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Project 1.D. 1123-09-01
Interchange Study
CTH A at USH 41
Outagamie County

February 2000

I. PURPOSE

The purpose of this study is to investigate the feasibility, costs, and impacts of building a full or a partial
diamond interchange at CTH A and USH 41 intersection in Outagamie County as well as investigating
the impacts of not building an interchange. The partial interchange option would consist of constructing
the west ramps.

For sake of brevity, the three alternates will be called the “no interchange”, “partial interchange”, and
“full interchange”, and will refer to the intersection of USH 41 and CTH A.

II. BACKGROUND

Highway 41 in Outagamie County was designed and built at its present location at around 1960. At that
time, right-of-way was purchased for a full diamond interchange at CTH A (Lynndale Avenue) and USH
41 intersection in the Town of Grand Chute. However, at the time a two-lane structure on CTH A over
USH 41 was built with no interchange.

Currently, USH 41 is being upgraded to a freeway from Milwaukee to Green Bay. In 1960+/- much of
USH 41 in Outagamie County including the location of the CTH A intersection was built to WisDOT’s
1960 freeway standards.

The current freeway standards require 16.5 ft. of clearance above the freeway pavement. Since the
clearance under the 1960 vintage bridges is only 15+/- ft., they are being raised or replaced. The structure
on CTH A at USH 41 is scheduled for reconstruction in year 2005 while the interchange at STH 47
located 1.5 miles east of CTH A is currently being designed by WisDOT District staff and is scheduled
for construction in year 2003. The STH 15/CTH OO interchange with USH 41 located 1.5 miles west of
CTH A was constructed in 1998.

There are positive impacts for building an interchange at CTH A for the general traveling public and for
the local street system. There are also negative impacts primarily to the USH 41 traffic. There is strong
local support for a partial interchange at CTH A and USH 41 making the interchange alternates viable
options. The selection among the alternates needs to be made at this time. Primarily because each of the
alternates would have a different impact on the design of the STH 47 interchange.

WisDOT has conducted traffic studies and projected traffic volumes for the three basic alternate designs
along with “worst case scenario” projections for the alternates at CTH A. OMNNI Associates was
retained to study the alternates and prepare this report.

III. EXISTING CONDITIONS

CTH A is a north-south route at the intersection with USH 41 with a rural two-lane typical section. USH
41 runs in an east-west direction at CTH A even though USH 41 in general is a north-south route. USH
41 at CTH A is a four-lane divided freeway with a 60-foot median. Just west of CTH A, USH 41 curves
to the south and then parallels CTH A one mile to the west. Exhibits A-1 and A-2 show the general area
of this study.
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The recently completed interchange of USH 41 with STH 15 and CTH OO is located one and one half
miles westerly of CTH A. South of this interchange, USH 41 is a six-lane facility.

There is a full diamond interchange at the USH 41 intersection with STH 47. At USH 41, STH 47 runs
in a true north-south direction. About six miles north of USH 41, STH 47 bears to the north-west and
merges with CTH A at about eight miles north of USH 41. From there both routes run concurrently for a
short distance where STH 47 heads due north toward Black Creek and CTH A heads west toward
Shiocton. Exhibit A-3 shows the roadway configuration at the merger point.

From the merger point of CTH A and STH 47, traffic wishing to reach USH 41 to travel south has two
choices, either to take STH 47 to its interchange with USH 41 or take CTH A across USH 41 to CTH 0O,
turn right and enter USH 41 at the interchange one mile to the west of CTH A. The STH 47 route is 2.1
miles longer. The 1993 origin-destination study shows that the percentage of traffic traveling through the
urbanized area on CTH A is more than double that on STH 47. Traveling through means that the origin
and the designations of a trip are located outside the Appleton urbanized area. About one fourth of the
trucks on CTH A from the north, use the CTH A to CTH OO route to head south on USH 41 or west of
USH 41 on various routes. Additional heavy truck traffic on CTH A is generated be several quarries
along CTH A north of USH 41. Due to lack of a satisfactory alternate route, most of the quarry traffic
destined to Appleton and points south comes down CTH A across USH 41 to CTH OO intersection with
CTH A and then beyond.

The area along CTH A south of USH 41 is nearly fully developed. The area north of USH 41, for the
most part, is agricultural or vacant. In the fall of 1998, the Town of Grand Chute adopted a
comprehensive development plan. Exhibits A-5 and A-6 are maps copied from the comprehensive
development plan. Exhibit A-5 shows the current land use while Exhibit A-6 also includes the proposed
development and collector roads to serve this area. The development to the north of USH 41 is limited by
large environmentally sensitive wetlands and flood plains. This area contains the Bubolz Nature
Preserve. The wetlands and flood plain location is shown on Exhibit A-7.

The signalized CTH A intersection with Capitol Drive was built in 1992. The intersection is located
about one-fourth mile south of USH 41. Exhibit A-4 shows the lane configurations at the intersection.

In the fall of 1999, the Town will be installing a watermain across USH 41 just east of CTH A to serve
the area north of USH 41 and will install a sanitary sewer along Gillett Street to serve the same area.

Along the south side of USH 41 single family residences abut the USH 41 right-of-way on both sides of
CTH A. The backs of the homes are located approximately 120 to 180 feet from USH 41 traffic. Using
computer modeling, the noise impacts on the residences are classified as severe even with todays traffic
volumes.

IVv. METHODOLOGY

Highway Capacity Software by McTrans was used to analyze capacity and levels of service for roadway
segments, intersections, and ramp junctures for this study. Appendix A discusses the assumptions and
parameters used in computing traffic capacities and levels of service within the study area. Actual
computer printouts are not attached to this study but are available from OMNNI Associates. Appendix A
also discusses the relevant findings of the 1993 origin — destination study conducted for the entire
Appleton Urban Area.
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Appendix B addresses the economics of the three alternates including an explanation of the values and
assumptions made in the computation of road user costs, construction costs, and relative cost of the
pavement structures.

Since the no interchange alternate can be considered a reconstruction of an existing facility, the impacts
and costs of the other two alternates will be addressed in terms relative to the no interchange alternate.

This study also assumes that an urban typical section will be built along CTH A in the area of the USH 41
intersection.

Wisconsin reportable statewide crash rates for 1994 — 1998 were used to compare the relative safety of
the three alternate designs excluding hit deer crashes.

The impacts of each alternate will be discussed separately and then combined in a summary of impacts.
The impacts are based on traffic projections that assume that development is orderly and adheres to the
“Town of Grand Chute Comprehensive Plan”. Since there is a possibility that the plan might be
abandoned or revised a “Worst Case” traffic projection was made and these impacts discussed in a
separate section of this report.

V. IMPACTS OF THE NO INTERCHANGE ALTERNATE
A, Impacts on CTH A

The no interchange alternate would keep the traffic patterns at their present location. Exhibits B-1 and
C-1 show the current and projected traffic for the no interchange alternate.

The projected year 2020 traffic on CTH A is 17,000 vehicles for the no interchange alternate. Based on
the projected traffic, according to procedure 11-20-1 of the WisDOT’s Facilities Development Manual
(FDM), the urban design class for CTH A is on the border of Class 3 and Class 4. The difference
between the two classes is that Class 4 calls for a median and both call for four traffic lanes. However,
building a median on a bridge on a fairly high fill would serve no purpose. Therefore, a median on the
bridge for this alternate will not be considered.

The signalized CTH A intersection with Capitol Drive was built in 1992. The intersection is located
about one-fourth mile south of USH 41. Exhibit A-4 shows the lane configurations at the intersection.
Using rough assumptions of traffic movements, a capacity analysis indicates that about 1,600 vehicles per
hour on CTH A should put the intersection with Capitol Drive at its capacity. (Level of Service “F”).
With a 2001 volume of 14,300 vehicles per day on CTH A south of USH 41 and a K30 factor of 11.2, the
intersection would reach capacity one year after the construction of a new structure over USH 41 and
modifications to the intersection would be warranted at that time.

The first three miles of CTH A north of USH 41 have been graded to accommodate a rural four lane
section but only the center two lanes consisting of the pre-existing roadway were resurfaced. The County
has scheduled reconstruction of this segment in year 2003 anticipating the possible construction of a
partial interchange at the USH 41 intersection. If the no interchange alternate is selected, the
reconstruction of this segment could be delayed.

Figure B-4 shows the year 2000 and year 2020 traffic projections for CTH A, STH 47 and CTH JJ north
of USH 41. CTH JJ from the east forms a “T” intersection with CTH A about one mile north of USH 41.
CTH JJ would be used by southbound CTH A traffic wishing to head east and north on USH 41. This
traffic would turn left on CTH JJ then right on STH 47 to enter eastbound USH 41 at the STH 47
interchange. Currently there is a stop sign on CTH JJ. This intersection would be at or near capacity for
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the year 2000 traffic, and over capacity in the year 2020. With four lanes on CTH A and no separate left
turn lane, a signalized intersection would be at a LOS “B” in the year 2000 and a LOS “C” in the year
2020.

For about one mile CTH A and CTH JJ run concurrently toward the north where CTH JJ turns to the west
forming another “T” intersection with CTH A. With a stop sign on CTH JJ this intersection would be at a
LOS B in the year 2000 as well as in the year 2020.

The five mile segment of CTH A just south of CTH A and STH 47 intersection was reconstructed in
1996. The typical section consists of two twelve foot driving lanes and ten foot shoulders. No additional
work is needed on this section for the no interchange alternate.

B. Impacts on USH 41

Traffic analysis indicates that the capacity of the existing four lane facility on USH 41 is 66,000 vehicles
per day. Using the year 2000 and year 2020 projections, this capacity will be reached in year 2019.
However, the segment from CTH OO to STH 47 has the least amount of traffic projected for the four lane
facility from CTH OO to STH 441. Therefore, the conversion to six lanes from CTH OO, where six lanes
currently end, would be governed by the traffic warrants on the segments east of STH 47. (See Exhibit B-
7

The level of service for a six lane facility in year 2020 will be “D” if no interchange is built at CTH A.
Exhibit D-1 shows the traffic volumes and levels of service (LOS) along USH 41 for both year 2000 and
year 2020.

C. Impacts on STH 47

By not building an interchange at CTH A, the projected 2020 traffic on STH 47 would be 26,600 vehicles
north of USH 41 and 28,400 vehicles south of USH 41. These volumes would put STH 47 in Urban
Design Class 5 which calls for a 6 lane facility according to the FDM.

The level of service in the year 2020 at both of the west ramps at STH 47/USH 41 interchange would be a
LOS “F” for a four lane facility. For a six lane facility on USH 41 the level of service would be “C” for
the northwest on ramp and a LOS “D” for the southwest off ramp. As part of the STH 47/USH 41
Interchange reconstruction project, STH 47 will be reconstructed to four lanes from USH 41 to CTH JJ
and will be resurfaced from CTH JJ to CTH A.

D. Impacts on STH 47 and CTH A Intersection

Eight miles north of USH 41, CTH A makes a right turn to form a “T” intersection with STH 47. STH 47
runs in a north-south direction with CTH A abutting from the west. This intersection handles all of the
traffic on STH 47 but only the northbound traffic from CTH A. The southbound traffic on CTH A has a
separate roadway and avoids the “T” intersection. See Exhibit A-3 for a sketch of the area.

