
Oxygenation doesn’t solve everything



 1.3 Million 
Customers

 Three Potable 
Water Treatment 
Plants

 Three Terminal 
Reservoirs



 Late Summer and Fall Episodes of Taste and 
Odor Complaints
◦ Reservoir monitoring began in 1990
◦ Revealed formation of anoxic hypolimnion

 In 1995, Eurasian Watermilfoil appears
◦ Aquatic Invasive Species 

Presenter
Presentation Notes
Historically, Marston has been a reliable source of water with one big exception.  Customer complaints of objectionable taste and odor in the fall were common place.  Traced to those receiving water from Marston.  Can begin before turn-over, which is typically early October, as anoxic layer becomes thick enough to effect lower intake, intensify after turnover.
Eurasion watermilfoil raises concerns of intensifying existing T&O problems--- added biomass to decay and consume oxygen and the possibility that it offers habitat for other less desirable species of algae. 



 Shutdown Marston 

 Feed Powder Activated Carbon

 Change Intake Level in the Reservoir

 Go on the By-pass

Presenter
Presentation Notes
Even with two “back-ups”, you can’t always turn off Marston
Carbon is expensive and we can’t feed enough to be effective
Sometimes you trade one T&O source for another and our largest intake is the deepest
By-pass constructed in late 1990s, allows circumventing the reservoir but doesn’t fix the source



 In 1996, a study was done looking at benefits 
of aeration but no action was taken

 By-pass provided a means to work around 
the problem but not a fix

 In 2006, a new focus on improving water 
quality in Marston Reservoir
◦ Speece cone chosen as best option

Presenter
Presentation Notes
Had looked at aeration as possible solution for a number of years.  In 1996, study done by Montgomery and Watson looked at benefits of aeration.  Not acted on.
By-pass constructed to deliver water directly from conduit to treatment plant.
Second look driven by water resources people who wanted increased operational flexibility.  
Multiple aeration/oxygenation options considered; Speece cone chosen 
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Gas

Water
Side Stream
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Pump

Marston Reservoir

Presenter
Presentation Notes
Offers efficient transfer of O2, leaves thermocline in place, puts the O2 at the bottom where it is most needed



Presenter
Presentation Notes
As part of the project, we purchased a monitoring system from YSI that would allow us to follow the dissolved oxygen and temperature conditions in Marston.  Cost somewhere around 70K, but just a drop in the proverbial bucket. It has functioned remarkably well.  Has an optical DO sensor, we profile every 12 hours but can do much more frequently.  Generated all the data used here. 



Presenter
Presentation Notes
Platform was in place before the Speece was functional.  Results very typical of past years despite the construction that was going on.  Speece came on line in late September and impossible to separate its effect from the mixing already underway.
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Marston Reservoir Bottom Dissolved Oxygen
2008 vs. 2009

2008 2009

Oxygenation turned 
on May 14, 2009 at 

100% feed rate

Oxygenation reduced on 
June 9 to 75%

2008 DO - Typical Anoxia 
Mid July through Mid-September 

Oxygenation reduced 
on July 8 to 50%

Oxygenation increased 
on August 11 to 100%

Oxygenation increased
on July 27 to 75%

Presenter
Presentation Notes
We were all relieved to see such great results in the first year.
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Presenter
Presentation Notes
In 2010, essentially came on and stayed at 100%.  Waited longer to start– on June 2.  Still met goal of >5 mg/L.  O2 off on September 25; ran out.  O2 declined until the natural mixing of the lake took over. 
Cost for O2 this year of $12,318
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 No episodes of taste and odor complaints in 
2009

 We didn’t use the by-pass in 2009
◦ Of course, Marston was taken off-line before 

turnover

 In late July, we see geosmin levels going up in 
Marston effluent samples

Presenter
Presentation Notes
Everything should be fine, there’s no anoxic layer, chlorophyll and secchi look good, but for the first time we see high (for us) geosmin results.



