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ABSTRACT 

D e s t r a t i f i c a t i o n  of a  water  supply impoundment was s tud ied  over a  t h r e e  

year  per iod .  P r i o r  t o  d e s t r a t i f i c a t i o n ,  b a s e l i n e  information on phys i ca l ,  

chemical and b i o l o g i c a l  parameters--the l a t t e r  both a t  micro and macro 

levels--was e s t a b l i s h e d .  D e s t r a t i f i c a t i o n  was accomplished by t h e  u s e  of t h e  

"Air-aqua" system which c r e a t e s  v e r t i c a l  c i r c u l a t i o n  i n  a body of water by 

t h e  r e l e a s e  of smal l  bubbles from hoses l a i d  on t h e  l a k e  bottom. Ef fec t ive -  

n e s s  of d e s t r a t i f i c a t i o n  w a s  d i s t i n c t l y  ev ident  i n  temperature d i s t r i b u t i o n  

i n  t h e  epi l imnion and hypolimnion, t h e  l a t t e r  becoming, on t h e  average,  

n e a r l y  t h e  same temperature a s  t h e  former dur ing  t h e  summer hea t ing  season. 

The deep waters  of t h e  hypolimnion d id  not  l o s e  oxygen t o  t h e  po in t  of be- 

coming anaerobic ,  a s  they  had under s t r a t i f i e d  cond i t i ons .  However, t h e  

q u a n t i t y  of oxygen p re sen t  showed a l i m i t e d  degree of a e r a t i o n  from t h e  

t r a n s p o r t  of s u r f a c e  water downward, and showed t h e  r ap id  r a t e  of deoxy- 

gena t ion  that had always been c h a r a c t e r i s t i c  of t h e  hypolimnion of Univers i ty  

Lake. 

Never the less ,  s t r i k i n g  changes i n  numbers and popula t ion  cha rac t e r -  

i s t i c s  of t h e  phytoplanktonic  organisms were c l e a r l y  ev ident  i n  each of t h e  

two yea r s  of d e s t r a t i f i c a t i o n .  Benthic forms, p a r t i c u l a r l y  t h e  Chironomidae, 

s h i f t e d  from s p e c i e s  t o l e r a n t  of micro-aerophylic cond i t i ons  t o  t hose  r e -  

q u i r i n g  h igher  l e v e l s  of oxygen. The t o t a l  per iod  of observa t ion  was too  

s h o r t  t o  e s t a b l i s h  c l e a r  changes i n  c h a r a c t e r i s t i c s  of f i s h  popula t ions ,  bu t  

i t  was ev ident  that due t o  t h e  behavior of f i s h  r e l a t i v e  t o  t h e  a i r  bubbles,  

f i s h i n g  e f f o r t s  decreased and t h e  number of f i s h  caught  per  man hour increased .  

An o v e r a l l  d i s t r i b u t i o n  of organic  m a t e r i a l  occurred i n  t h e  l a k e  a s  t h e  body 

of water became more homogenious. During t h e  summer months, t h i s  r e s u l t e d  



i n  a n  inc rease  i n  t h e  c h l o r i n e  demand a t  t h e  water t reatment  p l an t  which 

uses  Univers i ty  Lake as a water supply. 



PREFACE AND ACKNOWLEDGEMENTS 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary of R e s u l t s  

S tudies  on t h e  e f f e c t s  of d e s t r a t i f i c a t i o n  on a water supply impound- 

ment t o  e s t a b l i s h  phys i ca l ,  chemical and b i o l o g i c a l  changes i n  water q u a l i t y  

were c a r r i e d  ou t  over a  three-year  per iod .  The f i r s t  year  was used t o  

develop b a s e l i n e  information bu i ld ing  upon a  long record of l imnologica l  

i n v e s t i g a t i o n s  on Un ive r s i t y  Lake, Chapel H i l l ,  N .  C .  - t h e  t e s t  l ake .  

S t a r t i n g  i n  1970 a system of a i r  bubble d i f f u s e r s  provided v e r t i c a l  c i r c u -  

l a t i o n  f o r  a r t i f i c i a l  d e s t r a t i f i c a t i o n .  The a i r  d i s t r i b u t i o n  hoses l a i d  

on t h e  bottom of Un ive r s i t y  Lake were f i r s t  operated from a  s e t  of 1 / 2  h ,p .  

a i r  compressors. These were run  on a  24-hour cont inuous b a s i s  fol lowing a n  

i n i t i a l  t e s t i n g  period of approximately one month. In  t h e  second year of 

d e s t r a t i f i c a t i o n ,  314 h.p .  compressors were used wi th  t h e  a i r l i f t  p a t t e r n  

concent ra ted  i n  t h e  deepes t  p o r t i o n  of Un ive r s i t y  Lake. I n  a d d i t i o n  t o  a 

monitor ing program t o  e s t a b l i s h  changes i n  phys i ca l  and chemical cha rac t e r -  

i s t i c s  of t h e  water ,  t h e  plankton popula t ions ,  benth ic  organisms and p e r i -  

phyton accumulations were s tud ied .  Also, a  c r e e l  census was taken and in fo r -  

mation on t h e  ope ra t ion  of t h e  water t rea tment  p l a n t  which uses  Un ive r s i t y  

Lake a s  a  raw water  supply was analyzed.  

The major changes which occurred i n  water  chemistry r e f l e c t e d  t h e  main- 

tenance of oxygen i n  t he  deeper l e v e l s  of t h e  l a k e  dur ing  a r t i f i c i a l  des t r a -  

t i f i c a t i o n .  Ord ina r i l y  t h e  l a k e  was completely dep le t ed  of oxygen from mid- 

May u n t i l  t h e  f i n a l  f a l l  ove r tu rn .  When t h e  l a k e  was d e s t r a t i f i e d ,  t h e  quan- 

t i t y  of oxygen i n  t h e  deeper l a y e r s  was s u f f i c i e n t  t o  main ta in  ae rob ic  con- 

d i t i o n s  a t  a l l  t imes  even though the  l a k e  w a s  cons iderably  below s a t u r a t i o n .  

This  i n  t u r n  prevented t h e  accumulation of l a r g e  q u a n t i t i e s  of i r o n  and 

-XV- 



manganese t h a t  had previous ly  put  a burden on the  water  t rea tment  p l a n t .  

It appears  from t h e  changes i n  c e r t a i n  of t h e  non-conservative elements (those 

t h a t  e n t e r  i n t o  o r  a r e  changed by b i o l o g i c a l  processes  such as n i t r o g e n  and 

phosphorus as w e l l  a s  o the r  r e l a t e d  parameters  such as ch lo rophy l l  and or -  

ganic  carbon) t h a t  t h e  two yea r s  of d e s t r a t i f i c a t i o n  i n i t i a t e d  t r ends  which 

might have c rea t ed  new l e v e l s  of e q u i l i b r i a  f o r  t h e s e  m a t e r i a l s .  

Major s h i f t s  i n  plankton popula t ions ,  i n  both numbers and spec i e s  charac- 

t e r i s t i c s ,  were d rama t i ca l ly  evident  i n  t h e  f i r s t  year  of d e s t r a t i f i c a t i o n  

and cont inued i n t o  t h e  second year of d e s t r a t i f i c a t i o n .  P a r t i c u l a r l y  ev ident  

was t h e  s h i f t  i n  summer phytoplankton popula t ions  from blue-green a l g a e  domi- 

nan t s  t o  green a l g a e  dominants. 

The s p e c i f i c  n a t u r e  of benth ic  organisms i s  p r imar i ly  one which i s  

de f ined  by t h e  n a t u r e  of t h e  bottom m a t e r i a l .  The i n t r o d u c t i o n  of oxygen 

i n t o  t h e  deeper  l a y e r s  of t h e  l a k e  c rea t ed  new environments t h a t  were re-  

f l e c t e d  i n  t h e  changing populat ion of Chironomid l a r v a e .  Those s p e c i e s  t o l -  

e r a n t  of very  low oxygen cond i t i ons  s h i f t e d  t o  spec i e s  r e q u i r i n g  h igher  

l e v e l s  of oxygen. S imi l a r ly ,  t h e  c h a r a c t e r  of t h e  periphyton,  which was 

measured by t h e  quan t i t y  accumulated on g l a s s  s l i d e s  immersed f o r  s tandard  

pe r iods  of t ime a t  varying depths ,  demonstrated a  r educ t ion  i n  t h e  r a t e  of 

per iphyton accumulation i n  t h e  su r f ace  waters  and a  gradual  i n c r e a s e  i n  t h e  

r a t e  of per iphyton accumulation i n  t h e  deeper waters .  This  t rend  appears  t o  

be one which might have cont inued i f  d e s t r a t i f i c a t i o n  had been cont inued.  

The d i r e c t i o n  ind ica t ed  was t h a t  of a  l a k e  becoming more and more homogeneous, 

i . e . ,  changing from one i n  which marked d i f f e r e n c e s  were c l e a r l y  ev ident  

between e p i l i m n e t i c  and hypolimnetic water t o  one i n  which t h e  d i f f e r e n c e s  

were minimal. 



A c r e e l  census of a l l  f i s h  caught i n  Un ive r s i t y  Lake showed l i t t l e  

change i n  t o t a l  c a t c h  between 1969 and 1970. I n  terms of spec i e s  caught 

and t o t a l  pounds of s p e c i e s  removed, t h e  d i f f e r e n c e s  could ha rd ly  be des- 

c r ibed  a s  s i g n i f i c a n t .  However, t h e r e  d id  appear t o  be a n  improvement i n  

f i s h i n g  from t h e  po in t  of view of t h e  fisherman s i n c e  h i s  c a t c h  per  man 

hour was d rama t i ca l ly  increased  i n  t h e  1970 period of d e s t r a t i f i c a t i o n .  

This  r e s u l t e d  from the  l i n e s  of a i r l i f t  bubbles s e rv ing  a s  a  f i s h  a t t r a c t a n t  

by (A) spa rk l ing  i n  t h e  l i g h t  and (R) c r e a t i n g  a v e r t i c a l  c u r r e n t  ca r ry ing  

wi th  i t  f i s h  food m a t e r i a l s .  

Major evidence of some change i n  water  q u a l i t y  a s  r e f l e c t e d  i n  t h e  

water t reatment  p l a n t  ope ra t ions  was t h e  sys temat ic  i nc rease  i n  t h e  q u a n t i t y  

of c h l o r i n e  requi red  t o  main ta in  c h l o r i n e  r e s i d u a l s  i n  t h e  f in i shed  water .  

This  agreed wi th  two o t h e r  parameters  (organic  con ten t  and periphyton)  t h a t  

were sys t ema t i ca l ly  measured i n  t h e  pe r iods  of d e s t r a t i f i c a t i o n .  The in-  

c r e a s e  i n  organic  content  of t h e  water r e f l e c t e d  t h e  i n c r e a s e  i n  homogeneity of 

t h e  organic  content  of t h e  l a k e  a s  def ined  by t h e  change i n  c h a r a c t e r i z a t i o n  of 

t h e  periphyton.  Th i s  i n c r e a s e  i n  organic  content  appeared t o  be t h e  source  of 

t h e  i n c r e a s e  i n  c h l o r i n e  demand a t  t h e  water t reatment  p l a n t .  

Conclusions 

1. I n  s p i t e  of t h e  h igh  summer temperatures  of c e n t r a l  North Caro l ina ,  

t h e  314 l-1.p. i n s t a l l a t i o n  wi th  f i v e  a i r l i f t  hoses i n  t h e  summer of 1971 

appeared t o  main ta in  a  sys temat ic  d e s t r a t i f i c a t i o n  of Univers i ty  Lake. 

2 .  Although most of t h e  water  chemistry changes were of comparatively 

small n a t u r e  i n  terms of magnitude of change, they  appear  t o  have c r e a t e d  

new eco log ica l  cond i t i ons  which r e s u l t e d  i n  major s h i f t s  i n  plankton charac- 

t e r i s t i c s  i n  both  numbers and spec i e s .  



3 .  Changes a t  o t h e r  p o i n t s  i n  t h e  food web (benthic  organisms and pe r i -  

phyton) were a l s o  c r e a t e d  by d e s t r a t i f i c a t i o n  al though i n  t h e  r e l a t i v e l y  

s h o r t  per iod of t ime - only  two g e a r s  - t h e  n e t  e f f e c t  a t  t h e  upper end of 

t h e  food pyramid a t  t h e  f i s h e r y  l e v e l  was no t  apprec iab ly  d i sce rnab le .  

4 .  The d e s t r a t i f i c a t i o n  procedure appeared t o  be  i n  t h e  process  of 

c r e a t i n g  a  more homogeneous body of water  i n  terms of i t s  s u i t a b i l i t y  f o r  

u s e  a s  a  water supply r e s e r v o i r .  However, i n  t h i s  process  i t  produced a n  

i n c r e a s e  i n  c h l o r i n e  demand. This  i n c r e a s e  r e s u l t e d  from t h e  o v e r a l l  change 

i n  q u a n t i t y  of organic  m a t e r i a l s  d i s t r i b u t e d  throughout t h e  l ake .  Whether 

t h i s  would have cont inued a f t e r  s e v e r a l  more yea r s  of d e s t r a t i f i c a t i o n  

could not  be answered wi th in  t h e  comparat ively s h o r t  per iod of i n v e s t i g a t i o n .  

Recommendations 

1. The succes s fu l  demonstrat ion of t h e  n a t u r e  and order  of magnitude 

of change i n  water  q u a l i t y  parameters ,  bo th  phys i ca l ,  chemical and b i o l o g i c a l ,  

i n  Univers i ty  Lake sugges ts  v a r i o u s  l e v e l s  of a p p l i c a b i l i t y  t o  o t h e r  i m -  

pounded waters  i n  North Caro l ina .  

2. The p o t e n t i a l  f o r  use  of such techniques a s  a r t i f i c i a l  d e s t r a t i f i -  

c a t i o n  f o r  main ta in ing  water of higher  q u a l i t y  i n  New Hope Lake i s  pa r t i cu -  

l a r l y  suggested by t h e  na tu re  of change i n  t h e  spec i e s  composition of t h e  

phytoplankton popula t ions .  

