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ABSTRACT

A comprehensive wa te r  q u a l i t y  l imno logy  s t u d y  i n  Lake lse  Lake was completed

by t h e  P o l l u t i o n  C o n t r o l  Branch i n  1973 -  74 .  S t a n d a r d  l i m n o l o g i c a l  p a r a -

meters were i n v e s t i g a t e d  and r e p o r t e d  upon. O v e r a l l  n u t r i e n t  concen t ra t i ons

were found t o  be  v e r y  l o w,  b e l o w  l e v e l s  no rma l l y  cons idered p o t e n t i a l l y

dangerous and w i t h i n  t h e  range o f  va lues  c u s t o m a r i l y  assoc ia ted  w i t h  a n

o l i g o t r o p h i c  l a k e .  S h a l l o w  mean dep th ,  t h e  absence o f  a  c l e a r l y  d e f i n e d

thermocl ine and a  h i g h  f l u s h i n g  r a t e  -  s i x  t imes  y e a r l y  -  were conf i rmed

as s i g n i f i c a n t  p h y s i c a l  f e a t u r e s .  C h l o r o p h y l l  " a "  va lues  ranged between

2 -  4  mg/11 w i t h  no  evidence o f  a lgae  blooms d u r i n g  t h e  s t u d y  p e r i o d .

Plankton popu la t i ons  were found  t o  be  l o w,  w i t h  g r e a t e s t  r e p r e s e n t a t i o f t

among t h e  Bac i l l a r i ophyceae .  i t  i s  suspected t h a t  o v e r a l l  p r o d u c t i v i t y

i s  v e r y  l o w.
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LAKEISE LAKE

1. INTRODUCTION

Lakelse Lake (F igure  1 )  i s  some 7 0  miles eas t  o f  the  coasta l  c i t y  o f  Prince

Rupert, mid way between the  towns o f  Ki t imat  and Terrace.  S i t u a t e d  on the

eastern margins o f  the  Coast Mountain Range, t h e  l ake  drains i n t o  the  Skeena

River v i a  the  Lakelse R i v e r.  T h e  loca t ion  and physical  character is t ics  o f

the l a k e  have resu l ted  i n  an intensive  recreat iona l  u t i l i z a t i o n  o f  the  water -

shed. Popu la t ions  o f  steelhead (Salmo g a i r d n e r i i ) ,  c o a s t a l  cutthroat  (Salmo

clark i  c l a r k i )  and d o l l y  varden (Salvel inus malma) susta in  a  s ign i f i can t

sport f i s h e r y.  T h e  l a k e  i s  a lso  important from a  commercial f i shery  s tand-

point.  Between 1962 -  1971 55.9% o f  the  Skeena River  escapement o f  Pink

salmon (Oncorhynchus gorbuscha), 2.0% o f  t h e  sockeye (Oncorhynchus n e r k a ) ,
•

8.8% o f  the  chinook (Oncorhynchus tshawytscha) and 36.1% o f  the  coho (Oncorhynchus

kisutch) was a t t r i b u t a b l e  t o  the  Lakelse Lake watershed.

I t  i s  not  surpr is ing therefore  t h a t  t h i s  watershed has generated considerable

investigation from economic and environmental i n te res ts .  I n  1946, D . F.  A lder ice

completed a  B Sc. t h e s i s  on the  l imnet ic  plankton; T. R .  B r e t t  (1950)  documented

the physical l imnology o f  the  l ake ;  V. H .  McMahon (1954)  studied t h e  abundance

and d is t r ibu t ion  o f  entomostracan plankton; t h e  Federal  Fisheries Service

conducted a  nu t r i en t  sampling programs from 1972 -  1973. S k e e n a  Publ ic  Health

Unit ca r r i ed  out  bacter io log ica l  shorel ine t e s t i n g  i n  1973. I n  1973 -  74 ,  t h e

Pollution Control  Branch completed a  comprehensive physical  and chemical water

qual i ty  study.
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2. POLLUTION CONTROL BRANCH WATER QUALITY STUDY

The expressed purpose o f  t h i s  s tudy,  as  developed by the North Region Po l lu t ion

Control Branch i n  conjunction w i th  Projects and Research personnel from

Vic tor ia ,  was t o  provide a  reference t o  e a r l i e r  published studies,  and an

assessment o f  the re la t i l . a  eutrophicat ion o f  the lake.  P r i m a r y  consideration

was d i rec ted toward nut r ients  and the a l g a l  response t o  lake nu t r ien t  l eve l s .

Based on prel iminary sampling sequences i n  Ju l y,  1973, an  intensive sampling

program was i n i t i a t e d  i n  1974. P h y s i c a l  and chemical sampling sequences were

completed on the fo l lowing  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 s tat ions were establ ished (Figure 2 ) .  S t a t i o n  co—ordinates, s i t e

i den t i f i ca t i on  numbers and approximate depth o f  sampling are provided i n  Table 1 .

Single grab samples were co l lec ted a t  spec i f ied  depths a t  each s ta t ion  using a

Van Dorn water sampler. Samples were stored i n  clean, po l yp las t i c  containers.

Throughout the  summer samples were cooled p r i o r  t o  and during shipment. I n  a l l

instances, samples were shipped d i rec t  t o  Prov inc ia l  Water Resources Laboratory,

where analysis was commenced w i th in  36 hours o f  sampling t ime. B a c t e r i o l o g i c a l

samples were t ransferred t o  the Prov inc ia l  Bacter io logica l  Laboratory f o r
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ana lys is  w i t h i n  24  hours .

Phys ica l  and chemica l  a n a l y s i s  was per formed accord ing  t o  t h e  " F i r s t  E d i t i o n  o f

a Manual f o r  t h e  Labora to ry  Ana l ys i s  o f  Water and Wastewater."  T h e  f o l l o w i n g

parameters were cons idered:

pH

temperature ( ° C )

d isso lved oxygen (mg l -1 )

t o t a l  o rgan i c  carbon (mg1-1)

t o t a l  phosphate (mg1-1)

t o t a l  o r g a n i c  n i t r o g e n  ( m g l - 1 )

t o t a l  i n o r g a n i c  n i t r o g e n  ( m g 11 )

s p e c i f i c  conductance (umhoscm-1)

co lo r  ( t r u e ,  TAC)

a l k a l i n i t y  (ng1 -1 )

hardness ( m g l  1 )

suspended s o l i d s  ( m g l - 1 )

d isso lved s o l i d s  (mgt- 1 )

B a c t e r i o l o g i c a l  a n a l y s i s  was completed accord ing  t o  techn iques descr ibed  i n  t h e

13th e d i t i o n  o f  Standard Methods. A n a l y s i s  was r e s t r i c t e d  t o  t o t a l  and f e c a l

co l i f o rm ,  w i t h  v a r y i n g  numbers o f  d u p l i c a t e  samples c o l l e c t e d  a t  e s t a b l i s h e d  s i t e s .

*  F i e l d  t e s t i n g  f o r  d i s s o l v e d  oxygen was accompl ished p r i m a r i l y  w i t h  a  YSI  model
54 oxygen mete r.  H o w e v e r  on  s e v e r a l  occas ions,  ana lyses  were c a r r i e d  o u t
through s tandard  Wink le r  t i t r a t i o n .

*  Tempera tu re  p r o f i l e s  w e r e  completed u s i n g  a  YSI  model 42 SC te le thermameter.
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Plankton samples were co l lec ted during the summer o f  1973. A  ser ies o f  v e r t i c a l

hauls were camposited a t  each s ta t ion ,  us ing a #10 Wisconsin net .  N e a r  surface

horizontal  tows across selected areas o f  the lake were a lso made. F o l l o w i n g

preservation i n  10% formal in ,  species i d e n t i f i c a t i o n  and estimates o f  r e l a t i ve

abundance were completed, under contract ,  by  S. Brown, Un ivers i t y  o f  V ic to r ia .

During 1974, ch lo rophy l l  " a "  samples were co l lec ted every two weeks throughout

the summer. Samples were obtained a t  near surface (one meter) and intermediate

depths using a  Van Dorn sampler. Wa t e r  thus co l lec ted was temporar i ly  stored

in  dark po lyp las t ic  ga l lon  containers. D u p l i c a t e  samples were extracted from

each container and f i l t e r e d  i n  the f i e l d  w i t h i n  four  hours through a Sartor ius

f i l t e r  ( 4 5  micron membrane). F i l t e r s  were stored a t  00C i n  a darkened one

l i t e r  b o t t l e  p a r t i a l l y  f i l l e d  w i t h  s i l i c a  ge l .  F r o z e n  f i l t e r s  were subsequent—

l y  shipped t o  Prov inc ia l  Laboratories f o r  analysis according t o  techniques

described i n  Standard Methods.
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STATION DEPTH OF SAMPLE SITE NUMBER LOCATION

#1 Surface
BottoM

0400305
0400306

La t .  5 4 °
Long. 1 2 8 °

24'
31'

35"
35"

#2 Surface
Intermediate
Bottom

0400307
0400308
0400309

Lat .  5 4 0
Long. 1 2 8 °

24'
32'

03"
53"

#3 Surface
In termedia te
Bottom

0400310
0400311
0400312

La t .  5 4 °
Long. 1280

23'
331

05"
10"

#4 Surface
Intermediate
Bottom

0400313
0400314
0400315

La t .  5 4 °
Long. 1 2 8 °

22'
33'

20"
20"

#5 Surface
Bottom

0400316
0400317

La t .  5 4 °
Long. 128°

22'
33'

20"
20"

#6 Surface 0400318 Lat .  5 4 °
Long. 1 2 8 °

21'
33'

55"
05"

#7 Surface
Bottom

0400319
0400320

Lat .  5 4 °
Long. 1 2 8 °

21'
33'

25"
55"

#8 In termedia te 0400321 La t ,  5 4 °
Long. 1 2 8 °

22'
35'

20"
40"

TABLE 1

LAKEISE LAKE SAMPLE STATIONS
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FIGURE 2

LAKELSE LAKE SAMPLE STATION LOCATION
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3.  PHYSICAL &  CHEMICAL LIMNOLOGY

.1 L a k e  Morphometry

Depth contours  ( B r e t t ,  1950)  a r e  p l o t t e d  i n  F igu re  3 .  A r e a  and volume

f o r  each 5  meter  i n t e r v a l  i s  p rov ided  i n  Tab le  2 .  T h e  l a k e  has an  over—

a l l  a rea  o f  14 .2  s q .  k m . ,  w i t h  maximum l e n g t h  anu w i d t h  dimensions o f

8 .7  and 2 . 4  km r e s p e c t i v e l y.  M e a n  and maximum depths a r e  7 . 9  and 32 .2

meters. T o t a l  volume o f  t h e  l a k e  i s  1 . 0 8  x  108 c u b i c  meters .  S i n c l a i r

(1974) c a l c u l a t e d  a  f l u s h i n g  r a t e  o f  58 days ( 6  t imes  y e a r l y ) .

-

l a

Aft

3 . 2  Te m p e r a t u r e

Temperature p r o f i l e s  t a k e n  a t  s e l e c t e d  s t a t i o n s  d u r i n g  t h e  s t u d y  i n d i c a t e

the absence o f  a  s t a b l e  t he rmoc l i ne ,  most  p robab ly  as  a  consequence o f

r e l a t i v e  shal lowness combined w i t h  s t r o n g  p r e v a i l i n g  sou thwes te r l y  winds.

3 .3  D i s s o l v e d  Oxygen

Although d i s s o l v e d  oxygen va lues  were n o t  t aken  d u r i n g  eve ry  sampl ing

sequence, t h e  f e w  va lues  ob ta ined  were w i t h i n  t h e  range o f  va lues  t o  be

expected i n  a  n a t u r a l ,  u n p o l l u t e d  watershed. N o  areas o f  se r i ous  oxygen

dep le t ion  were found .

3 . 4  T u r b i d i t y

Tu r b i d i t y  i s  caused b y  t h e  presence o f  suspended p a r t i c l e s  such as  c l a y ,

s i l t  o r  f i n e l y  d i v i d e d  o rgan i c  m a t t e r,  b a c t e r i a ,  p l a n k t o n  and o t h e r  micro—

scopic organisms. T u r b i d i t y ,  a s  measured i n  Jackson T u r b i d i t y  U n i t s ,  i s  a n

expression o f  t h e  o p t i c a l  p r o p e r t i e s  o f  a  wa te r  sample. E x c e s s i v e  t u r b i d i t y

reduces l i g h t  p e n e t r a t i o n  i n t o  t h e  w a t e r,  t h e r e b y  reduc ing  pho tosyn the t i c

a c t i v i t y .  T h e  U.S.  Department o f  t h e  I n t e r i o r  has recommended t h a t

t u r b i d i t i e s  shou ld  n o t  exceed 25 JTU i n  warm water  l a k e s ,  and  10 JTU i n
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Depth Area % t o t a l Stratum Volume % t o t a l
(in.) (hectares) surface area (n.) (cu. m. x  106) volume

0 1420 100.0 046 55.7 51.6

5 808 77.0 5-10 30.4 28.1

10 412 29.1 10-15 15.4 14.3

15 205 14.4 15-20 4.9 4.5

29 52 3.7 20-25 1.4 1.3

25 3 0.2 25-32.2 0.2 0.2

Tota l 108.0

TABLE 2

LAKELSE LAKE MORPHOMETRY ( B r e t t ,  1950)

Area  1 4 . 2  s q .  km. ( 5 . 5  sq.

Maximum length  8 . 7  k m .  ( 5 . 4  E l . )

Maximum width  2 . 4  k m .  ( 1 . 5  m i . )

Maximum depth  3 2 . 2  m .  ( 9 8 f t . )

Mean depth  7 . 9  m .  ( 2 4 f t . )

Volume  1 . 0 8  x  108 cu. m. (1 .41  x  108 cu. y d . )

Shore development  1 . 8 3

Elevation  7 2 . 2  i n .  ( 2 2 0 f t . )
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cold water lakes.

Surface and intermediate values averaged between s i x  and seven JTU (Tables

3, 4 ) .  N e a r  bottom values (Table 5)  were s i g n i f i c a n t l y  h igher,  averaging

18. JTU. P h y s i c a l  d isrupt ions due t o  wave act ion,  p a r t i c u l a r l y  i n  the

shallower s ta t ions ,  may have accounted f o r  t h i s .  O v e r a l l  average value

(n = 125 samples) was 10. JTU. (Tab le  6)

3.5 C o l o u r

Apparent water colour i s  o f ten  used i n  reference t o  tha t  co lour  which i n -

cludes the  e f fec ts  o f  suspended matter.  T r u e  colour  can be a t t r i bu ted  t o

the presence o f  dissolved matter i n  so lu t ion  a f t e r  the suspended mater ia l

has been removed. T r u e  colour  values i n  excess o f  50 colour un i t s  may

l i m i t  photosynthetic a c t i v i t y.  I n  Lakelse Lake however, co lour  values were

invar iably  f a r  below t h i s  standard -  True colour  ( n  =  69 samples) averaged

16. u n i t s ,  TAC co lour*  ( n  = 86 samples) averaged 12. u n i t s  (Table 6 ) .

2.6 A c i d i t y  and A l k l a l i n i t y

Acid i ty  and a l k a l i n i t y  are rec iproca l  terms, t h e  former produced by sub•.

stances y ie ld ing  hydrogen ions,  t h e  l a t t e r  by substances y ie ld ing  hydroxyl

ions.

*  To t a l  absorbed co lor  (TAC) represents a l l  v i s i b l e  colour  w i th in  the
absorptive range o f  400 -  700 nanometers. A n a l y s i s  techniques are such
that  the  sample i s  f i l t e r e d  p r i o r  t o  scanning. R e s u l t s  therefore represent
only dissolved mater ia l ,  and w i l l  i n  a l l  p robab i l i t y  be s l i g h t l y  lower than
true colour  values where the  sample i s  centr i fuged rather  than f i l t e r e d .

k
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The index o f  hydrogen ion  a c t i v i t y,  pH, was i n i t i a l l y  documented f o r

Lakelse Lake by Bre t t  (1950) as averaging 7.1 ±  0.2 and 6.6 ±  0.2 f o r

surface and bottom depths respect ive ly.  P resen t  resu l t s  reveal  l i t t l e

var ia t ion w i th  depth o r  throughout the  study,  w i t h  values varying between

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

The major bu f fe r ing  act ion i n  natura l  waters i s  the  carbonate system.

In addi t ion t o  reducing f luc tuat ions  i n  pH, an indispensible reservo i r  i s

maintained f o r  photosynthetic a c t i v i t y.  T h e  buffe r ing  capacity i s  general ly

expressed as t o t a l  a l k a l i n i t y,  and measured i n  equivalents o f  Ca CO3.

Lakelse Lake a l k a l i n i t y  ( n  = 69 samples) averaged 20.5 mgl -1„ w i t h  l i t t l e

var ia t ion w i th  t ime and depth (Table 6 ) .

3.7 Ha rdness

In natura l  waters, hardness i s  c h i e f l y  a t t r i bu tab le  t o  calcium and magnesium

ions, al though other elements, genera l ly  present i n  t race leve ls ,  can be

s ign i f icant  con t r ibu t ing  fac tors .  G e n e r a l l y  b io log ica l  p roduc t iv i t y  i s

d i r ec t l y  correlated wi th  hardness. Hardness per se,  however, has no

b io log ica l  s igni f icance,  p r i . : a r i l y  since production depends upon the spec i f i c

combination o f  elements present. I n  pa r t i cu la r,  such elements as Zn, Cu, Fe,

Pb,. e t c . ,  wh i le  cont r ibu t ing  toward hardness, may exert  t o x i c  and l i m i t i n g

effects upon p roduc t i v i t y.

