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SUMMARY 

A comprehensive, mu1 ti-discipl   inary 1 imnological  study  of Kam 1 oops 

Lake  was carried  out between May 1974  and May 1975 as  part  of a Federal- 

Provincial Task Force  examining the  extent  of  environmental.  degradation i n  

the Kamloops  Lake-Thompson River  watershed. From data on lake  temperature 

and turb id i ty ,  sediment distribution and geochemistry,  water  chemistry, nu-  

t r i e n t  loadings and microbial act ivi ty ,   the   current   t rophic   s ta tus  of the 

lake, i t s  future  pollution  sensit ivi , ty,  and i t s  indirect   effects  on the water . 

qual i ty  of the Lower  Thompson River were evaluated. 

Kamloops  Lake i s  a long  (25 km) , narrow (mean w i d t h ,  2.1 km) , deep 

(mean d e p t h ,  71 m )  lake  si tuated i n  a dry glacial  valley  of  the Thompson Pla- 

teau i n  south  central British Columbia. The lake   f loor   a t  the eas t  end i s  

smooth  and deep w i t h  sandy sediments, becoming shallower and  more r u g g e d - w i t h  

increasingly s i l t -  and clay-rich sediments toward the out le t .  Grain  si,ze 

of the sediments decreased and  most t race  element  concentrations  increased 

linearly  along an east-west  gradient. Sediment  phosphorus consisted  primar- 

i l y  of  mineral apa t i te .  From indi rec t  geochemical data,  the apa t i t e  appeared 

t o  occur i n  both the sediments and the water column i n  a  wide range  of  grain 

sizes  (coarse s i l t  t o  co l lo id) .  Sedimentation ra tes  ranged from 0.92 g 

yr-' a t  the west end of the lake  to 22 g yr"' a t  the Thompson River de l ta ,  

which a t  present has an annual  advance o f  ea 11 m. 

The physical  limnology  of Kamloops  Lake is  dominated by the Thompson 

River, which has a mean annual inflow o,f  720 m sec . Over 60% of  the dis- 

charge came i n  the ear ly  summer freshet period, w i t h  peak flows  near 3400 m .  3 

sec i n  June and min imum flows  of 120 m3 sec-' i n  February. As a r e su l t  

of the 1 arge and variable  discharge, b u l k  residence times were very short  

(20-340 days. w i t h  a mean of 60 days). 

3 -1 
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Through,out summer (June-October),  the  inflowing  highly t u r b i d  ,Thomp- 

son River  water remained cooler  than  the  surface  lake  water,  thus  interflow- 

i n g  through the  epilimnion a t  depths of 10-30 m. Turbulence  induced by this 

interflow  effectively mixed the  intermediate  region of the  epilimnion. Only 

i n  l a t e  summer, w i t h  declining  river flows and deep convective mix ing  of the 

surface  waters, d i d  the  lake  establish a classical  two-layer thermal struc- 

ture .  Throughout summer, the  outflow  river remained warmer  and less  t u r b i d  

than  the  inflow.  Direct s t r a t i f i ca t ion  slowly broke down through November 

and  December u n t i l  complete  convective  overturn  resulted. Dur ing  t h i s  per- 

i o d ,  inflowing  river  water  either sank t o  the bottom, or was confined to  the 

eastern end of the  lake. Hence the  outflow was derived  entirely from sur- 

face  lake  water remaining from the summer.  The lake  during  winter  (January- 

March) was characterized by weak, reverse  temperature  stratification and  low 

turbidity;  the  inflowing  river  waters were less  dense  ,than the ambient lake 

water and,  therefore, tended to  remain a t  the  surface. In spring  (April-May), 

convective  overturn  again  occurred,  followed by d i rec t  thermal s t r a t i f i ca t ion .  

As w i t h  the a u t u m n  overturn,  the spring m i x i n g  processes  acted  to  retain  all 

new i n f l o w  water w i t h i n  the  lake. T h u s ,  the  outflow  waters  consisted of sur- 

face  lake  water  reflecting  winter  conditions. 

I 

I 

The concentrations of nutrients and major ions were low  compared 

to  other  large  southern B . C .  lakes. Between the  spring  freshet and early 

autumn, epilimnion  nutrient  concentrations were generally determined by the 

concentrations  of  the  inflowing Thompson River,  except i n  l a t e  August when 

dissolved-phosphate and nitrate  concentrations were depressed s l igh t ly  by 

biological uptake. However, i n  the hypolimnion d u r i n g  this period, and sub-  

sequently i n  the  winter months, n i t r a t e  was regenerated by conversion from 

other  nitrogen  species, both natural and cultural i n  origin.  Dur ing  the win- 

t e r ,  lower flows and hence reduced dilution of both wastewater and diffuse 
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inputs  resulted i n  dissolved phosphorus levels  as h i g h  as  d u r i n g  the  freshet. 

Annually, the  lake  retained  the  majority of the  particulate phosphorus load- 

i n g ,  b u t  had 1 i t t l e   e f f e c t  on the  dissolved phosphorus .. The total   net  phos- 

phorus load to  the  lake was' very h i g h  (22.8 g -  m-* yr-' ). Pollution  sources 

could  only  account for  a. smal 1 portion of the  nitrate  leaving  the  lake i n  

the  winter. However, the  reverse was t rue for winter  phosphorus, w i t h  an 

estimated 40-90% of,the.biologically  available phosphorus in  the  outflowing 

river  derived from point  sources. Colour 1 eve1 s were 1 ower  and less  vari-  

able i n  the  outflow (5-15 units)  than the  inflow  (5-45 units) due e i ther  t o  

dilution or degradation w i t h i n  the  lake. Oxygen levels were generally  near 

saturation, w i t h  lowest  values ( 8 . 3  mg 1- I )  a t  the bottom i n  October. 

A1 1 -conventional  microbiological and chemical cr i ter ia   indicated 

that  Kamloops  Lake has undergone l i t t l e ,   i f  any,  eutrophication. I t s ' o l i -  

gotrophic  status was apparent  in'the  species composition and  low ac t iv i ty  

lankton. Mean annual .chlorophyll a and  C-14 primary  production 

. 3  mg m-* and 32 g C m-*, respectively, w i t h  both showing single 

o f  the phytop 

values were 3 

maxima in  the f a l l .  Diatoms (FragiZZaria, TabiZZaria) dominated the phyto- 

plankton  (>50% by carbon)'except d u r i n g  the  fa l l  maxima  when  two species  of 

Cryptophytes, Chroomonas and Cryptomonas, were the  principal  genera. B1 ue- 

green  algae  only  appeared  as minor constituents i n  winter and consisted  of 

non-bloom-forming genera.  Total  bacterial numbers  were 'a lso low (3-7x1 O5 

\ 

basis  -heterotrophic biomass was f ive  times ce l l s  ml" ) , a1 though on  an areal 

the phytoplankton biomass. 

Phosphorus loading  data 

Kamloops Lake,  a1 though modificat 

also  indicated  the  unproductive  nature of 

ions t o  the  conventional  loading  calcula- 

tions were necessitated by  two unusual features  of  the.lake. The presence 

of up t o  80% biologically  inert   apati te i n  the  particulate phosphorus pool 

and the confinement  of r iver  water to  the  epilimnion i n  summer seriously 
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overestimates  the  available phosphorus. load and the  effective b u l k  residence 

time,  respectively. When co'rrected  for these ef fec ts ,  Kamloops  Lake f a l l s  

well w i t h i n  the  oligotrophic  category, based on the usual plot  of phosphorus 

load  versus the mean depth:flushing  time  ratio. 

Cultural  eutrophication of Kamloops  Lake is  expected to  be slow, 

since  future  increases i n  summer. nutrient  levels and -phytoplankton  popula- 

tions will be limited. The h i g h  flashing  rates  generally  prevent long-term 

nutrient accumulation i n  the  lake and  most  of the  wastewater  nutrients  that 

do accumulate i n  the winter  are  flushed from the  lake prior to  the summer 

growing period. In  addition,-point  source  .nutrients  are  insignificant i n  

the summer epilimnion i n  comparison to  natural  loadings. Hence very large 

increases i n  pollution  inputs  will be required  to   e l ic i t  even a small algal 

response.  Lastly,  the summer growth rates  of  phytoplankton are  largely lim- 

i ted n o t  by nutr ient   avai labi l i ty  b u t  by their   transport  downwards out of 

the  euphotic zone and their   rapid subsequent removal  from the  lake. Both 

of  these  effects  are a direct   resul t  of the unique interflow  of  the Thomp- 

son River  through the  lake. 

Discolouration of Kamloops  Lake  by pulp  mill  effluent was primar- 

i l y  an aesthetic.  problem, having l i t t l e   e f f e c t  per se on light-dependent  bio- 

logical  processes. Long-term increases i n  colour  are  prevented by the  rapid 

flushing  rates  of  the  lake. In addition, summer colour  levels  are reduced 

by dilution  to  insignlificant  levels compared to  the  l ight-l imiting  effects 

of river  turbulence. 

The h i g h  flushing  rate  that  prevents  eutrophication  of  the  lake 

i t s e l f  was, a t   t he  same time,  indirectly  responsible  for  the  nuisance  algal 

growths and enhanced pollution  sensit ivity of the Lower  Thompson River. . In  

general, incoming toxicants and nutrients  are  transferred  into  the lower r i-  

ver before  they  are  utilized  or degraded w i t h i n  the lake. Thus d u r i n g  the 

1 
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low-flow winter  period,  wastewater  nutrients  rapidly  transit  the  lake and e x i t  

relatively  undiluted  into  the Lower Thompson River. The relat ively h i g h  nu-  

t r ient  levels,   together w i t h  h i g h  transparency, low  and constant  water  levels, 

an'd increasing l i g h t  in tens i t ies   resu l t  i n  rap id  benthic  algal growth i n  the 

r iver  i n  late  winter and early  spring. 

From indirect  evidence,  the  cause o f  the  river  algal growths were 

ascribed t o  wastewater  inputs of  phosphorus from the Kamloops  sewage system 

and the Weyerhaeuser Ltd. p u l p  m i  11.  I t  i s  therefore recommended that   the  

discharge of biologically  uti l izable phosphorus from both point  sources  should 

be 'reduced to  as 1 ow a level as i s  technological  ly  possible. A selective 

wastewater phosphorus release  schedule  that may reduce treatment  costs i s  

suggested. 



RECOMMENDATIONS PROVIDED BY THE INLAND WATERS DIRECTORATE (ccIIfiJ) 

t o  

THE FEDERAL-PROVINCIAL THOMPSON RIVER TASK  FORCE 

i n  

DECEMBER 1975 
- 

1. SEWAGE DISPOSAL FOR THE CITY OF KAMLOOPS: 

a)  The  sewage lagoons adjacent  to  the  east end o f  Kamloops Lake should 

be  modified t o  remove as much wastewater  phosphorus  as i s  technoto- 

gicalzy  possibZe. A select ive  wastewater  phosphorus  release  sche- 

d u l e   t h a t  may reduce  t reatment  costs i s  recommended fo r   cons ide ra -  

t ion.   Implementat ion o f  t h i s  recommendation  along  with recommen- 

da t ions   2 (a)  and  3(a) will min im ize   ben th i c   a lga l   g rowth   i n   t he  

Lower Thompson R ive r  i n  win te r .  

2. PULP m L  OF WEYERHAEUSER (CAMADA) LTD.: 

a )  The pollution  control  permit  of  the  pulp m i 2 2  of  Weyerhaeuser  (Canada) 

L t d .  a t  KamZoops should be revised  to   require   the  instal lat ion of  

equipment capabZe of  removing as much of the phosphorus i n   t h e   e f -  

f luent   as   i s   t echnologica l ly   poss ib le .  . T h e   s e l e c t i v e   r e l e a s e  op- 

t i o n   a l s o   a p p l i e s   t o   t h e  Weyerhaeuser e f f l u e n t .  

b )  An investigation  of   the  effZuent  of   the Weyerhaeuser  (Canada) L t d .  

m i l l  should be undertaken t o   i s o l a t e  and identify  toxic  substances 

which may be adversely  affecting  the  biota of  KamZoops Lake or the 

Lower  Thompson River. Any such  substances  should  subsequently  be 

removed from the  effZuent.  Implementation o f   t h i s  recommendation 

will r e s u l t  i n  t h e   e l i m i n a t i o n  o f  p u l p  mill toxicants   f rom  the  sys-  

tem. 
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c) The poZZution  controZ p e h i t  of Weyerhaeuser (Canada) L t d .  shouZd 

be  modified to  incorporate any suggestions of the Task Force re- 

garding  that company ' s  ongoing Zake monitor p r o g r m e .  Implemen- 

tation of this  recommendation will permit  surveillance o f  sensi- 

tive  features  such  as  phosphate  and  oxygen  concentrations in the 

lake. 

MINOR POLLUTION SOURCES: 

a) During the  crit icaZ Zate winter  period, phosphorus reZease  from 

minor poZZution sources such as Savona and ruraZ settlements on 

the North and South Thompson Rivers shouZd be minimized  wherever 

t h i s  i s  possibZe a t  a reasonable  cost. 

b) A c t i v i t i e s  i n  the Thompson River  Basin above KamZoops Lake (such 

as Zogging and feedZot  operations)  that wiZZ cause a major increase 

i n   t h e  suppZy of particuZate  oxidizabZe  organic  matter shouZd not 

be aZZowed unt iZ  the  e f fects  of such an increase on the   oqgen  de- 

pZetion  area i n   f r o n t  of the Thompson deZta have been  evazuated. 

4. IMPORTANT RESEARCH  NEEDS: 

a) A research program shouZd be  undertaken on the physioZogy and nu- 

tr ient   energet ics   of   benthic  aZgae communities  typicaz of B r i t i s h  

CoZwnbia r i ver s .  Because o f  insufficient  knowledge in this area, 

quantitative  predictions of the  changes in algal  biomass  to  be  ex- 

pected in the  Lower  Thompson  River  as a result o f  phosphorus  con- 

trol  are not  possible. 



xv 

FIGURE  CAPTIONS 

Section 2 

1.  .Outline  of  the Thompson River drainage  basin showing the location  of 
I 

!(amloops  Lake ............................................................ 

2.  Kamloops  Lake  and major geographic,  urban, and industrial   features o f  

the area ................................................................6 

3. Generali.zed map of the bedrock  geology i n  the  vicinity  of Kamloops  Lake. 

[ l J  Quaternary, mainly Holocene a1 luvium; [2] ?Carboniferous Cache 

Creek Group;  [3]  Upper Triassic Flicola Group (mainly  volcanogenic); 

[4] Jurassic and possibly  later Coast Intrusions  (granite,  granodio- 

n i t e ,  gabbro); [5] Lower Cretaceous  Kingsvale Group (mainly  volcano- 

genic);  [6],[7],[8] Cretaceous or  Tertiary sedimentary  rocks ( 6 ) ,  vol- 

canics (7) or  intrusive rocks (8) ;  [9],[10] Miocene or  older Kamloops 

Group, volcanogenic (9 )   o r  sedimentary  (10)  rocks. (From Map 886A; 

Cockfield 1948) .........................................................7 

4. Distribution  of  surficial  deposits around Kamloops  Lake (from  Fulton 

1963). [ l ]  Stream  channel and flood-plain  deposits; [2] Alluvial 

fan  deposits; [3] Lacustrine and glacio-lacustrine  deposits; 141 

Morainal gravels of glacial  and glacio-fluvial   origin;  [5] Kettled 

stream deposits  of  fluvial and glacio-fluvi'al  origin; [6] Subt i l l   s t ra -  

t i f i ed  deposits  of  glacial and interglacial   or igin;  [7] Undifferen- 

t i a t ed   g l ac i a l   d r i f t ;  [R] Bedrock. Generally  Tertiary and older. .  .. ..8 

5. Ice   re t reat  and the  his tor ical  'development of  Glacial Lakes i n  the South- 

ern  Interior  of British Columbia. Comments i n  the text. (From Fulton 

1969). ................................................................. .9 

6. Echo-sounding survey  lines i n  Kamloops  Lake. Solid  l ines show transects  

r u n  i n  July 1973; dashed l ines  are  additional  transects run i n  1974 ... '12 

7. Distribution  of sediment  sampling stations.  i n  Kamloops Lake.. ......... .13 



8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

x v i  

Hypsometr ic   curve  for  Kamloops Lake  showing r e l a t i v e   a r e a s  and  volumes 

o f   t h e   l a k e  above cer ta in   depths  .......................................16 

B a t h y m e t r i c   c h a r t   o f  Kamloops Lake.  Data  obtained  f rom,survey  l ines 

o f   F i g u r e  6............................................................17 

D i s t r i b u t i o n   o f   s e d i m e n t   f a c i e s   i n  Kamloops Lake  according t o   t h e  Shep- 

a r d   ( 1 9 5 4 )   c l a s s i f i c a t i o n . .  .......................................... ..19 

D i s t r i b u t i o n   o f  mean g r a i n   s i z e   ( i n   p h i   u n i t s :  @ = - log,(grain  size 

i n   m i l l i m e t r e s ) )   o f  Kamloops Lake  sediments.  Isopleths a t  whole  phi  

i n t e r v a l s  ..............................................................ZO 

D i s t r i b u t i o n   o f   t h e   s i l t - s i z e   ( 6 3 - 4  pm) f r a c t i o n  o f  Kamloops Lake sed i -  

ments ..................................................................Zl 

D i s t r i b u t i o n   o f   t h e   c l a y - s i z e   ( f i n e r   t h a n  4 pm) f r a c t i o n   o f  Kamloops 

Lake  sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Z l  

D i s t r i b u t i o n   o f   t o t a l  magnesium i n  Kamloops Lake  sediments.  Isopleths 

i n   p e r c e n t  .............................................................25 

D i s t r i b u t i o n   o f   a c i d - e x t r a c t a b l e   p o t a s s i u m   i n  Kamloops Lake  sediments. 

I s o p l e t h s   i n   p e r c e n t  ...................................................26 

D i s t r i b u t i o n   o f   a c i d - e x t r a c t a b l e   i r o n   i n  Kamloops Lake  sediments.  Iso- 

p l e t h s   i n   p e r c e n t  ......................................................27 

17.  Regression p l o t s  of the  concentrat ions 

ous trace  elements.  i n  Kamloops Lake  sed 

s i t e s   f r o m   t h e  Thompson R i v e r   d e l t a  .... 

( i n  micrograms  per  gram) o f   v a r i -  

imen ts   aga ins t   d i s tance   o f  sample 

................................ 28 

18. Regress ion   p lo t s   o f   t he   concen t ra t i ons   ( i n   m ic rog rams   pe r  gram) o f   v a r i -  

ous t race  e lements i n  Kamloops Lake  sediments  against  distance  of  sample 

s i t e s   f r o m   t h e  Thompson R i v e r   d e l t a  .................................... 29 

19. R e g r e s s i o n   p l o t s   o f   t h e   c o n c e n t r a t i o n s   ( i n   m i c r o y a m s   p e r  gram) o f  v a r i -  

ous t r a c e   e l e m e n t s   i n  Kamloops Lake  sediments  against  distance o f  sample 

s i t e s   f r o m   t h e  Thompson R i v e r   d e l t a  .................................... 30 



xvi i 

20. Concentrations  of  inorganic phosphorus  forms i n  subsamples from a  core 

taken from s i t e  20, Kaml oops Lake. .......... .......................... .32 

21. Location  of  core s i tes  i n  Kamloops .Lake from which accumulation ra tes  

were calculated, and ce l l  boundaries used to   ca lcu la te  budgets ......... 33 

22. Prof i les  of the Thompson River de l t a   a t   t he   ea s t  end of Kamloops Lake, 

determined from bathymetric  charts compiled in 1949 and 1973. Vertical 

exaggeration  of x31. Values of the to ta l  and mean annual  advance of 

the del ta  front a t  10  metre in te rva ls   a re  given ........................ 35 

Section 3 

23. Physical  limnology  monitor s ta t ions  on  Kamloops  Lake ................... 39 

24. Mean monthly flow  of the Thompson River  inflow  into Kamloops Lake. The 

solid  line  represents  conditions dur ing  the Kamloops  Lake study  period; 

the dashed l ine  represents  the long-term mean ........................... 40 

25. Mean monthly Kamloops  Lake water  level  relative t o  lake datum level 

(336 rn). Solid  line  ind.icates  conditions  during the Kamloops  Lake study 

period;  the dashed l ine  represents the long-term mean ................. 41 

26. Mean monthly' bulk residence time of Kamloops Lake, 1974-75 ............. 4.2 

27. Plot  of isotherm depth  versus time  in Kamloops Lake, 1974-75. The -equ 

librium  depth  of the inflow  water i s  indicated by the dashed l i ne  ..... 
28. Mean bimonthly  water  temperatures  of the Thompson River  entering Kam- 

loops Lake above Tranquille  (inflow) and leaving Kamloops  Lake below 

i -  

.43 

Savona (outflow) i n  1974-75.. ......................................... .44 

29. Plot  of  turbidity  isopleth dep th  versus time i n  Kamloops Lake, 1974-75 
\ 

.......................................................................46 

30.  Water turbidity  near  the  inflow and outflow  of Kamloops Lake, 1974-75 

........................................................................ 48 

31. Plot  of  stabil i ty  isopleth dep th  versus time i n  Kamloops Lake, 1974-75 

.......................................................................49 



32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41 . 

42. 

43. 

x v i  i i 

Heat  content  of  Kamloops Lake ( r e l a t i v e   t o  OoC) ca lcu la ted   f rom  lake  

mon i to r   da ta   a t   app rox ima te l y  one-week i n t e r v a l s   i n  1974-75.. ......... .50 

Mean m o n t h l y   r a t e   o f  change i n  h e a t   c o n t e n t   o f  Kamloops Lake ( s o l   i d  1 i n e )  

compared t o   n e t   a d v e c t i o n   o f   h e a t   b y   t h e  Thompson River  (dashed 1 i n e )   i n  

1974-75 ................................................................ 51 

Long i tud ina l   sec t ions   o f   (a )   tempera ture ,  and ( b )   t u r b i d i t y   i n  Kamloops 

Lake on 1 A p r i l  1975 ................................................... 53 

Long i tud ina l   sec t i ons   o f   (a )   t empera tu re ,  and ( b )   t u r b i d i t y   i n  Kamloops 

Lake  on 29 A p r i l  1975 .................................................. 55 

Transverse  sect ions  o f   (a)   temperature,   and  (b)   turb id i ty  i n  Kamloops 

Lake on 29 A p r i l  1975 .................................................. 56 

H o r i z o n t a l   d i s t r i b u t i o n s  o f  (a)   surface  temperature,  and (b)  bot tom tem- 

p e r a t u r e   i n  Kamloops Lake on 23 A p r i l  1975 ............................. 57 

Long i tud ina l   sec t ions   o f   (a )   tempera ture ,  and ( b )   t u r b i d i t y   i n  Kamloops 

Lake on 8 May 1975 ..................................................... 58 

Tempera ture   f luc tua t ions   dur ing   the   1974  spr ing   over tu rn   in  Kamloops 

Lake. Top: t e m p e r a t u r e   h i s t o r y   o f  Thompson R i v e r   i n f l o w   n e a r   T r a n q u i l l e  

compared t o   t e m p e r a t u r e   h i s t o r y   o f  Thompson R ive r   ou t f l ow   nea r  Savona. 

Middle:  isotherm  depth  versus  t ime a t   S t a t i o n  6 near  inf low.  Bottom: 

i so therm  depth   versus   t ime  a t   S ta t ion  24 near   ou t f low .................. 59 

Long i tud ina l   sec t ions   o f   (a )   tempera ture ,  and ( b )   t u r b i d i t y   i n  Kamloops 

Lake on 20 June  1975 ................................................... 61 

Long i tud ina l   sec t i ons   o f   (a )   t empera tu re ,   and   (b )   t u rb id i t y   i n  Karnloops 

Lake on 29 J u l y  1975 ................................................... 62 

Transverse   sec t ions   o f   (a )   tempera ture ,   and  (b )   tu rb id i ty   in  Kamloops 

Lake on 29 J u l y  1975 ................................................... 63 

H o r i z o n t a l   i s o p l e t h s   o f   t u r b i d i t y   a t   t h e   t u r b i d i t y  maximum i n  Kamloops 

Lake i n  197n-75 ........................................................ 6~ 



Lake 

50. Long 

Lake 

Sect ion  4 

. .  

x i  x 

44. Long i tud ina l   sec t ions   o f   (a )   tempera ture ,  and ( b )   t u r b i d i t y  i n  Kamloops 

Lake  on  15  October  1974 ................................................. 65 

45. Longf tud ina l   sec t ions  o f  (a)   temperature,   and  (b)   turb id . i ty  i n  Kamloops 

Lake  on  19 November 1974 ............................................... 67 

46. Long i tud ina l   sec t i ons   o f   (a )   t empera tu re ,  and ( b )   t u r b i d i t y   a t   t h e   e a s t  

end o f  Kamloops Lake  on 6 December 1974 ................................ 68 

47. Long i tud ina l   sec t ions   o f   (a )   tempera ture ,  and ( b )   t u r b i d i t y   a t   t h e   e a s t  

end o f  Kamloops Lake  on 3 January 1975 ................................. 70 

48. Hor izon ta l   d is t r ibu t ions   o f   (a )   sur face   tempera ture ,   and  (b )   bo t tom tem- 

p e r a t u r e   i n  Kamloops Lake on 3 January 1975 ............................ 71 

49. Long i tud ina l   sec t ions  o f  (a)   temperature,   and  (b)   turb id i ty  i n  Kamloops 

.... .72 

1 oops 

.... .74 

on  14  January 1975 ........................................... 
i t u d i n a l   s e c t i o n s   o f   ( a )   t e m p e r a t u r e ,   a n d   ( b )   t u r b i d i t y  i n  Kam 

on 17 February  1975 ........................................... 

ponent l i s t  ................ 
52. Annual i s o p l e t h s   o f   n i t r a t e  

p r o f i l e s   i n  Kam 

51. Chemical l imno logy   mon i to r   s ta t i ons  i n  Kamloops Lake  and  chemical cam- 

............................................ 77 

t n i t r i t e   n i t r o g e n   f r o m   t h e   m o n t h l y  compu- 

loops  Lake,  1974-75 ......................... 79 ted  average 

53. Annual i s o p  

p r o f i l e s   i n  

54. Annual i s o p  

ted  average 

l e t h s   o f  ammonia n i t rogen   f rom  the   mon th l y  computed  average 

Kamloops Lake,  1974-75 ..................................... 80 

l e t h s   o f   d i s s o l v e d   o r g a n i c   n i t r o g e n   f r o m   t h e   m o n t h l y  compu- 
I 

p r o f i l e s   i n  Kamloops  Lake, 1974-75 ......................... 82 

55. Annual i s o p l e t h s  o f  p a r t i c u l a t e   n i t r o g e n   f r o m   t h e   m o n t h l y  computed  aver- 

. age p r o f i l e s   i n  Kamloops Lake,  1974-75 ................................. 83 

56. M o n t h l y   c o n c e n t r a t i o n s   o f   t h e   n i t r o g e n   f r a c t i o n s  i n  the   i n f l ow ing   and  

ou t f l ow ing   r i ve rs   (S ta t i ons  1 and  24).  Dissolved  Organic  Nitrogen c-), 
N i t r a t e   N i t r o g e n  (----a-) , P a r t i c u l a t e   N i t r o g e n  (-=-I, Ammonia N i t rogen 



xx 

......................................................................... ~5 

57. Annual n i t rogen   budge t   f o r  Kamloops  Lake ................................ 86 

58. Annual i s o p l e t h s   o f   t o t a l  phosphorus  from  the  monthly  computed  average 

p r o f i l e s   i n  Kamloops Lake,  1974-75 ..................................... 97 

59. Annual i s o p l e t h s  o f  dissolved  phosphorus  from  the  monthly  computed  aver- 

age p r o f i l e s   i n  Kamloops  Lake, 1974-75 ................................. 88 

61. Mon th l y   concen t ra t i ons   o f   t he   phosphorus   f rac t i ons   i n   t he  

o u t f l o w i n g   r i v e r s   o f  Kamloops Lake,  1974-75. P a r t i c u l a t e  

Dissolved  Phosphorus (* .............................. 

60. Annual i sop le ths   o f   pa r t i cu la te   phosphorus   f rom  the   mon th l y  computed 

average p r o f i l e s   i n  Kamloops Lake,  1974-75 ............................. 89 

i n f  1  owing  and 

Phosphorus ("--+-), 

.............. 90 

.92 62. Annual  phosphorus  budget o f  Kamloops  Lake, 1974-75 .................... 
63.  Comparison o f  average  natural  and point   source  phosphorus  inputs  f rom 

January 1 , 1975 t o  March 31 , 1975 f o r  Kamloops Lake. A - a minimum ca I -  

c u l a t i o n  based  on  a  10% par t i cu la te   phosphorus   con ten t   i n   pu lp  mill e f -  

f l u e n t .  B - a maximum c a l c u l a t i o n  based on a 90% par t i cu la te   phosphorus  

c o n t e n t   i n   p u l p  mill e f f l u e n t  .......................................... 95 

64. Annual  isopleths  of  dissolved  oxygen  from  the  monthly  computed  avera.ge 

p r o f i l e s   i n  Kamloops Lake,  1974-75 ..................................... 97 

65.  Annual i s o p l e t h s   o f  

age p r o f i l e s   i n  Kam 

66. Annual i s o p l e t h s   o f  

p a r t  

1  oops 

spec 

age p r o f i l e s   i n  Kamloops 

icu la te   carbon  f rom  the   mont t i l y  computed  aver- 

Lake,  1974-75 ................................. 99 

i f i c  conductance  from  the  monthly  computed  aver- 

Lake,  1974-75 ................................ 101 

67. Spa t ia l   i sop le ths   o f   spec i f i c   conduc tance   i n  Kamloops Lake,on  June 26, 

1974 ..................................................................102 

Sect ion  5 

68. The c h l o r o p h y l l  a concent ra t ion  on  an areal  (squares)  and  volumetric 

( t r i a n g l e s )   b a s i s   i n  Kamloops Lake,  1974-75. ......................... . l o 8  



, x x i  

69.  Typical  photosynthesis-depth curves i n  Kamloops Lake,  1974-75 ......... 112 

70.  Phytoplankton  primary  production on  an areal   (squares)   and  volumetr ic  

( t r i a n g l e s )   b a s i s  i n  Kamloops Lake,  1974-75 ........................... 113 

71. The depth o f  the euphotic  zone ( A ) ,  depth  of the epilimnion ( A ) ,  and 

the epi1imnion:euphotic  zone dep th  r a t i o  ( B )  i n  Kamloops Lake,  1974-75 

................................ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l l ~ .  

72.  Total numbers o f  b a c t e r i a  i n  the epilimnion of Kamloops Lake i n  1974- 

75 determined by ep i - f luorescence  cpunt ing  ............................ 116 

Sec t ion  6 

73. The r e l a t i o n s h i p  between annual  phosphorus  load  and the mean depth/flush- 

i n g  time r a t i o   f o r  Kamloops Lake i n  comparison t o  various  Canadian  lakes 

o f   d i f f e r i n g   t r o p h i c   s t a t u s   ( m o d i f i e d  from  Vollenweider  and  Dillon  1974) 

................................'......................................120 

Sect ion  i 
74. P l o t  of water t u r b i d i t y  versus suspended load ......................... 134 

75.. P l o t   o f   w a t e r   t u r b i d i t y  versus the secchi disc depth  and the 1% l i g h t  

t r ansmi t t ance  d e p t h  ...................................................135 

76. Rela t ionship  between water  temperature  and density .................... 137 

77. S c h e m a t i c   i l l u s t r a t i o n   o f   c o n v e c t i v e   c i r c u l a t i o n   d u r i n g  spring ove r tu rn  

......................................................................140 

78. Sec t ion  o f  temperature ac ross  the s i n k i n g  zone d u r i n g  spring ove r tu rn  

...........................:..........................................141 

79. Tempera ture- turb id i ty   cor re la t ion   d iagram  for   observa t ions   near  the sink- 

i n g  zone d u r i n g  sp r ing   ove r tu rn  .......................................142 

80.  Locations  and  zones  for  drogue  measurements i n  Kamloops Lake,  1974 .... 144 

81. Drogue ( r e s u l t a n t )   v e c t o r   p a t t e r n s  i n  various  zones and a t   v a r i o u s  depths 

i n  Kamloops Lake,  1974 ................................................. 146 

82. The r e l a t i o n s h i p  between average  drogue speed and  water d e p t h  i n  Kamloops 



x x i  i 

Lake ............................. 
83. ( A )  Temperature  prof i les,   August 

t h e  8" isotherm i s  denoted  by *. 

