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ABSTRACT

During September, 1976, a study was conducted by the Environmental
Protection Agency, Region VIII, to determine existing nutrient and organic
loadings to Green Mountain Reservoir, present trophic status of the
reservoir, and possible effects of increased nutrient addition on algal
growth potential. Sampling was conducted during a four day period, with
additional samples collected in November, 1976.

Samples in Green Mountain Reservoir were collected at quarter points
along six transects, three depths per sampling site. Samples were also
collected from the Dillon-Silverthorne STP, the mainstem Blue River,
and eight tributaries in the lower Blue River drainage.

0f the computed total phosphorus and total nitrogen loadings to
the reservoir, 12.8% and 7.0%, respectively, were attributable to the
Dillon-Silverthorne STP. Non-point loadings from the lower Blue River
drainage (omitting the discharge from Dillon Reservoir) comprised
51.1% of the total phosphorus and 36.4% of the total nitrogen entering
Green Mountain Reservoir. Results of the laboratory algal assays indi-
cated phosphorus limitation at all stations with micronutrient limitation
also evident at stations 3b and 6b. On the basis of chlorophyll a and
primary productivity values, Green Mountain Reservoir, at the time of
sampling, was oligotrophic. Dry weight yields in the algal assays indicated
that potential primary productivity was moderate at the time of sampling.
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INTRODUCTION

In 1974, a study of Dillon Reservoir and the upper Blue River drainage
was conducted to assess the trophic status of the reservoir and determine
the possible effects of nutrient addition (EPA, 1974). The study was in
partial fulfillment of a commitment by the Environmental Protection Agency,
Region VIII, to study the entire Blue River Basin. The present study of
Green Mountain Reservoir and the lower Blue River drainage, a project
similar in scope to the Dillon Reservoir study, fulfills that commitment.

The investigation was conducted over a four day period in September,
1976, with additional samples collected during November, 1976. The study
objectives for the Green Mountain study were similar to those of the Dillon
study:

1. Determine the existing nutrient levels in Green Mountain Reservoir,

2. determine the organic and nutrient loadings from the major tribu-
taries in the lower Blue River drainage,

3. determine the organic and nutrient loadings from municipal waste-
water treatment facilities discharging into the lower Blue River
drainage, and

4. determine the probable consequences of increased nutrient concen-
trations on algal growth potential.



SUMMARY AND CONCLUSIONS

A water quality study was conducted by the Environmental Protection
Agency during September and November, 1976 in the lower Blue River drainage,
including Green Mountain Reservoir, in order to assess the trophic status
of the lake and the possible effects of nutrient addition on algal growth
potential. Water samples were collected from eight tributaries to the Blue
River, the Dillon-Silverthorne Sewage Treatment Plant (STP), four mainstem
Blue River locations, and along six transects of the reservoir.

The Dillon-Silverthorne STP and each stream location was sampled three
times during a four day period for 19 water quality parameters. Measure-
ments for several common parameters (temperature, pH, D.O., conductivity,
BODg and TSS) were generally indicative of high quality water in the lower
Blue River drainage. Evidence of possible microbiological pollution, as
indicated by fecal coliform measurements, was found in Otter Creek (597 FC/
100 m1). Runoff from livestock grazing areas is considered the 1ikely cause
for the high coliform counts in Otter Creek. Metals data indicated that
concentrations of total molybdenum, iron, and zinc exceeded recommended
EPA criteria and/or proposed Colorado water quality standards. The
molybdenum criterion of 10 ug/1 was exceeded by a factor of 10 in the Blue
River, while the proposed total iron and zinc standards (500 ug/1 and
50 ug/1, respectively) were only slightly exceeded.

Measurements of total nitrogen (T-N) and total phosphorus (T-P)
indicated the following:

1. The only point source in the lTower Blue River drainage, the Dillon-
Silverthorne STP, contributed 7.0% of the T-N and 12.8% of the T-P
entering Green Mountain Reservoir during the study period. The
phosphorus load of 0.78 kg/day (1.73 1b/day) was substantially
less than the wasteload allocation of 1.42 kg/day (3.13 1b/day).

2. The nonpoint nutrient load from the lower Blue River drainage
(excluding the contribution from Dillon Reservoir) comprised 36.4%
of the T-N and 51.1% of the T-P entering Green Mountain Reservoir.

3. The discharge from Dillon Reservoir comprised 56.6% of the T-N
and 36.1% of the T-P entering Green Mountain Reservoir.

4. Nutrient measurements obtained during this study were generally
in agreement with the results obtained during the 1974-1975 EPA
National Eutrophication Survey on Green Mountain Reservoir.

5. The Black Creek and Otter Creek drainages had the highest total
phosp?orus export rates (approximately 5 and 6 kg/kmé/yr, respect-
ively).



On the basis of chlorophyll a concentrations, primary productivity
values, and plankton cell counts, Green Mountain Reservoir, at
the time of sampling, was oligotrophic.

Algal assay results indicated that phosphorus was the limiting
nutrient in Green Mountain Reservoir. A concurrent micronutrient

limitation was also noted for samples collected from stations 3b
and 6b.



DESCRIPTION OF STUDY AREA

Located west of the Continental Divide, Green Mountain Reservoir is
an impoundment of the Blue River situated 40.2 km (25 mi) downstream from
Dillon Reservoir and 24.1 km (15 mi) upstream from the town of Kremmling,
Colorado (Figure 1). Approximately 48.3 km (30 mi) downstream from the
dam, the Blue River joins the Colorado River.

Green Mountain Reservoir was the initial feature of the Bureau of
Reclamation's Colorado-Big Thompson Project, a trans-mountain diversion
project to supply water from the Colorado River on the western slope of the
Divide to the eastern slope for multiple purpose usage. The reservoir,
which was created mainly for replacement of project-induced water shortages,
also has power production capabilities. Completed in_the Spring of 1943,
Green Mountain Dam created a reservoir of 191 x 106 m3 (154,645 acre-feet)
total capacity of which 64 x 106 m3 8523000 acre-feet) are reserved exclus-
ively for replacement while 117 x 106 m> (94,888 acre-feet) are for power
production. Inactive storage (dead storage) is 10 x 106 m3 (7,757 acre-
feet) (U.S.B.R., 1957).

The Blue River is the major tributary of Green Mountain Reservoir,
comprising approximately 70% of incoming flows (EPA, 1976b). Flow in the
Blue River is, for the most part, requlated upstream by Dillon Dam.
Between Dillon and Green Mountain Reservoirs, the Blue River flows through
an area comprised of several different types of land uses. These types
include mountainous forest lands, open meadows utilized for livestock
grazing, 1ight agricultural lands (hay fields), scattered vacation and/or
retirement homes, and 1ight residential/commercial lands. Because of the
area's highly desirable natural setting and its proximity to several major
skiing areas, the Blue River basin is the focus of considerable debate
concerning future growth patterns.
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METHODS AND MATERIALS

GENERAL

Water quality sampling during the September, 1976 survey consisted of
two major parts: (1) the main body of the reservoir and (2) the tributaries
and associated sewage treatment plant. Six transects were established on
Green Mountain Reservoir with samples collected at quarter points on each
transect (Figure 2). At each sampling location on each transect, water
was collected one meter below the surface, at the thermocline (plane of
maximum temperature gradient) and approximately 2 meters above the bottom.
In the event that the water depth at any sampling location was less than
the mid-channel thermocline depth, samples were collected only at the
surface and the bottom. Sampling stations were also located on nine tribu-
taries in the lower Blue River drainage- Blue River, Cataract Creek, Otter
Creek, Black Creek, Slate Creek, Boulder Creek, Rock Creek, Willow Creek,
and Straight Creek (Table 1). Samples were also collected from the Dillon-
Silverthorne Sewage Treatment Plant (STP). Figure 1 shows the respective
locations of the tributary sampling stations.

A1l water samples collected were "grab" type samples. Samples from
the reservoir were taken with a polypropylene Kemmerer water bottle. Samples
for nutrient (TKN, NH3, NO, + NO3, T-P, ortho-P) and metal (total and dis-
solved Si, Mo, Fe, Zn, Cu) analysis were placed in plastic cubitainers and
preserved with 4 ml HgClp per liter and 5 ml1 HNO, per liter, respectively.
Aliquots for dissolved metals were field fi]terea with a 0.45: filter
prior to preservation. In addition to collection of metal and nutrient
samples, field determinations for temperature, pH, dissolved oxygen, and
conductivity were made. Also, at all tributary sampling stations and the
Dillon-Silverthorne STP, samples were collected for 5-day biochemical oxygen
demand (BODs), total suspended solids (TSS), and total and fecal coliform.
A11 total and fecal coliform analyses were conducted by Membrane Filter
(MF) technique unless the Most Probable Number (MPN) value is shown, indi-
cating the alternate technique was used. Where possible, instantaneous
stream flow measurents were also made using an electromagnetic current
meter,

~ Temperature and depth profiles were recorded at each lake transect.
A direct read-out thermistor-thermometer equipped with a 62 m (200 ft)
cable was used to establish the temperature gradients. Depth profiles
were determined using Sonar. |

A submarine photometer was used to determine the depth of the euphotic
zone (1% level of 1ight penetration) at transect mid-points. Determination
of the euphotic zone was necessary prior to collection of euphotic zone
composite samples for a‘ga1 assays and collection of samples for primary
productivity studfes (C'®)., Methodology employed in determining the algal
grow?h potential of the reservoir water 1s discussed in detail in a separate
section. ' ’

7



Table 1. Description of sampling station locations in the lower Blue River drainage., Colorado.

Station No.

BR-1

SC-1
WC-1
DS-STP
BR-2

RC-1
BC-1
SLC-1
BR-3

BLC-]
0C-1
cC-1
BR-4

River

Kilometer

63.1

62.9
59.7

57.6
52.5

49.9
47.6
40.9
35.1

22.5

River
Mile Description
39.2 B]ug River jmmediate]y downstream from Dillon Reservoir at USGS
gaging station
39.1 Straight Creek at mouth
37.1 Willow Creek at Highway 9 Crossing
35.8 Dillon-Silverthorne Sewage Treatment Plant effluent
32.6 Blue River at point where river bends close to Highway 9,
approximately 2.6 km (1.6 mi) upstream from Rock Creek
31.0 Rock Creek at Highway 9 crossing
29.6 Boulder Creek at Boulder Creek Picnic Ground
25.4 Slate Creek at mouth
21.8 Blue River at Highway 9 crossing at upstream end of Green
Mountain Reservoir
- Black Creek at Heeney Road crossing
- Otter Creek at Heeney Road crossing
- Cataract Creek at Heeney Road crossing
14.0 Blue River immediately downstream from Green Mountain Reservoir

at USGS gaging station




Primary pro?xctivity was estimated by measuring the uptake of radio-
active carbon (C!%) by the indigenous phytoplankton. The methodology
employed was that outlined in Standard Methods, 14th Edition, 1975.
Estimates of primary productivity were made in duplicate at three depths

at stations 1b, 3b, and 6b. Samples were collected at three-meter intervals
from the surface to the lower level of the euphotic zone. Light energy
during the incubation period and daily photoperiodsweremeasgred with a
pyroheliometer, with values reported in gram calories per cm® per day.

Water samples for the C14 study were collected at 3 depths with a
polypropylene Kemmerer water bottle and placed in 300 ml BOD bottles.
At each depth two of the bottles were unaltered for use as light bottles
while light penetrat1?n was eliminated from the two remaining bottles.
Five microcuries of C!4 as sodium carbonate in solution were added to each
bottle. After inoculation, the bottles were suspended at the original
depth of collection and incubated four to six hours. Following incubation
300 ml1 were filtered through 0.45u membrane filters which were then

stored in a desiccator.

Upon arrival at the laboratory, the filters were dissolved in 2 ml
of dimethyl-foramide in a liquid scintillation counting vial and filled with
Cab-0-Sil. The Cab-0-Si1 was then dissolved with 15 m1 of 1liquid
scintillation counting media (Permafluor). Samples were counted for
20 minutes by a Packard liquid scintillation counte{ Model 3390, Counting
efficiency was determined by measuring a standard Cl4 solution.

Carbon assimilation was determined using the following formula:

1.06 (A/t - B) C-D-E-103
2.22 F-G-H-J x 106

C mg/m3/day =

mg Carbon/m3/day x euphotic zone depth (m) = mg C/mz/day
Where: a B

Ratio of ¢12/c14 uptake rates
Total counts of sample
Counting.time in minutes
B = Instrument background in counts per minute
C = Volume inoculated in C-14 ‘
D = Carbon-12 concentration in sample media. mg/]
E = Total photic period = i
103 = Conversion of 1iters to cubic meters
2,22 = Conversion factor for disintegrat1on per min. to pC1
- F = Counting efficiency, counts per min. /disintegration pﬁr min.
G = Volume of sampled filtered (300 m1)
H = Amount of C-14 added to sariple, uCi- L
J = Incubation period in. same units as photic period ,

106 = Conversion of pCi to uCi

1.06
A
t



Chlorophyll a concentrations were determined for individual depth
samples and for each euphotic zone composite sample (see Methods and
Materials - Algal Assayg. The methodology employed was the trichrometric
procedure as outlined in the EPA Biological Methods Manual (1973).
Phaeophytin a concentrations were also determined.

