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ABSTRACT

A comprehensive water quality limnology study in Lakelse Lake was completed
by the Pollution Control Branch in 1973 -~ 74. Standard limnological para-
meters were investigated and reported upon. Overall nutrient concentrations
were found to be very low, below levels normally considered potentially
dangerous and within the range of values customarily associated with an
oligotrophic lake. Shallow mean depth, the absence of a clearly defined |
thermocline and a high flushing rate - six times yearly - were confirmed
as significant physical features. Chlorophyll M"a' values ranged between

2 - L mg/l, with no evidence of algae blooms duripg the study period.
Plankton populations were found to be low, with greatest representatiiﬁi |
among the Bacillarj.ophyceae. 1v is suspected that overall productivity

is very low.
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LAKELSE LAKE

1, INTRODUCTION

Lakelse lake (Figure 1) is some 70 miles east of the coastal city of Prince

- Rupert, mid way between the towns of Kitimat and Terrace. Situated on the

eastern margins of the Coast Mountain Range, the lake drains into the Skeena
River via the Lakelse River, The location and physical characteristics of
the lake have resulted in an intensive recreational utilization of the water-

shed, Populations of steelhead (Salmo gairdnerii), coastal cutthroat (Salmo

clarki clarki) and dolly varden (Salvelinus malma) sustain a significant

sport fishery. The lake is also important from a ccmmercial.fishery stand-

point, Between 1962 -~ 1971 55.9% of the Skeena River escapement of Pink

salmon (Oncorhynchus gorbuscha), 2.0% of the sockeye (Oncorhynchus nerka),

8.8% of the chinook (Oncorhynchus tshawytscha) and 36.1% of the coho (Oncorhynchus

kisutch) was attributable to the Lakelse lake watershed,

It is not surprising therefore that this watershed has generated considerable

~ investigation from economic and environmental interests. In 1946, D.F. Alderice

completed a B Sc. thesis on the limnetic plankton; T.R. Brett {1950) documented
the physical limnology of the lake; V.H, McMahon (1954) studied the abundance
and distribution of entomostracan plankton; the Federal Fisheries Service
conducted a nutrient sampling programs from 1972 - 1973, Skeena Public Health
Unit carried out bacteriological shoreline testing in 1973, In 1973 - 74, the
Pollution Control Branch completed a comprehensive physical and chemical water

quality study.
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2, POLLUTION CONTROL BRANCH WATER QUALITY STUDY

The expressed purpose of this study, as developed by the North Region Pollutiocn

Control Branch in conjunction with Projects and Research personnel frem
, - Victoria, was to provide a reference to earlier published studies, and an
 assessment of the relative eutrophication of the lake, Primary consideration

was directed toward nutrients and the algal response to lake nutrient levels.,

Based on preliminary sampling sequences in July, 1973, an intensive sampling

program was initiated in 1974, Physical and chemical sampling sequences were

completed on the following dates: !
July 11 - 13, 1973 |
May 6 - 10, 1974
June 17 - 21, 1974
July 15 - 19, 1974
August 19 - 23, 1974 - |
November 18 - 22, 1974

December 9 - 13, 1974

Eight sampling stations were established (Figure 2), Station co-ordinates, site

identification numbers and approximate depth of sampling are provided in Table 1.

Single grab samples were collected at specified depths at each station using a

Van Dorn water sampler., Samples were stored in clean, polyplastic containers.

Throughout the éummer samples were cooled prior to and during shipment. In all

=
B
|

instances, samples were shipped direct to Provincial Water Resources laboratory,

£

where analysis was commenced within 36 hours of sampling time. Bacteriological

sanples were transferred to the Provincial Bacteriological Laboratory for
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analysis within 24 hours.

Physical and chemical analysis was performed according to the "First Edition of

a Manual for the Laboratory Analysis of Water and Wastewater." The following

parameters were considered:

pH
temperature (°C)

dissolved oxygen (mgl™l)

total organic carbon (mgl'l)

total phosphate (mgl™l)

total organic nitrogen (mgl-l)
total inorganic nitrogen (mgl-l)
1)

specific conductance (umhoscm™
color (true, TAC)
alkalinity (mgl'l)
haraneés (mgl-l)
suspended solids (mgl-l)

dissolved solids (mgl—l)

Bacteriological analysis was completed according to techniques described in the

13th edition of Standard Methods. Analysis was restricted to total and fecal

coliform, with varying numbers of duplicate samples collected at established sites.

%* Field testing for dissolved oxygen was accomplished primarily with a YSI model
54 oxygen meter., However on several occasions, analyses were carried out
through standard Winkler titration,

X%

Temperature profiles were completed using a YSI model 42 SC telethermometer.,



i

Plankton samples were collected during the summer of 1973, A series of vertical
hauls were composited at each station, using a #10 Wisconsin net., Near surface -

horizontal tows across selected areas of the lake were also made, Foliowing

" preservation in 10% formalin, species identification and estimates of relative

abundance were completed, under contract, by S. Brown, University of Victoria.

During 1974, chlorophyll "a™ sampleé were collected every two weeks throughout
the summer. Samples were obtained at near surface (one meter) and intermediate
depths using a Van Dorn sampler. Water thus collected was temporarily stored
in dark polyplastic gallon containerg. Duplicate samples were extracted from
each container and filtered in the field within four hours through a Sartorius
filter (45 micron membrane)., Filters were stored at 0°C in a darkened one
liter bottle partially filled with silica gel. Frozen filters were subsequent-
1y_shipped to Provincial Laboratories for analysis according to techniques

described in Standard Methods.




TABLE 1

LAKELSE LAKE SAMPLE STATIONS

STATION DEPTH OF SAMPLE SITE NUMBER LOCATION

#1 Surface 0400305 Lat. 540 24v 354
Bottom 0400306 Long, 1280 31t 35m

#2 Surface 0400307 Lat. 54° 25 o3
Intermediate 0400308 Long., 128° 32t - 53n
Bottom 0400309

#3 Surface 0400310 ~ Lat, 54° 23+ o5
Intermediate 0400311 Long. 128° 33t 1om
Bottom 0400312

#1 Surface 0400313 lat, 54° 221 20m
Intermediate 0400314 Long. 128° 33t 20m
Bottom 0400315

#5 Surface 0400316 . Lat, 5,° 22t 2oom
Bottom 0400317 Long. 128° 33t 20m

#6 Surface 0400318 Lat, 54° 21t 558

Long. 128° 33t 05"

# Surface 0400319 Lat., 54° 21t 25m
Bottaom 0400320 Long. 128° 33t 551
#8 Intermediate 000321 Lat. 540 22t  20m

Long, 128° 35t Lon




FIGURE 2

LAKFISE LAKE SAMPLE STATION LOCATION




3, PHYSICAL & CHEMICAL LIMNOLOGY

3.1 Lake Morphometry

B

Depth contours (Brett, 1950) are plotted in Figure 3. Area and volume

for each 5 meter interval is provided in Table 2, The lake has an over-

B

all area of 14.2 sq. km., with maximum length and width dimensions of
8.7 and 2.4 km respectively. Mean and maximum depths are 7.9 and 32.2

8

meters., Total volume of the lake is 1,08 x 10~ cubic meters. Sinclair

(1974) calculated a flushing rate of 58 days (6 times yearly).

3.2 Temperature

Temperature profiles taken at selected stations during the study indicate
the absence of a stable thermocline, most probably as a consequence of

relative shallowness combined with strong prevailing southwesterly winds.

3.3 Dissolved Oxygen

Although dissolved oxygen values were not taken during every sampling
sequence, the few values obtained were within the range of values to be
expected in a natural, unpolluted watershed. No areas of serious oxygen

depletion were found.

3, Turbidity

Turbidity is caused by the presence of suspended particles such as clay,

silt or finely divided organic matter, bacteria, plankton and other micro-
scopic organisms. | Turbidity, as measured in Jackson Turbidity Units, is an
expression of the optical properties of a water sample. Excessive turbidity
reduces light penetration into the water, thereby reducing photosynthetic
activity. The U.S. Department of the Interior has recommended that

turbidities should not exceed 25 JTU in warm water lakes, and 10 JTU in




FIGURE 3

LAKELSE LAKE - DEPTH CONTQURS




Q ' TABLE 2 -

LAKEISE LAKE MORPHOMETRY  (Brett, 1950)

ATCA 4eveesescceassecesacscesasscascasss 14?2 sq. km., (5.5 sq. mi.).
Maximum 1ength sececesceccecossesescess 8.7 km. (5.4 mi.)
Maximum Width eeeeeeesececscscnsscscaes 2.4 km. (1.5 mi.)
Maximum depth ceveevcesccscoesanscccass 32,2 m. (98ft.)

Mean depth .eceevecccccccccscsvsceceses 7.9 m. (24ft.)

8

VolIJme .Q..l...OQ.'......Q..........;.l 1008 X lo cu. mo (l.l-}lx 108 cuo yd.)

Shore develoment 000000000 0COOGOSOLIOOITOIOTS 1083

E].evation ® 00 0600000000000 0000000009c0 72.2 m’ (220ft')

Depth  Area % total Stratum Volume % total
(m.) (hectares) surface area (m.) (cu, m., x 106) volume
0 14,20 100.0 Ow5 55,7 516
Q 5 808 77.0 5-10 30.4 28,1
10 112 29.1 10-15 15.4 14.3
15 205 1.4 15-20 49 L5
29 52 3.7 20-25 1.4 1.3
25 3 0.2 25-32.2 0.2 0.2
| Total 108.0




cold water lakes,

Surface and intermediate values averaged between six and seven JTU (Tables
3, L). Near bottom values (Table 5) were significantly higher, averaging
v18. JTU. Physical disruptions due to wave action, particul;rly in the
shallower stations, may have accounted for this, Overall average value

(n = 125 samples) was 10, JTU. (Table 6)

3 . 5 Colour

Apparent water colour is often used in reference to that colour which in-
cludes the effects of suspended matter. True colour can be attributed to
the presence of dissolved matter in solution after the suspended material
has been removed. True colour values in excess of 50 colour units may
limit photosynthetic activity. In Lakelse Lake however, colour values were
invariably far below this standard - True colour (n = 69 samples) averaged

16. units, TAC colour” (n = 86 samples) averaged 12, units (Table 6).

3,6 Acidity and Alklalinity

Acidity and alkalinity are reciprocal terms, the former produced by sub--

stances yielding hydrogen ions, the latter by substances yielding hydroxyl

ions,

¥ Total absorbed color (TAC) represents all visible colour within the
absorptive range of 400 - 700 nanometers., Analysis techniques are such
that the sample is filtered prior to scanning., Results therefore represent
only dissolved material, and will in all probability be slightly lower than
true colour values where the sample is centrifuged rather than filtered.




The index of hydrogen ion activity, pH, was initially documented for
Lakelse Lake by Brett (1950) as averaging 7.l T 0.2 and 6.6 pa 0.2 for
surface and bottom depths respectively. Present results reveal little
variation with depth or throughout the study, with values varying between

7.0 and 7.6 (Tables 3, 4 and 5).

The major buffering action in natural waters is the carbonate system.
In addition to reducing fluctuations in pH, an indispensible reservoir is
maintained for photosynthetic activity. The buffering capacity is generally

expressed as total alkalinity, and measured in equivalents of Ca C03.

-1

Lakelse Lake alkalinity (n = 69 samples) averaged 20.5 mgl ™, with little

variation with time and depth (Table 6).

3.7 Hardness

In natural waters, hardness is chiefly attributable to calcium and magnesium
ions, although other elements, generally present in trace levels, can be
significant contributing factors. Generally biological productivity is
directly correlated with hardness., Hardness per se, however, has no
“biological significance, priuarily since production depénds upon the specific
combination of elements present., In particular, such elements as Zn, Cu, Fe,
Pb, etc., while contributing toward hardness, may exert toxic and limiting

effects upon productivity.

Lakelse Lake (n = 69 samples) showed an averaged hardness of 19.7 mgl-l,

with little variation in time, depth, or from station to station (Table 6).
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3,8 Suspended, Dissolved and Total Solids

A number of authors have investigated the relationship of particulate

matter to the productivity of a lake. Rawson (1960) considered total

dissolved solids to be one of the best indices of the edaphic situation

mvh |

in a lake. larkin and Northcote (1958) concluded that total dissolved

solids were one of a number of significant variables affecting production.

‘ Total dissolved solid average values at surface, intermediate and near
bottam depths were 35.2, 38.2 and 39.7 mgl_l respectively (Tables 3, 4
and 5). Overall lake values averaged (n = 86 samples) 37.7 mgl—l (Table
6).