Currently all legs of the “T” intersection have two lanes with a stop condition for CTH A traffic. With
this configuration, the level of service for STH 47 through the intersection is a LOS “A” for the years
2000 and 2020. The left tun movement from CTH A would drop from a LOS “D” in year 2000 to a LOS
“F” in the year 2020. In other words, for the no interchange alternate the intersection would have to be
signalized or capacity increased through the construction of additional lanes by the year 2020.

This intersection receives a large amount of use by vacationers on weekends and has experienced
congestion not indicated by the traffic projections shown on Exhibit B-4. The discrepancy is due to
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projections being based on weekday traffic counts. To fully analyze the intersection additional counts
would be needed for turning movements and weekend traffic.

E. Road User Costs

Road user costs are based on the fact that with no interchange at CTH A, traffic from the north needs to
travel extra distance to reach USH 41 and travel southbound toward Oshkosh and Milwaukee.

In the year 2020, traffic from the north to the west (south via USH 41) at STH 47 interchange for the no
interchange alternate is 5,000 vehicles and 2,400 vehicles for the partial interchange alternative (See
Exhibits C-1 & C-2). This means that 2,600 vehicles avoided the indirection of STH 47 and used the
westbound on-ramp at CTH A. This also applies from the west to north movement. The road user costs
associated with the indirection is $7,000,000 over a 20 year period. The reduction in the overall length of
travel would also eliminate 50 accidents over the same 20 years and the costs associated with the
accidents.

Exhibits C-1 and C-2 also shown that the southbound traffic volume on CTH A in year 2020 south of
STH 41 is 8,500 vehicles for the no interchange alternate and 5,500 vehicles for the partial interchange
alternate. This means that a total of 3,000 vehicles are avoiding the inconvenience and indirection of
getting to southbound USH 41 via CTH A and CTH OO. This also applies to the northbound movement.
The reduction in traffic from the north to the west at STH 47 plus the reduction in traffic from the north to
the south at CTH A (namely 5600 vehicles) should equal the movement from the north to the west for the
interchange alternates at CTH A. This movement, as shown on exhibits C-2 and C-3, is 5,500 vehicles
which is close to the 5,600 vehicles used in computing the road user costs. The road user costs of this
indirection and inconvenience is $2,500,000 over a 20 year period. By putting the traffic on a safer
facility, 20 accidents and the associated costs would be eliminated.

The total cost of not providing the west ramps at CTH A is $9,500,000 in road user costs. The parameters
and assumptions used to compute the road user costs are contained in Appendix B.

F. Impacts on Communities

The south side of USH 41 on both sides of CTH A is a fully developed residential area. Noise predictions
were made at five house locations utilizing the FHWA Traffic Noise Model. Both the year 2000 and year
2020 noise impacts are severe, with year 2000 noise levels ranging from 70.1dB to 70.9dB. The year
2020 noise levels are about 1.5 dB higher than the year 2000 levels. For the no interchange alternative
possible noise mitigation along USH 41 should not need to be addressed at this time. However, the
severe noise impacts would have to be addressed when USH 41 is converted to six lanes as per current
guidelines for implementing noise mitigation measures.

Under this alternative 5,000 to 6,000 vehicles would continue using CTH A south of USH 41 and using
CTH OO west of CTH A. This traffic would contain a relatively large truck traffic coming from quarries
north of USH 41. This traffic volume is of particular concern to the local government because it passes
by Twin Willows School and passes within a block of Houdini Elementary School.

The 1993 comprehensive origin-destination study for Appleton Urban Area found that the highest
concentration of heavy trucks in the entire urban area is on CTH A north of USH 41 at 16.2%. The
origin-destination study also shows that the amount of through-traffic on CTH A is double that on STH
47 even though the total number of trips on STH 47 and CTH A were similar. Through Traffic is traffic
whose origin and destination are outside the Appleton Urban Area. This through traffic rightfully belongs
on USH 41 and not through residential area with school zones. The origin-destination study is discussed
more fully in Appendix A.
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G. Construction Costs

The recently completed Meade Street over USH 41 project is very similar to the no interchange alternate.
Adjusting the Meade Street project costs for inflation, wider lanes, and box culvert extension at CTH A,
the rough construction cost estimate of the no interchange alternate is $1,500,000.

VI. IMPACTS OF THE PARTIAL INTERCHANGE ALTERNATE
A. Impacts on CTH A

Building the west ramps at the CTH A and USH 41 intersection would increase the traffic on CTH A
north of USH 41 and reduce the traffic on CTH A south of USH 41. Exhibits B-2, B-5 and C-2 show
the current and projected traffic volumes and movements for the partial interchange alternate. Based on
traffic alone, the urban design class for CTH A north of USH 41 would be 4 and south of USH 41 the
class would be 3.

Under this alternate, the capacity of CTH A south of USH 41 would be reached in the year 2021 or 20
years later when compared to the no interchange alternate. Conversion of a rural two lane road to a four
lane urban street costs about $2,000,000 per mile. The delay of 20 years results in a savings of $400,000
when compared to the no interchange alternate.

The added traffic would warrant a stronger pavement structure for the segment of CTH A north of USH
41. However, the increase of traffic on CTH A is offset by a similar drop in traffic on STH 47.
Assuming uniform soil conditions throughout the entire area, the structure number for flexible pavement
was computed for each segment of CTH A. The reduced traffic south of USH 41 results in a savings of
$40,000 while the increase traffic from the north of USH 41 results in $60,000 additional cost due to
increased pavement thickness. These costs are relative to the no interchange alternate and based on $2.50
per inch of asphalt per sq. yard of pavement.

The existing south CTH A intersection with CTH JJ would be over capacity based on the year 2000
traffic. The intersection would have to be reconstructed and signalized at the time of construction of a
partial interchange at USH 41. The signals would be warranted primarily due to increase in left turns
from CTH JJ onto CTH A because the traffic generated along CTH JJ would access southbound USH 41
at CTH A instead of STH 47. A signalized intersection with no separate left turn lane on CTH A would
function at a LOS “C” in the year 2000 and a LOS “D” in the year 2020. It is reasonable to assume that a
left turn lane would be built on CTH A under this alternate. The approximate cost for reconstruction and
signalization is $200,000.00

With a stop sign control on CTH 17, the north intersection with CTH A would be at a LOS “B” in the year
2000 and at a LOS “C” in the year 2020.

The five mile segment of CTH A north of USH 41 and just south of juncture of STH 47 and CTH A was
built in 1996. Since traffic under this alternate would increase 18 to 20 percent, an overlay would be
warranted by the year 2020. The overlay would cost about $350,000 for the five mile segment including
added shouldering.

B. Impacts on USH 41
Under the partial interchange alternate, anticipated traffic on USH 41 west of CTH A would increase

from 67,000 vehicles to 74,400 vehicles per day. The USH 41 traffic east of CTH A, however, would
drop from 67,000 vehicles to 61,400 vehicles. This means that a six-lane facility west of CTH A would
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be warranted in year 2011 or eight years earlier when compared to the no interchange alternate. East of
CTH A six lanes would be warranted in year 2026 or seven years later than for the no interchange
alternate. The estimate for adding two lanes and median barrier to USH 41 is roughly $800,000 per mile.
The hastening of six lane conversion west of CTH A would result in a $200,000 cost to the partial
interchange alternative while delay to the east of CTH A would result in $140,000 savings. Even with a
10% increase in traffic on USH 41 west of CTH A. The segments of USH 41 east of STH 47 would
dictate when six lane conversion takes place. This is shown in Exhibit B-7. Therefor, these savings are
valid only for the comparison of the alternatives.

The ramp terminals onto USH 41 would have an adverse impact on USH 41 traffic. However, converting
USH 41 to a six-lane facility at the time of ramp construction would mitigate this adverse impact. Exhibit
D-2 shows the traffic volumes and level of service (LOS) for year 2000 and year 2020.

Ramp spacing adversely affects the level of service if the merge or diverge influence areas overlap.
Intersections with diamond interchanges would have to be spaced less than one mile apart for this to
happen. CTH A is a mile and a half from the nearest cross road with an interchange.

The level of service in general, is based on the density of vehicles on a given section of road in terms of
passenger cars per lane per mile. It should be noted that the density allowed for levels of service B, C,
and D in ramp-freeway junction areas is higher than that on a freeway segment alone. For this reason, the
level of service in a ramp influence area can be higher than on a freeway segment alone. Therefore,
discussion of level of service for a non-existent ramp is of little value unless it is to evaluate alternate
ramp designs.

C. Impacts on STH 47

A partial interchange at CTH A would reduce the traffic on STH 47 to the extent that the urban design
class for STH 47 would be reduced from 5 to 4. This drop in design class was not used in computing
savings in the construction costs of the STH 47 interchange. However, the reduced traffic in this
interchange would result in the reduction of lengths of turning lanes that would result in $20,000 savings
in construction costs because reduced turning movements require less storage space.

The decreased traffic would reduce the required pavement structure resulting in savings of about
$180,000 when compared to the no interchange alternate.

Due to reduction of traffic, the level of service at the northwest on ramp would improve from a LOS “F to
a LOS “D” in the year 2020 for a four-lane facility on USH 41. The level of service would remain at a
LOS “C” for a six-lane facility when compared to the no build alternate.

D. Impacts on STH 47 and CTH A Intersection

For the partial interchange alternate about 1,000 vehicles per day would be shifted from STH 47 to CTH
A in the year 2000 and 1,500 vehicles in year 2020 when compared to the no interchange alternate.
However, the amount of traffic at the “T” intersection would be reduced by one half of the shifted
vehicles because the southbound traffic on CTH A by passes the “T” intersection shown on Exhibit A-3.
As aresult, the level of service remains the same, a LOS “A” on STH 47 and a LOS “D” on CTH A in the
year 2000 and a LOS “F” in the year 2020. The timing of when all way stop or signals are warranted also
remains nearly the same. However, the capacity for the critical left turn movement from CTH A to
northbound STH 47 is about 20 percent higher for the partial interchange alternate. The level of service
computations are based on assumed traffic movements. To more precisely analyze this intersection,
additional traffic analysis would be warranted including traffic counts on weekends.
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E. Road User Costs

The partial interchange alternate eliminates the road user costs associated with the no interchange
alternate because the indirection of using STH 47 to go west on USH 41 would be eliminated as well as
eliminating the indirection and inconvenience of the CTH A to CTH OO route.

The partial interchange would eliminate about 170 traffic accidents over the next 20 years and eliminate
the costs associated with the accidents.

F. Impacts on Communities

The noise impact on the residences on the south side of USH 41 is already severe. The construction of
the southwest ramp would require consideration of noise abatement measures. FDM states that plans will
not be approved unless noise abatement measures which are reasonable and feasible are incorporated in
the plans. Therefore the construction of noise walls or berms for this alternate are inevitable along the
southwest ramp. The estimated cost of this noise wall is $500,000.00

Traffic under this alternate would be reduced throughout the developed areas along CTH A south of USH
41. The reduced traffic would improve the traffic related safely along CTH A and CTH OO which is
particularly significant in the school zone at Houdini and Twin Willows Schools. Removing traffic from
CTH A and CTH OO and shifting it to USH 41 would eliminate 120 accidents over the next 20 years.
The inconvenience due to construction along CTH A would also be delayed.

Preliminary design indicated that slight amounts of right-of-way may be needed for ramp construction
and that proximity damages might have to be paid to the owner of a group of farm buildings at the
northwest ramp. $100,000 should cover the right-of-way, fencing and proximity costs.