Phytoplankton concentrations were determined for an aliquot of each
euphotic zone sample collected only during November. Samples were placed
in cubitainers, preserved with formalin, and stored in the dark until analysis.
Phytoplankton were enumerated following the general sedimentation procedures
outlined in Schwoerbel (1970) and Vollenweider (1969) for inverted microscopes.
Phytoplankton were identified to the lowest taxonomic Tevel possible using
the keys of Smith (1950), Patrick and Reimer (1966), Ward and Wipple (1959),
and Weber (1971). '

ALGAL ASSAY

Water was collected from three locations on Green Mountain Reservoir,
(stations 1b, 3b, and 6b) on November 17, 1976 (Figure 2). A euphotic zone
composite sample was collected for use as the algal assay test water. At
each station, equal-volume water samples were collected at two-meter intervals
~in the euphotic zone and composited in a 3.78 liters carboy (pre-washed with
10% HCL). Aliquots of the composite sample were withdrawn and preserved
for nutrient and metal analysis (4 ml HgCly per liter and 5 ml HNO3 per
- 1iter, respectively). Separate aliquots were also taken for chlorophyll
analysis and phytoplankton counts. In addition to the composite sample,
water for nutrient determinations was collected at a depth of one meter,
at the mid-depth of the water column and at two meters above the bottom
at all three sampling stations. Temperature, dissolved oxygen concentration,
pH and conductivity were also recorded at each sampling location and depth.
After compositing the euphotic zone samples, the algal assay test water
was refrigerated and transported to the laboratory.

Upon arrival, the test water was transferred to glass media bottles
and autoclaved for 30 minutes at 121 C, After cooling, the test waters were
carbonated with a mixture of 1% CO» in air until the original pH was
obtained. The samples were then filtered through a 0.45uy Millipore filter
to remove any particulate matter which would interfere with the electronic
particle counter (Coulter Model ZBI). An additional aliquot of the auto-
claved and filtered composite samples was then removed for nutrient analysis
to note any changes in chemical composition of the test water.

A1l algal assays were conducted following the procedures outlined in
the Algal Assay Procedure, Bottle Test (EPA, 1971). Selenastrum capricornutum
Printz was used as the test alga. Assays were conducted in triplicate using
250 m1 wide mouth Erlenmeyer flasks, each flask containing 100 ml total
volume of culture. Each test flask was inoculated from a 7-day old stock
culture to yield a starting concentration of 1 x 103 cell/ml. A1l flasks
were then incubated for 14 days in a Psycotherm Incubator at 24 %+ 0.5 C.
Al11 flasks were continuously illuminated with cool-white fluorescent 1ighting
of 400 ft-c (4303 lux).
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RESULTS AND DISCUSSION

RESERVOIR - PHYSICAL AND CHEMICAL CHARACTERISTICS

The complete tabulation of results of physical and chemical parameters
sampled at each depth at each station in Green Mountain Reservoir is given
in Appendix A.

Temperature

Figures 3-5 and Appendix B show the thermal and depth profiles deter-
mined at each of the sampling tansects during the September, 1976 survey,
respectively. In general, temperature gradients were similar at all stations.
Surface temperatures ranged from 15-18 C (mean - ca. 16 C), while the
temperatures at 15 meters (49 ft) and 30 meters (98 ft) ranged from 14 to
15.3 C and from 12 to 13 C, respectively. At 45 meters (148 ft) temperatures
ranged from 9.5 to 10 C and averaged 9.8 C. During the November sampling,
Green Mountain Reservoir was essentially isothermal. Surface temperatures
were 7 C while temperatures at 45 meters (143 ft) were 6.5 C.

In general, these findings are in agreement with previous studies
(Nelson, 1955 and 1971). Nelson (1955) reported that during 1949 and 1950,
thermal stratification existed in Green Mountain Reservoir from June through
‘August. Maximum temperature gradients, however, rarely exceeded 1.0 C per
meter (2.75 F per 5 ft). Thermal conditions in the upper end of the reservoir
were reported to have reflected the thermal characteristics of the incoming
Blue River.

pH

During the September survey, pH values were generally uniform through-:
out the reservoir. Values for pH for all sampling stations at surface, mid,
and bottom depths ranged from 6.5 to 7.6, 6.4 to 7.3, and 6.3 to 7.3, respect-
ively. The mode pH at surface, mid, and bottom depths was 7.3, 7.2, and
7.1, respectively, while median pH for surface, mid, and bottom depths was
7.2, 7.0, and 6.9, respectively. During November, pH values at all stations
and depths sampled were s1ightly higher than recorded in September.

Dissolved Oxygen Concentration

During the September survey, dissolved oxygen concentrations of surface
samples (1 m depthy were similar throughout the reservoir, ranging from 6.9

to 7.6 mg/1 0o and averaging 7.1 mg/1 O2. In general, dissolved oxygen
concentrations decreased with depth at all sampling stations except along
transect 6, the furthest upstream transect. Samples collected along

transects 1, 2, and 3 in the downstream half of the reservoir showed lower
concentrations of dissolved oxygen than did samples collected at similar depths
along transects 4, 5, and 6, a condition 1ikely indicative of the influence

-1



Figure 3.
Reservoir, Colorado.
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Figure 4, Temperature profiles recorded at transects 3 and 4, Green Mountain
Reservoir, Colorado.
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Figure 5. Temperature profiles recorded at transects 5 and 6, Green Mountain
Reservoir, Colorado. ' '

depth (ft)

depth (ft)

125

150

29

oJ

75

100

Jepth (m)

depth (m)

IR =

2y =

40 b=

Station 5-b
9-13-76

[$2]

< CF__

200F

Station 6-b
9-13-76

| }

15 20

14

10

(&34

Temperature (°C)

15 20



by the Blue River. The lowest dissolved oxygen levels recorded (4.0 and
4.1 mg/1) were from bottom samples at stations 1b and 2b (67 and 58 m depth,
respectively).

Nutrients

Ammonia concentrations were, in general, low throughout the reservoir,
The highest concentration recorded during the September survey was 0.033
mg/1, while values of less than 0.005 mg/1 were reported frequently. No
correlation between ammonia and depth or ammonia and station location was
evident. Ammonia concentrations recorded in November were similar to those
found during the September study.

Total Kjeldahi nitrogen (TKN) concentrations ranged from 0.04 to 0.38
mg/1 N, The 96 samples collected were distributed accordingly: 0.00-0.10
mg/1, 24%; 0.11-0.20 mg/1, 33%; 0.21-0.30 mg/1, 30%; 0.31-0,40 mg/1, 9%;
and greater than 0.41 mg/1, 3%. TKN concentrations were not correlatable to
either depth or sampling station location.

0f all the nutrient parameters sampled during the September survey,
nitrite plus nitrate (N0, + NO3) concentration was the only one showing
distint chemical stratification. At all stations sampled, NO2 + NO3
concentrations increased with depth. Surface concentrations ranged from
less than 0.005 to 0.012 mg/1 N with a median of 0.006 mg/1 N, while
samples collected from 16 to 40 m ranged from 0.210 to 0.142 mg/1 N. The
two highest NOy + NO3 concentrations recorded (0.260 and 0.223 mg/1) were
collected at station 2b at a depth of 58 m.

The N0, + NO3 stratification observed during the September survey
was not eviéent during November sampling. As expected, in view of the
isothermal state of the reservoir in November, concentrations were similar

at all depths and stations sampled, with concentrations averaging 0.055 mg/1 N.

Total phosphorus and ortho-phosphorus concentrations were consistently

" Tow at all depths and stations sampled during the September survey. Ortho-
phosphorus concentrations were consistently less than 0.005 mg/1 P while
total phosphorus concentrations were consistently less than 0.010 mg/1 P.
Rejecting the total phosphorus value of 0,14 mg/1 P collected from station 2b
at 58 m as an outlier, the highest total phosphorus value recorded was

0.024 mg/1 P at station 1b at 67 m, Neither ortho-phosphorus nor total
phosphorus concentrations exhibited any trends with respect to depth or
station location.

Chlorophyll a

Table 2 shows the chlorophyll a concentrations of samples collected
at depths of 1, 3, and 5 meters at stations 1b, 3b, and 6b. Also shown are
the chlorophyll a concentrations of aliquots of the composite samples
collected from the above stations during the September survey. As shown
in Table 2, during the November sampliing, chlorophyll a concentrations were
determined only for the composite samples. ;
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Table 2.

Chlorophyll a and phaeophytin a concentration of samples collected
from Green Mountain Reservoir, September and November, 1976.

: Depth Chlorophyll a Phaeophytin a 1
S - a a
Date tation (m) 09/ ug/ 1 00663 Ratio
9/13-17/76 1b - composite 3.12 1.56 1.47
' 1b - 1 3.56 1.42 1.50
1b - 3 3.56 1.1 1.53
b - 5 4,30 - -
3b - composite 2.67 1.07 1.50
3b - 1 3.12 3.43 1.33
3b -~ 3 4,01 1.9 1.47
3b - 5 3.56 0.80 1.57
6b - composite 2.67 1.07 1.50
6b - 1 - - -
6b - 3 3.18 - -
6b - 5 3.56 2.67 1.40
11/17/76 1b - composite 2.14 0.1 1.67
3b - composite 2.14 0.1 1.672
6b - composite 2.67 0.05 1.7
1 ODggs ratio = 0Dgg3 before acj?ification
0Dgg3 after acidification
A solution of pure chlorophyll would yield an ODgg3 ratio of 1.70. Conversely,

a solution containing phaeophytin a but no chlorophyll a would yield an
0Dgg3 ratio of 1.0.

2 Theoretical maximum is 1.70.

Error is 1ikely analytical.
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~Algal biomass determinations based salely on chlorophyll a measure-
ments are imprecise due to the possible fluctuation in concentration
resulting from physical and nutritional conditions which do not necessarily
affect the standing crop similarly. However, chlorophyll a concentrations can
lend some insight into the relative amount of the standing crop. Greene,
et al, (1975) showed very high correlation between chlorophyll a concen-
trations and maximum control yields in algal assays performed with Sele-
nastrum capricornutum. Strong correlation between chlorophyll a and
indigenous alga cell volumes was also reported.

During the September survey, chlorophyll a concentrations were similar
at all station locations. Maximum concentrations were recorded from
3-5 meters. Chlorophyll a concentrations recorded for November composite
samples were only slightly lower than values recorded for similar samples
taken during September. November samples, however, did display a markedly
higher ODg33 ratio (0D = optical density).

The chlorophyll a concentrations reported from both the September and
November sampling were very similar to the values reported by EPA (1975)
for samples collected from Green Mountain Reservoir during October, 1975.
Although sufficient data are not available for regression analyses similar
to that reported by Greene, et al, (1975), the data is presented for
possible use with additional data collected in the future, .

clé

As can be seen from Table 3, primary productivity, as measured using
c14 methodology, was low at all sampling stations. The maximum one meter
C mg/m3/day value was recorded at station 1b (8.88) while the minimum one
meter value was obtained at station 6b (4.13). On the basis of the data
collected, primary productivity increased with downstream progression
in the reservoir. The data, however, is obviously very limited. Additional
data collected during different times of the year is needed to substantiate
the possible downstream trend in productivity.

Nelson (1971) reported that Green Mountain Reservoir had the lowest
primary productivity values recorded during a study of seven reservoirs
associated with the Colorado-Big Thompson Project. Nelson also reported
that a well defined peak of maximum productivity was not observed. The
primary productivity values reported here for the September, 1976 survey
were also low and did not exhibit a defined depth of maximum productivity.
The values reported here, however, are consistently lower than the levels
reported by Nelson (1971) for similar incubation depths. Variations
between the two studies may be due, in part, to the difference in the time
of year of the respective studies (i.e., September, 1976 vs. August, 1963)
and/or light conditions during incubation, or both. During the September
1976 survey, i1lumination was less than optimal as skies were consistently
overcast during at least a portion of the incubation periods. Additional
samples are needed to determine maximum primary productivity during more
optimal Tight conditions.

17



Table 3.  Comparison of primary productivity values obtained during the September, 1976 survey with values

reported by Nelson (1971) fqr Green Mountain Reservoir, August, 1963,

St

EPA (1976) Nelson (1971)
1% : 1%
I1lumination Sample I1lumination Sample
Depth Depth Depth Depth
Date Station (m) (m) C mg/m3/dayl/ Date (m) (m) o mg/m3/dayg/
9/16/76 1b 5.5 1.0 8.88 8/1/63 7.5 0.10 10.8
1b 3.0 - 7.79 A 0.10 18.9
1b 5.4 1.65 ’ 1.00 18.0
1.50 27.0
- 3b 5.0 1.0 6.15 3.00 18.0
3b 3.0 7.83 6.00 9.0
3b .5 5.16 -9.00 0.9
9/17/76 3b 4.7 1.0 5.78
3b 2.7 4.93
3b 4.5 2.61
6b 5.0 1.0 4,13
6b 2.7 4,04
6b 4.8 1.49

1 Primary productivity values were not converted to C mg/mZ/day because the entire euphotic zone was not
adequately defined by the collected samples.

2 yalues shown are estimates taken from Figure 12 (Nelson, 1971).



Phytoplankton

Algal counts from aliquots of the November euphotic zone composite
samples were extremely low at all stations. Individual genus counts were
usually less than 10 cells per ml while total cell counts were less than
100 per m}. Nitzschia sp., Asterionella formosa, Fragilaria crotonensis,
and Stephanidiscus astrea were the most abundant species. Table 4 shows
the composite 1ist of species found at stations 1b, 3b, and 6b. The very
Jow cell counts may be a result of both time of year sampled and the dilution
effect of the composite sample. The cell concentrations reported here
should not be construed to be indicative of concentrations at specific
depthsor during different times of the year. Future sampling should
include both individual depth samples and composite samples.

Table 4. List of alga taxa recorded at stations 1b, 3b, and 6b,
Green Mountain Reservoir, November, 1976.

