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SUMMARY 

I n  an  a t t e m p t  t o  e v a l u a t e  t h e  e f f e c t  of t h e  o p e r a t i o n a l  Trans-Alaska 
r 	 o i l  p i p e l i n e  on moose i n  t h e  Nelchina  asi in, moose e n c o u n t e r s  w i t h  the 

p i p e l i n e  as r e v e a l e d  by t r a c k s  i n  t h e  snow w e r e  s t u d i e d .  P a r t i c u l a r  
emphasis was p laced  on t h e  d i s t a n c e  from t h e  bottom of t h e  p i p e  t o  t h e  
t o p  of t h e  p i p e l i n e  pad (BOP-TOP), S t a t i s t i c a l  e v a l u a t i o n  of t h e s e  
h e i g h t s  as r e l a t e d  t o  moose c r o s s i n g s  shows t h a t ,  a l t h o u g h  moose do n o t  
appear  t o  c r o s s  t h e  p i p e l i n e  randomly, n e i t h e r  do t h e y  c o n s i s t e n t l y  
s e l e c t  f o r  h i g h e r  p i p e  excep t  when t h e  p i p e l i n e  is  b u i l t  a t  BOP-TOP 
h e i g h t s  of 5 f e e t  o r  l e s s .  

These r e s u l t s  a r e  compared w i t h  a similar s t u d y  conducted d u r i n g  

t h e  c o n s t r u c t i o n  phase  of t h e  p i p e l i n e  i n  t h e  same a r e a  d u r i n g  t h e  

p reced ing  two w i n t e r s  and t h e  r e s u l t s  a r e  s i m i l a r ,  


Other  env i ronmenta l  c o n s i d e r a t i o n s  such, as sound, snow d e p t h s  

and i c i c l e s  a r e  d i s c u s s e d .  Snowfal l  f o r  t h e  w i n t e r  of 1977-78 i s  

compared w i t h  h i s t o r i c  weather  p a t t e r n s  f o r  t h e  a r e a .  Snow d e p t h s  

f o r  t h e  w i n t e r  of 1977-78 were s l i g h t l y  below average .  


Data are p r e s e n t e d  comparing moose s e x  and age  composi t ion c o u n t s  

from a r e a s  on e i t h e r  s i d e  of t h e  p i p e l i n e  and t h e  moose p o p u l a t i o n  is  

cons idered  as be ing  s t a b l e  t o  i n c r e a s i n g  d u r i n g  t h e  p e r i o d  of s t u d y .  
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BACKGROUND 

The c o n s t r u c t i o n  of t h e  Trans-Alaska o i l  p i p e l i n e  through impor tan t  
moose (AZces a2ce.s) h a b i t a t  of Alaska caused concern t h a t  t h e  p i p e l i n e  
might o b s t r u c t  moose movements between r e q u i r e d  s e a s o n a l  h a b i t a t s .  
During p i p e l i n e  c o n s t r u c t i o n ,  an  i n t e n s i v e  s t u d y  was conducted t o  a n a l y z e  
s e v e r a l  a s p e c t s  of t h i s  problem (VanBallenberghe 1978) .  T h i s  s t u d y  was 
completed i n  s p r i n g  1977; t h e  p i p e l i n e  became o p e r a t i o n a l  i n  June  1977. 
A p h y s i c a l  d e s c r i p t i o n  of t h e  p i p e l i n e  and terminology used t o  d e s c r i b e  
t h e  p i p e l i n e  c h a r a c t e r i s t i c s  were p r e s e n t e d  by VanRallenberghe (1978).  

VanBal lenberghe l s  most i n t e n s i v e  s t u d y  a r e a  was on a 29-mile segment 
of t h e  p i p e  immediate ly  s o u t h  of Glenna l len ,  Alaska.  I n  t h i s  a r e a  he 
observed a t o t a l  of 565 s u c c e s s f u l  moose c r o s s i n g s ,  53 p e r c e n t  of h i s  
t o t a l  number of c r o s s i n g s .  The d i s t a n c e  from t h e  bottom of t h e  p i p e  t o  
t h e  t o p  of t h e  p i p e l i n e  pad (BOP-TOP h e i g h t )  was d e f i n e d  a s  a "window" 
through which moose must p a s s  i n  o r d e r  t o  c r o s s  above-ground s e c t i o n s  of 
t h e  p i p e l i n e .  A  comparison of t h e  observed number of c r o s s i n g s  through 
windows of t h r e e  s i z e s  w i t h  the f requency of occur rence  of t h e s e  windows 
l e d  t o  VanBal lenberghe 's  c o n c l u s i o n  t h a t  moose u t i l i z e d  windows between 
6 and 8 f e e t  s i g n i f i c a n t l y  more o f t e n  than expec ted ,  w h i l e  windows of 
g r e a t e r  t h a n  8 f e e t  were u t i l i z e d  s i g n i f i c a n t l y  l e s s  t h a n  expec ted  ( p <  
0.05).  P i p e l i n e  windows of less t h a n  6 f e e t  were u t i l i z e d  i n  p r o p o r t i o n  
t o  t h e i r  occur rence .  VanBallenberghe a l s o  r e p o r t e d  on t h e  movements of 
r a d i o - c o l l a r e d  and v i s u a l l y  c o l l a r e d  moose i n  t h e  v i c i n i t y  of t h e  pipe- 
l i n e .  

VanBallenberghe r e p o r t e d  t h a t  t h e  two w i n t e r s  of h i s  s t u d y  were 
w i n t e r s  of a t y p i c a l l y  l i g h t  s n o w f a l l .  He recommended a d e f e r r e d  as -
sessment  of the impact  of snow d e p t h  on moose p i p e l i n e  c r o s s i n g s ,  and 
sugges ted  c o l l e c t i o n  of s u p p o r t i v e  d a t a  on impacts  of v a r i o u s  p i p e l i n e  
c h a r a c t e r i s t i c s  on moose c r o s s i n g  behav ior  w h i l e  t h e  p i p e l i n e  was 
o p e r a t i o n a l .  These c h a r a c t e r i s t i c s  inc luded :  window s i z e ,  snow d e p t h ,  



pipeline noise and ice accumulation on the pipe. Additional data were 

also needed on moose crossings of the pipeline in different geographical 

areas. 


OBJECTIVES 


To determine the effects of various design features of the pipeline 

on free passage of moose and to evaluate the effects of any restriction 

of passage on moose populations. 


