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PREFACE

Two studies were performed to evaluate the I-DYNEV model. The study
described in this report documents the sensitivity of evacuation time esti-
mates caiculated by the I-DYNEV model to changes in key input parameters to
the code. The other study, as documented in NUREG/CR-4873 (PNL-6171), is
titled Benchmark Study of the I-DYNEV Evacuation Time Estimate Computer Code.
It documents a comparison of observed vehicle movement on a highway network
during periods of peak commuter traffic with a simulation of the traffic flow
produced using the I-DYNEV computer model.
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SUMMARY

Licensees of nuclear power plants are currently required to provide evac-
vation time estimates (ETEs) for the site's emergency planning zone (EPZ) to
the U.S. Nuclear Reguiatory Commission (NRC) and to the Federal Emergency
Management Agency (FEMA). An ETE is one means by which the two agencies
attempt to ensure that adequate protective measures can be implemented in case
of a significant release of radioactive materials from a plant site. At
present, regulatory guidance for evacuation time studies does not specify an
exact methodology. As a result, the licensees have developed their own method-
ologies and have made their own assumptions when calculating ETEs for their
individual plants. To date, most submitted ETEs have been evaluated on a case-
by-case basis using professional judgment to determine the adequacy of each,

The NRC requires that evacuation time estimates be made for two reasons.
First, during the process of making estimates, situations requiring special
resources can be identified because optimal use of available resources can
reduce traffic delays. For example, providing traffic controls at critical
intersections can substantially reduce evacuation times by minimizing the
queues formed at those intersections., Second, during the course of an acci-
dent at a nuclear power plant site, evacuation time estimates made in advance
for various conditions may be invaluable for decisionmakers who must select
the most appropriate protective action. These protective actions include
evacuation, sheltering, or sheltering followed by later relocation in order to
minimize exposures to the population.

To aid in an evaluation, FEMA sponsored the development of the I-DYNEV
computer model. 1-DYNEV is a macroscopic model whose results describe the
changing traffic conditions that prevail over a transportation network as an
evacuation progresses. In arder to prepare the mathematical algorithms for the
code, the model developer used state-of-the-art techniques resulting from years
of research sponsored by the U.S Department of Transportation. This study
represents extensive testing of the parameters comprising some of the mathe-
matical algorithms incorporated in the model.

The study is designed to identify input parameters that impact the
estimated evacuation time and to evaluate the sensitivity of the evacuation
time estimate to changes in each parameter. The input parameters identified
for analysis in this study include vehicle population, network capacity,
loading time, the capacity reduction factor, the time interval of processing,
and free-flow velocity.

To perform a parameter sensitivity study, all input parameters except the
one being evaluated remained constant for a series of simulations. Many input
parameters, however, are determined by the specific transportation network
used and by its associated vehicle population. In an effort to identify any
effects of the roadway system on the evacuation time estimates, two distinct
transportation networks were used. The two sites are referred to as Site A
and Site B in the study. They differ in population distribution, size, number
of segments, number of intersections, and roadway speeds.
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Changes in each of the six input parameters evaluated for this study

affected the es*imate of evacuation time to some degree. In general, the
sensitivity of evacuation time estimates to changes in the input parameters is
consistent with traffic modeling theorv and documented algorithms included in
the model. In addition the roadway system was shown to affect evacuation
times, making it important for the analyst to appropriately code the network.

The major conclusions associated with the six input parameters evaluated

are presented below:

Changes in the vehicle population suggested two major findings. First,
for vehicle populations resulting in traffic delays, evacuation time in-
creases at an approximately linear rate with increasing population. The
rate of increase is dependent upon the characteristics of the transporta-
tion network. This finding is consistent with traffic modelin theory.
Second  I-DYNEV contains a traffic assignment model (algorithm? that is
affected by roadway system characteristics. The assignment algorithm can
produce results which are potentially unreasonable if the analyst is
unfamiliar with the theory,

The effective transportation network capacity was varied for Sites A and
B. Changes in the network capacity affected the evacuation time estimate
in a linear manner reflecting the direct relationship between vehicle

demand and capacity. This is consistent with the first finging listed
above,

The evacuation time estimate can be sensitive to the time necessary for
loading vehicles onto the network. The magnitude of this sensitivity is
related to the vehicle demand on the transportation network. Ths general
trend observed appears to be consistent with traffic modeling theory.

The data suggest that loading time only affects the calculation of the
evacuation time when all vehicles have not beer loaded by what is eve.tu-
ally 50% of the evacuation time. As Toading time approaches evacuation
time, evacuation time increases propurtionally to loading time. The
results indicate that loading time will most Tikely affect evacuation

time at lTow population sites. This is also consistent with the first two
findings listed above.

Although not currently an input value to the I-DYNEV model, the
simulations indicate that changes in the percentage reduction of the
network capacity under congested traffic conditions (capacity reduction
factor) can have a significant impact on the estimated evacuation time,
As expected, the significance increases as the vehicle demand increases.

Although it appears that the time interval of processing, which is used
by the model to simulate network activities in discrete time intervals,
affects the rate of change of vehicles traveling on a roadway segment,

the data suggest that the impact cn the calculated evacuation time
estimate is minimal,



e Changes in the input value for free-flow velocity had a minimal affect on
the estimated evacuation time,

Analysis of the results suggests that the estimated evacuation time is
sensitive both to changes in the input parameters as well as to the character-
istics of the transportation network. Consequently, use of the I[-DYNEV model
skould be limited to analysts familiar with the code, willing to evaluate the
results, and competent to determine their adequacy. The model may preduce in
appropriate time estimates if the analyst is not familiar with traffic
modelling or is not careful in coding the network. The current I-DYNEV
documentation is not sufficient to ensure that the model's limitations are
understood. A mcre complete documentation of the model's input parameters is
neede? if it is intended to be used by other than experienced traffic
modeliers.
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INTRODUCTION

Licensees of nuclear power plants are currently required to provide evac-
uation time estiﬂa'es (ETEs) for the site's emergency planning zone (EPZ) to
the Nuclear Regulatory Commission (NRC) and the Federal Emergency Management
Agency (FEMA). These estimates are part of the process by which the two
agencies attempt to ensure that adequate protective measures can be
implemented in case of a significant release of radioactive mater'~‘a from a
plant s1te, At present, regulatory guidance for evacuation time ‘ﬂw'x do
not specify an exact methodology. As a result, the licensees have developed
their own methodologies and have made their own assumptions when calculating
ETEs for their individual plants. To date, the submitted ETEs have beer
evaluated on a case- by-case La<1s using professional judgment to determine the
adequacy of each, To assist in the evaluation of ETEs, computer codes such as
[-DYNEV have been developed.