G. Construction Costs

Adjusting the actual costs of the completed USH 41 and Ballard Road interchange, the cost of the partial
interchange alternate, including noise wall along the southwest ramp would be about $2,500,000.00.

VII. IMPACTS OF THE FULL INTERCHANGE ALTERNATE
A. Impacts on CTH A

Building a full diamond interchange at CTH A would increase the traffic on CTH A on both sides of USH
41 when compared to the no build alternate. The urban design class on CTH A would be 4 on both sides
of USH 41. Exhibit B-3, B-6, and C-3 show the current and projected traffic for this alternate.

Under this alternate, CTH A south of USH 41 would exceed capacity in the year 2000. Based on the
$2,000,000 reconstruction cost, moving up the reconstruction date results in a $60,000 cost when
compared to the no interchange alternate.

As with the partial interchange alternate, the stop sign controlled south intersection with CTH JJ would
have to be signalized at the time of construction of the full interchange. A signalized intersection in the
year 2000 would function at a level of service a LOS “B” and a LOS “C” in the year 2020 without a left
turn lane on CTH A. The construction of a left tum lane on CTH A would not be warranted. This
alternate reduces the traffic on CTH JJ to the east by about one third, because traffic along CTH A
destined for northbound USH 41 would not have to make a jog on CTH JJ to access USH 41 at STH 47.
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The north CTH JJ intersection with CTH A would function at a LOS “B” in year 2000 and a LOS “C” in
the year 2020 with a stop sign control on CTH JJ. These levels of service are the same as for the partial
interchange alternate.

North of USH 41, the traffic on CTH A for a full interchange increases about 10 percent when compared
to the partial interchange alternate with a similar reduction in traffic on STH 47. The increase in
pavement structure for the first three miles of CTH A north of USH 41 would cost an additional $90,000
when compared to the no interchange alternate. For the next five mile segment which was completed in
1996, the traffic will increase 30 percent when compared to the no interchange alternate and 10% when
compared to the partial interchange alternate. An overlay of one and one half inches at a cost of
$350,000.00 should compensate for the increase in traffic.

South of USH 41 the increased traffic would result in additional $60,000 in pavement structure costs
when compared to the no interchange alternate.

B. Impacts on USH 41

Under the full interchange alternate, the traffic on USH 41 would increase on both sides of CTH A as
compared to the no build alternate. The traffic would warrant upgrading USH 41 to six lanes in the year
2014 west of CTH A and in the year 2013 east of CTH A. The cost of moving up the date of six lanes of
USH 41 would be $260,000 when compared to the no interchange alternate. Exhibit D-3 shows the
traffic volumes and levels of service (LOS) for this alternate. However, even with a full interchange at
CTH A, the segment of USH 41 at CTH A should not control the timing of six lane conversion of USH
41. This alternate increases the traffic on USH 41 east of STH 47 by 4,000 vehicles when compared to
the other two alternatives. This 4,000 vehicle increase is balanced by a reduction of traffic on CTH OO
and Capitol Drive east of CTH A.

The addition of the east ramps at CTH A would have a further adverse impact on USH 41 traffic as
compared to the partial interchange alternate, but the discussion of impacts of the ramps for the partial
interchange alternate also apply to the full interchange alternate. However, the total number of merges at
the east ramps should remain constant, meaning that the east ramp traffic at CTH A equals the reduction
in traffic on the east ramps at STH 47.

C. Impacts on STH 47

Traffic on STH 47 would be further reduced for the full interchange alternate as compared to the partial
interchange alternate. This would result in a savings of $40,000 in turning lane construction costs when
compared to the no interchange alternate.

Due to the increase in traffic on USH 41 the level of service at the northwest ramp would be back to the
level “F” in the year 2020 for a four lane facility on USH 41, but would remain at a level of service “C”
for a six lane facility.

The decreased traffic on STH 47 would result in a savings of $340,000 in pavement structure costs when
compared to the no interchange alternate.

D. Impacts on STH 47 and CTH A Intersection
For the full interchange alternate, about 2,300 vehicles would be shifted from STH 47 to CTH A as
compared to the no interchange alternate. Again, since southbound CTH A traffic bypasses the “T”

intersection, the traffic at the intersection is reduced by 1,150 vehicles when compared to the no
interchange alternate. As a result, this alternate has no additional adverse impacts on the intersection.

Page 9



As with the partial interchange alternate, further traffic analysis would be warranted to fully access the
impacts on this intersection.

E. Road User Costs

The full interchange alternate eliminates the road user costs associated with the no interchange alternate.
The same 170 accidents and associated costs would be eliminated under this alternate as under the partial
interchange alternate.

F. Impacts on Communities

The noise impacts along USH 41 are severe and the construction of the south ramps would warrant the
construction of noise barrier walls at a cost of roughly $1,000,000.

The full interchange would place more traffic on CTH A between Capitol Drive and USH 41 when
compared to the no interchange alternate. This segment would be at capacity at the time when a full
interchange is constructed. The traffic on Capitol Drive west of CTH A would be increased. These
increases would have an adverse effect on the two schools in the area and the primarily residential
development in the area.

The volume of traffic along CTH A between CTH OO and Capitol Drive would not be significantly
different than that for the no interchange alternate. The characteristics of traffic would change because
the through traffic consisting of a large percentage of heavy trucks would be onto USH 41.

Preliminary design indicates that minor amounts of right-of-way may be required for ramp construction
and that there may be damages to a set of farm buildings at both north ramps. A rough estimate of right-
of-way costs and damages is $200,000.00

G. Construction Costs

Adjusting the actual costs of the completed USH 41 and Ballard Road interchange, the cost of a full
diamond interchange with noise walls along the south side should be about $3,500,000 for the full
interchange alternate.

VIII. WORST CASE SCENARIO

The area along CTH A south of USH 41 is nearly fully developed and a full or partial interchange at CTH
A and USH 41 would have no impact on the further development of this area. The area along CTH A and
STH 47 north of USH 41 for the most part is open to development. However, large tracks of
environmentally sensitive wetland which included the Buboltz Nature Center, limit the area that can be
developed.

The traffic projections on which the impacts of the three alternates are based, assume the orderly
development of the area north of USH 41 in accordance with the adopted “Town of Grand Chute
Comprehensive Plan”. Since the comprehensive plan is based on no interchange at CTH A and USH 41,
the construction of a full or partial interchange could result in changes to the plan.

Figures B-8, B-9 and B-10 show the traffic projections for the three alternates for the worst-case scenario.

These projections assume that some of the planned residential areas on CTH A north of USH 41 will be
replaced by an industrial park.

Page 10



For the no interchange alternate, the industrial park would have a significant impact on the amount of
traffic on CTH A and other local streets when compared to the traffic projected for development in
accordance to be approved comprehensive plan.. The traffic on CTH A at USH 41 would increase by 20
to 25 percent. The increase on Capitol Drive would be about 20 percent and increase on CTH A south of
Capitol would be 12 percent. The traffic on USH 41 at CTH A is actually projected to decrease slightly.

The worst case scenario for the partial interchange alternate results in a 15-20 percent increase in traffic
on CTH A north of USH 41 and about 10% increase south of USH 41. The impact on USH 41 traffic
would be minimal with a slight decrease on USH 41 in the year 2000 and about a 2 percent increase in the
year 2020 for the segment of USH 41 west of CTH A.

The worst case scenario for the full interchange alternate on CTH A and local streets is the same as for the
partial interchange. The traffic on USH 41 on both sides of CTH A increases by about 2,000 vehicles per
day. This 3-4 percent increase should have no or little effect on the timing of conversion to six lanes or
on the level of service.

In general, if the town revises the zoning along CTH A north of USH 41 to create the worst-case scenario,
the impact on USH 41 would be minimal for any of the alternates. The impacts on CTH A and other local
streets would be significant and the town would have to consider this when possible changes in the zoning
plan are addressed.

IX. SUMMARY

The purpose of this study is to investigate the feasibility, impacts, and costs associated with building a full
or a partial diamond interchange at the intersection of CTH A and USH 41 in Outagamie County. There
is no interchange currently at this location, however right-of-way was acquired for a full diamond
interchange at this location in approximately 1960. The Town of Grand Chute is in favor of a partial
interchange at CTH A and USH 41 and has requested that this interchange study be made at this time.

CTH A will be rebuilt in the near future from a rural two lane facility to a four lane urban section from
Capitol Drive on the South side of USH 41 to about one fourth mile north of USH 41. At or near the
same time, Outagamie County will upgrade the contiguous three miles of CTH A to the north from the
present 2 lanes to 4 lanes. If an interchange is not built at USH 41, the upgrading of CTH A to four lanes
would probably be delayed. The STH 47 interchange with USH 41 will be reconstructed within the next
5 years. From the interchange north, STH 47 will be upgraded to 4 lanes to CTH JJ and then resurfaced
to its intersection with CTH A 8 miles to the north.

A full or partial interchange will have significant impacts not only on CTH A and USH 41 but also STH
47, CTH 0O, Capitol Drive, and intersections along these streets and highways. Tables 1 through 5
summarize the costs and impacts to these roadways. The costs and impacts of the full and partial
interchange alternates are analyzed relative to the no interchange alternate because the no interchange
alternate will be built in the near future if the interchange alternates are not accepted due to financial and
other considerations.

In the tables the LOS for roadways that will not be upgraded within the next 20 years is based on changes
in the alphabetic designation for that level of service. For roadways that will be reconstructed to more
lanes within the next 20 years, the impact is based on change in the design class. The cost due to
differences in pavement structure assume uniform soil conditions throughout the area. Costs associated
with the timing of reconstruction assume a 1.5% inflation rate and 5% value of money.
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The accident reduction shown in the tables is relative to the no interchange alternate and is primarily due
to the fact that the statewide average crash rates on urban interstate (USH 41) is about 100 per 100 million
miles traveled as compared to a rate of about 300 accidents for urban streets such as CTH A and CTH OO
south of USH 41.

The data in the tables is based on traffic projections that assume normal development of the area in
accordance with the Town’s comprehensive plan. Worst case scenario traffic projections made for this
study and their impacts are not included in the tables to avoid confusion. In general, the worst case
scenario shows major adverse impacts on local road system but only a minor impact on USH 41.
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ALTERNATE EVALUATION

Table 1
USH 41 Impacts and Costs No Partial Full
Interchange | Interchange Interchange

West of A | Average Daily Traffic 2000 (2020) 1000’s 49.3(67.0) 55.4(74.4) 54.0(71.0)
Traffic Increase 2000 (2020) % B +12(+11) +10(+6)
LOS 2000 4-Lane (6-lane) D(C) D(O) D (C)
LOS 2020 4-Lane (6-lane) F (D) F (D) F (D)
*Year 6-Lane Conversion Warranted 2019 2011 2014
*Conversion Costs Differential - +200,000 +120,000
Traffic Impacts - Negative Negative
LOS Impacts - None None

East of A Average Daily Traffic 2000 (2020) 1000°s 49.3(67.0) 46.8(61.4) 54.8(72.0)
Traffic Increase 2000 (2020) % - -5(-8) +11(+7)
LOS 2000 4-Lane (6-lane) D (O) D (C) D (C)
LOS 2020 4-Lane (6-lane) F (D) E (C) F(D)
*Year 6-Lane Conversion Warranted 2019 2026 2013
Conversion Costs Differential - -140,000 +140,000
Traffic Impacts - Positive Negative
LOS Impacts - Positive None

East of Year 2020 Average Daily Traffic 1000’s 74.0 74.0 78.0

STH 47
Traffic Increase 2020 % - 0 +5
Traffic Impacts - None Negligible

CTH 15 *** Traffic Impacts - Positive Positive

Interchange

STH 15- **Noise Impacts Severe Severe Severe

STH 47
****Impact on Safety - Negative Negative

* For the purpose of comparison of alternates only. Actual conversion would be dictated by segments of USH 41
beyond this interchange.