Suspended solid values averaged 6., 3., and 19, mgl"l at surface,
intermediate and near bottom depths (Tables 3, 4 and 5). Overall values

averaged (n = 86 samples) 9. ngL"l (Table 6).

3.9 Nutrients

Nitrogen and phosphorus are recognized as two af the most important nutrients

involved in the production of algae and control of productiviﬁy. I most

instances sufficient nitrogen concentration is present, with the result that
" phosphorus becomes the critically limiting factor, as demonstrated by

Schindler et al (1971), Fuhs et al (1972) and Schindler (1974). According

to Sakamoto (1966) N : P ratios of more than 12:1 generally result in phosphorus
&J béing the limiting factor; ratios less than 12:1 find phosphorus becoming
less impbrtant and other factors increasing in significance, Lakelse Lake

ratios are generally greater than 12 (Table 9).
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TARLE 3
TLAKEISE LAKE - SUMMARY OF SURFACE PHYSICAL & CHEMICAL RESULTS 1973 = 74
Color (Tac) Color (True) pH (Suspended (Dissolved Specific AMkalinity Hardness Turbidity
Solids) Solids) Conducta.nci 1
Non-Filterable Filterable (umhos em™t)  (mgl—L) (mgl ™), (JTU)
Residue Residue
(mg1-1) (mgl™)
STATION #1
N (5) (&) (6) (5) (5) (5) (&) (4) (3)
MAX. 20. 20, 75 9 LL. 56. 22,5 20.2 1le
MIN. =R 5 ki 1. 32. L6. 19.5 18.9 1.0
AVG, 12, 14. L 38. . 50. 20.7 __g-\?.h Te
STATION #2 —
N (5) (L) (6) (5) (5) (5) (1) (4) (3)
MAX, 20. 20. Tk 83. L, 554 22,5 19.9 12,
MIN. 3. 10. 7.1 2. 32. L6. 18.5 180 1.0
AVG. 12, 16. 22. 38. 50. 20,2 19.1 Te
STATION #3
N (5) () (6) (5) (5) (5) (L) (L) (3)
VAX, 18. 30. Tol e L, 59 22,5 20.6 11,
MIN. 2. 10. T3 1. iy L7. 18.9 18.5 0.9
. AVG. 11. 18. 3. . 51, ' 20.4 19.3 7e
STATION #4
N (5) (L) (6) (5) (5) (5) () (L) - (3)
MAX. 19. 30, 7.5 9 43 57. 22:5 20.6 1l
MIN. Se 5e T3 L 33 L. 18.5 : 18.5 0.9
AVG. o 12, 18, 3% 38. 51, 20.3 19.4 Te



TABLE 3 CORTINUED

Color (Tac) Color (True) (Suspended (Dissolved  Specific Alkalinity Hardness Turbidity
Solids) Solids) Conductanci
Non-Filterable Filterable (umhos cm™%) (mgl"l) (mgl’l) ’ (J1U)
Residne Residue
(mg1™?) (mg,l"l )
STATION #5
N (5) (&) (5) (5) (5) (%) (&) (3)
MAX. 13. 20. Te LS. 58. 22.5 20.5 11.
MIN. 6. 5. 1. 35. L7. 18.5 18.5 0.9
AVG. 12. 14. ' 3. LO. 1. 20.2 19.4 7.
STATION #6 .
N (5) (L) (5) . (5) (5) (4) () (3)
MAX. 19. 40. 8. 49. 58. 22,3 19.6 9.5
MIN. 6. 5. 1. 3. 4L7. 16. 17.7 1.0
AVG. 13. 21, - 3. 40, 53. 19.0 18,7 5.
STATION #7
N (5) (&) (5) (5) - (5) (4) () )
MAX. 28. 30. 9. 50. 66. 26. 21.1 1.
MIN. 5. 5. 1. 31. L6, 18.5 18, 1.0
AVG. 15. 13, 3. LO. ' Sho 21.2 19.8 6.
STATION #8
N (5) (1) (5) (5) (5) (%) (%) (3)
MAX. 22, 30. 7. L8. 69. 24.6 25.1 11.
TN, 7. 5. 1. 3. 51,7 20.4 20.1 1.3
AVG. 14. 16, 3. L3, 58. 22.7 21.9 6,
N = (10) (32) (10) (10) (40) (32) (32) (24)
AVG. L 1.2. 170 60 35. 1;5. 20.6 19.6 .

ST
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TABLE L

LAKELSE LAKE - SUMMARY OF INTERMEDIATE DEPTH PHYSICAL AND CHEMICAL RESULTS 1973 ~ T4

Color (Tac) Color (True) pi Susy anded Dissolved Specific Alkalinity Hardness Turbidity
Solids Solids Conductanc:f 1 10
(mgl-1) (mg1~1) (umhos cm™) . (mgl™) (mgl™) (J1U)
* STATION #2
N - (5) (L) (5) (5) (5) (5) (%) (4) (3)
1AX 20. 20. 7.5 - 9. L1. Sk 21. 19.5 12,
MIN, 3. 10. 7.2 . 1. 31. . L6, 18.5 8.3 | 1.3
AVG. 120 16. ) 30 370 . . 500 19-7 * 1900 70
STATION #3
N (5) (&) (6) (5) (5) (5) (4) (4) (3)
MAX, 13. 30. 7.5 9. L6. 57. 22.1 20.¢ 1.
Il 2. 10. 7.3 1. . 36. 47. 18.5 18,3 1.0
AVG, 6. 18. ’ 3. 39. _ 51. 20.2 19.1&4 Te
STATION A4
N (5) W) (6) (5) (5) (5). W (4) (3)
MAX, : 17. 20. 7.6 - 7. L6, 58. 22.5 20.6 ) 1.
MIN. 6. 5s ' 7.3 1. 34. L7. 18.5 18.5 1.0
AVG, 12. 14. . 3. L1. - 51, "20.3 19.3 7.
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TABLE 5
LAKELSE LAKE - SUMMARY OF POTTOM DEPTH PHYSICAL AND CHEMICAL RESULTS = 1973 = 74 ]
Color (Tac) Color (True) pH Suspended Dissolved Specific Alkalinity Hardness Turbidity
’ Snlids Solids Conductance 1
(mc11) (mg1=1) (wrhos omL)  (mg1™l) (1g1™) (3TV)

STATION #1 i

N (5) () 6) (5) (5 (5) 4 (s) (4) 3)

MAX, 21, 20. 7.4 8. e 56. ‘121.0 20.2 32.

MIN. 3. 10. 7.1 2. 32.. L6. 18,5 18.3 3.5

AVG. 12. 16. 22, 37. 50. } 19.5 19.2 16.
STATION #2 !

N (5) (%) (6) (5) (5) (5) (x) (L) (3)

MAX, 20. 20. 7.5 162, 43. 55. 21.5 20.1 86.

MIN. 2. 10. 7.2 2. 33. L6. 19.0 18.3 3.2

AVG. 1. 15. L9. 37. 50. 20.0 19.1 LC.
STATION #3

N (5) (L) (6) (5) (5) (5) (&) (L) 3)

MAX, 20, 30. 7.4 L6. L2, 52, 21.2 20.6 26,

MIN. 2. 10. 7.2 1.0 36. L7, 19.0 . 18.5 1.3

AVG. 12, 11, 12, 39. 50. 20.0 19.4 13.
STATION #i

N (5) (L) (6) (5) (5) (5) (&) (4). : 3)

MAX, 18, 20. 7.6 105. L — 57, 22.5 20.6 . LG

FING 7. 5. 7.3 LeT— 32, L7, 1.5 12,5 3.2

AVG, 15, 20, 28, 50. 20.4 19.3 L 18, -

~

13.



: TABLE 5 CONTINUED '
: Color (Tac) Color (True) pH Suspended Dissolved Specific Alkalinity Hardness Turbidity
P » Solids Solidi Conductance 1
S , : (mg1-1) (mg1~") (umhos e l)  (mgl™l) (mg1 ™) (ITU)
, STATION #5 : l :
; N (5) (%) 6) (5) (5) (5) (%) W (3)
; T MAX. 19. 20. 7.6 L6. L2. 53. 21.0 20.6 ! 24,
’ ’ a":IN. 6. 50 703 lc 33- L!-7~ 18-5 18.5 1.0
AVG, 13. 1. 1. 37. 50. . l?.8 19.6 12,
STATION #7 T
N (6) (5) ) (6) (5) (6) () (5) (4)
MAX, L7, 40, 7.5 13. 90. 86. L1 INIYA 11.
MIN, 6. -5, 7.3 1. 33. L6, 18.5 18.3 0.3
AVG. 20. 23, : 5. 50. 59. _ 2.,.8 24,.3 6.

oT’



TABLE 6

LAKELSE LAKE ~ OVERALL SUMMARY OF PHYSICAL AND CHEMICAL RESULTS ~ 1973 = T4

Co'lor {Tac) . Color (True) Suspended Dissolved Specific Alkalinity Hardness Turbidity
Solids Solids : Conductance 1
(Non-Filterable (Filterable (wahos cm=1) (mgl™1) (mgl™) (JTU)
Nesidue) Residue) .
(mg1~L) (mg1-1)
SURFACE
N (40) (32) (40) (40) (40) ! (32) (32) (24)
AVG, 12. ’ 15. 5. 35. L5, ! 20.6 19.6 .
INTERMEDIATE
N (15) (12) (15) (15) (15) (12) (12) (9) -
AVG. 12, 16. 3. 38. 50. 20.0 19.2 7.
BOTTOM '
N (31) (25) . (31) (31) (36) (25) (25) (19)
AVG. 13. 17. . 19. LO. £l. 20,7 _ 20.2 .
N (6) (69) (6) (86) (92) (6 (69) (52)
| AVG. 10.

13. 16. _ 9. 38, 19, 20.5

19.7

6T



= B

20

3,9.1 Nitrogen

Nitrogen, in its various forms, passes through a rather complex cycle within

a given ecosystem (Figure 4).

Generally lake concentrations of ammonia range from 0.05 = Otgo_mglfl.
(Hutchinson, 1957). In the spring and fall, maximum concentrations are likely
to occur as a result of overturn. Nitrification and assigilation by various
organisms is felt to create summer minimum values, at lea;£ in surface waters,
The ammonification of organic nitrogen and release of absorbed ammonia through

the reduction of bottom sediments has been known to créate summer maximums

in deeper waters.

Lakelse Lake generally follows this pattern, except for a summer maximum at

depth, Unstable stratification and summer circulation patterns are most

" probably operative in this regard. Ammonia levels were generally undetectable

(less than 0,02 mgl'l). Maximum value (0.06 mgl™l) was recorded at station

#7 on December 10, 1974.

In most lake systems, surface nitrate concentrations are generally at a minimum
during the summer due to assimilation by phytoplankton and photosynthetic
activity.' In the spring and fall the nitrification of ammonia to nitrate takes
placé bf chemautotrophic bacteria, using NH), and NO; as an energy source.

Nitrate values\correspondingly maximize at this time,

During the summer, nitrate values in Lakelse Lake were very low, In July
nitrate concentrations were detectable only at station #3 and #4 (0.04

and 0.06 mgl“l respectively). In August, no detectable concentrations were
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present. The highest nitrate concentrations, as anticipated, were recorded
in May and December. In the spring sequence, station #1 (Bottam), #2
(Surface, Intermediate, Bottom) and i#3 (Intermediate) provided a maximum
value of 0,10 mgl-l. In December values reached were slightly more than

one half those recurded for May.

Total inorganic nitrogen (NHA, NO2 + N03) concentrations in Lakelse lLake
are presented in Table 7. Values are considerably below the‘minimum levels
of inorganic nitrogen (0.3 mgl—l) suggested by Sawyer (1945) as likely to
create algae blooms.

|

Although organic nitrogen comprises the largest component of total ﬂitrogen,

no définitive patterns with depth are discernible, a probable consequence of

unstable stratification and summer circulatory patterns.

3.9.2 Phosphorus . 1

Sawyer (1945) suggested that if levels of inorganic phosphorus exceed!0,0lS

’mgl'l, algae blooms can normally be expected. The arbitrary value of 0.010

-1

mgl — has been adopted by the U.S. Depaftment of the Interior as the minimum

standard.,

Average Lakelse Lake phosphorus concentration in 1974 was 016 mgl"l or

16, mg me. If August 1973 values are included, average concentrations

-1 =3

are reduced to .01l5 mgl ~ or 15, mg m -, virtually the same as the

theoretical minimum, Total concentrations ranged from .Q03 - .219 mgl-l '
(Table 8), As with the nitrogen model, minimum values were recorded during

the summer months whereas maximum values occurred after the summer product-

ivity period. It is most probable that elevated fall values reflect not

mre
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only the effects of summer productivity, but the influx of additional
nutrients due to abnormally high rainfall in October. Generally values
at any one depth were fairly uniform, Surface values were lower than
intermediate and near bottom depth, a probable consequence of phosphorus
incorporation into bioclogical systems and gradvz:l settiing of seston,

- Nutrient release from bottom sediments, accelerated by water agitation
from wind action, is considered to be responsible for significantly

higher near bottom values.

