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1. Link Road

1.1. Summary of Options

The following notation has been used to describe the variations in the link road (as noted in Figure
1-1 below).

— Al - Connection at SH1 south of Grenada North interchange

— A2 - Connection to Westchester Drive East

— B3 - As per Figure 1-1

— C3- As per Figure 1-1

— D1 - Connection only to Petone Esplanade

— D2 - Connection only to SH2

— D3 - Connection to both Petone Esplanade and SH2

— D4 - Connection to Dowse Interchange

— D5 - Parallel link from Horokiwi to Petone
= Figure 1-1 Option
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111. Testl

Test 1 is the 2016/2026 do minimum (DM) scenario which includes all permitted developments
and planned consented upgrades in the model area. Of particular relevance to this study are the

inclusion of the Dowse interchange, Korokoro Road intersection, Melling interchange, Kennedy
Good Bridge and SH2/SH58 interchange upgrades.
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1.1.2. Test2

Test 2 links SH1 south of Grenada north to Dowse interchange using links A1 + B3+ C3 + D5 +
D4.

1.1.3. Test3

Test 3 is the same as Test 2 but with additional linkage at the SH1 end to Westchester Drive East.
This incorporates links Al + A2 + B3 + C3 + D5 + D4.

1.1.4. Test4

Test 4 is the same as Test 2 but rather than running parallel to SH2 between Horokiwi and Dowse,
the link ties in to the Petone interchange with access to and from the link from Petone Esplanade
only (i.e. no direct linkage to SH2). This incorporates links A1 + B3 + C3 + D5 + D1.

1.1.5. Test5

Test 5 is the similar to Test 4 but with access to and from SH2 only at the Petone interchange only
(i.e. no direct linkage to Petone Esplanade). This incorporates links A1 + B3 + C3 + D5 + D2.

1.1.6. Testb6

Test 6 is a combination of Tests 4 and 5 with access to and from both SH2 and Petone Esplanade at
the Petone interchange. This incorporates links A1 + B3 + C3 + D5 + D3.

1.2. Traffic modelling assumptions

The Wellington Transport Strategy Model (WTSM) has been run 8 times with the following inputs
and output trip matrices:

= Output matrices 4021/4061 from 2016/2026 DM;

= Output matrices 4031/4071 from 2016/2026 with conceptual Grenada Petone link in
place;

= Output matrices 4041/4081 from 2016/2026 with conceptual Cross Valley link in place;
and

= Output matrices 4051/4091 from 2016/2026 with both above links in place.

Whilst the WTSM model incorporates fixed land use assumptions for all of the above runs, the
output matrices vary slightly because of differences in trip distribution and mode choice brought
about by the network changes.
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The WTSM matrices are disaggregated to the SATURN zonal system using a methodology

developed as part of the upgrade of the Transmission Gully SATURN model which is used here,
known as the Ngauranga Triangle SATURN model.

The matrix total for each of the matrices developed from the WTSM runs are shown in Table 1-1

below:

s Table 1-1 Matrix totals

Y;aartg:d AM P PM

2016 4021 100,613 04523 120716
2016 4031 101,187 94473 121,112
2016 4041 100,665 94531 120,769
2016 4051 101,202 04472 121156
2026 4061 111270 105484 132,539
2026 4071 111,963 105405 133,048
2026 4081 111340 105458 132,506
2026 4091 111,987 105405 133,134

1.2.1. Testl

The DM SATURN models incorporate coding to reflect network upgrades which has been peer
reviewed as part of the Transmission Gully SATURN model build. Test 1 uses WTSM matrices
4021 and 4061 for the 2016 and 2026 model runs respectively (these are defined in 1.2 above).

1.2.2. Test?2

All tests incorporating a link between Grenada and Petone (Tests 2 to 6) tie in at SH1 as shown in
Figure 1-2 below. This interchange layout is purely to facilitate access and egress to SH1 for all

movements.
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s Figure 1-2 SH1 interchange
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Figure 1-3 below shows the approximate alignment of the new link road between SH1 and SH2.

s Figure 1-3 Additional links
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The new link road is assumed to tie in at the new Dowse interchange which is assumed to be a
roundabout as shown in Figure 1-4 below:

s Figure 1-4 Dowse interchange

W Graphies: P1X WETWORK PLOTTING 17,0708 201 SAMPREVATIST,UFS

SH2
north

SH2 ,...,..,,,..,,.. ---.-
SOUIh "-"-------......,,__,_ : : -.“----‘.---%---:---

The length of the new link is approximately 8km between SH1 and SH2 at Dowse. The free flow
speed has been assumed as 70kph with a capacity of 4000 PCU/HR in each direction. A speed
flow curve has been applied with minimum speed 45kph when volumes are at 4000 PCU/HR (at
which point intersection delays would be incorporated).

WTSM matrices 4031 and 4071 are used for the 2016 and 2026 model runs respectively.

1.2.3. Test3

Test 3 utilises the same assumptions as for Test 2 but with an additional connection from
Westchester Drive East to the link Road. This is shown in Figure 1-5 below and is assumed to be
0.7 km in length (distance between node 3106 and node 1918).
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s Figure 1-5 A2 link to Westchester Drive East
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WTSM matrices 4031 and 4071 are used for the 2016 and 2026 model runs respectively.
1.24. Test4
The new link road connection directly to Petone Esplanade is shown in Figure 1-6 below:
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»  Figure 1-6 Petone Esplanade linkage
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Vehicles access the new link road from the SH2 southbound on ramp (node 252). Vehicles from
the link road accessing Petone Esplanade do so via node 1182 and on to the roundabout at 1100.
The distance to the Petone interchange from SH1 is assumed to be approximately 6.5km.

WTSM matrices 4031 and 4071 are used for the 2016 and 2026 model runs respectively.

1.25. Test5

The new link road connection directly to SH2 is shown in Figure 1-7 below:
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= Figure 1-7 SH2 linkage
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Vehicles access the new link road from SH2 at node 206 via 1927 and node 1926. Vehicles from
the link road accessing SH2 do so via node 1926 and on to node 206.

WTSM matrices 4031 and 4071 are used for the 2016 and 2026 model runs respectively.

1.2.6. Testb6

Test 6 incorporates linkage to both SH2 and Petone Esplanade and as such combines the network
coding from both Tests 4 and 5 above.

WTSM matrices 4031 and 4071 are used for the 2016 and 2026 model runs respectively.

