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ABSTRACT 

The ex ten t  of water-dependent log handling and s to rage  f a c i l i t i e s  i n  
southeas t  Alaska is summarized, along with t h e  a v a i l a b l e  l i t e r a t u r e  on the  
environmental impact of these  f a c i l i t i e s .  F i e l d  s t u d i e s  were conducted 
a t  16 s i t e s  and c o r r e l a t e d  with labora tory  s t u d i e s  of leaching r a t e s  and 
t o x i c i t y  of t h e  four  major wood spec ies  h a r v e s t e d i n  southeas t  Alaska. S igni f-  
i c a n t  e f f e c t s  on water q u a l i t y  a r e  bel ieved t o  occur only under unique 
condit ions and were observed a t  only 2 of the 16 s tudy sites. Bark depos i t s  
with a high demand f o r  oxygen were observed a t  a l l  a c t i v e  and abandoned 
log dumping s i t e s .  
i n  bark covered a r e a s  and i n t e r t i d a l  r a f t  s torage  a reas .  The labora tory  
s t u d i e s  demonstrated t h a t  oxygen demanding organic  compounds r ap id ly  leach 
from logs i n  water ,  bu t  p r e c i p i t a t e  i n  s a l t  water.  The wood leachates  
a r e  t o x i c  t o  pink salmon f r y  i n  the l abora tory  bu t  probably have l i t t l e  
e f f e c t  on f i s h  i n  t h e  n a t u r a l  environment. Fur ther  s t u d i e s  a r e  needed t o  
f u r t h e r  quant i fy  the  environmental impact of water- oriented log handling 
p r a c t i c e s .  

The abundance of benth ic  infauna was not iceably  reduced 
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INTRODUCTION 

Background 

Southeast Alaska is b a s i c a l l y  a system of i s l ands  convoluted with 

Because o f  t h e  water- oriented g numerous bays and e s t u a r i e s  (Fig. 1). 0 

raphy and l ack  of roads ,  most commercially harvested timber i n  Southeast 

Alaska is s t o r e d  and t r anspor ted  on its marine waters. 

The water-dependent l o g  handling and s to rage  faci l i t ies  i n  Southeast 

Alaska are of four types  ( S t a t e  of  Alaska, 1971): 

1) Sale area dumping sites 

2 )  

3 )  Winter raft s to rage  sites 

4 )  

Sa le  area raft  c o l l e c t i n g  and s to rage  sites 

M i l l  s t o rage  and s o r t i n g  s i tes  

Logs are introduced i n t o  t h e  water a t  t h e  sale area dumping sites by 

a v a r i e t y  of methods. Usually, they are bundled with s teel  bands while 

s t i l l  on t h e  logging t ruck ,  then l i f t e d  and lowered i n t o  t h e  water with 

an A-frame crane (Fig. 2 ) .  In  some logging opera t ions  t h e  log bundles 

are s l i d  o r  skidded i n t o  t h e  water; i n  o the r s  individual  logs are e i t h e r  

l i f t e d ,  s l i d ,  o r  skidded i n t o  t h e  water and bundled the re .  

The log  bundles are then c o l l e c t e d  i n t o  rafts of approximately 70 f t  

by 550 f t  and 300 t o  600 thousand board feet (bd f t ) .  The raf ts  remain 

a t  t h e  sale area raft c o l l e c t i n g  and s to rage  sites u n t i l  they are towed 

t o  e i t h e r  t h e  m i l l  s to rage  and s o r t i n g  sites o r  t h e  winter  raf t  s to rage  

si tes.  

loca ted  near  t h e  processing m i l l s .  

time, as they are usual ly  processed soon after  a r r i v i n g .  

age sites are o f t e n  i n t e r t i d a l  areas near  t h e  heads o f  e s t u a r i e s .  

t h e  log bundles ground a t  low t i d e  and rece ive  freshwater  from in land streams 

(Fig.  3). Logs kept at  t h e  winter  s to rage  sites are usua l ly  i n  excess of  t h e  

demand from summertime processing a t  t h e  m i l l s  and are drawn upon gradual ly  

during t h e  winter  and spr ing.  I n t e r t i d a l  areas are chosen for extended l o g  

s to rage  because grounding a t  low t i d e  and t h e  r e l a t i v e l y  low s a l i n i t i e s  

minimize i n f e s t a t i o n  by marine wood-boring organisms, known as "teredos" 

(Bankia setacea). 

The m i l l  s to rage  and s o r t i n g  areas are usua l ly  i n  deep water 

Here logs are kept  f o r  only a s h o r t  

The winter  s t o r -  

Here 

Most logs  i n  Southeast Alaska are handled and s t o r e d  a t  
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Figure 1. Study sites in Southeast Alaska. 



Figure 2. Active log dump at Thorne Bay.

Figure 3. Intertidal raft storage at Fish Bay.
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t h e  heads of  bays and estuaries for p ro t ec t ion  from t e redos  and from stormy 

weather . 

Scope of  t h e  Pmblem 

Approximately 60 ind iv idua l  logging companies opera te  wi th in  Southeast  

They supply t imber t o  two l a r g e  pulp m i l l s  Alaska ( S t a t e  of Alaska, 1971).  

and approximately 18 smaller saw m i l l s  i n  Southeast  Alaska. 

harvested 560 mi l l i on  bd f t  of t imber,  70% of  which was hemlock (Tsuga hetero- 
phytla),  25% spruce (Picea sitchensis),  and 5% r ed  and yellow cedar  (Thw*a 
pzicata and Chamaecypds nootkatensis) ( S t a t e  of Alaska, 1971). A t o t a l  o f  

650 acres (approximately 1 sq mi) of  water was used for t h e  s to rage  and han- 

d l i n g  of t h a t  t imber.  Since some of t h e  logging companies move t h e i r  opera- 

t i o n s  t o  new areas each year ,  a l a r g e  area of water has been used f o r  log 

handling and s to rage  i n  Southeast  Alaska, 

In  1970, they 

The literature on t h e  effects of l o g  dumping and r a f t i n g  on t h e  marine 

environment of Southeast  Alaska is very scanty ,  

t h e  Auke Bay Bio logica l  Laboratory of  t h e  Nat ional  Marine F i she r i e s  Service 

descr ibed t h e  ex t en t  and impact of  bark deb r i s  a t  one a c t i v e  dumping s i t e ,  

t h r e e  abandoned dumping sites, an a c t i v e  raf t  s to rage  area, and two c o n t r o l  

areas (U.S.  Fish and Wildlife Service,  1970). SCUBA d ive r s  made sub jec t ive  

observat ions on t h e  amounts of bark,  wood d e b r i s ,  and o t h e r  d e b r i s  on t h e  

bottom, as w e l l  as t h e  r e l a t i v e  numbers and types  of l a r g e  benth ic  organisms 

i n  t h e  area. 
dumping sites, along with t h i c k  beds of bark and organic  d e b r i s ,  and s c a t t e r e d  

steel  bands and cab le s ,  

of deb r i s  and appeared t o  have a normal populat ion of benth ic  organisms. 

t h e  a c t i v e  raft s to rage  area t h e  benthos was apparen t ly  unaffected except 

d i r e c t l y  under t h e  ra f t s ,  where shading had apparent ly  i n h i b i t e d  t h e  growth 

of a lgae  on t h e  bottom. Three o the r  a c t i v e  dumping sites were inves t iga t ed  

i n  1967 by E l l i s  (1970). Despite t h e i r  use f o r  as long as 12 years ,  they 
had no accumulation of  bark and d e b r i s ;  however, s t rong  c m e n t s  were meas- 
w e d  t h e r e  a t  t h e  time of  i nves t iga t ion .  

In  1970, i n v e s t i g a t o r s  from 

Drastic deple t ion  of  benth ic  organisms was observed a t  t h r e e  

A less used dumping s i te  had an i n s i g n i f i c a n t  amount 

A t  
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Schaumburg (1973) i nves t iga t ed  t h e  environmental impact of t h e  freshwater- 

o r i en t ed  l o g  handling p r a c t i c e s  of Oregon and concluded t h a t :  

1) s i g n i f i c a n t  q u a n t i t i e s  of bark are dislodged during l o g  dumping and 

r a f t i n g  a c t i v i t i e s ;  

2)  bark depos i t s  exert a s m a l l ,  bu t  measurable, chemical and b i o l o g i c a l  

demand for oxygen from overlying waters; 

3 )  

4) 

5 )  

6) 

organic  compounds leach  f r o m  l ogs  when s to red  i n  water; 

l o g  leacha tes  e x e r t  a chemical and b i o l o g i c a l  oxygen demand; 

l og  leacha tes  add color-producing substances t o  t h e  water; and 

Douglas fir l eacha te  is acu te ly  t o x i c  t o  rainbow t r o u t  and chinook 

salmon f k y  i n  f reshwater ,  

A t a s k  force of t h e  Pacific Northwest Pol lu t ion  Control Council (1971) 

r e c e n t l y  evaluated t h e  environmental impact of  log dumping and s to rage  i n  

publ ic  waters. It made a number of recommendations for  abatement of ill ef- 

fects, most o f  which d i f f e r  from present  p r a c t i c e s  i n  Southeast  Alaska. The 

t a s k  force has been c r i t i c i z e d  by indus t ry  r ep re sen ta t ives  f o r  reaching ten-  

t a t i v e  conclusions on t h e  b a s i s  of  l imi t ed  s c i e n t i f i c  da ta .  Rat ional  deci-  

sions can be made regarding a l t e r n a t i v e  l o g  handling procedures only after 

t h e  environmental impact of t h e  present  methods is known in greater d e t a i l .  

Project Objectives 

1) To determine t h e  effects of  log dumping and r a f t i n g  on t h e  water 

q u a l i t y  of Southeast  Alaska by measuring t h e  concentrat ion of organic  l o g  

l eacha te s ,  b i o l o g i c a l  oxygen demand, dissolved oxygen, and hydrogen su l-  

f i d e  in t h e  water at  varying d i s t ances  from l o g  dumping, log r a f t i n g ,  and 

c o n t r o l  sites. 

2)  To determine t h e  effects of l o g  dumping and r a f t i n g  on benth ic  

organisms i n  Southeast  Alaska by making a comparative survey of t h e  kinds 

and r e l a t i v e  abundances of benth ic  organisms assoc ia ted  with l o g  dumping, 

l o g  r a f t i n g ,  and c o n t r o l  sites. 

3 )  To determine t h e  r e l a t i v e  leaching  rates of hemlock, spruce,  r e d  

cedar ,  and yellow cedar logs i n  sea water. 
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4) To determine t h e  t o x i c i t y  of hemlock, spruce,  r e d  cedar ,  and 

yellow cedar  l o g  l eacha tes  t o  organisms found a t  l o g  dumping and l o g  raft- 

ing sites. 

5 )  

6) 

To evalua te  t h e  economics of log towing vs log  barging. 

To make recommendations f o r  f u r t h e r  s tudy.  

MATERIALS AND METHODS 

F ie ld  Studies  

Study S i t e s  and Sampling S ta t ions  

Studies  of  water q u a l i t y  and benth ic  fauna were conducted during t h e  

summer of 1972 a t  t h e  l o c a t i o n s  shown i n  Fig. 1, belonging t o  s i x  catego- 

ries of facil i t ies (Table 1); h e r e a f t e r  referred t o  by the abbreviations 

given in T a b l e  1, as fol lows:  

1) a c t i v e  log  dumping s i t e  

2 )  abandoned log dumping s i te  

3) 

4) winter  raft s to rage  s i te  

5) 
6 )  c o n t r o l  s i te  

sale area log  raft c o l l e c t i n g  and s to rage  s i t e  

m i l l  s t o r a g e  and s o r t i n g  s i te  

The a c t i v e  log  dumping sites were s e l e c t e d  on t h e  b a s i s  of  age and t h e  amount 

of t imber  t h a t  had been put i n t o  t h e  water. 

a c t i v i t y  a t  t h e  s tudy sites is compiled i n  Table 2. 

ing  si tes were chosen t o  inc lude  varying ages of d i suse  (Table 2) ,  but  were 
e a s i l y  i d e n t i f i e d  from t h e  presence of o ld  c r ibb ing  and miscellaneous debr i s .  

A t  least one s i t e  represent ing  each of t h e  t h r e e  ca t egor i e s  of  r a f t i n g  sites 

was s tud ied  (Table 1). Information on t h e  log r a f t i n g  a c t i v i t y  a t  t h e  s tudy 

sites is compiled in Table 3. 

on t h e  b a s i s  of  comparative s i m i l a r i t y  in phys ica l  and chemical charac ter-  

ist ics,  such as depth, bottom type, s a l i n i t y ,  temperature,  etc. , with t h e  

r a f t i n g  and dumping sites. 
been used f o r  log  handling. 

