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 ABSTRACT:  The 138kV Snettisham electrical transmission line is the main power source for 
Juneau, Alaska. The line was constructed in 1973 and traverses steep remote terrain exposed to 
numerous avalanches.  Tower 4/6 is particularly exposed and has a history to prove it. On April 7, 1976, 
less than three years after construction, it was impacted and damaged by an avalanche. In 1982, it was 
moved to reduce its exposure. On April 16, 2008 a large avalanche destroyed tower 4/6.  
 
Several protection options were evaluated, including tower reinforcement, active control, a submarine 
cable, and a massive reinforced concrete splitting wedge. Based on cost and risk factors, the power 
company selected an unconventional defense structure consisting of a guyed and braced steel wedge 
with gaps between wing members. The structure is approximately 11 meters high with an apex angle of 
37 degrees. Construction was completed in October, 2009. 
 
The steel wedge had its first full scale test on March 8, 2012, when it was impacted by a natural 
avalanche with an estimated size of R3 and D3.5.  This paper describes the observations and 
performance of the structure and its interaction with the avalanche debris.  Weather records were 
analyzed, avalanche deposits were measured, and flow directions were estimated by field crews. 
Avalanche impact pressures were calculated based on snowpack data, crown geometry, and runout 
distances.  The impact pressures and avalanche heights were compared to the design values. The 
information acquired and the lessons learned will be applied to future similar structures planned for the 
Snettisham transmission line. 
 

1 INTRODUCTION 
 
The Snettisham Hydroelectric plant provides 
Alaska’s capitol city of Juneau with 70 percent of 
its electric power.  Delivery of that power 
requires a 64 km long transmission line that 
traverses steep remote terrain exposed to 
numerous avalanches (Figure 1). 
 
On April 7, 1976, less than three years after 
construction, a lattice tower (tower 4-6) about 8 
km from the hydroelectric plant was impacted 
and damaged.  In 1982, it was moved to reduce 
its exposure. The relocated tower 4-6 survived 
26 years before a large avalanche destroyed it 
on April 16, 2008.  Tower 4-6 could not be 
eliminated or moved to a lower hazard location. 
Several protection options were evaluated, 
including tower reinforcement, active control, a 
submarine cable, and a massive reinforced 
concrete splitting wedge. Based on cost and risk 
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Figure 1 – Site Location 
 
factors, the power company selected an 
unconventional defense structure consisting of a 
guyed and braced steel wedge with gaps 
between wing members. The structure is 
approximately 11 meters high with an apex 
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Figure 2 - Temperatures at Sea Level and Mid-elevation prior to March 8, 2012 Avalanche 
 
 

angle of 37 degrees. The structure was 
designed to function similarly to a concrete 
wedge, except that it would deform and allow 
some debris to pass through, in order to reduce 
peak impact loads (Mears, et al, 2010). 
Construction was completed in October, 2009.  
The steel wedge was impacted by a natural 
avalanche on March 8, 2012.  The tower was 
completely protected, but the structure 
experienced minor damage to the steel guys. 

2 WEATHER AND SNOWPACK 
 
Weather leading up to the avalanche event of 
March 8, 2012 was cooler than average and 
precipitation was above the long-term average.  
Precipitation at the nearest Snotel (Long Lake, 
elevation 260 m) was consistently 250 mm 
above average SWE all season. The Snettisham 
Powerhouse near sea level experienced record 
snowfall in January for a 38 year period of 
record.  November and February also saw high 
snowfall amounts. On March 8 with at least 2 
months of winter to go, the measured snowfall 
was the 4th highest seasonal snowfall at the 
Snettisham Powerhouse.   
 
The weather leading up to the March 8-9, 2012 

avalanche cycle in the region was fairly typical of 
a strong winter storm system for the region. 
After 19 days of sub-freezing temperatures at 
elevation 580 m, a low pressure system moved 
northeast from the North Pacific into the Gulf 

while advecting warm, moist air into the Alaska 
panhandle. Due to cold temperatures (lows -12 
̊C near sea level), the warm storm overran a 
cold pool of air entrenched in Speel Arm. The 
warm air was relatively short lived as a cold front 
swept through bringing a foot of cold dry snow 
on top of the thaw layer. Figure 2 shows the 
temperatures at elevation 580 m (Balcony) and 
near sea level at the power plant.  On March 7, 
the winds shifted from light northeasterly to 
moderate southwest winds at the same time the 
temperature began to spike. The Balcony graph 
shows a maximum temperature of 2 ̊C at 3:45pm 
with temps above freezing until just around 
midnight when they began to fall again. 
Meanwhile, Snettisham Camp did not see 
temperatures spike above freezing until after 
10:30pm on the 8th. The maximum temp at the 
Balcony of 2 ̊C matches well with field 
observations of rain on snow up to 670m in 
Speel Arm. When a moist adiabatic lapse rate is 
applied to this scenario, it falls within the 
observed rain/snow level.  
 