1.3. 2016 Traffic modelling outputs

A large quantity of data is available from the SATURN transport models which has been filtered
and combined to generate information on the following Key Performance Indicators:

= Travel time on SH1 between Grenada and Ngauranga (by peak and direction);
= Travel time on SH2 between Dowse and Ngauranga (by peak and direction);

= Travel time between Grenada and Petone via the State Highway (Ngauranga) or the link
road (by peak and direction);

= Total flows on the new link road (AADT or by peak and direction);
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= Total vehicle and HCV flows on Petone Esplanade between Fitzherbert Street and Queen
Street (AADT or by peak and direction);

= Total flows on SH58 immediately to the west of SH2;
= Total flows on SH2 between Petone and Dowse;

= Total vehicle KMs travelled (VKT) on the network;

= Total travel time on the network; and

= Total vehicle delay on the network.

An important point to note when comparing options is that Test 1 (the DM) has a different trip
matrix from WTSM than Tests 2 to 6. This means that total network statistics are likely to be
different due to different total numbers of vehicles. 2016 model results are given in detail here,
with commentary provided on any noticeable qualitative differences in the 2026 modelling.

1.3.1. State Highway travel times

There is a reduction in flow of between 350 and 500 PCU/HR on SH1soutbound in the congested
AM peak which significantly improves the travel time on this route. This reduction is shown in
Figure 1-8 below.

= Figure 1-8 SH1 Travel times
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Note that since the southbound volumes in the AM peak (approximately 5,500PCU/HR) are still
significantly higher than the inter and PM peaks (approximately 2,000PCU/HR) the option travel
times are still of the order of three minutes quicker in the inter and PM peaks. The lower flows in
the inter and PM peaks mean that the applied speed flow curves are having only a minor influence
on the travel time for larger changes in flow.

The lower flows for SH1 northbound in all three peaks mean that any reductions due to the
inclusion of the link road have limited effect on the travel times on this route.

There are limited changes in flow in the AM peak (less than 100PCU/HR change) but larger
reduction of the order of 300PCU/HR and 500PCU/HR in the inter and PM peaks respectively for
SH2 southbound. The largest impact on travel time is in the PM peak as is shown in Figure 1-9
below with a reduction in the order of one minute. The impact of the flow reduction in the inter
peak is limited due to the lower levels of congestion in this period.

On SH2 northbound there are significant reductions of the order of 600PCU/HR and 400PCU/HR
in the AM and inter peaks respectively with slight increases in the PM peak (due to the change in
matrix from WTSM). As can be seen in Figure 1-9, the effects on travel time are limited in the
inter and PM peaks with a slight reduction in the AM peak.

The modelling results for 2026 show the same patterns as the 2016 modelling, with higher traffic
volumes meaning travel times of the order of less than a minute higher in the peak southbound
direction in the AM peak and less than two minutes higher in the peak northbound direction in the
PM peak. There are minimal changes in the counter peak direction.
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»  Figure 1-9 SH2 travel times
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Again, the 2026 modelling shows similar qualitative differences between the tests, with less than a
minutes change in travel times from 2016.

1.3.2. Link road travel times

As stated in Section 1.1, the connections at the eastern end of the link road are slightly different for
each test with connections at Dowse (Tests 2 and 3), Petone Esplanade (Test 4) and SH2 at Petone
(Test 5), or a combination (Test 6). Due to these differences in connections, travel times have been
collated on the following routes:

= Link EB/WB SH2: From Grenada to Dowse interchange via the link road (Tests 2, 3, 5
and 6);

= SHEB/WB SH2: From Grenada to Dowse interchange via SH1 and SH2 (Tests 1, 2, 3, 5
and 6);

= Link EB/WB Pet: From Grenada to Petone Esplanade via the link road (Tests 2, 3, 4 and
6); and

= SH EB/WB Pet: From Grenada to Petone Esplanade via SH1 and SH2 (Tests 1, 2, 3, 4
and 6).

1.3.2.1. Grenadato SH2

The major differences in travel time eastbound between Grenada and SH2 occur in the AM peak as
can be seen in Figure 1-10 below:
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s Figure 1-10 Eastbound travel times to SH2
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Key points of note are:

= All options remove a significant amount or traffic from SH1 southbound (see Section
1.3.1) and hence the eastbound route is of the order of two minutes quicker than without
the link road in place;

= The link road is approximately six minutes quicker than using the state highways in all
options;

= It has been assumed in Tests 2 and 3 that vehicles travel from Dowse to Petone via Udy
Street and Cuba Street; and

= No route has been assumed from the link road to Petone in Test 4.

The 2026 modelling shows similar qualitative trends with general increases in travel times of
approximately 4% from 2016 for Test 2 to Test 6. The Test 1travel times increase by
approximately 10% in the AM Peak. There is a less than 5% increase in travel time in the IP and
PM Peak for all tests. These increases are for the portion of the journey on the state highway with
no changes in the travel time for the link road.

In the westbound direction, the main differences are in the PM peak as can be seen in Figure 1-11
below:
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s Figure 1-11 Westbound travel times from SH2

BAM-Link WBSH2 -Time (s]  MAM-SH WB SH2 - Time (5] MP-Link WE SH2 - Time (s) B IP-SH W8 SH2 - Time (s)

200 700
800
700
600
500
400
300
200
100

Time (5)
Time (5)

B PM - Link WB 5H2 - Time (s) B PM-5H WEB 5H2 - Time (s)

a00
800

700
600
500
400
300
200
100
a T T T
TEST1 TE5TZ TEST3 TEST4 TESTS TESTG

Note that as in the eastbound direction in the AM peak, the introduction of the link road improves
travel times on the state highways, and the link road is of the order of five minutes quicker than
using the state highways.

Time (5)

The modelling results for 2026 show the same patterns as the 2016 modelling. For Test 1 there is a
minor increase in travel time in the AM peak in the order of less than a minute. In the IP peak the
travel times increase by about 4 minutes and in the PM peak travel times increase in the order of 6
minutes. The travel time for the link road stays approximately the same.

1.3.2.2. Grenadato Petone Esplanade

Due to the difference connectivity of Test 4 and Test 5, the travel time to Petone Esplanade east of
Cuba Street has also been assessed for each test.

In the eastbound direction, the travel time savings are lower than to SH2 as can be seen in Figure
1-12 below:
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s Figure 1-12 Eastbound travel times to Petone Esplanade
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Note that all options improve travel times on the state highways as in Section 1.3.2.1. The travel
times for Tests 2 and 3 are approximately two minutes higher than for Tests 4 and 6 due to the
additional distance to travel via Udy Street and Cuba Street rather than feeding straight on to the
Esplanade.