3 .  P r i o r  t o  making a  f i n a l  d e c i s i o n  as t o  whether such i n s t a l l a t i o n s  

should be developed f o r  New Hope Lake, i t  i s  recommended t h a t  New Hope Lake 

be allowed t o  f i l l  and s t a b i l i z e  i n  o rde r  t o  e s t a b l i s h  c i r c u l a t i o n  p a t t e r n s  

and o t h e r  hydrau l i c  f e a t u r e s  p e c u l i a r  t o  t h e  New Hope impoundment. This  

in format ion  would be e s s e n t i a l  f o r  proper  l o c a t i o n  of t h e  d e s t r a t i f i c a t i o n  

i n s t a l l a t i o n .  



INTRODUCTION 

The sequence o f  s t r a t i f i c a t i o n  ( r e s u l t i n g  from s o l a r  h e a t i n g )  and 

d e s t r a t i f i c a t i o n  ( r e s u l t i n g  from s p r i n g  and f a l l  o v e r t u r n )  h a s  l o n g  i n t r i g u e d  

l i m n o l o g i s t s  and w a t e r  e n g i n e e r s  w i t h  t h e  a s s o c i a t e d  w a t e r  q u a l i t y  changes  

t h a t  a r e  found i n  t h e  d i s t i n c t  l e v e l s  of a s t r a t i f i e d  l a k e .  The p o s s i b i l i t y  

of o p t i m i z i n g  w a t e r  q u a l i t y  by u s i n g  p r o c e s s e s  which a r t i f i c i a l l y  m a i n t a i n  

l a k e s  i n  a  s t a t e  of d e s t r a t i f i c a t i o n  h a s  been c o n s i d e r e d  and t e s t e d  f o r  two 

decades .  The earliest argument f o r  "breaking n a t u r e ' s  hold"  on l a k e s  was t h e  

need t o  p r e v e n t  w i n t e r  f i s h  k i l l  from o c c u r r i n g  i n  s t r a t i f i e d  ice-bound l a k e s .  

I n  such  c a s e s ,  n a t u r a l  a e r a t i o n  by g a s  d i f f u s i o n  a c r o s s  t h e  w a t e r  s u r f a c e  was 

p reven ted  by t h e  i c e .  Thus,  by n a t u r a l  p r o c e s s  of deoxygenat ion,  d i s s o l v e d  

oxygen was reduced t o  l e v e l s  i n a d e q u a t e  f o r  t h e  s u p p o r t  o f  f i s h ,  Techniques 

t o  o b v i a t e  f i s h - k i l l  invo lved  t h e  upwel l ing  of deep warmer w a t e r  t o  m e l t  t h e  

i c e  c o v e r  and a l l o w  g a s  d i f f u s i o n  t o  r e p l e n i s h  t h e  oxygen c o n t e n t  of t h e  water.* 

Procedures  f o r  c r e a t i n g  a  d e s t r a t i f i e d  l a k e  under i c e  cover  g e n e r a l l y  

f a l l  i n t o  two c a t e g o r i e s ,  (A) mechanical  s t i r r i n g  w i t h  p r o p e l l e r s  t o  c r e a t e  

v e r t i c a l  movement of t h e  deeper  warmer w a t e r ,  o r  (B) a i r l i f t  d e v i c e s  t o  

b r i n g  deep warmer wa te r  t o  t h e  s u r f a c e  by v e r t i c a l  c i r c u l a t i o n  induced by 

bubble -emi t t ing  p i p e s  l a i d  on t h e  bottom. Subsequent t o  t h e  f i r s t  a t t e m p t s  

of w i n t e r  d e s t r a t i f i c a t i o n  ( I ) ,  c o n s i d e r a b l e  i n t e r e s t  was developed th rough  

a  wide v a r i e t y  of i n v e s t i g a t i o n s  which examined t h e  chemica l ,  b i o l o g i c a l  and 

p h y s i c a l  e f f e c t s  o f  d e s t r a t i f i c a t i o n  i n  impoundments of d i f f e r e n t  s i z e s  and 

*Because w a t e r  h a s  i t s  maximum d e n s i t y  a t  ~ O C ,  d u r i n g  w i n t e r  s t r a t i f i c a t i o n  
n e a r - f r e e z i n g  w a t e r  i s  a t  t h e  s u r f a c e  and h e a v i e r  warmer w a t e r  i s  benea th  i t .  



l o c a t i o n s .  T h i s  cu lmina ted  i n  a  major r e s e a r c h  e f f o r t  i n i t i a t e d  i n  September,  

1962,  i n  which many a s p e c t s  of t h i s  problem were examined and s y s t e m a t i z e d  ( 2 ) .  

Other  i n v e s t i g a t i o n s  i n  t h i s  f i e l d  i n c l u d e  comparison of d i f f e r e n t  t e c h n i q u e s  

and mechanisms f o r  producing and m a i n t a i n i n g  d e s t r a t i f i c a t i o n  ( 3 ) ,  examinat ion 

of changes  i n  c h e m i s t r y  of s p e c i f i c  e lements  ( 4 ) ,  c o s t  b e n e f i t  a n a l y s i s  f o r  

l a k e  d e s t r a t i f  i c a t i o n  and i t s  i m p l i c a t i o n  f o r  l a r g e - s c a l e  w a t e r  p r o j e c t s  (5),  

q u a l i t y  c o n t r o l  i n  r e s e r v o i r s  by a r t i f i c i a l  mixing ( 6 ) ,  r e c e n t  examples of 

f i s h e r i e s  management by induced a e r a t i o n  of s m a l l  l a k e s  (7 ) ,  and a d d i t i o n a l  

s t u d i e s  on t e c h n i q u e s  f o r  e l i m i n a t i n g  the rmal  s t r a t i f i c a t i o n  (8) .  

Subsequen t ly ,  a  t a s k  f o r c e  of t h e  American Water Works A s s o c i a t i o n  was formed 

t o  examine t h o s e  b o d i e s  of w a t e r  where a r t i f i c i a l  d e s t r a t i f i c a t i o n  had been 

p r a c t i c e d .  Of p a r t i c u l a r  i n t e r e s t  t o  them were t h e  e f f e c t s  on raw w a t e r  

q u a l i t y  and consequent  impact on wate r  t r e a t m e n t  p rocedures  ( 9 ) .  Although n o t  

s p e c i f i c a l l y  c i t e d ,  i t  shou ld  n o t  be  imagined t h a t  t h i s  t y p e  of s t u d y  w a s  

underway o n l y  i n  t h e  Uni ted S t a t e s . C o n s i d e r a b l e  e f f o r t  and i n v e s t i g a t i o n  on 

mechanisms of d e s t r a t i f i c a t i o n  of h o l d i n g  r e s e r v o i r s  f o r  w a t e r  q u a l i t y  c o n t r o l  

was underway i n  Europe ( l o ) ,  p a r t i c u l a r l y  England (11,  1 2 ) .  I n  t h e  London area 

t h e  l a r g e  h o l d i n g  r e s e r v o i r s  w i t h  n u t r i e n t  r i c h  wate r  and low t u r b i d i t y  o f t e n  

s u f f e r e d  from e x p l o s i v e  growths  o f  a l g a e  and t h u s  o f f e r e d  unusua l  o p p o r t u n i t y  

f o r  s t u d i e s  i n  d e s t r a t i f i c a t i o n .  

Large f l o o d  c o n t r o l  impoundments i n  t h o s e  s o u t h e a s t e r n  Uni ted  S t a t e s  

a r e a s  t h a t  a r e  f r e q u e n t l y  s u b j e c t e d  t o  t h e  i n t e n s e  r a i n f a l l  of t r o p i c a l  s t o r m s  

coming from t h e  Gulf of Mexico, Car ibbean ,  a n d / o r  t h e  t r o p i c a l  A t l a n t i c  

Ocean a r e  b e i n g  c o n s t r u c t e d  i n  n u t r i e n t - r i c h  r i v e r  b a s i n s  w i t h  t h e  consequence 

of impounded w a t e r  t h a t  i s  g e n e r a l l y  of low q u a l i t y  f o r  b o t h  r e c r e a t i o n a l  and 

w a t e r  s u p p l y  u s e s .  Exposed t o  a long  h e a t i n g  season ,  t h e s e  impoundments 



s t r a t i f y  e a r l y  and m a i n t a i n  t h e r m a l l y  s t a b l e  c o n d i t i o n s  w e l l  i n t o  t h e  l a t e  

f a l l .  T h i s  s t r a t i f i c a t i o n  p l u s  exaggera ted  low w a t e r  q u a l i t y  c o n d i t i o n s ,  

p a r t i c u l a r l y  i n  t h e  hypol imnion,  o f t e n  r e s u l t s  i n  r e d u c t i o n  of o v e r a l l  

p o t e n t i a l  u s e .  A r e c e n t  example of q u a l i t y  c o n t r o l  th rough  d e s t r a t i f i c a t i o n  

i n  such  a r e s e r v o i r  i s  t h e  i n v e s t i g a t i o n  on t h e  A l l a t o o n a  R e s e r v o i r ,  impounded 

on t h e  Etowah R i v e r  i n  Georgia (13) .  The r e s u l t s  f o r  t h i s  l a k e  of over  

367,000 a c r e  f e e t  were v e r y  promising a l t h o u g h  t h e  d e s t r a t i f i c a t i o n  r e q u i r e d  

a n  i n i t i a l  inves tment  of $85,000 t o  $100,000 and a n  a n n u a l  o p e r a t i o n a l  c o s t  of 

$40,000. 

The i n v e s t i g a t i o n  d e s c r i b e d  i n  t h i s  r e p o r t  fo l lowed  t h e  announcement of 

t h e  p r o p o s a l  t o  c o n s t r u c t  a  f l o o d  c o n t r o l  impoundment (New Hope R e s e r v o i r )  

w i t h  a  dam l o c a t e d  j u s t  below t h e  c o n f l u e n c e  of t h e  Haw and New Hope R i v e r s  

i n  Chatham County,  North C a r o l i n a .  S i n c e  t h e s e  r i v e r s  d r a i n  i n d u s t r i a l  and 

u rban  a r e a s  o f  t h e  Piedmont o f  North C a r o l i n a ,  t h e y  w i l l  b r i n g  i n t o  t h e  

r e s e r v o i r  n u t r i e n t  l o a d s  which w i l l  most p robab ly  r e s u l t  i n  w a t e r  q u a l i t y  

somewhat l e s s  t h a n  d e s i r a b l e  f o r  a n t i c i p a t e d  r e c r e a t i o n a l  and w a t e r  supp ly  

u s e s  (14,  1 5 ) .  To e s t a b l i s h  whether  a r t i f i c i a l  d e s t r a t i f i c a t i o n  cou ld  

e f f e c t i v e l y  a i d  i n  o p t i m i z i n g  w a t e r  q u a l i t y  i n  t h e  proposed impoundment, 

U n i v e r s i t y  Lake was s e l e c t e d  as a p r o t o t y p e  f o r  s t u d y  of a r t i f i c i a l  

d e s t r a t i f i c a t i o n  and consequent  changes  i n  w a t e r  q u a l i t y .  

U n i v e r s i t y  Lake i s  a 200 a c r e  w a t e r  s u p p l y  impoundment t h a t  s u p p l i e s  

w a t e r  t o  Chapel  H i l l  and Car rboro ,  North C a r o l i n a .  It i s  l o c a t e d  on Morgan 

Creek ,  one of t h e  headwater s t r e a m s  of t h e  d r a i n a g e  t h a t  f lows  i n t o  t h e  

proposed New Hope R e s e r v o i r .  Both l a k e s  should have s i m i l a r  p e r i o d s  of 

s t r a t i f i c a t i o n  s i n c e  t h e y  w i l l  b e  exposed t o  t h e  same a n n u a l  h e a t i n g  and 

c o o l i n g  c y c l e s  of c e n t r a l  North C a r o l i n a .  The q u a l i t y  c h a r a c t e r i s t i c s  

examined i n  a t h r e e - y e a r  sequence i n c l u d e d  a wide v a r i e t y  of p h y s i c a l ,  



chemical  and b i o l o g i c a l  f a c t o r s .  The f i r s t  y e a r ,  1969,  was t h e  c o n t r o l  y e a r  

and t h e  two subsequent  y e a r s  were  examined f o r  changes due t o  t h e  a r t i f i c i a l  

d e s t r a t i f i c a t i o n .  U n i v e r s i t y  Lake was n o t ,  a t  t h e  beg inn ing  of t h i s  

i n v e s t i g a t i o n ,  a  l a k e  of unknown q u a l i t y  s i n c e  i t  had l o n g  been under  

i n v e s t i g a t i o n  and s t u d y  by s t u d e n t s  and f a c u l t y  of t h e  Department of 

Environmental  S c i e n c e s  and Engineer ing ,  U n i v e r s i t y  of North C a r o l i n a .  A 

b i b l i o g r a p h y  of s t u d e n t  t e c h n i c a l  r e p o r t s  and p u b l i s h e d  papers  d e a l i n g  

s p e c i f i c a l l y  o r  i n  p a r t  w i t h  U n i v e r s i t y  Lake i s  provided i n  Appendix A .  With 

t h i s  w e a l t h  o f  background i n f o r m a t i o n  and knowledge concern ing  t h e  impound- 

ment, i t  was c o m p a r a t i v e l y  s imple  t o  e s t a b l i s h  a  program of sampl ing f o r  t h e  

p e r i o d  of s t u d y .  