STUDY AREA 


The Trans-Alaska Pipeline runs through the Nelchina Basin from the 

crest of the Alaska Range near Summit Lake to the crest of the Chugach 

Range near Thompson Pass. Detailed descriptions of this basin and its 

biotic components are presented by Skoog (1968). Our observations were 

confined to the Trans-Alaska Pipeline and Pipeline Corridor from Meiers 

Lake to Squirrel Creek. The pipeline route in this segment generally 

Zollows the drainages of the Gulkana and Copper Rivers. In this area 

the pipeline intersects important moose migratory routes where many 

animals which spend the summers and fall seasons in the Alphabet Hills 

and Chugach Mountains migrate across the pipeline and adjacent Richardson 

Highway to their winter ranges in the lowlands near the Copper River. 


The dominant vegetation near the pipeline is a mixture of black 
spruce (Picea marianu), white spruce (Picea gZaucal , aspen (PopuZus 
tremuZoides), balsam poplar (PopuZus baZsmnifera), shrub birch (BetuZa 
yZanuZosa), and willow (SaZix spp.), interspersed with sedge meadows, 
shallow lakes and riparian habitats. Understories of Vaccinium spp., 
~ e d m ,lichens, and mosses are prevalent. The terrain in the study area 
is gently sloping except where rivers and creeks have cut steep banks 
through the rolling hills. 

The moose population in the Nelchina Basin is heavily hunted by both 

local residents and by residents from the larger communities of Anchorage 

and Fairbanks. Game Management Unit 13, encompassing the entire study 

area, produces a reported harvest of 700 to 1,000 bull moose annually-- 

more than any other Game Management Unit in the State (Alaska Dept. of 

Fish and Game, unpubl. data). Results of annual sex and age composition 

surveys of moose populations in count areas near the study area (Table l), 

indicate moose populations were stable or increasing at the time this 

study was conducted. 


The 90-mile segment of the pipeline studied was subdivided into 

three sections, each capable of being traversed by truck or snow machine 

in a single day's travel. Each section was characterized by some differences 

in habitat type, moose usage and pipeline characteristics. 


Section 1 was a 29.4-mile segment from Glennallen south to Squirrel 

Creek, Ninety-four percent of the pipeline in this section was elevated 

above ground. This section corresponded with the "Glennallen" area studied 

by VanBallenberghe and consisted of Pipeline Alignment Sheet Numbers 




Table 1. 	 Composition count d a t a  for the Alphabet Hills and upper Gakona 

R i v e r  areas, 1973-1978. 


Alphabet Hills 	 Upper Gakona R i v e r  

B u l l s  p e r  C a l v e s  per  Moose Total B u l l s  p e r  C a l v e s  per  Moose Total 
Year 100 cows 100 cows per hour Sample 100 cows 100 cows per hour Sample 

1 9 7 3  20.5 17.5 46 608 21.2 14.1 53 2 1 1  

1974 22.6 26.6 36 903  31.5 21 .3  59 136 

1975  19.3 1 0 . 5  48 667 12.9 26.9 48 130 

1976  27.9 19.5 52 780 22 .2  21 .3  4 8 1 5 5  

1977 25.6 34.0 40 917 25.3 22.7 62 228 

1978 28.9 22.8 4 6 933 28.4 25.0 81 227 



16 through 2 1 ,  It was bordered on t h e  e a s t  by t h e  Copper River and on 
t h e  west by t h e  Chugach Mountain Range. On i t s  south  end a l a r g e  burn 
provided important win ter  food f o r  moose. A few moose which had been 
c o l l a r e d  i n  t h e  Alphabet H i l l s  t o  t h e  northwest were known t o  win te r  i n  
t h i s  a r ea .  It is  l i k e l y  t h a t  most of t h e  moose present  i n  Sec t ion  1 
dur ing  t h e  win te r  spent  t h e  summer i n  t h e  Chugach Mountains. 

Sec t ion  2 was a 38.4-mile segment from Glennal len no r th  t o  Sourdough. 
This  s e c t i o n  corresponded wi th  P i p e l i n e  Alignment Sheets  22 through 27. 
Here t h e  t e r r a i n  is  v i r t u a l l y  f l a t  and s o i l  types  and permafrost 
c h a r a c t e r i s t i c s  requi red  t h a t  t h e  p i p e l i n e  be cons t ruc ted  above 
ground except  f o r  fou r  sag  bends, a s p e c i a l  r e f r i g e r a t e d  b u r i a l ,  and a 
highway cross ing .  Eighty-six percent  of t h e  p i p e l i n e  i n  t h i s  segment is  
e leva ted  above ground. Most moose c ros s ings  (533) were recorded along 
t h i s  s e c t i o n .  

Sec t ion  3 was a 21.1-mile segment from Hogan H i l l  no r th  t o  Meiers 
Lake. I t  included P i p e l i n e  Alignment Sheets  28 through 31. I n  t h i s  
s e c t i o n ,  e l e v a t i o n s  a r e  higher  and t h e  t e r r a i n  becomes more uneven. 
Snow depths  were g r e a t e s t  i n  t h i s  s ec t ion .  Because of t h e  b e t t e r  s o i l  
drainage i n  Sec t ion  3 t h e  p i p e l i n e  was buried f o r  38 percent  of i t s  
e x t e n t  i n  t h i s  s ec t ion .  VanBallenberghe (1978) descr ibed  t h e  a r e a  near  
Haggard Creek and Hogan B i l l  a s  being important migratory rou te s  f o r  
tagged moose from t h e  Alphabet H i l l s .  

PROCEDURES 

F ie ld  measurements 

Each of t h e  t h r e e  s e c t i o n s  of t h e  p i p e l i n e  was surveyed, i n  r o t a t i o n ,  
a t o t a l  of 15 times i n  w in te r  1978. The surveys were conducted by t ruck  
o r  snowmachine and, occas iona l ly ,  by foot .  Surveys were conducted when 
snow cond i t i ons  were app ropr i a t e  f o r  recording t r a c k s  on t h e  p i p e l i n e  
pad. For each s e t  of moose t r a c k s  encountered on t h e  p i p e l i n e  pad, t h e  
fol lowing d a t a  were c o l l e c t e d  on s tandard ized  forms: 

Locat ioncAlignment  Sheet (AS) Number and V e r t i c a l  Support Member 
(VSM) number. 
Whether t h e  t r a c k s  ind ica t ed  a c ross ing  o f ,  o r  a d e f l e c t i o n  from, 
t h e  pipe.  
Measured d i s t a n c e  from t h e  bottom of t h e  p ipe  t o  t h e  top  of t h e  pad 
(BOP-TOP he igh t )  a t  a l l  above-ground encounters  wi th  t h e  pipe.  
Whether t h e  encounter was a t  a  Designated Big Game Crossing (DBGC). 
Whether t h e  encounter occurred a t  a  buried s e c t i o n  of t h e  pipe. 
Whether c a l f  moose were present .  
D i r ec t ion  of t r a v e l .  
Date. 
Depth of snow under t h e  p ipe ,  away from t h e  p ipe  where it was not  
inf luenced by t h e  p i p e l i n e  o r  ad jacent  roadway, and t h e  he ight  of 
any snow berm. 
Comments on va r ious  a d d i t i o n a l  environmental o r  cons t ruc t ion  f e a t u r e s  
of t h e  p i p e l i n e  a t  t h e  encounter ( p i p e l i n e  no i se ,  formation of 
i c i c l e s ,  e t c .  ) . 



