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June 10, 2014 MON-00216115-A0

Village of Salisbury
56 Douglas Street
Salisbury, NB

E4J 3E3

Attention: Mr. Jason Coyle, PTech
Re: MacWilliam Road Flooding Study- Final

Exp Services Inc. (exp) was retained by the Village of Salisbury to provide engineering services for the
MacWilliam Road Flooding Study. Our scope of work for this study includes a general investigation of
the following three (3) options to alleviate the flooding issue:

1) Raise MacWilliam Road in the area of the McNaughton Brook crossing;
2) extend Twilight Avenue to Deepwood Avenue; and
3) replace the MacWilliam Road culvert and 4 more downstream culverts.

The design criteria for the study is based on the following standards:
e City of Moncton Design Criteria Manual for Municipal Services — June 2013
e NBDTI Standard Specifications — January 2011.

The results of the study for all three options, including opinion of probable construction costs, are
presented in the following pages. Environmental requirements are not included in this report and will
need to be confirmed at the detailed design stage.

OPTION 1: RAISE MACWILLIAM ROAD

MacWilliam Road would be raised in the area of the McNaughton Brook crossing to an elevation above
the 100 year plus 20 percent (%) storm event for the future development condition based on the
Village’s current zoning map. Diameter changes would not be made to the existing culverts upstream
and downstream of the MacWilliam crossing, and erosion control measures would be provided to
minimize erosion of the proposed road structure. Two scenarios were evaluated:

e Option 1A: the existing 1500 x 1350 mm CSP elliptical culvert would remain in place and be

extended out to the new road embankments.
e Option 1B: the existing culvert would be replaced with new.

A limited topographic survey of MacWilliam Road, in the area of the culvert crossing, was performed in
order to match the new vertical alignment in the raised section of the road to the existing road
elevations.

SewerGems, a computer modelling software program, was used to model the future development
conditions and determine the flood elevations for each option, as well as size the MacWilliam culvert to
accommodate the runoff for a 100 year plus 20 % storm event for option 1B. The topographic and
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infrastructure data that was used to construct the model was obtained from our limited topographic
survey and NBGIC's contour elevations.

The results of the SewerGem’s model with background documentation used for selecting the model
parameters for Option 1A and 1B, as well as figure 1 showing the approximate limits for the raised
section of road are included in Appendix A. For each option, MacWilliam Road will need to be shifted
north in the area of the culvert due to the close proximity of the proposed road embankment to the CN
culvert.

Option 1A:

For this option, the existing CN arch culvert (approx. 900 mm span x 1300 mm high) is the controlling
factor since it's capacity is less than the existing 1500 mm x 1350 mm elliptical culvert crossing under
MacWilliam Road. The results of the modelling analysis indicate that the elevation of the existing road
of approximately 25.6 m (center line low point) would need to be raised to an approximate elevation of
27.3 m at the shoulders in the area of the culvert crossing in order to minimize flood waters overtopping
the road during the 100 year plus 20 % storm event. As an added safety factor for potential ice and
debris blocking the culvert, we recommend the shoulder elevations be raised to elevation 27.5 m.

This option is considered to be a temporary repair, since there would still be potential for flooding of the
adjacent lands and road ROW, as well as roadway if an ice jam occurred. Also, erosion of the road
embankment could be a reoccurring maintenance issue.

Option 1B:

The results of the modelling analysis indicate a new 1931x3658 mm concrete box culvert crossing
MacWilliam Road would have sufficient capacity to accommodate a 100 year plus 20 % storm event,
and would have a maximum hydraulic grade line elevation of 25.5 m. However, similar to Option 1A,
the CN culvert is the controlling factor, and the elevation of the road would still need to be raised to an
approximate elevation of 27.5 m at the shoulders in the area of the culvert crossing in order to minimize
flood waters overtopping the road during the 100 year plus 20 % storm event.

Although increasing the culvert size could decrease the potential for flooding, the flooding issue will not
be eliminated until all the downstream culverts to the Petitcodiac River are replaced. Similar to Option
1A, this option is considered to be a temporary repair and erosion of the road embankment could be a
reoccurring maintenance issue. The benefit of installing the new culvert is that the road would not
require reconstruction when the other downstream culverts are eventually upsized.

OPTION 2: EXTENSION OF TWILIGHT AVENUE

As an alternative to raising MacWilliam Road, we also looked at extending Twilight Avenue to
Deepwood Avenue. The conceptual design for this study is based on a typical road cross section for a
rural residential road and assumes a uniform grade along the proposed alignment, with a contingency
allowance to compensate for actual site conditions. A preliminary conceptual design drawing for this
option is provided in Appendix B.