** Noise mitigation for the no interchange alternate would not have to be made at this time. It would take place
at time of conversion to 6-lanes.

*** Positive impact due to considerable reduction in traffic on southbound USH 41 “on-ramp” and reduction in
associated left turn on CTH 15.

**** The addition of ramp terminals creates new points of friction for USH 41 traffic.
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ALTERNATE EVALUATION

Table 2
CTH A Impacts and Costs No Partial Full
Interchange | Interchange | Interchange
South of CTH
00 Average Daily Traffic 2000 (2020) 1000°s | 20.2(29.0) 20.2(29.0) 22.4(33.8)
Traffic Increase 2000 (2020) % - 0(0) +11 (+17)
Urban Design Class 5 5 5
Traffic Impacts - None Negative
LOS Impacts - None None
CTH OO to Average Daily Traffic 2000 (2020) 1000°s | 14.1(21.0) 9.2(14.0) 14.5(21.0)
Capitol
Traffic Increase 2000 (2020) % - -35(-33) +3 (0)
Urban Design Class 4 4 4
Year Conversion 2-4 lanes warranted 2001 2021 2000
Cost of Timing of Conversion - -400,000 +60,000
Traffic Impact - Very Positive | Negligible
‘ LOS Impact - None None
Capitol to USH | Average Daily Traffic 2000 (2020) 1000°s | 11.1(17.0) 8.5(13.0) 15.9(23.0)
41
Traffic Increase 2000 (2020) % - -23 (-24) +43 (+35)
Urban Design Class 4 3 4
Year of Reconstruction 2000 2000 2000
Traffic Impact - Positive Severe
LOS Impacts - Positive None
USH41-1J Average Daily Traffic 2000 (2020) 1000°s | 11.1(17.0) 13.9(22.0) 15.8(24.8)
East
Traffic Increase 2000 (2020) % - +25 (+29) +42 (+46)
Urban Design Class 4 4 4
Year of Reconstruction 2000 2000 2000
Traffic Impacts - Negative Severe
LOS Impacts - None None
JJ East - JJ Average Daily Traffic 2000 (2020) 1000°s | 11.4(15.8) 12.6(17.7) 13.4(18.7)
West
Traffic Increase 2000 (2020) % - +11 (+12) +18 (+18)
Year of Conversion 2-4 Lanes - 2000 2000
Traffic Impacts - Negative More
Negative
LOS Impacts - None None
JJ West - CTH | Average Daily Traffic 2000 (2020) 1000’s | 7.0(10.1) 8.0(11.5) 8.6(12.3)
(0]
Traffic Increase 2000 (2020) % - +14 (+15) +23 (+23)
Level of Service 2000 (2020) C (D) C (D) C(D)
Traffic Impacts - Negative More
Negative
LOS Impacts - None None
CTH S to STH | Average Daily Traffic 2000 (2020) 1000’s | 5.6(7.4) 6.6(8.9) 7.2(9.7)
47
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CTHA Impacts and Costs No Partial Full
Interchange | Interchange | Interchange
Traffic Increase 2000 (2020) % - +18 (+20) +29 (+31)
Level of Service 2000 (2020) B (O) C(©) C(D)
Traffic Impacts - Negative Negative
LOS Impacts - Negative More
Negative
USH 96 - STH | * Road User Costs 2,500,000 0 0
47
Pavement Structure Costs South of USH - -40,000 +60,000
41
Pavement Structure Cost USH 41 to JJ - +50,000 +90,000
West
** Overlay Cost North 5 miles - +350,000 +350,000
Construction Costs 41/A Intersection 1,500,000 2,500,000 3,500,000
| Accidents South of 41 20 years - -120 -120
°| *** Safety Impact South of USH 41 - Very Positive | Somewhat
! Neg.
"| Safety Impacts North of USH 41 - Negative Negative

* Road user costs are due to indirection and lower speed using CTH A and CTH OO to go south and west as
compared to using USH 41.

** Overlay cost to compensate for added traffic on new pavement. Actual overlay would take place when
conditions warrant.

*** For the partial interchange alternate, safety not only improved by reduction of traffic, but also substantial
reduction of trucks in a school zone.
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ALTERNATE EVALUATION

Table 3
STH 47 Impacts and Costs No Partial Full
Interchange Interchange Interchange
South of Average Daily Traffic 2000 (2020) 1000°s (28.4) (28.0) (21.0)
USH 41
Traffic Increase 2020 % - (-1 -26
Urban Design Class 5 5 4
Traffic Impact - Negligible Very Positive
LOS Impact - None Positive
USH 41 to Average Daily Traffic 2000 (2020) 1000°s 16.3(26.4) 13.5(21.4) 11.6(19.0)
CTH I
Traffic Increase 2000 (2020) % - -17 (-19) -29(-28)
Urban Design Class 5 4 4
Traffic Impact - Positive Very Positive
LOS Impact - Positive Positive
CTH JJ to Average Daily Traffic 2000 (2020) 1000°s 9.2(13.5) 8.2(12.0) 7.6(11.2)
CTHO
Traffic Increase 2000 (2020) % - -11(-11) -17(-17)
LOS 2-lanes 2000 (2020) D (D) C(D) C(D)
Traffic Impact - Positive Positive
LOS Impact - Positive Positive
CTH S to Average Daily Traffic 2000 (2020) 1000’s 6.9(9.5) 5.9(8.0) 5.3(7.2)
CTH A
Traffic Increase 2000 (2020) % - -15(-16) -23(224)
LOS 2-lanes 2000 (2020) C(D) C(©) B (C)
Capitol Dr Traffic Impact - Positive Positive
to A
LOS Impact - Positive Positive
STH 47 & A Intersection - No Impact No Impact
*Road User Costs 7,000,000 0 0
** Pavement Structure Costs - -180,000 -340,000
Turning Lanes STH 47/41 Interchange (Cost) | - -20,000 -40,000
Accidents (20 years) - -50 -50
Safety Impact - Positive Positive

* Road user costs are due to the 2-mile indirection of traffic from the north wishing to travel west on USH 41.

** Costs associated with the changes in design class are not included.
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ALTERNATE EVALUATION

Table 4
Capitol Drive Impacts and Costs No Partial Full
Interchange | Imterchange | Interchange
West of CTH A Average Daily Traffic 2000 (2020) 1000°s 3.2(4.6) 3.2(4.6) 3.8(5.7)
Traffic Increase 2000 (2020) % - 0(0) +19 (+24)
Level of Service 2000 (2020) A (B) A (B) B (B)
Traffic Impact - None Negative
LOS Impact - None Negative
East of CTH A Average Daily Traffic 2000 (2020) 1000’s 4.3(6.0) 4.3(6.0) 3.7(5.6)
Traffic Increase 2000 (2020) % - 0(0) -14 (-7)
Level of Service 2000 (2020) B (B) B (B) B (B)
Traffic Impact - None Positive
LOS Impact - None None
ALTERNATE EVALUATION
Table 5
CTH OO Impacts and Costs No Partial Full
Interchange | Interchange | Interchange
West of CTH A Average Daily Traffic 2000 (2020) 1000’s | 27.6(36.8) 23.4(31.4) 23.1(31.2)
Traffic Increase 2000 (2020) % - -15 (-15) -16 (-15)
Level of Service 2000 (2020) B (O) B (B) B (B)
Traffic Impact - Positive Positive
LOS Impact - Positive Positive
East of CTH A Average Daily Traffic 2000 (2020) 1000’s | 27.3(36.4) 27.4(36.5) 23.9(32.0)
Traffic Increase 2000 (2020) % - +1 (+1) -12 (-12)
Level of Service 2000 (2020) B (C) B (C) B (B)
Traffic Impact - Negligible Positive
LOS Impact - None Positive
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CONCLUSIONS

The partial and full interchange alternate eliminates indirection for traffic from the north of USH 41 that
wants to travel to the south on USH 41 or to points west of USH 41. Without an interchange at CTH A,
motorists will travel on the average 5,500 extra miles per day over the next 20 years. The interchange
alternates would eliminate about $7,000,000 in user cost associated with the extra travel over the next 20
years. Based on state wide Crash Rate Tables the interchange alternates would also eliminate about 50
accidents associated with the extra 40 million miles traveled over the next 20 years.

Over the next 20 years an average of about 5,000 vehicles per day will use CTH A and CTH OO to reach
USH 41 and points west if there is no interchange at CTH A and USH 41. This is a slower and longer
route through a fully developed urban area as compared to the USH 41 route that would be available if
there was access to USH 41 at CTH A. Access to USH 41 at CTH A would save about $2,500,000 in user
costs over the next 20 years and eliminate about 120 traffic accidents over the same period of time. The
interchange alternates would eliminate much of the truck traffic from the urban street system south of
USH 41 that originates from the quarries located along CTH A north of USH 41. The origin destination
study indicated that 25% of all heavy trucks on CTH A have an origin and destination beyond the
Appleton Urbanized area west of USH 41 or south on USH 41. The interchange alternates would remove
these trucks from the local street system south of USH 41. As can be seen in the Tables located in the
summary, the interchange alternates would have a positive impact on STH 47 and its interchange with
USH 41. They both would have a negative impact on CTH A north of USH 41. The partial interchange
alternate would have a further negative impact on the intersections along CTH A due to the heavy left
turn movements from the north created by traffic wishing to cut over to STH 47 in desire to travel east on
USH 41. The left turn movements would be made with a greater opposing thru traffic. The partial
interchange would have a very positive impact on CTH A south of USH 41 by postponing need for
reconstruction beyond year 2020, whereas the full interchange alternate would require immediate action.
The interchange alternates would have a positive or negligible effect on CTH OO and Capitol Drive. The
interchange alternates would have a negative impact on particular movements in the STH 47 and CTH A
intersection located 8 miles north of USH 41 but would have little or no impact on the overall level of
service of the intersection.

Under the interchange alternates the traffic on USH 41 would increase west of CTH A and the addition of
ramps would create points of friction for the USH 41 traffic. However, the amount of traffic on ramps at
CTH A would be offset by an equal traffic reduction on ramps at STH 47 and STH 15 interchanges with
USH 41. East of CTH A, USH 41 traffic would be reduced under the partial interchange alternate and
increased under the full interchange alternate. The increase in USH 41 traffic at CTH A should not be
such as to dictate the time when conversion of USH 41 from 4 lanes to 6 lanes is warranted. This timing
would be dictated by a segment of USH 41 further to the east.

In general, the fact is that the CTH A/USH 41 intersection will be rebuilt within the next five years. The
question is whether or not ramps should be part of the reconstruction to create a full or partial interchange
at this location. Is an interchange feasible at this location? The answer is yes, provided that funding is
available. The location is such that an interchange here would have no impact on adjacent interchanges
other than to reduce the traffic on the adjacent interchange ramps. The traffic capacity manual indicates
that interchanges would have to be spaced closer than a mile apart to have an adverse effect on each other.
The closest interchange to CTH A is 1.5 miles. Right-of-way for an interchange at this location was
acquired in approximately 1960. Very rough design of the ramps indicate that some additional right-of-
way may be needed for ditching and that there may be proximity damages to the groups of farm buildings
along the north ramps.
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Will an interchange promote safety? Both, the partial and full interchange would eliminate about 170
accidents over the next 20 years and would reduce the quantity of truck traffic from local streets south of
USH 41. The partial interchange alternate would significantly reduce all traffic in this area that contains
two school zones.

