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PRELIMINARY REPORT
LIMNOCORRAL STUDY OF CHERRY CREEK
RESERVOIR

INTRODUCTION

This is a preliminary report on the results of a study utilizing limnocorrals to conduct specific
scientific tests on the response of Cherry Creck Reservoir to the addition of alum and
phosphorus. The work was conducted by Advanced Aquatic Technology Associates, Inc.
(AATA), and involved several phases. First, limnocorrals were constructed of special plastic
sheeting material by Dr. Frank Vertucci. All limnocorrals were 2 meters in diameter. Three
were constructed to be installed at a depth of 20 feet, and three were constructed to be installed
at a depth of 30 feet.

CONSTRUCTION AND INSTALLATION

The limnocorrals were constructed of polyethylene plastic sewn into a cylinder 2 meters in
diameter. Three limnocorrals were 20 feet long, while another set was constructed in a 30 foot
length. These occupied the shallow and deep sample sites in Cherry Creek Reservoir
respectively. The limnocorrals were designed with a pocket at the top edge of the corral which
contained empty 1-gallon milk containers and served both as a float and as a small obstruction
to waves overtopping into the corral. Three additional smaller pockets were sewn into the
sides of the limnocorrals to provide a containment for a semi-rigid length of PVC pipe. These
pipe hoops served to maintain the circular shape of the limnocorral.

The limnocorrals were installed near the outlet structure in Cherry Creek Reservoir using diver
assistance on July 15, 1991. Initial lake conditions were recorded and treatments were
administered after equilibration on July 16, 1991.

The limnocorrals were anchored in water just shallower than their overall length. Divers were
used to anchor the bottom of the corral in the reservoir sediment. A good seal between the
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corral and the sediment was required for isolation of the treated water from the rest of the
reservoir. The limnocorrals were further secured in a radial manner to anchors located 15 to 20
feet from the corrals.

Sample sites were selected to be representative of the entire reservoir. A site corresponding to
a water depth of about 18 feet was located near the C-14 grid point (Map 1). A second site was
located near the B-13 grid point in approximately 25 feet of water. These sites were outside of
the heavily used ski boat lanes, and were further marked with hazard buoys to prevent possible
conflict with the boating activity.

In the limnocorral used to test the effect of phosphorus addition, the phosphorous
concentration was elevated by 613 9ug-P/L, the same level as used in the 3.3X concentration
of the limited nutrient study. This augmented phosphorous concentration was approximately
100 times the average annual measured phosphorous concentration.

The limnocorral used to test phosphorous removal contained an aluminum concentration of 20
mg/l. Aluminum sulfate and Sodium aluminate were added in a 1:1.6 ratio as suggested by
Dominie (1980). The inclusion of the Sodium aluminate tends to buffer the pH of the system,
preventing the significant drop in pH often seen with pure precipitation of phosphorous using
only Aluminum sulfate.

SAMPLING AND FIELD MEASUREMENTS

Field measurements were made of dissolved oxygen and temperature profiles, pH, alkalinity,
conductivity, and Secchi disc visibility on Day 3, 7, 14, and 21. Some limited information
was generated for the 30 foot limnocorrals at Day 28. A strong thunderstorm disturbed the 20
foot limnocorrals on Day 19, as waves of approximately 4 feet ripped them from their
moorings. Data collected beyond Day 19 are not deemed to be representative for the 20 foot
limnocorrals. Comparison with data in the 30 foot sets confirms that a nearly total evacuation
of the test water occurred due to the storm. Water samples from the surface, mid-depth, and
bottom were collected with an inert Beta bottle, cooled, and returned to the AATA lab where
they were prepared for analysis of nutrients, chlorophyll, and other water chemistry. Samples
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were shipped using overnight express to Inter-Mountain Labs (IML), Sheridan, Wyoming for

analysis.

ANALYSIS

Analysis of the water samples was conducted according to standard EPA protocols (see
attached lab sheets for listings). Method comparisons were conducted, along with normal
quality assurance/quality control procedures. Excellent results were obtained for calculated
spiked samples.