Bacillariophyta Chlorophyta
Achnanthes sp. Closterium sp.
Asterionella formosa Cosmarium sp.
Cocooneis sp. Crucegenia sp.
Cymbella prostrata Elakatothrix viridis
Diatoma hiemale 00cystis sp.
Fragilaria crotonensis Schroderia setigera

Gomphonema sp.
Gyrosigma sp.
Navicuia sp.
Nitzschia sp.
Nitzschia dissipata
Nitzschia sigmoidea
Pinnularia sp.
Rhoicospenia curvata
Stephanodiscus astrea
Synedra sp. .
Tabellaria fenestrata

TRIBUTARY - PHYSICAL, CHEMICAL, AND MICROBIOLOGICAL CHARACTERISTICS

The complete tabulation of results of physical, chemical, and ,
microbiological parameters collected at each sampling station 1s given
in Appendix C. This data has been summarized in Table 5 showing the
3-day average value for each parameter.:
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Table 5. Summary of water quality data collected in the lower Biue River drainage.

Parameter Units BR-1 sC-1 WC-1 DS-STP BR-2 RC-1 BC-1 SLC-1 BR-3 BLC-1 0c-1 cCc-1 BR-4
Temp c 7.0 8.5 10.5 12.5 10.5 9.5 10.0 9.5 8.5 10.5 9.5 10.5 12.0
pH S,U. (median) 6.9 7.0 6.6 6.6 6.7 6.7 6.8 6.8 6.7 6.7 6.8 6.5 6.4
Flow? /s 4.30 0.221 0.161 0.022 4.59 0.331 0.221 0.357 6.57 0.65 0.045 0.161 18.97
Cond uphos/cm 170 110 70 390 180 60 60 60 150 <50 130 120 170
0 mg/1 9.9 8.4 8.0 - 8.6 8.5 8.3 8.1 9.0 8.3 8.3 8.2 5.8
BODs 1 <1.0 <1.0 <1.0 2.2 <1.0 1.0 <1.0 <1.0 1.0 <1.0 1.1 <1.0 <1.0
1SS mg/1 S <1.0 6.5 <1.1 7.9 <1.5 1.4 <1.1 1.7 2.1 <2.5 4.7 1.7 2.3
T-Coli MF#/100m1(Geom Mean) <2 284 118 949 23 23 12 43 351 193 871 37 18
f-Coli MF#/100m1{Geom Mean) <1 64 22 42 N 6 5 32 29 85 597 20 1
h3] wg/1 2.35 4.10 3.02 5.27 2.70 2.42 1.57 1.45 2.85 1.00 6.97 1.30 2.67
Y-¥o g/ 165 <15 <10 60 135 10 <10 <10 100 <10 <10 <10 85
D-Mo v/l 165 15 <10 50 125 <10 <10 <10 100 <10 <10 <10 80
T-Fe ug/1 40 510 130 100 100 180 200 330 160 180 1020 220 90
Y v 15 125 70 15 50 90 90 170 30 60 580 150 40
1-In ug/1 75 20 35 75 45 <10 15 20 65 35 154 25 35,
0-Zn ng/} 35 10 10 50 30 <10 10 10 25 10 10 20 50
T-Cu wa/d <5 <5 5 5 5 <5 <10 <10 <10 <10 5 <5 5,
0-Cu v9/1 <5 <5 <5 5 <5 5 <5 <5 <10 <5 <5 <5 10
T-Coli MPN/100m1 {Geom Mean) 2027
F-Coli MPN/100m1{Geom Mean) 63

~tan values are 3-day arithmetic averages unless otherwise noted.

2 5ee the footnotes in Table 8 for an explanation of the computation of mean flows.

3 These dissolved zinc and copper concentrations are thought to be excessive because of sample contamination.
4 This value omits one excessively high concentration of 325 ug/1 measured on 9/15/76.



Flow

Flow rates measured during this study averaged slightly less than the
5-year average of the mean September flows at all sampling stations
(Table 6). Tributaries to the Blue River contributed 17.3% of the total
flow entering Green Mountain Reservoir while direct tributary flow to the
reservoir via Black, Otter, and Cataract Creeks comprised only 11,1% of
the total. During the National Eutrophication Survey (NES) of Green
Mountain Reservoir in 1974-1975 (EPA, 1976b), the above tributaries contrib-
uted 20.5% and 13.7% of the total annual flow, respectively. Significant
flow variations were observed during the 4-day study period, including a
51% increase in flow from Dillon Reservoir (via the Blue River) and an
approximate 50% increase in tributary flow due to sporadic rainfall occurring
throughout the study reach. These flow increases made it difficult to
calculate representative nutrient loadings, especially since individual
stations were sampled on only three out of the four sampling days. The
only point discharge in the study area was the Dillon-Silverthorne STP,
which discharged at a rate of 0.022 m3/s during this study. During the
September, 1975 portion of the NES study (EPA, 1976b) the STP had averaged
0.020 m3/s (0.71 cfs). Outflow from Green Mountain Reservoir averaged
18.97 m3/s (670 cfs) during this study, while total inflow was only
7.39 m3/s (258 cfs).

General Parameters

Water temperatures measured during this study varied as much as 5 C
depending on the time of measurement, but most streams averaged between
8.5 C and 10.5 C. The®coldest water was the outflow from Dillon Reservoir
§7.0 C))whﬁ]e the warmest water was the outflow from Green Mountain Reservoir
12.0 C).

pH measurements were consistently below 7.0, with median values
ranging from 6.4 at the outflow from Green Mountain Reservoir to 7.0 in
Straight Creek.

As shown in Table 5, measurements for specific conductance (conductivity)
were lower in the tributary streams than in the Blue River itself. The
outflow from both Dillon and Green Mountain Reservoirs averaged 170 umhos/cm,

Mean dissolved oxygen (D.0.) measurements ranged between 8.0 and
9,0 mg/1 at all stream stations except immediately below the two reservoirs,
The highest mean D.0. concentration recorded was 9.9 mg/1 below Dillon
Reservoir (BR-1) while the lowest mean D.0, recorded was 5.8 mg/1 below
Green Mountain Reservoir (BR-4).  This relatively low D.0. was likely due
to water withdrawal from the lower depths of Green Mountain Reservoir.

‘MeaSuréments for BODE averaged consistently less than 1.0 mg/1 in all |

streams except Otter Creek (1.1 mg/1). The Dillon-Silverthorne STP (DS-STP)
discharge contained only 2.2 mg/1 BODs. - . - ok
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Table 6. Flow comparisgns in the lower Blue River drainage.

22

Mean Flow* During  Five-Year Average of Mean Flows from NES Report (EPA, 1976b)
Station 9/13-16/76 Study the Mean‘Sept.,F]ows] Sept. 1974 9/74-8/75
BR-1 4.30 4.50 2.94] 6.40%
DS-STP 0.022 - 0.020 0.026
e 0.219 . Adjusted to 2.290
RC-1 0.348 ) 1.276 "0.379 0.55]4 to balance 1nf1ow
BC-1 0.215 0.260 with outflow in 4.5

) : Green Mt. Reservoir °

SLC-1 0.337 0.413
BR-3 6.57 9.403 5.38 9.64
BLC-1 0.629 0.631 0.210 0.862
0c-1 0.045 - 0.028 0.131
cc-1 0.147 0.244 0.059 0.537
BR-4 18.97 13.85 18.07 13.46

* A11 flow rates are in m3/s.

1 From USGS Water Resource Reports for Colorado for the years 1970-1974.

2 This value represents mean annual outflow from Dillon Reservoir as stated in the NES Report (EPA, 1976a).
3 Based on data from 1970 and 1971 only. ‘
4 These values include "minor tributaries and immediate drainage" as shown in the NES Report (EPA, 1976b).

5 This annual flow was adjusted to make total annual inflow to Green Mountain Reservoir equal to total
annual outflow.



Several streams contributed concentrations of total suspended solids
(TSS) in excess of concentrations measured in the mainstem Blue River.
Straight Creek (6.5 mg/1) was the most notable contributor, while the
DS-STP also contributed significant concentrations (7.9 mg/1).

Microbiological Parameters

The summary data in Table 5 shows that geometric mean concentrations
of total coliforms in the Blue River increased from <2 per 100 m1 to
351 per 100 m1 in the 28 km stream reach between Dillon Dam and the
upstream end of Green Mountain Reservoir. In this same reach, fecal coli-
forms increased from <1 per 100 m1 to 29 per 100 m1. The major source of
this increase (in terms of concentration) appeared to be the Dillon-Silver-
thorne STP (T-Coli of 949 and F-Coli of 42 per 100 m1, respectively) but
several tributary streams (including Straight, Willow and Slate Creeks)
also contributed significant concentrations of total and fecal coliforms.
1t should be pointed out that most probabie number (MPN) concentrations of
total and fecal coliforms in the DS-STP effluent averaged approximately
50% and 100% higher, respectively, than the membrane filter (MF) concentra-
tions. Such a difference in results between the membrane filter (MF) and
most probable number (MPN) methods of coliform analysis is not unusual
since MPN results will commonly be from 10% to 40% higher than MF results,
and occassionally as much as 100% higher. The largest measured source of
total and fecal coliforms entering Green Mountain Reservoir directly was
Otter Creek (geometric mean of 871 total and 597 fecal coliforms per 100 ml,
respectively). Coliform die-off was almost complete in Green Mountain
Reservoir, as evidenced by concentrations of total and fecal coliform in
the outflow of only 18 and 1 per 100 ml, respectively.

Metal and Other Parameters

Average concentrations of molybdenum, iron, zinc, copper, and silica
are shown in Table 5 for each sampling location. Concentrations of
molybdenum and zinc tended to decrease in the stream reach from Dillon
Reservoir to Green Mountain Reservoir, whereas iron (and to a slight extent,
copper) concentrations increased in the downstream direction. Average
concentrations of molybdenum and zinc in the tributary streams were all
less than concentrations measured in the Blue River itself, whereas tributary
concentrations of iron were all greater than values measured in the Blue
River. Copper concentrations did not reflect any difference between
tributary and mainstem sampling locations., Of the three tributary streams
entering directly into Green Mountain Reservoir, Otter Creek exhibited
concentrations of iron approximately 5 times greater than concentrations
measured in Black Creek and Cataract Creek. There were no appreciable
differences in molybdenum, zinc, and copper concentrations among these
three streams. Silica concentrations in all streams were observed to vary
directly with the concentrations of total suspended solids. -

Table 5 shows both total and dissolved metal concentrations, and it is
evident that dissolved iron and zinc averaged consistently Yess than total
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concentrations of these metals. There were no significant differences

between toal and dissolved concentrations of molybdenum and copper. Sample
contamination on 9/14/76 is thought to be the reason for average dissolved
zinc and copper concentrations being higher than total concentrations at BR-4.

Comparison of the metals data with recommended EPA water quality criteria
(EPA, 1976¢) and proposed Colorado water quality standards (Colorado Depart-
ment of Health, 1976) (Table 7) indicate that concentrations of total molyb-
denum, iron, and zinc exceeded one or more of the criteria and/or standards.
The recommended criterion of 10 ug/1 total molybdenum for use in crop irriga-
tion was exceeded by a factor of 10 in the Blue River at all sampling locations
between Dillon and Green Mountain Reservoirs and also in Straight Creek and
the Dillon-Silverthorne STP effluent. The 1ikely cause of molybdenum concen-
trations of this magnitude is the large-scale molybdenum mining operation
conducted in the Ten Mile Creek drainage, which drains into Dillon Reservoir.
A previous study of Dillon Reservoir (EPA, 1974) identified molybdenum concen-
trations in the reservoir ranging from 205 ug/1 to 465 ug/1. Total iron
concentrations also exceeded the proposed Colorado standard of 500 ug/1 in
Straight Creek (510 ug/1) and Otter Creek (1020 ug/1). Since water hardness
in the lower Blue River drainage generally averages less than 100 mg/1 as
CaCO3 (Britton, 1977), the proposed Colorado standard for total zinc would be
50 pg/1 (zinc limits fluctuate with water hardness due to inter-related tox-
jcity effects). This limit was exceeded at two mainstem Blue River locations
(immediately below Dillon Reservoir - 75 ug/1, and immediately above Green
Mountain Reservoir - 65 ug/1) and in the Dillon-Silverthorne STP effluent
(75 ug/1). Both iron and zinc concentrations are considered to be related
to natural hydrochemical stream characteristics.

Total Phosphorus Loadings

Computed total phosphorus loadings from both point and non-point sources
measured during the September, 1976 survey are shown in Tables 8 and 9.

1. Point Source - The Dillon-Silverthorne STP - the only identified
point discharge in the lower Blue River drainage - contributed
12.8% (0.78 kg/day or 1.72 1b/day) of the total phosphorus load
‘entering Green Mountain Reservoir (Tables 8 and 9). This loading
compares with the wasteload allocation of 1.42 kg/day (3.13 1b/day)
and the average daily doad of 0.89 kg/day (1.96 1b/day) determined
during the year-long NES Study (EPA, 1976b). Comparison with the
NES data in Table 10 shows that the DS-STP contributed a larger
percentage of the total phosphorus load during this study, probably
due to reduced flows (and related loads) from Dillon Reservoir and
all of the tributaries.

2. Non-point Sources - Non-point sources accounted for 87.2% of the
total phosphorus entering Green Mountain Reservoir during this
study period. As shown in Table 9 this loading consisted of the
following contributjons: tributaries to the lower Blue River - 15.9%;
tributaries to the Feservoir itself - 18.6%; unmeasured non-point
sources between Dillon and Green Mountain Reservoirs - 16.6%;
and the outflow from Dillon Reservoir - 36.1%. If the Dillon
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Table 7. Water quality criteria and standards.