85. ( a )  

Kam 

hor  

..................................... 147 

1-15,  1974,  west  end.  The  depth o f  

( B )  T,emperature p r o f i  1 es , August  1-5 , 

1974, east  end o f  Kamloops  Lake ....................................... 151 

84. S p e c t r a l   d e n s i t i e s   o f   t h e  maximum isotherm'd isp lacement   a t   the  west   end 

o f  Kamloops  Lake  as a f u n c t i o n  o f  p e r i o d  o f  o s c i l l a t i o n  and  t ime ...... 152 

Temperature p r o f i l e   f r o m  August 3,  1974, 0340 GNT, m id - lake   s ta t i on ,  

loops  Lake; (b) a s s o c i a t e d   v e r t i c a l   i n t e r n a l  wave displacement  and 

i z o n t a l   c u r r e n t   f o r   t h e   f i r s t   i n t e r n a l  mode; ( c )  second i n t e r n a l  

mode; ( d )   t h i r d   i n t e r n a l  mode. The phase v e l o c i t y ,  C y  i s  shown f o r  

each mode ............................................................. 153 

86. The general  shape o f   t h e  proposed  phosphorus  ' removal  eff iciency  schedule 

f o r  Kamloops  Lake ..................................................... 159 

E 



xx i  i i 

TABLE LEGENDS 

Sect ion 2 

1.  Morphometry  of Kamloops Lake.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :. . . . . . . . . .18 

2. Calculations  of  average  annual sediment loading i n  c e l l s   c e n t e r e d  on 

core  si tes .............................................................. 36 

3. Average  annual  loadings  of  trace  and  major  elements  to Kamloops  Lake 

sediments .............................................................. 37 

Sec t ion  4 

4. .   Concentration  ranges  of  extractable  metals i n  Kamloops  Lake and the i n -  

flowing  and  outflowing rivers March 1974.-  April   1975 ................. 104 

5. Concentrat ion  ranges  of   chemical   var iables   for  Kamloops  Lake March 1974- 

April  1975 ............................................................ 105 

Sec t ion  5 

6. Selected  chlorophyl l  a and algal   carbon  concentrat ions (mg m-2) i n  Kam-' 

loops Lake, 1974-75 ................................................... 109 

7. The re la t ive   spec ies   composi t ion  and  dominant genera of Kamloops  Lake 

phytoplankton,  1974-75 ................................................ 110 

Sect ion 6 

8. Comparison  of  phytoplankton  primary  productivity,   biomass,   and  related 
f 

c h a r a c t e r i s t i c s   o f  Kamloops Lake t o   t y p i c a l   r a n g e s   f o r   l a k e s   o f   d i f f e r -  

ent t rophic   categories   (modif ied  f rom Wetzel  (1975)  and Likens (1975))  

...................................................................... 119 

Sect ion 7 

9. Coef f ic ien ts   o f  the four  polynomials i n  temperature which appear i n  t he  

e q u a t i o n   o f   s t a t e   f o r  pure water ...................................... 137 

10.  Calculated  Richardson Numbers f o r  Kamloops Lake,  1974 ................. 149 

11.  Periods,   amplitudes,   coherency, and  phase f o r  the e a s t  and west maximum 

isotherm  displacements i n  Kamloops  Lake. The period i s  a s soc ia t ed  w i t h  



"- -." - -7 

t h e   i n t e r n a l   s e i c h e  ................................................... 154 

12. Amp1 itudes,  coherence  and  phase  between  the  east  and  west  stations i n  

Kamloops Lake f o r   t h e  25 hour   pe r iod  o f  o s c i l l a t i o n  ................... 154 



1 

1.  INTRODUCTION 

In  response t o  public  expressions of  concern over an apparent  deter- 

ioration i n  the  water  quality o.f Kamloops  Lake  and the Thompson River, a short 

study was carried  out by age,ncies of the Governments of British Columbia  and 

Canada i n  1973. One of  the recommendations i n  the  report from this study 

stated: 

8 .  "An  iminediate  joint  Federal-Provincial  program of data  collection 

and  fact-finding  be  undertaken  through  establishment of additional 

monitoring  stations  to  determine  the  source of nutrients  and  the 

type  and  source  of  foaming  agents  in  the  Thompson  River  system  in- 

I 

cluding  the  effects  of  nutrients  and  colour on the  biological  acti- 

vities of Kamloops  Lake  and  the  Lower Thompson.River over a minimum 

one-year  period.  This  program  will  also  include  the  effects  upon 

recreation  and  fishery  resources.  All  potential  sources  including 

logging,  agricultural  practices,  and  industrial  and  domestic  dis- 

charges  will  be  investigated." 

The joint  Federal-Provincial Task Force formed in 1973 i n  response 

to  these recommendations requested  the  assistance o f  the  Inland Waters Direc- 

torate  (IWD) in  the  study. I t  was subsequently  agreed  that  the Canada Centre 

for  Inland Waters Branch of IWD i n  Vancouver  would undertake an in-depth, . .  

multi-disciplinary  study of Kamloops Lake. I t  was decided t h a t  assessments 

would  be  made n o t  only  of  the  effects of nutrients and colour on the  lake's  

biological  activity, b u t  also of the  underlying  physical , chemical and biolo- 

gical  processes t h a t  control  the  system's  response t o  present and future  cul- 

tural   s t resses .  In 'addition,  the  lake was chosen as a s i t e  for certain  basic 

research  studies  (operated mainly from the Canada Centre for Inland  Waters, 

Burlington,  Ontario) of only  limited  relevance  to  the immediate problems of 
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t h e  Thompson R i v e r  system.  These l a t t e r   s t u d i e s ,  i t  was hoped, wou ld   con t r i -  

bute new i n f o r m a t i o n  on p rocesses   con t ro l l i ng   ra tes   o f   eu t roph ica t i on  and  thus 

improve  environmental management c a p a b i l i t i e s   i n   o t h e r   l a k e s  and  drainage  basins. 

To t h i s  end, f o r  example, t h e  C C I N  Kamloops Lake  Study was i n c l u d e d   i n   t h e  Lake 

Eu t roph ica t i on  Programme (Vol   lenweider   1973)   o f   the  Organizat ion  for  Economic 

Co-operation  and  Development (OECD). In format ion  ga ined on the   l ake  was c o l -  

l e c t e d   i n  a  manner compat ib le   w i th   the  OECD programme. 

The scope  and  design o f  t h i s   s t u d y  were  determined i n   l a r g e   p a r t   b y  

t w o   i m p o r t a n t   c h a r a c t e r i s t i c s   o f  Kamloops Lake.  Almost a l l  o f   the  water  i n  

t h e   l a k e  and  almost a l l   o f   t h e   m a t e r i a l s   i n   t h e   w a t e r   e n t e r   f r o m   t h e  combined 

f l o w s   o f   t h e   N o r t h  and  South Thompson Rivers  ( the  "Upper" Thompson River ,   F ig .  

1) .  The h i g h   f l o w   r a t e s   o f   t h i s   r i v e r   r e s u l t   i n   w a t e r   r e s i d e n c e   t i m e s   t h a t   a r e  

v e r y   s h o r t   f o r  a l a k e   o f  such l a r g e  volume  and  depth. I n   a d d i t i o n ,   t h e  1973 

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

son R ive r  downstream o f   t h e   l a k e   ( t h e  "Lower" Thompson River)   even  though  the 

two l a r g e s t   p o t e n t i a l   p o l l u t i o n   s o u r c e s   ( t h e  City of Kamloops  sewage lagoons 

and t h e  Weyerhaeuser Ltd.   pu lp m i  11 ) d i scha rged   i n to   t he  Upper Thompson R ive r  

above the   l ake .  These fac ts   t oge the r   sugges ted   t ha t   t he   va r ious   phys i ca l ,  

chemica l   and  b io log ica l   p rocesses   opera t ing   w i th in   the   lake  were mod i f y ing   t he  

i n f l o w i n g   r i v e r   w a t e r  i n  unknown ways and  were  thereby  determining  the  water 

q u a l i t y   o f   t h e  Lower Thompson River .  It thus seemed l i k e l y   t h a t  a comprehensive 

a n a l y s i s  of the   genera l   l imno log ica l  dynamics o f   t h e   l a k e   w o u l d  be the   key   t o  

unders tand ing   t he   t o le rance   o f   t he  Lower Thompson R i v e r   t o   t h e   p o l l u t i o n   p r e s -  

su res   o r i g ina t i ng   ups t ream  o f   t he   l ake .  Heavy emphasis was accord ing ly   p laced 

on t h r e e   p r i n c i p a l   s t u d y   a r e a s :   p h y s i c a l   p r o c e s s e s   t h a t   d i s t r i b u t e   r i v e r   w a t e r  

th roughout   the   lake ;   spa t ia l  and  tempora l   d is t r ibu t ions  and mass budgets o f  

ma jo r   nu t r i en ts  and p o l l u t a n t s   i n   t h e   l a k e ;  and the  response o f   p e l a g i c   m i c r o -  

f l o r a   t o   t h e s e   a n n u a l   p h y s i c a l  and  chemical  patterns. 
.> 
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The present  report  emphasizes  these  three  major  areas  of  study.  Sep- 

arate  discussions of significant  geological , physical , chemical  and  microbiolo- 

gical results are presented  first. These  sections (2 to 5) are intended  as 

self-contained,  descriptive  summaries of all the  major  lake  processes  studied. 

The final  discussion  section  contains  a  synthesis of our conclusions on the 

current  trophic  status  and  future  pollution  sensitivity of Kamloops  Lake  as 

well as  the  effects of the  lake  on  the  environmental  tolerance of the  Lower 

Thompson  River. A number of specific  recommendations  made  to  the  Task  Force 

are  also  included in this  section. 

The report is  intended as  a  data  summary  and  synthesis to be used 

in corroborating  the  Summary  Report of the  Thompson  River  Task  Force  released 

Within  this context it  has  been written  (as far as possible) 

logist.  Much of the data  presented in somewhat  simplified 

form  here  is  also of basic  research  interest  and will be reported  later in 

the  open 1 imnological 1 iterature. 

in December  1975. 

for the  non-limno 
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2. GEOLOGI  CAL  LIMNOLOGY 

2.1 I n t r o d u c t i o n  

a)  Geographi  c/Geol  ogi c S e t t i n g   o f  Kamloops Lake 

Kaml oops Lake i s   s i t u a t e d  on the  Thompson P1 ateau  (Hol 1 and , 1964)  of 

B r i t i s h  Columbia, a gen t l y   ro l l 1   i ng  up1  and o f  1 ow r e 1   i e f   l y i n g  between  1200  and 

1500 m e l e v a t i o n  , about 240 km n o r t h e a s t   o f  Vancouver (F ig .  1 ,Z) . Near Kamloops 

the  uplands l i e  between  1400  and  1800.m  and  are  d issected  by-steep  val leys  wi th 

f l oo rs  760 t o  1500 m lower  than  the  adjacent  uplands. The h i 1  1s  are  general ly 

rounded, i n   c o n t r a s t   t o   t h e   r u g g e d  Coast  Mountains t o   t h e  west. The a r e a   l i e s  

w i t h i n   t h e   I n t e r i o r   d r y   b e l t  where p r e c i p i t a t i o n  i s  low  (25-28 cm yr" ) . The 

lower   s lopes   o f   t he  Val leys   a re   genera l l y   covered  w i th  sagebrush', w h i l e  open 

p i n e   f o r e s t   w i t h   l i t t l e   u n d e r b r u s h   o c c u r s   h i g h e r  on t h e   a d j a c e n t   h i l l s .  

Bedrock  geology o f   the   a rea   a round Kaml oops i s  described  by Cock- 

f i e l d  (1948) and i s  summarized  from t h i s   s o u r c e   i n   F i g u r e  3. I n  many p laces 

i n   t h e  Kaml oops area  bedrock i s  covered  by  deposits  formed  during and a f t e r  

t h e   l a s t   g l a c i a t i . o n .   I n   t h e .   v a l l e y s ,   p a r t i c u l a r l y   t h o s e   o f   t h e   m a j o r   r i v e r s ,  

the   unconso l ida ted   depos i ts   reach 180 m i n  th ickness'   (Fig.4,   f rom  Ful ton  1963).  

Minera l   deposi ts   around  the 1 ake i nc lude :   p lace r   qo l  d on the   lower  

Tranqui 1 l e   R i v e r  and the  Thompson R iver  downstream  from Deadman Creek; v e i n  

depos i ts   w i th   go ld ,   s i l ver ,   . copper ,   lead  and z inc   wh ich   a re   o r  have  been 

mined  near Kamloops;  and copper ,   genera l ly   together   wi th   molybdeni te ,  i n  

a s s o c i a t i o n . w i t h   ' i n t r u s i v e  and v o l c a n i c   r o c k s . ,   p a r t i c u l a r l y   t o   t h e   s o u t h  

o f  Kam1,oops Lake  (eg.  Afton  ,Mine). 

b )   P o s t - G l a c i a l   H i s t o r y   o f  Kamloops Lake 

The, p o s t - g l   a c i a l   h i s t o r y   o f   t h e  Kaml oops  Lake bas in  has  been de- 

s c r i b e d   i n '   d e t a i l   b y  Mathews (1944) and Ful ton (1  969). A b r i e f  summary will 

s u f f i c e   h e r e .  

A t  t he  maximum e x t e n t '   o f   t h e   l a s t   g l a c i a t i o n ,   i c e   c o v e r e d   t h e -   e n t i r e  
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Figure  ' I .  O u t l i n e   o f   t h e  Thompson River   dra inage  bas in  showing  the  locat ion 
o f  Kamloops Lake. 

a r e a   t o  a t h i c k n e s s   o f  2500 m and f lowed  general ly  south  and  southeast. As t h e  

c l imate   amel io ra ted ,   the   i ce   sheet   th inned  by   down-wast ing ,   eventua l l y   leav ing  

l a r g e   " t o n g u e s "   o f   i c e   i n   t h e   m a j o r   v a l l e y s .   G l a c i a l   l a k e s ,  ponded  by i c e  tongues, 

developed i n   t h e   l a r g e r   v a l l e y s  and marginal .   lakes  formed  beside  the  ice  tongues. 

Fine  sediments  such  as  the  South Thompson S i l t s  (Fulton  1965)  were washed f rom 

t h e   d r i f t   m a n t l e  and  deposited i n   t h e   g l a c i a l   l a k e s .   D r a i n a g e  was t o   t h e   e a s t  

by way o f   marg ina l   channe ls  and e v e n t u a l l y   t o   t h e   P a c i f i c   v i a   t h e  Okanagan Va l ley .  
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AREA OF LAKE 
ICE MARGIN  IAFFWOX) .-..-, ICE RETREAT  AND GLACIAL LAKE  DEVELOPMENT. 

AREA OF ICE 
STAGIIANT ICE "T". 

GLACIAL LAKE - ' SOUTHERN  INTERIOR  PLATEAU.  BRITISH  COLUMBIA 
.. .. . 

DEAD E€ s 
SUGGESTED m c r m  OF ICE FLU,-- 
KELT WATER FLOW 

K l b m t l e S  

____~ " .. " -~ "" " .. -~ 

Figure 5. Ice  retreat  and the  historical development o f  Glacial Lakes i n  the 
Southern Inter ior  o f  British Columbia. Comments i n  the  text.  (From Ful ton 
1969).  

Lake levels dropped intermittently as the  . ice tongues me1 ted and drainage bar- 

r i e r s  were breached,  overrun , or lowered. Eventually  the  lake which occupied 

the Thompson Val ley  ( the Tranquil l e  Stage of Glacial Lake  Deadman; Ful  ton 1969) 

extended  west t o  a t   l eas t   the  mouth o f  the Nicola  River and an unknown distance 

up the North Thompson River. The a l t i tude  o f  this  lake's   surface was approxi- 

mately 427 m. A large  deltaic  deposit  (containing  buried  ice) was deposited 
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across G1 acial Lake  Deadman near  the m o u t h  of Deadman Creek. The material com- 

pr is ing  this   del ta  i s  believed-(Holland 1964) t o  have resulted from massive drain- 

age.  into Deadman Creek  from the  Fraser  Valley  north of 'Dog Creek , w i t h  meltwa- 

t e r  escaping by  way .of Canoe  Creek across  the head of the Bonaparte  .River and 

i n t o .  Deadman Creek. The  Deadman  Creek delta (180 m thick  at   the mouth of Dead- 

man Creek t o  zero  metres 32 km upstream; Mathews 1944) effectively  divided Gla- 

cial  Lake Deadman i n  two. A succession of lakes of various sizes occupied the 

Thompson Valley t o  west of Spences Bridge, each separated by extensive outwash 

deltas. When the  Fraser Valley was finally  deglaciated and the  present  drain- 

age established, headward erosion  processes  captured and successively  drained 

a1 1 the 1 akes i n  the Thompson Val ley  as  far  east  as  the Deadman Creek del ta .  

A1 though Kamloops  Lake remained, the changes i n  drainage caused a lowering of 

i t s  water  level t o  353 m. Continued headward erosion upstream from Kamloops Lake, 

and through the  sof t  Sou th  Thompson Silts,  eventually  captured  the Shuswap drain- 

a,ge  from the Okanagan-Columbia River drainage  basin. The extra  water  flow, by 

increasing  erosion , 1 owered the  level of Kamloops  Lake approximately 1 2  m t o   i t s  

present.leve1. The North Thompson River is  now supplying  large  quantities of 

sediment- to   the Thompson River delta and  Kamloops  Lake, the bottom topography 

of the  lake  is..being smoothed, and the  delta is  advancing westward i n t o  the  lake. 

Figure 5 shows the  post-glacial  history of the  lake  basin. 

A t  present  the Kaml oops Lake surface  is  given as 336 m (Water Survey 

of Canada  datum , 1102.95 f t ) ,  b u t  i t  undergoes an annual change of .up to  7.6 m 

in  water  supply., Most o f  the  water comes from due to  the seasonal  variations 

.snow-melt i n  'the  spring. 

2.2 Methods 

' . a )  Fie1 d Procedures 

An echo-sounding survey of the  lake was conducted d u r i n g  July , 1973 
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us ing  an A t l a s  DESO-10 dual  frequency  sounder. No al lowance was  made f o r  changes 

i n  sound v e l o c i t y   r e s u l t i n g   f r o m   w a t e r   d e n s i t y   d i f f e r e n c e s   a s s o c i a t e d   w i t h  tem- 

p e r a t u r e   s t r a t i f i c a t i o n .   T e m p e r a t u r e   d a t a   f r o m   J u l y ,  1974 suggest   tha t   the   e r -  

r o r   i n   t h e  1973 soundings i s  circa 3%. Sounding 1 i n e s   ( F i g  .6)  were r u n   a t  con- 

stant  speed  between  prominent  topographic  features on the  shore.   Aer ia l   photo- 

? graphs  and 1 :50,000 sca le   topograph ic  maps were  used t o   i d e n t i f y  landmarks. 

Th i r ty -s ix   Sh ipek   g rab  samples of   bot tom  sediment  were  obtained  f rom 

t h e   l a k e  and the  Thompson R i v e r   e a s t   o f   t h e   l a k e   ( F i g . 7 ) .   D e s c r i p t i o n s   o f   t e x -  

t u r e  , sur face   fea tures  , s t r a t i  f i  c a t i  on , macrob io l   og ica l   con ten t  , and co lour   (a -  

gainst   the  Munsel l   Colour  Chart)   were made on a1 1 samples  upon r e t r i e v a l .  Sub- 

samples  were  taken o f  the  upper  1-2 cm o f  sediment,  and o f   t h e   u n d e r l y i n g   m a t e r -  

i a l .  I f  large-scale  (1-3 cm) s t r a t i f i c a t i o n   o c c u r r e d ,  subsamples  were  taken o f  

each laye r .  All. samples  were  sealed i n   p l a s t i c  bags, t r a n s p o r t e d   i n   c o o l e r s ,  

and s t o r e d   a t  4°C u n t i l   f r e e z e - d r i e d .  

Grav i ty   cores  were  obta ined  f rom  se lected  s i tes i n   t h e   l a k e   t o   p r o v i d e  

h i s t o r i c a l   i n f o r m a t i o n   c o n c e r n i n g  changes i n   t h e   l a k e ' s   c h a r a c t e r i s t i c s   p r e s e r v e d  

i n   t h e  sediments. Cores f o r  geochemical   analyses  were  col lected  wi th a t r i p l e -  

b a r r e l   l e d   c o r e r   o f   t h e   t y p e   d e s c r i b e d   b y  Kemp e t  a2 ( 1  971 ). Pa lyno log ica l  sam- 

p les  and m a t e r i a l   f o r  Ce-137 determinat ions  (not   repor ted  here)  and c o r e s   f o r  

sedimento log ica l   analys is   were  obta ined  us ing a Benthos  corer   wi th  a two  metre 

p l   a s t i  c b a r r e l  . 
The sedimentology  cores  were s p l i t   i m m e d i a t e l y   t o   m i n i m i z e   d i s r u p t i o n  

o f   laminat ions   by   escap ing  gases  and descr ibed i n   t h e   f i e l d .   H a l f   o f   t h e   c o r e  

was t h e n   p e r m i t t e d   t o   a i   r - d r y ;   t h e   r e m a i n d e r  was' s t o r e d   m o i s t   a t  4°C i n   t h i n  

p l a s t i c .  

A1 

im ize   bac te r  

l u t i o n ;   t h e  

1 other   cores  were  subsampled  shor t ly   a f ter   co l lect ion so as t o  min- 

i a1  a1 te ra t i ons   o f   t he   sed imen t   chemis t r y  and d i s r u p t i o n   b y  gas evo- 

p i s ton   ex t rude r   used   f o r   t h i s   pu rpose   i s   desc r ibed  by Kemp e t  a2 
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I (1971). For the geochemical analyses , 1 cm sections were extruded a t  1 cm i n -  

tervals for the t o p  20 cm; 2 cm intervals between 20 and 30 cm; and every 5 

cm for  the  rest  of ,the  core. One centimetre  thick samples for  palynology were 

taken  every second centimetre  to 20 cm depth, t h a n  a 1 cm thick  s l ice  was re- 

moved every 10 cm t o  the end of the  core. 

b )  Analytical  Procedures 

A1 1 surface sediment samples and core subsamples were lyophi 1 ized, and 

a l l  subsequent  laboratory  analyses were conducted on freeze-dried  material. To 

establish whether lyophilization  altered  clay  minerals or grain-size distribu- 

tions, both wet and freeze-dried subsamples were  compared. No detectable d i f -  

ferences i n  g r a i n  s ize  or clay mineralogy were identified beyond the range  of 

normal i ntra-sample  variation. 

Most sediment  samples consisted o f  s i l t  and clay-sized  material. Con- 

sequently,  the  grain-size  distributions o f  most samples were obtained  using a 

Sedigraph 5000 fine-particle  analyzer. Approximately 2 g o f  sediment were blen- 

der homogenized fo r  6 m i n .  i n  0.05% Calgon solution. For samples containing 

more t h a n  5% sand-sized  material, a combined sieve and sedigraph  technique  and, 

for  comparison, a sieve and pipette method was used. S t a t i s t i ca l  measures of 

grain-size  distribution, mean, standard  deviation, skewness, and kurtosis were 

computed for each  sample. 

Selective  extractions  to  identify  the forms of inorganic phosphorus 

and t race metal contents were determined on subsamples from cores.  Total phos- 

phorus was analyzed  spectrophotometrically on acid  extractions,  while  selective 

extractions for specif ic  forms of  phosphorus were made  by Dr. J .  D. H .  Will iams, 

CCIW-Burl i ngton .  Trace metal analyses were condqted on acid-extracts by atomic 

absorption  spectrophotometry and by radio-frequency-induced argon plasma emis- 

sion  spectroscopy a t  Barringer Research Laboratories, Toronto. 

Six  surface samples and subsamples from  one core were analyzed by x-ray 
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diffract ion  for  major  mineral species  present i n  the  clay  (finer than 2 pm), f ine  

s i l t  (2-5 pm), and medium s i l t  (5-20 pm) size  fractions.  The sample preparation 

technique o f  K i  t t r i c k  and Hope ( 1  963) as  modified by Harris and  Lavkul ich ( 1  972) 

was employed. Semi-quantitative  analysis of the  clay mineral species  in  the  f i-  

ner t h a n  2 pm fraction was accomplished using  Biscaye's  (1965)  weighting  factor. 

Estimates of sedimentation  rates were made from a ser ies  of cores  col- 

, .  
. .  

. _  

lected a long  the  axis of  the  lake  basin. One-ha1 f of each of the sp l i t  cores 

was allowed t o  dry  completely, and the  split  surface  scraped  clean o f  oxidized 

material and  smoothed w i t h  f ine sandpaper. A 1 :1 mixture of glycerine and wa- 

t e r  was sprayed on .the smoothed surface  to enhance laminations. Assuming  most 

o f  the  thin da rk  layers of each lamination  couplet  represented a single  winter 's  

accumulation,  the number of dark layers was counted, and the annual vertical  

accumulation of  dry  sediment and the amount per u n i t  area  calculated.  Since 

the  coupl.ets  are composed of a1 ternating 1 i g h t  and dark 1 ayers  that  are  inter- 

preted  as summer and winter  accumulations  respectively  (ie. combined as annual 

deposits),  the laminae can be interpreted  as  varves. While shrinkage o f  up  t o  

15% due to  water loss has occurred i n  some of the  cores,  the  calculations have 

been  made on a sediment  dry-weight basis and are i n  e r ror  only t o  the  extent t h a t  

some dark laminae may represent  intra-varve  accumulations. 

2.3 Bathymetry and Basin Morphology 

Morphometric parameters fo r  Kamloops  Lake are given i n  Table 1 .  A hyp- 

sometric  curve  relating  lake  area and volume t o  depth, and a bathymetric  chart 

are  presented i n  Figures 8 and 9 ,  respectively. 

Kamloops  Lake  can  be conveniently  considered  as two intergrading  basins 

divided a t  about  the p o i n t  where the 1 ake berids to  the southwest. To the  east ,  

the  basin  sides  are  uniformly  steep and the  basin  floor smooth, becoming gently 

u n d u l a t i n g  near  the bend. A t  the extreme east  end i s  the Thompson River de l ta ,  
I 
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Table 1 .  Forphometry of Kamloops  Lake 

Area ( A )  
Volume ( V )  
Length ( 1 )  
Mean Depth (2 )  
Maximum Depth (Z,) 

Mean Bre.adth ( 6 )  
Maximum Breadth (b ) 
Shore Line ( L )  
Shore Line Development ( D L  = L / 2 h A )  
Elevation of  Datum (H )  

rn 

52.07 k m 2  
3.70 k m 3  

25 km 
71 m 

143 m 
2 .1  km 
2 .4  km 

60,5 km 
2.37 

336.18 m 

a  steep  (gradqent 1 :16, locally  as  steep  as 1 :4; Fig.23),  unstable  slope where 

very  rapid  sedimentation i s  occurring. The basin  floor immediately west of  the 

delta  front i s  smooth. The ra te  o f  sedimentation  decreases away from the  delta 

and, i n  consequence , b a s i n  f l o o r  re1 ie f  becomes  more pronounced w i t h  ridges and 

shelves  covered, b u t  not  yet buried, by modern sediment. 

West of the bend the  average  depth of the  lake bottom decreases con- 

tinuously  and,  except on the  north  side of the  lake,  the  basin margins are  less 

steep and locally show extensive  shallow  shelves. Bottom re l i e f   i s  pronounced. 

Bedrock, identified  in  seismic  profiles,  occurs a t  a shallower  depth t h a n  i n  

the  eastern  basin , and appears t o  have a more irregular  surface.  The general 

upward slope of the bottom and i t s  rugged character  indicate  that  the  lake bot-  

tom i n  the  eastern end of Kamloops  Lake is  si tuated on the edge of the  old  out- 
\ 

wash from Deadman Creek. 

2.4 Sediment Distribution 

.A description o f  shore1 

study. The bedrock or gravel and 

ine ‘sediments has n o t  been 

sandy gravel beaches form 

included i n  this 

i n g  the 1 ake margins 
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are  regions of complex energy relationships  resulting from wave action and  wa- 

t e r  level  fluctuations  that  occur  naturally i n  Kamloops  Lake.  Most o f  the  sedi- 

ment supplied  to  the  lake i s  deposited w i t h i n  the  lake  basin below the  steeper 

marginal slopes. 

The distribution of sediment  types ( F i g .  10) is based on the nomencl a- 

ture of Shepard (1954) as derived from the  subdivision of a ternary diagram w i t h  

sand, s i l t ,  and clay  as end-members. Sediments are sandy a t   the   eas t  end of the 

lake and become increasingly  enriched i n  clay toward the  west. S i l t s  extend fur- 

ther along  the basin on the  north side of the  lake and grade into  clayey si l t s  

t o  the  south and west. 

Figure  10.  Distribution o f  sediment facies  in Kaml oops Lake according to  the 
Shepard (1954) c lassi f icat ion.  

The  mean grain-size of  Kamloops  Lake sediments  decreases from eas t   t o  

west along the  lake ( F i g . 1 1 ) .  Isopleths  are  concentra 

the 1 ake , over  the Thompson River delta , becoming  more 

west. A tongue of coarser sediment  extends  along  the 

ted a t  the  eastern end of 

widely  spaced toward the 

lake on the  north  side. 



20 

I 

4-" 

I 



21 

T h i s  assymmetric pattern,  which i s   a l so  apparent i n  the  decreasing s i l t  and i n -  

creasing  clay  contents  (Figs.12 and 13,  respectively),   reflects the extension 
. 

Figure 12 .  Distribution of the   s i l t - s ize  (63-4 pm) fraction of Kamloops  Lake 
sediments. 

KAMLOOPS LAKE 
Clay size fractm 

8" . 

0 1 2 3 4 5 6 1  

kilometres 

Figure  13. Distribution of the  clay-size  (finer than 4 pm) fraction o f  Kamloops 
Lake sediments. 

E 



River del ta   (Figs . lO, l l ) .  The 

sediments is  occurring  as smal 

water  photographs  suggest t h a t  

per  slope o f  the  delta  leaving 

del t a  prof i 1 e 

1 slumps , sandf 

massive sl umps 

vertical  wall s 

sandy sediment i s  believed  to have originated 
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and confinement of river-induced flow a1 ong the  north  side of the  'lake. A zone 

of  anomalously coarse and sandy sediment  occurs  near  the  foot o f  the Thompson 

suggests  that mass  movement o f  the 

lows, or continuous  creep. Under- 

of  sediment originate on the up- 

of bedded sand.. The zone of coarse 

from such a slump  which may have 

developed into a sediment  flow t h a t  extended a short  distance beyond the  delta 

front.  The east  end of  the  coarser  sediments o f  the slump  mass is  slowly being 

covered by more recent  sediments. Because of i t s   loca t ion  and the  rapid  rate 

of sedimentation i n  this area,  the "slump" must have occurred  in  only  the las t  

few years. 

The sedimentological  patterns  reflect  only minor effects  of the smal- 

l e r  streams t h a t  flow into  the  lake. For example, no modification t o  the dis- 

t r i b u t i o n  of  sediment  parameters is  apparent  near  the mouths of Cherry or Cara- 

bine  Creeks. Minor effects   (s l ight ly   coarser  mean grain-size and s i l t i e r   s e d i -  

ment) occur  near Savona ( s i t e  1 , F i g . 7 ) .  A sample near  the mouth of the Tran- 

qu i l l e  River has a smaller mean grain-size t h a n  neighbouring  samples,  suggest- 

i n g  that   the i n p u t  from the  Tranquille River has modified the  pattern  of  sedi- 

mentation  near i t s  mouth.  Benches or  terraces  constructed o f  gravels and gra- 

velly  sands,  situated  at  the mouth of the  Tranquille River between h i g h  and low 

lake  levels,  indicate  that  while  this  material  is being supplied t o  the  lake mar- 

g i n  by the Tranquil  l e  River i t  i s  not being transported  into  the  lake. 

ref1  ect  tota 

eastern end 

delta  topset 

Sedimentary substrates a t  the   in le t  and out le t  ends  of Kamloops  Lake 

1 ly  different  sedimentologic and energy  regimes. The de l ta   a t   the  

i 

ou t l e t ,  i n  c 0 

s sandy, and i s  an area of rapid  sedimentation.  Substrate on the 

zone reflects  the  nature  of  the  load of the Thompson River. A t  the 

ntrast ,   the  substrate  reflects  the  lack of sedimentation and the 

8 
n 
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nature of the  underlying  sediments.  The.river bed i s  rocky, composed of cobbles, 

gravels and sand derived from the  old  glacial .Deadman Creek outwash; i t  i s  re1 i c t  

rather  than modern. 

2.5 Mineralogy 

C h l o r i t e ;   i l l i t e  ( a s  a well-crystallized form probably  representing 

f inely ground mica);,.quartz,  feldspar, ' and  minor amounts o f  montmorillonite were 

identified from the  clay-size  (finer t h a n  2 pm) fractions of the Kamloops  Lake 

sediments;  there is  also some indication .of the  presence of mixed-layer  miner- 

a l s .  Some of  the i l l i t e  may  be finely ground vermiculite  rather  than mica. 

The f i n e   s i l t s  (2-5 pm-) have a similar mineral content, w i t h  an increase i n  

the amount of feldspar and quar tz  and the  appearance of  amphibole. The 5-20 

pm fractions  contain  quartz,  feldspar,  chlorite, mica (of more t h a n  one kind), 

amphibofe and pyroxene. Quantitative  assessment by x-ray diffraction o f  the 

amounts of various minerals  present i s  n o t  possible for other t h a n  clay mineral 

species. Small quantit ies of a ,particular mineral species  ( less than 5-10% by 

volume of  the  total)  are  not  detected by th i s  technique  (eg.  apatite, a res is-  

t an t ,  phosphate-bearing  mineral i s  present i n  quantities  too small to  detect  

and identify by x-ray diffraction  analysis) .  

Increasing  concentrations of pyroxenes and amphiboles occur  adjacent 
. .  

t o  the Thompson River delta.  Semi-quantitative  analysis of clay mineral compo- 

s i t ion  shows no regular change i n  proportion of the  three main clay  minerals 

present. The average  composition for   s ix  samples i s  2.7% montmorillonite, 71.5% 

i l l i t e ,  and 25.8% chlor i te  w i t h  ranges of 1-4%, 64-76% and 21-33%, respectively. 

2.6 Sediment Geochemistry 

a )  General Element Distributions- 

The horizontal  distribution  patterns of most elements i n  the  surface 
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sediments  of Kamloops Lake a r e   s t r o n g l y   r e l a t e d   t o   s e d i m e n t   p a r t i c l e   s i z e   d i s -  

tri bu t ion .   Bo th   t he   c lay   m ine ra l s  and t h e   p r o p o r t i o n   o f   f i n e   ( c l   a y - s i z e )   m a t e r -  

i a l   c o m p r i s i n g   t h e   s e d i m e n t   e f f e c t   t h i s   c o n t r o l .   A g g r e g a t i o n s   o f   s m a l l   p a r t i c l e s  

have grea ter   sur face   a reas   than  la rger   par t i c les   o f   comparab le  mass, and  conse- 

q u e n t l y  more s o r p t i o n   s i t e s   f o r   o x i d e s  and h y d r o x i d e s   o f   i r o n  and  associated  t race 

elements. Some o f   t he   e lemen ts  measured may a l s o  be  an i n t e g r a l   p a r t  o f  t h e   c l a y  

m ine ra l s   t hemse lves .   Ev idence   f o r   t he   e lemen t /pa r t i c l e -s i ze   re la t i onsh ip   i s  seen 

i n   t h e   s i m i l a r i t y  o f  t h e   d i s t r i b u t i o n   p a t t e r n s   o f  magnesium  and potass ium  wi th-  

i n  the  c lay  minera ls   (F igs.14,15) ,   ac id-ext ractable  i ron,   which i s  commonly  ad- 

sorbed  on to   the   c lay  and f i n e   p a r t i c l e s   ( F i g . 1 6 ) ,  and t h e   c l a y - s i z e   m a t e r i a l  

( F i g . 1 3 ) .   S i m i l a r   d i s t r i b u t i o n   p a t t e r n s  were  found  for  copper,  zinc, vanadium, 

manganese, n i c k e l  , c o b a l t ,  chromium,  scandium,  lead, cadmium, mercury,   stront ium, 

aluminum, t i t a n i u m ,  and  calcium  (none shown d i a g r a m a t i c a l l y ) .  

