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EXECUTIVE SUMMARY

INTRODUCTION
This report discusses the travel costs associated with the closure of roads in the

greater Centralia/Chehalis, Washington, region due to 100-year flood conditions starting
on the Chehalis River. Costs are predicted for roadway closures on 1-5, US 12, and SR 6,
and are based on estimated road closure durations supplied by the Washington State
Department of Transportation (WSDOT). Those duration estimates were the result of
extensive hydraulic modeling of the region conducted for WSDOT to specifically
examine flood risk.

The costs described in this paper are only those directly related to travel that
would otherwise have occurred on the roads affected by the flooding closures. The
computed costs do not include the economic losses associated with delayed delivery of
goods or services, losses in economic activity attributable to travelers being unable to
reach their intended destinations, or economic losses associated with the loss of goods
because they could not be delivered.

The reported costs do include the added costs of time and vehicle mileage
associated with available detour routes. Costs were also estimated for each trip that will
be abandoned. That is, this study estimated the number of trips that will not be made as a
result of road closures. A “travel cost” was associated with each trip to represent the
value of the trip not taken. Costs were also assigned for trips that will be made to a
different destination than originally planned because the original destination cannot be
reached in an acceptable fashion. Both the number of trips not made and the number of
trips diverted to an alternative destination are reported, along with their assigned costs, so
that readers can readily assign different values and change the assumptions.

More details on the values used and assumptions made are provided in the
General Assumptions chapter of the report. The final chapter of the report explores the
effects of applying different assumptions. Assumptions tested included the value of time
used, whether the flooding occurs over a weekend when passenger car volumes are
higher but truck volumes are lower, the size of expected trip diversion movements, and

the value assigned to trips that are abandoned instead of using alternative routes.



SUMMARY OF PROJECT FINDINGS

Figure ES-1. Roadways closed during
100-year flood of the Chehallis River

During the 100-year flood of the
Chehalis River, water will flow over 1-5,
US-12 and SR 6. Hydrology models
estimate that I-5 will be closed for 123
hours (five days and three hours). The
closure will encompass 20 miles of I-5,
from milepost 68 to milepost 88. This
closure will prevent north/south traffic
from moving on this 20-mile section of
I-5 and will also severely restrict travel
to, from, and within the Centralia/
Chehalis area. US 12 will be closed for
152 hours (six days and eight hours).
The primary closure will occur east of
Oakville and west of Anderson Rd (also

known as County Line Rd). SR 6 will

close for 51 hours (two days and 3 hours). The closure will occur in multiple places on

SR 6, as this road parallels and crosses over the Chehalis River several times. In addition,

some of the roads that collect and deliver traffic to (or accept traffic from) SR 6 cross the

river and are subject to flooding. Figure ES-1 shows the affected flood areas.

The base case estimates of added travel costs that will be shouldered by travelers
affected by the 100-year flood in the Centralia/Chehalis basin are

e $11,872,000 for travelers using I-5
» $340,000 for travelers using US 12
e $114,000 for travelers using SR 6.

If the assumptions that underlie these estimates are changed to other values within a

reasonably expected range (e.g., alternative values of time are used, or a much larger

fraction of vehicles is assumed to take available detours), then the added travel costs are
estimated to range from around $10,000,000 to slightly over $20,000,000. The highest



cost estimate was derived by using an interpretation of the methodology described in the
U.S. Army Corp of Engineers’ National Economic Development report, Flood Risk
Management (IWR Report 2013-R-05. That report suggested that the cost of the
disruption to traffic should be based on the assumption that all disrupted travelers can,
and do, take the available detours to reach their intended destinations. That assumption
greatly increases the number of travelers estimated to take the long detours over the
mountains, which greatly increases the calculated travel cost.

Below are the key assumptions underlying the computation of these estimates for

each of the three corridors. More detail is provided in the report.

ASSUMPTIONS AND DETAILED CORRIDOR RESULTS
When roads are closed for long periods of time, travelers may react in the

following ways:

» They find an alternative path to reach their destination (reroute).

* They postpone their trip until sometime after the road reopens.

* They change mode to make their trip. (In the case of I-5, take a plane, since
the rail line will also be closed. US 12 and SR 6 have no realistic alternative
modal options.)

» They change their trip’s destination to one that can be reached (thus taking a
completely different route).

* They abandon the trip altogether. (That is, the trip is not worth the effort, so
they do not make it. This is the case for all SR 6 trips that start in
neighborhoods north of SR 6, as no alternative exit exists for those trips.)

All of these behaviors have a cost associated with them. They all represent a “loss” to
travelers, who would have preferred to drive on I-5 for their original itinerary.

The next three subsections of this summary describe the study team’s best

estimate of the travel costs associated with each roadway corridor. The final subsection
discusses the effects that different critical assumptions have on these estimates. The
intent is to provide a better understanding of the potential range of the “actual” travel

costs when the 100-year flood occurs.
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I1-5 Closure Costs

The “base case” estimate for the 123-hour closure of 1-5 as a result of the
predicted 100-year flood is in an additional travel cost of $11,872,000. This cost
represents the dollar amount computed by using the project team’s preferred assumptions
for travel behavior and value of time. This cost includes $8,508,000 for additional time
and mileage for individuals who must take detours to reach their destinations. Another
$1,614,000 in costs is associated with abandoned trips (that is, trips that would have been
made, but either could not be made or were not made because the effort required
exceeded the value travelers placed on them). The remainder are costs incurred by the
need to take alternative modes (primarily air travel), costs associated with shifting to
alternative destinations, and costs associated with choosing to postpone a trip from a
preferred time of travel until some time after the flood has receded.

During the first day of the five-day closure, the primary diversion route for
commercial trucks (using SR 12 and SR 7/SR 161) will not be open. As a result, the costs
associated with the closure differ between the first day and the rest of the closure. Table
ES-1 shows the total added travel cost for trips that normally use 1-5. Estimated travel

costs per day are also shown.

Table ES-1. Total I-5 Closure Travel Cost Summary

Direction Cost Cost / Day
Day 1 NB $1,243,000
SB $1,243,000
Day2-5 NB $4,693,000 $1,136,000
SB $4,693,000 $1,136,000
Total $11,872,000

On weekdays, cars make up about 80 percent of I-5 traffic leading into the area
closed by flooding. However, despite the higher car volumes, the value of truck trips is
perhaps the largest determining factor in the cost estimation process. There are several
reasons for this. 1) The cost of detours (both hourly rate and the cost per mile) is higher
for trucks than for passenger cars. 2) A large portion of truck trips comprises long
distance trips, which require long detours, while a much larger proportion of car trips

involves shorter detours and is thus assigned smaller travel costs. 3) In comparison to
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truck trips, a much larger portion of travelers on long distance car trips abandon their trip
rather than choosing to detour.

The travel costs (and costs associated with the loss of travel opportunity)
associated with the 123-hour closure for cars and trucks are shown in Table ES-2.

Table ES-2. Total Travel Cost by Original Mode of Travel

Costs Costs
Associated Associated

Direction with Cars with Trucks
Day 1 NB $409,000 $834,000

SB $409,000 $834,000
Day 2 -5 NB $1,847,000 $2,846,000

SB $1,847,000 $2,846,000
Total $4,512,000 $7,360,000

Travelers will react to the closure of I-5 in different ways, depending on the type
of trip they were planning to take and the options that remain to them after I-5 has been
closed. The travel costs associated with detours are relatively easy to estimate. Costs
associated with abandoning trips or shifting destinations because the planned destination
IS not accessible (or cannot be served by the regular freight depot) are more nebulous. To
clarify the relative importance of these behaviors, Table ES-3 shows the estimated
number of trips associated with each of these behaviors. Table ES-4 then shows the costs
computed for each of these activities. The sensitivity analysis performed as part of this
project examined the effects of different costs associated with each of these behaviors, as

well as the effects of different levels of each behavior.
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Table ES-3. Estimated* Number of Trips by Type of Behavior Resulting from the Closure

Trips That | Trips That
Trips Made Trips Trips Shifted Changed
Via Detours | Abandoned | Postponed Mode Destination
Trips Per Day
Day 1 32,000 22,600 17,200 800 5,500
Days 2-5+ 33,000 19,300 15,900 800 8,000
Total Number of Trips for Days 2 — 5+
Days 2-5+ 135,900 79,800 65,600 3,100 33,000
Total 166,900 102,400 82,800 3,800 38,500
Total Number of Trips Modeled 394,400

Table ES-4. Estimated Costs by Type of Behavior Resulting from the Closure

Costs
All Costs Costs Associated
All Travel All Trip Associated Associated with
Costs Due | Abandonment With Trip with Mode | Destination
to Detours Costs Postponement Shifts Changes
Day 1 NB $903,000 $199,000 $61,000 $53,000 $21,000
SB $903,000 $199,000 $61,000 $53,000 $21,000
Day 2-5 NB | $3,351,000 $608,000 $181,000 $220,000 $308,000
SB | $3,351,000 $608,000 $181,000 $220,000 $308,000
Total $8,508,000 $1,614,000 $484,000 $547,000 $658,000

Table ES-3 shows that only about 42 percent of trips normally occurring on I-5 in

the Centralia/Chehalis area are estimated to take alternative routes when 1-5 is closed.

Nevertheless, over 70 percent of the estimated “travel costs” of the closure will be due to

the costs of the additional miles and time required to use the available detours. If even

higher cost values are assigned to trips that are not taken or trips that shift to alternative,

less desirable destinations, then the total value of the I-5 closure could increase

substantially. In fact, if all trips that typically use 1-5 are assumed to take the available

detours, then the total increase in “travel cost” caused by the flood is estimated to be

$20,576,000. This estimate is higher than the base case estimate because it is assumed

that when a trip is “abandoned,” it means that the traveler values the trip less than the

added cost of the detour.

The level of “trip abandonment” in the base case cost

! The number of estimated trips is rounded to the nearest 100 trips. Note that the number of trips made per
day is assumed to be relatively unchanged from current traffic levels, which have been reasonably stable

for the past 10 years.
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computation is based on the travel behavior observed during the four-day I-5 closure in
2007,

US 12 Closure Costs

Flooding of US 12 for 152 hours (six days and eight hours) will result in an
expected additional travel cost of $340,000. That cost is includes $206,000 for
additional time and mileage, as individuals who must travel will have to take extensive
detours to reach their destinations. Another $134,000 in costs is associated with
abandoned trips (that is, trips that would have been made, but either could not be made or
were not made because the effort required exceeded the value travelers placed on them).

Of the just under 41,200 trips that would have used US 12 over the 152-hour
period, this analysis concluded that only about 11,500 trips will still be made. The
remaining 29,700 trips will be abandoned. Note that the above cost estimates place a
value of just over $3.20 per personal trip and $9.00 for a truck trip for abandoned trips.
This is based on the value of 80 percent of the lowest detour cost modeled. If a higher
value is assigned to abandoned trips, then the cost of abandoned trips due to the flooding
of US 12 will be higher, but it will still be very small in comparison to the value of travel
disruption on I-5.

SR 6 Closure Costs

A flood closure of SR 6 for 51 hours will result in an expected additional

travel cost of $114,000. That cost includes $29,000 for additional time and mileage, as
individuals who do travel will need to take back roads to reach their destinations, and
$85,000 in costs associated with abandoned trips. Of the just under 24,000 trips that
would have used SR 6 over the 51-hour period (assumed to be weekdays), this analysis
assumed that only about 4,200 trips will still be made. Many trips must head to
alternative destinations, because their original destinations in Centralia and Chehalis
cannot be reached by road. The remaining 19,800 trips are assumed to be abandoned. A
significant fraction of those trips will be trapped in their neighborhoods because the only

access to those neighborhoods will be via the flooded sections of US 6.
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Sensitivity Analysis

Because the combined travel costs associated with US 12 and SR 6 flooding are
estimated to be less than 3 percent of the I-5 travel costs, the sensitivity tests were applied
only to the I-5 cost computations. The project team studied the sensitivity of the travel
cost estimate to the following values used in the analysis:

* the value of time

the speeds and level of congestion assumed to occur on the routes used for
detours

» the values associated with trips that are NOT made via the expected detours as

a result of flooding

» the percentage of trips made for work/business purposes versus those made

for personal reasons

» the fraction of cars and trucks willing to detour

» the effects of flood closure during the weekend or the summer

» growth in traffic volumes on I-5.