System f o r  D e s t r a t i f i c a t i o n  

The c o n t i n u i n g  s t u d i e s  on U n i v e r s i t y  Lake over  a  p e r i o d  o f  t e n  y e a r s  had 

e s t a b l i s h e d  i t s  p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  w i t h  p a r t i c u l a r  

r e f e r e n c e  t o  e a r l y  s t r a t i f i c a t i o n ,  r a p i d  deoxygenat ion of t h e  hypol imnion,  

and unusua l  accumula t ion  of i r o n  and manganese i n  t h e  "reduced" environment 

of t h e  hypolimnion (16,  1 7 ,  1 8 ) .  The c h a r a c t e r i s t i c  the rmal  s t r a t i f i c a t i o n  

p a t t e r n  d e s c r i b e d  by v e r t i c a l  p r o f i l e s  t a k e n  a t  t h e  sampl ing s t a t i . o n  l o c a t e d  

a t  t h e  d e e p e s t  p o i n t  of t h e  l a k e  by t h e  dam i s  i s  shown i n  Appendix B ,  a 

s e r i e s  of f i g u r e s  c o v e r i n g  a  t e n  y e a r  p e r i o d  of r e c o r d .  One i n t e r e s t i n g  

c h a r a c t e r i s t i c  of t h e  i s o t h e r m s  as d e s c r i b e d  i n  t h i s  un ique  long-term r e c o r d  

of t h e  a n n u a l  the rmal  s t r a t i f i c a t i o n  i s  t h e  d i f f e r e n t  r a t e  of deepening of 

s p e c i f i c  i s o t h e r m s  a s  a  f u n c t i o n  of t h e  v a r i a t i o n s  i n  summer c l i m a t e .  T h i s  

i s  p a r t i c u l a r l y  e v i d e n t  i n  t h e  manner i n  which t h e  120,  13' and 14' i s o t h e r m s  

deepened a t  d i f f e r e n t  r a t e s  from y e a r  t o  y e a r .  I t  i s  t h u s  a p p a r e n t  t h a t  

energy i n p u t  used t o  d e s t r o y  the rmal  s t r a t i f i c a t i o n  i n  such  a  sys tem would 



have d i f f e r e n t  r e q u i r e m e n t s  from y e a r  t o  y e a r .  

A s  i l l u s t r a t e d  i n  F i g u r e  1, t h e  bathymetry  of U n i v e r s i t y  Lake shows 

j u s t  upst ream of  t h e  dam a r e l a t i v e l y  narrow gorge  t h a t  s h a l l o w s  r a p i d l y  i n t o  

two l o n g  arms. The a v e r a g e  d e p t h  of t h e  l a k e  i s  1 0 . 5  f e e t .  The main b a s i n  

i s  c h a r a c t e r i s t i c a l l y  20 f e e t  deep e x c e p t  f o r  a narrow s e c t i o n  t h a t  i s  a n  

a d d i t i o n a l  1 0  f e e t  deep i n  f r o n t  of t h e  dam. T h i s  i s  t h e  d e e p e s t  a r e a  of t h e  

l a k e .  The area-volume c u r v e s  f o r  t h e  l a k e  a r e  shown i n  F i g u r e  2 ,  a s  p repared  

i n  1962. I n  1 9 6 6 , 2 4 0 o t  f l a s h  b o a r d s  were added t o  t h e  s p i l l w a y  e l e v a t i o n .  

However, due t o  w a t e r  consumption demands t h e  u s u a l  o p e r a t i n g  l e v e l  of t h e  

l a k e  h a s  been a t  abou t  t h e  o l d  s p i l l w a y  e l e v a t i o n .  

Because of t h e  shape  of t h e  l a k e  and a  d e s i r e  t o  minimize n o i s e  and 

power r e q u i r e m e n t s ,  it w a s  d e c i d e d  t h a t  a heavy d u t y  s i n g l e  compressor 

l o c a t e d  on a r a f t  and f e e d i n g  a p a t t e r n  of d i f f u s e r  t u b e s  should n o t  b e  used .  

I n s t e a d ,  f o u r  hal f -horsepower  compressor u n i t s  were i n s t a l l e d  a t  t h e  pump 

house on t h e  downstream s i d e  of t h e  dam (F igure  3 ) .  Four d i f f u s e r  t u b e s  were  

u n r e e l e d  i n t o  d i f f e r e n t  s e c t i o n s  of t h e  l a k e  from a l a r g e  r a f t ,  and a l l  hose  

t e r m i n i  were a t t a c h e d  t o  t h e  compressor u n i t s .  F i g u r e s  4 and 5 show t h e  

p a t t e r n  of h o s e s  and d i f f u s e r  t u b e s  as l a i d  i n  t h e  l a k e  i n  1970 and 1971. The 

n e c e s s a r y  v e r t i c a l  c i r c u l a t i o n  needed t o  p r e v e n t  o r  b r e a k  up s t r a t i f i c a t i o n  

was g e n e r a t e d  by bubbles  r i s i n g  from t h e s e  t u b e s .  The a i r l i f t  sys tem (Air-  

Aqua) was des igned  by t h e  Hinde Engineer ing  Company. 

The i n i t i a l  o p e r a t i n g  p a t t e r n  c a l l e d  f o r  a pumping c y c l e  of approx imate ly  

twe lve  h o u r s  on ( n i g h t ) ;  twe lve  h o u r s  o f f  (day).  When pumping was i n i t i a t e d  

i n  e a r l y  s p r i n g  of 1970 i t  was q u i c k l y  s e e n  t h a t  l o n g e r  p e r i o d s  of v e r t i c a l  

c i r c u l a t i o n  were  r e q u i r e d  and s o  t h e  pumps were r u n  24 h o u r s  a  day.  However, 

under  t h i s  t y p e  o f  o p e r a t i o n  some f a i l u r e s  of t h e  compressors  o c c u r r e d  and 

c o n s e q u e n t l y  one of t h e  f o u r  l i n e s  would o c c a s i o n a l l y  b e  o u t .  
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Figure 2. Area -Volume Curves, University 
Lake from Smalley , 1963 (See 
Appendix A ) .  



Fig .  3. A. Unreeling air diffuser hose from raf t  . January 1970. -- 
B. Portion of air bubbling pattern. August 1971. Arrow 

points to pump house, downstream side of dam 
where air compressors were located. 

C. Air compressors, 1 / 2  h.p. in pump house, 1970. 

D. Air compressors, 3/4 h.p. outside pump house with 
r a i n  shed, 1971. 







Fol lowing t h e  a n n u a l  o v e r t u r n  i n  November 1970, pumping was ceased  f o r  t h e  

w i n t e r  s i n c e  a n  i c e  cover  r a r e l y  forms a t  t h e  l a t i t u d e  of Chapel H i l l .  The 

one-half  horsepower pumps were r e p l a c e d  w i t h  314 h . p .  u n i t s  by t h e  t ime  

pumping was i n i t i a t e d  once more i n  t h e  s p r i n g  of 1971. The pumping l o g  f o r  

1970 and 1971 i s  shown i n  F i g u r e  6 .  It is  e s t i m a t e d  t h a t  pump h o u r s  i n  1970 

t o t a l e d  18,888 and 16,056 i n  1971 (See a l s o  Appendix D) ,  

S p e c i a l  S t u d i e s  Re la ted  t o  t h e  D e s t r a t i f i c a t i o n  of U n i v e r s i t y  Lake 

Bui ld ing  on t h e  s c i e n t i f i c  r e c o r d  accumulated from U n i v e r s i t y  Lake, a n  

expanded program of chemica l ,  b i o l o g i c a l  and p h y s i c a l  s t u d i e s  was i n i t i a t e d  i n  

1969 t o  b e  c a r r i e d  through t h e  succeeding y e a r s .  For t h e  purposes  of t h i s  

s t u d y ,  t h e  y e a r  1969 was cons idered  t h e  c o n t r o l  y e a r ,  and 1970 and 1971 were 

c o n s i d e r e d  exper imenta l  y e a r s .  The a s s o c i a t e d  s t u d i e s  were i n  two groups ,  

pr imary and secondary.  Pr imary s t u d i e s  were  t h o s e  which were c a r r i e d  o u t  on 

a s y s t e m a t i c  b a s i s ,  weekly o r  b imonthly ,  throughout  t h e  e n t i r e  y e a r .  They 

provided t h e  b a s i c  pa ramete rs  of comparison t o  a s c e r t a i n  changes i n  w a t e r  

q u a l i t y .  The pr imary paramete rs  were determined a t  f o u r  s t a t i o n s  (A,B,C, and 

D) i n  t h e  l a k e  ( F i g u r e  4 ) .  S t a t i o n  A was sampled on a weekly b a s i s  and 

S t a t i o n s  B,  C and D were sampled on a n  a l t e rna te -week  b a s i s  throughout  1969 

and 1970. I n  1971  sampling was l i m i t e d  t o  weekly e v a l u a t i o n s  of changes  a t  

S t a t i o n  A and a l t e rna te -week  e v a l u a t i o n s  a t  S t a t i o n  C .  

The pr imary sampling i n c l u d e d  n e a r l y  a l l  s t a n d a r d  w a t e r  q u a l i t y  pa ramete rs  

a s  shown i n  Tab le  1. Dete rmina t ions  were by Standard Methods u n l e s s  o t h e r w i s e  

i n d i c a t e d  ( f o r  example, Technicon Autoana lyzers  were  used f o r  a l l  n u t r i e n t  

a n a l y s e s ) .  I n  a d d i t i o n ,  t h e  c h a r a c t e r i z a t i o n  of phytoplankton was 

s y s t e m a t i c a l l y  c a r r i e d  o u t  on t h e  i n d i c a t e d  s c h e d u l e  a t  t h e  f o u r  l a k e  s t a t i o n s  

i n  1969,  1970 and 1971. 





Parameter 

Temperature 

DO 

pH 

Conduct ivi ty  

Color 

Turb id i ty  

Chlorophyll  

Table 1 

Water Qual i ty  Parameters and Ana ly t i ca l  Procedures 

Carbon 

Nitrogen (a l l  spec i e s )  

Phosphorus ( a l l  s p e c i e s )  

I r o n  

Manganese 

S i l i c a  

Procedure, Technique o r  Reference 

Thermister Probes 

Weston-Stack Elec t rode  

Glass e l e c t r o d e  

Lab-Line Lectro Mho-Meter 

Standard Methods 

Hach Turbidimeter 

Membrane f i l t e r e d  sample, 95% ace tone  
e x t r a c t i o n  K l e t t  photometer, 640 mp f i l t e r  

Beckman 915 TOC Analyzer 

Technicon Auto-analyzer 

Technicon Auto-analyzer 

Perk in  Elmer 303 A A Spectrophotometer 

Perk in  Elmer 303 A A Spectrophotometer 

Perk in  Elmer 303 A A Spectrophotometer 



Secondary s t u d i e s  were a s  f o l l o w s :  Ben th ic  organisms were  s y s t e m a t i c a l l y  

sampled i n  1969 and 70 and have been p a r t i a l l y  r e p o r t e d  by H a r t l e y  (19) .  

Also ,  changes  i n  o r g a n i c  p r o d u c t i v i t y  as s e e n  i n  p e r i p h y t o n  accumula t ion  on 

microscope s l i d e s  hung i n  v e r t i c a l  s e t s  a t  S t a t i o n  A f o r  t h e  t h r e e  y e a r s  of 

t h e  exper iment  have been r e p o r t e d  on i n  p a r t  by Gibbon (20) .  I n  t h e  p e r i o d  

of J u n e ,  J u l y ,  and August of 1969 and 1970 ,  a  s y s t e m a t i c  c r e e l  c e n s u s  of t h e  

f i s h  t a k e n  from t h e  l a k e  was a t t e m p t e d .  U n i v e r s i t y  Lake i s  open t o  f i s h i n g ,  

b u t  s i n c e  i t  i s  a wate r  supp ly  inpoundment, a c c e s s  i s  l i m i t e d  t o  one dock and 

a l l  f i she rmen  check  i n  and o u t  through t h e  l a k e  warden s t a t i o n  a t  t h e  l a k e  

each day i t  i s  open.  Thus,  r e a s o n a b l e  c o n t r o l  of a l l  f i s h  caught  and removed 

from t h e  l a k e  i s  p o s s i b l e .  By e s t a b l i s h i n g  a sampling p rocedure  f o r  each 

week, a  r e p r e s e n t a t i v e  e s t i m a t e  of f i s h  t a k e n  was o b t a i n e d .  

C h a r a c t e r i z a t i o n  of t h e  phy top lank ton  p o p u l a t i o n s  of U n i v e r s i t y  Lake 

b e f o r e  and a f t e r  d e s t r a t i f i c a t i o n  w i l l  be  r e p o r t e d  by Breedlove,  t h e  

p r i n c i p a l  i n v e s t i g a t c r  of t h a t  a s p e c t  of t h e  s t u d y  (21) .  The phy top lank ton  

i n f o r m a t i o n  t o  b e  d e s c r i b e d  i n  t h i s  r e p o r t  w i l l  e s s e n t i a l l y  h i g h l i g h t  t h e  

more impor tan t  s h i f t s  i n  p l a n k t o n  compos i t ion .  

The h i g h  f requency  of sampl ing and t h e  s p a t i a l  d i s t r i b u t i o n  from which 

samples were t a k e n  w i t h i n  U n i v e r s i t y  Lake p e r m i t t e d  computer a n a l y s i s  of t h e  

d a t a .  For t h i s ,  t h e  SYMAP program was used because  changes i n  t h e  l a k e  cou ld  

be  p r e s e n t e d  v i s u a l l y  a s  w e l l  a s  n u m e r i c a l l y .  By p l o t t i n g  v a l u e s  and t h e n  

f i l l i n g  i n  zones  of i n t e n s i t y  by i n t e r p o l a t i o n ,  t h e  computer p r i n t e d  o u t  maps 

which,  i n  t h e i r  d e s c r i p t i v e  v a l u e s ,  a r e  similar t o  hand drawn i s o p l e t h s .  

Many of t h e  p a r a m e t e r s  i n  t h i s  th ree -year  s t u d y  a r e  p r e s e n t e d  i n  a s e r i e s  of 

SYMAP f i g u r e s .  I n  a d d i t i o n  t o  t h e  SYMAPs, t h e  o r i g i n a l  d a t a  h a s  been used t o  

d e r i v e  a v e r a g e  w a t e r  q u a l i t y  v a l u e s  a t  v a r i o u s  d e p t h  zones .  These show t h e  

w a t e r  q u a l i t y  d u r i n g  s t r a t i f i e d  and u n s t r a t i f i e d  c o n d i t i o n s  f o r  each  of t h e  



three years. 

Finally, an analysis was made on the daily operational data of the water 

treatment plant that withdraws 3-4 mgd from University Lake. This daily 

operational record provided an unusual opportunity to see if a standard water 

treatment plant responded in any detectable way to changes in raw water 

quality that resulted from the destratification procedure. 