Information on t h e  l o g  dumping 

The abandoned l o g  dump- 

Three c o n t r o l  sites were s e l e c t e d  (Table 11, 

It was assumed t h a t  t h e  c o n t r o l  sites had never 
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Table 1. S i t e  abbrevia t ions  and c l a s s i f i c a t i o n s  

S i t e  l o c a t i o n  Type of f a c i l i t y  Abbreviation' 

Hanus Bay 
Mud Bay 

Thorne Bay 

Eagle River 

Katlian Bay 
Nakwasina Sound 

Star r igavan Bay 

Rodman Bay 

Thorne Bay 
Fish Bay 

Rodman Bay 

Bear Cove 

Herring Cove 

Kat l ian  Bay 

Rodman Bay 

Thorne Bay 

Active dump 

Active dump 

Active dump 

Abandoned dump 

Abandoned dump 

Abandoned dump 

Abandoned dump 

Abandoned dump 

Sale  area raft c o l l e c t i n g  and s to rage  

Winter raf t  s to rage  

Winter raft s to rage  

M i l l  s t o rage  and s o r t i n g  

M i l l  s to rage  and s o r t i n g  

Control 

Control 

Control 

HD 

MD 
TD 

ED 

KD 

ND 

SD 

RD 
TR 

FS 
RS 

BR 

HR 

KC 

RC 

TC 
- - 

'These abbrevia t ions  h e r e a f t e r  are used i n  re ference  t o  sites 
F i r s t  letter of abbrevia t ion  = F i r s t  le t ter  of s i te  loca t ion .  
Second le t ter  of abbrevia t ion  = F i r s t  le t ter  from type of f a c i l i t y .  
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Table 2. Log dumping a c t i v i t y  a t  s tudy  sites' 

Method of 
S i t e  dumping 

Tota l  Years Amount Percent of t o t a l  board 
years  of dumped feet dumped 

a c t i v e  d i suse  (MMBF)2 Hemlock Spruce Cedar 

TD A- frame crane 10 0 550 70 25 5 

MD A-frame crane 7 0 210 70 30 0 

HD A- f r a m e  crane 1 0 8 70 30 0 

SD S l i d e  ramp 3 1 7 85 14 1 

ED A-frame crane 1 2 27 70 30 0 

RD A-frame crane 7 5 162  70 30 0 

KD A-frame crane 6 7 113 4 1  59 0 

ND A-frame crane 2 11 37 38 62 0 

'Personal communication with M r .  Allen Aitken of t h e  US Forest Service.  
2MMBF = mi l l i on  board feet. 
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T a b l e  3.  Log r a f t i n g  a c t i v i t y  a t  s tudy sites’ 

year Tot a1 Normal 
r a f t i n g  years  s to rage  Percent  composition of rafts 

S i t e  began active ( r a f t s )  Hemlock Spruce Cedar 

TR 1962 10  60 70 25 5 

HR 1965 7 6 60 40 0 

BR 1965 7 10 60 40 0 

FS 19  59 1 3  40 60 40 0 

RS 1969 3 40 60 40 0 

~ -~ ~~ ~~~ 

S t a t e  of Alaska, Department of Environmental Conservation, 
Water Quality Control  Sect ion,  1971. 
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The loca t ions  of t h e  sampling s t a t i o n s  are shown i n  Figs.  4 through 10. 

A l i n e a r  series of fou r  s t a t i o n s  perpendicular  t o  t h e  sho re l ine ,  at increas-  

ing d i s t ances  f r o m  t h e  dumping s i t e ,  were sampled a t  a l l  a c t i v e  and aban- 

doned dumping sites, with one s t a t i o n  a t  each of  t h e  lateral  boundaries of 

t h e  dumping s i te  (for example, see Fig. 8 ) .  

were sampled a t  d i f f e r e n t  r a f t i n g  sites. 

cen te r  of  a raft s to rage  area was always sampled, along with o t h e r  s t a t i o n s  

around t h e  per imeter  of and at  a d i s t ance  from t h e  rafts (for example, see 

Fig. 7) .  

example, Fig. 4 ) .  

A varying number of s t a t i o n s  

A t  least one s t a t i o n  near  t h e  

A l i n e a r  series of  s t a t i o n s  w a s  sampled a t  t h e  c o n t r o l  sites ( f o r  

Water Qual i ty  

Sampling. Water samples were co l l ec t ed  a t  t h e  surface and j u s t  above 

The bottom samples were co l l ec t ed  u t i l i z i n g  a t h e  bottom at  each s t a t i o n .  

van Dorn b o t t l e .  

s t a t i o n .  

s e v e r a l  inches below t h e  su r f ace ,  and t h e  top  1 t o  2 inches of surface water 

was sampled by slowly f i l l i n g  a BOD b o t t l e  a t  t h e  surface. 
water samples co l l ec t ed  using t h e  van Dorn b o t t l e  are hereafter referred t o  

as "van Dorn surface" samples, while t h e  surface water samples c o l l e c t e d  

using a BOD b o t t l e  are h e r e a f t e r  r e f e r r e d  t o  as "surface" samples. 

Two methods were used t o  sample t h e  surface waters at  each 

A 2- f t  column of water was sampled by p lac ing  t he  van Dorn b o t t l e  

The surface 

Analysis of Water Samples 

S a l i n i t y  and Temperature. Measurements were conducted with a 
Kahlsico hydrometer k i t  immediately after c o l l e c t i o n  of t h e  samples. Sal in-  

i t y  was measured with hydrometers accurate t o  20.5 pp t ,  and temperature with  

a mercury thermometer accurate t o  20.1 C. 

\ 

Dissolved Oxygen. The az ide  modif icat ion of t h e  Winkler method 

was used and t h e  procedures ou t l i ned  by t h e  American Publ ic  Health Associ- 

a t i o n  (APHA) e t  al. (1971, pp. 477-481) were followed. Accuracy of de te r-  

mination was t o  20.1 ppm. 

ments were converted t o  percent  oxygen s a t u r a t i o n  with a nomograph, using 

t h e  d a t a  on temperature and s a l i n i t y .  

The d isso lved  oxygen concentrat ion (DO)  measure- 
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Figure 4. Thorne Bay sampling stations (stations l ' t 2 , 3 ' t  
4 ' 5 ' sampled 7/19/72) 
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Tota l  Leachate Concentration. Tota l  l eacha te  concentrat ion is here-  

by def ined as t h e  concentrat ion of a l l  chemical compounds leached from a l o g  

i n  water. 

(see bioassay section of Methods and Materials). 
t o t a l  l e acha te  is composed of hydroxylated aromatic compounds. 

t i o n  of t hese  compounds was measured by means of a po r t ab l e  Hach Chemical Co. 

(Hach) tannin  and l i g n i n  f i e l d  t es t  k i t ,  employing t h e  co lo r ime t r i c  t y ros ine  

method. 

pp. 346-347). 

p l i e d  with t h e  k i t .  

reagents ,  thus  samples were allowed t o  s e t t l e  f o r  one-half hour before  compar- 

ison with t h e  s tandards.  

The t o t a l  l eacha te  was obtained through a fkeeze-drying process 

A l a r g e  proport ion of t h e  

The propor- 

The procedure is a modif icat ion of t h a t  ou t l i ned  i n  APHA e t  a l .  (1971, 

The t r e a t e d  samples were compared v i s u a l l y  with s tandards sup- 

Sea water produced p r e c i p i t a t e s  with t h e  add i t i on  of  t h e  

The Hach k i t  reads on a r e l a t i v e  scale of 1-15. On t h e  assumption 

t h a t  t h e  hydroxylated ammatic compounds c o n s t i t u t e  a constant  proport ion 

of t h e  t o t a l  l eacha te ,  w e  converted t h e  readings t o  mg/l hemlock, spruce,  

red  cedar ,  and yellow cedar f reeze- dr ied  e x t r a c t  (FDE) using s tandard curves.  

The p rec i s ion  of t h e  method was not  ca l cu l a t ed  but  was good. 

could not  be ca l cu l a t ed  because t h e r e  are no primary s tandards f o r  t h e  com- 

plex l eacha te  compounds 

The accuracy 

Hydrogen Sul f ide .  Analysis was conducted immediately after  col-  

l e c t i o n  of samples. 

t e s t  k i t .  

Concentrations were measured with a po r t ab l e  Hach f i e l d  

The Hach k i t  measures wi th in  a range of 0 . 1  t o  5 ppm. 

Biochemical Oxygen Demand (BOD).  A Hach manometric BOD apparatus  

was used. This apparatus  is a simple modif icat ion of t h e  Warburg and Sierp  

standard- type manometric apparatus .  

t i m e .  

a t  t h e  same t i m e  were compared, s i n c e  t h e  incubation temperature was not 

r i go rous ly  con t ro l l ed .  

Five samples can be analyzed a t  one 

The samples were incubated a t  approximately 25 C. Only samples run 

The BOD of sea water samples was found t o  be below l e v e l s  de t ec t-  

a b l e  by t h e  manometric apparatus .  

was measured a t  some sites as follows: 
SCUBA d ive r s  using a P lex ig las  cor ing cy l inde r  6 inches long and 3 inches 

i n  diameter.  

The r e l a t i v e  BOD of t h e  bottom depos i t s  

Bottom samples were co l l ec t ed  by 

In  each BOD run,  each core sample was mixed w i t h  100 m l  of 
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sea water *om t h e  corresponding van Dorn surface sample. A 244-ml sub- 

sample of t h e  mixture was then incubated i n  t h e  BOD apparatus  f o r  two t o  

t h r e e  days and t h e  BOD'S were recorded a t  i n t e r v a l s  of  time. 
of t h e  method is unimportant s ince  only r e l a t i v e  values were compared. 

The accuracy 

Benthic Communities 

SCUBA Transects .  The l a r g e  benth ic  p l an t s  and animals a t  each s i te  

were i d e n t i f i e d  and enumerated by a SCUBA d ive r  swimming along a t r a n s e c t  

l i n e  220 f t  long and marked a t  10- f t  i n t e r v a l s .  

are shown i n  Figs. 4 through 10. 

cause of poor v i s i b i l i t y .  

a t  both ends. 

o the r  end extended up t o  t h e  boat .  

i den t i fy ing  and recording a l l  p l a n t s  and animals observed within 3 f t  of  

t h e  t r a n s e c t  l i n e ,  a to ta l  area of 1,320 sq f t .  

va t ions  along t r a n s e c t s  so t h a t  a l l  t r a n s e c t s  were equal ly  biased.  

The loca t ions  of t r a n s e c t s  

No t r a n s e c t  was run at Herring Cove be- 

The t r a n s e c t  l i n e  was pul led  t a u t  and anchored 

A l i n e  on one end extended up t o  a buoy, and a l i n e  on t h e  

The d i v e r  swam along t h e  t r a n s e c t  l i n e  

One d ive r  made all obser- 

The d i v e r  a l s o  recorded the bottom sediment composition along t h e  

t r a n s e c t  a t  1 0  f t  i n t e r v a l s .  

van Veen Grab Samples. Two samples of t h e  benth ic  infauna a t  each 
2 sampling s t a t i o n  were taken with a 0,03-m 

Figs.  4 through 10) .  

separa ted  by means of a 1-mm-mesh s ieve .  

was put i n t o  p l a s t i c  bags and preserved with 10% Formalin. 

done la ter  i n  t h e  labora tory ,  

van Veen grab sampler (see 

Immediately after c o l l e c t i o n  t h e  f i n e  sediment was 
All mate r i a l  greater than 1 mm 

Sor t ing  was 

The t o t a l  abundance of  infauna was ca l cu l a t ed  f o r  a l l  s t a t i o n s ,  bu t  

because of time and expense l i m i t a t i o n s ,  spec ies  i d e n t i f i c a t i o n  and calcu-  

l a t i o n  of d i v e r s i t y  i nd ices  were l imi t ed  t o  n ine  of t h e  f i f t e e n  s tudy si tes,  

r ep re sen t ing  t h e  s i x  ca t ego r i e s  i n  Table 1. 

chaetes  were i d e n t i f i e d  t o  spec ies  and used t o  calculate t h e  d i v e r s i t y  

i nd ices ,  s ince  they represent  80% of t h e  t o t a l  number of ind iv idua ls .  

The o the r  organisms were i d e n t i f i e d  t o  e i t h e r  phylum, class, or order .  

Only t h e  mollusks and poly- 

The spec i e s  d i v e r s i t y  index ind ica t e s  whether some spec ies  a r e  more 
a f f ec t ed  by environmental change than o t h e r s ,  and spec ies  i d e n t i f i c a t i o n s  
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show which spec i e s ,  i f  any, are a f f ec t ed .  

by t h e  Shannon-Wiener information func t ion  (H), because it is r e l a t i v e l y  

independent of sample s i z e  (Sanders, 1968). 

Species d i v e r s i t y  was measured 

where s = to ta l  number of spec i e s ,  and P = observed proport ion of  individ-  

uals t h a t  belong t o  t he  r spec ies  (r = 1, 2 ,  ..., s) .  It should be em- t h  

phasized t h a t  only t h e  polychaete and mollusk spec i e s  were used i n  t h e  

c a l c u l a t i o n  of H,  and H would be d i f f e r e n t  i f  a l l  spec i e s  were used. 

ever ,  Sanders (1968) i n d i c a t e s  t h a t  80% of t h e  spec i e s  are s u f f i c i e n t  f o r  

a good r e l a t i v e  index. 

How- 

Laboratory S tudies  

Leaching Rate Experiment 

Log Sect ions.  Log s e c t i o n s  of t h e  four spec ies  of t imber commercially 

harvested i n  Southeast  Alaska (hemlock, spruce,  r e d  cedar ,  and yellow cedar )  

were used. A l l  were obtained from trees c u t  nea r  t h e  Fores t ry  Sciences Lab- 

oratory at  Juneau, Alaska. 

October 5, 1972, and t h e  red  and yellow cedar  s e c t i o n s  were c u t  on October 10,  

1972. One log s e c t i o n  approximately 1 2  inches i n  diameter ( c u t  from a tree 
approximately 1 2  inches i n  diameter)  and 1 2  inches long of each of  t h e  four 

spec ies  was t e s t e d ,  along with another  log s e c t i o n  of each spec i e s  (except 

spruce)  approximately 24 inches i n  diameter ( c u t  from a tree approximately 

24 inches i n  diameter)  and 12 inches long. 

because it was l a r g e r  than 24 inches i n  diameter and would not  f i t  in t he  

t e s t i n g  tank.  

displacement. The 

ages of t h e  12- inch-diameter s ec t ions  were: hemlock, 180 yr; spruce,  85 y r ;  
r e d  cedar ,  160 yr; and yellow cedar ,  200 yr .  Those of t h e  24-inch sec t ions  

were: hemlock, 290 y r ;  r ed  cedar ,  350 yr; and yellow cedar ,  430 yr. 