Lakelse Lake ( n  = 69 samples) showed an averaged hardness o f  19.7 mgl10

with l i t t l e  va r ia t i on  i n  t ime, depth,  o r  from s ta t ion  t o  s ta t ion  (Table 6 ) .
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3.8  S u s p e n d e d ,  D i s s o l v e d  and To t a l  S o l i d s

A number o f  au tho rs  have i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  o f  p a r t i c u l a t e

mat te r  t o  t h e  p r o d u c t i v i t y  o f  a  l a k e .  Rawson  (1960)  cons ide red  t o t a l

d isso lved  s o l i d s  t o  be  one o f  t h e  b e s t  i n d i c e s  o f  t h e  edaphic  s i t u a t i o n

i n  a  l a k e .  L a r k i n  and Nor thcote  (1958)  conc luded t h a t  t o t a l  d i s so l ved

so l i ds  were one o f  a  number o f  s i g n i f i c a n t  v a r i a b l e s  a f f e c t i n g  p roduc t i on .

To t a l  d i s so l ved  s o l i d  average va lues  a t  s u r f a c e ,  i n t e r m e d i a t e  and near

bottom depths were 3 5 . 2 ,  3 8 . 2  and 3 9 . 7  mgl -1  r e s p e c t i v e l y  (Tab les  3 ,  4

and 5 ) .  O v e r a l l  l a k e  va lues  averaged ( n  =  86 samples) 3 7 . 7  m g l 1  ( Ta b l e

6).

Suspended s o l i d  va lues  averaged 6 . ,  3 . ,  a n d  19 .  mg l  -1 a t  s u r f a c e ,

in te rmed ia te  and near  bo t tom depths ( Ta b l e s  3 ,  4  and 5 ) .  O v e r a l l  va lues

averaged ( n  =  86 samples) 9 .  m g l  ( T a b l e  6 ) .

3 .9  N u t r i e n t s

Ni t rogen and phosphorus a r e  recogn ized as  t w o  o f  t h e  most impo r t an t  n u t r i e n t s

invo lved  i n  t h e  p roduc t i on  o f  a lgae  and c o n t r o l  o f  p r o d u c t i v i t y.  I n  most

instances s u f f i c i e n t  n i t r o g e n  concen t ra t i on  i s  p resen t ,  w i t h  t h e  r e s u l t  t h a t

phosphorus becomes t h e  c r i t i c a l l y  l i m i t i n g  f a c t o r ,  a s  demonstrated by

Sch ind le r  e t  a l  ( 1971 ) ,  Fuhs e t  a l  (1972)  and  Sch ind le r  ( 1974 ) . According

t o  Sakamoto (1966)  N  :  P  r a t i o s  o f  more t h a n  1 2 : 1  genera l l y  r esu l t  i n  phosphorus

being t h e  l i m i t i n g  f a c t o r ;  r a t i o s  l e s s  t h a n  12 :1  f i n d  phosphorus becoming

less  impo r tan t  and o t h e r  f a c t o r s  i n c r e a s i n g  i n  s i g n i f i c a n c e .  L a k e l s e  Lake

r a t i o s  a r e  g e n e r a l l y  g r e a t e r  t h a n  12 ( Ta b l e  9 ) .



um um a m  i m  a m  mo a m  o w  Nur Nor um MN gm" m i  N o  um

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 20. 20. 7.5 9. 44. 56. 22.5 20.2 11.
MIN. 3. 5. 7.1 1. 32. 46. 19.5 18.9 1.0
AVG. 12. 14. 4. 38. 50. 20.7 19.4 m 7.

STATION #2

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 20. 20. 7.4 83. 44. 55. 22.5. 19.9 12.
miN. 3. 10. 7.1 2. 32. 46. 18.5 18 . : 1.0
AVG. 12. 16. 22. 38. 50. 20.2 19.1 7.

STATION #3

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 18. 30. 7.4 9. 44. 59. 22.5 20.6 11.
laN. 2. l o . 7.3 1. 31. 47. 18.9 18.5 0.9

, AVG. 11. 18. 3. 41. 51. 20.4 19.3 7.

STATION #4

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 19. 30. 7.5 9. 43. 57. 22.5 20.6 11.
MIN. 5. 5. 7.3 1. 33. 47. 18.5 18.5 0.9
AVG. 12. 18. 3. 38. 51. 20.3 19.4 7.

TABLE 3

LAKELSE LAKE -  SUMMARY OF SURFACE PHYSICAL & CHEMICAL RESULTS 1 9 7 3  -  74

Color (Tac )  C o l o r  (True)  p H  ( S u s p e n d e d  ( D i s s o l v e d  S p e c i f i c  A l k a l i n i t y  H a r d n e s s  T u r b i d i t y
Sol ids)  S o l i d s )  C o n d u e t a n n q

Non- F i l t e r a b l e  F i l t e r a b l e  ( u m h o s  a r r i )  ( m g 1 - 1 )  ( m g l - 1 ) .  ( J T U )
Residue R e s i d u e
(mgt-1)  ( m g t -1')

STATION #1



1 _ 1  i  I  1 . 1  I  J  J  F-7771 t

Residue
(mg1-1)

Residue
( tc1-1)

STATION #5

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 18. 20. 7.5 7. 48. 58. 22.5 20.5 11.
MIN. 6. 5. 7.3 1. 35. 47. 18.5 18.5 0 . 9
AVG. 12. 14. 3. 40. 41. 20.2 19.4 7.

STATION #6

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 19. 40. 7.5 8. 49. 58. 22.3 19.6 9.5
MIN. 6. 5. 7.0 1. 31. 47. 16. 17.7 1 .0
AVG. 13. 21. 3. 40. 53. 19.0 18.7 5.

STATION #7

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 28. 30. 7.5 9. 50. 66. 26. 21.1 11.
/aN. 5. 5. 7.2 1. 31. 46. 18.5 18. 1.0
AVG. 15. 18. 3. 40. 54. 21.2 19.8 6.

STATION //8

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 22. 30. 7.7 7. 48. 69. 24.6 25.1 11.
MIti. 7. 5. 7.3 1. 37. 51. 20.4 20.1 1.3
AVG. 14. 16. 3. 43. 58. 22.7 21.9 6.

‘..r1
N (40) (32) (40) (40) (40) (32) (32) (24)
AVG. = 12. 17. 6. 35. 45. 20.6 19.6 6.

TARTY 3 CONTINUED

Color (Tae)  C o l o r  (True)  p H  ( S u s p e n d e d  ( D i s s o l v e d  S p e c i f i c  A l k a l i n i t y  H a r d n e s s  T u r b i d i t y
Sol ids)  S o l i d s )  C o n d u e t a n c v

Non- F i l t e r a b l e  F i l t e r a b l e  ( u m h o s  dm-1)  ( m g 1 - 1 )  ( m g t -1 )  '  ( J T U )



k

Color (Tac ) Color (True ) pH Susycnded
Sol ids
(mgt-1)

Dissolved
Sol ids
(mgt-1 )

Spec i f i c
Conductancp
(u mhos am 1 )

A l k a l i n i t y

(mgl-1)

Hardness

(mgt-1 )

Tu r b i d i t y

(JTU)

STATION #2

N (5) (4) (5) (5) (5) (5) (4) (4) (3)
/AX. 20. 20. 7.5 9. 41. 54. 21. 19.5 12.
MIN. 3. 10. 7.2 1. 31. 46. 18.5 18.3 . 1.3
AVG. 12. 16. 3. 37. 5o. 19.7 `19.0 7.

STATION #3

(5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX.N 18. 30. 7.5 9. 46. 57. 22.1 20.1: 11.

2. 10. 7.3 1. 36. 47. 18.5 18.3  1 . o
AVG. 6. 18. 3. 39. 51. 20.2 19.4 7.

STATION #4

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 17. 20. 7.6 7. 46. 58. 22.5 20.6 11.
lam. 6. 5, 7.3 1. 34. 47. 18.5 18.5 1.0
AVG. 12. 14. 3. 41. 51. 20.3 19.3 7.

I L =  E n "  J

TABLE 4

LAKELSE LAKE -  SUMMARY OF INTERMEDIATE DEPTH PHYSICAL AND CHEMICAL RESULTS 1 9 7 3  -  74
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Color (Tac) Color (True) pH Suspended
Solids
(110.-1)

Dissolved
Solids
(1‘3.1-1)

Specific
Conductance
(=hos cm-1)

Alkalinity

(ne1-1)

Hardness

(IPZ1-1)

Turbidity

(JTU)

STATION #1

N
MAX.
ram.
AVG.

(5)
21.
3.

12.

(4)
20.
10.
16.

(6)
7.4
7.1

(5)
88.
2.

22.

(5)
44.
32.
37.

(5)
56.
46. .
50.

18
19.5

(4)
20.2
18.3
19.2

(3)
32.
3.5

16.

STATION #2

N
MAX.

(5)
20.
2.

(4)
20.
10.

(6)
7.5
7.2

(5)
162.

2.

(5)
43.
33.

(5)
55.
46.

(4)
21.5
19.0

(4)
20.1
16.3

(3)
86.
3.2

AVG. 12. 16. 49. 37. 50. 20.0 19.1 40.

STATION 03

N (5) (4) (6) (5) (5) (5) (4) (4) (3)
MAX. 20. 30. 7.4 46. 42. 52. 21.2 20.6 26.
MIN. 2. 10. 7.2 1.0 36. 47. 19.0 18.5 1.3
AVG. 12. 18. 12. 39. 50. 20.0 19.4 13.

STATION #4

N (5) (4) (6) (5) (5) (5) (4) (4); (3)
MX. 18. 20. 7.6 105. - . - - . 45. - - - -  57. 22.5 20.6 40.

5. 7.3 32. 47. 18.5 18.5 3.2
AVG. 13. 15. 24. 38. 50. 20.4 19.3 18.

t=1737 17717 i t  l  a l  t J  L I T  t i l l If 1 I

TARTY 5

LAKEISE LAKE -  SUMMARY OF BOTTOM DEPTH PHYSICAL AND CHEMICAL RESULTS -  1973 -  74
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Color (Tao) Color (True) pH Suspended
Solids
(m61-1)

Dissolved
Solid;
(mgl

Specific
Conductance
( d o s  cm-1)

Alka l in i ty  H a r d n e s s

(,z1-1) ( m g l  -1)

Turbidity

( J n )

STATION #5

N (5) (4) (6) (5) (5) (5) ( )  ( 4 )
'

(3)
MAX. 19. 20. 7.6 46. 42. 53. 2L.0 2 0 . 6 24.
MIN. 6. 5. 7.3 1. 33. 47. 18.5 1 8 . 5 1.0
A7G. 13. 14. 11. 37. 50. . 1?.8 1 9 . 6 12.

STATION #7

N (6) (5) (7) (6) (5) (6) (5) ( 5 ) (4)
MAX. 47. 40. 7.5 13. 90. 86. 41.1 4 1 . 4 11.
MIY. 6. 5. 7.3. 1. 33. 46. 18.5 1 8 . 3 0.8
AVG. 20. 23. 5. 50. 59. 24.8 2 4 . 3 6.

( = I - 7

• 441 o b i r m d  w a .

TABLE 5 CONTINUED



L E 1 3 -  ( C I T

N (40) (32) (40) (40) (40)
AVG. 12. 16. 6. 35. 45.

INTE!U1EDIATE

N (15) (12) (15) (15) (15)
AVG. 12. 16. 3. 38. 50.

BOTTOM

N (31) (25) (31) (31) (36)
AVG. 13. 17. 19. 40. 51.

N (86) (69) (86) (86) (91)

AVG. 13. 16. 9. 38. 49.

(32) (24)
19.6 6.

(12) (9)
19.2 7.

(25) (19)
20.2 18.

(69) (52)

19.7 10.

I 1 =  f  1  1E13

TABLE 6

LAREISE LAKE -  OVERALL SIBMARY OF PHYSICAL AND CHEN:CAL RESULTS -  1973 -  74

Color (Tac )  •  Co lo r  (True)  S u s p e n d e d  D i s s o l v e d  S p e c i f i c  A l k a l i n i t y  H a r d n e s s  T u r b i d i t y
Sol ids S o l i d s  C o n d u c t a n c e
(Non- F i l t e r a b l e  ( F i l t e r a b l e  ( u n t h o s  cm-1)  ( m E 1 - 1 )  ( m g t  1) ( J T U )

Residue) R e s i d u e )
(mgt-1 )  ( m z 1 - 1 )

SURFACE ]

1(32)
20.6

(12)
20.0

(25)
20.7

(69)

20.5

1-;N.0
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3.9.1 N i t r ogen

Nitrogen, i n  i t s  various forms, passes through a ra ther  complex cycle w i th in

a given ecosystem (Figure 4 ) .

Generally lake concentrations o f  ammonia range from 0.05 -  0.20 mgl-1.

(Hutchinson, 1957). I n  the spr ing and f a l l ,  maximum concentrations are l i k e l y

to occur as a  r e s u l t  o f  overturn. N i t r i f i c a t i o n  and assi ip i lat ion by various

organisms i s  f e l t  t o  create summer minimum values, a t  l eas t  i n  surface waters.

The ammonification o f  organic ni t rogen and release o f  absorbed ammonia through

the reduction o f  bottom sediments has been known t o  create summer maximums

in  deeper waters.

Lakelse Lake general ly  fo l lows t h i s  pat tern ,  except f o r  a summer maximum a t

depth. Uns tab le  s t r a t i f i c a t i o n  and summer c i r cu la t i on  patterns are most

probably operative i n  t h i s  regard. Ammonia leve ls  were general ly  undetectable

(less than 0.02 mgl-1).  Maximum value (0 .06 mgl-1) was recorded a t  s ta t i on

#7 on December 10, 1974.

In most lake systems, surface n i t r a t e  concentrations are general ly  a t  a  minimum

during the summer due t o  ass imi la t ion by phytoplankton and photosynthetic

a c t i v i t y.  I n  the spr ing and f a l l  the n i t r i f i c a t i o n  o f  ammonia t o  n i t r a t e  takes

place by chemautotrophic bacter ia,  us ing NH4 and NO2 as an energy source.

Ni t rate values correspondingly maximize a t  t h i s  t ime.

During the summer, n i t r a t e  values i n  Lakelse Lake were very  low. I n  Ju l y

n i t ra te  concentrations were detectable on ly  a t  s ta t i on  #3 and #4 (0.04

and 0.06 mgl -1 respect ive ly) .  I n  August, no detectable concentrations were
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FIGURE 4
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present .  T h e  h i g h e s t  n i t r a t e  concen t ra t i ons ,  a s  a n t i c i p a t e d ,  were  recorded

hit

i n  May and December. I n  t h e  s p r i n g  sequence, s t a t i o n  #1  (Bo t tom) , #2
(Surface, I n t e r m e d i a t e ,  Bot tom)  and #3 ( I n t e r m e d i a t e )  p r o v i d e d  a  maximum

value o f  0 .10  mg l -1 .  I n  December va lues  reached were s l i g h t l y  more t h a n

one h a l f  t hose  recorded f o r  May.

To t a l  i n o r g a n i c  n i t r o g e n  (NH4, NO2 +  NO3) concen t ra t i ons  i n  Lake lse Lake

are presented i n  Tab le  7 .  V a l u e s  a r e  cons ide rab l y  below t h e  minimum l e v e l s

o f  i n o r g a n i c  n i t r o g e n  ( 0 . 3  mg1 -1) suggested b y  Sawyer (1945)  a s  l i k e l y  t o

create a lgae  b l o o m s .

Although o rgan i c  n i t r o g e n  comprises t h e  l a r g e s t  component o f  t o t a l  n i t r o g e n ,

no d e f i n i t i v e  p a t t e r n s  w i t h  depth  a re  d i s c e r n i b l e ,  a  p robab le  consequence o f

unstab le  s t r a t i f i c a t i o n  a n d  summer c i r c u l a t o r y  p a t t e r n s .

3 . 9 . 2  Phosphorus

Sawyer (1945)  suggested t h a t  i f  l e v e l s  o f  i n o r g a n i c  phosphorus exceed 0 .015

.mg1-11 a l g a e  blooms can  n o r m a l l y  be expected.  T h e  a r b i t r a r y  va lue  o f  0 .010

mg1-1 has been adopted b y. t h e  U.S.  Department o f  t h e  I n t e r i o r  as  t h e  minimum

standard.

