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ABSTRACT:  The 138KV Snettisham electrical transmission line is the main power source for Juneau, the 
capital city of Alaska.  Avalanche potential affecting the line is severe and frequent.  On April 7, 1976, less 
than three years after construction, an avalanche impacted and damaged tower 4/6, about 8 km from the 
hydroelectric plant.  In 1981 plans were made for relocating tower 4/6 to a lower hazard location, and 
eliminating the adjacent tower 4/7.  These improvements proved inadequate when a large avalanche on 
April 16, 2008 destroyed tower 4/6 and damaged an adjacent tower.  Field evidence suggests initial 
impact was about 7m above ground level.  Tower 4/6 was carried about 50m down slope “feet first” while 
the conductors held the upper portion of the tower 
 
Tower 4/6 could not be eliminated or moved to lower hazard location.  Options such as structural 
reinforcement of the tower or active control with explosives were deemed impractical.   A massive, 
reinforced concrete splitting wedge was also considered but eliminated due to difficulties and expenses in 
transporting heavy materials to this remote location by helicopter.  The solution became a porous steel 
structure consisting of tubular steel and rectangular steel sections designed to function similarly to a 
concrete wedge.  The structure is approximately 8m high with an apex angle of 37 degrees, and designed 
for a maximum horizontal thrust of up to 250 kPa normal to the flow.  It is guyed uphill into competent 
igneous bedrock to develop the necessary bending strength and provide some deflection of debris.  
Construction was completed in October, 2009.  This is the first such structure we know of that has been 
built to withstand large avalanche loads. 
 

1. BACKGROUND 
 
Alaska’s capital city, Juneau (population 31,000) 
has an abundant supply of hydroelectric power 
generated at Snettisham, located 48 km to the 
southeast (Figure 1).  A single 138 kV 
transmission line traverses 70 km of rugged 
terrain with significant avalanche exposure 
(Figure 2). It was designed by the Alaska 
Division of the U.S. Army Corp of Engineers and 
constructed between 1967 and 1973.   
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Original designs identified isolated avalanche 
paths crossing the line between towers but 
underestimated the extent of the hazard.  
 
On April 7, 1976, less than three years after 
construction, an avalanche toppled the original 
tower 4/6, about 8 km from the hydroelectric 
plant.  The tower was rebuilt and, five years 
later, relocated to a less exposed location, while 
an adjacent tower (4/7) was eliminated (Figure 
3). 
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Figure 1 –Site Location Map 
 
Tower 4/6 survived 32 years before a large 
avalanche occurred on April 16, 2008 destroying 
it.  This avalanche cycle also destroyed two 
other towers and damaged two more.  The 
return period of the 2008 avalanche at tower 4/6 
was estimated to be on the order of 100+ years, 
based on tree ring data. 
 
Juneau relied on backup diesel generators and 
remarkable conservation efforts for 6 weeks 

before the Snettisham line was returned to 
service.  During this time of unusually high fuel 
costs, Juneau spent $1.5 million per week on 
generators and typical electric bills were five 
times higher than normal. 
 

 
 

Figure 2 –Tower 4/6 Location 
 
 
 

 
 

Figure 3 – Tower 4/6 Relocation on Lidar Map with 2008 Avalanches 

2010 International Snow Science Workshop

259



 

2. WEATHER & CLIMATE 
 
The climate at Snettisham is high latitude 
maritime with continental influences.  Average 
annual precipitation near sea level is about 350 
cm.  On-shore flows with southeast winds 
commonly deliver ample moisture at moderate 
temperatures.  Northeast flows deliver cold 
arctic air masses that complicate snow 
stratigraphy (Colman, 1986). Local topography 
influences wind and precipitation patterns. Snow 
levels often fluctuate between sea level and 
avalanche starting zone elevations. Historic 
weather data are available from the Snettisham 
power plant (elev. 8m), a Snotel at Long Lake 
(elev. 260 m), and an abandoned pulp mill (elev. 
85 m) on the Speel Arm.  The region receives 
significantly more precipitation than downtown 
Juneau (228 cm/year) or the Juneau airport (148 
cm/year). 
  

3. APRIL 2008 AVALANCHE 
 
Snowpack and weather conditions leading up to 
the April 2008 avalanches were dry and the 
usual thawed and refrozen layers were largely 
and notably absent above 600m.  Height of 
snow (HS) was 375 cm at the Long Lake Snotel 
and 178 cm at Snettisham. Five-day 
precipitation was 22.3 cm. at Snettisham.  At 
sea level, winds were calm with storm 
temperatures between -1˚ and 5˚ C., rising prior 
to the avalanche. 
 
On the morning of April 16, 2008, the 
transmission line was cut by avalanches. After 
weather cleared sufficiently for an inspection 
flight, it was determined that three towers were 
destroyed and two others were damaged.  
Figure 4 shows the avalanche path that 
destroyed tower 4/6.  The tower legs separated 
from the foundation with many cleanly sheared 
bolts found at the foundations. The heavy gauge 
“snow legs” were bent. The tower was carried 
about 50m down slope “feet first” while the 
conductors held the upper tower.  
 