The e l e m e n t - p a r t i c l e   s i z e   r e l a t i o n s h i p   i s   a l s o  shown on p l o t s   o f   e l e -  

ment concent ra t ion   versus   d is tance from  source  (the Thompson R i v e r   d e l t a ) .  Such 

reg ress ion   p lo t s   genera l l y  show q u i t e   h i g h   c o r r e l a t i o n s ,   r a n g i n g   f r o m  0.976 f o r  

magnesium t o  0.738 f o r  cadmium (Figs.17,18). However, t h i s   h i g h   c o r r e l a t i o n  

does n o t   o c c u r   w i t h  one group o f  elements. The c o n c e n t r a t i o n s   a n d   d i s t r i b u t i o n  

, p a t t e r n s   o f   f l u o r i n e ,   p h o s p h o r u s  , and a s u i t e  of   lanthanides do n o t  seem t o  be 

c o n t r o l l e d  by p a r t i c l e   s i z e   i n   t h e  b’ottsm  sediments  (Fig.19). 

b)  Sediment  Phosphorus  Geochemistry 

The var ious   fo rms  o f   phosphorus   occur r ing , in   the   sed iments   o f  Kamloops 

Lake  were i den t i f i ed   by   se lec t i ve   chemica l   ex t rac t i ons  (Chang  and  Jackson  1957; 

Will iams e t  a2 1976) .   Organica l ly  bound  .phosphorus was probably   present  i n  a- 

mounts  rangi.ng  from 10-15%, whi le  phosphorus  included i n   t h e   l a t t i c e s  o f   i n s o l -  

u b l e   s i l i c a t e   m i n e r a l s   a c c o u n t e d   f o r   o n l y  a few percent  of   the  total   phosphorus 

H. Wi 11 iams  personal  communication). The remainder o f   t h e  phosphorus 

loops Lake  sediments i s   i n o r g a n i c .   S e l e c t i v e   e x t r a c t i o n   p r o c e d u r e s  

(Dr. J .  D. 

i n   t h e  Kam 
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were used to   cha rac t e r i ze   i no rgan ic   phosphorus   a s  e i ther  ' apa t i te   phosphorus '  

o r   ' non-apa t i te   inorganic   phosphorus  (NAIP) I .  The former i s  a mineral  of  gen- 

e r a l  formu1.a  Calo(P0&F2. I t  i s  extremely inso lub le :  the s o l u b i l i t y   p r o d u c t  . 

o f   f l u o r a p a t i t e   ( t h e  most common form of   p r imary   apa t i te )  i s  10-"8'8 (Wier e t  

a2 1972).  Also, there. i s  e v i d e n c e ,   t h a t  the d i s s o l u t i o n   r a t e   o f   a p a t i t e  under 

na tura l   condi t ions  i s  very low; f o r  example , a p a t i t e  persists i n  t y p i c a l  non- 

ca lcareous   so i  1 s , w i t h  pH values   of  less than 7 , for   thousands   o f   years  (Wi 1- 

1 iams et a2 1969).   Uniform  concentration  values  of  apati te  phosphorus down the 

length  of  a core   o f  Kamloops Lake sediment  (Fig. 20) i n d i c a t e s   t h a t  , once  incor- 

po ra t ed   i n to  the sediment column, a p a t i t e  i s  s t a b l e .  In  addition-, the average 

time during  which  apat i te  i s  i n  con tac t  w i t h  1 a k e   w a t e r s   p r i o r   t o   b u r i a l  by sed-. 

irnent i s  probably very s h o r t  i n  view.of the rap id   sed imenta t ion   ra te  i n  Kamloops 

Lake (Sec t ion  2 .7 ) .  I t  i s  the re fo re   conc luded   t ha t   d i s so lu t ion   o f   apa t i t e   can -  

not   suppor t   s ign i f icant   concent ra t ions   o f   b io logica l ly   ava i lab le   phosphorus  i n  

the water column. 

The nature   and  or igin  .of  NAIP i s  complex, b u t  i t  a p p e a r s   t o  be produced 

o r   s e d i m e n t e d   a t  the sediment -water   in te r face   as   o r thophosphate   ions   assoc ia ted  

w i t h  amorphous  hydrated  Iron  oxides which a r e  i n  turn, a s s o c i a t e d  w i t h  organ- 

i c  matter   and  c lay  minerals .  This form of  phosphorus may become a v a i l a b l e   f o r  

b i  ol  ogi  cal u t i  1 i z a t i  on. 

. .  

The re la t ive ly   un i form  concent ra t ion   of   ac id-ex t rac tab le   phosphorus  

i n  the su r face  sediments of Kamloops Lake mentioned  above  (Fig.19)  indicates 

t h a t  the phosphorus i s  a s soc ia t ed  w i t h  minera ls   o f  a wide  range  of  grain-sizes.  

The grouping  of  phosphorus,   f luorine,   and the l an than ides   s epa ra t e  from the el-  

ements w i t h  g rada t iona l   concent ra t ions  , and the es t imat ion   tha t   approximate ly  

one-half   of the t o t a l  mass of the r a r e ' e a r t h  elements i n  the E a r t h ' s  crust is  

bound i n .  the minerals  of  phosphorus,   t i tanium,  niobium  and  zirconium, w i t h  the 
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Figure 20. Concentrations  of  inorganic phosphorus forms i n  subsamples from a 
core  taken from s i t e  20, Kamloops  Lake. 

'prime  phosphorus  mineral  being apat i te  (Khomyakov 1971) ,  suggests t h a t  these  ele- 

ments are  present i n  the mineral apati te.  Furthermore, these  observations sug- 

gest t h a t  the   apat i te   is  widely distributed i n  par t ic le   s ize .   I f   apat i te  oc- 

curred  predominantly i n  a single  particle  size  fraction, i t  would  be largely  re- 

moved in  the  basin  unless t h a t  size.was  exceedingly  small. 

The  mean content of apat i te  phosphorus re la t ive t o  total  inorganic 
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By compaving isobaths from these two charts,  along  a 1 ine  perpendicular  to  the 

delta,  estimates of delta growth  and rates of advance  of the del ta   f ront  were 

obtained. Some er ror   a r i ses  from the  lack,of.coincidence o f  the.  lake's  out- 

l ine  on the two  maps. Nevertheless,  the  results  indicate  a  rapid  average an- 

nual advance of the  delta  front.  Figure 22 shows profiles (31 x V . E . )  of the 

Thompson River delta from the two charts,  and includes  figures of the  total  

and average annual ra te  of growth of this  section  of.   the  delta.  I t  i s  unlikely 

that  the  entire  delta f r o n t  i s  advancing a t   t he  same ra te ,  b u t  further work 

comparing pre- and post-freshet accumulation i n  1975 i s  expected to  provide 

more information on the growth and development of the  delta. 

Locations o f  cores used for  calculating  sedimentation  rates  are shown 

i n  Figure 21. The  map of  the  lake'was  arbitrarily  divided  into  cells  centred 

on each of the cores. Assuming a  specific g rav i ty  for  these  sediments of 2.7 

KAMLOOPS LAKE 
core stations 

0 1 2 3 4 5 6 7 8 9  

kilometres 

Figure 21. Location  of  core s i tes   in  Kamloops  Lake from  which- accumul'ation 
rates were calculated, and cel l  boundaries used t o  calculate budgets. 
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phosphorus for  a sediment  core  collected from Kaml oops Lake ( a t  the same s ta t ion 

as sediment sample 20) i s  about 80% (Fig.20). The  NAIP concentrations i n  the 

subsamples o f  the  core  are  fairly uniform. The slightly  higher  value  for  the 

interface subsample (0-1 cm) i s  normal i n  1 ake sediments and does n o t  neces- 

sa r i ly  indicate  increased  loadings t o  the  lake (Dr. J. D. H.  Williams personal 

communi cation).  T h i s  1 ack o f  apparent  increased 1 oadinq i n  the core does not  

indicate  that  such an increase d i d  n o t  occur i n  recent  years, b u t  rather t h a t  

i t  was e i ther  smal 1 compared t o  the  total NAIP load or was' n o t  of a form sui t- 

able  for  retention i n  the  lake. 

The occurrence of biologically unavai 1 able  apatite  over a wide range 

of grain-sizes i n  the Kamloops  Lake sediments i s   s ign i f i can t  i n  t h a t  i t  sug- 

gests  the  presence of apatite  in  the  water column i n  similar  proportions t o  the 

sediments.  This  conclusion i s  of considerable chemical importance i n  relation 

t o  nutrient  loadings t o  the  lake. With apat i te  suspended i n  the  water column, 

the  total  load of potentially  available phosphorus i s  much lower t h a n  the to -  

t a l  measured load  (Sections 4. 2by6.1  ). The presence o f  apat i te  phosphorus caus- 

es   fur ther   d i f f icu l t ies  i n  determinations of  lake  trophic  status by conventional 

models (Section 6 . 1 ) .  

2.7 Sedimentation Rates 

Estimates of  sedimentation  rates have  been  made from investigations 

of cores, and by comparison of bathymetric  charts made  some years  apart. The 

core  studies  give  vertical  accumulation, i n  dry weight of sediment  per u n i t  area 

per  year. 

In July, 1949 the  International  Pacific Salmon Fisheries Commission 

constructed a bathymetric  chart of Kamloops  Lake. During July, 1973, CCIW - 
Pacific & Yukon  Region  made a more intensive echo-sounding survey of the  lake 

to   t race  sediment facies and to  obtain more detail  of  the  lake's bottom morphology. 8 
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Figure 22. Profiles of the Thompson River de l ta   a t   the  east  end of Kamloops 
Lake determined from bathymetric  charts compiled in 1949 and 1973. Vertical 
exaggeration of x31. Values o f  the  total  and  mean annual advance o f  the  delta 
f ron t   a t  10 metre intervals  are given. 

g cm-3y calculations were made of the amount o f  sediment  accumulating in 'each 

cell  per  year assuming sediment  accumulated a t  this ra te  over 80% of the  cell 

area.  Results o f  these  calculations  are given i n  Table 2. 

The va.lues  given i n  Table 2 can be 'used to   calculate  budgets  of chem- 

ical  species i n  the  sediments. By averaging  the  concentrations i n  each o f  the 

ce l l s  of each element  measured, and calculating  the mass o f  each element  repre- 
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Table 2. Calculat i ,ons  of  average  annual  sediment  loading i n   c e l l s  cen- 

t e r e d  on c o r e   s i t e s  . 

Core # Vert .  accum. Amount 80% o f   c e l l   A r n t / c e l l  Amount 
ra te (cm yr-’ ) ( g  cm-2 area(km2)  (kg kmm2 (kg)  

Yr-l) yr-’ ) 

74- 34 0.34 . 0.92 5.76 9 . 2 ~ 1 0 ~  5 . 3 ~ 1 0  

74-35 0.34 0.92 7.48 9 . 2 ~ 1 0 ~  6 . 9 ~ 1 0 ’  

7 

74-36  0.49  1.32  8.70 I. 32x1 O7 1 .15x108 
74-37  0.61  1.65  10.27 1 . 6 5 ~ 1 0  1 .7x108 

7 

*74-38  1.5  4.05  5.40 4.05~10  2 .2x108 

*74-39 8.0 21.6  3.44  2.16x10 7 . 4 ~ 1 0 ~  8 

*Rates fo r   these  cores  may be i n   e r r o r  as a r e s u l t   o f   t h e   r a p i d   r a t e   o f  
accumulation and the   shor t   leng ths   o f   core   over   wh ich   ra tes   cou ld  be 
ca lcu la ted .  

sented i n   t h e  sediment  budget  of  each c e l l  , mean annual  removal  rates o f   t h e  

var ious   chemica l   spec ies   in to   the  1 ake  can  be  obtained  (see  Table  3).  Table 

3 represents  the  sediment  budget, on a mean annual  basis, o f  various  chemical 

s p e c i e s   f o r  Kamloops Lake.  For  the  purposes o f   t h e   p r e s e n t   r e p o r t   o n l y   t h e  

f i g u r e   a s s o c i a t e d   w i t h  phosphorus i s  p a r t i c u l a r l y   i m p o r t a n t .  The t o t a l  mean 

annual  removal  <rate o f  a c i d   e x t r a c t a b l e   p h o s p h o r u s   t o   t h e   s e d i m e n t s   i s   e s t i -  

mated a t  1014 met r ic   tonnes .   Th is   cor responds  we l l   w i th   the   es t imate   o f   to ta l  

phosphorus  retained i n   t h e   l a k e   d u r i n g   t h e   s t u d y   y e a r   t h r o u g h   c a l c u l a t i o n s  

based  on  water  chemistry - 970 tonnes. As previously  noted,  however,  about 

80% o f   t h e   a c i d   e x t r a c t a b l e   p h o s p h o r u s   i s   p r e s e n t  as a p a t i t e ,  a m i n e r a l   o f  

negl  i g i   b l  e b i   o l   o g i   c a l   s i   g n i  f i  cance. 
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3. PHYSICAL  LIMNOLOGY 

hydrology and climatology of the  region. The purpose of 

summarize the  salient  physical  processes and circulation 

ly bear on the chemical and bi  ol ogical  condition of the 

the  important  interaction of the Thompson River  system w 

ical  limnology of Kamloops  Lake exhibits  several unique char- 

ac te r i s t ics  i n  comparison t o  other  lakes of western Canada. Processes which 

affect   the environmental  condition of the  lake  are  strongly  influenced by the 

this sect ion  is   to  

features which direct-  

lake and to   interpret .  

i t h  Kamloops  Lake. 

Physical  monitor stations  are  presented i n  Figure 23. Electrobathy- 

thermograph (EBT) stations  (-for  temperature and turbidi ty   prof i les)  were occu- 

pied weekly for  the s tudy year. Supplementary EBT s ta t ions were  added for  the 

autumn  and spring  overturn  periods. Three fixed  temperature  profi  lers (FTP)  

were also  in  place  for twelve months. Each recorded  the  temperature a t  21 depths 

to   the  bottom of  the  lake a t  10 rnin. in tervals  i n  the summer  and au tumn and a t  

20 rnin. intervals i n  the  winter and spring. Solar  radiation measurements were 

, .  

recorded  over  the  study  year a t  Kamloops Airport  (the  easternmost "meteorolo- 

gical tower" symbol  on Figure 2 3 ) ,  while wind direction wind speedy tempera- 

ture and humidity were recorded at  the  other  "meteorological tower" si t e  near 

and  below the  lake t o  mea- 

10 min .  intervals  throughout 

Savona. Temperature recorders were emplaced above 

sure  the  temperature of the  inflow 

the  year. 

3.1  Water Balance 

The water  balance of Kam 

and outflow a t  

loops Lake i s  dom inated by the  inflows of 

the North and South Thompson Rivers which  merge near  the  city o f  Kamloops  and 

enter  the  lake  basin  near  Tranquille. The  mean annual i n f l o w ,  computed  from 

'his tor ical  streamflow  data ( F i g . 2 4 ) ,  i s  720 m sec  or about 22.7 km y r  . 3 -1 3 -1 
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Figure 24. Mean monthly flow of the Thompson River  inflow into Kamloops  Lake. 
The solid  line  represents.  conditions d u r i n g  the Kamloops  Lake study  period; 
the dashed l ine represents  the Tong-term  mean. 

For comparison, the mean inflow d u r i n g  the CCIW study  period 1974-75 was 778 

m sec , or  about 8% higher  than  the  historical  average. Over 60% o f  the an- 

nual inflow comes i n  a three-month "freshet"  period from May t o  July, w i t h  peak 

flows usually  occurring i n  June. The  mean inflow for   the month of  June is  2320 

m sec . The river  inflow  declines  sharply dur ing  winter  reaching  a minimum 

of about 170 m3 sec-' i n  February and March. 

3 -1 

3 -1 

Several smal 1 tributary  streams flow direct ly   into Kamloops  Lake , 

the most important of which are  the  Tranquille  River, Cherry  Creek, Copper Creek, 

and Durant Creek. Although these  inflows were not gauged fo r  streamflow, i t  
t 

i s  estimated  that  they  contribute  less than 1-2% o f  the total  surface i n p u t .  

The outf low of Kamloops  Lake is  hydraulically  controlled. During 

periods of high streamflow,  the  lake  inflow  exceeds  the  outflow  and, i n  con- 

sequence, the  lake  level  rises.  Figure 25 shows the mean monthly water  level 

i n  Kamloops  Lake.  The highest  water  level  recorded d u r i n g  the  study  year was 



41 

1 
- _" " . - "" _ _ _ _ _ _ _ ~ _ "  -. 
April  May i June  July ' Aug. Sept. Oct. ' Nov. ' Dec ' Jan ' Feb I Mar I April ~ May 

Month 

F igure 25. 
(336 metres ) 
per iod ;   the  

Mean monthly Kamloops L a k e   w a t e r   l e v e l   r e l a t i v e   t o   l a k e  datum l e v e l  
. S o l i d   l i n e   i n d i c a t e s   c o n d i t i o n s   d u r i n g   t h e  Kamloops Lake  study 
dashed l i n e   r e p r e s e n t s   t h e   l o n g - t e r m  mean. 

7.27 m above  datum on 26 June,  1974; the   lowest ,  -0.4 m on 24 February, 1975. 

T h i s   d i f f e r e n c e   i n   l a k e   l e v e l   c o r r e s p o n d s   t o  a s torage volume o f  ea 0.4 km , 

o r  10% o f   t h e  1 ake' s t o t a l  volume.  Because o f   t h i s   f e a t u r e  , Kaml oops Lake  ex- 

h i   b i t s  many c h a r a c t e r i s t i c s   o f  man-made rese rvo i r s .  

Perhaps  the  most   s ign i f icant   aspect   o f   the  hydro log ic   reg ime i n  Kam- 

loops  Lake  . is   the  ext remely  shor t   bu lk   res idence  t ime,  T = V/R, where V i s   t h e  

volume o f   t h e   l a k e  and R i s   t h e   r i v e r   i n f l o w .   T h i s   p a r a m e t e r   i s   a l s o   r e f e r r e d  

t o  as t h e   ' b a s i n   f i l l i n g   t i m e '   f o r  any g i v e n   i n f l o w   r a t e .  The bu lk   res idence 

t ime  (Fig.26)  varied  from  about  18  days  for  June t o  about  340  days i n  February 

w i t h  an annual mean o f  63  days. I n  comparison,  the f i l l i n g   t i m e s   f o r  Okanagan 

and  Kalamalka  Lakes  are 60 and 71 years ,   respec t ive ly .  The ex t reme ly   sho r t  fil- 

l i n g   t i m e   i n  Kamloops Lake e f f e c t s  a r e l a t i v e l y   r a p i d  renewal r a t e   f o r   l a k e  wa- 

t e r  and will be shown i n  subsequent  sect ions  to  have an i m p o r t a n t   e f f e c t  on t h e  

d i s t r i b u t i o n s   o f   p h y , s i c a l  and chemical   propert ies.  
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Figure 26. Mean monthly . b u l k  residence  time of Kamloops Lake, 1974-75. 

3.2  Seasonal Trends in TemPerature 

Seasonal  changes i n  the  temperature  structure of Kamloops  Lake 

conveniently i l l u s t r a t ed  on a plot of isotherm  depths  as a function of t 

a re 

i me 

( F i g . 2 7 ) .  In this representat ion,   s t ra t i f icat ion i s  indicated by a horizon- 

ta l  arrangement of  isotherms;  convection and mixing  are  indicated by ver t i -  

cal  isotherms.  Severa 

teres  t : 

a)  Kamloops  Lake i s  

1 general  features of  the therma 1 s t ructure   are  o f  i n -  

dimictic,   that  i s  , i t  overturns twice  yearly, i n  autumn 

and i n  spring. The  two circulation  periods  are  indicated by the  nearly 

vertical  4°C isotherms i n  early January and early May. 

b)  The period of summer s t r a t i f i ca t ion  extends from May to  early November. 

The i n i t i a l  thermocline forms near  the  surface,  rapidly sinks t o  a depth  

of 40-50 m ,  and remains a t . t h a t  depth until autumn overturn  begins. Dur- 

i ng this period,  the hypo1  imni on comprises ea 50% of  the volume and covers 
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about 70% o f   t h e   s u r f a c e   a r e a   o f   t h e   l a k e .  , 

c )  From September  onwards , as a i r  temperatures  decrease , the  isotherms  de- 

velop  progressive  upward bends towards  the  surface. By mid-November s t r a -  1 
t i f i c a t i o n   i s  so r e d u c e d   t h a t   s i g n i f i c a n t  exchange  between t h e   e p i l i m -  

n i o n  and  hypolimnion i s  allowed.  Subsequently,  bottom  temperatures  are 1 
observed t o   i n c r e a s e   r a p i d l y  as r e l a t i v e l y  warm surface  waters  are  mixed 

downwards. 
I 

d) By mid-December the  whole  water  column  varies i n  temperature  by  only l 0 C .  11. 
Complete v e r t i c a l   c i r c u l a t i o n   o c c u r s  i n  ear ly   January.  

e) The w i n t e r   p e r i o d   i n  Kamloops  Lake i s   c h a r a c t e r i z e d  by weak reve rse   s t ra -  

t i f i ca t ion ;   tha t   i s ,   tempera ture   inc reas ing   w i th   depth .   Bo t tom  tempera-  

tures  cont inual ly  decl ine  through  February  and  most  of   March. 

I 3 !  

1 

MAY JUNE JULY AUG SEPT  OCT. NOV. DEC JAN. FEE MAR APRL MAY 

DATE 

Figure 27. P l o t   o f   i s o t h e r m   d e p t h   v e r s u s   t i m e   i n  Kamloops Lake,  1974-75. 
e q u i l i b r i u m   d e p t h   o f   t h e   i n f l o w   w a t e r   i s   i n d i c a t e d   b y   t h e  dashed l i n e .  
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Also shown in  Figure 27 is  the  equilibrium  depth o f  the  inflow  water 

from the  lbper Thompson River.  This i s . t h e  depth of the  water column a t  which, 

the  density of the  lake  water  equals  the  density of the incoming water. I f  no 

m i  Xing were t o  occur,  river  water wou1 d spread  across  the  lake  at  this  depth. 

The equi 1 i br ium depth has a  complicated  seasonal  pattern  (Fig.27). 

During summer stratification,  the  temperature o f  the incoming water i s  such 

t h a t  i t  would tend to  interflow  at  depths o f  10-20 m .  As fall  cooling  begins, 

the  temperature of the  inflow  water  decreases  rapidly and the equi l i  brium depth 

increases. By l a t e  November the  inflow  water i s  suff ic ient ly  dense ( T  = 4 O C )  

to  sink t o  the bottom as an underflow. However, further  cooling  to O°C decreases 

the  density of the incoming water -so t h a t  i t  becomes less  dense  than the  lake 

the  surface  of  the  lake. This 

imilar sequence  of  events  char- 

and subsequent;ly  tends t o  spread  across 

ion pers is ts  throughout  the  winter. A s 

water , 

condi t 

-5 o! April 

Month. I .  

Figure 28. Mean bimonthly water  temperatures -of the 'Thompson River  entering 
Kaml oops Lake above Tranqui 1 le  (inflow) and leaving Kaml oops Lake bel ow Savona 
(outflow)  in 1974-75. 
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ac te r i zes   t he   sp r ing   pe r iod .  The i n f l o w   w a t e r  warms t o  4°C more r a p i d l y   t h a n  

the   l ake   wa te r  and thus   tends   to   s ink  as an underf low.  Further  warming o f   t h e  

i n f l o w   w a t e r   r e d u c e s   i t s   d e n s i t y   t o   l e s s   t h a n   t h a t   o f   t h e   l a k e   w a t e r .  (The 

foregoing  arguments  are  ext remely  s impl i f ied i n   t h a t  no m ix ing  between lake  

and i n f l o w   w a t e r . i s  assumed t o  occur.   Further  aspects o f  m i x i n g   e f f e c t s  on 

the  1 ake c i   r c u l   a t i  on pat tern  are  d iscussed  be low.  ) 

Due t o   c o m p l i c a t e d   c i r c u l a t i o n   p a t t e r n s   i n   t h e   l a k e ,   t h e   t e m p e r a t u r e s  

o f   t h e   i n f l o w  and o u t f l o w   w a t e r   a r e   t y p i c a l l y   d i f f e r e n t   ( F i g . 2 8 ) .   E x c e p t   f o r  

t h e   p e r i o d  o f  spr ing   over tu rn ,   ou t f low  tempera tures   a re   genera l l y   h igher   than 

in f low  temperatures.  Thus , the  Thompson R i v e r   e f f e c t i v e l y  removes heat  f rom 

Kamloops Lake,  except i n   s p r i n g  when i t  warms the   lake .  

3.3 Seasonal  Trends . i n  Water T u r b i d i t y  

T u r b i d i t y   i s  a convenient measure  of t h e   e f f e c t   o f  suspended p a r t i -  

. c u l a t e   m a t e r i a l  on the   t ransparency   o f   the   water  column , w i t h   h i g h   v a l u e s   o f  

t u r b i d i t y   ( i n  Jackson T u r b i d i t y   U n i t s   o r  JTU) ind ica t ing   low  t ransparency .  

S i n c e   t h e   t u r b i d i t y  o f  Kamloops Lake i s  caused  mainly  by  the suspended sedi -  

ment l o a d   o f   t h e  Thompson R i v e r ,   t u r b i d i t y  was f o u n d   t o  be  an e x c e l l e n t   t r a -  

ce r   p roper t y  o f  t he   i n f l ow   wa te r .  Secondary  causes o f   t u r b i d i t y   i n c l u d e   o r -  

gan ic   mater ia l  and mater ia ls   resuspended  by  bot tom  s t i r r ing  or   s lumping.   (The 

r e l a t i o n s h i p  between t u r b i d i t y  and  transparency i s  d i s c u s s e d   f u r t h e r   i n  Appen- 

d i x  I . )  

Changes i n   t u r b i d i t y   w i t h   d e p t h  and t ime i n  Kamloops Lake a re  sum- 

marized i n  Figure 29. The f o l l o w i n g   i m p o r t a n t   f e a t u r e s   a r e  emphasized: 

a)  High  values o f   t u r b i d i t y   a r e   c o r r e l a t e d   w i t h   t h e   b e g i n n i n g   o f   t h e   s p r i n g  

f r e s h e t  and t h e   o n s e t   o f   s t r a t i f j c a t i o n .   T h i s   r e s u l t a n t   r e d u c t i o n   i n  

.water   t ransparency.   tends  to  1 imi t b i o l o g i c a l   p r o d u c t i o n   i n   e a r l y   s p r i n g  

(Section  6.2a). 
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Figure 29. Plot of t u r b i d i t y  isopleth  depth  versus  time i n  -Kamloops Lake, 
1974-75. 

b)  A t u r b i d  intermediate 1 ayer i s  es tabl ished  a t  depths of 10-20 m d u r i n g  

early June and pers is ts  through  October. This layer  coincides w i t h  the 

equilibrium depth of the  inflow  water  (cf. Fig.27) and. i s  a c lear  i n d i -  

cation of the  interflow of water from the Upper  Thompson River. 

c)  Near bottom values of turbidity  are  generally  quite 1 ow d u r i n g  early and 

middle summer, b u t  increase i n  September and October due , perhaps , t o  

bottom stirring and slumping. The highest  values of turbidity  near  bot- 

tom were observed on 17 December,  1974 and 14 January, 1975 (Fig. 29). 

These a b r u p t  increases were. an apparent  result o f  turbidity flows of ma- 

t e r i a l  dislodged  along  the  face of the  river  delta  near  Tranquille. Mass 

movement of  sediment i s   a l so  evidenced in  the  geological  record  (Section 

2 . 4 ) .  
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The flow velocit ies of the Thompson River, and hence i t s  carrying 

capacity  for suspended materials , i s  decreased  as  the  river  enters Kamloops 

Lake. T h u s ,  the  lake  acts  as a sink for suspended and bed load  material  with 

the  result  that  the t u r b i d i t y  of the  outflow i s  much reduced (Fig .30) .  Typi- 

cally,   there  - is  a three- t o  four-fold  decrease  in  turbidity  at  the outf low re l -  

3.4  Seasonal  Trends i n  Lake Stabi 1 i t y  

The s t a t i c  s t a b i  1 i t y  of a water column i s  a measure o f  resistance 

to  convective  overturn or mechanical mixing due t o  the  presence of a vertical  

density  gradient , hence, 

where p is   density;  g i s  gravity, and Z i s   t he  depth  co-ordinate  (cf.  Bennett 

1975). The s t a b i l i t y ,  E, has the dimensions sec-'. In Kamloops Lake, density 

is'  primarily deterniined by water  temperature. 

Figure 31  shows the  isopleths o f  s t ab i l i t y   fo r  Kamloops  Lake. In 

thiCrepresentat ion,  h i g h  values of  E denote  thermocline  conditions  while low 

values of E are  suggestive of  isothermal  conditions and strong  vertical mix- 

i n g .  Certain  features  are  apparent: 

a )  In i t i a l   s t r a t i f i ca t ion  i s  established i n  the upper layers of the  water 

column (2-4 m )  coincident w i t h  the  freshet. This condition  persists  to 

the end o f  September. 

b )  A deeper thermocl ine forms early  in June and pers is ts  u n t i  1 a u t u m n  over- 

turn. This thermocline is  especially well  developed i n  August and Sep- 

tember i n  the  region of  the 10-14°C isotherms. In early summer,  when 

river  discharges  are maximum, the  deeper  thermocline sinks rapidly t o  

about 40-45 m. .This i s  1 i kely due t o  mechanical stirring in  the  water 

column above. As r iver  flows diminish,  the depth of  the lower s t a b i l i t y  
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Figure 31. Plot of s tab i l i ty   i sople th  depth  versus  time  in Kamloops Lake, 
1974-75. 

maximum decreases,  reaching 

as  fa1 1 cooling  begins. 

c)  In  summer, a re la t ive  s tabi  

and lower thermoclines. I t  

25-30 m in   la te  August,  b u t  then  sinks  again 

l i t y  minimum i s  mainta 

i s  in this   layer   that  

ter  interflows,  apparently mixing water  along i t s  

ined between the upper 

the Thompson River wa- 

flow path. 

d )  A very weak region o f  stabi 1 i ty i s  observed  during  winter  in  the  upper 
\ 

layers of the  lake. 

3.5  Seasonal Changes i n  Heat Content 

A maximum heat  content o f  4 0 . 4 ~ 1 0 ' ~  g cal   ( re la t ive  to  O O C )  was ob- 

served i n  mid-August i n  Kamloops  Lake (Fig.32). The  peak in  heat  content thus 

occurs 1-2 weeks a f t e r  maximum surface  temperatures  (Fig.27) and 1 . 4  weeks 
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Figure 32. Heat   .content   o f  Kamloops Lake ( r e 1   a t i v e   t o  OOC) ca l cu la ted   f rom 
lake   mon i to r   da ta   a t   app rox ima te l y  one-week i n t e r v a l s   i n  1974-75. 

be'fore  the maximum t h e r m o c l i n e   s t a b i l i t y   ( F i g . 3 1 ) .  

Summer and w in te r   hea t  incomes  can a1 so be ca lcu la ted   f rom  F igure  

32. The  summer heat  income,  def ined.as  the amount o f   h e a t  needed t o   r a i s e   t h e  

lake  f rom a s p r i n g   i s o t h e r m a l   c o n d i t i o n - a t  4"C, up t o   t h e   h i g h e s t  summer heat  

conten t  i s  2 5 . 6 ~ 1  015 g ca l   o r   abou t  47,000 g c a l  cm'*. Thi.s va lue i s  re1 a- 

t i v e l y   h i g h   f o r  deep intermontane  lakes  (cf .   Hutchinson  1975) and r e f l e c t s  

t h e   i m p o r t a n c e   o f   t h e   i n f l o w i n g   r i v e r   i n   m i x i n g   h e a t  downwards. The w i n t e r  

heat  income, s i m i l a r l y   d e f i n e d  as t h e  amount o f   h e a t  needed t o   r a i s e   t h e  wa- 

te r   f rom  tempera tures   charac ter iz ing   the   min imum'heat   con ten t  up t o  4OC, i s  

9 . 5 ~ 1 0 ' ~  g c a l  or about 18,000  g c a l  cm-2. 

Because o f   d i f f e r e n c e s   i n   t h e   t e m p e r a t u r e   o f   t h e   : i n f l a w  and o u t f l o w  

waters,   the Thompson River  system has a pronounced  ef fect  on the  heat  budget 

o f  Kamloops  Lake. The e f f e c t s   o f   t h e   f r e s h e t . o n   t h e   s p r i n g   h e a t   b u d g e t  were 

f i r s t   i n d i c a t e d  by' Ward (1964) .   Fur ther   conf i rmat ion i s  g iven i n  F igure 33 

which compares t h e   r a t e   o f  change o f   h e a t   c o n t e n t   i n  the l a k e   t o   t h e   n e t   h e a t  
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advected  by  the Thompson River.  The l a r g e s t   e f f e c t s   a r e   c l e a r l y   a p p a r e n t   i n  

s p r i n g  where up t o  40-50% o f   t h e   h e a t   i n p u t  can  be a t t r i b u t e d   t o   a d v e c t i o n  by 

t h e   r i v e r .  A ne t   l oss   o f   hea t   f rom  the   l ake   by   advec t i on   i s   obse rved  t o  be 

o f  importance  dur ing  autumnal  cool ing.  

A complete  annual   heat  budget  for  Kamloops Lake i s   p r e s e n t l y   b e i n g  

prepared  for  a supplementary  report .  