Average Lake lse  Lake phosphorus concen t ra t i on  i n  1974 was . 0 1 6  mgl  o r

16. mg m-3. I f  August 1973 va lues  a r e  i n c l u d e d ,  average concen t ra t i ons

are reduced t o  .015  mg1-1 o r  15 .  mg m-3, v i r t u a l l y  t h e  same a s  t h e

t h e o r e t i c a l  minimum. T o t a l  concen t ra t ions  ranged f rom .003 -  . 219  m g l 1

(Table 8 ) .  A s  w i t h  t h e  n i t r o g e n  model, minimum values, were recorded d u r i n g

the summer months whereas maximum va lues  occur red  a f t e r  t h e  summer p r o d u c t -

i v i t y  p e r i o d .  I t  i s  most p robab le  t h a t  e l e v a t e d  f a l l  va lues  r e f l e c t  n o t
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on ly  t h e  e f f e c t s  o f  summer p r o d u c t i v i t y ,  b u t  t h e  i n f l u x  o f  a d d i t i o n a l

n u t r i e n t s  due t o  abnormal ly  h i g h  r a i n f a l l  i n  October.  G e n e r a l l y  va lues

a t  any  one dep th  were f a i r l y  un i fo rm.  S u r f a c e  va lues  were l owe r  t h a n

in te rmed ia te  and near  bo t tom depth ,  a  p robab le  consequence o f  phosphorus

inco rpo ra t i on  i n t o  b i o l o g i c a l  systems and g r a d v a l  s e t t l i n g  o f  ses ton .

Nu t r i en t  r e l e a s e  f r o m  bot tom sediments,  a c c e l e r a t e d  b y  water  a g i t a t i o n

from wind a c t i o n ,  i s  cons idered  t o  be respons ib le  f o r  s i g n i f i c a n t l y

h igher  nea r  bot tom va lues .

3 . 9 . 3 .  N u t r i e n t  I n p u t

Measurement o f  n u t r i e n t  (phosphorus)  i n p u t  r e q u i r e s  c o n s i d e r a t i o n  o f

numerous v a r i a b l e s ,  i n c l u d i n g  streams and r i v e r s ,  i n d u s t r i a l  and domest ic

waste d ischarges ,  p r e c i p i t a t i o n ,  g roundwater,  and  i n t e r n a l  l o a d i n g  f rom

sediments. U n d e r s t a n d a b l y  measurement o f  t h e  t o t a l  phosphorus budget  i s

extremely d i f f i c u l t  a n d  t i m e  consuming. I n  some i ns tances ,  a s ,  f o r  example,

w i t h  groundwater and sediment i n p u t ,  de te rm ina t i ons  may n o t  be  p o s s i b l e .

I n  Lake lse  Lake a  t h i r d  i n c a l c u l a b l e  v a r i a b l e ,  i n p u t  f r o m  r e s i d e n t i a l

development, p resen t s  a d d i t i o n a l  comp l i ca t i ons .  A n y  a t tempts  t o  determine

t o t a l  n u t r i e n t  i n p u t  based upon a v a i l a b l e  d a t a  must t h e r e f o r e  be  i n t e r p r e t e d

w i t h  c a u t i o n .

S i n c l a i r  (1974)  c a l c u l a t e d  n u t r i e n t  i n p u t  a t  t w o  separate  sources ,  t h e  h o t

spr ing  cana l  and t h e  i n f l o w i n g  s t reams.  T h e  combined t o t a l  f o r  these  two

sources'was 0 .039 g  m-2, w i t h  t h e  h o t  s p r i n g  account ing  f o r  0 . 0 2  g  m-2.

I n  t h e  p resen t  s t u d y,  a t t e m p t s  were made t o  f u r t h e r  i n v e s t i g a t e  t h i s  l a t t e r

source.



' I I =  7 4 - 1   M l  a 1 : 7 1  - 1 1 n  E  i  t 1 7 : 1  I L =  1 1 : 7

STATION August 9/1973 Nay 8/1974 June 19/1974 Ju ly  16/1974 August 20/1974 November 20/1974 December 10/1974

#1 -  SURFACE 0.02 0.05 0.02 0.013 Z 0.02 A 0.054
BOTTOM 0.02 0.06 0.035 L 0.02 4_0.02 A 0.052

#2 -  SURFACE 0.02 0.05 0.02 4 0.02 4-0.02 A 0.058
INTEPITEMIATE 0.02 0.05 0.03 4 0.02 L 0 . 0 2 A 0.059
BOTTOM 0.03 0.05 0.02 4 0.02 4.0.02 A 0.053

#3 -  SURFACE 0.02 0.05 0.02 L 0 . 0 2 4 0 . 0 2 A 0.051
INTERMEDIATE 0.03 0.05 0.02 0.02 4-0.02 A 0.051
BCTTCM 0.02 0.04 0.03 .0.03 2-0.02 A 0.054

#4 -  SURFACE 0.02 0.04 0.025 0.02 L 0.02 A 0.05
INTERMEDIATE 0.03 0.04 0.025 0.02 L.0.02 A 0.056
BOTTOM 0.02 0 .04 0.025 L.0.02 1,0.02 A 0.044

#5 -  SURFACE 0.03 0.04 0.037 L 0 .02 Z. 0.02 A 0.05
BOTTOM 0.02 0.04 0.02 4-0.02 .L. 0.02 A 0.045

#6 -  SURFACE 0.03 0.04 0.02 L  0.02 4 0 .02 A 0.10

#7 -  SURFACE 0.02 0.05 0.02 0.02 4  0 . 0 5 A 0.059
BOTTOM 0.02 0.055 4 0.02 L 0.02 1_ 0.U2 A 0.047

#8 -  A L L  DEPTHS 0.10 (Sur face) 0.03 ( I n t . ) 0.02 ( I n t . ) 4. 0.02 ( I n t . ) L.0.02 ( I n t . ) A 0.045 (Surface)

AVERAGE 0.03 0.05 0.02 0.02 0.02 - 0.055  --It--

•
TABLE 7

LAX:ELSE LAKE -  TOTAL INORGANIC NITRCGEN (N114. NO., &  N 0 )  R E S U I 4 V  1973 -  74

mgl-1

Average values marked by  ( * )  a s t e r i a k  i n d i c a t e  t h e  usage o f  a t  l e a s t  one va lue  marked -  " l e s s  t h a n " . tvTo t a l  average =  .03  mgl-1  4 -
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mgt-1

STATION August 9/1973 May 8/1974 June 19/1974 Ju ly  16/1974 August 20/1974 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
INTEUTDIATE 0.005 0.008 0.007 0.005 0.005 0.022 0.017
BOTTOM 0.005 0.009 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

# 4  -  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
BOTTOM 0.007 0.007 0.013 0.005 0.006 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 0.071

6 -  SURFACE 0.064 0.007 0.003 0.004 0.005 0.019 0.014

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 (Sur face) 0.009 ( I n t . ) 0.005 ( I n t . ) 0.004 ( I n t . ) 0.006 ( I n t . ) 0.020 ( I n t . ) 0.016 (Sur f i ' 4e)

AVERAGE 0.009 0.010 0.006 o.065 5 0.034 0.042

TABLE 8

LAKEISE LAKE -  TOTAL PHOSPHORUS RESULTS -  1973 -  74



 7 4 7 - 1  T t =  7 - C 7 . 3  1 : 7 1 )

STATION
Total Nitrogen
(May 9/1974)
At Overturn
mgl-1

Total  Phosphorus
(May 9/1974)
At Overturn

mgl-i

N:P Ratio
At Overturn

Average Summer
Chlorophyll

driE1-1

• #1 -  SURFACE .14 .011 12.7 2.7
BOTTOM .12 .008 15.0

#2 -  SURFACE .14 .007 20.0 2.5
INTERMIATE .17 .008 21.2
BOTTOM .21 .009 23.3

#3 -  SURFACE .12 .008 15.0 2.4
INTER:1DIATE .16 .007 22.9
BOTTOM .11 -a? 5.42.

#4 -  SURFACE .10 .007 14.3 2.6
I .DIATL

BOTTOM
.11
.12 7.007

15.7
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 .14 .007 20.0 2.5
BOTTOM .13 4.2

#8 -  SURFACE .13 ___-__.:03019- 14.4 2.6

AVERAGE .3t .010 16.1 ' 2.4

TAMP 9

LAMLE LAKE -  NUTRIENT -  CHLOROPHYLL " a "  RELATIONSHIPS
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Unfor tuna te ly  problems a rose  i n  de te rm in ing  accura te  f low.  measurements.

The a n a l y s i s  r e s u l t s  f r o m  t h e  Skoglund sewage d ischarge  ( Ta b l e  1 0 ) ,  t h e

n u t r i e n t  h o t  s p r i n g  ( Ta b l e  11 )  and  t h e  h o t  s p r i n g  cana l  ( Ta b l e  12 )  a r e

inc luded h e r e i n  f o r  i n f o r m a t i o n  o n l y,  w i t h  no i n t e r p r e t a t i o n  o f  r e s u l t s

intended.

S i n c l a i r  p resents  t h e  conc lus ion  t h a t  n u t r i e n t  i n p u t  f r o m  r e s i d e n t i a l

shore l ine  development i s  s i g n i f i c a n t l y  o p e r a t i v e  i n  Lake lse Lake.

Although t h e  magnitude o f  t h i s  i n p u t  i s  d i f f i c u l t  t o  c a l c u l a t e ,  exam—

i n a t i o n  o f  t h e  development p a t t e r n  r evea l s  t h a t  t h e  m a j o r i t y  o f  res idences

are l o c a t e d  i n  areas u n s u i t a b l e  f o r  sewage d i s p o s a l .  H i g h  wa te r  t a b l e ,

close p r o x i m i t y  t o  t h e  lakeshore ,  and  u n s u i t a b l e  s o i l  c o n d i t i o n s  ensure

t h a t  v i r t u a l l y  t h e  e n t i r e  phosphorus l o a d  e n t e r s  t h e  l a k e  una l t e red .
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June 4/1975 July 10/1975 July 16/1975

NITROGEN (TOTAL) 8.04 mgl -1 16.0 mgt-1 14.05 mgl -1
NITROGEN (DISSOLVED NITRATE) 0.03 0.02 0.02

iNITROGEN (DISSOLVED NITRITE) 0.01 0.02 0.03
NITROGEN (AEVONIA) 12.5 11.3
NITROGEN (ORGANIC) 3.5 2.7

PHOSPHORUS (TOTAL) 1.40 mgl-1 2.80mg1 -1 2.18 mgl 1
PHOSPHORUS (ORTHOPHOSPHATE) 0.70 2.01 1.41

MAGNESIUM (DISSOLVED) 0.8 mgl-1
CALCIUM (DISSOLVED) 11.0

pH 7.0 6.6

RESIDUE (NON-FILTERABLE, 105°C) 53. mgt-1
RESIDUE (FILTERABLE, 1050C) 160.

HARDNESS (TOTAL CaCO3) 30.8 mgl-1

SPECIFIC CONDUCTANCE 310 umhos em-1 325 umhos cm-1

TABLE 10

WATER QUALITY ANALYSIS SKOGLUNDIS RESORT
EFFLUENT DISCHARGE -  1973 -  74 -  75
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TABLE 11

WATER QUALITY ANALYSIS OF THE HOTSPRINGS MAIN POOL,
AT SKOGLUNDtS RESORT J u l y  10 ,  1975 1 3 : 0 5  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
FILTERABLE RESIDUE (105°C
NON-FILTERABLE

RESIDUE (105°C)
ALKALINITY (TOTAL)
HARDNESS (TOTAL Ca CO3)
CONDUCTIVITY
COMPARABLE DILUTION
CONDUCTIVITY

0.2 mg l -1
0.2
0.2

L 0 . 0 2
L  0.02
L. 0.005

72. m g l - 1
0.07
0.08
7.3

284.

0.001 mgl -1
0.2 •
0.001
0.03
0.01
0.005

205. m g l  -1
5.26

498.

8.3
)1186. mg1-1

3. m g l  -1
20.1 mgl  -1

180. m g l  -1
1760. umhos a m '

2140. umhos am 1

PHOSPHORUS

TOTAL PHOSPHORUS
ORTHOPHOSPHATE
PHOSPHORUS

0.008 mg l -1

0.003
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TABLE 11

WATER QUALITY ANALYSIS OF THE HOTSPRINGS MAIN POOL,
AT SKOGLUND'S RESORT J u l y  10 ,  1975 1 3 : 0 5  Hours

NITROGEN PHOSPHORUS

TOTAL NITROGEN
ORGANIC NITROGEN
KJELDAHL NITROGEN
DISSOLVED NITRATE
DISSOLVED NITRITE

0.2 mg l -1  T O T A L  PHOSPHORUS 0 . 0 0 8  mg l -1
0.2  O R T H O P H O S P H A T E
0.2 P H O S P H O R U S  0 . 0 0 3

L. 0 .02
L  0.02

AMMONIA NITROGEN L 0 . 0 0 5

CALCIUM (DISSOLVED) 72. m g l - 1
MAGNESIUM (DISSOLVED) 0.07
MAGNESIUM (TOTAL) 0.08
POTASSIUM (DISSOLVED) 7.3
SODIUM (DISSOLVED) 284.

COPPER (TOTAL) 0.001 mgl -1
IRON (TOTAL) 0.2
LEAD (TOTAL) 0.001
MANGANESE (TOTAL) 0.03
NICKEL (TOTAL) 0.01
ZINC (TOTAL) 0.005

CHLORIDE (DISSOLVED) 205. m g l - 1
FLUORIDE (DISSOLVED) 5.26
SULPHATE (DISSOLVED) 498.

pH
FILTERABLE RESIDUE (105°C
NON-FILTERABLE

RESIDUE (105°C)
ALKALINITY (TOTAL)
HARDNESS (TOTAL Ca CO3)
CONDUCTIVITY
COMPARABLE DILUTION
CONDUCTIVITY •

8.3
)1186. m g r . '

3. m g l - 1
20.1 mg l -1

180. m g l - 1
1760. umhos am 1

2140. umhos c m  1
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TAMP 12

WATER QUALITY ANALYSIS SKOGLUNDS HOTSPRINGS CANAL

NITROGEN (TOTAL)
NITRCGEN (DISSOLVED NO3)
NITROGEN (DISSOLVED NO2)
NITROGEN (AMNONI1
NITROGEN (ORGANIC
NITROGEN (KJELDANL)
PHOSPHORUS (TOTAL)
PHOSPHORUS (ORTHOPHOSPHATE)

CANAL 100 YARDS DOWNSTREAN OF
DISCHARGE

CANAL MIDWAY CANAL AT OUTLET TO LAKE

'June 4  J u l y  10 J u l y  16
1975

June 4  J u l y  10 J u l y  16 J u n e  4  J u l y  10 . J u l y  16
1975 1 9 7 5

0.41mg1-1 1 .01  mg1-1 0.27 mgl-1
0.06 0 . 0 2  0 . 0 2

40.005

0.35
0.049
0.00_

0.02
0.33
0.68
1.01
0.096
0.025

(0.005
0.051
0.20
0.25
0.040
0.004

EAMISIUM (DISSOLVED) 0 . 5 1 .  0 . 4 7
CALCIUM (DISSOLVED) 1 7 . 4  1 6 . 1

pH 7 . 0  6 . 4  6 . 8

RESIDUE (NON-FILTERAPTR 105°C) 4 2 .  1 5 .
RESIDUE (FILTERAPSF 105°C) 2 6 2 .  2 3 4 .

HARDNESS (TOTAL CaCO3) 4 5 . 6  4 2 . 1

SPECIFIC CONDUCTANCE  •
(umhos cm-1) 3 1 5 .  4 0 1 .  3 6 5 .

0.90 mg1-1 0.26 mgl -1  0 . 11 m g 11  0 . 5 C m g 11  0 . 3 6
0.02 0 . 0 2  0 . 0  0 . 0 3  0 . 0 2
0.340 < 0 . 0 0 5
0.540.80 0 . 0 4 8

0.19 ( 0 .  0 5  4 0 . 0 0 5  1 0 3 : 4 0 3 5

0.b14

1 0 . 1 7 60.29 0 . 2 4

0.02

0.029
0.092

n 5 4  < 0 . 0 0 3

0.b9 0 . 4 7
0.045 4  0 . 0 3 5
0.015

0.49 0 . 4 7
17.2 1 7 . 1

6.4 6 . 9  7 . 5

11. 7 .
252. 2 4 8 .  8 4 .

45.0 4 4 . 6

0.51
16.4

6.5

5.
236.

43.0

0.47
16.4

6.8

42.9

392. 3 8 8 .  3 7 9 .  3 8 0 .
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3.10. O r g a n i c  and Inorganic Carbon

Organic carbon, being incorporated i n t o  t issue o f  l i v i n g  ( o r  once l i v i n g )

material ,  i s  temporar i ly  removed from the dynamic chemistry o f  a water

system u n t i l  such t ime as bacter ia  populations are able t o  recycle.

Inorganic carbon on the other  hand, i s  f r e e l y  represented by CO2, HC031

CO 3 i o n s  i n  addi t ion t o  H2CO3. W i t h i n  a normal aquatic environment

(pH range 6.5  — 7.5)  the  major i t y  o f  inorganic carbon i s  present on

dissociated carbonate ions.

Lakelse Lake organic carbon values ranged from t race leve ls  t o  a maximum

of 12. mgl-1. Va l u e s  increased s l i g h t l y  wi th  depth u n t i l  maximizing a t

near bottom depths. Summer values were general ly  reduced s l i g h t l y.

Elevated November and December values were f e l t  t o  be p a r t i a l l y  attr ibut—

able t o  hydrologic condi t ions.

Inorganic carbon leve ls  ranged from 1.  t o  6 .  mgl-1. N o  s ign i f i can t

differences w i th  depth were evident.  Maximum values were however, recorded

during summer periods, r e f l e c t i n g  i n  par t  the  e f fec ts  o f  b io log ica l

product iv i ty.