The value of time recommended by USDOT was used to compute the costs for
the base case cost estimates. These values are slightly higher than the values that
WSDOT has adopted for other studies. If the WSDOT values are used, then the
computed cost for all closure impacts drops by 3.5 percent, from $11,872,000 to
$11,455,000.

It was assumed that most trucks will travel slowly on the emergency truck detour
route because of poor road conditions, higher volumes, and the geometric limitations of
the corridor. If the “congested” travel time on the emergency truck detour is 50 percent
faster than the base case assumption, then the expected cost of the entire I-5 closure drops
1.6 percent to $11,685,000. If all trucks using the emergency truck detour operate at the
estimated free flow speed, then the total costs for the I-5 closure will drop to $11,498,000.
If all three of the long distance detours are assumed to operate under free flow conditions
(meaning that loaded trucks operate at the speed of free flowing cars), then total
estimated costs for the long distance detours for both cars and trucks will drop further,
producing a total estimated cost of $10,746,000.
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If the value of abandoned, diverted, or long-term postponed trips is 60 percent of
the minimum applicable detour cost (holding constant all of the other original
assumptions), rather than the 80 percent value used for the base case computation, then
the total value of the flood closure decreases to $11,304,000. This is a roughly 5 percent
less than the base case estimate.

A large survey performed as part of this project indicated that 50 percent of local
trips on I-5 were work related, 36 percent of internal/external trips were work related, and
33 percent of long distance trips were work related. These values were used in the base
case computation. In contrast, the National Household Travel Survey (NHTS) taken in
2009 indicated that nationally, only 16 percent of trips are work related. If the estimated
fraction of trips that are work related is halved to better reflect national conditions, and
those trips are distributed among the other travel purposes, then the estimated cost of
flooding is reduced by 2.6 percent, to $11,564,000, reflecting the lower value associated
with personal trip making, which is lower than that of business-oriented trips.

The base case cost estimate assumes that roughly 2,800 total trucks per direction
will take the available detours, a slight increase over the 2,500 trucks observed to detour
in the 2007 flood. Of those trucks, 43 percent are assumed to use the emergency truck
detour starting on day two of the closure. The remainder will use the traditional 1-90
detour, 89 percent using US 97 to reach 1-82 and then 1-90, and the remainder using 1-84
to reach 1-82 and then 1-90.

Early estimates of the emergency truck detour’s capacity were 100 trucks per hour
southbound and 250 trucks per hour northbound. Given these estimates, the northbound
capacity of the emergency truck detour can accommodate all I-5 trucks, but the
southbound capacity will not allow all trucks to use the detour. Therefore, it can be
assumed that northbound, no through-trucks currently using I-5 will change behavior,
other than to use the emergency truck detour. (That is, all through-trucks will use this
detour. No trucks will abandon their trips or divert their trips to other destinations.)
However, southbound, it is assumed that only 81 percent of the normal truck volume
(4,300 trucks) will continue to make the through-trip, and only 55 percent of those trucks
will be able to take the emergency truck detour. The remaining trucks are assumed to use

1-90 and travel over the mountain passes. Under these assumptions, the total estimated
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cost of the I-5 flood closure decreases slightly to $10,970,000. The changes that result
from these differing assumptions is a decrease ($450,000) in the costs attributed to time
and mileage associated with detours, as well as a decrease of $220,000 in the costs
associated with abandoned trips and a similar amount ($220,000) associated with trips
that must serve or be served by alternative destinations.

If a much lower cost is attributed to abandoned trips (e.g., 50 percent of the detour
cost instead of 80 percent), then adding capacity to the emergency detour route—thus
increasing the total number of trucks using one of the detours—will actually make the
flood more costly than if no detour were provided and will thus limit the number of
trucks selecting to detour rather than abandon the trip entirely. For that reason a value of
80 percent of the minimum detour cost was selected as the value of an abandoned trip.

The highest cost estimate was derived by using an interpretation of the
methodology described in the U.S. Army Corp of Engineers’ National Economic
Development report, Flood Risk Management (IWR Report 2013-R-05), published in
June 2013, which states, “The cost of traffic disruptions caused by flooding is equal to
the value of the resources required to use alternative modes of transportation or routes for
the disrupted traffic. This can include increased fuel costs, increased wear and tear on
equipment, and the value of the time spent in longer routes.” If this is taken literally, then
the cost of the disruption to traffic should be based on the assumptions that all disrupted
travelers can, and do, take the available detours to reach their intended destinations. If all
planned trips are assumed to use the available detours—and the emergency truck detour
capacity is set at 50 trucks per hour in each direction, starting on the second day of the
disruption—then the estimated I-5 traffic cost of the 100-year flood will be $20,576,000.

All of the above cost estimates assume that the flood occurs on a Monday and
affects only weekday travel. On weekends, travel volumes are very different, with truck
volumes being essentially halved, and car volumes increasing modestly. The fraction of
car trips made for business purposes also decreases significantly. If weekend traffic
volumes and trip purposes are assumed as part of the flood, traffic costs of the flood
decline to $10,717,000.

Finally, to examine the effects of possible traffic growth on I-5, the researchers

increased volumes by 20 percent uniformly for through-trips, internal/external trips, and
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local trips, and to both truck and car volumes. Diversion rates and trip purposes were not
changed from the primary cost computation. All of the added through-trucks were
assumed to take the cross-mountain detour, since the emergency truck detour would
already be at capacity. The estimated costs resulting from this 20 percent increase in
traffic rose 23 percent: from the original estimate of $11,872,000 to $14,570,000. Thus,
as volumes increase, costs also increase, but slightly faster in percentage terms than
traffic volumes. This is because all of the additional through-trips that are predicted to
detour will have to take one of the long detours, thus making the cost per trip higher than

that initially used.
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I. INTRODUCTION

This report discusses the travel costs associated with the closure of roads in the greater
Centralia/Chehalis, Washington, region due to 100-year flood conditions starting on the Chehalis
River. Costs are computed for roadway closures on I-5, US 12, and SR 6, and are based on
estimated road closure durations supplied by the Washington State Department of Transportation
(WSDOT).

The costs described in this paper are only those directly related to travel that would
otherwise have occurred on the roads affected by the flooding closures. The computed costs do
not include the economic losses associated with delays in the delivery of goods or services due to
flood closures, losses in economic activity attributable to travelers being unable to reach their
intended destinations, or economic losses associated with the loss of goods because they could
not be delivered.

The reported costs do include the added costs of time and vehicle mileage associated with
available detour routes. Costs are also estimated for each trip that will be abandoned. That is,
this study estimates and reports the number of trips that will not be made as a result of road
closures. A “travel cost” is associated with each trip to represent the value of the trip not taken.
Costs are also assigned for trips that will be made to an entirely different destination than
originally planned because the original destination cannot be reached in an acceptable fashion.
Both the number of trips not made and the number of trips diverted to an alternative destination
are reported, along with their assigned costs, so that these assumptions can be readily changed if
readers wish to assign different values to those circumstances.

More details on the values used and assumptions made are provided in the Assumptions
chapter of this report.

Travel costs and the key traffic statistics used to compute those costs are given separately
for 1-5, US 12, and SR 6 in the following three chapters.



Il. 1-5 FLOOD CLOSURE IMPACTS

During the 100-year flood of the Chehalis River, water will flow over I-5. As a result,
WSDOT estimates that 1-5 will be closed for 123 hours (five days and 3 hours). The closure will
encompass 20 miles of I-5, from milepost 68 (the interchange south of Chehalis where US 12
carries traffic to the east) to milepost 88 (the interchange north of Centralia where US 12 carries
traffic to the west). This closure will prevent north/south traffic from moving on this 20-mile
section of I-5 and will also severely restrict travel to, from, and within the Centralia/Chehalis
area. Figure 1 shows the section of I-5 that will be closed to traffic during the 100-year flood.

Figure 1: 1-5 Closed During a 100-Year Flood

The flood will eliminate most access to Centralia from the north or to Chehalis from the
south. It will also affect access to Chehalis from SR 6 to the west. (This is discussed in more

detail in the SR 6 chapter later in this report.) The fact that a large geographic area will be



affected by the I-5 closure, and not just a single point such as when a bridge closes, makes the
analysis of traffic changes caused by the I-5 closure different from other road closure analyses.

For the 1-5 analysis, three different traffic movements had to be estimated and the costs to
those travelers computed. Those three traffic movements are

» athrough-traffic movement (essentially from California and Oregon to the Puget

Sound region and Canada)

» travel to and from the Centralia/Chehalis area from the metropolitan regions to the

north and south, and

* local traffic within the Centralia/Chehalis area.

Travelers making each of these types of trips will respond differently, as each will be
confronted with very different travel options when I-5 is closed. For example, travelers between
Portland and Seattle have a good—but expensive—modal alternative: they can fly. (The train
will not be an option, as the train tracks from Seattle to Portland will be closed by any flood that
is high enough to close 1-5.) Those travelers can also drive around the mountains via 1-90, 1-82,

SR 97, and 1-84, as shown in the red line in Figure 2.

Figure 2: Detour Routes for an 1-5 Closure at Centralia/Chehalis



Some local trips (trips that currently use 1-5 to move within the Centralia/Chehalis urban
area) will have considerably fewer travel options. A limited number of those local trips may be
able to take transit buses, depending on the ability of Twin Transit to operate services during the
flood conditions. Other travelers may be able to find ways to their intended destinations via
local roads that are not inundated by water. Other local travelers will change destinations to
other local destinations that are not affected by the flood. (That is, someone might go to a
different grocery store if they cannot reach their “normal” store.)

Similarly, trips coming to the area or leaving the area will have relatively few travel
options. These “internal/external” trips will generally not be served by alternative modes of
travel and will only be served by alternative routes when both trip ends are on the same side of
the Centralia/Chehalis urban area. For example, a trip from Olympia to northern Centralia may
be possible via roads other than I-5 (e.g., using SR 507), while a trip from Olympia to Chehalis
will not be possible unless the detour includes travel over Snoqualmie Pass and the destination in
Chehalis is accessible from the south via roads such as the Jackson Highway.

For trucks, through-traffic is expected to receive notification of the 1-5 closure well in
advance of arriving at the point where 1-5 is closed. This will allow trucks coming up from
Oregon to detour via 1-84 and SR 97 without back tracking on I-5. Because of the long duration
of the closure (five-plus days), no trucks are assumed to “wait out” the closure.

Given that public information is expected to be widely disseminated about the locations
and duration of the closure, some businesses are expected to change their delivery patterns.
Where possible, they will change the markets served by specific distribution centers. For
example, a store south of Chehalis that is currently served from a warehouse in Seattle may
instead be served by a Portland warehouse during the I-5 closure. However, other freight trips
will simply not occur. Data from the four-day closure of 1-5 during the 2007 flood indicate that
as much as 25 percent of truck traffic simply disappeared. Some of this “missing” truck traffic
was from “abandoned” trips. (i.e., trips that simply were not made because the detour costs were
too high); the remainder of those “missing” trips were the result of changed distribution patterns.

The complexity of these different travel movements made it necessary to build a
relatively complex traffic model to estimate the costs imposed on travelers affected by a 100-
year flooding of I-5. The following sections describe the basic assumptions and decisions made



to model those movements and the resulting estimates of additional travel costs imposed by the
flood.

CURRENT TRAFFIC VOLUMES
The traffic data used to populate the I-5 closure model were taken from two primary
sources: WSDOT Annual Traffic Reports (2011 and 2012) and data collected at a number of

WSDOT’s permanent counter locations. For this analysis, the most important count locations

were R097, at milepost 100.54 just south of the City of Tumwater, and P8, a weigh-in-motion
scale located at milepost 44.3, just north of Kelso. The Annual Traffic Report provides estimates
of traffic volumes by milepost. The traffic counter provides detailed data about both car and
truck volumes at specific locations on specific days—including during the 2007 and 2009 I-5
closures.