3.6 C i r c u l a t i o n  and D is t r i bu t i on   o f   Phys i ca l   P roper t i es   Dur ing   Sp r ing  

"Limnological  I' s p r i n g   ( A p r i  1 -May) begins i n  Kamloops  'Lake w i t h   t h e  

onset o f ,  convec t ive   over tu rn  and  ends a f t e r   d i r e c t   t h e r m a l   s t r a t i f i c a t i o n   i s  

es tab l i shed .   Dur . i ng   t h i s .pe r iod   t he  mean temperature o f  t h e   l a k e   f l u c t u a t e s  

through 4"C, the   tempera ture   o f  maximum water   densi ty .  The consequent  var ia-  

t i o n s   i n   w a t e r   d e n s i t y   i n   r e l a t i o n   t o   t e m p e r a t u r e   ( A p p e n d i x  I )  a f f e c t   t h e  
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springtime  circulation  structure i n  Kamloops  Lake i n  several  important ways. 

Towards the end of winter,  the thermal structure of  the  lake  consists 

of a weak reverse  s t ra t i f icat ion.  Bottom temperatures  are abtout 1.6-2.0°C, 

surface  temperatures somewhat less ,  and turbidity  values  generally low through- 

out  the  lake. Water  from the I!pper  Thompson River enters  the  lake  at  tempera- 

tures  near O'C, and thus tends  to remain near  the  surface  unless  diffused down- 

wards by wind  or turbulent mixing. 

When a i r  temperatures begin to   r i s e  i n  spring, the  shall ow r iver  wa- 

ters  are warmed  more rapidly t h a n  the deep waters of the  lake. This  occurs 

because the incoming heat i s   d i s t r ibu ted  through a shallower  depth  (smaller 

volume) in  the  river and because additional  radiant energy i s  absorbed by the 

r iver  bed. As the inf low water warms toward the  temperature  of maximum den- 

s i t y ,  i t  becomes denser t h a n  the  lake  water and thus tends t o  sink  to  the  bot- 

tom upon entry  into the lake. 

The init ial   spring  circulation  pattern i s  best seen i n  longitudinal 

sections o f  water  temperature and turbidi ty  ( F i g .  34a,b). The temperature of 

the  r iver water is .  about 3.2'C, while  the mean lake  temperature i s  only 1.8"C. 

The mixtures  containing  river  water  are  thus  clearly  represented by' the t h i n  

layer of re la t ively warm (1.9'C) and t u r b i d  (2.5 JTU) water f lowing  down the 

slope of the  river  delta. By this process new (warm) water i s  advected i n t o  

the  lake's  hypolimnion thus initiating  the  springtime  convective  overturn. 

Since  the  sinking  water  that  initially  reaches  the bottom i s  .only 0.1 t o  0.2'C 

warmer than the ambient lake  water, i t  contains  only a small percentage of 

"pure"  river  water, and thus only  a small inflow o f  warm water i s  required  to 

s tar t   the   spr ing  c i rculat ion.  Although advective warming  from the   r iver   i s  

the  principal  cause of overturn,  additional  heat absorbed at  the  lake  surface 

also  aids i n  warming ,the  lake. This is  particularly  evident  near  the west end 

of the 1 ake where warm (dense)  water i s  observed t o  accumulate i n  shal low regions. 
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It i s   i m p o r t a n t   t o   n o t e   t h a t   f r o m ' t h e   t i m e   t h e   i n f l o w   w a t e r   i n i t i a l -  

l y  s i n k s   t o   t h e   b o t t o m   u n t i l   t h e   s p r i n g   o v e r t u r n   i s   c o m p l e t e ,  a1 1 i n f l o w  wa- 

t e r s   a r e   r e t a i n e d   w i t h i n   t h e   l a k e .  Thus o n l y   " w i n t e r t i m e "   l a k e   w a t e r   e x i t s  

f rom  the   l ake   du r ing '   t h i s   pe r iod .  

ing , .  

water 

g i  t ud 

a t  a 

i 

t 

As the  temperature o f   t h e   i n f l o w .   w a t e r   i n c r e a s e s   w i t h   f u r t h e r  warm- 

i ts   dens i ty   d rops   be low  tha t   o f   the   lake   water .  A t  t h i s   p o i n t ,   t h e   r i v e r  

tends t o   e n t e r   t h e   l a k e  as a sur face  over f low.   F igure 35a,b shows lon -  

na l   sec t ions   o f   tempera ture  and t u r b i d i t y   a t   t h e   e a s t  end o f   t h e   l a k e  

ime when the   i n f l ow   tempera tu re   i s '   abou t  10°C and  the mean temperature I 

o f   t h e   l a k e   i s  3.4"C. A l t h o u g h   t h e   i n f l o w   w a t e r   i s   l e s s  dense  than  the  lake, 

some m i x t u r e s   o f   t h e   t w o  will have tempera tures   very   c lose   to  4°C and wi 11  thus 

be denser   than  e i ther   paren t   water  mass. This  mixing  process i s   o f t e n   r e f e r r e d  

t o  as cabbel i ng   ( c f .   Fos te r   1972) .  The dense m i x t u r e s ,   t h e n   s i n k   t o   t h e  1 ake 

.bottom and spread  westward, f i l l i n g   t h e   l a k e   b a s i n   w i t h  4OC water   f rom  the  

bottom up. The n e t   r e s u l t   o f   t h e   c a b b e l i n g   p r o c e s s   i s   t o   h o l d   t h e   i n f l o w  wa- 

t e r   ( a s  an arrested  plume) a t   t h e   e a s t e r n  end o f   t h e   l a k e   u n t i  1 it mixes w i t h  

the   l ake   wa te r  and s inks .  Thus no new in f l ow   wa te r   l eaves   t he   l ake   du r ing   sp r ing  

over turn.   Transverse  sect ions  o f   temperature and t u r b i d i t y   d u r i n g   t h i s   p e r -  

i o d  (Fig.36a,b) show t h a t   t h e  wedge o f   w a t e r  moves down t h e   l a k e  as f a r  as Bat-  

t l e   B l u f f .   N o t e   t h a t   t h e   e a s t - w e s t   f l o w   o f   w a r m y t u r b i d   r i v e r   w a t e r   i s   c o n f i n e d  

t o   t h e   n o r t h   s h o r e   ( r i g h t - h a n d   s i d e )   o f   t h e   l a k e .   P l o t s   o f   s u r f a c e  and  bottom 

temperatures midway, th rough  over tu rn   (F ig .37a,b)   c lear ly  show t h a t   i n f l o w i n g  

water i s   c o n f i n e d   a t   t h e   s u r f a c e   n e a r   . T r a n q u i l   l e .   I n   a d d i t i o n  , water   near  4°C 

formed  by  cabbeling,  sinks  and  f lows  along  the  axis o f   t h e   l a k e   b a s i n .   F u r t h e r  

convect ive  over turn i s   i n d i c a t e d   i n   t h e   s h a l l o w   w a t e r   n e a r  Savona. 

Although  the  cabbeling  process  appears t o  domina te   t he   sp r ing   c i r -  

c u l a t i o n   p a t t e r n ,   a d d i t i o n a l   h e a t   i s   a b s o r b e d   i n   t h e   s u r f a c e  1 ayers o f   t h e  1 ake 

and t h i s   i n   t u r n  p romotes   ve . r t i ca1   c i rcu la t ion .  
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Figure 35. Long i tud ina l   sec t ions   o f   (a )   tempera ture ,  and ( b )   t u r b i d i t y   i n  
Kamloops  Lake  on 29 Apr i  1 , 1975. 

Since  the  thermal  mixing  processes  described above a c t   t o   r e t a i n   a l l  

new i n f l o w   w a t e r   w i t h i n   t h e   l a k e   d u r i n g   o v e r t u r n ,   t h e   l a k e ' s   o u t f l o w   i n t o   t h e  

Lower Thompson R ive r   du r ing   sp r ing   i s   de r i ved   f rom 1 ake s u r f a c e   w a t e r   r e f l e c t i  
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w i n t e r   p r o p e r t i e s .  
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Figure 36. Transverse  sect ions  o f   (a)   temperature and ( b )   t u r b i d i t y   i n  
Kamloops Lake on  29 Apr i  1 1975. 

When t h e   w h o l e   l a k e   i s   f i n a l l y  warmed t o  4°C o r  above, the   cabbe l ing  

process  stops and t h e  wedge o f  warm w a t e r   n e a r ' T r a n q u i l l e   i s   r e l e a s e d   t o   f l o w  

down the   l ake .   T ranspor t   o f   i n f l ow   wa te r  down t h e   l e n g t h   o f   t h e   l a k e   a c t u a l -  

l y  forms  the i n i t i a l   t he rmoc l i ne .   Ev idence   f rom FTP r e c o r d s   i n d i c a t e s   t h a t  

t he  warm plume t r a v e r s e s   t h e   l e n g t h   o f   t h e   l a k e . i n   a b o u t  one week.  The tem- 

p e r a t u r e '  and t u r b i d i t y   s t r u c t u r e s  midway th rough  th is   spread ing   s tage  a re  shown 

i n  F igure 38a ,b. Th in wedge.s o f  warm and t u r b i d   w a t e r  can be seen spreading 

f rom  the   eas t  end o f   t h e   l a k e .  

The the rma l   . h i s to r i es  o f  t h e   i n f l o w . a n d   o u t f l o w   w a t e r  and  the  lake 



i t s e l f   a r e  summarized i n  Figure 39. 

i 

.j 
Figure 37. Horizontal  distributions o f  (a)  surface  temperature, and ( b )  bot- 
tom temperature  in Kamloops  Lake  on 29 Apri 1 , 1975. 

3.7 Circulation and Distribution o f  Physical  Properties During Summer 

The "1 imnological " summer (June-October)  in Kamloops  Lake i s  char- 

acterized by direct  thermal s t r a t i f i ca t ion .  W i t h  the  onset of  s t r a t i f i ca t ion ,  

the  surface  layers of the  lake begin to  warm  more rapidly than the  waters of 

the  @per Thompson River.  Subsequently,  the inf low sinks  to a depth  determined 
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by i t s   d e n s i t y   r e l a t i v e   t o   t h a t   o f   l a k e   w a t e r ,  and  passes  throlugh t h e   l a k e  as 

a t u r b i d   i n t e r f l o w .   T h r o u g h o u t   t h e  summer p e r i o d   d i r e c t  exchange w i th   t he   hy -  

po l imnion i s   i n h i b i t e d  by s t r a t i f i c a t i o n .  The r e l a t i v e l y   h i g h   i n f l o w   d i s c h a r -  

ges, t oge the r   w i . t h   t he   con f inemen t   o f   t he   r i ve r   wa te r   t o   t he   upper   l aye rs   o f  

t h e   l a k e ,   r e s u l t   i n  a r e l a t i v e l y   s h o r t   r e s i d e n c e   t i m e   o f   r i v e r   w a t e r   d u r i n g  

t h e  summer. 

The volume d ischarge '   o f   the   [ 'pper  Thompson River  reaches a maximum 

i n   e a r l y  summer, some o f   t h e   e f f e c t s   o f   w h i c h   a r e  shown i n  F igure 40a,b. The 

Thompson R i v e r   e f f l u e n t   i s   c l e a r l y   i n d i c a t e d  by  the  hi.gh  values o f   t u r b i d i t y  

i n   t h e   u p p e r  25-30 m o f   t h e   l a k e .  The tongue o f   h i g h l y   t u r b i d   w a t e r  bel.ow 

S t a t i o n  B2 i l l u s t r a t e s   t h e   s i n k i n g  and  subsequent i n t e r f l o w   o f   t u r b i d  Thomp- 

son R ive r   wa te r .   H igh   va lues   o f   t u rb id i t y   (up   t o   18  JTU, i n  comparison t o  

28 JTU above the   de l ta )   ex tend i .ng   a lmos t   t he   en t i re   l eng th   o f   t he   l ake  sug- 

g e s t   t h a t   t h e   e f f e c t s   o f .   d i l u t i o n  and p a r t i c l e   s e t t l i n g   a r e   m i n i m a l .  The t h e r -  

mocl i n e   a t  10-6°C e f f e c t i v e l y   s e p a r a t e s   t h e   h i g h   t u r b i d i t y   w a t e r   i n   t h e   u p p e r  

l aye rs .   o f   t he   l ake   f rom  the   h igh l y   t ransparen t  hypo1 imnion  waters. 

The.mid-summer cond i t i ons   o f   t he   l ake   f o l l ow ing   t he   ma jo r   f reshe t  

are ill u s t r a t e d  by sec t i ons  o f  temperature and t u r b i d i t y   ( F i g . 4 1  a,b)  on 29 

July, '  1974. The i n t e r f l o w   o f  Thompson River   water  i s  a g a i n   c l e a r l y  seen as 

a tongue o f   t u r b i d   w a t e r  (>4 JTU) spread ing   the   leng th   o f   the  1 ake  between  10 

and 25 m. It should be n o t e d   t h a t   w i t h i n   t h i s   c o r e   o f   r i v e r   w a t e r ,   t h e   i s o -  

therms  diverge  forming a l a y e r   o f   r e d u c e d   t h e r m a l   s t r a t i f i c a t i o n   o r   t h e r m o s t a d .  

would  thus  appear 

i ng   t he   i n te rme-  

and t u r b i d i t y   s t r u c -  

i s  a pronounced 

tendency f o r   i n c o m i n g   r i v e r   w a t e r   t o   d e f l e c t   t o   t h e   r i g h t  and flow  westward 

S t r a t i f i c a t i o n   i s   g r e a t e r  above  and  below  the i n t e r f l o w .  It 

t h a t   t u r b u l e n c e   i n d u c e d   b y   t h e   i n t e r f l o w   i s   e f f e c t i v e  i n  mix 

d i a t e   r e g i o n   o f   t h e   e p i l i m n i o n .  
c 

Some e f f e c t s   o f   t r a n s v e r s e   f l o w  on the  temperature 

, t u r e s  o f  Kaml oops  Lake a r e   i n d i c a t e d   i n   F i g u r e  42a ,b. There 
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Figure 42. Transverse  sect ions  o f   (a)   temperature,  and ( b )   t u r b i d i t y   i n  Kam- 
loops  Lake on 29 J u l y  1974. 

a long   t he   no r th  bank o f  t h e   l a k e  as i n d i c a t e d   b o t h   b y   t h e   i n c r e a s e d   t u r b i d i t y  

and by   t he   d i ve rgence   o f   t he  15-12°C iso therms  a long  the   nor th   shore   o f   the  

lake.   Th is  movement a1 ong t h e   n o r t h   s h o r e   i s  a1 so apparent i n  F igure 43 , which 

i s  a map o f  t he  maximum o b s e r v e d   t u r b i d i t y   a t  each  s ta t ion.  The tendency f o r  

i n t e r i o r   f l o w s   t o   d e f l e c t   t o   t h e   r i g h t   i s   o b s e r v e d   t h r o u g h o u t   t h e   y e a r   i n  Kam- 

loops Lake,  and i s   l i k e l y  due t o   t h e   C o r i o l i s   e f f e c t   ( c f .  Hamblin  1974). 

As a i r  temperatures  begin  to   fa1 1 i n   l a t e  September,  and as winds 

inc rease,   the   sur face   layers   o f   the   lake   mix   deeper  and  deeper. I n   a d d i t i o n ,  

t h e   f o r e g o i n g   r i v e r   e f f e c t s   d i m i n i s h  as f lows  dec l ine .  Thus i t  i s   o n l y   i n   l a t e  

summer t h a t  a l lc l   assic ' '   temperature  structure  (cf .   Hutchinson  1957)  develops 
., 
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Figure 43. Horizontal  isopleths of tu rb id i ty   a t   the  t u r b i d i t y  maximum i n  Kam- 
1 oops  Lake i n  1974-75. 

i 

i n  Kamloops  Lake.  The epilimnion  (Fig.44aYb) i s  isothermal t o  w i t h i n  1 or 2°C 

down t o  a b o u t  30 m. Below the epil imnion a well-developed  thermocline between 

11 and 6°C extends across the lake. Bottom temperatures  are s t i l l  re1 atively 

cold (=4.5"C) indicating t h a t  l i t t l e  downward mixing  has occurred d u r i n g  the. 

period of summer s t ra t i f ica t ion .  The temperature of the incoming,water  begins 

to  decrease i n  October so t h a t  the  interflow now occurs a t  greater and greater 

depths. 

Some quantitative  aspects of the  interflow of Thompson River  water 

th rough  Kamloops  Lake are given i n  .the summary of  drogue current measurements 

i n  Appendix  111. 

Throughout the above discussion,  attention has been focused on the 

interaction  of  the  lake and river systems. Because many aspects o f  the phys- 

ical  limnology studies have  been simplified,  discussions on other  topics,   for 

example, the very important effects  of the wind and atmos.pher,ic energy  fluxes , 

are being prepared i n  supplementary reports. 

I t  should also be noted .that  internal wave motions are a character- 
. - ,  

i s t ic   fea ture  of the  lake's thermal structure throughout  the s t r a t i f i ed  period 

I 
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Figure 44. Longitudinal  sections o f  (a)  temperature,  and  (b)  turbidity in 
Kaml oops Lake on 15 October 1974. 
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and internal  displacements  of up t o  20 m i n  

A summary of internal wave characterist ics 

the  ver t ical  have 

i s  given in Append 

'been observed. 

i x  IV. 

3.8  Circulation and Distribution of Physical  Properties During Autumn 

"Limnological I t  autumn  (November-December) i n  Kaml oops Lake  commences 

w i t h  the r a p i d  breakdown of summer s t r a t i f i ca t ion  and ends following convec- 

tive  overturn. Du,ring a u t u m n  the mean temperature of the  lake  again  passes 

th rough  4"C, the.temperature of maximum density. As i n  s p r i n g ,  the  non-linear 

re1 ationshi p between water  temperature and density  (cf.  Appendix 11) has an 

important  effect on the  gross  circulation of the  lake d u r i n g  overturn. 

Autumnal cooling  reduces  the  surface  temperature of the  lake and se t s  

up convection  currents  that  steadily cool and deepen the  epilimnion.  Strati- 

f i ca t ion   i s  reduced (cf .  Fig.31) so that  wind-mixing erodes  the  surface  layers 

even deeper. A t  the same time,  the  temperature of the inflowing  water drops 

rapidly, thus increasing  the  equilibrium depth  of the  interflow.  Sections o f  

temperature and turbidi ty  d u r i n g  the  ini t ia l   s tages  of autumnal circulation 

(Fig.45a,b)  show the  interflow  as a f a i n t  tongue of s l igh t ly  t u r b i d  water  spread- 

i n g  westward from the  r iver   del ta   a t  a depth  of  about 50 m. The striking  fea- 

ture of the thermal s t ructure   is   the  pronounced divergence o f  isotherms a t   the  

eastern end of the  lake.  Isotherms above the  interflow bend upwards, one af-  

ter   another,  while  isotherms below the  interflow bend  downwards. Inflow  water 

thus  appears t o  both cool the  epili,mnion and erode  the  thermocline. Through- 

o u t  the autumn overturn  the  eastern end of the  lake remains cooler  than  other 

regions of  the 1 ake. There i s ,  however, another  process  occurring;  not  only 

i s   t he  epilimnion  cooler, b u t  the hypolimnion i s  warmed, evidently due t o  de- 

creased s t r a t i f i ca t ion  and increased  turbulent movement a t   the  bottom of the 

epi 1 imni  on. 

Heat loss a t  the  surface  cools  the  shallow  waters of the Upper  Thompson 
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Figure  45.   Longitudinal  sections o f  (a)   temperature ,   and ( b )  t u r b i d i t y  i n  
Kaml oops Lake on 19 November 1974. 
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Figure 46. Longitudinal'section of ( a )  temperature, and ( b )  tu rb id i ty   a t   the  
eas t  end o f  Kaml oops Lake  on 6 December 1974. 

River more rapidly than the  deeper  waters of the  lake. Upon reaching 4"C, the.  

inflow  waters become suff ic ient ly  dense to  sink  to  the bottom and promote fu l l  

autumnal circulation. The i n i t i a l  sinking 'of  .inflow  water and i t s  mixtures i s  

1 
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indicated i n  Figure 46a,b by the tongue o f  cold,   relatively t u r b i d  water flow- 

i n g  down the  slope of the  r iver   del ta .  The temperature of the  inflow,  before 

entering  thealake,  is  near 4°C while bottom temperatures i n  the  lake  are 5.2 

t o  5.4"C. Rapid mix ing ,  however, increases  the  temperature of the  sinking wa- 

t e r s ,  so that  the  water t h a t  i n i t i a l l y  underflows i s  only 0.1 to  0.2"C colder 

than  the ambient bottom water. Throughout the remainder o f  the autumn over- 

turn, a l l  new inf low waters  are  contained w i t h i n  the  lake  basin and ultimate- 

ly  go to  replenish  the bottom waters. The outflow,  consequently, i s  derived 

almost ent i re ly  from the  epilimnion  waters  remaining from l a t e  summer  and early 

autumn. 

Further  cooling of the  inflow  water below 4°C decreases i t s  density 

below t h a t  o f  lake  water, so t h a t  eventually  the  river  water  enters  the  lake 

as a surface  overflow. However, when water  colder  than 4°C contacts  water 

warmer t h a n  4"C, mixtures will be formed that  are  denser t h a n  ei ther  original 

water mass, starting the  so-called  cabbeling  instability. An example of the 

ensuing  convective  circulation , when the  inflow  temperature i s  near 0°C  and 

the mean temperature of  the  lake i s  4.6"C, i s   i l l u s t r a t e d  in  Figure 47a,b.  

(From  Appendix I1 we note tha t   a l l  mixtures 3.4<T°C<4.6 effect  the  cabbeling 

ins tab i l i ty . )  River water  extends  as a buoyant plume about 0.5 km out  into 

the  lake.  Lateral  boundaries of the plume are  well-defined by a b r u p t  temper- 

ature and tu rb id i ty  gradients. S i n k i n g  of dense  water i s  indicated by the  ver- 

t i ca l  arrangement  of the  near 4°C isotherms at   the  frontal  edge of the plume. 

After s i n k i n g ,  this water  then  spreads westward along the  axis of the  lake  ef- 

fectively  f i l l ing  the  lake basin w i t h  4°C water from the'bottom up.  As i n  spring, 

the  cabbeling  instability  prevents any new inflow  water from passing  directly 

down the  lake. The inflowing  water is  also  influenced by the  Coriolis  effect, 

so that  the  r iver plume i s  held  against  the  north  shore  (right-hand  side) of 

the  lake. The arrested wedge condition of inflow.water, and the  corresponding 
1 
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Figure 47. Long i tud ina l   sec t i on  o f  (a)   temperature and ( b )   t u r b i d i t y   a t  
eas t  end o f  Kamloops Lake on 3 January  1975. 

westward  spreading o f  new bottom  water, i s  shown i n  F igure 48a,b. 

It should be n o t e d   t h a t   t h e   c i r c u l a t i o n   d e s c r i b e d  above i s   s i m i l a r  

t o   t h a t  o f  the  thermal   bar   descr ibed i n   t h e   G r e a t  Lakes  by  Rodgers (1-965) i n  
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BOTTOM TEMPERATURE 
JAN 3. 1975 

I C'I 

"." 3 4 
kilomdreo 

F igure 48. Hor i zon ta l   d i s t r i bu t i ons   o f   (a )   su r face   t empera tu re  and (b )   bo t -  
tom  temperature i n  Kamloops Lake on 3 January 1975. 

tha t   bo th   a re   d r i ven  by t h e   c a b b e l i n g   i n s t a b i l i t y .  The m a i n   d i f f e r e n c e   i s   t h a t  

i n  Kaml oops Lake t h e   r e s e r v o i r   o f   c o l d   w a t e r   i s   d e r i v e d   f r o m   r i v e r   i n f l o w ,  where- 

as i n   t r u e   t h e r m a l   b a r   c i r c u l a t i o n s   t h e   c o l d   w a t e r  comes f rom  shal low  inshore 

areas.  There i s  some ev idence  tha t  a t r u e   t h e r m a l   b a r   c i r c u l a t i o n  may form 

i n  the   sha l low  reg ions   near  Savona, b u t   i t s   r o l e   i n   t h e  autumn c i r c u l a t i o n  ap- 

pears t o  be  secondary t o   t h e   e f f e c t s   o f   t h e  Thompson. R ive r   i n f l ow .  

Immediate ly   a f ter  autumn ove r tu rn   (F ig .49ayb)   a l l   l ake   wa te rs   a re  
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Figure 49. Longitudinal sections o f  (a)  temperature, and (b )  turbidity in 
Kamloops  Lake on 1 4  January 1975. 
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colder t h a n  4°C. I t   i s  curious  that  the warmest (3.8"C) and hence densest wa- t 
t e r   i s  observed to  stand  as a vertical  curtain of water i n  the  central basin 

of the 1 ake , perhaps  as a final remnant of the two cabbel i n g  circulations.  

The beginning  of  winter i s  marked by the  collapse of this   s t ructure .  

: 

3 . 9  Circulation and Distribution of  Physical  Properties D u r i n g  Winter 

Limnological winter (January-March) i n  Kamloops  Lake covers  the time 

between the autumnal and spring  circulations. Inflow rates  are minimal (150- B 
200 m sec ) and inflow  water  temperatures remain near 0°C. A1 1 1 ake waters 

are  colder  than 4OC. 

3 -1 

8, 
I The temperature  structure of Kamloops  Lake thus  exhi bits reverse  stra- 

t i  f i  cation , w i t h  temperatures  general l y  increasing monotonical ly  w i t h  depth 

( F i g .  50a). Turbidi ty  values i n  the 1 ake (Fig. 50b) are  generally  quite low dur- 8 
ing  winter,  except  for  occasional  increases a t  depth due to  bottom s t i r r ing .  

Throughout winter,  the  temperature of the incoming river  water  re- 

mains near O O C .  (The excess  turbidity  (-5 JTU) of the i n f l o w  water  maintains 

a density  difference  equivalent  only  to  about 0.05"C a t  O°C so t h a t  tempera- 

ture remains the main determinant of density.)  Since  the  inflow  water i s   l e s s  

dense than the lake  water, i t  will  exhibit a tendency to  transit   the  lake  as 

a surface  overflow. I t  should be noted, however, t h a t  t he   s t ab i l i t y  imparted 

by a given change in  temperature  near 4°C i s  much smaller  than a t  higher tem- 

peratures so - the  water column , d u r i n g  winter,  offers 1 i t t l e   res i s tance  t o  me- 

chanical mixing  induced by the wind or by the momentum of the  inflow  i tself .  

Since bottom temperatures  continue t o  decrease  throughout  the  winter,  reach- 

i n g  a m i n i m u m  of 1 .8-2.0°C in   la te  March , i t  i s  1 i'kely  that some vertical  ex- 

change extends to  the bottom of the  lake. The result ing  vertical   distribution 

of river  water w i t h i n  the 1 ake thus re f lec ts  a balance between the  effects of 

s t a b i l i t y  and mixing. That i s ,   t he  inflow  water  tends t o  remain in  the sur- 
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Figure 50. Longitudinal  sections o f  (a)  temperature,  and (b) turbidity i n  
Kaml oops Lake on 17 February 1975. 
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face  layers b u t  i s  continually mixed deeper w i t h i n  the  water column as i t  cros- 

ses  the  lake. Thus i t  i s  reasonable to  assume that  the  concentration of r iver  

water remains higher a t  the  surface of the  lake  than a t  the bottom. 

Two other  aspects  of the 1 ake-river  interaction  are of par t icular  

in te res t .  First, since  river  inflow  rates  are 1,ow, the  effective  dilution of 

cultural  effluents  introduced above Kamloops  Lake a t  a constant'  yearly  rate i s  

reduced by a factor  of as much as 40:l  over freshet  conditions. Second, the 

low river  discharge  effects a significantly  longer b u l k  residence  time  for any 

soluble  material  entering  the  lake dur ing  winter. 

The above factors combine t o  a1  low a s ignif icant  bui  1 d-up d u r i n g  w i n -  

t e r ,  especi a1 l y  i n  the upper 1 ayers  of  the  lake, of soluble  material  introduced 

into  the  lake-river system (Section 4 ) .  Since,  as noted i n  Section 3.6, the 

outflow  into  the Lower  Thompson River d u r i n g  spring i s  derived from 1 ake sur- 

face  water  reflecting  winter  conditions,  the  quality of water accumulating i n  

Kamloops  Lake d u r i n g  winter can have an important  effect on the environmental 

condition of the Lower  Thompson River dur ing  the  subsequent  spring  period. The 

ramifications of this circulation  feature will be apparent i n  the  following 

sections . 
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4. CHEMICAL LIMNOLOGY 

Introduction 

A fourteen month survey  of the chemical 1 imnology of Kamloops  Lake 

was undertaken from March 1 2 ,  1974 t o  April 22,  1975 i n  co-operation w i t h  the 

Environmental Protection  Service (EPS) , Department o f  Environment. A t  monthly 

intervals,   ten  stations on the  lake were occupied j n  one  day and sampled a t  

five  depths. The depths were chosen so tha t  two samples representative o f  the 

epilimnion, two samples representative of the hypolimnion, and  one sample re- 

presentative of the  thermocline  (or h i g h  turbidity  area d u r i n g  some surveys) 

were taken. The depth intervals of the  epilimnion and hypolimnion were obtained 

from temperature-turbidity  profiles measured w i t h  a submersible  temperature- 

turbidity  sensor. A sample of both the   in le t  of the Thompson River and the 

out le t  o f  the  lake was taken a t  0.1 m depth. The samples were analyzed by the 

Idater Qual i ty  Branch o f  the IWD for  major cations and anions; most forms of  

carbon,  nitrogen and phosphorus; reactive  si l ica;   dissolved oxygen; specif ic  

conductance; - turbidity;   colour;   tannins;  and some extractable  metals. The 

samples were subdivided i n  the   f ie ld   into groups requiring  similar  preserva- 

tion  procedures. Analyses were begun  and completed the  next day on those com- 

ponents which are  sensitive  to  storage.  Figure 51  shows the  location and iden- 

t i f i ca t ion  numbers of the  stations and a complete l i s t  of  the chemical compo- 

nents t h a t  were measured. 

Contour maps of the  distributions of a l l   the  components  were made. 

The horizontal  concentration  gradients  were'generally much smaller  than  the 

vertical  gradients. I t  was convenient  then t o  reduce all   the  ten  station pro- 

f i l e s  i n t o  a s ingle ,  lake-wide mean prof i le  us ing  a computer program that  ac- 

counted for   the  effects  of bottom topography on the volume-weighted means. 

The plott ing of  these  average  profiles  over  time  provides an overview  of the 

seasonal  processes and trends. T h e  annual distributions of chemical components 
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will be discussed under separate  headings. 

4.1 Nitrogen 

The water samples were analyzed fo r   n i t r a t e  + n i t r i t e ,  ammonia and 

Kjeldahl nitrogen.  Separate subsamples from each sample were f i l t e r ed  through 

Whatman GF/C g lass   f ib re   f i l t e rs   ( roas ted  a t  550°C for  more than an hour before 

use) and the f i  1 t e r s  were then  analyzed for  particulate  nitrogen. The resul ts  

are  reported  as  concentrations of atomic nitrogen.  Nitrate + n i t r i t e   a r e   t he  

two dissolved  inorganic  nitrogen  species.  Particulate  nitrogen i s  mostly  pro- 

teinaceous  detritus. By subtracting  particulate  nitrogen and ammonia from Kjel- 

dah1 nitrogen,  dissolved  organic  nitrogen i s  obtained. 

The total  nitrogen  concentrations i n  the  lake  vary between 100 and 

380 pg 1” annually and tend to  be highest i n  sp r ing  and early summer. A t  

spring  overturn,  the  concentrations  are  about 250 pg 1” , which are . s imi la r  t o  

those  seen a t  spring  overturn i n  the Okanagan lakes  (Stockner and Northcote 

1974). 

a)   Ni t ra te  + NitriJe 

In fresh  waters,  nitrite  concentrations  are  usually  very low re la t ive  

t o  n i t r a t e  so that  this nitrogen  fraction  will be considered  as  nitrate  only. 

Large vertical  concentration  gradients of n i t r a t e  develop i n  the  lake from .spring 

to  the end of’summer, b u t  ‘become insignificant by the  beginning  of  winter ( F i g .  

52). The concentrations i n  the upper 20 m of the  epilimnion  drop from i n i t i a l  

levels of ea 100 pg 1” i n  April t o  ‘20-50 pg 1” in August and September. This 

decrease can ‘be  accounted for  bo th  by  a1 ga l  uptake and by the  admixture  of ri- 

ver  water low i n  n i t r a t e  (20-70 pg 1” ; Fig.56) into  the  epilimnion. The l a t -  

l e  t e r  process i s  probably  the major cause o f  the  decrease i n  June and July, whi  

the growth of algae could be the major cause i n  August and September when the 

tu rb id i ty   i s  low and‘algal biomass i s  highest. 
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Figure 52. Annual isopleths of n i t r a t e  t n i t r i t e  nitrogen from the monthly com- 
puted average  profiles  in Kamloops Lake, 1974-75. 

In contrast  to  declining  concentrations  in  the  epilimnion,  the  nitrate 

concentration i n  the hypolimnion (below 115 m) increases from  ,100 vg 1” i n  Au- 

gust t o  170 pg 1” in  October. ( W i t h i n  7 m of the bottom a t  Station 6 the con- 

centration  reaches 200 pg 1” . ) The source of this extra  nitrate  is   unclear,  

b u t  some spe‘culation i s  possible. Over the  same.time  period,  the. ammonia, par- 

t i cu la te  and dissolved  organic  nitrogen  concentrations  are  relatively  constant. 