Again, the link road provides travel time savings over using the state highway, although in the inter
peak this is limited for Tests 2 and 3 due to the relatively congestion free travel on the state
highways with similar levels of congestion in Hutt City as in the AM and PM peaks.

In the westbound directions, as can be seen in Figure 1-13, the PM peak shows the largest
reductions in travel time.
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s Figure 1-13 Westbound travel times to Petone Esplanade
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Note that Test 5 has increased traffic volumes from WTSM matrix but no mechanism for this
traffic to easily get to Grenada. This means that volumes turning on to SH2 are larger in Test 2
than in other tests. A reduced capacity was implemented in the base model at the merge onto SH2
to reflect the observed levels of delay at this interchange. In 2016 the traffic demands from Petone
Esplanade onto SH2 approach this capacity and hence the delays become unstable with very small
fluctuations in flow causing significant changes in delay. Test 5 has slightly higher traffic volumes
making this turn which means that volumes exceed capacity and an additional three minutes delay

is experienced over Tests 4 and 6, and approximately two minutes additional delay over Tests 2
and 3.

Travel times in the westbound direction in 2026 have similar patterns to those in 2016. The general
increases in travel time from 2016 to 2026 are relatively minor in the AM and inter peaks (of the
order of 4%). In the PM peak, with the Hutt Road roundabout at capacity, there are significant
increases in delay here, of the order of 20-40% (approximately 3 minutes). With this intersection at
capacity the routing becomes unstable with vehicles switching to routes via Jackson Street and Hutt
Road.
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1.3.3. Flows on link road

As can be seen in Figure 1-14 below, there is very little difference in flows on the link road
between Tests 2 to 6. This is in part due to the use of a fixed trip matrix meaning that only vehicle

rerouting affects influence the total volumes with mode choice and distribution assumed to be
fixed.

s Figure 1-14 Eastbound and westbound total PCU flows on link road
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As can be seen above, the flows are predominantly eastbound (Grenada to Petone) in the AM peak,
westbound (Petone to Grenada) in the PM peak with an approximately equal split in the inter peak.

Similar total flows are indicated by the 2026 models for each time period. The overall flows
increase by approximately 100 vehicles per hour.

The formula developed as part of the Transmission Gully toll study (based on traffic counts on SH1
in Wellington) was used to factor up peak hour volumes to daily flows:

Daily flow=2x AM +12.4 x IP + 2 x PM
This results in the daily volumes as seen in Figure 1-15 below:

s Figure 1-15 Daily total PCU flows on link road
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Consistent with the peak hourly volumes, there is little variation in two-way daily flow on the link
road between the Tests with volumes varying between 23,500 and 25,500 PCU/day

1.3.4. Flows on Petone Esplanade

There are differences in flows on Petone Esplanade between the Tests as can be seen in Figure 1-16
below.

In the AM peak the flows are predominantly westbound and in the PM peak the flows are
predominantly eastbound with a balance in the inter peak.

In the AM peak, in comparison to Test 1 (the DM) flows are slightly reduced in Test 2 and Test 3
due to the link road feeding traffic in at Dowse. Test 5 also shows a reduction over Test 1 due to
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the link road having no direct connection to Petone Esplanade. Tests 4 and 6 however, with the

direct connection to Petone Esplanade, result in significant increases in flow, approximately 200
PCU/HR eastbound and westbound.

The changes are less marked in the inter peak period (although the percentage changes are similar).
The PM peak has a slightly higher increase in flow in the westbound direction for Tests 4 and 6.

The large increase westbound is due to the release of the bottleneck at the Petone interchange
reducing delays here significantly.

m Figure 1-16 Eastbound and westbound total PCU flows on Petone Esplanade
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The total flows eastbound and westbound show the same patterns as the 2016 outputs. Again, the
westbound direction for Test 4 and Test 6 show slightly higher increases in the flows. The flows
change in each test in the order of 100 200 vehicles per hour.

Total flow

HCV volumes on Petone Esplanade are of the order of 30-100vph each of the peak hours modelled.
The changes in flows with each of the options follow the same patterns as for total vehicles.
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s Figure 1-17 Eastbound and westbound HCV flows on Petone Esplanade
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The HCV flows for the year 2026 show the same pattern as for the 2016 outputs. The HCV flows
for all three time periods increase by approximately 20 HCVs per hour.

Using the same daily factors as stated in Section 1.3.3, the total daily flows on Petone Esplanade
are shown in Figure 1-18 below. The daily flows show the same trends as for the peak hours with
increases of the order of 20% for Test 4 and 10% for Test 6 and decreases of the order of 5% for all
other Tests compared to Test 1.
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= Figure 1-18 Daily total PCU flows on Petone Esplanade
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Between 2016 and 2026 Daily flow changes increase by about 2000 - 4000 vehicles with the
highest increase for Tests 4 and 6.

1.3.5. Flows on SH58
The total daily flows on SH58 are shown in Figure 1-19 below.

= Figure 1-19 Daily total PCU flows on SH58
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Note that the presence of any link road reduced the AADT from approximately 15,500 PCU to
13,000 PCU. Test 5 and Test 6 with the link road tying directly into SH2 at Petone Esplanade
appear to attract slightly more traffic from SH58, but this is only of the order of 500 PCU.

Between 2016 and 2026 the daily total flow on SH 58 changes by about 2000 vehicles a day.

1.3.6. Flows on SH2 between Petone and Dowse

With the additional linkage provided between Grenada and Petone, there may be considerable
impacts on the traffic volumes on SH2. The new link is likely to cause reductions in flows on SH2
south of Petone as traffic reroutes to the link road, but there are likely to be increases on SH2 north
of Petone due to the increases attractiveness of travel between Grenada and the Hutt area facilitated
by the link road which is implicit in the WTSM matrices used.

The maximum hourly one way traffic volumes from each test are shown in Figure 1-20 below:

s Figure 1-20 SH2 maximum hourly one way traffic volumes
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Note that with Test 2 and Test 3 joining SH2 at Dowse interchange, any increase in traffic from
Grenada is not added to this portion of SH2 and so maximum one way flows are approximately
2800 PCU/HR. Tests 5 and 6 which tie in to SH2 at Petone have maximum flows in excess of
3200 PCU/HR which is approaching two lane’s capacity. For a theoretical saturation flow of 4000
PCU/HR, a rule of thumb for flow breakdown is a V/C ratio of 85% which would be reached at a
flow of 3400 PCU/HR.