Are the interchange alternates cost effective? Savings in road user costs and costs associated with the
reduction of accidents more than offset the increased construction costs.

Will the interchange alternates promote development that is currently not planned? The area south of
USH 41 is fully developed, an interchange would likely expedite the planned development to the north.
Worst case scenario traffic projections indicated that unplanned development would have a large impact
on CTH A and local streets but that the impact on USH 41 would be minor.

The questions remaining are financial. Who will assume the added construction costs of the interchange

alternates? Who will assume the added costs to the local and county roads that would be generated by the
interchange alternates?
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Appendix A
Traffic

A. USH 41

A major focus of the CTH A interchange study is to investigate the impacts of the three alternatives on
USH 41 traffic. The traffic design parameters for the three alternates are shown on Exhibit E-1. The
parameters are very close and only one set will be used to analyze existing and future levels of service
(L.O.S)).

The level of service is based on the density of vehicles on a given section of road in terms of passenger
cars per lane per mile. Exhibits F-1 thru F-3 show and discuss the various levels of service. It should be
noted that the density allowed for levels of service B, C, and D in ramp-freeway junction areas is higher
than that on a freeway segment alone.

HCS (Freeway Release 3.1) by McTrans software was used to analyze the capacity of the existing 4-lane
section on USH 41 and a six-lane future section using the following parameters: peak hour factor — 0.9,
terrain type-level, trucks and busses — 10 percent , truck and busses passenger car equivalency — 1.5,
heavy vehicle adjustment — 0.9, driver population adjustment — 1.0, and a measured free-flow speed of 65
miles per hour.

A four-lane freeway is at a LOS “E” with a volume of 4,000 vehicles per hour (VPH) and at LOS “F”
(over capacity) at 4,100 vehicles. For a six-lane freeway the corresponding volumes are 6,000 vehicles
and 6,100 vehicles.

Using a peak hour factor (K 30) of 11 percent and a directional factor (D) of 55 percent, the capacity of
USH 41 in terms of Average Daily Traffic (ADT) is 66,000 for four lanes and 99,000 for six lanes.

Using a straight-line interpolation, the current four lane section on USH 41 west of STH 47 would reach
capacity in the year 2019. For the partial interchange alternate, four-lanes on USH 41 west of CTH A
would reach capacity in year 2011. For the segment of USH 41 between STH 47 and CTH A, the 4 lanes
would reach capacity in the year 2026. As compared to the no interchange alternate, four lanes on USH
41 west of CTH A would reach capacity 8 years sooner while east of CTH A the capacity would be
reached 7 years later.

For the full interchange alternate, four lanes on USH 41 would reach capacity in year 2014 west of CTH
A and year 2013 east of CTH A. In other words, USH 41 would warrant upgrading to a six-lane facility
about 5 years earlier as compared to the no interchange alternate.

B. CTH A NORTH OF USH 41

CTH A north of USH 41 is a two-lane rural highway. In around 1990, Outagamie County acquired
enough right-of-way for a four-lane highway from USH 41 for a length of about 2.5 miles. At the time,
this segment was graded for a four-lane typical section, but only the center two lanes were resurfaced over
the preexisting pavement structure. The County has scheduled the reconstruction to a four-lane facility in
the year 2003. This scheduled reconstruction is in anticipation that at least a partial interchange will be
built at the USH 41 and CTH A intersection.

The signalized CTH A intersection with Capitol Drive was built in 1992. The intersection is located

about one-fourth mile south of USH 41. Exhibit A-4 shows the lane configuration at the intersection.
Using rough assumptions of traffic movements indicates that about 14,300 vehicles on CTH A should put
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the intersection at its capacity (Level of Service “F”). Using 14,300 vehicles per day as the capacity of
CTH A south of USH 41, this segment of CTH A would reach capacity in the year 2001.

The overall capacity and level of service of a four-lane facility on CTH A north of USH 41 would be
controlled by the capacity of the CTH A and CTH JJ intersection. Detailed traffic analysis would be
needed to analyze the impact of the three alternates. However, using rough estimate of volumes and
movements, the intersection would warrant signalization in the not too far future for any of the three
alternates. The interchange alternates would increase the traffic on CTH A but should reduce the traffic
on CTH JJ especially the north to east movement.

The north 5 miles of the 8 mile segment of CTH A, between USH 41 and STH 47, were reconstructed in
1996 to a rural two-lane section with 12-foot lanes and 10-foot shoulders. For this segment, the design
ADT was 7,780 vehicles in year 1995 and 8,350 vehicles in year 2015.

C. CTH A AND STH 47 INTERSECTION

Exhibits B-2 thru B-6 show the traffic projections for the CTH A and STH 47 intersection located 8 miles
north of USH 41. Exhibit A-3 shows the roadway configuration at the junction of the two roadways.
STH 47 runs in a north-south direction with CTH A abutting from the west to form a “T” intersection
with a stop sign on CTH A. The traffic from the south to the north on CTH A makes a left turn at the “T”
intersection while the traffic from the north to the south bypasses the intersection.

The total amount of traffic on CTH A and STH 47 is the same for all three alternates. For the no
interchange alternate, 44% of the traffic is on CTH A and 56% is on STH 47. For the partial interchange
the percentage of traffic on CTH A is 53% and 47% on STH 47. For the full interchange alternate, the
percentage of traffic on CTH A increases to 57% leaving 43% of the traffic on STH 47.

For the interchange alternates, as the traffic is shifted from STH 47 to CTH A, the total traffic on the “T”
intersection is reduced by one-half of the shifted traffic because the north to south traffic on CTH A
bypasses the “T” intersection. For this reason, the level of service remains at LOS “D” for all three
alternates. Based on the year 2020 traffic, the “T” intersection would be at capacity or LOS “F”. In other
words, capacity at the intersection would have to be increased by the year 2020 for all three alternates
either by addition of lanes or signalization.

Field reports indicate that the intersection is already experiencing traffic congestion on weekends. This is
because the traffic projections used in this report are based on weekday traffic counts and that STH 47
and CTH A are popular routes used by vacationers.

For proper analysis of the impacts for each alternate, additional traffic analysis would be warranted,
including weekend counts and projections of turning movements.

The turning movements for computing of level of service in this report were assumed values with 10%
trucks and a 50/50 peak hour distribution.

D. RAMPS AT CTH A AND USH 41

Exhibit H-1 is an excerpt from the Highway Capacity Manual dealing with operational characteristics of
ramps. Ramp spacing adversely affects the level of service if the merge or diverge influence areas
(Figure 5-1, Exhibit H-1) overlap. Since the distance from the crossroad to the gore area is 900 to 1,200
feet for a typical diamond interchange design and with the 1,500 ft. influence area, the intersections with
diamond interchanges would have to be spaced less than one mile for this to happen. Since CTH A is
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located one and a half miles from both STH 47 and STH 15 proximity to the ramps is not a factor in
determining the level of service.

HCS-3 software for ramps and ramp junctions, Release 3.1, was used to compute the level of service at
ramp junctions in both STH 47 and CTH A interchanges with USH 41 for both year 2000 and year 2020.
Since none of the ramps analyzed are existing, we assume that all the ramps will conform to the design
parameters established in Procedure 11-30-1 of the Facilities Development Manual (FDM). The typical
ramp terminals are shown on Exhibits H-2 and H-3. For the analysis, the following parameters were
used: peak hour factor — 0.9, passenger car equivalent of 1.5 for trucks and busses, driver population
factor — 1.0, thirtieth highest traffic factor (K-30). Based on observations, free flow speed of 65 mph was
used for USH 41 traffic and 50 mph for the ramp traffic. Traffic design parameters for USH 41 traffic
were also used for the ramp traffic although a case could be made for using the cross road parameters, but
cross road parameters are very close to those on USH 41.

E. ORIGIN-DESTINATION STUDY

An extensive origin-destination study was conducted around the Appleton Urbanized Area in 1993 as one
of the initial steps in developing a transportation plan for The Appleton Urban Area. Thirty two interview
stations recorded the vehicle travel patterns over a six week period. The study found that for all the
stations 83 percent were local trips and 17 were through trips. Ten percent of all the vehicles were
medium and heavy duty trucks. For the truck traffic, 66 percent of the trips were local with 34 percent of
the trips being through trips. A through trip is a trip whose origin and destination are located outside of
the study area.

Two interview stations are of particular interest to this interchange study. One (#74) is located on STH
47, 0.8 miles north of Broadway and the other (#73) is located on CTH A, 1.2 miles south of CTH JJ.
The total number of trips for the two locations is similar with 7,560 trips on CTH A and 7,237 trips on
STH 47. However, the amount of thru traffic on CTH A was more than double that on STH 47. (1,355
on CTH A and 586 on STH 47).

The study found that the largest concentration of heavy trucks was on CTH A north (16.2), STH 55 south
(14.7), STH 47 (14.3), USH 41 north (14.1) and USH 45 south (13.5).

Of the total 1,355 through trips on CTH A, 381 were heavy trucks. The vast majority (289) of the
through trucks were headed towards or coming from USH 41 at Neenah while 25 trucks were headed or
coming from points west of USH 41. These 314 trucks would have used the west ramps at USH 41 and
CTH A intersection if the ramps had been available. This represents 26 percent of trucks on CTH A.
Similarly 830 of the 970 through passenger cars including light weight trucks were headed south on USH
41 or west on various routes. The 830 represents 13 percent of total passenger vehicles and light trucks
on CTH A.

Of the 586 through trips on STH 47, 143 are heavy trucks. Of these trucks, 90 percent were headed
south on USH 41 or to the west of USH 41. Some of these 128 trucks might have used a southbound on
ramp at CTH A if one had been available. The 128 trucks represent 12 percent of total truck traffic on
STH 47. About 370 through passenger cars and light trucks on STH 47 were headed south on USH 41 or
points west of USH 41 representing about 6 percent of all passenger cars and light trucks.

The data indicates that much of the through traffic, if familiar with the Appleton Urban Area avoids the
indirection of the STH 47 route to head south on USH 41 or to points west of USH 41. This is
particularly true of truck traffic, meaning that heavy trucks are using CTH A south of USH 41 and CTH
OO that would be entering southbound USH 41 at CTH A if the west ramps were available.
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Appendix B
Economic Impacts

A. CONSTRUCTION COSTS

The recently completed Meade Street project is very similar to the no interchange alternate. Meade Street
crosses USH 41 two and one half miles east of CTH A. The work under this project consisted of
removing an existing two lane structure and replacing it with a four lane structure. The work also
involved the widening of embankments and the construction of a four lane urban section for both
approaches to the bridge. The lanes on the Meade Street project were 11 foot wide and the anticipated
lane width for CTH A is 12 feet. Adjusting the Meade Street project costs for inflation, wider lanes, and
box culvert extension required at CTH A, the rough construction cost estimate to the no interchange
alternate is $1,500,000.

