
Survival and contaminant analysis of juvenile spring 
Chinook salmon during herbicide treatment with 2,4-D and 
Diquat for control of noxious weeds in Drano Lake, 2006 

Skamania County, Washington 
 

 

 
 
 

Doug Olson, Jeff Hogle and Steve Olhausen (retired) 
United States Fish and Wildlife Service, Columbia River Fisheries Program Office 

1211 SE Cardinal Court, Suite 100, Vancouver, Washington 98683 
http://www.fws.gov/columbiariver 

 
July 30, 2007  

 

http://www.fws.gov/columbiariver


 
Background 

 
In January 2006 the State of Washington Department of Ecology and Skamania County 
signed an agreement for “Drano Lake Milfoil Control”.  Skamania County subsequently 
contracted with a private source applicator to chemically treat Drano Lake to eradicate 
and/or control noxious weeds Eurasian watermilfoil (Myriophyllum spicatum) and curly 
leaf pondweed (Potamogeton crispus).  Herbicide treatment occurred on July 31 and 
August 7, 2006. 
  
The purpose for the chemical treatment was to eradicate and/or control the growth and 
proliferation of invasive noxious water plants that interfered with recreational and 
commercial uses in Drano Lake.  The herbicides 2,4-D and Diquat were used in the 
treatment area.  Information profiles for the herbicides, including ecological effects and 
environmental fate, are described in Appendix A. 
 
Drano Lake is a backwater area at river kilometer 261 of the Columbia River at 45° 42’ 
30” N. Latitude and 121° 37’ 30” N. Longitude, within Skamania County, Washington.  
This backwater is the result of flooding the lower Little White Salmon River, caused by 
the construction of Bonneville Dam in 1938.  Bonneville Dam is located 16 miles 
downstream from the mouth of the Little White Salmon River. 
 
Various fish species are found in Drano Lake throughout the year including juvenile and 
adult salmon, steelhead, and bull trout. In addition, the U.S. Fish and Wildlife Service 
(Service) operates Little White Salmon National Fish Hatchery on the Little White 
Salmon River just upstream of Drano Lake.  The hatchery raises spring and fall Chinook 
salmon (Oncorhynchus tshawytscha) for release directly into the river during spring.  
Adult fish return to the hatchery in spring and fall.  Drano Lake is also considered a cool 
water refuge during the upstream migration of adult salmon and steelhead in the 
Columbia River and has a popular fishery. 
 
The Service’s Columbia River Fisheries Program Office at the request of Little White 
Salmon National Fish Hatchery investigated the potential effect of herbicide application 
on juvenile fish raised at the hatchery.  The Service and Skamania County cooperatively 
agreed to monitor the chemical treatment of Drano Lake, by exposing live fish to the 
treatment area then scientifically analyzing contaminant levels in these fish after 24 and 
48 hours. 
 

Study Objective 
 
Our study objective was to determine the mortality and contaminant level in fish during 
herbicide application in Drano Lake.  Basic water quality parameters such as dissolved 
oxygen, temperature and pH were also monitored.  The Service also agreed to collect 
water samples for Skamania County for analysis.  
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Methods 

 
Test periods.  There were two, one-day herbicide application periods.  The first period 
occurred on July 31, 2006 utilizing 2,4-D and the second application period occurred on 
August 7, 2006 utilizing Diquat. 
 
Study site (Figure 1).   The Drano Lake herbicide application area was divided into five 
areas including A) near outlet, B) west inlet, C) east inlet, D) mid-south shore, and E) far-
east shore.  The north shore (F) was an untreated area within Drano Lake.  In addition, 
the hatchery raceways were used as a non-treated control area (G). 
 

 
Figure 1. Drano Lake study site.  
 
 
Test animals.  The test animals were juvenile spring Chinook salmon (Oncorhynchus 
tshawytscha) from Little White Salmon National Fish Hatchery placed in live-cages.  The 
live-cages were cylindrical (18 cm x 46 cm) shaped minnow traps, with the openings 
plugged so fish could neither enter nor escape.  The live-cages were suspended in water 
(two to four feet suspended off the bottom) by a float and weighted line.  Each live-cage 
contained 5 juvenile spring Chinook salmon.  Average size of the test fish were 110 mm 
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and 13.4 gms on July 31, 2006 and 112 mm and 14.0 gms on August 7, 2006 (Speros 
Doulos, Little White Salmon National Fish Hatchery, pers. comm.). 
 
