The solar-powered
circulator, installed
in the Mountain Dell
Reservoir, has

an expandable
intake tube.

In 1999, after four years of dry weather, the
reserves in the Upper Reservoir were drawn down
to provide drinking water. Seasonal snowpack
runoff normally would have refilled the reservoir
within a couple of years. However, the drought
continued, and the four years following the
drawdown saw little runoff. The amount of water
flowing through the Lower Reservoir annually
dropped from 20,000 acre-ft to less than
5,000 acre-ft. No water was released and little
was treated from the Lower Reservoir from 2000
through 2004. Minimal water was discharged
from the Upper Reservoir to the Lower Reservoir
to provide what was absolutely necessary for
treatment at the Parley’s Treatment Plant. The
Lower Reservoir essentially became a closed
system, and supplemental water was purchased
from neighboring systems.

A Brief History

Following massive flooding in 1983, numerous
improvements were made to the flood control
system in the Salt Lake Valley. The largest project
was the construction of Little Dell Dam above
the Mountain Dell Reservoir. Built by the Army
Corps of Engineers, Little Dell is an earth-fill
dam forming a 20,000 acre-ft
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impoundment. At high pool,
the surface area of the Little
Dell reservoir is 230 acres, and
that of Mountain Dell Reservoir

10

is 60 acres. The Salt Lake City
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Small Reservoir Management

When in Drought,
Look to the Sun

For water utilities, dry is one thing, and serious drought is

by Linda R. Moss

quite another. A typical 10-yr weather cycle in Salt Lake City
will consist of three or four wet years and six or seven dry years.
However, an extended dry cycle at the turn of this century
resulted in unexpected and difficult water quality problems
in two of the city’s primary supply reservoirs: Mountain Dell
Reservoir, known as the Lower Reservoir, and the Little Dell
Reservoir, or the “Upper Reservoir,” which was originally built
for flood control. These problems were resolved with a cost-
effective water circulator that improved water quality without

affecting water quantity.

Department of Public Utilities operates both
reservoirs.

Three streams feed the reservoirs. Dell Stream
feeds into the Upper Reservoir. Parley’s Creek and
Lambs Stream converge and flow either directly
into the Lower Reservoir or through a diversion
structure into the Upper Reservoir. The maximum
capacity of the diversion structure is 60 ft3/sec,
which is adequate to divert 80-90 percent
of the flow of Parley’s Creek and Lambs Stream
to the Upper Reservoir in a typical year.

The Lower Reservoir contains the Parley’s
Treatment Plant intake; normally about 5,000
acre-ft of water is treated annually, and the rest of
the flow-through is bypassed. In 1983, the flow-
through was about 50,000 acre-ft. Any water that
is bypassed through the Lower Reservoir is lost
for any further drinking water or agricultural use,
as it quickly enters the Great Salt Lake via the
Jordan River.

Prior to construction of the Upper Reservoir,
flow-through occurred primarily during runoff,
and the inflows were unmanaged. Whatever
came down the streams flowed into the Lower
Reservoir. Since construction, the Lower
Reservoir’s inflows and outflows are managed
based on the demand for drinking water and the
need to bypass water from both reservoirs to make
room for runoff.

Reservoir Management

The Lower Reservoir has gone through several
management strategies over the years. During
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Bordered by 1-80, Utah’s Mountain Dell Reservoir (inset) supplies water directly to
the Parley’s Water Treatment Plant, which provides drinking water to Salt Lake City,
5 mi west. Little Dell Reservoir was built above Mountain Dell in the 1990s for flood
control, recreation, and additional supply.

the 1970s and 1980s, large amounts of
copper sulfate were applied to control
algae, the predominant plant life in

the reservoir. No rooted aquatic plants
lived in the reservoir at all. During
July, August, and September, the entire
surface of the reservoir, to a depth of

2 ft, was treated weekly with 1 mg/L of
copper sulfate.

At the same time, a golf course
on the south bank of the reservoir
used copious amounts of fast-release
fertilizer on its greens; excess fertilizer
that made its way into the reservoir
exacerbated the algae growth. Weekly
algae kills usually resulted in taste and
odor problems for the treatment plant.
The fish population, largely of native
cutthroat trout, was strong in number,
but did not appear healthy; many fish
were literally green around the gills.

In the 1990s, the use of copper
sulfate was curtailed to return the
reservoir to a healthier, more natural
ecology. Golf course management
switched to smaller quantities of slow-
release fertilizer. A state road-salting
storage facility located at the east end

of the reservoir constructed sturdier
salt-storage facilities that reduced the
quantities of sodium chloride leaching
into the reservoir. The reservoir bottom
was flushed annually during runoff,
and the top of the reservoir was allowed
to spill in late summer, which helped
control the algae population. The fish
population grew healthier, and aquatic
plant life started to take hold and
compete with the algae for nutrients.