3.9.3. Nutrient Input

Measurement of nutrient (phosphorus) input requires consideration of
numerous vafiables, including streams and rivers, industrial and domestic
waste discharges, precipitation, groundwater, and internal loading from
sediments. Understandably measurement of the total phosphorus budget is
extremely difficult and time consuming. In some instances, as, for example,
with groundwater and sediment input, determinations may not be possible.

In Lakelse Lake a third incalculable variable, input from residential
development, presents additional complications. Any attempts to determine
total nutrient input based upon available data must therefore be interpreted

with caution,

Sinclair (1974) calculated nutrient input at two separate sources, the hot
spring canal and the inflowing streams., The combined total for these two

2 -2

sources ‘was 0.039 g m™, with the hot spring accounting for 0.02 g m

In the present study, attempts were made to further investigate this latter

source,
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— TOTAL INORGANIC NITROGEN (NH,, NO» & NO3) RESU

TABLE 7

‘ 1973 = 7h

mgl~t

4

STATION August 9/1973 May 8/1974 June 19/1974 July 16/1974 Au"gz{)st. 20/1974  November 20/1974 December 10/1974
#1 - SURFACE 0.02 0.05 0.02 0.013 £0,02 A 0.054
BOTTCH 0.02 0.06 2.035 £ 0.02 £.0.02 A 0.052
#2 - SURFACE 0.02 0.05 0.02 40,02 £.0,02 A 0.058
INTERMEDIATE 0.02 0.05 0.03 40,02 £.0.02 A 0.059
BOTTOM 0.03 0.05 0.02 L 0.02 40,02 A 0.053
#3 - SURFACE 0.02 0,05 0,02 L0.02 £.0,02 A 0.051
INTERMEDIATE 0,03 0.05 0,02 0.02 £0.02 A 0.C51
BOTTCX 0.02 0.04 0.03 .0.03 £0,02 A 0.054
#l. = SURFACE 0.02 0.0L 0.025 0.02 L 0,02 A 0.05
INTERMEDIATE 0.03 0.0L 0.025 0.02 L.0.02 A 0.056
BOTTOM C.02 0.04 0,025 L 0,02 £.0.02 A 0.044
#5 - SURFACE 0.03 0.04 0.037 £ 0,02 £ 0.02 A 0.05
BOTTOM 0.02 0,04 0.02 20,02 £ 0.02 A 0.045
#6 - SURFACE 0.03 0.0L 0.02 £ 0.02 L 0.02 A 0.10
#7 - SURFACE 0.02 0,05 0.02 0.02 L 0.05 A 0.059
BOTTOX 0.02 0.055 £ 0.02 £ 0.02 10,02 A 0.047
#38 - ALL DEPTHS 0.10 (Surface) 0.03 (Int.) 0.02 (Int.) /. 0.02 (Int.) £0,02 (Int.) A 0.0L5 (Surface)
AVERAGE 0.03 0.05 0.02 0.02 0.02 S - 0.c55 T
Average values marked by (%) asteriak indicate the usage of at least one value marked - "less than".

Total average = .03 mgl'l

N
-~
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TABLE 8
[ ]
LAKELSE LAKE TOTAL PHOSPHORUS RESULTS = 1973 = 74
mgl'l

STATiON August 9/1973 May 8/1974 June 19/1974 July 16/197L  August 20/197L  November 20/1974 December 10/1974
# 1 - SURFACE 0.006 0.011 0.004 0.006 0.007 0.022 0.018

BOTTOM 0.006 0.008 0.015 0.006 0.007 0.023 0.108
# 2 - SURFACE 0.005 0.007 0.004 0.005 0.004 0.023 0.018

INTERMEDIATE 0.005 0.003 0.007 0.005 0.005 0.022 0.017

BOTTOM 0.005 0.409 0.011 0.013 0.005 0.219 0.096
# 3 - SURFACE 0.006 0.008 0.003 0.003 0.005 0,023 0.018

INTERMEDIATE 0.005 0.007 0.005 0.004 0.004 0.022 0.018

BOTTOM 0.005 0,022 0.005 0.005 0.005 0.022 0.069
# I, = SURFACE 0.006 0.007 0.004 0.003 0,005 0,022 0.017.

INTERMEDIATE 0.007 0.007 0.006 0.004 0.005 €,022 0.017

BOTTOH " 0.007 0.007 0.013 0.005 0.00% 0.022 0.152
# 5 - SURFACE 0.006 0.007 0.004 0.004 0.005 0.022 0.017

BOTTOM 0.006 0.007 0.004 0.004 0.005 0.022 0.07%
# 6 = SURFACE 0.06L 0.007 '0.003 0.004 0.005 0.019 0.0L4
# 7 = SURFACE 0.007 0.007 0.004, 0.003 0,005 0.022 0,016

BOTTOM 0.006 0.031 0.005 0.003 0.006 0.022 0.025
# 8 - ALL DEPTHS 0.007 (Surface) 0.009 (Int.)  0.005 (Int.) 0.004 (Int.) 0,006 (Int.) 0,020 0.016 (Surface)
AVERAGE 0.009 0.010 0.006 0.034 0.042

se



TABLE 9

LAXELSE LAKE — NUTRIENT — CHLOROPHYLL ™a' RELATIONSHIPS

Total Nitrogen Total- Phosphorus N:P Ratio Average Swmer
STATION (May 9/197L) (May 9/197L) At Overturn Chlorophyll
At Cverturn At Overturn A1t
mgl-1 ngl™
#1 - SURFACE VA .01l 12.7 2.7
BOTTOX .12 .00g 15.0
#2 - SURFACE VA .007 20.0 2.5
INTERMEDIATE .17 .008 21.2
BCTTOM .21 .009 23.3
#3 - SURFACE .12 .003 15.0 2.4
TNTER EDIATE .16 .007 22.9
BOTTOM Q1 .Q22 5.
#, - SURFACE .10 .007 14.3 2.6
IITOUTDIATD L1 .007 15.7
BOTTOM 12 .007 17.1
* #5 - SURFACE .13 .006 21.7 2.5
BOTTOM 12 .007 17.1 :
#6.~ SURFACE .19 .007 27.1 2.5
#7 - SURFACE VA .007 20.0 2.5
BOTTOM .13 031 L2
#3 = SURFACE .13 009 T 1. 2.6
AVERAGE — .010 16.9° 2.0

9¢
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Unfortunately problems arose in determining accurate flow measurements.
The analysis results from the Skoglund sewage discharge (Table 10), the
nutrient hot spring (Table 11) and the hot spring canal (Table 12) are

included herein for information only, with no interpretatioﬁ of results

intended.

Sinclair presents the conclusion that nutrient input from residential
shoreline development is significantly operative in Lakelse Lake.

Although the magnitude of this input is difficult to calculate, exam-
ination of the development pattern réveals that the majority of residences
are located in areas unsuitable for sewage disposal. High water table,
close proximity to the lakeshore, and unsuitable soil conditions ensure

that virtually the entire phosphorus load enters the lake unaltered.
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TABLE 10

WATER QUALITY ANALYSIS SKOGLUND'S RESORT

EFFLUENT DISCHARGE = 1973 — 74 = 75

28

June 4/1975

July 10/1975

July 16/1975

NITROGEN (TOTAL)
NITROGEN (DISSOLVED NITRATE)

#¥NITROGEN (DISSOLVED NITRITE)

NITROGEN (ANMMONIA)
NITROGEN (ORGANIC)

PHOSPHORUS (TOTAL)
PHOSPHORUS (ORTHOPHOSPHATE)

MAGNESIUM (DISSOLVED)
CALCIUM (DISSOLVED)

pH -

RESIDUE (NON-FILTERABLE, 105°C)
RESIDUE (FILTERABLE, 105°C)

HARDNESS (TOTAL CaC03)

"SPECIFIC CONDUCTANCE

8.04 mgl=t
0.03
0.01

1.40 mgl™t
0.70

7.0

16.0 mgl™t
0

.

0
0.02
12.5
3.5

6.6

53, mgl™t
160.

30.8 mgl':L

310 umhos cm™

325 umhos cm

-1




TABLE 11

WATER QUALITY ANALYSIS OF THE HOTSPRINGS MAIN POOL,
AT SKOGLUND!'S RESORT July 10, 1975 13:05 Hours

NITROGEN

TOTAL NITROGEN

ORGANIC NITROGEN
KJELDAHL NITROGEN
DISSOLVED NITRATE
DISSOLVED NITRITE
AMMONIA NITROGEN

CALCIUM (DISSOLVED)
MAGNESIUM (DISSOLVED)
MAGNESIUM (TOTAL)

~ POTASSIUM (DISSOLVED)

SODIUM (DISSOLVED)

COPPER (TOTAL)
IRON (TOTAL)

LEAD (TOTAL)
MANGANESE (TOTAL)
NICKEL (TOTAL)
ZINC (TOTAL)

-CHLORIDE (DISSOLVED)

FLUORIDE (DISSOLVED)
SULPHATE (DISSOLVED)

pH

PHOSPHORUS
mgl™L TOTAL PHOSPHORUS

ORTHOPHOSPHATE
PHOSPHORUS

8.3

FILTERABLE RESIDUE (105°C)1186. mgl™t

NON-FILTERABLE

RESIDUE (105°C)

ALKALINITY (TOTAL)

HARDNESS (TOTAL Ca COB)

CONDUCTIVITY
COMPARABLE DILUTION
CONDUCTIVITY

1760, umhos cm

2140, umhos cm

3. mgl"l
20.1 mgl~t

180, mgl-l

1

29

0.008 mgl™t

0.003




TABLE 11

WATER QUALITY ANALYSIS OF THE HOTSPRINGS MAIN POOL,
AT SKOGLUND'S RESORT _July 10, 1975 13:05 Hours

NITROGEN
TOTAL NITROGEN 0.2 mgl™t
ORGANIC NITROGEN 0.2
KJELDAHL NITROGEN 0.2
DISSOLVED NITRATT, L 0,02
DISSOLVED NITRITE L 0,02
AMMONIA NITROGEN /. 0,005
CALCIUM (DISSOLVED) 72, mgl—L
MAGNESIUM (DISSOLVED) 0.07
MAGNESIUM (TOTAL) 0.08
POTASSIUH (DISSOLVED) 7.3
SODIUM (DISSOLVED) 281,

COPPER (TOTAL) 0,001 mgl™t
TRON (TOTAL) 0.2

LEAD (TOTAL) 0.001
MANGANESE (TOTAL) 0.03
NICKEL (TOTAL) 0.01

ZINC (TOTLL) 0.005
CHLORIDE (DISSOLVED) 205, mgl™t
FLUORIDE (DISSOLVED) 5,26
SULPHATE (DISSOLVED) 498,

pH 8.3

FILTERABLE RESIDUE (105°C)1186. mgl™*
NON-FILTERABLE

RESIDUE (105°C) 3. mgl™t
ALKALINITY (TOTAL) 20,1 mgl~t
HARDNESS (TOTAL Ca CO3) ~ 180. mgl-l

CONDUCTIVITY
COMPARABLE DILUTION
CONDUCTIVITY

1760, umhos cm

2140, umhos em™t

PHOSPHORUS

TOTAL PHOSPHORUS
ORTHOPHOSPHATE
PHOSPHORUS

29

0.008 mgl

0.003
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TABLE 12

WATER QUALITY ANALYSIS SKOGLUNDS HOTSPRINGS CANAL

CANAL 100 YARDS DOWNSTREAM OF CANAL MIDWAY CANAL AT OUTLET TO LAKE
DISCHARGCE
Wune 4 July 10 July 16 June 4 July 10 July 16 June 4 July 10 .July 16
: 1975 1975 1975
-1 -1 -1 -1 -1 : -1 =1
NITROGEN (TOTAL) 0.4mgl " 1,01 mgl™ 0.27 mgl 0,90 mgl™ 0,26 mgl™~ 0.1lmgl ~ 0.5Cmgl™— 0.36
NITROGEN (DISSOLVED NO3) 0.06 0.02 0.02 0.02 0.02 0.0 0.03 0.02
NITROGEN (DISSOLVED NOZ) {0.005 0.02 €0.005 0,02 £0.005 €0.905 40,005 <0,005
"NITROGEN (AMMONIA) 0.33 0,051 0.340 0,048 S 0,176 0,103
NITROGEN (ORGANIC) 0.68 0.20 0.54 0.19 ! 0.29 0.24
NITROGEN (KJELDAML) 0.35 1.01 0.25 0.88 0.24 0.09 0.47 0.34
PHOSPLHORUS (TOTAL) 0.049 6.096 0.040 0.092 0.025 0.014 0,045 " 0.035
PEOSPHORUS (ORTHGPHOSPHATE) 0.0iz2 0.025 0.004 0.029 0,004 {0,003 0.015 0.005 , -
MAGYNESIUM (DISSOLVED) 0.5z 0,47 0.49 0.47 0.51 0.47
CALCIUM (DISSOLVED) 17.4 16.1 17.2 17.1 16.4 16.4
pH 7.0 6.4 6.8 _ WA 6.9 7.5 6.5 6.8
RESIDUE (NON-FILTERABLE 105°C) L2, 15. 1. 7. ' 5, '
RESIDUE (FILTERABLE 105°C) 262, 234, 252, 248, 8k, 236.
HARDIMESS (TOTAL CaCO3) 45.6 42,1 45.0 LL.6 43.0 42.9
SPECIFIC CONDUCTANCE . : -
(umhos cm™) 315. 401. 365. 392, 388. 379. 3s0.

o¢
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3.10., Organic and Inorganic Carbon

Organic carbon, being incorporated into tissue of living (or once living)
material, is temporafily removed from the dynamic chemistry of a water
system until such time as bacteria populations are able to recycle.
Inorganic carbon on the other hand, is freely represented by COz, HCO3,
CO3 ions in addition to HyCO3. Within a normal aquatic enviromment

(pH range 6.5 ~ 7.5) the majority of inorganic carbon is present on

dissociated carbonate ions.,

Lakelse Lake organic carbon values ranged from trace levels to a maximum

of 12, mgl"l. Values increased slightly with depth until maximizing at

near bottom depths. Suwmmer values were generally reduced slightly.

