p, turbidity, suspended
sediment, dissolved solids, coliforms, fecal streptococcus and
fecal coliforms.

Winter Samples

Date station Tims pH Turb. ss DS COLI FS
3-16-65 1 0915 7.3 0.05 2 63
£ 2 1230 7.3 0.22 6 50 -- --
£ 2 1400 7.3 0.01 5 34 --
n 3 1430 7.5 0.18 1 47 - - - -
g 4 1500 7.5 0.28 4 50 -- --
3-18-65 14 0730 7.1 0.45 9 29 o 4
£ 10 0835 7.1 0.63 8 15 10 0
£ 15 0900 7.1 0.56 10 29 o 0
£ 1 1340 7.5 0.50 3 10 0 0
¢ 2 1410 7.0 0.50 4 53 o 0
f 3 1420 7.4 0.22 3 61 0 0
i A 1440 7.0 0.55 4 65 0] 0
v 8 1530 7.1 0.38 4 29 140 6
' 11 1530 6.4 0.44 53 0] 0
3-19-65 14 0710 7.1 C.62 3 35 o o
ft 15 0820 7.0 0.50 2 34 0 0]
ft 10 0810 7.0 «0.54 2 28 0] 0
n 11 0920 7.0 0.77 2 35 0 2
n T 1300 7.5 0.63 2 50 0 0
t 2 1340 7.4 1.50 1 56 0 0
" 3 1350 7.4 0.77 1. 31 0 0
ft 4 1400 7.4 0,50 3 17 0 0
" 8 1450 7.3 0.56 4 25 0 0
3-20-65 14 0630 7.4 0.62 4 21 10 0
ft 10 0745 7.1 0.56 3 25 10 0]
! 15 0800 7.2 1.60 2 39 12 0]
N 11 CS00 6.5 0.63 2 27 4 2
t 4 1540 6.7 0.50 2 34 24 2
“ 3 1550 7.5 0.63 r 67 14 0
" 2 1600 6.5 0.8i 3 53 6 o}
ft 1 1640 6.7 0.44 4 28 6 0
t 8 loco 6.5 0.50 ‘. — 26 o)

FC

NS>0 O O O OO
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STATION 11

©

stationIO

© © @ © ©

starion 4 © @1/ 0 — @ _

STATION 3

tp”temperature fl=flow PH-pH

tu=turbidity ss=su3pended sediment ds=dissolved solids
to»total bacteria st”fecal streptococci co=coliforrc3
en=cnterics (enterobacteria) 1/ no data

Positive correlation at 95% level of significance-—-—--—- , positive
99%"«--~—» ; ‘negative 95%------ , negative 99%*“ “* |  Sample slze=n.

Figure A-a-"Significanc correlations betucon all parrlU-.eters by inc
vidual stations for Tine Period I, 1954 (frc-.u initial spring n-.elt
until peak flo'?).
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© © ©

starzon 15 Q e © n: o9

STATION 8 n=9

©

STATION 2

Time Period I, 1964
tp=tempera ture fl=fiow pn*pH
tu=turbidicy ss=*suspendcd sediment ds=dissclved solids
to=total bacteria st=i'ecal streptococci cc=coliforms
en=enteric3 (enterobacteria) Jy no data

——— , positive

Positive correlation at 957. level of significance
Sample sizc“n.

99% ..... negative 95%-——-—————— , negative 99%™”

Figu:.2 A-b'-SigniEicant correlation:: betveeri all parameters by indi-
vidual stations for Tine Period I 1%'i- (iron initial spring ncit

until peak flow).
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© © ® © @

STATION 11

© ®

STATION 10 (R) n: 7

STATI ON 4 (to e © n=8

© ® @ ®

STATION © (@ —— () nis

©

STATION

Tima Period II, 1964
tp=temperacure fl=flow pR”"pH
tu=turbidity ss=suspend2d sediment ds=dissolved solids
to=total bacteria St-fecal streptococci co=coliforms
en=enterics (enterobacteria)
Positive correlation at 957, level of significance—————- , positive
997.-'.... »;, negative 957,-———-—-—- , negative 99'!i"~"*~~  Sample size=n.

correlations betw-en all parair.accrs by indi-

Fig'are A-c--3'.gnificarii;
(fronj peak, flo'.; until autumn).

vidual statlon-j for Time Period II, 1S64
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© ®

STATION 15 n=4

STATION 8

Time Period II, 1964

tp=temperature fInflow PH“pH

tu=turbldlty S3«suspended sediment ds=dissolved solids
to=total bacteria 3t“fecal streptococci  co=coliforms
en»*enterics (enterobacteria)

Positive correlation at 957, level of significance- - , positive
99X*<>=— e ; negative 957.— — , negative 99%*“™ *» Sample size”n.

