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ABSTRACT 

I 

a 

I 

The MacMi 11 an Bloedel   (Alberni   L imited  pulp m i  11 loca ted  a t  the  

head o f   A l b e r n i   I n l e t ,  underwent a se r ies   o f   mod i f i ed   b leach ing   t r i a l s   t o  

reduce  e f f luent   co lour   f rom 1974-1976. The ef fect iveness o f  the  colour 

removal t r i a l s  was estimated by observing  dissolved oxygen l e v e l s   i n   A l b e r n i  
Harbour  and the  Somass River, and the  f low  ra te  o f   the Somass River.  This 

repor t   presents  an analys is   o f   data  suppl ied by the  Technical  Services 

l abo ra to ry   a t   A lpu lp  from 1974 t o  1976. 



R k S U M B  

D e  1974 3 1976,   l ' us ine   de   pd te   de  l a  soci6tE  MacMillan 
Bloedel Alberni  L i m i t e d ,  s i t u e e  a u  fond  de l ' i n l e t   A l b e r n i ,  a 

f a i t   l ' o b j e t   d ' u n e   s 6 r i e   d ' d p r e u v e s  de blanchiment  modifi6  pour 
r6du i r e  l a  c o u l e u r   d e   l ' e f f   l u e n t .   P o u r   j u g e r   d e   l ' e f f   i c a c i t 6  
des  essais de  decolorat ion,   on a not6  les  t a u x   d ' o x y g h e   d i s s o u s  
dans le  havre  d 'Alberni  e t  l a  r i v i s r e  Somass a i n s i   q u e  le  d e b i t  
de cette r i v i s r e .  Le p re sen t   r appor t   ana lyse  les donnees 
p rovenan t   du   l abo ra to i r e   des   s e rv i ces   t echn iques  de 1 'Alpulp 
pour l a  p6r iode   s ' e tendant   de  1 9 7 4  a 1976.  
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SUMMARY AND CONCLUSIONS 

Parker and Sibert ( 2 )  showed t h a t  the humic stain i n  p u l p  mil 1 
effluent prevented oxygen production i n  the layer below the halocline by 
restricting l i g h t  penetration and effectively blocking photosynthesis. The 
oxygen deficit  is increased by the respiration o f  fauna and flora bel ow the 
halocl ine. Water for entrainment i n t o  the halocl ine and t o  the upper mixed 
zone is therefore low i n  dissolved oxygen. A numerical model presented by 

Sibert and Parker (4) showed t h a t  primary productivity does not recover u n t i  1 
the  stain content of the effluent  is reduced to  125 units and does not 
exhibit signs of  "normal i ty" u n t i  1 the level i s  dropped t o  75 units, or 
a pp rox 
A1 pul  p 

the m i  

rnately 90% stain 
from 1974 - 1976 

The  measured 
1 or 1 U U %  colour 

removal The modified  bleaching trial s conducted a t  
resulted i n  decreases of 20 - 68% of  stain. 

level s of dissolved oxygen d u r i n g  the 1975 closure of 
removal  showed a definite increase over  averages for 

previous years. The values i n  the upper layers were greater than 5 mg/l a t  
a time when dissolved oxygen is  generally lowest for  the year. A1 though 
dissolved oxygen concentrations a t  the bottom remained we1 1 below 5 mg/l , 
they were  improved  from the levels  prior t o  mill closure. In 1976, during 
the continuous  modified bleaching sequence from July to  December, slight 
improvements i n  dissolved oxygen level s were recorded despite the low Somass 
River flows occurring from  September t o  December. 

