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A one-year program of moderate cost would clarify the relative
importance of algae and inorganic suspended solids in controlling the
appearance of Cherry Creek Reservoir. This program would require, for
three stations on the lake, bi-weekly collection of transparency data
(by Quantum sensor as well as secchi disk) samples for total suspended

solids, chlorophyll a, particulate organic carbon, and algal blomass

composition (cell counts) .

Reassessment of the Phosphorus Standard
The phosphorus standard for Cherry Creek Reservoir was established

on the basis of information that was available when the standard was
set. Since that time, monitoring has indicated phosphorus
concentrations cqnsistently above the standard. This has led to
suspicions that the phosphorus standard may have been set at too low a
ljevel. Unfortunately, firm conclusions are impossible because of-
flaws-in the data set. There has been no quantitative reassessment of
the phosphorus standard since it -was set.

The phosphorus standard should be reassessed on the basis of -
phosphorus yield information from selected portioms of the watershed.
First, the basis or rationale for the standard should be worked out
conceptually with the Colorado Department of Health Water Quality
Control Division. For example,.:i is the .standard intended to represent
background conditions for_an'undeveloped'watershed. or is it intended
to include agriculture and other potentially unregulated activities
that contribute phosphorus to the lake? When these principles have
been resolved, the Basin Authority should support -a study of the mass
yield of phosphorus for watershed segments that represent the basis |

for the standard and, with due allowance for reduction of phosphorus
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concentrations in the jake. 1In the past, the analytical limits have

been too high.

Algae
The only Quantitative measure of algal abundance presently

available for the Cherry Creek Reservoir is concentration of
chlorophyll a. This is a standard way of measuring algal abundance.
unfortunately, as shown .by Knowlton and Jones. (1993). the measurements
to date are probably not reliable and therefore offer a weak basis for
interpretation or for conclusions about algal abundance and trophic |
state of Cherry Creek Reservoir.

Handling of samples is particularly critical for chlorophyll.
Samplgs that become overly warm, are exposed to light, or are stored
for more than a short time often show a decline in chlorophyll
concentrations. In addition, some lakes present special problems in
the extraction of chlorophyll prior to measurement. These
difficulties need to bé worked out in the. future because .there is
little use in collecting information on chlorophyll that is not
reliable. . o C s

There are other ways of measuring algal.abundance,'and,the.past
bad experience with chlorophyll suggests that . these might be added to
the Cherry Creek measurement. protocols as insurance against continued
problems with chlorophyll measurements. Quantitative counts of algal
abundance accompanied by estimates of ~cell volumes. for -each species
are not particularly!expensiveuand-would.be a valuable supplement -to
chlorophyll - a. In addition, such counts would provide. information on
compositional changes in phytoplankton. These changes in community V

composition for phytoplankton are of great importance in the
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sediment surface, where it decays and thus uses up oxygemn. This

causes disappearance of oxygen from the water just over the sediment.
If the rate of algalvgrowth ijs increased, the rate of organic loading
to the sediment will also be increased, and the rate of oxygen loss
above the sediment will increase as well. Thus factors causing an
increase in the abundance oOr production of algae are likely to A
decrease the oxygen concentration above the sediments in a lake.

The nutrient enrichment of a lake leading to higher amounts of
algal biomass -and algal production may have.a positive feedback or
multiplier effect on the trophic state of a lake because of the
connection between abundance of algae and amounts of oxygen near the
bottom of a lake. When sufficient nutrients are added to cause
organic loading that leads to complete oxygen depletion, the lake
develops a magnified internal source of phosphorus as a result of the
increased‘transfer.of:phosphorus from the sediments to the overlying
water. Therefore, for management purposes, it is especially important
to keep a lake from crossing .the threshold that separates oxidized
surface sediments from anoxic surface sediments. Cherry Creek

Reservoir -presently occupies the favorable side of this spectrum, and

it is important that it not be pushed to the unfavorable side.

Total Dissolved Solids

Measurements of total dissolved solids have been part of the
Cherry Creek monitoring program since its inception. Total dissolved
.solids can be estimated from field measurements of specific
conductance, which are easy to make because they simply involve the
use of a meter. Unfortunately, the~meter"that;was-used in .much of the

work on Cherry Creek Reservoir appears to have been poorly calibrated,
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action. These problems could be worked out by separation of total

solids into fractioms (see recommendations below) .