After the Upper Reservoir went
on line in 1993 and the Salt Lake
City DPU took control of the dam
operation in 1996, the Lower Reservoir
inflow and outflow changed from an
annual runoff rush to smaller, more
prolonged releases in the summer and
early fall when consumer water demand
was highest. Then the reservoir was
restricted to a 2,000 acre-ft capacity,
keeping a 1,000 acre-ft freeboard for
flood control.

The reservoir water maintained a
fairly consistent quality, even though
it was no longer possible to spill the
reservoir in late summer for a few

continued on page 12
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Drought srom page 11

weeks to pull water off the top. It wasn’t
until the reservoir flow-through became
restricted to virtually nothing in the
early 2000s did water quality problems
begin to occur.

Water Quality Problems

In late October 2002, Parley’s
Treatment Plant was called on to

produce water after being offline for
about nine months. Unfortunately,
nobody had paid much attention to
what was happening to the Lower
Reservoir water quality. An early
turnover, followed by two weeks of
warm weather and sunshine resulted
in high nutrient levels at the surface of

the reservoir and a massive algal bloom.

The algae counts in the raw water
were about 202,000,000/100 L. The

12
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predominant organism was Qocystus
Gigal, which does not create a taste
and odor problem but does form a
slime coating on the water, making the
algae difficult to coagulate and remove
in the treatment process. Good floc
formed, only to break up across the
sedimentation basin, and the water
could not be filtered. Only by adding
60 mg/L of ferric chloride — compared
to a normal dose of 5-10 mg/L —
could a settleable and filterable floc

be produced.

This incident prompted a closer
look at what had been happening to
water quality in the reservoir during
the drought. Because no water was
released from the bottom of the Lower
Reservoir from 1999 through 2004,
the sediments were not scoured off the
bottom and low dissolved oxygen (DO)
water was not removed. The water was
not freshened by runoff or releases from
the Upper Reservoir. DO decreased,
as the annual flow-through volume
decreased, and total dissolved solids
(TDS) had increased. The reservoir
became a low DO “soup,” with anoxic
conditions reaching as high as the
treatment plant intake level. Nitrogen,
phosphorous, sulfur, iron, and
manganese leached from sediments in
the low-pH, anoxic bottom water layer
of the reservoir. Phosphate and nitrate
levels varied seasonally at different
levels of the reservoir, but generally
rose during the dry period from 1996
to 2004.

In 2003, Salt Lake City DPU began
to look at possible solutions that would
not require the release of large amounts
of water from the reservoirs during
drought years. The primary goal was
to keep the Lower Reservoir mixed
and aerated. Numerous options were
considered:

» Dredging the reservoir to remove
sediments

» Applying an alum treatment to the
sediment surface to prevent leaching

» Installing circulator pumps to keep
the Lower Reservoir mixed

» Installing recirculation pumps to
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Lower Reservoir Water Temperature Stratification
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Before the circulator was installed, water temperatures were much warmer at the
top of the reservoir and colder at the bottom, stratifying the reservoir and creating

prime algae growing conditions.

return water to the Upper Reservoir,
balanced with releases from the

Upper Reservoir

» Installing an aeration system in the
Lower Reservoir

» Building a direct intake from the
Upper Reservoir to the treatment
plant

» Releasing large amounts of water
regardless of the wasted water

Any option would be complemented
by increased reservoir water quality
monitoring and staff allocation and
training.

Dredging and alum treatment
were eliminated because they were
considered too expensive and only
temporary solutions. Circulation
pumps and aeration were also
eliminated because of the expense
and manpower requirements. And,
although a direct intake from the
Upper Reservoir will someday have
to be built because the lower concrete
dam is almost 100 years old and will
eventually be out of service, the intake
construction is too costly for DPU to
undertake anytime soon.

The financial considerations were
particularly important because the
drought inspired consumers to conserve

at unprecedented rates, negatively
affecting DPU’s revenue. And, with
conservation in mind, wasting large
amounts of water annually was not a
palatable solution for anyone.