2.1 Active Mitigation 
 
Limited use of a Daisy Bell exploder was 
employed prior to the March 8th avalanche in an 
effort to trigger small slide above the tower 4-6 
structure.  The 4-6 starting zone generally has 
limited snow cover in the early season due to 
scouring and cross-loading.   At 4-6, a total of 29 
shots were made, including 19 shots after weak 
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layer formation. The artificial triggering is 
believed to have a very limited effect on 
reducing the size of the March 8 avalanche at 
tower 4-6, but it is more effective in other nearby 
avalanche paths with smaller potential starting 
zones. 

3 AVALANCHE CHARACTERISTICS 
 
On March 8, 2012, a natural avalanche with an 
estimated size of R3 and D3.5 released above 
tower 4-6.   The average fracture height was 
about 1.2 meters.   
 

 
 
Figure 3 – Avalanche Crown above 4/6 in 2012 

 
This avalanche cycle consisted of a rain 
triggered dry slab avalanche combined with wet 
debris lower in the track.  The significance of this 
is that the 4-6 splitting wedge (also called 
diverter) undoubtedly withstood a substantial dry 
snow powder blast prior to the wet debris 
impact. This is evidenced by snow packed into 
the wedge cross members visible up to 7.5m 
measured vertically from the ground. This is the 
same general type of slide as the April 2008 
slides - heavy load and rain triggering a hard, 
deep slab which resulted in an initial fast moving 
dry powder avalanche which transitioned to wet 
debris at lower elevations.  
 
Based on visual observations as well as weather 
observations it appears that the snowpack at 
mid and lower elevations was not thawed to the 
extent that it was in April 2008. This has 
implications when it comes to the amount of 
snow available for entrainment. This avalanche 
did not entrain the existing snow and run at 
ground level until low in the path, whereas the 
April 2008 slide entrained a large amount of wet 

snow starting at mid elevations, just above tower 
4-6.  
 
The crowns observed in the 2012 avalanches 
are similar to those in 2008 but the upper 
fracture surface was lower in elevation this year, 
resulting in a lesser amount of snow releasing 
(Figure 4). This slide was classified as a: HS-N-
R4-D3.5-O. Due to a combination of scouring 
and cross-loading, the slab ranged from 30 cm 
on the south side up to 2.0 m on the north 
similar to the April 2008 crown thicknesses. The 
crown thickness as measured on the ground 
several days after the slide directly above tower 
4-6 was 75 cm with substantial settlement. We 
estimate that the crown was closer to 1.0 m at 
the time of the avalanche. 

3.1 Snowpack Factors 
 
A widespread weak layer was formed in the 
snowpack around in mid-February.  The layer 
originated as melt-forms which were quickly 
frozen and buried by new snowfall. The strong 
temperature gradient led to faceting on both 
sides of the crust. The presence of these weak 
layers is common, and human triggered 
avalanches on such layers is well documented 
(Colbeck & Jamieson, 2001).  
 

 
 

Figure 4 – Crowns for 2008 and 2012 
Avalanches at Tower 4/6 
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Stability tests and propagation tests on Feb 28th 
revealed this weak layer with consistently weak 
scores. The weak layer was also characterized 
by the “Lemon” test developed by McCammon 
and Schweitzer (2002) with a 5/5 weak 
structure.  
 
The snowpack was also evaluated in terms of 
strength and energy. Applying the components 
“Stability Wheel” (strength, structure, and 
energy) (McCammon and Sharaf, 2005), we 
established overall poor stability prior to the 
avalanche activity. Compression Tests 
consistently resulted in weak test scores. 
Propagation tests such as the Extended Column 
Test and Propagation Saw Test both agreed 
with a high propensity for propagation of a 
fracture if one should initiate. The energy of the 
releases was consistently high. (ECTP13 SP, 
CTM 11,12 SP, PST 30/100 End) 
 
The debris deposits climbed to a height of about 
6 meters on the wedge. It appears that the initial 
deposits deflected subsequent flows away from 
the wedge.  The 38 degree slope caused flows 
that passed the wedge to continue down slope 
without spreading towards the lattice tower 
(Figure 5).  Some snow was “plastered” on the 
wedge to heights of about 7.5 meters, indicating 
that the initial dry snow avalanche debris 
saltation layer was about 3 to 5 meters thick. 
 

 
 

Figure 5 – Avalanche Debris Depths (meters) 
 

3.2 Avalanche Impact Pressures 
 
The avalanche event of March 2012 was 
modeled with Aval-1D (Christian, et al 2002) 
using crown height and snow data described 
above.  The results were compared with the 
design values for the 50-year return period 
avalanche.  The model indicated maximum 
impact pressures at the structure of about 180 
kPa, compared to the design value of 230 kPa.  
The lower impact pressures were a result of 
reduced crown height and release volume 
compared to the design value.  In addition, the 
2012 flow height at the tower was about 1.3 m 
compared to the design value of 1.5 m. 
 