ANALYSIS AND INTERPRETATION OF CHANGES I N  WATER QUALITY PARAMETERS 
RESULTING FROM DESTRATIFICATION 

The a n a l y s i s  and i n t e r p r e t a t i o n  of t h e  r e s u l t s  of d e s t r a t i f i c a t i o n  w i l l  

b e  p r e s e n t e d  w i t h  a s e r i e s  of SYMAPS f o r  e a c h  of t h e  t h r e e  y e a r s  of s t u d y ,  

(1969, 1970 and 1971) f o r  S t a t i o n s  A  and C (F igure  4 ) .  These two s t a t i o n s  

form a n  a x i s  a c r o s s  t h e  d e e p e s t  p o r t i o n  of t h e  l a k e .  For 1970 and 1971, t h e  

y e a r s  i n  which d e s t r a t i f i c a t i o n  was accomplished by a i r l i f t ,  a  pumping l o g  i s  

d e s c r i b e d  i n  F i g u r e  6 .  

One a s p e c t  of SYMAP p l o t t i n g  i s  t h e  requirement  t h a t  t h e  computer 

program t a k e  t h e  e n t i r e  r a n g e  of v a l u e s  t o  be  p l o t t e d  and d i v i d e  i t  i n t o  a  

f requency  d i s t r i b u t i o n  w i t h  t e n  i n t e r v a l s  between t h e  lowes t  and h i g h e s t  

v a l u e s .  Thus, from y e a r  t o  y e a r  t h e  r a n g e s  may be  somewhat d i f f e r e n t .  To 

h e l p  i n t e r p r e t  t h i s ,  t h e r e  i s  i n c o r p o r a t e d  i n  each S W  t h e  f requency  

d i s t r i b u t i o n  of d a t a  p o i n t s  a t  each f requency  l e v e l  w i t h  t h e  maximum and 

minimum v a l u e  f o r  each l e v e l .  Thus, i f  s t u d i e d  w i t h  c a r e ,  t h e s e  p r e s e n t a t i o n s  

c a n  b e  r e a d ,  w i t h  some d e g r e e  of p r e c i s i o n ,  t o  t h e  a c t u a l  v a l u e s  g r a p h i c a l l y  

p r e s e n t e d .  

Temperature  

The p r o c e s s  of d e s t r a t i f i c a t i o n  by a r t i f i c i a l  means i s  e s s e n t i a l l y  a 

p rocedure  f o r  i n t r o d u c i n g  energy i n t o  a l a k e  t o  overcome d e n s i t y  g r a d i e n t s  

t h a t  have been e s t a b l i s h e d  by s o l a r  h e a t i n g .  A d e t a i l e d  d e s c r i p t i o n  of t h e  

t e m p e r a t u r e  changes  a t  S t a t i o n s  A and C f o r  each of t h e  t h r e e  y e a r s  of t h i s  

i n v e s t i g a t i o n  i s  p r e s e n t e d  s i n c e  i t  is  t e m p e r a t u r e  t h a t  e s t a b l i s h e s  l i m i t i n g  

o r  c o n t r o l l i n g  c o n d i t i o n s  f o r  many of t h e  chemical  and b i o l o g i c a l  changes  i n  





water  q u a l i t y  pa ramete rs .  

I n  1969 t h e  u s u a l  h e a t i n g  and c o o l i n g  p a t t e r n  t h a t  had been e x h i b i t e d  i n  

U n i v e r s i t y  Lake f o r  t h e  p a s t  t e n  y e a r s  of r e c o r d  (Appendix B )  was found once 

more a t  S t a t i o n s  A and C .  A t  S t a t i o n  A ,  t h e  t empera tu re  p r o f i l e s  extended t o  

a d e p t h  of 28 t o  30 f e e t  depending on t h e  s e a s o n a l  l a k e  l e v e l ,  and a t  S t a t i o n  

C t h e  d e p t h  averaged c l o s e  t o  20 f e e t .  These p r o f i l e s  a r e  d e s c r i b e d  i n  t h e  

SYMAP p r e s e n t a t i o n s  of F i g u r e s  7  and 8. I n  b o t h  i n s t a n c e s  t h e  u n i f o r m i t y  of 

t h e  w i n t e r  t empera tu re  p a t t e r n  was q u i c k l y  t ransformed under s o l a r  h e a t i n g ,  

from mid-April  on,  i n t o  t h e  h o r i z o n t a l  p a t t e r n s  i l l u s t r a t i v e  of t h e  develop- 

ment of t h e r m a l  g r a d i a n t s  and a  s t r a t i f i e d  c o n d i t i o n .  A t  b o t h  s t a t i o n s ,  t h e  

midsummer s u r f a c e  poo l  of warm w a t e r  was i n  a range  of 27-30°c, b e i n g  s l i g h t l y  

c o o l e r  by approx imate ly  a h a l f  a d e g r e e  a t  S t a t i o n  C t h a n  a t  S t a t i o n  A .  

However, because  of t h e  s h a l l o w e r  wa te r  a t  S t a t i o n  C ,  t h e  d e e p e s t  p o r t i o n  was, 

a s  might b e  e x p e c t e d ,  s l i g h t l y  warmer--in t h e  r a n g e  of 12 .5  t o  15'--than t h a t  

found a t  S t a t i o n  A where t h e  t empera tu re  r a n g e  of t h e  deeper  w a t e r  was 11.8' 

t o  1 4 . 4 ~ ~ .  

The i s o t h e r m s  of i n t e r e s t ,  i n  t e rms  of t h e  t i m e  f o r  them t o  r e a c h  bottom, 

are 11.8' a t  A and 1 2 . 6  a t  C .  A t  t h e  deeper  s t a t i o n  ( A ) ,  t h e  11.8' 

i s o t h e r m  as s e e n  on t h e  SYMAP reached bottom a t  approx imate ly  day 235 whereas 

t h e  1 2 . 6 ~ i s o t h e r m  a t  S t a t i o n  C reached  bottom a t  abou t  day 200. It t h u s  

a p p e a r s  t h a t ,  a t  least i n  t h e  y e a r  1969, t h e s e  two sampling s t a t i o n s  which 

form a  t r a n s e c t  a c r o s s  t h e  major segment of U n i v e r s i t y  Lake h e a t e d  a t  

approx imate ly  t h e  same r a t e .  

I n  1970 a i r  pumping commenced on March 25 and went t o  a  1 2  hour on-off 

pumping c y c l e  on March 2 7 ( t h e  a i r l i f t  hose  p a t t e r n  i s  d e s c r i b e d  i n  F i g u r e  4). 

T h i s  was extended t o  a con t inuous  24-hour c y c l e  on A p r i l  28, 1970. On t h e  

temperature SYMAP f o r  each  y e a r  o f  destratification,critical d a t e s  i n  t h e  
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A F S O L U T v  V I I O E  R A N G F  A F F L Y I N G  T O  ElCH L F V E L  
i * n ~ x ~ l u r *  I N C L U D E D  I N  H I G H E S T  L E V E L  O N L Y )  

P E R C E l T A G E  OP T C T A L  A R S O L U T E  V A L U P  RANGE A P P L Y I N G  T O  EACH L E V E L  

10.00 10.00 10.00 1 0 . 0 0  10.00 10.00 10.00 10.00 1 0 . 0 0  10.00 

P B E Q U E N C Y  
I E V F L  

C Y N E O L S  

P R F O .  



pumping sequences  a r e  i n d i c a t e d  on t h e  map by a n  arrow. The e f f e c t  of t h e  

a i r l i f t  d e s t r a t i f i c a t i o n  p r o c e s s  i n  1970 was q u i t e  d ramat ic  w i t h  r e s p e c t  t o  

t h e  impact on t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  l a k e .  The normal p a t t e r n  of 

h o r i z o n t a l  t r a n s i t i o n  zones ,  t y p i c a l  of a s t r a t i f i e d  body of w a t e r ,  gave way 

t o  t h e  p a t t e r n  o f  v e r t i c a l  zones c h a r a c t e r i s t i c  o f  a  well-mixed body of w a t e r  

( F i g u r e s  9  and 1 0 ) .  However, t h i s  v e r t i c a l  p a t t e r n  a l s o  i n d i c a t e s  t h a t  t h e  

l a k e  had a  l a r g e r  volume of wa te r  of h i g h e r  t empera tu re  i n  1970 t h a n  i n  t h e  

c o n t r o l  y e a r ,  1969. The e f f e c t  of d e s t r a t i f i c a t i o n  was t o  b r e a k  up t h e  

d e n s i t y  boundar ies  and t o  pe rmi t  h e a t  t r a n s f e r  t o  g r e a t e r  d e p t h s .  

The t ime  t h a t  i t  took  d i f f e r e n t  i so therms  t o  r e a c h  t h e  bottom c a n  be  used 

t o  i l l u s t r a t e  t h e  change i n  t h e  t empera tu re  c h a r a c t e r i s t i c  of t h e  l a k e .  For 

i n s t a n c e ,  i n  1969 a t  S t a t i o n  A ,  i t  r e q u i r e d  235 days  f o r  t h e  1 1 . 8 ~  i s o t h e r m  

t o  r e a c h  t h e  bottom. Under t h e  mixing c o n d i t i o n s ,  t h e  12.9' i so therm reached  

bottom i n  120 d a y s  and t h e  18.20 i so therm i n  200 days  w i t h  t h e  d e e p e s t  w a t e r  

a t t a i n i n g  a  t e m p e r a t u r e  unheard of i n  t h e  p r e v i o u s  r e c o r d  of t h e  p a s t  decade:  

26.3OC by 260 d a y s .  Subsequent ly ,  normal s e a s o n a l  c o o l i n g  t o o k  o v e r  and w i t h  

t h e  c e s s a t i o n  o f  pumping a t  around 307 days  t h e  o v e r a l l  l a k e  t empera tu re  was 

reduced i n  t h e  u s u a l  s e a s o n a l  p a t t e r n .  

V e r t i c a l  mixing due t o  d e s t r a t i f i c a t i o n  i n  1970 a t  S t a t i o n  C was s e e n  i n  

t h e  r a p i d  deepening of t h e  25O i s o t h e r m  which reached t h e  bottom by 180 d a y s ,  

(Figure  1 0 ) . T h i s  fol lowed on t h e  mixing p r o c e s s  which had caused t h e  16.7O 

i s o t h e r m  t o  r e a c h  bottom a t  20 f e e t  by t h e  1 4 0 t h  day.  Whereas t h e  n a t u r a l  

I 

h e a t i n g  and c o o l i n g  c y c l e  had p rese rved  a b a s i n  of c o o l  wa te r  i n  t h e  deep 

p o r t i o n ,  t h e  a r t i f i c i a l  mixing sequence had succeeded i n  d e s t r o y i n g  t h e  

t h e r m a l l y  s t r a t i f i e d  s t r u c t u r e  of t h e  l a k e  and had produced a  b a s i n  of I 

I 
uni fo rmly  warm w a t e r  from e a r l y  i n  June  u n t i l  mid-October. 
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c UNIVERSI*Y L A K E  DATR - 1 9 7 0  

C 5TATION A 

; T ~ f l P t . ? i A l U R t  

DATA V A L U E  E X T X L N E S  AXb 2 . 1 0  2 9 . 0 0  

POTAL MISSING DATA POINTS 1 3  8 

ABSOLUTE VALUE fi?NGb APPLYING T U  EACH LEVEL 
('MhXIflUfi INCLUDfiD I N  HIGHb5T L E V E L  OBLY) 

IINILIUM d .  10 4. 7 9  7 .48  1 0 . 1 7  1 2 . 8 6  l j . 5 5  1 8 . 2 4  2 0 . 9 3  2 3 . 6 2  z b . 3 1  
6AX~i4Ufl 4 . 7 9  7 . 4 8  10 .17  1 2 . 8 6  1 5 . 5 5  1 . 2  20 .93  2 3 . 6 2  26.31  ~ 9 . 0 0  

PEXCENTASC OF TOTAL BBSOLUTB VALUE RANGE APPLYING TO EACH LEVLL 

1 0 . ~ 0  10 .00  i c . 0 0  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  i o . n n  

tR2gU2NCY DISTRIBUTION CF u ~ l R  POiNT V A L U E S  I N  E A i l l  LEVEL 
1 1 0  

. . . . . . . . . 1 , 1 1 1 1 1 1 1  --------- ========= 
1 1 1 1 t 1 1 1 1  --------- ========= 
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d 7 1 4  1 1  2 7 8 6 2 4  4 0 FREV.. 1  0 



C UNIVERSITY LAKE DATA - 1970  

C STATION C 

C TERPERATURE 

DATA VALUE EXTREMES ARE 8.40 29.30 

TOTAL NISSING DATA POINTS IS  12 

RBSOLUTE VALUE RANGE APPLYING TO EACH LEVEL 
(*nAxxMun* I N C L U D E D  I N  H I G H E S T  LEVEL O N L Y )  

H I N I M D I  8.40 10.49 12.58 14.67 16.76 18.85 20.94 23.03 25.12 
M A X I R U H  10.49 12.58 14.67 16.76 18 .85  20.94 23.03 25.12 27.21 

PERCENTAGE OF TOTAL ABSOLUTE VALUE BANGE APPLYING TO EACH LEVEL 

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 



I n  1971 t h e  o r i g i n a l  a i r  hose  p a t t e r n  was changed t o  i n c r e a s e  t h e  number 

of a i r  d i f f u s i o n  o u t l e t s  i n  t h e  deep p o r t i o n  of t h e  l a k e  i n  f r o n t  of S t a t i o n  

A .  The s i z e  of t h e  a i r  compressors  was a l s o  i n c r e a s e d  from 112 t o  314 

horsepower.  S t a r t i n g  i n  mid-May, day 139,  a l l  pumps were opera ted  24 hours  

c o n t i n u o u s l y .  It i s  of i n t e r e s t  t o  n o t e  t h a t  due t o  t h e  l a t e  s t a r t u p  of 

d e s t r a t i f i c a t i o n  p rocedures ,  normal s t r a t i f i c a t i o n  p a t t e r n s  had a l r e a d y  

s t a r t e d  t o  form i n  U n i v e r s i t y  Lake. T h i s  i s  shown by t h e  h o r i z o n t a l  p a t t e r n  

of i s o t h e r m s  from approx imate ly  day 75 t o  day 140. I n  f a c t ,  t h e  e f f e c t  of 

a i r l i f t  was v e r y  d ramat ic  w i t h  a  r a p i d  t r a n s i t i o n  of h o r i z o n t a l  i so therms  t o  

v e r t i c a l  i s o t h e r m s  a t  b o t h  S t a t i o n s  A and C (F igures  11 and 1 2 ) .  The p r e v i o u s  

w i n t e r  of 1970-71 was somewhat m i l d e r  and t h e  lowest  t empera tu res  i n  t h e  l a k e  

p r i o r  t o  t h e  h e a t i n g  season  had n o t  gone below 7.5OC. Thus t h e  whole b a s i n  

of wa te r  was warmer a t  t h e  beg inn ing  of t h e  h e a t i n g  season .  The n e t  r e s u l t  

was c o n s i d e r a b l y  warmer wa te r  by midsummer t h a n  had been found a t  t h e  two 

s t a t i o n s  i n  t h e  p r i o r  y e a r .  A t  S t a t i o n  A t h e  maximum tempera tu re  was 30.5OC, 

whereas a t  S t a t i o n  C i t  reached a  maximum v a l u e  of 3 4 ' ~  a l t h o u g h  o n l y  f o r  a  

l i m i t e d  t i m e ,  be ing  on t h e  average  a t  t h e  warmest about  3 1 . 3 ~ ~ .  