The traffic counter data were used to determine the difference between weekday and
weekend traffic volumes on I-5. In particular, they showed that weekday truck volumes are as
much as double weekend truck volumes. Conversely, weekend (and Friday) passenger vehicle
volumes are frequently higher than weekday volumes both north and south of the
Centralia/Chehalis region. Thus, when (what days of the week) a flood event occurs will effect
both the size and nature of the traffic stream that is disrupted.

Detailed traffic counter data were available for both the Kelso and South Tumwater sites
during the 2007 flood closure. Using those data, it was possible to estimate the fraction of 1-5
traffic normally passing those two sites that abandoned 1-5 during the 2007 closure. Not all
traffic at those two sites (each site is ~20 miles from the actual closure points) disappeared
during the 2007 or 2009 closures. The remaining traffic volume during those periods was
assumed to be traffic that flowed past those two major count sites but exited 1-5 before reaching
the closures at mileposts 68 (from the south) or 88 (from the north). The analysis then removed
that traffic from the traffic volume estimates on I-5 within the Centralia/Chehalis area. The
traffic that “disappeared” from 1-5 was assumed to be either through-traffic > or

“internal/external®” traffic.

2 Through-traffic is traffic that passes Kelso, Centralia and South Tumwater, going either north or southbound.
® Internal/external traffic is traffic that has one trip end within the Centralia/Chehalis closure and one trip end
outside of the closure.



The 2007 data showed that more traffic “disappeared” from I-5 north of the closure than
from 1-5 south of the closure. For this analysis, internal/external traffic was set to a modest
amount (300 car trips per day and 300 truck trips per day) for the southern approach to Chehalis.
The remainder of the traffic that “disappeared” was assumed to be through-traffic. The
difference between that volume and the “disappeared” traffic on the north end was assumed to be
internal/external traffic heading to Centralia from the north. The difference between the traffic
volume reported on I-5 in the Centralia/Chehalis area and the through-traffic plus
internal/external traffic from the north end was assumed to be locally generated traffic. That is,
Local traffic = AADT centralia — Through-TraffiCseuthtumwater — INternal/External TraffiCsouthTumwater

For the primary cost estimate, the flood costs were based on weekday traffic volumes.
The assumption was that the 123-hour flood closure will occur very late on a Sunday or early on
a Monday, and I-5 will reopen late on a Friday or very early on Saturday. If the closure occurs
on a weekend, truck volumes will be lower than estimated, while traffic volumes will be higher.
The effects of these differences are explored in the Sensitivity Tests chapter. The actual volumes

that were used in the primary cost analysis are discussed below.

From South of Tumwater, Heading South

At South Tumwater on 1-5, roughly 27,000 cars and 7,900 trucks travel in each direction
on a normal late Fall weekday. Even during the 2007 closure, 5,000 cars and 200 trucks
remained on I-5 at this point. Those vehicles are assumed to be destined for points north of the
closure and are subtracted from the total.

Consequently, combined through-traffic and internal/external traffic volumes to and from
the north are 22,000 cars and 7,700 trucks, for a total volume of 29,700 vehicles. Of the
passenger vehicles,

6,000 cars are headed through to Portland

6,000 cars have destinations in the portion of the Centralia area that will be inaccessible

during the flood and thus will disappear (i.e., these trips cannot be made during the
flood)

10,000 cars have destinations that will be accessible in the northern portion of Centralia

and can divert via routes such as SR 507.



For the 7,700 trucks,

5,300 trucks are headed through to Portland
500 trucks have destinations in the portion of the Centralia area that will be inaccessible
during the flood, and thus will disappear

1,900 trucks have destinations that will be accessible in the northern portion of Centralia.

From Kelso, Heading North
At Kelso on I-5, roughly 15,500 cars and 7,500 trucks travel in each direction on a

normal late Fall weekday. Even during the 2007 closure, 8,000 cars and 1,700 trucks remained
on I-5 at this point. Those vehicles are assumed to be destined for points south of the closure and
are subtracted from the total.

Consequently, combined through-traffic and internal/external traffic volumes to and from
the south are 7,500 cars and 5,800 trucks, for a total volume of 13,300 vehicles. Of those
vehicles,

6,000 cars are headed through to Tumwater and points farther north

300 cars have destinations in the portion of the Centralia area that will be inaccessible

during the flood, and thus will disappear

1,200 cars have destinations that will be accessible in the southern portion of Chehalis

and will divert along roads such as the Jackson Highway.

For the 5,800 trucks,

5,300 trucks are driving through to Portland
300 trucks have destinations in the portion of the Centralia area that will be inaccessible,
and thus will disappear

200 trucks have destinations that will be accessible in the southern portion of Chehalis.

Local Traffic within the Closure

I-5 at Centralia carries an AADT of roughly 70,000 vehicles. Given the through-volumes
and internal/external volumes shown above, this means that roughly 17,000 “local” vehicle trips
use I-5 in the closure area in each direction. (The actual number of trips is likely higher than this

because some trips occur in the southern portion in addition to the trips measured at the peak



traffic volume point at Centralia. The use of the 70,000 AADT statistic as the measure of trip
making is therefore assumed to be conservative.)

Estimates of local truck traffic, based on truck data from traffic counters on I-5 in
Tacoma, suggest that the fraction of local trips generated within the Centralia and Chehalis area
that are truck trips is small. Consequently, local trips were assumed to consist of 16,340 car trips
and 660 truck trips.

DETOUR ROUTES
As shown in Figure 2, two major detour routes are available for I-5 traffic between the

greater Portland and greater Puget Sound metropolitan regions,* with variations in both of those
routes. The historical detour for traveling between Portland and the Puget Sound region has been
to travel east of the mountains via 1-84. Two alternatives then exist. The shorter route takes US
97 (SR 97 in Washington) north to 1-82 just south of Yakima, follows 1-82 to 1-90, and then takes
1-90 west to Seattle. The longer route follows 1-84 all the way east until Hermiston, Oregon,
before turning north on 1-82. The SR 97 route has more hills and a lower speed limit, and is
often one lane in each direction. It is therefore more susceptible to slower speeds, especially for
loaded trucks, which may be unable to easily pass slower vehicles. However, in good conditions,
the SR 97 route is roughly 75 minutes faster than the longer route through Hermiston. The 1-84
to 1-82 route has a higher speed limit and multi-lane roadways for the entire detour, but it
requires an extra 120 miles of travel.

The SR 97 route adds 134 miles to the trip between Seattle and Portland. Travel time via
a car or unloaded truck in uncongested conditions adds just under 2.5 hours® to the Portland to
Seattle trip. (These values will change somewhat depending on the destination of the trip in the
Seattle area. Trips with destinations south of Seattle will require more time and mileage than a
direct 1-5 trip.?) Loaded trucks are unlikely to travel as quickly as cars on this detour because
heavy trucks go slowly over hills, and SR 97 has multiple hills, including five truck climbing

lanes between the Oregon border and Yakima on SR 97. Detouring vehicles will also be stuck

* The detours are described for travel from the south to the north. The same routes can be used for travel north to
south.

® More details on the estimated travel times are included in the last chapter of this report describing the model
assumptions.

® Note that the travel time assumption is likely somewnhat too slow for anyone who drives straight through with no
stops. However, many drivers will need to stop either to rest or for gas.



behind slower moving vehicles until they find passing opportunities on the one-lane sections of
the roadway (gaps in oncoming traffic matched with safe passing zones). Loaded trucks are
therefore expected to travel at speeds considerably below the near free flow speeds used to
estimate the “uncongested” travel time for the detour. Vehicles detouring may also need to stop
for driver rest breaks and added fuel.

The detour route through Hermiston adds 254 miles to the trip between Portland and
Seattle and almost 3.75 hours of travel time in uncongested conditions. While a trip via this
route also includes hills, vehicles are less likely to experience difficulties passing, and because
the roads are larger and more strategically important to the state, the weather conditions that
result in I-5 flooding are less likely to significantly affect travel here.

However, the same weather patterns that cause the 1-5 flooding are also quite likely to
affect these cross mountain detour routes. In fact, in 2009 when 1-5 was closed for 48 hours, I-
90 was also closed because of avalanches and snow clearing activities. The result was that no
detour was possible around the mountains for the 2009 I-5 flood event.

To reflect the effects of slow, loaded truck travel over the hills on these detours combined
with the likely effects of bad weather, a second set of travel times was computed for these
detours. These travel times were based on the 95™ percentile travel times measured for these
trips in the Inrix travel time database. No car trips were assigned to these slower speeds. Two-
thirds of the detoured trucks were assigned to these slower speeds.

Because of the long distance and extended travel times imposed by the cross-mountain
detour routes, WSDOT has developed a “truck only emergency detour.” This detour route leaves
I-5 onto eastbound US 12, south of Chehalis.” It then turns north on SR 7. The detour then
splits, with northbound and southbound trips using different roads: one on SR 7 and the other
using SR 161. Both SR 7 and SR 161 connect with SR 512, which provides access back to I-5.

The SR 12 to SR 7/SR 161 to SR 512 to I-5 detour is 91.5 miles long. It replaces a 64-
mile trip on I-5. If the trip can be made at the speed limit, the detour requires roughly 115
minutes, 55 more minutes than a car making the 1-5 trip. However, because of the combination
of weather, local car traffic, and truck use of roads with insufficient roadway geometry, this route
is not expected to operate at the speed limit for much of the day. Instead, it is expected to

operate as if it were heavily congested for much of each day. When congested, I-5 requires

" The southbound trip follows these same roads in the opposite order.



twice the normal time to traverse this corridor. Thus, the assumed trip time for most trucks using
this detour is twice the free flow travel time, or 230 minutes (just under 4 hours). Of all trucks
using this detour, it is assumed that 80 percent will operate at these lower speeds, And 20
percent will travel at the speed limit.

The SR 12 to SR 7/SR 161 detour cannot open to traffic until 24 hours after the I-5
closure. Consequently, no traffic will follow this detour on the first day of any I-5 closure. All
first day detour traffic must travel via 1-90 and 1-82.

Because of the significant geometric constraints on SR 7 and SR 161, once this route has
been opened, WSDOT will limit the number of trucks that can use this detour. WSDOT will
manually restrict access to this detour by staffing specific entry points along SR 7 and SR 161.
WSDOT will provide access only to “priority truck shipments.” WSDOT is charged with
determining how to define a priority truck movement, but the intent is to make sure emergency
and time-critical medical supplies and material needed for emergency repairs have access to this
route.

WSDOT’s initial estimate of roadway capacity was that the northbound truck movement
will handle 250 trucks per hour, and the southbound movement will handle only 100 trucks per
hour. However, concerns about the safety of the detour under these truck volumes have resulted
in the potential for the corridor capacity to be reduced to 50 trucks per hour in each direction.

Alternative cost estimates have been developed for both of these detour capacities;
however, the primary cost estimate assumes a restriction of 50 trucks per hour. The effects of
allowing 100 trucks per hour southbound and 250 trucks per hour northbound are explored as
part of the sensitivity analysis chapter.

Any truck trip that is not considered to be a “priority shipment” must use the longer
detour over 1-90, via I-82, if it will travel between Seattle and Portland. For this cost estimate, it
was assumed that truck drivers will know in advance whether they may use the SR 12 to SR
7/SR 161 detour. Therefore, no truck was assumed to drive north from Portland to the SR 12/SR
7 intersection, and then be turned around and sent back to 1-84 to travel around the mountains.

For internal/external trips, an example detour was built that assumed a trip from the
Tumwater area to northern Centralia. The trip would detour via Tenino on SR 508. The detour
was assumed to add 15.5 miles and roughly 36 minutes to each internal/external trip. Part of the

added time was assumed to be due to congestion, as smaller back roads become congested
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because of high volumes. A similar detour with similar travel time and distance penalties was
assumed for accessing Chehalis from the south using SR 12 and the Jackson Highway.

Finally, an example “local detour” was created for trips that use I-5 but that would
normally remain within the Centralia/Chehalis area. This detour would increase trip distance

(per trip) by 1.7 miles and require an extra 20 minutes to complete.

BEHAVIORAL ASSUMPTIONS
Behavioral assumptions for cars were based on a survey of motorists observed traveling

I-5 during February 2014. A mail out/mail back survey was used to determine the number of
trips using 1-5, by trip purpose, that respondents took during the previous week. They were also
asked to indicate, for their last trip, the action they would take if I-5 were closed for more than
one day.