Therefore, i n  the water column, these  fractions can be ruled  out  as  sources un-  

l ess  they are being  replenished a t  the same ra te  t h a t  they are  converted to  n i -  

trate  (see  Figs.53,54,55). Hence, release .from sediments i s  the most probable 

cause  of  the  extra  hypolimnetic  nitrate. The. sediment n i t r a t e  i s  likely,  derived 

primarily from the  particulate  nitrogen  settling t o  the sediment d u r i n g  the 
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erable when compared to  the  loading of n i t r a t e   t o  the lake from the two.point 

sources a t  Kamloops.  For .example, during the 60-day period -from l a t e  August 

t o   l a t e  October, the internal  production  or  "loading" i s  approximately 25 me- 

t r i c  tonnes,  or  about f ive times the  point  source  loading  of  nitrate  for the 

same interval.  Subsequently,  the mixing  of th i s  internal ly  produced n i t r a t e  

upwards into  the water column d u r i n g  the autumnal overturn  (December).increas- 

es  the lake-mean nitrate  concentration  to about 105 pq 1" . 
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Figure 53. .Annual isopleths  of ammonia nitrogen from the monthly computed 
, 1974-75. average  profi 1 es  i n  Kamloops  Lake 
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con t inued   to  r 

17% increase)  . 
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A p r i l ,  1975 (F ig .56 ) ,   bu t   on l y  8% o f   t h i s   i n c r e a s e  was due t o   p o i n t   s o u r c e   l o a d -  

ings (IWI) Report,  1976).  Furthermore,  the  entrance .of r i v e r   w a t e r   c o n t a i n i n g   n i t r a t e  

a t   s l i g h t l y   l o w e r   c o n c e n t r a t i o n s   t h a n   i n   t h e   l a k e   d i d   n o t   d i l u t e   t h e   l a k e  con- 

expected. I n   f a c t ,   o v e r   t h e   w i n t e r ,   t h e   n i t r a t e   c o n c e n t r a t i o n s  

i s e  i n  bo th   t he   l ake  and o u t f l o w   t o   a p p r o x i m a t e l y  120 1-19 1" ( a  

This   increase  would  requi re  a c a l c u l a t e d   p r o d u c t i o n  o f  55.5 

me t r i c   t onnes   o f   n i t ra te   f rom  o the r   n i t rogen   fo rms   i n   t he   wa te r   co lumn and  sedi- 

ments. A1 though  these  in te rna l   genera t ion   p rocesses   s ign i f i can t ly   inc rease  the  

n i t r a t e   c o n c e n t r a t i o n s   i n   t h e  1ak.e d u r i n g   t h e   w i n t e r ,   t h e   c o n c e n t r a t i o n s   i n   t h e  

i n f l o w i n g   r i v e r  above t h e   p o i n t   s o u r c e s   a r e   s t i l l   s u f f i c i e n t l y   h i g h   t h a t   a l g a l  

p r o d u c t i o n   i s   l i k e l y   n o t   l i m i t e d   i n  such  a'system  (Section  5). We c a l c u l a t e  

t h a t  i f  the   n i t rogen  source   fo r   the   in te rna l   genera t ion   p rocesses  was t h e   p o i n t  

source  loading  near  Kamloops  and was e l i m i n a t e d ,   t h e   c o n c e n t r . a t i o n s   o f   n i t r a t e  

would  only be  reduced to   approx imate ly  90-100 pg 1" , t h e  same concen t ra t i on  

range  as   the   r i ver  above t h e   l o c a t i o n   o f   t h e   p o i n t   s o u r c e   i n p u t s .  

b)  Ammonia 

The  ammonia n i t r o g e n   t e n d s   t o  be  homogeneous w i t h   d e p t h   w i t h  a s l i g h t  

tendency t o   i n c r e a s e   i n   t h e   b o t t o m  40 m o f   t h e   l a k e   ( F i g . 5 3 ) ;  The seasonal 

maximum occurs i n   l a t e   w i n t e r  and ea r l y   sp r ing ,   wh i l e   t he  minimum occurs a t  mid 

N e i t h e r   t h e   n e t   u p t a k e   o f  ammonia as a n u t r i e n t   b y   m i c r o -  

conversion  of  ammonia t o   n i t r a t e  by b a c t e r i a  seem t o  be 

i f i cant   ex ten t .  

The c o n c e n t r a t i o n   o f  ammonia i n   t h e   o u t p u t   r i v e r   r e m a i n s   r e l a t i v e l y  

constant  between 5 and  10  pg 1" th roughout   the   hydro log ic   cyc le   (F ig .56) .  The 

i n p u t   r i v e r ,  however, f l u c t u a t e s  between 5 and  30 1-19 1" w i t h   t h e   h i g h e s t   v a l -  

ues o c c u r r i n g   i n  March. 

c )  D i  sso l  ved Organic  Ni t rogen 

D isso lved  o rgan ic   n i t rogen  on ly  shows s t r o n g ,   v e r t i c a l   c o n c e n t r a t i o n  

I 

depths i n   t h e  summer. 

organisms  nor   the  net  

o c c u r r i n g   t o  any  s ign 
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Figure 54. Annual isopleths  of  dissolved  organic.nitrogen from the monthly 
computed average  profiles i n  Kamloops Lake, 1974-75.. 

gradients d u r i n g  the freshet when h i g h  concentrations ' o f  150 pg 1" ' a r e  found 

a t  the surface and 100 pg 1" near the' bottom (Fig.54). These h i g h  concentra- 

t ions of dissolved  organic  nitrogen i n  the epilimnion seem to   re f lec t   the   r iver  

concentrations  entering the lake  (Fig.56). The concentrations  then  decrease 

e r r a t i c a l l y  from the seasonal maximum to  the  seasonal m i n i m u m  i n  ear ly  winter. 

As the concentrations  of  dissolved  organic  nitrogen  increase i n  the i n p u t  river 

d u r i n g  February, March  and April, there i s  a corresponding  concentration  increase 

i.n the  lake  throughout the water column. 

There i s  no indication i n  the data  that  dissolved  organic  nitrogen 

i s  converted t o   n i t r a t e  i n  the hypolimnion d u r i n g  August, September o r  October. 

During the winter, however, the concentrations of dissolved  organic  nitrogen 



leaving the lake 

while n i t r a t e  n i  

83 

a re  always 25-100 pg 1" less than  the i n p u t  concentrations, 

trogen  concentrations  are a 

p u t  than the i n p u t  d u r i n g  the same period. 

be due t o  conversion  of  dissolved  organic n 

d )  Particulate Nitrogen 

The nitrogen  of  , this  fraction i s  i 

ways 14-30 1-19 1-1 higher i n  the  out- 

Some of the nitrate  increase could 

trogen by biological  processes. 

ainly  present i n  protein-rich  or- 

ganic  matter,  although an  unknown, b u t  probably small proportion i s  ammonia 

nitrogen "fixed" i n  clays.  There i s  a d i s t i n c t  maximum i n  par t icu la te   n i t ro-  

gen i n  the  top 30 m of the lake d u r i n g  the freshet (Fig.55). In the top  10 m y  

the  concentrations  range from 20 t o  30 1-19 1-1 and .are  presumably i n  the form 

of detri tal   organic  matter and clay-fixed ammonia from the  floodinq river. 

KAMLOOPS LAKE . COMPUTED AVERAGE PROFILE . 'PARTICULATE NITROGEN 
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Figure 55. A n n u a l  isopleths  of  particulate  nitrogen from the monthly computed 
average  profiles i n  Kamloops Lake,  1974-75. 



low i n  par t iculate 'ni t rogen  a t   th is  time  (Fig.55). 

solved ni  tr,ogen  probably  accounts for  the  increases 

i n g  l a t e  September and October. The supply o f  part  

river  increases d u r i n g  a u t u m n  and winter  reaching a 

84 

The minimal concentrations of particulate  nitrogen  occur i n  the hy- 

polimnion d u r i n g  mid-summer  when the  processes  supplying  particulate  nitrogen 

t o  the hypolimnion were presumably the  least   active.  The epilimnion i s   a l so  

Biological  uptake of d i s -  

seen i n  the  epilimnion dur-  

iculate  nitrogen from the 

maximum i n  March ( F i g .  56). 

Hence the  water  column'concentrations of particulate  nitrogen remain h i g h  over 

the w.inter due bo th  t o  h i g h  supply rates and to  turbulence which inhibi ts   se t -  

t l i n g .  The reasons  for  the  increased  concentrations of  particulate  nitrogen 

in  the  inflow  river  during' this period  are  unclear,  although  the peak concen- 

t ra t ion i n  March could have-  been benthic  algal  fragments  originating i n  the 

North  and South Thompson Rivers. These winter  inputs of particulate  nitrogen 

possibly  set t le   to   the sediments after  the  thermocline forms i n  spring and  

then  serve as the primary source o f  the  nitrogen  generated from the  sediments 

i n  September and October. 

e )  Nitrogen Budget 

x 

The difference between the annual i n p u t  and output of each nitrogen 

component represents  either i t s  net  retention i n  the  lake,  i ,ts  loss  to  the  at- 

mosphere above the  lake, or bo th .  When'the loadings,  retentions (IWD Report, 

1976) ,  and average  contents  are  plotted  diagrammatically,  the  relative magni- 

tudes of the  processes  are  apparent  (Fig.57). The lake system retains  only 

23% o f  the  total  nitrogen.input  annually.  Since  the annual i n p u t  loading is  

6.7 times  the annual average  content of the  water column, the  crude  residence 

time for  total  nitrogen i n  the  lake is  ea 55 days. 

. .  
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Figure  57. Annual n i t rogen   budge t   f o r  Kaml oops  Lake. 

4.2 Phosphorus 

a)   Seasonal   Dis t r ibut ions 

Phosphorus  analyses  were  performed  on  two  aliquots o f   t h e   w a t e r  sample, 

one o f  which was f i l t e r e d   i n   t h e   f i e l d   i m m e d i a t e l y   a f t e r   t h e   b o t ' t l e   c a s t  was  com- 

plete.  Dissolved,  phosphorus was t h e n   a n a l y z e d   o n   t h e   f i l t e r e d  sample w h i l e   t o -  

t a l  phosphorus was determined on . t h e   u n f i l t e r e d  sample. The dissolved  phosphorus 

was n o t   a n a l y z e d   f o r   i t s  component f r a c t i o n s   o f   o r g a n i c  and inorganic  phosphorus 

compounds, the  most  important o f  which i s   t h e   a l g a l   n u t r i e n t ,   o r t h o p h o s p h a t e .  

Orthophosphate  concentrat ions can, therefore,  range  from  zero  up t o  100% o f   t h e  

d isso lved  phosphorus  to ta l .  

, 
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Figure  58. Annua l -   i sop le ths   o f -   to ta l   phosphorus   f rom  the   month ly  computed 
a v e r a g e   p r o f i l e s   i n  Kamloops Lake,  1974-75. 

The seasonal   isopleths  o f   the  to ta l ,   d isso lved, .   and  par t icu la te  phos-  

p h o r u s   f r a c t i o n s   a r e   p l o t t e d   i n  F 

t ra t i ons   range   f rom 3 t o  23 ug  1- 

1" f o r   t h e   d i s s o l v e d  phosphorus; 

phosphorus.  For  comparison,  most I 

gures 58, 59 and 60, respec t i ve l y .  Concen- 

f o r   t h e   t o t a l  phosphorus;  from 3 t o  11  ug 

and  from 1 t o  20 pg 1-1 f o r   t h e   p a r t i c u l a t e  

o f  t h e  Okanagan Valley  lakes,  which  range  from 

o l i g o t r o p h i c   t o   e u t r o p h i c   i n   s t a t u s ,  have greater  concentrat iqns  (Stockner  and 

Nor thcote  1974)   whereas  Babine  Lake  (an  o l igot rophic   lake  i .n   nor th   cent ra l  B.C.) 

has  lower  concentrat ions  (Stockner and Shortreed  1974). 

The seasonal d i s t r i b u t i o n   p a t t e r n   o f   t o t a l  phosphorus shows two max- 

ima; one dur ing  the  f reshet  (May-June-July) ,   and  the  other i n   l a t e   w i n t e r  

(March'). The f r e s h e t  maximum c o n s i s t e d   a l m o s t   e q u a l l y   o f   p a r t i c u l a t e  and d i s -  
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s o l v e d   f r a c t i o n s   i n   t h e   t o p  40 m bu t  was m o s t l y   p a r t i c u l a t e  between 7 and  100 

m. The dissolved  phosphorus maximum occur red   a t   the   average  depth  of t h e  ri- 

ver   p lume  dur ing   th is   per iod .  A1 though some o f   t h i s   d i s s o l v e d  phosphorus was 

mixed down i n t o   t h e   u p p e r   l e v e l s   o f   t h e   h y p o l i m n i o n ,  as  seen i n   t h e   p r o f i l e  of 

J u l y  23 (F ig .59) ,   the  ina jor i  ty  o f   the   d isso lved  f reshet   phosphorus  was washed 

o u t   o f   t h e   e p i l i m n i o n -  and p r o g r e s s i v e l y   r e p l a c e d   b y   t h e   i n f l u x   o f   r i v e r   w a t e r  

phosphorus  which  dropped  from  11 t o  4 pg 1" between t h e  peak f l o o d  and mid- 

August  (Fig.61).  Presumably  the  deeper  area o f  h i ,gher   par t icu la te  phosphorus 

concent ra t iohs   dur ing   the   f reshet  came a b o u t   e i t h e r  by s e t t l i n g   f r o m   . t h e   r i v e r  

plume or   by   resuspens ion   o f   bo t tom  mater ia ls  due t o   r i v e r  plume tu rbu lence on 

the   de l ta   f ace .  

KAMLOOPS  LAKE . COMPUTED  AVERAGE  PROFILE 

J J A 

DISSOLVED PHOSPHORUS. . pgram/l*re 

I 

JAN., 
MONTH 

Figure  59. Annual i s o p l e t h s  of dissolved  phosphorus  from  the  monthly  computed 
ave rage   p ro f i l es  i n  Kamloops  Lake, 1974-75. 



89 

5 

5 

J J 
28 

l\r 
M 
18 

A 
22 

Figure  60.  Annual i sop le ths   o f   pa r t i cu la te   phosphorus   f rom  the   mon th l y  com- 
pu ted   average  p ro f i les  i n  Kamloops Lake,  1974-75. 

The l a t e   w i n t e r  maxima o f  1974  and  1975 d i f f e r e d   i n   t h e i r   r e l a t i v e  

p r o p o r t i o n s   o f   d i s s o l v e d  and par t i cu la te   phosphorus .  On both  occasions  the 

dissolved  phosphorus  concentrat ions i n   t h e   e n t i r e   w a t e r  column  were  general- 

l y  d o u b l e   t h e   f a l l   o v e r t u r n   v a l u e s .  On t h e   o t h e r  hand, p a r t i c u l a t e  phosphorus 

concent ra t ions   inc reased  d ramat ica l l y   be low 80 m i n  March,  1974 b u t   n o t   i n  

March,  1975. A t u rb id i t y   cu r ren t ,   caused   by  a slump on the   de l ta   f ace   seve ra l  

days  before  sampling, may p o s s i b l y  have car r ied   resuspended  par t i cu la te   phos-  

phorus   in to   the   hypo l imn ion  and a long  the  bot tom i n  March,  1974. P a r t i c u l a t e  

and  dissolved  phosphorus  increased  to 24 and  17  ug I ” ,  r e s p e c t i v e l y ,   i n   t h e  

i n f l o w  i n  March, 1975  and m i x i n g   o f   t h e   r i v e r   w a t e r   w i t h   t h e   l a k e   w a t e r   r e s u l -  

t e d   i n   t h e  March maximum (Fig.61) .  The i n c r e a s e d   c o n c e n t r a t i o n s   i n   t h e   i n f l o w  
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resulted when r iver  flows  decreased and hence d i d  not dilute to  the same ex- 

tent the  constant  concentration  point  source.effluents and the  natural  diffuse 

sources  of.phosphorus. 

A slight increase i n  particulate phosphorus was observed i n  the epi- 

limnion between August and the September-October period  (Fig.60). This may 

have  been partly due to  algal uptake from the  dissolved pool of  phosphorus. 

b)  Phosphorus Budget 

On an annual basis, Kamloops  Lake i s  a sink for   par t iculate  phosphorus 

b u t ,  not  for  dissolved phosphorus. The annual load  (Fig.62)  of  total phosphorus 

was approximately 1190 metric  tonnes ( IWD Report  1976), assuming d i rec t  atmo- 

spheric i n p u t s  to  the  lake were insignificant. Of this total, 118 metric  tonnes 

was dissolved phosphorus.  In  comparison, the net  retention o f  part iculate  and 

dissolved phosphorus was approximately 896 and 7 metric  tonnes,  respectively. 

Therefore, 84% of the  particulate phosphorus i n p u t  and 6% of  the  dissolved phos- 

phorus load were retained i n  the  lake, g i v i n g  a total  phosphorus retention o f  

76%. Our independent geochemical estimate of the amount of phosphorus sedi- 

mented annually was 1000 metric  tonnes  (Section 2.7) which i s  11% greater than 

the  net  retention  of  total phosphorus reported by IWD. The greater  value would 

be expected  because  the measurement o f  net  retention by IWD d i d  not  take  into 

account the bedload transport  of  phosphorus-containing  sediment which i s   inc lu-  

ded i n  the geochemical calculations. 

The h i g h  annual retention  of  total phosphorus  coupled w i t h  the  short 

hydrologic  residence  time  (Section  3.1) of Kamloops  Lake is  quite unusual. 

Kirchner and Dillon  (1975) have found that  higher areal  water  loadings  (a  cal- 

culation which combines both flushing  rate. and lake  surface  area)  are  usually 

associated w i t h  low total  phosphorus retentions. Using their empirical  rela- 

tionship, Kamloops Lake, w i t h  an areal  water  load of 436 m,  has a predicted 

phosphorus retention  of O.l%, which i s  much lower than the measured retention 
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Figure 62. Annual phosphorus budget  of Kamloops Lake, 1974-75. 

o f  76%. This .large  discrepancy i s  probably due to   the   fac t   tha t  most 'o f  the 

load  into the lake i s  particulate phosphorus (Fig.62), o f  which up. t o   8 0 % ' i s  

mineralogic apati te  (Section 2 .6 ) .  The l a t t e r  i s  converted.to  dissolved phos- 

phorus a t  a much slower r a t e  ( i f  a t  a1 1 ) than i s  particulate  organic phosphorus. 

From the annual loading o f  particulate and dissolved phosphorus and 

their average  lake  contents, an estimate o f  average annual residence times i n  

the water column can be calculated. The average  content o f  part iculate  and 
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dissolved phosphorus was 14.6 k 8.1  and’17.5 f 6.2 metric  tonnes,  respectively. 

By d i v i d i n g  the annual content by the annual i n p u t ,  a crude measure of the bulk .  

residence  time i s  obtained. Thus ,  on  an annual basis,  the  particulate phos- 

phorus had a residence  time of 5 days while the  dissolved phosphorus had a res- 

idence time of 54 days. The short  “turnover” time for   par t iculate  phosphorus 

indicates  that  rapid  sedimentation i s  keeping i t s  content low. The residence 

time for  dissolved phosphorus, however, i s  surprisingly  close  to  the 60 day 

annual mean water  residence  time. F l u s h i n g  ra te  is  probably,  therefore, con- 

t r o l l  i n g  the  fate of dissolved phosphorus in this system. 

The specific  areal  loading of total  phosphorus i s  very h i g h  a t  

22.8 g P mm2 yr-’ , b u t  the  dissolved phosphorus loading i s  only  2.3 g P m-* 

yr” . Even t h o u g h  the  dissolved phosphorus loading i s  higher  than  the  spe- 

c i f i c   t o t a l  phosphorus load  in a l l   the  Okanagan lakes  except Vaseux (Stock- 

ner and Northcote  1974), and i s   a l so  twice  the  specific  load of total  phos- 

phorus to  eutrophic Lake Erie (Vollenweider e t  a2 1974), Kamloops  Lake ex- 

hibi ts   the   character is t ics  o f  an oligotrophic  lake. The obvious  importance 

of the  flushing  rate i n  holding down the  algal  production i n  the  lake i s  fur- 

ther  discussed  in  Section 5. 

Although the annual nutrient budgets are  important i n  relating Kam- 

loops Lake to  .other  waters,  the  details of the budget i n  the  winter months 

i s  of more crucial impdrtance  because i s  i t  -during th i s  period that  the n u i -  

sance g,rowth of attached  algae  are observed i n  the Thompson River immediate- 

l y  below Savona. From  December through March, the  river flows are  a t  t he i r  lowest 

and are almost  equal i n  the i n p u t  and output  rivers,  thus  maintaining a con- 

stant  lake  level. Dur ing  these same months, the  concentration of dissolved 

phosphorus i n  the  river near Overlander  Bridge (Kamloops) was increased, on 

average, from 4.3 pg 1” to  8.4 pg 1-’ (IWD Report 1976) [14 pg 1” CCIW-EPS 

estimate] by the  wastewater phosphorus loadings of the Weyerhaeuser p u l p  mill 
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and the Kamloops City sewage lagoons. The lake  concentrations responded more 

slowly b u t  had doubled i n  concentration by mid-March, 1975.  Outflow  concen- 

t r a t i o n s   a t  Savona increased from an average of 3.7 1-19 1-1 ( I W  Report  1976) 

C2.4 pg 1-1 CCIW-EPS] d u r i n g  the September through December period  to an aver- 

age of 5.7 pg 1” (Iwn Report  1976)  [7.0 1-19 1-1 CCIW-EPS] d u r i n g  the nmths 

of  January  through March. A mathematical  expression was developed which suc- 

cessfully approximated these  outflow  concentrations  of Kamloops  Lake d u r i n g  

the constant river flows of winter (Appendix V ) .  This formula was applied 

to  simulated  dissolved phosphorus concentrations i n  the lake a t  autumn over- 

turn as  well a s   t o  simulated  inflow  concentrations  that  could  reasonably be 

expected i n  the absence o f  point  source phosphorus loads.  Since the f a l l  over- 

turn concentration i s  approximately 4 pg 1” under present conditions, i t  was 

assumed that  without the point  sources,  concentrations  of 2-3 pg 1-1 would  be 

probable i n  the lake and that  possible  inflow  concentrations from January 1 

t o  March  31  would be from  4 t o  5 1-19 1” .  Under these conditions,  the concen- 

t ra t ion  i n  the  outflow  after three months was predicted  to  range from 2.5 t o  

3.5 1-19 1 - l .  

Of the total   available phosphorus ( i . e .  tha t   u t i l i zab le   for   b io lo-  

gical growth)  exported from the lake i n  winter, an estimated 40-90% i s  a t t r i -  

butable  to  pollution  sources,  as  the  following  calculations show. In  the De- 

cember to  March period, the average  dissolved phosphorus load  of the I!pper 

Thompson River increased between the  Overlander Bridge and Tranquille by 46 kg 

day” (IWD Report  1976). . Taking into account the re la t ive  phosphorus contri- 

butions of the pulp mil  1  and  sewage lagoons and the   fac t   tha t  10-90% of  the 

mill  effluent and 20% of the sewage effluent i s  par t iculate  i n  form ( B . C .  Pol- 

lut ion Control Branch unpublished da ta) ,  i t  can be calculated  that  the average 

to ta l  phosphorus load  (dissolved p lus  particulate)  entering  the  lake from point 

sources i n  winter i s  approximately 50-80 kg day”. A very large  percentage  of 

-. 
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these  po in t   source   inpu ts   i s   b io log ica l l y   ava i lab le   (Lewin   1973) .   Approx imate-  

l y  135 kg o f   t o t a l  phosphorus e x i t s   t h e   l a k e  pe'r  day  during  the  months o f  Jan- 

uary,  February and  March (IWD Report  1975).  Therefore,  the  pol lut ion  phosphorus, 8 
I 

i f  i t  t r a n s i t s   t h e   l a k e   u n u t i l i z e d ,   c o n s t i t u t e s   4 0 - 6 0 % . o f   t h e   t o t a l   e x p o r t e d  

phosphorus  (Fig.63). However, o n l y   a   p o r t i o n   o f   t h i s   t o t a l   e x p o r t   l o a d   i s   b i o -  

l o g i c a l l y   a v a i l a b l e   s i n c e  up t o  80% o f   t h e   n a t u r a l  phosphorus ( t o t a l  minus 

point   source  phosphorus) i n   t h e   l a k e   p r o b a b l y   c o n s i s t s   o f   i n e r t   a p a t i t e  i n  sus- 

I 
I 

pension  (Section  2.6). I f  t h e   d a i l y   r a t e  o f  t o t a l  phosphorus  export i s  cor-  
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Figure  63. Comparison  of  average  natural  and  point  source  phosphorus  inputs 
from  January 1,  1975 t o  March 31, 1975 f o r  Kamloops Lake. A - a minimum c a l -  
c u l a t i o n  based on a  10% p a r t i c u l a t e  phosphorus  content i n   p u l p  mill e f f l u e n t .  
B - a maximum c a l c u l a t i o n  based on  90% p a r t i c u l a t e  phosphorus  content i n   p u l p  
m i  11 ef f l   uent.  



96 

rected  for  apati te phosphorus , an export  value  for  total  available phosphorus 

of 68-93 kg day-1 i s  obtained. Of this, .75-90% would then be derived from point 

sources. Hence, point  sources  contribute a minimum of 40% ( i f  100% of the na- 

tural phosphorus is   b iological ly   avai lable)  and a maximum of 90%' ( i f  only 20% 

of the  natural phosphorus is   biologically  available) of  the  biologically  avail- 

able phosphorus that  i s  exported from Kamloops  Lake in.winter.  Either  value 

i s ,  of course,  quite h i g h .  

A final  inference can be  drawn from the  foregoing two sections of 

nutrient  data  concerning  the  significance of apa t i te  phosphorus in Kamloops 

Lake. The ra t ios  of particulate  nitrogen  to  particulate phosphorus  range be- 

tween l and 4 in  the water column. Such values  are  unusually low i n  compari- 

son t o  most lakes where N:P ra t ios  vary between 7 and 20. T h i s  observation 

lends  further  support  to  our  earlier  conclusion  (Section 2.6) tha t  a large pro- 

portion  of  the  total .phosphorus i n  the Kamloops  Lake water column is  suspended 

apat i te .  T h u s  a nitrogen-free,  parti,culate phosphorus compon,ent, such as apa- 

t i t e ,  must be present t o  reduce the N:P ra t ios  below those seen in  other  lakes 

which are presumably dominated by detri tal   organic phosphorus. 

4.3 D i  ssol ved  Oxygen 

Dissolved oxygen  maxima of 11 -12 mg 1" occurred a t  autumnal and spring 

overturn ( F i g . 6 4 ) .  The minimal concentrations  occurred i n  the  epilimnion and 

the lower hypol.imnion, especially below  120 m. The epilimnetic  decreases were 

a response to  higher  temperatures and the  attendant  decreases i n  oxygen solu- 

b i l i t y ,  whereas concentrations i n  the hypolimnion decreased as a resu l t  of res- 

piration  in  the  water and sediments. The lowest  value attained was 8.3 mg 1" 

a t   t h e  bottom of  Station 6 i n  October. A t  the  prevailing  temperature o f  4.5"C, 

this concentration  represented 70% saturation. The lowest  level  of  dissolved 

oxygen detected by Ward (1 964) was also i n  the  deepest p a r t  of the  lake a t  Sta- 
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Figure  64. Arlnual i s o p l e t h s   o f   d i s s o l v e d  oxygen  from  the  monthly  computed 
a v e r a g e   p r o f i l e s   i n  Kamloops Lake,  1974-75. I 
t i o n  6 (Ward's  Stat ion C-2) and the   concent ra t ions   were   s im i la r .  The Thomp- 

son River   probably   deposi ts  a l a r g e   q u a n t i t y   o f   i t s   b i o d e g r a d a b l e   d e t r i t u s   i n  

the  immediate  area o f  t h e   d e l t a  and  hence t h e   c o l o n i z a t i o n   o f   t h e   d e t r i t u s  by 

b a c t e r i a  and t h e i r   r e s u l t a n t   r e s p i r a t i o n   i n   t h e  hypo1 imnion  could  reduce  the.  

oxygen  tension.  Since  our  lowest  observed  concentrat ion was the  same as e le -  

ven years ago, i t  seems .p robab le   t ha t   t he  amount o f  b iodegradable  part icu1,ate 

o rgan ic   mat te r  has no t   inc reased  d ramat ica l l y   dur ing   th is   t ime.   A t tempts  were 

n o t  made t o  a s c e r t a i n   w h e t h e r   t h e   p a r t i c u l a t e   m a t t e r   i s   n a t u r a l l y   p r o d u c e d   o r  

i s   t h e   r e s u l t   o f  some man-related  land  use  that  was i n   e x i s t e n c e   b e f o r e   t h e  

1964 study. 

The area l  0xyge.n d e p l e t i o n   r a t e  o f  the  hypol imnion has o f ten  been 
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re la ted   to  a lake's   trophic  status.   Eutrophic  lakes  generally have areal de- 

pletion  rates  greater  than  1.5 mg 0, cme2  month" (Hutchinson  1957) which a r e  

often  sufficient  to  completely deplete oxygen in the hypolimnion. The areal  

depletion  rate  of the hypolimnion i n  Kamloops  Lake  was calculated  to  be 3 . 3  

mg 0, month".  This f igure was obtained by subtracting the dissolved oxy- 

gen content  per  unit  area below  44 m on May 28, 1974 from t h a t  below 63 m on 

October 22,  1974 and divi,ding  the  result  by the time interval  (4.86  months). 

A1 though the Kamloops  Lake value would appear  to be very high,  there  are two 

major  reasons why i t  i s  misleading t o  r e l a t e  the areal oxygen d e f i c i t  t o  tro- 

phic  status i n  a l l   l akes  (Hutchinson  1957). First, lakes  with  depths  greater 

than 50 m exhib i t  high  sediment  surface  areas  relative t o  the surface  area of 

the t o p  o f  the hypolimnion, especial ly  i n  narrow, steep-sided lakes   l ike Kam- 

loops. Since the major s i t e  of hypolimnetic  respiration i s  the  sediment-water 

interface,   the  d iv i s ion  .of oxygen def ic i t   values  by the area  of the hypolim- 

nion "1 id" results i n  an apparent  areal   depletion  rate  that  i s  higher  than would 

be obtained i f  sediment  surface  area were used.  Second, the r a t e  o f  incorpor- 

ation  of  allochthonous  organic  matter from the drainage  basin  into  the hypolim- 

nion i s  unrelated  to  the  production of  autochthonous  organic  matter i n  the epi- 

limnion. Hence, mineralization o f  allochthonous  materials  increases the areal 

depletion  rate.  The concentrations o f  par t icu la te  carbon i n  Kamloops  Lake were 

highest. i n  "the f reshe t  and in winter when the  production  of  particulate  car- 

bon  by algae  and,bacteria . is  a t  a minimum, suggesting t h a t s t h e  carbon was most- 

ly  allochthonous  (Fig.65). Even w i t h  the. very  high  depletion  rate,' the oxygen 

content of  this deep hypolimnion is   large  enough. to  be only  s l ight ly   affected.  

In contrast  t o  areal   depletion  rates,   the comparison of  volumetric 

depletion  rates i n  lakes of similar  depth may be more sui table .  The volumetric 

deplet ion  ra te  i n  t h e  Kamloops  Lake hypolimnion was calculated by di'viding the 

difference between the average  dissolved oxygen concentrations i n  the hypolimnion 
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KAMLOOPS LAKE . COMPUTED AVERAGE PROFILE . PARTICULATE CARBON . pgmm/litE 
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Figure 65. Annual isopleths  of  particulate  carbon from the monthly computed 
average  prof i les  i n  Kamloops Lake, 1974.-75. 

on  May 28, 1974  and  October 22,  1974 by the time  i,nterval  (146  days). The aver- 

age  concentrations were calculated i n  turn by adding the dissolved oxygen con- 

tents of 20 m in te rva ls  i n  the hypolimnion and d i v i d i n g  the sum by the t o t a l  

volume o f  the intervals. '  The upper boundary o f  the hypo1 imnion occurred a t  

44 m i n  May and 63 m i n  October. The mean concentration  change was only  0.9 

mg 1" so t h a t  the net volumetric  depletion  rate was 0.006 mg 1" day". This 

r a t e  is lower  than i n  other  oligotrophic  lakes  of  similar morphometry, (eg. Kal- 

amalka Lake, 0.009 mg 1" day" ; Okanagan Lake, 0.015 mg 1". day"; Stockner 

and Ntwthcote  1974). I t  should be noted, however, that   turbulence  caused by 

the movement o f  the- river plume over  the  ."surface"  of the hypolimnion may mix 

oxygenated  water downward in to  the hypolimnion. I f  so, our measured (net)  de- 
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pletion  rate  will  considerably  underestimate  true  absolute  rates. The oxygen 

depletion  rate i n  the bottom 5 m a t  Station 6’ was substant ia l ly .   fas ter   a t  0.015 

mg 1 ” day” . 1 , . 

4.4 Speci f i c Conductance 

Specific conductance i s  a measure of the  dissolved ion concentration. 

The  amount of dissolved  ionic  matter i n  milligrams  per ‘ l ’ i t r e  . i n  a freshwater 

sample may be estimated by multiplying  the  specific conductance by an empiri- 

cal factor ,  varying from 0.55 to  0.9 depending on the  ionic compounds ( ino r -  

ganic s a l t s  and organic  salts)  i n  solution. A u n i t  decrease  in  specific con- 

ductance  then  indicates a decrease i n  the  dissolved ion concentration w i t h i n  

the limits o f  0.55 to  0.9 mg 1” (Golterman and Clymo 1969). 

Specific  conductances i n  Kamloops  Lake varied between 65 and 116 

pmhos  cm” while  the i n p u t  and o u t p u t  rivers  exhibited  values between 66-160 

respectively. The lowest  values  occurred d u r i n g  the and 68-1 12 pmhos  cm” , 

freshet peak  and the h 

and rivers;  The  smal 1 

ighest  values  occurred i n  late  winter i n  both the  lake 

e r  range  of  values i n  the  lake  demonstrates  the  lake’s 

ab i l i t y   t o  moderate the  concentration  extremes  of  the  input  river.  This i s  

especially  true  in  the  winter when the  entire  lake volume i s  mix ing  t o  some 

extent w i t h  r iver  water. Using the above conversion factor,.   the  dissolved 

solids  concentrations  varied between 36 and 104 mg 1” over  the  year. In  com- 

parison,  the  dissolved  solids  concentrations  are from 2 to  6 times  higher  in 

the Okanagan lakes which  have similar drainage  basin  characteristics b u t  much 

higher  water  residence  times  than Kamioops Lake. The hydrologic regime  of Kam- 

loops Lake thus appears to  inhibit  the  concentration  increases  resulting from 

evaporation i n  lakes w i t h  long residence  times. 

