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1 Introduction

1.1 Background to study

In May 2017 Cheltenham Borough Council (CBC) invited proposals ¢onaultant team to

undertake a local highways site assessment to provide the transport evidence base that would
support the emerging Cheltenham Local Plan (CLP). Following the submission of proposals, CBC
appointed Arup to undertake this work.

1.2 Context

To inform the emerging Cheltenham Plan a local highways site assessment is required to understand
the impacts of proposed site allocations. A robust evidence base will enable an assessment of the
transport impacts of both existing development as well as tbpbped, and can inform sustainable
approaches to transport at a ptaaking level. This will include consideration of viability and
deliverability.

Using the future year 2031 Central Severn Vale (CSV) SATURN strategic highway model as
provided by Gloucestshire County Council (GCC), the objective of Phase 1 of the commission
wasto identify junctions impacted by the proposed development in the 20hsbrgear, awell

as to monitor the impact on key junctions and corridors within Cheltenham. Havimifieédiethese
junctions, the objective of Phase 2 will be to undertake detailed junction modelling to inform
junction design and consider the mitigation strategies that may be required as a result of
development.

1.3 Phase 2 Scope

The Scope of Works for Phageof this commission comprises modelling the junctions identified in
Phase 1 and presenting any required mitigation options. These concept mitigation options are to be
guantified and an indicative cost assigned to each option that can be apportiongudpdbked
developments.

1.4 Report structure

Following on from thé®?hase 1 Reporthe Phase 2 Report outlines the approach to junction
modelling and presents the modelling results and potential mitigation for each junction. The report
structure is as follows:

1 Section2i Modelling Methodology
1 Section37 Modelling Results

1 Section 4 Mitigation
1

Section 5 Conclusions and Recommendations
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2 Modelling Methodology

Phase 1 of this study identified 17 junctions as outlined iPhase 1 ReporPhase 2 assesses
eah of these junctions using industry standard softivdiaSig version 3.2.22.0 for signalised
junctions and Junctions 9 version 9.0.2.5947 for-signalised junctioris The junctions assessed
are shown imablel and a plan showing their locations is included inRhase 1 Repart

Junction 1: Junction with A417 and Junction 9: Drews Court / Paynes Pitch have been excluded
from modelling.Junction 1 is a proposgahction with no detailed layouts available. The node in
the model located at Junction 9 represents the whole of Churchdown aitidget an individual
junction that can be assessed

Tablel: Junctions Assessed

No | Junction Type

1 Junction-with-A417 Priority

2 A4019- Hayden Road Signal

3 A4019- Hayden Road Manor Road Signal

4 Priors Road Harp Hill - Hewlett Road Roundabout
5 Old Bath Road London Road (A40) Signal

6 A40 - A435 Signal

7 A435 - Moorend Road Lyefield Road Signal

8 Arle Court Roundabout Signalised Roundabout
9 Drews-Court-Paynes-Pitch Priority

10 Shurdington Road Leckhampton Lane Priority

11 Zoons Road Churchdown Lane Priority

12 Fiddlers Green LanéTelstar Way Roundabout
13 A435 - BrambleChase Roundabout
14 North Road West Grovefield Way Priority

15 A46 - Church Lane Priority

16 Old Gloucester RoadCheltenham Road B4063 Signal

17 Stoke Orchard RoadA435 Roundabout
18 A46 - B4079 Signal

19 A41771 Zoons Court (Zoons CouRoundabout) | Roundabout

Arup has assessed the impact of the developments included in the Cheltenham Plan at these
junctions for the year 2031. The junction res
Something DS)3 are compared to the resultf the 2031 without development scenario. The 2031
without devel opment scendDM)bo,s ckemoawn oa s ctohrep rdé B
baseline traffic flows plus 15 years of background traffic growth and any committed developments

1 Roundabouts are assessed using the ARCADY module and priority junctions are assessed using the PICADY module
that make up Junctions 9.
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in the area. Traffi€lows are taken from th2031 Central Severn Vale SATURN Strategic Highway
Modelas provided by Gloucestershire County Council.