The outputs for the 2026 model show the same patterns. As with the 2016 traffic, Test 5 and 6 have
higher maximum flows per hour than the other 4 tests. Test 5 reaches approximately 3500 PCU/HR
and hence would exceed the V/C ratio of 85%.
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Using the same formulae as in Section 1.3.3, the two way daily flows on SH2 are shown in Figure
1-21 below:

s Figure 1-21 SH2 two way daily flows
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Note that overall (incorporating non peak direction travel) Test 2 and Test 3 actually reduce the
daily traffic volumes on SH2 with Test 5 and Test 6 showing marked increases.

The outputs for the 2026 show similar patterns to the 2016 outputs. The total daily flows increase
by approximately 6000 PCUs per day

1.3.7. Network statistics

General network statistics have been extracted from the SATURN model. This includes data from
vehicles travelling on all of the modelled area from SH1 south of Ngauranga interchange to SH1
north of McKays Crossing and SH2 north of SH58. The statistics presented in the following
sections are:

= Transient queues are those which build up and dissipate throughout the modelled period
(for example at signals each cycle);

= Over capacity queues are those which build up throughout the modelled period and carry
over into the next period,;

= Link cruise time is the total amount of time spent on links which is made up of free flow
time and delays due to queuing on links;

= Total travel time includes the cruise time and additional delays at intersections from over
capacity queues;
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= Total travel distance; and
= Average travel speed is the ration of total distance to total time.
These are presented for the AM, inter and PM peaks separately.

The minimum value for each statistic is highlighted in green, with the minimum “non-DM” value
highlighted in yellow if the DM has the minimum value.

It should be noted that overall network statistics are subject to model “noise” which is particularly
prevalent in larger models such as the NT SATURN model. This means that small differences in

convergence can alter delays and general network performance in areas which appear unrelated to
any model alterations. The risk of this is minimised in the NT SATURN model by ensuring good
convergence of all model runs and by checking of areas of high delay which are sensitive to small
changes in flow.

1.3.7.1. AM peak
The general network statistics for the AM peak are shown in Table 1-2 below:

= Table 1-2 AM peak network statistics

Peak AM

Test 1 2 3 4 5 6
TRAMSIEMT QUEUES (PCU. HRS.HR.) 66a.7 G67.9 §59.2 6604 G80.2 G67.8
OVER-CAPACITY QUELUES (PCU. HRS./HR.) 181.6 185.2 1717 1747 189.5 193.5
LINK CRUISE TIME (PCU. HRS./HR.) 57271 5947 9 5940 59499 59245 5906.5
FREE FLOW (PCU. HRS./HR.) 5031.9 52711 5272.3 52445 52304 5211.8
DELAYS (PCU.HRS.JHR.) G95.2 G76.8 667.8 705.3 G941 G94.7
TOTAL TRAVEL TIME (PCL. HRS./HR.) 6577.5 Ga01 6770.9 6785 67942 G767.7
TRAVEL DISTAMCE (PCU. KMS./HR.) 3655874 378628 3783898 3TGE3GTE 3ITE2E34 3750929
OVERALL AVERAGE SPEED (KFPH) 55.6 567 55.9 55.5 55.4 55.4

Note here that due to the change in distribution in the applied WTSM matrix, the lowest statistics
are generally for Test 1, the Do Minimum. Tests 3 and 6 stand out as having the lower general
statistics with:

= Test 3 having the lowest level of general queuing and associated delays; and
= Test 6 having the lowest overall travel time and distance on the network.
1.3.7.2. Inter peak

The general network statistics for the inter peak are shown in Table 1-3 below:
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» Table 1-3 Inter peak network statistics

Peak P
Test 1 2 3 4 5 B
TRANSIENT QUEUES (PCU. HRS./HR.) 286.8 287.5 2877 288 287.4 287
OVER-CAPACITY QUEUES (PCU. HRS./HR.) 145 5.6 10 156 6.8 135
LINK CRUISE TIME (PCU. HRS.HR.) 34203 34926 34916 34804 34822 34678
FREE FLOW (PCU. HRS./HR.) 3306.9 24714 34706 34508 34508 34465
DELAYS (PCU. HRS./HR.) 32.4 21.2 21 20.6 223 213
TOTAL TRAVEL TIME (PCU. HRS/HR.) 37306 37857 37892 3784 37763 37682
TRAVEL DISTANCE (PCU. KMS./HR.) 2366761 2395363 2393952 238121 239111.9 2320901
OVERALL AVERAGE SPEED (KPH) 3.4 3.3 3.2 2.9 3.3 3.2
In the less congested inter peak, the lower overall travel time and distance in Test 6 are also
reflected by lower levels of transient queuing.
1.3.7.3. PM peak
The general network statistics for the PM peak are shown in Table 1-4 below:
= Table 1-4 PM peak network statistics
Peak PM
Test 1 2 3 4 5 6
TRANSIENT QUEUES (PCU. HRS./HR.) 612.6 568.4 5613 B631.1 560.4 B31.5
OVER-CAPACITY QUEUES (PCU. HRS.HR.) 661 654 543.4 681 568.1 B66.3
LINK CRUISE TIME (PCU. HRS.HR.) 57183 58375 58367 58202 58183 57067
FREE FLOW (PCU. HRS/HR) 52733 54829 54883 54874 54611 5457
DELAYS (PCU. HRS.HR.) 445 354.6 343.4 333 357.2 3307
TOTAL TRAVEL TIME (PCU. HRS./HR.) 6992  7150.9 71464 71325 71559 70045
TRAVEL DISTANCE (PCU. KMS./HR.) 376191 387698.5 3877194 387854 3872604 2864880
OVERALL AVERAGE SPEED (KPH) 538 541 543 54.4 541 545
Again, Test 1 generally shows the lowest overall network figures due to the difference in
distribution of traffic inherent in the WTSM matrices. Again, Test 6 generally shows the lowest
overall network statistics.
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2. Cross Valley Link

2.1 Summary of options

21.1. Test7

Test 7 incorporates traffic calming works on Petone Esplanade and Jackson Street.
212, Test8

Test 8 includes a Cross Valley Link between Wakefield Street and White Lines West.

2.1.3. Test9

Test 8 includes a Cross Valley Link between Wakefield Street and Randwick Road following the
rail alignment, diverging from Wakefield Street where Wakefield Street passes below Cuba Street.