One day  prior to herbicide application, spring Chinook salmon from the hatchery were 
used to fill 22 live-cages, containing five fish each, 110 fish total.  Live-cages were set in 
six sampling areas within Drano Lake (five areas of direct treatment, sites A, B, C, D, E 
and one area untreated, site F). Three live-cages were set in each area. In addition, four 
live-cages were placed in the hatchery raceway (site G) as our non-treated control group.  
Live-cage locations were marked by a Global Positioning System (GPS).  

 
Live-cages were checked once per day for fish mortality over a three day period during 
each herbicide treatment as follows: 1) prior to herbicide application (24 hour pre-
treatment), 2) one day after herbicide application (24 hour post-treatment), and 3) two 
days after herbicide application (48 hour post-treatment).   
 
At the end of each study period, all fish not retained for contaminant analysis were 
released live into Drano Lake (sites A, B, C, D, E and F).  Fish at the hatchery site G 
were released live into the raceway.   
 
Contaminant Analysis in Fish Tissue. Ten groups of five fish each were selected for 
analysis (six 2,4-D groups, three diquat groups, and one control group; Table 1). The 2,4-
D group was sampled twice, after 24 and 48 hrs and the diquat group was only sampled 
once after 48 hrs.  The hatchery control group was only sampled once, at the same time 
as the diquat group.  Fish from the randomly selected live-cage were placed in a uniquely 
labeled and sealed jar and put in a cooler with ice.  The jars from the cooler were then 
placed in a freezer within eight hours of sample collection.  Frozen samples were shipped 
with dry ice to the Mississippi State Chemical Laboratory for contaminant analysis.  The 
laboratory at Mississippi State composited the livers from the five fish samples from each 
live-cage.  The livers of the fish collected after the first herbicide treatment were 
analyzed for Chlorophenoxy acid herbicides, including 2,4-D.  An analysis specific for 
Diquat and Paraquat was done on the fish livers collected after the second herbicide 
treatment. 
 
Water Chemistry.  Water chemistry sampling occurred each morning during each study 
period, between 07:15 and 08:40 am, including dissolved oxygen, pH, and temperature 
(°C).  Data was collected using an InSitu Inc., Troll 9000 Multi-Parameter Water Quality  
Probe unit.  All sampling occurred at site A, within the middle and edge of the herbicide 
application area (and approximately 107 meters outside from the edge of the treatment 
area during the Diquat treatment period). The middle, edge, and outside sampling 
locations were marked by GPS (Figure 1). Sampling occurred at the water surface and 
near the lake bottom. 
 
Water temperature monitors were also attached to four live-cages (# 1005, 1009, 1012, 
and 1019, see Table 1).  Temperature was automatically recorded hourly throughout the 
treatment periods. 
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Water samples for contaminant analysis were collected just below the surface in standard 
glass containers (approximately 1000 ml) at the middle and outside areas of study Site A 
(Figure 1).  Water samples were kept cool and dropped off at the Court House in 
Stevenson, Washington, for later analysis by Skamania County. 
 



 

a  Hobo temperature datalogger attached 

Table 1.  Ten Tissue Sample Collection Sites indicated by Jar Labels (1-A, 1-B, 2-A, 2-B, 2-C, 2-D, 3-A, 3-B, 3-C, and 4-A). 

2,4-D Application Period Diquat Application Period 

Date Date 

 
 

Sample Area 
(see Figure 1) 

  
 

 
Live-
Cage 

Number 

24 Hour  
Pre-

Application 
7/31/2006 

24 Hour 
 Post-

Application 
8/1/2006 

48 Hour  
Post -

Application 
8/2/2006 

 
 
 
 
 

24 Hour  
Pre-

Application 
8/7/2006 

24 Hour 
 Post-

Application 
8/8/2006 

48 Hour  
Post -

Application 
8/9/2006 

 
 
 
 
 

 1001        
 1002  1-A     3-A  

Site A 
(Near Outlet) 