The hemlock and spruce log s e c t i o n s  were c u t  on 

The spruce s e c t i o n  was no t  t e s t e d  

The volume of t h e  log s e c t i o n s ,  i n  bd f t ,  was measured by 

The bark was left  completely i n t a c t  on a l l  log sec t ions .  



Experimental Design and Equipment. Each 12-inch-diameter log s e c t i o n  

was completely submerged i n  a tank containing 80 liters of 20 ppt  sea water, 
each 24-inch-diameter log s e c t i o n  w a s  completely submerged i n  a tank con- 
t a i n i n g  140 l i ters  of 20 ppt  sea water. 
of 20 ppt  sea water. 

with epoxy-laminated f i b e r g l a s s .  

t h e  wood g ra in  o r i en t ed  v e r t i c a l l y  by means of nylon cord t i e d  t o  e y e l e t s  i n  

t h e  bottom of each tank. The water i n  a l l  tanks was s t i r r e d  a t  a constant  

One con t ro l  tank contained 80 l i ters  

A l l  tanks were made of epoxy-coated plywood and l i n e d  

The log s e c t i o n s  were held submerged with 

rate with e l e c t r i c a l l y- d r i v e n  s t a i n l e s s  s teel  impel lers .  

synthesized using " Ins t an t  Ocean," a commercially manufactured mixture of 

chemicals c l o s e l y  approximating t h e  chemical composition of sea water. 
prevent b a c t e r i a l  growth (Schaumburg, 1973, p. 111, w e  added 25 ppm mercuric 

ch lo r ide  t o  t h e  water i n  a l l  tanks.  Water temperature i n  a l l  tanks  w a s  held 

a t  12 +1 C by submerging t h e  tanks i n  a l a r g e r  tank of  temperature- controlled 

water. 

s i n c e  they are t h e  mean values  of a l l  t h e  van Dorm surface samples co l l ec t ed  

i n  Southeast  Alaska. 

cause t h e  cool ing u n i t  malfunctioned. 

The sea water was 

T o  

The s a l i n i t y  value of 20 ppt and temperature value of 1 2  C were chosen 

The experiment had t o  be terminated on t h e  2 1 s t  day be- 

Chemical Analyses. A t  var ious i n t e r v a l s  of time 200-ml water samples 

were withdrawn from t h e  su r f ace  waters of each tank;  care was taken not  t o  

include v i s i b l e  suspended and f l o a t i n g  wood debr i s .  The water samples were 

analyzed as follows : 

Temperature and S a l i n i t y .  Water temperature i n  each tank was meas- 

ured with a mercury thermometer accurate t o  50.1 C ,  and s a l i n i t y  with a 

Goldberg T/C refractometer, Model 10423, accurate t o  f0.5 ppt .  

temperature i n  a l l  tanks remained a t  1 2  21 C and t h e  s a l i n i t y  a t  20 f1 ppt 

throughout t h e  experiment . 

The water 

Chemical Oxygen Demand (COD).  Analysis was by t h e  dichromate r e f l u x  

We modified t h e  amount method as outl 'ined i n  APHA e t  a l . ,  1971 (pp. 495-499). 

of mercuric s u l f a t e  added t o  t h e  sample t o  1 g t o  complex t h e  ch lo r ide  ions  

p re sen t ,  as ind ica ted  i n  APHA et al., 1971 (p. 497). 

d i z e  95-100% of most organic  compounds except s t r a igh t- cha in  a l i p h a t i c  com- 

pounds, aromatic hydrocarbons, and pyridine.  

The method w i l l  oxi-  

In  t h i s  s tudy ,  t h e  COD was 
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probably measuring the wood sugars and side-chain compounds of the hydrox- 
ylated aromatic compounds, but not the hydroxylated aromatic compounds. The 
standard deviation is approximately ?lo%, because of the large amounts of 
chloride ion present. 
an absolute measure of COD in the water and converted then to grams of COD per 

We recorded the results as mg COD per liter to provide 

board feet to provide a relative measure compensating for small discrepancies 
in the ratio of wood to water. 
sections were not directly compared with those from the 24-inch-diameter log 
sections because of the drastic difference in the ratio of wood to water. 

The measurements from the 12-inch-diameter log 

Total Leachate Concentration. The method used was similar to the 
method described in the section on water quality except that the concentration 
of hydroxylated aromatic compounds was measured by a simple modification of 
the colorimetric tyrosine method outlined in APHA et al., 1971 fpp.  346-347). 

The modification included reducing the sample size by 50%, and centrifuging 
the sample after adding the reagents, and thereafter using only the superna- 
tant solution. Light absorption was measured in l-cm cuvettes with a Bechnan 
Model 2400 DU spectrophotometer, at a wave length of 700 mp. 
were converted to mg/l hemlock, spruce, red cedar, and yellow cedar freeze- 

dried extract (FDE) by the use of standard curves for an absolute measure of 
the concentration of total leachate in the water. 

The readings 

The precision was very high. 

We also converted the measurements to grams of total leachate per board foot to 
provide a relative measure compensating for small differences in the ratio of 
wood to water. 
not compared with those from the 24-inch-diameter sections. 

Again, the measurements from the 12-inch-diameter sections were 

pH. Measurements were made with a Brinkman-Metrohm Model E-300 pH - 
meter having an accuracy of k0.1 pH units. 

Bioassay Study 

Test Animals. Pink salmon (Oncorhynchus gorbuscha) f ry  of the size 
indicated in Table 4 were used in all bioassay tests. 
and sperm sent to the Quinault Indian Reservation on September 23, 1972, 
from Lovers Cove Creek, South Baranof Island, Alaska. Pink salmon were 
chosen as test organisms because the adults are a highly important commer- 

cial species abundant throughout Southeast Alaska. 

They were from eggs 

Furthermore, the fry 
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Table 4. Size of pink salmon f ry  used i n  the bioassay s tudy 

S a l t  water Freshwater 

Mean l i v e  weight (grams) 0.54 

Sample s i z e  f o r  weight 60 

Mean s tandard  length  (m) 37.0 

Sample s i ze  for length 86 

95% confidence i n t e r v a l  ( l eng th )  

Range ( l ength  ) 1.58 

Condition f a c t o r 2  1.07 

37.0 > z> 36.2 - -  

0.84 

107 

41.6 

250 

42.1 > x > 41.1 

1.65 

1.16 

- -  

Length of longes t  f i s h  . 
Length of s h o r t e s t  f i s h  

'Range = 

Mean l i v e  weight . loo,ooo~ 2Condition f a c t o r  = 
(Mean standard l ength  ) 
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spend varying periods of  time (up t o  2 months) i n  bays during t h e i r  seaward 

migrat ion and frequent  t h e  heads of  bays i n  t h e  v i c i n i t y  of  l o g  raf ts  f o r  

shor t  periods . 
T e s t  Solut ions .  Well water with t h e  a l k a l i n i t y  and hardness shown 

i n  Table 5 was used as d i l u t i o n  water i n  a l l  tes t  so lu t ions .  One series o f  

freshwater  bioassays was made with w e l l  water, and one series of  sea-water 

bioassays was made with 20 ppt " Ins tan t  Ocean" (see leaching rate eccpeKmene 
section of Methods card Materials) i n  w e l l  water. T e s t  concent ra t ions  were 

prepared with freeze-dried e x t r a c t  (FDE). 

lock,  spruce,  red  cedar ,  and yellow cedar)  was prepared from a 1- inch- thick 

c ross  s e c t i o n  c u t  from t h e  end of each 12-inch-diameter log s e c t i o n  before  

it was used i n  t h e  leaching rate study.  

shavings w i t h  a j o i n t e r ,  and the  wood shavings w e r e  then soaked i n  d i s t i l l e d  

water for 4 days, i n  t h e  approximate r a t i o  of 1 kg of wood shavings f o r  every 

6 l i t e rs  of  d i s t i l l e d  water. 

water by means of a series of four  Tyler  screens  (minimum aper tu re  s i z e  0.208 mm) 

and, f i n a l l y ,  Whatman No. 4 f i l t e r  paper. I n  an at tempt t o  prevent t h e  loss of 

s team- vola t i le  compounds during t h e  freeze-drying process,  t h e  water s o l u t i o n  

was run through a petroleum e t h e r  e x t r a c t i o n  process.  The y i e l d  o f  e t h e r  ex- 

t rac t  w a s  n e g l i g i b l e ,  and it is bel ieved t h a t  t h e  s team- vola t i le  compounds were 

not e f f e c t i v e l y  removed but  were probably s t i l l  present  i n  t h e  FDE. 

s o l u t i o n  was f reeze- dr ied  i n  a V i r - T i s  Co. Repp model f reeze- dryer ,  and t h e  

r e s u l t i n g  l ightweight  brown powder was redissolved i n  var ious  t e s t  concentra-  

t i o n s .  

The FDE of each wood spec ies  (hem- 

The s e c t i o n  was c u t  i n t o  t h i n  wood 

The wood shavings were then separa ted  from t h e  

The water 

Table 5. Quali ty of d i l u t i o n  water used i n  t h e  bioassay study 

Alka l in i ty  (mg/l CaCO CO, a c i d i t y  EDTA hardness (mg/l CaCO,)  
Bicarbonate Carbonate Hydroxide (mg/l CO,) To ta l  Calcium 

44.7 0 0 5.24 60.0 32.7 
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ExDerimenta A Design and Equipment. The generaA procedures out  ined 

by Doudoroff e t  a l .  (1951) and APHA e t  al .  (1971) were followed i n  t h e  bioassays.  

The f i s h  were acclimated t o  tes t  condit ions more than 10  days before  t e s t i n g  i n  

both f r e s h  and sea water. 

10  f i s h  pe r  1 0  l i t e rs  o f  tes t  so lu t ion .  

ies o f  tests. The freshwater  test so lu t ions  were ae ra t ed  with a con t ro l l ed  

amount of compressed a i r ,  but  t h e  sea-water tes t  so lu t ions  were not  aera ted .  

The concent ra t ion  o f  d isso lved  oxygen remained above 5 ppm i n  a l l  tes t  solu-  

t i o n s .  Temperature was kept a t  9 +-1 C by t h e  system described i n  t h e  leach-  

ing  ra te  experiment s e c t i o n  of Methods and Materials. A l l  tests were con- 

t inued  f o r  96 h r ,  during which period t h e  tes t  so lu t ions  were not  changed. 

The temperature and s a l i n i t y ,  t o t a l  l eacha te  (see leaching rate eqekment 
section of Methods and MateAaZs), and dissolved oxygen o f  t h e  t e s t  so lu t ions  

were measured every 24 h r  during t h e  96-hr tests. Dissolved oxygen was meas- 

ured with an oxygen meter accura te  t o  20.2 ppm. 

A l l  tests were made i n  5-gal g l a s s  aquar ia ,  with 

A con t ro l  tank was used with each ser- 

S t a t i s t i c a l  Methods. The r e l a t i v e  t o x i c i t y  o f  each wood spec ies  

was evaluated by t h e  methods ou t l ined  by Sprague (1969). 

(LTSO's) were ca l cu la t ed  from hourly observat ions of percent  mor t a l i t y  p l o t t e d  

on log- probit  paper.  

paper and l i n e s  were f i t t e d  by eye f o r  c a l c u l a t i o n  of  t h e  threshold  t o x i c i t y  

concent ra t ion  ( i n c i p i e n t  LCsO) f o r  each wood spec ie s  i n  freshwater  and sea 
water . 

Median l e t h a l  times 

The LTS0 a t  each concentrat ion was p l o t t e d  on semilog 

RESULTS 

F ie ld  S tudies  

Water Q u a l i t y  

S a l i n i t y  and Temperature. Normal summer es tua r ine  temperature and sa- 

l i n i t y  regimes ex i s t ed  a t  a l l  s tudy si tes.  

and temperatures genera l ly  decreased with depth. 

sites are summarized i n  Tables 6 and 7 .  