Y 
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1 INTRODUCTION 

The head o f  A1 b e r n i   I n l e t   ( F i g u r e   1 )   i s  a h i g h l y   s t r a t i f i e d   e s t u a r y  
having a large  f reshwater   in f low,  a s t rong ly   de f ined  ha loc l   ine ,  and an under- 

l y i n g   l a y e r   o f   h i g h e r   s a l i n i t y  seawater. The laye r  below  the  halocl ine i s  

the  immediate  source of   entrainment  water to the   ha loc l ine  and the  upper 

mixed zone (1  
Low d isso lved oxygen l e v e l  s are  f requent ly  recorded  in  the  surface 

waters a t   t h e  head o f   t h e   i n l e t .  The oxygen l e v e l s   i n   t h e   l a y e r  above the 

haloc l   ine  are  o f ten  be low  the 5 mg/l   required  in  the  Pol  1 ution  Control  Branch 
operat ing  permit   for   the  MacMil lan  Bloedel  (A1 bern i )   L imi ted   pu lp  mill 

l o c a t e d   a t   t h e  head o f   t h e   i n l e t .  The pulp mill discharges  into  the  surface 

wa te rs   o f   t he   i n1   e t   nea r   t he  mouth o f   t h e  Somass River. 

I n  1970, primary and secondary b i o l o g i c a l   t r e a t m e n t   f a c i l i t i e s  were 

const ructed t o  remove 50% of   the  b iochemical  oxygen demand  (BOD) o f   the  
ef f luent   before  d ischarge.  However, even w i t h   t h i s  measure, d isso lved oxygen 

i n  the  upper  mixed  layer s t i l l  dropped  below 5 mg/l a t   ce r ta in   t imes   o f   t he  

year. 

Parker and S i  b e r t  ( 2 )  suggested t h a t  i f  the  low  dissolved oxygen 

cou ld   no t  be s o l e l y   a t t r i b u t e d  t o  the removal by BOD from  the  eff luent,  then 

it fo l lowed  tha t  oxygen generation  through  photosynthetic  act ivi ty  below  the 

ha loc l   ine  was reduced. Entrainment  of   pulp mill e f f l u e n t   i n   t h e   s u r f a c e  
wa te rs  would con t r i bu te  to  low  dissolved oxygen i n  the upper zone. Phyto- 

t o x i c  components i n  mill e f f l u e n t   o r   t h e   l i m i t i n g   e f f e c t s   o f   n u t r i e n t s  ( 3 )  
c o u l d   r e s u l t   i n   t h e   i n h i b i t i o n  o f  phytoplankton  production. However, shading 
and h i g h   l i g h t   a t t e n t u a t i o n  caused by c o l o u r   i n   t h e   e f f l u e n t  appeared to be 
the  most  obvious  factors i n  reducing  phytoplankton  production and thereby 

fu r ther   lower ing   d isso lved oxygen levels .   Respi rat ion  by  bacter ia  and other 

aquatic  organisms  would be expected to rap id l y   dep le te   t he   l ow   i n i t i a l  

d isso lved oxygen i n  the  upper  layers. 

I n  an at tempt  to  reduce  the  detr imental   ef fects  of  humic s t a i n   i n  

the   e f f l uen t ,   t he   pu lp  mill conducted  three  modif ied  b leaching  t r ia ls  to 

reduce  ef f luent  col   our  (Table  1) .  
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The purpose o f   t h i s   r e p o r t  was t o  examine the  d isso lved oxygen 

concentrat ions in   A lbern i   Harbour   dur ing   the   per iods   o f   mod i f ied   b leach ing  

and t o  determine  whether  appreciable changes had occurred. All data used i n  

t h i s   r e p o r t  was suppl i e d  by the  Technical  Services  laboratory a t  A1 pulp,   Port  

A l b e r n i ,   B r i t i s h  Columbia. 

2 RESULTS AND DISCUSSION 

From 197U t o  1976, d isso lved oxygen leve ls   i n   A lbe rn i   ha rbour  and 

the  Somass River   fo l lowed a s i m i l a r  annual  pattern.  Dissolved oxygen l e v e l s  

were lowest i n  September-October, began to   inc rease and reached  highest 

l e v e l s   i n  December-January and then  decreased  through  the summer to   the   fa1  1 
minimums (Figures 2, 3 ,  and 4).  This  pattern  appears  to be d i r e c t l y   e f f e c t e d  

by  the Somass River   f low  (F igures 5, 6, 7, 8, and over lays)  and may  be par- 

t i a l l y   r e l a t e d   t o  seasonal  phytoplankton  production  cycles. 