4. A L G A E

4.1 Allg,ae Response t o  Nutr ient  Levels

In recent years considerable a t ten t ion  has been d i rected toward the

appl icat ion o f  nu t r ien t  models t o  pred ic t  eutrophic response w i th i n  a

lake system (Vollenweider, 1968; S c h i n d l e r  and Nighswander, 1970;

Vollenweider and D i l l on ,  1974; D i l l o n ,  1975). D i l l o n  and R ig le r  (1975)

presented a complex model incorporat ing not on ly  phosphorus loading and
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mean depth, b u t  a lso  hydraul ic  f lush ing  ra tes  and phosphorus re tent ion

coeff ic ients i n  sediments. T h i s  model would appear t o  be appl icable t o

Lakelse Lake w i th  i t s  h igh f lush ing  r r. te .  However due t o  i t s  l a t e

publ icat ion date, i t  was not  possible t o  co l l ec t  data on a l l  the required

variables. Analys is•  o f  appl icable data d id ,  however, conf i rm the  over-

whelming s igni f icance o f  the h igh f lush ing  r a t e .

4.2 Phosphorus -  Chlorophyl l  Relationship

Patalas (1972) invest igated phosphorus and chlorophyl l  " a "  re la t ionships

u l t imate ly  confirming Sakamotots (1966) f ind ings  t h a t  ch lorophy l l  concen-

t r a t i on  i s  a  funct ion o f  phosphorus concentration. D i l l o n  and Rig ler  (1974)

subsequently (based upon Sakamotots work) presented a pred ic t ive  re la t ionsh ip

suitable f o r  est imating the average summer ch lorophy l l  'raft concentration i n

lakes w i th  spr ing N:P ra t i os  greater  than 12:1.

log10 ( c h l  a)  =  1.449 l o g 1 0  . (P )  -  1.136

Average spr ing Lakelse Lak '  values f o r  phosphorus were calculated a t  .01

mg1-1. N e a r  bottom values were however, l a r g e l y  instrumental i n  e levat ing

th i s  f i gu re  somewhat.

Applying t h i s  value t o  Sakomotots equation, an  ant ic ipated average summer

chlorophyl l  " a "  concentration i s  calculated a t  2.06,4g1-1. A c t u a l  average

value, a s  determined over the en t i r e  summer sampling period, was 2.4,gg1-1.

I t  i s  r ead i l y  apparent t h a t  the  low nut r ient  l eve ls  i n  Lakelse Lake are

not conducive t o  the production o f  substant ia l  algae populations. T h e

range o f  ch lorophyl l  " a "  values between 2 -  41lg1-1 f a l l s  w i th in  the

lowest l e v e l  c l ass i f i ca t i on  advocated by D i l l on  and Rig ler  (1975) as

maximum permissible concentrations (Table 13) .
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TABLE 13

DEVELOPMENT CAPACITY OF LAKES

Maximum Permiss ib le  Average Summer C h l o r o p h y l l  " a "  c o n c e n t r a t i o n

LEVEL 1  2  mg m-3; f o r  l a k e s  t o  be used p r i m a r i l y  f o r  body con tac t  wa te r
rec rea t i on ,  and  where i t  i s  des i l -ab le  t o  ma in ta in  hypo l imne t i c
concentra t ions o f  oxygen i n  excess o f  5  mg l i t e r - 1  t o  preserve
cold  water  f i s h e r i e s .  T h e  l a k e  w i l l  be ex t reme ly  c l e a r  w i t h  a
mean Secchi  d i s c  v i s i b i l i t y  o f  5  m and w i l l  be v e r y  unproduc t ive .
(Note -  t h e  Secch i  d i s c  v i s i b i l i t y  may be l o w e r  i n  brown water
(dys t roph ic  l a k e s ) .

LEVEL 2  - 5 mg m-3; f o r  l a k e s  t o  be used f o r  wa te r  r e c r e a t i o n  b u t  where
the p r e s e r v a t i o n  o f  c o l d  wa te r  f i s h e r i e s  i s  n o t  i m p e r a t i v e .
The l a k e  w i l l  be moderate ly  p roduc t i ve  and cor respond ing ly  l e s s
c l e a r,  w i t h  a  mean Secch i  d i s c  v i s i b i l i t y  o f  2  -  5  m,

LEVEL 3  -  1 0  mg m-3. f o r  l a k e s  where body-con tac t  r e c r e a t i o n  i s  o f  l i t t l e
importance, b u t  emphasis 13  p laced  on  f i s h e r i e s  ( b a s s ,  w a l l e y e ,
p i c k e r e l ,  p i k e ,  muskelunge, b l u e g i l l ,  y e l l o w  pe rch ) .
Hypol imnet ic  oxygen d e p l e t i o n  w i l l  be common. S e c c h i  d i s c  depths
w i l l  be l o w  ( 1  -  2  0 ,  and  t h e r e  i s  a  danger o f  w i n t e r k i l l  o f  f i s h
i n  s h a l l o w  l akes .

LEVEL 4  - 25 mg m-3; s u i t a b l e  o n l y  f o r  warmwater f i s h e r i e s .  3 e c : ; h i  d i s c
depth 1 . 5  in, h y p o l i m n e t i c  oxygen d e p l e t i o n  beg inn ing  e a r l y  i n
summer, cons ide rab le  danger o f  w i n t e r k i l l  o f  f i s h  e x c e p t  i n
deep l a k e s .
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5. IDENTIF ICATION AND ESTIMATES OF ABUNDANCE OF NET PLANKTON ORGANISMS
SAMPLED FROM LAKELSE LAKE1-

U

5.1 D e s c r i p t i o n  o f  Samples

Ve r t i c a l  and h o r i z o n t a l  n e t  p l ank ton  samples were t aken  f rom Lakelse Lake

on J u l y  13 ,  1973 b y  Ableson and Dr innan.  T h e s e  samples, c o l l e c t e d  w i t h

a No. 1 0  Wisconsin n e t ,  a r e  l i s t e d  i n  Tab le  14  accord ing  t o  t h e i r  o r i g i n a l

l a b e l s .

5.2 Spec imen  I d e n t i f i c a t i o n  a n d  Count ing Procedures

Standard re fe rence  t e x t s  were used f o r  i d e n t i f i c a t i o n  o f  zooplankton (Pennak

1953; Edmondson 1959; W i l s o n  1959) and  phytop lank ton  organisms ( T i f f a n y  &

B r i t t o n  1952; P r e s c o t t  1962) .  D i a t o m s  were i d e n t i f i e d  f r o m  i n c i n e r a t e d

Hyrax mounts u s i n g  Cleve—Euler (1951 — 1953) ,  T i f f a n y  and B r i t t o n  (1952) ,

and P a t r i c k  and Reimer (1966)  a s  main re fe rences .  1 , 1 .  Owen Kennedy ( F. R . B . ,

Nanaimo) k i n d l y  i d e n t i f i e d  t h e  dominant copepod spec ies .

The most abundant t a x a  were i d e n t i f i e d  t o  spec ies  where p o s s i b l e ,  and  o t h e r

less common organisms were i d e n t i f i e d  t o  genera.  N o  a t tempt  was made t o

enumerate copepod s tages  o r  t o  i n d i c a t e  sex ,  a n d  a l l  immature copepods

were grouped under t h e  t e rm ,  n a u p l i i .

Sample coun ts  were made u s i n g  5  m l  coun t i ng  chambers, L u g o l t s  s o l u t i o n ,  and

inve r t ed  microscope. O n e  5  m l  chamber was prepared f o r  each sample b o t t l e .

Counts were made o f  a l l  i n d i v i d u a l s  o c c u r r i n g  i n  20  random microscope f i e l d s

a t  a  m a g n i f i c a t i o n  o f  187.5  X .  S i n c e  t h e  samples were hau l s  o f  an unknown

f i e l d  samp l ing  d u r a t i o n  o r  volume, numbers /un i t  volume were n o t  c a l c u l a t e d .

*  Bas ic  t e x t  f o r  t h i s  p r e s e n t a t i o n  was e x t r a c t e d  f r om  t h e  r e p o r t  prepared by
S. Brown, U n i v e r s i t y  o f  V i c t o r i a ,  unde r  c o n t r a c t  t o  P o l l u t i o n  C o n t r o l  Branch.
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However, t h e  f o l l o w i n g  i n f o r m a t i o n  i s  i n c l u d e d  t o  f a c i l i t a t e  p resen t i ng

the d a t a  i n  o t h e r  u n i t s  o f  measure i f  r e q u i r e d :  a r e a  o f  one microscope

f i e l d  a t  a  m a g n i f i c a t i o n  o f  187.5 X  =  1.3070 mm2; a r e a  o f  20  microscope

f i e l d s  =  26.140 mm2; a n d  a rea  o f  t h e  5  m l  chamber =  471.44 mm2.

Counts f o r  each sample a r e  g i v e n  here  a s  number/20 f i e l d s  a n d  as  per—

centages o f  t h e  t o t a l  coun t  i n  20  f i e l d s .

5.3 R e s u l t s

I n  cons ide r i ng  t h e  a n a l y s i s  o f  p lank ton  samples, c a u t i o n  must be  exe rc i sed

i n  t h e  i n t e r p r e t a t i o n  o f  d a t a  p r i m a r i l y  due t o  t h e  l i m i t e d  number o f

samples c o l l e c t e d  on  a  s i n g l e  occas ion .

A complete spec ies  l i s t  f o r  a l l  samples i s  g i v e n  i n  Tab le  15 .  C o u n t s  f o r

h o r i z o n t a l  hau ls  a r e  g i v e n  i n  Tab le  16 ,  and  those  f o r  v e r t i c a l  hau ls  i n

Table 17 .  I n  Tab le  18 ,  numbers and percentage abundance o f  phy top lank ton

and zooplankton components o f  each sample a r e  summarized.

Bac i l la r iophyceae (d ia toms)  were b y  f a r  t h e  most dominant l i f e  f o rm ,

comprising a  t o t a l  percentage compos i t ion  i n  near  s u r f a c e  h o r i z o n t a l  tows

of  54.5% ( Ta b l e  16 )  and  i n  v e r t i c a l  hau ls  o f  46.2% ( Ta b l e  1 7 ) .  O f  t h e

species i d e n t i f i e d ,  Ta b e l l a r i a  f l o c c u l o s a  and  T.  f e n e s t r a t a  comprised a

t o t a l  percentage ( h o r i z o n t a l )  o f  38.0%. T h e  fo rmer  ranged f r om a  l o w

o f  4.9% between s t a t i o n s  #2  &  3 t o  a  maximum o f  41.0% between s t a t i o n s

#5 &  6 .  T .  f e n e s t r a t a  maximized near  t h e  o u t l e t  o f  t h e  l a k e .  T .  f l o c c u l o s a

was g e n e r a l l y  n u m e r i c a l l y  dominant.  V e r t i c a l  d i s t r i b u t i o n s  o f  these  spec ies

appeared t o  r e c i p r o c a t e  each o t h e r .  O n l y  a t  s t a t i o n  #5 were b o t h  spec ies
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represented i n  l a r g e  number a t  t h e  same t i m e .

Other d ia toms p resen t ,  a l b e i t  i n  l e s s e r  numbers, were  A s t e r i o n e l l a  formosa,

C y c l o t e l l a  bodanica,  C y c l o t e l l a  s t e l l i g e r a ,  Synedra rumpens, S .  u l n a ,

Cocconeis p l a c e n t i c l a ,  Rhopalod ia  g ibba ,  Ep i themia  t u r g i d a ,  N a v i c i u l a  r ad iosa ,

S u r i r e l l a  e legans,  Cera tone is  a r cus ,  Achnanthes f l e x e l l a ,  E u n o t i c  ma io r,

and u n i d e n t i f i e d  N i t z s c h i a  s p .  and  F r u s t u l i a  sp .  I n  t o t a l  41 separate

species were i d e n t i f i e d .
Yid

Jai

U

11

Copepods comprised 11.9% o f  t h e  h o r i z o n t a l  p lank ton  samples and 17.6% o f

the v e r t i c a l  hau l s .  C y c l o p s  b i cusp ida tus  comprised 9.5% o f  t h e  h o r i z o n t a l

hauls ,  w h i l e  Epischura nevadensis represented  2.4%. I m m a t u r e  n a u p l i i

comprised 12.9%. B o t h  o f  t h e  above spec ies  showed a  moderate ly  un i f o rm

d i s t r i b u t i o n  ove r  t h e  deeper p o r t i o n s  o f  t h e  l a k e .  Maximum va lues  were

reached a t  s t a t i o n  #1  and minimum va lues  a t  s t a t i o n  #8 .  U n l i k e  McMahon's

study (1949 -  1952) n o  C.  s e r r u l a t u s  were i d e n t i f i e d .

The dominant Cladoceran spec ies  was Bosmina co regon i ,  compr i s i ng  1.3% o f

h o r i z o n t a l  hau l s  and 2.3% o f  t h e  v e r t i c a l  c o l l e c t i o n s .  Maximum val.,..es o f

7.0% were r e c ) r d e d  a t  s t a t i o n  #1 .

Ro ta to r ia  were represented  i n  s i g n i f i c a n t  numbers i n  b o t h  h o r i z o n t a l  and

v e r t i c a l  c o l l e c t i o n s .  K e l l i c o t t i a  conFisp ina  and Conochi lus u n i c o r n i s

were t h e  most abundant w h i l e  P o l y a r t h r a  eu ryp te ra  and Co l lo theca  s p .  were

present i n  l o w e r  numbers.

Various spec ies  o f  a lgae  were a l s o  c o l l e c t e d ,  a l b e i t  i n  s m a l l  numbers never

exceeding 2.0% a t  any  one s t a t i o n .  T h e  green a lgae  F r a g i l a r i a  v i resecens ,  F.
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crotonensis, and F.  construens were included i n  t h i s  group.

The re l a t i ve  percentage occurance o f  phytoplankton and zooplankton i s

presented i n  Table 18. I n  general, phytoplankton comprised a la rger

proportion i n  the southern end o f  the lake i . e . ,

Station #  1 — zooplankton —  85%

phytoplankton — l 4

Station #  8 — zooplankton —  31%

phytoplankton — 68%



38

TABLE 14

LIST OF VERTICAL AND HORIZONTAL NET PLANKTON SAMPLES TAKEN FROM LAKELSE LAKE
ON JULY 13,  1973 BY ABLESO-14 AND DRINNAN

HORIZONTAL HAULS

1. B e t w e e n  S t a t i o n s  1  and 2

2. B e t w e e n  S t a t i o n s  2  and 3  ( B o t t l e  1  and 2 ) 1

3.  B e t w e e n  S t a t i o n s  3  and 4

4. B e t w e e n  S t a t i o n s  4  and 5

5. B e t w e e n  S t a t i o n s  5  and 6

6. B e t w e e n  S t a t i o n s  5  and 7

7. B e t w e e n  S t a t i o n s  7  and 8

8. B e t w e e n  S t a t i o n s  8  and Lake lse  R i v e r

VERTICAL HAULS

1. S t a t i o n  1 ,  1 0  Ve r t i c a l  Hau ls ,  Depth  3  m

2. S t a t i o n  2 ,  5  Ve r t i c a l  Hau ls ,  Depth  25 m

3. S t a t i o n  3 ,  5  V e r t i c a l  Hau ls ,  Dep th  10 m

4. S t a t i o n  4 ,  5  V e r t i c a l  Hau ls ,  Dep th  5  m

5. S t a t i o n  5 ,  5  V e r t i c a l  Hau ls ,  Dep th  5  m

6. S t a t i o n  8 ,  5  V e r t i c a l  Hau ls ,  Depth  5  m

1. B o t t l e s  1  and 2  were combined f o r  coun t i ng  purposes.
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TABLE 15

SPECIMENS IDENTIFIED FROM VERTICAL AND HORIZONTAL NET SAMPLES COLLECTED
FROM LAKELSE LAKE

PHYTOFLANKTON

Achnanthes f l e x e l l a
Achnanthes l a n c e o l a t a
Achnanthes minut iss lmn
Anomoepois s p .
Aphanizonenon ( ? )  s p .
A s t e r i o n e l l a  formosa

Campylodiscus n o r i c u s
Ceratoneis a rcus
Closter ium sp .
Cocconeis p l a c e n t u l a
Cyc lo te l lA bodan ica
Qyc lo te l l a  s t e l l i g f r a
gymbella v e n t r i c o s a
Qymbella s p p .

Diatoma s p .
Dia tomel la  s p .
Dinobryon d ivergens
Dip lone is  ob longe l lA
Dip lone is  s p .

Eunotia ma jo r
Eunot ia spp .

F r a g i l a r i a  const ruens
F r a g i l a r i a  c ro tonens i s
F r a g i l a r i a  p i n n a t a
F r a g i l a r i a  v i rescens
F r a g i l a r i a  spp.
F r u s t u l i a  rhomboides

Gomphonema o l ivaceum
Gomphonema spp .
Gyrosignia s p e n c e r i i

Hantzschia f..Ephioxus

ZOOPLANKTON

Actinosphaerium sp .
Arce1] s p .
Bosmina co regon i
Bosmina l o n g i r o s t r i s
Chydorus s p .
_QQ11QUISS..4 (?) sp.
Conochilus u n i c o r n i s
Z c l o p s  b i cusp ida tus  thomas i

Melosi ra d i s t a n s
Melosi ra i t a l i c a
Melos i ra  undu la ta  ( ? )
Melos i ra  v a r i a n s
Melosi ra s p .