2.14. Test10

Test 10 includes upgrading the existing Udy Street and Cuba Street to two lanes in each direction
with a free flow speed of 70kph on Udy Street, retaining the 50kph free flow speed on Cuba Street.

215, Testll
Test 11 is a combination of Test 7 and Test 8.
2.16. Test12
Test 12 is a combination of Test 7 and Test 9.
21.7. Test13
Test 13 is a combination of Test 7 and Test 10

2.1.8. Test 16

Test 16 involves increasing the free flow speed on Petone Esplanade to 70kph between Hutt Road
and Waione Road, and providing 2 full lanes in each direction.

2.1.9. Test 17

Test 17 provides an alternative eastbound route to Petone Esplanade via SH2, Dowse Interchange,
Hutt Road, Udy Street and Cuba Street. Petone Esplanade is closed to traffic from SH2 and Hutt
Road and Udy Street are upgraded to 70kph and 2 lanes in an eastbound direction.
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2.2. Traffic modelling assumptions

Note that for the Cross Valley Link model WTSM matrices 4041/4081 have been used.

2.2.1. Test7

The SATURN model networks have reflected traffic calming by reducing the free flow speed on
Petone Esplanade and Jackson Street to 30kph as marked with the purple dashed line in Figure 2-1
below:

s Figure 2-1 Traffic calming extents

W Graphies: P1X NETWORE PLOTTING 17,0708 T01EAMRIVATESTFS

Petone
Esplanade

2.2.2. Test8

Test 8 incorporates a link from Wakefield Street at Hutt Road to Whites Line West terminating at a
roundabout on Randwick Road. The free flow speed has been modelled as 70kph along the length
of Wakefield Street, the Cross Valley Link and Whites Line West with a capacity of 3600 PCU/HR
to reflect two lanes in each direction. The roundabout at Whites Line West / Randwick Street has
been coded as a two lane roundabout with a circulating capacity of 3000 PCU/HR. Wakefield
Street terminates at its western end at a priority intersection with Hutt Road. The link is denoted as
a purple dashed line in Figure 2-2.
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m  Figure 2-2 Wakefield to Whites Line West Cross Valley Link
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2.2.3. Test9

The Test 9 alignment across the Hutt VValley means that there is unlikely to be any operation detail
between Test 9 and Test 8 at the level of detail of the SATURN model. For the purposes of this
study, Test 8 and Test 9 utilise the same SATURN modelling results.

224, Test10

Test 10 has been coded by simply increasing the capacity (to two lanes or 3600vph in each
direction) and free flow speed (to 70kph) on Udy Street with a two lane roundabout at its
intersection with Hutt Road at its western end. The free flow speed on Waione Street has been
increased to 60kph between Cuba Street and East Street with a 50kph free flow speed remaining on
Cuba Street. The capacity has also been increased on Cuba Street and its intersections with Udy
Street and Waione Street to provide 3600vph capacity along this corridor. This has involved the
signalisation of Udy Street / Cuba Street intersection as well as increasing the size of the Cuba
Street / Waione Street intersection. The extent of these network modifications are indicated by the
purple dashed line in Figure 2-3 below:
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s Figure 2-3 Udy Street upgrade
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2.25. Testl6

Test 16 has been coded by simply increasing the through capacity (and lane allocation) to 3600vph
and increasing the free flow speed to 70kph for all nodes as shown by the purple dotted line in
Figure 2-4 below:
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2.2.6.

Test 17

Test 17 involves offering an alternative eastbound route to Petone Esplanade using the following

coding:

A reduction in free flow speed on Petone Esplanade and Jackson Street to 30kph in the
eastbound direction between Hutt Road and Cuba Street (the blue dotted lines in Figure
2-5);

An increase in the free flow speed on Petone Esplanade to 70kph in the westbound
direction between Cuba Street and Hutt Road,;

Banning the movement from SH2 to Petone Esplanade (the red no entry symbol in Figure
2-5);

Increasing the speed to 70kph on Hutt Road, Cuba Street, Udy Street and Waione Street as
well as providing 2 lanes eastbound capacity (the purple dotted line in Figure 2-5); and

Providing a two lane roundabout at the Hutt Road / Udy Street intersection and a
signalised intersection at Udy Street / Cuba Street (as in Test 10).
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= Figure 2-5 Eastbound alternative route
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Note that this is similar to the eastbound component of Test 10, but by banning the movement from
SH2 to Petone Esplanade and improving the capacity on Hutt Road between Dowse interchange
and Udy Street, the Udy Street / Cuba Street route becomes more favourable in the eastbound
direction.

2.3. 2016 Traffic modelling outputs

A large quantity of data is available from the SATURN transport models which has been filtered
and combined to generate information on the following Key Performance Indicators:

= Total vehicle and HCV flows on Petone Esplanade (AADT or by peak and direction);
= Total vehicle KMs travelled (VKT) on the network;
= Total travel time on the network; and
= Total vehicle delay on the network.
2.3.1. Flows on Petone Esplanade

There are differences in flows on Petone Esplanade between the Tests as can be seen in Figure 2-6
below.

In the AM peak the flows are predominantly westbound and in the PM peak the flows are
predominantly eastbound with a balance in the inter peak. Note that the flows are generally lower
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than in Tests 2 to 6 due to there being no additional connectivity from Grenada in these tests or
implicit in the WTSM matrices used, and the various measures tested generally detract from the
relative attractiveness of Petone Esplanade as a viable route choice.

s Figure 2-6 Eastbound and westbound total PCU flows on Petone Esplanade
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In the AM peak, the effect of the traffic calming on Petone Esplanade and Jackson Street can be
determined by comparing:
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= Test 1 with Test 7 (noting that these Tests use different trip matrices);
= Test 11 with Test 8; and
= Test 13 with Test 10.

There is an approximate 30% reduction in eastbound volumes and a 20% reduction in westbound
volumes in each of these comparisons.

The reductions are similar in the inter peak, with a more marked reduction in the eastbound
direction in the PM peak and little change in the westbound direction. This is likely to be due to an
increase in demand flow westbound across the Hutt Valley inherent in the WTSM matrices for the
PM peak.

Test 11 which incorporates both the Cross Valley Link and traffic calming on Petone Esplanade
and Jackson Street has the largest total impact on total traffic volumes on Petone Esplanade with an
approximate 30% reduction in the AM and inter peaks and 50% reduction in the PM peak
compared to Test 1.