Recommended EPA Proposed Colorado

Parameter Units Criteria (1976c) Standards (1976)¢
Temperature - C - 20
pH S.U. 6.5-9.0 6.5-9.0
D.0. mg/ 1 - 7.0
BODg mg/ 1 - 5.0
T-Mo1ybdenum ug/1 10(NAS,1973) -
D-Molybdenum ug/1 - -
T-Iron ng/1 1000 500
D-Iron ug/1 300 -
T-Zinc ug/1 a 50P
D-Zinc ug/1 - -
T-Copper ug/1 a 100
D-Copper ug/1 - -
T-Coliform MF#/100m1 - -
F-Coliform - MF#/100ml - 200
T-Phosphorus mg/1 as P 0.1 0.1

@ A 96-hr LCgq bioassay test is recommended in order to establish a limit for -
the particu?ar water body in question.

b Proposed standards vary according to water hardness. The 1imit for soft water
(<100 mg/1 total hardness as CaC03) is shown. ,

€ The proposed Colorado standards are only preliminary values which may undergo
change during future intensive public rev1ew.} They are shown for comparison

purposes only.



Table 8. Total phosphorus loadings in the lower 3lue River drainage, Colorado.

9/13/76 9/14/76 9/15/76 9/16/76
Flow* T-P 1-p Flow* T-p 1-P Flow* 1-P 1-p Flow* 1-P 1-P Ave. Percent
Station mfs_ _ma/1 kg/day w/s mg/1  kg/day w/s  _mg/l kg/day _m/s_ _mg/)  ko/day TQZ/SZ‘T’f T_gf@,
BR-1 3.09 0.009 2.40 4.16 <0.005  <1.80 4,67 0.006  2.42 5.27 - - <2.20 36.1
SC-13 (0.195) 0.017 - 0.’29 0.2]8‘l 0.008 0.15 (€.252) 0.012 0.26 - - - 0.23 3.8
we-13 (0.142) 2.008 0.10 0.1587  <0.005-  <0.07 (0.124) g.005 0.08 - - - <Q.08 1.3
DS-STP - - 0.78* 0.022 0.46 0.87 0.021 0.40 0.72 0.022 0.40 8.76 0.78 12.8
BR-25 (3.40) 0.008  2:35 4.58] 0.0942 37.20 - - - (5.80) 0.009 4,51 - -
RC-1 0.258 0.013 0.29 0.311 <0.005 <0.14 0.40 - - 0.42 0.003 0.33 <0, 25 <4.1
BC-1 0.204 o.0N 0.20 0.204 0.005 0.09 0.221 - - 0.252 0.098 2.13 0.1 2.3
SLC-1 0.278 0.008 . 0.20 0.280 - - 0.31 0.009 0.24 0.48 0.009 0.37 0.27 4.4
BR-35 4.67"  o0.008 3.23 - - - (7.05)  0.009 5.48 (7.96) 0.009 6.18 4.96 -
8L.C-1 0.538  0.021 0.98 0.57 - - 0.55 0.009 0.51 0.76 0.007 0.46 0.65 10.7
oc-13 - - - 0.080'  0.093 0.32 (0.045) 0.102  0.40 (0.054)  0.079 0.37 0.36 5.9
€C-1 0.105 - - 0.136 <0.005 0.06 0.161 0.005 0.07 0.184 0.015 0.24 0.12 2.0
BR-4 19.14 - - 19.08 0.008 13.18 19.14 0.006 9.9 18.46 <0,005 <7.97 <10.35 -
Total (BR-3, BLC-1, OC-1, CC-1) 6.99 33.47
*an flows are preliminary mean daily values obtained from the USGS, unless otherwise noted.
! Instantaneous flow measurement made by EPA,
i The concentration of T-P at BR-2 on 9/14/76 was influenced by upstream construction activity and should not be considered a typical value.

In order to obtain additional flow data to supplement the single EPA flow measurement in Straicht, Willow, and Otter Creeks, the average percent change

in all USGS-measured tributary flows in the Blue River drainage was calculated each day and the EPA flows adjusted accordingly {as shown in parenthesis’.
Value shown is the average of. the three following days.

Except for the one flow measurement made by EPA at BR-2 and BR-3, flows at these stations were estimated (see figures in parenthesis) by adjusting the
EPA flow in proportion to the daily change in flow observed at the upstream Blue River station {(BR-1).

This average ioad omits the anomolously high value of 03.098 mg/1 on 9/16/76,

The 16.6% of the total load not accounted for may be partly due to lack of data, but it aisc reflects the unmeasured non-point T-P loading occurring
between Dillon and Green Mountain Reservoirs.

+
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Table 9. Nutrient sources in the lower Blue River drainage, Colorado.

———
———

T-N Load Percent T-P Load Percent
Source* kg/day of Total kg/day*** of Total
Dillon Reservoir : 137 56 .6 2.20 36.1
Tributaries to Lower 30.5 12.6 0.97 15.9
Blue River , )
Dillon-Silverthorne STP 17.0 7.0 0.78 12.8
Sub-total 184 - 3.95 : -
Blue River at inlet to 217 - 4.96 -
Green Mt. Reservoir
Difference in Blue River** 33 13.5 1.01 16.6
Drainage Contributions .
Direct Tributaries to 25.2 10.3 .13
Green Mt. Reservoir 1 18.6
Total Entering 242 100.0 6.09 100.0

Green Mt. Reservoir

* This table presents only the data actually measured during this study - it
does not utilize NES data (EPA, 1976b) for nutrient contributions frgm septic
tanks or direct precipitation, nor does it consider the portion of the
Di1lon Reservoir nutrient load due to STP discharges within the Dillon Reservoir
drainage as point Toadings to the lower Blue River drainage.

** This difference may be partly due to a lack of data, but it also féf}
unmeasured non-point nutrient loading occurring between Di11onfand‘Gr§:§s the
Mountain Resgrvoirs. ' : S s

w** The "less than" symbols (?) sha&n forahVefage T?gViéé&;‘fﬁ Tdbieﬂs a
included in this table in order to facilitate the presehtation;»»TherSa?gzs as

shown may be s1ightly higher than the actual values.
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Reservoir load is omitted from the total, the total phosphorus
load from non-point sources in the Tower Blue River drainage
comprises 51.1% of the total entering Green Mountain Reservoir.

A tabulation of the total phosphorus loads originating from
several of the subdrainage areas is presented in Table 10. Black
Creek and QOtter Creek had the highest total phosphorus export
rates. [t should be emphasized that the annual surface loading rates
(kg P/km2/yr). are based on only three days of sampling in the Fall
and therefore, are representative of seasonal loads only. The values
in Table 10 compare to reported annual T-P 1ogd1ngs from well managed
pastures and forested lands of 3 to 4 kg P/km¢/yr (Kilmer, undated?

Results of this study have been compared to results of the NES study
(EPA, 1976b) in Table 11. It appears that the decreased flow leaving Dillon
Reservoir during this study resulted in a lower percentage contribution of
total phosphorus from Dillon Reservoir and therefore, higher percentage
contributions from most other sources. The large outflow, 18.97 m3/s (670 cfs),
from Green Mountain Reservoir at Ehe time of this study, in combination with
a relatively small inflow, 7.39 m°/s (261 cfs), resulted in a net loss of
3.84 kg/day (&.45 1b/day) total phosphorus out of the reservoir.

Total Nitrogen Loadings

Total nitrogen loadings from both point and non-point sources measured
during the September 1976 survey are shown in Tables 9 and 12.

1. Point Sources - The only identified point discharge in the study
area was the Dillon-Silverthorne STP (DS-STP) which contributed
7.0% (17.0 kg/day or 37.4 1b/day) of the total nitrogen load entering
Green Mountain Reservoir during the study period {Tables 9 and 12).

2. Non-point Sources - The total nitrogen contribution from non-point
sources accounted for 93% of the total nitrogen entering Green
Mountain Reservoir during the study period (Table 9). Of this total,
12.6% was from tributaries to the lower Blue River (Straight, Willow,
Rock, Boulder, and Slate Creeks), 13.5% was due to unidentified
sources (including groundwater recharge) in the same reach of the
Blue River, 10.3% was from direct tributaries to Green Mountain
Reservoir (Black, Otter, and Cataract Creeks), and 56.6% was
contributed by the flow from Dillon Reservoir. The actual non-
point loading from the lower Blue River drainage itself (omitting the
load from Dillon Reservoir) amounted to 36.4% (88.0 kg/day or
194 1b/day) of the total nitrogen entering Green Mountain Reservoir.

A comparison of nitrogen loadings determined during this study

with the loadings determined during the 1974-1975 NES study (EPA,
1976b) is presented in Table 13. For comparison purposes the loadings
were tabulated in the same format, which resulted in substantial
agreement in percentage contributions from the various sources.

This surprisingly good correlation occurred despite the disparity

in study durations - the NES study covered a one year period while

the present study covered only a one week period. Due to the
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Table 10. Total phosphorus export in several subdrainages in the lower Blue
River drainage, Colorado.

1

Drainage Area Ave. Flow Ave. T-P Conc.

Stream km® m/s mg/1 kg P/km?/yr
BR-1 868 4.30 0.007 1.09
RC-1 40.9 0.348 0.009 2.42
BR-3 1323 6.57 ' 0.009 1.41
BLC-1 47.9 0.629 0.012 4.97
cC-1 36.3 0.147 0.008 1.02
0Cc-1 21.8 0.045 0.091 5.92

1 Values were taken from EPA, 1976b and USGS, 1971,
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Table 11. Comparison of total phosphorus loadings to Green Mountain Reservoir, Colorado, present and
NES study.

1. Inputs Present Study Percent of Total Load
Source . kg/day Present Study NLS Study(EPA,1976b)
a. Tributaries (non-point load)
Blue River* (BR-3) 2,54 39.0 58.1
Btlack Cr. {(BLC-1) N.65 10.0 5.7
Otter Cr. {0C-1) 0.36 5.5 5.2
Cataract Cr. (CC-1) 0.12 1.8 3.1
b. Tributaries to Blue River 0.97 15.0 12.1
{non-point load) _
t¢c. DS-STP 0.78 12.0 4.9
Indirect load from STP discharges 0.66 10.1 8.5
into Dillon Reservoir drainages**
d. Septic Tanks 0.03*** 0.5 0.2
e. Direct Precipitation 0,40%** 6.1 2.2
Total 6.51 100.0 100.0
2. Outputs (kg/day)
Reservoir Qutlet (BR-4) 10.3% 17.51
3. Net T-P accumulation (kg/day) -3.84 +0.52

* A = B-C-D-E
where A = non-point load contributed by the Blue River itself (2.54 kg/day)
B = total load entering Green Mountain Reservoir at BR-3 (4.96 kg/day)
€ = non-point load from tributaries to the Blue River (u,u7 kg/day);
D = point load from DS-STP (0,78 kg/day).
E = indirect point loai from STP discharges into Gillon "eservair drainage (C.66 kg/day)
** £ = F x §

where E is defined as before

load Teaving Dillon Reservoir as measured at BR-1 (2.20 kg/day)
.301 = 30.1% = the percentage of T-P entering Dillon Reservoir from STP discharges(EPA, 1976l

H o

F
G
*** These values are the estimates shown in the NES Report (EPA, 1976b).

They are included only for the purpose of making valid comparisons between the two studies.
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Table 12. Total nitrogen loadings in the Tower Blue River drainage, Colorado.

9/13/76 . 9/14/16 9/15/76 9/16/76
Flow* T- _T-n Flow*  T-n* TN Flow'*  T-N* _T-N Flows*  T-N* _T-N T ereent
Station w/s  wg/t kg/day w/s m/1  kg/day w/s  mg/l  ke/day w/s mg/1  kg/day kg/day Total
BR-1 3.09 0.240 64 £16 0453 163 4.67 0.461 186 5.27 - - 137 56.6
sc-13 (0.195) 0.223 3.8 o.zi8'  oam0 83 (0.252) 0.434 9.4 - - - 1.2 3.0
w13 (0.142) 0.06 0.8 058! o200 3.7 (0.188) 0.235 3.7 - - - 2.7 (B
DS-STP - - 1.0! 0.022 9.30 18.4 0.021 8.44 15.3 0.022 9.02 17.2 17.0 7.0
m-25 (3.0) 0.2 86 ass' 362 e - - - (5.80)  0.468 234 - -
RC-1 0.258  0.108. 2.4 0.3n 0.25% 6.9 0.40 - - 0.42 0352 12.9 7.4 3.
Be-1 0.24 0228 4.0 0.204 0.236 4.2 0.221 - - 0.252 0.338 7.3 5.2 2.
CTE] 0.278  0.097 2.3 0.0 - - 031 0.226 6.1 0.48 0.378 15.7 8.0 3.3
8r-3° a6 0.26 107 - - - (7.88)  0.511  3n (7.96) 0.339 233 27 -
ne-1 0.538 0.160 7.4 0.57 - - 0.65 0.3  21.7 0.76 0.415  27.4 18.9 7.2
¥ - - - o.ml.: 0.622 2.1 (0.045)  0.362 1.4 (0.054) 0.476 2.2 1.9 0.8
cc-1 0.105 - - 0.136 0.341 4.0 0.161 0.403 5.6 0.184 0.231 37 8.4 1.8
8R4 19.14 - - 19.08 0.206 339 19.14 0.324 536 18.46 0.376 600 492 -
Total (BR-3, BLC-1, OC-1, CC-1) 202 86.6°

" TN+ W, ¢ Wy
** AT} flows are preliminary wean daily values reported by the USGS unless otherwise noted.

1 Instantaneous flow measurement wade by EPA.

2 The high concentration of T-N at BR-2 on 9/14/76 was influenced by upstream construction activity and should not be considered a typical value.

In order to obtain additfomal flow data to supplement the single EPA flow measurement in Straight, Hillow and Otter Creeks, the average percent change
in all USGS-weasured tributary flows n the Blue River drainage was calculated each day and the EPA flows adjusted accordingly (as shown in parenthesis).

4 Value shown is the average of the three following days.

5 Except for the one flow measerement made by EPA at BR-2 and BR-3, flows at these stations were estimated (see figures in parenthesis) by adjusting the
EPA flow is proportion to the daily change in flow observed at the upstream Blue River station (BR-1).

