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Shadow Mountain Reservoir Delta
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Approximate Timeline2005-2007 200820102011-2012March 2012201320142015 2015-on

First, the Commission is establishing a narrative 
clarity standard, to take effect with the other 
revisions to this regulation. This standard is “the 
highest level of clarity attainable, consistent 
with the exercise of established water rights and 
the protection of aquatic life”.
(…) Second, the Commission is establishing a 
numerical clarity standard of 4 meter Secchi 
depth for the months of July through 
September, with an effective date of January 1, 
2015. (…) Attainment of the 4 meter Secchi depth 
standard will be assessed by comparing the 85th 
percentile of available Secchi depth data collected 
during the months July through September to the 
4 meter standard. 

The Commission has determined that the adoption of the 4 meter numerical 
standard with a delayed effective date is an appropriate policy choice to 
encourage cooperative efforts to improve Grand Lake clarity prior to the 
time that a specific numerical standard goes into effect, while assuring that a 
protective numerical standard will go into effect in 2014 if monitoring, 
assessment and water quality improvement efforts between now and then 
have not resulted in identification of a more appropriate numerical 
standard. (…)The Commission anticipates that these efforts may result in 
a proposal for a revised site-specific numerical clarity standard for Grand 
Lake at a later date. 

While stating that it did not oppose a 4 meter clarity standard for Grand 
Lake, the Colorado Division of Wildlife noted that it is important that efforts 
to improve clarity in Grand Lake consider potential effects on recreational 
fisheries. The Commission intends that potential positive or negative 
impacts on aquatic life in Grand Lake be taken into account in 
implementing the narrative standard now being adopted, and in any 
efforts to consider potential refinement of the numerical standard now 
being adopted with a delayed effective date. 
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Dissolved Oxygen Levels in Shadow Mountain Reservoir
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Dissolved Oxygen Levels in Shadow Mountain Reservoir
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Issues Summary

 Algae Blooms

 Decreased Clarity

 Low dissolved oxygen

 High pH

 Algae Toxins

 East Slope drinking water quality



Technical Tools & Studies
…or how to put the horse before the cart



TOOL #1: Water Quality Model

Three Lakes Water-Quality Model Schematic
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Water Quality Model Uses

 Operations/water quality relationship

 Nutrient Sensitivity Analysis

 Structural and non-structural alternatives



Key Parameters of Model Output Ranking of Runs

Run1 Run2 Run3 Run4 Run5 Run6

Run1 Run2 Run3 Run4 Run5 Run6

Run1 Run2 Run3 Run4 Run5 Run6

TOOL #2: Water Quality IndeX



Development

  Each Lake/Reservoir:

• Secchi 
• Chl a
• DO

WQI - Grand Lake

WQI – Shadow Mountain 
Res.

WQI – Granby 
Res.

System WQI (3-300)

Lake WQI 
(1-100)

SI (1-100)
SI (1-100)
SI (1-100)

 



Development
Ranking of Runs Review of Additional Metrics

Metric Units Run1 Run2 Run3 Run4 Run5 Run6
Dissol

ved 
Oxyge

n

Grand Lake, # days >6 mg/L 9.4 9.9 9.7 10.1 9.3 8.4

Shadow Mtn, # days >6 mg/L 11.1 10.0 10.3 10.0 9.5 9.2

Granby Res, # days >6 mg/L 7.9 8.2 8.2 9.4 8.1 8.2

Chlor
ophy

ll a

Grand Lake, # days >8 µg/L 0 13 38 9 0 7
Shadow Mtn, # days >8 µg/L 22 24 47 10 18 12

Granby, # days >8 µg/L 0 0 28 0 7 0
Grand Lake, max µg/L 12.9 12.3 28.0 9.9 8.3 13.4

Shadow Mtn, max µg/L 39.5 12.3 28.2 9.4 10.0 12.9
Granby, max µg/L 7.9 6.4 7.9 6.0 6.9 5.1

Grand, Avg., Mar-Nov µg/L 2.4 3.1 2.1 3.3 4.5 1.5

Secch
i 

Dept
h

Grand Lake, # days <4 m 92 90 92 92 87 92
Grand Lake, max m 3.6 4.3 4.9 4.6 4.9 4.8
Grand Lake, min m 1.8 2.5 1.4 1.5 2.0 1.6