Navicula americana
Navicula b a c i l l u m
Navicula pseudoscut i fo rmis
Navicula pupa la
Navicula r ad iosa
Navicula r a d i o s a  v .  t e n e l l a
N i t zsch ia  a c i c u l a r i s
N i t zsch ia  l o r e n z i a n a
N i t zsch ia  v e r m i c u l a r i s
N i t zsch ia  spp .

O s c i l l a t o r i a  s p .

Rho icoshen ia  c u r v a t a
Rhope]odia g i bba

Spirogyra s p .
Stauroneis phoenicenteron
S u r i r e l l a  e legans
S u r i r e l l a  (F lexuosae)  s p .
S u r i r e l l a  guatemalensis
S u r i r e l l a  l appon ica
S u r i r e l l a  ( O c e l l a t a e )  s p .
S u r i r e l l a  r obus ta
Synedra rad ians
Synedra rumpens
Synedra u l n a

Ta b e l l a r i a  f e n e s t r a t a
Ta b e l l n r i a  f l o c c u l o s a
Tet racyc lus  s p .

Daphnia s p .
D i f f l u g i a  s p .
Xpischura nevadensis
Holoseslium i b b e r u n i
K e l l i c o t t i a  l o n g i s p i n a
n a u p l i i  (Copepoda)
Pleosoma ( ? )  s p .
Po lyar th ra  eu ryp te ra
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S p e c i e s N

STATION 1  -  2 2

N

-  3

%

3

N

-  4

% N

4 -  5 . 5 -  6

Tabnllaria flocculosa 112 22.1 15 4.9 120 4 . 7 127 20.9 207 50.0
TabeI la r ia  f ones t ra ta 60 11.9 34 11.1 25 4.9 81 13.3 39 7.7
n a t n l i i  (Cipepoda) 45 8.9 53 17.3 90 17.8 81 13.3 69 13.7
Aster ioncl la .  119=22a. 33 6.5 13 4.3 60 111.8 91 14.9 27 5.4
K e l l i c o t t i a  l on7 i sn ina •76 15.0 64 20.9 76 151.0 35 5.8 62 12.3
cvc1r.n3 Ipc.tzpidntnil thorn:kw! 54 10.7 52 17.0 74 14.6 90 14.8 39 7.7
Ccr-nr.W-s pn i rn r - , i n 15 3.0 30 9.8 28 5.5 22 3.6 19 3.8
E n 3 s c r a  n c v a d e n i a 15 3.0 12 3.9 16 3.2 12 2.0 20 4.0
Dlncl:rvcn d ivercens 16 2.6
r : rcdra minscns 34 6.7 8 2.6 7 1.2
13(-,..71ina c o m : m t 17 3.4 10 3.3 7 1.4 6 1.0 7 1.4
An'nanizomcnon ( ? )  sp. ... 1 0.2 1 0.2 5 0.8 4 0.8
Cvc lo te l la  bodanica 8 1.6 1 0.3 3 0.6 4 0.7
C-:c lotel la c " , f l i l i s c ra 14 2.8 2 0.7 5 1.0 3 0.5
Snirc7yra sp . 3 0.6 2 0.3 6 1.2
CoLlothcca ( ? )  s p . 4 0.8 1 0.2 3 0.5 3 0.6
jvncdra u lna 4 0.8 6 1.0 2 0.4
F r a H l a r i a  c ro tcnens is
Po lyarUra  ourvntora 4 0.8 2 0.7 3 0.5 1 0.2
Camri.:lodiocus no r i cus 1 0.2
F r a r l l a r i a  construcns 11 1.8
Ya v i c i a  radio, :a - 1 0.2
Sur3ro l la  co . 1 0.3
Fra7 ; la r in  vh..escens 7 1.4!

•

7.1:111 7i:117 -

TABLE 16

SPECIE; COUNTS ( N )  AND PERCENTAGE ABUNDANCES OF INDIVIDUALS COUNTED I N  HORIZONTAL PLANKTON HAULS FROM LAKIISE LAKE

The l a s t  column on the r i g h t  represents t o t a l  counts and percentages f o r  a l l  8  samples
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TABU 16 CONTINUED

STATION

Species N

1 -  2  2  -  3 3  -  4  4  -  5  5  -  6

% N  %  N  %  N

Folonediun fzibbcrum,
Cocconeis p l a c c r t u l a

.C.frhella sp .
Eunotis r a i o r
Ni tzsch ia  sp .
S u m : e l l e  (Plexuosae) sp.
Closterium sp .
Achranthea a m e n s .
F r u r t u l i a  sn .
D i f a u P i a  sp .
O s c i l l a t e r i a  sp .
Ceratoreis arcus

TOTAL

5 1 . 6
1 0 . 3
2 0 . 7

1 0 . 3

1 0 . 2

1 0 . 2

1 0 . 2

506 3 0 6  5 0 7  6 0 9  5 0 5
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Species

STATION 5 -  7 7 -  8

%

8 -  LR Total

A

Tabe l l a r i a  f l occu losa 201 26.5 109 15.3 274 35.0 1165 24.8
Tabe l l a r i a  fenes t ra ta 103 13.6 95 13.3 178 22.7 615 13.1
n a u n l i i  (Copepoda) 104 13.7 104 14.6 58 7.4 604 12.9
Aster ione l la  forrc 'oa 66 8.7 165 23.1 112 14.3 567 12.1
K e l l i c e t t i a  l on7 iso ina 70 9.2 31 4.3 37 4.7 451 9.6
Cvclors h icunnidatus thomasi 67 8.8 49 6.9 21 2.7 446 9.5
Conochilus un i co rn i s 11 1.5 ,29 4.1 13 1.7 167 3.6
F n : I s r a  neva,!,rnsis 16 2.1 13 1.8 7 0.9 111 2.4
D i r r v c n  d i v e r e n s 59 7.8 21 2.9 15 1.9 111 2.4
Syn^r!ra r.:7nens 18 . 2.4 12 1.7 8 1.0 87 1.9
Bosr:ina 5 0.7 5 0.7 6 0.8 63 1.3
A r ` , . a n i o n C 7 )  sp. 6 0.8 18 2.5 13 1.7 48 1.0

bodrtnca 10 1.3 5 0.7 10 1.3 41 0.9
5 0.7 3 0.4 2 0.3 34 0.7
4 0.5 7 1.0 10 1,3 32 0.7

C c i l c t h c a  ( ? )  s p . 6 0.8 1 0.1 3 0.4 21 0.5
Svnedra L lna 1 0.1 6 0.8 1 0.1 20 0.4

crotononsis 19 2.7 19 0.4
Folvarthra eLrvntera 4 0.5 2 0.3 16 0.3
C17-nylollocus nc r i cus 9 1.3 4 0.5 14 0.3
Frar, i l a r ia  construens 11 0.2

radicsa 1 0.1 3 0.4 3 0.4 8 0.2
S u r i r , l i a  sp . 3 0.4 4 0.5 8 0.2
F r a ! - t h r i a  v i rescens 7 0.2
H o l o r e d i =  r ibl:erum 1 0.1 7 0.2
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Species

STATION 5

N

-  7 7

N

-  8 8 — LR To t a l

Cocconeis olacentula

sp. 1

759

0.1

,

1
1

714

0.42

0.1
0.1

1

1

1
1
1

784

0.1

0.1

0.1
0.1
0.1

5
2
2
1
1
1
1

.1
1
1
1

4690

0.11
0.04
0.04
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

Cvmbella sp.
Eurot ia  r a i o r
Ni tzcchia sp .

(Flexuosae)
Clostcrium sp .
Achmanthes f l e x e l l a
Fr s t u l i a  sp .
D i f f l u p i a  s p .
C s c i l l a t o r i a  sp.
Coratcnois arcus

TOTAL

TABLE 16 CONTINUED
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STATION

Species

1 2 3  4  5 ,8 Total

Tabellaria ferestrata 13 10.2 8 3.5 45 21.4 12 9.2 61 29.1 44 27.9 183 17.2
Tabellaria flocculosa 2 1.6 50 21.7 19 9.0 28 21.5 56 26.7 11 7.0 166 15.6
rauolii (Copepoda) 22 17.2 31 13.5 37• 17.6 23 17.7 21 10.0 8 5.1 142 13.3
Gr.clocs bicusnidatus thomasi 32 25.0 .34 14.8. 35 16.7 a 8.5 21 10.0 5 3.2 133 12.9
Kollicottia lcr.7isnina 4 3.1 31 13.5 16 7.6 20 15.4 9 4.3 14 8.9 94 8.8
Conochilus unicornis 19 14.8 23 10.0 23 11.0 13 10.0 9 4.3 6 3.8 93 8.7
Astcrion,,lla fr...r!:z.7.a 21 9.1 . 13 6.2 4 3.1 9 4.3 44 27.9 91 8.5
En1,.cura no-:a-r5ls 21 16.4 9 3.9 8 3.3 3 2.3 9 4.3 50 4.7
Fr7:7irl. c:.rvf-cni 9 7.0 5 2.2 4 1.9 2 1.5 4 2.5 24 2.3
C7c1ot,11!-.. ini%nlca 1 0.8 10 4.4 6 2.9 2 1.5 5 2.4 24 2.3
07::1t.o111. fr.tc11j,F6Fa 2 1.6 1 0.4 5 3.9 2 1.0 1 0.6 11 1 . 0

P 1 , , , 7 . 5 =  ( ? T o p .  1 A 1 2 7 . 6 12 1.1
S--n7ira ru7ro-5 % . 3 2.3 5 2.4 8 0.8
Co11nhe,7-1 ??) sp'. 1 0.8 1 0.5 2 1.5 1 0.6 5 0.5
Enlonc--.. rribbef.= - , 1 0.8 2 0.9 2 1.0 5 0.5
7-, lra ulna s _ c _ . i 2 1.5 3 1.9 5 0.5

so_r,D-.rra so. 3 1.3 3 0.3
Cann7lo,liscus noricus

_
1 0.5 1 0.6 2 0.2

Cococnois nlacontula 1 0.4 1 0.6 2 0.2
Pc3varf,hra cur77.+1,ora 1 0.8 t 1 0.1
Clostorit1-...1 sp. 1 0.4 1 0.1
rv,pr, i , i : ,  r.,,I. .... 1 0.5 1 0.1

Icm!r1 tur73da 1 0.5 1 0.1
La,:l 1 .  ra,:io5a 1 0.5 1 C.1
11-1):1 olo-lrs 1 0.6 1 0.1

Frw;t211ft nil. • 1 0.6 1 0.1
A l f . i n i n n n  (?) 51:4 1 0.6 1 0.1

TOTAL 128 230 210 130 210 151 1066

TABLE 17

SPECEES COUNTS (N) AND PERCENTAGE ABUNDANCES OF INDIVIDUALS COUNTED.IN VERTICAL PLANKTON HAULS FROM LAMLSE
LAKE

The last column on the right represents total  counts and percentages for  a l l  6 samples



I

Zooplankton 230 45.5 228 74.5 293 57.8 252 41.4 220 43.6 284 37.4 234 32.8 146 18.6

Phytoplankton 276 54.5 78 25.5 214 42.2 357 58.6 285 56.4 475 62.6 480 • 67 .2 638 81.4

TOTAL 506 306 507 609 505 759 714 784

= IV I - - - - I

TABLE 18

SUMMARY OF PHYTOPLANKTON AND ZOOFLANKTON COLLECTIONS
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Hor izonta l  Hauls

1-2 2 - 3  3 - 4  4 - 5  5 - 6  5 - 7  7 - 8  8 - L R
A N  Ae %  %  e % %  %

N T o t a l  N  T o t a l  N  T o t a l  N  T o t a l  N  T o t a l  N  T o t a l  N  T o t a l  N  T o t a l

Sta t ion

Ve r t i c a l  Hauls

1 2  3  4  5  a  y yaA
N T o t a l  N  T o t a l  N  '  , T o t a l  N  T o t a l  N  T o t a l  N  T o t a l

Zooplankton 1 1 0  8 5 . 9  1 3 5  5 8 . 7  1 2 6  6 0 . 0  7 4  5 6 . 9  6 9  3 2 . 9  5 0  3 1 . 6

Ph:rtoplankton 1 8  1 4 . 1  9 5  4 1 . 3  4 3 4  4 0 . 0  5 6  4 3 . 1  1 4 1  6 7 . 1  1 0 3  6 8 . 4
—  0

TOTAL 1 2 8  2 3 0  2 1 0  1 3 0  2 1 0  1 5 8
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6. BACTERIOLOGICAL ANALYSIS OF LAKELSE LAKE

Pre l im inary  sampl ing sequences i n  1973 i n d i c a t e d  an a rea  o f  s i g n i f i c a n t l y

elevated b a c t e r i a l  popu la t i ons  i n  t h e  v i c i n i t y  o f  t h e  h o t s p r i n g  cana l .  I n

1974 however, f o l l o w i n g  t h e  completed i n s t a l l a t i o n  o f  a  submerged o u t f a l l

l i n e  i n t o  t h e  l a k e ,  e l e v a t e d  va lues  i n  t h i s  a rea  dropped s u b s t a n t i a l l y,  t o  t h e

extent  t h a t  concen t ra t i ons  th roughou t  t h e  l a k e  were un i f o rm .  A l l  samples

co l l ec ted  i n  1974 were w e l l  be low t h e  l o g a r i t h m i c  average o f  240 MPN (100  m1)-1

and as such  a r e  cons idered  t o  pose no  h e a l t h  hazard.

7. TROPHIC LEVEL

H i s t o r i c a l l y  Lake lse Lake has been c l a s s i f i e d  a s  e u t r o p h i c ,  p r i m a r i l y  on t h e

basis o f  p h y s i c a l  f e a t u r e s  such as  mean depth  and d i s s o l v e d  oxygen concen t ra t i on .

While i t  i s  w e l l  e s tab l i shed  t h a t  many l akes  w i t h  mean depths l e s s  t h a n  10

meters a r e  r i c h  i n  n u t r i e n t s ,  a n d  cha rac te r i zed  b y  h i g h  p r o d u c t i v i t y  l e v e l s ,

(Rawson, 1 9 5 5 ) ,  Lake l se  Lake does n o t  f o l l o w  t h i s  c l a s s i c a l  p a t t e r n .  I n  a c t u a l

f a c t  n u t r i e n t  l e v e l s  i n  t h i s  system a re  v e r y  l o w,  g e n e r a l l y  w i t h i n  t h e  range

of  va lues  n o r m a l l y  encountered w i t h i n  an  o l i g o t r o p h i c  l a k e .  R e f e r e n c e  t o  Tab le

19 shows t h e  comparat ive t r o p h i c  l e v e l s  and water  q u a l i t y  o f  a  number o f  rakes  i n

B r i t i s h  Columbia, F r o m  t h e  c r i t e r i a  o f  t o t a l  phosphorus, t o t a l  n i t r o g e n ,  o r g a n i c

carbon, i n o r g a n i c  carbon and c h l o r o p h y l l  " a " ,  Lake l se  Lake i s  unden iab ly  a t  a  l o w

l e v e l  o f  p r o d u c t i v i t y .  W h i l e  t h e  l a k e  i s  r e l a t i v e l y  sha l l ow,  a n d  s u b j e c t  t o

considerable enr ichment ,  t h e  v e r y  h i g h  f l u s h i n g  r a t e  appears t o  be e f f e c t i v e l y

prevent ing an  excess ive  accumulat ion o f  n u t r i e n t s .  A s  such,  i t  i s  i n c o r r e c t  t o

catagor ize Lake lse  Lake as  e u t r o p h i c .
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8. SUMMARY

Lakelse Lake i s  a  r e l a t i v e l y  s h a l l o w  (mean depth  7 . 9  me te rs ) ,  warm temperature

lake .  T h e  l a k e  suppor ts  s i g n i f i c a n t  sa lmono id  popu la t i ons ,  p r o v i d i n g  bo th

r e c r e a t i o n a l  and commercial  f i s h e r y .  E x t e n s i v e  r e c r e a t i o n a l  a c t i v i t y  i s

augmented b y  s u b s t a n t i a l  r e s i d e n t i a l  development. T h e r m a l  s t r a t i f i c a t i o n

i s  p o o r l y  de f i ned  t h r o u g h t o u t  t h e  summer months, due  p r i m a r i l y  t o  s t r o n g

p r e v a i l i n g  wind a c t i o n .  O v e r a l l  n u t r i e n t  concen t ra t i ons  a r e  v e r y  l o w,  be low

l e v e l s  n o r m a l l y  cons idered p o t e n t i a l l y  dangerous. R e l a t i v e l y  s h o r t  wa te r

r e t e n t i o n  ( f l u s h i n g  r a t e  6  t imes  y e a r l y )  appears t o  be e f f e c t i v e l y  p reven t ing

extensive n u t r i e n t  b u i l d u p .  N u t r i e n t  l e v e l s  i n  t h i s  s t u d y  a re  s l i g h t l y

lower t h a n  an  e a r l i e r  Federa l  S tudy,  r e f l e c t i n g  i n  p a r t  t h e  d i f f e r e n c e s  i n

sampling l o c a t i o n s .  T o t a l  n i t r o g e n ,  t o t a l  phosphorus, t o t a l  o rgan i c  carbon

and t o t a l  i n o r g a n i c  carbon l e v e l s  were w i t h i n  t h e  range o f  va lues  c u s t o m a r i l y

associated w i t h  an  o l i g o t r o p h i c  l a k e .  Ex tens i ve  sampl ing f o r  c h l o r o p h y l l  " a "

revealed t h a t  a l gae  popu la t i ons  were p resen t  i n  l o w  numbers. L i m i t e d  p lank ton

sampling i n d i c a t e d  s i m i l a r l y  l o w  l e v e l s .  I t  i s  suspected t h a t  o v e r a l l  product—

i v i t y  i s  l o w.