6 The 13.4% of the total Toad not accounted for way be partly due to lack of data, but it also reflects the ummeasured non-point T-N loading occurring
between Uillon and Green Hountain Reservoirs.
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Table 13. Comparison of total nitrogen loadings to Green Mountain Reservoir, Colorado, present and
NES study.

1. Inputs Prescnt Study Percent of Total Load
Source kg/day Present Study NES Study(EPA, 1976b)
a. Tributaries (non-point load)
Blue River* (BR-3) 159 59.6 59,2
Black Creek (BLC-1) 18.9 7.1 6.1
Ntter Creek (0C-1) 1.9 0.7 1.2
Cataract Creek (CC-1) 4.4 1.6 3.2
b. Tributaries to Blue River 30.5 11.4 12.2
(non-point load)
;¢. DS-STP 17.0 6.4 6.1
; ; 10.3 3.8
Indirect load from STP discharges 7
into Dillon Reservoir drainages**
: | Rl
d. Septic Tanks . 0.4 0.2
s s . 24 2***
e, Direct Precipitation - 9.0 5.1
Total 267 100.0 100.0
2. Nutputs (kg/day)
Reservoir Qutlet (BR-4) 492 1018
3. Net T-N accumulation (kg/day) -225 +39.5

* A = B-C-D-E

where A = non-point load contributed by the Blue River itself ( 159 kg/day )
B = total load entering Green Mountain Reservoir at BR-3 (217 kg/day)
C = non-point load from cributaries to the Blue River (30.5 kg/day)
D = point Toad frow U5-STP (17.0 kg/day)
E = Indirect point load from STP discharges into Dillon Reservoir drainage (10.3 kg/day)

** £ = F x G

where E is defined as before
F = load leaving Dillon Reservoir as measured at BR-1 (137 kg/day) ;
G = 0.075 = 7.5% = the percentage of T-N entering Dillon Reservoir from STP discharges(EPA, 19762

*** These values are the estimates presented in the NES Report (EPA, 1976b).
They are included only for the purpose of making comparisons between the two studies.
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relatively 1ar§e outflow from Green Mountain Reservoir durgng this
study (18.97 m3/s or 670 cfs) and the small inflow (7.39 m°/s or

261 cfs) there was a net reduction in total nitrogen in the reservoir
of 225 kg/day (496 1b/day).

ALGAL GROWTH POTENTIAL

In order to determine the nutrient limiting algal growth in Green
Mountain Reservoir and to assess the possible impact of nutrient addition
to the reservoir, laboratory algal assays were performed with euphotic zone
composite samples.

Table 14 shows the nutrient concentrations reported for the composite
samples (preserved, filtered, and autoclaved and filtered) collected from each
sampling location on Green Mountain Reservoir. Increases in total soluble
inorganic nitrogen after autoclaving and filtration ranged from 0.009 to
0.017 mg/1 N while orthophosphate concentrations changed only slightly.

Figure 6 shows the results of the algal assay performed with autoclaved
and filtered water collected from station 1b, Green Mountain Reservoir.
Additions of nitrogen, singly (0.32 mg/1 dry weight yield) or in combination
with EDTA (0.30 mg/1 dry weight yield), did not markedly increase dry weight
yields from the control level (0.33 mg/1 dry weight yield). Additions of
phosphorus and phosphorus plus EDTA, however, resulted in significantly larger
maximum dry weight yields (1.14 and 1.14 mg/1, respectivelyg.

As can be seen from Figure 6, the largest dry weight yield occurred
in the combined phosphorus and nitrogen plus EDTA spike (5.70 mg/1). The
dry weight yield of the combined nitrogen and phosphorus spike without EDTA
was only 1.85 mg/1. The large observed increase in dry weight with addition
of EDTA may be indicative of metal toxicity or secondary micronutrient limita-
tion. Additional algal assays would be required to determine which, if either,
of the above hypotheses is correct.

An algal assay with water from station 3b was conducted simultaneously
with the algal assay for station 1b. In direct contrast to the responses
observed for station 1b, 1ittle or no increase in dry weight yield was observed
at any of the nutrient spike levels with water from station 3b. Both assays
were terminated on day 14. Due to the Tow dry weight yields at all nutrient ;
spike levels, another algal assay with water from station 3b was conducted,
with an assay with water from station 6b conducted simultaneously. After
14 days of incubation under test conditions, 1ittle or no increase in growth
from the control level was observed for either station 3b or 6b (Figures 7
and 8, first bar of each couplet)., Although cell count in the phosphorus =
associated spikes had gradually increased during incubation period, the mean
cell volume after the first 3-5 days of incubation had remained very low in
comparison to the mean cell volumes in the other spikes (Figures 9 and 10).
Micronutrient 1imitation was suspected. Rather than terminate the aigal
assays on day 14 as planned, each flask was inoculated with 1.0 mg/1 of the
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Table 14.

Parameter

NHy

TKN

TP
0-P0,
0"P04*

Nutrient concentrations in euphotic zone composite samples - preserved, filtered only, and auto-
claved and filtered, collected from Green Mountain Reservoir, stations 1b, 3b, and 6b, November, 1976.

Preserved Only

~ Filtered Only

1b 3b 6b
0.011 0.007 0.005
0.058 . 0.058 - 0.053

0.15 0.12 0.15
0.006 0.006 0.006
<0.005 <0.005 <0.005
0.001 0.001 0.004

1b 3b 6b
0.011  0.015  0.006
0.058  0.061  0.061
0.10 0.12 0.12

<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
0.001  0.001  0.002

Autoclaved and Filtered

1b 3b 6b
0.012 0.013 0.011
0.066 0.067 0.064

0.13 0.1 0.12
<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
0.003 0.003 0.003

* Actual ortho-phosphate values recorded.

However, values recorded from 0.00 to 0.004 mg/1 P are reported
as <0.005 mg/1 due to variable precision near the lower limits of detection.
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Figure 7. The effects of phosphorus, nitrogen, and phosphorus plus nitrogen, both singly
and in combination with EDTA, as compared to the control samples on the growth of Selenastry,
capricornutum in autoclaved and filtered water from Green Mountain Reservoir, station 3b.
The first bar indicates dry weight yield at the end of 14 days incubation. (The second bar
indicates dry weight yield after micronutrient (MN) addition on day 14 and an additional

two week incubation.)
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Figure 8. The effects of nitrogen, phosphorus, and phosphorus plus nitrogen, both singly
and in combination with EDTA, as compared to the control samples, on the growth of

Selenastrum capricornutum in autoclaved and filtered water from Green Mountain Reservoir,
station 6b. (The first bar indicates dry weight yield at the end of 14 days of incubation.
The second bar indicates dry weight yield after micronutrient (MN) addition on day 14 and

an additional two week incubation.)
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micronutrient stock solution outlined in the Algal Assay Procedure:

bottle test (1371). The test flasks were then incubated for an additional
14 days with growth monitored five times during the additional incubation
period. If the algal growth in the test waters was limited by micro-
nutrient concentrations a marked increase in growth would theoretically
be observed during the additional incubation period.

As can be seen in Figures 7 and 8, algal growth in the water collected
from stations 3b and 6b was limited by micronutrient concentration. It
is difficult to determine if the micronutrient concentration was the major
limiting factor or if a dual limitation of micronutrients and phosphorus
existed. Addition of micronutrients to the control and the control plus
EDTA resulted in a slight increase in maximum dry weight yield. The small
increase in dry weight may represent the growth response to the micro-
nutrient addition and subsequent secondary limitation by phosphorus, or may
be solely a result of the additional 14 day incubation. Regardless of
whether the micronutrient concentration was the primary limiting factor
or a co-limiting factor, both spikes (micronutrient and phosphorus) were
required to markedly stimulate algal growth in the test water. Additions
of micronutrients to those flasks previously spiked with phosphorus resulted
in significant increases in dry weight yield from the levels of the controls.
On day 28 of the incubation period (14 days after micronutrient addition)
maximum dry weight yields in the control flasks for stations 3b and 6b
were 0.33 and 0.33 mg/1, respectively, while maximum dry weight yields in
the nitrogen and phosphorus plus EDTA were 6.37 and 12.77 mg/1, respectively.
On the basis of the algal assay results, both micronutrient and phosphorus
concentrations were limiting algal growth potential at stations 3b and 6b
at the time of sampling.

In summary, phosphorus significantly limited potential algal growth
at all stations at the time of sampling. In addition, micronutrient
concentration also Timited algal growth in water collected at stations 3b
and 6b, Table 15 shows the t-values for a two-tailed student's t-test of
the hypothesis of equal dry weight yields at various spike levels.

After extensive research using S. capricornutum cultured in algal
assay media (AAM), Shiroyama, Miller, and Greene (1975) reported that
maximum dry weight yields of Selenastrum capricornutum could be predicted
if the concentrations of nitrogen and phosphorus are known, all other essential
nutrients are present, and toxicants are absent. Water containing greater
than 0.010 mg/1 ortho-P can yield 0.43 mg/1 dry weight of test alga per
0.001 mg/1 phosphorus while 0.001 mg/1 TSIN (total soluble inorganic nitrogen)
cah yield 0.038 mg/1 dry weight of the test alga. In water containing
greater than 0.000 mg/1 but less than 0.010 mg/1 ortho-P, dry weight yields
per 0.001 mg/1 phosphorus addition will range from 0.1 - 0.43 mg/}
(personal communication - William Miller, NERC, Corvallis, Oregon).

Table 16 shows both the actual dry weight yield and the yields predicted
on the basis of the reported nutrient concentrations. Although maximum
dry weight yields for the phosphorus and phosphorus plus nitrogen were
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Table 15,

Two sample two-tailed student's t-test of dry weignt yields at different nutrient spike levels
tn water callec:ed from stations 1b, 3b, and &b, Green Mountain Reserveir, Colorado.

EDTA + EDTA + EDTA + TOTA +
1b Contral n.0¢ ° 1.0 N+P Control 1.02 P 1,01 -2
Control 33.55* 0.73 3.0 .1 58,45~ 2.57 32,95
0.02 P 33.96* 40.28 13.96* 35,43 0.16 41.53* 36.04%
1.0 8 0.72 40,28+ 32.46* 0.80 172.53* 5.66% 43,25
N+P 31,10 13.96* 32.46* 31,73+ 15.20* 33.02* 28.96¢
EDTA + N 35,43 0.80 2.73 566.01 1.28 3,18
Contral
E0TA 4 58.45* Q.16 172.53* 15.20* 65.01% 178.19* 38.7z
0.2 7
ED;A + 2.87 41,59 5.56 33.02 1.34 178.19 43.48
1.0 8
EDTAD+ 42,95+ 36.24% 43.26* 28.96+ 43.16% 36.72% 43.48+
N+
EDTA + EDTA + EDTA + EDTA +
3b Contro) 0,02 P 1.ON M+ P Control 0.92 P 1.ON N+ P
Contro) 27.16* 2.4 20.35+ 0.2 64.65% \ 13,707
0.027 27.16* 27.41* 1.21 27.16* 0.97 ' 3109
iON 2.41 27.41 20.56* 2.80 §5.06* i 13.80"
)
N+P 20.35* 1.2 20.56* 20,35* 0.587 - 3.66
EDTA + 0.2 27.16* 2.80 20,385+ 64,93 3, 13.707
Control E
EOTA + © €467 0.97 65.06  64.93* » 3.67
0.02 P '
1]
L1 1 S e No Samole = < « « - - - “ e meme- '
10N :
EDTAPv 13.70* 3.00 13.90* 3.56 13.70% 3.67 '
N +
EDTA + EDTA + EOTA + EDTA +
§b Control 0,02 P 1.0 N N+ 2 contral 0.02 P 1.0 N N+ P
Control 4,10 2.29 75.55% 1.34 13.29* 3.2% 14,28"
0.02 7 a.10" 3,04+ 7.70* 4,08 0.0? 4.03* 7,34
1.0 8 2.29 4,40 76,81~ 1.79 13.06* 0.36 14,23+
N+P 75,69 7.7 74,81 7%.Nn* 23.04* TSLOO* 2.65
EDTA + 1,34 4.08% 1.79 75. 71> 13,24 2,77 14,27
control
EDTA + 13.28* 0.07 13,06+ 23.04» 13.24* 13,06# 10,32*
0.02 »
EDgA“¢ 1,25 4,03 0.36 75.00* .77 13.06% 14,22*
1.
EDTAP¢ 14,28* 7.94 14,23 3.65 . 14,27* 10,32* 14,22+
N+

* Significant at « = 0,01
w Significant at = = 0,02

)-lo:uo S|
Hyily &

where:

3o ® AV nutedsar <pikn Javel
uy * any nutrient spike Tevel other than i,



Table 16. Comparison of actual vs. theoretical dry weight yields of Selenastrum capricornutum in algal assays performed with water collected fror
Green Mountain Reservoir, November, 1976,

Actual and Theoretical Dry Weight Yields in mg/]l

EDTA + EDTA + EDTA + =DTA 4+
Day Control 0.02 P 1.0 N N+P Control 0.02 P 1.0 N N+ P
ib 14 0.33(0.30-1.29) 1.14(2.96) 0.32(0.30-1.29) 1.85(9.89) 0.31(0.30-1.29) 1.14(2.96) 0.30{0.30-1.29) 3.7%
< 14 0.17(0.30-1.29) 0.19(3.04) 0.17(0.30-1.29) 0.18(9.89) 0.18(0.30-1.29) 0.26(3.08) No Sample 5.55(9.
o] 3b
+ 28 0.33(0.30-1.29) 4,76{(3.04) 0.28(0.30-1.29) 4.45(9.89) 0.33{0.30-1.29) 4,59(3.04) No Sample £.18/(9
b
6 14 0.23(0.30-1.29) 0.34(2.85) 0.20(0.30-1.29) 0.31(9.89) 0.21(0.30-1.29) 0.36(2.85) 0.21(0.30-1.29) 1.29:3,
b
o 28 0.33(0.30-1.29) 3.13(2.85) 0.36(C.30-1.29) 8.46(9.89) 0.34(9.30-1.29) 3.08(2.85) 0.37(0.30-1.29) 11,2343,

! The first number in each grouping is the actual dry weight yield. Those numbers enclosed with parentheses are the theoretical yields based z= *he
reported available nutrients.



significantly greater than the control, the actual dry weight yields of

S. capricornutum in test water from station 1b were less than the predicted
yields. 1In view of the growth response after micronutrient addition to
samples from station 2b and 6b, however, it is felt that the difference
between actual and theoretical yield for station 1b is likely due to second-
ary micronutrient 1limitation.