S a l i n i t i e s  genera l ly  increased 

The measurements a t  a l l  



Table 6. S a l i n i t y  ( p p t )  of water samples c o l l e c t e d  a t  a l l  s tudy  s i tes  

Surface  van Dorn surface Bottom 
~~ 

S i t e  Date Ilax. S t a t i o n  !.!in. S t a t i o n  Mean Max. S t a t i o n  Min. S t a t i o n  Mean Max. S t a t i o n  Min. S t a t i o n  Mean 

TC 7 / 2 5  
TC 8/5 
TD 7/22 
TD 8/4 
TR 7/17 
TR 7/19 
TR 8/3 
KD 8/9 
SI! 8/10 
KC 8/12 
MD 8/18 
ND 8/19 
FS 8/21 
Hi? 8/23 
SR 8/29 
ED 8/31 
RC 9/1 
RD 9/1 
RS 9/2 
HD 9/2 

23.5 
1.5 
22.5 
15.0 
26.5 
20.0 
23 .O 
17.5 
25.0 
9.5 
28.5 
25.5 
13.0 
16.0 
11.0 
25.5 
0.5 

24.0 
9.0 

28.5 

2, 4 
3, 5 
2, 4 
2 
4 

1' ,2,3' 
1, 3 
2 
2 
3 
2 
5 
6 
1 
1 
3 
1 
2 
1 
1 

22.5 
1.0 
22.0 
6.0 
13.0 
15.5 
21.5 
2.0 
15.0 
5.0 
25.0 
3.5 
8.0 
7.5 
8.0 
14.5 
2.5 
13.5 
5.5 

27.0 

3, 5 

193,596 
1 

6 
2 
5' 
2 
5 
6 
4 
5 
1 
3 
5 

6 
4 
1 
2 
5 

2 ,  5 

23.0 
1.3 19.5 
22L2 
10.9 20.5 
22.9 
18.9 
22.2 24.0 
7.5 16.0 

21.2 28.0 
7.5 18.0 
26.7 29 .O 
10.3 28.0 
10.7 22.5 
11.7 25.5 
9.2 24.0 
18.6 27.5 
4.6 27 .O 
16.7 27.9 
7.6 23 .O 
27.8 29.5 

3 

6 

1, 5 
3 

2,395 
3 
2 

1, 5 
1 
4 
1-1, 
2-6 
1, 4 
1 
4 
4 

5.5 

16 .O 

22.5 
3.0 
25.5 
11.0 
26 .O 
25.0 
17 .O 
15 .O 
22.0 
27.0 
25.0 
19.5 
18.5 
27.5 

30.0 
1 12.5 29.5 

28.0 
3 19.0 30 .O 

30.0 
28.0 

2 23.4 29.5 
5 11.2 33.0 
6 27.4 31.5 
2 13.9 33 .O 
6 27.3 32 .O 
4 27.1 32.0 

3,4,5 18.6 31.5 
2 20.9 33.0 
5 23.6 32.0 
1 27.4 30.0 
3 26.4 27 .O 
6 23.9 30 .O 
1 20.5 26.0 
3 28.5 30.0 

5 
1- 5 
3,495 
3 

1,29396 
1' 
1 
4 

3, 4 
3 
1 

3, 6 
1, 5 
1, 2 
4 

4, 5 
1 
2-5 
.4 

2, 3 

29.0 
29.5 
24.5 
27.0 
29.0 
24.5 
27.5 
29.0 
33.0 
31.0 
29.5 
29.5 
17 .O 
26.5 
31.0 
27.5 
213.5 
28.0 
18.5 
28.5 

3, 4 
I- 5 
1, 2 
1 
3 
5' 

29 3 
2 
6 
1 
2 
3 
4 
5 

2,395 
2,396 
2-4 
6 
1 
6 

29.4 
29.5 
26.7 a 
28.8 
23.7 
26.4 
28.1 
31.0 
30.9 
32.1 
31.2 
30.9 
25.4 
31.5 
31.3 
28.5 
213.1 
29.6 
22.4 
29.5 



Table 7. Temperature (C) of water samples collected at all study sites 

Surface van Dorn surface Bottom 
S i t e  Date Max. Station Min. Station Mean Max. Station Min. Station Mean Max. Station Min. Station Mean 

TC 
TC 
TD 
TD 
TR 
TR 
TR 
KD 
SD 
KC 
MD 
N D 
FS 
HR 
BR 
ED 
RC 
RD 
RS 
HD 

7/25 
8/5 
7/22 
8/4 
7 /17 
7/19 

8/9 
8/10 
8/12 
8/18 
8/19 
8/21 
8/23 
8/29 
8/31 
9/1 
9/1 
912 
9/2 

a 13 

14.0 1 
14.0 1, 5 
16.3 6 
14.2 6 
16.0 6 
18.8 5' 
14.5 3 
9.7 3 
15.7 6 
12.0 2.4 
14 .O 596 
16.7 1 
16.6 6 
15.1 2 
10.9 3 
13.8 6 
10.5 1 
12.1 5 
15.1 1.2 
11.6 6 

13.5 2-5 13.6 
13.9 3 14.0 
15.5 3 15.9 
13.7 3 13.9 
11.5 1 13.4 
14.5 1' 15.5 
14.0 1-2,406 14.1 
7.9 5 8.9 
i3.7 I 14.4 
10.8 3 11.5 
13.2 3 13.6 
13.1 3 14.8 
13.4 1 14.5 
10.6 5 12.9 
9.9 1 10.4 

12.2 4 13.0 
9.5 2 9.9 

11.8 6 11.9 
14.7 3 15.0 
11.2 3.5 11.3 

14.0 1 

13.8 1 

14.0 3 
11.2 3 
14.0 6 
13.5 3 
13.6 6 
15.0 2 
14.5 6 
14.2 2 
11.8 4 
12.2 1-6 
11.7 1 

14.1 1 
11.3 1,4.6 

11.9 4.5 

13.1 

13.5 

13.8 
8.0 

13.2 
12.4 
12.9 
13.0 
13.5 
13.3 
10.2 
12.2 
11.. 6 
10.8 
13.0 
11.2 

2 

2,395.6 

4-6 
5 
2 93 
1 
293 
6 
2 
4 
1 
1- 6 
2-4 
2 
4 

293,s 

13.6 

13.6 

13.9 
9.9 
13 .4 
12.8 
13.2 
13.7 
13.8 
13.7 
11.3 
12.2 
11.6 
11.6 
13.5 
11.2 

10.5 
10.2 
14.4 
12.8 
10.1 
14.3 
11.8 
12.9 
13.5 
12.0 
12.1 
12.1 
14.5 
13.7 
12.0 
12.5 
11.5 
11.4 
14.1 
11.3 

1.3.4 
1 
1 
1 
3- 5 
5' 
2 
2 
6 
1 
2 
4 
6 
5 
3 
6 

6 
1 
6 

1.2 

10.0 
10.0 
11.2 
10.5 
9.5 

11.4 
11.4 
9.1 

11.9 
8.9 
9.8 
3.5 

10.3 
8.2 

10.9 
11.4 
11.4 
10.2 
13.3 
11.0 

5 
5 
2 
3 
1.5 
1' 
5 
2 
3 
3 
5 
3 
5 
1 
4 
3 

4 
4 
2- 5 

3.4 

10.4 

12.2 4 
11.0 
9.9 

12.7 
11.6 
11.4 
12.6 
10.1 
10.5 
10.9 
12.9 
10.0 
11.5 
12.0 
11.4 
10.8 
13.6 
11.1 

10.1 h) 
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Each s i te  was v i s i t e d  a t  a d i f f e r e n t  d a t e  and time. Therefore, water 

samples from each s i t e  were co l l ec t ed  a t  a d i f f e r e n t  t i d a l  s t age .  The va r i-  

a t i o n  i n  t i d a l  s t a g e  accounts f o r  much o f  t h e  v a r i a t i o n  between sites i n  t h e  

values of water q u a l i t y  parameters,  e s p e c i a l l y  i n  t h e  surface and van Dorn 

su r face  samples. The s a l i n i t i e s  of  t h e  su r face  samples ranged from 1 .0  ppt  

t o  28.5 ppt while those of t h e  van Dorn su r face  samples ranged from 3.0 ppt 

t o  29.5 ppt  and those  of t h e  bottom samples ranged from 17.0 ppt  t o  33.0 ppt .  

The temperatures of t h e  su r face  samples ranged from 7.9 C t o  18.8 C while 

those of t h e  van Dorn su r face  samples ranged from 8.0 C t o  14.5 C and those  

of t h e  bottom samples ranged from 8.2 C t o  14.5  C. 

Dissolved Oxygen. The S t a t e  of Alaska 's  minimum s tandard  DO f o r  c o a s t a l  

waters is 6 ppm. As seen i n  T a b l e  8 ,  D O ' s  below 6 ppm were measured a t  two 

of t h e  s tudy sites (HR and TR) .  The minimum DO'S of t h e  su r face ,  van Dorn 

surface, and bottom samples c o l l e c t e d  a t  t h e  Herring Cove raf t  s to rage  s i t e  

were a t  o r  nea r  0 ppm, and t h e  minima of t h e  su r face  samples c o l l e c t e d  a t  t h e  

Thorne Bay raf t  s to rage  s i t e  on Ju ly  17 ,  1972, and Ju ly  19 ,  1 9 7 2 ,  were well 

below 6 ppm. The mean D O ' s  of t h e  su r face ,  van Dorn su r face ,  and bottom sam- 

p l e s  c o l l e c t e d  a t  HR were a l l  6 ppm or lower, and thus  ind ica t ed  t h a t  r a f t  

s to rage  a f f e c t e d  t h e  DO of t h e  e n t i r e  cove (Fig.  7 ) .  Concentrations below 

6 ppm a t  TR were l imi t ed  t o  t h e  surface samples taken wi th in  t h e  log rafts 

(Fig.  4 ) .  

Concentrations a t  all study sites o t h e r  than HR and TR were above 6 ppm 

(Table 8). 

bottom samples co l l ec t ed  a t  t h e  two o l d e s t  a c t i v e  dumping sites (TD and M D ) ,  

a t  two recen t ly  abandoned dumping sites (ED and RD), and a t  two raf t  s to rage  

sites (FS and HR) (Table 9 ) .  Oxygen s a t u r a t i o n  values of bottom samples from 

a l l  o t h e r  sites were above 80%, and oxygen s a t u r a t i o n  values o f  su r face  and 

van Dorn su r face  samples from a l l  sites except TR and HR were near  100%. 

However, oxygen s a t u r a t i o n  va lues  below 80% were measured from 

Tota l  Leachate. Measurable concent ra t ions  were found only  a t  t h e  Herring 

Cove and Thorne Bay r a f t i n g  sites (Table l o ) ,  a t  a l l  s ta t ions  and depths i n  
Herring Cove but  only i n  t h e  surface samples wi th in  t h e  log rafts  a t  TR. 

To ta l  l eacha te  concent ra t ion  decreased with increas ing  depth a t  Herring Cove. 



Table 8. Dissolved oxygen (ppm) of water samples co l lec ted  at all study sites 

Surface van Dorn surface Bottom 

S i t e  Date Max. Station Min. Station Mean Max. Stat ion  Min. Station Mean Max. Sta t ion  Mine Station Mean 

TC 
TC 
TD 
TD 
TR 
TR 
TR 
KD 
SD 
KC 
HD 
ND 
FS 
HR 
ER 
ED 
RC 
RD 
RS 
HD 

7/25 
8/5 
7/22 
e/'& 
7/17 
7/19 
8/3 
8/9 
8/10 
8/12 
8/18 
8 /.19 
8/21 
8/23 
8/29 
8/31 
9/1 
9/1 
9/2 
9/2 

9.7 
9.5 
10.1 
9.6 
8.9 
6.8 
10.1 
12.0 
10.4 
11.6 
10.4 
12.6 
10.0 
9.7 
10.3 
11.2 
10.8 
10.5 
10.7 
10.0 

1 
I- 5 
6 
2.4 
4.5 
3' 
6 
5 
4.6 
293 
2.3 
4 
6 
3 
4 
6 
1 

2,3,5,6 
2.3 
3 

9.3 
9.5 
9.5 
8 .O 
0.7 
4.3 
7.0 
11.5 
9.6 

11.4 
10.0 
10.3 
9.5 
0.0 
9.6 
9'. 7 
9 04 
10.0 
10.5 
8.2 

5 
1-5 
1 
1 
2 
1' 
1 
1- 3 

3 

6 
1 
3 

194 

? 
1.5 

1.4 

3 
4 

1 
5 

9.5 
9.5 
9.7 
9.2 
6.9 
5.4 
0.9 
11.6 
10.0 
11.5 
10.2 
11.3 
9.7 
6.0 
9.9 

10.2 
10.2 
10.3 
10.6 
9.0 

9.5 

9.7 

10.4 
11.0 
10.2 
11.4 
10.8 
11.7 
9.8 
3 04 
8.4 
9.6 
9.6 

10.5 
12.6 
9.9 

3 

6 

5 
5 
6 
194 
1 
2 
6 
4 
4 
5 

G 
2 
3 

194 

9.0 

9.2 

8.2 
10.5 
9.4 
9.3 
10.2 
11.1 
6.5 
0.0 
8.1 
8.6 
9.0 
9.5 
11.0 
5.9 

5 

1 

3 
3 
1 
2 

6 
4 
2 .  
5 
3 
3 
4 
1 
4 

2.4 

9.3  

9.5 

9.7 
11; 2 
9.8 
10.8 
10.4 
11.4 
8.4 
1.2 
8.2 
9.0 
9.4 
10.0 
11.5 
8.5 

8.4 3 
7.9 3 
9.7 6 
9.9 1 
8.5 5 
9.7 5' 
9.2 2.4 
9.6 2 
10.0 6 
0.9 4 
10.2 2 
10.8 4 
10.3 2 
4.5 4 
7.8 1 
9.7 6 
9.2 1 
9.5 2.6 
13.2 4 
9.6 6 

7.8 2 
7.7 5 
7.0 4 
8.0 2 
7.5 1 
8.5 2' 
8.3 5 
8.3 4 
8.7 4 
8.7 1.2 
6.8 3 
8.1 2 
8.4 5 
0.1 1 
7.0 5 
6.2 5 
7.8 4 
7.0 3 
11.0 1 
0.2 2 

8.0 
7.8 
8.4 
8.6 

8.9 u) 
8.3 
3.0 
9.2 
8.8 
8.0 
8.8 
9.4 
1.5 
7.5 

8.C 
9.1 
12.4 
8.9 

8.0 h, 

7.8 



Table 9. Oxygen s a t u r a t i o n  (%) of water  samples co l l ec t ed  a t  all s tudy s i t e s  

Surf ace  van Dorn su r f ace  Bottom 

S i t e  Date Max. S t a t i o n  Min. S t a t i o n  Mean Max. S t a t i on  Min. S t a t i on  Mean Max. S t a t i o n  Min. S t a t i o n  Mean 

TC 
TC 
TD 
TD 
TI? 
TR 
TR 
KD 
SD 
KC 
?ID 
N D 
FS 
HR 
BR 
ED 
RC 
RD 
RS 
HI) 