Recommendations for Monitoring

Monitoring of water flow, mass transport of phosphorus and
suspended solids, and trophic state variables is important and should
continue. The uses of this information are as followsi (1) to
demonstrate compliance with water quality«standards.~(2) to allow
management to anticipate water quality problems before they become
severe, (3) to provide the basis for interception of nutrients and
sediments, if necessary, before they reach the lake, {4) to supporﬁ
causal analysis of changes in the water quality of the lake or the
watershed. The cost of water quality monitoring, although not
trivial, is well justified by'the:avoidancevof management errors or
misdirection of management acﬁivities,

Management of water quality requires:specific:kindsAof
information, as shown by Table.2. As indicated by»theﬁtable,»mmch’of
this information is unavailable or unreliable-for Cherry Creek
Reservoir and its watershed. ~This makes::planning and management more
difficult, and more subject;to judgment errors. ..: - i . =

It is important that the monitoring data be reliable, -and that the
methods or limits of analyses be set by the requirements of the
program rather than by the preferences of analytical.laboratories or
arbitrary choices by the analyst. -Cherry Creek monitoring has been
plagued to an abnormal degree with data quality.problems,wandlthis~
situation needs to be reversed. Useful routine monitoring occurs. at
many locations throughout the United States, and should not ‘be

considered inherently difficult or unfeasible.
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Frequency of Monitoring
Routine monitoring of the lake should extend through the year, and

should be 2-3 times more frequent during the warm season than during
the cool season. The total number of sampling dates per year should
be about 18 to give appropriate statistical limits for annual
averages. More frequent monitoring during warm weather gives better
resolution of events under biological control, given that all
metabolic processes operate more rapidly in 'warm water, and-also
covers the season of greatest loading. Some sampling during the
winter is important because the interpretation of some events
occurring in lakes must be referenced to carryover from winter
conditions.

Sampling in the watershed should follow two patterns: routine
sampling of base flows,‘and»sampling of all significant storm flows.
The baseflow sampling should becoordinated: with the lake sampling,
and should involve approximately the same number of sampling dates and
the same clustering during ‘warmer weather. The stormflow sampling can
be based either on automated sampling gear or on a combination of
Aautomated-gear and manual sampling. .Some sampling of this-type has
already been done in Shop Creek, but it needs to be extended to éll

major loading sources for Cherry Creek Reservoir.

Routine Sampling Stations

Routine sampling stations must include at least one point above
the park boundary (e.g. near the Arapahoe :gage) where both groundwater
and surface flow (which will be'storm flow or wet weather flow) are
sampled routinely. In addition, the Cottonwood Creek sampling site is

important, as is Shop Creek site. Special studies of the nutrient
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removal efficiency of the Shop Creek system can probably be terminated
at some point, but the total output from the system needs to be
measured as part of the routine monitoring program. In addition, the
sampling network must include surface and storm flow samples from all
channels -that -:reach the margin of Cherry Creek, and should include
samples of seepage water exiting the flats at the upper end of Cherry
Creek Reservoir. Special arrangements should be made for the
measurementﬁofﬁfloWS:through-the channels reaching the lake margin.
This may require ‘the jnstallation of flumes and,- given that the flumes
will not be gituated in jdeal locations, they may need to be
calibrated empirically rather than used with standard reference
tables. However, it is important that this flow be measured and that
it be sampled for water quality as well. The outflow from the
reservoir should always be sampled when it is flowing, even if the
flow does not coincide with a routine sampling date.

An- effort®should be made-to estimate the flow from the reservoir
to points"downstream. If this is a difficult undertaking, which it
‘may be, it can be-done as a special study rather ‘than routine
monitoring.but it is importantffor‘proper‘closure of the water
budget’:’ ‘Contihued measurement-of precipitation and evaporation are
also important: - % -

- Cherry-Creek Reservoir should 'be sampled at three locations, one
of which»Canfbe:designated the main station. The main station can be
near- the- outlet tower, which has been the most consistent point of
sampling in the past. At ‘the main station,- “samples should be taken at
three depths (near surface, midwater, and 0.5-m above the bottom),

except for temperature ‘and oxygen, ‘which-can be measured at closer

‘intervals- by-the‘uise of meters. At the two supplementary stations,
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only the surface sample is necessary. The samples should not be

composited or combined.