The f i r s t  sequence of modif ied  b leaching was in   ope ra t i on   f rom June 

20 t o  September 3 ,  1974 (Table 1 1, wi th   the  except ion of the week o f  August 9 

t o  18, when the mill reverted  to  conventional  bleaching. 
The average  colour  value  pr ior   to  b leach  modif icat ion was 877 un i t s .  

Colour  dur ing  the  modif ied  b leaching  operat ion was recorded i n  a range  from 
41 0 t o  71 0 un i ts   (Tab le  2) or  approximately 20 - 54% s t a i n  removal. During 

t h e  week o f  August 9 t o  18, 765 c o l o u r   u n i t s  were measured. 

The change i n   d i s s o l v e d  oxygen a t   t he   su r face  and a t  10 fee t   du r ing  

the  modi f ied  b leaching trial was i n s i g n i f i c a n t  compared to  data  from  previous 

years. However, the  values  recorded  at  the  bottom were h igher   than  e i ther  

the  preceding two month pe r iod   o r   t he  two months fo l low ing   the   mod i f ied  

bleaching  experiment. Because o f   t he   l im i ted   t es t   pe r iod ,   t he   e f fec t  of the 

bleaching  process on bottom  dissolved oxygen levels  cannot be s ta ted   w i th  any 

c e r t a i   n t y  . 
The second trial per iod  of   modif ied  b leaching  occurred  dur ing  the 

pe r iod  May 15 t o   J u l y  16, 1975, a t  which  time a labour  dispute  forced  closure 

o f   t he   pu lp  mill (Table 1). When the mill resumed operations i n  October,  the 

conventional  bl  eachi ng process was re i   nstated.  
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During  the  modif ied  bleaching  experiment i n  1975, colour was 

recorded i n  a range  from  310 t o  58lJ u n i t s ,  The average l e v e l   p r i o r   t o   t h e  

modif ied  b leaching was  940.5 co lour   un i ts   (Tab le   2 ) .  These values  represent 

approximately 39 - 5 8 %  s t a i n  removal. 
The dissolved oxygen concentrat ions measured at   the  sur face and a t  

1 U fee t   dur ing   the   co lour  removal sequence  were simi 1 a r   t o  1974 leve ls .  The 

leve ls   a t   the   bo t tom were we l l  below 5 mg/l and d i d   n o t  appear t o  be a f fec ted  

by  the  modif ied  bleaching. With e s s e n t i a l l y  100% co lour  removal when the 
mill was shut down, dissolved oxygen leve ls   a t   the   sur face  and a t  l U  f e e t  

were, not iceably   h igher   than  for   the same per iod  in   prev ious  years.  The 

values  recorded  at  the  bottom were s t i  11 below 5 my/l , b u t  were higher  than 

those  leve ls   recorded  in   the   four  months p r i o r   t o   t h e  mill closure. 
The 1976 co lour  removal operat ion was i n   e f f e c t   f r o m  May 20 t o  June 

23 and again  f rom  July 12 t o  December 14 (Table 1 1. This was the  longest 
continuous sequence o f   mod i f i ed   b leach ing   f o r   t he   t h ree   t r i a l   yea rs .  From an 

i n i t i a l  average l e v e l  o f  845 co lour   un i ts ,   va lues  dur ing  the  modi f ied  b leach-  

i ng  were  recorded from 310 t o  91 4 uni ts   or   approx imate ly  36% co lour  removal 

(Table 2). 
I n  1976, the  d issolved oxygen l e v e l  s at   the   sur face  were simi 1 a r   t o  

those  recorded i n  1974.  The acceptable  dissolved oxygen l e v e l  s i n  the 

surface  waters o f  A1 berni  harbour  appeared  to be a r e f l e c t i o n   o f   t h e   h i g h  

d isso lved oxygen leve ls   o f   t he  Somass River. A t  the 3 metre  depth,  dissolved 
oxygen l e v e l s  dropped  below 5 mg/l i n  October and November whi le  the  colour 

removal  operation was being conducted. This was t y p i c a l  o f  the  seasonal 
pa t te rn   o f   d i sso l ved  oxygen leve ls   i n   t ha t   s t ra tum,   a l t hough  it occurred 

s l i g h t l y   e a r l i e r   i n  1973 and 1974 (Table  3). The values  recorded a t  the 

bottom were s t i l l  below 5 mg/l  most of   the  year;  however, they were  con- 
s iderably   h igher   dur ing  the  per iod  f rom  Ju ly   to  September than  the  leve ls  
recorded  during mill shutdown i n  1975, 
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TABLE 1 SEQUENCE OF MODIFIED  BLEACHING - 1974, 1975, 1976 