D.H.G. Ab leson ,
REGIONAL BIOLOGIST.
P o l l u t i o n  C o n t r o l  Branch,
North Region

A p r i l  30 ,  1976



TIE=1 7 I :=J t a r l  11:2]  t 7 1

Color (Tac )
Color (True )
Suspended So l i ds
Dissolved So l i ds

13.
16.

9.
30.

Spec i f i c  Conductance 4-9., 51.
A l k a l i n i t y  ( To t a l ) 20.:4_ 20.1
Eardness ( To t a l 19:7 18.8
Tu r b i d i t y 10. 6.6
pH 7.1 -  7 . 6 6.6 -  7 .6
To ta l  Phosphorus .016 .035 .03 .25  . 0 1
Ortho Phsophorus Z. . 0 0 3 .009
To ta l  N i t rogen .14 .40 .21 .49 .13
CrEanic n t r c e e n .07 .30
Anmonia Ni t rogen .01 .10
N0,21::02 Ni t rogen .03 4.02
OrEanic Carbon 4. 8.2 8.9 11.7 7.5
Inorganic Carbon 4. 5.2 -• 23.6 30.4 34 .
Average Ch lo rophy l l  " a " 2 . 4 1 i g l - 1 5, 50. 2.5

k

TAPLF 19

COMPARISON OF WATER CHEMISTRY OF VARIOUS BRITISH COLUMBIA LAKES

Wood(2)E I T y n ( 1 )  K a l k u n e l k a ( 2 )Okanagan(2)Lakelsei Lake
Lake
1970 -  71 L a k e1970 -  71 L a k e1970 -  71

Eutrophic O l i g o t r o p h i c  E u t r o p h i c  O l i g o t r o p h i c

(1) Buchanan,  e t  a l ,  1974.
(2) H o r t h c o t e ,  e t  a l ,  1974.
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LA M :  u m  'ATM QUALITY T1 M U L T 3
•

Site Nta::er 0 4 0 0 3 0 5

Station #1 S u r f a c e

Amon3a lf2a/NO3
Hitrogen n i t r o -

gcn

•

0r7anic Tota l
X i t ro-  K j e l -
gsn c l : J i l

:Z.tro-
-er.

Total D i s s -
n i t ro -  olved
_ten P h e a -

pLc.r-
, s

Total
Faun-
pair-
us

DiS3...
caved
0;:yzen

•

Turbid-
i t 7

a t i n -
stion
Depth

 pH Dias-
olvcd
Solda

Suspcnded
'Solids

uses a m s  D e p t h
Y H D E F (m 1-1) (m1-1) (M1-1) ("1.11-1) (rT1-1) (E1'1-1) ( r111) (J U) ( f t . ) . (nv.-1 -1) -1)

73 0 7  0 9  1 2 0 0  0
73 0 7  1 2  1 1 3 0  0
73 0 7  1 3  1 2 1 5  0
74 0 5  0 8  0 8 1 5  0
74 0 6  1 9  1 0 0 0  0
74 0 7  1 6  1 0 5 0  0
74 0 8  2 0  1 0 3 0  0
74 1 1  2 0  1 0 0 0  0
74 1 2  1 0  1 0 5 0  0

.01
(...005

.013
<.005

.024

.02

.04

.02
<.02
.<..02

.03

.09
<.01

.08

.04
.
.13

.03

.10*
<.01

.09

.04

.15

.05

.14

.02

.09

.04

.18

.006

.011

.004
<.003
<.003

<:.063

.006

.011

.004

.006

.007

.022

.018

9.7

10.0
1.0

11.
1.8

13.

5.

10.

7.4

7.5
7.4
7.4
7.5

7.1

42.
32.*
38.*
36.

' 4 4 . *

1.
2.
2.
9.
6.

Site Luncer 0 4 0 0 3 0 6

Station #1 B o t t o m

.01

.005
<:.005

.005

.022

.02

.05

.03
< . 0 2
< . 0 2

.03

.06
<:.01
< . 0 1

.14

.32

.07

.07*
< .01
<:.01

.14

_.3.4._

.09

.12

.04
<.01

.14

.37

.<.003
<.003

<.003

.006

.008.

.015

.006

.007

.023

.108

9.5

10.7
9.8

3.5

12.
32.

7.2

7.3
7.2
7.2
7.4

7.1

36.
32.*
39.*
36.
44.*

8.
2.
3.
9.

88.

Date T i m e  D e p t h
Y M D  H M '  ( f t . )
73 0 7  0 9  1 2 1 5  1 6
73 0 7  1 3  1 2 2 0  1 0
74 0 5  0 8  0 8 2 0  1 3
74 0 6  1 9  1 0 0 0  1 6
74 0 7  1 6  1 0 5 5  1 6
74 0 8  2 0  1 0 3 0  1 7
74 1 1  2 0  1 0 0 5  1 0
74 1 2  1 0  1 0 5 5  1 8

*  Calculated Value
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f-IUD 7111-1
P.SbULTS

t I t=
3-4.1.:;2.11)"; Q U A L I T Y  TEST 4

•

Site rumba: 0 4 0 0 3 0 5

Station #1 S u r f a c e

Co:or
(Tac)

Color
(True) Conductance

Total
51ka l iu ty

Total
lavdriss

Organic •
Carbon

Inorganic
CarLon'

Chlor t lhy l l
na1

Temperature

Date
N r  D (umho om-1) Sr l - 1 ) (rz Z-1) (r:,1--) (°C)
73 0 7  0 9  1 2 0 0  0 2. 15.5
74 0 5  0 3  0 2 1 5  0 5. 7.
74 0 5  0 9  1 0 0 0  9 2.4 (M)
74 0 6  1 9  1 0 0 0  0 11. 58. 22.5 3. 41. 2.1 (N) 10.
74 0 6  1 9  1 0 0 0  1 6 2.1 (M)
74 0 7  1 6  1 0 5 0  0 9. 10. 49. 19.5 18.9 3. 3.
74 0 7  1 8  1 1 3 5  0 2.7 Oa
74 0 7  1 3  1 1 3 5  1 5 2.6 (14)
74 0 8  c 6  1 0 2 0  0 2.4 (n)
74 o a  2 o  1 0 3 0  0 3. 5. 50. 19.7 19.3 1. 5.
74 0 8  2 1  0 9 1 5  0 3.6 (M)
74 0 8  2 1  0 9 1 5  9 2.0 (M)
74 1 1  2 0  1 0 0 0  0 15. 20. 48. 19.2 5. T.74 1 2  1 0  1 0 5 0  0 20. 20. 56. 1.0 20.2 4. 5.

Site Number 0 4 0 0 3 0 6

Station #1 B o t t o m
Date T i n e  D e p t h

Y 1 :  D  1 :  :!  -  ( f t . )
73 0 7  0 9  1 2 1 5  1 6 2. 15.
73 0 7  1 3  1 2 2 0 1 0 14.74 0 5  0 8  0 8 2 0  1 3 2. 6.574 0 6  1 9  1 0 0 0  1 6 3.5 48. 3. 3. 10.74 0 7  1 6  1 0 5 5  1 6 15. 46. 18.5 18.3 4 1 . 4.
74 0 8  .20 1 0 3 0  1 7 10. 50. 19.7 19.0 1. 5.
74 1 1  2 0  1 0 0 5  1 0 12. 20. 48. 19.2 5. 5.74 1 2  1 0  1 0 5 5  1 8 32. 20. 56. 21.0 20.2 12.. 5.
*  A l l  chlorophyll "a"  values entered on Pol lut ion Control Branch data base under surface s i t e  iden t i f i ca t ion  number



M O '  N M I  W E I  M B  M S  I B M  M r  Immir

•
: a l u m  LAM JA i t  ZZALITY 17.37 IceinTS

Cita Nus:oor 0 4 0 0 3 0 7

Station #2 S u r f a c e

Auvain r o 2 / 3  O r a n i t  7'atal T o t a l  D i n s -  TD...:11 : A n  i u r L i c -
ritrocnn t i t r o -  t : : . : . . . - * 1 1 -  N i t r o -  caved Pico. -  o l : e d  i t y

.:-on g t n  d , 1 . ! , 1  F u : - .  r h o s -  pi.c,r-  I m n e n
i..;.'rr- p h c o : . -  u s
-en L S

Zxtin-
ClAon
Depth

nu D i S 3 -
olvod
S o l i s

Susp(!ndo.:
Solids

Dtte f i r s  D c p Z . h .
y ! !  D  • •  .• ( f t . ) (:41-1) (sm:1-1) (nii1-1) (mg]-1) (mg1-1) (7rC11) (lm;:-1)  (rZ1-1) UTU) ( r t . ) (14:1-1)
'73 0 7  0 9  1 3 0 0  0 .02 . 0 2  . 0 4  . 0 0 5 7.3
73 0 7  1 2  1 2 0 0  0 13.
73 0 7  1 3  1 3 2 5  0 9.8
74 0 5  0 8  0 3 2 5  0 4.005 . 0 5  - 4 9 -  . 0 9  - . C O I ' 7. - . - 7 . 4
74 0 6  1 9  1 0 1 0  0 .4: .005 . 0 2  . 0 1  . 0 1  . 0 1 4 - - - - - - - - -  .004 - 1 . 0 7.5 42. .< 1.
74 0 7  1 6  1 1 1 0  0 4.005 4 . . 0 2 *  . 0 5  . 0 5  . 0 5  - 4 . 0 0 3  . 0 0 5  1 0 . 1 12. 7.4 31.* 1.
74 0 8  2 0  1 2 3 0  0 4:..005 4 . 0 2 *  . 3 0  . 3 0  . 3 0  4 : . 0 0 3  . 0 0 4 7.4 36.* 1.
74 1 1  2 0  1 0 1 0  0 .023 1 2 . 38. 9.
74 1 2  1 0  1 1 1 0  0 .028 . 0 3  . 1 1  . 1 4  . 1 7  < 4 0 3  . 0 1 8  7 . 4 7.2 41.* 5.

Site rumber 0 4 0 0 3 0 8

Station #2 In te rmed ia te

Date T i m e  D e p t h
Y M  D  ! I  : :  ( f t . )
73 0 7  0 9  1 3 2 0  3 3 .02 . 0 3  . 0 5  . Q 0 5 7.374 05 08 0335 3 o 4 . 0 1  . 0 5  . 1 2  . 1 2 *  . 1 7  . 0 0 8 7.5
74 0 6  1 9  1 0 1 0  2 5 .< .005 . 0 3  4 . 0 1  4 . 0 1  A O  . 0 0 7  1 0 . 5 7.3 40. 1.74 0 7  1 6  111 5 -  2 6 <  .005 4 . 0 2 *  < . 0 1  4  .01 . 4 . 0 1  4  .003 . 0 0 5  9 . 9 7.4 31.* 1.74 0 8  2 0  1 2 3 0  3 0 4;..005 < . 0 2 *  . 0 3  . 0 3  . 0 3  < . 0 0 3  . 0 0 5 7.4 37.* 1.
74 1 1  2 0  1 0 2 0  2 5 .022 36. 9.74 1 2  1 0  1 1 1 5  1 5 .019 . 0 4  . 0 4  . 0 6  . 1 0  < ; . 0 0 3  . 0 1 7 7.2 41.* 5.

*  Calculated Value
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LAKELSL LAJ0 VATEn, QUALITY TLZT IMULT3 •

Site 11cmber

Station #2

0400307 '

Surface

Color
(Tac)

Color
(True)

Specific
Conductance

Total.
A lka l in i ty

Total
Kardliess

Organic
Carbon

Inorganic
Carbon'

ienncrature

Cam;lim:;

Dace T:rc L c p t h
Y M  C H F. ( f t . ) (umho m-1) (mg11) (1114=1/ (!'.:;1-1) (11 r r l ) ( c 0

I 73 0 7  0 9 1300 0
___L _2±_

2. 14.
74 0 5  OS 0825 0 . 3. 7.
74 0 5  0 9 1100 3 6 3.2 (N)
74 0 5  0 9 1610 C ) 3.0 CO

/ 74 0 6  1 9
74 0 6  1 9

1010 0
1010 4 9

12. 58. • 22.5 4. 3. 2.1 (10
' 2 .2  (M)

12.5

74 0 7  1 6 1110 0 6. 15. 47. 18.5 18.3 2. 3.
74 0 7  1 8 1205 0  2 . 7  (N)

..1 74 0 7  1 8 1205 3 2 2.1 (M)
74 0 8  0 6 1030 0 2.1
74 0 8  2 0 1230 0 3. 10. 48. 19.4 18.9 4:1 1. 6.
74 0 8  2 1 0930 0 • 2 .5  (M)
74 0 9  2 1 0930 3 0 2.2 (N)
74 1 1  2 0 1010 0 17. 20. 48. 19.2 7. 5.
74 1 2  1 0 1110 0 20. 20. 52. 20.5 19.9 5. 4.

Site Number 0400308

Station #3 Intermediate .

Date Time D e p t h
Y M D HI: ( f t . )
73 0 7  0 9 1320 3 3 2. 13.3
74 0 5  0 8 0835 3 0 2.
74 0 6  1 9 1010 2 5 12. 54. 3. 4. 11.0
74 0 7  1 6 1115 2 6 7. 15. 46. 18.5 18.3 2. 3.
74 0 8  2 0 1230 3 0 3. 10. 49. 19.3 18.9 Z._ 1. 6.
74 1 1  2 0 1020 2 5 17. 20. 48. 19.2 5. 5.
74 1 2  1 0 1115 1 5 20. 20. 51. 19.8 19.5 4. 4.

•



LAK72.83 LAXE WATER QUALITDTEST =SULTS
•

3i to Number 0 4 0 0 3 0 9

Station #2 B o t t o m

Ammonia FCV1103 C.:manic Tota l
Nitrorer N i t ro -  V i t r o -  N j e l -

Den ; ; e n  d a h l

iv n

Total D i s s -
Ni t ro-  olved
son i p r o

phor-
LS

'Dotal
Phoa-
p!,or-
us .

Disc-
olved
Oxycr

Turbid- = I n t -
i t y

Depth

pH

.ime
y D  W  V

Depth
(f.:..) (mgl-1) ( m 11 )  (m1-1) (m1-1) (m1-1) (wzl-1) (m1-1) (w,71-1)(JTu) ( f t . ) .

73 0 7  0 9  1 2 0 0 76 .03* .02 .05 .005 7.2
74 0 5  0 8  1 2 4 5 65 .4.01 .05 .16 .16* .21 .009 9.6 7.5
74 0 6  1 9  1 0 1 0 49 <.005 .02 .03 .03 .05 .011 10.8 3.2

77.14i74 0 7  1 6  *1120 49 4.005 4 .02* .01 .01 .01 <.003 .013 10.2
74. 08 2 0  1 2 3 0 65 <  .005 <.02* <  .01 < . 0 1 < . 0 1 <.003 .005- 7.4
74 1 1  2 0  1 0 3 0 55 .219 86.
74 1 2  1 0  11 0 5 30 .023 .03 .. ...,..8 .20 .23 <.003 .096 32. 7.2

I•
•

*  Calculated Value

SI-vended
olvrd S t a i f i c

(.31:1 -) 1 - 1 )

38.* 6 .
7.

34.* 2 .
36. 1 6 2 .
43.* 6 7 .



LAE:LSE LAM WALITY PAST ICSULTS •

Site Number

Station #2

0400309

Bottom •

Color
(Tac)

Color
(True)

Specific
Corductance

Total
Al lml in i ty

Total
hardness

Organic
Carbon

Inorganic .
Carbon.

Chlorophyll
"a" •

Temperature.

Cat(' Tiro Den :r
!,f :! ( : t . ) (u7d7o Cif )1 Sr;-1 ( i i i  1-3) ( / ' r - - - . ) ( 0 r )

73 07 09 1200 76 2. 12.1
74
74

05
06

OS
19

1245
1010

65
49 12. 55.

4.
3. 3. 11.

74 07 16 1120 49 8. 15. 46. 19.0 18.3 2. 3 . -
74,
74

08
11

20
20

1230
1030

65
55

2.
17.

10.
20.

49.
48.

19.1 18.9
19.2

<r_ 1.
10.

6.
5.

74 12 10 1105 30 20. 20._ 51. 20.5 20.1 8. 4.



1117r 1 E 1 '   I F E 3 -

6

Site Humber. 0 4 0 0 3 1 0

Station #3 S u r f a c e

Ammonia _70 /X
Nitrogen N i t ro -

gen

Organic Tota l
Ni t ro-  K j e l -
gen B a h l

Nitro-
z n

Total D i s s -
Nit ro- olved
gen P h o s -

pt .r-
us

Totol
Phos-
phor-
uc

D133 . •
olved
Oxygen.

