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EXECUTIVE SUMMARY

In November of 2007, the Colorado Division of Wildlife (CDOW) discovered two

unconfirmed suspect mussels attached to a substrate sample at the North Marina of

Pueblo Reservoir in Colorado. They also conducted a plankton tow in this area and

found larvae that were later verified by DNA testing as zebra mussel larvae. This

was the first documented finding of Dreissena mussels in Colorado. Since that time

quagga mussel larvae have also been confirmed. At this time, the source of veligers

collected in the reservoir is not known; however, no adults have been confirmed to

date.

In November 2008, RNT Consulting Inc. (RNT) was asked by the Eastern Colorado

Area Office, Bureau of Reclamation (Reclamation) to examine the Pueblo Dam and

other features of Pueblo Reservoir to provide an assessment on the vulnerability of

the dam and recommend possible control strategies.

Although examination of environmental suitability of the Pueblo Reservoir for mussel

survival was not part of the contract requirement, some idea of environmental

suitability is helpful when assessing the magnitude of risk to facilities and structures.

For this reason, RNT examined environmental data for Pueblo Reservoir collected by

U.S. Geological Survey (USGS) from 2006 to 2008. RNT also used the summary

data available in the Lake Pueblo Zebra Mussel Response Plan and conducted a

brief physical survey of a portion of the exposed bed of the reservoir during the site

visit. Based on the limited data analyzed, this effort by no means replaces a full

scale assessment of environmental suitability.

Based on experience in the Great Lakes and in Europe, data available indicates that

there is more than adequate calcium in the water to support a massive Dreissenid

population. When calcium data is not available, populations of Asian clams (if

present) are taken as an indicator of possible Dreissena success. Asian clams have

roughly the same environmental requirements as dreissenids and a high population

of Asian clams predicts high likelihood of successful dreissenid invasion. During the
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brief site visit to the exposed beach of the reservoir, the authors noted that the Asian

clam population in this part of the reservoir appeared very low, especially when

compared to the massive population present in Bessemer Ditch. The irrigation ditch

is downstream of the reservoir which draws water from the reservoir, but is shallow

and probably well oxygenated. This leads us to speculate that unless the Asian

clams have buried themselves in the sediment or followed the falling water level into

deeper parts of the reservoir, environmental parameters other than calcium may

have a mitigating effect on the Asian clam population. If there is an environmental

parameter which has a mitigating effect on the Asian clams, it may have a similar

effect on dreissenids. Dissolved oxygen level appears a likely candidate as a

mitigating factor, particularly as the USGS data for dissolved oxygen collected during

the last three years indicate very low dissolved oxygen levels. This was especially

true during the summer months at depths greater than 20 feet. This hypothesis is

based on limited observation and data and should be examined in further detail as it

may have implications for reservoir management.

Warm summer water temperatures and large periodic swings in pH may also be

contributing to an environment where the mussel populations may not be vigorous.

The annual level fluctuation of the reservoir can also contribute to overall mussel

mitigation, particularly if the drawdown reaches the elevation of low summer

dissolved oxygen. The drawdown in 2008 appears to have reached the depth of low

dissolved oxygen based on USGS data.

There was no risk to dam safety identified. While mussels may be able to travel with

normal dam seepage into the dam drainage system, the drains are substantial in

size, monitored frequently and able to be cleaned in a straight-forward manner. The

current dam practices of inspection and investigation should be sufficient to deal with

any mussel presence in the drainage system. Extra attention to vent lines is

warranted due to possible pipe collapse from plugged vent lines.

We found no signs of Asian clams or snails in any of the open drain gutters within

the dam. However, it is important to note that at other times both snails and clams
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may be present. Reclamation observed snails in the dam drain gutters earlier in

2008.

The main potential effect to the dam from a mussel infestation appears to be

accumulation of mussels on the hydraulic structures such as conduits, piping and

trashracks. All water conveyance components have some extra flow capacity so that

any mussel accumulation can be monitored and cleaning planned accordingly to

maintain water delivery commitments. The effect of mussel accumulation on these

structures will therefore likely be an economic addition to the operations and

maintenance budgets only. There is low probability that a sudden or unplanned

water delivery interruption will occur.