The extension of Twilight Avenue would not improve or eliminate the flooding on MacWilliam Road. It
would serve as an alternate route during flooding conditions, as well as serve as a secondary road
during dry conditions which could potentially lead to some future developments. Another advantage to
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this option would be the minimized impact on residents during construction time.

OPTION 3: REPLACEMENT OF DOWNSTREAM CULVERTS

The third option is the replacement of the MacWilliam Road culvert and 4 more additional downstream
culverts (Bleakney Road, Larsen Lane and 2 on the Albert trail) to accommodate storm runoff for a 100
year plus 20 % storm event. For estimating purposes, the other four culverts to be replaced were
assumed to be the same size as the proposed MacWilliam Road concrete box culvert noted above in
Option 1B. Figure 3 showing the approximate location of the above noted culverts is provided in
Appendix C.

This is the only proposed option with the potential of eliminating the flooding of MacWilliam Road, but it
would also be the most expensive option evaluated. Please note that the cost estimate provided for the
replacement of the 4 down stream culverts for this option, is based on a conceptual design for
replacement of the MacWilliam Road culvert. If the Village wishes to progress with this option, further
site investigation and design work will be required at each individual culvert site.

Please note that the elimination of flooding of MacWilliam Road is also dependent on the upgrading of
two non-village owned culverts that cross Main Street and the CN tracks. Costs for these two
upgrades were not included in the attached cost estimate. It was assumed that these culverts are
NBDTI and CN Rail’s responsibility.

Based on a recent meeting with representatives from the Village, CN Rail and exp, the CN Rail rep
stated that at this time CN has no plans to replace/upsize their existing culvert downstream of
MacWilliam Road.

ESTIMATED OPTION COSTS

A pre-design opinion of probable cost for each of the above noted proposed options is provided as part
of this study. Details of the costs are included in Appendix D.

The estimates are based on conceptual designs prepared as part of the study. They will need to be re-
evaluated and updated as the project progresses to the preliminary and detailed design phases, and as
more detail is developed with respect to the scope of work and construction methods.

A summary of the estimated costs (including 20% contingency, 15% engineering and excluding HST)
for the MacWilliam Road Flooding Study options presented above are shown in Table 1 below.

Table 1
Estimated Costs for the MacWilliam Road Flooding Study Options
Option Description Estimated Cost ($)
1A Raise MacWilliam Road and Keep Existing Culvert 565,490
1B Raise MacWilliam Road and Replace Existing Culvert 887,720
2 Twillight Avenue Extension 1,333,770
3 Downstream Culvert Replacements (5 including at MacWilliam Rd.) 2,386,020
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CONCLUSION AND RECOMMENDATIONS

Raising MacWilliam Road and keeping the existing culvert (Option 1A) would be an economic short
term solution for the Village of Salisbury. It would be the most feasible method of rehabilitation for the
options reviewed in this report. However, Option 1A and 1B are considered to be a temporary repair,
since there would still be potential for flooding of the adjacent lands and road ROW. Also, erosion of
the roadway embankment could be a reoccurring maintenance issue.

For Option 2, the extension of Twilight Avenue to Deepwood Avenue would serve as an alternate route
during flooding conditions, and would also serve as a secondary road during dry conditions which could
potentially lead to some future developments. Another advantage to this option would be the minimized
impact on residents during construction time. However, it is more than twice the cost of Option 1A.

Option 3 is the only proposed option with the potential of eliminating the flooding of MacWilliam Road.
However, it would also be the most expensive option evaluated, and is also dependent on the
upgrading of two non-village owned culverts that cross Main Street and the CN tracks.

We trust that it meets your requirements. Please do not hesitate to contact our office if you have any
guestions or require any additional information.

Yours truly,

Mark Tays, P.Eng.
Project Manager

exp Services Inc.
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APPENDIX A

Option 1: Existing & Future Development Condition Hydrological
Models & Figure 1 Raise and Shift MacWilliam Road
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MacWilliam Road Culvert

Scenarios for Existing Culvert and Proposed Box Culvert
Table 1 - Catchment Area Table

Current Time: 816.0 min

Id Label Outflow Node Time of 5CS CN Area (User
Concentration Defined)

(min) (ha)

20 CM-1 Cs-6 153 86 467
Volume (Total | Runoff Method Flow Time

Runoff) (Maximum) {Maximum
(m3) (m3/s) Flow)
(min)
538026.8 Unit Hydrograph 3241 816