TurLid-
i t y

a t i n -
etion
Depth

p4
olved •
Sol'ds

Sunpended
Solids

Dep,.h
y N  ( f t . ) (m011) (i.,1-1) (rr.1-1) (ma  -1) (m 1-1) (.=1-1) (mgt-1) (m.31-1) (Jiu) (a.) (n .4:i -1) (mr,1-1)
73 0 7  0 9  1 5 3 0  0 .02 .05 .07 .006 10.4 13. 7.4
74 0 5  0 8  0 9 0 0  0 4 . 0 1 .05 .07 .07* .12 .008 7. 7.4
74 0 6  1 9  1 0 4 5  0 < .005 .02 4(.01 < .01 .02 .003 0.9 7.4 42. 1.
74 0 7  1 6  11 3 0  0 <.005 .02* .09 .09 .11 4.003 .003 10.1 10. 7.3 31.* 1.
74 OS 2 0  1 3 2 0  0 4 .005 < .02* .04 .04 .04 4(.003 .005 7.4 35.* 1.
74 1 1  2 0  1 0 3 5  0
74 1 2  1 0  11 3 5  0 .021 .03 .11 .13 .16 <.003

.023

.018
11.
7.6 7.3

36.
44.*

9.
4.

Site Number 0 4 0 0 3 1 1

Station #3 I n t e r m e d i a t e

Date T i m e  D e p t h
Y M D  H M  ( f t . )
73 0 7  C9  1 5 3 0  1 6 .03 .04 .07 .005 7.3 '
73 0 7  1 3  1 4 3 5  1 6 • 10.2
74 0 5  0 3  0 9 1 5  2 5 . . 0 0 5 .05 .11 .11* .1¢ .007 7.5
74 0 6  1 9  1 0 2 5  2 9 < .01 .01 .02 .005
74 0 6  1 9  1 0 4 5  1 7 %;.005 .02 10.9 1.0 7.4 40. 1.
74 0 7  1 6  11 3 5  1 8 <.0O5 .02* .07 .07 .09 <.003 .004 9.9 7.4 37.* 1.
74 0 8  2 0  1 3 2 0  2 5 4.005 <.025 .05 .05 .05 {.003 .004 7.4 37.* 1.
74 1 1  2 0  1 0 4 0  1 5 .022 11. 36. 9.
74 1 2  1 0  11 4 5  1 0 .021 .03 .02 .04 .07 <.003 .018 7.9 7.3 46.* 4.

*  Calculated Value

11 J i t )  I M  1 1 _ _ J

1„..21.1.1E LAIC; WATER QUALITY Tmr  hkSULTS



•

la!: O T : e  D e ' . . n
1 Y  D  H  % ( f t . ) (.A:11,o m i l l (""1 1) (m71-1) S112.:) -1; (A , - 1 ) 1 C
73 0 7  0 9  1 5 3 0  0 2. 14.
74 0 5  0 8  0 9 0 0  0 2.
74 0 5  0 9  1 5 4 5  0 2.9 (M)
74 0 5  0 9  1 5 5 0  0 3.1 (N) 7.
74 0 6  1 9  1 0 2 5  2 9 1.9 (M)
74 0 6  1 9  1 0 4 5  0 11. 59. 22.5 4. . 2.0 (N) 12.
74 0 6  1 9  1 0 4 5  1 8 2.0
74 0 7  1 6  1 1 3 0  0 7. 10 47. 19.0 18.5 . .  1. .
74 0 7  1 8  1 2 1 5  0 2.1 (N)
74 0 7  1 8  1 2 1 5  ' 3 2 2.6 (x )
74 0 3  0 6  1 0 4 0  0 2.2
74 C8  2 0  1 3 2 0  0 2. 10. 49. 18.9 18.8 1.

.

74 0 8  2 1  0 9 2 5  0 2.3 04)
74 C3  2 1  0 9 2 5  2 1 2.4
74 1 1  2 0  1 0 3 5  0 15. 30. 48. 19.4 5. 5.
74 1 2  1 0  11 3 5  0 18. 20. 53. 21.2 20.6 4.

Site humper 0 4 0 0 3 11

Station #3 In te rmed ia te '

Date T i m e  D e p t h
Y M  D  H  M ( f t . )
73 0 7  0 9  1 5 3 0  1 6 2. 14.
74 0 5  0 8  0 9 1 5  2 5 3.
74 0 6  1 9  1 0 4 5  1 7 13. 15. 56. 22.1 4. 3. 11.5
74 0 7  1 6  11 3 5  1 8 5. 10.

-
47. 18.5 18.3 2. 3.

74 0.3 2 0  1 3 2 0  2 5 2. 30. 49. 19.0 19.4 4 1 . 6. 5.
74 1 1  2 0  1 0 4 0  1 5 18. 15. 48. 19.2 5.
74 1 2  1 0  11 4 5  1 0 17. 53. 21.0 20.6 4. 4.

r

LariLSE 1.Ai AT E R  Cl lgarY T, T = U LT S •

Site Vumber 0 4 0 0 3 1 0  C o l o r  C o l o r  S p e c i f i c  T u t a l  T o t a l  O r g a n i c  i n o r , 7 a n i c  Ch lo ropL : ;11  'ias%perature
(Tac) ( T r u e )  C o n d u c t a n c e  A l k a l i n i t y  l i a r d n e s c  C a r b o n  C a r b o r r

Station #3 S u r f a c e



16 I

73 07 0 9  1 6 0 0 33 .01 .04 .06 .005 7.3
73 07 1 3  1 4 4 0 30 9.8
74 05 0 8  0 9 3 0 45 4.01 .04 .07 .04* .41 .022 7.4
74 06 1 9  1 0 4 5 29 ./..005 .03 4 .01 4 . 0 1 .03 .005 10.8 1.3 7.4 40. 1.
74 07 1 6  1 1 4 0 29 .0.005 .03* .05 .05 .08 4.003 .005 10.2 7.2 38.* 2.
74 08 2 0  1 3 2 0 50 4.005 4 .02* 4 . 0 1 4 . 0 1 ..e..01 4.003 .005 7.4 36.* 2.
74 11 2 0  1 0 5 0 30 .024 .03 - .022 12. 38. 9.
74 12 1 0  1 1 4 0 21 .10 .12 .15. 4.003 .069 26. 7.3 • 42.* 46.

•
• • •
;

* Calculated Value

I 6

LAILI11.SZ 14:"Z1. Q U A L r r Y  W . C t ' L T S
S

i S i t e  Hurler 0 4 0 0 3 1 2  A m m o n i a  NO2/M3 Organic Tota l  T o t a l  D i s c ,  To t a l  D i n o -  T u r b i d -  a t i n -  p H  D i c e -  S u s v i n d e d
Nitrogen N i t ro -  E i t r o -  K,;e1- n i t r o -  Uved PhOs- o l ' ; e d .  i t y  c t i o n  o l v c d  : o l d s

Station 1{3 , B o t t o m  g e n  , - . . c n  d a h l  n n  P h Q 3 -  p l . o r -  O n y i x n  D e p t h  S o l l ' I s
a t r o - .  p h o r -  a z
Len - . .

Date a l m a  v e p . r .
Y N D E L  ( f t . )  ( m g 1 - 1 )  (mg1-1) (mn1-1) (mg11) (mgl-1) (f t :1-1) (mg1- )  (^+.1 1) (JTO)  ( f t . ) .  ( p n 1 - 1 )  ( r  51-1)

II
2.



Ct•

LiZaSE LAIC' WAT'.2. QUIJTY I  EZT 7.2.SULT.3 •

Site Number

Station #3

0400312

Bottom

Color
(Tic)

Color
(True)

Speciric
• C o n d a n c e

Total
Alka l in i ty

Total
Hardness

Organic
Carbon

inorganic C h l o r o p h y l l
Carbon I r e

Temperat•are

v
DatQ
M C

Tine
:! %

T:epth
(7t.) ( z -ho am 1) 1 - i l - L ) i'• r71-1) ( 1 - 1 )

,-1)

73 07 0 9 1600 33 • 2. 14.
74 05 0 8 0930 45 9.
74 06 1 9 1045 29 12. 52. .20.5 3. 3. 11.
74 07 1 6 1140 29 6. 10. 47. 19.0 18.5 2.
74
74

08 2 0
11 2 0

1320
1050

50
30

2. .
12.

10.
30.

48.
48.

19.1 19.2
19.4

1.
5.

3.
S.

74 12 1 0 1140 21 26. 20. 52. 21.2 20.6 12. 4 -



$

LAKET.1.1E 1,=ITLTS
• .

• 1.

S i te  IN'...r.Ler 0 4 0 0 3 1 3

Sta t ion  #4 S u r f a c e

ksoonia ? ! 0  /:?03
Vi t r o ren  N i t r o -

Organic To t a l  T o t a l  D i s s -
X i t r n - N i t r o -  olve0.
gen d q h 1  g e n  ? h o s -

L i t 7 0 - p ' n o r -
v.s

ToLal
Phos-
ph.. -
1;s

Turb id -
olved i t y
Oceisw.

E x t i n -
c t i on
Depth

pH Dins-
olved
Sol ids

Suspended
SUida

D.,..e T i n a  D e p t h
y  M  D  i i  F. ' , . . . . . 1 (mg1-1) (n1:1-1) (nC1-1) ( w 1 - 1 )  (mg1-1) (+'4;1 1 ) (mz1-1) (4TU) ( f t . )

1)
73 0 7  1 1  1 3 5 0  0 .02 4  .01 . 0 2 .006 10.6 13. 7.4
74 0 5  0 8  0 9 4 0  0 .< .01 .04 .06 .06* . 1 0 .007 6.5 7.4
74 0 6  1 9  1 1 1 5  0 .005 .02 .04 .05 . 0 7 .004 10.3 0 . 9 7.5 40. 1.
74 0 7  1 6  1 2 0 0  0 < . 0 0 5 .02* ( . 0 1 ..4.01 . 0 2  <  .003 .003 11. 7.4 37 . * 1.
74 0 8  2 1  0 9 4 5  0 .005 .4.02* .06 .06 . 0 6  . 4 . 0 0 0 .005 7.4 3 3 . * 1.
74 1 1  2 0  1 1 0 0  0 .022 11. 36. 9.
74 1 2  1 0  1 1 5 0  0 .02 .03 .04 .06 . 0 9  . 4 . 0 0 3 .017 8.4 7.3 43. * 5.

S i te  Number 0 4 0 0 3 1 4

Stat ion R .  I n t e r m e d i a t e

Date T i m e  D e p t h
I M D  H Y  ( f t . )
73 0 7  1 1  1 3 4 0  1 0 .03 . t . 0 1  . 0 3 .007 7.5
74 0 5  0 8  1 0 0 0  1 8 Z . 0 1 .04 ' .07 .07* . 1 1 .007 7.6
74 0 6  1 9  1 1 1 5  1 5 .005 .02 .05 .06 . 0 6  . 0 8 .006 10.8 1 . 0 7.5 42. 1.
74 0 7  1 6  1 2 1 0  1 5 .4.005 .02* 4 . 0 1 .4 .01  -  . 0 2  . 4 . 0 0 3 .004 7.4 37 . * 1.
74 0 8  2 1  0 9 4 5  1 7 ' 1 - . 0 0 5 .4.02* .14 .14 . 1 4  . 4 . 0 0 3 .005 7.5 33 . * 1.
74 1 1  2 0  1 1 1 0  1 3 .022 11. 38.
74 1 2  1 0  1 2 0 0  8 .026 .03 .05 .08 . 1 1  < . 0 0 3 .017 8.2 7.3 42. * 4.

$

*  C a l c u l a t e d  Value



.*

TAKE QW.LITY TrzT m u m l •

S i te  Number 0 4 0 0 3 1 3

Stat ion #4 S u r f a c e

Color
(Tac)

Color
(True)

Sinai: Jo
Conductance

To ta l
A l k a l i n i t y

To t a l
Hardness

Organic
Carbon

Inorganic
Carb,r.

C l i lompHyl l re7*erature

Sa:%E.1Ln,s

Tinle D e p t ' s
E D  1 :  ( f t . ) (:mho nm71) (401) SZ,1,71-1)(nw1-1) UVr1-11

73 0 7  1 1  1 3 5 0  0 • 14.5
74 0 5  0 3  0 9 4 0  0 4. 7.
74 0 5  0 9  1 5 1 5  1 8 • 2.3 (M)
74 0 5  0 9  1 5 3 5  0 3.0 (N)
74 0 6  1 9  1 1 1 5  0 12. 57. 22.5 3. 2.2 (M) 13.5
74 0 6  1 9  1 1 1 5  1 5 4. 1.8 (M)
74 0 7  1 6  1 2 0 0  0 7. 15. 47. 18.5 18.5 2. 3 .
74 0 7  1 8  1 2 3 0  0 5. 19.3 19.1 4 1 . . 2 .3  (M)
74 0 7  1 8  1 2 3 0  1 4 2.1 (M)
74 0 8  c 6  1 0 5 5  o 3.7 (N)
74 0 8  2 1  0 9 4 5  0 5. 49. 5. 3.7 (M) 17.
74 0 8  2 1  0 9 4 5  1 8 ' 2 . 6
74 1 1  2 0 '  1100 0 19. 30. 48. 19.2 5. S.
74 1 2  1 0  1 1 5 0  0 19. 20. 52. 20.8 20.6 4. 4.

S i te  Number 0 4 0 0 3 1 4

Stat ion  #4 I n t e r m e d i a t e •
Date T i m e  D e p t h

Y M  D  H i s  ( f t . )
73 0 7  1 1  1 3 4 0  1 0 4. 14.
74 0 5  0 8  1 0 0 0  1 8 1.
74 0 6  1 9  1 1 1 5  1 5 12. 58. 22.5 4. 3. 13.
74 0 7  1 6  1 2 1 0  1 5 9. 10. 47. 18.5 18.5 2. 3:
74 0 8  2 1  0 9 4 5  1 7 6. 5. 49. 19.3 18.9 4 1 . 6. 17.
74 1 1  2 0  1 1 1 0  1 3 15. 20. 48. 19.2 4.
74 1 2  1 0  1 2 0 0  8 17. 20. 52. 21. 20.6 4. 4.

I  1  i t  )  k  I 1  1  1  L J I 1



112E1-  1 E =  1:=13 1::13 U

73 0 7 11 1330 15 .02 (.01 .02 • .007 7.4
73 0 7 13 1530 30 10.
74 0 5 08 1010 30 Z.005 .04 .08 .013* .12 .007 10.4 7.6
74. 0 6 19 1115 26 .005 .02 .05 .06 .08 .013 3.2 7.5 44. 5.
74 0 7 16 1220 26 4 . 0 0 5 .02* .05 .05 .07 Z.003 .005 7.4 33.* 1.
74 0 8 21 0940 33 Z.005 Z.02* .18 .18 .18 4!.003 .006 9.9 7.4 .32.* 2.
74 1 1 20 1115 25 - .022 11. 38. 7.
74 1 2 10 1155 15 .014 .03 .21 .22 .25 .4.003 .152 40. 7.3 45.* 105.

*  Calculated Value

LAKEISE LAKE WATER QUALITY TEST RESULTS
•

. Site Number 0 4 0 0 3 1 5  •  A v n o n t a  4'O2/N05 Organic Tota l  T o t a l  D i a s -  To t a l  D i e s -  T u r b i d -  E x t i n -  p H  D i s s -  SIET..onded
Nitrogen Ni t ro-  N i t r o -  X j e l -  n i t r o -  olvcd Phos-  o l v e d  i t ;  c t i o n  o l v e d  ' Z o l i d s

Station #4 B o t t o m  . . . . . .  g e n  d a h l  g e n  r h o s -  p h o r -  O x  _;en D * o t h  5 , . . l i d s
1 . ' ro - '  p : , o r -  u s
:,,n u s

Late T i n e  D e p t h
y r D i l m (mg1-1) ( v a - 1 )  (ne1-1)(nr1-1)   (mal-1) ( n 1 . 1 )  ( ; a r l )  (JTD) ( f t . )



r1.3-: 1.4riE t,:ATZR (t1.:AL7T7 TEST •

S i te  dumber

Sta t ion  #4

0400315

Bottom

Color
(Tax)

Color
(True)

Snec i f in
Conductance

To t a l
A l k a l i n i t y

To t a l
Hardness

Organic
Carbon

Inorganic
Cart:on-

Chlorophy l l
"a "

Temperature

7:ate *;:l:a Depth
Y D F ( f t . ) (mho oo-1) (n,„.1-1) (,271) (,U''1 1)
73 07 1 1 1330 15 4. 14.
74 05 0 8 1010 30
74 06 1 9 1115 26 13. 57. 22.5 4. 3. 13.
74 07 1 6 1220 26 7. 15. 47. 18.5 18.5 2. 3.
74 08 2 1 0940 33 9. 5. 48. 19.3 18.9 L. 1. 6. 17.
74 11 2 0 1115 25 16. 20. 48. 19.3 4. 5.
74 12 1 0 1155 15 18. 20. 52. 21.1 20.6 7. 4.



RED----1 1 - 1 =  -  1 E 1 7 I

6

Site Pm:ber 0 4 3 0 3 1 6

Station #5 S u r f a c e .