 1003   2-A      
 1004         
 1005a         

Site B 
(Inlet West) 
  1006         

 1007         
 1008         

Site C 
(Inlet East) 
  1009 a         

 1010         
 1011         

Site F 
(Mid North Shore-Not 
Treated, Control)  1012 a   2-B      

 1014   2-C      
 1015  1-B       

Site E 
(Far East) 
  1016       3-B  

 1017         
 1018         

Site D 
(Mid South Shore) 

 1019 a   2-D    3-C  
Site G 
(Hatchery Control) 

  
Control 

       
4-A 
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Results 
 
Herbicide application with 2,4-D on July 31, 2007.  During the live-cage test period, July 
30 through August 2, three fish mortalities occurred (Table 2). 
 
The following is a breakdown for each day sampled:  Day 1, July 31, 24 hour pre-
treatment, 0% mortality (all 110 fish survived). 
 
Day 2, August 1, 24 hour post-treatment, two fish died at Site E.  Combining all five 
treatment areas, 2/75 fish died = 2.7% mortality, where Sites F (non-treated area) and G 
(hatchery control) had 0% mortality (0/35 fish died). Four live-cages within the treatment 
area were randomly selected (Sites A, C, D, and E) and fish removed for fish tissue 
contaminant analysis, 20 fish total (note: only fish from Site A (labeled jar 1A) and Site E 
(labeled jar 1B) were sent to the lab; Table 1). 
 
Day 3, August 2, 48 hour post-treatment, one additional fish died from Site E. Combining 
all 5 treatment sites, 1/55 = 1.8% mortality, where areas F (non-treated area) and G 
(hatchery control) again had 0% mortality. 48 hour post-treatment cumulative mortality 
was 4.5% (2.7% from Day 2 + 1.8% from Day 3). 48 hour cumulative survival of the fish 
was 95.5% for treated areas and 100% for non-treated and hatchery control sites (Figure 
2).  Three live-cages within the treatment area were randomly selected for contaminant 
analysis (Sites A, D, and E; labeled as jars 2A, 2D, 2C respectively), as well as the non-
treated Site F (labeled jar 2B), 20 fish total; Table 1. 
 
 

2,4-D Application in Drano Lake
 July 31, 2006
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Figure 2.  Survival of juvenile spring Chinook salmon before and after treatment 
with 2,4-D to control noxious weeds in Drano Lake, Skamania County, Washington. 
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a Live-cage pulled for tissue sample & analyzed; b Tissue samples collected but not sent to lab for analysis; c No Live-Cage Present; d Too windy, not sampled;      

e Zero values not shown; f Live-Cage 1013 not used; g Four live-cages. 

Table 2.  Live-Cage Daily Mortality Countse 

2,4-D Application Period Diquat Application Period 

Date Date 

 
 

Sample Area 
(see Figure 1) 

 
 

Water 
Depth 

(meters) 

 
 

 
Live-
Cage 

Numberf 

24 Hour  
Pre-

Application 
7/31/2006 

24 Hour 
 Post-

Application 
8/1/2006 

48 Hour  
Post -

Application 
8/2/2006 

 
 
 
 
Total 

24 Hour  
Pre-

Application 
8/7/2006 

24 Hour 
 Post-

Application 
8/8/2006 

48 Hour  
Post -

Application 
8/9/2006 

 
 
 
 
Total 

2.4 1001        
2.7 1002  a c    1       a 1 

Site A 
(Near Outlet) 

3.7 1003   a      
4.6 1004         
4.3 1005         

Site B 
(Inlet West) 
 4.3 1006         

3.7 1007  b c      
4.6 1008         

Site C 
(Inlet East) 
 5.5 1009         

8.2 1010         
8.8 1011         

Site F 
(Mid North Shore-
Not Treated, 
Control) 

8.5 1012    
a 

     

5.8 1014   a   d 1 1 
5.2 1015  1       a c 1  d   

Site E 
(Far East) 
 4.3 1016  1 1 2  d 1       a 1 

5.8 1017         
4.9 1018  b c      

Site D 
(Mid South Shore) 

6.1 1019   a    2       a 2 
Site G 
(Hatchery Control) 

 
1 

 
Control g 

       
a 

 

 Total 0 2 1 3 0 0 5 5 
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Herbicide application with Diquat on August 7, 2007.  During the live-cage test period, 
August 6 through August 9, five fish mortalities occurred (Table 2).  
 