Elevated November and December values were felt to be pértially attribut-

able to hydrologic conditions.

. |
Inorganic carbon levels ranged from 1. to 6. mgl-l. No significant '
differences with depth were evident, Maximum values were however, recorded

during summer periods, reflecting in part the effects of biological

productivity.
L, AIGAE

L.l Algae Response to Nutrient Levels

In recent years considerable attention has been directed toward the

application of nutrient models to predict eutrophic response within a

lake system (Vollenweider, 1968; Schindler and Nighswander, 1970;

e
E

Vollenweider and Dillon, 1974; Dillon, 1975). Dillon and Rigler (1975)

presented a complex model incorporating not only phosphorus loading and

B
c

i
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mean depth, but also hydraulic flushing rates and phosphorus retention
coefficients in sediments. This model would appear to be applicable to
Lakelse lake with its high flushing r~te., However due to its late
publication date, it was not possiﬁle to collect data on all the required
variables. Analysir of applicable data did, however, confirm the over-

whelming significance of the high flushing rate.

L.2 Phosphorus -~ Chlorophyll Relationship

Patalas (1972) investigated phosphorus and chlorophyll 'at relatiohships
.ultimately confirming Sakamoto'!s (1966) findings that chlorophyll concen-
tration is a function of phosphorus concentration. Dillon and Rigler (1974)
-subsequently (based upon Sakamoto'!s work) presented a predictive relationship
suitable for estimating the average summer chlorophyll ha" concentration in
lakes with spring N:P ratios greater than 12:1,

logjg (chl a) = 1.449 logjg .(P) - 1.136 }

Average spring Lakelse Lak~ values for phosphorus were calculated at .0l

mgl"l. Near bottom values were however, largely instrumental in elevating
,. -

this figure somewhat.

Applying this value to Sakomoto's equation, an anticipated average summer
chlorophyll "a' concentration is calculated at 2.06/Hgl“1. Actual average

value, as determined over the entire summer sampling period, was 2.h.dgl'1.

It is readily apparent that the low nutrient levels in Lakelse Lake are
not conducive to the production of substantial algae populations. The
range of chlorophyll “a'" values between 2 - h,ﬁgl"l falls within the
lowest level classification advocated by Dillon and Rigler (1975) as

maximum permissible concentrations (Table 13).
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TABLE 13

DEVELOPMENT CAPACITY OF LAKES

Maximum Permissible Average Summer Chlorophyll **a' concentration

LEVEL 1

" LEVEL 2 -

LEVEL 3 =~

LEVEL 4 -

2 ng m?3; for lakes to be used primarily for body contact water
recreation, and where it is desirable to maintain_hypolimnetic
concentrations of oxygen in excess of 5 mg liter—l to preserve
cold water fisheries, The lake will be extremely clear with a
mean Secchi disc visibility of 5 m and will be very unproductive.,
(Note = the Secchi disc visibility may be lower in brown water
(dystrophic lakes).

5 mg me; for lakes to be used for water recreation but where
the preservation of cold water fisheries is not imperative.

The lake will be moderately productive and correspondingly less
clear, with a mean Secchi disc visibility of 2 - 5 m.

10 mg m=3, for lakes where body-contact recreation is of little
importance, but emphasis is placed on fisheries (bass, walleye,
pickerel, pike, muskelunge, bluegill, yellow perch).

Hypolimnetic oxygen depletion will be common. Secchi disc depths
will be low (1L -~ 2 m), and there is a danger of winterkill of fish
in shallow lakes,

25 mg mf3; suitable only for warmwater fisheries. usecchi disc
depth 1.5 m, hypolimnetic oxygen depletion beginning early in
sumner, considerable danger of winterkill of fish except in
deep lakes, '
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IDENTIFICATION AND ESTIMATES OF ABUNDANCE OF NET PLANKTON ORGANISMS
SAMPLED FROM LAKELSE LAKE"

5.1 Description of Samples

Vertical and horizontal net plankton samples were taken from Lakelse Lake
on July 13, 1973 by Ableson and Drinnan, These samples, collected with
a No, 10 Wisconsin net, are listed in Table 14 according to their original

labels,

5.2 Specimen Identification and Counting Procedures

Standard reference texts were used for identification of zooplankton (Pennak
1953; Edmondson 1959; Wilson 1959) and phytoplankton organisms (Tiffany &
Britton 1952; Prescott 1962). Diatoms were identified from incinerated
Hyrax mounts using Cleve-Euler (1951 - 1953), Tiffany and Britton (1952),
and Patrick and Reimer (1966) as main references. Mr, OwenKennedy (F.R.B.,

Nanaimo) kindly identified the dominant copepod species.

The most abundant taxa were identified to species where possible, and other
less common organisms were identified to genera. No attempt was made to
enumerate copepod stages or to indicate sex, and all immature copepods

were grouped under the term, nauplii.

Sample counts were made using 5 ml counting chambers, Lugol's solﬁtion, and
inverted microscope., One 5 ml chamber was prepared for each sample bottle,
Counts were made of all individuals occurring in 20 random microscope fields
at a magnification of 187.5 X. Since the samples were hauls of an unknown
field sampling duration or volume, numbers/unit volume were not calculated,

Basic text for this presentation was extracted from the report prepared by
S. Brown, University of Victoria, under contract to Pollution Control Branch.
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However, the following information is included to facilitate presenting
the data in other units of measure if required: area of one microscope
field at a magnification of 187.5 X = 1,3070 mm?; area of 20 microscope

fields = 26,140 mm2; and area of the 5 ml chamber = L71.44 <.

Counts for each sample are given here as number/20 fields and as per-

centages of the total count in 20 fields.

5.3 Results

In considering the analysis of plankton samples, caution must be exercised
in the interpretation of data primarily due to the limited number of

samples collected on a single occasion., '

A complete species list for all samples is given in Table 15, Counts for
horizontal hauls are given in Table 16, and those for vertical hauls in
Table 17. 1In Table 18, numbers and percentage abundance of phytoplankton

|
and zooplankton components of each sample are summarized. ,

\
Bacillariophyceae (diatoms) were by far the most dominant life form,

comprising a total percentage composition in near surface horizontal tows
of 54.5% (Table 16) and in vertical hauls of 46.2% (Table 17). Of the

species identified, Tabellaria flocculosa and T. fenestrata comprised a

total percentage (horizontal) of 38.0%. The former ranged from a low
of L.9% between stations #2 & 3 to a maximum of 41.0% between stations
#5 & 6. 2; fenestrata maximized near the outlet of the lake. T. flocculcsa
was generally numerically dominant. Vertical distributions of these species

appeared to reciprocate each other, Only at station #5 were both species
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represented in large number at the same time,

Other diatoms present, albeit in lesser numbers, were Asterionella formosa,

Cyclotella bodanica, Cyclotella stelligera, Synedra rumpens, S. ulna,

Cocconeis placenticla, Rhopalodia gibba, Epithemia turgida, Naviciula radiosa,

Surirella elegans, Ceratoneis arcus, Achnanthes flexella, Eunotic maior,

and unidentified Nitzschia sp. and Frustulia sp, In total 41 separate

species were identified.

Copepods comprised 11.9% of the horizontal plankton samples and 17.6% of

the vertical hauls. Cyclops bicuspidatus comprised 9.5% of the horizontal

hauls, while Epischura nevadensis represented 2.4%. Immature nauplii

comprised 12.9%. Both of the above species showed a moderately uniform
distribution over the deeper portions of the lake. Maximum values were
reached at station #1 and minimum values at station #8. Unlike McMahon's

stvdy (1949 - 1952) no C. serrulatus were identified.

The dominant Cladoceran species was Bosmina coregoni, comprising 1.3% of

horizontal hauls and 2.3% of the vertical collections. Maximum values of

7.0% were recorded at station #l.

Rotatoria were represented in significant numbers in both horizontal and

vertical collections, Kellicottia congispina and Conochilus unicornis

were the most abundant while Polyarthra euryptera and Collotheca sp. were

present in lower numbers,

Various species of algae were also collected, albeit in small numbers never

exceeding 2.0% at any one station. The green algae Fragilaria viresecens, F.
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crotonensis, and F. construens were included in this group.

The relative percentage occurance of phytoplankton and zooplankton is
presented in Table 18, In general, phytoplankton comprised a larger
proportion in the southern end of the lake i.e.,
Station # 1 -~ zooplankton -~ 85%
phytoplankton - 14%

Station # 8 - zooplankton - 31%
phytoplankton - 68%
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TABLE 14

LIST OF VERTICAL AND HORIZONTAL NET PLANKTON SAMPLES TAKEN FROM LAKELSE LAKE
ON_JULY 13, 1973 BY ABLESO. AND DRINNAN

HORIZONTAL HAULS

1., Between Stations 1 and 2

2, Between Stations 2 and 3 (Bottle 1 and 2)%

3. Between Stations 3 and 4

L. Between Stations 4 and 5 ' é
5. Between Stations 5 and 6

6. Betweeh Stations 5 and 7

7. Between Stations 7 and 8

8. Between Stations 8 and Lakelse River

VERTICAL HAULS

1., Station 1, 10 Vertical Hauls, Depth 3 m
2, Station 2, 5 Vertical Hauls, Depth 25 m
3. ~Station 3, 5 Vertical Hauls, Depth 10 m
L4, Station 4, 5 Vertical Hauls, Depth 5 m
5. Station 5, 5 Vertical Hauls, Depth 5 m

6. Station 8, 5 Vertical Hauls, Depth 5 m

1, Bottles 1 and 2 were combined for counting purposes.



TABLE 15

SPECIMENS IDENTIFIED FROM VERTICAL AND HORIZONTAL NET SAMPLES COLLECTED

Achnanthes flexella
Achnanthes lanceolata
Achnanthes minutissima

Anomoeneis. sp.

Aphanizomnenon (?) sp.
Asterionella formosa

Campylodiscus noricus
Ceratoneis arcus
Closterium sp.
Cocconeis placentula
Cyclotella bodanica
Cyclotella stelligera
Cymbella ventricosa

Cymbella spp.

Diatoma sp.
Diatomella sp.
Dinobryon divergens
Diploneis oblongella

Diploneis sp.

Bunotia maior
Eunotia spp.

Fragilaria construens
Fragilaria crotonensis
Fragilaria pinnata
Fragilaria virescens

Fragilaria spp.

Frustulia rhomboides

Gomphonema olivaceum

Gomphonema spp.
Gyrosigma spencerii

Hantzschia amphioxus

Actinosphaerium sp.
Arcella sp. ]
Bosmina coregoni
Bosmina longirostris
Chydorus sp.
Collotheca (?) sp.

Conochilus unicornis

FROM LAKELSE LAKE

PHYTOPLANKTON

ZOOPLANKTON

Cyclops bicuspidatus thomasi

Pleosoma (?

Melosira distans
Melosira italica
Melosira undulata (?)