Dry weight yields for station 3b, after micronutrient addition and
an additional 14 day incubation period were, in general, similar to the
predicted values. However, dry weight yields for the phosphorus spikes,
both singly and in combination with EDTA, were consistently higher than
the predicted levels, possibly indicative of a TSIN concentration higher
than reported. Also, yields from nitrogen plus phosphorus addition, both
singly and in combination with EDTA, did not reach the predicted level,
a condition indicative of secondary limitation other than phosphorus,
nitrogen, or micronutrient concentration. As stated previously, algal
growth in test water from station 3b was primarily limited by phosphorus
and micronutrient concentration at the time of sampling.

Dry weight yields for station 6b were very similar to the predicted
values. Both actual and predicted dry weight yieldsindicated strong phos-
phorus limitation. As previously mentioned, station 6b was also micro-
nutrient limited.

Miller, Maloney, and Greene (1974) defined four productivity groups
based an dry weight yields in the control samples of algal assay conducted
for 49 lakes; (1? Tow productivity- 0.00-0.10 mg dry wt. per liter,

(2) moderate productivity- 0.11-0.80 mg dry wt. per liter, (3) moderately
high productivity- 0.81-6.00 mg dry wt. per liter, and (4) high productivity-
6.10-20.00 mg dry wt. per liter. As reported by the above authors, the
productivity values reported reflect only the nutrient content of the water
sample at the time of assay and not the entire body of water. The above
productivity groupings do, however, allow for comparison of algal assay
results from different bodies of water. On the basis of the dry weight
yields in the control samples for stations 1b, 3b, and 6b in Green Mountain
Reservgir, potential primary productivity was moderate at all stations
sampled.

Phosphorus 1imitation of potential algal growth at all sampling stations
is further substantiated by the corresponding N:P ratios reported (TSIN:0-PQ,).
Theoretically, water exhibiting a N:P ratio greater than 11.3:1 (38/430)
would likely be phosphorus Timited, while waters containing a N:P ratio less
than 11.3:1 would be nitrogen limited (Shiroyama, et al, 1975; Greene,
Soltero, Miller, Gasperino, and Shiroyama, 1975). The N:P ratios of the
preserved lake water composite samples from stations1b, 3b, and 6b (using
recorded values of 0-P04) were 69:1, 65:1, and 14.5:1, respectively. When
the reported values (i.e., >0.005 mg/1 P) rather than the recorded values of
ortho-phosphate are used in computation (Table 14) the N:P ratio still
indicate phosphorus limitation at all stations (14:1, 13:1, and 12:1 for
stations 1b, 3b, and 6b, respectively).
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As can be seen above, N:P ratios are a useful tool in determining
the nutrient limiting algal growth in a body of water. However, limiting
nutrient assessment based solely on N:P ratios may be of questionable value.
In waters of low nutrient content, the N:P ratio may vary greatly with minor
changes in reported nutrient concentrations due solely to analytical precision
of nutrient analysis (i.e. TSIN = 0.040 mg/1 N, 0-P0q = 0.002 mg/} P,
N:P = 20:1 = phosphorus limitation; TSIN - 0.040 mg/1 N, 0-PO4 = 0.004 mg/1
P, N:P = 10:1 = possible nitrogen limitation). For waters of low nutrient
content, N:P ratios must be used in conjunction with other supportive data
(i.e. algal assays). Also, N:Pratiosobviously do not reflect the possible
algal growth potential limitation by factors other than nitrogen or phos-
phorus.

The results of the algal assays reported here are in agreement with the
findings of the Environmental Protection Agency's National Eutrophication
Survey (NES) study (EPA, 1976b). Using a depth integrated sample composited
from three sampling locations on Green Mountain Reservoir, NES reported that
phosphorus was the primary limiting nutrient. The NES report did not mention
any possible nutrient Jimitation other than phosphorus. Secondary micro-
nutrient limitation, however, may have been present,as reported dry weight
yields for all spike levels are less than predicted on the basis of the
reported nutrient concentrations. The exact reason for the smaller dry
weight yields, however, can not be stated on the basis of the available
information. '
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Station: 1-a

Transect 1, South 1/4 point

Date Mo/Day/Yr 9/13/76 9/15/76 9/13/76 9/15/76 9/13/76 9/15/76
Time Mtly 1400 1735 1455 1732 1350 1730
Depth Meters 1 1 20 20 27 27
Temperature Cent. 14.5 13.5 12.5 12.0 12.0 11.5
pH SuU 6.8 7.4 6.6 7.2 6.7 7.3
DO mg/ 2 7.6 7.1 5.0 5.2 5.6 5.2
Conductivity umhos/cm 170 170 165 170 165 170
NH3 - N mg/ % 0.005 0.007 0.009 <0.005 0.005 <0.005
TKN - N mg/2 0.13 0.14 0.16 0.10 0.06 0.12
N0y + N03 - N mg/ 2 <0.005 <0.005 0.100 0.097 0.102 0.101
Ortho - P mg/ L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Total - P mg/ & <0.005 0.009 <0.005* <0.005 0.007 0.005

* Average of duplicate analyses



Station: 1-p

Transect 1, Mid-channel

Date Mo/Day/Yr 9/13/76 9/15/76 9/13/76 9/15/76 9/13/76 9/15/76
Time Mtly 1330 1710 1320 1705 1310 1700
Depth Meters 1 1 20 20 67 64
Temperature Cent. 14.5 13.5 13.0 12.0 8.5 8.0
pH Su 6.55 7.4 6.4 7.1 6.3 7.1
DO mg/ % 7.2 7.1 5.0 5.6 4.0 4.25
Conductivity umhos/cm 165 165 165 170 190 180

NH3 - N mg/ <0.005 <0.005 <0.005 <0.005 0.011 0.018
TKN - N mg/% 0.12 0.12 0.13 0.38 0.16 0.12
NO, + NO5 - N mg/ % <0.005* <0.005 0.099 0.078 0.199 0.093
Ortho - P mg/ % 0.010* <0.005 <0.005 <0.005 0.017 0.010
Total - P mg/ % 0.014* 0.006 0.006 <0.005 0.024 0.016

* Average of duplicate analyses



0§

Station: 1-b  Transect 1, Mid-channel (continued)

Date Mo/Day/Yr 11/17/76 11/17/76 11/17/76
Time Mtly 1000 1020 1040
Depth Meters 1 12 3
Temperature Cent. 7.0 7.0 6.5
pH ST 8.2 8.2 7.7
DO mg/ % 8.6 8.4 8.5
Conductivity umhos/cm 165 175 175

NH3; - N mg/% <0.005 0.005 0.008
TKN - N mg/ % 0.11 0.12 0.20
N0, + NO3 - N mg/ % 0.034 0.061 0.057
Ortho - P mg/ % <0.005 <0.005 <0.005

Total - P mg/2 0.005 0.007 0.008




LS

Station: 1-c

Transect 1, North 1/4 point

bate Mo/Day/Yr 9/13/76 9/15/76 9/13/76 9/15/76 9/13/76 9/15/76
Time Mtly 1420 1718 1418 1720 1415 1715
Depth Meters 1 1 20 20 27 27
Temperature Cent. 14.5 13.5 12.0 12.0 11.5 11.5
pH Su 6.9 7.3 6.8 7.25 6.7 7.2
DO mg/ % 7.6 7.2 5.1 5.4 5.3 5.4
Conductivity umhos/cm 165 165 170 170 170 170

NH3 - N mg/2 0.006 <0.005 <0.005 0.033 0.006 <0.005
TKN - N mg/2 0.08 0.20 0.22 0.07 - 0.10
N0, + NO; -N mg/% 0.005 <0.005 0.100 0.090 0.099 <0.005
Ortho - P mg/ 2 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Total - P mg/% 0.006 0.008* <0.005 0.005 <0.005 0.006*

* Average of duplicate analyses



Station: 2-a

Transect 2, South 1/4 point

Date Mo/Day/Yr 9/13/76 9/17/76 9/13/76 9/17/76 9/13/76 9/17/76
Time Mtly 1555 1255 1550 1253 15@5 1250
Depth Meters 1 1 17 17 30 30
Temperature Cent. 15.0 14.5 12.5 13.5 11.0 12.0

pH SU 7.0 7.3 6.8 7.2 6.8 7.2

DO mg/ % 7.4 7.2 5.3 6.1 5.5 5.2
Conductivity umhos/cm 170 160 170 160 175 165

NH3 - N mg/ % 0.008 0.005 <0.005 0.006 0.009 <0.005
TK{ - N mg/ % 0.05 0.16* 0.09 0.66 0.04 0.24
NO, + NO3 - N mg/ & <0.005 0.006 0.095 0.054 0.110 0.124*
Ortho - P mg/ & <0.005 <0.005 <0.005 <0.005 <0.005 <0.005*
Total - P mg/ % <0.005 0.009 <0.005 0.005 <0.005 <0.005*

* Average of duplicate analyses



£9

Station: 2-b

Transect 2, Mid-channel

Date Mo/Day/Yr 9/13/76 9/17/76 9/13/76 9/17/76 9/13/76 9/17/76
Time Mtly 1540 1230 1535 1225 1530 1220
Depth Meters 1 1 17 17 58 58
Temperature Cent. 15.0 14.5 12.5 13.0 8.5 9.0
pH Su 6.85 7.1 6.6 6.9 6.6 6.9
DO mg/ 2 7.5 7.2 5.3 6.1 4.1 4.2
Conductivity umhos/cm 170 165 170 160 180 180

NH3 - N mg/2 <0.005 <0.005 <0.005 - 0.014 0.006
TKN - N mg/ 2 0.17 0.22* 0.06 - 0.09 0.21
NO, + NO3 - N mg/% <0.005 0.006 0.087 - 0.223 0.260
Ortho - P mg/ 2 <0.005 <0.005 <0.005 - 0.011 0.010
Total - P mg/ % 0.005 0.007 0.007 - 0.14* 0.014

* Average of duplicate analyses



Station: 2-c¢

Transect 2, North 1/4 point

Date Mo/Day/Yr 9/13/76 9/17/76 9/13/76 9/17/76 9/13/76 9/17/76
Time Mtly 1610 1241 1605 1237
Depth Meters 1 1 14 12
Temperature Cent. 15.0 14.5 = = 14.0 14.0
o o
pH Su 7.3 7.1 - = 7.1 7.3
2 2
DO mg/ % 7.5 7.1 < « 7.6 6.8
8 8
Conductivity umhos/cm 170 160 'j ’j 170 165
NH3 - N mg/ % <0.005 0.008 = = <0.005 <0.005
g e
TKN - N mg/ 2 0.28 0.24* 3 3 0.36 0.17
= o )
NO, + NO3 - N mg/s <0.005 0.005 = = <0.005 0.007
Ortho - P mg/ 2 0.005 <0.005 <0.005 <0.005
Total - P mg/ 2 0.006 0.008 0.007 0.010

. * Average of duplicate analyses



Gq

Station: 3-a

Transect 3, South 1/4 point

Date Mo/Day/Yr 9/13/76 9/16/76 9/13/76 9/16/76 9/13/76 9/16/76
Time Mtly 1705 1012 1700 1010 1655 1005
Depth Meters 1 1 17 17 26 26
Temperature Cent. 15.0 13.0 12.5 12.5 12.5 11.5
pH Sy 7.35 7.5 7.2 7.1 7.2 7.1
DO mg/ 2 7.5 7.1 5.3 5.7 5.5 5.4
Conductivity umhos/cm 170 170 175 170 170 170
NH3 - N mg/ 2 <0.005 0.014 <0.005 <0.005 <0.005 <0.005
TKN - N mg/ 4 0.3 0.27 0.26 0.30 0.06 0.34
NO, + NO3 - N mg/ £ <0.005 0.008 0.087 0.075 0.009 0.105
Ortho - P mg/ % <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Total - P mg/ % 0.007 0.008 0.005 <0.005 <0.005 <0.005




Station: 3-b

Transect 3, Mid-channel

Date Mao/Day/Yr 9/13/76 9/16/76 9/13/76 9/16/76 9/13/76 9/16/76
Time Mtly 1650 0940 1645 0955 1640 0950
Depth Meters 1 1 17 17 50 50
Temperature Cent. 15.0 12.5 13.0 12.0 9.0 8.5
pH Su 7.25 6.5 7.2 6.7 7.2 6.5
DO mg/ e 7.3 7.1 5.7 5.7 4.5 4.65
Conductivity umhos/cm 170 165 170 170 180 180

NH3 - N mg/ % <0.005 0.009 0.008 <0.005 <0.005 <0.005
TKN - N mg/ % 0.18 0.41 0.05 0.26* 0.04 0.15
NO2 + NO3 - N mg/ ¢ <0.005 0.009 0.072 0.081 0.194 0.210
Ortho - P mg/ % <0.005 <0.005 <0.005 <0.005 0.006 0.008
Total - P mg/ % <0.005 0.009 <0.005 0.005 0.009 0.015