Continued monitoring is recommended and is critical to help detect adult mussels

and establish the seasonal distribution of dreissenid veligers. Monitoring will help

identify the source of veligers, establish the mussel distribution within the reservoir

and determine how much effect the mitigating parameters (particularly dissolved

oxygen) identified above have on mussel density and population growth. Trends are

valuable so that future plans can be developed to best address the mussel issue.

This information can also contribute to future maintenance and budget planning. To

be most effective, the monitoring program needs to be able to determine if the

mussels are alive or dead at the time of sampling.
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1.0 INTRODUCTION

Pueblo Reservoir is a component of the Fryingpan-Arkansas (Fry-Ark) Project, which

is a multipurpose transmountain, transbasin water diversion and delivery project in

Colorado. Fry-Ark makes possible an average annual diversion of 69,200 acre-feet of

surplus water from the Fryingpan River and other tributaries of the Roaring Fork

River, on the western slope of the Rocky Mountains, to the Arkansas River basin on

the eastern slope.

Pueblo Reservoir is approximately 4,646 surface acres in size at the top of the Active

Conservation Pool (4880.49 ft) with approximately 60 miles of shoreline. The

reservoir has a total storage capacity of 349,940 acre-feet at the top of the Exclusive

Flood Control Pool (4,898.7 ft). The water level varies temporally based on natural

resupply and management practices resulting in corresponding variations in

shoreline distance and surface area.

Pueblo Reservoir is approximately 11.4 miles long and averages a width of 0.8 miles.

Based on the top of the Joint Use Pool (elevation 4893.8 ft) and the original

streambed elevation of 4725 ft, the reservoir is 169 ft deep at its deepest point. At

the North Marina, it is typically 85 ft deep and at the South Marina, it is typically 81 ft

deep.

Water stored in Pueblo Reservoir is used by at least 80 different entities. Its largest

storage components are water diverted from the Colorado River basin as part of the

Fry-Ark Project and water stored for municipal ditch companies east of Pueblo as

part of the Winter Water Storage Program.

Flows out of Pueblo Reservoir can range from 50 cubic feet per second (cfs) in the

winter months to the maximum downstream channel capacity of 6,000 cfs during

spring runoff. Typical summer releases are in the 500 to 2,000 cfs range.
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Lake Pueblo State Park is one of Colorado’s most popular State Parks. Located on

the Arkansas River in northwestern Pueblo County, the park is within two hours of

Denver and Colorado Springs. It is about six miles upstream and on the western

edge of the Pueblo metropolitan area and abuts the eastern slope of the Rocky

Mountains. The major attraction of the park is the lake which sees around 1.6 million

visitors each year.

The CDOW found two suspected adult mussels attached to a substrate sampler in

November 2007; however, confirmation was not attainable since the samples were

not preserved properly. At that same time a plankton tow was conducted in the North

Marina area and microscopic analysis of the sample identified dreissenid veligers. In

January 2008, DNA analysis confirmed the larvae were zebra mussels. Throughout

the summer of 2008, Reclamation and CDOW conducted sampling, which

concentrated on the most likely areas for mussel populations. Quagga veligers were

first confirmed from samples taken in July 2008. Zebra and quagga veligers were

detected on different sampling dates and from different sampling locations. To this

point, no adult mussels have been confirmed at Pueblo Reservoir.

Zebra mussels are members of the dreissenid family of bivalves. Together with their

sister species, the quagga mussel, these non-native, invasive mussels are an

environmental and economic nuisance to North America.

Dreissenid mussels are aggressive bio-foulers. When present in dam infrastructure

or the source of raw cooling water, mussels become a serious problem for industrial

facilities using this water unless control actions are taken. There are two main types

of fouling: acute and chronic.

Chronic fouling occurs when juvenile quagga mussels attach themselves to external

and internal structures. The juvenile mussels accumulate and grow in place resulting

in reduced water flow rates and in some cases can even cut off the water flow.

Acute fouling occurs when a large build up of adult mussel shells, alive or dead,

becomes detached from upstream locations and is carried by the water flow into
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piping systems. The large quantities of mussel shells quickly plug small diameter

pipes, fixed strainers, filters, heat exchangers, and other system components. Such

events can occur at unexpected times and, if not anticipated, can have rapid and

significant consequences. It is essential that any facility experiencing mussel fouling

is prepared to deal with both types of fouling.