I n  a d d i t i o n  t o  t h e s e  d a t a ,  a schemat ic  drawing was made of each  
moose e n c o u n t e r ,  as i n d i c a t e d  by i t s  t r a c k s .  

Data  a n a l y s i s  

These d a t a  were keypunched and s o r t e d  u t i l i z i n g  t h e  SPSS ( S p e c i a l  
Package f o r  t h e  S o c i a l  S c i e n c e s )  program on t h e  U n i v e r s i t y  of A l a s k a ' s  
Honeywell computer. 

Data  on t h e  f requency  of occur rence  of p i p e l i n e  windows of v a r i o u s  
s i z e s  (BOP-TOP) were o b t a i n e d  t o  pe rmi t  a comparison of t h i s  f requency  
w i t h  t h e  f requency  of measured BOP-TOP h e i g h t s  a t  which moose encountered 
t h e  p i p e l i n e .  The p i p e l i n e  h e i g h t  f o r  each approximately  60-foot segment 
was c a l c u l a t e d  t o  b e  t h e  average  of t h e  BOP-TOP h e i g h t s  of t h e  VSMts on 
each end of t h e  segment. BOP-TOP h e i g h t s  a t  t h e  VSM were d e r i v e d  from a 
l is t  of a l l  h e i g h t s  pub l i shed  by t h e  Alyeska P i p e l i n e  Company ( L i s t i n g  
of AS-Redesigned VSM C o n s t r u c t i o n  S e c t i o n  1 & 2. A p r i l  20, 1977) .  The 
p r o p o r t i o n  of t h e  p i p e l i n e  which was b u r i e d  w a s  determined from t h e s e  
p u b l i s h e d  Alyeska d a t a  and d i r e c t  measurements. For above-ground p i p e ,  
t h e  d a t a  on p i p e l i n e  h e i g h t s  were grouped i n  two ways f o r  s t a t i s t i c a l  
a n a l y s e s :  1 )  i n  1 - foo t  i n t e r v a l s  w i t h  h e i g h t s  l e s s  t h a n  5 f e e t  as w e l l  
a s  h e i g h t s  g r e a t e r  t h a n  1 3  f e e t  lumped t o g e t h e r  and 2 )  i n  t h e  t h r e e  
c a t e g o r i e s  u t i l i z e d  by VanBallenberghe ( l e s s  t h a n  6 f e e t ,  6 t o  8 f e e t ,  
and g r e a t e r  t h a n  8 f e e t ) .  

Chi  s q u a r e  tests were r u n  on t h e s e  d a t a  t o  de te rmine  whether  t h e  
p i p e l i n e  c h a r a c t e r i s t i c s  where moose c r o s s e d  t h e  p i p e  d i f f e r e d  from t h e  
p r o p o r t i o n  of t h e s e  c h a r a c t e r i s t i c s  a c t u a l l y  p r e s e n t ,  C h a r a c t e r i s t i c s  
e v a l u a t e d  were b u r i e d  o r  above-ground p i p e l i n e  and window size f o r  t h e  
above-ground p i p e l i n e .  The d a t a  were f u r t h e r  analyzed t o  de te rmine  
which c e l l s  of t h e  c h i  s q u a r e  t e s t  c o n t r i b u t e d  t o  r e j e c t i o n  of t h e  n u l l  
h y p o t h e s i s ;  t h i s  t e c h n i q u e  was d e s c r i b e d  by Neu et .  a l .  (1974) and 
u t i l i z e d  by VanBallenberghe (1978).  

The i n f l u e n c e  of snow dep th  (under  t h e  p i p e ,  away from t h e  p i p e ,  
and snow berm) on t h e  measured BOP-TOP h e i g h t s  of moose c r o s s i n g s  was 
a l s o  ana lyzed .  C o r r e l a t i o n  c o e f f i c i e n t s  between t h e s e  two v a r i a b l e s  
were c a l c u l a t e d  by t h e  SPSS computer package,  SCATTERGRAM. 

A l l  tests were conducted on t h e  t o t a l  90-mile segment of t h e  p i p e l i n e  
s t u d i e d  as w e l l  a s  on each of t h e  t h r e e  s e c t i o n s ,  d e s c r i b e d  previously ,  
of t h e  t o t a l  segment. The a n a l y s i s  by s e c t i o n  was done t o  i d e n t i f y  any 
i n c o n s i s t e n c i e s  between s e c t i o n s  i n  t h e  s e l e c t i o n  of p i p e l i n e  c h a r a c t e r i s t i c s  
a t  which moose chose  t o  c r o s s ;  i f  t h e  same s e l e c t i v i t y  p a t t e r n s  d i d  n o t  
appear  i n  each of t h e  t h r e e  s e c t i o n s ,  t h e r e  would be r e a s o n  t o  q u e s t i o n  
t h e  v a l i d i t y  of t h e  p a t t e r n .  

RESULTS 


R e l a t i o n s h i p s  w i t h  window s i z e  

The p r o p o r t i o n  of above-ground p i p e  w i t h  windows of v a r i o u s  s i z e s  
a s  w e l l  a s  t h e  p r o p o r t i o n  of t h e  p i p e l i n e  which is  b u r i e d  a r e  p resen ted  



i n  Table 2. A t o t a l  of 10 c a t e g o r i e s  were u t i l i z e d  t o  compare frequency 
of occurrence of va r ious  window s i z e s  wi th  frequency of c ros s ing  through 
windows of t hese  same s i z e s .  Some lumping of c a t e g o r i e s  was occas iona l ly  
necessary t o  a s su re  t h a t  expected va lues  f o r  t h e  c h i  square t e s t  exceeded 
f i v e  ani-mals f o r  each category.  The numbers of moose c ros s ing  through 
windows of t h e  s i z e s  given i n  Table 2 a s  we l l  a s  t h e  number of c ros s ings  
a t  bur ied  segments a r e  presented i n  Table 3 .  

