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PEACE RIVER WATER QUALITY  PROJECT 

INTRODUCTION 

The Peace River water  Quality  project was i n i t i a t e d  i n  l a t e  1974 
and a-reconnaissance  monitoring program was car r ied   ou t  from January 
1975. t o  September  1976. The present report covers some of the data 
analysis  of the   p ro jec t  and is  divided  into two  main sec-tions,  each o f  
which i.s designed t o  be inser ted  as   chapters   into the main Peace River 
Water -Qual:i:ty .Report t o  be completed l a t e r  this year by Steve  Sheehan. 

The f irst  .section of the   repor t   dea ls  w i t h  an assessment o f .  
sampling v a r i a b i l i t y  and the second section  involves  an  overall  assess- 
ment of chemical differences between the sampling s t a t i o n s   s e l e c t e d   f o r  
the study.  The‘background and aims  of the  project ,   as  well   as  the  chemical 

. .  

loading results, and overall   variabil i ty  assessments will be described 
i n  de t a i l  i n  other  chapters of the main report  and only some explanatory 
information is  provided  here so a s   t o   f a c i l i t a t e  an understa.nding of the 
data   analysis .  

Data  were co l l ec t ed   fo r   f i ve   d i f f e ren t   s t a t ions  i n  the Peace 
River drainage  system:  the  Peace  River a t  Taylor and a t  Clayhurst 
Ferry, the Pine River, the  Kiskatinaw  River and the  Bea.tton  River. The 
study was for  reconnaissance and a complete  data s e t   f o r   a l l  f i v e  s t a t i o n s  
was ava i lab le   for   the  1976 hydrological  year.  Replicate  samples  were 
c o l l e c t e d   a t   a l l   f i v e   s t a t i o n s  and were  analyzed for  total   phosphorus,  
n i t r a t e  plus n i t r i t e ,  ammonia ni t rogen,   total   d issolved  ni t rogen;   total  
organic and inorganic  carbon, and dissolved  iron.  Single  grab samples 
formed the   bas i s   for   ana lys i s  o f  28 other chemical  parameters. The 
1975-76 r ep l i ca t e   da t a   s e t  was used. a s  a bas i s   fo r  the var iab i l  i t y  
assessment  described i n  Section 1 while  chemical  differences’ between 
stations  discussed i n  Section 2 were examined from the single grab 
sampl e data . 

. .  
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I .  SAMPLE VARIABILITY  ASSESSMENTS 

The five s ta t ions   se lec ted  i n  this study were  sampled e ight  times 
d u r i n g  1976. Each time six replicate  samples.were  collected i n  a manner 
described by Oguss' and Erlebach  1976, and Kleiber e t  a1 1978. A t  two 
s ta t ions:   the  Peace  Riv.er a t  Clayhurst  Ferry and at   Taylor ,   repl . icate  
samples  were co l lec ted   for  river cross-sections.  A t  the  two s t a t i o n s .  
two t o  four  sets of r ep l i ca t e s  were collected  across each s-m sect ion.  
The laboratory results f o r  the r ep l i ca t e  samples  were  used a s  a bas i s   fo r  

. t he   va r i ab i l i t y   a s ses smen t  of the  following  parameters:  total  phosphorus, 

/(*, 

total   dissolved  nitrogen, ammonia nitrogen,  total  organic  carbon and 
extractable   i ron.  ' G $ L . &  .-+&-- cb/ VCU," 

(a )  Rep1 i c a t e  Sample Variabi 1 i ty- J/ "L"d- "X  * 
&JL. * 

. .  
7% - 1z;- :. 

. .  

. .  *G-4&;>& 
ec- 

I n i t i a l l y  the v a r i a b i l i t y  between each set  of s i x  r ep l i ca t e  samples A .  z z ; l . .  . . . ,  

was analyzed. The coe f f i c i en t  o f  var ia t ion  ( C V )  which is  derived from 

of  this")doefficient  should be handled w i t h  some care,since;normall .y  dis-  
t r ibuted d.ata a,&eeded.. In many of the r ep l i ca t e   da t a   s e t s  used i n  this 
study bi-modal d i s t r ibu t ions  were common par t icu lar ly  i n  the   case   o f -  
n i t r a t e  p l u s  n i t r i t e ,  and t h e  coe f f i c i en t  should therefore  only be used - .  

a s  a re la t ive   ra ther   than  an absolute measure  of v a r i a b i l i t y .  The r ep l i ca t e  . . . 1 .  

v a r i a b i l i t y  was calculated  for  each 1976 samplTng period and the results of ' - 

a comparison  between the f i v e   s t a t i o n s  i s  presented  in  Figures  1-5. 

cv = x-1oo was used f o r  t h e  comparison. I t  should be noted t h a t  the use . J : ; ' ,  ... 
? 

. .  

- .  . . .  
. .  

. .  . .  . .  

" - Of the f ive  parameters examined n i t r a t e  plus n i t r i t e   concent ra t ions  
(Figure 2 )  generally showed the   h ighes t   rep l ica te   var iab i l i ty .  There is, I '  

a tendency f o r   n i t r a t e  plus n i t r i t e  and total   organic  carbon  to e x h i b i t  . 

grea te r   va r i ab i l i t y  d u r i n g  the period from June t o  September, b u t  the 
overa l l   var iab i l i ty  of total  organic  carbon was considerably  smaller. 
There i s  no consis tent   pat tern w i t h  regard  to   repl icate   sample  var iabi l i ty  
a t  different s t a t ions   excep t   t ha t   t he   i ron   va r i ab i l i t y  was more uniform . .  

over  the  study  period  than any of the  other  parameters examined.  .However, 
additional  information i s  needed t o  confirm the val idi ty   of  these trends.  

.. . ._ . . .. . . , ._ ,,." .. -. ,.. ..._ .. ... ... . . .. . ... . ..,.. ... , . . ...I.,. ...._. ......,. ~ .... . - "I... - . . ~  " . .. 