The project at Ballard Road and USH 41 located 3.5 miles east of CTH A is similar to the full interchange
alternate at CTH A. The construction costs of the Ballard Interchange was $2,300,000. Making
allowances for differences in the two projects, the rough estimate of construction costs for a full
interchange at CTH A is $3,500,000. About one third of this cost is for the construction of noise walls
along the south ramps and the extension of a twin box culvert under the northeast and southwest ramps at
CTH A. Making adjustments to the no interchange construction costs and the full interchange costs, the
rough construction cost estimate for the partial interchange alternate is $2,500,000.

B. ROAD USER COSTS

For the alternates to be economically equal, the additional construction costs of the full or partial
interchange alternatives plus incurred costs to peripheral facilities caused by these alternates would have
to be offset by savings in road user costs and savings in construction costs of peripheral traffic facilities.
Peripheral facilities would include the CTH A/Capitol Drive intersection, USH 41/STH 47 interchange,
USH 41, CTH A and the local street system in general.

Following tables show the values that WisDOT central office planners uses in computing road user costs.
The costs of the alternates are normally compared over a 50 year period with money valued at 5%.

Vehicle Operating costs ($/vehicle mile)

Auto -$0.17
Single Unit Truck $0.41
Combination Truck $0.74

Values of Travel Time ($/hour) 1998 dollars
Auto $7.50 (per person)
Single Unit Truck $19.59  (per vehicle)
Combination Truck $22.25  (per vehicle)

In the year 2020, the north to west movement of the STH 47 interchange is 5,000 vehicles for the no
interchange alternate and 2,400 vehicles for the partial interchange alternate. This means that 2,600
vehicles avoided the indirection of STH 47 by using the northwest ramp at CTH A. This also applies to
the return trip. The total vehicles avoiding this indirection in year 2020 would be 5,200. See exhibits C-1
and C-2 for the projected traffic movements. Using the proportion of traffic decrease on STH 47 in the
year 2020, the traffic avoiding the indirection in the year 2000 would be 3,500.
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Since there is debate as to whether the travel time costs of persons in passenger cars are legitimate road
user costs, these costs will not be included in the calculations. Road user costs will be computed for a 20
year period because that is the time when structures normally need maintenance work such as redecking
and would be the logical time to add ramps not built at this time. The right-of-way for ramp construction
is already available. For this reason the ramps could also be added at a later date such as adding ramps at
time of conversion of USH 41 from four lanes to six lanes.

For the calculation of user costs, the average traffic design parameters were used for CTH A and STH
47 assuming 10% trucks of which 70% would be single unit trucks. Figures B-4 thru B-6 show the
traffic volumes along CTH A and STH 47 north of USH 41. The amount of traffic at the merge of CTH
A and STH 47 is 10,600 vehicles in the year 2000 and 15,700 vehicles in the year 2020. For the partial
interchange alternate, 900 vehicles would be diverted from STH 47 to CTH A in year 2000 and 1,400
vehicles in the year 2020. This is the amount of traffic at the merger point that is avoiding the 2.1 mile
extra travel distance along STH 47 route to head west and south on USH 41.

For the full interchange alternate the amount of traffic diverted onto CTH A is greater, however, this is
traffic that would head east at USH 41 and there would be no indirection for this traffic and no savings in
the user costs.

Most of the traffic diverted from the west ramps at STH 47 to the west ramps at CTH A would be
generated in the area located between CTH A and STH 47 from USH 41 to the merge of CTH A and STH
47. The following computations assume the indirection of this traffic is one mile and two miles for traffic
diverted at the merge.

Road User Cost Computations

CTH A route vs. STH 47 route

Vehicles Extra Vehicle Miles
Total Year 2000 2020
At Merge Rest At Merge Rest 2000 2020

Total Vehicles 900 2,600 1,400 3,800 4,400 6600
Passenger Vehicle 810 2,340 1,260 3,420 3,960 5,940
Trucks 90 260 140 380 440 660
Single Unit Trucks 60 180 100 260 300 460
Combination Trucks 30 80 40 120 140 200

Using a 1.5 percent inflation rate, the 1998 user costs would increase by a factor of 1.03 for year
2000 and 1.388 for year 2020. The average travel speed is assumed to be 55 mph.

Year 2000 2020
Passenger Vehicle Operating Costs $ 690 $1,400 -
Single Unit Truck Operating Costs $ 130 $ 260
Combination Truck Operating Costs $ 110 $ 210
Single Unit Time Costs $ 110 $ 230
Combination Truck Time Cost $ 60 $ 110
Total Cost Per Day $1,100 $2,210
User Cost Per Year $401,000 $807,000
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Following road user costs are incurred by the traveling public due to distance and inconvenience of travel
from north of USH 41 via CTH A and CTH “O0”. The extra distance traveled is 0.3 miles.

The north to west movement at CTH A for the full and partial interchange alternates is 5,500 vehicles in
the year 2020. Subtracting the 2,600 vehicles reduction at STH 47 leaves 2,900 vehicles or a total of
5,800 vehicles in both directions are avoiding the inconvenience and indirection of getting to southbound
USH 41 via CTH A and CTH OO. In the year 2000 this number would be 3,700 vehicles.

Vehicles Extra Vehicle Miles
Total Year 2000 2020 2000 2020
All Vehicles 3,700 5,800 1,110 1,740
Passenger Vehicle 3,330 5,200 1,000 1,560
All Trucks 370 600 110 180
Single Unit Trucks 260 420 80 130
Combination Trucks 110 180 30 50

The assumed average travel speed along USH 41 is 60 mph and the average speed along the
CTH A and CTH OO route is 40 mph. To travel the CTH OO route would take 1.7/40 = .043 hours and
1.4/60 = .023 hours via USH 41 route, a difference of .02 hours per vehicle.

Year 000 202
Passenger Vehicle Operating Costs $ 180 §£370
Single Unit Truck Operating Costs $ 30 $ 70
Combination Truck Operating Costs $ 20 $§ 50
Single Unit Time Costs $ 100 $ 230
Combination Truck Time Cost $ 50 $110

Total Cost Per Day $ 380 $ 830

User Cost Per Year $139,000 $303,000

Using present worth factors for a uniform series and gradient series, the present worth of road user costs
is $9,500,000 with money valued at 5% over a 20 year period.

These same savings in road user costs would also apply when comparing the full interchange alternate to
the no interchange alternate. The full interchange alternate eliminates the same indirection from the north
as the partial interchange. The full interchange further eliminates some indirection and inconvenience to
the traffic generated from south of USH 41. However these savings in user costs would be very minor
when compared to the savings for the traffic from the north and will not be computed.

One of the major cost factors would be associated with the timing of improving USH 41 from four to six
lanes. USH 41 is six lanes already from CTH “O0” to the south. The next logical segment to be
converted to six lanes would include the area of CTH A and USH 41 intersection.

Exhibit B-4 shown the projected traffic for USH 41 in Outagamie County. The segment at CTH A has
the least projected traffic when compared to the next three segments to the east. Therefore it would be
one of these other segments that would dictate the time of conversion of USH 41 from four lanes to six
lanes at CTH A.
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Even though the traffic at CTH A on USH 41 will not govern the timing of the conversion of USH 41
from four lanes to six lanes, the costs associated with the timing of the conversion were computed for the
alternates. The computations assume that the conversion will be warranted when the daily traffic on USH
41 reaches 66,000 at a cost of $800,000 for a 12 mile segment in year 2000 dollars.

Another cost to be considered is the timing of when CTH A south of USH 41 will be converted from a
rural 2 lane section to an urban four lane section. Using CTH OO (Richmond Street to Meade Street) as
an example of such a conversion, the cost would be about $2,000,000 per mile in year 2000 dollars. This
conversion was computed for the time when traffic on CTH A would reach 14,300 vehicles per day.

[ @ Summary of Costs

Pavement structure is directly related to the amount and type of traffic on a given segment of highway.
Removing traffic from STH 47 and putting it on CTH A means that the required pavement thickness
would be reduced for the interchange alternates on STH 47 and increased on CTH A.

Using the traffic projections and design parameters contained in the report a structure number for flexible
pavement was computed for segments of CTH A and STH 47 for all three alternates. The pavement
design assumed uniform soils for the entire areas with a design group index of 12, soil support value of
4.2 and a frost Index of 12. The costs are based on an inch of asphalt representing 0.44 of the structure
number and are based on $2.50 per square yard per inch of pavement area.

Costs associated with each of the alternatives for individual segments of roadways are shown in the tables
located in the summary of the report.
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Truc}‘: Classification/Design Parameters

Truck Classification Design Parameters
Truck Type  %AADT Factor  %AADT
2D 2.6 PEDT 1S
3AXSU+ 1.9 K307 "10.6
2514282 13 K50 . 104 -
382+ 12 K100 99
DBLBTM 0.2 T(DHV) 5.8
TOTAL 12 T@EHV) 5.4
D 55/45

The following major assumptions are reflected in the 2002, 2012 & 2022 AADT Forecast for the USH 41-
CTH 0O segment of Project [D: §240-05-00:

1. The forecast volumes are based on an analysis of historic waffic volumes and the 2020 wavel demand
'mode! for the Fox Cities arez. Year 2020 Socio-Economic forecasts developed by the ECWREPC for
the Fox Cities Area Long Range Transportation Plan adopted in July, 1997 are incorporated inta the
travel model. This land use plan reflects major residential development along the STH 47 corridor
between CTH JJ and Evergreen Drive Nosth of the project ares. Continued moderate expansion of
residential development is identified for the Richmond Street cosridor South of USH 41 and the
Capitol Drive corridor East and West of STH 47/Richmond Street.
The estimated wmning movements are based on a revisw of previous fuming movement projections at
the Richmond-Capitol intersection (1988) and the 1994 and 2020 turning movements generated in the
Fox Cities wravel model.
Truck classification data was obtained from site ID 441157 - STH 47/Richmond North of CTH -
OO/Northland Av..
4. Design parameters are based on the functional classification of this segment of STH 47 as au urban.
principal arterial in Factor Group 2.

o

)

r

WisDOT Traffic Forecasts & Analysis Section
Robert Pike April 28,1998
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DEC.22.1998 11:28AM 0.7a5 P.2-2

PROJECT ID: 11

ROUTE: CTHA

LOCATION: US|

2000, & 2020 AADT FORECAST

Truck ClassiﬂcarionIDesiﬂ Parameters

ALTERNATIVE 1: NO BUILD

Exhibit E-3

Truck Classification Design Parameters
Truck Type %AADT Factor %AADT
2D 32 P(K1) 13.1
3AXSU+ 35 K30 112
281+282 19 K50 11,0
382+ 0.8 K100 104
DBLBTM 02 T(DHV) 1.7
TOTAL 9.6 T(PHV) 5.8

D 55/45
ALTERNATIVE 2: FULL INTERCHANGE
Truck Classification Design Parameters
Tnuck Type  %AADT Factor %AADT
2D 32 P(K1) 12.1
3AXSU+ 35 K30 10.7
2814282 42 K50 10.5
382+ 14 K100 10.0
DBLBTM 02 T(DHV) 10,0
TOTAL 12.5 T(PHV) 7.5
D 55/45
ALTERNATIVE 3: % HALF SOUTH INTERCHANGE
Truck Classification Degisn Parameters
Truck Type %AADT Factor Y%AADT
2D 32 P(K1) 12.4
JAXSU+ 3.5 K30 10.9
251+282 kB | K50 10.6
382+ [ S K100 10.1
DBLBTM 0.2 T(DHV) 8.9
TOTAL 111 T(PHV) 6.7
D 55/45

The following major assumptions are reflected in the Truck Classification and Design Parameters for
Project ID: | 123-09-00:

1. Truck classification data is based-on Vehicle Classification data collected in 1996 on CTH A North of
Capitol Dr. (Site ID: 441216) and in 1993 on CTH A North of CTH JJ (Site ID: 440073). Alternative
1: No Build is based on the sits North of Capitol Dr. With the changes in access to USH 41 under
Alternatives 2 & 3, the ruck classification data is adjusted based on the sits North of CTH JJ, This
reflects the basic assumption that under the existing no access condirions at USH 41-CTH A,
significant numbers of trucks on CTH A North of CTH JJ are using a CTH A to CTH J) to STH 47
route to access USH 41. Altemarives 2 & 3 provide different levels of access at USH 41-CTH A.