Chi square t e s t s  t o  determine whether t h e  propor t ion  of BOP-TOP 
window s i z e s  o r  propor t ion  of bur ied  segments a t  which moose chose t o  
c r o s s  d i f f e r e d  s i g n i f i c a n t l y  from t h e  propor t ion  a t  which these  same 
windows o r  bur ied  s e c t i o n s  occurred,  were s i g n i f i c a n t  (p < 0.005). This  
was t r u e  f o r  t h e  e n t i r e  l eng th  of t h e  p ipe  s tud ied  a s  w e l l  a s  f o r  each 
of t h e  t h r e e  p i p e l i n e  s e c t i o n s  along t h i s  l eng th  (Table 4 ) .  These 
r e s u l t s  suggest  t h a t  t h e  p a t t e r n  a t  which moose c r o s s  t h e  p i p e l i n e  
through windows of var ious  s i z e s  o r  ac ros s  bur ied  s e c t i o n s  of p ipe  is  
not  random, s e l e c t i v i t y  i s  ind ica t ed .  

S imi la r  t e s t s  were run f o r  moose c ros s ings  of above-ground ve r sus  
bur ied  segments of t h e  pipe.  The number of c ros s ings  a t  above-ground 
segments of t h e  p ipe  d i f f e r e d  s i g n i f i c a n t l y  (p < 0.005) from t h e  expected 
va lues  based on t h e  frequency of occurrence of above-ground and bur ied  
segments (Table 5 ) .  The observed number of c ros s ings  a t  buried segments 
was l e s s  than t h e  expected va lues  f o r  Sec t ions  2 and 3,  and f o r  a l l  
s e c t i o n s  lumped. The observed number of c ros s ings  a t  buried segments 
was g r e a t e r  than  t h a t  expected i n  Sec t ion  1. Cer t a in  designated b i g  
game c ros s ings  were bur ied  t o  f a c i l i t a t e  moose and car ibou  (Rangifer 
t a randus)  passage ac ros s  t h e  p ipe l ine ;  t h e s e  were c a l l e d  sag  bends. 
Nei ther  t h e  frequency of sag  bends nor t h e  number of observed c ros s ings  
a t  sag  bends were considered adequate t o  s t a t i s t i c a l l y  t e s t  s e l e c t i v i t y  
f o r  sag  bends by moose, 

I n  o rde r  t o  determine i f  s e l e c t i v i t y  f o r  windows of var ious  s i z e s  
occurred,  s i m i l a r  t e s t s  were run on above-ground segments of t h e  p ipe  
only (Table 6 ) .  I n  a l l  ca ses ,  a s i g n i f i c a n t  v a r i a t i o n  was observed 
between t h e  numbers of moose c ros s ing  through windows of va r ious  s i z e s  
and t h e  frequency of occurrence of windows of t hese  s i z e s  ( p  < 0.005). 

The l e v e l  of s i g n i f i c a n c e  of t h e s e  t e s t s  suggested t h a t  moose were 
h ighly  s e l e c t i v e  i n  t h e i r  choice of p i p e l i n e  c ros s ing  s i t e s ;  t h e  p i p e l i n e  
i s  not  crossed randomly. I n  order  t o  determine whether t h i s  s e l e c t i v i t y  
is  based on p i p e l i n e  c h a r a c t e r i s t i c s  (e.g. window s i z e ) ,  a d d i t i o n a l  
a n a l y s i s  was needed. Neu e t .  a l .  (1974) developed a technique which can 
be u t i l i z e d  when t h e  n u l l  hypothesis  of t h e  c h i  square t e s t  i s  r e j e c t e d ,  
a s  i n  t h i s  case.  This  technique permits  determinat ion of which c e l l s  of 
t h e  a n a l y s i s  a r e  s i g n i f i c a n t l y  con t r ibu t ing  t o  t h e  r e j e c t i o n  of t h e  n u l l  
hypothesis .  VanBallenberghe (1978) u t i l i z e d  t h i s  technique i n  t h e  
a n a l y s i s  of p i p e l i n e  c ros s ing  d a t a  f o r  moose. It would be expected t h a t  
i f  t h e  non-random p a t t e r n  05 moose c ros s ings  shown above was a r e s u l t  of 
p i p e l i n e  c h a r a c t e r i s t i c s ,  t h e  same p a t t e r n  would be  ev ident  i n  d i f f e r e n t  
s e c t i o n s  of t h e  p ipe  and t h a t  s i g n i f i c a n t  v a r i a t i o n s  would be i n  t h e  
same d i r e c t i o n  (observed l e s s  than  expected o r  v i c e  ve r sa ) .  This  a n a l y t i c a l  
technique was u t i l i z e d  f o r  t h e  observed d i s t r i b u t i o n  of window s i z e s  of 
above-ground pipe.  



T a b l e  2. Number of 60' pipeline segments in one foot  BOP-TOP height 
categories in each of the 3 pipeline sections. 


Section 1 Section 2 Section 3 Total 
No.- %- No.- %- No.- %- No. X- -

Buried 155 6.0 472 14.0 768 37.8 1,395 17.4 

1' - 4.99' 75 2.9 80 2.4 14 0.7 169 2.1 

5' - 5.99' 461 17.8 411 12.2 71 3.5 943 11.8 

6' - 6.99' 789 30.5 782 23.1 213 10.5 1,784 22.3 

7' - 7.99' 522 20.2 779 23.0 361 17.8 1,662 20.8 

8' - 8.99' 263 10.2 494 14.6 265 13.0 1,022 12.8 

9' - 9.99' 155 6.0 192 5.7 195 9.6 542 6.8 

10' - 10.99' 71 2.7 88 2.6 93 4.6 252 3.1 

11' - 11.99' 37 1.4 38 1.1 19 0.9 94 1.2 

12' - 12.99' 25 1.0 27 0.8 10 0.5 62 0.8 

13+ 35 1.4 18 0.5 24 1.2 77 1.0 

Total 2,588 100 3,381 100 2,033 100 8,002 100 



- - - - 

Table  3 .  Number of moose crossing the pipeline through windows of various 
sizes and across buried segments. 

Section 1 Section 2 Section 3 Total 

No. No. No. No. 