. 2 = Peace River a t  Clayhurst  Ferry (comp. from 3 s e t s  of 6 rep.  -samples) 

3 = Pine  River  (compiled from 1 s e t  of 6 repl icate  samples) 

4 = Beatton  River  (compiled from 1 s e t  of 6 replicate  samples) 

5 = Kiskatinaw  River  (compiled from 1 s e t  of 6 repl icate  samples) 

. . . I . . . . . . . . I 
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140 

120 

100 

80 
% cv 

60 

40 

20 

N ( N 0 3 + N 0 2 )  

n 
I 

28.3.76  30.3.76  6.5.76 8 -5 -76  3Q.6.76  28.7.76  21-8-76  22.9.76 
. ,  

D a t e  of Sampling 

Figure 2. "Replicate  sample  variability  for N(N03+N02] 

1 = Peace  River a t  Taylor  (.compiled  from 2 sets 0 f . S i X  r e p l i c a t e  samples) 

2 = peace  River  a t  Clayhurs t   Fer ry  (comp. from  3 sets of  6 repl. samples) 

3 = Pine  River  : (compiled from 1 set  o f   s i x  replicate samples). 

4 = Beatton  River  (compiled from 1 set o f   s i x  replicate samples) 

5 - Kiskatinaw  River  (compiled  from 1 set of s i x   r e p l i c a t e  samples) 

~~~ ~ ~~ ~~ ~~~ ~ ~ ~~~ ~ 

i 

120 1 
100 

80 

% cv 
60 

40 

20 

AMMONIA-NITROGEN 

h 
28.3.76  30.3.76  6.5.76  8.5.76  30..6.76  28.7.76  21.8.76  22.9.76 

Figure 3. Rzplicate  sample  variability  for'-ammonia-nitrogen. 

. .  

. .  
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%CV 

%CV 

80 

60 

40 

20. 

1 EXTRACTABLE  IRON 

28.3..76.  30.3.76 6.5.76 8-5.76 . 30.6.76 28 -7 -76   21 -8 -76  22.9.76 

Date.  of sampling . .  
. . .  . .  

Figure 4. Replicate  sample  variability  for  extractable i r o n .  . .  

- 

80- 

60- 

40- 

20- 

- 

. .  1 = Peace River a t  Taylor (.compiled from . .  
. .  2 s e t s  of 6 rep l ica te  samples) 

2 = Peace River a t  Clayhurst  Ferry (com- 
piled from 3 s e t s  of 6 rep l ica te  : 

. .  samples) 
3 = Pine. River  (compiled from 1 set of 

4 = Beatton  River (.compiled from 1 s e t  
. .  6 replicate  samples)- 

of repl icate  samples) 

1 s e t  of repl icate  samples) 
TOTAL  ORGAN IC CARBON 5 = Kiskatinaw  River  (compiled from 

1 

28.3.76  30.3.76  6.5.76  8.5.76  30.6.76 28.7.76 21-8.76 22.9.76 
Date of sampling 

Figure 5. Replicate  sample  variability f o r  total organic  carbon. 

' I  
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( b )  Cross-Sectional  Variabi 1 i t y  

Cross-sectional  analyses were made a t  the Peace  River s t a t i o n s  
a t  Clayhurst  Ferry and Taylor .   In   the   f i r s t -case  three to   fou r  sets 
of rep l ica tes  were col lected  across  the stream  section,  while  only two 

. , sets of r ep l i ca t e s  were co l l ec t ed   a t  the Taylor s i te .  The coe f f i c i en t  . .  

of var ia t ion  was used fo r   t h i s   ana lys i s  and i t  should be noted  that  a 
comparison between s t a t ion   r ep l i ca t e s  and cross -sec t iona l   var iab i l i ty  i s  
not comp.1-etely .adequate  since the two da ta   s e t s  were on ly   pa r t i a l ly  
independent .   Stat ion  repl icate   var iabi l . i ty  was determined  from s i x  

. .  

coincidental samples while cross ' -sect ion  var iabi l i ty  was,  determined from - 4 

' ' three-  s-ets of s i x  rep1 i s t e s  ,Erie of! th-ing the same& 
or   the  repl . icate   var iabi  1 i t y  assessmen 

". . - 
. .  . .  

. .  

. On the bas is  o f  15 independent sampl i ng events  over a '1% year 
period, no consis tent   var iabi l i ty   pat tern  could be observed.,  As i s  
evident from Figures 6-9, c ross -sec t iona l   var iab i l i ty  of such  chemical . .  

parameters  as  total  phosphorus,  total  organic  carbon,. and ex t rac tab le  
iron was a t  times s l ' ight ly  higher than rep l ica te  var iab i l i ty ,   whi le   the  
reverse.was true . fo r   n i t r a t e  plus n i t r i t e  v a r i a b i l i t y .   G n d e p e n d e n t - "  . .  

. . .  

I .  

. .  "._ir 

[data set  i s  required however so a s   t o  perform a more rigorous t e s d .  
/ 

"Jbd..; -4% tt;cL,r*=4 . : . .  . .  

/'" ' ( c )  Temporal Variabi 1 i t y  
. .  

. .  
Temporal v a r i a b i l i t y  was examined over the period,from  September 

1975 t o  September  1976. Unfortunately the data set  was not   en t i re ly  . .  

complete f o r  the Beatton and Kiskatinaw  stations. First the  parameters 
w i t h  rep l ica te   da ta  were  analyzed and the coe f f i c i en t  of var ia t ion  was 
determined f o r   t o t a l  phosphorus , n i t r a t e  p lus  n i t r i t e ,  total   organic  ' 

carbon and ex t rac tab le  i r o n  u s i n g  mean rep l ica te   va lues   for   seven   to  nine 
independent  sampling  dates over the one year.   study'period (NAQUADAT data 
s e t ) .  The r e s u l t s  o f  this analysis  are  provided i n  Table 1 and ind ica te  
t h a t   t o t a l  phosphorus exhibits the highest temporal v a r i a b i l i t y .  

J 
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.TOTAL PHOSPHORUS 

L 
I 

I . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
m m m c n c n c n c n m m m m ~ “ ~ c ~ c n   m m m c n c n c n m m m m n . m a ~ c o m  
0 d N o r l c J m W o P c n d I ” N r l  
t v m m r l d d , - ~ ~ m  