The following is a breakdown for each day sampled:  Day 1, August 6, 24 hour pre-
treatment, 0% mortality (all 110 fish survived). 
 
Day 2, August 7, 24 hour post-treatment, no mortalities were found in the traps checked 
(0/95 fish died).  Site E was not sampled because of windy, rough conditions on the lake.  
No live-cages were selected nor sampled for contaminants. 
  
Day 3, August 8, 48 hour post-treatment, one fish died from Site A, two died from Site D, 
and two fish were found dead from Site E. Note that site E was not sampled on Day 2, so 
those mortalities could have previously occurred.  Combining all five treatment sites, 
5/75 = 6.7% cumulative mortality, where areas F (non-treated area) and G (hatchery 
control) again had 0% mortality.  48 hour cumulative survival of the fish was 93.3% for 
treated areas and 100% for non-treated and hatchery control sites (Figure 3). Live-cages 
were removed from Sites A, D, E, as well as hatchery control site G for contaminant 
analysis, 20 fish total (labeled jars 3A, 3C, 3B, and 4A respectively; Table 1).   
  
 
 

Diquat Application in Drano Lake 
August 7, 2006
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Figure 3.  Survival of juvenile spring Chinook salmon before and after treatment 
with Diquat to control noxious weeds in Drano Lake, Skamania County, Washington. 
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Table 3.  Water chemistry at Site A (see figure 1) associated with herbicide application in Drano Lake. 
 
 

 

D.O. 
(mg/L) pH Temperature (°C) 

Herbicide 
Application Site 

Water 
Depth 
(meter) 

Sample 
Date Surface Bottom Surface Bottom Surface Bottom 

7/31/2006 8.96 8.7 8.97 8.87 20.04 20.03 
8/1/2006 9.44 9.79 9.06 8.85 19.89 19.74 Middle 2.9 
8/2/2006 9.23 9.16 9.02 8.76 19.94 19.93 

7/31/2006 9.18 9.01 8.99 8.72 20.17 19.74 
8/1/2006 9.42 9.47 9.07 8.8 20.18 18.71 Edge 8.0 
8/2/2006 9.26 9.84 9 8.41 19.95 13.4 

7/31/2006 
8/1/2006 

2,4-D 

Outside 7.6 
8/2/2006 

not measured 

8/7/2006 9.26 9.22 8.86 8.81 20.6 20.57 
8/8/206 8.99 8.98 8.9 8.9 20.19 20.5 Middle 3.1 

8/9/2006 9.09 9.11 8.93 8.97 20.08 20.08 
8/7/2006 9.49 9.75 8.87 8.29 20.7 14.21 
8/8/206 9.1 9.18 8.89 8.74 19.98 18.87 Edge 7.3 

8/9/2006 9.51 9.45 8.95 8.56 20.13 15.03 
8/7/2006 9.33 9.83 9.06 8.55 20.51 13.37 
8/8/206 9.18 9.8 8.85 8.48 19.95 14.18 

Diquat 

Outside 7.5 
8/9/2006 9.3 9.59 8.98 8.57 20 14.71 

Water sampling conducted between 07:15 and 08:40 each morning. 

 
Contaminant Analysis in Fish Tissue.  All fish (liver) samples analyzed for contaminants 
were below the detectable limit (DL) of 0.0100 ppm wet weight (Appendix B). 
 
Water Chemistry.   During the two herbicide application periods, dissolved oxygen, pH, 
and temperature were within the range expected for the time of year sampled (Table 3).  
Dissolved oxygen ranged from 8.7 to 9.8, pH ranged from 8.3 to 9.1, and temperature 
ranged from 13.4 to 20.7 °C, with shallow areas warmer than the bottom of the lake. 
 
Water temperature in Drano Lake at the four live-cages ranged from 13.1 to 20.5 °C July 
30 to August 2, 2006 and ranged from 13.4 to 21.4 °C August 6 to August 9, 2006 
(Appendix C). 
 
Water samples collected to test for contaminant concentrations will be analyzed and 
reported separately by Skamania County. 
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Discussion 

 
There were very few fish mortalities in our live-cage study.  When mortalities were 
observed, it was within the herbicide application area, however mortality cannot be 
explained by level of contaminant in the fish. 
 