Buried 


1' - 4.99' 

5' - 5.99' 

6' - 6.99' 

7' - 7.99' 

8' - 8.99' 

9' - 9.99' 

10' - 10.99' 

11' - 11.99' 

12' - 12.99' 

13+ 


Total 




Table 4 .  	 Value of Chi square t o  test the null hypothesis  that moose cross 
above ground segments of the  pipe ( in  1' increments) and buried 
segments of the pipe i n  proport ion t o  the  frequency of occurrence 
of these segments. 

Section 1 Section 2 Section 3 Tota l  

-No. 	 No. -No. -No. 
Chi square 54.4 	 111.9 125.9 113.6 

Degrees of 8* 
freedom 

* Data lumped for  c ross ings  through windows greater than 11'. 

** One foo t  increments from 6-11 feet, data lumped f o r  cross ings  between 
6.1 and 6 '  	and for c ross ings  greater than 11'. 

Table 5 .  	 Values of Chi square r o  test the n u l l  hypothesis tha t  moose c r o s s  
above ground and b u r i e d  segments of the  pipe i n  proport ion t o  the 
frequency of occurrence of above ground and bu r i ed  segments. 

Section 1 Section 2 Sect ion 3 To ta l  

Chi square 25.1 	 44.5 91.8 ' 54 .4  

Degrees.of 

freedom 
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j~ Section 1 Section 2 Section 3 -Total 
.\ - . * 

* .  
Chi square' 31 .8 60 .4  21.8 
I 

, d * Degrees of 7* 7* 6** 
, I  freedom 

Q ' I * "7 %  
8 . 

, P '  < .005 

* 'i: ~ross'ingsl*throu~h lumped.all windows greater than 11 feet are 
++ i*, ,. *,"\**' F*.~rossings.through all windows of .1 - 6 f e e t  are lumped as are . . 
;i.ji:.,crossingsIthrough greater than 11 feet lumped.windows 

" (I,: .. -' . ,(.*... 
*** "rossings through all windows greater than 12 feet lumped.1 . .  . 



For t h e  t o t a l  l eng th  of t h e  p i p e l i n e  s tud i ed  (Table 7 ) ,  p ipe  windows 
of less than  5 f e e t  and windows g r e a t e r  than  12 f e e t  were u t i l i z e d  
s i g n i f i c a n t l y  less than  expected (p < 0.05 and p < 0.10, r e s p e c t i v e l y ) .  
P ipe  windows of 9 - 9.9 and 10 - 10.9 f e e t  were u t i l i z e d  s i g n i f i c a n t l y  
more than  expected (p < 0.10 and p < 0.10, r e s p e c t i v e l y ) .  No o t h e r  p ipe  
c a t e g o r i e s  were u t i l i z e d  s i g n i f i c a n t l y  more o r  less than  expected (p<  
0.20).  The observed and expected va lues  f o r  t h e  t o t a l  l eng th  of t h e  
p i p e l i n e  s t u d i e s ,  expressed a s  percentages ,  a r e  i l l u s t r a t e d  i n  Fig.  1. 

I n  Sec t ion  1, window s i z e s  g r e a t e r  than 11 f e e t  were u t i l i z e d  
s i g n i f i c a n t l y  l e s s  than  expected (p < 0.05) wh i l e  s i z e s  of 9 - 9.99 f e e t  
were u t i l i z e d  s i g n i f i c a n t l y  more t han  expected (p < 0.20) (Table 8 ) .  No 
o the r  window s i z e s  d i f f e r e d  s i g n i f i c a n t l y  from t h e  expected (p < 0.20).  
The observed and expected va lues  f o r  Sec t ion  1, expressed a s  percentages ,  
a r e  i l l u s t r a t e d  i n  Fig.  2 .  

I n  Sec t ion  2, windows of l e s s  than  5 f e e t  and windows of 8 - 8.99 
f e e t  w e r e  u t i l i z e d  s i g n i f i c a n t l y  l e s s  than  expected (p < 0.05) (Table 
9 ) .  Windows of 5 - 5.9 f e e t  were u t i l i z e d  s i g n i f i c a n t l y  more than  
expected (p < 0.05) .  No o t h e r  windows were u t i l i z e d  s i g n i f i c a n t l y  more 
o r  less than  expected (p < 0.20).  The observed and expected va lues  f o r  
Sec t ion  2 ,  expressed a s  percentages ,  a r e  i l l u s t r a t e d  i n  Fig.  3 .  

I n  Sec t ion  3 ,  windows of 7 - 7.9 f e e t  were u t i l i z e d  s i g n i f i c a n t l y  
less than  expected (p  < 0.05) and t h e  u t i l i z a t i o n  of o t h e r  window s i z e s  
d i d  no t  d i f f e r  s i g n i f i c a n t l y  from expected va lues  ( p  < 0.20) (Table 10 ) .  
The observed and expected va lues  i n  Sec t ion  3 a r e  i l l u s t r a t e d  i n  Fig.  4 .  

A summary of t h e  window s i z e s  of above-ground p ipe  u t i l i z e d  s i g n i f i c a n t l y  
more o r  l e s s  than  expected,  and t h e i r  corresponding (p)  va lues ,  a r e  
given i n  Table 11. A s  can be  seen  from in spec t ion  of Table  11 and Figs .  
1-4, t h e r e  i s  a tendency f o r  moose t o  s e l e c t  f o r  windows of i n t e rmed ia t e  
s i z e s  (9-10.99 feet)  and a tendency t o  avoid excep t iona l ly  smal l  ( l e s s  
than  5 f e e t )  and l a r g e  (12 o r  more f e e t )  windows, however t h i s  tendency 
is  no t  c o n s i s t e n t l y  p re sen t  i n  a l l  of t h e  i n d i v i d u a l  s e c t i o n s  of t h e  
pipe--in some cases  t h e  r e l a t i o n s h i p s  of observed t o  expected a r e  reversed  
between d i f f e r e n t  s e c t i o n s  of t h e  pipe.  These r e s u l t s  sugges t  t h a t  
f a c t o r s  o t h e r  t han ,  o r  i n  a d d i t i o n  t o ,  window s i z e  i n f luence  t h e  non- 
random p a t t e r n  of above ground p i p e l i n e  c ros s ings  by moose. The most 
probable  a d d i t i o n a l  i n f luences  include:  

1. 	 Adherence t o  t r a d i t i o n a l  c r o s s i n g  a r e a s  by i n d i v i d u a l  moose 
r e g a r d l e s s  of p i p e l i n e  c h a r a c t e r i s t i c s .  