Respondents who made more than four trips on 1-5 in the previous week were used to
estimate “local” behavior. Respondents who made three or four trips were used to estimate
internal/external trip behavior, and respondents who made two or fewer trips were assumed to

represent through-trip behavior. Table 1 shows the behaviors reported.

Table 1: Travel Behavior in Response to Flooding by Trip Frequency

Stated Behavior If A Flood Number of Trips Made on I-5 the Previous Week
Eissrupted Their Last Trip on 0, 1 or 2 trips 3or4trips 5+ trips
Reroute 30.7% 38.5% 51.7%

Use a Different Destination 6.9% 11.9% 7.9%
Abandon the Trip 16.8% 14.8% 16.4%
Postpone the Trip 38.5% 31.1% 20.6%
Use a Different Mode 4.7% 0.7% 0.5%

No Response 2.4% 2.2% 2.9%

The responses in Table 1 fit the general pattern expected. Individuals making local trips
are likely to know of ways around local flooding —if they exist—and will therefore be better able
to reroute around flooded roads. They will also be aware that few alternative modes exist in the

Centralia/Chehalis area. Therefore, reported rerouting for this group was relatively high in
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comparison to what are assumed to be internal/external and through- travelers, and reported
potential use of alternative modes was relatively low. Conversely, individuals who use 1I-5
infrequently and are therefore more likely making through-trips reported that they would be less
likely to reroute (given the time and cost of going over the mountains) and more likely to both
postpone their trip (if it was not of high value) or pay to take an airplane (if it was of high value).
Moderate users of I-5 reported behaviors more like long distance travelers than local travelers,
although the lack of modal alternatives and the lack of detour routes remain apparent for
internal/external trips.

Behavioral responses were also compared by trip purpose. Table 2 shows how reported
behavior changed in relation to both trip purpose and the number of trips made on I-5 during the

previous week.

Table 2: Travel Behavior in Response to Flooding by Trip Purpose and Trip Frequency

Work Shop Recreation Other

Infrequent trip makers (0, 1, or 2 trips per week) — Long Distance Cohort
Reroute 29.2% 34.0% 28.2% 33.6%
Different Destination 4.4% 12.8% 7.7% 6.6%
Abandon the Trip 15.3% 21.3% 17.9% 15.6%
Postpone the Trip 41.6% 31.9% 44.4% 32.0%
Different Mode 9.5% 0.0% 1.7% 4.1%

Frequent Trip

Makers (5 or more trips per week) — Local Cohort

Reroute 59.3% 30.2% 44.0% 39.7%
Different Destination 6.5% 25.6% 0.0% 4.8%
Abandon the Trip 15.7% 11.6% 28.0% 17.5%
Postpone the Trip 18.1% 32.6% 28.0% 19.0%
Different Mode 0.4% 0.0% 0.0% 1.6%

Modest Trip Makers (3 or 4 trips per week) — I

nternal/External Cohort

Reroute 48.9% 37.1% 37.5% 27.8%
Different Destination 4.3% 28.6% 6.3% 8.3%
Abandon the Trip 21.3% 5.7% 18.8% 13.9%
Postpone the Trip 25.5% 28.6% 37.5% 38.9%
Different Mode 0.0% 0.0% 0.0% 2.8%




The behavior reported in Table 2 was used to estimate trip behavior for passenger vehicles (cars)
for travel on I-5. The fraction of trips by trip purpose for the last reported trip was also used to
estimate the fraction of trips on I-5 by trip purpose.

The project budget did not allow collection of definitive behavior details for truck trips.
However, interviews with trucking firms helped to support and refine the findings obtained by
reviewing historical traffic volume trends measured during the 2007 and 2009 I-5 closures.

During the 2007 closure, traffic declined on I-5 at both Kelso (20 miles south of the
closure) and South Tumwater (12 miles north of the closure). Table 3 illustrates the size of those
volume declines during the first two full calendar days of the closure. (I-5 was partially opened
late during the third full calendar day of the closure. The closure started in the evening of a

Monday.)

Table 3: Vehicle Volume Decline Measured during Full-Day Road Closures on 1-5

Cars Single unit Trucks Multi-Unit
Trucks

North of the Closure

Normally expected traffic 27,120 2,530 5,450
Tuesday DECLINE in volume 14,973 1,367 4,495
Wednesday DECLINE in 12,180 968 4,965
volume

South of the Closure

Normally expected traffic 15,200 1,740 5,570
Tuesday DECLINE in volume 6,354 835 4,576
Wednesday DECLINE in 6,211 691 4,918
volume

Table 4 shows the increases in volumes that occurred on these same two days on 1-90 at
Cle Elum. The third full day after the closure is also shown because diversion traffic was still
obviously present on 1-90 throughout that entire day, even though a single lane of 1-5 was opened

in each direction to slow moving trucks late on Thursday.
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Table 4: Changes in Volume on 1-90 (B04) during the Four-Day Closure on I-5

Westbound Eastbound
Changein | Change in . Change in | Change in
Day | Change | “grai | Multi-Unit® | SMN9IN | smai | Multi-Unit
in Car Car
Volume Truck Truck Volume Truck Truck
Volume Volume Volume Volume
Tuesday 439 163 1757 960 207 2266
Wednesday 180 167 2977 688 160 2657
Thursday 145 152 2476 351 136 2027

A comparison of tables 3 and 4 shows that just about half of the multi-unit trucks that
make through-trips on I-5 re-route over the mountains if 1-5 is closed. Roughly 42 percent of the
total I-5 multi-unit truck traffic re-routes across the mountains. This is one-third of the total pre-
closure weekday truck traffic. (Fewer single-unit trucks appear willing to reroute over the
mountains in comparison to larger, multi-unit trucks.) Another one-third of the I-5 truck traffic
normally observed at both Kelso and South Tumwater simply disappears, and the final third
continues to use I-5 to make deliveries outside of the closure area. The “disappearing” truck
traffic is assumed to be split evenly between truck trips that are not made and truck trips that are
rerouted between entirely different origin/destination pairs. That is, stores/companies in
southern Washington and northern Oregon normally supplied by Seattle warehouses and
businesses either will not be resupplied during the flood, or they will be served by trucks
operating out of warehouses in Oregon. (It is assumed that no truck traffic changes mode.)

Measured traffic volumes show that only about 3 percent of the car traffic that normally
uses I-5 at Kelso detours across the mountains and uses 1-90 to reach I-5. (This is about 7

percent of the car volumes “lost” due to the road closure.)

Route Choice on the Detour Route

Table 5 shows the increase in truck volumes for the average day during the two days of
full closure of I-5 in 2007. The count locations on 1-90 (B-04) and north of Yakima on 1-82 (R48)
showed very similar increases, as almost any vehicle making the detour crosses both of these
count locations. The P09 count location is on 1-82 south of the Tri-Cities. The volume estimate
from P09 provides a good estimate of the volume of vehicles that divert via 1-84 to 1-82. The

8 «Large” trucks include all combination and multi-trailer trucks. They do not include single-unit trucks. Single-unit
trucks are included in the “Truck Volume” statistic.
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remaining diverting vehicles can be assumed to take the SR 97 detour. The assumptions used in

the travel cost model that were based on the five tables presented in this section are as follows.

Table 5: Changes in Volume per Day on Monday and Tuesday of the 2007 1-5 Closure

Combination Unit
Car Volume Single Unit Truck Truck Volume
Location Increase Volume Increase Increase
B04: Westbound
1-90 near Cle Elum 460 165 2360
R48: Northbound
1-82 North of
Yakima 1130 240 2260
P09: 1-82
South of Tri Cities 220 20 270

For TRUCKS. On the basis of the above statistics, the assumption is that roughly 11

percent of the cross-mountain diversion will go via 1-84 to 1-82. The remaining 89 percent of the
diverting traffic will use the SR 97 cut-off to 1-82. It is further assumed that one third of the SR
97 traffic will not be loaded and will thus take the “uncongested” travel time. The other two
thirds will take the congested travel time. For the trip via the Tri-Cities, two thirds of trips are
assumed to travel under uncongested conditions, and one third will travel under congested
conditions. (This distinction is meant primarily to estimate the effects of hills, the need to stop
for rest breaks, and the effects of additional urban traffic congestion on overall truck speeds.)

It is assumed that when the US 12 to SR 7/SR 161 detour opens, that route will be fully
utilized. The most recent estimate is that this route’s truck capacity will be limited to 50 trucks
per hour. Therefore, roughly 1,200 trucks will use this route. If the 100 truck per hour capacity
estimate is used, then 55 percent of all “normal” weekday through-truck traffic will use the
emergency detour. If 250 trucks per hour can be accommodated, then all through-trucks will be
accommodated during the course of the day. Under this last scenario, no trucks will divert over
the mountains.

What is not well known is the degree to which the availability of the emergency detour
will change the percentage of trucks that are willing to detour. The emergency detour will be, in

theory, limited to “emergency” or “high priority” truck loads. Many through-movements are not
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in those categories but will want to divert. The initial assumption is that only a modest increase
(approximately 10 percent) in total detour truck travel will occur because of the new route. Of
the truck traffic willing to make a detour, 43 percent will take the “emergency detour,” with the
rest splitting between the SR 97 option (89 percent of the remainder) and the Hermiston option
(11 percent).

For CARS. On the basis of the survey results described in Table 2, 29 percent of long
distance work trips and 32.6 percent of personal trips are assumed to reroute. This slightly over-
estimates passenger vehicle volumes observed in 2007 but is assumed to be a reasonable estimate.
Of the through-traffic that diverts across the mountains, 82 percent is assumed to use the SR 97
detour route. The remainder will pass through Hermiston. No through-cars are assumed to use
US 12 and SR 7, in large part because through-traffic is assumed to be unaware of this route, and
WSDOT will not broadcast its availability. (The cars that do use this route are assumed to be
internal/external traffic, with drivers who are familiar with the back roads of the area.) All cars

using the SR 97 and 1-82 (Hermiston) detours are assumed to travel in uncongested conditions.’

PERSON TRAVEL BY TRIP PURPOSE
As noted above, personal (car) travel on I-5 is divided into local travel, internal/external

travel, and through-movements/volumes. Responses from the mail survey were used to estimate
the fraction of each of these vehicle volumes related to business or personal trips. Local trips
were divided into commute, other business trip, shopping, and recreational categories.
Internal/external and long distance trips were divided only into business and personal trips. The
following estimates were used in the cost model:

Local trips:
49.5 percent commute trips
16.1 percent other business trips
21.4 percent shopping trips
12.9 percent recreational trips

Internal/external trips:
35.9 percent business trips
64.1 percent personal trips

® The “uncongested travel times” are slightly slower than the speed limit to allow for some drivers to stop for gas or
to rest.
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Through- (long distance) trips:
33.2 percent business trips
66.8 percent personal trips.

COST OUTCOMES
WSDOT estimates that flooding of I-5 will last for 123 hours (five days and 3 hours). It
will result in an expected additional travel cost of $11,872,000. Those costs include $8,508,000

for additional time and mileage for individuals who must travel to take detours to reach their
destinations. Another $1,614,000 in costs is associated with abandoned trips (that is, trips that
would have been made, but either could not be made or were not made because the effort
required exceeded the value placed on them by the travelers). The remainder includes costs
incurred by the need to take alternative modes (primarily air travel), costs associated with
shifting to alternative destinations, and costs associated with choosing to postpone a trip from a
preferred time of travel until some time after the flood has receded.

All of these behaviors are associated with a cost. They all represent a loss to travelers,
who would have preferred to drive on I-5 as part of their originally planned itinerary. None of
the costs presented in this report include estimates of the value of the economic activity lost as a
result of trips cancelled or delayed. That is, when a trip is abandoned (not made)—because the
individual or company’s valuation of that trip is not higher than the cost of one of the available
trip alternatives—then the research team assigns a dollar value to the traveler’s decision.
However, a value is not assigned to the activity itself. For example, if a couple were going on an
overnight vacation trip and that trip was prevented by flooding of I-5, a value would be assigned
to the travelers’ trip to account for their inability to travel. However, an estimate of the
economic loss caused by the fact that they did not pay for a hotel at their intended destination is
not computed, nor is an estimate of any other economic losses from preclusion of their planned
spending at their intended destination. The costs applied to each of these travel decisions are
discussed in the Assumptions chapter presented at the end of this report.