"Melosira varians

Melosira sp.

Navicula americana
Navicula bacillium
Navicula pseudoscutiformis

Navicula pupula
Navicula radiosa
Navicula radiosa v. tenella

Nitzschia acicularis
Nitzschia lorenziana
Nitzschia vermicularis
Nitzschia spp.

Oscillatoria so,

Rhoicosphenia curvata
Rhopalodia gibba

Spirogyra sp.

Stauroneis phoenicenteron
Surirella elegans
Surirella (Flexuosae) sp.
Surirella guatemalensis
Surirella lapponica
Surirella (Ocellatae) sp.
Surirella robusta
Synedra radians

Synedra. rumpens

Synedra ulna

Tabellaria fenestrata
Tabellaria flocculosa

Tetracyclus sp.

Daphnia sp.
Difflugia sp.
Lpischura nevadensis
Holopedium gibberum
Kellicottia longispina
nauplii (Cogepoda)

sp.
Polyarthra euryptera
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TABLE 16
SPECTIES COUNTS (N) AMD PERCENTAGE ABUNDANCES OF INDIVIDUALS COUNTED IN HORIZONTAL PLANKTON HAULS FROM LAKEISE LAKE .
‘ The last column on the right represents total counts and percentages for all 8 samples
i STATION 1-2 2 -3 3.4 L=-5 . 5.6
Species N 4 N % N % ; N 4 N b4
I
!

Tabellaria flocculosa 112 22.1 15 L.9 120 23’].7 127 20.9 207 50.0
Tabellaria fonestrata 60 11.9 34 11.1 25 4e9 g1 13.3 39 7.7
rauplii (Cipepoda) L5 8.9 53 17.3 90 l7i.8 81 13.3 69 13.7
Asterinonglla formosa - 33 6.5 13 L3 60 1.8 91 14,9 27 5.4
Kellicottia lon~ispina 76 15.0 61, 20.9 76 15.0 35 5.8 62 12,3
Crcleps. bicuspidatus thomasi 5l 10.7 52 17.0 7% 14.6 90 ' ll;.g 39 7.7
Congchiliugs unicornis 15 3.0 30 9.8 28 5¢5 22 3. 19 3.8
Toiscriea nevndensis 15 3.0 12 3.9 16 3.2 12 2.0 20 L.0
Dingtrven diversens ¢ 16 2.6
S:medra rumpons 3L 6.7 8 2,6 7 1.2
Boznira coperepd 17 3.4 10 3.3 7 1.y 6 1.C 7 l.h
Aphanizomenon (?) sp. - 1 0.2 1 0.2 5 0.8 - L 0.8
Cvclotella bodanica 8 1.6 - 1 0.3 3 0.6 L 0.7
Crelotella giellicera 14 2.8 2 0.7 5 1.0 3 0.5
SnirsmTa sp. 3 0.6 2 C.3 6 1.2
Collzthaca (?) sp. L 0.3 1 0.2 3 0.5 3 0.6
Srcrira ulna L 0.8 6 1.0 2 0.4
Fra:r-ilaria crotcnensis
Polvarlira ourvolcra I 0.8 2 0.7 3 0.5 1 0.2
Carri-lodiocus noricus 1 0.2
Frarcilaria construens 11 1.8
Iavieula radiosa : s - e 1 0.2
Suriralla sp. . ‘ s 1 0.3

Frazilaria virescens 7 1.4 i

oY%



STATION

Heolopediun sibberum
Cocconeis placerntula
.Cmbella sp.

Eunotia maior

Nitzschia sp.

Surirella (Flexuosae) sp.

—_—
Cscillateria sp.

506

TABLE 16 CONTINUED
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TABLE 16 CONTINUED

STATION
Species N N »
Tabellaria flocculosa 201 26.5 15.3 274 35.0 24.8
Takellaria fenestrata 103 13.6 13.3 178 22.7 13.1
nauplii (Copepoda) 104 13.7 14.6 58 7.4 12.9
Asterionella formosa 66 8.7 23.1 112 14.3 12.1
Kellicottia lonrmispina 70 9.2 L.3 37 R ) 9.6
Cvclors bicusnidatus thomasi 67 8.8 6.9 21 2.7 9.5
Corochilus unicornis 11 1.5 L.1 13 1.7 3.6
! 16 2.1 1.8 7 0.9 2.4
59 7.8 2.9 15 1.9 2.4
18 2.4 1.7 8 1.0 1.9
Eosmirna coresoni 5 0.7 0.7 6 0.8 1.3
Avhanizerenon (?) Sp. 6 0.8 2.5 13 1.7 1.0
Crnlosella Lodanica 10 1.3 5 0.7 10 1.3 0.9
113 ztellirera 5 0.7 3 0.4 2 0.3 0.7
¢ L 0.5 7 1.0 10 1.3 0.7
\ 6 0.8 1 0.1 3 0.4 0.5
1 0.1 6 0.8 1 0.1l 0.4
Frarilaria crotononsis 19 2.7 0.4
Polvarthra euryntera L 0.5 2 0.3 0.3
Carorlodizcus noricus 9 1.3 L 0.5 0.3
Fracilaria construens . 0.2
Yaviecula radicsa 1 0.1 3 0.4 3 O.4 0.2
Surirclla sp. 3 0.4 4 0.5 0.2
Fracilaria virescens . 0.2
Holorediuwn: gibberum 1 0.2




TABLE 16 CONTINUED

Species

STATICN

~ Total

~

Cocconeis placentula

Cmeella sp.

Eunotia maior

Nitz=chia sp.

Surireila (Flexuosae) Sp.
osteriun sp.

Achnanthes flexella

ursia sp.
Cscillateria sp.
Ceratzoneis arcus

TOTAL

759 L

R

784

0.1

0.1

ooo
e

HERHRP RO DWW
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[eNoNoNe]
RRRBRRRBRRERE

[eNeoNoNoNeoNoNoNoNoNoNo)

°




SPECTES COUNTS (N) AND P}I'IRCENTAGE ABUNDANCES OF INDIVIDUALS COUNTED .IN VERTICAL PLANKTON HAULS FROM LAKELSE

last column on the right represents total counts and percentages for all 6 sa.;nples

STATION Total

Species N % N p4 A N % N % N % N %
Tabellaria ferestrata 13 10.2 8 3.5 21.4 12 9.2 61 29.1 L 27.9 133 17.2
Tabellaria flocculosa 2 1.6 50 21.7 9.0 28 21.5 56 26.7 11 7.0 165 15.6
ranplii (Copepoda) 22 17.2 31 13.5 17.6 23 17.7 21 10.0 8 5.1 142 13.3
Crelops bicusnidatus thomasi 32 25.0 34 14.2 . 16.7 fi s 8.5 21 C.0 5 3.2 133 12,9
Kellicottia lon~ispina L 3.1 31 13.5 7.6 20 15.4 9 L.3 14 8.9 9L 8.8
Cernchilus unicernis 19 14.8 23 10.Q 11.0 13 10.0 9 L3 6 3.8 93 8.7
rioarlla Sormesa 21 9.1 6.2 L 3.1 9 L.3 L, 27.9 AR 8.5
P s 21 16.4 9 3.9 3.3 3 2.3 9 4.3 s Lo7
2 corescnd 9 7.0 5 2,2 1.9 2 1.5 L 2,5 2L 2.3
Cralotella boinrnica 1 0.8 lO l‘.l;. 2-9 2 le5 5 2.1; 21+ 2.3
Cvzlotolln ”ﬂl’)/ﬁr’x 2 1.5 1 0.4 5 3.9 2 1.0 1 0.6 11 1.0
‘. 12 7.6 12 1.1
- 3 2.3 5 2.4 ’ 8 0.8
1 0.5 2 1.5 1 0.6 5 0.5
1 0.8 2 5 0.5
2 1.5 3 1.9 5 0.5
S:)‘.rc."':x-rx SD. 3 3 0.3
Cannrlodiscus noricus 1l 0.5 1 0.6 2 C.2
Cozenneis placentula 1 1 0.5 2 0.2
Frlvarthra cur-phlora 1 0.8 * 1 0.1
Clcsum. 2 SPe 1 1 0.1
valedin mivha 1 0.1
a tursida — 1 0.5 . 1 C.l
11 radiosa 1 0.5 1 C.1
11a eleonns 1 0.6 1 0.1
ulia ap. 1 0.6 1 0.1
Avtanigeenon (?) Bp. 1 0.6 1 0.1

128 230 130 210 151 1066




SUMMARY OF PHYTOPLANKTON AND ZOOPLANKTON COLLECTIONS

TABLE 18

Horizontal Hauls

--.ation 2-3 3-4 4-5 5=6 5=7 7-8 8-LR
4 4 4 % 4 Z 4 4

N Total N Total N Total N Total N Total N Total N Total N Total
Zooplankton 230 L5.5 223 Tho5 293 57.8 252 .4 220 13,6 284 37.4 234 32.8 146 18.6
Paytoplankton 275 545 78 25.5 214 42,2 357 58.6 235 56.L L75 62.6 480 - 67.2 638 8l.4

TOTAL 506 306 507 609 505 759 AN 784
Vertical Hauls
Station 2 3 L 5 8
4 % % % 4 %

N Total N Total N . Tot2l N Total N Total N Tot
Zooplankton 110 85.9 135 | 58.7 126 60.0 s 56.9 69 32.9 50 31.6
Phytoplankton 18 14.1 95 41.3 8L 40.0 56 43.1 1 67.1 103 8.4

TOTAL 12g 230 210 130 210 158

sY
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6.  BACTERIOLOGICAL ANALYSIS OF LAKFISE LAKE

Preliminary sampling sequences in 1973 indicated an area of significantly

elevated bacterial populations in the vicinity of the hotspring canal. In

1974 however, following the completed installation of a submerged outfall

line into the lake, elevated values in this area dropped substantially, to the
extent that concentrations throughout the lake were uniform. All samples
collected in 1974 were well below the logarithmic average of 240 MPN (100 m1)~L

and as such are considered to pose no health hazard,

7. TROPHIC LEVEL

Historically Lakelse Lake has been classified as eutrophic, primarily on the
basis of physical features such as mean depth and dissolved oxygen concentration.
While it is well established that many lakes with mean depths less than 10
meters aré rich in nutrients, and characterized by high productivity levels,
(Rawson, 1955), Lakelse Lake does not follow this classical pattern. In actual
fact nutrient levels in this system are very low, generally within the range

of values normally encountered within an oligotrophic lake. Reference to Table
19 shows the comparative trophic levels and water quality of a numbér of Makes in

British Columbia, ¥rom the criteria of total phosphorus, total nitrogen, organic

.carbOn, inorganic carbon and chlorophyll "a', Lakelse Lake is undeniably at a low

level of productivity. While the lake is relatively shallow, and subject to
considerable enrichment, the very high flushing rate appears to be effectively
preventing an excessive accumulation of nutrients. As such, it is incorrect to

catagorize lLakelse Lake as eutrophic.
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8.,  SUMMARY

Lakelse lake is a relatively shallow (mean depth 7.9 meters), warm temperature

lake, The lake supports significant salmonoid populations, providing both

recreational and camercial fishery. Extensive recreational activity is
augmented by substantial residential development. Thermal stratification

is poorly defined throughtout the summer months, duegprimarily to strong
prevailing wind action, Overall nutrient concentrations are very low, below
levels normally considered potentially dangerous, Relatively short water
retention (flushing rate 6 times yearly) appears to be effectively preventing
extensive nutrient buildup. DNutrient levels in this study are slightly

lower than an earlier Federal Study, reflecting in part the differences in
sampling locations, Total nitrogen, total phosphorus, total organic carbon
and total inorganic carbon levels were within the range of values customarily
associated with an oligotfophic lake. Extensive sampling for chlorophyll '"a't
revealed that algae populations were present in low numbers., Limited plankton
sampling indicated similarly low levels, It is suspected that overall product-

ivity is low,

o

D.H.G. Ableson,

REGIONAL BIOLOGIST.
Pollution Control Branch,
North Region

April 30, 1976




TABLE 19

COMPARISON OF WATER CHEMISTRY OF VARIOUS BRITISH COLUMBIA LAKES

Lakelse Lake Kathlyn(l) Oka.na.ga.nv(27 Vlood(z) Ka.lama]ka(z)
1974 Lake Lake Lake Lake
1973 1970 - 71 1970 - 71 1970 - 71
Color (Tac) 13.
Color (True) 16.
Suspended Solids 9. .
Dissolved Solids 3%.
Specific Conductance 49. . 51.
Alkalinity (Total) 2044 20.1
Hardness (Total 19.7 . 18.8
Turbidity 10. ' 6.6
pH 7.1 - 7.6 6.6 - 7.6
Total Phosphorus .016 .035 .03 25 .01
Ortho Phsophorus L .003 .009
Total Nitrogen A L0 21 49 13
Crganic ritregen .07 .30
Armonia Mitrogen .01 .10
NCa /10, Litrogen .03 4.02
Crranic Carbon L. 8.2 8.9 1.7 7.5
Inorganic Carbon L. 5.2 1 23.6 30.4 34,
Average Chlorophyll Ya' 2.4 .'(gl'l S5e 50. 2.5
Eutrophic Oligotrophic Eutrophic Oligotrophic

(1) Buchanan, et al, 197L.