The 1-DYNEV model was developed for the FEMA to simulate traffic conditions
that prevail over a transportation network as an evacuation progresses. Qutput
of the model includes an estimate of evacuation time as well as a variety of
measures of effectiveness including speed, vehicle counts, queues, and
The 1-DYNEV model is an adaptation of the TRAFLO Level II simulation
that was developed by KLD Associates for the Federal Highway Administrat
(FHWA) . ff"‘GQue"txv. the model is based on previous traffic model
as well as documented traffic modeling theory. The FEMA is
model and providing training on its use to state and local
response and preparedness planning.

A study performed by the Pacific Northwest Laboratory
assistance of the Texas Transportation Institute for the NRC
key inpul parameters to I-DYNEV affecting ETEs. This study
determine the sensitivity of ETEs to changes in those perﬂ"
to two different evacuation networks. This information sh
determine parameters requiring additional study and to as
evaluation of ETEs calculated using 1-DYNEV.

The parameters analyzed for the study included vehicle popul
work capacity, loading time, the capacity reduction factor, the time
of processing, and free-flow velocity. These parameters were applied
evacuation networks with significantly different roadway characteristi

The NRC and FEMA require that evacuation time estimates be made for twc
reasons. First, during the process of making estimates, situations requiring
special resources can be identified because optimal use of available resources
can reduce traffic delays. For example, providing traffic controls at
critical intersections can substantially reduce evacuation times by minimizing
the queues formed at those intersections. Second, during the course of an
accident at a nuclear power plar? r‘te, evacuation time estimates made in

advance for various conditions may be invaluable for decisionmakers who must
select the most appropriate orcteatwve action, These prutective actions
include evacuation, sheltering, or sheltering followed by later relocation
order to minimize exposures to the population,




INPUT PARAMETERS

To perform a parameter sensitivity study, all input parameters except the
one being evaluated remained constant for a series of simulations. Many input
parameters, however, are determined by the specific transportation network
used and by its associated vehicle population. In an effort to evaluate the
effects of the roadway system on evacuation times, two distinct transportation
networks were used. The two sites are referred to as Site A and Site B in the
study. They differ in population distribution, size, number of segments,
number of intersections, and roadway speeds. The remainder of this section
presents a discussion of the differences in these transportation networks as
well as a review of other input parameters including vehicle population.

TRANSPORTATION NETWORKS

The two transportation networks were developed to represent significantly
different siting characteristics. The two networks are not, however, entirely
conceptual. They are based on existing networks from two nuclear power plant
sites, although they have been extensively modified. In fact, the transporta-
tion networks were modified to the extent that they no longer represent the
sites from which they were derived. This procedure was followed to develop a
reasonably realistic transportation network, yet to avoid potential problems
that could result from generating additional evacuation time estimates differ-
ent from those incorporated into an actua)l emergency plan, Conseguently, the
results described in this report are not applicable to the sites from which
they were derived,

Differences in the transportation network between Site A and Site B include
the vehicle demand on the network, the number of outbound lanes, the number of
intersections, and the average free-flow speed. The number of nodes and links
along with the number of miics of roadway network are similar for both sites
and are listed in Table 1. The number of destination nodes, centroids and
entry links, and populations are also listed for the two sites. Site A has
fewer destination nodes, fewer centronids and entry links, and a lower vehicle
population than does Site B, The larger ratio of vehicles per destination for
Site B corresponds to its higher initial vehicle demand on the network. Figure 1
illustrates the vehicle population demand with respect to radial distance from
the plant. It can be seen that Site B has a much larger initial vehicle demand
on the network than Site A, Figure 2 illustrates the number of outbound lanes
by 1-mile increments radially from the plant sites. Site B has almost twice
as many outbound lanes for each 1 mile annulus as does Site A.



Initial Vehicle Population Per Outbound Lane

TABLEUL. Specific Site Informacion

Site Characteristics KL Site A Site B
Number of Nodes 55 87
Number of Links 138 121
Miles of Roadway in Network 149 114
Number of Destination Nodes 2 5
Number of Centroids and Entry Links 26 51
Vehicle Population 3,825 34,515
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FIGURE 1. Initial Vehicle Demand Versus Distance From Plant
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The transportation network developed for Site A i3 shown in Figure 3,
that for Site B appears in Figure 4. These link-node descriptions of Site A
and Site B were used as input for the 1-DYNEV simulation "ne details of each
link and node are presented in the Appendix,

VEHICLE POPULATION

The initial vehicle population 1s illustrated in Figure 5 for each site
according to the radial distance from the plant. As the figure indicates, the
initial vehicle population for Site £ is nearly ten times that of Site A.
Because Site B has less than twice the number of outbound lanes and nearly ten
times the initial vehicles population as Site A, evacuation time estimates for
Site B should be longer than those for Site A. Under the base conditiorns
stated in Table 1 and the Appendix.

BASE CASE PARAMETERS

The base case or original input parameters are listed in the Appendix for
both Sites A and B, The categories of parameters include link Jata, turning
movements, intersection control, and loading data.
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Specific link attributes such as length, number of lanes, lost time,
grade, right turn on red code, and pedestrian volumes were held constant for
both sites., The network's capacity is the mean queue discharge headway, which
is the minimum time spacing betwean vehicles exiting the transportation
network. The mean queue discharge headways varied from 2.0 to 3.6 seconds
(averaging 2.4 seconds) for Site A and from 2.1 to 3.1 seconds (also averaging
of 2.4 seconds) for Site B, The free-flow speeds for Site A covered a range
of 30 to 60 mph, with the average approximately 35 to 40 mph. Site B had
free-flow speeds with a range of 25 to 60 mph, with the average also
approximately 35 to 40 mph,

The turning movements for Site A were held constant except as noted in
the population section. Details of this procedure will be described later.
The turning movements for each 1ink were held constarnt for Site B. Four time
periods were used for loading vehicles onto the transportation network, A
fifth time period was used, but it is required by the model to indicate
loading is complete and to allow clearing of the network. The first four time
periods were each 5 minutes in length, and the last was set at 600 minutes.
For both Sites A and B, the four time periods loaded, in order, 10%, 25%, 40%,



and 25% of the vehicle population onto the transportation network. The
vehicle population is loaded in terms of vehicles per hour during each of the
time periods. For this study, the vehicle lcading rate for each time period
was the same for all runs except for the sensitivity study of loading rate.
The fifth time period was used to clear the system, and no vehicles were input

during this period.