The annual distribution of specific conductance was  homogeneous w i t h  

depth d u r i n g  the  winter months, b u t  devel oped observable  gradients  during  the’ 
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spr ing  and summer (F ig .66) .  The  minimum l e v e l s  were  seen i n   t h e   e p i l i m n i o n  

KAMLOOPS LAKE . COMPUTED AVERAGE PROFILE . SPECIFIC CONDUCTANCE . phos /cm 
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Figure  66. Annual i sop le ths   o f   spec i f i c   conduc tance   f rom  the   mon th l y  computed 
a v e r a g e   p r o f i l e s   i n  Kamloops Lake,  1974-75. 

du r ing  June, J u l y  and  August when the  conductance  decreased  f rom  the  winter 

maximum o f   a p p r o x i m a t e l y  100 pmhos  cm-’ t o  below 70 umhos cm” . D u r i n g   t h i s  

p e r i o d ,   t h e   i n f l o w   r i v e r   r e a c h e d . i t s  minimum c o n c e n t r a t i o n   o f   d i s s o l v e d   i o n s  

and  had a s p e c i f i c  conductance o f  66 and 67 umhos cm” on June 25 and J u l y  23, 

respec t i ve l y .  The r i v e r  plume a p p a r e n t l y   d i d   n o t   m i x   t o  any   g rea t   ex ten t   w i th  

the  hypol imnion  waters  as i t  t rans i ted   t he   l ake   s ince   t he   spec i f i c   conduc tance  

o f   t h e   o u t f l o w   r i v e r   i n   J u l y  was o n l y . 2   u n i t s   h i g h e r   t h a n   t h e   i n f l o w   r i v e r .  

Dur ing mid-summer, the  conductance  also  decreased i n  the  hypol imnion  by  about 

15 umbos cm”. T r a n s e c t   p r o f i l e s   i n d i c a t e   t h a t   w a t e r   o f   l o w   s p e c i f i c  conduc- 

tance  accumulated a t   t he   wes te rn  end o f  t h e  1 ake i n  May and moved s low ly  a1 ong 



. 
102 

the bottom towards the  eastern end reaching  Station 6 by Augus t  (Fig.67). This 

bottom flow i s  not well  understood but .  may have occurred i n  regponse to  a west- 

ward current induced, in the upp,er hypolimnion by the viscous  drag o f  the  tran- 

siting river.  plume.  In other .words, the bottom flow was  moving eastward to  re- 

place  the  water  transported westward i n  the upper hypolimn-ion. Whatever the , ' 

mechanism, water.with  properties similar t o  the freshet  water is  injected  into 

the hypolimnion. As a resu l t ,  some of 'the hypolimnetic  concentrations  increased 

(Fe, Mn, N H  ), most decreased,  while  dissolved phosphorus was unchanged. 

KAMLOOPS .LAKE :- ISOPLETHS OF SPECIFIC , CONDUCTANCE pmhos/cm 
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and the  concentrations  of  dissolved  ions i n  the  inflow  river  increased. These 

two processes  caused  the  specific conductance to  increase .and become  homogene- 

ous w i t h  depth. The specif ic  conductance  increased to  a greater  value i n  the 

spring of 1975 than i n  1974. This .was probably dire to  the lower  flow rates 

of  the  winter of 197’5 causing  less d i l u t i o n  of the i n p u t  o f  dissolved  ions. 

Although a l l   the  major cation and ‘anion concentrations,  approximately doubled 

in  the  inflowing  river between freshet and l a t e  winter; the sodium  and chlor- 

ide  concentrations  increased  approximately 8 and 12 times-,  respectively.’ The 

predominant s a l t  of the Weyerhaeuser p u l p  mil 1 effluent  collected i n  January 

was sodium chloride,  the  concentrations of sodium.and chloride being 220 and 

300 mg 1 ” ,  respectively.  This  point  source  loading  rate  could  account  for 

approximately ha l f  the  increase. Another source of chloride ion could have 

been the road s a l t ,  calcium chloride, used by the Department o f  Highways. How- 

ever,  the  calcium  concentrations do n o t  show disproportionate  increases  rela- 

t ive  t o  the-  other major cations,  so this.  source  i.s  probably  insignificant. 

Chloride has increased from less  than 0.5 mg 1” i n  March, 1963 (Ward 1964) 

t o  4 mg 1” in March, 1975. 

4.5 Metals 

The concentrations of acid  extractable  iron  (Fe),  lead ( P b ) ,  copper 

( C u ) ,  zinc ( Z n ) ,  and  chromium (Cr) were analyzed on a l l   the  monitors t o  t e s t  

for  possible.meta1,  pollution.  Total mercury (Hg) was measured i n i t i a l l y  b u t  

concentrations were too low for  accurate measurement ( ~ 0 . 0 5  pg 1 ” )  and the 

analyses were discontinued. Acid .extractable  metals  included  the  dissolved 

metals,  the  metals  adsorbed on particulate  matter and the  acid  soluble metal 

minerals. In  Kamloops  Lake in  April, 1974, most extractable.meta1  concentra- 

tions were greater than 90% of the  totals .  The  numbers of metals and samples 

analyzed  precluded  the more time-consuming total  metal analyses. 
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The nature of the metal distributions  in  the  lake have not been suf- 

f ic ien t ly  analyzed to  warrant  full  discussion. Although the  concentrations 

are  below toxic  levels,   the ranges of values  observed are  of descriptive i n -  

terest  (Table 4 ) .  In general,  the  concentrations of metals were lower i n  the 

outflowing  river  than  the  inflowing  river,  suggesting t h a t  the  lake i s  a "sink" 

for  metals. 

Table 4. Concentration  ranges of extractable  metals  in Kamloops  Lake 
and the  inflowing and outflowing rivers March, 1974 - April , 1975. 

Concentration Range (pa 1" ) 

Extractable 
Metal Inflow Outflow Lake 

I ron 70 - 680 20 - 200 2 - 530 

Manganese 7 - 50 2 - 40 1 - 50 

Copper <1 - 9 <1 - 7 <1 - 23 
Le ad <1 - 15 <1 - 4 ~1 - 6 
Zinc 1 - 22 1 - 23 <1 - 24 
Chromi urn 0.4 - 6 0.8 - 3 <0.2 - 5.2 

4.6 Col our 

Kamloops  Lake acts  t o  buffer  the  concentrations o f  colour  entering 

the  lake. The colour  values  range from 5 to  45 units i n  the  input and  from 

5 to  15 units i n  the  output  river between September and  March. I n  the  lake, 

colour  varied between 5 and 10 units d u r i n g  spring and summer and between 10 

and 20 units d u r i n g  autumn and winter. Although the  reduction i n  colour be- 

tween the i n p u t  and output may only be due to  dilution w i t h  cleaner  lake wa- 

t e r  which i s  replenished  every summer, the  possibil i ty t h a t  coloured  materials 

a re  degraded w i t h i n  the  lake  cannot be dismissed. 
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Table 5. Concentrat ion  ranqes o f  c h e m i c a l   v a r i a b l e s   f o r  Kamloops  Lake 

March,  1974 - A p r i l ,  1975. 

V a r i a b l e  Range 

Chemical  Variables (mg 1 - l )  
Cal c i  um 9.2 - 16.6 
Magnes i um 0.8 - 3.8 
Sodi urn 1.0 - 5.0 

Potass i  um 0.5 - 1.1 

Bicarbonate  28.2 - 52.4 

Sul  Dhate  4.9 - 12.7 
Chl o r i  de 0.3 - 5.2 

S i  1 i c a  4.0 - 6.9 

Tota l   Inorganic   Carbon  4 .9 - 11.3 

Total   Organic  Carbon 0.7 - 9.5 

P a r t i   c u l   a t e  Carbon  0.027 - 0.30 

Tannins  and  Lignins  0.16 - 0.68 

Fli t r a t e  + Fli tri t e  Ni troqen  0.012 - 0.202 
Ammonia N i t rogen <0.001 - 0.032 
Dissolved  Organic   Ni t rogen  0 .028 - 0.164 

P a r t i c u l a t e   N i t r o g e n  <0.001 - 0.038 

Total  Phosphorus 0.903 - 0.039 

Dissolved  Phosphorus  <0.002 - 0.015 

P a r t i c u l a t e  Phosphorus  <0.001 - 0.027 

D isso lved Oxygen 8.33 - 12.70 

% Sa tu ra t i on   69  - 118 

S p e c i f i c  Conductance (umhos cm-' ) 57.9 - 122 

PH 7.2 - 8.0 
Colour  (True  Apparent  Colour  Unit,s) <5 - 40 
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4.7 Mi scell aneous 

- A  table was prepared which summarizes the  concentration ranges ob- 

served  in the lake for a1 1 the analyses o f  the chemical  monitor  program (Table 

5) .  Further interpretation o f  the da ta  will be reported in  subsequent p u b l i -  

cations. 
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5. MICROBIOLOGICAL  LIMNOLOGY 

The biological program focused  exclusively on the primary  autotrophs 

and heterotrophs  of Kamloops Lake. This' approach was chosen , w i t h i n  the con- 

text of the Federal-Provincial Thompson River Task Force,  because  .photosynthe- 

t i c  production  rates and levels  of  algal biomass a r e  both sensi tive- and quan- 

t i t a t i v e  measures .of the  extent of lake  eutrophication. In addi t ion,  both the 

population  size and photosynthetic  rates o f  a lgae   a re   in t imate ly   re la ted   to ,  

and thus he1 p t o   cha rac t e r i ze  , nutrient fluxes w i t h i n  lakes.  Accordingly , an- 

nual pat terns  o f  primary  production , algal and bacter ia l  biomass , and al  gal 

species  composition were determined f o r  Kamloops Lake. Some intormation. on 

zooplankton and fish populations i s  avai  lab1 e i n .  o ther   . reports  of the Thompson 

River Task Force and i n  Ward (1964). 
. .  

. .  

.5.1  Phytoplankton Biomass 

Spat ia l  and temporal  changes i n  phytoplankton  biomass . .  ,were determined . .  . I  . . 

i n d i r e c t l y  from conventional  measwements of chlorophyll .a.  . Water samples ( 1  

1 i t re )  were col lected monthly d u r i n g  the chemical  monitor and stored . .  i n  dark- . .  

ness u n t i l  membrane-fil tered, usually w i t h i n  24 hours , by the Environmental . , 

Protection  Service (EPS)  . Frozen f.i 1 ters were analyzed by .the EPS Laboratory, 

Vancouver , according t o  the extractive  spectrophotometric. method of Stri ckl and ' 

and Parsons  (1972). W i t h  the 1 .O cm cuvettes used, this procedure had a de- . .  

tect ion limit, f o r  1 l i t r e  water  samples,  of  0.25 mg chlorophyll a (assuming 

no extract   concentrat ing)  and a s e n s i t i v i t y  of +30%. 

_ I  

. >  

. .  

Chlorophyll a concentrations  in'creased  progressively from. a. mid-wi.nter ~. 

low of  0.08 mg me3 (1.0 mg m-*) through spring . .  and summer t o  a s i n g l e  peak of 

3 mg m-3 (30 mg m-*) i n  early  October , then decl ined rapidly  again  to the w i n -  

ter  minimum by early  January  (Fig.68). This c l e a r  annual pat tern was apparent 
. .  

, .  
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1 ' a  concent ra t ion  on an areal-   (squares) and volume- 
Kamloops Lake,  1974-75, :- . .  

ambient   ch lorophyl l   concentrat ions  were  usual ly   near  3 
f o r   t h e  EPS procedure. f 

Hor izonta l   var ia t ions   in   phy top lank ton   ,b iomass were  low.  Despite 

s i g n i f i c a n t   d i f f e r e n c e s  between  regions on some i n d i v i d u a l  sample  dates , t h e  

annual 'means o f   c h l o r o p h y l l  a for   the  western  (F ig .51 , S t a t i o n s . 3  and 6 )  , cen- 
. .  

t r a l   . ( S t a t i o n . s  9 and  12),   and  eastern  (Stat ions  17 and 22) zones o f  t h e   l a k e  a 
were 3.2, 3.2, and  3.5 mg rn-2, respec t i ve l y .  The average  annual  chlorophyl l  

con ten t   o f   t he   eupho t i c  zone f o r   a l l   s t a t i o n s ,   d e t e r m i n e d   b y   i n t e g r a t i o n  o f  

F igure 68, was 3.3 mg rn-2 (1.1 mg ~ n - ~ ) ,  a 1 ow va lue  ' for   temperate 1 akes  (Wet- 

zel  1975). 

1 
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For comparison  ‘purposes  several  estimates  of phytopTankton  biomass were ob- 

tained by direct  microscopic  enumeration and measurements of  phytoplankton  cell 

volumes.  Samples were preserved i n  Lugol ‘ s  ac id   f ixa t ive  and counted w i t h  an 

inverted  microscope.  Aliquots.  (10  ml).were  settled  overnight. i n  a counting 

chamber and observed under phase-contrast w i t h  a Wild M40 inverted microscope. 
2 Large species were counted i n  a 50 mm a r e a   a t  2OOX magnification while, f o r  

smal 1 forms two complete  transects . .  were ,counted a t  400X magnification.  Pre- 

liminary  diatom  identifications were done on separate samples pre t rea ted  w i t h  

n i t r i c   ac id   (Pa t r i ck  and Reimer 1966). To ident i fy  a1 1 other  groups  samples 

were concentrated  onto (0.45~ Mi 11 ipore) membrane f i  1 t e r s   t h e  f i  1 ters cleared 

w i t h  Cedarwood o i l  and permanent s l ides   prepared (McNabb 1960).  Cell volumes 

(mn m ) were calculated from geometric  formulae using direct   microscopic 

measurements  from individual Kamloops  Lake specimens.  Finally  total  phyto- 

plankton  carbon biomass (mgC n ~ - ~ )  was calculated from an assumed ce l l   dens i ty  

of 1 g m l ”  and a carbon  content  of 2.5% of wet weight f o r  diatoms and 5% f o r  

a l l   ‘other   groups.  

3 -3 

A1 gal  carbon  concentrations  ranged from a 1 ow of  10 mg m-3 i n  mid- 

wi,nter  to 89 mg m-3 i n  September i n  very rough proportion  to  chl  orophyl 1 con- 

centration  -(Table  6).  Thus the chlorophyll  content  of the phytoplankton  ranged 
. .  

Table 6.  Selected  chl  orophyll a and  a1 gal  carbon  concentrations (mg - 
m-3) i n  Kamloops Lake,  1974-1975. 

C h l  orophyll, 
Date . .  A1 gal Biomass Chl orophyll a Content 

(mgc m-3) (mg m - 3 i  

13  July ’ -  33.4 1.8 4.6 
16 September _ .  89.5 3.7  4.2 
2 December 47.1 0.27  0.7 
8 March 10.2 0.10 1 .o 
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between 1 and 4% o f  a1 gal  carbon. Such ch lorophyl l   :carbon  ra t ios  are  average 

fo r   phy top lank ton .  

Table 7. The-re la t ive  spec ies  composi t ion and dominant  genera o f  Kam- 
loops  Lake  phytoplankton , 1974-1 975. 

Percentage  Composition by Volume 

A1 ga l  Group 18 Jul 16 Sep. 2 Dec 8 Mar Dominant Genera 

Cyanophyta 0.2 0.6 ' 7.5 6.4 Chroococcus 
. I  Gomphosphaeraia 

Microcystis 
Cryptophyta  14.0 54.1 10.4  6.9 Chroomonas 

Cryptomonas 
Diatoms  54.9 34.2 . 54.6, 6.3 i 9 . Tabel Zaria 

Fragi Zaria 
Melosira 

Chrysophyta  10.9 8.2 11.9  14.4' Chromu I ina 
. ,.. MaZ Zomonns 

Ochromonas 

. .  . .  

Chlorophyta  19.9 2.8 ,15.6 8.4 Botryococcus 
Ch Zore Z Za 

Diatoms  dominated  the  phytoplankton o f  Kamloops Lake  (Table 7 ) ,  ex- ' 

ceeding 50% by  vol ume a t  a1 1 t imes  except  during  the  peak  biomass  period i n  

e a r l y   f a l l  (34%). The p r i n c i p a l  genera o f  diatoms  were TabeZZaria,  FragiZaria 

and Melosira. ,Two  cryptophytes,  Chroomonas and Cryptomonas,'were  dominant i n  

the  September  sample  (54%).  and const i tu ted  about  10% o f   - t h e   p o p u l a t i o n  on the  

remaining  dates.  Chlorophyta  were  next i n  abundance w i t h  a maximum i n  mid- 

summer (Botryococcus) and a minimum dur ing  September, whi le  Chrysophytes,   (pr in-  '1 
c i p a l l y  ChromuZina, Mal Zomonas , and Ochromonas) comprised  about  10% of t he  pop- 

u l a t i o n   a t   a l l  t imes.  Blue-green  algae (Chroococcus) were t h e   l e a s t  abundant 

o f  the  major  groups  reaching a maximum of  only 6-7% i n  mid-winter,  when t o t a l  

'I 

/. , #  
I 8 
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algal biomass levels were very .low. 

5.2  Phytoplankton Productivity 

As a measure of the .carbon fixation  capabili ty of Kamloops Lake, pho- 

tosynthetic  rates were determined by the C-14 procedure (Vol lenweider 1969). 

Each m o n t h ' a t  three  stations  (Fig.51 , Stations 6 ,  9 and 1 7 )  and s ix  depths i n  

the  euphotic  zone,  duplicate  experimental  bottles  (125 ml) were incubated w i t h  

2 t o  10 pCi of NaH CO, and suspended from  pl exigl  ass  holders  for 4-5 hours 

over  the mid-day period. Control bottles,  fixed  at  zero  'time w i t h  Lugol ' s  solu- 

t ion ,  were a1 so prepared. W i t h i n  24 hours of retrieval and f ixat ion,  10 ml 

portions of the. samples were acidified and bubbled t o  remove inorganic  bicar- 

bonate.  Aliquots ( 3  ml) were then  placed i n  sc in t i l l a t ion   v ia l s  w i t h  20  ml 

of  Bray's  solution and counted b y ' l i q u i d  scintillat,ion  spectrometry  (Schind- 

l e r  e t  a2 1972).  Lastly,  depth  profiles of productivity ( i n  mgC m-3 hr;') 

were integrated and day-rates  calculated  according t o  Vol 1 enwei der (1 965). 

1 4  

Vertical primary  product-ion profiles were similar i n  shape  through- 

out  the  year, w i t h  a surface minimum (usually  ascribed  to  l ight  inhibit ion) 

and a mid-depth maximum followed by.a  progressive  decline  to  zero a t  zero  l ight 

intensity  (Fig.69). Both the compensation  depth (where photosynthesis- and 

respiration  are equal and hence net carbon assimilation i s  zero) and the  depth 

o f  the primary production maximum varied w i t h  season  depending on,the  inten- 

s i t y  and depth extinction of sunlight. 

Pronounced seasonal changes were apparent i n  mean primary  production 

rates ( F i g .  70).  Photosynthesis  rose  progressively from an early March mini- 

mum of. ea 10 mg m-2 day" to  a single peak o f  ea 200 mg m-* day" i n  August 

and September,  then  declined  again to  the  winter min imum by early December. 

Areal and volumetric  production  rates showed similar  seasonal  patterns  (Fig.70). 

The f a l l  peak i n  primary production was not  coincident w i t h  the  chlorophyll a 
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PRIMARY PRODUCTIVITY (mg C/ m3/ hr) 
1 2 3 4 5 6 7 8 9 
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Figure 69. Typical  photosynthesis - depth  curves  in Kamloops Lake, 1974-75. 

peak ( F i g . 6 8 ) ,  b u t  preceded i t  by about  a month. In consequence, assimilation 

numbers ( 4 ,  mgC mg" chl orophyl 1 a day-' ) -  decl i ned i rregul  arly from 190 ! to  45 

throughout  the fa1 1 .  

From area  calculations of Figure 70, the mean annual  primary  produc- 

t ion  ra te   for  Kamloops  Lake  was found t o  be 32 gC m yr  , or an average  daily 

rate  for  the  year of 88 mgC m-* day" . Such levels  are low and typical of o l  i - 
gotrophic  lakes (Wetzel 1975). . 

-2 -1 

The foregoing  estimates o f  productivity  are  complicated by the strong 

influence of the Thompson River on circulation  patterns i n  Kamloops  Lake. Pro- 

duction measurements based on in s i t u  incubations a t  fixed  depths  will  best ap- 

proximate  the  actual  rates  only i f  the  depth of the well-mixed epilimnion i s  

,equal t o  or   s l ight ly   less  t h a n  the  depth of the  euphotic zone. Under such c i r -  



30.0 

i2 28.0 

o\ 
U 

E 24.0 

0 
\ 

E 21.0 
v 

18.0 k 
I 

n 
0 12.0 
a 

a 
E a 

15.0 

U 

> 9.0 
U 

6.0 

3.0 

0 

113 

D l  J I F '  

DATE 

I 22' 21 I 

M A M  J 
1975 

I 

J A  

300 

180 t 2. 
I 

n 

a 

150 0 t- 
- 3  

120 g 
90 & 
60 

a 
E a 

30 

0 

Figure 70. Phytoplankton..primary  production on  an areal  (squares) and volu- 
metric  ( tr iangles)  basis i n  Kamloops Lake, 1974-75. 

cumstances , the  natural a1 gal populations  are  maintained  within  the  euphotic 

zone by turbulent mix ing .  Bottle  estimates for a given  depth will , therefore,  

approximate the  true average rates of  carbon fixation .of  the  algae being mixed 

through tha t  depth a t  any instant i n  time. However, during  the growing season 

i n '  Kamloops  Lake , the m i x i n g  depth greatly exceeds t h a t  of the  euphotic zone 

due to  the  turbulence  of  the Thompson River f lowing  through the  lake a t  in ter-  

mediate  depths  (Section 3.7). This i s  best  seen by a comparison (Fig.7la) of 

1 i g h t  compensation depths  (=1% of surface 1 i g h t )  and the depth  of the  re la t ive 

maximum i n  lake  stabil i ty  (Section 3.4). The l a t t e r  depth represents  the low- 

e r  boundary o f  an "epilimnion"  that i s  s t i r r ed  both because of classical  wind-  

induced mixing near  the  surface and turbulence  resulting from the  deeper  inter- 

flow  of the Thompson River  water. Dur ing  summer stratif ication  the  epil imnion 
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Figure 71. The depth o f  the  euphotic zone ( A ) ,  depth o f  the  epilimnion ( A ) ,  
and the  epi1.imnion:euphotic zone depth r a t io  ( 9 )  i n  Kamloops Lake, 1974-75. 
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portant ‘consequences. First , fixed  bottle  production measurements .overesti-  

mate true  areal  production  rates. Second, and of greater  significance,  algal 

growth ‘rates  will be lower i n  Kamloops  Lake t h a n  i n  comparable systems  lack- 

i n g  the pronounced influence of river  turbulence. W i t h  a perfectly mixed epi- 

l imnion i n  Kamloops Lake, photosynthesis and growth would be reduced i n  d i rec t  

proportion t o  the mixing  depth:light compensation  depth ratio  .(on an average, 

7 ) .  However,  weak b u t  complex stabil i ty  gradients  exist   near  the  surface o f  

the  epilimnion  throughout summer (Section  3.4). Thus , photosynthesis will  not 

have  been reduced t o  this,maximum extent,  b u t  t o  some intermediate  level. The 

exact re1 ative  reduction cannot be calculated from avail  able d a t a .  

l 

5.3 Bacteri a1 Biomass 

The approximate magnitude of heterotrophic  mineralization  processes 

i n  Kamloops  Lake  was determined from estimates o f  total   bacterial  numbers. A 

modification o f  the di rect  epi  -fl  uorescence  microscopic  enumeration  procedure 

using  acridine orange  (Francisco e t  a2 1973) was developed .for  this  study. 

Procedural detai 1 s are given i n  Daley and Hobbie (1 975). 

Bacteri a1  numbers i n  the  epi 1 imnion  were highest’  in summer and  low- 

were less  dramatic ( F i g . 7 2 ) .  

t o   7 . 1 ~ 1 0 ~   c e l l s  m l ”  

algae was observed. 

lage  throughout  the 

were  a1 so regularly  observed. 

i n ,  appeared d u r i n g  t h e   f i r s t  

On a vol umetric  basis , bacteri’al biomass was generally low i n  com- 

ison t o  the  phytoplankton. Assuming an average carbon conten’t of 1 .8x10e8 

e l l ”  (Rublee  1975),  the  bacterial biomass i n  the  epilimnion ranged from 

e s t  i n  winter,  as w i t h  the  algae, b u t  the changes 

Cell numbers increased from 3 .5~10   ce l l s  ml” i n  

i n  summer. No obvious  October peak matching t h a t  

Small coccoid forms (<1 u )  dominated the  bacterial 

year,  b u t  a smal 1 percentage of large (1 -4p) rods 

Fi 1 amentous bacteri a , perhaps  of t e r r e s t r i  a1 orig 

half o f  the spring freshet.  

5 w i  n t e r  

of the 

assemb 
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i n  the  epilimnion of Kamloops  Lake i n  
counting. 

6 t o  13 mg or on average , less  t h a n  10% of  phytoplankton  biomass. Areal 

biomass estimates  are very much higher, of course, because 1 i v i n g  cel ls   are  

present  throughout  the  water column. From a complete prof i le  taken on October 

22, 1974, i t  was estimated t h a t  190 mg m-2 of bacterial carbon were present, 

o r  ea 6 times  the biomass of the  epilimnetic phytoplankton on the same date. 

1 
I 
8 
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6.  DISCUSSIONS AND RECOMMENDATIONS 

, In  this section,  the major limnological  processes tha t  determine  the 

response of Kamloops  Lake to  pollution  are  identified., We demonstrate that  

the  physical  characteristics and circulation  patterns  established by the ' i n -  

flow of the Thompson River  serve,  in  effect,  to  buffer  the  lake's  response  to 

pollutants. A t  the  same-time, however, these  physical  processes  significantly 

increase  the  pollution  sensitivity of the Thompson River downstream of the  lake. 

A number of recommendations are  then given  which, i f  implemented, should enhance 

the environment.al condition of  the Kamloops  Lake-Lower  Thompson River  system. 

The analysis i s  conveniently  presented i n  three  parts:  the  current 

environmental s ta tus  of Kamloops Lake; i t s  degree of tolerance  to  future  pol- 

lution  pressures; and i t s   e f f e c t s  on the.  water  quality of the Lower  Thompson 

River. A summary of this discussion  t,ogether w i t h  recommendations derived from 

i t  have  been incorporated i n t o  the.genera1 Summary Report of the Thompson River 

Task Force (1975). 

6.1 Current  Trophic Status of Kamloops  Lake 

. I t  i s .wel l  known that  lakes undergo eutrophication as nutrient inputs 

to  the  lake  basin  increase. w i t h  increased  cultural  activities  (Vollenweider 

1971). Phytoplankton  populations rise  dramatically,  nuisance  alga 

(especially  blue-green a1 gae) form large  surface blooms i n  summer, 

1 species 

and benthic 

al'gae and macrophytes may proliferate. .  In  addition, ,oxygen is  often  depleted 

i n  deep waters and  commercial  and sport fisheries  decline.  The.gross  effects 

of eutrophication have  been well documented and a number  of diagnostic  para- 

*meters have  been developed t o  characterize  the  troph 

1 akes. (Vol 1 enweider 1971 ) . 
A 1  1 o f .  the conventiona.1 cri teria  evaluated 

i c   s t a tus  of  individual 

i n .  this  study  clearly.  
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demonstrate  that Kamloops  Lake has  undergone l i t t l e ,   i f  any,  eutrophication. 

In  conventional  terminology, i t  i s  said  to  be oligotrophic  as opposed t o  eu- 

trophi'c. 

Both the  composition and a c t i v i t y  of the Kamloops  Lake phytoplank- 
I 

ton are  typical  of  oligotrophic system's (Table 8; Report o f  EPS '1976). The 

mean biomass and productivity  of the algae (3.3 mg chlorophyll a m-* and 

88 mg C m-2 day" , respec t ive ly)   fa l l  well  within  the  oligotrophic  range and 

are  very low i n  comparison to   typical   eutrophic   lakes .  In t h e   l a t t e r  systems, 

chlorophyll levels of 100 mg m-2 and carbon  production  values  of 1500 mg C m-2 

day" are  not uncommon. The .dominance  of  diatoms together w i t h  the   v i r tua l  

absence  of  blue-green  algae  are  also  typical  of  unproductive systems ( H u t -  

chinson 1967 and Table 8) .  The few bl  ue-gleen a1 gae in  the lake  are small , 

non-filamentous  winter  species which do not form nuisance blooms. Benthic  al- 

gal  populations  in  near-shore  areas,  although n o t  studied quant i ta t ive ly ,   a l so  

appeared t o  remain a t  low levels d u r i n g  the  study  period. 

Another i nd i r ec t   l i ne  of  evidence for  oligotrophy comes from an as- 

sessment  of the phosphorus loading  status of Kamloops Lake. Many limnological 

studies (eg. Eutrophication:  Causes, Consequences, Correctives 1969; D i l l o n  

and Rigler 1974;  Vollenweider and Di,llon  1974) a s  well as  the  International 

Eutrophication Programme of the Organization for Economic Co-operation and De- 

velopment (Vollenweider 1971 ;-1975) have revealed a re la t ionship among annual 

phosphorus i n p u t  to   l akes ,  their mean depths and water  residence  times, and 

their trophic  status.  On a log-log  plot  (Fig.73)  of annual t o t a l  phosphorus 

load (Lp.) versus the r a t i o  o f  mean d e p t h  ( z )  to  flushing  time (T~), empirical 

lines can be drawn 'which separate  lakes  into  oligotrophic,  mesotrophic and eu- 

trophic  classes.  The .l'ower line  of  Figure 73 that  separates  ol . igotrophic and 

medotrophic  lakes is  termed the "permissible loading",  since i t  represents 

t h e  maximum load for a given  depth and f l u s h i n g  time under which oligotrophic 
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conditions can .be  maintained. The upper "cr i t ica l   loading"   l ine  represents, 

i n  turn, the m i n i m u m  above which eutrophic  conditions would prevail.  In most 

cases,   lake  trophic  status  predicted from this plot  matches the observed s t a -  

tus as  measured, f o r  example, by transparency,  chlorophyll  concentration, hy- 

pol imnetic oxygen d e f i c i t  , and occurrence and frequency  of a1 gal blooms. This 

basic  relationship s t rongly  implies  that  most lakes  are  phosphorus  limited. 

,011 I I I I I I I , ,  

1 
1 I I I I l l l l  

1 
I I I I I 1 1 1 1  1 I I 1 I I l l  

10 100 1000 
r/rVY =qs- 

Figure 73. The re1ationship.between  annual phosphorus  load  and the mean dep th /  
f lushing  t ime  ra t io   for  Kamloops Lake i n  comparison to  various Canadial  lakes 
of d i f fe r ing   t rophic   s ta tus  (modified from Vollenweider and Dillon  1974). 

In attempting  to  apply this ana lys i s   to  Kamloops  Lake data ,  d i f f i -  

cul t ies   arose w i t h  the   calculat ions o f  both  flushing  rates and annual phos- 

phorus  loadings.  Calculations  of  residence  time  are  complicated by the var i -  

able  hydrologic regime of the lake, Not only do bulk residence times vary 20- 

fold  over the year,  from 18 t o  340 days  (Section  3.1), b u t  a t  times the river 
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can   pass   th rough  the   lake   w i th   re la t i ve ly  1 i t t l ' e   m ix ing ,   t hus   reduc ing   ac tua l .  

res idence  t imes  even  fur ther .  The l o a d i n g   d i f f i c u l t i e s  on  the  other  hand  are 

r e l a t e d  t o  the  chemical forms o f  phosphorus  entering and l e a v i n g   t h e   l a k e  and 

t o   t h e i r  measurement. Un l ike   most   s i tua t ions ,  up t o  80% o f  t h e   p a r t i c u l a t e  

phosphorus  load i n  Kamloops Lake  waters i s  probably  i n   t h e   f o r m   o f   m i n e r a l  apa- 

t i t e   ( S e c t i o n s  2.6, 4.2). Over i t s  normal  exposure  time i n  Kamloops Lake, 

t h i s   m i n e r a l   i s   a l m o s t   c e r t a i n l y   b i o l o g i c a l l y   u n a v a i l a b l e  and  thus  should  not  

be i n c l u d e d   i n   t h e   l o a d i n g   e s t i m a t e s .  It was a l s o   n o t   p o s s i b l e   t o   e s t i m a t e  

d i r e c t l y  what f rac t i on   o f   t he   d i sso l ved   phosphorus   poo l  was a v a i l a b l e   f o r  use 

by   t he   m ic ro f l o ra .  Thus, i n   F i g u r e  73, we have  chosen t o  use  the mean annual-  

bu lk   res idence  t ime (60 days) f o r  T~ and t h e  sum o f   t h e   n e t   l o a d s   o f   p a r t i c u -  

la te ,   non-apat i   te   phosphorus , and to ta l   d isso lved  phosphorus  (0.75 g m 

f o r  Lp. Both o f  these  values will somewhat o v e r e s t i m a t e   t h e   t r o p h i c   s t a t e  o f  

the  lake.   Never the less,  on the  loading  d iagram  (F ig .73)  i t  can be  seen t h a t  

Kamloops Lake f a l l s   w e l l   b e l o w   t h e   " p e r m i s s i b l e   l o a d i n g "   l e v e l ,   d e s p i t e   t h e  

large  absol   Ute  'phosphorus  load , thus  corroborat ing  the  exper imenta l   ev idence 

c i t e d   e a r l i e r   f o r   i t s   o l i g o t r o p h i c   s t a t u s .  It appears t h a t  on  an  annual  basis 

the   h igh   l oad ing   l eve l s   o f   u t i l i zab le   phosphorus   a re   coun te rac ted   by   t he   g rea t  

depth   and  h igh   f lush ing   ra tes   th rough  the   lake .  

