
Appendix A. 
Hydrogeologic Analysis for City of Woodinville Sustainable 
Development Program, Golder Associates 
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Preparation of the geologic and depth-to-water maps for the  
Redmond-Bear Creek area 

Derek B. Booth 
Pacific NW Center for Geologic Mapping Studies 

University of Washington 
January 18, 2006 

Geologic Map
The geologic map was prepared from a combination of sources, particularly preexisting 
published mapping (Booth, 1987; Minard and Booth, 1988); unpublished mapping by K.Troost 
and D. Booth in 2002 and 2003, new field work in 2005, and the subsurface geodatabase 
acquired for this project.  In the northwest corner of the study area, geologic investigations for 
the Brightwater wastewater treatment plant were consulted extensively, although not all of the 
interpretations presented in those documents were used verbatim. The appropriate scale for map 
use, interpretation, and display is 1:24,000 (1”= 2000’).

Depth to Groundwater
This was determined for the expressed purpose of producing a final susceptibility map (see 
below), and so certain conventions were followed.  Only unconfined water levels, or confined 
water levels where the confining layer was presumed to be of limited lateral extent (e.g., local 
silt lenses in alluvium), were included.  Water levels produced as a result of confinement or 
whose deposits were capped by an extensive geologic layer of low permeability (e.g., till), 
whether or not a confining head was present, were excluded.  This reflects the use of these data 
to highlight areas where contaminants have direct access to the water table. 

Given the King County categories for “shallow” water tables (i.e., <25’ and 25-75’ depths), 
identification of potential shallow-water areas began by highlighting all wells with recorded 
water-level depths of 75 or less.  Only 44 wells were so identified, and so the log of every such 
shallow-water well was inspected.  Those that were unconfined and without significant overlying 
aquitards or aquicludes were highlighted (6 wells in total). Contours of shallow water-table 
depths could not be generalized from these data points, because they were so few in number and 
widely spaced.  Therefore, geologic units and contacts between certain units were primarily used 
to determine plausible, albeit largely unconfirmed, depths to water.  This followed a procedure 
similar to that used for the Vashon/Maury Island susceptibility mapping in 2004, one that is also 
consistent with the guidance of the 1995 King County aquifer-susceptibility document, Mapping
Aquifer Susceptibility to Contamination in King County, for areas where well data are lacking.
For this map, the following assumptions were used: 

o All areas mapped Qal (modern river- and stream-valley alluvium) and adjacent Qvr 
(Vashon-age recessional outwash deposits) were assumed to have water-table depths of 
no more than 25 feet.  All 5 of the wells showing unconfined water-table depths in this 
range were located in these units. 

o All areas mapped Qoal and Qf (older stream-valley alluvium, generally on slightly 
elevated terraces, and alluvial fan deposits) were assumed to have water-table depths of 



25-75 feet, except for one fan with large topographic relief in the southeast map area that 
was judged likely to have depths to water greater than 75 feet in its highest reaches. 

o The basal contact of unit Qva (Vashon advance outwash), where exposed on sideslopes 
and overlying silt- or clay-dominated deposits (most commonly unit Qpf), was assumed 
to mark the location of a water table.  Areas lying within 25’ vertical elevation above this 
contact and not covered by overlying till were mapped in the “0-25 feet” zone; areas 
lying between 25 and 75 feet and not covered by till were mapped in the 25-75 feet” 
zone.  Where groundwater is abundant this is an overly narrow assumption; where 
groundwater is limited this probably overstates its presence.  In nearly every area there is 
insufficient well data to confirm or refute this approach, although field exposures 
commonly reveal abundant seeps and springs at and just above this contact. 

REFERENCES 
D. B. Booth, 1987, Geology of the Bear Creek Basin: chapter in Conditions Report, Bear Creek 

Basin Planning Area: King County Surface Water Management, Seattle, WA. 

J. P. Minard and D. B. Booth, 1988, Geologic map of the Redmond quadrangle, King and 
Snohomish Counties, Washington: U.S. Geological Survey Miscellaneous Field 
Investigations Map MF-2016, scale 1:24,000. 
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Leota Overview
Volunteer monitoring began at Lake 
Leota in 1998 and continued through 
2004. Recent data suggested that 
this city lake (Woodinville) was 
moderate in primary productivity 
(mesotrophic) with good water 
quality. Productivity appeared to be 
higher in 1998 – 2001.