Test 16 which involves the upgrading of Petone Esplanade to 70kph in each direction has the
highest combination of eastbound and westbound flow. Test 17 has the highest flow westbound
and the lowest flow eastbound on the Esplanade. It is noted that although traffic from SH2 has
been banned from joining the Esplanade at the Hutt Road roundabout, there is an element of
rerouting via Hutt Road and Jackson Street rather than the intended alternative route of SH2 and
Udy Street via the Dowse interchange.

Total flows for the 2026 outputs show similar patterns to the 2016 outputs with an increase of
traffic of approximately 50 — 100 vehicles.

HCV volumes on Petone Esplanade are of the order of 30-100vph each of the peak hours modelled.
The changes in flows with each of the options follow the same patterns as for total vehicles.
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s Figure 2-7 Eastbound and westbound HCV flows on Petone Esplanade
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Using the same daily factors as stated in Section 1.3.3, the total daily flows on Petone Esplanade
are shown in Figure 2-8 below. The daily flows show the same trends as for the peak hours with
the highest two way daily flows being for Test 10 and 16.

For the 2026 outputs similar patterns can be found to the 2016 outputs with an increase of about 5-
50 vehicles.
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s Figure 2-8 Daily total PCU flows on Petone Esplanade
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The daily flows on the Petone Esplanade changes from 2016 to 2026 by up to 5000 vehicles per
day for the considered Tests.

2.3.2. Network statistics

As with the link road, total network statistics have been extracted for each of the Cross Valley Link
options and compared with Test 1 (DM). It is worth noting that Tests 7, 11 and 13 all incorporate
traffic calming on Petone Esplanade and Jackson Street which, all else being equal, would mean an
increase in link cruise time. This means that although traffic calming on Petone Esplanade and
Jackson Street may meet objectives concerned with improving amenity in these areas, total network
statistics may indicate a “worsening” of overall network performance.

2.3.2.1. AM peak
The general network statistics for the AM peak are shown in Table 2-1 below:

s Table 2-1 AM peak network statistics

Peak AM

Test 1 7 8 10 1 13 16 17
TRAMSIENT QUEUES (PCU. HRS./HR.) 668.7 665.2 674.9 676.6 676.6 675.1 6E9.5 684.1
OVER-CAPACITY QUEUES (PCU. HRS./MHR.) 181.6 195.2 193.4 165.6 188.6 194.4 197.6 193.9
LINK CRUISE TIME (PCL. HRS./HR.) 57271 5761.9 57039 5706.7 5756.4 5740.3 5688.5 5685.1
FREE FLOW (PCU. HRS./JHR.) 5031.9 5078.1 5016.5 5020.8 5065 5057.2 5002.2 5013.4
DELAYS (PCU. HRS.HR.) 695.2 G83.8 687.4 §85.9 691.5 6831 G86.3 671.8
TOTAL TRAVEL TIME (PCU. HRS./HR.) B577.5 6622.3 6572.2 6548.8 6621.6 6E09.8 6555.6 6563.1
TRAVEL DISTANCE (PCU. KMS./HR.) 365587.4 365977 3654847 365901.3 3663535 3661721 365701.3 366701.3
OVERALL AVERAGE SPEED (KFPH) 55.6 55.3 55.6 55.9 55.3 55.4 558 55.9
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Test 8 and Test 10 which provide improved linkage across the Hutt Valley have the lowest total
network travel time and distance. It is interesting to note that Test 13 which combines
improvements to Udy Street with traffic calming on Petone Esplanade and Jackson Street actually
marginally reduces over capacity queues. The additional capacity provided on the Esplanade by
Tests 16 and 17 are reflected by lower delays and free flow travel time.

2.3.2.2. Inter peak

The general network statistics for the inter peak are shown in Table 2-2 below:

s Table 2-2 Inter peak network statistics

Peak IP

Test 1 7 8 10 1 13 16 17
TRANSIENT QUEUES (PCU. HRS./HR.) 286.8 288.2 289.8 292.9 291.3 295.9 2843 297
OVER-CAPACITY QUEUES (PCU. HRS./HR.) 14.5 41 6.1 19.2 53 2.5 18 2.6
LINK CRUISE TIME (PCU. HRS.HR.) 34293 3466.9 34002 34165 34441 14443 33975 34125
FREE FLOW (PCU. HRS.UHR.) 3396.9 3435 3376.9 33847 34121 34123 3365.6 33804
DELAYS (PCU. HRS.J/HR.) 324 319 323 31.8 32 32 31.9 32
TOTAL TRAVEL TIME (PCU. HRS./HR.) 37306 37601 3705 37286 37407 37426 3683.6 3rmz2n
TRAVEL DISTANCE (PCLU. KMSJ/HR.) 236676.1 236891.9 2363751 236743 2365488 236865 236557.6 2372307
OVERALL AVERAGE SPEED (KPH) 63.4 63 63.8 63.5 632 63.3 64.2 639

In the inter peak, Test 8 shows the lowest overall VKT although delays are minimised in Test 10.
Test 16 shows the largest improvement in queue reduction which would be expected given the
additional capacity and increase in speed provided on the Esplanade in this test.

2.3.2.3. PM peak
The general network statistics for the PM peak are shown in Table 2-3 below:

m Table 2-3 PM peak network statistics

Peak PM

Test 1 7 8 10 1 13 16 17
TRAMSIENT QUEUES (PCU. HRS./HR.) 6126 613.2 G289 616.4 G36.8 6206 6123 616.2
OVER-CAPACITY QUEUES (PCU. HRS.HR.) 661 653.7 655.5 657.7 689.7 646.1 663.7 675.5
LINK. CRUISE TIME (PCL. HRS./HR.) 7183 5756.5 5700 B706.6 57398 57402 BE821 5704
FREE FLOW (FCU. HRSJ/HR.) 2733 53228 52567 52615 52961 52982 52443 52647
DELAYS (PCU. HRS./MHR.) 445 4338 444 3 445 4436 442 4378 4392
TOTAL TRAVEL TIME (PCU.HRS.HR.) 5992 70235 G984.3 69807 7066.2 7006.8 69581 69957
TRAVEL DISTAMCE (PCU. KMS.HR.) 3A76191 3769765 3761447 3764495 3770126 3766371 3762151 3TE655.5
OVERALL AVERAGE SPEED (KPH) 538 37 5319 5319 534 538 541 538

As with the AM peak, Test 8 shows the lowest VKT with Test 16 generally showing lowest
network statistics with regards to queues and delays.
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3. Combination of Options
3.1. Summary of options
3.1.1. Test14

Test 14 is a combination of Test 3 from section 1 and Test 11 from Section 2. Although Test 3 did
not appear to have the same level of network performance, the close linkage between Wakefield
Street and Dowse interchange mean that the two projects may be complementary and provide more
combined benefits than the sum of each project’s individual benefits.