When veligers were found in 2008, Reclamation decided to take proactive steps and

evaluate the susceptibility of the Pueblo Dam and it appurtenances to mussel fouling.

RNT Consulting was engaged to lead the process and to make the evaluation

methodology available to Reclamation for use at other facilities.

This report is a summary of the findings on:

1) Brief summary of findings on environmental suitability of Pueblo reservoir to

Dreissena infestation

2) Areas of the dam at risk from mussel fouling,

3) Best management practices for coping with mussel invasion and control options

for raw water systems.

It is important to note that this report contains what we believe are practical options

for dreissenid mussel mitigation at each facility, but this report is not intended to

represent an engineering evaluation of these options.
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2.0 ASSESSMENT PROCESS and METHOD

Reclamation provided RNT with flow diagrams and general arrangement drawings of

raw water piping systems at the dam. RNT studied the drawings prior to

commencing the site visit in November 2008. The site visit team consisted of staff

from RNT, Reclamation, and the Southeastern Colorado Water Conservancy District.

The team inspected all accessible areas from trashracks to discharge, identifying

various components and cooling systems previously highlighted on the drawings.

During the inspection, the team was able to identify potential threats and impacts to

the systems and to individual components.

In addition, a brief shoreline inspection of the reservoir was conducted as well as an

inspection of the dewatered Bessemer Ditch just below Pueblo Reservoir, which is

used to deliver irrigation water in the summer. The latest three years of USGS water

quality data for Pueblo Reservoir were also examined, focusing primarily on

dissolved oxygen levels. Summary data available in the Lake Pueblo Zebra Mussel

Response Plan was also used.
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Although mean annual values of each of the parameters can be used, temporal (e.g.

seasonal) and spatial (e.g. depth, horizontal) variations lend more certainty to the

predictions of mussel survival and potential densities.

Calcium, alkalinity, pH, and total hardness are considered “chalk” parameters as they

are generally related to the water mineral content. Of the chalk parameters, the

calcium level is by far the most used and most reliable. The alkalinity informs us of

the availability of the calcium. The total hardness consists of temporary hardness

(i.e. amount of calcium and magnesium) in carbonate form and is similar to alkalinity

values and permanent hardness (i.e. the amount of calcium and magnesium in non-

carbonate form that is largely unavailable to mussels). The pH governs the form of

carbonates. For pH values below 8.2 all the calcium is in bicarbonate form and

values above 8.2 have the calcium in monocarbonate form. Removal of carbon

dioxide (e.g. by photosynthesis of plants and algae) results in precipitation of calcium

carbonate, making it unavailable to mussels. Hence, while calcium is the key

variable, knowledge of the values of the other chalk variables are also important in

predicting densities of dreissenids.

The nutrient parameters (e.g. total phosphorous and nitrogen), chlorophyll “a” levels,

Secchi depth and dissolved oxygen content are known as “trophic indicators” and all

are related. The higher the values of the nutrient variables, the greater the

biomasses of algae and hence of chlorophyll “a”, and dissolved oxygen (at the

surface), and the lower the Secchi depth values (i.e. water is more turbid). Since

mussels feed on algae, the values of the trophic indicators are also important criteria

for predicting dreissenid densities. Total phosphorous should be used when

phosphorous is limiting and total nitrogen used when nitrogen is limiting.

Dissolved oxygen in deeper waters of lakes and reservoirs may become a limiting

factor during portions of the year. Seasonal oxygen profiles should be verified in all

bodies of water examined.
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Conductivity and mean annual surface water temperature are the only physical

criteria used. Temperature becomes critical when the body of water in question is

close to either the upper or lower thermal limit for veliger survival. Conductivity is

rarely an issue, but it should be verified in all cases.

3.2.: Environmental Suitability of Pueblo Reservoir for Dreissenid Mussel
Infestation
The following table was derived from the values reported by various authors and

gives the ranges of values for each of the parameters and the potential risk of

invasion. Values for Pueblo Reservoir were added, using data given in the Lake

Pueblo Zebra Mussel Response Plan as well as data provided by USGS for 2006-

2008. The ranges are shown in brackets. At this point we have to rely on experience

collected in the east of North America to predict the behaviour of dreissenids in the

west (Table 1). While some slight changes in tolerance of environmental parameters

are possible and expected, we do not expect that the basic environmental

requirements of the species will drastically change. For example, the key parameter,

calcium content and its availability, is not expected to be less in the west than it is in

the east. Based on the levels reported for Pueblo Reservoir, there is ample calcium

to support massive mussel populations.