(2) Northcote, et al, 197h.
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QUALITY TEST MLSULIS

LAYEISE LAIGS WATER
.

Site Mumier CL00305 Ammornia HCQ/NCB Orranic Total  Total Diss- Totel  Diss-  Turbid- Zxtin- Dics—~ spended

itrogen Mitro~  Nitro- Kjel- Nitro- olved Fhos- olved  ily otion clved 0ilids
Station #1 Surface gen i4en drhl ren Fros= wiom= (OSgTen Depth Selids

Litro- phor- us .
ren L5
vmin B nls Depih q 1. . " . L, I . I 4
¥ K D ol (2.} (mpl™) (!’:\.‘Zl_‘)__kfa_f’,}_:‘_‘_) (mz22™=) (rpa=*) Goel™) (mi=) (m77) (T8)  (fLL) (nei™)  (ro2
73 07 09 1200 0 .02 .03 .05 .C06 006
73 07 12 1130 0 13.
73 07 13 1215 0 9.7
74 05 02 0315 0 .01 .04 .09 . 10% A4 011 .01 5.
7L, 06 19  1C00 0 £ ,005 .02 .01 <.01L .C2 .004  .004L 1.0 L2, 1.
7L 07 16 1050 0 .013 £ .02 .08 .09 .09 <,003 ,006 10.0 1o. 32.% 2.
74, 08 20 1030 0 < .005 < .02 0L .CL .04 <L.003 .007 38.% 2,
7L 11 20 1000 0 . . .022 1. 36. 9.
T4 12 10 1C50 o) o024 .03 .13 .15 18 < .003 .C18 1.9 Ll % 6.
Site Numter 0400306
Station #1 Bottaom
Date Time Depth

Yy M D HMY -~ (f£.)
73 07 69 1215 16 N .02 .07 .09 .C06
73 07 13 1220 10 9.5
. 05 C3 0820 13 .01 .05 .06 07 12 .0Q8. .
74, 06 19 1000 16 .005 03 <. <L.01° 0L 015 10.7 3.5 36. 8.
7L 07 16 1055 16 L£.005 <«L.02 L.c1 .01 £01L <£.c03 .C06 9.8 32,% 2.
7L C3 20 1020 17 .005 < .02 A A Ay <.003  .CO7 . 9. 3.
74, 11 20 1005 10 ) .C23 12, 36. 9.
7L 12 10 1055 18 .022 .03 32 3L .37 <.003 108 32. Lot 88,

#*  Calculated Value

(49
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é LiKALSs LAZ’::I. VATERRL QUALTYY TEST BASULTS .
§
S Site Fumber 0400305 Color Color Specillic Total Tobal Orgenic - Inorganic Chlornyhyll fTemperature
1 _ (Tac) ("rrue) Conductarce Alkalinity Jfavdness Sarbon Carton Wyt ‘”‘, )
; Station #1 Surface : , amnling
; Natb fim~ Tenth _ . . -
: Yy » D o (ve.) (umno ™) (12177) ()l (re i ") (7l ) {4 517*) {°¢)
: 73 07 09 1200 0 2. 15,5
' 7, 05 03 0215 0 5. 7.
; 7L 05 09 10C0 9 2.4 (K)
74, 06 19  1G00 o) 1, 58. 22,5 3. b 2.1 (M) 10.
74 046 19 1000 16 2.1 ()
7L 07 16 1030 ¢] 9. 10. 49. 19.5 18.9 3. 3.
7L 07 12 1135 0 2.7 (i)
. 7L 07 13 1135 15 2.6 (4
: 7, 08 C6 1020 o} K 2.4 (M)
. 7L 08 20. 1030 -0 3. 5e 50. 19.7 19.3 1. S5e '
! 74 068 21 0915 0 S 3.6 (¥)
; 74 03 21 0915 9 2.0 (¥)
‘ 7, 11 20 1000 0 15. 20. 48, 19.2 5, 5,
. 74 12 10 1050 0 20. 20. 56, 1.0 20.2 Le 5.
Site Kumver C400306
Station #1 Bottam
: Date Time Depth :
. Y 1D [ (£:.)
73 07 C9 1715 15 2, 15.
73 07 13 1220 10 14,
7L 05 03 0820 13 2. 6.5
74, 06 19 1000 16 3.5 L8, 3. 3. 10
. 74, 07 16 1055 16 15, L6, 18.5 18.3 41, L. : -
i 7L 03 .20 1030 17 10. 50. 19.7 - 19.0 1. 5.
: 7L, 11 20 1C05 10 12, 20. 43. 19.2 5, . 5.
74, 12 10 1055 18 32, 20. 56, 21.0 20.2 12.. 5.

A1l chlorophyll "a" values entered on Pollution Control

data base under surface site identification number

€9



i IAYZEIOE LA UATE CQUALTTY 1757 I28ULTS
| L3
!
H
: Cite Kunber 0400307 Aaenin Tp/lin Tetal Diss- Touil  Dhss=  Turbide #lin~  pil Diss-  Susponded
g < : - g
! itrogen Mivro- lNitro- clved Phos-  olnved  ily culon olved Soklas
‘Station #2 Surface zon e Fline= moor—  Nyjen Depth Solids
i) choT=  uc
- '
Ten L5
' Orte fire  Depil . R . - . . . 1 . - -
- : ‘o oL =iy - RPN e A S R, N AR Lo Loy a1y =
T D :-.- {(f.) (mgx™) (o)™ Gaal™) (mol™) (mgd™) (mpi™) {2 =Y (p270) (e (0t Gl™=y G T
73 07 09 13CO .02 .02 .04 .005 7.3

73 07 12 1200
73 07 13 1325
7L 05 08 €325
7, 06 19 1010
7L 07 16 1110
7L G2 20 1230
7L 11 20 1010
7L 12 10 1110

/\.005 .05 : 09 . 009'):' . -Jﬁ_,_\/,)coq"‘ . 7. — 7 4
< 005 .02 ol .0L . 004 1.0 7.5
<..005 £ .02% .05 .05 .05 £,003 ,005 10.1 12, 7.4 31.% 1.
< 005 £ .02% .30 .30 .30 < .003 .COL 7.4 36,% 1.
- .023 12, 38, 9.

.028 .03 A1 oA A7 <.,003 .018 T4 7.2  L1.% 5.

QOO OO0OO0OO0OO O

Site lumter CL00308

Station #2 Intermediate

Date Tire Depth .
Y ¥ D o (ft.) .
73 07 09 1320 33 .02 .03 .05 .Q05
7L, 05 €8 6235 30 L .01 .05 .12 A2k .Co8
7L 06 19 1010 25 £ .005 .C3 £ .01 £ ,01 . .007 10.5
7, 07 16 1115- 26 < .005 . L.02% < .01 < .01l £.01 <L£.003 .005 9.9
7, 08 2C 1230 30 £ .005 <L .02% .03 .03 .03 <« .003 .005

7.3

7.5

7.3 40. 1.
Toh  31.% 1.
Tl 37.% 1.
7.2

7% 11 20 1020 25 .022 36. 9.
7, 12 10 1115 15 .019 .04 .04 .06 ,10. <.003 .017 2 1 5.
[

* Calculated Value

cm—
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LAKELSE LAKE VIATER QUALITY TiST RESULIS
, 3%
Site Mumber 0400307 " folor Color Specific Total Total Urgernic Inorgani Ciloroph,? i2mneratare
(‘fac) (True) Conductance Alkalinity Hardness Carbon Carvon - ttt =
Station #2 Surface : Sarplin:
Date Tine Lopth R 1 . 1 Y .
Y x oo #n  (£5) (umho ™) (mgd77) and™7) _ Ced™) (ml ") (u 1™ (1)
73 07 09 1300 0 . 2. 14.
7L 05 08 0825 0 3. 7.
74, 05 09 1100 36 3.2 (1)
74, 05 09 1610 0 3.0 (i)
7L 06 19 1010 0 12, 58. 1 22,5 Le 3. - 2.1 (i) 12.5
74, 05 19 1010 49 ' : 1 2.2 (3)
7L, 07 16 1110 O 6. 15. L7. 18.5 18.3 2, 3.
7, 07 18 1205 0 - 2.7 (1)
7, 07 18 1205 32 2.1 (%)
74, 08 06 1030 - O 2.1
7L 08 20 1230 0] 3. 10. 48. 19.4 18.9 L 1. 6.
7L 08 21 0930 Q ' 2.5 (k)
7L 09 21 0930 30 2.2 (M)
7L 11 20 1010 0 17. 20. L8, 19.2 7. 5,
74 12 10 1110 0 20. 20. 52, 20.5 19.9 5e be
Site Number 0400308
Station #3 Intermediate
Date Time Depth
Y ¥ D E i £t.)
73 07 09 132C 33 2. 13.3
7L 05 C8 0835 30 2,
7L 06 19 1010 25 12, 52. 3. L. 11.0
7L 07 16 1115 26 Te 15. L6, .18.5 13.3 2. 3.
74 03 20 1230 30 3. 10. L9. 19.3 18.9 L1, 6.
7, 11 20 1020 25 17. 20. L8. _ 19.2 5. Y 5.
7L 12 10 1115 15 20, 20. 51. . 19.8 19.5 L L. ,

qs
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LAKELSE LAKE WATER QUALITI®TEST IuiSULTS e

!
'
|

i

o

&

L3
i ©+ 3ite Mumber 040309 Anmonia 2-302/2103 Crganic Totol Total Diss- 7Total Dies- Turbid- Ixtin- pii  Diss- Suspended
! Nitropen Ditro- Nitro- j2 Nitro- olved FPhos- olved ity ction vlvred Sulidc
Station #2 Bottom 5en gen . men oz~ pior- Giygen Depth ' Selids '
hitro- phor- us :
isen 1S
Dote Time  Depth . 1 . ; ; . i R e
Y ¥ D i (£2.)  (mgl™)  (ngi™ ) (™) (mod™) (rod™) (rol™) (=) (=037%) (TU)  (fL.) (agi™=  (=i77)
73 07 09 1200 76 .03% .02 .05 .005 7.2
7L 05 €3 1245 65 £ .01 .05 6 o165 .21 009 9.6 7.5
‘ - 7, 06 19 1010 L9  <.005 .02 .03 .03 .05 .01l 10.8 3.2 7., 38. 6.
- 74 07 16 1120 L9 < .005 ( .02% .01 .01 .01 <.003 .013 10.2 7.5  33.% 7.
: 7408 20 1230 65 < .005 .02¢ .01 <.01 <.01 «.003 .005- Tl 3L.% 2.
74 11 20 1030 55 .219 86. 36, 162,
., 7L 12 1C 1105 30 .023 .03 . .i8 .20 .23 «.003 .096 32. 7.2 L3 67.
#* Calculated Value
) .
|
\n
! o
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i LARDLSE LAME WATER GUALITY TEST HISULTS .
i
{ o
! Site Nurber 0400309 Color Colcex Specific Total Total Crzenic Inorganic . Chloruphyll Temperature
| (Tac) (True) Corductance Alkalinity Hardness Carbon Carbon Tomgn : “
' Station #2 : Bottom - - Seoipling
i '
; Date Tine  neptn . ] i ) e i
v Yy ¥ o2 K (rt ) (umio eris) (1) {rel™) (el ™7) (aei ) (L 727=) (°)
: 73 07 C2 1200 76 2. T
! 7, 05 05 1245 65 be
! . 7, 06 19 1010 L9 12, 55. 3. 3. 11.
; 7, 07 16 1120 L9 8. 15. 46. 19.0 18.3 2. 3.-
i 7L 08 20 1230 65 2. 10. 49. 19.1 18.9 < 1. 6. ‘ .
.. 7L 11 20 1030 55 17. 20. L8, 19.2 10. 5.
i 7, 12 10 1105 30 20. 20._ 5. 20.5 20.1 8. L.



e
J..an.v

LAY

3ite Hunber. 04C0310 Armonia 3‘702/}2(‘«3 Organic Tolal  Total Disz- Totel Diss- Turki Dics=- usperdod
Nitro- Nitrce- Kjel- itro- olved Phos- olved ity olved olids
Station #3 _ Surface gen ren dahl gen Phos- phor-  Oxvger Soli<s
Nitro- vhor=-  us ,
£on us
Loin Time  Deplh .
Yy B o wn () A ey ) e h) e ™) (el () (O (™) Gasd ™

73 07 09 1530 0 .02 .05 .07 .006 10.4

7L 05 03 €900 0 .05 .07 07 A2 .0C8 :

7L 06 19 1045 0 .02 £ .01 .01 .02 .003 0.9 L2, 1.