Oxygen 

The q u a n t i t y  of oxygen p r e s e n t  i n  a  body of wa te r  a t  any  t i m e  can  

g e n e r a l l y  be  used t o  d e f i n e  t h e  l i m i t s  f o r  v a r i o u s  l i f e  forms which might 

i n h a b i t  a p a r t i c u l a r  a q u a t i c  ecosystem. C h a r a c t e r i s t i c  of t h e  l a k e s  of t h e  

s o u t h e a s t e r n  Uni ted S t a t e s  i s  t h e  r a p i d  deoxygenat ion of t h e  hypol imne t ic  

zone t h a t  t a k e s  p l a c e  w i t h  t h e  normal s e a s o n a l  t empera tu re  s t r a t i f i c a t i o n .  

The p r e s e n c e  of b o t h  a l l o c h t h o n o u s  and autochthonous o r g a n i c  m a t t e r  l e a d s  t o  

r a p i d  oxygen consumption by m i c r o b i a l  d e g r a d a t i o n  of t h e s e  m a t e r i a l s .  Over 

t h e  y e a r s  t h i s  h a s  been v e r y  c h a r a c t e r i s t i c  of U n i v e r s i t y  Lake w i t h  a  
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SYMAP 

C  U K I V F B S I T Y  LAKF D h T A  - l Q 7 1  

C  S T A T I O l l  P 

C  TPMPFRATURF 

DATA VALUE EXTRfMPS A P E  7.5F 30.5C 

TOTAL H L S S I N G  DLTA P O I N T S  I5 8 

ABSCLUTE VALliF RANGF R P P L Y I N G  mO F t C H  LEVPL 
( ~ V A X I ~ ~ V M ~  INCLUDED rN H I G H F S T  I E V F L  O N L Y )  

UINIMIJM 7. 5 0  9.80 12. 10 14.40 16.70 19.0C 21.30 23.60 25.90 28.2C 
MAXTH!lY 9.80 12.10 q4.40 16.70 1 9 . 0 0  21.30 23.60 25.90 2 9 . 2 0  3 0 . 5 0  

PFRCENTAGP O F  TOTAL ABSOLUTE VELUF RANGF ? ? P L Y I N G  FACH L P V E I  

10.00 1 0 . 0 0  i c . 0 0  10.00 70.00 1o.00 l o .  10 .00  1 0 . 0 0  10.00 

I Fig. I I] 





s u b s t a n t i a l  p o r t i o n  of t h e  deep w a t e r  remaining a n a e r o b i c  f o r  a 

s u b s t a n t i a l  p e r i o d  of t h e  s e a s o n a l  c y c l e .  T h i s  r a p i d  deoxygenat ion and i t s  

consequence i s  v i v i d l y  d e s c r i b e d  i n  F i g u r e s  1 3  and 1 4  f o r  S t a t i o n s  A and C ,  

r e s p e c t i v e l y ,  i n  1969. From e a r l y  A p r i l  u n t i l  l a t e  October o r  e a r l y  November 

t h e  d e e p e s t  p o r t i o n  of t h e  Lake had l i t t l e  o r  no oxygen and t h i s  c o n d i t i o n  

was found a t  d e p t h s  a s  sha l low a s  8  t o  1 0  f e e t .  

With a r t i f i c i a l  d e s t r a t i f i c a t i o n  and i t s  e f f e c t i v e n e s s  as i n d i c a t e d  by 

t h e  r e d i s t r i b u t i o n  of t e m p e r a t u r e s  throughout  t h e  body of w a t e r ,  i t  might be  

expected t h a t  t h e  p a t t e r n  of oxygen d i s t r i b u t i o n  would f o l l o w  i n  s i m i l a r  

f a s h i o n .  However, t h e  oxygen d i s t r i b u t i o n  c h a r a c t e r i s t i c s  of t h e  Lake f o r  

1970 and 1971  a t  S t a t i o n s  A and C a s  shown i n  F i g u r e s  15 ,  1 6 ,  17 and 1 8 ,  

i l l u s t r a t e  t h e  problem of improving wate r  q u a l i t y  i n  a  b a s i n  s u b j e c t  t o  h i g h  

summer t e m p e r a t u r e s .  Although t h e  r a t e  of deoxygenation was somewhat slowed 

because  o f  t h e  i n i t i a l  mixing p e r i o d  i n  which oxygen-rich s u r f a c e  w a t e r  was 

r e d i s t r i b u t e d  towards  t h e  bottom, it  soon became apparen t  a t  b o t h  S t a t i o n s  A 

and C t h a t  oxygen-rich wate r  was s t i l l  l i m i t e d  t o  t h e  upper 8-10 f e e t ,  t h e  

e u p h o t i c  zone,  as i n  t h e  c o n t r o l  y e a r .  Here oxygen produc t ion  was i n  e x c e s s  

of oxygen consumption,  bu t  i n  t h e  deeper  p o r t i o n  of t h e  l a k e  r a t e s  of oxygen 

consumption were  a s  h i g h  o r  h i g h e r ,  probably  caused t o  some d e g r e e  by t h e  

h i g h e r  w a t e r  t e m p e r a t u r e .  Th i s  a g a i n  r e s u l t e d  i n  a  s u b s t a n t i a l  body of w a t e r  

w i t h  l i t t l e  o r  no oxygen p r e s e n t ,  What was c l e a r l y  changed by t h e  a i r  l i f t  

mixing p r o c e s s  was t h e  boundary zone between t h e  euphot ic  a r e a  and t h e  deeper  

t r o p h o l i t i c  zone.  T h i s  boundary l a y e r  had a g r e a t e r  dep th  of t r a n s i t i o n  a s  

w e l l  a s  i n d i c a t i o n s  of some e f f e c t s  of mixing from t h e  l a y e r s  r i c h e r  i n  

oxygen. 



c UNIVERSITY L A K E  D A m I  - 1969 

C SiATIDh A 

C iISSOLViD 3XY;En 

U A P A  V A L U E  E X T R E ~ ~ L S  A ? i  0. (1 11.60 

PERCEGTA;L? O F  'i"(,TkL A U S O r U I I :  VilLJ?:  i h t r G E  A P P L Y I N G  TO EACH L E V S L  

1 0 . ~ 0  I P . C O  i:.oo i ? . o a  10.00 I .  i 3 . w  co.nn 1 0 . ~ 0  7n.w'  

1 0  
L-ViL 
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T I N E  = 0.0 

C  U N I V E R S I T Y  L A K E  DATA - 1 9 6 9  

C  S v A T I C N  C  

C D I S S O L V E D  OXYGEN 

DATA V A L U E  E X T R E F E S  4 R E  0.0 11.60 

T O T A L  H I S S I N G  DATA P O I N T S  I S  7 

A B S O L U T E  V A L U P  E A N G E  A P P L Y I N G  T O  FACH L W Z L  
( ' N A X I Y U R '  INCLUDED I N  H I G H E S T  L E V E L  O N L Y )  

I I N I f i U M  
I A X I N U I I  

0.0 
1.16 

1.16 
2.32 

2. 32  3.4R 
3.4R 4.64 

4. 64  5.80 
5.80 

6.96 
6.96 8.12 

8.12 9.28 10.44 
9.28 10.44 11.60 

P E R C E N T A G F  O F  T O T A L  A B S O L U T E  V A L U E  R A N G E  A P P L Y I N G  T C  EACH L E V E L  

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

FREQUEYCY 
L E V E L  

S Y N B O L S  

F R E Q .  

Fig. 141 



C  U R I V E R S I T Y  L A K E  DATA - 1970 

C  S ' f A T I C h  A  

C  D I S S O L V E D  OXPGEN 

DATA V A L U E  E X T X E N E S  A R E  0. 0 13.20 

T O T A L  * I S S I N G  DATA P O I N T S  I S  3 

A B S O L U T E  V A L U E  RANGE A P P L Y I N G  TO EACH L E V E L  
( ' n e x m u n l  I N C L U D E D  I N  H I G H E S T  L E V E L  O N L Y )  

M I N I  HUN 0.0 1.32 2. 64 3.96 5.28 6.60 7. 92 9.24 10.56 11.88 
f l A X I M U l  1. 32 2. 64 3.96 5.28 6.60 7.92 9. 24 10.56 11.88 13.20 

P E R C E N T A G E  O F  T O T A L  A B S O L U T E  V A L U E  RANGE A P P L Y I N G  TO EACH L E V S L  

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

Fig. 15 



C UNIVERSITY LAKE DATA - 1970 
C STATION C 

C DISSOLVED OXYGEN 

DlTA VALUE EXTREMES ARE 0.0 

TOTLL HISSING DATA POINTS I S  1 

4BSOLUTE VALUE R$NGE APPLYING TO EACH LEVEL 
( 1  a k x r a o a  I N C L U D E D  I N  HIGHEST LEVEL O N L Y )  

!lINIUUU 0.0 1.17 2.34 3.51 4.68 5.85 7.02 8.19 
HAXIMUM 1.17 2.3'4 3.51 4.68 5.85 7.02 8.19 9.36 IZ:E !!:?a 

PERCENTAGE OF TOTAL ABSOLUTE VALUE RANGE APPLYING TO EACH LEVEL 

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

PREOUENCY DISTRIBUTION OF-DATA POINT VALUES I N  EACH LEVPL r n  

I Fig. 16 ( 



C Us lVYRSI 'PY LAKE D P m ?  - 1 9 7 1  

C STATTCN P 

C DTSSOLVEP D X Y G P N  

TOTAL N I S S I N G  DRTA POTNTS T S  ? P 

AESOLUTE V R L C P  P?NGF APPLYING T n  FRCH LFVmI 
( 8  N n x I n u f i  I Y C L U D Q D  I N  H I G H P S T  L F V P L  O N L Y )  

IIIYTVU; O G 9. n 6  2 . * 2  4 24 8 4 8  9.54 ' l8 5130 
6 . 3 6  

3* 7.42 flPXZfill 1: 0 6  7 . 1 2  3 . 1 8  4: 24 6: 3 6  a: 4s 7 U 7  9:54 1 0 . 6 0  

PFRC'NTAGP OF TOTAL ABSCLUT" VALUP RANGP APPLYIWG TO FACH LXVEL 

10.00 i0.00 ~ e . o a  1 o . n ~  1o.on 10.00 1 0 . 0 0  1c .00 1o.co r o .on  
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The pH of w a t e r ,  a d e s c r i p t i o n  of hydrogen i o n  a c t i v i t y ,  can  a l s o  b e  

i n d i c a t i v e  of t h e  d e g r e e  of b i o l o g i c a l  a c t i v i t y  i n  n a t u r a l  s u r f a c e  w a t e r s .  

T h i s  r e s u l t s  from u t i l i z a t i o n  of C02 o r  c a r b o n a t e s  by p h o t o s y n t h e t i c  

p l a n k t o n  and a consequent  s h i f t  i n  t h e  b ica rbona te -ca rbona te  e q u i l i b r i a  w i t h  

a r i s e  of pH v a l u e s  t o  a  r a n g e  of 8-9. Also ,  i n  deep w a t e r  below t h e  

e u p h o t i c  zone,  accumulat ion o f  C 0 2  from t h e  d e g r a d a t i o n  of o r g a n i c  m a t t e r  

r e s u l t s  i n  t h e  fo rmat ion  of s l i g h t l y  a c i d  w a t e r s  i n  t h e  r a n g e  of a  pH of 6-7. 

T h u s , t h e  p r o f i l e  of pH from t o p  t o  bottom and i t s  s e a s o n a l  changes  i s  a  

r e f l e c t i o n  ( i n  a  s o f t ,  s l i g h t l y  b u f f e r e d  wate r  such  as U n i v e r s i t y  Lake) of 

t h e  l e v e l  of b i o l o g i c a l  a c t i v i t y ,  b o t h  t r o p h o l i t i c  and t rophogen ic .  At b o t h  

S t a t i o n s  A and C i n  1969 , the  pH of t h a t  p o r t i o n  of t h e  b a s i n  occupied by t h e  

c o o l e r ,  low-oxygen wate r  was a t  a s l i g h t l y  a c i d  pH, l e s s  t h a n  7 . 0 ,  and t h e  

warmer s u r f a c e  w a t e r  t h a t  was r i c h  i n  oxygen ( i n d i c a t i v e  of h i g h  b i o l o g i c a l  

a c t i v i t y )  was found w i t h  a  pH v a l u e  g r e a t e r  t h a n  8 (F igure  1 9  and 20) .  