o r l m o r l m m m o a a 3 o a 3 d ~  

Sampling dates 
N N N  C X N N ~ A F I ~ N ~  m N N N  

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

Fiqure 6 . .  Comparison between cross-sectional & rep l ica te  
TOTAL ORGANIC CARBON 

v a r i a b i l i t y   f o r   t o t a l  phosphorus.. . .  

PEACE RIVER AT TAYLOR 
. I  

PEACE RIVER AT CLAYKURST FERRY 
_. Cross-sectional  var. . .  

. .  ”- Replicate   var iabi l i ty  

Sampling dates 

Figure 7.  Comparison between cross-sectional and r e p l i c a t e   v a r i a b i l i t y .  . . . .  

for  total   organic carbon. 
. . . . . . .  . . . . . . . . . . . . .  . .  ...... . ..... l,l~. . .... . . . . .  .1 ..-__ ....... . . . . . . . . . .  ._” - - 
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140 

1 2 0  

100 

80 
%CV 

60 

40 

2 0  

N(N0 +NO2) 
3 

PEACE RIVER AT  TAYLOR PEACE RIVER AT CLAYHURST FERRY 
" C r o s s - s e c t i o n a l  va r i ab i l i t y  
--- R e p l i c a t e  va r i ab i l i t y  

i 

. . . .  
. . .  .Sampling D a t e s  . . . . . . .  

Figure 8. Comparison  between cross-sectional and r e p l i c a t e   v a r i a b i l i t y  . ' . 
f o r   n i t r a t e   p l u s   n i t r i t e .  

100 

80 

2 0  

. .  

IRON . . . .  

PEACE RIVER AT TAYLOR PEACE RIVER AT CLAYHURST FERRY 
- C r o s s - s e c t i o n a l  v a r i a b i l i t y  
" - R e p l i c a t e  v a r i a b i l i t y  

Figure 9. Comparison  between cross-sectional and r ep l i ca t e   va r i ab i . l i t y  
f o r  i ron .  . .  

I 
. ,  

. . . . . . . . .  - . . . . . . .  . .  . . . . . . . . . .  . . . . . . . . . . . . . .  ~- . . . .  __.. 
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Table  1. Comparison  of Temporal Variabi l i ty   over   the 1975-76 
Per i od . 

I 1 

SAMPLING  STATIONS I PARAMETERS (VALUES I N  % cv) I 
Total P FE TOC N(N03+N02) . 

Peace. River a t  Taylor 
Peace River a t  Clayhurst 
Pine.:.R-i.ver 
Beat-ton .Ri.ver . , . 

Ki s ka-tinaw River 
. .  

113-% 

95 % 43 % 91 % 124 % 
81 % - 39 % 125 % 106 % 

105 % 98 % 81 % 162 % 
105 % 73 % 70 % 119 % 
68 %. 38 % 33 % 

. .  . " , . .  . .  
. .. 

. .  

These  four.parameters seem t o  be sub jec t   t o   d i s t i nc t ly   g rea t e r  
, '  

seasonal  variation  that   geologically  related  parameters.  This' is  sub- 
s t an t i a t ed  by an analysis  o f  the temporal v a r i a b i l i t y  o f  the single  grab 
sample data  presented . i n  Table 2. 

. .  . .  . 

Table 2. Comparison  of Temporal Var iab i l i ty  of Parameters 
Determined from Single Grab Samples 

I 1 

PARAMETERS (VALUES  IN % '  CV)  . 

Si so4 c1 Na Mg Ca 

Peace River ,at   Taylor 1 0 %  

7 4 %  ' 3 7 %  5 3 %  3 8 %  ' 2 9 %  1 0 %  Kiskatinaw River 
72 % 50 % 131 % 73 % .  62 % 11 % Beatton  River 
40 % 42 I 48 % 41 % 27 % 18 % Pi,  ne River 
13 % 16 % ,  9 % 31 % 10 % 9 % Peace River a t  C1 ayhurst . 
1 7 %  3 3 %  1 5 %  3 7 %  , 1 5 %  

In  general  total  phosphorus and dissolved  iron showed'the g rea t e s t  
temporal va r i ab i l i t y   wh i l e   s i l i ca  showed the  smallest   var iabi l i ty   values .  
The former two are  considered dynamic while the l a t t e r  i s  a more conse.rva-- 
tive  parameter.  Also  the Peace River stations  exhibited  smaller  temporal 

. .  . .. 
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. . . . .  

v a r i a b i l i t i e s   f o r  such  parameters  as sodium, ch lor ine ,   su l fa te  and 
calcium  than the o ther   th ree   s ta t ions .  

. .  

. .  

(d)   Spat ia l   Variabi l i ty  

A complete  data set  f o r   a l l  f ive s t a t ions  was ava i l ab le   fo r  six 
time  periods d u r i n g  1976. The v a r i a b i l i t y  between the f i v e   s t a t i o n s  was . .  

examined f o r  each  of the six periods and the resul ts .   are   presented i n  . .  . .  

Table 3 below. 
I "  

. .  . ,  . . . . . . . . .  . . . . . . .  . .  
. . . . .  . .  

. .  

. .  . . . . .  

Table 3. . Comparison of Spat ia l   Var iab i l i ty  between Five Sta t ions  -., ' " . .  .:: ~ 

: (derived from repl ica te   da ta )  . '  ' 

. .  
. .  . .  

. .  . ,  

SAMPLING  DATES 

31.3.76 
7.5.76 

10.5.76 
. .  

27.7.76 
22.8.76 
21.9.76 

Total P 

157 % 
70 % 

.111 % 
54 % 

125 % 
78 % 

N ( N03+N02) 

147 % 
67 % 
70 I 
36 % 
48 % 

51 % 

. .  

. .  . .  ... 

NH3 :' TOC ' , . . . . .  

. .  

FE 

i I 

. . .  

. .  
. *  

. . . .  
. . . .  . .  

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

... . ." , . 
. .  

: .  . , , , . . . . .  
, . , _  

. . .  . .  . .  
. 1.. 

. .  .: . . 

. .  . .  

. . . . .  . . .  * :  - ,  . , . - ~  . . 
. . . . .  . . . . . . . .  , : 

Again-mean rep l ica te   da ta  were used a s  a b a s i s   f o r  the analysis  bf . . . .  :.'... . . . .  . :  
the above  parameters  while the v a r i a b i l i t y  for other  parameters was once 
again  determined from single grab  samples. Some of the data  from the 
l a t t e r   a n a l y s i s  ,is provided.in  Table 4 below. . .  

.. ~ 

. .  

, .  . .  

The highest s p a t i a l   v a r i a b i l i t y  was observed in l a t e  winter and was 