Grand, 15th %ile, Jul-Sept m 2.4 2.7 1.7 1.9 2.0 2.4

+

Selection of Best Run



System wide WQI (preliminary results)
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TOOL #3: Data Collection

 Baseline water quality monitoring

 ADVM in Shadow Mountain Channel 

 Specific Conductance and Temperature continuous monitoring 
at all inflows

 NADP site installation (RMNP)

 Weather station installation (2)

 Real time streamflow gaging

 DO real time monitoring in Granby Pump Canal and Shadow 
Mountain Reservoir

 Particulate study (CU)





What we have learned



2010 Clarity Report
 Click to edit Master text styles

 Second level
 Third level

 Fourth level
 Fifth level

 4m standard not met

 Pumping interruptions improved 
clarity in Grand Lake

 Pumping interruptions can 
negatively impact Shadow 
Mountain

 Clarity gradient in Shadow 
Mountain

 Wind events and precipitations 
events are important to water 
quality/clarity



TP loading in the Three Lakes System
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Average Annual 
TP Load into 
Shadow 
Mountain 
(2007-2009 
Average Total – 
11,098 kg/yr)

Average Annual 
TP Load into 
Granby (2007-
2009 Average, 
Total – 16,035 
kg/yr)

Average 
Annual TP 
Load into 
Grand Lake 
(2007-2009 
Average Total 
– 5,844 kg/yr)
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Average 
Annual TN 
Load into 
Grand Lake 
(2007-2009 
Average, 
Total = 
123,435 
kg/yr)

Average 
Annual TN 
Load into 
Shadow 
Mountain
(2007-2009 
Average, 
Total = 
122,999 
kg/yr)

Average Annual 
TN Load into 
Granby
(2007-2009 
Average, Total = 
185,837 kg/yr)



Sensitivity Analysis
 Nutrient loading is a significant driver for water 

quality in Three Lakes

 Even under “ultra-clean” conditions, the clarity 
standard is not met.

 Although stormwater is the biggest contributor in 
loading, the system is significantly more 
responsive to internal loading reductions

 Out of all inflows, North Fork has the most impact 
on water quality in Grand Lake and Shadow 
Mountain although Windy Gap has a greater 
impact on Granby

 System is sensitive to N and P reductions but 
Granby and Shadow only respond to P reductions 
greater than 50%



2009 CU Report

 Click to edit Master text styles
 Second level
 Third level

 Fourth level
 Fifth level

 Grand Lake:

 40-60% of 
light 
attenuation 
due to non 
algal particles 
(detritus + 
inorganic 
particulates

 Shadow Mountain:
 50-65% of light attenuation due to 

non algal particles (detritus + 
inorganic particulates



Major light-attenuating constituents (other than water itself):

• Dissolved Matter 

• Particulate Matter

Sources of Light Attenuation

Click icon to add picture

Chl a Mineral 
suspended 
solids

Dead weeds? 
Dead Algae? 
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Particulate Study

 2-year study - Work in 
progress

 Characterize particulate 
matter

 Mapping studies + routine 
monitoring

 Investigating
 Resuspension of sediments in 

Shadow Mountain/Grand Lake

 Impact from North Fork + Delta

 Contributions from Aquatic Weeds



Final Comments

 Very complex and dynamic system
 Changes can cause unintended consequences

 Studies and monitoring are fundamental to 
 understand system 

 inform decision process 

 No simple fix

 Funding of alternatives very problematic 

 Attainability of clarity standard questionable



Quiz: what Secchi depth the day of 
this picture? 

 Answer: 2.6 m
August 8, 2012

August 8, 
2012

41
03

4

41
05

9

41
07

3

41
08

0

41
09

2

41
10

1

41
11

2

41
11

9

41
12

6

41
13

6

41
15

0

41
15

7

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

2.67

2012 Average Secchi Depth (m) w/viewscope

Std

GL
Secchi (m)



Questions? Comments?
Thank you

Esther Vincent
evincent@northernwater.org
(970)622-2356

mailto:evincent@northernwater.org
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