7/25 
8/5 
7/22 
8/4 
7/17 
7/19 
8/3 
8/9 
8/10 
8/12 
8/18 
8/19 
0/21 
8/23 
8/29 
8/31 
4/1 
9/1 
9/2 
9/2 

108 
109 
116 
101 
97 
75 
111 
112 
113 
112 
118 
130 
111 
95 
97 

117 
101 
111 
109 
107 

1 
3 
6 
2 

4.5 
3' 
6 
2 
6 
2 
2 
4 
2 
3 
4 
6 
1 
2 
3.4 
3 

102 
91 

10 8 
82 
7 

47 
78 
102 
108 
108 
112 
107 
97 
0 
90 

103 
84 

101 
108 
88 

5 
1.5 
1.3 
1 
2 
1' 
1 
5 

1.3 
194 
4 96 
1 

193 
2 

1.5 
1 
4 
1 

5 
1.2 

104.6 
97.0 

111.1 
94.2 
75.4 
59.8 
97.8 

105.0 
110.5 
109.5 
114.5 
117.5 
102.5 
59.0 
92.6 
107 7 
93.0 

104.7 
108.5 
98.3 

101 

104 

11 5 
1 08 
11 5 
117 
121 
131 
106 
38 
90 

105 
104 
110 
137 
106 

3 

6 

5 
6 
6. 
3 
1 
1 
6 
4 
4 
5 

1.4 
193 
2 
3 

93 

99 

91 
97 

106 
92 

11 5 
123 
69 
0 
84 
94 
97 
100 
118 
65 

5 

4 

3 
4 
1 
2 
2- 4 
6 
4 
2 

3 
3 
4 
1 
4 

1.5 

90 
96.0 85 

108 
101.3 110 

91 
109 

107.2 101 
103.7 109 
110.7 115 
110 0 0 98 
116.5 115 
129.5 120 
90.4 114 
14.2 49 
86.4 87 
99.3 108 

101.7 100 
107.0 105 
124.2 148 
92.8 104 

3 
3 
1 
1 
5 
5' 
4 
2 
6 
1 
2 
r, 
2 
4 
5 
6 
1 
6 
4 
6 

84 
83 
77 
85 
80 
93 
90 
89 
99 
96 
7s 
88 
69 
1 
80 
72 
86 
74 
118 
90 

5 
5 
4 
3 
1 

1',2 
2.5 

2.4 

4 
3 

3 
3 
4 
1 
1 
4 
4 
3 
1 
2 

86.8 
84 .O 
30.3 
92.7 

98.6 
95.3 
100.2 
104.5 
9G. 2 
88.7 
36.8 
97.2 
16.6 
83.4 
UG.0  
94.0 
94*3 

136.2 
98.2 

86.3 0" 



Table 10. Total l eacha te  as ppm FDE i n  water samples co l l ec t ed  from s t a t i o n s  a t  TR and HR 

Type of FDE t o t a l  Surface s t a t i o n s  van Dorn surface s t a t i o n s  Bottom s t a t i o n s  
5 1 2 3 4 5  S i t e  Date l eacha te  measured as: 1 2 3 4 5 1 2  3 4  

TR 

TR 

TR 

TR 

HR 

HR 

HR 

HR 

7/17 

7/17 

7/17 

7/17 

8/23 

8/23 

8/23 

8/23 

Hemlock 

Spruce 

Red cedar 

Yellow cedar  

Hemlock 

Spruce 

Red cedar  

Yellow cedar  

60 

70 

36 

114 

40 75 40 20 70 40 40 20 20 30 

50 85 50 30 75 50 50 20 .30 45 

25 45 25 15  40 25 25 10 1 5  20 

80 135 80 50 125 80 80 45 50 70 

W 
P 

10 

1 5  

10 

40 
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Hydrogen Sul f ide .  Measurable amounts were found only a t  Herring Cove. 

A concent ra t ion  o f  4.0 ppm was measured i n  t h e  van Dorn su r face  sample from 

t h e  middle of t h e  log  raf ts  a t  s t a t i o n  2 and concent ra t ions  o f  0.5 ppm were 

measured i n  t h e  bottom samples from s t a t i o n s  1 and 2. The bottoms of t h e  logs  

i n  t h e  rafts  a t  Herring Cove were covered with a white  f i l m ,  be l ieved  t o  con- 

sist of  magnesium and calcium s u l f i d e s ;  and t h e  whole cove smelled of  hydrogen 

s u l f i d e  . 
Benthic Deposits 

Biochemical Oxygen Demand. The d a t a  f o r  t h e  c o n t r o l ,  dumping, and raf t-  

ing  sites a t  Thorne Bay are p l o t t e d  i n  Fig. 11, and t h e  d a t a  f o r  t h e  S tar r igavan 

Bay dumping (SD), Kat l ian  Bay dumping (KD), and Katl ian Bay c o n t r o l  (KC) sites 

are p l o t t e d  i n  Fig. 12.  

sites si tes than  a t  t h e  r a f t i n g  and con t ro l  sites. 

abandoned only one year  before  sampling, t h e  value was q u i t e  high;  and t h e  

value a t  KD, which had been abandoned f o r  seven yea r s ,  was only s l i g h t l y  h igher  

than t h a t  a t  KC. 

Values were h igher  at t h e  a c t i v e  and abandoned dumping 

Also a t  SD, which had been 

Composition. Benthic bark depos i t s  were observed a t  a l l  a c t i v e  and &an- 

doned dumping si tes,  whereas only s c a t t e r e d  bark was observed a t  t h e  raf t  s t o r-  

age sites and l i t t l e  o r  no bark a t  t h e  con t ro l  sites. 

The v i s u a l  observat ions of  sediment composition along t r a n s e c t s  a t  a l l  

sites are compiled i n  Table 11. 

Bay dumping s i te ,  where 550 MMBF of timber has been dumped during t h e  l a s t  

10  years .  

had been a c t i v e  f o r  only one year .  

The t h i c k e s t  bark l a y e r  was found a t  t h e  Thorne 

A 2-3 inch bark l a y e r  was found a t  t h e  Hanus Bay dumping s i t e ,  which 

The bark-covered areas a t  t h e  dumping sites var ied  i n  s i z e .  A t  t h e  old- 

est  a c t i v e  dumping sites, TD and MD, t h e  bark-covered area extended out  f o r  a 

r ad ius  o f  a t  least 200 f t  from t h e  poin t  o f  in t roduct ion  o f  l o g  bundles i n t o  

t h e  water. 

ded out  f o r  a r ad ius  of  about 50-75 f t .  

observed on t h e  bark a t  many o f  t h e  dumping si tes.  

ably e i t h e r  magnesium o r  calcium s u l f i d e .  Miscellaneous d e b r i s ,  such as metal 

bands and cables  and wood shavings from boom-stick boring ope ra t ions ,  was also 

seen s c a t t e r e d  on t o p  o f  t h e  bark-covered area a t  many o f  t h e  dumping si tes.  

A t  t h e  abandoned dumping sites, t h e  bark-covered area only exten-  

Scat te red  patches o f  white  powder were 

This white powder was prob- 
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Figure  11. Sediment sample BOD'S (run 8/1/72 to 8/4/72). 
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Table 11. Sediment composition a t  study sites from observat ions 
made along t h e  SCUBA transects 

S i t e  Sediment composition 

TC 

TR 

TD 

KD 

SD 

KC 

MD 
ND 

FS 
HR 
BR 

,ED 

HD 

RD 

RC 
RS 

Scat te red  bark on layer of  s o f t  s i l t  over  gravel 

Thin l a y e r  o f  bark on s o f t  s i l t  over  gravel  

Bark l a y e r  2-3 f t  t h i c k  with s c a t t e r e d  patches of white powder 
wi th in  t h e  l o g  boom area, becoming soft  s i l t  ou t s ide  log boom 

Bark l a y e r  wi th in  a r a d i u s  of 50 f t  of t h e  dump s i t e ,  becoming 
fine sand and s i l t  f a r t h e r  from t h e  dump s i t e  

Bark l a y e r  extending about 100  f t  from t h e  dump s i te ,  becoming 
coarse  sand 

S i l t  with rock outcrops 

Ba rk  1- 2 f t  t h i c k  with l a r g e  rock outcrops 

Bark layer with some s i l t  extending about 75 f t  from t h e  

Sca t te red  bark over  sand and g rave l  

Logs f e l t  by d i v e r s  but  v i s i b i l i t y  t o o  poor t o  run  transect 
Mixed bark and s i l t  with occas ional  rock outcrops,  patches 
of white  powder and s c a t t e r e d  sunken logs 

Bark and s i l t  mixture 1-2 f t  t h i c k  extending 50 f t  from 
dump s i t e  (patches of white powder), becomlng sand and 
gravel 

2-3-inch l a y e r  of bark over gravel extending 75 f t  from 
t h e  dump s i t e  (few patches of white powder) becoming 
sand and gravel 

Bark  and gravel mixture extending 50 f t  from t h e  dump s i t e ,  
becoming s i l t  

Sand and gravel 
Compacted sand and g rave l  (looked and f e l t  l i k e  sandstone)  

dump s i t e  (patches of  white powder), becoming si l t  

with s c a t t e r e d  bark 
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Only s c a t t e r e d  bark was observed a t  t h e  r a f t  s to rage  si tes.  They were 

widely d i s t r i b u t e d ,  however, as evidenced by s c a t t e r e d  bark depos i t s  a t  t h e  

Thorne Bay con t ro l  s i t e  1 ,000  yd from t h e  log dumping and r a f t i n g  area. The 

bottom sediment a t  t h e  Rodman Bay i n t e r t i d a l  r a f t  s to rage  s i t e  was extremely 

compacted from t h e  weight of log  bundles grounding a t  low t i d e .  

s ions  were apparent ,  i n  which t h e  sand and gravel  were compacted t o  t h e  con- 

s i s t ency  of  sandstone. 

t i d a l  r a f t  s to rage  s i t e  was not  observed because l o g  raf ts  were present  when 

t h e  s i t e  was s tudied .  

Large depres-  

The sediment under t h e  log  ra f t s  a t  t h e  Fish Bay i n t e r -  

Benthic Communities 

Epifauna Along Transects .  The epifauna observed a t  most dumping and 

r a f t i n g  sites was similar i n  type  and abundance t o  t h e  epifauna a t  t h e  con- 

t r o l  s i tes .  The types  and abundances of organisms observed along t h e  t r an-  

sects are summarized i n  Table 1 2 .  

dumping s i t e  (TD1, see Fig. 4 )  was g r e a t l y  reduced i n  abudance as compared 

t o  a l l  o t h e r  sites; only mobile predators  were present .  The abundance of 

benth ic  epifauna a t  t h e  Mud Bay a c t i v e  dumping s i t e  appeared t o  have been 

unaffec ted ,  but  most o f  t h e  organisms observed were on rocks j u t t i n g  above 

t h e  bark l a y e r .  

The epifauna a t  t h e  Thorne Bay a c t i v e  

The benth ic  epifauna was more abundant a t  TD2, TR1 ,  and TR2 than at  

TC (Fig. 4 ) .  The d i f f e rence  r e s u l t e d  from an increase  i n  t h e  abundance o f  

a t tached forms, such as t u n i c a t e s  (Asc id ia )  and anemones (Met&%m). 

The numbers of ep i f auna l  spec ies  a t  t h e  Fish Bay i n t e r t i d a l  r a f t  s t o r -  

age s i t e  (FS) and t h e  Rodman Bay i n t e r t i d a l  r a f t  s to rage  sites (RS) were 

s l i g h t l y  less than t h e  number of spec ie s  a t  t h e  Rodman Bay i n t e r t i d a l  con- 

t r o l  s i t e  (RC). More clam spec ie s ,  including t h e  commercially important 

l i t t l e - n e c k  clam (Protothaca staminea), were found a t  RC than  e i t h e r  FS o r  

RS. E e l  grass (Zostera) was a l s o  found a t  RC but  not  FS and RS. 

Infauna Sampled with t h e  van Veen Grab. The abundance of benth ic  or-  

ganisms ( infauna)  c o l l e c t e d  a t  each sampling s t a t i o n  are compiled i n  

Table 13 .  