The costs presented in this section are based on travel volumes for a closure that starts on
a Monday in the late autumn. This replicates the 2007 and 2009 closures. Closures that involve
weekend days will have different volumes (higher car volumes but lower truck volumes), which
will change the value of the time lost because of the closure. The effects of including a weekend

in the closure cost estimate are discussed in the Sensitivity Tests section later in the report.
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Because the primary truck detour will not be available for the first 24 hours of the closure,
travel behavior on that first day is expected to be quite different than during the remaining four-
plus days of the closure. As a result, the costs associated with the first day and all remaining days
will also differ. These estimates also assume the lowest emergency truck detour capacity: 50
trucks per hour in each direction, over each 24-hour period. The computed costs for these

important days and directions are shown in Table 6.

Table 6. Total I-5 Closure Travel Cost Summary

Direction Cost Cost / Day
Day 1 NB $1,243,000
SB $1,243,000
Day2-5 NB $4,693,000 $1,136,000
SB $4,693,000 $1,136,000
Total $11,872,000

Cost Associated with Cars Versus Trucks

On weekdays, cars make up about 80 percent of I-5 traffic leading into the area closed by
flooding. However, despite the higher car volumes, the value of truck trips is perhaps the most
important factor in the cost estimation process. There are several reasons for this. 1) The value
of trips (both hourly rate and the cost per mile) is higher for trucks than for passenger cars. 2) A
large portion of the truck trips comprises long distance trips, which have a high detour cost,
while a much larger proportion of car trips involve shorter distances, and are thus assigned
smaller travel costs. 3) In comparison to truck trips, for a much larger portion of long distance
car trips, travelers abandon their trip rather than choosing to detour. 4) The current cost estimate
spreadsheet assumes that the value of abandoned and destination shifted trips is lower than the
cost of taking the available detours, so that the high abandonment of long distance car trips
reduces the overall value of car trips. The travel costs (and costs associated with the loss of travel
opportunity) associated with the 123-hour closure for cars and trucks are shown in Table 7.
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Table 7. Total Travel Cost by Original Mode of Travel

Costs Costs
Associated with | Associated with

Direction Cars Trucks
Day 1 NB $409,000 $834,000
SB $409,000 $834,000
Day2-5 NB $1,847,000 $2,846,000
SB $1,847,000 $2,846,000
Total $4,512,000 $7,360,000

Costs Estimated by Behavior Due to the Closure

As noted earlier in this report, travelers will react to the closure of I-5 in different ways,
depending on the type of trip they were planning to take and the options that remain to them after
I-5 has been closed. The costs associated with detours are relatively easy to estimate. Costs
associated with abandoning trips or shifting destinations because the planned destination is not
accessible (or cannot be served by the regular freight depot) are more nebulous. Consequently,
to clarify the relative importance of these behaviors, Table 8 shows the number of estimated trips
associated with each of these behaviors. Table 9 then shows the costs computed for each of
these activities. These tables give a sense of how the total costs reported above were constructed.

This will allow easier critical review of the cost totals. The sensitivity of these outcomes is

explored in the Sensitivity chapter of this report.

Table 8. Estimated'® Number of Trips by Type of Behavior Resulting from the Closure

Trips That | Trips That
Trips Made Trips Trips Shifted Changed
Via Detours | Abandoned | Postponed Mode Destination
Trips Per Day
Day 1 32,000 22,600 17,200 800 5,500
Days 2-5+ 33,000 19,300 15,900 800 8,000
Total Number of Trips for Days 2 — 5+
Days 2-5+ 135,900 79,800 65,600 3,100 33,000
Total 166,900 102,400 82,800 3,800 38,500
Total Number of Trips Modeled 394,400

19 The number of trips are rounded to the nearest 100 trips.
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Table 8 shows that only about 42 percent of trips normally occurring on I-5 in the

Centralia/Chehalis area are estimated to occur via alternative routes when 1-5 is closed.

Nevertheless, over 70 percent of the estimated “travel costs” of the closure will be due to the

costs caused by additional miles and time for detouring. If higher values are assigned to trips not

taken or trips shifted to alternative, less desirable destinations, then the total value of the I-5

closure could increase substantially.

Table 9. Estimated Costs by Type of Behavior Resulting for the Closure

Costs
All Costs Costs Associated

All Travel All Trip Associated Associated with
Costs Due | Abandonment With Trip with Mode | Destination

to Detours Costs Postponement Shifts Changes

Day 1 NB $903,000 $199,000 $61,000 $53,000 $21,000
SB $903,000 $199,000 $61,000 $53,000 $21,000
Day 2-5 NB | $3,351,000 $608,000 $181,000 $220,000 $308,000
SB | $3,351,000 $608,000 $181,000 $220,000 $308,000
Total $8,508,000 $1,614,000 $484,000 $547,000 $658,000

Table 10 shows the cost per trip not made for each of type of passenger vehicle trip.
Table 11 shows those costs for trucks.

Table 10. Assumed Cost Per Person Per (Car) Trip Not Made on a Detour

Local Trips Internal / External Through-Trips
Trips
Commute | Business | Shopping | Recreation | Business | Personal | Business | Personal
Cost per
abandoned trip $4 $7 $4 $4 $9 $9 $23 $18
Cost per
delayed trips $2 $4 $2 $2 $6 $6 $14 $11
Cost per trip
diverted to new
destination $4 $7 $4 $4 $9 $9 $23 $18
Cost of trip that
shifted modes $1 $1 $1 $1 $1 $1 $184 $184
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Table 11. Assumed Cost Per Truck Trip Not Made on a Detour

Local Trips Internal / External Through Trips
Trips
Cost per abandoned
trip $8 $26 $42
Cost per delayed trips $5 $16 $26
Cost per trip diverted
to new destination $8 $26 $42
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1. US 12 FLOOD CLOSURE IMPACTS

WSDOT estimates that during the 100-year flood, US 12 will be closed for 152 hours (six
days and eight hours). The primary closure will occur east of Oakville and west of Anderson Rd
(also known as County Line Rd). The closure will limit access to the Chehalis Indian (Lucky
Eagle) Casino from the west. It will not limit access to the Casino from the east (e.g., I-5) where
I-5 will still be open to traffic from the north (Olympia/Tumwater). Therefore, it is assumed that
traffic to the Casino from the Olympia/Tumwater metropolitan area will not be affected by the
closure. (Traffic to the Casino from Centralia/Chehalis will be lost because of the closure of I-5.
These traffic losses are incorporated into the 1-5 estimate.) Figures 3 and 4 below provide a

visual overview of the closure and the detour routes available for traffic currently using US 12.

Figure 3: US 12 Closure Area
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Figure 4: Detour Routes for Traffic Currently Using US 12

It is assumed that there will be no usable eastbound alternatives to US 12 for traffic
generated within the closure area. To get to destinations east of the closure, this traffic will have
to go west to Elma (there are local roads that connect to Oakville) and—if desired—either go
around Capitol State Forest via SR 8 to reach I-5, Olympia, and the rest of the Puget Sound
region, or follow US 12 west to Montesano and then use SR 107 and US 101 to reach Oregon
and other points south of the I-5 closure.

It is assumed that the majority of traffic on US 12 affected by the closure will be through-
traffic heading between Elma and the coastal communities to the west and I-5 and the
Centralia/Chehalis area to the east. A modest percentage (20 percent) of the traffic is generated
between Oakville and Anderson Road. This traffic will likely have “local” work, shopping, and
recreational interests in Centralia/Chehalis, which is the closest major urban center. These trips
will be either abandoned as a result of the flood conditions restricting access to
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Centralia/Chehalis, or redirected to other destinations either in EIma (e.g, for grocery shopping)
or Olympia (for trips requiring access to major medical facilities or other services found in major

urban centers).

TRAFFIC VOLUMES PRESENT

Traffic volumes on US 12 west of I-5 change significantly, depending on location.

AADT near—but west of—the ramps to/from I-5 is roughly 12,000 vehicles. Volumes stay at or
above 11,000 AADT until Anderson Rd (MP 38.8). Volumes then drop, with only 6,500 AADT
remaining west of Anderson Road. Traffic continues to decline moving west, reaching 4,900
AADT at Oakville (MP 34.9). It then remains low until reaching the outskirts of EIma, where it
jumps to 15,000 AADT and finally to 20,000 AADT within the city.

The 2012 Annual Traffic Report listed the truck percentage as 13 percent west of
Oakville. A check of truck volumes via WSDOT’s SRWeb video images showed that trucks
comprised 20 percent of daytime, weekday traffic on US 12. This fits relatively well with the
statistics in the Annual Traffic Report, as well as the classification data from WSDOT’s
permanent traffic recorder (R075), which is located on US 12 east of 1-5. Well over two-thirds
of the trucks observed in the video review carried wood products. Trucks were evenly spit
among log trucks, chip trucks, and finished lumber. Only a few trucks observed in the SR Web
video were from other industries (e.g., oil tanker, tow trucks). There does appear to be a big
plant nursery to the west of the “town” of Porter. Porter is about halfway between Oakville and
Elma.

The truck percentage on US 12 on the east side of I-5 (where WSDOT has a vehicle
classification counter) varies between slightly less than 10 percent and 20 percent. Truck
percentages on weekdays were typically in the high teens in Fall and Winter 2013. Truck
percentages on weekends were typically in the high single digits. These changes in truck
percentages are typically a result of a decrease in truck volumes rather than a significant increase
in car volumes, which appear to be fairly constant across different days of the week. Truck
volumes on weekends are less than half of those found on weekdays. Car volumes are generally
200 to 400 vehicles per day lower on Sundays than on weekdays. Saturday volumes are similar
to the average day of the week. Both Saturday and Sunday truck volumes are generally one-third

to one-half of the average weekday volume.
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There is no significant, consistent change in truck percentage from one season to the next
on US 12.

With the closure between Anderson Rd to just east of Oakville, costs were estimated for
only the traffic that would move between Oakville and Anderson Rd. That is 6,500 total vehicles
(3,250 per direction) per day. Truck volumes were estimated as the 900 trucks (450 per day in
each direction) on weekdays and half that number of trucks on weekends.

No data were available for day-of-week, time-of-day, or seasonal patterns. They were
assumed to be negligible for these analyses.

US 12 DETOUR ROUTES

There are no current local detour routes that serve traffic using US 12 between Oakville

and 1-5. US 12 travelers who start their trips west of the closure and need to reach points east of
the closure must instead travel westward to Elma before turning eastward on SR 8 and US 101 to
Olympia. For the majority of the 152-hour closure, these travelers will still not be able to reach
either Centralia or points south of Centralia via this route. While travelers may be able to reach
the southern portions of the state by following US 12 west to the coast, then US 101 south, SR 4
to Longview, and finally I-5 to their destination, it is assumed that these detours will be too long
for most travelers. (The one-way trip from Elma to southern Chehalis would change from
roughly 37.5 miles traveled in 46 minutes, to a trip of 167 miles in 192 minutes—assuming no
increase in congestion or storm-related slowdowns on US 101 or SR 4.) For log and lumber
trucks, this added time requirement will allow only one round-trip per business day between
Elma and areas south of Chehalis, instead of as many as four round-trips. Consequently, it is
assumed that the vast majority of trips bound for portions of the state south of the 1-5 closure will
simply be abandoned for the duration of the closure.

Trips headed from the Oakville area to portions of Centralia/Chehalis that are flooded
will simply be impossible. Trips headed from Oakville to those portions of Centralia that can
still be reached from the north will be made only by traveling through Olympia (via EIma). The
majority of day-to-day shopping and freight needs will therefore be met by a detour (and
destination change) that goes either to Elma (e.g., for grocery shopping) or through the longer

detour to Olympia.
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Trips that start or end west of EIma and are headed to Centralia/Chehalis will not need to
“backtrack” to Elma to reach SR 8. Their detour will consist only of the added travel distance
from Elma to Olympia and then south on I-5 to points just in or just north of the
Centralia/Chehalis area. Many of these trips will not be made because their destinations in the
Centralia/Chehalis area will not be accessible because of flooding. Other travelers will make this
trip once the 1-5 closure ends but before the US 12 flooding recedes.