Contaminant analyses of fish indicated very low concentrations and were below 
detectable limits (<0.0100 ppm wet weight).  The herbicide concentrations in the water 
samples will be reported separately by Skamania County.  Based on the very low 
concentrations in the fish, we expect the herbicide concentrations in the water samples to 
be within acceptable limits. 
 
Of the water chemistry parameters monitored, high water temperature in the lake may 
have affected survival of the juvenile spring Chinook salmon used in this study.  The 
water temperature guidance1 to protect salmon and trout in the Pacific Northwest has 
been recommended not to exceed 20 °C as the summer maximum.  Not all sites in Drano 
Lake were monitored for water temperature; however, of the sites sampled, many 
approached the 20 °C maximum guideline for a short period of time during the study 
period.  Water temperature at the deeper un-treated control site in the lake was cooler and 
averaged 14°C.  The hatchery was cooler still and averaged approximately 8 °C. 
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Appendix B. Analytical Results Report for Contaminant Concentrations in Juvenile 
Spring Chinook Salmon in Drano Lake.
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Appendix C.  Hourly Water Temperature Profile at Four Live Cage Sites in Drano Lake.  
 Live-Cage# 1005  1012  1019  1009  

Date Time 
Temperature 
(°C) 

Temperature 
(°C) 

Temperature 
(°C) Temperature (°C) 

7/30/2006 13:00:00 18.13  14.01  20.5  18.81  
7/30/2006 14:00:00 18.29  14.01  20.5  18.81  
7/30/2006 15:00:00 18.45  14.01  20.5  18.81  
7/30/2006 16:00:00 17.97  13.72  20.19  19.11  
7/30/2006 17:00:00 18.13  13.72  20.19  19.41  
7/30/2006 18:00:00 17.48  13.72  20.19  19.11  
7/30/2006 19:00:00 18.29  13.43  19.89  19.11  
7/30/2006 20:00:00 18.13  13.72  19.89  18.81  
7/30/2006 21:00:00 19.27  14.31  19.89  19.71  
7/30/2006 22:00:00 18.94  14.01  19.89  19.71  
7/30/2006 23:00:00 17.48  14.01  19.89  19.11  
7/31/2006 0:00:00 18.29  13.72  19.89  18.81  
7/31/2006 1:00:00 17.81  13.72  19.59  19.41  
7/31/2006 2:00:00 18.94  13.72  19.59  19.41  
7/31/2006 3:00:00 18.78  13.72  19.59  19.41  
7/31/2006 4:00:00 18.29  13.72  19.59  19.11  
7/31/2006 5:00:00 18.45  14.01  19.59  19.11  
7/31/2006 6:00:00 17.48  13.72  19.59  19.11  
7/31/2006 7:00:00 17.81  13.72  19.59  19.41  