Thorne Bay and Mud Bay a c t i v e  dumping sites (TD and MD) as w e l l  as most of 

Abundance was not iceably  lower a t  some of  t h e  s t a t i o n s  a t  t h e  



Table .12. Organisms observed a long SCUBA t r a n s e c t s  a t  s tudy  si tes 

S i t e  - 
TD1 TD2 TR1 TR2 TC KI> KC SD MD N D  FS BR ED RD RS RC HD 

Phylum Chordata 
Class Ascidiacea (Tunicates)  
Ascidia paratropa 

Cr.erv?docarp f imark iens i s  

Core I l a  w i  2 herianu 

(Huntsman, 1912) 

(Kiaer , 1893) 

(Herdman, 1090) 

Class Oste ich thyes  (F i sh)  
Pleuronec t idae  ( F l a t f i s h )  
Scorpaenidae (Rockfish) 
Phol idae and S t i chae idae  (Blennies) 
C o t t  idae (Sculpins  1 

Phylum Atithropoda 
Class Crustacea 

Cmcer r.7agistcr (Dungeness crab) 

Car:ccr oregoncnsis 

H3as lyratus (Spider  c r a b )  

Telnessw cheiragonus (Horse c r a b )  

9aZaus  sp. (Barnacle) 
Pagtlmc s ~ .  ( k r m i t  crab) 
Urcgonic sp. (Decorator c r a b )  
PmiciaZus sp. (Shrimp) 

(Dana, 1852) 

(Dana ) 

( T i l e s i u s )  

(Dana, 1851) 

5 11 75 6 

1 

2 1 
3 

2 

3 6 7 1  

7 

4 1 3 

1 
1 

9 2  

1 

1 12 

1 1 

3 

2 

1 1 1s 

1 

P 
1 

2 4 

A P P  
5 1 1 0  2 A 1  8 

4 38 3 

W 
4 



Table 12. Organisms observed along SCUBA t r a n s e c t s  a t  s tudy  sites - cont inued 

S i t e  - 
TD1 TD2 TR1 TR2 TC KD KC SD Mi) ND FS BR ED RD RS RC HD 

Phylum Coe len te ra ta  
Class Anthozoa 

Netridium sp. (Plumed anemone) 
( Burrowing anemone 

Phylum Nollusca 
Class Pelecypoda (Biva lves )  

Pecten caurhus  (Weathervane s c a l l o p )  

Pecten hericius (pink s c a l l o p )  

Clinocardiu?r nuttal ti<‘ (Cockle 1 

Protothaca stanrhea’ ( L i t t l e  neck clam) 

Saxidornus gigan tcwc ( B u t t e r  clam) 

Schizothacrua nuttallis (Horse clam) 

MgtiZus sdutio (Mussel) 

(Could, 1850) 

(Could, 1850) 

(Conrad, 1837) 

(Conrad, 1037) 

(Deshayes, 1839) 

(Conrad, 1837 1 

(Linne,  1758) 

Acmea sp!. (Limpet) 
Li t tor ina sp. ( L i t t o r i n e  snail) 
Iie;”miqcenJa crassicernis (Nudibranch 

Dirona albo Zincata (Nudibranch) 

Class Gastropoda’ 

(Cschschol tz ,  1831) 

(!lacFarland, 1912 

Class Amphineura (Chi tons)  
ToniccLLa l iueata (Lined c h i t o n )  

(:load, 1E15 1 

6 1 1  
2 

4 
3 

14  1 2  2 

2 

1 

1 1  

1 1  

1 

2 

1 

P 

2 

P 
A 

W 
03 

3 

A 

S A  

3 

A 

A A  



Table 12. Organisms observed along SCUIJA transects at  s tudy  sites - continued 

S i t e  - 
TD1 TD2 TR1 Ti?2 TC KD KC SD MD N D  FS BR ED RD RS RC Hi) 

Phylum Echinodermata 
Class Asteroidea  ( S t a r f i s h )  

Pycnopodia he lianthoides ( 20-rayed star 1 
(Brandt , 1835) 

Evactarias trosche L i i  
(Stimpson, 1862) 

Class Holothuroidea (sea cucumbers) 
Parastichopus cati fornicus 

( St tnpson, 18 57 ) 
Eupcntacta sp. 

Strongy tocentrbotus drobachbns<s 

Strongy Locentrotu8 frwciscunus 

Burrows 

Class Echinoidea (Urchins) 

( W l e r  ) 

( Agass iz) 

Algae 
Chlorophyta (Crecn algae) 
PhzeoFhyta ( B r o w n  algae) 
Rhodophyta (Red a l g a e )  
Zostsra ( E e l  g r a s s )  

Eiumber of s p e c i e s  (no t  i nc lud ing  burrows 

T o t a l  abundance (not i nc lud ing  burrows 
and a l g a e )  

and algae) 

1 

1 

1 3  

1 

2 

14 I 

1 

4 25 20 

6 75  6 

A 
P 

1 5 3  8 

P A  

A 
P P P  P 

P 
A A 

3 9  6 6 9 3 5  6 8 6 4 1 0  6 9 4 6 8 

P = Present  i n  g r e a t e r  numbers than could be e a s i l y  counted,  bu t  not  abundant. 
A = Abundant. 

References : Anon., 1969 
L igh t ,  1970 
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T a b l e  13. Abundance of benth ic  infauna i n  t h e  van Veen 
samples from a l l  sites 

1 Abundance a t  s t a t i o n s  
S i t e  Date 1 2 3 4 5 6 

TC 

TD 

TR 

KD 

SD 

KC 

MD 

ND 
FS 
HR 
ED 
Fa 
RC 

RS 

HD 

7/25 

7/22 

8/3 

8/9 

8/10 

8/12 

8/18 

8/19 

8/21 

8/23 

8/31 

9/1 

9/1 

9/2 

9 /2  

9 

0 

8 

272 

14 

71 

3 

13 

166 
- 
47 

5 

603 

23 

39 

9 

3 

11 

48 

117 

5 

53 

446 

80 

14 

171 

72 

8 

13 15 18 

1 11 20 

10  14 16 

126 104 50 

32 21 100 
50 - 
21 2 10 

64 21 10 

135 573 22 

0 21 26 

29 >400 73 

41 38 43 

175 64 

0 11 
17 - 4 

10 

8 

26 

0 

30 

103 

92 

207 

17 

2 'Abundance of benth ic  infauna sampled with t w o  0.03-m 
van Veen grabs. 
Dash (-1 = No sampled obtained (bottom too rocky, s t e e p ,  etc.). 



41 

t h e  abandoned dumping sites s tud ied  ( K D ,  SD, N D ,  ED, and RD).  

was lowest a t  sampling s t a t i o n s  loca ted  within t h e  bark-covered areas 

(Table 11). 

s to rage  area (RS) was d r a s t i c a l l y  reduced, from t h e  numbers found a t  t h e  

con t ro l  area (RC). 
r i n g  Cove (HR). 

Abundance 

The abundance o f  infauna a t  t h e  Rodman Bay i n t e r t i d a l  raft 

No benth ic  organisms were found i n  t h e  middle o f  Her- 

The polychaete and mollusk spec ie s  and t h e i r  abundance and d i v e r s i t y ,  

along with t h e  o the r  phyla found and t h e i r  abundances, i n  t h e  samples from 

TR, TD, TC, HD,  N D ,  KC, HR, and RC are compiled i n  Table 14. The lowest 

spec ies  d i v e r s i t y  ind ices  were measured a t  HR and RS. The abundance o f  t h e  

errant polychaete DorviZZea r u d d p h i  lowered t h e  d i v e r s i t y  index a t  HR, 

and t h e  abundance of t h e  macoma clam (Macoma bazthica) lowered t h e  d i v e r s i t y  

index a t  RS. Most o t h e r  pelecypods, including t h e  commercially valuable 

l i t t l e - n e c k  clam (Protothaca s t h n e a ) ,  were d r a s t i c a l l y  reduced a t  RS, 

from t h e  abundance a t  RC. 

Species d i v e r s i t y  was a c t u a l l y  h igher  a t  TR and TD than  a t  TC, because 

t h e  abundance of polychaetes and mollusks was s l i g h t l y  lower a t  TR and TD, 

while t h e  number o f  spec ie s  a t  TR and TD was about t h e  same as t h e  number 

of spec ie s  at TC. The same effect w a s  seen a t  s t a t i o n s  2 and 5 a t  ND. 

Laboratory Studies  

Leaching R a t e  Study 

Chemical Oxygen Demand. An increase  was noted with t i m e  i n  a l l  tes t  

tanks except t h e  c o n t r o l ,  i nd ica t ing  t h a t  t h e  compounds leached from wood 

i n  water are capable of c r e a t i n g  a measurable demand f o r  oxygen. 

The COD l eaching  rates of t h e  t es t  log  sec t ions  can b e  est imated from 

t h e  s teepness  of t h e  graphs i n  Fig. 13. The graphs of t h e  absolute COD 

leaching rates are presented as a measure of  t h e  concent ra t ion  o f  COD pro- 

duced by t h e  four  wood spec ie s .  After 21 days of leaching,  COD concentra- 

t i o n s  o f  210-560 mg/l were obtained. 

t h e  fou r  wood spec ies  were compared, and they were found t o  be, i n  descend- 

ing orde r ;  red  cedar ,  yellow cedar ,  hemlock, and spruce.  

The r e l a t i v e  COD leaching  rates of  



Tabla 14. Orgaoi... w l l w t e d  in t h e  van V m  gMb -la at  m 0 1 . c t . d  study situ 

1 

2 

2 3  

1 

1 1 1  1 

1 3  1 2 2 3  

3 
2 

1 
1 

2 

1 

1 

1 1  
2 

3 1 2  3 3 3  
1 

23 6 2 4 1 3 7  

1 2  

1 1  

6 8 2  
1 

1 

1 
2 1 1  

1 

3 1  

1 2  

1 1 
Y 1 4 3  

1 6  
1 1 

A u g w t  3, 1972 July 22 ,  1972 July 25. 1973 
TR TD TC HD ND KC3 HR3 RC Rs -- Ref. 

C o d . l l 2 3 4 5 6  1 2 3 4 5 6  1 2 3 4 5  1 2 3 5 6  1 2 3 4 5 6  1 3  3 4 5  1 2  3 4  1 2 3 4  

Phylum AmMlida 
Class Polychaeta 

Subclass Errantla 
Femily Polynoidae 

Hczmothoii f r t b r h l t a  (Linne) A 
R m M  *Lie I(0om A 

m O G  ar*Cutu (Fabricius) B 

Btuono  h a  (Fabricius) B 
PRuZldoar gnmnlrmdioo Osntad B 

Family Sigalonidae 

Faally Phyllodocidae 

Family Pilargidae 
PilUJyia berkoteyM lbnm A 
PmpndOZiu  rcaarrzi A 

Family Syllidae 

Family Nephtyidae 

Family Coniadidae 

Family Lmbrheridas 

S y Z Z b  pulakm Berkeley and Berkeley 1 

RBphtye 008m (Fabricius) B 

CL~oCnde piota Berkeley A 1 

LMlbtineria bi4irmtu (TlWadvs11) A 1 
L d d n e m h  Zuti Berkeley and Berkeley A 1 1 2 1 3 1 
L m b r i n e r i s  mZifomienew  artm man A 2 
L M b n h r t e  sp. 1 A 

LbrOiZLea NdoZphi (delle Chiaje) B 
Family Dorpilleidae 

Subclass Sedentaria 
Family Orbiniidae 

Family Spionidae 
SdotopZoe mraiger (&lor) A 

SuoZeZupia fLZgimaa ( c l a p d d a )  A 
Lcllmios a i4mta  (Sara) A 

&&fern Banas and Hobaon A 
Rwnoepio oirrifem Hiran B 
-"pi0 Clapa&de B 
spt4phmres my= ( C l a p a s d o )  B 

c i rmtuzw oirmtu, A 
~ t o u n u  eetosa nalmgmn A 
T h y 2  rmrZtifiZis Ib0t.S A 

Family Cirratulidae 

Family Flabelligeridae 

Family Sesibmgpidae 

Family O p h e l l i i h  

Family Capitellidan 

Family I(aldsnid8e 

PReruua pcrpiZ2ota (Johnson) A 

S o O Z i b ~ g m  h w  Rathke B 

Amrmdia b& (Ibora) m 
CclpiteZha eqitutu (Fabricius) A 

PmriZlaZh &Zia (Sam) A 
R*raiZZ%Zh plastedascr A 

Family St8-pld.e 

Family (keniidae 

Family P o c t h r i i d a e  

Family Trirhabraachidaa 

Family Tambellidaa 

Family Amphamtidae 

S t s ~ s p i a  /mor Stimpson B 

ClWntk jbifonub del le  Chbje B 

Pe0tinmi.a gnmuLat0 (~ inne)  B 

rembezzidos e t d  B 1 1  
T r c o h o b m  g t c r d a l b  b.bgmn B 2 1 1  3 1  

P M ~ Q  d a t u t u  (rriiller) B 1 2 2  

AmphcatOb aslrphobnmohiata lbore B l  

LaRlolm knqod Iblugml A 
Family sabsllidae 

1 1  1 

1 

1 1  2 2  
5 

2 

1 3 3 5  2 
1 

1 4  

2 

2 

2 1 

4 25 1 2  

2 

1 

15 5 

3 

1 

3 2  

2 

5 

1 1 

18 

6 4 3 0 3  

4 

2 

7 1  

1 
5 

1 9 1  

16 3 1 

1 

1 

1 

1 
1 2  2 1  

1 

1 2  

3 

1 1 2  10 1 7 

1 

1 

2 1 1  

3 

13 25 98 16 

12 4 2 

3 

1 9 2  

1 



Table 14. Organi- col lec ted  in t h e  van vean gr& mamplem at 001.ct.d study sites - continued 

August 3. 1972 Ju ly  22, 1972 Ju ly  25, 1973 

mi TD TC2 HD3 ND KC3 HR3 RC Rs -- Ref 
C o d O ' 1 2 3 4 5 6  1 2 3 4 5 6  1 2 3 4 5  1 2 3 5 6  1 2 3 4 5 6  1 3  3 2 5  1 2  3 4  1 2 3 4  

Phylum nol lusca  
Class Lamellibranchiata (Bivalves) 
Order Pmtobranchia 

Family Nuculidae 

Family Nuculanidae 
NVcrtLa tenuis +tape, 1808 

NVcrt&lU f O S 8 0  Bahd ,  1863 
rooLdia up. 

Order F i l i b r a n c h h t a  
Family Mytil idae 

QtiZw . d u z b  L i a ~ e u .  1758 

Family Ilonticutidae 
N p o t &  tnd& Carpenter, 1864 
OlpbituZLa sp. 

Family lur tan idae  
Turtimk mbth ta  Fabricius. 1780 

Family Lucioidae 
Lvainonvl cwruktu8 Reeve, 1850 
ParviLuaina tau-bauZptua Cuqmntar, 1865 

Family Thyasiridae 
A;rinopsi& ~ r i m t u  Carpenter. 1864 

older Eulamellibranchiatar 

Tiqlanifa barbalwn8b Dall, 1889 

s.fiipos sp. 