Solar Solution
Finally, Salt Lake City DPU learned

of a solar-powered water-circulating
device that uses a slow circulator pump
to move water from the bottom of its
intake tube to the reservoir surface. The
circulator will move about 10,000 gpm,
and the power requirements are low
enough that it can operate through the
winter months. If the batteries run out
of juice, the device shuts down until
there is enough sunlight to recharge
them. DPU first leased the circulator
to make sure it would work, and
then purchased it for $65,000, after
factoring in some of the leasing costs.
The circulator was installed in July
2004 at the deepest part of the Lower
Reservoir near the dam. The intake
end of the circulator’s tube was initially
positioned just below the treatment
plant’s middle intake, about 35 ft down
and halfway up the water column.
The circulator’s intake tube will be
lengthened 10 ft every two years until

continued on page 14
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DI‘OlIght (from page 13)

it is about 10 ft off the bottom of the

reservoir. To put it near the bottom to
begin with could have produced a real
mess at the reservoir surface.

Also in 2004, water temperature
and pH monitors were installed in the
three intake valve houses on the dam.
A chlorophyll-a monitor was installed
in the upper intake valve house, and
raw water DO was monitored at the
treatment plant. To keep some water
moving across the bottom of the
reservoir, 95 percent of the plant raw
water was drawn from the middle
intake and 5 percent was taken from
the bottom.

Depth samples were taken in June,
prior to the circulator’s installation, and
in early October, three months after
installation. Ambient temperatures
were still too warm (in the 80s °F
during the day and 50s °F at night) for
turnover to have occurred. However,
it was clear from pH and water
temperature measurements that mixing
of the circulator had destratified the
reservoir. The reservoir has remained
destratified, with no turnover events
since the installation in July 2004.

For about a month after the
installation, phosphate, sulfate, and
nitrate were monitored daily at the
treatment plant to ascertain what effect
the mixing had on raw water. Levels of
all parameters rose as deeper water was
pushed to the surface; levels peaked
about two weeks after the installation
and then began leveling out. DO
concentrations went up at all levels in
the reservoir.

In addition to the early monitoring
after the circulator was installed,
biweekly monitoring began in
January 2005 at the upper, middle,
and bottom plant intake valve houses
for sulfate, phosphate, nitrate, pH,
and temperature. Most sampling for
phosphate and nitrate resulted in no
detection. A substantial snowpack
in 2005 produced plentiful runoff

14

Flooding Prompts Dam Building

The Salt Lake Valley forms a bowl, with

mountains on three sides and the elevated
West Desert to the west. The only place
for runoff to go, eventually, is the Great
Salt Lake. In 1983, Salt Lake City suffered
serious flooding when heavy winter snows
were followed by sudden persistent warm
temperatures in May. The record snowpack
melted quickly, resulting in streamflows that
overwhelmed the normal drainage paths to
the Jordan River and the Great Salt Lake,
a natural lake with inlets (the Jordan and
Weber rivers) and no outlets. The surface
area of the lake approximately doubled in
1983 and 1984.

The expanded lake and swollen streams running through Salt Lake City
flooded populated areas, destroying buildings, streets, landscaping, and
unfixed objects. State Street, a major north—south traffic route in the city,
was sandbagged for 2 mi and became a river to allow runoff from City Creek
Canyon north of Salt Lake City to reach the Jordan River. All in all, it was a
mess that wreaked millions of dollars worth of damage.

At the time, the only flood control impoundment in the Salt Lake Valley was
Mountain Dell Reservoir in Parley’s Canyon east of the city. The 3,000 acre-ft
reservoir is too small for flood control when runoffs reach the magnitude seen
in 1983. The floodwaters in 1983 could not be released fast enough from the
dam, and it was feared water would top the dam and wash out the footings.
Streamflows entered the reservoir so fast during nightly peaks that rising water
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State Street was sandbagged
for 2 mi to divert runoff to the
Jordan River.

levels were observed with a flashlight on the backside of the dam.

during May, along with a subsequent
increase in phosphate and nitrate
levels. However, the concentrations at
the different depths of the reservoir
remained similar, another indication
that the Lower Reservoir did not
stratify between January 2005 and
August 2005.

Success Continues

Today (March 2006), the Lower
Reservoir appears to be healthy. Algae
counts are low, rooted aquatic plant
life along the edges of the reservoir is
healthy but not excessive in number,
and the fish are fat and lively. There
has been no need for copper sulfate
application at the dam face, no
treatment problems at the plant, no
turnover events, and no restratification
of the reservoir. The reservoir water is
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clear, with Secchi visibility down to
about 30 ft. The substantial runoff in
the spring of 2005 likely contributed to
the improvement last summer, but the
steady improvement of water quality
between July 2004 and the 2005
runoff, the height of the drought cycle,
can be credited to the circulator.

This technology may not be
practical on a larger reservoir because
the number of units that would be
required would make it difficult to
implement and costly. However, on
the 2,000 acre-ft Lower Reservoir in
Parley’s Canyon in Utah, the solar-
powered circulator has been a successful
technology.

This article originated as a
presentation at the 2005 Water
Quality Technology Conference.
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