most no t i ceab le   fo r   n i t r a t e   p lus   n i t r i t e ,  ammonia-nitrogen, t o t a l .  dis- . . .  

solved  nitrogen,  total  phosphorus, sodium, chlor ine and - su l f a t e . -  The same . . . . .  . . . . . .  

parameter showed the smal les t   var iab i l i ty  i n  May and this is  probably ' . -  

r e l a t ed   t o  the f r e she t  where  snowmelt  and run-off  water tends t o   d i l u t e . ,  
concentrations thus minimizing v a r i a b i l i t y .  

. .  

. .  

. . .  . . . . .  
I .  

. ,  
. .  

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

. . .  
. . .  

. . . .  . . . .  . .  

.. - . . . . . .  .- . . .  _ -  . .  .. . . . .  .- .... ~ ..._. . . . . .  ". . .  . .  
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Table 4.  Comparison of Spat ia l   Variabi l i ty  between Sta t ions  
(derived from single  grab  samples) 

SAMPLING DATES 

Si Ca 

20 % 35 % 
14 % 

49 % 32 % 
27 % . 15 % . 

31 % 

29" % 34 % 
.33 :% 43 % 

. .  . . .  
. . .  

PARAMETERS (VALUES  IN % C V )  

Mg s04 c1 Na 

58 % 

71 % 91 % 40 % 32 % 
88 % 57 % 88 % 38 % 
25 % - 3 7 %   3 4 %  . 28 % 
20 % 49 % 30 % 51 % . 

91 % 110 % 142 % 

. .  

48 % 82 % 91 % 83 % . .  

. .  . .  

.Again ,' t o t a l  phosphorus, total   dissolved  nitrogen , to ta l .   o rganic  
carbon and ammonia' nitrogen showed s ign i f i can t ly   h ighe r   spa t i a l   va r i ab i l i t y  
than  the more geologically  related  parameters  such  as  si l ica,   calcium, 

. .  

.~ . . " .  . and magnesium. , .  
. .  

( e )  Comparison of Different Types of Var iab i l i ty  
. .  

The v a r i a b i l i t y  examined so f a r  has been expressed i n  terms  of the 
. .  

coef f ic ien t  of  variation and i s  t h u s  su i t ed   t o  a. r e l a t i v e  comparison 
between d i f fe ren t   types  of va r i ab i l i t y .  For t o t a l  phosphorus, n i t r a t e  
plus n i t r i t e ,  ammonia nitrogen,  total  dissolved  nitrogen,  eitractab.lei;. .iron 
and total  organic  carbon a comparison between rep l ica te ,   c ross -sec t iona l ,  
temporal and s p a t i a l   v a r i a b i l i t y  was  made i n  Figures  10-15. 

. .  

. .  

From Figure 10 i t  i s  ev iden t   t ha t   t he   r ep l i ca t e  and cross-sectional 
v a r i a b i l i t y  of t o t a l  phosphorus i s  considerably  smaller  than  either the 
s p a t i a l   o r  temporal va r i ab i l i t y .  This means tha t   d i f fe rences  and inter- 
pretat ions  re la ted  to   space and time are   va l id .  In con t r a s t   n i t r a t e  plus 
ni t r i te ,  ammonia nitrogen,  rep1  icate and cross -sec t iona l   var iab i l i ty   a re  
so great  that   they  cannot be separated from e i t h e r   t h e   s p a t i a l   o r  
temporal  components. This  implies  that  no temporal or   spa t ia l   in te rpre ta t ions  

. ,  
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. '  . ' . 

Section- . . . .  Sectional . .  . .  . .  . ,  
. .  

. . . .  . - ,  , .. 
. ' Figure . l o .  Comparison  betw,een . .  Fi.gure' 11. Comparis.on between 

, '  . d i f f e r e n t ' t y p e s  of var iabi , l i ty:  different types  of  vari.ahility: ,' 

, .  

: .. I 

t o t a l  phosphorus. ' .  total   organic  carhon. , '  

. .  . - .  . .  . .  
. .  

. loo  
. I  

%CV 80 

60 

40 

1 = Peace  River s ta t ion  .- 

. .  at Taylor 
. .  

T T 

. .  . 2 = Peace  River s ta t ion  . . . '* Mean' var iab i l i ty  . . a t  Clayhurst  .ferry 

3 = Pine  River  station 
4 = Beatton  River . .  

s ta t ion  

s ta t ion  
Minimum var iab i l i ty  

. .  

I 

Variability:  Repiicate  Cross- Temporal Spatial  
section. 

Figure 12. Comparison  between different   types of 
var iabi l i ty:   d issolved  i ron.  

. .  

. .  

. .  

. .  

. .  . . . . . . . . 
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Figure 13. Comparison  between Figure  14. Comparison between . . .  

N ( N03+N02). Ammonia-ni trogen. , .  

. .  a i f fe ren t   types  of va r i ab i l i t y :   d i f f e ren t   t ypes  of v a r i a b i l i t y :  . .  . - , 

, .  
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1 = Peace  River 
Stat ion  a t   Taylor  

2 = Peace  River S ta t .  
a t  Clayhurst  Ferry 

3 = Pine  River  Stat. ., 

4 = Beatton  River 

5 = Kiskatinaw River 

. . .  

Stat ion 
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1 2  345 1 2  1 2 3  45  a l l  
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Variability:  Replicate  Cross- Temporal Spatial  
sectional 

Figure 15. Comparison  between differen.t   types o f  v a r i a b i l i t y :  
total   dissolved  nitrogen. 
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. .  

can be made  for  these  parameters  on the  basis  of  the  present  data  set. 
This  conclusion  implies  that  other  methods  have  to  be  found in order  to 
quantify  and  separate  the  different  nitrogen  components in the  waters  of 
the  Peace  River  system. 

In general  replicate  and  cross-sectional  variability. are  of  the 
same  magnitude for all  parameters. The temporal  and  spatial  variabil.ity 