Total thrust applied to the structure was about 
60 percent of design load and total moment was 
about 40 percent of the design value.  The 
design loading results from the initial impact due 
to its height, velocity, energy and the moment 
imparted on the structure.  Subsequent flows are 
thicker and denser, but due to their impact 
location low on the structure, they do not govern 
design. 

 

 
 

Figure 6 –Avalanche Impact Loads for Design 
and March 2012 Event 

 

4 STRUCTURE PERFORMANCE 
 
Inspections were made by power company staff 
shortly after the March 8, 2012 avalanche 
impact and following snowmelt in August 2012.  
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Destruction of the heli-pad by the avalanche 
made access difficult and has prevented a 
detailed inspection by the structural engineer. 

4.1   HELI-PAD 
 
The avalanche destroyed the helicopter landing 
pad about 30 meters from the tower. Three of 
six reinforced 50 cm diameter concrete piers 
pulled out of the rock.  They were grouted 30 cm 
into rock with #4 threaded bars 

4.2 STEEL CABLES 
 
The steel avalanche deflector utilizes 24 
aluminum-coated steel guy wires anchored into 
rock to resist the design magnitude avalanche 
(50-year return period).  Each guy has a rated 
strength of 373 kN.  The guys are aligned in the 
direction of the flow (Figure 7).   
 
Initial inspection of the guy wires indicated that 
the end termination grips slipped prior to 
developing the full (373 kN) capacity.  This is 
believed to be a result of the grips not being fully 
pre-tensioned.  As a result, the guys allowed 
deflection of the wedge and caused a significant 
portion of the impact load to be transferred to 
the rigid steel deflector wings and the internal 
braces.   
 
Figure 7 shows the amount of cable slippage 
based on re-tensioning measurements. A non-
linear structural analysis indicated that the total 
maximum deflection at the top of the structure’s 
leading edge would be about 10 cm for the 
design load.  Thus, the slippage of the cables 
indicates that deflection, including cable stretch, 
was at least 50 percent of design loading 
deflection.  

4.3 DEFLECTION WEDGE 
 
Initial inspection of the deflector wings and 
internal braces did not reveal any damage or 
deformation.  The highest impact pressures 
were at the leading edge, and this 1.2 meter 
diameter pole member did not suffer any visible 
damage.  Similarly, the internal braces (Figure 
7) were undamaged. The lack of damage is 
consistent with the deflection indicated by cable 
slippage of about 50 percent of the deflection for 
the design magnitude loading. 
 

 
 

Figure 7 – Plan View of Structure with Guy 
Slippage/Elongation Distances in cm. 

 

4.4 WING GAPS 
 
To reduce weight and allow some debris to pass 
through the structure, the wedge wings were 
designed with 14 cm gaps between the 25 cm 
solid members. The 14 cm gap distance was 
intended to prevent most large snow clods from 
penetrating without resistance and energy loss.  
However, this design concept was untested and 
one important design feature in need of 
evaluation. 
 
Field observations indicated that the quantity of 
avalanche debris passing through the wedge 
gaps was within the range of the design goals.  
The total volume of debris inside the wedge was 
about 5 cubic meters. None of the dense debris 
inside the wedge impacted the lattice tower. 
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Figure 8 – Debris Penetration Inside of Deflector  

5 CONCLUSIONS 
 
Based on the observations and experience of 
the March 8, 2012 impact of the steel deflector 
at tower 4-6, we draw several conclusions. 

5.1 Impact Loads 
 
Based on avalanche parameters and modeling, 
peak impact pressures of the March 2012 
avalanche were about 70 percent of the design 
(50-year return period) loading. Due to lower 
impact heights and reduced flow thicknesses, 
the total thrust force was about 60 percent of 
design value and ground moment was about 40 
percent of design value.  The deflection and 
structure response was consistent with the 
calculated loads. 

5.2 Guy Cables 
 
The steel guy cables exposed to avalanche 
debris resisted impact of snow and debris and 
contributed to the stability of the structure. This 
component of the structure required minor 
repairs and maintenance after impact. 
Specifically, the retaining rods that wrap around 
the cables at the bottom connections to the rigid 
structure required replacement after impact. Guy 
installation procedures can be improved by fully 
pre-tensioning guy cables with new retaining 
rods. 

5.3 Wing Gaps 
 
The 14 cm gap spacing between steel members 
of the deflector wings was small enough to 
prevent damage to the lattice tower, yet large 
enough to allow some debris to pass through 
and reduce the weight and cost of the structure. 

5.4 Internal Braces 
 
The internal braces were not damaged and 
contributed to the strength of the structure.  

5.5 Future Structures 
 
The power company has begun construction on 
two additional steel diversion structures for 
nearby towers exposed to avalanches.  The 
information collected and the lessons learned 
from the 2012 avalanche impact will be applied 
to these similar structures. 
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