7L 07 16 1130 0 .02 .09 .09 A1 £ .003 .003 10.1 31, 1.

74, €3 20 1320 0 .02% 0L 0L .04  <.003 .CO05 35.3% 1.

7, 11 20 1035 0 .023 1. - 36, 9.

7L 12 10 1135 0 03 . .1 .13 \.lé <.003 .018 7.6 ‘ Ll % L.

Site liumber 0400311

Statior #3 Intermediate

Date Time Depth

Y ¥ D H ¥ (ft.)

73 07 C9 1530 15 .03 04 .07 .005

73 07 13 1435 16 . 10.2

7, 05 03 (0915 25 .05 J1 S .16 .007

7L 06 19 1025 29 < .01 .01 - .02 .005

7L 06 19 1045 17 .02 10.9 1.0 L0. 1.

74 07 16 1135 18 .023 .07 .07 .09 <.003 .004 9.9 © 37 1.

7, 03 20 1320 25 £ .025 .05 .05 .05 <£.003 .004 L 37 1.

74, 11 20 1040 15 .022 1. 36, 9.

7L 12 10 1145 10 .03 .02 0L .07 <.003 .018 7.9 Lo be

*  Calculated Value
\n
o
N\
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iy R CIAMTINY TIAT T,
noon LAKE VATTR GUALTTY

Site liwnber 0400310 Color Specific Tueal Total Orgenic Thloraph;id. tenperature
(True) nductance Alkalini Hardness Carbon -
Station #3 Surface orliline
Dzie Tloe oepln 1 ' -
¥y v b EL o, (untio_en™) (222 7) {ragl™") (7). =)
73 07 09 1530 0 2. 1L.
“7L 05 08 0900 0 2.
74 05 09 1545 0] 2.9
7L C5 09 1550 0] 3.1 7.
7L, C6 19 1025 29 ' 1.9
7L 06 19 1045 0 59. . 22,5 L . 2.0 12,
7L 05 19 1045 18 . 2.0
7L 07 16 1130 l¢] 10, L7. 19.0 18.5 Z 1.
7L 07 13 1215 0 2,1
7L 07 18 1215 32 2%
7, €3 05 10,0 O 2.2
7, €3 20 1320 o) 10. 49. 18.9 18.8 1.
7L 03 21 0925 o 2.8
7, C3 21 0925 21 2.4
7, 11 20 1035 0 30. L8, 19.4 5. - 5.
7L 12 10 1135 0 20, 53. 21.2 20.6 4.
Site Lunber 0400311
tation #3 Intermediate
Date Time Depth
Y ¥ D EHN £.)
73 C7 09 1530 15 2. 14.
7L 0C5 08 0915 25 3.
74 CA 19  1CLS 17 15. __ 56, 22.1 Lo 11.5
74 07 16 1135 18 10. L7, 18.5 18.3 2,
7%, 03 20 1320 25 30. L9, 19.0 19.4 L1, Se
7%, 12 10 1145 10 53. 21.0 20.6 b

L



WL

! LAKDLST LAKS VATER QUALIYY TUS?® ISCULTS )
! s
g
I Site Hurber 0400312 Aimonia 1-302/.7303 Orzanic Total Total Diss- Tota Oigs- Turtid- Ixtin- pH  Dics- Suspended
. Mitrogen Hitro~ Nitrc- Xjel- Litro- olved Fhos~ olved iily ction caved Tolids
! Station #3 Bottom gen Len aal ren Phics=- poor- (xyden Depth Coiltls
Uitro- rhor- uc , ’
ien ] —_—
. Dzte lime  Depuis - 5 9 - ) -1 -1 .
Y ¥ D ki (f£.)  (eel™d)  (mel™) (relmh) (mgl™) (wgl™) (mA™0) (md~h) (mgd™0) (GTU)  (f.) (rel™) (1T
73 07 09 16CO 33 .02 .04 .06 .005 7.3
73 07 13 1LLO 30 9.8
© 74 05 08 0930 L5 £ 0L .04 .07 O WG .022 7.4
7L 06 19 1045 29 ~ .005 .03 £ .01 £..01 .03 .005 10.8 1.3 7.4 L0, 1.
7. 07 16 110 29 < .005 .03% .05 .05 .08 £,003 ,005 10.2 7.2 38,.% 2.
7L 08 20 1320 50 £.005 «£.02% .01 £ .01 .01 ».003 .005 7.4 36.% 2.
7L 11 20 1050 30 .024 .03 . 2022 12, 38. 9.
74 12 10 1140 21 .10 .12 A5 «£.003  ,069 26, 7.3 - o L6.

¥ Calculated Value

N ' S 2.7

09



H
1
]
1
i
H

Site Nuzter

tation #3

Color
(TI‘U.(:)

Specilic
Conductance Alkalinity

Total

Cate

123
I

C

o)

4
L
Tk
T4
74
7L

07
05
0b
07
03
11
12

09
ce
19
16
20
20
10

LY

10.
10,
30.
20,

(vmho ;m—i)

52.
L7.
L8,
48,
52.

*20.5
19.0
19.1

21.2

L

Chlorophyll

Temperatare
o

£ LWL

19
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LAVELSE LAGE WATZSR CUALTILTY 15T ILSULTS
— ) ..
3ite Kumer 0400313 Anpaonia HOz/ﬁOB Crganic Total Total Diss- Tola Extin- Ding— Suspended
Mitroren Mitro= Nitro- Kiel- litro- olved Phosz- ction olved Solids
Station #4 Surface o™ gon ashl gen fos-  dlivr- Depth Colids
Witro- phov-
on s
e Uepth 3 o s 1 -1 . -1 -

Yy D (roa)  mgl™)  (pel™) (med™) (moi™h) (mgdl™) (mgl ™) {mgl=d) (mpl™) (UTU)  (ft.) Gori™™y (™=

73 07 11 1350 0 .02 £ .01 .02 .006 13.

7L C5 08 0940 0 £ .01 0L .06 06% .10 .007 6.5

7L 06 19 1115 0 .005 .02 0L .05 .07 .004 L0, 1.

7L, 07 16 12C0 o] £ .005 023 (.01 £..01 .02 £ ,003 .003 1. 37.% 1.
7L G2 21 0945 0 < .005 £.,02% .06 .06 .06, .003 .005 33,3 1.

7L 11 2 1100 0 .022 36. 9.

7L 12 10 1150 0 .02 .03 .0k .06 .09« .003 .017 L33 5.

Site Mumber  OLOO31L

Station f4  Intermediate

Date Time Dept

Y ¥ B M )

73 07 11 134C 10 .03 £ ,0L .03 .007

74 05 08 1000 18 £ .01 0L - .07 LO7 1L . 007 .

7L 06 19 1115 15 .005 .02 .05 06 .06 .08 .006 L2, 1.

7L 07 16 1210 15 £ ,005 L02%  £.,0L £.0L - .02 « .003 .004 37.% 1.

7L 08 21 0945 17 *£.005 L.02% A A AL 2,003 .005 33.% 1.

74 11 20 1110 13 .022 38,

74 12 10 1200 8 .026 .03 .05 .08 11l <« .003 .017 L2,% L.

¥ Calculated Value

29
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LARLLSYE TaXh VATER QUALILY TisT ROCULTS

—

*
Site Mumber 0L00313 Color Color ecilic Total Total Orgenic Inorganic Shloropiyll femperature
(7ac) (True) nductance Alkalinity lardness Carbon Cartan gt -

tation #4 Surface : Sxonllng

Dae Tive Centh 1 - 4
y m o #HE ) {umho ox (22277) Gz (™) (m2™7) (17 (°)
73 07 11 1350 o] . Lo 14.5
7L 05 03 0940 0 L. 7.
74 05 09 1515 18 2.3 (M)
7L C5 €9 1535 o — 3.0 (1)
7, C6 19 1115 o) 12, 57. 22,5 3. 2.2 (1) 13.5
7L 06 19 1115 i5 ' 4 1.8 ()
7L 07 16 1200 o} 7. 15. L7. 18.5 18.5 2, 3. )
7L 07 18 1230 0 5. - 19.3 9.1 £ 1. . 2.3 (1)
7L, ©C7 18 1230 14 S22 (1)
7L 03 C6 1055 O , 3.7 (k)
7L 03 21 0945 0 5. 49. 5. 3.7 (M) 17.
74 08 2L 0945 18 T 2.6
74 11 20° 131C0 o] 19. 30. 43, 19.2 Se g,
7, 12 10 1150 0 19. 20, 52. 20.8 20.6 L. L.
Site Number  OLOO31L
Station #4 Intermediate

Date Time Depth
Y ¥ D HE (£r.)
73 07 11 1340 10 L. . 1.
7L, C5 03 1C00 18 1.
7L C6 19 1115 15 12, 58. 22,5 L. 3. 13.
7L 07 156 1210 15 9. 10. L7. 18.5 18.5 2. 3.
7L 08 21 0945 17 6. 5e 49. 19.3 18.9 £ 1, 6. 17.
7L 11 20 1110 13 15. 20. L3, 19.2 L. £
7% 12 10 1200 g8 17. 20, 52. 21. 20.6 L. L. '

£9



4
LANTLSE LAY WATER QUALITE TEST RISULTS
L]
Site hutker 0400315 Armonia NOQ/ﬁO3 Orgsnic Total  Total Diss- Total  Diss- ?urbid— ; ?in— nH  Jis3- .§u§§?nded
Mitrogen Nitro- Mitre- Xjel- Idirc- olved Phos- olved  ily ction ] olvey Solids
+ation #L Bottom gen £en sahl. oen Fhoz- phor- Cuvien Drnth Guilids
hirro= rhor- us )
aon 1S
Late Tine  Jepih -
’ =2 - - B, - 4 =1 5=y O, R - - L=1 -
Y ¥ D RIX ) mei=t)  (aed™) (nel ) (Alh) (el ) (e (i) (malT) (JTU) (9s.) (.27 (m2277)

73
74
7L
T4
7L
7L
7L

C7
C7
05
05
07
03
11
12

11
13
08
19
16

20
10

£ .005
.005

£ .005
£ .005

014

.02

0L

.02

.02
L .02

.03

.08
.05
.05
.18

.21

(.01

.08%
.06
.05
.18

.22

.02

.12
.08
.07
.18

025

£ .003
< +003

£ .003

0007

.007
.013
.005
.006
.022
152

10.
0.4
3.2

909
ll‘
40.

33.3%
32.%
38.