7/31/2006 8:00:00 18.13  13.72  19.59  19.41  
7/31/2006 9:00:00 15.42  13.72  19.59  19.41  
7/31/2006 10:00:00 15.74  13.72  19.59  18.81  
7/31/2006 11:00:00 18.62  13.43  19.89  18.21  
7/31/2006 12:00:00 18.94  14.01  20.19  16.73  
7/31/2006 13:00:00 18.78  13.72  20.19  19.11  
7/31/2006 14:00:00 17.97  13.72  20.5  19.41  
7/31/2006 15:00:00 18.13  13.43  20.5  18.51  
7/31/2006 16:00:00 18.78  13.43  20.5  18.51  
7/31/2006 17:00:00 18.62  13.72  20.5  18.21  
7/31/2006 18:00:00 19.43  13.72  20.5  19.41  
7/31/2006 19:00:00 19.27  13.72  20.5  18.21  
7/31/2006 20:00:00 18.62  13.72  20.19  18.81  
7/31/2006 21:00:00 18.29  13.72  20.19  19.41  
7/31/2006 22:00:00 17.97  13.43  20.19  19.41  
7/31/2006 23:00:00 15.89  13.43  20.19  19.11  
8/1/2006 0:00:00 16.84  13.43  19.89  19.41  
8/1/2006 1:00:00 15.1  13.43  19.89  18.51  
8/1/2006 2:00:00 15.26  13.43  19.89  19.41  
8/1/2006 3:00:00 15.89  13.43  19.59  19.41  
8/1/2006 4:00:00 14.94  13.43  19.59  18.51  
8/1/2006 5:00:00 14.78  13.43  19.59  17.62  
8/1/2006 6:00:00 17.97  13.43  19.59  18.51  
8/1/2006 7:00:00 15.42  13.72  19.59  18.21  
8/1/2006 8:00:00 15.89  13.72  19.59  19.11  
8/1/2006 9:00:00 15.42  13.72  19.59  18.81  
8/1/2006 10:00:00 16.06  13.43  19.59  18.81  
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8/1/2006 11:00:00 17.97  13.43  19.89  19.11  
8/1/2006 12:00:00 17.48  13.43  19.89  18.81  
8/1/2006 13:00:00 17.97  13.72  20.19  19.11  
8/1/2006 14:00:00 17.17  13.72  20.19  18.51  
8/1/2006 15:00:00 17.48  13.72  20.19  18.81  
8/1/2006 16:00:00 18.78  13.72  20.19  19.41  
8/1/2006 17:00:00 17.97  13.43  20.19  19.41  
8/1/2006 18:00:00 18.94  13.43  20.19  19.41  
8/1/2006 19:00:00 19.11  14.31  20.19  19.41  
8/1/2006 20:00:00 19.11  14.01  19.89  19.41  
8/1/2006 21:00:00 18.13  13.43  19.89  19.41  
8/1/2006 22:00:00 19.43  13.14  19.89  18.51  
8/1/2006 23:00:00 19.27  13.72  19.59  18.81  
8/2/2006 0:00:00 18.29  14.01  19.89  19.41  
8/2/2006 1:00:00 15.42  13.72  19.89  19.41  
8/2/2006 2:00:00 15.1  13.43  19.59  18.51  
8/2/2006 3:00:00 15.58  13.43  19.59  18.21  
8/2/2006 4:00:00 16.37  13.43  19.29  19.11  
8/2/2006 5:00:00 15.89  14.01  19.29  19.11  
8/2/2006 6:00:00 14.62  14.01  19.29  18.81  
8/2/2006 7:00:00 15.74  13.72  19.29  16.73  
8/2/2006 8:00:00 16.06  14.01  19.29  18.81  