Lake Leota has no public access 
points, though residents should keep 
an eye on aquatic plants growing 
nearshore to catch early infestations 
of Eurasian milfoil, Brazilian elodea 
or other noxious aquatic weeds.
Lake Leota has recently experienced 
aggressive growth by a milfoil 

Myriophyllum
verticillatum.

Physical Parameters
Secchi transparency ranged between 
2.2 and 4.5 m through the year. The 
summer average was 3.6 m, which 
was in the upper middle range for all 
the small lakes monitored in 2004. 
Annual water temperatures ranged 
from 4.5 to 25.0 degrees Celsius.
The maximum recorded was in the 
mid range for the lakes that were 
tracked.

Excellent precipitation and water level 
records were compiled for the year. 
Water levels were consistent with the 
regional pattern of winter-high levels, 
dropping slowly through the summer 
to a low stand in early fall.

Nutrient Analysis and TSI 
Ratings
Total nitrogen generally decreased 
through the period, while phosphorus 
remained steady until mid October 
when there was an abnormally high 
value recorded. Aside from this 
date, the N:P ratio ranged from 19 to 
65, averaging 47 which suggested 
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generally poor conditions for 
nuisance bluegreen growth.

the season and persisted through 
the summer. Relatively high 
concentrations of phosphorus were 
found in the deep water, suggesting 
there was some release from the 
sediments. Chlorophyll data indicated 
that algae were higher in abundance 
in the surface water than in middle of 
the water column.

The 2004 TSI values were fairly close 
to each other in the mesotrophic 
range, with TSI-Secchi somewhat 
lower than the other two indicators, 
similar to 2003.

Chlorophyll Concentrations 
and Algae
Chlorophyll remained fairly low 
through the sampling period until 
mid October when it spiked in late 
September, two weeks before the 
high phosphorus value. Commonly 
found algae in spring and summer 

species, Synura, and Dinobryon. The 
high peak in late September was 

Ceratium hirundinella.
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Leota

2004 Level I Data

Daily Data Summary Weekly Data Summary

Week of

Sum of
precip.
(mm)

# of 
days

Avg of lake 
level (cm)

# of 
days Sample date

Sample
time

Secchi
(m)

Temp 
(°C)

Algae*
(Shore)

Algae*
(at site)

Goose
Count*

28-Sep-03
5-Oct-03

12-Oct-03
19-Oct-03
26-Oct-03
2-Nov-03
9-Nov-03

16-Nov-03
23-Nov-03
30-Nov-03

7-Dec-03
14-Dec-03
21-Dec-03
28-Dec-03

4-Jan-04
11-Jan-04
18-Jan-04
25-Jan-04
1-Feb-04
8-Feb-04

15-Feb-04
22-Feb-04
29-Feb-04

7-Mar-04
14-Mar-04
21-Mar-04
28-Mar-04

4-Apr-04
11-Apr-04
18-Apr-04
25-Apr-04
2-May-04
9-May-04

16-May-04
23-May-04
30-May-04

6-Jun-04
13-Jun-04
20-Jun-04
27-Jun-04

4-Jul-04
11-Jul-04
18-Jul-04
25-Jul-04
1-Aug-04
8-Aug-04

15-Aug-04
22-Aug-04
29-Aug-04

5-Sep-04
12-Sep-04
19-Sep-04
26-Sep-04

Min
Max
Total

* See introduction for discussion of algae assessment and goose count methods.