L45.%

+*

Calculated Value

9



LAKT.LS&: LAKE WATER QUALTIY TEST IVWISULTS
#*
Site Mumber 0400315 Color Color Specifis Total Total Orgenic Inorganic Cnhlerophyll Tempersture
(Tac) (True) Conductanca Alkalinity lardness Carbnn Carton ugn w
Station #4 Bottom Sruapling
Nate Yine Depiii . A . . . .
Y M o2 Hu (fe.) (unho em™)  {=1™7) (1) (22 0) nl 7) (Lrl™>) ¢
73 07 11 1330 15 L. 1L,
7L 05 €8 1010 30
7L 06 19 1115 26 13. 57. 22,5 L. 3. 13.
7L 07 16 1220 26 7. 15. L7. 18.5 18.5 2. 3.
7L 08 21 09LO 33 9. 5. 48, 19.3 18.9 £1.- 6. 17.
7, 1 20 1115 25 16. 20. L8. 19.3 L. 5e
7, 12 10 1155 15 18. 20. 52, 21.1 20,6 7. Le

9
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TAYELSE LA WATER QUALITY TIST IESULTS

S
Site {vmber 0400316 lrponie I'TCQ/NO3 Organic Total Total Uiss- Tola Dise=  Turbid-' Dxtin- Dizco-
Mitrorssn Mitro-  MNitro- Xjel- iiitro- olved Fhos-  olved iy ction slved
Station #5 Surface gen gon Zahl gon Phoz- =mior- Oysen septh Solids
Litro- NLor- U .
fen uS
Daro Time D;.‘plla - - . 4 y| -3 . =1 1
v ¥ D : & (me2)  (rer™d) (rel™d) (i) (1Y) (rei™h) (meim2) (mel7h) (QTU) (L) (o 7)
73 07 11 1400 0 .03 .05 .08 .006 10.2 13.
7L. 05 03 1030 0 £ .005 .04 .09 09,13 .007 6.5
7L 06 19 1145 o) .007 .03 .02 .03 .06 .004 0.9 L2,
7L 07 16 1230 0 < .005 L£.02% .01 £.01 .01 <£.003 .004 9.9 10, 35.%
7L 03 21 1005 0] £ 005 L .02% 12 .12 .12 «£.003 .005 35,%
7L 11 20 1120 0 : . .022 11. A0,
74 12 10 1205 0 .02 .03 . .06 .08 .11 «£.003 .017 8.3 L8
Site Numter 0400317
Station #5 Bottom
Date Time Depth
Y M D HYN (rt.)
75 07 11 1S 16 .02 .05 .07 .006 10.1
7L 05 0% 1040 30 < .01 .OL .08 .08% 12 .++007
7L 06 19 1145 20 £ 005 .02 ¢£.01 £.01 .02 004 11,/ 1.0 38.
7L 07 16 1235 21 £ 005 £.02%  £.,01 £.01 «£.01 <.003 .004 9.8° 33.%
74 03 21 1010 25 £ »005 < .02 .18 .18 A8  «.003 = .005 33,%
7L 11 20 1125 15 .022 1. LO.
74, 12 10 1210 10 .015 .03 .17 .18 .21 ¢£.003 .O071- 2L, L2 3%
% Calculated Value

99



LAKE SATTS QUALITY TEST WINULTS

Sits Numter 0400316 Color Color Specific Total Total Crzenic Inorganic Chlorephyll Temperature
Tac) (True) Conducance Alkalinity llardness Carbon Carbon " i
tatien #5 “Surface :
Date st Zenih o 1 ) -1
Yy H i (£t.) [ c.'n—l) (mzl — {raz) ™) (ol ) (ran).
73 07 1400 0 L.
7L 05 1030 10
- Th 05 140 15 2.9 (1)
7L C5 1455 0 5. - 2.2 (M)
7L 06 1145 0 12, 58. 22.5 3. e 2.2 (k)
7L 06 1145 21 2.7 (M)
7L 07 1230 o 8. 15. L7. 18.5 18.5 3. 3.
7L 07 1255 O 2.6 (1)
74 07 1255 10 2.4 (K)
7L 08 1105 0 2.7 (%)
7L 03 105 D 6. {5. 48. 19.3 19.1 L. 1. 2.3
7L 08 1010 12 . 2.9 (&)
7L 11 1120 0] 18. 20. L9. 19.5 3.
7L 12 1205 0 18. 15. 52. 20.5 20.5 Lo L
Site lhumzer 0L00317
Station #5 Bottom
Date Tine Depth
I M M (ft.)
73 07 1415 16 L.
7L C5 1cL0 30 s
7L Cb 11545 20 12, - 52, 20.3 3. 3.
7L 07 1235 21 8. 10. L7. 18.5 18.5 3. 3.
7L C8 1010 25 6. 5. LS. 19.3 18.9 L. 1.
7L 11 1125 15 18, 20. 50. 20.2 L
7L 12 1210 10 19. 20.° 53. 21.0 20.6 6. L.

L9
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LAKRLSE LA WATER QUALITY TFRGT RESULTS

i
H
1
!
i
1
H
'

L 3
ite Phunber 0L00318 . _ Ammonia I-JC‘Q/IJO3 Organic Total  Total Diss— Total Diss= Turbid- Exiine pH  Diss= Suspended
Nitromen MWitro-  Nitro- HEjel- hitre- olved Fnos- olved ity ction ) olved - Colids
Station #6 Surface gen fen gzl Zen Phos= ©mhov- Ogen Depth Solids
Litro- : Phor— us . ;
figes! us
Date Time  Depth -
s e 3e . - -1 -3 <=1 =2 --1 =1 -1 -1 L=l
Y & 2 HE (:5.) (™) (o) {medmd) (i) (mpltT) (et (melmS) (50177) (fTU) o (frl) (1™%) (i)

0 .03 .39 > . .06L  10.1
7, ©5 03 1100 0 < .0l Ok .15 L15% .19 .007 6.5
7L 06 19 1155 0 < .005 .02 .27 .27 .29 .003 10.1 1.0
7L 07 16 1310 0 £ .005 L.02¢  L.01 <.01 4,01  <£.003 .O0L 10.
7L C3 21 10LS 0 <L 005 .02 .01 .01 .01 «.003  .005
0 .019
0 .03 .07 . .10 .13 .20  «£.003 .01k

=0
. L)
i\t

7L 12 10 1215 L9.%* 3.

# Calculated Value

89



LAKLISS LArE WATER GUATIWY TegT HoSULTS

Site Mumbker

Station #6

0400318

Surface

Celor Celor Sneaillic Tolel Total
(Tar) True) Counductance Alkalinity Hardness

(oo o t) 'ﬁggi:E) (im0 )

03
oF)
19

14
18

<

21

10

1345
1100
1420
1155
1155
1310
1330
1200

1045 -

1045
1130
1215

ooooomoﬁomoo

12, 58. 22.3
9. 0. 47. 18.5 18.5

6. 5.

18, 30. 57. 19.6
32, LO. 55 16. 7.7

19. S 19.3 18.9

Le

.
[
=y

~

N
IS

e e o
S OEFEWaNEFEOON
NN A
=
LTS e

NNV DDDODDD DWW

4.
8.

1.

16.
L.

69
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LAKREISE LAKS VWATER QUALIYY TEST IZSULTS

; *
: Site iumber 0400319 Aepenia 1'102/:353 Organic Total Total Diss~ Total Diss- Turkid- Zrtin- pH Diss- Susyonded
i : Hitrogen Nitro-—  Nitro- Hjel~  Mitro- olved Pnos- olved ity ction olved Solins
Station #7  Surface sen ren e Phos- niior—  Gaygen Dcpth ' Colids
whHOT-  US
; 1s !
Dr.-e Time  Bopth 1 1 1 1 , - . 1 5 .
v I D HH (st.) (rel™=)  (m2™) .(-f‘i:l- Y (m2™) (mzd™=) (@ei™) (medsL) (men7T) (GT) 0 (rtl) (mci™) (o)
73 07 11 1115 0 .02 .02 .OL .007 10.0 13. Tl
7, 05 ©3 1110 0 < .01 .05 .09 L09* AL ¢ .007 6.5 7.5
7L, C5 19 1210 0 £ .005 .02 .29 .29 31 .00 10.9 1.0 7.5 - 50. 1.
7, 07 16 1255 0 £ .005 02t 4,01 £.0L .02 <£.003 .003 9.5 .- 7.5  31.% 1
7, €8 21 1030 0  £.005  «£.0% .20 .20 .20 < .003  .005 7.4 35.% 1.
7, 11 20 1135 0 ) .022 11. L2, 9.
7L 12 1C  122C 0 .029 .03 .07 .10 13 £ .003 .016 6.4 7.2 L3 % 3.
]
' Site MNumber CL00220
tation #7 Bottam
. Date Tire Depth
o Y ¥ D HN¥ h)
T3 07 11 1120 10 .02 .03 -+ 405 T .006 10.0 7.5
74 05 02 1115 15 .005 .05 .07 Re; 13 . L031 Toly
7L C6 19 1216 10 <L 005 £ .02 L5 o5 .15 .CO05 10,37 0.8 7.5 L8, 2,
7L ©7 14 1300 10 2.005  <.02 .01 <£.0L <.01L <£.003 .0C3 v van 53, 1.
7L 083 21 1035 10 P4 .C05 £ .C2% .Ch Ol 04 < .003 .006 Tol 34. 2.
7L 11 20 1140 10 .022 11. Lo . 8.
7.3 53. 13,

7L 12 10 1225 13 .07 .C3 17 .19 .22 L,003 .C25 1.

i * Caiculated Value

OL.



4
LAITISE TAKS WATER QUALITY TEST RESUILTS .
3
S5ite Mumber 0400319 Color Color OSpecilic Total Total Organic Inorgan’ Chlorophyll fiemperaturc
(Tac) True) Conduciance Alkalin liardness Carbon Carbon . ST <
Station #7 ‘Surface Sanpling
Sate Tine Lepln 1 . R -1 .
Y ¥ D vt (rt.) (0 ™) (mel™) (rm177) el ) (1arl” ) L™ (°)
73 07 11 1115 0 3. 1L.
7L C5 €32 1110 0] 3. 8.
74, 05 09 1410 5 3.C (1)
74 06 19 1210 5 2.2 (M)
74 06 19 1210 0 12, 66. Le k. 14.
7L 07 16 1255 0 9. L6. 18.5 18.0 3. 3.
7, 07 18 1320 o 2.4 (M)
7L C3 C5 1145 0 2.4 (X)
74 02 21 1030 0 5. L9. 19.3 19.1 L 1. 15.
74, 03 21 1C35° 0 2.4 (M)
74 11 20 1135 0 19. 54. 20.9 3. L5
7L 12 10 1220 0 28. 55. 21.0 21.1 5 L.
Site limzer CL400320
Station /7 Tottom
Date Time Dept
Y M D H I (ft.) *
73 ©7 11 1130 10 L. 15.
7L 05 03 15 15 2,
7L, 06 19 121 10 X2, 62. 24.3 L L. . 14.
7L 07 16 130C 10 8. Jo. L6, 18.5 18.3 3. 3.
7 S 21 1035 10 6. 5. L9. 19.3 19.1 3. 2, 15.
7L 11 20 1140 1Q 20. 30. 53. 21.4 - L. 5.
74 12 10 1225 i3 26, 30. 557 T 20.7 21.1 T '
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G WATER QUALILY TEST

2

Site Hunber 0400321 © Kmronia I'TOQ_/!IC‘G Organic Total

AN
liitrogen

Station #8 All Depths

Total
Phos-

)
IO e
GOY

xtin-
2tion
Dipsin

Svepended

S, T2

wlasad

vabe Jime Tepih

- T T Tt PN P
T b8 al .. (_;..,./ (."’..,-;A.

-=1

(2 (mgd=t) (mezd) () ™) (sl (

73 07 11 1230 0
7L 05 ©3 1125 15 £.01
7, 06 19 1220 1 < .C05
7L C6 19 1210 0

7, 07 16 1245 13 < .005

7L, 07 13 131 9
7L C3 21 1025 10 <.005
74 11 20 1155 o]
7L 12 10 1235 -0 .015

16 £ .003

.C07
.C09
.005

.004
.006

.020
.016

9.5

# Caleculated Value

L



LAKEIS: LAKE WATRER QUALTTY TESY RESULTS
#*
Site Murber CL00321 Color Color Specific Total Total Orgenic Inorganic Chlercphyll Terpsrature
(Tac) True) Conductance Alkalinity lardriess Carvon Carvon e 'ss'

Staticn #3 Surface Cwmpling

Date Tire Denth . A . - 1 .
Y M 3D s ("t. (uwsho an™)  Gnrl ) (™) {ry277) {mgd ) \(,Z("l"‘) (<C).
73 07 12 1230 L 3. 14.2
7L 05 €3 1125 15 L, 9.
7L, 05 09 1140 10 _ - 2.6 (i
7, 05 09 13,0 O 3.3 (i
7L 06 19 1220 13 12, 69. 22.8 L. 3. 2,0 (M 1.
7L, 07 16 1745 13 10. lo. 55. 22.0 21.8 3.
74 07 12 13210 0 2.4 (1)
7L 07 18 1310 9 2.7 (1)
7L 0S 06 1130 .0 2,9 (H)
7, €3 21 1025 O 2.6 e
74 C8 21 1025 10 . 5e 59. 24.6 25,1 ke 2. 15,
7L 11 20 1155 0 18, 30. 51. 20.1 b 4.5
7L 12 10 1235 0 22, 20. 55. 20.4 20.7 L. L.

€l



LAKELSE LAKE TEMPERATURE PROFILES

(.

July 9, 1973 June 19, 1974
Station # 2 Station # 2
Depth (meters) Temperature (°C) Depth (meters) Temperat (°c)
1 1L 1 12,5
2 1 2 12.0
3 1, 3 1.5
L 1, b 11.5
5 1 5 11.5
3 13.8 6 1.5
7 13.5 7 1.4
8 13.5 8 11.5
9 13.5 9 1.4
10 13.3 10 1.4
1 13.5 u - 11,3
12 13.5 12 11.2
13 13.5 13 11.2
1 _ 13.3 1, 1.1
15 12.9 15 11,2
16 12,7 16 11.0
17 12,5 17 11.0
18 12,3 18 11,0
19 12.2 19 11.0
20 12,1 20 11,0
21 12,0
22 11.8

23 : 11.8