RECLAMATION – PUEBLO RESERVOIR MUSSEL RISK ASSESSMENT

12

3.2.1: pH levels

The pH levels vary quite dramatically in the reservoir. Although the average value is

8.2, levels as low as 7.1 and as high as 9.4 have been recorded. Depending on the

depth and season during which the extremely low/high levels occur, low pH could

have negative effects on the capability of dreissenid veligers to settle. Studies by

Nierzwicki-Bauer at al. in 2000 documented that adult mussels are able to survive in

Lake George, New York water (Ca= 10.5 mg/L, pH=7.15) but veligers fail unless both

calcium and pH levels are raised. The study placed healthy veligers, up to two

weeks of age in Lake George water. There was 100% mortality within one week.

Adding calcium up to 30 mg/L failed to help veliger survival until the pH was

increased as well.

3.2.2: Temperature

Mean summer temperature is more meaningful than an annual average for areas

which experience very warm summers. If portions of the reservoir are indeed at

28.5 ºC (83oF) as reported in the Lake Pueblo Zebra Mussel Response Plan, then

high summer temperatures could limit settlement in those areas of the reservoir

experiencing such temperatures. The data provided by the USGS, however, did not

record any temperatures higher than 26 ºC (80oF). Therefore, temperature may only

be a mitigating factor in exceptionally warm years.

3.2.3: Chlorophyll

Chlorophyll “a” as recorded by USGS, undergoes wild seasonal swings. It seems to

vary from too little chlorophyll “a” to support any mussels to a value so high that the

algal blooms might actually be smothering the gills of mussels causing significant

mortality. Again, the timing and the duration of the chlorophyll “a” peaks and valleys

will determine what impact, if any, it would have on dreissenid populations.

3.2.4: Dissolved Oxygen

Dissolved oxygen is a parameter of great interest (See Figures 1 through 6). The

average value given in the Lake Pueblo Zebra Mussel Response Plan is 6.2 mg/L.

This would place Pueblo Reservoir in the “little infestation” category. The swings in
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dissolved oxygen appear to be profound. In the USGS data examined, the levels of

dissolved oxygen vary from hyper-saturation at 14.1 mg/L (suggesting heavy algal

blooms) to a value as low as 0 mg/L which would result in mussel mortality (see

graphs in following pages). It was not in the scope of this report to examine all

available historical data to determine if this seasonal variation in dissolved oxygen

was historically continuous, although knowing this answer would provide more

insight.

The seasonal distribution of dissolved oxygen in Pueblo Reservoir will determine

what effect the low dissolved oxygen may have on settlement success of dreissenid

veligers. In areas of the reservoir where dissolved oxygen levels fall below the

necessary minimum for veliger settlement during the dreissenid breeding season,

settlement will be limited.

Our observations on the dissolved oxygen levels are based on data from three

stations in the reservoir sampled by the USGS. If doubt exists that the low dissolved

oxygen levels are present throughout the reservoir, additional data could be

collected.

Following are graphs of data for the three stations which were sampled by the USGS

from 2006 to 2008.

T3B station is shallow and probably in the range of the annual reservoir level

fluctuations. It is located in mid-reservoir just downstream of where Turkey Creek

enters Pueblo. The water appears reasonably mixed in the upper 30 ft. There is

downward trend in dissolved oxygen with depth.

TC5 station is deeper. It is located about mid-reservoir, just downstream of where

Peck Creek enters the reservoir. The dissolved oxygen (DO) at this site falls off

sharply during August of both years sampled at depths of 10 to 20 ft. In 2006, water

deeper than 15 ft had less than 4mg/l DO, and in 2007 that level of DO was reached

at 30 ft.
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T7B is the deepest station sampled. It is located about mid-reservoir near the dam.

It shows the same DO pattern as the previous station. In August of 2006, 4mg/L was

reached at 36 ft. In 2007, this level was reached at 23 ft and in 2008 at 33 ft.

Data was also available for the dissolved oxygen in the top layer and the dissolved

oxygen at greatest available depth for each station.