0.0 4 20.5 4
8.0 6 20.4 7 5-Oct-03 15:00 4.0 10.0 P1 P1
49.0 6 23.0 7 13-Oct-03 17:00 3.0 7.0 P1 P1
129.0 7 52.7 7 19-Oct-03 16:30 3.8 14.0 P1 P1
10.0 5 65.7 7 26-Oct-03 16:00 3.3 14.0 P2 P2
3.0 6 65.4 7 4-Nov-03 14:00 3.0 9.0 P1 P1
2.0 6 64.6 7 9-Nov-03 13:00 2.8 7.0 P1 P1
105.0 7 83.3 7 16-Nov-03 16:00 3.0 7.0 P2 P2
22.0 5 82.4 5 23-Nov-03 14:00 3.0 6.0 P2 P2
48.0 6 79.7 6 30-Nov-03 14:00 3.0 6.0 P1 P1
24.0 6 81.1 7 8-Dec-03 15:00 3.0 5.5 P2 P2
19.0 6 79.1 7 14-Dec-03 12:30 3.1 5.0 P1 P1
30.5 7 77.6 7 21-Dec-03 13:30 3.2 5.0 P1 P1
16.0 7 79.4 7 28-Dec-03 14:00 3.1 4.5 P1 P1
51.0 6 82.0 7
20.5 6 88.1 7
28.0 7 83.4 7 18-Jan-04 12:30 3.2 4.5 P1 P1
78.5 6 97.7 7 25-Jan-04 13:30 3.2 5.0 P1 P1
22.5 7 93.9 7 1-Feb-04 12:00 3.2 6.0 P1 P1
5.5 7 93.3 7 8-Feb-04 14:30 3.1 5.5 P1 P1
23.0 7 86.7 7 15-Feb-04 14:00 3.1 5.5 P1 P1
18.5 7 81.6 7 22-Feb-04 13:00 3.1 5.5 P1 P1
24.0 7 80.7 7 29-Feb-04 16:00 3.0 7.0 P1 P1
4.0 7 78.0 7 7-Mar-04 13:00 3.2 7.5 P1 P1
3.5 6 75.1 7 14-Mar-04 17:00 3.3 9.5 P1 P1
20.0 7 74.7 7 21-Mar-04 14:30 3.2 10.5 P1 P1
1.5 5 75.0 7 28-Mar-04 13:00 3.2 11.5 P1 P1
0.0 7 71.6 7
7.0 6 70.0 7
11.0 5 69.1 7
2.0 7 68.3 7
3.0 7 66.1 7 2-May-04 14:00 4.2 18.5 P1 P1
9.5 6 65.3 7 9-May-04 15:30 4.3 17.0 P1 P1
2.5 5 63.9 7 16-May-04 16:00 3.9 17.0 P1 P1
44.5 7 66.6 5 23-May-04 13:00 3.3 17.0 P1 P1
8.0 7 70.7 7 30-May-04 13:30 3.2 17.0 P1 P1
11.0 7 69.6 7 6-Jun-04 13:30 3.0 20.0 P1 P1
4.0 7 68.1 7 13-Jun-04 15:30 3.8 19.0 P1 P1
0.0 6 64.4 7 20-Jun-04 17:00 3.0 24.0 P1 P1
3.0 7 60.6 7 27-Jun-04 15:00 3.0 22.5 P1 P1
8.0 6 58.0 7
0.0 7 55.7 7 11-Jul-04 15:00 3.2 21.0 P1 P1
0.0 6 52.0 7 18-Jul-04 15:30 2.9 23.5 P1 P1
0.0 7 47.4 7 25-Jul-04 15:00 2.2 25.0 P1 P1
24.0 6 43.4 7 1-Aug-04 14:00 3.2 25.0 P1 P1
0.0 6 42.4 7 8-Aug-04 17:00 2.8 22.5 P1 P1
0.0 7 38.9 7 15-Aug-04 16:00 4.3 24.0 P1 P1
56.0 7 43.9 7 22-Aug-04 15:00 3.5 22.5 P1 P1
7.5 7 43.3 7 29-Aug-04 14:30 4.2 21.5 P1 P1
4.0 5 41.9 7 5-Sep-04 8:30 3.5 20.0 P1 P1
41.5 6 43.9 7 12-Sep-04 10:30 3.5 20.0 P1 P1
7.0 6 46.0 7 19-Sep-04 12:50 3.6 17.0 P1 P1
0.0 5 45.4 5 26-Sep-04 14:30 4.0 16.0 P1 P1

0.0 20.4 Min 2.2 4.5
129.0 97.7 Max 4.3 25.0
1019.5
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Leota

2004 Level II Data

N:P Secc chl-a TP

N:P Secc chl-a TP

Date (2004) Temp (°C)
Secchi

(m)
Chl-a
( g/l) TP ( g/l) TN ( g/l)

Algae
Obsv.

