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Pierce County Washington Mount Rainier Disaster Evacuation Executive Summary 
 

1. Situation 
 
Pierce County, Washington faces a challenge from lahars, or volcanic mudslides, with 
Mount Rainier; the largest mountain in the Cascade Mountain range at an elevation of 
over 14,000 ft.  The lahars can initiate with or without warning, and based on the 
geological record of the last known lahar of approximately 500 years ago, the mudslides 
rose as high as 50 feet in some areas. Figure 1 depicts these hazard zones overlaid 

with the modern cities in Pierce 
County.  The areas in yellow are 
of most critical concern. With a 
population of 811,000 along 
with 2.5 million annual visitors, 
Pierce County must plan for the 
immediate evacuation and 
potential sheltering of its 
residents and visitors. The Port 
of Tacoma, a top 10 United 
States port, generates $46 
billion in trade commerce of 
which 75% of that business is 
for goods destined for the 
eastern and central United 
States.  The port also ships 70% 
of the goods destined for 
Alaska.  A major lahar would 
shut down operations for an 
unforeseen amount of time, 
which will have a significant 
effect on consumer goods 
across the United States.  
 

2.  Problem 
 
We seek to determine the impact of a lahar on the evacuation of the citizens of Pierce 
County, Washington given the minimum probable lahar travel times in Table 1.  Figure 1 
gives a visual depiction of the potential location of the front end of the lahar with respect 
to time.  We will also analyze the resiliency of the road network and its ability to deliver 
over 800,000 residents to some type of evacuation shelter.  To analyze this problem we 
set up two scenarios.  One short-term scenario in which a lahar event occurs without 
warning and the cities in the yellow zones in Figure	  1 must evacuate within the time the 
lahar reaches their city.  For this scenario we want to determine the number and location 
of stranded personnel in order to analyze emergency support requirements. The second 
scenario follows a pending eruption that is certain to happen in the near future, and the 
county has time to evacuate all residents to safer areas. We want to determine the total 

 
Figure	  1	  Mount	  Rainier	  lahar	  hazard	  flow	  zones.	  	  Adapted	  from	  
"Mount	  Rainier	  Volcanic	  Hazards	  Plan"	  p.	  12.	  Copyright	  2008	  
by	  Pierce	  County	  Department	  of	  Emergency	  Management.	  	  The	  
red	  zone	  coming	  off	  Mount	  Rainier	  depicts	  the	  debris	  flow	  
hazard	  zone.	  	  The	  yellow	  areas	  are	  the	  predicted	  flow	  of	  the	  
lahars.	  	  The	  purple	  zone	  shows	  the	  post-‐lahar	  sedimentation	  
zone.	  	  The	  numbered	  boxes	  with	  the	  red	  dashed	  lines	  are	  the	  
minimum	  probable	  travel	  times,	  in	  minutes,	  for	  the	  lahar	  
movement	  from	  time	  of	  detection	  in	  the	  hazard	  zone.	  	  The	  
lahar	  will	  reach	  Orting	  in	  40	  minutes,	  Puyallup	  in	  80	  minutes,	  
and	  Commencement	  Bay	  in	  110	  minutes. 
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evacuation time in order to give emergency planners and county government decision 
makers a basis for further refine their current evacuation plan.  
 

Target Location Distance from detection 
chute to target location 

(miles) 

Minimum probable travel 
time from lahar detection to 

target location 
(hours:minutes) 

Detection Chute 0 0 
Orting 15 0:40 
Sumner 23 1:05 
Puyallup 25 1:20 
Commencement Bay 32 1:50 
Table	  1	  Puyallup	  Valley	  Lahar	  Travel	  Times	  Adapted	  from	  "Mount	  Rainier	  Volcanic	  Hazards	  Plan"	  p.	  13.	  
Copyright	  2008	  by	  Pierce	  County	  Department	  of	  Emergency	  Management 

3.  Model 
 
We formulate this problem as a min-cost flow model solved in the General Algebraic 
Modeling System (GAMS).  The time-layered network has a total of 6,247 nodes and 
14,118 arcs for the short-term two-hour evacuation scenario, and 80,081 nodes with 
295,486 arcs for the long-term warning scenario.  The nodes are major residential towns, 
road intersections, and support centers.  The arcs are the major interstate and state roads 
connecting the nodes. Figure	  2 defines the edge data for the model. 
 