differ  significantly  only for total  dissolved  nitrogen and no  separation 
between  the  two  components  is  possible for the  other  parameters.  Finally 
extractable  iron  and  total  organic  carbon  variability  can  .only  be  partially 
separated  into  replicate . .  and  cross-sectional  versus  temporal  and  spatial . . . . . . . .  

variability  components  since  there  is  considerable  overlap  in  the  variability , '  , ., 

range  of the  two  categories. . .  . .  

.- . 

. .  . .  

. .  

. .  

. .  " 

(f) Summary  of  Variabi 1 i ty  Assessments . . .  . . . .  . . . .  . . . .  
. .  , 

. .  . . .  
. . .  , .( . .  A comparison  was  made  between re-pl  icate,, cross-sectional , temporal . I 

and- spatial  variability  for  total  phosphorus,  total  organic  carbon, . .  . .  . .  

variability for the  above  parameters  was  higher  than  for  silica,  calcium, . . .  , .  

. . .  

. .  
dissolved  iron,  nitrate  plus  nitrite,  and  ammonia  nitrogen. In general . ,  . , .  . .  ., , ., . 

. . .  . . . .  . . . .  . . . .  . .  magnesium,  sulfate  and  chlorine  which  are  more  reflective of  geological 
conditions. 

, I' : . 
. .  , , .  . .? ',. , . . .  . ,  

. .  . .  .. 
. .  

, .  . . . .  . .  
. . .  . . .  

. .  

Nitrogen  compounds  were  particularly  variable and nitrate plus ) .  

. . .  nitrite  had  the  highest  replicate,  cross-sectional,  temporal  and  spatial . .  . .  

variability. The replicate  variation  ranges for nitrate  plus  nitrite,  and 
ammonia  were  equal  or  greater  than  that  observed, for  cross-sectional , spatial, , . . I  

and  temporal  variability.  This  implies  that  cross-sectional,  spatial.  and . , 

temporal  variability  can  not  be  distinguished  from  replicate  variability. 
No  adequate  separation  was  possible  between  replicate  and  cross-sectional . .  . .  

. .  

. . . .  

. , variability  but  spatial and temporal  variability  were  significantly  higher , -  . .  

for  total.  phosphorus and  marginally  higher  for  extractable  iron.. . . .  . .  

. .  

. .  . .  

. . . . . . .  _._."  . . . .  . . . .  . . . "  . . . . . . . . . . . . . .  
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11. DIFFERENCES  IN CHEMICAL .COMPOSITION BETWEEN THE FIVE SAMPLING  STATIONS 
- 

Data from single  grab samples and mean values from replicate. .  
samples  were  used t o  determine  overall chemical differences between . 

s ta t ions .  Emphasis was placed on assessing  the  majority of  chemical 
components analyzed d u r i n g  the  study and s igni f icance   t es t s ,   fac tor  and 

' c lus te r   ana lys i s  were  used for  the  data  evaluation. 
" "" -" - 

. .  ( a )  'Chemical Differences between  Sampling Stat ions - 
. .  

.'.:.. 
. -  Based on the 'data   col lected from eight  sampling 'periods i n  1976,  a 

Mann Whitney significance  test   (Siege1 1956) was used to   tes t   the   hypothesis  : 
, o f  whether  individual  stations  exhibited  chemical.  compositions  significantly 

, . . d i f f e ren t  from one another.   The,, test  was performed for  15 chemical  para- . .. 

meters, the r e s u l t s  of which are  provided.in  Figure 16 below. 
. .  . .  

. .  . 
. .  . . 

. .  

i 

, at Clayhurst Beatton  River Pine  River - . , STATIONS Peace River Kiskatinaw 
. .  River 

. ., , 
Peace  River 

. ,  1,2912 . .  10,12,14,15 1 2,l-3 a t  Taylor 
3,4,6,8,9,10- 1,2,3,4,6,8,9 

. .  

Pine  River  4,6,9,10,12, 2 .  

Beatton  River  6,8,10,12,13 

1,2,6,9,12,14 a t  Clayhurst 
Peace River 

10,13 . . 

= specific  conductance 6 = t o t a l  diss. N .  1 1 = F .  
= a1  kal i n i  t y  7 = t o t a l  ? 12 = Si  
= diss. Fe 8 = K  13 = SO4 

10 = c1  15 = M g  

. .  

9 = Na 14 = Ca- , . 
. .  

. .  , 

Explanation: Numbers i n  individual boxes indicate  the  parameters which 
a re   s ign i f icant ly   d i f fe ren t  between individual  stations ,. 

. . over  the 1976 sampl i n g  period. 

Figure  16.  Results of Significance Test 
. .  

. . .  . . . ~ .  .",. .. . . .. . , . . . . . . . , . , . . . . . .  . .  . . "~...-.._...."_I.. 
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. .  

The r e su l t s  shown i .n  Figure 16 indicate  the  following: . 

1. The  two Peace  River stations  (Taylor and Clayhurst  Ferry) 
could  not be d i f fe ren t ia ted  from one another on the  basis of 
the  15 chemical  parameters l i s t e d ;  

2. Only a few parameters   (a lkal ini ty ,   s i l ica  and spec i f i c  con- 
. .  ductance) were  found to   d i f f e r   s ign i f i can t ly  between the  Pine 

. .  

and the  Peace.  River  stations; . . .  

. .  . 

- = 3 -  The Beatton and Kiskatinaw  Rivers are  similar-   chemically,  
:-- except  for  differences i n  chlorine and su l f a t e .  The two 

. .  
. .  . .  ' - . .  . : f ivers .   :d i f fer  from the  other   r ivers  i n  a number of the same , .  

. .  

- . .  , - -~-chemicii  -parameters. . .  

4.. . Si l ica ,   ch lor ine ,   to ta l   d i sso lved   n i t rogen ,   a lka l in i ty ,  
. .  

. .  , .  