Calculated TSI

TSI Average = 44.5

TP ( g/l) TN ( g/l) Algae

Calculated TSI

Temp (°C)
Secchi

(m)
Chl-a
( g/l)

25-Apr 15.0 4.5 2.08 14.8 959 1 65 38.3 37.8 43.0

9-May 17.0 4.3 2.72 22.7 735 1 32 39.0 40.4 49.2

23-May 17.0 3.3 10.90 18.5 670 1 36 42.8 54.0 46.2

6-Jun 20.0 3.0 10.40 20.4 586 1 29 44.1 53.5 47.7

20-Jun 24.0 3.0 44.1

5-Jul 21.5 2.5 9.93 22.4 626 1 28 46.8 53.1 49.0

18-Jul 23.5 2.9 8.17 16.6 493 1 30 44.6 51.2 44.7

1-Aug 25.0 3.2 5.13 15.4 492 1 32 43.2 46.6 43.6

15-Aug 24.0 4.3 2.00 13.7 406 1 30 39.0 37.4 41.9

29-Aug 21.0 4.2 4.01 12.3 430 1 35 39.3 44.2 40.4

12-Sep 20.0 3.5 4.27 12.8 360 1 28 41.9 44.8 40.9

26-Sep 16.0 4.0 43.10 22.9 442 1 19 40.0 67.5 49.3

10-Oct 14.5 4.5 3.47 44.0 461 1 10 38.3 42.8 58.7

24-Oct 12.0 4.1 0.90 12.0 411 1 34 39.6 29.5 40.0

Mean 19.3 3.7 8.2 19.1 543.9 1.0 31 41.5 46.4 45.7

Median 20.0 3.8 4.3 16.6 492.0 1 30 41.0 44.8 44.7

Min 12.0 2.5 0.9 12.0 360.0 1 10 38.3 29.5 40.0

Max 25.0 4.5 43.1 44.0 959.0 1 65 46.8 67.5 58.7

Count 14 14 13 13 13 13 13 14 13 13
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Lake Level and Precipitation

Nutrient Analysis
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Cottage Overview
Volunteer monitoring began at 
Cottage Lake in 1995 and continued 
through 2004. The data indicate 
this lake is relatively high in primary 
productivity (eutrophic) with fair water 
quality. Enhancement of productivity 

in the lake management plan (King 
County, 1996).

Cottage Lake has no public access 
boat ramp, but car top boats may be 
launched through the county park. 
Residents should monitor aquatic 
plants growing near-shore to catch 
early infestations of Eurasian milfoil, 
Brazilian elodea, or other noxious 
aquatic weeds.

Physical Parameters
Secchi transparency ranged between 
1.0 and 3.1 m during the year. The 
summer average was 2.1 m which 
placed it in the lower end of small 
lakes monitored in 2004. Surface 
water temperatures ranged from 3.0 
to 25.0 degrees Celsius, putting it in 
the mid range for the group. 

Excellent local precipitation and 
water level records were available 
for the year, showing that the lake 
level varied erratically through most 
of the year, relating to rainfall events 
in winter, but also remaining at high 
levels in summer, likely affected by 
both beaver and human activities.

Nutrient Analysis and TSI 
Ratings
Total nitrogen declined through the 
spring, varied a little in summer, 
and increased in late October. Total 
phosphorus remained fairly steady 
until late October, when it also 
began to increase. The N:P ratio 
ranged from 12 to 70, averaging 28, 
with good conditions for nuisance 
bluegreen growth indicated beginning 
in August. 
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5/24/04 2.0 1 18.0 10.70 20.1 961
3 15.0 17.80 24.5 1030

6.5 8.0 13.60 54.9 644
8/30/04 1.0 1 22.0 38.00 29.2 562

3 20.0 57.70 40.5 509
6.5 11.0 34.30 561.0 2510

the season and persisted through 
the summer. High concentrations of 
phosphorus were found in the deep 
water in August, suggesting that 
anoxia could have triggered a release 
from the sediments. Chlorophyll data 
indicated that algae were higher 
in abundance in the middle of the 
water column, possibly around the 
thermocline.

In 2004 TSI values for the three 
indicators were close to each other, 
above the threshold for eutrophic 
conditions, similar to recent years.