RESULTS

Results of water quality analysis from IML are provided in Appendix A. Results of field
measurements are provided in Appendix B. Plots of the results of the total phosphorus
analysis are provided in Figure 1. Plots of the results of total and dissolved reactive
phosphorus analysis are provided in Figure 2.

DISCUSSION AND CONCLUSTIONS

Alum/Sodium aluminate Treatment - There was very little difference between the control
limnocorrals and the alum test limnocorrals (see Figure 1). A small decrease in total
phosphorus between control and treatment was seen in the 3-day and 7-day 30 foot
limnocorrals, and in the 7-day and 14-day 20 foot limnocorrals. However, total phosphorus
was increasing over this period, including in the lake. By day 21, the 30 foot limnocorrals
showed no difference between control and test, and were higher than the total phosphorus in
the lake. No significant phosphorus complexation and precipitation occurred versus controls

past day 7.

Phosphorus Addition - The results of phosphorus addition to the limnocorrals was very
interesting. An amount of dissolved orthophosphorus was added that had been calculated to
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raise the lake water to an estimated 600 ug/L. This was achieved in both the 30-foot
limnocorrals (580 ug/L total reactive phosphorus) and 20-foot limnocorrals (597 ug/L total
reactive phosphorus). Figure 2 illustrates what happened to the total and dissolved reactive
phosphorus over the test. Total phosphorus increased in the lake, with dissolved reactive
phosphorus remaining about the same. However, in both the limnocorrals, total and dissolved
reactive phosphorus declined in the water column. Thus, dissolved phosphorus was
apparently complexed and settled out throughout the test. Recall that the 20-foot limnocorrals
were disrupted at Day 19, so an increase in total phosphorus was seen toward the end of the
test versus the 30-foot results which indicated sustained sedimentation and removal. The total
and dissolved reactive phosphorus were virtually the same as in the lake by day 21 in the 30-
foot limnocorrals. It is also interesting to note that the dissolved reactive phosphorus was
about the same in the limnocorrals receiving phosphorus addition as compared to the alum
treatment at day 14 and beyond.

The concepts that 1) there is a relatively constant pool of dissolved reactive phosphorus in the
lake, and 2) significant changes in total phosphorus can occur due to resuspension of bottom
sediments are supported by the study. Doubling of total phosphorus concentrations is
achievable, even when water is isolated in plastic enclosures. Results of this limnocorral study
need to be linked to the results of the limiting nutrient study to further examine the phosphorus
situation. It is doubtful that phosphorus was the limiting nutrient to algal growth during the
summer growing season of 1991.

The general surface water conditions of the reservoir were acceptable this year according to
numerous interviews at the reservoir of various users. Perceptions of those interviewed tended
to be highly biased toward the visual characteristics of the surface. However, significant
oxygen depletions were measured (Appendix B). These will be discussed in more detail in the
Limiting Nutrient Study.
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APPENDIX B
FIELD MEASUREMENTS
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Cherry Creek Reservoir
Lake Outside Limnocorrals

Date
F= TS e L= T
7/15/91
Air Temperature 95° F
Saturation DO mg/L
Alkalinity* mg/L
Secchi Depth inches
Depth DO | Temperanre | pH Corrected
Degrees C Conductivity
Surface 7.45 23.5 906
Im 7.55 22.5 893
2m 6.80 22.0 891
3m 6.65 21.5 879
4m 2.80 20.8 802
5m
6m
7m
8m
9m 2.65 20.8 892
= —————————— ——
7/23/91
Air Temperature 63° F
Saturation DO 7.65 mg/L
Alkalinity* mg/L
Secchi Depth 32" inches
Depth DO  Temperamwre pH Corrected
Degrees C Conductivity
Surface 3.30 21.8 8.07 905
Im 4.30 21.8 895
2m 3.90 21.8 895
3m 3.60 21.8 905
4m 3.35 21.8 905
Sm 3.25 21.8 905
6m 3.30 21.8 905
7m 3.35 21.8 905
Bottom 7.5m 3.35 21.7 907

*Composite sample - top, middle and bottom depth.