For this study, six parameters were evaluated. These parameters are
vehicle population, network capacity, loading time, the capacity reduction
factor, and the time interval of processing and free-flow velocity.



RESULTS

VEHICLE POPULATION

With all other parameters held constant, the vehicle populations of both
sites were varied from a few hundred vehicles to over 19,000 vehicles. The
resulting evacuation times were graphed and are shown in Figure 6. Site A had
a base population of about 3800 vehicles. The base population represents the
population associated with the network prior to modifications. The base popu-
lation was assigned in this manner because roadway networks do, to some extent,
relate to the population served., For example, high-density urban areas have
more roads than low-density rural areas. Evacuation time estimates were
calculated for Site A while varying the vehicle populations from 10% to 500%
of the base vehicle population of 3800 vehicles.

The results of vehicle population variations are presented in Figure 6.
The three curves for Site A represent results using three distinct traffic
assignments. The traffic assignment determines the vehicle evacuation routes
by determining the frequency of vehicles making turns at each intersection,
The first assignment, whose results are represented by Curve 1, was to utilize
the traffic assignments determined by the I-DYNEV model based on a vehicle
population of 3800 vehicles and the original network topology. It is
important to note that the I-DYNEV traffic assignment model determines the
evacuation routes requiring the minimum time based on a vehicle population of
specific size and distribution. The vehicle population distribution was never

changed as part of this study.

The effect of the 1-DYNEV traffic assignment model is to balance traffic
on the network which results in a minimum time estimate for that specific
population. An example of the I-DYNEV traffic assignment model is represented
by the movement of vehicles from intersection 71 to intersection 73 on Site A
as labeled in Figure 3. The I-DYNEV traffic assignment model may determine
that traffic moving from intersection 73 to intersection 74 is badly congested
and that the delay is sufficient to make travel through intersections labeled
72, 77, 76, and 74 just as fast as waiting to travel through intersections 73
and 74, The traffic assignment model, therefore, assigns some traffic to the
alternate route in order to balance traffic flow or congestion,

The rationality of the alternative routing is dependent on a number of
considerations. First, is the alternative route reasonable? In the case de-
scribed, the alternative route would appear to be unreasonable., At intersec-
tion 73, a vehicle would be beyond the 10-mile distance of the recommended
evacuation area. The idea of the I-DYNEV traffic assignment model directing
the vehicle toward intersection 72 results in movement parallel and even
slightly towards the plant, For this reason, the traffic assignment appears
unreasonable. A second consideration in routing is whether a traffic control
exists to divert and direct traffic or ~'2ther motorists need to be aware of
alternative routing. Therefore, when considering the appropriateness of the
network and 21lowable turning movement, the traffic controls and the
familiarity of the driver with the entire transportation network are issues,

11



0006Z 90081

A

uotje[ndod 3[I14aK SNSIIA L] UOLZPAIPAJ
NOILVINdOd FTIIHIAA

00091 000%I 00021 00001 0008 0009

A i A 1 v - i A i A . 1

A

‘9 3¥N914

ooV 000z

2 i A

o i 1

(SHHY IWIL NOILVYNOVAT



The second traffic assignment used in the analysis, represented by Curve
2 in Figure 6, was to manually adjust some vehicle routings in order to elimi-
3 ’ J . J

nate any routings which appear unreasonable. For this reason, evacuation
times estimated for Curve 1 are generally shorter than those estimated for
Curve 2 Interestingly, at very low volumes the estimates calculated for
. - J J
Curve are longer than those calculated for Curve 2. This may occur because
-
trave! distance, not capacity, controls evacuation time at very iow volumes,
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EVACUATTON TIME ESTIMATE ==

VEKICLE POPULATION =gy

FIGURE 7. The Theoretical Relationship of Vehicle Population
and Evacuation Time Estimates

The area to the right of Point A represents a transportation network that
is capacity constrained, As represented, the evacuation time estimate will
increase as the vehicle population increases. The rate of this increase,
which is represented by the slope of the line to the right of Point A, is deter-
mined by the characteristics of the transportation network. At this stage,
the evacuation time estimate has become a function of the delay time caused by
traffic congestion,

For the I-DYNEV simulations, preparation time was not modeled in a manner
that results in a constant value to the left of Point A. Although not canstant,
the rate of increase is much less than that to the right of Point A where traf-
fic congestion and delay influence evacuation time. As presented in Figure 6,
Curve 1 is relatively constant initially because the network is not capacity
constrained. At a vehicle population of approximately 4000 vehicles, Curve 1
appears to indicate an increased slope as a result of a capacity constrained
network,

The graphs of the evacuation time versus vehicle population indicates
that an increase in vehicle population has less effect on the estimated
evacuation time for Site B than for Site A, The evacuation time estimates
increase at a relacively constant rate from about 800 vehicles to over 34,000
vehicles. Although not indicated on Figure 6, Site B had a base vehicle popu-
lation of over 34,000 vehicles. The graph of Site B presented in Figure 6 is
truncated at 20,000 vehicles to correspond to the range presented for Site A,
Simulations were run using up to 34,000 vehicles, and the general trend
continued,

14
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FIGURE 9. Evacuation Time Versus Curation of Loa ‘ng Time

Examining the cur.e for Site A indicates that, for a capacity reduction
up to 30% under congested flow conditions, the evacuation time is not affected.
In fact, when capacity was reduced 30% to 60% (a capacity reduction factor of
70% to 40%), the evacuation time increases by only 45 minutes. The evacuation
time for Site B, however, appears to be extremely sensitive to capacity reduc-
tion. For changes in the capacity reductior factor from 40% to 100%, the evac-
uation times are from 14 hours to 6 hours. This variation may occur because
the vehicle population of Site B makes the network capacity constrained and
the vehicle populatio- of the Site A simulation is not capacity constrained.
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TIME INTERVAL OF PROCESSING

During the many simulations performed previously (Urbanik, Moeller, and
Barnes 1987) it was realized that the rate at which vehicles were allowec to
respond to the changing traffic conditions was restricted by the input value
for the time interval of processing. Traffic simulation codes provide output
information by taking a "snapshot" of the status of vehicles on the netwerk at
discrete time intervals. Between these "snapstots”, vehicles are processed
through the network. For I-DYNEV, the time interval of processing is a value
input by the user. This input value is not intended to affect the results.
Within the algorithms of I-DYNEV, the change in vehicle travel time over a
link (roadway segment) in any processing is limited to 25% of the time interval
of processing. Consequently, the time interval of processing, which is
selected by the user, affects the speed of vehicles traveling throughout the
transportation network. Time intervals of 60, 150, and 300 seconds were used
to evaluate the sensi.ivity of the evacuation times for Sites A and B.