!amnia r0  /N05
Mitro7an n i t r o -

gen

Organic Total
Xi t ro-  K j e l -
gen - a h l

i . i r o -
1%al

Total D i e s -
U t r o -  caved
gen P h o c -

phor-
-s

Total
PhDs-
p:lor-
us

Dies-
olved
0:7gen

T...:rbid-
i t y

1;ktin-
ction
Depth

pH Dior,- Suar.onded
t l s  •  S o l i s

Date D u p t h
y r  D (mr1-1) (rr.1 -1) (1:::1-1) (=a371) (mZ1-3) (T311) (m::1:) (m71-1) (JW) (rt.)
73 0 7  1 1  1 4 0 0  0 .03 .05 .08 .006 10.2 13. 7.4
74 0 5  0 8  1 0 3 0  0 4 .005 .04 .09 .09* .13 .007 6.5 7.5
74 0 6  1 9  1 1 4 5  0 .007 .03 .02 .03 .06 .004 0.9 7.5 42. 1.
74 0 7  1 6  1 2 3 0  0
74 0 8  2 1  1 0 0 5  0

.( .005
4 .005

4.02*
4 .02*

.4.01
.12

4.01
.12

( . 0 1
.12

1.003
L.003

.004

.005
9.9 10. 7.4

7.4
35.*
35.*

1.
1.

74 1 1  2 0  1 1 2 0  0 . .022 11. 40. 7.
74 1 2  1 0  1 2 0 5  0 .02 .03 . _06 .08 .11 4.403 .017 8.3 7.3 18.* 6.

Site Number 0 4 0 0 3 1 7

Station #5 B o t t o m

Date T i m e  D e p t h
Y H  D  H M  ( r t . )
73 0 7  1 1  1 4 1 5  1 6 .02 .05 .07 .006 10.1 7.4 •
74 0 5  0 8  1 0 4 0  3 0 4 . 0 1 .04 .08 .08* .12 7.6
74 0 6  1 9  1 1 4 5  2 0 4.005 .02 4.01 4.01 .02 .004 11.! 1.0 7.4 38. 1.
74 0 7  1 6  1 2 3 5  2 1 4.005 1.02* 1.01 4.01 4.01 ...003 .004 9.5 7.4 33.* 1.
74 0 8  2 1  1 0 1 0  2 5 • 4.005 1.02* .18 .18 .18 ...003 .005 7.4 33.* 1.
74 11  2 0  11 2 5  1 5 .022 U. 40. 8.
74 1 2  1 0  1 2 1 0  1 0 .015 .03 .17 .18 .21 (.003 .071 24. 7.3 42.* 46.

*  Calculated Value

11:=1 1 =  I =  I E n  I L = 1

LANDLSE LANE WATILit. QW.LITY TE3T RLSULTS
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Site Number 0 4 0 0 3 1 6  •

Station /13 ' S u r f a c e

Color
(Tac)

Color
(True)

Specific
Conduc'ance

Total
A lka l in i ty

Total
Nardnees

Organic
Carbon

•

Inorganic
Carbon'

Chlorophyll
"a"

Temperatre

Sa.r.ltng

Date : J , n a  , e p - a
Y M D H M  ( f t . ) (urn - 1 ) (mT1-2) ( ) (P RI-1) (.70
73 0 7  1 1  1 4 0 0  0 4. 14.
74 0 5  0 8  1 0 3 0  1 0 7.
74 *05 0 9  1 4 4 0  1 5 2.9 CO
74 0 5  0 9  1 4 5 5  0 5. 2.2 (M)
74 0 6  1 9  11 4 5  0 12. 58. 22.5 3. 4. 2.2 (M) 13.
74 0 6  1 9  1 1 4 5  2 1 2.7 (N)
74 0 7  1 6  1 2 3 0  0 8. 15. 47. 18.5 18.5 3. 3.
74 0 7  1 8  1 2 5 5  0 2.6 (M)

*1
74 0 7  1 8  1 2 5 5  1 0
74 0 8  0 6  11 0 5  * 0

2.4 (M)
2.7 (X)

74 0 8  2 1  1 0 0 5  0 6. <5 . 48. 19.3 19.1 4. 1. 2.3 17.
74 0 8  2 1  1 0 1 0  1 2 2.9 (M)
74 1 1  2 0  1 1 2 0  0 18. 20. 49. 19.5 3. 4.5
74 1 2  1 0  1 2 0 5  0 18. 15. 52. 20.5 20.5 4. 4.

Site humoer 0 4 0 0 3 1 7

Station //5 B o t t o m

Date T i m e  D e p t h
Y M D B M  ( f t . )
73 0 7  1 1  1 4 1 5  1 6 4. 14.
74 C5  0 8  1 0 4 0  3 0 4  1.
74 0 6  1 9  11 4 5  2 0 12. 52. 20.3 3. 3. 8.5
74 0 7  1 6  1 2 3 5  2 1 8. 10. 47. 18.5 18.5 3. 3.
74 0 8  2 1  1 0 1 0  2 5 6. 5. 48. 19.3 18.9 4. 1. 17.
74 1 1  2 0  11 2 5  1 5 :18. , 20. 50. 20.2 4. 4.74 1 2  1 0  1 2 1 0  1 0 19. 20.' 53. 21.0 20.6 6. 4.

IAKELSS LAKE aT7a QUALITY 'MST !":LILTS •



LAKE1SE LAKE 'ATER QUALITY TEST RESULTS

73 0 7  1 1  1 3 4 5 0 .03 .39 .42 . .064 10.1 7.0
74 0 5  0 3  1 1 0 0 0 G. .01 .04 .15 .15* .19 .007 6.5 7.3
74 0 6  1 9  11 5 5 0 .4.005 .02 .27 .27 .29 .003 10.1 1.0 _ 7.5 42. 1.
74 0 7  1 6  1 3 1 0 0 4.005 4.02* .4.01 4.01 ...01 ...003 .004 10. 7.4 31.* 1.
74 C 3  2 1  1 0 4 5 0 4..005 4..02* .01 .01 .01 4.003 .005 7.4 33.* 1
74 1 1  2 0  11 3 0 0 .019 9.5 46. 8.
74 1 2  1 0  1 2 1 5 0 .03 .07 _ . 1 0 .13 .20 4%003 .014 4.5 7.0 49.* 3.

*  Calculated Value

Site r u b  er 0 4 0 0 3 1 8 .  k m c n i a  NO2./NO3 Organic Tota l  T o t a l  D i s s -  To t a l  D i s s -  T u r b i d -  E x t i n -  p H  D i s s -  Suspended
Nitrogen Ni t ro-  N i t r o -  K j e l -  U t r o -  olvcd ?nos-  o17.red i t y  c t i o n  o l v e d  , o : . _ , : s

Station #6 S u r f a c e  g e n  g e n  d a h l  - , , , ,  P h o s -  p h o r -  ( y g e n  D e p t h  S o l ' A s
L i t ro -  p h o r -  u s  .

US

Y

Tjne D e p t h
F N ( f t . ) -1) (rr(a.-1) (rar11-1) (r:71-1) (078) ( r t . )



-1E7J

Site Number

Station #6

0400318

Surface

Color
(Tao)

Cnlor
(True)

Zpec ific
Conductance

To
Alkal in i ty

aT a l
Knrdness

.

Organic
Carbon

Inorgare 1
Carbon'

Chloropl.:711
ea:, •

Temperature

Y
De.c
N 0

Ti:-:.
:! :

::cpt..h
( : • t . ) - 1- - - P l ' I n  nn- a (n17. ) k71.-'-') (av'1".2) (..1 1 1r i i  , .--: ) r :Jo

73 07 11 1345 0 7. 14.
74 05 08 1100 0 4. S.
74 05 09 1420 8 3.2 (M)
74 06 19 1155 0 12. 58. 22.3 4. 3. 2.0 14.
74 06 19 1155 11 2.0 (X)
74 07 16 1310 0 9. 10. 47. 18.5 18.5 3. 3. 2.4.(14)
74 07 18 1330 12 2.7 (M)
74 08 06 1200 0 2.3

.1 74 08 21 1045 *0 6. 5. 49. 19.3 18.9 5. 1. 2.4 16.
74 08 21 1045 9 2.8
74 11 20 1130 0 18. 30. 57. 19.6 4. 4..
74 12 10 1215 0 32. 40. 55. 16. 17.7 6. 4.

7 I -

LAKLLSN LAKE MATES QUALITv T. R E S C I a l

%.0



1

•

Site Eumbor 0 4 0 0 3 1 9

Station #7 .  Surface

Aamonia 2:02/NC3
Nitro en l a t r o -

zcn

Orcanic Tota l
Ni t ro- n j e l -
uen d r . 1 1 1

NItro-
m..rt

Total D i e s -
Nitro- olved
mn P h o s -

......or-
us

Total
Phos-
1)1:or-
us

D i 3 3 . -
olved
Oxygen.

.

Turbid-
i t y

Extin-
ction
Dcpth

pH Disc-
olvcd
Solids

&usy.,:.nded
So 14.:s

12me D e p t h
Y D  H  H ( f t . ) (m471-1) (mf:1-1) (mr,1-1) (m1-1) ( n  1 ) (m71-1) 01E11) (r;71-1) ( . w ) ( f t . . )  • ( m 11 ) (;._i-1)

73 0 7  1 1  1 1 1 5  0
74 0 5  C 8  1 1 1 0  0
74 0 6  1 9  1 2 1 0  0
74 0 7  1 6  1 2 5 5  0
74 0 8  2 1  1 0 3 0  0
74 1 1  2 0  11 3 5  0
74 1 2  1 0  1 2 2 0  0

4...01
...005
4.005
4.005

.029

.02

.05

.02

.02*
4.034

.03 -

.09

.29
4.01

.20

.07

•.02
.09*
.29

4.01
.20

.10

.04

.14

.31

.02

.20

.13

4.003
4  .003

4. .003

.007

.007

.004

.003

.005

.022

.016

10.0

10.9 1.0

11.
6.4

13.
6.5

9 4 .

7.4
7.5
7.5

- 7.5
7.4

7.2

50.
31.*
35.'
42.
43.*

1.
1.
1.
9.
3.

Site Number 0 4 0 0 3 2 0

Station #7 B o t t o m

.005
4  .005
4.005
'4,:...005

.017

.02

.05
4 .02
4.....0'
4 .02*

.C3

.07

.15
4.01

.04

.17

.03

.08

.15
4..01

.04

.19

.05

.13

.15
<.01

.04

.22

4 4 0 3
< 4 0 3

<.003

.006

.031

.005

.003

.006

.C22

.025

10.0

10.3. 0.8

11.
11.

7.5
7.4
7.5
7.4
7.4

7.3

48.
53.
34.
44.
53.

2.
1.
2.
8.

13.

Date T i m e  D e p t h
Y r D  m r  M A . _
73 0 7  1 1  1 1 3 0  1 0
74 0 5  0 8  1 1 1 5  1 5
74 C 6  1 9  1 2 1 0  1 0
74 C7  1 6  1 3 0 0  1 0
74 0 8  2 1  1 0 3 5  1 0
74 1 1  2 0  11 4 0  1 0
74 1 2  1 0  1 2 2 5  1 3

*  Calculated Value

 - - - - - k  1  - 1 l i f n  . 1 1 1

LAYMZE LAIC liarrat quaurr  T1CST P.L.'SULTS

•



-OA -1Ikt] 1 E = 1  1 I

Station #7 'Surface

LAKELSE LAKE WATT QUALITY TEST limums •

Site Number 0400319 C o l o r  •  Color. Spec i f i c  To t a l  T o t a l  Organic inorgans Chlorophyll Temperatum(Tac) ( T r u e )  Conductance Alkalinity hardness Carbon Carbon " D "  • Damiair=
Date l i m o  DepthY I !  D H  :1 ( f t . )  ( • , : n : 1 0  czjilj .....(2j±- SI071-1)   (n.g1) • (,-! 1-1)  (6.111) ( ° r )  .

73 07 11 1115 0  3 .  1 4 .74 C5 03 1110 0  3 .  8 .74 05 C9 1410 5  3 . 0  (M)74 06 19 1210 5  2 . 2  (N)
74. 0 6  1 9  1 2 1 0  0  1 2 .  6 6 .  4 .  4 .  1 4 .74 07 16 1255 0  9 .  4 6 .  1 8 . 5  1 8 . 0  3 .  3 .74 07 18 1320 0  2 . 4  (H)74 C8 CS 1145 0   2.4 (N)e1 7 4  OS 21 1030 0  5 .  4 9 .  1 9 . 3  1 9 . 1  4 .  1 .  1 5 .'I 7 4  08 21 10351 '  0 2 . 4  (M)74 11 20 1135 0  1 9 .  5 4 .  2 0 . 9  3 .  4 . 574 12 10 1220 0  2 8 .  5 5 .  .  21.0 2 1 . 1  5 .  4 .

Site '..%,mt.cr 0400320
Station #7 Bottom

Date Time Depth
Y M  D  H  U ( r t . )73 07 11 1130 1 0  4 .74 05 08 111.5 1 5  2 .
74 0 6  1 9  1 2 1 0  1 0  2 2 .  6 2 .  2 4 . 3  4 .  4 .74 07 16 1300 1 0  8 .  1 0 .  4 6 .  1 8 . 5  1 8 . 3  3 .  3 .74 08 21 1035 1 0  6 .  5 .  4 9 .  1 9 . 3  1 9 . 1  3 .  2 .74 11 20 1140 1 0  2 0 .  3 0 .  5 3 .  • 2 1 . 4 -  4 .74 12 10 1225 1 3  2 6 .  .  30. - 5 5 : - - - -  2 0 . 7  2 1 . 1  7 .

15.
14.
15.5.



- i u g   1 7 - 9  ir--1

73 0 7  11  1 2 3 0 0 .10 .01 .11 • .007 10.5 13.5 7.5
74 0 5  0 8  1 1 2 5 15 4 .01 .03 .10 .10 .13 .009
74 0 6  1 9  1 2 2 0 13 4 .005 .02 .10 .10 .12 .005 10.0 1.3 7.5
74 0 6  1 9  1 3 1 0 0 9.7
74 0 7  1 6  1 2 4 5 13 .4.005 (.02 .c.01 <.01 41,.01 .003 .004 9.5 7.6 46,* 2.
74 0 7  1 8  1 3 1 C 9 7.7 37. 1.
74 0 8  2 1  1 0 2 5 10 <.005 <.02 .19 .19 .19 .003 .006 7.5

•
41.* 1.

74 1 1  2 0  1 1 5 5 0 .020 11. 44. 7.
74 1 2  1 0  1 2 3 5 . 0 .015 .03 .12 .13 .16 K.003 .016 6.8 7.3 48.* 4.

*  Calculated Value

uns isz  LANE wgnatQUALIIY TEST RESULTS

Site Ember 0 4 0 0 3 2 1  •  Armonia ro2/N95 Orzanic Tota l  T o t a l  D i s s -  To t a l  D i s a -  T u r b i d -  a t i n -  p H  D I S 3  . S u s p e n d e d
Vitrogan L l t r o -  N i t r o -  KLIbl-  N i t r o -  olved Phos- c a v e d  i t y  s t i o n  o 1 7 v d  , . . , 1 , , 3

Station #8 A l l  Depths g c n  g e n  d A h l  g e n  P h o s -  p h o r -  ,.....,tven D o p t : 1  S c P d s
b i t r o -  p h o r -  u s  •
len u s

Usto J e m n
D ( m A 1 - 1 )  (L t :1-1)  (ng1-1) (r::,1-2) (^M l-1) (7(;71-1) (wC1-1) (mg171) ( jTU)  ( f t . ) t  . - l s I



i

Site. Number

Station #8

0400321

Surface

Color
(Tac)

Color
(True)

Specific
Conductance

Total
Alkal in i ty

Total
hardness

Orzauic
Carbon

Inorganic
Carbon

Chlorophyll
. " a "

Te=perature

cLar.pling

Date Ti -..e Depth
I  M  D ( f t . ) (umho c. 1 ) (i7471-1) (1117) 1) Cc).
73 0 7  1 1 1230 4 3. 14.2
74 0 5  C 8 1125 15 4. 9.
74 0 5  0 9 1140 10 ...- - 2.6 (N)
74 0 5  C 9 1340 0 3.3 0 0
74 0 6  1 9 1220 13 12. 69. 22.8 4. 3. 2.0 (10 14.
74 0 7  1 6 1245 13 10. 10. 55. 23.0 21.8 3.
74 0 7  1 8 1310 0 2.4 0 0
74 0 7  1 8 1310 9 • 2.7 (M)
74 CS 0 6 1130 0 2.9 (M)
74 CS 2 1 1025 0 2.6
74 C8  2 1 1025 10 7. 5. 59. 24.6 25.1 4. .2. 15.
74 1 1  2 0 1155 0 18. 30. 51. 20.1 4. 4.5
74 1 2  1 0 1235 0 22. 20. 55. 20.4 20.7 4. 4.

 1 - 1  1 1 = 1  U . 7 1 1

LAKZIS LANE DATER QUALITY TEST usulms •

•



74

July 9, 1973

S t a t i o n  #  2

Depth (me te rs ) Temperature ( ° C )

June 19, 1974

S t a t i o n  #  2

Depth (mete rs ) Temperat
1

2

14

A .

1

2

12.5

12.0

3 14 3 11.5

4 14 4 11.5

5 14 5 11.5

6 13.8 6 11.5

7 13.5 7 11.4

8 13.5 8 11.5

9 13.5 ' 9 11.4

10 13.3 10 11.4

11 13.5 11 11.3

12 13.5 12 11.2

13 13.5 13 11.2

14 13.3 14 11.1

15 12.9 15 11.0

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

24

LAKELSE LAKE TEMPERATURE PROFILES