 Average 17.51  13.69  19.90  18.93  
 Max 19.43  14.31  20.5  19.71  
 Min 14.62  13.14  19.29  16.73  
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Appendix C.  Hourly Water Temperature Profile at Four Live Cage Sites in Drano Lake.  
 Live-Cage# 1005  1012  1019  1009  

Date Time Temperature (°C)  
Temperature 
(°C) 

Temperature 
(°C) 

Temperature 
(°C) 

8/6/2006 9:00:00 19.11  13.72  19.29  20.61  
8/6/2006 10:00:00 19.11  14.01  20.5  17.62  
8/6/2006 11:00:00 19.59  14.31  20.5  17.02  
8/6/2006 12:00:00 19.59  14.31  20.81  19.41  
8/6/2006 13:00:00 19.43  14.01  20.81  19.41  
8/6/2006 14:00:00 19.11  13.72  20.81  19.41  
8/6/2006 15:00:00 19.27  13.72  20.81  19.71  
8/6/2006 16:00:00 19.59  13.43  21.11  20.01  
8/6/2006 17:00:00 19.76  14.31  21.11  20.31  
8/6/2006 18:00:00 19.92  14.01  21.11  20.31  
8/6/2006 19:00:00 20.08  14.01  21.11  20.31  
8/6/2006 20:00:00 20.08  13.72  21.11  20.01  
8/6/2006 21:00:00 19.76  13.72  21.11  18.21  
8/6/2006 22:00:00 19.27  13.72  21.11  20.01  
8/6/2006 23:00:00 18.94  14.01  21.11  20.61  
8/7/2006 0:00:00 20.08  13.72  21.11  20.61  
8/7/2006 1:00:00 18.45  14.01  20.81  17.92  
8/7/2006 2:00:00 18.13  14.01  20.81  18.81  
8/7/2006 3:00:00 19.11  14.59  20.81  20.31  
8/7/2006 4:00:00 17.81  14.01  20.81  20.31  
8/7/2006 5:00:00 19.59  14.01  20.5  20.31  
8/7/2006 6:00:00 20.08  13.72  20.5  20.31  
8/7/2006 7:00:00 19.92  13.72  20.5  19.71  
8/7/2006 8:00:00 18.13  13.72  20.5  20.01  
8/7/2006 9:00:00 19.11  13.72  20.81  18.81  
8/7/2006 10:00:00 19.92  14.31  20.81  19.41  
8/7/2006 11:00:00 19.92  14.59  20.81  20.01  
8/7/2006 12:00:00 19.76  14.01  21.11  20.01  
8/7/2006 13:00:00 19.76  14.31  21.11  20.01  
8/7/2006 14:00:00 19.76  14.01  21.11  20.31  
8/7/2006 15:00:00 19.59  14.01  21.11  20.01  
8/7/2006 16:00:00 19.76  14.01  21.42  19.41  
8/7/2006 17:00:00 18.29  14.59  21.11  18.21  
8/7/2006 18:00:00 16.84  15.47  21.11  17.32  
8/7/2006 19:00:00 19.43  14.01  21.11  19.11  
8/7/2006 20:00:00 16.53  14.88  20.81  20.61  
8/7/2006 21:00:00 19.27  13.72  20.81  20.01  
8/7/2006 22:00:00 19.92  13.72  20.81  19.11  
8/7/2006 23:00:00 19.11  15.47  20.5  18.81  
8/8/2006 0:00:00 19.43  14.88  20.5  20.31  
8/8/2006 1:00:00 19.59  14.59  20.5  20.31  
8/8/2006 2:00:00 19.27  14.01  20.5  20.31  
8/8/2006 3:00:00 18.62  14.31  20.19  16.43  
8/8/2006 4:00:00 14.78  15.17  20.19  19.41  
8/8/2006 5:00:00 15.26  14.31  19.89  20.01  
8/8/2006 6:00:00 18.94  14.31  19.89  19.71  

 46



 47

8/8/2006 7:00:00 15.74  14.59  19.59  19.41  
8/8/2006 8:00:00 15.89  14.59  19.59  19.71  
8/8/2006 9:00:00 15.26  14.88  19.59  19.11  
8/8/2006 10:00:00 15.58  14.31  19.59  19.41  
8/8/2006 11:00:00 19.27  14.01  19.59  18.51  
8/8/2006 12:00:00 15.1  14.01  19.89  18.51  
8/8/2006 13:00:00 15.58  16.64  20.19  19.11  
8/8/2006 14:00:00 14.94  14.88  19.89  18.51  
8/8/2006 15:00:00 16.69  14.88  20.19  19.11  
8/8/2006 16:00:00 17.97  14.59  20.5  19.41  
8/8/2006 17:00:00 18.13  14.01  20.19  19.41  
8/8/2006 18:00:00 19.11  14.01  20.19  19.41  
8/8/2006 19:00:00 19.27  15.17  20.19  19.41  
8/8/2006 20:00:00 18.13  14.01  20.19  19.71  
8/8/2006 21:00:00 19.27  14.01  20.19  19.71  
8/8/2006 22:00:00 19.27  14.31  20.19  19.71  
8/8/2006 23:00:00 19.11  14.01  20.19  19.71  
8/9/2006 0:00:00 18.94  14.01  20.19  19.41  
8/9/2006 1:00:00 18.13  14.01  20.19  19.71  
8/9/2006 2:00:00 16.69  14.31  20.19  19.41  
8/9/2006 3:00:00 16.84  14.31  19.89  19.71  
8/9/2006 4:00:00 15.42  14.31  19.89  19.41  
8/9/2006 5:00:00 14.94  14.01  19.89  19.11  
8/9/2006 6:00:00 17.17  14.01  19.89  18.81  
8/9/2006 7:00:00 16.21  14.31  19.59  18.81  
8/9/2006 8:00:00 15.89  14.31  19.59  19.11  

 Average 18.35  14.24  20.48  19.45  
 Max 20.08  16.64  21.42  20.61  
 Min 14.78  13.43  19.29  16.43  

 
 