Table 2 indicates that the length of the time interval had relatively no
effect on the evacuation time for either site.

TAPLE 2. Evacuation Times for a Range of Time Intervals

Evacuation Time, hr

Time Interval, sec Site A Site B
60 2.25 6
150 2.¢5 6
300 2,50 6

FREE-FLOW VELOCITY

Free-flow velocity appears to have min nal effect on the evacuation time
estimates. According to the data presented in Table 3, it is evident that an
increase or a decrease in the free-flow velocity results in an increace in the
evacuation time estimate. This phenomenon may be the resvlt o the inter-
action of the time interval of processing, 2) the capacity reduct.on factor,
and 3) a function that limits the rate of change for vehicle travel time on a

segment.
TABLE 3. Evacuation Times for a Range of Free-Flow Speeds

Evacuation Time, hr

Free-Flow Speeds, mph Site A dite B
A1l 30 mph 2.75 6.25
Base less 5 mph 2.50 6
Base Case 2.50 6
Base plus 5 mph 2.50 6.25
A1l 60 mph %4 6.50
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CONCLUSIONS

Changes in each of the six input parcieters evaluated in this s*tudy
affected the estim:tes of evacuation times to some uegree. In addition, care
in coding the network is required or the traffic assignment algorithm within
the 1-DYNEV model may route traffic in a potentially unreasonable manner in
order to balance the system demand. In general, the sansitivity of evacuation
time estimates to changes in the input parameters 1s consistent with

expectations.

The major conclusions associated with the six input parameters evaluated
are presented teiow:

e Changes in the vehicle population suggested two major findings. First,
for vehicle populations resulting in traffic delays, evacuation times
essentially increase linearly with increasing population. The rate of
increase is dependent upon the characteristics of the transportation
network. This finding is consistent with traffic modeling theory.
Second, I-DYNEV contains a traffic assignment model (algorithm) that
15 affected by roadway characteristics. The algorithm can produce
results which are potentially unreasonable if the analyst is unfamiliar
with the theory.

¢ The effective network canacity was varied for Sites A and B, Changes in
the network capacity affected evacuation time in a linear manner,
reflecting the direct relationship betwzen vehicle demand and capacity.
This is consistent with the first finding listed above.

e The evacuation time estimate can be sensitive to the loading time of
veiicles onto the network. The magnitude of this sensitivity is related
to the vehicle demand on the transportation network. The general trend
observed appears to be consistent with traffic modeling theory. The data
suggest that loading time only affects the calculation of the evarcuation
time when all vehicles have not been loaded by what is eventually 50% of
the evacuation time. As loading time approaches evacuation time,
evacuation time increases proportionall to loading time. The results
indicate that loading time is must 1ikely to afiect evacuation time at
low population sites. This is consistent with the first two findings
above,

e Although not currently an input value to the I-DYNEV model, the
cimulations indicate that changes in the percentage reduction of the
network caracity under congested traffic conditions (capacity reduction
factor) can have a significant impact cn the estimated evacuaticn time.
As expected, the significance increases as the vehicle demand increaces.

e Although it appears that the time interval of processiny affects the rate

of change of vehicles traveling on a roadway segment, the data suggest
that the impact ~n the calculated evacuation time estimate is minimal.
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APPENDIX

INPUT VALUES FOR I-DYNEV COMPUTER CODE SIMULATIONS

Input values used in the development of the evacuation time estimates
referenced in this report are presented according to the input and output
schemes of the [-DYNEV computer code.
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INTERVAL DURAT ION $e = = = = = e e e e == - APPROACHMES = = = = = = - - -
NUMDER tSES) (PCT) ( BG, 89
1 (o] 100 1
NODE S0 IS UNDEF SIGN CONTROL
INTERVAL DURAT 1 ON e 4 e s e e osaw APPROACHES = = = = = = = = =
NUMBER (SEC) (PCT) ( 128, L{oB] ( 129, 9O
1 L} 100 1 1
NODE 91 1S UNDER SIGN CONTROL
INTERVAL DURATION e - - e e - - .- - - -~ APPROACHES = = = = = = = - -
NUMBER (SEC) (PCT) ( 129, §1) ¢ 130, 91
| o} i00 1 1
NGDE F2 1S UNDER SIGN CONTROL
INTERVAL DURAT 1ON o = = s .- - = = %= === APPROACHES = =~ = = = = = = =
NUMBER (BFC) <(PCT) « 13, 9 ( 130, <92) { 927, F2)
1 <] 100 1 (o] 1
NODE 93 IS UNDER SIGN CONTROL
INTERVAL DURATION - - = - = = % = = s e =~ « = APPROACHES = = = = = = = = =
NUMBEX (BEC) (PCT) ( 46, 3 « 98, 93) « 116, 93
1 (] 100 1 1 <]
NODE G4 1S UNDER SIGN CONTROL
INTERVAL DURAT 10N Fo e e - . e APPROACHES =~ = = = = = = = =
NUMBER (BEC) (PCT) (129, 94 ( 6%, 94) ( 103, 94
1 o 100 1 1 (o]
NODE 'S 18 UNDER SICN CONTROL
INTERVAL DURAT1ON e~ - e = = = = = « APPROACHES = = = = = = = = =
NUMBER (BEC) (#CT) « 94, 9% v« %6 9%
1 o} 100 1 0
NODE 54 1S5 UNDER SIGN CONTROL
INTERVAL DUSAT {ON 4% = = = = = = ® = == + = » = APPROACHES =~ = = = = = = = =
NUMDER (ST S (PCY { 2% 9&) ( 132, LY
1 o 100 H 1
NODE 97 18 UNDER SIGN CONTROL
INTERVAL DURAT {ON $e = s o m S e e s~ APBROACHES = s & i (o) s 8 5 -8
NUMBER (SEC) (PLT) ( 92, 97 { 132, ™
i 7] 100 1 1
NODE S8 15 UNDER SIGN CONTROL
INTERVAL DURATION L == = % s w s APPRORCHES » & = & ¢ &5 = o
NUMBER (GEC) (PET) { 93 98 { 100, 98
H (%) 100 b 1
NODE 99 18 UNDER SION CONTROL
INTERVAL DURATION oo wlh o o e S A e A APPROACHRE = W = = e e 5
NUMEBT 7 (SECY (PET) ( 100, 9 ( 103, 9%
i o 100 1 1
NODE 100 1S UNDER SI1GN CONTROL
NTERY DURAT 1 ON S = e = . mm ...~ APPROACHES = = = & = = = & =
:GJ"sERAL (8L (ST « 98, 100} t 99 100) ( 113 100) « 114, 10O
1 o] 100 1 i o (o}