-2  y-l ) 

It should be n o t e d   p a r e n t h e t i c a l l y   h e r e   t h a t   t h e   c o n c l u s i o n s   i n   t h i s  

repor t   concern ing  apat i te   phosphorus  are new. .It has u s u a l l y  been assumed, 

when c o n s i d e r e d   a t   a l l ,   t h a t   a p a t i t e   p h o s p h o r u s   i s   q u a n t i t a t i v e l y   i n s i g n i f i -  

c a n t   i n  most  lakes  or, i f  present,  i s   q u i c k l y   l o s t   t o   t h e  sediments.  Under 

such  circumstances  only  analyses o f  phosphorus t o t a l s   - a r e  needed f o r   t h e   l o a d -  

i n g   c a l c u l a t i o n s  used i n   e v a l u a t i n g   l a k e   t r o p h i c   s t a t u s .   F o r  Kamloops  Lake, 

however, t he  random h o r i z o n t a l   d i s t r i b u t i o n s  of sediment  phosphorus,  f luorine 

and  lanthanides,   the  un i form  sediment   apat i te   concentrat ions,   the  anomalous ly  

high  phosphorus  retent ion  est imates  and  the  low  part iculate M:P r a t i o s   s t r o n g l y  
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suggest  that a large  percentage of the .par t icu la te  phosphorus i n  the  water column 

i s  (biologically  inert)   apati te.  I f  confirmed to  any significant  extent  in  other 

lakes,  these  observations may he,lp to  explain some of the  var iabi l i ty  found i n  

the "Vollenweider"  loading  relationships and i n  past  estimates of lake  recovery 

rates.  The presence  of  significant amounts  of water column apa t i te  would also 

necessitate improvements i n  the analytical phosphorus procedures  currently used 

i n  nutrient  loading  studies.  Since a great many North American lakes l i e  in 

glaciated  regions  containing  apatite-bearing  source  materials, i t  i s  not  incon-. 

ceivable   that   apat i te   is  a major contributor t o  the phosphorus loadings o f  many 

systems.  Attempts will be  made to  verify  the  present  tentative  conclusions by 

direct   analysis o f  colloidal  apati te i n  the  water column of Kamloops  Lake. 

Hypolimnetic oxygen depletion  rates  are  also  frequently used i n  as- 

sessing  lake  trophic  status. Areal oxygen depletion  rates were very h i g h  i n  

Kamloops Lake  and  would  seem t o  suggest, i n  contradiction  to  the  foregoing  dis- 

cussion,  that Kamloops  Lake is  eutrophic. As pointed  out earlier  (Section 4 . 3 ) ,  

however, the  great depth  (and thus the  great  hypolimnetic  sediment  surface  area) 

of Kamloops  Lake together w i t h  the   effects  of  allochthonous carbon inputs inval- 

idates  the use of areal  depletion  rates for such a purpose. In  contrast ,  volu- 

metric oxygen depletion  rates were lower than  other  oligotrophic  lakes i n  the 

.area and the  hypolimnetic oxygen content remained h i g h  throughout  the summer. 

These facts  suggest  that  sedimentation  rates of easily-degraded carbon were 

low. In  fact ,   the  biomass of mineralizing  bacteria - i n  the  water column was 

also low - total  numbers of 0 . 5 ~ 1 0 ~  ml"  are  5 to  6 times . less  than  those o f  

eutrophic systems ( F i g . 7 2 ) .  
b 



period and phytoplankton must then be capable  of  responding  to 

increase. I t  i s  concluded, f o r  the fo  

conditions can be expected i n  the near 

hydrologic  regime i n  una1 te red) .  

i /  F l u s h i n g  r a t e s   a r e  h i g h .  
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6.2 Pol lut ion  Sensi t ivi ty   of  Kamloops'  Lake 

a )  Nutrient Eutrophication 

Kamloops  Lake may be expected, t o  respond a t  a slow r a t e   t o  future 

increases  i n  nutrient loadinis.  Unfortunately, ' w i t h  t h e  present  incomple.te 

understanding o f  eutrophication  (Vollenweider  1971),  quantitative  predictions 

o f  the eu t rophica t ion   ra te   for  Kamloops  Lake cannot be given. T h u s  an ongoing , 

longer-term  physical, chemical and biological  mon'itor  of the lake is  of  para- 

mount  management importance. 

' I f  Kamloops  Lake i s - t o  undergo further eutrophication, nutrient con- 

centrat ions must f i r s t  increase i n  the epilimnion d u r i n g  the 'summer growing 

the   nu t r ien t  

1 lowing  reasons,  that  nei 'ther  of  these 

future i n  Kamloops  Lake (assuming'the 

Hence, biological ly   avai lable  nutri- 

en ts  can only  accumulate  very  slowly w i t h i n  the ' l ake   bas in .  W i t h  a mean an- 

nual  bulk  residence time of  only 60 days, the lake  cannot 'act   as '  a nutrient 

sink t o  the same extent as can Okanagan Lake, f o r  example, w i t h  a residence 

time o f '  60 years  (Section 4 . 2 ) .  Thus phytoplankton  growth i n  any one  ,year 

will be primarily  a '   function  of nutrient i n p u t s  f o r   t h a t ,   o r   a t  most,  the sev- 

eral  previous  years, and will  be controll'ed more d i r e c t l y  by the . ' re la t ive  tim- 

i n g  of  annual  physical and chemical cycles.  

i i /  Very l i t t l e  of the point-source nutrients that  accumulate i n  

the lake d u r i n g  winter are  available  for  phytoplankton growth i n  summer. As 

deta i led  i n  Sections 4.1  and $;2, point-source nutrient loadings (which en ter  
c.- 

'I the   lake  .a t  a constant  rate  throughout the year)  increase i n  proportion  to na- 

tural  ' loadings  as river flows-decline i n  winter. While the  increase i n  n i t r a t e  

i s  ins igni f icant  i n  comparison'to the natural  load, winter phosphorus  concen- 



occur.  However, less  than 20% o f   t h e   l a k e ' s  volume  and 

des t i ned   t o   en te r   t he   ep i l imn ion   f o l l ow ing  summer s t r a t  

more, du r ing   t he   f reshe t  much o f  t h i s   w i n t e r  phosphorus 

~~ ~- ~~~~~~~~~~ ~~~ ~~~~ ~~~~~~~~~ 
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t r a t i o n s   a r e  as much as doubled i n   t he   l ake   by   t he   po in t   sou rce   i npu ts .  If 

a l l   o f   t h i s  phosphorus  were l a t e r   t o  be made a v a i l a b l e - t o   t h e   a l g a e   i n   t h e  

summer ep i l imn ion ,  a considerable enhancement o f   phy top lank ton   a rowth   migh t  

phosphorus  load i s  

i f i c a t i o n .   F u r t h e r -  

i s   r a p i d l y   r e p l a c e d  

by r i v e r   w a t e r   w i t h  a higher  phosphorus  content.  During peak f l o w s ,   . p a r t i a l  

residence  t imes i n   t h e   r i v e r   i n t e r f l o w  may be  as low as 24 hours. Thus, sum- 

mer uptake o f  wastewater phosph0ru.s accumulated  over  the  previous  winter i s  

e f fec t i ve l y   p reven ted .  

iii/ P o i n t   s o u r c e   n u t r i e n t s   i n   t h e  summer e p i l i m n i o n   a r e   i n s i g n i -  

f i c a n t   i n  comparison to   na tu ra l   l oad ings , . so   t ha t   ve ry   l a rge   i nc reases   i n   po l -  

l u t i o n   n u t r i e n t s   w o u l d   b e . r e q u i r e d   t o   e l i c i t  even small   increases i n  phyto- 

plankton. From June t o  O c t o b e r   t h e   e p i l i m n i o n   c o n s i s t s   p r i n c i p a l l y   o f   r i v e r  

, increased 

1 c u l   a t e d   t h a t  

Even i f  phy- 

toplankton  growth was phosphorus l i m i t e d  and d i r e c t l y   p r o p o r t i o n a l   t o  phos- 

phorus,concentrat ions,   an  approximate  8- fo ld  increase i n  wastewater  phosphorus 

inputs  would be requ i red   to   doub le   the   a lga l   b iomass. in   the   lake .   , In   o ther  

words, t o   r a i s e   a l g a l  biomass 1 0 0 - f o l d   t o   l e v e l s   t y p i c a l   o f  bloom cond i t i ons  

i n  eut rophic   lakes  would  requi re  as much as an 800- fo ld . inc rease  in   was te-  

water  phosphorus  inputs,  assuming, o f  course, no decreases i n  loadings  from 

the   Nor th  and South Thompson Rivers.  

. .  

i v /  It is   qu i te   p robab le   t ha t   phy top lank ton   g rowth   ra tes   a re  limi- 

t e d ,   o r   a t   l e a s t   t h e i r   r e s p o n s e   t o   n u t r i e n t s   m o d i f i e d ,   b y   f a c t o r s   o t h e r   t h a n  

n u t r i e n t s .  Two separate mechanisms are   invo lved,   .bo th   re la ted   to   the  summer 

movement o f  Thompson R, iver  water  through  the  epi l imnion. 

water. I f  po in t   source  phosphor,us l e v e l s  were h i g h   i n   t h i s   w a t e r  

a1 gal   growth  might   resul t .  However , d u r i n g   t h i s   p e r i o d ,  i t  i s  ca 

wastewater  phosphorus  inputs  comprise  less  than 5% o f  t h e   t o t a l .  



125 

The first  involves 1 i g h t  e f fec ts  on  a1 gal photosynthes.is. Areal pro- 

duction  .rates  are  strongly  influenced. by the  relative depths of the  epilimnetic 

mix ing  layer and the  euphotic zone (Section 5 .2) .  The deeper  the mixed 1 ayer 

relative  to  the  illuminated  layer,  the  less time the  algae' spend i n  l ight ,   the  

lower the  average  .light  intensity  "seen" by the  algae,  and.  thus  the lower the i r  

net   rates of photosynthesis and growth. Conversely,  the  shallower  the mixed 

layer and the  higher  the l i g h t  intensity,  the  greater  the  likelihood t h a t  photo- 

synthesis  will be limited by  some factor  other  than l i g h t  (usually  nutrients).  

In  most lakes w i t h  low flushing  rates, where the  epilimnion i s  formed by sur- 

face  heating and  where l i g h t  attenuation i s  a function of  water  colour and 

seston, mixing depths are  normally  equal to ,  or less  than,  the  depth of the 

euphotic zone. Limitation by nutrients,  usually phosphorus, i s  thus more fre- 

quent. Such a si tuation does n o t  ex is t  in~Kamloops Lake. F i r s t ,  the h i g h  sus- 

pended load o f  the Thompson River,  especially i n  May and June,  results i n  l igh t  

compensation depths well below tha t  expected on the  basis of colour  alone (<1 m ) .  

Second, the  interflow of Thompson River  water a t  intermediate  depths  during 

summer resul ts  i n  a mixed layer on the  average 40 m deep. The net  effect  o f  

turbidity and river  turbulence  is   to produce ra t ios  of epilimnion t o  euphotic 

zone depths t h a t  average 7 t h r o u g h o u t  the summer. Respiratory  losses o f  the 

phytoplankton are  thus high in comparison to  photosynthesis and growth rates  

are  'considerably, reduced. 

The second process t h a t  slows the  rate of  accumulation  of  phytoplank- 

ton i s  their  rapid  horizontal  transport  out o f  the  lake.  Little  river  water is  

exchanged w i t h  the hypolimnion d u r i n g  summer because of temperature s t r a t i f i c a -  

t ion.  Hence flushing  rates i n  the  epilimnion  are even higher  than  indicated by 

the  short b u l k  residence  times (Fig .26) .  Epilimnetic  residence  times range from 

24 hours to  24 days between June and October, w i t h  a mean o f  10 days. W i t h  such 

very  rapid  horizontal  water movement, newly-produced algae  are r ap id ly  trans- 
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por ted   ou t   o f   the   lake ,   thereby   s lowing   the   accumula t ion   o f   a lga l   s tand ing   c rop .  

L i m i t a t i o n   o f   a l g a l   g r o w t h   b y   l i g h t   c o u l d   n o t  be t e s t e d   d i r e c t l y ,  

bu t   severa l   s imp le   observa t ions   h in t   a t   i t s   p robab ly   impor tance  in   compar ison  

t o   n u t r i e n t   e f f e c t s .   P o t e n t i a l l y   a v a i l a b l e  phosphorus  concentrations i n   t h e  

epi l imnion  throughout  summer were r e l a t i v e l y   h i g h  and  matched r i v e r   i n f l o w  con- 

cent ra t ions   (Sec t ion  4.2), suggest ing   (bu t   no t   p rov ing)   tha t  an  ample supply 

o f  phosphorus was ava i lab le   fo r   a lga l   g rowth .   Moreover ,   desp i te   the   rap id   f lush-  

i ng   ra te ,   bo th   p r imary   p roduc t i on  and  phytoplankton  biomass  increased  during 

summer wh i le   ep i l imnet ic   phosphorus   concent ra t ions   dec l ined.   F ina l l y ,   photo-  

syn the t i c   ra tes ,   bo th  on an area l  and on a per   un i t   ch lo rophy l l   bas is ,   gener -  

a l l y   inc reased  w i th   inc reases   in   bo th   compensat ion   depth  and e p i l i m n e t i c   r e s i -  

dence times. 

There i s  no reason t o   b e l i e v e   t h a t   b e n t h i c   a l g a l   p o p u l a t i o n s   i n   t h e  

l ake  will increase more r a p i d l y   i n   t h e   f u t u r e   t h a n   t h e   p h y t o p l a n k t o n .  The same 

propcr t ion  o f   wastewater   to   natura l   phosphorus i s  a v a i l a b l e   t o  them  as t o   t h e  

phy top lank ton ,   and  wh i le   no t   sub jec t   to   the  same washout e f f e c t s  as the   pe lag i c  

algae,  they do undergo submergence ( c a u s i n g   l i g h t   l i m i t a t i o n )   d u r i n g   t h e   s p r i n g  

f r e s h e t  and dess ica t ion  as w a t e r   l e v e l s   f a l l   d u r i n g   t h e   r e s t   o f   t h e   y e a r .  

Assuming  no major   hydro log ic  changes, we conc lude   t ha t   cu l tu ra l  eu- 

t r o p h i c a t i o n   o f  Kamloops Lake will occur  very  s lowly,  i f  a t   a l l ,  due t o   t h e  

m o d e r a t i n g   e f f e c t s   o f   i n t e r m i t t e n t   l i g h t   l i m i t a t i o n ,   h i g h   f l u s h i n g   r a t e s ,  and 

h igh  summer l e v e l s   o f  background  nut r ients .   Fur ther ,   ne i ther   the  lake 's   pres-  

e n t   c o n d i t i o n   n o r   i t s   f u t u r e   p o l l u t i o n   p o t e n t i a l   w o u l d   a l o n g  appear t o   j u s t i f y  

n u t r i e n t  removal  from  the Kamloops sewage t r e a t m e n t   p l a n t   o r   t h e  Weyerhaeuser 

mill. However, as stressed  below,  the  opposi te  conclusion i s  drawn fo r   t he  

Lower Thompson River .  

b)  Colour and T o x i c i t y   o f   t h e  Weyerhaeuser E f f l uen t  

Whi le  there i s   l i t t l e  doub t   t ha t   t he   e f f l uen t   f rom  the  Weyerhaeuser 
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p u l p  mill  increases  the  water  colour o f  Kamloops  Lake (Section 4.6), i t  i s  our 

judgement t h a t  such discolouration is  primaril'y an aesthetic problem and has 

l i t t l e   e f f e c t  on light-dependent  biological  processes. There are  several  rea- 

sons for this conclusion. Colour increases due t o  the  effluent  are  greatest  

i n  autumn and winter  (Section 4.6)  when algal  production i s   a l r e a d y . 1 0 ~   f o r  

other  reasons. In  addition,  the  highly  coloured  winter  water is  flushed  ra- 

pidly th rough  the  lake i n  spring before i t  can  have  any 1,ight-reducing  effects 

on the  phytoplankton. In  summer, the  eff luent   is   d i luted by h i g h  r iver  flows 

and by cleaner  lake  waters  to  levels which are  insignificant  in comparison t o  

the  l ight-l imiting  effects of r iver   turbidi ty  and turbulence.  Finally,  as w i t h  

the  nutrients,  the h i g h  f l u s h i n g  rates of the l.ake prevent  colour  concentrations 

from accumulating w i t h i n  the  lake  to  levels exceeding those o f  the i n p u t  water. 

In the absence of dramatic  increases i n  effluent  loadings, i t  i s  thus  unlikely 

that  lake  discolouration  will  increase beyond present  levels. 

Unlike the  coloured  materials, any toxic  substances  released  into 

the  lake from the Weyerhaeuser eff luent  cannot be viewed as  biologically i n -  

s ignificant.  Other  studies of the Thompson River Task Force have demonstra- 

ted  tainting o f  bo th  resident and  migratory fish populations by the pulp  mill 

effluent (Southern  Operations Branch Report,  Fisheries and Marine Service  1975). 

Like colour,  effluent  toxicants  are  highest i n  concentration i n  winter and h.igh-' 

ly  diluted by r iver  flow i n  summer. Nevertheless, i t  cannot be  assumed a pr ior i  

t h a t  dilution has rendered  the  toxic compounds ineffective towards the  lake's  

biota. The toxici ty  of kraft  mill  effluent  to phytoplankton varies w i t h  the 

source and concentration of eff luent  and species composition  of affected  or- 

ganisms (eg.  Rainville e t  aZ. 1975). 

Further  general  toxicological study of p u l p  mill  effluents i n  B . C .  

i s  urgently  required.  Direct  evidence  for.  toxic  effects of Weyerhaeuser ef-. 

f luent on  Kamloops  Lake algae.was  not  obtained  in th i s  study because of the 
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comp lex i t y   and   cos t   o f   expe r imen ta t i on   a t  in s i t u  concentrat ions.   Wi thout  a 

comprehensive s t a t i s t i c a l   s t u d y ,  i t  i s   d i f f i c u j t   t o   d i f f e r e n t i a t e  between t h e  

d i r e c t   e f f e c t s   o f   t o x i c   s u b s t a n c e s  on photosynthesis  and  the  confounding  ef- I 
f e c t s   o f   c o l o u r ,   n u t r . i e n t   u t i l i z a t i o n  and h e t e r o t r o p h i c   ' b a c t e r i a l   a c t i v i t y   i n  

the   raw  e f f luen t ;   G iven  the   la rge   s ize  and p o l l u t i o n   p o t e n t i a l   o f   t h e   B r i t i s h  

Columbia wood pu lp   i ndus t r y ,  i t   i t  i m p o r t a n t   t h a t  a m a j o r ,   i n t e n s i v e   i n v e s t i -  

g a t i o n   o f   t h e s e   e . f f e c t s  be  undertaken.  During  such  work,  attempts  should be 

made t o   i s o l a t e  and i d e n t i f y   a l l  compounds i n h i b i t o r y   t o   a l g a e ,   b a c t e r i a ,  zoo- 8 

t 
I 

p l a n k t o n   o r   f i s h  and t o   e s t a b l i s h   t h e   d e g r e e   o f   t o x i c i t y   i n   r e l a t i o n   t o   t o x i -  

can t   concent ra t ion   and  to   the   s ize ,   compos i t ion ,  and t e m p o r a l   d i s t r i b u t i o n   o f  

the  a f fected  organisms.   Wi thout   such  knowledge  the  microbio log ica l   e f fects  

o f   p u l p  mill e f f l u e n t   i n   l a k e s  such  as Kamloops cannot be understood.  Only 

when such d e t a i l e d   i n f o r m a t i o n   i s   a t  hand  can. ra t iona l   cos t -benef i t   ana lyses  

o f   u r g e n t l y  needed t o x i c a n t  removal  programs  be c a r r i e d   o u t  

6.3 The E f f e c t s   o f  Kamloops Lake on t h e   P o l l u t i o n   S e n s i t i v i t y   o f   t h e  Lower 

Thompson R ive r  

A compar ison  o f   the  present   s tudy  wi th   o thers  o f   the Thompson R ive r  

Task   Force   ind ica tes   tha t   the   lake  and  Lower' Thompson R i v e r   d i f f e r   c o n s i d e r -  

a b l y   i n   t h e i r   g e n e r a l   e n v i r o n m e n t a l   c o n d i t i o n  and i n   t h e   t i m i n g   o f   b i o l o g i c a l  I 
cycles.   For  example,   benthic  a lgal   growth was genera l l y  much h igher  downstream 

o f   t h e   l a k e   t h a n   i n   e i t h e r   t h e   N o r t h   o r   S o u t h  Thompson Rivers  (Souther  Opera- 

t ions  Branch  Report ,   Fisher ies  and  Marine  Service  1975) and, u n l i k e   t h e   p h y t o -  

plankton  (Sect ion  5.1),   reached a peak i n   e a r l y   s p r i n g   j u s t   p r i o r   t o   t h e   f r e s h e t .  

The d i v e r s i t y   o f   m a c r o i n v e r t e b r a t e s  was lower, and t h e   r e l a t i v e  abundance of 8 
po l l u t i on - to le ran t   aqua t i c   i nsec ts   h ighe r .   be low  the   l ake   t han  above i t  (Southern 

Operations  Branch  Report,   Fisheries  and  Marine  Service 1975; I n t e r n a t i o n a l   P a c i -  

f i c  Salmon F ishe r ies  Commission Report  1975).  Declines i n   t h e   s p o r t   f i s h e r y   i n  

t 
I 

I 
1 

8 
8 



129 

the Lower  Thompson River have  a1 so been reported  (Fish and Wi 1 dl i f e  Branch Re- 

po r t  1975). The  Lower  Thompson River thus appears t o  be relat ively more pol l u -  

ted 

ent 

1 og 

the 

son 

a t  present  than Kamloops Lake. 

While no direct  work  on the Lower  Thompson River was done i n  

limnological  study,  these  results  indicate  that  physical, chemical 

the.  pres- 

and bi.0- 

ical  processes w i t h i n  Kamloops  Lake i tself   are  indirectly  responsible for 

nuisance a l g a l  growths and enhanced pollution  sensit ivity o f  the Lower  Thomp- 

River. The principa.1  reason for  this e f fec t   i s   re la ted  t o  the very short 

residence  times  of Kamloops  Lake. Incoming toxic  substances and biologically 

available  nutrients  are  generally  transferred t o  the lower river  before  they 

can  be ut i l ized  or  degraded within  the  lake. Thus the very same physical pro- 

cesses t h a t  serve i n  a positive way to  buffer  the  lake  against  rapid  eutrophi- 

cation  (Section  6.2a)  also  increa,se  the  potential  pollution  rate of the  out- 

flow river.  Since  the  lake  is  prevented from acting  as a soluble  nutrient 

sink, the  pollution problems are,  in  effect,  "transported" downstream. 

The suscept ibi l i ty  of the Lower  Thompson River t o  environmental de- 

gradation  varies  throughout  the  year, w i t h  the  greatest  response t o  pollution 

inputs  occurring i n  late  winter and early  spring. For several  reasons,  algal 

growth i s  severely mimited between April and October. Both natural and p o i n t  

source  nutrient.concentrations  are  .relatively low. Turbidity i s  h i g h  and hence 

l i g h t  in tens i t ies   a re  reduced.  River  flows are  also h i g h  and the  resultant 

scouring of the  r iver bed  removes accumulated algae.  Finally,  dessication o f  

the  algae  as a resu l t  of declining  river  levels i s  severe. In late  winter,  on 

the  other hand, the  flushing  rates  in  the North  and South Thompson Rivers,are 

a t   t h e  seasonal low  and point  source  nutrients  are  less  diluted  as  they  enter 

Kamloops Lake., Winter r iver  water i s  less  dense  than the ambient lake  water 

and thus  tends  to accumulate  in the upper layers of the  lake  (Section  3.9). 

As a result.  the  outflow  into  the Lower Thompson River d u r i n g  early  spring is. 
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drawn  f rom  lake   sur face   water   exh ib i t ing   "w in te r "   p roper t ies .  A t  t h e  same t ime, 

water  t ransparency i s   h i g h  and t h e   r i v e r   l e v e l   l o w  and c o n s t a n t .   I n   v i e w   o f  

these  re la t ive ly   favourable  c i rcumstances,   the  occurrence  o f   the  benth ic   a lga l  

biomass maximum i n   e a r l y   s p r i n g ,  when l i g h t   i n t e n s  

unexpected. 

i t y  i s   i n c r e a s i n g ,  i s  n o t  

It i s  concluded  that  nuisance  growths o f  benth ic   a lgae i n   t h e  Lower 

Thompson R ive r  have resu l ted   f rom  inc reases   in   phosphorus   load ings   f rom  the  

Kaml oops Sewage Lagoons  and t h e  Weyerhaeuser p u l p  m i  11. Th is   conc lus ion  has 

been reached  by   the   fo l low ing   ind i rec t   p rocess   o f   e l im ina t ion .   D i rec t   p roo f "  

o f   n u t r i e n t   l i m i t a t i o n   i n   b e n t h i c   a l g a e   i s   c u r r e n t l y   v e r y   d i f f i c u l t ,  i f  n o t  

imposs ib le ,   t o   ob ta in .  

B i o l o g i c a l l y   a c t i v e   ( t o x i c   o r   s t i m u l a t o r y )   s u b s t a n c e s   f r o m   t h e   p u l p  

mill o u t f a l l   t o g e t h e r   w i t h   t h e   n u t r i e n t s   f r o m   b o t h   t h e   p u l p  mill and sewage l a -  

f l u e n t  

p o t  en t 

On t h e  

phorus 

goon e f f l u e n t s   a r e   t h e   t w o   p r i n c i p a l   c l a s s e s   o f   w a s t e w a t e r   p o l l u t a n t s   c u r r e n t -  

l y  d i s c h a r g e d   i n t o   t h e  Thompson R iver  system. The former  group i s  almost  cer-  

t a i n l y   n o t   t h e   s o u r c e   o f   t h e   b e n t h i c   a l g a l   p r o b l e m :   t h e r e   i s   l i t t l e   e v i d e n c e  

f o r   d i r e c t   s t i m u l a t i o n   o f   a l g a l   g r o w t h   b y   o r g a n i c  compounds i n   p u l p  mill e f -  

( a s   d i s t i n c t   f r o m   s t i m u l a t i o n   b y   a s s o c i a t e d   i n o r g a n i c   n u t r i e n t s )   w h i l e  

i a l   t o x i c   e f f e c t s  have been w e l l  documented  (eg. R a i n v i l l e  e t  a2 1975). 

o t h e r  hand, t h e r e   i s   b r o a d   l i m n o l o g i c a l  agreement t h a t   n i t r o g e n  and  phos- 

a re   t he ' two   nu t r i en ts   t ha t   a lmos t   a lways  limit alga l   g rowth   (see ,   fo r  

example, Eu t roph ica t i on :  Causes, Consequences, Cor rec t ives  1969; Sch ind le r  

1971 ; Sch ind le r  e t  a2 1971) , and t h e r e   i s   n o t h i n g   i n   o u r  1 i m n o l o g i c a l   d a t a   t o  

s u g g e s t   t h a t   t h i s   i s   n o t   t h e  case f o r   t h e  Thompson River  system. 

It i s   u n l i k e l y   t h a t   i n c r e a s e s   i n   n i t r a t e   a l o n e   a r e   r e s p o n s i b l e   f o r  

the  nu isance  growths  o f   benth ic   a lgae.   Tota l   n i t rogen:phosphorus  ra t ios  are 

h i g h   a t   a l l   t i m e s   i n  comparison to   t he   phys io log i ca l   requ i remen ts   o f   t he   a l -  

gae, t hus   sugges t ing   l im i ta t i on   by   phosphorus   ra the r   t han   n i t rogen .   N i t ra te  
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concentrations i n  the Lower  Thompson. River are  increased by point  source  load- 

ings a t  Kamloops  .and  by internation.  generation  of  .nitrate  in both the  sediments 

and water column i n  f a l l  and winter,, w i t h  some of t he   l a t t e r   n i t r a t e  poss'ibly 

derived from particulate wastewater nitrogen. However, these  inputs  are i n -  

s ignif icant  i n  comparison to  the'high  natural  loadings of n i t r a t e  and  ammonia. 

The  Kamloops wastewater i n p u t s ,  for  example, only  increase  the  nitrate concen- 

t ra t ions i n  the  inflowing  water by 8%. Furthermore, even assuming t h a t  a l l  

the  nitrate  generated w i t h i n  the  lake  originated from point  source inputs of 

non-nitrate  nitrogen such generation  processes  only  increased  lake  water n i -  

t ra te   levels  by 17%. In contrast ,  however, biologically  available phosphorus 

concentrations i n  the Upper'Thompson River d u r i n g  the  critical  winter  period 

are  as much as doubled as a resul t  o f  point  source  discharges a t  Kamloops. 

These higher incoming concentrations of  phosphorus are  seen w i t h i n  a month i n  

the Lower  Thompson River  as a resu l t  of river 'water transport 'across  the  lake 

surface  (Section 4 . 2 ) .  

Control of phosphate rather than nitrate'  therefore  appears  to be the 

only  available  option  to reduce  benthic  algal growth rates  to  pre-cultural   . le-  

vels. We thus recommend t h a t  di'scharges of biologically  uti l izable phosphorus 

from both the sewage lagoons  of the  City' of Kamloops  and the 'Weyerhaeuser P u l p  

Mill be reduced to   as  low a level  as is  technologically  possible. Because o f  

the extreme variation i n  annual river  flows, i t  may  be possible t o  vary the 

absolute  point  source  loadings  through  the  year  as some function of the  r iver  

flow rates and temperature, i f  such a management procedure was economically 

beneficial. This unusual option,  together with  suggestions for  establishing 

phosphorus release  rates i n  relation t o  the  future growth of  the  City of Kam- 

loops i s  discussed i n  Appendix VI. 

The circumstantial  nature of the  foregoing arguments has a number 

of management implications and requires a final re-emphasis. Ideally,  three 

1 
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t l y  establ ished  by  the Thompson R iver  Task Force: 

t ha t   ben th i c   a lga l   popu la t i ons  i n  t h e  Lower Thompson R iver  have  increased  sig- 

n i f i c a n t l y   f r o m   p r e - c u l t u r a l   l e v e l s ;   t h a t   c o n c e n t r a t i o n s   o f  phosphorus  and 

n o t  some o t h e r   n u t r i e n t  have i n c r e a s e d   s i g n i f i c a n t l y  because o f   c u l t u r a l  ac- 

t i v i t i e s   i n   t h e  watershed; and tha t   t he   ben th i c   a lgae  i n  the   l ower   r i ve r   a re ,  

i n   f a c t ,  1 imi ted  by  phosphorus. It i s  apparent   that   the Task Force has d i r e c t -  

l y  es tab l i shed  the  second po in t ,   p rov ided  conv inc ing   bu t   c i rcumstant ia l   ev i -  

dence f o r   t h e   t h i r d   p o i n t ,   b u t   o n l y   s u b j e c t i v e   d a t a   f o r   t h e   f i r s t .  These d i f -  

f i c u l t i e s   a r e  common t o   a l l  environmental  studies i n  areas f o r  which  pre-cul- 

t u r a l   d a t a   a r e   n o t   a v a i l a b l e .   I n ' v i e w   o f   t h e s e   d i f f i c u l t i e s ,   t w o   i m p o r t a n t  

recommendations fo l l ow :  

1. M u l t i d i s c i p l i n a r y   e n v i r o n m e n t a l   s u r v e y s   o f   B r i t i s h  Columbia  lakes 

and r i v e r s   a r e   i m p o r t a n t  and  should be encouraged.  Data  from  such  surveys  are 

necessary i f  meaningful  assessments  of  the  tolerance o f  these  resources  to en- 

v i ronmenta l   pressures  are  to  be made. 

2. A study  should be undertaken of the   phys io logy   and  nu t r ien t  en- 

e r g e t i c s   o f   b e n t h i c   a l g a l   c o m m u n i t i e s   c h a r a c t e r i s t i c   o f   B r i t i s h  Columbia ri- 

vers. Such a program  shou ld   a t tempt   to   deve lop   shor t - te rm  c r i te r ia   o f   nu t r j . -  

e n t   s u f f i c i e n c y  a n d   t h e r e b y ,   i n d i r e c t l y ,   t h e   t r o p h i c   s t a t u s   o f   r i v e r s .  
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APPENDIX I 

Turbidity  Relationships i n  Kamloops  Lake 

Turbidity i s  a measure of the  degree of decreased  transparency due 

to   the presence of  suspended particulate materi a1 i n  the  water column. The 

instrumentation  system used by the IWD - CCIN Branch t o  monitor 

turbidity i n  Kamloops  Lake measures the  ra t io  between transmitted 1 i g h t  and 

scat tered  l ight   a t  a center  angle of 20'. Ratio measurements of t h i s  type  are 

more appropriate  than  direct  transmitted 1 i g h t  measurements for suspended sol - 
ids  studies because they  suppress  the  effects of dissolved  substances. The 

CCIW ,turbidimeter  yields  large signals for  particles  in  the range  of 0.7 p t o  

7 p. (Part ic les   in   this   s ize   f ract ion comprise  about 32% of the sediment de- 

posited i n  Kamloops  Lake. ) The instrument can be used to  obtain approximate 

particle  concentrations,  aid  in  water sample positioning, and a s s i s t  i n  water 

mass identification. 

An attempt t o  cal ibrate  t u r b i d i t y  measurements ( i n  JTU) i n  terms of  

totpl  particle  concentration ( i n  mg 1") was  made i n  May, 1975, d u r i n g  the  spring 

freshet.  Concentrations of particulate  matter were determined by samples re- 

trieved w i t h  Van Dorn bottles while turbidi ty  was measured a t  corresponding 

sample depths. Two one-li t r e  samples were drawn from the  bott les.   Particles 

were f i  1 tered  onto pre-weighed Whatman glass   f ibre   f i  1 t e r s  ( G F / C )  which, retain 

par t ic les   larger  t h a n  1 l~, and then dr ied  a t  11.0"C for  24 hours before reweigh- 

i n g .  Particle'  concentrations were then compared t o  t h e i r  corresponding tur- 

b i  d i  t y  readi ngs . 

1 .  

The turbidity-suspended  load  relationship (Fig .74)  can be approxi- 

mated by  two l inear  segments, or: 

SL = 1.90Tu - 0.5, TU < 5 JTU 

and 
'. 3. 

SL = 0.64Tu.+  5.4, TU > 5 JTU ' 
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Figure  74. P l o t   o f   w a t e r   t u r b i d i t y   v e r s u s  suspended  load. 

where SL i s  suspended l o a d  and Tu i s   t u r b i d i t y .  . The c o r r e l a t i o n   c o e f f i c i e n t s  

f o r   t h e  above l e a s t - s q u a r e   f i t s   a r e  0.91  and  0.98, r e s p e c t i v e l y .  