2 .  	 Habi t a t  types  ad jacent  t o  c ros s ing  l o c a t i o n s .  

Other Environmental Fac to r s  

Snow depths  

A comparison of snow depths  wi th  he igh t  of p ipe  s e l e c t e d  by moose 
was made dur ing  t h i s  s tudy .  This  was done t o  determine whether t h e  
e f f e c t i v e  d e c l i n e  i n  window s i z e  caused by snow accumulation would 
r e s u l t  i n  a s h i f t  toward increased  frequency of c ros s ing  through l a r g e r  



Table 7. Confidence intervals for proportions of moose expected to cross above to ground segments of the pipeline through 

each of nine window sizes. Expected values are based on the proportion of the pipeline with windows of each size. 

Data are for the ent ire 90 mile pipeline segment studied. Analysis follows the technique of Neu et a1 (1974). 


Proportion of Observed # Expected # Proportion 
Pipe Height Total Pipeline Crossings Crossings Observed in Confidence Interval, alpha = 

(feet) Segment Each Interval .05 .10 

TOTALS 1.00 1136 1136 1.00 


P 
N * Observed proportion significantly different from the expected proportion at indicated alpha level 

.20 



= Percentage 
of p ipe .  

0= Percentage 
of moose 
c r o s s i n g s  

7-7.99' 8-8.99' 9-9.99' 10-10.99' 11-11.99' 12+' 

BOP-TOP Heights  

Figure 1. 	 Percentage of moose c ros s ings  a t  v a r i o u s  pipe h e i g h t s  and percentage of p ipe  present  
a t  t h e s e  he igh t s  f o r  e n t i r e  s tudy a rea .  
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Table 8. 	Confidence intervals for proportions of moose expected to cross above ground segments of the pipeline through 

each of eight window sizes. Expected values are based on the proportion of the pipeline with windows of each 

size. Data are for pipeline segment 1, Glennallen south to Squirrel Creek. Analysis follows the technique 

of Neu et a1 (1974) 


Pipe Height Proportion of Observed W Expected # Proportion Confidence Interval, alpha = 
(feet) Total Pipeline Crossings Crossings Observed in ..05 .20 

Segment Each Interval 

TOTALS 1.00 	 275 276 1.00 

* Observed proportion significantly different from the expected proportion at indicated alpha level 

dmpalmateer
Sticky Note



@ = Percentage 
of pipe 

= Percentage 
of moose 
cross ings  

BOP-TOP Heights 

Figure 2 .  	 Percentage of moose cross ings  a t  various pipe heights  and percentage of pipe present  
a t  these  he ights  fo r  Area 1. 



Table 9. 	Confidence intervals for proportions of moose expected to cross above ground segments of the pipeline 
through each or eight window sizes. Expected values are based on the proportion of the pipeline.with 
windows of each size. Data are for pipeline segment 2, Glennallen north to Sourdough. Analysis follows 
the technique of Neu et a 1  (1974). 

Pipe Height ?ropor tion of 3bserved f Expected # Proportion Confidence Interval, alpha = 
(feet) Total Pipeline Crossings Crossings Observed in .05 -20 

Segment Each Interval 

TOTALS 1.00 	 512 513 1.00 


* Observed proportion significantly different from the expected proportion at indicated alpha level 
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Figure 3 .  	 Percentage of moose crossings a t  various pipe heights and percentages of pipe present a t  
these heights for  Area 2 .  



T a b l e  10. 	Confidence intervals far proportions of moose-expected-~ocross abave ground.segments of the dpelhne , ,, 
through each of seven window sizes. Expected values are based on the proportion of the pipe with windows 
of each size. Data are for pipeline segment 3, Hogan Hill north to Miers Lake. Analysis follows the 
technique of Neu et a1 (1974) 

Pipe Height Proportion of Observed # Expected f Proportion Confidence Interval, alpha = 
(feet) Total Pipeline Crossings Crossings Observed in .05 .20 

Segement Each Interval 

TOTALS 1.00 	 349 350 1.00 

* Observed proportion significantly different from the expected proportion at indicated alpha level. 
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Figure 4 .  	 Percentage of moose crossings a t  various pipe heights  and percentage of pipe present  a t  
these heights f o r  Area 3 .  



Table  11. Level of significance for pipeline windows utilized significantly more 
and less than expected by moose crossing above ground portion of the 

pipeline. 


UTILIZED SIGNIFICANTLY MORE THAN EXPECTED 

Window 

size category Section 1 - Section 2 Section 3 T o t a l  

-
(feet) 

5 - 5.99 (P < *05) 

9 - 9.99 

10 - 10.99 

UTILIZED SIGNIFICANTLY LESS THAN EXPECTED 


1 - 5 (P < *05) 

7 - 7.99 

8 - 8.99 

11+ 


12+ 



windows. During t h e  s tudy  per iod ,  snow depths  never exceeded 26 inches  
away from t h e  p ipe  o r  20 inches  under t h e  pipe.  A t  t h e s e  depths ,  t h e r e  
was no c o r r e l a t i o n  between p ipe  he igh t s  s e l e c t e d  by moose and snow depths  
under t h e  p ipe  o r  on t h e  ground near  t h e  pipe.  

A comparison of snow depths  a t  Gulkana Ai rpo r t  a s  r epo r t ed  by t h e  
Nat iona l  Oceanic and Atmospheric Adminis t ra t ion was made wi th  snow depths  
recorded dur ing  t h i s  s tudy  a t  moose c ros s ing  l o c a t i o n s  on a  nearby 
6-mile segment of t h e  p i p e l i n e  (AS-22) ( F i g .  5 ) .  These comparisons 
and o t h e r  measurements taken  du r ing  t h i s  s tudy  showed t h a t  snow depths  
under t h e  p i p e l i n e  were gene ra l l y  less than  those  r epo r t ed  on t h e  ground 
near  t h e  p i p e l i n e .  This  is  caused by snowfa l l  accumulating on t h e  p i p e l i n e  
r a t h e r  than  f a l l i n g  on t h e  ground below t h e  p i p e l i n e .  Wind cond i t i ons  
which cause  snow d r i f t i n g  can modify t h i s  r e l a t i o n s h i p .  During t h i s  s tudy  
w e  d id  no t  observe snow depths  under t h e  p ipe  t o  exceed those  on t h e  
nearby pad. Table  12 shows snow depths  a t  Gulkana dur ing  t h i s  s tudy  i n  
r e l a t i o n  t o  previous yea r s  of snowfal l .  The 1977-78 win t e r ,  when t h i s  
s tudy was conducted, was near  t h e  median f o r  w in t e r  s e v e r i t y  (snow depth)  
i n  t h e  l a s t  35 yea r s .  