A.10



INTERVAL
NUMBER
1

INTERVAL
NUMBER
1

INTERVAL
NUMEER
1

INTERVAL
NUMBER
1

INTERVAL
NUMBEK
1

INTERVAL
NUMLEX
i

INTERVAL
NUMBEK
1

INYERVAL
NUMBER
i

INTERVAL
NUMBER
1

INTERVAL
NUMBER
i

DURAT ION
(SFC) (FCT)
(o] 100
DURAT [ ON
(SEC) «(PCT)
(+] 100
DURAT ION
(SEC) (PCT)
<] 100
DURATION
(SECY (PCT)
c 100
DURAT ION
{8EC) (PCT)
1} 100
IWRAT IO
(I‘X: 1"')
¢ 189
DURATION
(BEC) «PLT)
¢} 100
DURATION
(SEC)» (PTT)
o} 100
DURAT 10N
(SECY (PCT)
Lo} 100
DURATION
(SEC) (BPLT)
(o} 100

(

(

(

(

{

NODE 101 IS UNDER SIGN CONTROL
4= = = = = = e = = = =~ = = = = APPRDACHES
94, 101 ( 99, 101)
1 1
NODE 113 IS UNDER SIGN CONTROL
P & e e me ... - = = - APPROACHES
23, 11J) ¢ 100, 113
1 1
NODE 114 15 UNDER SIGN CONTROL
$e = - e e e e .- = = = - APPROACHES
47, 114) ( 100. 114)
H g
NODE 116 185 UNDER SIGN CONTROL
#= = = = = = = = = = - - = = = APPROACHES
20, 11&) ( 4% 116 ( 93, 116)
1 1 ]
NCDE 12% 15 UNDER E16N CONTROL
#= = = = . & = = = - =~ = - = APPROACHES
21, 12% « 94, 129
) 1
NODE 128 IS UNDEF SIGN CONTROL
4% = = = = = = o= o= = = = - =~ APPROACHES - -~
%0. 128 « 78. 128)
H M
NODE 12% IS UNDER SIGN CONTROL
D - APPROACHES
90, 129! « 91, 129
1 1
NODE 130 1S UNDER SIGN CONTROL
e - - .- - .- - - - APPROACHES
91, 1300 ( 92, 130)
! 1
NODE 131 IS UNDER STGN CONTROL
L I APPROACHES -
87. 13 ¢ 92, 131
1 H
NODE 132 IS UNDER SIGN CONTROL
e - - - - - ., ...~ - APPROACHES =~ = = = = = « =
96, 132) « 97. 13)
1 H
INTERPRETATION OF SIGNAL CODES
5] YIELD OR AMBER
H GREEN
& RED
3 RED WITH CREEN RIGHT ARROW
4 RED WITH GREEN LEFT ARROW
S sToP
& RED WITH GREEN DIAGOGNAL ARROW
7 NO TURNS-GREEN THARU ARROW
8 RED WITH LEFY AND RIGHT GREEN ARROW
% NO LEFT TURN-GREEN THRU AND RIGHT

A.11



SOURCE/SINK FLOW RATES

CENTROIE KRUMODER wiNe SOURCE/SINK RATE (VEM/HR)
‘ ¢« 10} %4 43
2051 { 54, 12%) 125
2012 (101, 9% 33
QU3 (47, a4y 297
2014 t 98, §3. 133
OIS «C §3, 118 133
ao1e ( 43, 43 839
£017 ( 4a ’8) 296
=018 « 4% a8 108
2019 t 4%, 118&) a8y
aoa 4% a4 144
e ) « 9% 98) 323
2027 (96 1322 323
eoze « 78. 128) 12%
ey ¢ 91, 130) 143
<030 « B4, a8 61
203} ¢t 81, em 28
032 « 82, 8™ c40
2033 « 43, 7 -1 3
2004 t 78. 79 111
€23% { 79 78 113
<03s ( 68, &%) 277
<08 (&9 721 218
ENTRY LINK VOLUMES
LINM FLOW RATE TRUCKS CAR POOLS
{ VEH/HOUR) (PERCENT) (PERCENT)
(8211, 48) 80 o ¢
(8012, 48) 57 ] [+]
(8213, a3} 1 (o] (o]

LA e VoLt e e S Y s st

Timg PERICD € - DYNEV DATA FOR SUBNETWORWK 1

L R e e R Y e e e e e T S T Y o

ENTRY LINK VOLUMES

LINK FLOWw RATE TRUCKS CAR POOLS
(VER/HOUR ) (PERCENT) (PERCENT)
(B0iL. 4B i80 (] -]
(woig. 4a) a8 (<] [
(8913. € 1 +] o]

SOURCE/SINK FLOW RATES

CENTROID NUMDER LINe FOURCE/SINK RATE (VEM/HR)

Sul0 ( 101, 94 97
2011 ( 94, 12%) ee
2012 t 101. 9% 74
2013 (47, 4s) 578
efia { SB ) 300
SOS %3 118) 300
2016 44 43) 1438
2017 (48, 78} b8
o018 ( A&, 4% 243
2019 ( 4%, 118 200
2020 L 4%, &4 324
202s « 5. 96 727
o2 « 98, 132 727
Qoz8 f '8, 12®) 281
2029 v 54 1900 3a2
2020 { B4, 883 137
«031 « 81, 5% 574
seaR t 82, 83 840
2033 [ 17 500
2034 « 78, ™) 2%0
203% t 79, 7@ 2%0
«07s t &8, &9) &22
03 (&9, r4 % 716

A.12



ooo.ooo-ooooovoooo.v.o.-n-oooooocoooon-o.oooo--0oooﬁoouooooooooooooooooocoooooooooocoooooooooooooooooooo'ooccoooooooooooooo
TIME PERIOD 3 = DYNEV DATA FOR SUBNETWORK 1

....0.....0'.'.000....'QOOOQOQOvIDv'.O0.'.000.0.Q.OOOQQ.OOQOOOQ'Q00...00...0....0.!.0'.....l...'...QC.I.Q...C...........'...