 
 

Figure 4 – Post Avalanche Oblique Aerial 
Photo 

 

4. MITIGATION OPTIONS 
 
Several mitigation options at tower 4/6 were 
evaluated by a team of avalanche specialists,  
transmission line engineers and structural 
engineers.  Strengthening the aluminum lattice 
tower to resist avalanche loads was not possible 
for the design magnitude avalanche.  Options 
considered were: 
 
a. Relocation – although impact pressures 

might be reduced they would occur higher 
on the tower and at least two adjacent 
towers would require re-design and 
construction; this option was rejected; 

b. A submarine cable – could bypass the 
avalanche-prone area, but this option was 
rejected because of large initial cost, large 
repair costs, shorter design life and 
exposure to other hazards; 

c. Active forecast and control without structural 
protection – this option was rejected 
because of uncertain helicopter flying 
weather during storms and the risk of 

4/6 
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releasing large avalanches that would 
damage tower 4/6. 

d. A splitting wedge diversion structure – a 
massive gravity splitting wedge was 
recommended to protect tower 4/6.  
However, due to the remote site with 
helicopter-only access, this option was 
prohibitively expensive.  This constraint led 
the design team to the concept of a light-
weight steel splitting wedge as the optimal 
balance between risk and cost for protecting 
tower 4/6.  This option would allow 
continuous operation of the line during 
construction avoiding high generator costs, 
and its functioning would not depend upon 
weather, visibility or human decisions during 
major winter storms.   

 
The splitting wedge option does not preclude the 
use of avalanche control with explosives above 
tower 4/6, but this would entail other risks, 
including the possibility of causing damage to 
the wedge and/or tower that might not otherwise 
occur. 
 

5. AVALANCHE DESIGN PARAMETERS 
 
Avalanche dynamics analyses were performed 
using several methods to quantify design impact 
energies and heights.  Terrain was evaluated 
from detailed Lidar maps (scale 1:4800 with 20-
foot [~6m] contours).  Recent and historic aerial 
and ground photographs were studied.  Field 
observations and measurements were made of 
tree damage, path width and surface conditions.  
Weather records from various sites were 
analyzed and the Juneau office of the National 
Weather Service was consulted.  
 
A “50-year” design return period event was 
selected, but the actual return period probably 
lies between 30 and 100 years.  Current (post 
2008 avalanche) forest cover and terrain were 
assumed in starting zone and track.  Avalanche 
width varied from 170m at the starting zone to 
230m at sea level.   The fracture-line was much 
wider, but this assumed width was thought to 
control the flow above tower 4/6. Avalanches 
terminate in saltwater at sea level.  Therefore, a 
runout distance of 240m for the flowing 
avalanche was assumed, based on avalanche 
performance in this climate.  It was assumed 
that the fastest and most destructive avalanche 
consisted of the initial slab release of dry snow 
and this impact governed design. 

Avalanche dynamics parameters were 
calculated using the energy-line method (Körner, 
1980) and the one-dimensional Swiss avalanche 
simulation program, Aval-1D.  (Christen et.al., 
2002).  Models were normalized to observed 
conditions and adjusted to fit our assumed 
runout of 240 meters at sea level.  Figure 5 
shows the design avalanche parameters for a 
reference surface normal to the direction of 
avalanche flow.  Impact pressures were reduced 
to account surface inclinations.  Shear stresses 
were assumed to be 50 percent of the normal 
stresses on the sides of the wedge. 
 
The maximum design impact pressure of 240 
kPa impacts the leading rounded edge of the 
wedge. The sides deflect flows about 19 
degrees resulting in normal pressures of about 
50 kPa.  The wings must also resist shear 
stresses of about 25 kPa.  Localized impact 
pressures acting on smaller areas are expected 
to be about twice these values. 
 
Above the dense flow and saltation layers, low 
density flows produce stagnation pressures 
resulting in aerodynamic drag above the wedge 
that must be resisted by the tower. 

 

 
 

Figure 5 – Design Avalanche Reference 
Pressures 

  

6. SPLITTING WEDGE STRUCTURE 
 
The splitting wedge structure consists of 1.2m 
(48-inch) diameter vertical steel pipes with 
rectangular steel beams to form the sides.  Gaps 
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of 14 cm between beams were used to reduce 
weight and allow some of the snow to pass 
through. Vertical members were braced inside of 
the wedge. On the uphill side, steel cable guys 
aligned with the avalanche flow direction were 
anchored into competent bedrock (Figure 6). 
 

 
Figure 6 – Light-weight Guyed Steel Splitting 

Wedge 
 
The total weight of the steel is about 100 metric 
tons. Three-dimensional non-linear structural 
analyses were done with PLS Tower software 
(Power Line Systems, Inc, 2009).  The 
maximum cable tension for the design load is 
about 25 tons and the maximum ground moment 
is about 14 meter-tons.  The strength of the 
components were designed so that if loads 
exceed design levels, failure is sequential with 
the easiest to repair components (cables) failing 
first and the most difficult (foundations) last to 
fail.  The structure was completed in October 
2009.  Total construction cost was about $2 
million.   
 

7. CONCLUSIONS 
 
Protecting Snettisham Tower 4/6 against 
avalanches presented many challenges, 
including steep, remote terrain with a short 
construction season.  Loss of trees in the 
starting zone from the 2008 avalanche 
increased the avalanche hazard.  Environmental 
and aesthetic issues were important 
considerations in the Tongass National Forest.  
Resources were limited, and other towers 
required avalanche protection.  The owner and 
design team were tasked with finding a practical 
solution where the balance between cost and 
risk were acceptable. 

 
The steel splitting wedge built to protect tower 
4/6 is unique and cannot be tested in a 
laboratory or with a computer model.  Several 
aspects of the design and avalanche loading 
involve uncertainties.  The use of steel cable 
guys exposed to avalanche debris may behave 
in unpredictable ways.  There is no reliable 
method to analyze the performance of the gaps 
between steel members on the wings of the 
wedge.  The loading sequence and variability 
during an avalanche, both spatially and 
temporally, are impossible to accurately predict.  
It is our hope and intention that the many 
dynamic factors that will affect the steel wedge 
during impact will prevent serious damage to the 
lattice aluminum tower.  The real test is in the 
future – we expect to learn from it. 
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