2. Design parameters are a composite of Factor Group 2, Urban Other and Factar Group 4, Rural Other
values reflecting the existing rural character evolving to a more urban character over the forecast

period.

WisDOT Traffic Forecasts & Analysis Section
Robert Pike Dec 16,1998
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Level of Se: ..

0-10.0
10.1-16.0
16.1-24.0
24.1-32.0
32.1-45.0

>45.0

Mmoo OQw >

For any given level of service, the maximum allowable density is somewhat lower
than that for the corresponding level of service on multilane highways. This reflects
the higher service quality drivers expect when using freeways as compared with
surface multilane facilities. This does not imply that under similar conditions an at-
grade multilane highway will perform better than a freeway with the same number of
lanes. For any given density, a freeway will carry higher flow rates at higher speeds
than will a comparable multilane highway.

Although the specification of maximum densities for LOS A through D is based
on the collective professional judgment of the members of the Committee on Highway
Capacity and Quality of Service, the upper value shown for LOS E (45 pc/mi/ln) is
not. That value is the density at which capacity occurs for different free-flow speeds; it
is the maximum density at which sustained flows at capacity are expected to occur.

LOS criteria for basic freeway sections are provided in Table 3-1 for free-flow
speeds of 75, 70, 65, 60, and 55 mph. To be within a given level of service, the
density criterion must be met. In effect, under ideal conditions, these are the speeds

and flow rates expected to occur at the designated densities. Local variations in driving

behavior, however, may cause some variance from these expectations.

It should be noted that the LOS F operations observed within a queue are the
result of a breakdown or bottleneck at a downstream point. LOS F is also used to
describe conditions at the upstream point of the breakdown or bottleneck as well as the
operations within the queue that forms behind it.

Failure, breakdown, congestion, and LOS F occur when queues begin to form on
the freeway. Density tends to increase sharply within the queue and may be expected
to be considerably higher than the maximum value of 45 pc/mifin for LOS E.

- Figure 3-4 shows the relationship among speed, flow, and density for basic
freeway sections. It also shows the definition of the various levels of service using
density boundary values.

Operational characteristics for the six levels of service are shown in Illustrations
3-5 through 3-10. The levels of service were defined to represent reasonable ranges in
the three critical flow variables: speed, density, and flow rate.

LOS A describes free-flow operations. Free-flow speeds prevail. Vehicles are
almost completely unimpeded in their ability to maneuver within the traffic stream.
Even at the maximum density for LOS A, the average spacing between vehicles is
about 530 ft, or 26 car lengths, which affords the motorist a high level of physical and
psychological comfort. The effects of incidents or point breakdowns are easily
absorbed at this level.

LOS B represents reasonably free flow, and free-flow speeds are maintained. The
lowest average spacing between vehicles is about 330 ft, or 17 car lengths. The ability
to maneuver within the traffic stream is only slightly restricted, and the general level
of physical and psychological comfort provided to drivers is still high. The effects of
minor incidents and point breakdowns are still easily absorbed.

LOS C provides for flow with speeds at or near the free-flow speed of the
freeway. Freedom to maneuver within the traffic stream is noticeably restricted at LOS
C, and lane changes require more care and vigilance on the part of the driver.
Minimum average spacings are in the range of 220 ft, or 11 car lengths. Minor
incidents may still be absorbed, but the local deterioration in service will be
substantial. Queues may be expected to form behind any significant blockage.

LOS D is the level at which speeds begin to decline slightly with increasing flows.
In this range, density begins to increase somewhat more quickly with increasing flow.
Freedom to maneuver within the traffic stream is more noticeably limited, and the

Y Manual 1997
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Exhibit F-2

TasLE
Maximum Minimum Maximum
Level of Density Speed Service Flow Maximum v/c

Service (pc/mi/in) (mph) Rate (pcphpl) Ratio

Free-Flow Speed = 75 mph
A 10.0 75.0 750 0.31
B 16.0 75.0 1,200 0.50
C 24.0 71.0 1,704 0.7
D 32.0 65.0 2,080 0.87
E 45.0 53.0 2,400 1.00
F >45.0 <53.0 <2,400 <1.00

Free-Flow Speed = 70 mph
A 10.0 70.0 700 0.29
B 16.0 70.0 1,120 047
C 24.0 68.0 1,632 0.68
D 320 64.0 2,048 0.85
E 45.0 53.0 2,400 1.00
F var var var var

Free-Flow Speed = 65 mph
A 10.0 65.0 650 0.28
B 16.0 65.0 1,040 044
Cc 24.0 64.5 1,548 0.66
D 32.0 62.0 1,984 0.84
E 45.0 52.0 2,350 1.00
F var var <ovar var

Free-Flow Speed = 60 mph
A 10.0 60.0 600 0.26
B 16.0 60.0 960 0.42
C 240 60.0 1,440 0.63
D 32.0 58.0 1,856 0.81
E 45.0 51.0 2,300 1.00
F var var var var

Free-Flow Speed = 55 mph
A 10.0 55.0 550 0.24
B 16.0 55.0 880 0.39
C 24,0 55.0 1,320 i 0.59
D 32,0 545 1,744 0.78
E 450 50.0 2,250 1.00
F var var var var

capacity, and downstream operations improve (assuming that there are no additional
downstream bottlenecks) as discharging vehicles move away from the bottleneck.

It should be noted that LOS F operations within a queue are the result of a
breakdown or bottleneck at a downstream point. LOS F is also used to describe both
conditions at the point of the breakdown or bottleneck and the operations within the
queue that forms upstream.

Whenever LOS F conditions exist, there is the potential for these conditions to
extend upstream for significant distances. A prerequisite for valid analyses using these
procedures is the assumption that the section under consideration is free from
downstream effects that promulgate upstream. In such cases, upstream operations will
reflect the effect of the downstream bottleneck and will not be as indicated by the
procedures of this chapter.

»acity Manual 1997
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Exhibit F-3 57
maa rLOW MAX FLOW
ENTERING ENTERING
FREEWAY MAXIMUM UPSTREAM (Vr) OR DOWNSTREAM (Vjp) FREEWAY FLOW MERGE DIVERGE
FREE-FLOW (PCPH) BY NO. OF LANES IN ONE DIRECTION INFLUENCE INFLUENCE
SPEED AREA (Vp2) AREA (V)
(MPH) 2 : 3 4 >4 (PCPH) (pcPH)
70 4,800 7,200 9,600 2,400/In 4,600 4,400
65 4,700 7,050 9,400 2,350/In 4,600 4,400
60 4,600 6,900 9,200 2,300/In 4,600 4,400
55 4,500 6,750 9,000 2,250/In 4,600 4,400

NOTE: For capacity of nmp roadways, sec Table 5-6.

It is possible, however, to experience congestion in the merge
influence area even if the capacity of the downstream freeway
segment is adequate. Studies (2) have shown that there is a practical
maximum flow that may enter the merge influence area and still
maintain stable operations. In a ramp merge junction, both the
flow in Lanes 1 and 2 and the flow in the on-ramp enter the merge
influence area. Thus,

Vez = Vo + Vjy

Table 5-1 shows capacity values for the downstream freeway
flow (Vi) and the merge influence area (Vj,,). If the demand
expected at either point exceeds the capacity values shown, failure,
or LOS F, is expected to exist. When this is the case, the analysis
ends, and solutions are sought to alleviate the problem. Where
stable operations are expected (i.e., demand does not exceed capac-
ity at either point), the next step of the analysis—estimation of
density in the merge influence area—is implemented to find the
level of service.

Diverge Areas

Three capacity values should be checked in a diverge area: (a) the
total flow that may leave the diverge area, (b) the maximum flow
that may enter Lanes 1 and 2 immediately before the deceleration
lane, and (c) the capacity of each of the exiting legs of the freeway.

The total flow that can leave the diverge area is generally limited
by the capacity of the freeway lanes approaching the diverge junc-
tion. In all appropriate diverge designs, the number of lanes leaving
the diverge area is cither equal to or one greater than the number
entering. This departing flow is designated V.

The flow entering Lanes 1 and 2 just upstream of the decelera-
tion lane is simply the flow in Lanes 1 and 2 (V;). This flow
includes the off-ramp flow. Table 5-1 gives capacity values for
the first two capacity checks.

The third limit is most important because it is the primary reason
for failure of diverge areas. Failure at a diverge is most often
related to the capacity of one of the exit legs, usually the ramp.
The capacity of each exit leg must be checked against the expected
demand. For a downstream freeway leg (at a major diverge area
there may be two), capacity values may be drawn from Table 5-1 for
the appropriate number of freeway lanes. The capacity of ramp
roadways is discussed later in the chapter.

The failure of any of these capacity checks, that is, an expected
demand that exceeds the capacities given, indicates that the merge
area will fail. In such cases, breakdown and formation of queues
are expected to occur. Where an off-ramp terminates at an at-grade
intersection (either signalized or unsignalized), the capacity of the

ramp-street junction should also be checked using the procedures
for signalized intersections (Chapter 9) or those for unsignalized
intersections (Chapter 10) to ensure that queues will not form and
spread upstream on the ramp, affecting traffic operations on the
diverge area.

LEVEL-OF-SERVICE CRITERIA

LOS A through E for ramp-freeway terminals are based on the
density in the influence area of the ramp and the expectation that no
breakdown will occur. LOS F signifies that a breakdown condition
exists or is expected to exist. LOS F occurs whenever demand
exceeds the limits indicated in Table 5-1. When none of these
limits is exceeded, no breakdown is expected, and the level of
service is based on density, as indicated in Table 5-2. Table 5-2
also gives average speed of vehicles in the ramp influence area as a
secondary LOS parameter. This is particularly useful in comparing
these criteria with field data, since density is rarely measured
directly. ) .

The density values shown for LOS A through E assume stable,
nonbreakdown operations. Studies (2) have shown that there is an
overlap in the density range such that some breakdown operations
may actually have lower densities than those achieved under stable
operation. This is due to the wavelike movement of vehicles in a
queue and the rather short length of the defined ramp influence
area. The model first calls for determination of whether LOS F
exists using the maximum flow levels of Table 5-1. Then density
is estimated and the level of service assigned if flow is stable.

Except for LOS A, each of the density boundaries is higher than
that of a similar basic freeway section (Chapter 3). This is because
(a) drivers expect increased turbulence and greater proximity of
other vehicles in a merge or diverge area and (b) drivers are gener-
ally traveling at somewhat lower speeds at any given per-lane flow
rate in the merge or diverge area than on open freeway.