ENTRY LINK VOLUMES

LINK FLOW RATE TRUCKS CAR POOLS
(VEH/HOUR) (PERCENT) (PERCENT)
(8011 43) 360 (o] 0
(0012, 48 2% ] 0
(0013, 3 i 0 -]

SOURCE/SINK FLOW RATES

CENTROID NUMBER LINK SOURCE/SINK RATE (VEM/HR)
2010 « 101, 94) 194
2011 « 94, 12% 176
012 t 101, 9 148
2013 t 47, as) 119
2014 ( 98, 9} 600
2018 ( 93. 118) 600
2016 ( 44, a3 o876
€017 (44, 78) 1333
=018 ( 4s, 43%) o -7-)
2019 ( 45, L1&) 400
2020 « 49, 44) 648
2026 (9% 98 1454
2027 « %6, 132) 1454
2028 « 78, 128) 562
2uae t 91, 130) b4
2030 t B84, B8 274
2031 t 81, 8%) 1148
2032 t 82, 8d 1080
2033 ( 43, 17) 1000
2034 ¢ 78, 79) 500
2023 t 79, 78 500
2038 ( 68, 69 1246
2028 « 6% 71 1432

L e T PP, -o-n.o-~-ooo.oooo~o-oooooo.-ocoooo.ooo.ooooooooooooooco'oo.ooooo.ocooo.oooo~ooooooo.o
TIME PERIOD 4 - DYNEV DATA FOR SUBNETWORK 1

LR e U A e I T T T T 0.....'.Q.I....".......'.'..'.....".QC..........I..I‘.'........

ENTRY LINK VOLUMES

L INK FLOW RATE TRUCKS CAR POOLS
(VER/HOUR ) (PERCENT) (PERCENT)
(8011, 48) 180 o o}
(3018, 48) 128 (¢} [+]
(9013 b B 1 ] 0

SOURCE/SINK FLOW RATES

CENTROID NUMDER LINK SOURCE/SINK RATE (VEM/HR)
2010 ( 103, %4) 97
Fae B ( 94, 12%) es8
a1 ¢ 101, 89 74
<012 { 47, &) 578
2014 « %8, SN 200
e01s « 93 11e) 300
2018 « 44, &M 1428
017 (  4a, 78) 666
018 ( 46, 4%) 243
2019 ( 4% 118 200
2020 ( 45, aa) 324
2008 { 9 56) 7?7
Q2027 t Se. 13) 727
Qo028 « 78, 198®) 28]
<029 « 91, 13C) 322
2030 ( B4, @8 137
2031 « 81, %) 574
Q032 « 82 &Y S40
€023 t 43. 17 200
2004 « 78. ™) 2%
2038 « 79 78) 2%0
2038 ( &8, &%) 623
2038 € &%, 71 716

A.13
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R P R R
e a8 + ra &
BAZE A58 NS, 3£C2 SLIE 8
I I e L R AL

781 RANDO NUMBER §:2D
30¢ DURATION (SEL) OF TIME BERICD '0. |
300 QURETION SEC) OF TIME PERI0D MO. 2
o0 DUNATIOM (S2C: OF TIME PERICD G, 3
30 DURATION (SEC) OF TIME PERICD NO. &
26000 DURATION (3EC! OF TIME PERICD MO, S

R0 LENGTH OF A TIME [NTEFVAL. SECCYODS
2 MALIMM INITIALIZATION TINE, rUMBER OF INTERVALS
3 NUMBER OF TIME INTER/ALS BETWEEN SUCCESSIVE STANDWAT QUTRUTE

PERCENT OF HOURLY FLOUW RATES DURING INITIALIZATION
INQ INITIACIZATIONI

@ PEFCENT OF CAPACITY UNDER CONTESTED CONDITIONS



LA R Rt L R e I

LA AR A R S T A

e P
TIME FERTOT

L S R R R Y

CLNTROID NUMDER

e0&I
TOce
2365
07
068
e70
eo7

edre

MMM
,.-,..0)2-,,,. °
a oo

LW 20w

g 4

) O

yom

AN srheNren

e 0-»0.00”0.0.0..000...00..00000..OI..QIICQ...OIOII..OO‘

DAREV DATS FOF CUBNE TWORK i

LR e TR T O D.00000’.QOOQCOQ...."'QOQ'..'..'.0.0Q....I..C....Q..

SOURCE/SINK FLOW RATES

- -~ - - ~ -~ B
P PPN =SSR SR S S S S NS SN SO -~ -~ -~ -

LINK

4,
6.
8%,
B4,
ai.
a9,
40,
29,
38.
110,
37.
s8.
11
103,
59
70,
313,
318,
e3.
108,
88,
9.
113,
S4.
78,
167.
8.
17,
J1e.
®3.
93,
112,
321,
112,
314,

~¢3

101,
77,
169,
112,
109.
a3z,
104,
87.
8”7,
82,
3.

&)
a%)
360
e
40
40
a9
4%)
11O
108

a’
107)
10%)
o7

A.16

SOURCE/SINK RATE (VeM/KR)