Analytical Coverage
The samples of surface flow and groundwater should be analyzed for

total dissolved solids (by means of conductance), temperature, soluble
reactive phosphorus, total dissolved phosphorus, particulate
phosphorus and nitrate, as well as total suspended solids.:. The lake
sampling program should include temperature, transparency, dissolved
oxygen, total dissolved solids (by conductance), total suspended
solids, soluble reactive phosphorus, total dissolved phosphorus,
particulate phosphorus, nitrate, chlorophyll a, particulate organic

carbon, and phytoplankton composition (numerical and volumetric).

. Discontinuation of Selected Studies. -

Studies of Nutrient Limitation and Nutrient Processinggig;cpe Lake

InAthegpast;_the Authority -has supported a numbernofnstudiég of
nutrient limitation and nutrient processing in Cherry Creek- Reservoir.
Without- exception,- these experiments have.been inadequate :to lead to
any firm conclusions. Enrichment experiments have been too artificial
(limnocorrals) or too few (small enclosures) to lead to any general
conclusions about the occurrence -of phosphorus and nitrogen limitation
in the lake. Studies of nutrient mobilization from sediments have
been too few and have produced such variable results that they cannot
support any general conclusions. Studies of this type are of little
use unless they are.definitive. .

The arguments for continued study of nutrient.limitation and

nutrient.cycling in the reservoir are presently weak, particularly in
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view of the urgent need for additional information on nutriént
transport and on the'connection between land use and nutri?ﬁt
transport. In order for studies of nutrient limitation td;be
justified, there needs to be some connection to possible management
strategies. If the algae of the lake are predominantly phosphorus
limited, a phosphorus control strategy is obviously justified. if the
phytoplankton are nitrogen limited, phosphorus control is also
justified because it offers the only potential for suppressing the
growth of nitrogen-fixing bluegreen algae. Therefore, the management
of trophic state is not presently affected by the outcome of
experiments related to limiting nutrients.

Experiments on the mobilization of nutrients from the sediment
would need to be far more extensive and sophisticated than they have
been in order to provide meaningful information. Even if the fluxes
of phosphorus from the sediments could be estimated accurately,.
additional studies would be needed to quantify fluxes of phosphorus to
the sediments and temporal and spatial variation in all fluxes.
Furthermore, knowledge of these fluxes would not necessarily have much
bearing on the importance of managing external load. Further

investment in these kinds of studies .does not seem justified at the

present time.
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Evaluation of Management Strategies
The Shop Creek project is an excellent example of water quality
control. A number of other projects have been studied or at least
discussed over the past several years. These projects can be put'ihto
three groups: (1) projects that are now.advisable and feasible, (2)
projects that should be deferred or that require further study, (3)

projects that are probably inadvisable (Table 3).

Sediment and Nutrient Control on Drainages Near the Reservoir

There has been some discussion of sediment and phosphorus control
projects on Cottonwood Creek and on Lonetree and Windmill drainages.
‘These projects would involve construction of check dams leading to the
trapping of sediment and the formation of more extensive wetland and
riparian zones on these creeks. Projects of this type are justified
by three kinds of benefits: (1) interception of phosphorus and
"“sediment that might otherwise reach the reservoir, (2) -aesthetic
improvement in the drainages themselves, and (3) creation of new

riparian and wetland habitat.

-Dredging the Reservoir -

I1f.the reservoir loses substantial additional volume, dredging may
"be the only way in which its uses can be restored. . : For the present,
however, it- seems more prudent and cost effective to continue
increasing the:efficiency with which sediment is intercepted before it
reaches the lake, thus greatly slowing the accumulation of  sediment in
the reservoir.

There are several arguments against dredging under present

circumstances. First, the shallow end of the reservoir provides
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these areas cannot be managed by restrictions on water level.