The a r t i f i c i a l  mixing of 1970 and 1971  had a c l e a r  and d i s t i n c t  impact 

on t h e  pH of t h e  l a k e  w a t e r .  It reduced t h e  extreme r a n g e  of v a l u e s  t h a t  had 

p r e v i o u s l y  been encounte red  and changed t h e  d i s t r i b u t i o n  p a t t e r n  t o  show a 

much h i g h e r  d e g r e e  of i r r e g u l a r i t y  p a r a l l e l i n g  t h e  mixing p r o c e s s .  The 

i m p l i c a t i o n  of c o u r s e  i s  t h a t  t h e  a i r  l i f t  procedure  d i d  c r e a t e  v e r t i c a l  

s t i r r i n g .  It reduced t h e  t ime t h a t  any  p a r t i c u l a r  body of wa te r  remained a t  

t h e  s u r f a c e  and t h e r e f o r e  reduced t h e  c a p a b i l i t y  of any a l g a l  a c t i v i t y  t o  

l a s t  l o n g  enough t o  r a i s e  t h e  pH t o  t h e  ex t remely  h i g h  l e v e l  a s s o c i a t e d  w i t h  

e x h a u s t i o n  of f r e e  o r  bound c a r b o n a t e .  The c h a r a c t e r i s t i c  p a t t e r n s  of pH i n  

U n i v e r s i t y  Lake f o r  1970 and 1971 a t  S t a t i o n  A is  shown i n  F i g u r e s  21 and 22 

and f o r  S t a t i o n  C f o r  1970 and 1971 i n  F i g u r e s  23 and 24. 
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c ~ ~ I V E R S I T Y  L A K E  w r a  - 1 9 6 9  

C STATION B 

C  PH 

DATA VALUE bXTREfldS ARE 6 .  5C 8 . 9 0  

TOTAL S I S S I N G  DATA POINTS i S  15 

PbSOLUTE VRLUZ S I N C E  APPLYING T O . $ A C H  LEVEL 
( V A X I 2 U R '  II:CLUDLLI I b  H i ~ r i r . S T  LEVEL O E L Y )  

MINIbilN 6. 50  b . 7 4  0 . 9 8  7 . 2 2  7.116 7 . 7 0  7 .  94 8 .19  8 . Q 2  8.66  
M A X I R U M  b . 7 4  6. 9 8  7.22 7 . 4 6  7.70 7 . 9 4  8.18 8 . 4 2  8 . 6 6  a . 9 n  

PSRCEKTAOX CF TOTAL ABSCLUIE VALU2 6ANGE APPLYINZ TO EACH LEVZL 

10.00  1 0 . 0 0  1 0 . 0 0  13.00  1 0 . 0 0  10.00 10.00  IC.PO i ~ . o o  I P . C O  

FBBJUtNCY CISTRIilllTIOL (iF UATA POINT VALUbS I N  EACH LEVEL 
2 1  C 
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1 1  4! 1 1  2 2 2 2 2 
I D A T T  2 4 6 8 0 2 6 8 0 2 4 6 0" ; 3 3 :  

0 0 0 0 0 0 
4 6 

I ( D A Y S )  0 0 0 0 0 0 0 0 0 0 0 

T I F F  = 0.0 

C  U N I V E R S I T Y  L A K E  DATA - 1969  

C S T A T I O N  C 

C P P  

DATA V R L U E  E X T R E R Z S  A B E  6.50 9.10 

A B S C L U T P  V A L U E  R A N G E  A P P L Y I N G  T O  EACH L E V E L  
( ~ M A X I U U P '  I N C L U D E D  IN H I G H E S T  L P V F L  O N L Y )  

LIINIMUF 6.50 6.76 7 - 0 2  7.28 7.54 7.80 8.06 8 - 3 2  8.58 8.84 
MAXIHUM 6.76 7.02 7.28 7.54 7.80 8.06 8.32 8.58 8.84 9.10 

P E R C E N T A G F  O F  T O T A L  A B S O L I J T E  V A L U E  P A N G E  A P P L Y I N G  T O  EACH L E V E L  

10.00 10.00 r0.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

F R P Q U E N C Y  
L E V F L  

S Y n e o L s  

F B E Q .  

D I S T R I B U T I O N  O F  DATA P O I N T  V 1 1 , O F S  I N  EACH LEVFL 
h 7 R 





C IIXIVFPSJTY LAFE DATA - 1 9 7 1  

C STATION A 

C  PI! 

D h T l  VALUE EXTREKPS ARE 6 .  Or 

TOTlL Y I S S I N G  DATE POTN'S I S  1 

ABSOLllTF VALUE R?YGF APPLYING TO "ACH LPVEL 
('NPXIMUR INCLODFD I Y  H I G H E S T  LPVwL 0 4 L Y )  

UTNTPlllM 6.110 6 . 5  9 6 . 7 8  6  9 7  l6 
7:5u 

7 5 4  
35 7:73 

7 . 7 3  
MAXIMUM 6 . 5 9  6 . 7 8  6. 97 7: I 6  7: 35  7 . 9 2  

PPRCENTRGP CF TOTRL A B S O L V T P  VALUP SINGE APPLYING TO EACH LEVEL 

*0.00 7 0 . n ~  i 9 . w  4o.nn 10.00 io.oo 10.00 10.00 10.00 1n.m 

FREQUENCY DISTRIRUTIOA OF DAVE POINT VAIUES IN EACH LPVPL 
i 3 n 

......... . ,*. ( 1  I ,  I I 1  1 1 -----. ---. ========= 
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- -. * 1 1  1 1 1  2  2 i: a a 3 3 
D A T E  2 4 6 8 0 2 

3 * 
0" 8 o 0 2 0 0  o o 8 0" I & ( D A Y S )  0 0 0 0  0 0 0 

C U N I V E R S I T Y  L A K E  D A T I  - 1970  

2 S T A T I O N  C  

C  P H  

9 A T A  VALUE E X T R E R E S  A R E  6 . 6 0  8.GO 

A B S O L U T E  VALUE RANGE A P P L Y I N G  TO EACH L E V E L  
( 1  n r x r n u a *  I N C L U D E D  IN B I G B E S T  L E V E L  O N L Y )  

P E R C E N T A G E  OF T O T A L  A B S O L U T E  V I L U E  RANGE A P P L Y I N G  TO EACH L E V E L  

F E E  UENCY 
L & E L  

S Y U B O L S  

YBEQ. 

D I S T R I B U T I O N  O F - D A T A  P O I N T  V A L U E S  I N  EACH L B V P L  0 . a 



C URIVFRSTZY L P K F  EA'A - 1 9 7 1  

C c T P T I ( P  C  

C PH 

PBSOLUT? VALUF 7RNGP APPLYIYG -n PPCY LEV'L 
( ' V 4 X I M U F 1  I N C L U D F P  T V  HIGHTS? L F V V L  O Y L Y )  

f i I h I n r r U  6 .  ? O  6.u5 6.60 6 .75  7.05 7  20 7.35 7 .50 7.65 
YPXIYIIM 6 .45  6. 6 0  6.75 6 . 9 0  7 .20  7: 35 7. 50 7.65 7.80 

PERCEhlT:G* CL' T O I P L  ABSGLIJT" VIILITP 3 A N G F  APPLYING TO EACH LEVEL 

0 1 1 . ) 0  3 0 . w  10 .00  1 3 . 1 ~  i o . ? o  10.00 10.00 1 0 . 0 0  ro.on 

PFPQUVh'CY 
L F V P l  

CYWROLS 

FFSQ. 



C o n d u c t i v i t y  

The c o n d u c t i v i t y  o r  s p e c i f i c  conductance of a wate r  d e s c r i b e s  i t s  i o n i c  

compos i t ion .  When a l a k e  undergoes d e s t r a t i f i c a t i o n ,  changes i n  

c o n d u c t i v i t y  may i n  p a r t  r e f l e c t  t h e  mixing p r o c e s s  a s  w e l l  as t h e  p a r t i c u l a r  

c h a r a c t e r i s t i c s  of r a i n  and runof f  of a p a r t i c u l a r  y e a r .  I n  U n i v e r s i t y  Lake 

t h e  sequence of change i n  c o n d u c t i v i t y  fol lowed under normal s e a s o n a l  strati- 

f i c a t i o n  t h a t  of a g r a d u a l  i n c r e a s e  of conductance i n  t h e  deep,  low-oxygen poo l  

u n t i l  t h e  f a l l  o v e r t u r n .  Th is  was somewhat a m e l i o r a t e d  by t h e  mixing p r o c e s s  

i n  t h e  two subsequent  y e a r s .  There  a l s o  appeared t o  be ,  however, a d i s t i n c t  

down t r e n d  i n  conductance,  p a r t i c u l a r l y  i n  maximum v a l u e s  of t h e  r a n g e  

encounte red .  T h i s  was lower each year  which may r e f l e c t  changes  i n  r a i n  and 

r u n o f f .  (See Appendix C ) .  The d i s t r i b u t i o n  of conductance f o r  S t a t i o n s  A and 

C i n  1969 i s  s e e n  i n  F i g u r e s  25 and 26.  I n  1970-71 a t  S t a t i o n s  A and C t h e  

c o n d u c t i v i t y  p a t t e r n s  a r e  s e e n  i n  F i g u r e s  27, 28, 29 and 30 r e s p e c t i v e l y .  

Color  - 
Color  as a wate r  q u a l i t y  c h a r a c t e r i s t i c  i s  important  i n  wa te r  supp ly  

c o n s i d e r a t i o n s  s i n c e  i t s  presence  t e n d s  t o  r e d u c e  t h e  a c c e p t a n c e  of w a t e r  f o r  

i n g e s t i o n  a l t h o u g h  i t  may n o t  n e c e s s a r i l y  r e d u c e  i t s  p o t a b i l i t y .  I n  most 

i n s t a n c e s  t h e  fo rmat ion  of c o l o r  i n  wa te r  i s  t h e  r e s u l t  of e i t h e r  s p e c i f i c  

c o l o r  s p e c i e s  of m i n e r a l  e lements  o r ,  i n  t h e s e  l a t i t u d e s ,  t h e  d e g r a d a t i o n  of 

o r g a n i c  m a t e r i a l s  w i t h  c o l o r e d  s o l u b l e  r e s i d u e s  of compara t ive ly  l a r g e  

molecu la r  s i z e ,  i n  some i n s t a n c e s  approaching c o l l o i d a l  d imensions .  A s  might  

b e  expec ted ,  t h e s e  s u b s t a n c e s  t end  t o  accumulate  i n  t h e  deep b a s i n s  of l a k e s  

under s t r a t i f i e d  c o n d i t i o n s .  T h i s  occur red  a t  S t a t i o n s  A and C i n  1969, a s  

s e e n  i n  F i g u r e s  31 and 32.  With t h e  mixing p r o c e s s ,  t h e  h i g h e r  c o n c e n t r a t i o n s  

of c o l o r  i n  t h e  deep wate r  were reduced and d i s p e r s e d  throughout  t h e  e n t i r e  
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C U N I V E B S I T Y  LAK? DATA - 1 9 6 9  

C  S T A T I C N  C  

C  C O N D U C T I V I T Y  

DATA V A L U E  E X T R E M E S  ARE 3 5 . 1 0  187.00 

A B S O L U T T  VALUE RCNGF A P P L Y I N G  TO EACH L E V F L  
( ' F A X I R U U  I N C L U F F D  IN H I G H E S T  LEVEL O N L Y )  

M I N I f i U H  35.10 50.29 6 5 . 4 8  80.67 95. 
MAXIBUR 59.29 65.48 80.67 95.86 111. 

PERCENTAG? OF TOTAL A B S O L U T T  VALUE S A N G E  A P P L Y I N G  TO EACH L E V E L  
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C UNTVERSITY L A K E  DATA - 1969 

C S ' r A T I O B  A. 

C  C U L O R  K L E T T - U N I T S  

DATA V A L U E  E X T R E M E S  A P E  1.00 305.00 

'TOTAL N I S S I N G  D H T A  F O i N l S  ;S 9 4  

A d S O L U T F  V A L U J  X f N G T  A P P L Y I N G  Tu ?ACH L E V E L  
( ' I I A X I M U X  I I * C L U D L U  I b  I i i Z H B S T  L E V t L  O h L Y )  

C I S T H L B U T I O N  UP L A T A  P O I N T  V A L U E S  I N  EACH L E V E L  
7 R i n  

I Fig. 31 1 



..... ' 2 " " " ' 2 ' " '  .... 1 . . . . . . . . . . 1 . . . . 1 . . . . . . . . 1 . . . . . . . . . . . . 1 . . . . . . . . . . . 1 . . . . . . . .  " 2 " '  1. ............................................................................ 1 ' 1 ( 1 1  ....... * * ~ ~ ~ ~ * " " " '  .............................................................. """ ....... ........................................................................... 
* * * * * 1 ( ( * 1 1 * * '  ........................................................................ ....... ............................................................................ """ 
* * * * ( * * 1 * 1 3 1 1  .......................................................................... ......................................................................................... 
* ( 1 1 ( ( ( 1 * 1 * * * * 1  ............................................................. """' ...... 
1 * * 1 $ ( 1 * ( 1 1 1 * ( *  ............................................................. """' ...... .... * 2 - - - q * 2 4 " * '  ... 1..... . . . . .1....1.... . . . .1.... . . . . . . . . . . . . . . . . . . . . . . . . . .  "2 " "  1. 
1 1 ( 1 * ( 1 1 * * 1 * 1 * '  ............................................................. """' ...... 
* * 1 ( * 1 * 1 * ( * * 1 1  ............................................................. """' ...... 
* ( * 1 * 1 ( I * * * * I I  ............................................................. """' ...... 
1 1 # * 1 ( * * * * * * * (  .............................................................. """' ...... 
1 1 ( 1 * ( 1 1 1 ' ( ' '  ..............................................................."""1...... 
I * 1 1 1 1 1 1 * * * ' 1  a........ 1 ( 8 1 8 * 1  ................................................... 
* 1 ( ( 1 * 1 * 1 1 1 *  , I , , , * ,  ................................................................ 
* * * ( 1 * * 1 ' 1 1 1  ............................................................... """" 
I * * * 1 1 1 ( * 1 * *  1 1 1 1 1 1 I I  ............................................................... 
' 2 " " " ' 2 "  ...... 1 .......... 1 .... 1 ........ 1 ........... 1 ........... 1 ...... " ' 2 " "  
1 * * 1 1 1 * * * * *  ............................................................. " " ' ~ "  
1 * 1 1 1 ( 1 1 1 * * 1  ............................................................. """" 
1 1 * * * 1 * * * * ( *  ............................................................... """ '  ........................ 1 1 , 1 1 1 ,  ............................ 
1 * 1 * 1 * * 1 * 1 * t *  ........................ " ' 1 '  "" ...................... """' 

1 1 , 1  * 1 1 1 * 1 1 1 ( 1 * I * *  ..................... - . . . . . . . . . . . . . . . . . . . . . .  , , , 1 1 , 1  

9 I I 1 1 1 1  I * * * * * * *  ................... .." ----- -- .......................... 
I I * ( * * * l * * * 1 * *  , 1 1 1  --- = = - * .................. ................... 

