
Packwood Water Quality 
Update Jan 21 2005



Water Quality Update

� Lake temperature profiles
� Stream and tailrace temperatures
� Next Steps and Schedule



Water Quality Sample Sites
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Lake Creek Watershed

Former Location, 
USGS Gaging 
Station No. 14226000 Former Location, 

USGS Gaging 
Station No. 14225500

Packwood Lake Crawford Creek

Upper Lake Creek
Muller Creek (on some maps  
also Upper Lake Creek)
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2004 Sample Dates
Grab Sampling
� April 27-28 
� May 18-19
� June 23-24
� July 13-14
� August 10-11
� August 31
� Sept 29
� Oct 26-27
� Nov 17
� Dec 9
� Jan 18 2005

Continuous Monitoring
• July 14-27 Tailrace 
•Aug 31 – Sept 1 

Forebay and below drop structure
•September 1 – 2

Lower Lake Creek
•Sept 29 – Oct 4 Shutdown
•Lake thermographs removed Oct 27
•2 climate stations



Packwood Lake

Monthly Average of Daily Mean Temperature Compariso ns of 
Packwood Lake Site A at 3 Depths
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Packwood Lake

Monthly Average of Daily Mean Temperature Compariso ns of 
Packwood Lake at Site B at 2 Depths
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Lake Dissolved Oxygen Profile
� Metalimnetic bulge

� anomalies due to submerged currents and 
instrument

� Slight depletion in hypolimnion
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Does water from Lake warm in 
the flowline to the powerplant?
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Mean 
Delta

Max 
Delta St Dev

Range for 
Delta Mean Delta

Max 
Delta St Dev

Range for 
Delta

May
June -0.59 -1.25 0.35 -1.25 to -0.3 -0.76 -0.83 0.08 -0.83 to -0.63

July -0.82 -1.77 0.40 -1.77 to 0.01 -0.83 -1.40 0.22 -1.4 to -0.28

August -1.00 -1.44 0.31 -1.44 to -0.15 -0.89 -1.18 0.19 -1.18 to -0.48

September -0.76 -1.42 0.24 -1.42 to -0.45 -0.62 -0.96 0.17 -0.96 to -0.25

Ocotober -0.53 -0.92 0.20 -0.92 to -0.14 -0.53 -0.89 0.18 -0.89 to -0.06

June is partial month 6/25 - 6/30
Difference computed as monthly average of daily values for LCDS 1500 minus LCDS
A positive value indicates temperature at LCDS1500 is warmer than LCDS
A negative value indicates temperature at LCDS1500 is cooler than LCDS
Instrument precision is +/- 0.18C 
A differerence of <=0.3C is insignificant; significant differences indicated in bold type

Maximum Daily Temperatures (C )
LCDS1500 - LCDS

Mean Daily Temperatues (C )

� Significant downstream cooling in all months
� Cooling rate is a function of flow; higher flow volume 

has slower response
� Groundwater inflow and shade lower temps
� Lake Creek at mouth much cooler: groundwater 

influenced 



Comparison of Lake Creek Sites: Hottest Month:  (Ju ly23-August22) 
Hourly Water Temperature
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Tailrace Temperature

� Does water from Lake warm in the flowline to the 
powerplant?

� How does temperature change as water flows along 
the tailrace channel?

� Do water quality criteria apply within the tailrace?  
Is there an exceedence for temperature?

� Are temperatures of the Cowlitz River affected by 
the project?



Maximum Daily Temperatures (C ) Mean Daily Temperatues (C )
Mean 
Delta

Max 
Delta St Dev Range

Mean 
Delta

Max 
Delta St Dev Range

May -0.01 0.68 0.33 (-0.68 – 0.41) 0.20 0.36 0.10 -0.18 – 0.36
June -0.15 0.68 0.32 (-0.68 - 0.4) 0.09 0.32 0.12 -0.15 – 0.31

July 0.10 0.77 0.40 (-0.52 – 0.77) 0.13 0.39 0.16 -0.24 – 0.39

August -0.11 0.78 0.44 (-0.67 – 0.78) 0.22 0.63 0.22 -0.16 – 0.62

September 0.18 0.75 0.32 (-0.52 – 0.75) 0.29 0.63 0.19 -0.15 – 0.62
Ocotober Plant shutdown for maintenance

Comparison of Daily Temperatures
POWT1-LCDS

� On average, no change in temperature 
between diversion and tailrace pool

� Slight warming on a few single day periods



Comparison of Daily Temperatures

Maximum Daily Temperatures (C ) Mean Daily Temperatues (C )
Mean 
Delta

Max 
Delta St Dev Range Mean Delta

Max 
Delta St Dev Range

May 0.24 0.48 0.17 -0.15 – 0.48 0.14 0.29 0.05 0.05 – 0.29
June 0.27 0.49 0.18 -0.16 – 0.49 0.17 0.29 0.04 0.08 – 0.29
July 0.23 0.78 0.30 -0.19 – 0.78 0.14 0.36 0.16 -0.33 – 0.36
August -0.08 -1.10 0.76 -1.14 – 0.76 -0.81 0.19 0.60 -1.64 – 0.19
September
Ocotober

POWT2-POWT1

� On average, no change in temperature within 
tailrace except August (8/1-8/11) when 
downstream cooling occurred.

� Minor significant change on a few individual 
days.

� Determination of WQ criteria exceedence; 
increase above natural. Where is baseline?



Comparison of Packwood Tailrace: Hottest Month:  (J uly23-August22) Hourly Water 
Temperature
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Are Cowlitz River Temperatures affected by Project?

� Cowlitz River is cold 
water, glacial system

� Lake Creek with 
project has cold 
summer temperatures

� Tailrace temperatures 
are above criteria and 
similar to lake temps

� Flow mixing equation 
can be applied to 
determine effect

Cowlitz River Upstream of Lake Creek (CRULC) 
Daily Water Temperature
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Water Quality Update

� Next Steps and Schedule