Assuming a mean' d e n s i t y  o f  2.5 g cm-3 f o r  suspended m a t e r i a l ,  an 

excess  densi ty   can  be  ca lcu lated  f rom 

~p = ASL(I . 5 x 1 0 - ~ )  g cm-3 : 

For  example , w a t e r   a t  T = 8°C and Tu = 5 mg 1" , has a densi ty   excess  o f  7.5 

x ~ O - ~  g ~ m - ~ ,  o r   i n   f a c t   i s  e q u a l   i n . d e n s i t y   t o   w a t e r   a t  T = 7.87OC and Tu = 0. 

8 
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Figure 75. Plot o f  water t u r b i d i t y  versus  the  secchi  disc depth and the 1% 
1 i g h t  transmittance  depth. 

The re1 a t i  onship between turbidi ty  and 1 i g h t  transmittance i s  of ob- 

vious biological  importance. A comparison among surface t u r b i d i t y  , secchi  disc 

depth, and the 1% .1 i g h t  transmittance depth i s  shown in  Figure 75. A1 though 

sca t te r   i s   p resent ,  a def ini te  1 ogari thmi c re1 ationshi p i s  revealed between 

surface  turbidity and light  transmittance. The h i g h  values of turbidi ty  ob- 

served  in  the  early summer freshet correspond to  1% light  level  depths of 1.5 

to  2.5 m. The lowest  values of turbidity , character is t ic  of winter  conditions , 

a1  low a 1% 1 i g h t  level depth  approaching 15 m. 
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APPEND1 X I I 

Some Relationships Between Temperature and Density  Affecting S p r i n g  'and 

Autumnal Overturn i n  Kamloops  Lake 

Buoyancy forces i n  a f luid  ar ise   as  a resul t  of variations i n  den- 

s i t y .  When a l ight  f , luid  overlies a heavier  one,   the  stratif ication  is   said 

to  be stable  since buoyancy forces  act  against  vertical  displacements. On the 

other hand, when density  decreases w i t h  depth,   the  stratif ication  is   unstable,  

a.nd buoyancy  becomes the  source of  energy fo r  convective  flow. In this  sec- 

t ion some of the  properties of the  equation of s t a t e  of pure  water that  i n -  

f l  uence convection i n  lakes  are reviewed. 

The density of pure  water depends on temperature (T) and pressure 

(P)  . Fine and Mi 1 lero (1973)  expressed this re1 a t i o n s h i p  i n  the  empirical form 

0 P 
P = T ( l - C + D - P + E - P  2)- 

where 

A = 1 + 18.159725~10-~T, 

5 

n=O 
B = C BnTn, and 

4 
C , D , E =  C C D E T n  

n=O n n n  

The coefficients of B ,  C ,  D ,  and E a re   l i s ted  i n  Table 9. The unit   for den- 

s i  t y .   i s  g cme3; for  temperature, "C; and for pressure , bar. 

The equation of s ta te   yields  a  parabol  ic-shaped  curve of density ver- 

,sus  temperature (Fig .76) :  as  water is  warmed from O ° C ,  i t  increases i n  density 

to  a maximum of 1 .OOO g cm-3 a t  4°C; above this  temperature, expansion  occurs 

a t  an increasing  rate  as  the  temperature i s   r a i sed .   I t  follows  then  that two 

parcels of  water w i t h  different  temperatures, one above 4 O C  and one below, can 

have equal densit ies,  while t h e i r  mixture i s  denser  than  either  parent component. 
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Table   9 .   Coeff ic ients  o f  the four  polynomials i n  temperature which appear i n  
the e q u a t i o n   o f   s t a t e  for pure water. 

5  4  4  4 
n B = c B ~ T ~  ’ C = C CnTn D = C  D T n  E = C  E T n  

n=o n=O n=O n=O n 

0 0.9998396  19654.320  3.2891 6 . 2 4 5 ~ 1  0-5 

1 18.224944~1 0-3 147.037  -2.391 0x1 0-3 -3.91 3x1 0-6 

2 - 7 . 9 2 2 2 1 0 ~ 1 0 - ~  -2.21 554 2 .8446~1  0-4 -3 .499~1 0-8 

3 -5.544846~1 0-8 1 .0478~1  O - *  - 2 . 8 2 0 0 ~ 1 0 - ~   7 . 9 4 2 ~ 1 0 ” ~  

4 1 . 4 9 7 5 6 2 ~ 1 0 - ~ ~   - 2 . 2 7 8 9 ~ 1  0-5  8 . 4 7 7 ~ 1  O-’ -3.299x10-’ 

5 - 3 . 9 3 2 9 5 2 ~ 1 0 ” ~  
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Figure  76.  Relationship between water temperature and dens i ty .  
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i l a r  water  types  are mixed i s  commonly re- 
. .  

the f irst  person' t o  note  the  importance 

of cabbeling i n  the ocean'. He proposed t h a t  when dissimilar  water  types  of 

equal density were mixed, such as  along  the edge of an ocean current, a sharp 

boundary would be maintained by the  continual  sinking of the  heavier  mixtures. 

In physical  limnology,  cabbel i n g  may  be re1 ated t o  the  so-called Yhe'rmal bar'' 

phenomena described by Ti  khomi rov (1 963) and Rodgers (1 965). During spring, 

when the  surface of a dimictic  lake  passes  through  the  temperature o f  maximum 

density, warming proceeds  outwards from the  shore because mix ing  occurs th rough  

a shallower  depth.  Subsequently  the  "thermal bar" extends around the'sperime- 

- t e r  of  the  lake  at  a surface  temperature  near 4 ° C  and separates  the  inshore 

region, where surface  temperatures  are above 4"C, from the open lake reg ion ,  

where surface  temperatures  are below 4°C.  Being of maximum density,   f luid with- 

i n  the thermal bar  sinks.  Surface  flows from the  inshore and  open lake  regions 

converge i n  the  vicinity of the 4 ° C  isotherm to  replace  the  sinking  water and 

mix (eg.  cabbel) to '  form additional volumes of 4 ° C  water. 

In Kamloops Lake, however, the  steep bottom configuration i s  not con- 

ducive to   different ia l  warming  and "thermal  bar"  formation.  Instead, convec- 

t i  ve.  overturn i s  primarily  effected by the  advected  water of t'he Thompson Ri - 
ver which responds more rapidly t o  seasonal  temperature  .changes  than  the  lake. 

The hypothetical example below explains some of the  basic  characteristics of 

the  cabbeling mechanism during spring overturn. 

As a reference, assume a constant  lake  temperature of 2 ° C  ( p  = 

0.99997 g ~ m - ~ )  and allow  the  inflow  water t o  warm rapidly from 0 ° C  t o  8°C. 

We fur ther  assume tha t   dens i ty   i s  a function of temperature  alone. , A t  0 ° C  the 

density of  the  inflow ( p  = 0.99987 g ~ m - ~ )  i s  less  than t h a t  of  lake  water, 

so i t  tends t o  remain on the  surface. When the  inflow warms t o  2 ° C  a condition 
P 

I 

*., 
~~ 
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o f  n e u t r a l   s t a b i l i t y   i s   e s t a b l i s h e d .  A t  4"C, the  in f low  water   reaches maximum 

dens i t y  and thus  tends  to   under f low  the 2°C cent ra l   lake   water .   Fur ther  warm- 

i n g   o f   t h e   i n f l o w  decreases i t s   d e n s i t y   u n t i l   a t  6°C t h e   i n f l o w   i s  once again 

o f  a d e n s i t y   e q u a l   t o   t h a t   o f   t h e   l a k e   w a t e r .  A t  t h i s   t ime ,  however,  cabbel- 

i n g  can occur   s ince   mix tu res   o f   lake  and in f low  water   a re   denser   than  e i -  

t h e r   c o n s t i t u e n t .  

\ 

I n  t h e   f i n a l  case ,   cons ide r   t he   j ux tapos i . t i on   o f   i n f l ow   wa te r   a t  

8°C ( p  = 0.99987 g and lake   wa te r   a t  2°C.  The i n f l o w   i s   l e s s  dense than 

the   lake   water  so i t  enters   the   lake  as a sur face  over f low.  All mixtures i n  

the  range 6 < T"C < 8 a re   a l so   l ess  dense than  the  ambient  lake  water.  Mi x- 

t u r e s   i n   t h e   r a n g e  2 < T"C < 6, however, a re   denser   t han   e i t he r   o r i g ina l  con- 

s t i t u e n t .  Thus, two a n t i t h e t i c a l   p r o c e s s e s   a r e   o p e r a t i v e :   t h e   f i r s t   ( i n   t h e  

6 < T O C  < 8 range) i s  a c o n d i t i o n   o f   s t a t i c   s t a b i l i t y   t h a t   i n h i b i t s   m i x i n g ;  

the  second ( i n   t h e  2 < T"C < 6 range) i s   t h e  cabbel i n g   i n s t a b i  1 i ty  t h a t  pro- 

motes m i  x i  ng. 

The two m i  Xing  condi t ions combine t o   p r e v e n t  ' new' in f low  water   f rom 

leav ing   the   lake   dur ing   convec t ive   over tu rn   (F ig .77) .  As the   in f low  spreads  

ac ross   t he   su r face   o f   t he   l ake  and mixes  wi th   lake  water ,  a dynamical bound- 

a r y  between r i v e r   a n d . l a k e   w a t e r   i s   e s t a b l i s h e d  by' t he   con t inua l   s ink ing   o f  

the   heav ie r   m ix tu res .  Water w i t h i n   t h e   s i n k i n g  plume i s  comprised o f   n e a r l y  

equal   parts o f  r i v e r  and lake   wa te r   conve rg ing   f rom  e i t he r   s ide   o f   t he   s ink -  

ing   reg ion .   Through  the   cabbe l ing   ins tab i l i t y ,  new i n f l o w   w a t e r   i s   t h u s   r e -  

moved from  the  surface by s ink ing ,  and r e t a i n e d   w i t h i n . t h e   l a k e   b a s i n .  A t  t he  

same t ime,  mixtures warmer than 6"C, which  are  unaf fected  by  the  cabbel ing  in-  

s t a b i l i t y ,   f o r m  an 'a r res ted '   thermoc l ine  and a c t  as a b a r r i e r   t o   h e a t  and mass 

t r a n s f e r .  

The thermal   s t ructure  across  the  s ink ing plume dur ing   spr ing   over -  

t u r n   i n  Kaml oops Lake (Fig.   78)  reveal  s c l o s e l y  spaced  isotherms i n   t h e  range 
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DISTANCE 

JTFLOW 

Figure 77. Schematic i l l u s t r a t ion  of convective  circulation dur ing  spring 
overturn. 

3.4-5.2"C which includes  the  mixtures  affected by cabbeling.  Sinking is  i n -  

dicated by the  vertical arrangeme,nt o f  isotherms  near 4°C. Temperature gra- 

dients  imediately  inside the sinking zone are  weaker,  perhaps suggesting  strong 

mixing. A second region o f  sharp  temperature  gradients  coincides w i t h  the  'ar-  

rested'  thermocline  in  the  temperature  range 5-6°C. Evidence t h a t  the sink- 

i n g  water i s  formed by mixing  and cabbeling  rather  .than by local  heating o f  

lake  water i s  given by the  temperature-turbidi t y  correlation diagram ( F i  9.79) 

across  the same s i n k i n g  plume  which  shows the 4°C water t o  be a  mixture o f  lake 

and r iver  water. 
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Figure 79. Temperature-turbidity  correlation  diagram for observations  near 
the  s inking zone during  spring  overturn. 
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APPEND1 X I I I 

The General Current  Patterns of Kamloops  Lake Obtained by the Drogue 

Technique H .  Y. F. Ng 

Physical Limnol  ogy Section 

Hydraul i cs Research D i  v i  s i  on 

t a t  prede- 

iable tar- 

Canada Centre for  In.1 and Waters-Burl i ngton 
5, , .  . 

a)  Introduction 

Currents have  been  measured by  many investigators  (Krauss 1963; Hamb- 

l in  and Rodgers 1967;  Blanton and Ng 1972) by tracking drogues se 

termined  depths which are marked on the  surface by easi ly   ident i f  

gets. From June  through November, 1974, drogue measurements were conducted 

a t  various  locations  (Fig.80) on  Kamloops Lake. Two position  fixes were taken 

for  each drogue d u r i n g  each measurement episode. One f i x  was  made a t  launch- 

i n g ,  and the  other f i x  was  made .at  recovery. The distance between the f i r s t  

and las t  f i x  divided by the  total’time  elapsed between the two fixes  gives a 

vectoral  average of  drogue speed.  All.  the  data from the  tracking of drogues 

from different  episodes  at 1 ,  13, 15 ,  20, 35, 40, 50 and 80 m o f  depth were 

grouped into  three zones (Fig.80)  according t o   i n i t i a l  launching  location i n  

the  lake. The resul ts  of such groupings yield a simpler  estimation of the  pre- 

dominant current speed and direction  pattern  over’that zone. To determine  the 

value for the  current i n  a particular zone , individual drogue vectors from tha t  

zone were plotted about the compass rose and the  resultant  vectors  at  various 

depths for  the same zone obtained. by the U , V  component relationship given by: 

V = S sin0 and U = S cos0 

The resultant i s  

R =  m 
and the  direction of  the  resultant drogue vectors i s  

tan0 = V / U  
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b)  General C i  rcul a t i  on 

Vector patterns ( Fig. 81 ) 

2 a t  20  and  35 m ,  suggest a predom 

in Zone 1 a t  depths of 1 and 

inantly westward current , whi  

20 m and Zone 

le  those of Zone 

2 a t  1 m and. Zone 3 a t  1 ,  20 and  35 m indicate a generally  eastward  current. 

The vector  patterns of Zone 3 a t  13 and 15 m also show a southwest  current b u t  

o f  much greater magnitude than any o f  the above. Data  from the drogue track- 

ings a t  40, 50 and 80 m level s were avai  1 able  for Zone 1 only and show current 

speeds i n  t h i s  zone decreasing w i t h  increasing  depth. 

The average drogue speed a t  each depth i s  shown i n  Figure 82. The 

average drogue  speed over  depth i s  5.8k4.3 cm sec” . Higher drogue speeds are 

indicated between 15 and 40 m depth. From the  overall  pattern of the drogue 

plots  (Fig.81) i t  appears that  current  direction i n  Zones 1 and 2 tends t o  fol-  

low the  longitudinal  axis toward the downstream side o f  the  lake.  Current d i -  

rect,ion i n  Zone 3 indicates an opposite  orientation, toward the upstream side 

o f  the  lake. 

The wind  data from the same period  as  the drogue episodes  are  plot- 

ted i n  Figure 81. Wind speed i s  shown beside  the  vector  arrow. No attempt 

has been  made to  establish  the  relationship between the wind  and drogue move- 

ment i n  this study because time intervals between drogue position  fixes  are 

too  short. However, t he re   i s  some indication  that  the  currents a t  l.,  15, 20 

and  35 m depths i n  Zone 3 follow  the wind direction. 

In conclusion, based on the drogue plots ,  two types of  current  pat- 

tern  are  apparent i n  Kamloops Lake: 

i )  the  current  pattern i n  Zones 1 and 2 i s  subject t o  the influence 

o f  the Thompson River, and 

i i )  the  current  pattern i n  Zone 3 ref lects   the wind conditions. 

C) Calculation of  the Richardson Number 

In connection w i t h  t h i s  drogue study  the Richardson Number, R i ,  (see 
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Figure  81.  Drogue ( r e s u l t a n t )   v e c t o r   p a t t e r n s  i n  various  zones  and a t   v a r i o u s  
depths i n  Kamloops Lake,  1974. 
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Figure  82. The r e l a t i o n s h i p  between  average  drogue  speed  and  water  depth 
i n  Kamloops Lake. 
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Hutchinson 1957 for discussion)  describing  the  relationship between turbulence 

and s t r a t i f i ca t ion  was calculated. The Richardson Number is  defined as: 

where 

g = the  gravitational,  acceleration, 

E = t he   s t ab i l i t y  o f  s t r a t i f i ca t ion ,  where 6p/az  i s  the den- p az y 

s i t y  gradient o f  the  water column and p i s  the  density 

i n  a given layer,  and 

* = the  velocity  gradient. az 

R i  was calculated using drogue data and temperature d a t a  obtained 

from the monitor cruises,  since no temperature measurements were made d u r i n g  

the drogue experiments.  Results of the Richardson Number calculat ion  a t   d i f -  

ferent  locations i n  the  lake and a t   d i f f e ren t  times are shown i n  Table 10. A 

small value  of  the  expression on the r igh t -hand  side  indicates maintenance or  

increase of turbulence, whereas a large  value  indicates  suppression or extinc- 

t i o n  of turbulence. 
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Table  10.   Calculated  Richardson Numbers for Kaml oops Lake,  1974 

Date  Location  Depth a t  (m) Ri 

21 16/74 

19/7/74 

19/7/74 

19/7/74 

19/7/74 

24/7/74 

24/7/74 

24/7/74 

24/7/74 

3017174 

3017174 

7/8/74 

7/8/74 

8/8/74 

8/8/74 

8/8/74 

9/81 74 

9/8/74 

13/8/74 

13/8/74 

13/8/74 

23/8/74 

23/8/74 

11  19/74 

B2 

82 

c2 

62 

x2 

z 2, 

D2 

Y2 

E2  

c1 

G1 

B3 

63 

x3 

23 

z1 

D3 

D2 

Y3 

Y2 

Y1 

E2 

E l  

Y3 

20-40 

20-35 

20-35 

20-35 

20-35 

15-35 

15-35 

25-35 

13-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

20-35 

15-35 

15-35 

20-35 

43 

80 

22 

276 

21 

6 

3 

48 

3 

13 

1 03 

1096 

848 

42 

65 

181 

77 

103 

654 

147 

147 

448 

25 

1274 
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APPEND.IX. .I,X 

A Note on I n t e r n a l  Waves i n  Kamloops  Lake P. F. Hamblin 

Physical  Limnology  Section,  Hydraul i cs  Research D i v i s i o n  

Canada Centre fo r   I n land   Wate rs -Bur l i ng ton  

In te rna l   mot ions  and ver t ica l   d isp lacements  o f   the  isotherms i n  Kam- 

loops Lake a r e   p r e v a l e n t   t h r o u g h o u t   t h e   s t r a t i f i e d   p e r i o d .   F o r  example, f l u c -  

t u a t i o n s   i n   t h e   d e p t h   o f   t h e   8 "   i s o t h e r m   a t   t h e   e a s t  and west ends o f   t h e   l a k e  

a r e   e v i d e n t   i n   t h e   p l o t s   o f   F i g u r e s  83a  and  b. 

The t h e r m a l   u n r e s t   d u r i n g   t h e   e n t i r e   s t r a t i f i e d   p e r i o d   i s  summarized 

i n   F i g u r e  84, i n  w h i c h   t h e   v a r i a b i l i t y   o f   t h e   i s o t h e r m s   h a v i n g   t h e   l a r g e s t   v e r -  

t i c a l   d i s p l a c e m e n t   i s   r e s o l v e d   i n t o  a number o f   f l u c t u a t i n g  components o f  pe,r- 

iods  ranging  f rom 11.1 t o  200 hours. The ampli tude  squared o f  each  component 

du r ing  7 e p i s o d e s   o v e r   t h e   s t r a t i f i e d   p e r i o d   i s   a l s o   p r e s e n t e d .  The p e r i o d  

o f   t h e  maximum ampl i tude i s  66 t o  100  hours  during May and June and decreases 

t o  33 hours a t   t h e  end o f   t h e  summer per iod.   (See  also  Table  11.) .  The ampl i -  

. .  

tudes o f   t h e  maximum decrease  from a h i g h   o f  5.2 m e a r l y   i n  May t o  a l o w   o f  

1.2 m i n  August., A t e s t  of t h e   c o r r e l a t i o n  between t h e   f l u c t u a t i o n s   a t   t h e  

two ends of t he   l ake   i nd i ca tes   t ha t   t he   mo t ions   a re   h igh l y   synch ron ized ;   t he  

maximum displacement a t  one end  occurs a t   t h e  same t ime as a minimum a t   t h e  

oppos i te  end. The coherency  value o f  0.90 (Table  11) i s  taken as a s i q n i f i -  

can t   Cor re la t i on  and a phase  angle o f  180" i nd i ca tes   oppos i te   mo t ion   a t   t he  

two ends o f   t h e   l a k e .  

24 hours 

i n g   t h e  A 

l a t i o n s .  

F igure  84  a lso shows tha t   mot ions   hav ing   per iods   o f   f luc tua t ion   a round 

a re   a l so  common i n   t h e   l a k e ,   p a r t i c u l a r l y   i n   t h e   s p r i n g ,   b u t ,   a l s o   d u r -  

ugust  episode.  Table 12  summarizes the   da ta   f o r   t hese   t he rma l   osc i l -  

It i s   e v i d e n t   t h a t   t h e   " d i u r n a l  'I waves have smal le r  amp1 i tudes  than 

t h e   l o n g e r   p e r i o d   f l u c t u a t i o n  and are  more poor ly   corre la ted  between  the ends 

o f   t h e   l a k e .  
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Figure 83. ( A )  Temperature prof i les ,  August 1.-15, 1974, west  end. The depth 
of the 8” isotherm i s  denoted by *. (B)  Temperature prof i les ,  August 1 - 5 ,  
1974, east  end  Kamloops  Lake. 

In Figure 84 the.  internal wave structure  appropriate  to  the thermal 

structure  (Fig.85a) on August 3, 1974 i s  shown for   the   f i r s t   in te rna l  mode 

(Fig.85b)  through t o  the  third  internal mode (Fig.85c,d). The solid  l ine  in 
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Figure  85. ( a )  Temperature  prof.ile from August  3,  1974, 0340 GMT, mid-lake 
s t a t i o n ,  Kamloops Lake; (b) associated  vertical   internal wave displacement 
and horizontal   current  for the f i r s t   i n t e r n a l  mode; ( c )  second internal  
mode; ( d )  t h i r d  internal mode. The phase  velocity, C ,  i s  shown f o r  each 
mode. 
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Figure 84. Spectral  densities of the maximum isotherm  displacement a t  the west 
end of Kamloops  Lake as a function of period of osci l la t ion and time. 

Figure 85b i s   t he  isotherm  displacement, which reaches a maximum a t  a depth 

of  40 m for t h e   f i r s t  mode and zero a t  the  surface and bottom. This displace- 

ment i s  i n  agreement w i t h  Figure 83a  and b. The maximum current   is  a t  the sur- 

face and, for  a maximum thermocline  displacement o f  2 m y  i s  7 cm sec” . The 

corresponding hypo1 imnion current has an amp1 i tude o f  2.5 cm sec” . The  max- 

imum current  shear  is 2x1 O-3.  sec-l . 
In conclusion , internal waves w i t h  the  character of standing waves 

or seiches  are  prevalent i n  Kamloops  Lake d u r i n g  the  stratif ied  period. The 

free  periods o f  seiche  osci 11 ation  are observed to  range from 100 t o  30 hours 

depending on the  degree o f  ver t ica l   s t ra t i f ica t ion .  Minimum periods  occur i n  

August when the   s t ra t i f ica t ion   i s   s t ronges t .  Also detectable  are  forced os- 

ci 11 ations having a period of 24 hours which are t h o u g h t  t o  be a t t r ibu ted   to  

differing wind regimes between day and night. 
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APPENDIX V 

A Mathematical Model for  Predicting  the  Concentration of  Dissolved Nutrients 

i n .  the Outflowing Water  of Kamloops  Lake During Winter 

As a f i r s t  approximation, i t  was  assumed t h a t  Kamloops  Lake behaves 

as a continuously s t i r red  reactor  d u r i n g  the  winter. The following  assumptions 

were  made: 

a )  the  rate of water  inflow  equals  the  rate of outflow, 

b )  the  inflow  loading of dissolved  constituent i s   i n s t an t ly  mixed, 

c)  the  inflow  concentration i s  constant  over  the  period  in  question, and 

d )  the  outflow  concentration  equals  the  lake  concentration. 

The following terms are used: C i ,  C,, Co - concentration of inflow,,  lake and 

outflow; f - ra te  o f  inflow and outflow; V - volume o f  the  lake. 

The  mass balance  equation i s  given by 

Equation (1) can be integrated w i t h  respect  to time giving  equation ( 2 ) .  Sub- 

s t i t u t i n g  Cg for Co and integrating, one thus obtains 

where 

K = the  constant of integration 

= C i  - Cg, a t  time zero, and 

t = time 

For Kamloops  Lake i n  January, February and March 

f = 0.336 km3 month“ , and > 

V = 3 .7  km3 

Using these  constants and the  lake  data for Ci and C,, the  predicted  lake con- 

centrations of dissolved phosphorus for  February and March were 5.3 and  7 . 2  

pg 1” , respectively. The actual computed average  concentrations  for  the same 
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i od were 6.2 and 7.7 pg 1" dissolved phosphorus. The lower predicted Val - /1 

m i g h t  be expected i f   the   effect ive mixing volume  was smaller  than  the  to- 

1ak.e  volume.  Using the  actual  concentration reached in  the  lake,  the  ef- I 
fective mixing volumes  were calculated by equation'(1) t o  be 1.5 and 2.4 km 

for  February and March, respectively , bo'th .of which are  smaller t h a n  total  

lake volume ( 3 . 7  km3). Since  there i s   l e s s  thermal s t r a t i f i ca t ion  i n  March 

than  in  February,  the  larger  effective mixing  volume i n  March i s  n o t  implausible. 
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APPENDI~X VI  

On the  Selective Release of Wastewater Phosphorus into  the Thompson River- 

Kaml oops Lake  Sys  tem 

The present  report has demonstrated that  i n  Kamloops  Lake and the 
I L 

lower Thompson River the  relative  proportion. of natural  to  wastewater  nutri - 
ents  varies  annually w i t h  the  hydrological  cycle. A t  the same time,  physical 

interactions between the  lake and inflowing  river  restrict  pollution  effects 

t o  the  la te   fa l l ,   winter  and early  spring  periods. In this  section,  these 

points  are  relatedto wastewate.r treatment i n  the Kamloops area  and, i n  par t icular ,  

draw attention  to  the  possible  option o f  selectively  scheduling  the  release 

of wastewater  dissolved phosphorus a t  a ra te  i n  proportion t o  the  natural bio- 

1 ake-ri  ver system throughout  the  year. 

imnol ogical  year  for Kaml oops Lake can be divided  into 

tolerance. o f  the 

Br ie f ly ,   the ' l  

iods  on the  basis 

a ) .  From the beginning 

of general sens i t iv i ty  t o  nutrient  loading: 

of fall  overturn (November) through winter t o  the 

ion spring  overturn (May) r iver  flows are 1 ow,  and thus  the re1 ative  concentrat 

o f  wastewater.phosphorus i n  the system i s  h i g h .  -The water  level i s  low  and 

constant and water  transparency i s  h i g h .  Hence, when l i g h t  conditions  permit, 

benthic a1 gal growth i n  the 1 ower  Thompson River  occurs. 

. b )  During 1 imnological spring and  summer, by contras't,  the high r iver  flows 

dilute  the  percentage o f  wastewater phosphorus i n  the system. Lake  and r iver  

t u rb id i ty   i s  comparatively h i g h ,  as are  the  flushing  rates  of  river  water through 

the  lake.  Photosynthesis i s  thus reduced and benthic and pelagic  algal  cells 

are  rapidly washed downstream. Consequently, algal  production i s  low in both 

the  lake and river.  .Only towards the end of  this period, when .progressively, 

more of  the  inflowing  river i s  mixed i n t o  the  lake's  hypolimnion, i s  wastewater 

phosphorus retained i n  the system for  subsequent  biological  use. 

In .  view of these  conditions ,: we propose that  a selective  release 
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schedule for wastewater nutrients be considered  as an al ternat ive t o  total  con- 

t rol , ,  should such an a1 ternative prove to  be economically  benefi  ci a1 . 
I n  the  fall-winter  period, when a l l  wastewater phosphorus entering 

the  lake can direct ly  'aggravate  pollution problems downstream, maximal  remo- 

val of biologically  uti l izable phosphorus i n  wastewaters  should  occur. How- 

ever ,   in . the spring-summer period, when only that  proportion of the wastewa- 

t e r  phosphorus tha t  is mixed into  the.hypolimnion can lead  to  excessive  algal 

growth i n  the  subsequent  winter  period,  the phosphorus removal efficiency could 

be varied.  Efficiency would increase from a m i n i m u m  i n  early spring to  the 

maximum i n  l a t e  summer according to  a specific  schedule  related  directly  to 

the dynamics of lake  circulation  patterns. 

The ideal  si tuation  for  the autumn-winter period  ,is  absolute (100%) 

removal of wastewater  phosphorus. Although i t  i s  possible t h a t  a lower phos- 

phorus removal efficiency could be maintained w i t h o u t  a significant  increase 

i n  benthic  algae above natural  levels,  the  exact  calculation of  such removal 

eff ic iencies  would require  specific knowledge o f  the  relationship between a l -  

gal growth and phosphorus concentrations. As discussed   ear l ie r ,   th i s   i s  n o t  

possible  at  present and the proposed study t o  provide such information wi l l  

require a number of  years t o  complete. Without such information  there i s  no 

choice b u t  to  construct wastewater  treatment f a c i l i t i e s  w i t h  phosphorus remo- 

val efficiencies  as h i g h  as i s  technologically  possible. 

The  most economical release  schedule  for  the spring-summer period 

(assuming wastewater i n p u t s  remain a t  their   present  level)  would simply be t o  

suspend operation of treatment  facil i t ies,  However, as  pointed  out  above, t h i s  

i s  probably unsound because of the  progressive accumulation of r iver  water i n  

the hypolimnion of the 1 ake throughout  the summer. Instead,  the removal ef-  

ficiency  should be gradually  increased dur ing  l a t e  summer so that  the accumu- 

lation of t h i s  remnant of  wastewater phosphorus i n  the hypolimnion is   negl igible .  
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The removal efficiency curve shown i n  Figure 86 i l lustrates   the above 

arguments' for  scheduled nutrient  loadings. A t  the end of the  spring  overturn 

period ( i e .  when the  temperature of the out f low water below  Savona warms above 

4°C) , removal efficiency can be set   to  near-zero ( A . t o  B y  Fig.86). During 

l a t e  summer, as  the hypolimnion begins to  deepen, the removal efficiency  should 
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Figure 86. The general  shape o f  the proposed  phosphorus removal efficiency 
schedule fo r  Kamloops  Lake. 
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I be  increased  gradual ly  (B t o  C,  F i g . 8 6 ) .   F i n a l l y ,   a t   t h e   o n s e t   o f   f a 1  1 over-  

t u rn ,  when the  temperature o f   t h e   i n f l o w   w a t e r   f a l l s  below  about 6"C, removal 

e f f i c i ency   shou ld   reach  a maximum (Cy Fig.86).  ,I 
The e x a c t   t i m j n g  and  shape o f   t h e  removal e f f i c i e n c y   c u r v e   i s  a func- 

t i o n   o f   r i v e r  and lake  temperatures and streamflow, a l l   o f  which  vary  f rom  year 

t o   y e a r .  Hence, an operat ional   wastewater  t reatment  schedule i s   b e s t   d e t e r -  

mined  from  numerical  mixing  calculat ions  based  on  the  physical  dynamics o f   t h e  

l ake .   W i th   t he   p resen t   unders tand ing   o f   c i r cu la t i on   p rocesses   i n  Kamloops Lake, 0 
i t  i s  our   op in ion   tha t   such a c a l c u l a t i o n  model  can e a s i l y  be const ructed.  Thus 

i f  t h i s   s e l e c t i v e   r e l e a s e   o p t i o n   i s  chosen fo r   imp lemen ta t i on  we recommend t h a t  1 
t h e   f e a s i b i l i t y  and f o r m   o f  an opera t iona l  model then be determined  e i ther   by 

con t rac t   o r   by  a government.agency t h a t  has t h e   a p p r o p r i a t e  mandate  and exper t i se .  

8 ,  

1 

P r a c t i c a l   d i f f i c u l t i e s   i n   o b t a i n i n g   t h e   r e q u i r e d   m o n i t o r   d a t a   f o r  

the   opera t iona l  model a r e   u n l i k e l y .   O n l y   r i v e r   f l o w   r a t e ,   i n f l o w  and o u t f l o w  

temperatures,  and a d iagnos t ic   lake   tempera ture   p ro f i le   wou ld  be requ i red .  , 

Sensor  costs  would  thus be minimal.  Adoption o f  such a phosphorus  treatment 

schedule  would  increase  the,need  for   the  ongoing  b io log ica l -chemical   moni tor  

recommended e a r l  i er.  Measurements o f   b i o l o g i c a l  l y  ava i  1 ab1 e phosphorus  (sol - 
uble  reactive  phosphorus),  the  dominant  wastewater  sp-ecies,  would be o f   s p e c i a l  

s ign i f i cance .  

To prevent   misunderstanding,   the  ra t iona 

a v a r i a b l e  phosphorus  removal  schedule f o r  Kamloops 

l e  b e h i n d   t h i s   p r o p o s a l   f o r  

Lake  must be emphasized. 

I n   t h e   p a s t ,   i n a d e q u a t e   n u t r i e n t   t r e a t m e n t   f a c i l i t i e s  have  been cons t ruc ted  

desp i te  a c l e a r l y   d e f i n e d   p o l l u t i o n   p r o b l e m  because i n s u f f i c i e n t   f u n d s   a r e  

f r e e d   f o r  such  purposes.  Since so l i t t l e   i s .  known about   the  b io log ica l   response 

o f   t h e  Thompson R i v e r   a l g a e   t o   n u t r i e n t s ,  i t  i s   c r u c i a l   t h a t  .phosphorus  removal 

d u r i n g   t h e   c r i t i c a l   w i n t e r   p e r i o d  be  as e f f i c i e n t  as poss ib le .  By removing 

phosphorus a t   l e s s   t h a n  maximum e f f i c i e n c y   d u r i n g   t h e   l e s s   c r i t i c a l  summer 
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per iod,   the  sav ings i n  opera t i ng   cos ts  may be s u f f i c i e n t   t o   p e r m i t   t h e   i n i t i a l  

c a p i t a l i z a t i o n   o f   t h e  more e f f i c i e n t ' t r e a t m e n t   f a c i l i t i e s   r e q u i r e d   f o r   t h e   w i n -  

t e r   p e r i o d .  

d 
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