* Average of duplicate analyses



(S

Station: 3-b  Transect 3, Mid-channel (continued)

Date Mo/Day/Yr 11/17/76 11/17/76 11/17/76
Time Mtly 1115 1135 1155
Depth Meters 1 12 39
Temperature Cent. 7.0 7.0 6.75
pH Su 7.7 7.4 7.9
DO mg/% 8.7 8.45 8.4
Conductivity umhos /cm 200 220 165

NH3 - N mg/ 2 0.010 0.006 0.006
TKN - N mg/% 0.13 0.12 0.15
NO2 + N3 - N mg/ 2 0.057 0.057 0.057
Ortho - P mg/2 <0.005 <0.005 <0.005
Total - P mg/ 2 0.006 0.006 0.007
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Station: 3-c

Transect 3, North 1/4 point

Date Mo/Day/Yr 9/15/76 9/16/76 9/15/76 9/16/76 9/15/76 9/16/76
Time Mtly 0935 1050 0920 1040
Depth Meters 1 1 9 9
Temperature Cent. 12.5 13.0 = = 12.0 13.0
o (=]
pH SuU 6.6 6.5 - —_ 6.5 6.4
2 e
DO mg/ 2 7.0 7.1 2 9 7.1 7.1
3 s
Conductivity umhos/cm 175 165 = = 220 165
1 1
NHg - N ma/ 2 <0.005 0.015 Qo @ <0.005 <0.005
g 2
TKN - N mg/ 2 0.1 0.23 3 3 0.25 0.28
NO, + NOg - N mg/2 0.007 0.006x = 2 0.008 0.006
Ortho - P mg/ 2 <0.005 <0.005‘ 0.005 <0.005
Total - P mg/ 2 0.006* 0.010* 0.011 0.009

* Average of duplicate analyses
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Station: 4-a

Transect 4, South 1/4 point

Date Mo/ Day/Yr 9/15/76 9/17/76 9/15/76 9/17/76 9/15/76 9/17/76
Time Mtly 1032 1150 1030 1148 1025 1145
Depth Meters 1 1 18 18 26 26
Temperature Cent. 13.0 14.0 12.0 13.0 11.0 12.0

PH SU 7.3 7.2 7.1 7.3 6.9 7.1

DO mg/ % 7.1 7.0 5.8 6.2 5.3 5.2
Conductivity umhos/cm 170 160 170 160 180 170

NH3 - N mg/ % <0.005 <0.005 0.013 0.012 <0.005 <0.005
TKN - N mg/ 2 0.10 0.22 0.08 0.14% 0.15 0.08
N0, + NO; - N mg/s <0.005 0.007 0.064 0.037 0.103 0.112*
Ortho - P mg/% <0.005 <0.005 <0.005 <0.005 <0.005 <0.005*
Total - P mg/ % 0.011 0.010 0.006 0.009 <0.005 <0.006*

*Average of duplicate analyses
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Station: 4-b

Transect 4, Mid-channel

Date Mo/Day/Yr 9/15/76 9/17/76 9/15/76 9/17/76
Time Mtly 1010 1125 1005

Depth Meters 18 18 40

Temperature Cent. 12.5 13.0 11.0 .0
pH Su 7.2 6.9 6.75 i
DO mg/ & 6.4 6.1 5.4 .5
Conductivity umhos/cm 170 160 170

NH3 - N mg/ L <0.005 0.013 <0.005 .007
TKN - N mg/ % 0.12 0.19 0.08 .23
N02 + N0, - N mg/ % 0.035 0.055 0.108 142
Ortho - P mg/ % <0.005 <0.005 <0.005 .005
Total - P mg/ £ 0.007 0.007 0.005 .008

* Average of duplicate analyses
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Station: 4-c

Transect 4, North 1/4 point

Date Mo/Day/Yr 9/15/76 9/17/76 9/15/76 9/17/76 9/15/76 9/17/76
Time Mtly 1050 1128 1045 1125 1040 1130
Depth Meters 1 1 18 18 26 26
Temperature Cent. 13.0 14.0 12.5 13.0 11.0 12.0

pH Su 7.1 7.3 7.0 7.0 7.0 6.8

DO mg/2 7.0 7.0 6.2 6.5 5.4 5.7
Conductivity pmhos/cm 165 160 170 160 180 160

NH3 - N mg/ 2 0.005 0.005 0.006 <0.005 <0.005 <0.005
TKN - N mg/ £ 0.1 0.34* 0.19 0.22* 0.11 0.13*
N02 + N03 - N mg/ L 0.008 0.006 0.048 0.042 0.0961 0.108*
Ortho - P mg/ 2 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005*
Total - P mg/ 0.011 0.009 0.007 0.007 <0.005 0.006*

* Average of duplicate analyses
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Station: 5-a

Transect 5, South 1/4 point

Date Mo/Day/Yr 9/15/76 9/16/76 9/15/76 9/16/76 9/15/76 9/16/76
Time Mtly 1150 1558 1145 1555
Depth Meters 1 1 12 12
Temperature Cent. 13.5 14.5 E z 13.0 14.0
pH SU 7.4 7.2 ‘s s 7.4 7.2
v (Vo]
DO mg/ 2 6.9 7.2 9 g 7.1 6.9
- -
Conductivity umhos/cm 160 160 ' ' 170 160
Qv [«¥]
NH; - N mg/ 2 0.015 <0.005 ‘2 ‘e <0.005 0.027
(4=} o]
TKN - N mg/ 1 0.20 0.27 . 2 0.11 0.25
= z
NO, + NO; - N mg/ % 0.006 0.006 0.006 0.008
Ortho - P mg/ % <0.005 <0.005 <0.005 <0.005
Total - P mg/ % 0.007 0.007 0.010 0.008




€90

Station: 5-b

Transect 5, Mid-channel

Date Mo/Day/Yr 9/15/76 9/16/76 9/15/76 9/16/76 9/15/76 9/16/76
Time Mtly 1120 1530 1118 1525 1115 1520
Depth Meters 1 1 18 18 34 34
Temperature Cent. 13.5 14.0 12.5 13.0 11.0 12.0
pH Su 7.3 6.9 7.15 6.5 7.1 6.3
DO mg/2 7.0 7.0 6.6 6.6 5.2 5.8
Conductivity umhos/cm 165 160 170 170 175 170

NHy - N mg/ L <C.005 0.022 0.021 0.023 <0.005 0.009
TKN - N mg/ L 0.23 0.27 0.22 0.33 0.07 0.28
NO, + N03 - N mg/ % 0.007* 0.007 0.034 0.035 0.118* 0.086
Ortho - P mg/ 2 <0.005* <0.005 <0.005 <0.005 <0.005 <0.005
Total - P mg/ 2 0.006 0.012 0.010 0.008 0.006 0.007

* Average of duplicate analyses
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Station: 5-c

Transect 5, North 1/4 point

Date

Mo/Day/Yr 9/15/76 9/16/76 9/15/76 9/16/76 - 9/15/76 9/16/76
Time Mtly 1135 1545 1130 1543 1125 1540
Depth Meters 1 1 18 18 26 26
Temperature Cent. 13.0 14.0 12.5 13.0 11.5 13.0
pH Su 7.3 6.8 7.1 7.0 7.3 6.6
D0 mg/ 2 6.9 7.0 6.4 6.9 5.7 5.9
Conductivity umhos/cm 170 160 170 165 170 165

NH3 - N mg/ % 0.007 <0.005 0.011 0.018 0.018 0.022
TKN - N mg/ % 0.25 0.24 0.10 0.47 0.13 0.30
NO, + NO, - N mg/ % 0.012 0.007 0.035 0.021 0.082 0.080
Ortho - P mg/ % <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Total - P mg/ 2 0.006 0.009 0.008 0.008 0.006 0.007




g

§Eg§igg:‘ 6-a Transect 6, South 1/4 point

Date Mo/Day/Yr 9/15/76 9/16/76 9/15/76 9/16/76 9/15/76 9/16/76
Time Mtly 1625 1445 1620 1440
Depth Meters 1 1 7 7
Temperature Cent. 13.0 14.5 E § 13.0 14.0
pH Su 7.3 7.5 < < 7.2 7.3
DO mg/ ¢ 7.1 6.9 3 8 7.2 6.9
Conductivity umhos/cm 165 160 . N 165 170

NHg - N mg/ 0.016 0.020 :% % <0.005 0.005
TKN - N mg/ 2 0.09 0.36 o o 0.16 0.32
NO, + NO, - N ng/s 0.008 0.009 <0.005 0.009
Ortho - P ma/ 2 <0.005 <0.005 <0.005 <0.005
Total - P mg/ % 0.008 0.007 0.006 0.007




Station: 6-b

Transect 6, Mid-channel

Date Mo/Day/Yr 9/15/176 9/16/76 9/15/76 9/16/76 9/15/76 9/16/76
Time Mtly 1550 1422 1540 1420 1545 1410
Depth Meters 1 1 21 21 24 23
Temperature Cent. 13.0 14.0 11.5 12.5 11.0 12.0
pH Su 7.2 7.3 7.2 6.7 7.1 6.6
DO mg/ 2 6.9 6.9 7.0 6.9 6.9 6.9
Conductivity umhos/cm 165 165 170 170 180 170
NH3 - N mg/% 0.010 <0.005 -0.005 0.011 0.007 <0.005
TKN - N mg/ % 0.10 0.18 0.19 0.23 0.13 0.14
N0, + NO5 - N mg/ & <0.005 0.009 0.031 0.023* 0.046 0.035
Ortho - P mg/ & <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Total - P mg/ % 0.007 0.007 0.008 0.010 0.014 0.010

*Average of duplicate analyses
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Station: 6-b Transect 6, Mid-channel (continued)

Date Mo/Day/Yr 11/17/76 11/17/76
Time Mtly 1215 1250
Depth Meters 1 6
Temperature Cent. 7.0 7.0
pH Su 7.8 7.9
DO mg/ L 9.2 9.2
Conductivity wmhos/cm 195 180

NH3 - N mg/ % 0.008 <0.005
TKN - N mg/ 2 0.16 0.18
NOZ + N03 -N mg/ % 0.054 0.061
Ortho - P mg/ % <0.005 <0.005
Total - P mg/ % 0.006 0.008




Station: 6-c

Transect 6, North 1/4 point

Date Mo/Day/Yr 9/15/76 9/16/76 9/15/76 9/16/76 9/15/76 9/16/76
Time Mtly 1600 1435 1615 1430
Depth Meters 1 1 6 6
Temperature Cent. 12.5 14.5 z = 13.0 13.5
o o
pH su 7.3 7.0 = = 7.2 6.7
L =
w w
DO mg/ % 7.2 6.9 o 5 7.1 6.9
2 P
Conductivity umhos/cm 170 160 . . 170 165
[ 3} [¢}]
NH; - N mg/ 2 <0.005 0.008 = = 0.008 0.017
TKN - N mg/ 2 0.10 0.38 % & 0.10 0.29
o [o
= -t
NOp + NO3 - N mg/ 2 0.009 0.006 0.010 0.010
Ortho - P mg/ % <0.005 <0.005 <0.005 <0.005
Total - P mg/ % 0.010 0.005 0.008 0.009
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Station BR-1 Blue River

Date Mo/Day/Yr 9/13/76 9/14/76 9/15/76
Time Mtly 1420 1250 1235
Temp ¢ 7.5 6.5 6.5
pH Su 6.85 7.0 6.8
Flow* m3/s 3.09 4.16 4.67
Cond umhos/cm 180 180 160

DO mg/1 10 9.8 9.8
BOD mg/1 <1.0 1.0 <1.0
TSS mg/1 <1 <1 <1.0
T-Coli #7100m1 <1 <1 8
F-Coli #/100m <1 <] <1

TKN mg/1 0.10 0.29 0.26
NO,+NO3-N mg/1 0.140 0.163 0.201
NH-N ma/1 <0.005 <0.005 0.007
T-P mg/1 0.009 <0.005 0.006
0-P mg/1 <0.005 <0.005 <0.005
Si mg/1 2.40 2.30 2.35
T-Mo ug/ ] 165 170 155
D-Mo g/l 145 185 170
T-Fe ug/1 40 50 30
D-Fe g/l 20 20 10
T-Zn ug/ 1 50 50 15
D-Zn ug/1 25 35 40
T-Cu ug/1 <5 <5 <5
D-Cu 1g/1 <5 5 5

* Preliminary data from USGS
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Station SC-1  Straight Creek

Date Mo/Day/Yr 9/13/76 9/14/76 9/15/76

Time Mtly 1405 0840 0835
Temp Oc 12.0 7.0 6.0
pH U 6.8 7.0 7.0
Flow m>/s - 0.218 -
Cond umhos/cm 110 110 110

DO mg/1 7.7 8.7 8.9
BODs5 mg/1 <1.0 1.0 <1.0
TSS mg/1 9.0 6.0 4.4
T-Coli #/100m] 180 510 250
F-Coli #/100ml 34 160 48

TKN mg/1 0.12 0.32 0.29
NO2+NO3-N mg/1 0.103 0.120° 0.144
NH3-N mg/1 <0.005 0.007 <0,005
T-P mg/1 0.017 0.008 0.012
0-P mg/1 <0.005 <0.005 <0.005
Si mg/1 4.30 4.00 4.00
T-Mo ug/1 20 10 10
D-Mo ug/1 <10 <10 15
T-Fe ug/1 600 530 400
D-Fe ug/1 120 110 140
T-Zn ug/1 30 20 5
D-Zn ug/1 10 10 10
T-Cu ug/1 <5 <5 <3