3.1.2. Test15

Test 15 is a combination of Test 6 from section 1 and Test 11 from Section 2. This incorporates
the benefits of the lower overall network travel time and VKT with the desirable increase in
amenity of Petone Esplanade through the provision of an additional Cross Valley Link at
Wakefield Street.

3.2. Traffic modelling assumptions
3.2.1. Test14

Test 14 has been modelled by using a direct combination of coding from Test 3 and Test 11.

3.2.2. Test15

Test 15 has been modelled by using a direct combination of coding from Test 6 and Test 11.

3.3. 2016 Traffic modelling outputs

The same KPIs as for Tests 1-6 have been produced for Tests 14 and 15.

An important point to note when comparing options is that Test 1 (the DM) has a different trip
matrix from WTSM than Tests 2 to 6. This means that total network statistics are likely to be
different due to different total numbers of vehicles.

3.3.1. State Highway travel times

There is a reduction in flow of approximately 4000 PCU/HR on SH1soutbound in Tests 14 and 15
(similar to Tests 3 and 6) in all three peaks but the effect is largest in the congested AM peak which
shows significant improvements in the travel time on this route. This reduction is shown in Figure
3-1 below.
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s Figure 3-1 SH1 Travel times
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Test 11 has been included since it is combined with Test 3 or Test 6 to make Test 14 or Test 15.
With no link road existing in Test 11, the minor differences in travel time are likely to be due to
changes in the WTSM matrix used with only very small changes in flow on SH1. Generally Tests
14 and 15 show similar travel times to Tests 3 and 6 as would be expected.

The lower flows for SH1 northbound in all three peaks mean that any reductions due to the
inclusion of the link road have limited effect on the travel times on this route.

For the 2026 outputs the travel patterns for the AM and IP peak are similar to the 2016 outputs with
an increase of about 1 minute. For the PM peak the overall pattern is the same but the model
indicates that the upstream traffic on SH1 northbound increases north of where the new link road
connects to the existing SH1. This indicates SH1 approaching capacity at the merge of the new
link road leading to an additional delay of approximately 1 minute.

As with travel time routes on SH1, the travel times on SH2 are very similar between Tests 14 and
15 compared to Tests 3 and 6 as is shown in Figure 3-2 below.
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s Figure 3-2 SH2 travel times
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The modelling outputs for 2026 show the same patterns as the 2016 outputs with general increases
in delay of approximately 10% between 2016 and 2026.

The comparison of the 2026 results and the 2016 results show similar patterns with an increase in
travel time of less than a minute.

3.3.2. Flows on link road

As can be seen in Figure 3-3 below, there is very little difference in flows on the link road between
Tests 3 and 14 and Test 6 and 15. This indicates that the difference between the two WTSM
matrices used is small for flows between SH1 and SH1.
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s Figure 3-3 Eastbound and westbound total PCU flows on link road
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For the 2026 Grenada to Petone total flows the patterns are similar with an increase of vehicles in
the order of 100 -200.

Total flow
&
8

Total flow

Using the same daily factors as stated in Section 1.3.3, this results in the daily volumes as seen in
Figure 3-4 below:
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m  Figure 3-4 Daily total PCU flows on link road
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Daily flows in 2026 compared to the results for 2016 show an increase in flows of about 4500
PCUs.

The volumes are very slightly higher when the Cross Valley improvements are in place but only of
the order of 0-3%.

3.3.3. Flows on Petone Esplanade

There are differences in flows on Petone Esplanade between the Tests as can be seen in Figure 3-5
below.

In the AM peak the flows are predominantly westbound and in the PM peak the flows are
predominantly eastbound with a balance in the inter peak.

In all three peaks, Tests 14 and 15 show increases in flow on the Esplanade over Test 11 which
doesn’t include any Grenada to Petone link, although the volumes are still significantly less than
Test 1 or Test 3 and Test 6.
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= Figure 3-5 Eastbound and westbound total PCU flows on Petone Esplanade
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HCV volumes on Petone Esplanade are of the order of 30-100vph each of the peak hours modelled.
The changes in flows with each of the options follow the same patterns as for total vehicles.

The total flow on the Petone Esplanade shows the same pattern for the AM and PM for 2026 in
comparison to 2016. The increase in flow is about 150 PCUs. For the IP the total flows eastbound
stay approximately the same whereas the westbound flow increases by roughly 100 PCUs.
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s Figure 3-6 Eastbound and westbound HCV flows on Petone Esplanade
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Using the same daily factors as stated in Section 1.3.3, the total daily flows on Petone Esplanade
are shown in Figure 3-7 below.

The HCV flows for the 2026 outputs indicate the same patterns and an increase of about 10-25
HCVs.
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s Figure 3-7 Daily total PCU flows on Petone Esplanade
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The lowest flows on Petone Esplanade are for Test 14 which combines traffic calming on the
Esplanade with an additional Cross Valley Link between Wakefield Street and Whites Line West
and a link from Grenada tying in at the Dowse interchange.

The 2026 daily PCU flows show the same structure as the2016 flows with an increase of about
2000 PCUs overall.

3.3.4. Network statistics
The same network statistics as provided in Sections 1 and 2 are provided below:

3.3.4.1. AM peak
The general network statistics for the AM peak are shown in Table 3-1 below:

m  Table 3-1 AM peak network statistics

Peak AM

Test 1 3 6 11 14 15
TRAMSIEMT QUEUES (PCU. HRS.HR.) G68.7 659.2 667.8 G76.6 G68.5 6704
OVER-CAPACITY QUEUES (PCU. HRS.MHR.) 181.6 1717 193.5 188.6 190.8 2054
LINK CRUISE TIME (PCU. HRS./HR.) 57271 5940 5O06.5 5756.4 FOG3.6 5946
FREE FLOW (PCU. HRS.HR.) 5031.9 52723 5211.8 5065 52951 52488
DELAYS (PCU. HRS.HR.) §95.2 667.8 694.7 G91.5 G68.5 Go7.2
TOTAL TRAVEL TIME (PCL. HRS/HR.) 65775 67709 BY67.7 66216 6823 68218
TRAVEL DISTAMCE (PCU. KMS./HR.) 3655874 3783898 3750029 3AG3535 378A8R 8 3TH4828
OVERALL AVERAGE SPEED (KFH) 55.6 55.9 554 55.3 55.5 55
SINCLAIR KNIGHT MERZ

D:\Documents and Settings\tsmall\Desktop\090901Modelling Report.docx PAGE 44



Short List Assessment

Note here that due to the change in distribution in the applied WTSM matrix, the lowest statistics
are generally for Test 1, the Do Minimum. Tests 3 and 11 stand out as having the lower general
statistics with:

= Test 3 having the lowest level of general queuing and associated delays; and
= Test 11 having the lowest overall travel time and distance on the network.