An a d d i t i o n a l  environmental f a c t o r  a f f e c t i n g  window s i z e s  under t h e  
p i p e l i n e  was observed near  Fourth of J u l y  Creek i n  AS 14 on an a r e a  
o u t s i d e  of t h e  s tudy  a rea .  Here water  seeped t o  t h e  s u r f a c e  dur ing  t h e  
w in t e r  months, producing a phenomenon known l o c a l l y  a s  overflow but  
more c o r r e c t l y  termed "aufeis" .  A s  t h e  water  seeped t o  t h e  s u r f a c e ,  
f r o z e  and turned t o  i c e ,  i t  c r ea t ed  an impediment t o  subsequent seepage 
which i n  t u r n  flowed t o  t h e  s u r f a c e ,  f r o z e ,  and c r ea t ed  an even h igher  
impediment, A s  i c e  b u i l t  up under t h e  p ipe  and on t h e  p i p e l i n e  right-of-way, 
i t  s u b s t a n t i a l l y  reduced t h e  window s i z e s .  Observat ions of moose t r a c k s  
i n  t h e  a r e a  showed a s i n g l e  a d u l t  moose was d e f l e c t e d  by t h e  smal l  windows 
a v a i l a b l e  under t h e  p ipe ,  bu t  even tua l ly  s e l e c t e d  a c ros s ing  l o c a t i o n  
which r equ i r ed  i t  t o  bend down on i t s  knees t o  f i t  under t h e  pipe.  The 
c ros s ing  l o c a t i o n  was approximately 56 inches  a t  BOP-TOP and was s i m i l a r  
i n  he igh t  t o  o t h e r  windows i t  had prev ious ly  re fused  t o  c ros s .  Aufeis  
was n o t  a b a r r i e r  t o  moose c ros s ings  i n  any o t h e r  a r e a s  we observed, 

Sound 

Concern had been expressed t h a t  f l u c t u a t i n g  o i l  p r e s su re s  w i th in  t h e  
p i p e l i n e  would produce d i s t r a c t i n g  no i se s .  Only on two occasions were 
such n o i s e s  aud ib l e  t o  t h e  human e a r .  These sounds were bubbling no i se s  
and w e r e  only aud ib l e  t o  a human wi th  h i s  e a r  c l o s e  t o  t h e  pipe.  Heat 
r a d i a t i n g  p ipes  l oca t ed  on each v e r t i c a l  suppor t  member responded under 
c e r t a i n  wind cond i t i ons  i n  such a  way a s  t o  produce a sound s i m i l a r  t o  
t h a t  produced by wind through power l i n e s .  This  sound was sometimes 
loud enough t o  be  e a s i l y  heard from i n s i d e  a moving v e h i c l e  wi th  t h e  
windows c losed .  There was no way t o  eva lua t e  t h e  e f f e c t s  of t h e s e  
no i se s  on moose, bu t  car ibou  were observed c ros s ing  under t h e  p i p e l i n e  
dur ing  high winds wi th  t h e  corresponding no i se s .  

I c i c l e s  

Snow gathered on the t op  of t h e  p i p e l i n e ,  then melted and r a n  down 
t h e  o u t s i d e  of t h e  pipe.  Melting water  flowed down t h e  s i d e  of t h e  p ipe ,  



Snow depths -- -------
away from p i p e l i n e  

--Snow depths  
under t h e  p i pe line 

Dates of Observations 

Figure 5. 	 Comparisons of snow depths under t h e  p i p e l i n e  a t  AS122 wi th  snow depths away from t h e  
p i p e l i n e  and snow depths recorded a t  Gulkana A i r f i e l d ,  December 1977 - Apr i l  1978.  



Table 12.  	 I nd ices  of win ter  s e v e r i t y  as ind ica t ed  by monthly maximum snow 
depths  a t  t h e  Gulkana, Alaska weather s t a t i o n ,  winter 1967-68 
through winter  1977-78. (Data from VanBallenberghe 1968 
and from NOAA r eco rds ) .  

Rank of Mean Snow Snow Depth Index 
Snow Depth Winter Depth Per Expressed as a Percentage 

Winter Index 1/ Seve r i ty  21 Month 31 of 35 Year Mean 41 

11 Computed by summing maximum depth  of snow on the gound, November -

through A p r i l  each year .  

2 1  Based on 35 win te r s  of record ,  1943-44 through 1977-78. Rank 1-
r e p r e s e n t s  t h e  shal lowest  snow depths  on record .  

31  Computed by d iv id ing  t h e  snow depth index by s i x ,  or  t h e  number of-
months i n  the i n t e r v a l  November through Apr i l .  

41  Mean snow depth index f o r  34 w i n t e r s  of record equals  89 inches.-



then dropped toward t h e  ground. From time t o  t ime i c i c l e s  formed a t  
t h i s  po in t  and p ro j ec t ed  down towards t h e  p i p e l i n e  pad. No i c i c l e s  t h a t  
we observed exceeded 18 inches  i n  l eng th  and they r a r e l y  pro jec ted  below 
t h e  bottom of t h e  p ipe ,  and then  f o r  only an inch  o r  two. Snow under 
t h i s  d r i p l i n e  was compacted and c rus t ed  and was gene ra l ly  t h e  same depth 
as snow away from t h e  p i p e l i n e  al though deeper than  snow under t h e  pipe. 
I c i c l e s  and t h e  r e l a t e d  snow under t h e  d r i p l i n e  d id  not  form a v i s i b l e  
b a r r i e r  under t h e  environmental condi t ions  encountered dur ing  t h i s  s tudy.  

Comparison wi th  e a r l i e r  s tudy  

VanBallenberghels (1978) s tudy included an a n a l y s i s  of moose movements 
a s  r e l a t e d  t o  window s i z e  which is l a r g e l y  i d e n t i c a l  t o  t h a t  u t i l i z e d  
i n  t h i s  s tudy .  The major d i f f e r e n c e s  were: 

H i s  s tudy  was conducted dur ing  t h e  cons t ruc t ion  phase while  t h i s  
s tudy  was conducted dur ing  t h e  ope ra t iona l  phase of t h e  p ipe l ine .  

His study lumped window s i z e s  i n t o  only t h r e e  ca t egor i e s  p r i o r  t o  
s t a t i s t i c a l  a n a l y s i s  ( l e s s  than 6 f e e t ,  6 t o  8 f e e t ,  and over 
8 f e e t ) .  