The assumption is that much of the lumber industry will not function during the closure
because of inability to reach mills and/or trees as a result of the poor road conditions. Cut
lumber is likely to continue to be shipped and will reroute if alternative routes are available, but

at most one quarter of these trucks will detour.

DETOUR ROUTE AND BEHAVIORAL ASSUMPTIONS
On the basis of the traffic volumes reported by WSDOT on US 12, the following are the

assumptions made and used in the flooding cost estimation: 26 percent of traffic (1,700 vehicles
per day) affected by the flood on US 12 will start or end a trip in Oakville or points to the east of
Oakville but west of the flood closure. The remaining 74 percent of trips (4,800 vehicles per day)
affected by the closure will start/end their trips at ElIma or west of EIma.

Half of the traffic starting or ending near Oakville will be abandoned. Half of all of the
trips made by this population will be personal trips that change destination and travel to Elma.
The remaining trips will be work-oriented trips that will take the Olympia detour. (The
abandoned trips are assumed to be those trips with unreachable destinations in
Centralia/Chehalis.) This means that on weekdays roughly 425 trips will be made via these two
detours. Of the 425 trips made to Olympia, 14 percent (60 trips) will be truck trips.

For the trips starting or ending in, or west of, EIma, 80 percent will be abandoned, mostly
because they cannot reach their intended destination in the Centralia/Chehalis region, but also
partly because of the length of the detour required to reach the destinations that are still
accessible. The remaining 20 percent of the traffic will be willing to take the available detours.
Half will travel to/from locations south of Chehalis. The other half will shift their destination to
one that can be reached via Olympia. All of the trips made to the south will be work-related

(high value) trips. In both cases 14 percent of the trips are assumed to be made by trucks.
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Note that these assumptions are different than the assumptions used for 1-5. The survey

results used as a guide for determining I-5 travel behavior are not directly applicable to US 12.

OUTCOMES

Flooding of US 12 for 152 hours (six days and 8 hours) results in an expected additional
travel cost of $340,000. Those costs are divided into $206,000 for additional time and mileage,
as individuals who do need to travel will have to take very extensive detours to reach their
destinations. Another $134,000 in costs is associated with abandoned trips (that is, trips that
would have been made, but either could not be made or were not made because the effort
required exceeded the value placed on them by the travelers).

Of the just under 41,200 trips that would have used US 12 over the 152-hour period, this
analysis concluded that only about 11,500 trips will still be made. The remaining 29,700 trips
will be abandoned. Note that the above computations place a value of roughly just over $3.20
per personal trip and $9.00 for a truck trip for abandoned trips. This is based on the value of 80
percent of the lowest detour cost modeled. If a higher value is assigned to abandoned trips, then

the cost of abandoned trips due to the flooding of US 12 flooding will be higher.
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IV. SR 6 FLOOD CLOSURE IMPACTS

WSDOT predicts that during the 100-year flood, SR 6 will close for 51 hours (two days
and 3 hours). The closure will occur in multiple places on SR 6, as this road parallels the
Chehalis River and crosses over the river several times. In addition, some of the roads that
collect and deliver traffic to (or accept traffic from) SR 6 cross the river and are subject to
flooding. Figure 5 shows the portion of SR 6 that is closest to Chehalis and that carries the most

significant traffic volumes.

Figure 5: SR 6 Near Chehalis

There are very few alternatives to SR 6. However, other roads exist that allow people
who would otherwise use SR 6 to travel. For example, SR 603 can be used to reach Napavine to
the south, and then from Napavine to reach I-5. However, during the flood event, this alternative
will not be accessible to traffic on SR 6 because portions of SR 603 where it meets SR 6 will also

be underwater. However, using SR 603 to the south will provide a detour for residents who live
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along the SR 603 corridor and would otherwise travel north on SR 603 to reach SR 6 and then
turn east to reach destinations in Chehalis or Centralia.

Similarly, to the west of SR 603, the only alternative to SR 6 appears to be a detour on
Boistfort Rd (or Curtis Hill Rd) to reach Wildwood Rd, which can be taken all the way south to
SR 506 and then to Vadar. “Curtis” is the location of (what appears from the aerial photograph
to be) a lumber mill. While the same flooding issues that affect the eastern end of SR 6 are likely
to also affect SR 6 in this area, like SR 603, the Boistfort Rd/Wildwood Rd detour will serve a
valley that would otherwise generate traffic that would be using SR 6. If they need to travel, it
is assumed these travelers will follow this detour.

No traffic is assumed to go east/west on SR 6 because of the multiple flood points.

It is also assumed that residents north of SR 6 will not be able to travel during the flood
event, with the exception of a small fraction of residents who live west of S. Scheuber Rd. This
small group of individuals will be able to reach the medical complex in the southwestern suburbs
of Centralia via Scheuber Rd. They are assumed to be an inconsequential number of travelers.
All other users who live north of SR 6 in the general vicinity of Chehalis are assumed to be stuck
in their houses until the flood waters recede and all trips they would have otherwise made are

assumed to be abandoned.

TRAFFIC VOLUMES
Traffic data were taken from the WSDOT Annual Traffic Report. Starting at I-5, traffic

volumes on SR 6 are around 11,000 AADT. Traffic volumes then decline by 2,600 vehicles at
Chilvers Rd, and by another 1,800 vehicles at Twin Oaks Rd. Finally, volumes drop to 3,100
vehicles by Curtis Hill Rd. AADT is 3,500 west of Curtis Hill Rd.

No truck volume data are available for State Route 6 from the WSDOT Annual Traffic
Report. A quick count of cars and trucks passing the WSDOT video van used to collect the
SRWeb video indicated that the percentage of trucks on SR 6 during the day is 8.8 percent
between I-5 and Boistfort Rd. To account for lower truck traffic at night, a value of 6.7 percent
was used for the cost analysis for the flood closure at the highest volume sections of SR 6. A
value of just over 8 percent was used for through-traffic. (These estimates probably slightly
over-estimate the daily percentage, as over 90 percent of the trucks observed are log trucks,

which will only operate during the business day, and mostly during daylight hours.)
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No data were available for day-of-week, time-of-day, or seasonal patterns.

DETOUR ROUTE ASSUMPTIONS
The following assumptions were used: Half of traffic getting on SR 6 near Chilvers Rd

will come from the north and will have no rational detours available during the flood event. The
other half of that volume (1,300 vehicles) will come from the south and can take advantage of
the SR 603 detour. (It is 2.5 miles to Chehalis from Chilvers Rd, but since trips will start in the
valley south of SR 6, the detour model assumed a 5-mile average trip distance versus a 7-mile
trip to Napavine via SR 603.)

Similarly, half of the traffic adding to SR 6 at Twin Oaks Rd will come from the north
and therefore have no viable detour during the flood. The other half of the Twin Oaks traffic
will come from the south and can access SR 603 via local roads (Pleasant Valley Rd, Haight Rd,
and Carroll Rd). This detour will be the twice the length of the SR 603 detour. Because this trip
will use local roads, travel speed will be half of the normal speed. The detour trip is assumed to
be 8 miles (5 miles on SR 6).

The vast majority of the traffic joining SR 6 at Curtis Hill Rd will come from the south
and be able to take the detour via Wildwood Rd to Vadar.

The 3,500 vehicles using SR 6 west of Curtis Hill Rd will be unable to reach Chehalis.
Travelers will meet daily needs by traveling west to Pe Ell. Long distance travel will be either
abandoned or head west to meet US 101 at the coast, and then go either south to Astoria/Portland
or north to Aberdeen/Elma/Olympia.

BEHAVIORAL ASSUMPTIONS

In modeling travel behavior for SR 6 versus that for I-5 travel, there were a number of

major differences in assumptions.

The first major assumption was that all traffic starting north of SR 6 will be essentially
without travel options and must therefore abandon all trips on SR 6 for the duration of the flood
event.

The second assumption was that there will be no alternative mode available, so all travel
that was assumed to occur has been assigned to the detour option. Similarly, since Chehalis and

Centralia will not be reachable via SR 6 or I-5, and no other options will exist for trips that
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would use SR 6, all detoured trips will have to choose an alternative destination. (As noted above,
these alternative destinations are Napavine and Vadar. For simplicity’s sake, the alternative
destination option was been zeroed out in the analysis spreadsheet, and all trips were simply
assigned to the appropriate detour so costs could be computed based on the time and mileage
associated with those detours.

Finally, all postponed trips were assigned to the abandoned trip category. As a result of
these assumptions, the model assumed that approximately just one-quarter of trips will be made,
with the rest abandoned (This may over-state the willingness of those individuals to travel, as
many businesses are likely to be closed.)

These same fractions were applied to truck trips. The majority of SR 6 truck trips
observed in the SR Web video were log trucks. It is not clear whether these trucks will be able
to reach their destinations via the available detours, but for this analysis one-quarter were

assumed to be able to travel.

OUTCOMES

Flooding of SR 6 for 52 hours will result in an expected additional travel cost of
$114,000. Those costs are divided into $29,000 for additional time and mileage, as individuals
who do travel will need to take back roads to reach their destinations, and $85,000 in costs
associated with abandoned trips (that is, trips that would have been made but either could not be
made or were not made because the effort required exceeded the value placed on them by the
travelers).

Of just under 24,000 trips that would have used SR 6 over the 52-hour period (assumed
to be weekdays), this analysis assumes that only about 4,200 trips will still be made. The
remaining 19,800 trips are assumed to be abandoned. Note that this values abandoned trips at
just under $4 per trip (80 percent of the cost of the smallest detour available, which means that a
personal trip is worth ~$1.50 and a truck trip is worth $18.00). If a higher value is assigned to
abandoned trips, the cost of the SR 6 flooding will also be higher.

(Note that the value of the abandoned car trips is fairly low because the distances
involved with many of the trips via SR 6 are fairly short. Many of these trips will be postponable
until the flood subsides. Truck trips are valued higher in part because of the longer estimated

detours.)
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V. GENERAL ASSUMPTIONS USED IN THE MODEL

This chapter presents the assumptions that were used in the adopted travel cost model.
All of these assumptions can be readily changed in the spreadsheet model.

SUMMARY OF KEY STATISTICS

The following statistics are used in the cost estimation model and play important roles in

the development of those estimates. This section summarizes those key statistics. Additional
detail is provided later in this chapter.

Value of Time and Mileage

The value of time statistics used in the primary cost estimates were taken from the
USDOT’s value of time guidance.™ These estimates are shown in Table 12. The WSDOT study
of the Skagit River Bridge closure used slightly lower values of time ($11.42 per person-hour
for automobile travel and $24.44 per person-hour for truck travel). The WSDOT Skagit River
value is very similar to the USDOT “local, non-business trip” statistic. The following values of

time were used in the primary cost analysis.

Table 12: Value of Time Recommended by USDOT and Used in the Primary Cost Estimate

Individuals

Local, Non-Business Trips $12.00 / hour
Intercity Personal Trips $16.70 / hour
Business Trips $22.90 / hour
Trucks

All trips $24.70 / hour

1 September 21, 2011 memorandum from Polly Trottenberg, Assistant Secretary for Transportation Policy,
available as of April 10, 2014 at: http://www.dot.gov/sites/dot.dev/files/docs/vot _guidance 092811c.pdf

12 |5 Skagit River Bridge — Estimate of the Direct Cost of Closure, WSDOT Freight Systems Division, WSDOT
Budget and Financial Analysis, August 2013
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The value associated with specific detours was then computed by using the assumed
distance and travel time associated with each detour. The cost of the detours was computed as
the added time and mileage associated with each detour.

The cost of mileage for passenger cars and trucks was initially taken from the WSDOT
Skagit River Bridge diversion study. These were $0.20/mile for cars and $1.10/mile for truck.
However, the passenger car estimate was increased to $0.21, which is the value published in the
2013 AAA Cost of Driving report for a medium sedan. Like the corresponding value for trucks,
this includes the estimated unit cost of fuel, maintenance, and tires.

Table 13: Cost of Added Mileage Driven Used in the Primary Cost Estimate

Passenger Vehicles $0.21 / mile

Truck Trips $1.10 / mile

The Cost of Trips Not Made

One of the most difficult tasks in making this estimate was to assign a cost to the travel

that would NOT be made because of flooding. This is not the economic cost of the activity that
does not occur (i.e., we did not estimate the loss of economic benefit from shopping trips that
would not occur), but an estimate of the value of the trip to the traveler. That is, travelers would
prefer to be traveling, so there is a net negative value caused by their inability to make the
desired trip.