0000000000000 000000000CLNV00000000000DOTIVO00ONAVO0CO



(TAT TR R A2 A0 L Rl Bt Pk gy B L T T T e e R R R R R

TIME FERIOD 4 - DYNEV DAYA FOR SUDNETWORM 1

L L T e e S e e L R A R A R R e R R g

SOURCE/SINK FLOW RATES

CENTRUID NUMBER LNk SUVRCZ/EINK RATE (VUH/HR)
<082 { & &) 6336
PR} { & 8% 1520
coes t 89, 38 1920
ete? t 84, EI) 1560
2068 t 4 a0 Jnx
2070 t 3% acy L 71
20714 { 40. I <3Ee
SOUT® ( 3% A% 1800
2073 t 38, 110 1272
2074 t 110, 104) 1872
2079 t 37 3% 2472
0786 ¢ §8. 107 1800
20727 ¢t 138, 109 1800
07?8 ¢ 108 107™) 720
2079 ¢ 99, 19C) 2400
c0E? ¢t 70, 189) =460
208: L B < B Q) 2772
el ) i 218, i 2508
2082 « B8 11X 1044
co8a4 ¢ 108, B&) 1044
<08% t 88 95 1044
$00s (S, Sa) 1044
<087 113 &%) 1200
paei=d-] { 9a. L&Y 1104
SOB9 ¢t 780 77 2604
209¢C ¢ 8. 8) [+]
091 ¢ 167, 101) 2160
2092 ¢ 17, S) °
2073 { 8. s @98e
£054 ¢ 317, 3 9276
2093 ( 316 = 3 1499
w098 t 317, 3 2
2097 ( 93, %8 744
.98 { 93, 4% 2100
2099 ( 113, 26 13C8
ciod ( 321, 188&) 11688
2101 € 1127 182) 984
eic2 ¢ 7. -3 (o]
2104 318, 1) 912
2114 99 101 1232
211 « 38, 48 1782
200 t i, 100) Ws
oFoR ( 108, 7% 1092
2003 ¢ ¥2. Wi} 1092
ce04 169, 167) 1292
aaC « 112, %59 s40
eo0e t 109, 191} 1236
T € M M 1998
el ¢ 108, 105 199¢
<209 t 7. 96 1200
¢ 10 ¢« 8% W 1200
T2t ¢ 82 b Lag
3 ¢t Ja, 8Y 1298

A17
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I R R R R R T ‘.~~0-ou:roel"e.ooooaoeoOo—b.-0.hi.h......0.000000000000»uool.o.h.o..oOoo000'..0..00..
TIME FCRIDD o - DYNEV DATA FOR SURNETWORW H
LI i R R S R L o00.0...'.0000.00'..'......i.'.....ﬂ"..'....'. R e e R R A R L A R R

SOURCE/SIN® FLOW RATES

CENTROID NUMBER LINK SOURCE/SINR RATE (VEH/HR)
2063 ( 4. &) 7620
ey | ( &, 8% 2400
Fye1 t 89 36) 2400
2087 ( B4, BY 2328
e0s8 ( 41, 40 4140
2075 « 39 A0 289
207} { 40. 29 2998
2072 ( 3% A% ca%s
2072 « 38, 110) 1956
2074 t 110. 104) 19%&
2079 « 37, 3IN 3096
2078 « 8, 107 22%
2077 ( 118, 109; 2%
cove ( 10%. 07) 900
2079 t 99, 1 3000
2080 « 70, 189 3084
Lo B « 313, e 2496
o082 « 319, 18} 3132
<083 « 88 112 296
2084 { 108, 84, ie%¢
209% « 88. 96 1296
o086 « %6 M) 1296
2087 ¢« 113, 88 1500
<088 t 96 16" 1380
2089 « 78, 77 J2%2
&0%0 ( B. $) Sa1é
2091 167, 101 2700
<093 ( 8. -2 5619
2054 « 217, -3 8794
£I9% ( 316, < 3 1440
2096 « 317, $) 8796
20%7 « 9 S8) 936
<0%3 . 93 43) 628
2099 ( 112, 283 1632
2100 t 321, 188) 1476
21c! 112, 182y 1236
2104 « 314, 1) 1140
2114 « 9% 1012 1912
2118 « 38, 44) 2184
a0 ¢ 1. 100 1248
202 ( 108, ™9 1368
2003 « 77, 1 1368
2204 C 1869, 187 1368
208 (118, 29 i0%8
2208 ( 109. 151 1948
207 « 7. ™ 2004
- | ( 104, 10%) 2004
209 « 87, SO 1512
2040 ¢ 87, 92) 1512
el « 82 26) 804
|vie « 36 8% 1620

A.19






INTERVAL
NUMBER
1

N CONTROL

APPROACHES

INTERVAL
NUMBER
i

GREEN UIAGCONAL ARRC

CREEN

LEFT &ND

TURN=-CREEN










INTERVAL
NUMBER
1

INTERVAL
NUMBER

1

2

INYERVAL
NUMBER
1

INTERVAL
NUMBER
1

-~
c

INTERVAL
NUMBER
1

INTERVAL
NUMBER
i

INTERVAL
NUMDE®

1

H

INTERVAL
MNUMBER

i

2

INTERVAL
NUMBER

1

e

INTERVAL
NUMBER

1

2

INTERVAL
NUMBER
1

INTERVAL
NUMBER
i

NODE 100 8 UNDER SICN CONTROL

DURAT 10M #m = = = = s e e = s - e o=« APPROACHES
(SEC) (PCT) ¢ 1, 100) ¢ 113, 100
o 100 1 1
NODE 101
OFFSEY 0 s£C
DURAT ION *= = = = % e e == ===« = = APPROACHES
(BEC) (PCT) « 167, 101 « 9% 101
&0 80 1 2
19 20 2 &
NODE 103 IS UNDER SION CONTROL
DURAT 10N $e 4 = = = e = = e = e~ = = « APPROACHES
(SEC) «(PCT) « 4%, 103 ( 44, 103
o 100 1 1
NJDE 104
OFFSET 0 SEC
DURAT 10N e * = + e = e s w=eee=e APPROACHES
(SEC) (PCT) ( 44, 104) ( 110, 108)
1) 72 e 1
oC 2¢ 1 e
NODE 10% 1S UNDER SIGN CONTROL
DURATION $= % = = = m - .= -« = = - APPRDACMES
(SEC) «(PCT) « 104, 10%)
[+] 100 1
NODE 106 1S UNDER SIGN CONTROL
DURATION = = e = . = mw e e o= = = = APPROACHES
(BEC! (PCT) ( 108, 10s&
o] 100 1
NODE 107
OFFSET 0 SEC
DURATION L = = = = = =« = = - AP'ROACHES
(BEC) (PLT) ¢ 98, 107) ( 198, 107 « 109, 107
4] 33 1 2 e
%0 1) 2 1 1
NODE 108
OFFSET © SEC
DURAT 10N $m = = s e s e e e == == - - APFNOACHES
(BEC) (PCT) ( 86 108) ( 88, 108
20 26 ¢ 1
1) 73 1 2
NODE 10%
OFFSET 0 SEC
DURATION $m = = = = e e s . s .-« = APPROACHES
(BEC) «(PCT ( 107, 109 « 111, 109
2% 33 2 1
50 b6 1 2
NODE 110
JFFSBET O SEC
DUnATION $m = e == ... ..~ o= =~ APPROACHES
(SEC) (PCT) t 38, 110)
o9 73 1
20 26 4]
NODE 11 1S UNDLR SION CONTHOL
DURAT ION 4= = = = = = = = « = = = = = =~ APPROACKES
(SEC) (PCT)
[+] 100
NODE 112 18 UNDER SIGN CONTROL
DURAT ICo¢ = = = e s .. - === = =~ APPROACHE
(SEC) (PCT) (29, 11
[+ 100 i