Cherry Creek Reservoir
Lake Outside Limnocorrals (continued)

Date
_—_——=
7/30/91
Air Temperature ~ 88° F
Saturation DO 8.4 mg/L
Alkalinity* mg/L
Secchi Depth inches
Depth DO | Temperature | pH Corrected
Degrees C Conductivity
Surface 7.70 22.8 8.40 866
Im 7.10 22.6 7.38 859
2m 7.05 22.5 872
3m 6.90 224 873
4m 4,55 21.2 884
Sm 4.20 21.0 877
6m 4.00 20.8 881
Tm 3.45 20.5 886
Bottom 7.5m 3.40 20.5 886
8/6/91
Air Temperature 88° F
Satration DO 6.8 mg/L
Alkalinity* mg/L
Secchi Depth 40" inches
Depth DO Temperatuwre pH Corrected
Degrees C Conductivity
Surface 6.30 219 8.32 872
Im 6.35 21.8 873
2m 6.25 21.5 879
3m 6.20 214 881
4m 6.15 21.4 881
5m 5.90 21.2 884
6m 5.70 21.1 886
7m 5.50 21.0 888
Bottom 7.5m 5.60 20.9 890

*Composite sample - top, middle and bottom depth.




Cherry Creek Reservoir
Lake Outside Limnocorrals (continued)

Date
8/13/91
Air Temperature 0° F
Saturation DO 7:33 mg/L
Alkalinity* 157 mg/L
Secchi Depth 45" inches
Depth DO | Temperawre | pH Corrected
Degrees C Conductivity
Surface 5.90 21.1 8.25 886
Im 5.75 21.1 8.23 886
2m 5.75 21.1 886
3m 5.70 211 886
4m 5.70 21.1 886
5m 5.35 21.0 888
6m 5.10 21.0 888
Tm 4.95 20.9 890
Bottom 7.5m 1.20 20.9 890
=T=é===#_==
8/13/91
Air Temperature 82° F
Saturation DO 7.33 mg/L
Alkalinity* mg/L
Secchi Depth inches
Depth DO Temperamwe pH Correcied
Degrees C Conductivity
Surface 6.45 21.2 8.31 895
Im 5.60 21.1 897
2m 5.25 20.9 890
3m 5.15 20.9 890
4m 5.05 20.9 890
5m 5.05 20.9 890
Bottom 5.5m 4.85 20.8 892

*Composite sample - top, middle and botiom depth.



Cherry Creek Reservoir
Lake Outside Limnocorrals (continued)

Date
%‘
8/20/91
Air Temperature 70° F
Saturation DO 8.9 mg/L
Alkalinity* 157 mg/L
Secchi Depth 39" inches
Depth " DO Temperature | pH Corrected
Degrees C Conductivity
Surface 6.45 21.2 8.18 873
Im 8.50 21.2 7.78 873
2m 6.30 21.2 884
3m 6.35 21.2 884
4m 6.10 21.2 884
5m 5.00 21.1 886
Bottom 5.5m 3.10 21.1 886
*Composite sample - top, middle and bottom depth.




APPENDIX A
ANALYTICAL LABORATORY RESULTS




CHERRY CREEK LIMNOCORRALS

SUMMARY OF TURBIDITY

DAY

Initial - Day 0

Day 3

Day 7

Day 14

Day 21

LAKE
CRTL 20
CRTL 30

LAKE
CRTL 20
ALUM 20
PHOS 20
CRTL 30
ALUM 30
PHOS 30

LAKE
CRTL 20
ALUM 20
PHOS 20
CTRL 30
ALUM 30
PHOS 30

LAKE
CRTL 20
ALUM 20
PHOS 20
CTRL 30
ALUM 30
PHOS 30

LAKE
CTRL 20
ALUM 20
PHOS 20
CTRL 30
ALUM 30
PHOS 30

Z
=
=

At
]
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SUNARNG oo BWaR
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[ —

poatathonth NN ECADOR o
ONONOUNNO COONNO® N=ANRO ROy oo

ALUMEFFECT NOTES

Stirred up by installation
Stirred up by installation

Slight reduction

Slight reduction

Decrease - same as lake
Same as lake

Same as lake

Increase

Same as lake

Decrease

Increase

Disrupted on Day 19
Disrupted on Day 19
Disrupted on Day 19

Increase

NOTE: Phosphorus addition similar to alum treatment and/or lake under most conditions.
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