Figure A-d--Sig'aifleant correlations between all parameters by indi-
vidual stations for Time Period II, 1564 (from peak flow until

autumn) .
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©

STATION 11

©

STATION 4 n=1
STATION 3 n s11
Tima Period I, 1965

Cp*temperature fl=flow pH=pH

tu»turbidity 3s=suspended sediment ds=dissolved solids

fc=fecal conforms st=fecal streptococci co“coliforms

en=enteric3 (enterobacteria)

Positive correlation at 95% level of significance------- , positive

9og™" '; negative 95%-—---—-- , negative 997.% " “~ | Sample slze«n.
Figure A-e--Sigr.irics::-: correlations betr'cen all pararfioters by indi-

vidual statio-is ter Time Period 1, 1965 (fretn initial spring melt

until peak flc..").
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©

starron 17 9 (Sk. o n: 7

©

STATION 15

STATION 8 n :11
n ilo0
Time Period I, 1965
tp=tempe raCure fl=flow pH=pH
tu«turbidity ss=suspended sediment ds=dissolved solids
fc” fecal conforms st=fecal streptococci co=>coll forms
en=enterics (enterobacteria)
Positive correlation at 95% level of significance------- » positive
99%- Hm ; negative 95%------—- , negative 99%— — . Sample size=n.

Figure A-f--Significatjt correlations between all parameters by indi-
vidual stations' for Time Period I, 1955 (from initial spring melt

until melt until peak rlo”;).



123

sTATION 11 n:6

©

sTaTioN 10

©

STATION 4

©

STATION 3 nr 7

©

STATION

Time PsrlCKl II, 1965

tp-teraperacuTre £1=flo’/( pH=pH

tu=turbidity ss“3uspended saditient ds=dissolved solids
fc” fe.cal collfonna 8t»fexal streptococci co”collforms
en«enterics (eaterobacteria)

Positive correlation at 957. level of significance- positive
99% — — ¢ ; negative 95%--—-———- , negative 9 9 $ @ — . Sample size“n.

Fig<.ire A-g--Sii'inific.'p.t correlations baC'/acn all pararr.atars by ir.ii-
viduai stations for Tivse Period Ti, 1953 (frori peak flov/ until

autuirn) .
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©

STATION "7 © © ne
Q@r
sTATION 15 OA M AD A A0O n= 6

Time Period II, 1965

tp=temperature fI»flow pH=pH
tu=turbidity 83=suspended sediment ds=dissolved solids

fe»fecal ccliforms st=fecal streptococci co=coliforms
en=enterlcs (enterobac terla)

Positive correlation at 957, level of significance- positive
997. — ; negative 957,-————- , negative 992 — " . Sample slze=n.

correlations between all parameters by indi-

Figure A-h--Significar.!:
(i-rora peak flow until

vidual stations for Tune Period II, 1955

autumn) .
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70h
60 Station 17
Mean Maximum
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f
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Figure B--Nean monthly maximum and minimum air and water temperatures
during 1964-65 at Stations 1 and 17.
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Figure C--Honthly mean values plotted for flov,
pH, temperature, dissolved solids, and coliform
bacteria for Station 1, 1964 and 1965.
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Figure D-'i-Tonthly mean values plotted for flow,
pH, tsraparature, dissolved solids, and colifcrn
bacteria for Station 2, 1964 and 1965.
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Figure E--Monthly mean values plotted for flow,
PH, temperature, dissolved solids, and coliforia
bacteria for Station 3, 1964 and 1965.
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Figure F--Honc;hly inecn values plotted for flow,
PH, temperature, dissolved solids, and coliform
bacteria for Station 4, 1954 and 1965.
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Station 8, 1965

Figure G--IIonthly mean values plotted for Slow,
PH, temperature, dissolved solids, and .coliform
bacteria for Station 8, 196A and 1955.
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Station 10, 1964

Figure H--IIonthly mean values plotted fpr flov/,
PH, temperature, dissolved solids, and coliform
bacteria for Station 10, 1964 and 1965.
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Figtire I--iionthly mean values plotted for flo",/,
PK, temperature, dissolved solids, and colifonu
bacteria for Station 11, 1964 and 1965.
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Figure J--I-!onthly mean values plotted for flow,
PH, tenperature, dissolved solids, and coliform
bacteria for Station 14, 1964 and Station 17,

1965.



139

Figure K--1'Ionthly moan values plotted for flow,
pH, teaperature, dissolved solids, and cbliform
bacteria for Station 15, 1964 and 1965.