Mitigation options, and potential costs, will be presented where junction performance is
significantly worsened as a resultdd@velopment traffic. Mitigation could range from changing
lane allocations on approach to juncticiasintroducing signals at a priority juncticile completely
redesigning a junction.
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3 Modelling Results

The results of the DM and DS junction modelling presented in this section for each junction
assessed. For each of the 17 junctions we will show the DM traffic flows, which include
background traffic growth and committed developments, the proposed development flows outlined
in thePhase 1 Repoend te DS flows, which is the DM flow combined with the development

flows.

As current base year flows have not been provided it is not possible to calibrate and / or validate the
junction models against base year flows and queue lengths. Therefore, theredisrydpancies

or oddities within the results that would not appear in a calibrated rmadeh as a long queue on

one arm of a roundabout which may, in reality, be spread amongst the other arms or be reduced due
to drivers acceptin@ smaller gap thais built in to the model.

3.1 Definitions

Throughout this section, junction modelling results will be expressed in terms of capacity, average
delay and maximum queue length. The average delay is the time that individual vehicles would take
on average, taken @ss the whole junction, to cross the stop / give way line from the back of the
gueue for that arm.

The maximum queue length results presented represent the worst queue experienced on an
individual arm throughout the modelled time periQudieue lengths are expressed in Passenger Car
Units (PCUs) where one PCU represents atar75m (including the car and a gap to the next
vehicle)and other vehicles are given a value based on leaggha bus is classified as two PCUs.

Capacity resu#t are expressed differently for signalised and priority junctions. Signalised junction
capacities are presented using the following parameters:

91 Degree of Saturation (Do$)presents capacity for an individual lane with 100% being full
capacity. In modellig signalised junctiond.inSig sets theheoretical capacitgf a lane @0%
DoS as this would allow the junction to accommodatetdaday variations in traffic of up to
10%.

1 Practical Reserve Capacity (PRCepresents the additional traffic thasigralisedjunction
could accommodate based on the worst performing lane and taking a DoS of 90% as being at
capacity PRC is expressed as a percentage with a negative number indicating that the junction
is over its theoretical capacity and that traffic flowuld need to be reduced.

Priority junctions and nosignalised roundabout capacities are presented using the following
parameters:

1 Ratio of Flow to Capacit{fRFC)i similar to DoS, though for a particular give way movement
(such as a right turn in to a noinroad) rather than individual lanes, with 1.0 being full capacity.
In modellingpriority junctions Junctions 9 set$e theoretical capacitf a movement at RFC
of 0.85 allowing the junction to accommodate el@ayday variations in traffic of up to5Pa.

1 Network Residual CapacitiNRC) - represents the additional traffic that a signalised junction
could accommodate based on the worst performing lane and taking a RFC of 85% as being at
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capacity. NRC is expressed as a percentage with a negative nuchbatimg that the junction
is over its theoretical capacity and that traffic flow would need to be reduced.

3.2 Junction Modelling Results

2. A4019 /B4634 Old GloucesteRoad

The A4019Tewkesbury Rd B4634 Old GloucestdRd junction is a large fowsrm signésed
crossroads with separately controlled right turns andsigmalisedgive-way left turnsThere are
pedestrian crossings on all but the A4019 West ahma.B4634 Old Gloucester Rd provides access
to the proposed Arle Nurseries / Old Gloucester RiitadThe retail access arm to the north will
provide access ta committed development site.

The A4019Tewkesbury Rd (Easi$ a twelane dual carriageway, widening to three lanes to
facilitate the right turn plus a left turn flare, with the westbounifi¢renerging after exiting the
junction. The A4019 West begins to flare from one lane to three around 125m back from the
stopline and has a flare for the left tufie othetwo arms widen to two lanes plus a dedicated left
turn flare at the junction.