From a network statistic perspective, the combination Tests 14 and 15 do not show any additional
benefit over a simple Grenada-Petone link (Test 3 and Test 6), or a Cross Valley link with traffic
calming on Petone Esplanade (Test 11).

It should be noted that:

= Test1uses WTSM matrix 2021;

= Tests 3 and 6 use WTSM matrix 2031;

= Test 11 uses WTSM matrix 2041; and

= Tests 14 and 15 use WTSM matrix 2051.
3.3.4.2. Inter peak

The general network statistics for the inter peak are shown in Table 3-2 below:

s Table 3-2 Inter peak network statistics

Peak IP

Test 1 3 i 11 14 15
TRAMSIENT QUEUES (PCU. HRS.HR.) 286.8 2877 287 291.3 20994 2924
OVER-CAPACITY QUEUES (PCU. HRS./HR.) 145 10 135 53 a 54
LINK. CRUISE TIME (PCU. HRS./HR.) 34293 34916 34678 3444 1 34988 34827
FREE FLOW (PCU. HRS./HR.) 3396.9 34706 34465 34121 3478.2 34614
DELAYS (PCU. HRS.JHR.) 324 21 21.3 32 206 21.4
TOTAL TRAVEL TIME (PCU. HRE./HR.) 37306 37392 a768.2 7407 Je064 v
TRAVEL DISTANCE (PCU. KMS.HR.) 2366761 2393852 2380001 2365488 2391593 2377847
OVERALL AVERAGE SPEED (KPH) G3.4 G3.2 63.2 G3.2 G2.8 G249

In the less congested inter peak, the lower overall travel time and distance in Test 11 are also
reflected by lower levels of transient queuing. Test 14 shows the lowest levels of delay indicating
that for inter peak travel patterns the link between Grenada and Whites Line West via Dowse
interchange may be reducing overall network delay.

3.3.4.3. PM peak

The general network statistics for the PM peak are shown in Table 3-3 below:
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» Table 3-3 PM peak network statistics

Peak PM

Test 1 3 6 11 14 15
TRAMSIEMT QUEUES (PCU. HRS.HR.) 6126 661.3 631.5 636.8 691.3 646.9
OVER-CAPACITY QUEUES (PCU HRS.HR.) 661 6484 666.3 689.7 663.7 649.5
LINK CRUISE TIME (PCU. HRS./HR.) 5718.3 5836.7 5796.7 5739.8 5843.8 5821.7
FREE FLOW (PCU. HRS.HR.) 5273.3 5488.3 5457 5296.1 5507 5481
DELAYS (PCL. HRS/HR.) 445 3434 3387 4436 336.8 3407
TOTAL TRAVEL TIME (PCU. HRS./HR.) 5992 71464 70945 7066.2 71987 71181
TRAVEL DISTAMCE (PCU. KMS./HR.) 3TE191 3877194 3864859 3770126 3880335 3866231
OVERALL AVERAGE SPEED (KPH) 53.8 54.3 54.5 534 5349 54.3

As with the inter peak, Test 11 appears to show the overall most favourable network performance
with Test 14 having slightly lower overall network delay.

SINCLAIR KNIGHT MERZ

D:\Documents and Settings\tsmall\Desktop\090901Modelling Report.docx PAGE 46



	Contents
	Document history and status
	1. Introduction
	2. Background
	2.1. Ngauranga to Tawa
	2.2. Ngauranga to Dowse
	2.3. SH1-SH2 Link
	2.4. SH2 to Seaview-Gracefield
	2.5. Additional Options for the Short List

	3. Study Process
	3.1. Key issues to take into account in option selection

	4. Option Identification
	4.1. Ngauranga to Tawa
	4.1.1. Tawa Interchange Improvements
	4.1.2. Additional Southbound Bus Shoulder

	4.2. Ngauranga to Dowse
	4.2.1. Road, Rail and Cycleway Realignment between Ngauranga and Petone and Construction of a Seaward Cycleway 
	4.2.2. “Great Harbour Way” - Seaward Cycleway
	4.2.3. Completion of the Off-road Pedestrian/Cycle Facility on SH2
	4.2.4. “Beach to Bush”
	4.2.5. Petone Overbridge
	4.2.6. Traffic Management on SH2

	4.3. SH1 to SH2 Link (Petone-Grenada Link)
	4.4. SH2 to Seaview-Gracefield (Cross Valley Link Options)
	4.4.1. Traffic Calming works on The Esplanade
	4.4.2. The Esplanade Multi Lane Efficient Arterial 
	4.4.3. Wakefield Street to Rail Alignment 
	4.4.4. Wakefield Street to Whites Line Alignment
	4.4.5. Gracefield Multi Modal Hub 
	4.4.6. Udy Street “Wiggle”
	4.4.7. Two Way Pairs – Petone Esplanade and Udy Street “Wiggle”
	4.4.8. Traffic Volumes on The Esplanade


	5. Projects Recommended for Inclusion in the Strategy
	Long Sections and Cross Sections.pdf
	1 ZB00938SK0001-A
	2 ZB00938SK0002-A
	3 ZB00938SK0003-A
	4 ZB00938SK0004-A
	5 ZB00938SK0005-A
	6 ZB00938SK0006-A
	7 ZB00938SK0011-A
	8 ZB00938SK0013-A
	9 ZB00938SK0014-A
	10 ZB00938SK0015-A
	11 ZB00938SK0016-A
	12 ZB00938SK0017-A
	13 ZB00938SK0018-A
	14 ZB00938SK0019-A
	15 ZB00938SK0021-A
	16 ZB00938SK0007-A
	17 ZB00938SK0008-A
	18 ZB00938SK0009-A
	19 ZB00938SK0010-B