AP 113 18 UNDER SION CONTROL

A.24

R

CYCLE

CYCLE

CYCLE

CYCLE

LENGTH 73 SEC

LENGTH 79 SEC

- - m e . e ==

LENGTH 7% SEC

LENGTH 7% SEC

LENGTH 79 SEC

LENGTH 79 SEC

- - - e m w -~

- e e e m .-



INTER
NUMBER
l

-




NODE 41 1S UNDER SIGN CONTROL

INTERVAL DURAT 10N 4= = = 2 = = = = = = = === = APPROACHMES = = = = = - =~ = = = = =
NUMRER (SEC) (PCT)
1 (o] 100
NODE 44
OFFSET 0 SEL CYCLE LENGTN 7% SEC
INTERVAL DURATION 4% = = = = = = = = == =~ = = APPROACHES = = = = = = =« = = = = =
NUMBER (BEC) (PCT) « 38, A (103, a4
1 L1 73 ) e
2 20 Py 2 1
NODE a5
OFFSCY 0 Sec CYCLE LENGTH 79 TEC
INTERVAL DURAT 10N e = s % e m e s e e om o= = . APPROACHES = = = = = = = = = = = =
NUMBER (SBEC) «(PCT) ( 39 4% ( 93, - &%)
1 6% 86 1 |
? 10 19 1 1
NODE [3:]
OFF3ET 0 BgC CYCLE LENGTH 79 SE™
INTERVAL DURAT 1UN e = = = = e w e s = s = == = APPROACHES ~ = = = - = = = « = = =
NUMBER (SEC) (PCT) « 99, &8 ( Bé&, 68)
1 30 40 ! 2
2 as &0 2 1
NODE 469 [5 UNDER SIGN CONTROL
INTERVAL DURAT ION e - = - e e = o e o= o= o= ~ APFROACHESR = + = = = = = = = = = -
NUMEER (SEC) (FCT! 9. L9 ( &8, &%)
1 0 100 ! 1
NCDE 7O IS UNDER SI6N CONYAROL
INTERVAL DURAT I ON 4 = = s e e - - e o «~ APPROACHMES ~ = = = = = = = = = = =
NUMBER (SEC) (PCT) { &9 700
| (] 100 1
NODE 77 I8 UNDER SI1¢M LONTROL
INTERVAL DURZT 1ON #m = s e s e m .- o- o -~ APPROACHES = = = = = = = = = = o =
NUMBER (REC)Y (PCT) t 7. ™
1 (o] 100 1
NODE 786
OF! 3ET ¢ BEC CYCLE LENGTH 79 s01
INTERVAL DURAT ION $% = - e s m = we m - === APPROACHES = = =« = = = + = = » = =
NUMEBER (TEL)  (PCT) 94, 78 « 108. 7e)
1 19 20 @ 1
2 60 80 1 2
NODE 79
OFFSEY 0 SEC CYCLE LENGTH 795 SEC
INTERVAL DURATION i - = = = = \PPROACAHES = = = = = = = = = = = =
1TMBED (BEC) (PCT) ¢ 77, ™™ 191, 7%
1 195 20 1 2
2 &0 80 ¢ 1
NODE  B1 15 UNDER SIGN CONTROL
INTERVAL DURAT ION e - = = = = APPRDALAHES = = » = = = = = = = = =
NUMBER (SEC) (PCY
1 [+] 100
NOC:. B2 IS UNDER SIGN CONTROL
INTERVAL DURAT 10N 4% = = - = s = - = == = ==~ APPROACHES = + = + = = = = = = = =
NUMBER (8E%, (PCTH ( 81, B2
1 0 100 H
NO BY 1S UNDFR SION CONTROL
INTE®!, AL DURAT 10N ¥ = = = s m o emwomoe= = APPROACITE ¢ = = = = = == = - o=
NUMGER  (4C) (PCT) (26, @) ( B84, 8n
1 (4] 190 1 :
NODE 84 1T UNDER SIGN CONTROL
INTEPVAL DURAT 10N 4= = m e = e s e e e~ s - APPROACMES - = = = = = = = = = = =
NUMIER (SEC) (PCT
1 0 100

NODE 85 IS UNDEN SION COi. -

INTERVAL DURATION te = @ e e mmmemmmme APRRDNLA S - - = .= o=
NUMBER (BEC) (9(T) ( s 8

A.26






P O R S

167. 101 0 100 o o NO
167, 54 0o o 100 0 NO
169, %4 0 o) 100 o NG
169, 167 0 o 100 0 YE
169, 9% ) 3 o 160 NO
186, 2867 (4] ) o 100 NO
191, 192 ° 0 0 100 No
192, 30m (<] [e] ] 100 NO
220, 226) <] 100 ° ° NO
226, 227 (5] 24 0 76 NO
227, 2am) (<] 100 o o N
227, 2% 0 100 0 o NO
248, 230 <] 100 (¢} o NO
249, 2%0) (4} o 0 100 NO
2%0. 2&%) 0 100 o 0 NO
253, 2%% (] 0 o 100 NO
295, 2%8) 0 100 0 0 NO
298, 262) 0 100 o P NO
2%, 112) 100 p b ° -4
239, 2% <] 0 L] 160 NO
262, P66 © 100 o bt NO
263, 262) (<} L <] 100 NO
266, 188) o 100 ] (] ND
267, 2468) C (o] <) 100 NO
268, 6% o] [+] o 100 NO
&7, 30 o] 100 0 (o} NO
313, 2) 1] +] 100 (<] N
J14, 1) 100 o o o YE
s, 1 (o] 0 100 o NO
316, =3 (4] Q ¢ 100 NO
317, -3 100 0 ° o YE
21, 184) 0 100 ¢ 0 NO

A.28
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TURN MOUZMINY PENCENTASES TURN MOVEMENT POSSIBLE CAPACITY REDUCTION

LINK LEFY THEI0LGH RIGHT D 1AGONAL LEFT THROUGH RIGHT DIAGONAL (PERCENT)
100, 97 80 8 4 0 YES YES NO NO (]
9% &d) 0 10¢ ¢ ¢ NO YES NO ~NO 0
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