Thejunction layout is shown iRigurel.
Figurel: A4019Tewkesbury Rd B4634 Old Gloucester Rilinction

23| A4019 Tewkesbury Rd \ St 123 j
y
"

14019 Tewkesbury Rd \ N
(East) S

Traffic Flows

The modelled flows for the junction are showrFigure2. The development flows result in

decreases in some movements and increases in others in both peak hours. Overall, the development
adds 35 vehicles in the AM peak and six in the PM peak. &helabment traffic would have very

little impact at this junction.
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Figure2: A4019 Tewkesbury Rd / B4634 Old Gloucester Rd Junction Traffic Flows
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Modelling Results

The results for the modelling of the A4019 Tewkesbury Rd / B4634 Old Gloucester Rd junction are

presented iTable2 andTable3 for the AM and PM peak respectiveModelling results are
presented in Degree of Saturation and Practical Reserve Capacity for this junction.

The AM peak exhibits a slight overall improvement as a teguhe proposed developments due to

a significant reduction in right turning traffic from A4019 Tewkesbury Rd (West).

Table2:  A4019 Tewkesbury Rd / B4634 Old Gloucester Rd Junction Results, AM Peak

Arm Do Minimum Do Something

Saturation Delay (s) Queue | Saturation Delay (s) Queue

(PCU) (PCU)

Retail Access 59.0% 67.7 3 59.0% 67.7 3
A4019 Tewkesbury Rd (East] 40.7% 21.1 6 49.8% 22.8 6
B4634 Old Gloucester Rd 60.4% 54.4 5 66.3% 57.0 6
A4019 Tewkesbury Rd (Wesl 84.1% 30.5 22 80.2% 26.3 21
Cycle Time 180 seconds 180 seconds
PRC 7.0% 12.3%
Average Delay 25.1 seconds 23.8 seconds

In the PM peakthere is a slight worsening of junction performance when compared with the
background flowsHowever the junction is already oveapacity in the Do Minimum scenatrio.
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Table3: A4019 Tewkesbury Rd / B4634 Old Gloucester Rd Junction Results, PM Peak

Arm Do Minimum Do Something

Saturation Delay (s) Queue| Saturation Delay (s) Queue

(PCU) (PCU)

Retail Access 103.0% 220.8 16 102.4% 208.4 16
A4019 Tewkesbury Rd (East) 101.5% 118.1 39 102.2% 124.1 38
B4634 Old Gloucester Rd 102.7% 137.0 81 103.7% 147.1 83
A4019 Tewkesbury Rd (West 81.1% 37.0 18 82.8% 37.0 16
Cycle Time 180 seconds 180 seconds
PRC -14.4% -15.2%
Average Delay 101.1 seconds 103.6 seconds

Junction performance is improved in the AM peak despite an increase in overall traffic volumes due
to relocating traffic demand away from a separately signalled right turn movement. The PM peak is
alreadyover capacity and is not made significantly worse with the introduction of additional
development traffic.

3. A4019 / Hayden Road / Manor Road

The A4019 Tewkesbury Rd / Hayden Rd / Manor Rd junction is a large signalised staggered
junction.Right turnsare separately signalled in both directions on A4019 Tewksbury Rd with a
separately signalled left turn from Manor Rd. One set of signals controls all movements from
Hayden Rd. Hayden Rd can be used as an access route to the proposed Arle Nurseries / Old
Gloucester Road site.

Pedestrian crossings are located over the mouth of Hayden Rd and Manor Rd, over dedicated left
turn lanes leading to the minor arms and in the middle of the junction over both directions of
Tewkesbury Rd.

A4019 Tewkesbury Rd is alane dual carriageway with both directions widening to four lane to
accommodate the left and right turning movemeaviemor Rd is also two lanes in each direction
leading to / from a-rm roundabout providing access to a retail and business park. Hayden Rd i
single carriage way providing access to residential developments, accessed-vaundabouts,

and to B4634 Old Gloucester Rd.