sodium and su l fa te  were found t o  be the most usefu1 ,d i f fe ren t ia t ing  . . . . .  

parameters. .. . . 
. .  

. .. . .  . .  
. .  . .  . . .  . * '  ' . : 

. , .  

. .  . These resu l t s   sugges t   ' tha t   the  Kiskatinaw and Beatton  Rivers  are 
control.led by a chernicajl regime which i s  s ign i f i can t ly   d i f f e ren t  from 
t h a t  observed in the  other  three sampling s t a t ions  i , n  the Peace  River . .  

, .  I 
drainage  system. . .  . .  

. .  I 
. .  I 

, .  
. I  . .  

. .  
. .  . .. 

The overall   contribution of these two r ive r s   t o   t he  main  channel is' 
limited however s ince  the Peace  River downstream  of the  Kiskatinaw and ' .. ' 

. .  

. Beatton  confluence was not found t o  be s ign i f i can t ly   d i f f e ren t  from - tha t  
observed a t  the   s ta t ion  above these two confluences. 

, ,  

. .  

. .  

(b)  Importance of Individual  Parameters 

. .  . Eleven  water quality  parameters were  used i n  a de ta i led  num'erical 

analysis.  They include  specific  conductance,   alkalinity,  sodium, chlor ine,  . . 

su l fa te ,   d i sso lved   i ron , .n i t ra te   p lus   n i t r i t e ,   to ta l   d i sso lved   n i t rogen ,  
s i l i c a ,  calcium and magnesium. The samples  used i n  this ana lys i s   a r e .  
l i s t e d  i n  Table 5 below. 

. .  

, -  

I 
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Table 5.. List  of  Samples  used for the  Numerical  Analysis 

SAMPLE 
[DENTIFICATION 

NO. 

1 - 72 
13 - 24 
25 - 30 
31 - 45 

, 46 - 52 

SAMPLING 
PERIOD 

10.9.75  to 21.9.76 
10.9.75  to 21.9.76 
29.3.76 to  21.9.76 
22.5.75  to  22.9.76 
29i3.76 to 21.9.76 

NO. OF 
SAMPLES 

CLASSIFIED 

12 
12 
6 
15 
7 : SAMPLING 

STAT I ON 

Peace  River at Taylor 
Pine  River' . . , 

Beatton  River 
Peace  River at Clayhurst 
Ki s ka  ti naw Ri ver 

The  relationships  ,amongst  individual  parameters  were'  first  assessed- 
for the  entire  data'  set. A number of significant  correlations  were 
observed  between  chemical  parameters  and  are  presented in Figure 17 below. 

. .  

Speci f i c Conductance 

. .  

A1 kal ini ty 
r = +0.94 

. .  . .  . .  

. .  

Figure 17. Significant  correlation  amongst  chemical  parameters 
( k =  0.005) 

It is  important  to  identify  the  relationships  amongst  the  main 

. .  

. ,  

. .  
. . .  

. .  

. -  

. .  

parameters  for the  numerical  assessments  since' highly correl'ated  parameters 
. .  contain  redundant.  information and  thus  can  bias  subsequent'  numericai 

classifications. 
- . .  

.. . 
' .  . 

. .  
. .  
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The same set  of data was examined w i t h  a factor   analyt ical   tech-  
nique which i s  a method that   descr ibes  complex in t e r r e l a t ionsh ips  between 
multiple var iables  i n  terms of the  s implest  number o f  fac tors .   I f  
var iables   are   intercorrelated  they can be represented  as a c lus te r   o f  
vectors and their projection  length,  known as   factor   loadings,  can be 
used-as  weights  to combine the  or iginal   var iables   into  fewer   factors .  
A detailed  discussion of fac tor   ana lys i s  i s  provided by Ca t t e l ,  1965, 
and  'only  the results of   the  analysis   are  presented below. 

A 52 x 11 data  matrix was subjected - to   fac tor   ana- lys i s  and the ., . . 

. .  . 
,i . 

eleven original  parameters - were t r ans fe r r ed   t o  two f ac to r s  w i t h  a l o s s  
of  19%  of the tqtal   var iance.  The r e s u l t s  of the transformation  can be 
'seen i n  Table 6. 

. . .  , . .  . .  .. . 

Table 6.' Results of Factor  Analysis 

FACTOR 1 

0.96* 
t o t a l  di'ss.. N 0.93* 

s04 
N(N03+N02) . -0.81* 

0.84* 

,.Si 0.78* 
Na 0.77" 
Fe .0.61* 
A1 kal i n i  t y  0.20 
Spec.  conductance . 0.51 
Ca 0.25 

Mg 0.06 

% of total   var iance 
accounted  for by 60% 
each  factor 

FACTOR 2 

.. - " . 0.20 
0.17 
0.41 

. 0.37 
0.1 1 
0.52 

. .  

-0.05 
0.94* 

', 0.84* 
0.82* 
0.81* 

21 % 

*Indicates  those  parameters which cont r ibu te   s ign i f icant ly  
. t o  the factor  importance. 

. .  
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This mathematical transformation  successfully groups the two 
types of correlation  structures  identified i n  Figure 17 and the  factor 
ra t ings of loadings were then used as  weights  prior  to  cluster  analysis.  

(c)  Cluster  Analysis o f  Individual Samples 

An average  distance  clustering  procedure based on Ward's (1963) . . . .  

method was used t o  determine  the  similarity between. a l l  samples i n  terms 
of the  eleven chemical parameters l i s t ed  i n  Figure  16. -The original  data 
set was multiplied' by the  factor  loadings and the  result ing  factor  score 
.was c lass i f ied  w i t h  the UBC-C-Group c lus t e r  program (Patterson and 
Whi taker  1973). The resul ts of the  procedure  are  provided i n  the 
dendrogram i n  Figure  18 and the  composition of the  c lusters  i s  summarized 
i n  Table 7. The t o p  numbers . i n '  Figure 18 indicate  the  individual samples 

. .  