Famf!y Cardfidae 

Family Vaneridae . 
Family Ts l l in idae  

C Z W W U a d t  UQ nuttalZi Conrad, 1837 

cmJ-J?f= 0- Carpenter, 1864 
Pmtothaua s & ~ a  Conrad, 1837 

&laam at4sk4nu Dall, 1900 
Maam kwngrw Martem, 1865 
Mawm nasuta Coruvrd, 1837 
Uaaam -nata Dtshayes. 1854 
Mawmrr arprmsa Carpantar, 1864 
Nautnm hZth iuu  Liana, 1758 

f i t e l l a  d o 0  Linne. 1767 

Pan&m f i toea Carpenter. 1864 

Family Hiatellidae 

Family Pandoridae 

Class Gastropoda 
Subclam Pmsobranchia 

Order nonotocardia 
L i t t o r i m  sitkana Philippi.  1845 
LaovM &nata Gauld, 1848 
R a t i a a  oLausa Bmdaip  and Sowerby, 1829 
Omopota harpu& Couthauy. 1838 
O a o p o t a  &yekana Dall. 1919 

SuZcoretuaa sp.  
OdOstamiO infitu Dall and Bartsch. 1907 

Subclass Opisthobranchiata 
Order Tectibranchiata 

Class Amphinouro 
Order Polyplacophora.. 

L @ d o ~ l o  wmrtsnat Hiddsndorff, 1806 

Phylm NQmrtinea 

Phylwn Echiaodelraata 
C l a s s  Ophiuroidea ( B r i t t l e  stars) 
Class Holothuroidea (Sea cucwdmm) 
Class Echinoidea (Urchins) 

1 1 3 1  

1 2 1  
1 

1 

1 2 1, 

1 1 1  

1 1  

1 1 1  

1 
1 

1 6 2  1 4 

1 1  2 1  1 4  
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1 1 
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1 2 1  

1 2  1 1  
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3 1 5 2  
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1 1  
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T a b l e  14 .  Orgmisra c o l l e c t e d  in t h e  van V-n grab samples  a t  n l s c t e d  s t u d y  sites - c o n t i n u e d  

August 3, 1972 J u l y  22, 1972 J u l y  25 ,  1973 

TR TD TC HD N D  KC HR RC RS -- 
1 2 3 4 5 6  1 2 3 4 5 6  1 2 3 4 5  1 2 3 5 6  1 2 3 4 5 6  1 3  3 4 5  1 2  3 4  1 2 3 4  

Phylum Ar th ropoda  
Class Crustacea 

S u b c l a s s  C i r r i p e d i a  
Order Thoracica ( A c o r n  b a r n a c l e s )  

S u b c l a s s  Ualacostraca 
Order  Nebaliacea 
Order Amphipods 
Order Isopoda 
Order Cumacea 
Order Tan idacea  
Order Decapoda 

Phylum E c h i u r o i d e a  

Abundance ( T o t a l  number o f  i n d i v i d u a l s )  
a t  s t a t i o n s  

Abundance of P o l y c h a e t e s  and Uol luecs  
a t  s t a t i o n s  

Number of P o l y c h a e t e  and U o l l u s c  s p e c i e s  
a t  s t a t i o n s  

Abundance of P o l y c h a e t e s  and Mol luscs  
a t  sites 

Number of P o l y c h a e t e  and Hol lusc  s p e c i e s  
a t  si tes 

S p e c i e s  D i v e r s i t y  (HI a t  sites 

1 

8 L1 1 0  1 4  1 6  8 

7 1 0  8 1 4  14 8 

6 9 6 1 0  7 7 

61 

22 

0.1 

1 1 

2 1  
1 8  1 6 

1 2  1 3  

3 
7 1  

2 
1 

2 

8 

0 3 1 11 20 1 0  9 9 13 1 5  1 8  39 8 1 7  4 17 1 3  53 64 2 1  1 0  30 7 1  50 0 2 1  26 

0 2 1 7 1 8 1 0  13  1 4  1 9  7 1 5  4 1 5  6 43 56 20 8 28 5 1  42 0 1 7  23 

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

38 27 60 1 6 1  9 3  40 

1 5  1 2  16 31 A 3  9 

3.5 3.3 3.1 3 .5  3.1 2.3 

1 

127  1 0  1 1 
22 

1 2  

2 2  

603 1 7 1  1 7 5  64 

452 159  157  54 

1 6  2 1  1 8  1 6  

822 

34 

3.5 

3 1 7  
8 27 

1 

23 72 0 Ll 

1 2  27 0 11 

3 7 0 4  

50 

9 

1 . 8  

‘Reference Code: ’ 

A .  P e r s o n a l  c o r n m i c a t i o n  w i t h  Mrs. K a t h e r i n e  Hobson. 
B. Berke ley  and  B e r k e l e y ,  1948 ,  1952;  Banse and Hobson, i n  p r e p a r a t i o n .  
C .  Keen, 1963;  Oldroyd ,  1924;  and Abbot t ,  1954.  
D. Rice, 1971 .  
E. D u n n i l l  and  E l l i s ,  1969.  

2 P o l y c h a e t e  samples  from s t a t i o n s  1, 2 ,  and  4 l o s t  b e f o r e  i d e n t i f i c a t i o n ,  b u t  t o t a l  number o f  p o l y c h a e t e s  u s e d  i n  t o t a l  abundance.  

3 N 0  sample  o b t a i n e d  from HD s t a t i o n  4 ,  KC s t a t i o n s  2 and 4,  and HR s t a t i o n s  1 and 2 (bo t tom too r o c k y ,  s t e e p ,  etC.1.  
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C e d a r ,  RC=Red C e d a r ,  H=Hemlock, S=Spruce) . 
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Tota l  Leachate. An increase  was a l s o  noted with t i m e  i n  a l l  tes t  tanks  

except t h e  con t ro l .  

t i o n s  can be est imated from t h e  r e l a t i v e  s teepness  of t h e  graphs i n  Fig. 14. 

As can be seen i n  t h e  absolu te  leaching r a t e  graphs, concent ra t ions  of 

90-250 mg/l t o t a l  l eacha te  were measured after  20 days of leaching.  

t o t a l  l eacha te  leaching rates o f  t h e  12-inch log s e c t i o n s  followed t h e  same 

descending o rde r  t h a t  was found f o r  t h e  r e l a t i v e  COD leaching  rates, i .e . ,  

red  cedar ,  yellow cedar ,  hemlock, and spruce. 

of  t h e  r e l a t i v e  t o t a l  l eacha te  leaching rates of t h e  24-inch log  sec t ions  

was: r ed  cedar ,  hemlock, and yellow cedar .  The d i f f e rence  i n  r e l a t i v e  t o t a l  

l eacha te  leaching  rates between young and o l d  wood was probably due t o  a 

change i n  chemical composition with age. 

The t o t a l  l eacha te  leaching rates of t h e  tes t  l o g  sec- 

Relat ive 

However, t h e  descending o rde r  

A brown p r e c i p i t a t e  w a s  observed i n  a l l  t es t  tanks  except t h e  c o n t r o l ,  

i nd ica t ing  t h a t  p a r t  or a l l  of t h e  l eacha te  slowly p r e c i p i t a t e d .  

(1973) a l s o  found t h a t  log l eacha te s  p r e c i p i t a t e  i n  sa l t  water. 

Schaumburg 

pH. The pH o f  t h e  water was lowered by t h e  l eacha te  from a l l  wood spec ie s  

(Table 1 5 ) .  

The o t h e r  wood s e c t i o n s  lowered t h e  pH t o  about 7.0,  from t h e  normal sea-water 

pH o f  7.7-8.0. 

end of  t h e  tes t  period.  

The lowest pH, 6.3, was caused by t h e  24-inch r e d  cedar  sec t ion .  

A s l i g h t  increzse  i n  pH occurred i n  most tes t  tanks  near  t h e  

Bioassay Study 

Spruce and red  cedar  were found t o  be t h e  most t o x i c  of t h e  wood spec ie s  

t o  pink salmon fry i n  freshwater  and yellow cedar  was found t o  be t h e  most 

t o x i c  i n  sea water. 

freshwater  than i n  20 ppt  sea water. 

The LTs0's a t  a l l  concent ra t ions  i n  freshwater  and 20 ppt  sea water f o r  a l l  

of t h e  wood spec ie s  are graphed i n  Fig. 15. 

cedar and spruce i n  f reshwater  are ind ica t ed  by t h e  sharp  v e r t i c a l  breaks i n  

t h e  l i n e s .  The est imated lower threshold  t o x i c i t y  concent ra t ion  f o r  each 

wood spec ie s  is indica ted  by t h e  in t e rcep t ion  of t h e  s o l i d  l i n e s  with t h e  

96-hr a x i s  ( t ime l i m i t  of  b ioassays ) ,  and t h e  est imated upper th re sho ld  

t o x i c i t y  concent ra t ion  is indica ted  by in t e rcep t ion  o f  t h e  broken v e r t i c a l  

A l l  t h e  wood spec ies  were found t o  be more t o x i c  i n  
No m o r t a l i t i e s  occurred i n  t h e  con t ro l s .  

The l e t h a l  thresholds  f o r  r e d  
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T a b l e  1 5 .  pH of t h e  log s ec t i ons  i n  t h e  l each ing  rate s tudy 

Red cedar  Hemlock Yellow cedar Spruce 

Day 12"  24" 12"  24,' 12" 24'' 12"  Control  

7 

8 
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11 

1 5  

2 1  
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l i n e s  with t h e  96-hr ax i s .  

t i o n s  for a l l  wood spec ies ,  est imated from Fig. 15 ,  are summarized i n  Table 16. 

The ranges of t h e  threshold  t o x i c i t y  concentra-  

The concentra t ion  of f reeze- dr ied  e x t r a c t  (FDE) and t h e r e f o r e  i ts  tox- 

i c i t y ,  decl ined r a p i d l y  i n  sa l t  water because of i ts  p r e c i p i t a t i o n  with sea- 

water ions  and i ts  oxidat ion .  The concentra t ion  of FDE a l s o  decreased i n  

f reshwater ,  bu t  more slowly than i n  sea water. 

i n  f reshwater ,  w e  assume t h e  decrease o f  FDE r e s u l t e d  e n t i r e l y  from oxida- 

t i o n .  

on its reducing power. 

Since no p r e c i p i t a t e  formed 

This assumption is reasonable s i n c e  t h e  measurement of FDE depends 

Log Barging Versus Log Raft Towing 

Some Fores t  Service  personnel  fee l  t h a t  log barging would cause less  

environmental damage than l o g  raf t  towing, so w e  were requested t o  compare 

t h e  economics of l o g  barging as opposed t o  log ra f t  towing. 

The Alaska Lumber and Pulp Company suppl ied  t h e  fol lowing information 

about t h e  cost of l o g  barging and log raf t  towing opera t ions  t o  t h e  S i t k a  

m i l l .  Log barging r e q u i r e s  a l a r g e  i n i t i a l  c a p i t a l  investment and c o s t s  

more p e r  thousand bd f t / m i  than  log  r a f t  towing. 

faster and t h e r e  is no loss of logs, as happens i n  log raf t  towing i n  bad 

weather, 

reason t h a t  some companies are barging logs. 

On t h e  o t h e r  hand, it is 

Loss o f  logs  during t h e  log ra f t  towing opera t ion  is t h e  major 

The present  system of log barging is a t  least as harmful t o  t h e  marine 

environment as l o g  raf t  towing, because logs are loaded onto  t h e  barge from 

t h e  water near  t h e  sale area and unloaded i n t o  t h e  water near  t h e  m i l l  s i t e .  

Thus, t h e  logs are dumped i n t o  t h e  water twice, and twice as much bark and 

wood d e b r i s  e n t e r s  t h e  marine environment. This effect could be minimized 

by loading and unloading barges from land ,  b u t  t h e  f e a s i b i l i t y  and environ- 

mental impact of bu i ld ing  dock fac i l i t i e s  and t h e  a s soc ia ted  dry- land log 

s to rage  fac i l i t i es  i n  Southeast Alaska are unknown. 

. -  

'Personal communication with M r ,  D.  J, Theno. 
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Table 160 Summary of threshold  t o x i c i t y  concentrat ions from 
pink salmon fry bioassay 

Threshold t o x i c i t y  concentrat ions (mg/l FDE) 
Wood spec ie s  Fresh water 20 ppt  sea water 

~ ~ ~ 

Red cedar  

Yellow cedar  

Hemlock 

Spruce 

35 < T < 45 

T > 50 

75 < T < 90 

25 < T < 40 

Where T = th reshold  t o x i c i t y .  
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DISCUSSION 

The environmental impact of log dumping and r a f t i n g  a c t i v i t y  i n  South- 

east Alaska can be broken down i n t o  t h r e e  ca tegor i e s :  

organic  compounds t h a t  leach  from logs when s t o r e d  i n  water ( t o t a l  l e a c h a t e ) ,  

( 2 )  t h e  impact of ben th ic  bark depos i t s ,  and ( 3 )  t h e  impact of  compacted 

sediment r e s u l t i n g  from t h e  i n t e r t i d a l  s to rage  of log bundles. These t h r e e  

ca tegor i e s  w i l l  be discussed with r e fe rence  t o  t h e  fol lowing types  of sites 

s tudied:  (1) a c t i v e  log dump, ( 2 )  abandoned l o g  dump, ( 3 )  sale area log 

ra f t  c o l l e c t i n g  and s to rage ,  ( 4 )  win te r  raf t  s t o r a g e ,  ( 5 )  m i l l  s t o rage  and 

s o r t i n g ,  and ( 6 )  c o n t r o l .  