D~Cu 1g/1 <5 5 5




Station WC-1

Willow Creek

Date Mo/Day/Yr 9/13/76 9/14/76 9/15/76
Time Mtly 1345 1240 1220
Temp ¢ 11.5 11.0 9.0
pH SuU 6.5 7.1 6.6
Flow m3/s - 0.158 -
Cond umhos/cm 75 70 70

DO mg/ 1 7.9 7.8 8.4
BOD5 mg/1 <1.0 <1.0 <1.0
TSS mg/1 1.2 <1.0 <1.0
T-Coli #/100m1 56 44 660
F-Coli #/100m1 10 4 260

TKN mg/ 1 0.05 0.22 0.19
NO>+NO3-N mg/1 0.013 0.050 0.045
NH=-N mg/1 <0,005 0.007 0.010
T- mg/1 0.008 <0.,005 0.005
0-P mg/ 1 <(0.005 <0.005 <0,005
Si mg/ 1 3.15 2.90 3.00
T-Mo ug/1 10 <10 <10
D-Mo ug/1 <10 <10 <10
T-Fe ug/1 140 120 130
D-Fe ug/1 70 60 80
T-In ug/1 20 15 75
D-Zn ug/1 10 10 5
T-Cu ug/1 5 5 5
D-Cu ug/1 <5 5 <5
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Station DS-STP  Dillon-Silverthorne Wastewater Treatment Plant Discharge

Date ‘Mo/Day/Yr 9/14/76 9/15/76 9/16/76
‘Time Mtly 0905 0900 0855
Temp oc - 14.4 11.5 11.5
pH SuU 6.6 6.6 6.5
Flow m3/s 0,022 0.021 0.022
Cond umhos/cm 400 360 410

D0 mg/1 - - -
BODg mg/1 1.8 3.5 1.2
TSS mg/1 7.6 9.0 7.0
T-Coli #/100m1 - 1000 900
F-Coli #/100m] - 28 64
TKN mg/1 1.96 1.58 1.36
N02+N03-N mg/1 7.84 6.86 7.66
NH2-N mg/1 1.37 1.01 0.94
T- mg/1 0.46 0.40 0.40
0-P mg/1 0.34 0.29 0.28
Si mg/1 5.65 5.05 5.10
T-Mo ug/1 50 65 70
D-Mo ug/1 40 55 50
T-Fe ug/1l 90 140 70
D-Fe , ug/1 10 20 20
T-Zn ug/1 25 135 60
D-Zn ug/1 35 35 75
T-Cu ug/1 5 10 5
D-Cu ug/1 5 <5 10
T-Coli MPN/100m1 1400 3500 1700
F-Coli MPN/100ml 49 79 64
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Station BR-2 DBlue River

Date Mo/Day/Yr 9/13/76 9/14/76 9/16/76
Time Mtly 1300 1200 1230
Temp oc 11.5 9.5 10.0
pH SuU 6.3 6.9 6.7
Flow m3/s 4.59 -
Cond umhos/cm 180 180 170

DO mg/1 8.4 8.8 8.7
BODg mg/1 <1.0 <1.0 <1.0
TSS mg/1 <1.0 2.0 1.6
T-Coli #/100m1 20 26 24
F-Coli #/100m] 10 8 16

TKN mg/1 0.16 0.37 0.29
NO2+NO3-N mg/1 0.134 3.26 0.178
NH3-N mg/1 0.009 0.028 <0.005
T-P mg/1 0.008 0.094 0.009
0-P mg/ 1 0.006 0.065 <0.005
Si mg/1 2.85 2.60 2.65
T-Mo ug/1 125 145 140
D-Mo ug/1 110 130 135
T-Fe ng/1 60 90 160
D-Fe ug/1 80 20 40
T-Zn ng/1 30 50 60
D-Zn ug/1 40 20 25
T-Cu ug/1 5 5 5
D-Cu ug/1 5 <5 5
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Station RC-1 Rock Creek

Date Mo/Day/Yr 9/13/76 9/14/76 9/16/76
Time Mtly 1245 1145 1215
Temp Oc 10.0 10.0 9.0
pH SU 6.3 6.95 6.7
Flow* m/s 0.258 0.311 0.425
Cond umhos/cm 60 60 60

DO mg/1 .4 8.4 8.7
BOD5 mg/1 <1.0 <1.0 <1.0
TSS mg/1 1.2 1.6 1.4
T-Coli #/100m1 12 24 40
F-Coli #/100m1 4 4 16

TKN mg/1 0.06 0.17 0.24
NO»+NO3-N mg/1 0.048 0.088 0.112
NH=-N mg/1 <0.005 <0.005 <0.005
T- mg/1 0.013 <0.005 0.009
0-pP mg/1 0.012 <0.005 <0.005
Si mg/1 2.60 2.45 2.20
T-Mo pg/ 1 10 15 10
D-Mo ng/1 <10 <10 15
T-Fe ng/1 170 180 180
D-Fe ug/1 110 90 70
T-Zn ug/1 <5 10 15
D-Zn ug/1 10 5 10
T-Cu ug/1 <5 <b <5
D-Cu ug/1 5 5 5

* Preliminary data from USGS



Station BC-1 Boulder Creek

Pate Mo/Day/Yr 9/13/76 9/14/76 9/16/76
Time Mtly 1210 1135 1200
Temp ¢ 10.5 10.5 9.0
pH Sy 6.2 6.8 6.8
Flow* m/s 0.204 0.204 0.252
Cond umhos/cm 60 60 60

DO mg/1 8.2 8.2 8.4
BODs mg/ 1 <1.0 <1.0 <1.0
TSS mg/1 <1.0 <1.0 1.2
T-Coli #/100m1 12 16 8
F-Coli #/100m1 2 12 4

TKN mg/1 0.20 0.18 0.25
NO p+NO 3-N mg/1 0.028 0.056 0.088
NH=-N mg/1 <0.005 <0.005 <0.005
T- mg/ 1 0.011 0.005 0.098
0-pP mg/1 0.008 0.005 0.094
Si mg/1 1.60 1.50 1.60
T-Mo ug/1 <10 10 <10
D-Mo ug/1 <10 <10 10
T-Fe g/ 210 220 160
D-Fe ug/1 70 90 120
T-In pg/1 10 <5 25
D-Zn ug/1 10 5 10
T-Cu g/ 5 <5 10
D-Cu ug/1 5 <5 : 5

* Preliminary data from USGS
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Station SLC-1

Slate Creek

Date Mo/Day/Yr 9/13/76 9/15/76 9/16/76
Time Mtly 1150 1130 1145
Temp oc 11.0 9.0 9.0
pH Sg 6.8 6.8 6.3
Flow* m’/s 0.278 0.311 0.481
Cond Hmhos/cm 70 60 60

DO mg/1 7.75 8.2 8.4
BODy mg/1 <1.0 <1.0 1.0
TSS mg/1 1.2 1.6 2.4
T-Coli #/100m1 22 34 110
F-Coli #/100m1 14 28 80

TKN mg/1 0.08 0.17 0.24
N02+N03—N mg/1 0.017 0.056 0.138
NH=-N mg/1 <0.005 0.006 <0.005
T- mg/1 0.008 0.009 0.009
0-P mg/1 <0.005 <0.005 <(0.005
Si mg/1 1.60 1.40 1.35
T-Mo ug/1 <10 <10 <10
D-Mo ug/1 <10 <10 <10
T-Fe ug/1 370 310 320
D-Fe ug/1 170 170 170
T-ZIn ug/1 10 30 25
D-Zn ug/1 15 10 10
T-Cu ug/1 <5 10 10
D-Cu ug/1 <5 <h <5

* Preliminary data from USGS



Station BR-3 Blue River

Date Mo/Day/Yr 9/13/76 9/15/76 9/16/76
Time Mtly 1100 1110 1125
Temp oc 9.5 8.0 8.5
pH SU 6.0 6.7 6.8
Flow m/s 4,67 - -
Cond umhos/cm 140 180 140

Do mg/1 8.8 9.1 9.1
BODg mg/1 1.0 1.0 1.0
TSS mg/1 1.6 1.2 3.4
T-Coli #/100m1 270 240 670
F-Coli #/100m1 12 75 28
TKN mg/1 0.16 0.24 0.13
NO»+NO 3-N mg/1 0.106 0.271 0.209
NHL=~N mg/1 0.007 0.018 0.005
T- mg/1 0.008 0.009 0.009
0- mg/1 <0.005 <0.005 <0.005
Si mg/1 3.00 2.75 2.80
T-Mo ug/1 90 100 100
D-Mo ug/1 85 120 100
T-Fe ug/1 140 150 180
D-Fe ug/1 40 40 40
T-In ug/1 25 115 55
D-Zn ug/1 20 20 30
T-Cu ug/1 <5 10 5
D-Cu ug/1 5 5 10




Station BLC-1 Black Creek

Date Mo/Day/Yr 9/13/76 9/15/76 9/16/76
Time Mtly 1015 1100 1110
Temp Oc 10.5 10.5 11.0
pH sU 6.2 6.8 6.7
Flowk m/s 0.54 0.65 0.76
Cond umhos/cm <50 50 <50

DO mg/1 8.4 8.2 8.3
BODs mg/1 <1.0 <1.0 1.0
TSS mg/1 2.2 <1.0 4.4
T-Coli #/100m1 250 100 290
F-Coli #/100m1 78 60 130

TKN ma/ 1 0.10 0.32 0.30
NOo+N0 3-N mg/1 0.060 0.066 0.115
NH3=N mg/1 <0.005 0.008 <0.005
T-P . mg/1 0.021 0.009 0.007
0-P mg/1 0.008 <0.005 <0.005
Si mg/1 1.10 0.90 1.00
T-Mo ug/1 <10 <10 <10
D-Mo ug/1 <10 10 <10
T-Fe g/ 1 220 120 210
D-Fe ug/1 50 60 70
T-Zn ug/1 10 65 35
D-Zn ug/1 15 5 10
T-Cu ug/1 <b 10 10
D-Cu ug/1 <5 <5 5

* Preliminary data from USGS
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Station 0C-1

Otter Creek

Date Mo/Day/Yr 9/14/76 9/15/76 9/16/76
Time Mtly 1050 1045 1100
Temp ° 1.0 9.0 8.0
pH Su 6.8 6.3 6.9
Flow m3/s 0.040 -

Cond umhos/ cm 130 140 130

DO mg/1 7.9 8.4 8.7
BODs mg/1 1.1 1.3 1.0
TSS mg/1 4.8 3.6 5.6
T-Coli #/100m1 1100 1000 600
F-Coli #/100m1 800 720 370

TKN mg/1 0.46 0.32 0.36
NO2+NO3-N mg/1 0.162 0.042 0.116
NH3-N mg/1 0.005 <0.005 0.012
T-P mg/1 0.093 0.102 0.079
0-P mg/ 1 0.078 0.084 0.063
Si mg/1 7.00 7.30 6.60
T-Mo ug/1 <10 <10 <10
D-Mo ug/1 <10 <10 <10
T-Fe g/ 1200 950 900
D-Fe ug/1 600 620 530
T-In g/ 1 15 325* 20
D-Zn ug/1 5 10 10
T-Cu pg/1 5 10 5
D-Cu ug/1 <5 <5 <5

* This value appears to be an outlier.
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Station CC-1 Cataract Creek

Date Mo/Day/Yr 9/14/76 9/15/76 9/16/76
Time Mtly 1035 1030 1045
Temp % 12.0 10.0 9.5
pH Su 6.8 6.5 6.5
Flow* m3/s 0.136 0.164 0.184
Cond umhos/cm 120 120 120

DO mg/1 7.9 8.3 8.4
BODs mg/1 <1.0 <1.0 <1.0
TSS mg/1 2.0 1.2 1.8
T-Coli #/100m1 36 56 26
F-Coli #/100m1 16 28 18

TKN mg/1 0.30 0.35 0.16
NO,+NO3-N mg/1 0.041 0.053 0.071
NHZ=N mg/1 <0.005 <0.005 0.006
T- mg/1 <0.005 0.005 0.015
0-P mg/1 <0.005 <0.005 0.011
Si mg/1 1.30 1.30 1.30
T-Mo ug/1 15 <10 <10
D-Mo ug/1 <10 15 <10
T-Fe ug/1 230 210 210
D-Fe ng/1 220 120 120
T-In 19/ 20 15 35
D-Zn ug/1 40 5 10
T-Cu pg/1 <5 5 5
D-Cu ng/1 10 <5 <5

* Preliminary data from USGS
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Station BR-4 Blue River

Date Mo/Day/Yr 9/14/76 9/15/76 9/16/76
Time Mtly 1015 1010 1025
Temp ° 12.0 12.5 12.0
pH ;y 6.6 6.3 6.4
Flow* /s 19.08 19.14 18.46
Cond umhos/cm 170 160 180

DO mg/1 5.7 5.8 5.8
BODs mg/1 <1.0 <1.0 <1.0
TSS mg/1 2.0 2.4 2.6
T-Coli #/100m1 8 6 120
F-Coli #/100m] <] 2 <]

TKN mg/1 0.06 0.17 0.22
NO2+NO3-N mg/1 0.146 0.154 0.156
NH3-N mg/} <@.005 0.005 <0.005
T- mg/1 0.008 0.006 <0.005
0-P mg/1 <0.005 <0.005 <0.005
Si mg/1 2.60 2.70 2.70
T-Mo ug/1 95 80 85
D-Mo ug/1 75 80 85
T-Fe ug/1 110 100 60
D-Fe ug/1 70 20 40
T-Zn ug/1 15 65 20
D-Zn ug/1 120%* 10 20
T-Cu ng/1 5 10 <5
D-Cu ug/1 25** 5 <5

* Preliminary data from USGS

** The only plausible explanation for these high concentrations of dissolved zinc
and $?pper is that the sample may have inadvertently been contaminated during
sampling.
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