Four different types of travel behavior can occur other than taking a detour to reach an
originally planned destination. These behaviors are

» abandoning the trip altogether (the trip is simply not made)

» diverting the trip to another destination so that the closed road is no longer needed

and the detours are not used either
» delaying the trip until sometime after the closed road is reopened
» taking an alternative mode to the original destination.
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In all cases but the mode choice alternative, travelers are assumed to valuate these trip choices
lower than the cost (time and marginal mileage costs) of the detour options, or else the traveler
would choose to take the detour.™

In addition to voluntary abandoning of trips, abandoning trips happens in two other cases.
In one case, travelers may abandon trips simply because they cannot be made. This will be the
case on SR 6 for trips beginning and ending from the residential areas north of SR 6. These
housing areas will be cut off from shops and places of work because SR 6 is the only road to
those destinations. A second case is that some truck trips may be abandoned simply because
trucks are not available to make the trip. This can happen when the detour route is particularly
long. For the US 12 closure, this could occur if a log truck needed to deliver logs from a forest
site near Elma to a mill south of Chehalis. Normally a truck could make this trip (one way) in an
hour and thus make two or three trips during a workday. However, if the only route between
Elma and south of Chehalis involves driving down the coast on US 101, the detour distance and
trip duration will limit a truck and driver to one round-trip per day. Unless the logging company
has multiple unused trucks and drivers, even if the value of the log delivery warrants the use of
the detour, for many small firms, there will be insufficient trucks and drivers to make all three
round-trips. Therefore, it would be assumed that at least two trips to the mill will be abandoned.

For the primary travel cost estimate, abandoned trips were estimated to be worth 80
percent of the added cost of the minimum detour route for a given trip.

An alternative to abandoning a trip is to change its destination. For personal trips this
may mean shopping at a different grocery store (in some cases, a store in a different city). For
truck trips, this may entail a complete shift in the shipping patterns of some goods. For example,
trips normally served by a warehouse in the Portland metro area might be served by a warehouse
in the Puget Sound region. This change in trip origination implies additional costs to the
companies (or else those stores would have already been served by those distribution centers).
Specific costs involved include the added time and mileage associated with those trips, plus
management time to plan and implement the change in freight delivery/pick up destination plans.

For the primary travel cost estimate, “diverted” trips were estimated to be worth 80

percent of the added cost of the minimum detour route for that trip.

3 An exception to this is the case in which one vehicle expected to make multiple trips using the closed road during
the flood closure period, and the time and distance required by the detour prevents that vehicle/driver from making
those intended trips.
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Many trips are simply delayed until the road opens. During short closures, both trucks
and passenger vehicles typically wait out the closure. This occurs when the detour options are
more onerous then the duration of the delay. During the 2009 closure of I-5, most trucks simply
waited for 1-5 to re-open because 1-90 was also closed, and the closure lasted for only two days.
For short closures, the cost of the delay can be estimated as the hourly rate (see above) times the
length of the closure (maximum of 10 hours per day). However, this type of estimate over-
states the value of long closures. For a long closure, the trip is often indefinitely postponed.
That is, the traveler does not sit beside the road waiting to resume traveling; instead, the trip is
postponed until the conditions are right. The traveler might wait one entire month before making
the rescheduled trip. The traveler is productive during the time between the closure and the
trip’s resumption. Therefore, the delay is not perceived as a function of the duration of the
closure.

Because the 100-year 1-5 closure will be a long one, for the primary travel cost estimate,
delayed trips were estimated to be worth half of the added cost of the minimum detour
route for that trip, rather than being estimated as a function of the duration of the closure.

The availability of alternative modes is heavily dependent on the types of trips that are
affected by the road closure. For the Chehalis River flood, long distance trips (Seattle to
Portland and longer) can be served by air travel. (Rail travel will be disrupted by the flood.) It is
not expected that bus travel between the cities will add capacity, nor is it entirely certain that
these services will not also be disrupted for the duration of the road closure because of the cost
and labor issues associated with the long detour routes. Consequently, most high value, long
distance travel will take place via air. The cost of travel for these long distance movements
was set equal to the round-trip airfare for the trip between Seattle and Portland purchased
on short notice. This underestimates the cost of longer trips (which will require more expensive
airfare, or will also involve the need to rent a car to reach the final destination). However, that
cost will be offset by the fact that some travel will not require air travel in both directions.

Most local trips within the Centralia/Chehalis area will be disrupted. Portions of at least
four of the five Lewis transit routes will be under water. It is not known whether Lewis County
Transit will implement some flood condition transit service. If so, then that will be an option for
local travel within the Centralia/Chehalis urbanized areas, but little travel is expected to occur

via bus. The fare for local bus use was set at the cost of a one-way trip, $1.
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Other Statistics

To compute the time cost of a detour, it is necessary to understand the average occupancy
of cars operating on the closed section of I-5. The assumed car occupancy was 1.1 persons
per car. This is the value used in WSDOT’s Skagit River Bridge study. It is also similar to
commonly used vehicle occupancy values in urban areas, which are typically in the 1.1 to 1.3
range.

For trucks, vehicle occupancy was assumed to be 1.0. This value also comes from the

Skagit River Bridge study.

DETOUR COMPUTATIONS

The time and mileage computations for flood detours were computed by using a

combination of Google Maps and Inrix roadway performance information. Google maps
provides a simple way to compute basic roadway distances and expected travel times from
almost any point to any point, along with the ability to create specific paths. The Inrix dataset,
purchased for use by WSDOT, allows travel time reliability to be analyzed on state routes.
Travel time reliability is important because it provides an estimate of travel times under
congested conditions.

During the flood conditions being studied, detour routes will frequently operate at speeds
well below their normal conditions, both because the bad weather that causes the floods is likely
to impact the performance of other roads and because heavy detour volumes are likely to reduce
speeds on those routes. This was seen in the 2009 closure of I-5, when the same weather system
that caused the Chehalis River to flood also created avalanche conditions on Snoqualmie pass,
forcing 1-90 to close. Finally, even in uncongested conditions, heavy trucks do not operate at the
same speeds as cars, especially on hilly terrain. On interstates in Washington, trucks also have a
lower speed limit than cars. Consequently, trucks are expected to take longer to make some trips
than cars.

The estimates of the congested travel times used in the analysis were based primarily on
professional judgment given the data provided by Inrix. For the emergency truck detour using
US 12, SR 7, and SR 161, a doubling of the free flow travel time was selected for three reasons:
1) added congestion is expected on that corridor (including the inability to easily pass on the

two-lane road), 2) trucks have difficulty passing each other in opposite directions on some curves,
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and 3) a large amount of debris (tree branches, leaves) and water is expected on the roadway

surface as a result of the storm.

SIZE OF THE EMERGENCY TRUCK DETOUR
A major assumption underlying a large portion of the costs is the estimated number of

trucks that will be willing to detour when I-5 is closed. The estimates used for the primary cost
were based on observed behavior from the 2007 closure. During that closure, which occurred
when I-5 traffic volumes were are quite similar to those currently on I-5, roughly 2,500 trucks
per day in each direction of travel diverted via 1-90 and 1-82. The other trucks normally using I-
5 disappeared from the traffic stream. This means they either abandoned their trip, or trucking
patterns were changed such that deliveries that would normally have used I-5 did not use either I-
90 across the mountains or 1-82. (A review of traffic north of Seattle suggests that truck volumes
between Seattle and the Canadian border declined slightly.) This suggests that many of those
truck trips simply did not occur during the four-day closure. These trips also were not made
during the days immediately after I-5 was re-opened to traffic. Consequently, for this study, total
truck detour volume per day was assumed to be equal to roughly the volume per day observed in
2007.

Note that for the two-day closure of I-5 in 2009, no trucks detoured. (No viable detour
was available because of the simultaneous closure of 1-90 over Snoqualmie Pass.) In the 2009
case, however, the closure appears to have been short enough that the vast majority of trucks
simply waited out the closure and traveled on I-5 during the five days immediately following the
re-opening of the roadway. In 2009, car volumes did not rebound after the road was re-opened.
In fact, car volumes declined on I-5 during the entire week following the closure. This
continuing decline in car volumes was not modeled in the costs for this study’s closure of I-5. In
the longer closure of 2007, car volumes returned to normal levels shortly after the roadway was

re-opened.

CAR AND TRUCK VOLUMES USED
One of the most important assumptions in the cost model is the volume of cars and trucks

affected by the flood closures. Analysis of truck and car volume patterns on I-5 indicated that

while volumes grew steadily for many years, for the past twelve years they have plateaued
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(Figure 6). Figure 7 shows this same lack of growth on I-5 south of Tumwater. Consequently,
the traffic volumes used in the current flood analysis were 2013 volumes. These volumes are
assumed to represent traffic conditions in the near future (the next five years) quite well. If the
time horizon of the analysis is extended further than five years from now, it is distinctly possible
that both car and truck volumes will grow, especially if the population of the Puget Sound region
grows as expected.

Traditionally, increased population growth would be expected to increase both passenger
car traffic on 1-5 and the number of trucks needed to deliver goods that serve that population.
However, this pattern has not held true for the decade 2000 to 2010, when increases in
population of roughly 10 to 20 percent occurred in all of the counties along I-5 without
corresponding increases in traffic volume.

The budget for this project did not include a specific forecast of future traffic volumes.
Consequently, current volumes were used to estimate the cost of the flood closures. The impact
of possible future traffic growth on those estimates is discussed in the next chapter, which

examines the sensitivity of the travel estimates to the primary input assumptions.

Figure 6: Average Daily Traffic Volumes, Northbound on I-5 at Kelso™

 \olumes presented in this figure are simple averages of the available data at WSDOT’s permanent counter P8.
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Figure 7: Average Daily Traffic Volumes Southbound on 1-5 South of Tumwater*®

Two other factors are relevant to the traffic volumes that will be affected by a flood
related closure: these are the time of year in which the flood occurs and the days of the week of
the closure. Figure 8 illustrates typical changes in average daily traffic volume by month of year.
This curve shows that the late fall and winter months—when weather conditions are most likely
to result in flooding—experience the lowest traffic volumes of the year. This is true for cars,
total trucks, and heavy trucks. Volumes from November and December 2013 were used to
indicate actual volumes that would be affected by the flood. If the 100-year flood occurs in the
summer, the primary estimate of flood costs will under-estimate the actual volumes affected and

therefore will under-estimate the total cost to travelers of the closure.

15 Volumes presented in this figure are simple averages of the available data at WSDOT’s counter R097. These
values do not attempt to account for minor biases in the totals due to missing days of data. The effects of this bias
can be seen in the 2008 estimate because data from May, June, and July — which are months with high car
volumes—are missing. The result is a decrease in the mean traffic volume estimate computed with a straight
average.
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Figure 8: Seasonal Traffic Volume Patterns on 1-5, Northbound, South of Tumwater®

Day of week patterns also affect the volumes changed by a flood. In rural areas along I-5,
passenger car volumes are typically higher Friday through Sunday than Monday through
Thursday. Conversely, truck volumes on the five weekdays tend to be almost double the
volumes observed on Saturday and Sunday. Figure 9 illustrates these trends by using average
day-of-week volumes, northbound on I-5 just north of Kelso. On more urban segments of I-5,
truck patterns are similar to those in rural areas, but car volumes are lower on weekends than on
weekdays because of the high commuter volumes on weekdays. Since both the two closest
WSDOT counters north (R019) and south (P8) of the closure area show rural patterns, the rural

patterns were used in this study for estimating traffic volume patterns.

1% In Figure 8, the term “Big Trucks” represents the combined volume of combination and multi-trailer trucks. The
term “Trucks” includes both these types of trucks and single-unit trucks.
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Figure 9: Average Day of Week Volumes on I-5 Northbound at Kelso

What these patterns indicate is that if the flood occurs on a weekend, fewer trucks will be
affected than on a weekday, but more cars (and total volume) will be affected. For a flood that
lasts five days, such as the forecast 100-year flood, it is likely that the closure will affect both
weekdays and weekends. The primary cost estimate assumes that the flood will occur on late
Sunday night or early Monday and thus cover only weekdays. This will result in the highest
number of trucks being affected, and because the value associated with disrupting truck travel is
higher than that for cars, this assumption will result in the highest estimate of costs associated
with the closure.