. , ,  

. . .  
. .  

. . .  
:. . 

. .  

. . .  from the  different   s ta t ions as described  in  Table 5. 
. .  . .  

. .  . 

-Table 7. Description..and Composition o f  Cluster Groups . ' 

. .  

CLUSTER-GROUP SAMPLING INDIVIDUAL SAMPLE , '  NO. OF SAMPLES 
I.D. NUMBER PERIOD NUMBERS IN CLUSTER IN GROUP 

A 

July & August 2 Pine  River 
September 1 Peace River a t  Taylor 1 

May 1  Kiskatinaw  River 
May 1 Peace River at.  Clayhurst 

1 Pine River 

enti   re  year 11 Peace River a t  Taylor 22 . " 

10 Peace River a t  Clayhurst ... , ent i re   year  . . .  . .  
May , .. . I  

. .  

. . B  May and June 2 Pine  River 4 . .  
.. ' 

,- 

C September 4 Peace River a t  Clayhurst 7 
. .  

D 

July,  Aug., Sept. 4 Beatton  River 5 J 
March 2 Beatton.  River i t  2 I 
March 2 Kiskatinaw  River 2 H 

July & September 2 Kiskatinaw River 2 G 

March 2 Pine  River 2 F 
August  1 Kiskatinaw River 1 E 
a 1 1 Sep tember 5 Pine  River 5 

. .  

1 Kiskatinaw  River . : .  . May 
.. . 

. .  
. .  
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A number of observations  are  possible from this cluster   analysis :  

1. 

2. 

. .  3. 

.. ' 4. 

The chemical differences between the   f ive   s ta t ions ,  as shown  by 
the   s ign i f icance   t es t  i n  Figure 16-, were a l so  confirmed by the 
c lus te r   ana lys i s .  The Peace.and  Pine  River s t a t ions  were  found t o  
form clusters   separate  from those of the  Beatton and Kiskatinaw 
Rivers. 

A number of c lus t e r s  were made u p  of  samples collected d u r i n g  the 
same time  period. For example, c lus t e r  group B cons is t s  of samples 
from three   d i f fe ren t   r ivers   a l l   co l lec ted  d u r i n g  f r e she t  (.May - June) 
and  Group C i s  made u p  of la te  summer samples fo r   t he  Peace and Pine . . 

River  stations.  This suggests  that   there is a def in i te   re la t ionship  ., - ,  .' 

between discharge and overall chemical  composition a t   l e a s t  d u r i n g  
some periods of the  yearly  hydrological  cycle. . .  . .  , .  . 

The Peace and Pine.  samples formed th ree   d i s t i nc t  groups A, B,.and C .  
The f i rs t  i s  made up  o f  samples  covering  the  entire  sampling  period. 
Cluster B consis ts  of May-June samples  while c lus te r -C  covers   l a te  
summer samples  (July-September). . This suggests t h a t  t h ree   d i s t i nc t ly  . . .  

d i f f e ren t  chemical.  regimes  dominate  the  yearly  cycles a t  these  s ta t ions.  ' I .  .I 

Three  separate.  individual  clusters were observed fo r   t he  March 

. .  

. .  

. .  
. . .  

. . .  . . , .  

. .  . 

. .  . .  

. .  

. .  

. .  . .. . .. . .  
. .  , .  . .  . .  

. .  

. samples from the  Pine,  Beatton, and Kiskatinaw River  stations . . . 
. .  . 

. .  

(c lus te rs  F, H, and I ) .  This suggests t h a t .  chemi'c.al differences 
between these  streams  are pronounced d u r i n g  la te   win ter  when ground- 

. .  
, .  

. .  

water and under-ice  flow  control  the  water qual i ty .  

( d )  General  Seasonal  Trends 

: . : The  mean concentrations were examined over  the one year sampling 
. .  

period  to  determine  whether  obvious  trends  could be detected between the 
stations.  Unfortunately no consistent  pattern'  could be observed and 
a clear  separation between the   s ta t ions  was only  possible   for   the  s i l ica  . ' 

d i s t r i b u t i o n  indicated i n  Figure 19 below.. 

. .  
. .  

. .  

I 

~. . .~ ~ .. . .~ ~ . .~.. .". - .  - ..". . _..I.-.""." - "_ 



- 22 - 

Si 

-.-.-. Peace. River a t ,  Taylor  

- I - + +  Beatton  River 
"_ P i n e  River  

. ++++ . . . . . . . . . . Peace River a t   C l a y h u r s t  Kiskatinaw  River 

I 8 1  a i  

J F M A M . J J A S O N D J F M A M - J J A S O N D  

T i m e  i n  months 

Figure  19.  Silica d i s t r i b u t i o n .  
. .  

( e )  Summary. 

The Pine and Peace  River s t a t ions  were  found t o  exhib i t  a ' one-year 
chemical d i s t r ibu t ion  which was s igni f icant ly   d i f fe ren t  from those of 
the  Beatton and Kiskatinaw  River s ta t ions  and although  these  differences 
were substant ia l  no s ign i f icant  change i n  the  water  quality  could be 
detected i n  the main channel of the Peace River downstream  of the  Beatton 
and Kiskatinaw  confluence. 

Chlorine,   si l ica,   dissolved.  nitrogen, sodium, s u l f a t e ,   a l k a l i n i t y , ,  ' . 

and specific  conductance were found t o  be the most useful   d i f ferent ia t ing 
parameters. . .  

. .  
. .... - . ., . _. .  . ~ - .  ,_ . ,. . . ., . , . _ _  ,. , . .. . . .. . .. ... . . , . - - .. . .- " .",.I . . . ..., .." _.. ..... ?"_ 
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A cluster  analysis  using  all  individual  samples  indicated  that, 
besides  the  overall  differences  between  the  stations,  three  distinctly 
different  chemical  regimes  dominated  the  yearly  cycle for the  Peace  and 
Pine  River  stations. The Beatton  and  Kiskatinaw  River  stations  could 
best  be  differentiated  during  late  winter  (March)  when  groundwater  and 