Additional Regulation of Treatment Plant Practices

Restrictions have been placed on practices of wastewater treatment
plants for treatment and disposal of effluent. The réstrictions.are
logical given the very high concentrations of phosphorus found in
secondary effluent. However, an important question at present is
whether or not additional restrictions‘can be justified by-<the need to
intercept phosphorus that might enter Cherry Creek Reservoir. The
information at hand is insufficient to provide an answer to this
question. Progress should be made toward better ‘definition of the
pathways of phosphorus flow to Cherry Creek Reservoir, which will set

the stage for a meaningful evaluation of restrictions on phosphorus in

wastewaters.

Re-examination of- the Phosphorus Standard

The phosphorus standard ‘shoiild be te-examined in“collaboration
with the Colorado State Deparﬁment‘of Health“Water‘Quality'Conﬁrol‘
Division. This will require a better information base than now
exists. Pathways ‘for phosphorus léading of the reservoir must be
understood better, and there must be some quantitative information on
background concentrations of phosphoris originating in portions of the
watershed that are not heavily used.: '
Aeration ‘ o S L S I Fo R

Aeration is sometimes used in lakes that suffer high degrees of
eutrophication. Aeration can be helpful :in two ways. First, it may.

change the species'composition 'of algae, thus shifting the balance
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from species that are more likely to cause nuisances to species that
are less likely to do so. In addition, aeration of lakes that are
strongly stratified may disrupt stratification sufficiently to allow
oxygen to reach anoxic sediments.” Neither of these two justifications
seems particularly compelling for Cherry Creek Reservoir at the
present time. The incidence of nuisance blooms of algae is relatlvely
small. Aeration is not always effective in disrupting or replacing
these blooms, and in some cases causes changes that are even less
desirable than the original condition. The potentially stronger
justification in some lakes is disruption of stratification, but

stratification is very weak in Cherry Creek Reservoir, and there is no

severe oxygen depletion over the sediments.
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special Features

Possible Effects

Low eservoir hydraulic residence time Algal populations are not affected
by flushing

High ratio of watershed to lake area; Lower and upper watershed segments
low runoff may have differential effects

pumping from alluvium Interception of nutrients

Large wetland near reservoir Interception of nutrients

Low mean depth for reservoir Reduced likelihood of oxygen
depletion, higher probability of
nuisanc¢e blooms

High suspended solids transport and

Storm loading prominent
irregular sedimentation rates

Table 1. Features Cherry Creek Resérvoir and watershed of particular
importance in sampling and the interpretation of data.



Information

Purpose

Availability for
Cherry Creek

Water budget for reservoir
‘Water budget for watershed

P concentrations by
fraction for all major
sources .and the lake

Chlorophyll concentrations
for the lake

Transparency data for the
lake
Oxygen data for the lake

Temperature data

Algal composition

Inorganic N data

Quantification and
tracking of
nutrients

Apportionment of
nutrients by land
use

Quantification of
loads, sources

Quantification of
algal populations
Quantification of
the appearance of
the lake

Quantificétioﬁ of
deepwater oxygen

Documentation of

stratification, mixing

Documentation of
shifts to nuisance
species

Representation of N

limjitation

Incomplete: groundwater
undocumented

No information

Flawed and incomplete
data ’

Flawed data

Probably OK

Probably OK
Probably OK

Incomplete

Flawed data

Table 2. Basic requirements for studies of lake trophic status and nutrient

control.




Study and

Management )
Options Recommendation
Studies

Studies of Nutrient lelta- Discontinue

tion and Nutrient Processing

in the Lake

studies of Sedimentation add

Nutrient Transport and Conversion Add

Across the Lakeside Wetland

Establishing Estimates of Back- Add

ground Concentrations

Association Between Nutrlent Add

vield and Land Use .

Estimate of Water Flow Beneath Add

Cherry Creek

Routine Monitoring Continue
Management

Sediment and Nutrient Control on Recommended

Dralnages Near the Reservoir
Dredging the Reservoir

control of Shoreline_Erosion
Additional Regulation of Treatment
Plant Practices

Re-examination of the Phosphorus
Standard

Aeration

Not recommended
Recommended (via water
level regulation)
Defer pending study

Recommended

Not recommended

Table 3. Summary of possible studies and management options.



Cottonwod Creek Evaporation Precipitation
550 2700 ~ 1200

Cherry Creek
2500 3500
tland

Shop Creek .
500 Quincy
80

Figure 1. Approximate mean annual water budget of Cherry Creek Reservoir (acre-
feet per year; from variots sources).