The effects of the flood occurring over a weekend and/or during the summer are explored

in the Sensitivity chapter.
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VI. SENSITIVITY TESTS

This chapter presents the results of key sensitivity tests. The cost estimates provided in
the previous chapters were based on a large number of assumptions. Those assumptions are
discussed in the previous chapter. Changing those assumptions will affect the dollar values
associated with travel disruptions caused by the flooding. This chapter discusses the impacts of
changes to those key assumptions so that readers can determine their relative confidence in the
primary estimates of the travel costs presented in Chapter 4.

The key areas of sensitivity testing described below include the following:

» the value of time

» the speeds and level of congestion assumed to occur on the routes used for detours

» the values associated with trips that are NOT made via the expected detours as a

result of flooding

» the percentage of personal trips made for work/business purposes versus those being

made for personal reasons

 the fraction of cars and trucks willing to detour

» the effects of flood closure during the weekend or the summer

» growth in traffic volumes on I-5.

VALUE OF TIME AND ADDED MILEAGE

The USDOT value of time was used to compute the costs for the primary estimates.

These estimates are slightly higher than the estimates that WSDOT used for the Skagit River
bridge detour study. If the WSDOT costs are used ($11.42/hr for “local, non-business trips,” and
$0.20/mile for passenger car mileage, and $24.44/hr for the value of time for trucks, instead of
$12.00/hr, $0.21/mile, and $24.70/hr, respectively) then the computed costs for the detour drops
by 3.5 percent, from $11,872,000 to $11,455,000.

This suggests that it is essentially irrelevant which of these two sets of base cost values is

used, as neither significantly changes the outcomes of the analysis.
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CHANGING THE SPEED ASSOCIATED WITH “CONGESTED” DETOURS

If the “congested” travel time on the emergency truck detour is assumed to be 1.5 times

the uncongested travel time for the trip instead of 2.0 times the free flow travel condition, the
expected cost of the entire I-5 closure drops 1.6 percent, from $11,872,000 to $11,685,000.
(Note that cars are assumed to not use the emergency truck detour. This is because the detour
will not be signed, no trips other than the emergency truck movements will be encouraged, and
WSDOT has suggested that it may use manned check points to limit access to these roads to
local residents to maintain safety. While some locals will use this detour, it is assumed that few
long distance trip makers will know about, or be able to take advantage of the availability of
these roads.)

If all trucks using the emergency truck detour operate at the estimated free flow speed,
then the total costs for the I-5 closure will drop to $11,498,000.

If all three of the long distance detours are assumed to operate under free flow conditions
(meaning that loaded trucks operate at the speed of cars and no congestion is caused by detouring
vehicles), then total estimated costs for the long distance detours for both cars and trucks will
drop further, producing a total estimated cost of $10,746,000.

This suggests strongly that the fraction of trips made under congested conditions, at least
for this multi-day closure scenario, play only a modest role in determining the total travel cost of

the closure of I-5.

CHANGING THE VALUE ASSOCIATED WITH TRIPS NOT MADE

If the value of abandoned, diverted, or long-term postponed trips is 60 percent of the

minimum applicable detour cost (holding constant all of the other original assumptions), rather
than 80 percent, then the total value of the flood closure decreases to $11,304,000. This is a
roughly 5 percent decrease from the primary estimated cost of the 1-5 flood closure.

SHIFTING TRIP PURPOSES
The National Household Travel Survey (NHTS) taken in 2009 indicated that in general

only 16 percent of trips are work related. In our survey, the percentage of I-5 trips that were
work related was much higher. Over 50 percent of local trips on I-5 were reported to be work

related. 36 percent of internal/external trips were work related, and 33 percent of long distance
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trips were reported as work related. These percentages were used in the cost estimate. This
makes sense in that many social and recreational trips are taken without need for access to major
freeways. However, the survey may overstate the fraction of trips using I-5 that are work related.

If the estimated fraction of trips that are work related is halved, and those trips are
distributed to the other travel purposes in proportion to the survey responses, then the total cost
of flooding will be reduced because personal trips are valued at lower rates than business or work
trips.

This reduction in estimated work travel and corresponding increase in personal travel

will result in the total estimated cost of the flood closure dropping by 2.6 percent, to $11,564,000.

CHANGING THE FRACTION OF TRUCKS AND CARS WILLING TO DETOUR
The primary cost estimate was based on an estimate of 50 trucks per hour in each

direction for the capacity of the emergency truck detour, starting at the second day of an I-5
closure. The primary cost estimate for this closure assumed 2,777 total trucks detouring, a slight
increase over the truck volume observed in the 2007 flood closure (2,500 trucks per day per
direction). Of those trucks, 43 percent will use the emergency truck detour starting on day two.
The remainder will use the traditional 1-90 detour. Of those trucks using the 1-90 detour, 89
percent will use US 97 to reach 1-82. The remaining trucks will use 1-84 to reach 1-82.

Early estimates of the emergency truck detour’s capacity were 100 trucks per hour
southbound and 250 trucks per hour northbound. Given these estimates, the northbound capacity
of the emergency truck detour can carry all I-5 trucks, but the southbound capacity will not allow
for all of trucks to use the detour. Given these estimates, it can be assumed that northbound, no
through-trucks currently using 1-5 will change behavior, other than to use the emergency truck
detour. (That is, all through-trucks will use this detour. No trucks will abandon their trips or
divert their trips to other destinations.) Southbound, it is assumed that 81 percent of the normal
truck volume (4,300 trucks) will continue to make the through-trip, and 55 percent of those
trucks will be able to take the emergency truck detour. The remaining trucks are assumed to use
1-90 and travel over the mountain passes. (It is not clear whether these assumptions are realistic,
as a decrease in trucks moving south may limit the number of trucks available to carry goods

northward.)
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Under these assumptions, the total estimated cost of the I-5 flood closure decreases
slightly to $10,970,000. The changes that result from these differing assumptions is a decrease
($450,000) in the costs attributed to time and mileage associated with detours, as well as a
decrease of $220,000 in the costs associated with abandoned trips and a similar amount
($220,000) associated with trips that must serve or be served by alternative destinations.

If a much lower cost is attributed to abandoned trips (e.g., 50 percent of the detour cost
instead of 80 percent), then adding capacity to the emergency detour route—subsequently
increasing the total number of trucks using one of the detours—will actually make the total cost
of the flood more costly than if no detour were provided and thus limit the number of trucks
selecting to detour rather than abandon the trip entirely. It is for this reason that a value of 80
percent of the minimum detour cost was selected as the value of an abandoned trip.

The U.S. Army Corp of Engineers’ National Economic Development report, Flood Risk
Management, IWR Report 2013-R-05, published in June 2013 states, “The cost of traffic
disruptions caused by flooding is equal to the value of the resources required to use alternative
modes of transportation or routes for the disrupted traffic. This can include increased fuel costs,
increased wear and tear on equipment, and the value of the time spent in longer routes.” If this is
taken literally, then the cost of the disruption to traffic should be computed based on the
assumptions that all disrupted travelers can, and do, take the available detours to reach their
intended destinations. If all planned trips are assumed to use the available detours—and the
emergency truck detour capacity is set at 50 trucks per hour in each direction, starting on the
second day of the disruption—then the estimated I-5 traffic cost of the 100-year flood will be
$20,576,000.

USE OF WEEKEND OR SUMMER CAR AND TRUCK VOLUMES
This section describes the effect on estimated travel costs on I-5 due to the 100-year flood

if that flood occurs over a weekend. The major effect is that traffic volumes will be different.
On weekend, truck volumes decline significantly, while car volume increase modestly.
Weekend trips are also taken for different purposes (e.g., less work related travel takes place),
and therefore travel behavior may be different. The assumptions used to account for these
differences in the cost estimate are given below. The computed costs are then presented in the

next subsection.
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Weekend Volume Assumptions Used

As noted in the previous chapter, truck volumes on I-5 on the weekend are roughly half
of those found during weekdays. Estimated typical weekend volumes based on data from
WSDOT’s counters are described in the following sections. Of the 2,000 through-trucks that use
I-5 in each direction on a weekend day, 90 percent are expected to detour. (It is assumed that the
vast majority of weekend truck traffic needs to keep moving.)

For passenger vehicles, it is assumed that 90 percent of travel on the weekends is not
business related. (For local trips, the added fraction of trips that was classified as not work-

related was split proportionately between shopping and recreational trip purposes.)

From South of Tumwater, Heading South

At South Tumwater on I-5, roughly 29,200 cars and 3,200 trucks travel in each direction
on a normal late Fall weekend day. At this point, 2,600 cars and 200 trucks exit before the
closure (based on observations at WSDOT counter R019). These vehicles are assumed to be
destined for points north of the closure and are subtracted from the total.

Consequently, combined through-traffic and internal/external traffic volumes to and from
the north are 26,600 cars and 3,000 trucks, for a total volume of 29,600 vehicles each weekend
day. Of those vehicles,

9,000 cars are driving headed to Portland

7,600 cars have destinations in the portion of the Centralia area that will be inaccessible

during the flood and thus will disappear (i.e., these trips cannot be made during the
flood)

10,000 cars have destinations that will be accessible in the northern portion of Centralia

and can divert via routes such as SR 507.

For the 3,000 trucks,

2,000 trucks are headed through to Portland
200 trucks have destinations in the portion of the Centralia area that will be inaccessible
during the flood, and thus will disappear

800 trucks have destinations that will be accessible in the northern portion of Centralia.
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From Kelso, Heading North

At Kelso on I-5, roughly 20,000 cars and 2,800 trucks travel in each direction on a
normal late Fall weekend day. At this point, 8,000 cars and 200 trucks are assumed to be
destined for points south of the closure and are subtracted from the total. Consequently,
combined through-traffic and internal/external traffic volumes to and from the south are 12,000
cars and 2,600 trucks, for a total volume of 14,600 vehicles. Of those vehicles,

9,000 cars are headed through to Tumwater and points farther north

700 cars have destinations in the portion of the Centralia area that will be inaccessible

during the flood and thus will disappear

2,300 cars have destinations that will be accessible in the southern portion of Chehalis

and will divert along roads such as the Jackson Highway.

For the 2,600 trucks,

2,000 trucks are headed through to Seattle
300 trucks have destinations in the portion of the Centralia area that will be inaccessible
during the flood and thus will disappear

300 trucks have destinations that will be accessible in the southern portion of Chehalis.

Local Traffic Within the Closure

WSDOT does not have a permanent counter located within the Centralia/Chehalis urban
area. As a result, there is no good estimate of how weekend traffic differs from weekday traffic
within the closure area. It is assumed that locally generated weekend car volumes are similar to
those found on weekdays and therefore are roughly 17,000 vehicles/day. Local truck traffic
generated within the closure area on the weekends is assumed to be negligible.

Cost Differences for Weekend Travel

Given the above weekend travel assumptions, the total travel cost for the five-day, 3-hour
closure will be $10,717,000. This calculation includes three days of weekday travel and assumes
that the initial closure occurs on a weekday. (This is an important assumption because this

means that the emergency truck detour will be available for both weekend days.)
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THE EFFECT OF TRAFFIC VOLUME GROWTH OVER TIME

To examine the effects of possible traffic growth on I-5, the researchers increased

volumes by 20 percent uniformly to through-trip, internal/external trips, and local trips and to
both truck and car volumes. No changes were made in diversion rates or trip purposes from the
primary cost computation. All of the added through-trucks were assumed to take the cross-
mountain detour, since the emergency truck detour would already be at capacity.

The computed costs resulting from this 20 percent increase in traffic rose 23 percent:
$14,570,000 versus the original estimate of $11,872,000. Thus, as volumes increase (a
decreasing percentage of which can take the less expensive emergency truck detour), costs also
increase, but slightly faster in percentage terms than traffic volumes. This is because all of the
additional through-trips that are predicted to detour will have to take one of the long detours,
thus making the cost per trip higher than that of the initially estimated trips.
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