TABLE 5-2. LEVEL-OF-SERVICE CRITERIA FOR
RAMP-FREEWAY JUNCTION AREAS OF INFLUENCE

MAXIMUM DENSITY MINIMUM SPEED

LEVEL OF (PRIMARY MEASURE) (SECONDARY MEASURE)
SERVICE (PC/MI/LN) (MPH)

A 10 58

B 20 56

C 28 52

D 35 46

E >35 42

F L a

* Demand flows exceed limits of Table 5-1.

Updated December 1997
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Chapter 9, Signalized Interseeuuns, vt Ciapiar 1, UusIglalLLcu
Intersections, should be applied.

RAMP COMPONENTS

A ramp may consist of up to three geometric elements of
interest:

1. The ramp-freeway junction,
2. The ramp roadway, and
3. The ramp-street junction.

A ramp-freeway junction is generally designed to permit high-
speed merging or diverging to take place with a minimum of
disruption to the adjacent freeway traffic stream. The geometric
characteristics of ramp-freeway junctions vary. Elements such as
the length and type (taper, parallel) of acceleration or deceleration
lane, free-flow speed of the ramp in the immediate vicinity of the
Jjunction, and sight distances may all influence ramp operations.
The procedures in this chapter are primarily applicable to high-
type designs. Nevertheless, some of the models used account ex-
plicitly for the effect of acceleration or deceleration lane length
and the free-flow speed of the ramp and can therefore be applied
to a range of geometric designs, including some that might be
considered substandard. Geometric design standards for ramps and
ramp junctions are given by AASHTO (1).

Geometric characteristics of ramp roadways also vary from loca-
tion to location. Ramps may vary in terms of number of lanes
(usually one or two), design speed, grade, and horizontal curvature.
The design of a ramp roadway is seldom a source of operational
difficulty unless a traffic incident causes disruption along its
length. Ramp-street terminal problems can cause queueing along
the length of a ramp, but this queueing is generally not related to
the design of the ramp roadway.

Freeway-to-freeway ramps have two ramp-freeway terminals
and do not have a ramp-street terminal. Many ramps, however,
connect limited-access facilities to local arterials and collectors.
For such ramps, the ramp-street terminal is often a critical element
in the overall design. Ramp-street junctions can permit uncon-
trolled merging and diverging movements or take the form of an
at-grade intersection.

Procedures in this chapter allow for the identification of likely
breakdowns at ramp-freeway terminals [Level-of-Service (LOS)
F] and for the analysis of operations at ramp-freeway junctions
and on ramp roadways at LOS A through E. For analysis of ramp-
street junctions involving an at-grade intersection, consult Chapter
9, Signalized Intersections, or Chapter 10, Unsignalized
Intersections. '

Sections addressing special applications, including metered
ramps, ramps on five-lane (one-direction) freeway sections, two-
lane ramps, major merge areas, and major diverge areas, are con-
tained in this chapter.

OPERATIONAL CHARACTERISTICS

A ramp-freeway junction is an area of competing traffic de-
mands for space. Upstream freeway traffic competes for space
with entering on-ramp vehicles in merge areas. On-ramp demand
is usually generated locally, although arterials and collectors may
bring some drivers to the ramp from more distant origins. The

Updated December 1997

e, posite of upstream trip genera-
tion patterns from a variety of sources.

In the merge area, individual on-ramp vehicles attempt to find
gaps in the traffic stream of the adjacent freeway lane. Since most
ramps are on the right side of the freeway, the freeway lane in
which on-ramp vehicles seek gaps is the shoulder lane, designated
herein as Lane 1. In this chapter, lanes are numbered 1 to N from
the shoulder to the median.

The action of individual merging vehicles entering the Lane 1
traffic stream creates turbulence in the traffic stream in the vicinity
of the ramp. Approaching freeway vehicles move toward the left
to avoid this turbulence. Recent studies (2) have shown that the
operational effect of merging vehicles is heaviest in freeway Lanes
I and 2 and the acceleration lane for a distance extending from
the physical merge point to 1,500 ft downstream. Figure 5-1 shows
the *‘influence area’” for on-ramp junctions. Models presented in
this chapter focus on operational characteristics within this defined
influence area.

Interactions are dynamic. Approaching freeway vehicles will
move left as long as there is capacity to do so. Whereas the intensity
of ramp flow generally influences the behavior of freeway vehicles,
general freeway congestion can also limit ramp flow, causing di-
version to other interchanges or routes.

At off-ramps the basic maneuver is a diverge, that is, a single
traffic stream separating into two separate streams. Exiting vehi-
cles must occupy the lane adjacent to the off-ramp, Lane 1 for a
right-hand off-ramp. Thus, as the off-ramp is approached, exiting
vehicles move right. This movement brings about a redistribution
of other freeway vehicles, which move left to avoid the turbulence
of the immediate diverge area. Again, recent studies (2) show that
the area of most intense turbulence is the deceleration lane plus
Lanes 1 and 2 over 1,500 ft extending upstream from the physical
diverge point (Figure 5-1).

Procedures in this chapter treat both ramp and freeway flow
rates as inputs to an operational analysis of the merge or diverge
influence area. Thus, design and planning applications become
trial-and-error computations using the operational analysis tech-
niques as specified. This procedure is logical, because the ramp
is a point location on an overall facility for which flows are either
known or specified.

The procedures in this chapter assume that the behavior of merg-
ing or diverging vehicles is unaffected by downstream or upstream
constrictions or disruptions. Downstream problems, for example,
can easily propagate upstream through a merge or diverge area. In
such cases operations reflect the characteristics of the downstream

L Z
< F———1500 fl— =

MERGE INFLUENCE AREA

DIVERGE INFLUENCE AREA

Figure 5-1. On- and off-ramp influence areas.
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Ry - RADUS OF T MAJOR RTCRMAL SKOMENT OF A LOOF,

Ramp Design Curve Length
Speed PCC,
(mph) | (km/h) Clay CLj
55 90 MIN.200
_(60m)
50 80 MIN.200
' (60 m)
45 | 70 ~150°
: 45 m)
40 60 150°
(45 m)
35 60 150 150
_ 45 m) (45 m)
30 50 150 150°
(45 m) (45 m)
Minimum Shoulder Treatments
Mainline

Left - 6°(1.8 m)total /3°(0.9 m) paved [4°(1.2 m) for interstate]
Right - 10’(3.0 m) total / 8’(2.4 m) paved
Ramps
Left - 4’(1.2 m) total / 3°(0.9 m) paved
Right - 8’(2.4 m) total / 5°(1.5 m) paved

NOTES:

Ramp design speeds at PCC, are based on governing radii R, or R,. Assuming SE = BZ&
refer to Table I1I-6, page 154, GDHS.

Minimum acceleration lane, taper length (L), based on Table X-4, page 986, GDHS.

For acceleration lanes having grades in excess of +2% refer to Table X-5, page 990, GDHS, for
length adjustment.

**When design speed at PCC, is 40 MPH (60 km/h) or less, adjust acceleration length (L) as
follows: 12507 (380 m) (40 MPH) (60 km/h), 1300’ (395 m) (35 MPH) (60 km/h), and 1400’ (425
m) (30 MPH) (50 km/h).

Ramp geometrics are adequate for mainline design speeds through 65 MPH. (110 km/h).

Date November 30, 1998 Figure 1 1 of 1
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SINGLE .LANE EXIT TERMINAL 5,
peed Radius Design Speed . Length
R, | R, PCC CL,
55 mph
(90 km/h) : Tangent Alignment
50 mph T i 40 mph 150°
(80 km/h) (60 km/h) : (50 m)
45 mph 35 mph 150°
(70 km/h) (60 km/h) (50 m)
40 mph 30 mph ; 150°
(60 km/h) (50 km/h) (50 m)
L=900" (280 m) '
LEGEND
= Paved Shoulder
L Mnnnumrampdxstanccfromgoretoﬂ:emtersecﬂonofthcmmpmﬂ:ﬂxc
‘crossroad.
R, Radius of the major mternal segment of the loop.
NOTES:

The length of the deceleration lane is based on ramp grades of 0 to 2%. Refer to table X-6, page
991, GDHS, for length adjustment factors to be used when ramp grades exceed + 2%.

If the ramp speed and radii relationships listed in the table cannot be attained due to area R/W
restrictions, consideration should be given to collector-distributor roads. This permits further
speed reductions before entering the ramp loop.

The radii of the horizontal curves are rounded and based on a maximum superelevation rate of

28 and the speeds shown.
Ramp geometrics are adequate for mainline design speeds through 65 MPH.

* This metric length is based on a mainline design speed of 68 MPH (110 km/h) and a minimum
ramp design speed at PC of 37 mph (60 km/h)
; Minimum Shoulder Treatments
Mainline
Left - 6°(1.8 m) total / 3°(0.9m) paved [4’(1.2 m) for interstate]
Right- 10°(3.0 m) total / 8°(2.4 m) paved
Ramps
Left - 4°(1.2 m)tota.l/3 (0.9 m) paved
Right - 8°(2.4 m) total / 5°(1.5 m) paved

Date November 30, 1998 Figure 2 1of 1
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PROJECT ID: 1123-09-00
ROUTE: CTHA |

LOCATION: USH 41-CTH A INT
2000, & 2020 AADT RORECAST

Exhibit E-1

P.272

Truck Classiﬁcationfﬁesign Parameters for USH 41 Between STH 47 and the Proposed CTH A interchanges

© ALTERNATIVE 1: NO BUILD

Truck Classification
Truck Type  %AADT
2D a7
3AXSU+ 1.7
251+282 0.7
382+ ! 6.7
DBEL BTM 0.2

TOTAL 13.0

Design Parameters

Factor %AADT

P(K1) 13.6
K30 11.1
Ks0 10.8
K100 102
TOHV) 10.5
TPHV) 7.9
D 55/4S

ALTERNATIVE 2: FULL INTERCHANGE

Truck Classification
Track Type  %AADT
2D ¢ 37
3AXSU+ L7
2514282 1.0
382+ - 6.8

Truck Classification
Truck Type  %AADT
2D ! 3.7
3AXSU+ 1.7
2514252 0.7
382+ | 6.7
DBL ETM 0.2
TOTAL 13.0

The following major q'ssumptions are reflected in the USH 41Truck Classification and Design Parameters for

DBL BTM 02
TOTAL 13.4

Design Parameters

Factor  %AADT

P(K1) 134
K30 10.9
K50 10.6
K100 10.0
TOHV) 107
T(PHV) 8.1
D 55/45

ALTERNATIVE 3: % HALF SOUTH INTERCHANGE

Design Parameters

Project ID: 1123-09-90:

Factor %AADT

PK1) 13.6
K30 11.1
K50 10.8
K100 102
TOHV) 105
T(PHV) 79
D 55/45

1. Truck classiﬁc&tiém data is based on Vehicle Classification data collected in 1996 on USH 41 North of USH

10/Wisconsin Avf. (Site ID: 440165/WIM Site 14C06). With the changes in access to USH 41 under

Altemnatives 2 & 3, the truck classification data is adjusted based on the site North of USH 10. This reflects the
basic assumption that under the existing no access conditions at USH 41-CTH A, significant numbers of trucks
on CTH A North of CTH JJ are using a CTH A to CTH JJ to STH 47 route to access USH 41. Alternatives 2 &
3 provide different levels of access at USH 41-CTH A.
2. Design parameters are based on ATR STA. 5-0001, 1.5 Mi. N. of Outagamie-Brown Co. line as well as Factor

Group J- Urban Interstate values.

WisDOT Traffic Forecasts & Analysis Section

Robert Pike

|
Feb j4. 1999
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