Chlorophyll Concentrations 
and Algae
Chlorophyll content decreased from 
a minor increase in late May to low 
values that remained steady through 
summer and then increased greatly 
in late August, shortly after the 
drop in N:P ratios. For most of the 
sample season, the phytoplankton 
was dominated by the bluegreen 
Aphanizomenon  The 
diatoms ,

, and Fragilaria
 were also commonly 

found, in addition to a variety of 
cryptophyte and chrysophyte species.



        SECTION THREE     Cottage     King County Lake Monitoring Report, Water Year 20043

Cottage

2004 Level I Data

Daily Data Summary Weekly Data Summary

Week of

Sum of
precip.
(mm)

# of 
days

Avg of lake 
level (cm)

# of 
days Sample date

Sample
time

Secchi
(m)

Temp 
(°C)

Algae*
(Shore)

Algae*
(at site)

Goose
Count*

28-Sep-03
5-Oct-03

12-Oct-03
19-Oct-03
26-Oct-03
2-Nov-03
9-Nov-03

16-Nov-03
23-Nov-03
30-Nov-03

7-Dec-03
14-Dec-03
21-Dec-03
28-Dec-03

4-Jan-04
11-Jan-04
18-Jan-04
25-Jan-04
1-Feb-04
8-Feb-04

15-Feb-04
22-Feb-04
29-Feb-04

7-Mar-04
14-Mar-04
21-Mar-04
28-Mar-04

4-Apr-04
11-Apr-04
18-Apr-04
25-Apr-04
2-May-04
9-May-04

16-May-04
23-May-04
30-May-04

6-Jun-04
13-Jun-04
20-Jun-04
27-Jun-04

4-Jul-04
11-Jul-04
18-Jul-04
25-Jul-04
1-Aug-04
8-Aug-04

15-Aug-04
22-Aug-04
29-Aug-04

5-Sep-04
12-Sep-04
19-Sep-04
26-Sep-04

Min
Max
Total

* See introduction for discussion of algae assessment and goose count methods.

0 5 42.8 5
11 7 44.9 7 7-Oct-02 13:00 1.0 15.0 C3 C3
53 7 50.9 7 14-Oct-02 13:00 1.0 13.0 C3 C3
134 7 61.0 7 21-Oct-02 13:00 1.0 13.0 C3 C3
0 5 44.8 5 28-Oct-02 13:00 2.0 12.0 C1 C1
0 4 37.3 4 4-Nov-02 12:30 2.0 9.0 C1 C1
17 7 40.9 7 12-Nov-02 12:30 2.0 9.0 C1 C1
108 7 66.3 7 18-Nov-02 13:00 2.0 9.0 C1 C1
37 7 47.9 7 25-Nov-02 13:00 2.0 8.0 C1 C1
38 7 41.9 7 2-Dec-02 13:00 2.0 7.0
29 7 42.7 7 9-Dec-02 13:00 2.0 7.0
16 7 38.4 7 16-Dec-02 13:00 1.0 7.0
31 7 35.7 7 23-Dec-02 13:00 1.5 6.0
14 5 36.4 5 30-Dec-02 13:00 2.0 5.0
40 1 1 6-Jan-03 13:00 1.5 5.0
30 7 49.4 7 12-Jan-03 13:00 1.5 5.0
16 5 43.4 5 20-Jan-03 13:00 1.5 6.0
0 0 0 27-Jan-03 12:00 1.5 6.0