 
Figure	  2	  Simplified	  time-‐layered	  network.	  	  Within	  each	  time	  layer	  are	  the	  evacuation	  nodes,	  red	  in	  color,	  
and	  the	  safety	  node,	  green	  in	  color.	  	  We	  also	  added	  a	  fake	  super	  end	  node	  to	  tabulate	  total	  amount	  of	  
households	  evacuated.	  	  The	  data	  for	  the	  edges	  are	  ordered	  as	  total	  travel	  time	  as	  the	  cost,	  the	  lower	  
bound	  for	  that	  particular	  edge,	  and	  finally	  the	  upper	  bound	  capacity	  for	  that	  particular	  roadway.	  	  For	  
our	  model,	  we	  used	  30	  vehicles	  as	  the	  capacity	  for	  state	  roads,	  and	  80	  vehicles	  for	  interstate	  roads. 
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4. Assumptions 
 

a. All households have one vehicle for evacuation 
b. Total passengers per vehicle is an average of four 
c. Transportation routes will be utilized to max capacity with serious gridlock. 
d. Some personnel will evacuate even if they aren’t in danger, causing an uptick in 

network utilization. 
 
5. Results 
 

a. Short-term: The initial run of our model resulted in the stranding of 45% of the  
hazard area population located in 13 different residential areas.  After implementing a 
design in the network that allowed flow going in the same direction of each road, we 
were able to model a safe evacuation of all personnel in the hazard areas in a total of 
80 minutes, except for 15% of Puyallup’s population. Our interdiction for this model 
simulated roads becoming inaccessible due to lahar damage, vehicle accident, or 
terrorist event. Figure	  3 shows the results of the interdictions, which ended up 
completely stranding the personnel in Puyallup and Sumner. 
 
b. Long-term: The model returned a total evacuation time of 15 hours.  Based on that 
time, decision makers can now develop more detailed training scenarios.  Due to the 
time it takes to make one run of this large model we could only evaluate one attack on 
the network which was to attack the I-5 corridor in the South , this flowing more 
personnel to the north. 

	  
6.	  Future	  Research	  
	  

a. Since	  our	  model	  
did	  not	  account	  for	  
topological	  data,	  some	  
analysis	  in	  this	  area	  
would	  be	  beneficial	  in	  
further	  refining	  the	  
evacuation	  zones	  and	  
the	  time	  necessary	  to	  
evacuate	  personnel.	  	  	  

b. Based	  on	  the	  
amount	  of	  personnel	  
stranded	  in	  the	  short-‐
term	  scenario,	  a	  more	  
detailed	  analysis	  of	  the	  
road	  network	  in	  

Puyallup	  is	  necessary	  to	  completely	  ascertain	  if	  they	  need	  to	  take	  some	  other	  
measures	  to	  assist	  in	  evacuation	  by	  either	  building	  more	  roads,	  or	  looking	  
into	  other	  measures	  that	  could	  potentially	  divert	  the	  floodwaters	  and	  
mudflows	  that	  would	  result	  from	  a	  lahar.	  

	  
Figure	  3	  Network	  resilience	  curve	  for	  roads	  blocked.	  The	  left	  axis	  
shows	  the	  total	  amount	  of	  vehicles	  stranded.	  The	  bottom	  axis	  is	  
the	  number	  of	  roads	  blocked.	  	  As	  seen	  in	  the	  graph	  the	  number	  of	  
personnel	  stranded	  increases	  with	  the	  roadblocks,	  but	  there	  was	  
no	  change	  in	  stranded	  personnel	  between	  three	  and	  four	  
roadblocks.	  
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