Date Marston, 5 M Marston, 10 M Influent Effluent

6/15 1.04 1.11 2.04 1.18

7/12 1.16 0.73 0.59 1.13

7/20 0.6 2.31

7/27 1.71 4.97

Presenter
Presentation Notes
Not too bad, but what’s next?

Give acknowledgement to Broomfield and Laura Hubbard and Sue McDonald for analytical expertise.
.



Date Marston, 5 M Marston, 10 M Influent Effluent

6/15 1.04 1.11 2.04 1.18

7/12 1.16 0.73 0.59 1.13

7/20 0.6 2.31

7/27 1.71 4.97

8/3 23.91 5.2 3.96 9.28

Presenter
Presentation Notes
OK, things are definitely not going in the direction we wanted. These are really high values for us. We get these results on Thursday, August 5.  By Monday, August 9, we’re getting complaints.  You have to ask what took them so long?  And what is going on?  We make another trip out on the reservoir. 
.



Presenter
Presentation Notes
After two years of a very low profile, eurasian watermilfoil had made a noticeable return.  We’ve always anecdotally connected milfoil with T&O problems.  It seems to be a substrate for phytoplankton.  Ours isn’t this pretty, it’s covered in a green slime that turned out to be Ceratium.  We did also find some other bad actors when we did a little more sampling.



Location Predominant 
Organism

Count/mL Total Organisms
Count/mL

Marston Reservoir, 
main site

Anabaena 266 308

Marston Reservoir, 
milfoil grove

Anabaena 2128 2198

Influent to 
treatment plant

Melosira 154 196

Presenter
Presentation Notes
As you can see, where you sample makes a difference.  Things don’t look so bad at our normal sites.  Right in the thick of the milfoil is a little different story. We also took more samples for geosmin analysis from our main site. 



Date Marston, 5 M Marston, 10 M Influent Effluent

6/15 1.04 1.11 2.04 1.18

7/12 1.16 0.73 0.59 1.13

7/20 0.6 2.31

7/27 1.71 4.97

8/3 23.91 5.2 3.96 9.28

8/10 7.99 3.72 5.91 6.97

Presenter
Presentation Notes
Finally, a trend we like.



 Based on the geosmin results, we shut off our 
top intake
◦ The top intake was approximately five meters deep

 With the Speece cone operating, we were able 
to use water from the deeper levels
◦ The main intake was at roughly 10 meters below 

the surface

 The complaints stopped

Presenter
Presentation Notes
Shut off top intake.  Oxygenation made use of water from lower levels possible.  The other intake is just 5 feet above the largest one.
Obviously, location of the intakes doesn’t change, but their depth relative to the surface does.



Date Marston, 5 M Marston, 10 M Influent Effluent

6/15 1.04 1.11 2.04 1.18

7/12 1.16 0.73 0.59 1.13

7/20 0.6 2.31

7/27 1.71 4.97

8/3 23.91 5.2 3.96 9.28

8/10 7.99 3.72 5.91 6.97

8/17 2.03 4.19

8/24 1.72 3.99

8/31 0.33 1.67

9/7 2.47 0.91 1.06 2.65

9/14 0.59 2.68

9/21 0.55 2.35

10/5 3.18 2.66

Presenter
Presentation Notes
Nothing remarkable for the rest of the summer. After September 24, we had moved to the by-pass, so no further samples were taken at the plant. 



 We have yet to use water from Marston 
during and after turnover

 How to deal with Eurasian Watermilfoil is an 
ongoing issue

 We won’t be doing away with our T&O 
analyses 

Presenter
Presentation Notes
Did I mention that we at DW are a very conservative bunch?  
Next year the dredging project at Strontia will be in full swing. Uncertain how that will effect water quality coming into Foothills or even going down Waterton Canyon.  May need to rely on Marston even more next summer.  Hoping the Speece cone makes this feasible.
As for milfoil, this winter we’ll be bringing Marston down, hoping for cold weather.  Not sure scraping is in the budget.
Thanks again to Laura and Sue at Broomfield. Until we’re able to bring this analysis in-house, we are in their debt.
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