1 1  1 --- =11=1=;5== - I 
"""' 

1 * * - * 1 f ( 1 * * ( * I f  .................. .................. """" 
I... 2 1 1  -- ==4======== - 1 1  ......... I....... .. .......... 

C U N I V E R S I T Y  L A K E  D A T P  - 1969  

C S T A T I O N  C 

C COLOR K L E I T - U N I T S  

DBTA V A L U E  E X T B E f l E S  A R E  8.00 1 7 8 . 0 0  

T O T A L  H I S S I N G  DATA P O I N T S  I S  5 

A B S O L U T E  V A L U E  R t N G E  A P F L Y I N G  TO TACH L E V E L  
( I  M P X I ~ U Y  I N C L U E E D  I N  A I G H E S T  L P V I L  O L L Y )  

I I N I P I U R  P.00 25.00 42.00 59.00 76.00 93.00 110.00 127.00 14U.00 
F A K I R U P  25.00 42.00 59.00 76.00 97.00 110.00 127.00 144.00 161.00 lql:;: 

P E R C E N T A G P  O F  I O T B L  I B S O L U T E  V A L n P  RANGL A P P L Y I N G  TO EACH L E V E L  

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 



volume of  t h e  l a k e .  The d i s t r i b u t i o n  of c o l o r  i n  1970 and 1971 f o r  S t a t i o n s  

A and C i s  shown i n  F i g u r e s  33 and 34,and 35 and 36,  r e s p e c t i v e l y .  

T u r b i d i t y  

Organic  and i n o r g a n i c  p a r t i c u l a t e  matter i n  suspens ion  c o n t r i b u t e s  t o  

t u r b i d i t y .  A h i g h l y  t u r b i d  w a t e r  i s  u n d e s i r a b l e  b o t h  f o r  p o t a b l e  u s e s  a s  

w e l l  a s  r e c r e a t i o n a l  u s e s .  For t h e  former u s e , t u r b i d i t y  i s  g e n e r a l l y  reduced 

th rough  t h e  u s u a l  t r e a t m e n t  p r o c e s s e s  of c o a g u l a t i o n  and s e t t l i n g .  Thus,any 

r e d u c t i o n  of t u r b i d i t y  i n  t h e  l a k e  r e d u c e s  t h e  p a r t i c u l a t e s  t h a t  need t o  be  

removed a t  t h e  t r e a t m e n t  p l a n t  and would b e  a  marked improvement i n  t h e  b a s i c  

q u a l i t y  of w a t e r .  However,in a  smal l  r e s e r v o i r  such  as U n i v e r s i t y  Lake,a 

major s o u r c e  of t u r b i d i t y  i s  t h e  runof f  from t h e  su r rounding  l and  and comes 

i n  a s  a  f i n e  c o l l o i d a l  suspens ion  of p a r t i c u l a t e  m a t e r i a l s .  T h i s  i s  a  

p a r t i c u l a r  c h a r a c t e r i s t i c  of t h e  l a k e  i n  t h e  w i n t e r  season .  

A s  s e e n  i n  F i g u r e s  37 and 38,  i n  1969 t h e  somewhat more t u r b i d  p e r i o d  of 

t h e  l a k e  was found i n  t h e  l a t e  w i n t e r  and e a r l y  s p r i n g ,  whereas t h e  g e n e r a l  

midseason p e r i o d  was q u i t e  c l e a r , p a r t i c u l a r l y  i n  t h e  s u r f a c e  w a t e r .  The h i g h e r  

mid-depth v a l u e s  of t u r b i d i t y  such as s e e n  a t  S t a t i o n  C a t  abou t  day 140 and 

a g a i n  a t  abou t  day 240 (1969) and t h e  p e r i o d  from day 220 t o  day 260 a t  

S t a t i o n  A a r e  p robab ly  i n d i c a t i v e  of b i o l o g i c a l  a c t i v i t y  and t h e  t u r b i d i t y  

d e t e r m i n a t i o n s  r e f l e c t  p a r t i c u l a t e  m a t e r i a l  of b i o l o g i c a l  o r i g i n .  The 

s t i r r i n g  p r o c e s s  which d e s t r a t i f i e d  t h e  Lake i n  1970-71 appeared t o  g e n e r a l l y  

improve t h e  a v e r a g e  t u r b i d i t y  throughout  t h e  midseason p e r i o d  w i t h  t h e  

extremes of t u r b i d i t y  found o n l y  a t  t h e  e a r l y  and l a t e  p o r t i o n s  of t h e  y e a r  

when d e s t r a t i f i c a t i o n  was n o t  i n  p r o g r e s s .  The p r i n c i p a l  q u a n t i t y  of 

p a r t i c u l a t e  m a t e r i a l  was p robab ly  d e r i v e d  from a l l o c h t h o n o u s  s o u r c e s .  The 

t u r b i d i t y  c h a r a c t e r i s t i c s  of S t a t i o n s  A and C f o r  1970-71 a r e  shown i n  
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c U N I V E R S I T Y  L a u e  DITR - 1970 

C S T A T I O N  A 

C COLOR K 1 E " T - U N I T S  

DATA VALUE EXTRENES ARE 7.CO 116.00 

TOTAL U I S S I N G  DATA P O I N T S  I S  1 

A b S O L U T E  VALUE R.kNGE A P P L Y I h G  TU EACH LEVEL 
( ' f lhX1flU.Y I N C L J D b U  IN H I G d E S T  LEVEL ONLY) 

I I N I H U I  7.00 17.90 28.80 39. 70 50.60 01.50 72.40 8 3 . 3 0  94. 20 105.10 
MAXIMUI 77.90 28.80 39.70 50.60 61.50 72.40 83.30 94.20 105.10 116.00 

PEBCENTAGE O F  T b T A L  ABSOLUTE VALUh RANGE A P P L Y I N G  T O  EACH L E V 2 L  

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 ro.00 



1 1 1  1 1 1  2 2 2 
I DATE 2 4 0 2 6 8 

3 3 3  

g ,8 0 0 0 I f  a s  : (DAYS)  0 0 0 0 

C UNIVERSITY LAKE DATA - 1970  

C STATION C 

C COLOR KLETT-UNITS 

DATA VALUE EXTRERES ARE 1.30 50.00 

ABSOLUTE VALUE RANGE APPLYING TO EACH LEVEL 
('HAXIMUM' INCLUDED I N  HIGHEST LEVEL ONLY) 

n I N I n u n  1.30 6.17 11.04 15.91 20.78 25.65 30.52 35.39 40.26 45 13  
H A X I H U H  6. 17 11.04 15.91 20.78 25.65 30.52 35.39 40.26 45.13 50:00 

PERCENTAGE OF TOTAL ABSOLUTE VALUE RANGE APPLYING TO EACH LEVBL 

PRE UENCY LEVEL 

SYRBOLS 

FOLQ. 

DISTRIBUTION OF DATA POINT VALVES I N  EACH LEVBL 
2 6 7 8 9 1 0  

====r===T===================I-=E==============I=====r=====~=======IrII=======~=====*====- -.....*.. 1 1 1 1 1 1 1 1 1  --------- --------- 
, a , *  1 1 , 1 1  --------- =======a= 

--------- 

x ~ x x x x x x x  OOOOOOWQ eaeeeaeee a n m r a a  rrmrrmra . . . . . . . . . ....1.... " " 2 " "  ----3---- I===&==== 
XXXXXIXIX 000000000 mBB888  HI111111 1111H111 

8 ,  l , t l l l l --------- ========= X X X I L X X X I  oo0070000 ewe- aaemgamm aenm*aana . . . . . . . . . ..*....*. 1 1 1 1 , , ~ 1 1  --------- ====.=*=a XXXXXIIXX OOWOOOOO 111111111 H I I U S 1 1  
XXXXIXXXX 000000000 B B B M  11H11111 111111111 

................................................................................................. 

29 2 4 1 8 1 1 .  Y 5 0 2 



T I U F  = 0 . 0  

C I I Y I V F X S I T Y  LAKE DATA * 1 9 7 '  

C S T A T I O N  A 

C COLOF KLPTT-UNTTS 

DATA VALUE EXTRPMES A P E  8 . 1 0  124.00 

TOTAL H I S S I N G  DATA P O I N T S  I S  1 

ABSOLUTE VALIJR RAPGF A P P L Y I N G  Tn FACH LFVFL 
( ' I A X I M U M '  INCLUOI(C I N  t l I G F E S T  LEVnL ONLY) 

RIN?flUX 8.00 19.6C 31.20 42.80 54.40 66.00 77.60 49.20 100.80 l i 2 . 4 0  
HAXTPIIIM 19.60 71.20 4 2 . 8 0  54.46 66.00 77.60 89.20 l n n . 8 0  112.UC 129.00 

PERCuYTAGP OF TOTAL ABSOLUTS VALOV RANGE L P P L Y I N G  TO FlCH LEVEL 

i o .no  ;o.qo 1 0 . 0 0  10.m 10.00 10.00 ro .oo  10.00 1o.00 i o . o c  



! 1 1  1 1 1  2 
1 D A T P  2 4 6  a n 2 6 R 

2 2 2 2 
0 2 4 6 

3 3  4 
I ( P P Y S )  0 0 r n 0 C 0 0 0 0 0 0 0 0 0 0 0 0 I 

2 U 6  

+----+----l----+----2----$--3----$--fi----+----5----+----6----+----7----+----8----+----q----+----l----t----l----t----2----+----i 
R Y E A P  

C  U Y I V F R S I * Y  ZAKF DATA - 1971 

C S T A T I C h  C 

C  C O L O F  K L F T T - U k I T S  

ABSOLUTE Y P I P E  R A N G ?  APPLYTYG -0 F A C H  L E V F b  
( ' * I A X I A l I ! l '  I N C L I I D E D  I N  H I G H E S T  LZVFL ONLY) 

PIRCaN?AC,P O F  TOTAL ARSCLDT? VAL[IF 6ANGF B P P L Y I N G  TO EACH LEV'L 

10.qn 1 0 . 3 ~  10.00 in .co 1o.00 i o . o r  10.00 10.00 10.00 qo.00 

C I S T 3 I R U ~ I O N  O F  D P T P  P O I N T  V R I I J E S  I N  ZACR LXVFL 
6 7 8 9 1 0  

X X X X X X X X x  
X X X X X X X X X  
X X X X 6 X X X X  
x X X X X X X x X  
X X X X X x X X X  . - - - - - - - - - . .---------. 

6 



c UNIVERSITY L A K E  D A T I  - 1 9 6 9  

C STATI3N A 

C HACH-TURBIDITY 

DATA VALUE EXTREUES ARE 0 . 0  

TOTAL MISSING DRTA POINTS I S  7 

ABSOLUTF VALUE KANGE APPLYING T U  EACH LEVEL 
(*MAXIMUilf INCLUDED I N  HIGHLST LEVEL ONLY) 

UINlMUM 0 . 0  7 .  30 1 4 . 6 0  21 .90  29 .20  36 .50  43 .80  51 .10  58.40 6 5 . 7 3  
n A x r n u n  7 . 3 0  1 4 . 6 0  21. 90  2 9 . 2 0  3 6 . 5 0  43.80 5 1 . 1 0  5 8 . ~ 0  6 5 . 7 0  73.09 

PESCENTAGE OP TOTAL ABSOLUTE VALUE R A N G E  APPLYING TO EACH LEVLL 

1 0 . 0 0  1 0 . 3 3  1 0 . 0 0  1 0 . 0 0  1 0 . 3 0  13 .00  10.01) 1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  

FhEJUZNLY DISTRIBUTION OF-DATA POINT VALUES IN EAZH LEVFL .I n * ., 
IEVXL ===== 2 2 ========= 9 ========= 2 =========: ========= L =========: ========= z =============== . . . . . . . . . , 1 1 1 1 , 1 1 1  --------- I======== 

I I I I I I I I I  --------- +++f+f+f+ LXXXXXXXX OOOOOOOOO RBBRee@Re P I @ P B I O I I  l l l@llll1 
, . * . . . . . a  SYfiROLS .. . .1. . . .  , , # , ~ " "  ----,3---- = = = = q = s = =  

I X X X X X X X X  O O O O O ~ O O O  eeeeeeeee ~ s c a a m m a a  a a a m m r m n  
,,,,,,,,, --------- =======11 x x x x o x x x x  o o o 0 7 3 0 0 0  eened%eee a a ~ m 9 s m a m  ~ ~ n c * m m a ~  . . . . . . . . . 
, , , , , , , , I  --------- = = = = = = = = =  

Y X X X X X X X X  000000000 eeeeeeeee asmuaaama D~IIII~~I . . . . . , . . . XYXXXXXXX 0 0 0 0 0 3 0 0 0  RBRRBBeee @ B P B B B P l l  011111111 
- - - - - - - - 2 

FBEQ. 8 8 49 3 4 1 8  1 9  1  7 3  3 



1 
I D P T F  2 4 6 8 0 2 ?I 

1 

I (DAYS) 0 0 
6 

0 0 0 0 

C U N I V F R S I T Y  LAKE DATA - 1969 
C  S T q T I O N  C 

C  FACH-TIIPBIDITY 

DATA VALUE EXTREMES I F E  1 .OO U8.00 

LBSOLUT" VRIUE RRAGP P P F L Y I N G  TO 'ACH LEVFL 
( 'HAXIHUM' I N C L U P E D  I N  HIGHEST LPVEL ONLY) 

PEPCEATAGV C F  TOTAL ABSOLUTP VALUP RANGF A P P L Y I N G  TO ERCH L E V P L  

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

FREQUXNCY DISTRTBUTIOS O P  nATR POINT VALUES IN EACH LEVFL 
LEVFL 6 7 9 -- .- 

SYIIBOLS 

P R E P .  



F i g u r e s  39 ,  40,  4 1  and 42,  r e s p e c t i v e l y .  