(1) t h e  impact of  

The environmental impact of l o g  l eacha tes  was observed a t  a sale area 

log  ra f t  c o l l e c t i n g  and s to rage  s i t e  (TR) and a m i l l  s t o r a g e  and s o r t i n g  

s i t e  ( H R ) ,  and s tud ied  i n  t h e  leaching rate study and bioassay s tudy.  It 

appears t h a t  t h e  most s e r i o u s  impact of log  l eacha tes  is t h e i r  b i o l o g i c a l  

and chemical demand f o r  oxygen. Schaumburg's (1973)  l abora to ry  s t u d i e s  

demonstrated t h a t  l o g  l eacha tes  have a measurable b i o l o g i c a l  and chemical 

demand fo r  oxygen, and t h e  labora tory  leaching rate  study i n  t h i s  r e p o r t  

confirms t h e  high COD of log l eacha tes .  A l s o ,  t h e  high l eacha te  concen- 

t r a t i o n s  a t  TR and HR were measured i n  water samples with DO'S under 6 ppm 

(Tables 8 and 10). 

High l eacha te  concentra t ion  and low DO are probably permanent condi- 

t i o n s  i n  Herring Cove, as evidenced by t h e  bui ldup of s u l f i d e s  from pro- 

longed anaerobic b a c t e r i a l  a c t i o n .  However, t h e  s i t u a t i o n  a t  Herring Cove 

is probably unique i n  t h a t  l i t t l e  t i d a l  f l u s h i n g  occurs because of t h e  re- 

s t r i c t e d  ent rance  (Fig.  7 ) .  Also, t h e  su r face  and bottom of t h e  cove are 

covered with logs ;  t h e  bottom is covered with logs t h a t  sank after  unband- 

ing  of  l o g  bundles. The last log bundles were unbanded i n  Herring Cove 

about 5 yea r s  ago, when a new system was developed t o  h o i s t  whole l o g  bun- 

d l e s  i n t o  t h e  pulp m i l l .  

l i q u o r  from t h e  pulp m i l l  e n t e r s  Herring Cove. 

I t  is also poss ib le  t h a t  some spent  s u l f i d e  waste 

High l eacha te  concentra t ion  and low DO appear t o  be only temporary 

condi t ions  a t  t h e  Thorne Bay r a f t i n g  s i t e ,  confined t o  a t h i n  surface 



53 

l a y e r  wi th in  t h e  in t e r spaces  of  t h e  log ra f t s .  

temporary because low DO'S were measured during only two of t h e  t h r e e  days 

t h a t  t h e  s i t e  was sampled (Table 8 ) ,  a high leachate  concentra t ion  was meas- 

ured on only one of t h e  t h r e e  days (Table lo), and no s u l f i d e s  were found i n  

t h e  area. 
developed af ter  a r a in fa l l ,  occurred only i n  a shallow l a y e r  of  " fresh" water 

trapped a t  t h e  surface between logs, and r a p i d l y  re turned t o  normal a f ter  mix- 

ing  of t h i s  water with underlying sea water. 
found a t  n e i t h e r  of t h e  o t h e r  r a f t  s to rage  sites s tud ied  (BR and F'S), t h e  con- 

d i t i o n s  probably develop i n  most log raf ts  af ter  r a i n f a l l .  

The condi t ions  appear t o  be 

The cond.itions of high l eacha te  concentra t ion  and low DO a t  TR 

Although these  condi t ions  were 

I t  is doubtfu l  t h a t  t h e  t o t a l  l eacha te  concent ra t ions  a t  HR and TR (Table 

1 0 )  were t o x i c  t o  pink salmon f r y ,  s i n c e  these  were measured i n  s a l i n e  water 

(Table 6 )  and t h e  t o x i c i t i e s  of t h e  wood spec ies  t e s t e d  a r e  g r e a t l y  reduced i n  

20 ppt  sea water (Table 16) .  Also n o t i c e  t h a t  t h e  s h o r t e s t  LTS0 i n  Fig .  13 is 

about 1 2  h r ,  meaning t h a t  it took t h e  most t o x i c  wood spec ies  (spruce)  1 2  h r  

t o  k i l l  h a l f  t h e  test  f i s h .  I t  is doubtfu l  t h a t  f i s h  would remain i n  an area 

of high l eacha te  concentra t ions ,  a t h i n  surface l a y e r  a t  most r a f t  s to rage  

sites, for 1 2  h r  before  d e t e c t i n g  t h e  l eacha te  and low DO without swimming away. 

Even though 6 ppm is t h e  minimum DO s tandard  f o r  Alaskan c o a s t a l  waters, most 

salmonids can su rv ive  much lower DO'S f o r  s h o r t  pe r iods ,  and many e s t u a r i n e  in-  

v e r t e b r a t e s  can t o l e r a t e  lower DO'S f o r  long per iods .  

that  log leachates are toxic but seldom kill pink salmon fry or o t h e r  fish i n  

Southeast  Alaska. Since t h e  log l eacha tes  p r e c i p i t a t e  and concentra te  a t  t h e  

bottom of t h e  estuaries,  s t u d i e s  of  t o x i c i t y  of log l eacha tes  t o  benthic  inver-  

t e b r a t e s  such as Dungeness crabs  would be more appropr ia te  than s t u d i e s  of t h e i r  

t o x i c i t y  t o  f i s h .  

Therefore, it appears 

Benthic bark d e p o s i t s  were observed at a l l  dumping sites (both a c t i v e  and 

Schaumburg abandoned). 

(1973) also concluded t h a t  bark d e p o s i t s  have a measurable BOD. 
t h e  bark depos i t s  appeared t o  lower t h e  DO of t h e  over ly ing water s l i g h t l y  a t  

sites with deep, r e c e n t l y  deposited bark l a y e r s ,  as seen by t h e  lowered oxygen 

saturation values of bottom water samples from TD, MD, ED, and RD. But t h e  

DO'S of t h e  over ly ing waters a t  a l l  dumping sites were above 6 ppm, probably 

They had a higher  BOD than  t h e  surrounding sediments. 

The BOD of 
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because of t i d a l  f l u s h i n g  and low temperatures (Table 7 ) .  

epifauna was r e l a t i v e l y  unaffec ted  a t  most dumping sites, also i n d i c a t i n g  

t h a t  DO'S i n  t h e  water above t h e  bark depos i t s  were no t  d r a s t i c a l l y  lowered. 

I n  fac t ,  it appears t h a t  s c a t t e r e d  bark inc reases  t h e  abundance of epifauna 

by providing a hard s u b s t r a t e  f o r  a t tached forms, as seen by t h e  greater abun- 

dance o f  t u n i c a t e s  (Ascid ia)  and anemones (Metridim) a t  TD2, TR1, and TR2 as 

compared t o  TC (Fig.  4) .  The only decrease i n  abundance of epifauna was ob- 

served a t  TD1 (Fig. 4 ) ,  t h e  o l d e s t  and l a r g e s t  a c t i v e  dumping s i t e  i n  South- 

east Alaska. 

The abundance of 

Abundance of infauna turned ou t  t o  be a good i n d i c a t o r  of changes i n  t h e  

ben th ic  community. 

i n  abundance of infauna. The infauna are probably a f f e c t e d  by l o w  DO'S with- 

i n  t h e  bark depos i t s  caused by the BOD of the bark. It is also p o s s i b l e  that 

l eacha tes  from t h e  bark depos i t s  are t o x i c  t o  t h e  infaunal  organisms. 

d i v e r s i t y  was no t  as a f f e c t e d  as abundance, except a t  HR and RS, where H was 

not iceably  low. 

The bark depos i t s  a t  a l l  dumping s i tes  caused a decrease 

Species 

The major impact of i n t e r t i d a l  r a f t  s to rage  is  t h e  compaction of  t h e  bot- 

tom sediments and crushing of  t h e  infauna from t h e  weight of log bundles ground- 

ing a t  low t i d e .  The sediments a t  RS were so compacted t h a t  t h e  ben th ic  infaun3 

was almost e l iminated  (Table 13) .  

SUMMARY 

The impact of  l o g  r a f t i n g  and dumping a c t i v i t y  on t h e  water q u a l i t y  and 

benthic  ecology a t  f i v e  log r a f t i n g ,  e igh t  a c t i v e  and abandoned log dumping, 

and t h r e e  c o n t r o l  sites i n  Southeast Alaska was inves t iga ted  during t h e  summer 

of  1972. The r e l a t i v e  leaching rates of hemlock, spruce,  r e d  cedar,  and yel-  

low cedar were inves t iga ted  i n  t h e  l abora to ry  by immersion of log s e c t i o n s  of 

each wood spec ies  i n  tanks  of  water f o r  2 1  days. 

log l eacha tes  from hemlock, spruce,  r e d  cedar,  and yellow cedar were conducted 

i n  t h e  l abora to ry  with pink salmon f r y  i n  fresh and 20 ppt  sea water. 

lowing are t h e  s i g n i f i c a n t  f ind ings  of t h e  f i e l d ,  leaching rate,  and bioassay 

s t u d i e s  : 

S t a t i c  96-hr bioassays of 

The fol-  
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1) High concentra t ions  of log  l eacha te  and DO'S below t h e  S t a t e  of  

Alaska's  minimum standard f o r  c o a s t a l  waters were measured a t  two r a f t  stor- 

age sites, Herring Cove and Thorne Bay. 

t h e  Herring Cove m i l l  raft  s t o r a g e  and s o r t i n g  sites, where logs were unbanded, 

but  t h e  s i t e  is unique i n  t h a t  t h e  cove has l i m i t e d  t i d a l  f lush ing .  

l eacha te  concentra t ion and low DO a t  t h e  Thorne Bay sale area raf t  s to rage  

s i t e  appeared i n  a shallow l a y e r  of  "fresh" water within t h e  in te r spaces  of 

t h e  raf t  for a s h o r t  time after  a r a i n f a l l .  The condi t ions  a t  Thorne Bay are 

bel ieved t o  occur a t  most r a f t  s to rage  areas i n  Southeast Alaska. 

These condi t ions  were permanent a t  

The high 

2 )  A l a y e r  of bark covered t h e  bottom within  a rad ius  of 50-75 f t  a t  

most abandoned dumping sites and wi thin  a rad ius  of 200 f t  a t  t h e  two o l d e s t  

a c t i v e  dumping s i tes  s tud ied .  

3 )  The BOD of t h e  bark l a y e r  a t  a c t i v e  and abandoned dumping sites was 

higher  than t h a t  of t h e  surrounding sediment, and t h e  BOD decreased wi th  in-  

creas ing  age of bark deposi ts .  

4) The benthic  epifauna was r e l a t i v e l y  unaffected by l o g  r a f t i n g  and 

dumping a c t i v i t y  a t  most sites. 

observed a t  t h e  Thorne Bay l o g  dump, t h e  o l d e s t  a c t i v e  log dump s tud ied ,  

However, a reduct ion i n  abundance was 

5)  The abundance of  benthic  infauna was not iceably  reduced i n  t h e  bark- 

covered area a t  a l l  a c t i v e  and i n a c t i v e  dumping sites s t u d i e d ,  but  t h e  spec ies  

d i v e r s i t y  was not a f f e c t e d .  

6 )  The abundance of benthic  infauna w a s  reduced d r a s t i c a l l y  a t  t h e  

Rodman Bay i n t e r t i d a l  l o g  s to rage  area. 

pacted t o  t h e  consis tency of sandstone from the  weight of grounded l o g  bundles. 

I n  descending o rder  of leaching ra te ,  t h e  wood spec ies  were: 

Here, t h e  bottom sediments were com- 

7) red  

cedar ,  yellow cedar ,  hemlock, and spruce. 

8)  The organic  compounds leached from wood i n  water condense and precip-  

i ta te  i n  sea water, 

9) A l l  wood leacha tes  were more t o x i c  t o  pink salmon f r y  i n  f reshwater  

than i n  20 ppt  sea water. 

i n  f reshwater ,  and yellow cedar t h e  most t o x i c  wood spec ies  i n  20-ppt sea 

water . 
Spruce was found t o  be the  most t o x i c  wood spec ies  
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RECOMMENDATIONS 

1) Log bundles should not  be unbanded i n  t h e  water without provis ions  

for  recovery of sunken logs. 

2) Log bundles should not  be s t o r e d  i n  t h e  i n t e r t i d a l  zone where 

grounding w i l l  occur a t  l o w  tide. 

3 )  Stud ies  should be undertaken t o  develop methods of in t roducing logs 

or log bundles i n t o  t h e  water with less bark loss, such as debarking logs 

before  dumping them, 

vironmental impact of dredging bark depos i t s .  

S tudies  should be made also of t h e  f e a s i b i l i t y  and en- 

4) The f e a s i b i l i t y  and environmental impact of dry- land s to rage  and 

barge t r a n s p o r t a t i o n  (see Log Barging Versus Log R a f t  Tming section under 
ResuZta) of logs should be s tudied .  

5)  Fur ther  s t u d i e s  should be conducted on t h e  t o x i c i t y  of bark and 

wood l eacha tes  t o  marine benthic  i n v e r t e b r a t e s  such  as Dungeness crabs  

and pandalid shrimp. 

6) Fur ther  s t u d i e s  should be conducted a t  r a f t  s to rage  areas t o  

determine t h e  e x t e n t  of oxygen deple t ion  and t o t a l  l eacha te  concentra t ion  

over a per iod  of  a t  least a year .  

7)  Study should be made of t h e  benthic  community before  and af ter  log 

dumping is s t a r t e d  a t  a s i t e ,  t o  f u r t h e r  quant i fy  i t s  effects on ben th ic  

ecology . 
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