The junction layout is shown fRigure3.
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Figure3:

A4019 Tewkesbury Rd / Hayden Rd / Manor Rd Junction
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Traffic Flows

The modelled flows for the junction are showrFigure3. The development flows result in

decreases in some movements and increases in others in both peak hours. Overall, the development
adds 134 vehicles in the AM peak and 19 in the PM peakd@&helopment traffic would have very
little impact at this junction.

Figure4: A4019 Tewkesbury Rd / Hayden Rd / Manor Rd Junction Traffic Flows
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Modelling Results

The results for the modelling of the A4019 Tewkesbury Rd / Hajgiehmanor Rd junction are
presented iTable4 andTable5 for the AM and PMpeak respectivelyModelling results are
presented in Degree of Saturation and Practical Reserve Capacity for this junction.

In both the AM and PM peak, the junction is already over capacity as a result of background traffic.
Development traffic appears have very little impact on the capacity of the junction, though there
are significant increases in the average delay experienced of arc60ds®8onds per vehicle.

Table4:  A4019 Tewkesbury Rd / Hayden Rd / Manor Rd JunctioruResAM Peak

Arm Do Minimum Do Something

Saturation Delay (s) Queue | Saturation Delay (s) Queue

(PCU) (PCU)
Manor Rd 108.3% 284.4 25 109.5% 300.0 26
A4019 Tewkesbury Rd (East) 106.8% 3114 26 109.3% 341.4 28
Hayden Rd 109.7% 252.8 61 111.5% 279.5 61
A4019 Tewkesbury Rd (West 109.3% 242.3 84 113.4% 305.6 103
Cycle Time 150 seconds 150 seconds
PRC -21.9% -26.0%
Average Delay 214.1 seconds 262.0 seconds
Table5:  A4019 Tewkesbury Rd / Hayden Rd / Manor Rd Junction Result®? &a{

Arm Do Minimum Do Something

Saturation Delay (s) Queue | Saturation Delay (s) Queue

(PCU) (PCU)

Manor Rd 89.2% 101.1 16 66.9% 63.0 12
A4019 Tewkesbury Rd (East] 86.2% 51.9 27 103.6% 157.8 56
Hayden Rd 103.7% 174.9 38 103.7% 175.0 46
A4019 Tewkesbury Rd (West]| 103.2% 161.1 44 103.2% 161.9 45
Cycle Time 150 seconds 150 seconds
PRC -15.4% -16.6%
Average Delay 134.9 seconds 191.6 seconds

Although the change in capacity is negligible, the increase exhibited in average delay is significant,
adding nearly a minute in each time period. It is likely, however, that the impact of the additional
development traffic has been exaggerated as the junction is already over capacity with long delays.

4. Priors Road / Harp Hill / Hewlett Road

The Priors Rd Harp Hill / Hewlett Rd junction is a double miroundabout with four arms and
around25m separating the two minbundaboutsEach approach to the junction comprises a single
lane, with minimal flaring at the giveray line. The connecting lanese al® single lanes with a
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greater flare at the junction. All of the entry, exit and connecting lanes are separated by refuge
islands that also provide uncontrolled pedestrian crossings.

This junction is located on a major circular route that provides indigagss to three of the
proposed developmentd.ands off Oakhurst Rise; Premiere Products, Bouncers Lane; and Priors
Farm Fieldd with others located nearby.

The junction layout is shown rigure5.

Figure5: Priors Rd / Harp Hill / Hewlett Road Double Mirobundabout

Traffic Flows

The modelled flows for the junction are showrfFigure6. The development flows result in

decreases in one movement in the AM peak and increases in others in both peak hours. Overall, the
development adds 30 vehicles in the AM peak and 55 in thpdill None of the development

traffic is routed on to Harp Hill as the developments are accessed via the B4075. With baseline
traffic flows of around 1,65@,000 vehicles the development traffic would have very little impact at
this junction.
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Figure6: Priors Rd / Harp Hill / Hewlett Road Double Mirobundabout Traffic Flows
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Modelling Results

The results for the modelling of the Priors Rd / Harp Hill / Hewlett Rd junction are presented in
Table6 andTable7 for the AM and PM peak respectiveModelling results are presented in Ratio
of Flow toCapacity and Network Residual Capacity for this junction.