Chlorophyl l  

Sys temat ic  d e t e r m i n a t i o n  of c h l o r o p h y l l  i n  t h e  l a k e  wate r  sampl ing 

program prov ided  a n  o p p o r t u n i t y  t o  d e s c r i m i n a t e  between p a r t i c u l a t e  m a t e r i a l s  

of n o n b i o l o g i c a l  o r i g i n  and p a r t i c u l a t e  m a t e r i a l s  a s s o c i a t e d  w i t h  l i v i n g  

microscop ic  p l a n t s .  The c h l o r o p h y l l  d e t e r m i n a t i o n  was by e x t r a c t i o n  of t h e  

p a r t i c u l a t e  m a t t e r  from membrane f i l t e r e d  wate r  samples w i t h  95% a c e t o n e .  A 

d i r e c t  r e a d i n g  of absorbance was t h e n  made u s i n g  640 pm f i l t e r  i n  a K l e t t  

photometer .  T h i s  p rocedure  d e s c r i b e s  t o t a l  e x t r a c t a b l e  m a t e r i a l s  and i n c l u d e s  

o t h e r  a c e t o n e  s o l u b l e  p l a n t  pigments.  However, t h e  r e s u l t s  appear  t o  be  

s y s t e m a t i c  and r e f l e c t  t o  some e x t e n t  d i f f e r i n g  d e g r e e s  of b i o l o g i c a l  growth 

a s s o c i a t e d  w i t h  phytoplankton p o p u l a t i o n s .  

I n  1969, t h e  p e r i o d  up t o  approx imate ly  day 125 was f a i r l y  low i n  

b i o l o g i c a l  a c t i v i t y  a s  evidenced by t h e  amount of c h l o r o p h y l l  e x t r a c t e d ,  b u t  

abou t  t h a t  t i m e  a p e r i o d  of v i g o r o u s  growth ensued a t  about  8 f e e t  a t  b o t h  

S t a t i o n s  A and C g i v i n g  r i s e  t o  peak v a l u e s  f o r  t h e  e n t i r e  year  (F igures  43 

and 4 4 ) .  T h i s  p a r t i c u l a r  bloom appeared t o  have extended a c r o s s  t h e  l a k e  

a t  a v e r y  s p e c i f i c  d e p t h .  The c h a r a c t e r i s t i c s  of t h i s  bloom c a n  n o t  b e  

d e f i n e d  s i n c e  p l a n k t o n  a n a l y s i s  d i d  n o t  s tart  u n t i l  June  1969, 

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

v a l u e s  on t h e  a v e r a g e  tended t o  be  h i g h e r  i n  t h e  deeper  wa te r  below 8 f e e t  

t h a n  i n  t h e  s h a l l o w e r  w a t e r .  With d e s t r a t i f i c a t i o n  and t h e  mixing p rocess ,  

a s  w i t h  o t h e r  p a r a m e t e r s , t h e r e  a p p e a r s  t o  have been a  more uniform 

d i s t r i b u t i o n  of e x t r a c t a b l e  p l a n t  p igments .  However, i n  1971, j u s t  p r i o r  

t o  t h e  o n s e t  of a i r  l i f t  pumping, a t  about  day 140 t h e r e  was a g a i n  a  mid-depth 

i n c r e a s e  i n  e x t r a c t a b l e  p l a n t  pigments a t  abou t  1 2  f e e t  a t  b o t h  S t a t i o n s  A 



I ' 
I D L E T H  
I ( F p  
I .... 1 

1 ::::: 
1 ..... 
I ..... r 2 ..... 

C U N I V E R S I T Y  L A K E  DlTI - 1970 

C S T A T I O N  A 

C H B C H - T U B B I D I T Y  

D A T A  V A L U E  E X T a E M E S  A R E  2.70 75.00 

T O T A L  ? l I S S I N G  DATA P O I N T S  I S  1 

A B S C L U T E  V A L U b  X + N G E  A P P L Y I L G  T O  EACH L E V E L  
( ' M A X I B U N  I N C L U D d D  IN d I G H C S T  L E V E L  O N L Y )  

P E B C E k T A G E  O F  T O T A L  A B S O L U T E  V A L U E  MANGE A P P L Y I N G  T O  EACH L E V S L  

10.60 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

FREOULNCY 
L E V E L  

S Y N B O L S  

PREU. 
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C U I I V E R S I T T  LAKE DATA - 1970 
C S T A T I O N  C 

C HACH-TURBIDITY 

D I T A  VALUE EXTRERES ARE 3.20 45.00 

ABSOLUTE VALUE BABGE A P P L I I I G  TO EACH LEVEL 
( ' I A X I I U R *  INCLUDED I U  B I G A E S T  LEVEL O I L I )  

R I Y I R U I  3.20 7 .38  11.56 15.7Y 19.92 
IAXIIIUH 7.38 11.56 15.74 19.92 24.10 

PERCEPTAGE OF TOTAL I B S O L O T E  VALUE PAUGE A P P L I I I G  20 #ACE LEVEL 

10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

PREQUEYCI D I S T B I B U T I O U  OF-DATA P O I l T  VALUES IF EACH LEVEL a 4n 
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C  UWIVFREITY LAPF DPTI - 1 9 7 1  

C STRTICN C  

C  H4CH-TUPBIDITY 

R B S O L U V  vALme R ~ N G F  A P P L Y I N G  T E A C H  I F V X L  
(qMAXIYIIM INCLrlDED I N  HIGHEST LEVVL ONI,Y) 

NINI?(llfi 0 90 1  1 P . 3 2  2 7 . 0 3  35 .74  0 4 . 4 5  53.16 6 1 . 8 7  7 0 . 5 8  79 .79  
MAXIMIlM r:61 1 8 . ? 2  2 7 . 0 3  3 5 . 7 4  4 4 . 4 5  5 3 . 1 6  61 .87  7 0 . 5 8  7 9 . 2 9  8 8 . 0 0  

PEPCENTPGE OF TOTPL ABSOLUT' VPZUF PALGT APPLYING TO EACH LFVPL 

10.@0 10.3C 1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  10 .00  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  
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x x x x x x x x x  coooooooo eeee%eeee ammmammm aarmmnclrm 
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L UNIVERSITY L A K E  DATA - 1 9 6 9  

. S T A T I O N  A 

C I H L O a U P d Y L L  

DATA VALUL EXTRaf iES  A R 3  1  .OO 6 5 . 0 0  

TOTAL M I S S I h G  DATA P O I N T S  IS 2 5  

AaSOLUTZ VALUL RANGE APPLYING T O  dACH LEVi ,L  
('i'lAXIIVIUfl' INCLUDED IN I i IG l iEST  LEVEL ONLY) 

Pht iCENTAGE OF TOTAL ABSOLUTE VALUE K A N G E  A P P L Y I N G  TO E A C H  i E V i L  

1 t i . n  1 u . 0 0  1 0 . 0 0  1 3 . 0 0  1 0 . 3 0  1 1 . 0 0  i n . o n  i n . n o  1 v . n ~  IP.PP 

1 1 , 1 1 1 1  1 '  --------- = = = = = = = = I  ......... ......... 
, # , I I , I , 1  --------- ......... 
I , , , , ,  I ,  4 --------- ========= ......... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 0  4 3  1 9  12  PHEC. 7 i 0 2  2 
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I DATE 6 8 
1 1  1 

9 n 0 2 
1 1  
6 8 

2 2 2 2 
C 2 4 6 

3 3 
0 2 

3 3  f 
I ( P ~ Y B )  o o o o 0 o o o o o o o o 0 o o o o I 4 6 

TIUE = 0.0 

C  U N I V F R S I T Y  LAKF DPTA - 1 9 6 9  

C  S T A T I C N  C  

C CHLOROPHYLL 

DATA VALUE EXTREMFS A R E  1.00 46.00 

TOTAL H I S S I N G  DAT? P O I N T S  I S  5 

ABSOLUTE VALUF RANGE A P P L Y I N G  TO QACH L E V E L  
( ' f i A X 1 f l U P q  I N C L U D E D  TN H I G H F S T  LEVEL ONLY) 

n I N I * I U M  1.00 5.50 10.00 14.50 19.00 23.50 28.00 32.50 37.00 41.50 
I A X I V U H  5.50 10.00 1U.50 19.00 23.50 28.00 32.50 37.00 41.50 46.00 

PERCENTAGE O F  TOTAL RBSOLOTE V l L U E  RANGE R P P L P I H G  T O  EACA L E V E L  

10.00 10.00 1 0 . 0 0  10.00 10.00 10.00 10.00 10.00 10.00 10.00 

F R F  U F N C F  
d v r L  

SY"O1.S 

PRQO. 

D I S T R $ E U T I O N  CP,DRTA P O I N j  VALUES I& EACA L E V g L  F a i n  



and C .  T h i s  appeared t o  have been d i s s i p a t e d  by t h e  mixing p rocedures  and 

d i d  n o t  p e r s i s t .  The d i s t r i b u t i o n  p a t t e r n s  of p l a n t  pigment a t  S t a t i o n s  A and 

C f o r  1970 and 1971  a r e  s e e n  i n  F i g u r e s  45, 46,  47 and 48.  

Carbon 

An a n a l y s i s  of t h e  changing c h a r a c t e r i s t i c s  of t h e  non-conservat ive  

wa te r  q u a l i t y  pa ramete rs  which i n v o l v e  b i o l o g i c a l  i n t e r a c t i o n  r e q u i r e s  a n  

unders tand ing  of t h e  i n t e r p l a y ,  movement and changes t h a t  t a k e  p l a c e  i n  many 

i n s t a n c e s  s i m u l t a n e o u s l y  b u t  n o t  n e c e s s a r i l y  d i r e c t l y  r e l a t e d ,  Carbon, 

n i t r o g e n  and phosphorus ,  t h e  p r i n c i p a l  components of c e l l u l a r  m a t e r i a l s  of 

b i o l o g i c a l  o r i g i n  t h a t  a r e  found i n  a l a k e , w i l l  move through s e v e r a l  s t a g e s  

of o x i d a t i o n  and d e g r a d a t i o n  a s  a r e s u l t  of m i c r o b i a l  a c t i v i t y .  The t o t a l  

ca rbon  c o n t e n t  o f  t h e  w a t e r ,  i n c l u d i n g  b o t h  l i v i n g  and non- l iv ing  m a t e r i a l s ,  

showed t h e  tendency t o  accumulate  i n  t h e  deeper  p o r t i o n s  of t h e  l a k e  i n  t h e  

midsummer p e r i o d  and t o  d i m i n i s h  c o n s i d e r a b l y  i n  t h e  l a t e  f a l l  and w i n t e r  

b o t h  under s t r a t i f i e d  and d e s t r a t i f i e d  c i rcumstances .  T h i s  i s  i l l u s t r a t e d  i n  

F i g u r e s  49-54 f o r  t h e  t h r e e  y e a r s  1969, 1970, and 1971 f o r  S t a t i o n s  A and C .  

The t o t a l  ca rbon  c o n t e n t  of t h e  wa te r  can be  f u r t h e r  broken down i n t o  

i t s  i n o r g a n i c  components ( p r i m a r i l y  C02 and c a r b o n a t e )  and t h e  s o l u b l e  

components, t h a t  p o r t i o n  which would p a s s  a  0.45 micron membrane f i l t e r .  The 

same p a t t e r n  of accumula t ion  i n  t h e  deeper  poo l  under b o t h  s t r a t i f i e d  and 

d e s t r a t i f i e d  c o n d i t i o n s  appeared t o  p e r s i s t .  T h i s  was a l s o  s e e n  f o r  t h e  

s o l u b l e  ca rbon  component a t  S t a t i o n  A ,  which was fo l lowed  s y s t e m a t i c a l l y .  

For t h e  t h r e e  y e a r s  1969,  1970,  and 1971 a t  S t a t i o n  A , i n o r g a n i c  ca rbon  i s  

i l l u s t r a t e d  i n  F i g u r e s  55,  56 and 57 and t h e  s o l u b l e  component i n  F i g u r e s  58,  

59 and 60. The d i s t r i b u t i o n  p a t t e r n  a t  S t a t i o n  C f o r  i n o r g a n i c  carbon and 

s o l u b l e  ca rbon  f o r  t h e  t h r e e  y e a r s  i s  d e s c r i b e d  i n  F i g u r e s  61-66. 
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C  U N I V E R S I T Y  L A K E  D A T A  - 1970 

C  S T A T I O N  C  

2 C H L O R O P N Y L L  

DATA V A L U E  E X T R E M E S  A R E  3.00 50.00 

a B S O L U T E  V A L U E  R?NGE A P P L Y I N G  T O  EACH L E V E L  
( '  M A X I H U B  I N C L U D E D  I N  H I G H E S T  L E V E L  O N L Y )  

P E R C E N T A G E  OF T O T A L  A B S O L U T E  V A L U E  R A N G E  A P P L Y I N G  T O  EACH L E V E L  

PREg~IJ~CY D I S T R ? B O T I O N  O F - D A T A  P O I N T  VALUES 1; EACH L E V E L  7 P a r n  



C U N I V F F S I T Y  LAKE DATA - 1 9 7 1  

C S T P T I O N  P 

C CHLOROPHYLL 

DATA VELUE EXTRERES A R E  2 . r 0  

T O T 4 L  f i T S S I R G  DBTP POTN'IS TC 1 

ABSOLUTE VALIlL UANGF APPLYING TO W P C H  L F V r L  
( ' M A X I U  UH' I N C L U O P D  I N  H I G H F S T  L F V F L  ONLY) 

F I V I M U V  2 0 0  5 . 7 0  9.00 13.10 36.80 20.51' 24.20 27.92 ~ . 6 r  35.30 
F A X I U U n  5 : 7 ~  9.40 13.10 l h . 8 0  70 .50 24.20 27.90 31.60 35.30 39.00 

PEPC'UTAGP OF TOTAL PBSOLU-" VALUD RANGP A P P L Y I N G  TO EACH LEVEL 

10.00 10.00 10.00 1 0 . n ~  qo.00 i n . 0 0  10.00 1 0 . 0 0  5n.00 7 0 . w  
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C U K I V F B S I ? Y  L A K Q  DETR - 1471 
C STATICNC 

C CHLOFnE!~Y1,L 

D A T A  V4Ll rF  P X T F F I P S  * ? =  ? . r r  54.00 
























































































































































































































































































