Date Sequence 

1974 

June 20 H ( x )  H b l  eachi ng s tar ted,  Washer-1 5 overhaul 
( hypochl o r i   t e  stages 1 

J u l y  21 Washer-1 5 came  on l i n e  

J u l y  31 HHH bleaching  started  (hypochlor i te  stages) 

August 2 HEH Bleaching  started  (hypochlor i te  stage, a1 ka l   i ne   ex t rac t i on ,  
hypochlor i te  stage) 

August 3 Semi-bleached k ra f t   b r igh tness   inc reased  to  GE 67.5 (General 
E l e c t r i c   u n i t )  

August 9 Switched back to  convent ional   b leaching (CEH bleaching - 
ch lo r ine ,   a lka l ine   ex t rac t ion ,   hypoch lor i te   s tage)  

August 19 Switched back to   modi f ied  b leaching (HEH b leaching)  

September 3 Switched back to  convent ional   b leaching .......................... . . . . . . . . . . . . . . . 0 ~ * ~ * ~ 0 ~ ~ ~ ~ ~ ~ * ~ ~ ~ * ~ ~ . . . . . . . . . . . . . . . . .  

1975 
(r 

May 15 Modi f i  ed b l  eachi ng tri a1 commenced 

J u l y  16 Shutdown due to   labour   d ispu te  

October Resumed operation,  conventional  bleaching  started 
. . . . . . . . . . . * * . . . . . . . . . . . . . * a  * ~ * * ~ ~ " * . . * * * O O * . * . * . O . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1976 

May 20 Mod i f i ed   b leach ing   t r i a l s  commenced (HEH bleaching) 

- 

June 23 Switched to  convent ional   b l   eachi  ng (CEH b l  eachi  ng) 

J u l y  12 Switched back to   modi f ied  b leaching 

December 14  Switched  back to  conventional  bleaching 
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TABLE 2 C W I I N E D  EFFLUENT  COLOUR (uni ts  APHA) 

~- ~ 

Year Oatdunits  Date/Unitr   Date/Units  Datc/Units  Date/Units  Date/Units 

1974 January  February  March Apr i l  May June ...................................................................... 
3 1000 7 1000 7 770 4 800 2 980 6 860 
10 1100 14 700 14  820 1 1  1220 9 - 13 820 
17 1000  21  1150  21  565 18 920 16 .. 20  680 

' ,  24  800  28  800  28  700  24 880 23 - 27  460 
31 600 30 830 ...................................................................... 
J u l y  August Sept'ember OC tober November  December ...................................................................... 
4 510 1 620 5 540 3 580 7 1110 5 920 

1 1  565 8 710 12 615 10 730 14 940 12 920 
18 410 15 765 19 930 . 17 770 21 770 19 810 
25 569 22 695 26 920 24 1230 28 970 25 830 

29 550 31 1040 

1975 January  February . March Apri 1 May June ...................................................................... 
1 -  5 -  5 965 2 1150 7 1080 4 540 
8 -  12 - 12 845. 9 815  14  1090 1 1  485 
15 - 19 - 19  900  16 . 690 21 770 18 440 
22 - 26 885 26  815  23  750  28 580 25  380 
29 - 30 'WS ....................................................................... 
July August  September  OCtober November  December ...................................................................... 