Most of h i s  work was conducted on one completed segment of t h e  p i p e l i n e ,  
a segment which corresponds wi th  Sec t ion  1 of t h i s  s tudy.  

H i s  de te rmina t ion  of a c t u a l  p i p e l i n e  he igh t s  was based on a  sampling 
scheme of phys i ca l  measurements (VanBallenberghe) r a t h e r  than  on t h e  
AS-BUILT s p e c i f i c a t i o n s  i n  t h i s  s tudy.  

His study was conducted dur ing  a t y p i c a l  win ter  cond i t i ons ,  whereas 
t h i s  one was conducted dur ing  a  win ter  of near  median snowfal l .  

Because VanBallenberghels conclusions about t h e  inf luence  of window 
s i z e s  on moose movements d i f f e r e d  from ours ,  an e f f o r t  was made t o  expla in  
t h e  d i sc repanc ie s .  

When t h e  AS-BUILT d a t a  on t h e  propor t ion  of windows of va r ious  s i z e s  
(Table 2 )  a r e  converted t o  VanBallenberghels lumped c a t e g o r i e s ,  no 
s i g n i f i c a n t  d i f f e r e n c e s  a r e  observed (Table 13 ) .  Thus, t h e  s t u d i e s  a r e  
i n  agreement on t h e  frequency of occurrence of windows of t hese  t h r e e  
s i z e s  i n  Sec t ion  1 of t h i s  p ipe l ine .  

Although VanBallenberghels p i p e l i n e  d a t a  do not  d i f f e r  from our s ,  
h i s  conclusions on t h e  p a t t e r n  of moose c ros s ings  through va r ious  window 
s i z e s  were d i f f e r e n t .  When our c ros s ing  d a t a  a r e  lumped i n t o  h i s  c a t e g o r i e s  
f o r  t h e  same p i p e l i n e  s e c t i o n  (Sec t ion  1 )  our  d a t a  suggest  t h a t  moose 
u t i l i z e  windows l e s s  than 6 f e e t  high s i g n i f i c a n t l y  l e s s  than expected 
( p  < 0.05, n = 4 4  c ros s ings )  while  h i s  d a t a  i n d i c a t e  no v a r i a t i o n  from 
expected (p < 0.05, n = 127 c ros s ings ) .  Our d a t a  suggest  no v a r i a t i o n  from 
expected f o r  windows between 6 and 7.99 f e e t  (p < 0.30, n = 149)  whi le  h i s  
d a t a  suggest  t h e s e  a r e  u t i l i z e d  s i g n i f i c a n t l y  more than expected (p < 0.05, 
n = 346 c ros s ings ) .  For p ipe  he igh t s  g r e a t e r  than  8 f e e t ,  our  d a t a  suggest  
t h e s e  a r e  u t i l i z e d  s i g n i f i c a n t l y  more than  expected ( p  0.30, n = 82)  



Table 13. 	Comparison of the distribution of above ground pipeline 
windows of three sizes as determined by VanBallenberghe (1978) 
from physical measurements of a sample of windows and as 
determined in the study from AS-BUILT specifications. 

BOP-TOP 

Interval Proportion of Total Pipeline Segment 
(inches) VanBallenberghe (1978) Present Study 



whi le  h i s  suggest  t h e s e  a r e  u t i l i z e d  s i g n i f i c a n t l y  l e s s  than  expected 
(p < 0.05, n = 92) .  

Because of VanBallenberghe's l a r g e r  sample i n  t h i s  s e c t i o n  of t h e  
p i p e l i n e ,  h i s  conclusions a r e  supported when h i s  d a t a  are combined 
wi th  ours :  no s i g n i f i c a n t  v a r i a t i o n  from expected f o r  windows l e s s  than 
6 f e e t  ( p  < 0.20) ,  windows of 6 - 7.99 f e e t  a r e  u t i l i z e d  s i g n i f i c a n t l y  more 
than expected (p < 0.05) and windows l a r g e r  than  8 f e e t  a r e  u t i l i z e d  
s i g n i f i c a n t l y  l e s s  than  expected (p < 0.15) . 
Def lec t ions  

I n  955 p i p e l i n e  encounters ,  t h e r e  were 43 occurrences where moose 
f a i l e d  t o  c r o s s  t h e  p i p e l i n e  wi th in  one p i p e l i n e  segment of where they  
i n i t i a l l y  contacted t h e  p i p e l i n e  pad. In 9 of t h e s e  cases ,  observers  f e l t  
t h e  moose may have been involved i n  a c t i v i t i e s  where they had no i n t e n t i o n  
of c ros s ing  t h e  p i p e l i n e  ( feeding ,  breeding,  north-south movements, e t c . ) .  
The remaining 36 encounters  (45) were c l a s s i f i e d  as d e f l e c t i o n s .  

Def lec t ions  occurred a t  va r ious  BOP-TOP he ights .  Table 14 shows t h e  
percent  of moose d e f l e c t i o n s  and percent  of moose encounters  a t  t h e  va r ious  
p i p e l i n e  he igh t s .  Although t h e  sample s i z e  i s  smal l ,  i t  appeared t h a t  
moose were more l i k e l y  t o  d e f l e c t  from t h e  p i p e l i n e  a t  BOP-TOP he igh t s  of 
l e s s  than  f i v e  f e e t  than  h igher  p ipe  he ights .  Approximately 16 percent  
of t h e  moose t h a t  de f l ec t ed  even tua l ly  crossed t h e  p i p e l i n e  a f t e r  p a r a l l e l i n g  
t h e  l i n e  f o r  two o r  more p i p e l i n e  segments. I n  one case  t r a c k  observa t ions  
ind ica t ed  a p o s s i b l e  s epa ra t ion  between a cow and c a l f  where t h e  BOP-TOP 
he igh t  was below 5 f e e t  f o r  s e v e r a l  VSM's. Both moose eventua l ly  crossed 
t h e  p i p e l i n e  but  t h e  c ros s ings  occurred 16  p i p e l i n e  segments or  over 
300 yards  a p a r t .  
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Table 1 4 .  	 Number and percents  of moose d e f l e c t i o n s  a t  va r ious  p i p e l i n e  
he igh t s .  

Moose Moose Questionable 
BOP-TOP No. of Moose Crossings Def lec t  i ons  Def lec t ions  
Heights  Encounters No. (%) No. (%) No. (%) 

Buried 45 4 1  (91) 3 (7) 1 (2) 
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