, under-ice  flow  are  dominant. 

Finally,  no  consistent  seasonal  trend  was  found for the  five 
sampling  stations. 

. .  . ,  

CONCLUSIONS 
. .  

The  data  analysis  for  the  Peace  River  project  emphasized  an 
assessment o f  sample  variability  and  provided  an  examination. of chemical , ,  

. .  

. .  . .  
. .  differences  between  the  sampling  stations. The following  conclusions 
. .  

' .'I.. were  found  to be of importance: 
. .  , .  

2. 

3 .  

. . .. 

A comparison  between  replicate,  cross-sectional,  'temporal  .and'  spatial 
variability  showed  that  the  replicate  variability for nitrate  plus 
nitrite,  .and  ammonia-nitrogen  was  equal  to or greater  than  'the 
variabi 1 i ty  observed  from  either  cross-sectional,  temporal or 
spatial  sources.  This  implies  that  temporal  and  spatial  interpreta- 
tions  for  these  parameters  are  dangerous  to  make  and  cannot  be , ' 

justified. 

Seasonal  and  spatial  variability for total  phosphorus  and,  to a' 
lesser  degree,  for  extractable  iron  were  significantly  larger  and 
can  thus  be  used  for  seasonal  and  spatial  interpretations. 

In most  cases  replicate  variability  could  not  be  differentiated 
from  cross-sectional  variability  although  an  independent  data  set 
is  needed for  such  an  analysis. 
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4. Using a one-year  data  set   significant chemical  dififerences  were 
observed between the Peace and Pine  River s t a t ions  on the one hand . .  

and the  Beatton and Kiskatinaw  River s t a t ions  on the other  hand 
and,  although  these  differences were substant ia l  no s i g n i f i c a n t  change 
could be de tec ted   in . the  main stream of  the Peace  River  below  -the 
Beatton and Kiskatinaw  confluence. 

5. A c lus te r   ana lys i s  u s i n g  a l l  i n d i v  
coni'l;rmed the chemical differences 
hyd-rological  regime  has a profound 

,-at-.-d.i.fferent times of the  year .  
. .  

idual  samples  from the f i v e   s t a t  
b u t  a l so   ind ica ted   tha t  the 
influence on the -water  quali ty 

6. Chl:ori-ne., s i l ' ica ,   d issolved  ni t rogen,  sodium, s u l f a t e ,   a l k a l i n i t y - .  
and .s.peci.fic',conductance were found t o  be the most useful differ-  
entiating  parameters.  

. . . .  . 

ions 

. .  

. - .  
. .  

I .  

. . ;  . .  .. . 
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APPENDIX I 

1975-76 DISCHARGE  RECORDS FOR . .  
. .  

PEACE, PINE, BEATTON AND KISKATINAW RIVER 
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1975-76 DISCHARGE RECORDS FOR PEACE AND PINE RIVERS . . 
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1975-76 DISCHARGE RECORDS 

FOR KISKATINAW AND BEATTON RIVERS 

I J  
I 
I 

I 

Time i n  months 

' 1 ,  I 
Water q u a l i t y  
sampling  per iod 

I t 

I 

h I 

, '  I Kiskatinaw  River 

River 
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APPENDIX 11. ANALYSIS OF SEDIMENTS 

F i  1 t e rab le  and non-f i 1 terable   res idues were examined f o r  the f i v e  
sampling s t a t ions  i n  the Peace River system  over  the 1975-76 period. 
The data were found t o  be in su f f i c i en t   fo r  a detailed  examination and 
only  .general  observations  are  presented below. 

( a )  .:Nan F-.i 1 terab'l-e  Residues 
. .  . : . 

'. As -can  be seen from Figure 1 ,  the Pine,  Beatton, and Kiskatinaw  River 
. .  

stati-ons- showed: :generally  higher 1975-76 values  than the two s t a t i o n s  on 

i n  the.  .Peace  River  than  those  found i n  the   other   three rivers. T h i s  can 
. the 'Pesce-'River. ' Al:so f luc tua t ions  between  sampling  periods  were  lower 

. .  

, .  be a t t r i b u t e d . t o  the f ac t   t ha t   t he   f l ow i n  the  Peace  River i s  regulated 
by a major 'hydroelectr ic  dam. , ' 

I .  

. .  

Peak an'nual values were  found t o  occur a t   va r ious  times o f . t h e   y e a r ,  
.. . . .  

the Beatton'River  station  being  the.most  variable of a l l  fi.ve s t a t ions  
. , analyzed. 

. .  
. .  

(b)  Fil terable. 'Residues . .  

From Figure 2 i t  i s  ev ident   tha t   f i l t e rab le   res idues  .were h ighes t   for  
the Beatton and Kiskatinaw Rivers d u r i n g  la te   win ter .  The overall   trends 
for   the  Pine and Peace  River s t a t ions  were s imi la r  and d i f f e red   s ign i f i can t ly  
from the  values  obtained  for  the  Kiskatinaw  River. 

. .  
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Distribution of non-fil  terable 
residue i n  Peace River  system. 
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.Figure 2. Distribution of f i l t e r a b l e  
, -.-.- Peace River' a t  Clayhurst' 

residue i n  Peace River  system. . ++++ Pine  River : '_: 

' 600 

400 

200 

. .  
- - Beatton  River 
-I-+ Kiskatinaw River 

. -  . .  

. .  

. . .  

. . .  

- I ". . . . . . . . . . . . . . . .  .... .._. - ". ... . . . . . . .  , I . I .  .< ..I..""...._.. I- .."._._." .. ".". ..". I" ,". -~ 


	Table of Contents