126 1 1 3-Feb-03 13:00 1.5 5.5
9 7 40.3 6 10-Feb-03 13:00 1.5 5.0
21 7 38.7 7 17-Feb-03 13:00 1.8 5.5
33 7 35.3 7 24-Feb-03 12:30 2.0 6.0
29 7 37.9 7 3-Mar-03 13:00 1.5 6.0
7 7 34.0 7 9-Mar-03 13:00 1.5 7.0
2 7 32.3 7 17-Mar-03 13:00 1.5 9.0
25 7 29.4 7
6 7 28.4 7
0 7 25.0 7 7-Apr-03 14:00 1.0 11.0 P1 P1
0 7 36.9 7 13-Apr-03 14:30 1.0 11.5 P1 P1
12 7 50.4 7 21-Apr-03 14:00 1.0 13.0 P1 P1
0 7 53.1 7 28-Apr-03 12:30 1.5 14.0 P1 P1
0 7 40.4 7 4-May-03 13:00 1.8 14.0 P1 P1
3 7 35.1 7 12-May-03 13:00 1.5 17.0 P1 P1
8 7 48.3 7 19-May-03 12:00 1.5 16.0 P1 P1
52 7 63.0 7 27-May-03 13:00 1.5 18.0 P1 P1
0 6 48.3 7 2-Jun-03 13:00 2.0 19.0 P1 P1
22 7 57.7 7 9-Jun-03 13:00 2.0 23.0 P1 P1
0 3 49.3 3 16-Jun-03 13:30 2.0 21.5 P1 P1
0 0 0 23-Jun-03 13:00 2.0 18.0 P2 P2
0 0 0 29-Jun-03 11:45 2.8 23.0 P2 P1
28 7 30.7 6 7-Jul-03 13:30 2.5 23.0 P2 P1
0 7 28.3 7 14-Jul-03 13:00 2.3 23.0 P2 P1
0 7 31.7 7 21-Jul-03 14:00 2.5 25.0 P3 P1
0 7 32.4 7 28-Jul-03 15:00 2.7 25.0 P3 P1
19 7 33.6 7 4-Aug-03 14:00 2.7 25.0 P3 P1
0 7 36.0 7 10-Aug-03 15:00 2.2 24.5 P3 P1
44 7 37.9 7 18-Aug-03 13:00 1.5 23.0 P3 P2
19 7 39.6 7 25-Aug-03 12:00 1.3 22.0 P3 P2
7 7 37.0 7 1-Sep-03 12:00 1.2 22.0 P3 P2
28 7 36.9 7 8-Sep-03 13:00 1.2 21.0 P3 P2
51 7 41.1 7 15-Sep-03 13:00 1.2 18.0 P3 P2
4 7 36.9 7 22-Sep-03 14:00 1.0 18.0 P3 P3
0 4 33.0 4 29-Sep-03 12:00 1.3 18.0 P3 P3

0.0 25.0 Min 1.0 5.0
134.0 66.3 Max 2.8 25.0
1129.0
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Cottage

2004 Level II Data

N:P Secc chl-a TP

N:P Secc chl-a TP

Mean

Median

Min

Max

Count

Date (2004) Temp (°C)
Secchi

(m)
Chl-a
( g/l) TP ( g/l) TN ( g/l)

Algae
Obsv.

Calculated TSI

TSI Average = 51.7

TP ( g/l) TN ( g/l) Algae

Calculated TSI

Temp (°C)
Secchi

(m)
Chl-a
( g/l)

26-Apr 17.0 2.0 3.68 16.0 1110 2 69 50.0 43.4 44.1

10-May 17.0 2.0 7.37 26.3 1100 2 42 50.0 50.2 51.3

24-May 18.0 2.0 10.70 20.1 961 2 48 50.0 53.8 47.4

7-Jun 19.5 2.5 10.60 22.6 727 2 32 46.8 53.7 49.1

20-Jun 22.5 2.5 9.77 21.3 615 29 46.8 52.9 48.3

5-Jul 24.0 3.1 6.41 24.0 635 26 43.7 48.8 50.0

19-Jul 24.0 2.5 5.61 19.1 468 2 25 46.8 47.5 46.7

2-Aug 24.0 2.5 5.93 21.3 398 2 19 46.8 48.0 48.3

16-Aug 25.0 2.0 8.81 22.8 379 2 17 50.0 51.9 49.3

30-Aug 23.0 1.0 38.00 29.2 562 2 19 60.0 66.3 52.8

13-Sep 19.0 1.3 33.00 26.6 490 2 18 56.2 64.9 51.5

27-Sep 16.5 1.3 21.50 25.3 471 2 19 56.2 60.7 50.8

11-Oct 15.0 2.0 26.80 30.5 494 2 16 50.0 62.8 53.5

25-Oct NR NR 13.50 70.3 809 12 56.1 65.5

20.3 2.1 14.4 26.8 658.5 2.0 28 50.2 54.4 50.6

19.5 2.0 10.2 23.4 588.5 2 22 50.0 53.3 49.6

15.0 1.0 3.7 16.0 379.0 2 12 43.7 43.4 44.1

25.0 3.1 38.0 70.3 1110.0 2 69 60.0 66.3 65.5

13 13 14 14 14 11 14 13 14 14
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