7 310 6 -  3 -  1 -  5 660 3 770 
3 500  13 - 10 - 8 -  12 715 10 840 
16  420  20 - 17 - 15 760  19  670 17 890 
23 - 27 - ' 2 4  - 22 510 26 850 24 540 
30 - 29 710 31 720 

1976 January  February blarch Apri 1 Nay June ...................................................................... 
7 825 4 750 3 780 7 760 5 850 2 GOO 

21  74b  18  885 17 970  21  1010  19 1150 16 445 
28 840  25  790  24  825  28  860  26  850  23  485 

31 910 30 660 

14 690 11  aoo IO 690 14 765 1 2  1010 9 640 

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

7 .  860 4 360 1 310 6 410 3 335 1 -  
14 . 780 1 1  417 8 580 13 365 10 335 8 330 
21 580 18 941 15 370 20 410 17 350 15 365 
28 440 25 335 22 520 27 450 24 410 22 430 

29 500 29  290 



TADLE 3 SOf4ASS RIVER FLOW (cfs)  AND DISSOLVED OXYGEN AVERAGES FROM SOMASS 
RIVER AND tIOHf4 ISLAND, 1973 - 1974 

Oissolved Oxygen 
Somass .. (PW) 
River Somass 
Flow Hohm Is1 and River 
( C f S )  Surface 10 f t .  Bottom Surface 

1973 

1974 

1975 

1976 

January 9585 12.74  10.94  6.76 13.53 
February 2863  11.23  6.31  5.03  13.56 
March 361 9  11.31  6.96  5.68  13.01 
Apri 1  2389  9.36 7.09 1.86  11.49 
M?Y 3597  9.26 7.22' 3.71 10.63 
June 3403  8.79  7.15  4.71  10.53 
July 2261 8.70 6.45 3.9s 10.18 
August 1706 6.99 6.25 3.55  9.35 
September 1563 6.13  3.91  3.40  9.07 
October 1951 7.31  3.92  3.02  10.07 
November 4530  9.84  6.70  4.80 11.66 
December 8833 11.01 8.93 6.47  12.03 ....................................................................... 
January 7802  11.1  9.4  4.8  12.1 
February 51 49  11.2 10.5 7.2 11.8 
March 62 76 11.3  8.3 5.0 12.1 
Apri 1 6339 10.9 9.7  6.1 11.8 
May 4775  11 .o 7.6  2.7  11.9 
June 7051  9.4  9.1  2.9 10.8 
July 4426  9.2 8.9 5.3  10.1 
August 2 784  8.1 6.3 4.2  9.2 
September 1973 6..9 4.9  2.9 9.2 
October  1903 6.9 2.9 2.4 9.8 
November  51 78 9.0 5.4 3.8 10.8 
December 8643 10.3 9.4 5.5  10.8 .................................................. o.......,........... 

January 3095  10.0 . , 6.3 3.4  11.2 
February 251 7 8.7 5.8  4.7  10.7 
March  3624  9.4 7.8 5.6 10.1 
Apri 1  2578  9.4  6.8  2.5  11.5 
May 3790  9.8  7.5  2.8  10.6 
June 4181 9.2 8.0 2.2  10.0 
July 21 79  8.1 8.0 2.2 9.3 
August 1393 ' 8.7 8.8 3.7 9.0 
Se p ternber  2491 . 9.1 6.9 3.7  9.4 
October 6444  9.7 8.4 3.2  10.6 
November 9115 10.9 9.5 5.5 12.0 
December  8051  10.7 7.7 4.1  12.1 ........................................................................ 
January 41 92 10.6 8.8 6.2 11.8 
February 3956 10.9 8.3 3.9 12.3 
March 3281 10.6 8.1 4.0 12.1 
Apri  1 3450 10.2 6.4 2.7 11.9 
May 4052 9.4 8.2 0.9 11.2 
June 4224 9.3 8.1 2.8 10.1 
July 3663 8.1 7.1 5.7 9.8 
August 2039 7.6 7.1 5.2 9.5 
September 1738 7.3 5.5 4.0 9.6 
October 1753 ' * 6.8 3.9 2.7 9.6 
Noverntjer 42 60 9.1 4.8 2.7 11.3 
December 4 7 1-8 10.1 5.6 3.9 12.4 
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