Table6:  Priors Rd / Harp Hill / Hewlett Rd Junction Results, AM Peak

Arm Do Minimum Do Something

RFC Delay (s) Queue RFC Delay (s) Queue

(PCUL) (PCUL)

Hewlett Road 0.34 7.4 1 0.36 7.7 1
Priors Rd 1.21 445.8 109 1.24 503.38 124
Harp Hill 0.10 10.2 0 0.10 10.2 0
B4075 Hal eds 0.78 255 3 0.77 25.2 3
Eastbound Connector 0.65 9.7 2 0.66 10.1 2
Westbound Connector 0.74 115 3 0.74 115 3
NRC -26% -28%
Average Delay 272.0seconds 306.65 seconds

In the AM peak the majority of arms are within capacity, with Hewlett Rd and Harp Hill
significantly under capacity. Priors Rd, however, is significantly over capacity in both scenarios.
The development traffic represemis impaciof around2% on both the Priors Rd arm and the

junction as a whole in the AM peak but has a disproportionate impact on queues and delay as the

junction is already over capacity.
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Table7: Priors Rd / Harp Hill / Hewlett Rd Junctidgesults, PM Peak

Arm Do Minimum Do Something
RFC Delay (s) Queue RFC Delay (s) Queue
(PCU) (PCU)
Hewlett Road 0.83 33.0 4 0.89 45.6 6
Priors Rd 1.11 212.3 60 1.12 240.4 66
Harp Hill 0.03 9.21 0 0.03 9.23 0
B4075 Hal ebs 0.96 74.4 13 1.00 95.9 18
Eastbound Connector 1.07 135.1 45 1.10 210.6 61
Westbound Connector 0.71 10.2 2 0.71 10.3 2
NRC -19% -20%
Average Delay 170.1 seconds 223.2 seconds

A

In the PM peak in the Do Minimum, two of the approacharfds i or s Rd &aandtheHal e 0
eastbounaonnector between the two miriundabouts are over capacity with significant queues

and delays. Hewlett Rd is also approaching theoretical capacity and has delay of around 30 seconds.
In the Do Something scenario the capacity on these arms is furtieededut not by any

significant amount. The largest impact is on the eastbound connector, where queues and delays are
significantly affected, and on Hewlett Rd which is taken over its theoretical capacity.

Overall, there is a minor changeNiRC and a 30 second increase in delay in both time periods
Although the change in capacity is negligible, the increase exhibited in average delay is fairly
significant, adding 3®0 seconds in each time period. It is likely, however, that the impact of the
additioral development traffic has been exaggerated as the junction is already over capacity with
relatively long delays.

5. Old Bath Road / London Road (A40)

The Old Bath Rd / London Rd junction is a farm, signalised crossroads with uncontrolled

pedestrian @ssings on all but the London Rd (South) arm. All four arms are single lane

approaches, but Old Bath Rd widens to allow a dedicated right turn lane (to London Rd South) of
around 30m and London Rd (North) widening to allow a dedicated left turn lanel(tetdas Rd ) o
around 40mTher i ght turn from London Rd (South) to H
storage area large enough for around two PCUs.

The junction is located on major routes heading northeast and southeast out of Cheltenham and also
provides an access route to four of the proposed developments: Reeves Field; Lands off Oakhurst
Rise; Priors Farm Fields; and Premiere Products, Bouncers Lane.
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Figure7: Old Bath Rd / A40 London Rd Junction

Traffic Flows

The modelled flows for the junction are showrFigure8. The development flows result in

decreases in some movements and increases in others in both peak hoals tika/development

adds 79 vehicles in the AM peak and 46 in the PM peak. This equates to an impact of around 3% in
both peak hourssome individual movements do experience a greater inigasth as adding 16

PCUs to the 73 right turning movementsfreha | e s Rd t o London Rd ( Noi
around 22%.

Figure8: Old Bath Rd / A40 London Rd Junction Traffic Flows
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