MacWilliam Road Culvert
Existing MacWilliam Road Culvert and CN Culvert

Table 2 - Culvert Table

Label Number of Start-node Id Set Invert to Invert (Start) | Stop-node Id
Barrels Start Node (m)
MacWilliam
Road Culvert 1 Ccs-2 True 23.33 Cs-S
Set Invert to Invert (Stop) Diameter User Defined Slope Section Type
Stop Node (m) (mm) Length (Calculated)
(m) (%)
1350 x 1500 .
True 2333 |(Modeled as 1400 15.5 0 E""f;rg:z;';*'“
round)
Material Manning's n Depth/Rise Flow (Maximum}| Time (Maximum | Hydraulic Grade
(%) (L/s) Flow) Line (In)
(min) (m)
CsP 0.024 100.0 4,690 762 27.33
Hydraulic Grade| Entrance Loss
Line (Out) Coefficient
(m)
27.28 0.5
Label Number of Start-node Id Set Invert to Invert (Start) | Stop-node Id
Barrels Start Node (m)
Existing CN _ s
Culvert 1 cs-1 True 22.96 OF-1
Set Invert to Invert (Stop) Dimensions User Defined Slope Section Type
Stop Node (m) (mm) Length (Calculated)
(m) (%)
True 22.96 1300 x 900 26.5 0 R
Handle
Material Manning's n Depth/Rise Flow (Maximum)| Time (Maximum | Hydraulic Grade
(%) (L/s) Flow) Line (In)
(min) (m)
Concrete 0.016 100.0 16,810 909 27.28
Hydraullc Grade| Entrance Loss
Line (Out) Coefficient
(m)
24.39 0.6




(w) uoneys
06 (1}2 (174 09 0s ot DE

=]
N
(=
-
o

0S 0¥T DOET
PO

[=
o
e
o
]
]
| O
- O
!

06T 081 04T 091
| T Y S T TR WV N R S T NN W SRS BT IR N WS TR S NN TS VN DN NN ST PO S S N S VY PO N N S K URUY I S N T S S RO SN ST I R DT N R NN RPN
1 i : H m ] ! ! H 1 ! i i : ! _ 1 i i -
: | ; : e : " R S S R N T S e !
-u.- - e L.a|.,|r—lll:::..||..|..r....._.«..l..|n.h.h_||||| — g R u|-||“|_|.|»||w.| = |.u.... = !.!._.\ 55 “ = ......- < ||.:.m.l.-ph.|l_i||r||. === .| OO-mN
] F ] | 1
| | _ " _ !

:........m:,..l----_i|.|”w|.--!. :.u.::ui||l:-! 05°EZ

” - :||.|_.1-!l.r-|.|“||.um|||||||..-|!o

002

T "

| | A
bl - 0S"¥2
TN R e COSEER S - 00°SZ
-} 05'sz
{0092
m —Fos'ez
, : 4
- S ——— i S S Rt — e . S R B [ - 05°L2
| ”. | | m ; .. | [
e foeeanees R R R T R foene e et - 00°8Z
“ m m m m m M m ! m m m ”
fracmceees ovese i B " ' T R e e IR e LR 14
“ M m ; i " m m i m m ." .
Foof oo e cn s RO 4-mmmmreees [ PO ¢ { i D I e e et focrermnan qrame e san | | R e ks EEEST et EERE o
m A R H B e s S | A s S S S S 10052
H H | H { H H | H ' | | H H | -

t-s RO S e 2 s | e __ ........ Froemmenn qpeaaces SR SO s 4-mmmneee- doommeneens (FCEaTe fommmmems paremmmean TRt +—| DS'6T
m m m | m ; m m m m ; m | m ; | m m CoL
H H H \ H H | N H | H o ! H \ { : H -
s e S S it |- 00'0E
j m m i : : | m ; . m | : : | m : F

0£°ST :3wWi) - SUIAIND ND B peoy weljpmoen bunsixgy - T - ajyoid

(w) uoneas)3



MacWilliam Road Culvert

Proposed MacWilliam Road Culvert Without CN Culvert
Table 3 - Culvert Table

Label Number of Start-node Id Set Invert to Invert (5tart) Stop-node Id
Barrels Start Node {m)
MacWilliam
Road Culvert 1 Cs-2 True 23.33 Cs-5
Set Invert to Invert (Stop) Dimension User Defined Siope Section Type
Stop Node {m) {mm) Length (Calculated)
(m) (%)
True 23.25 1931 x 3658 15.5 0.5 Box
Material Manning's n Depth/Rise Flow (Maximum)| Time (Maximum | Hydraulic Grade
(%) (Lfs) Flow) Line (In)
(min) {m)
Concrete 0.013 100.0 31,750 825 25.50
Hydraulic Grade| Entrance Loss
Line (Out) Coefficient
(m)
25.48 0.5
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MACWILLIAM ROAD CENTERLINE
RAISED TO ELEVATION 27.59m
AT CULVERT CROSSING, AND
SHIFTED NORTHWEST 2m
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APPENDIX B

Option 2: Drawing for Extension of Twilight Avenue
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APPENDIX C

Option 3: Drawing for Replacement of Downstream Culverts
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APPENDIX D

Opinion of Probable Costs for each Option
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MacWilliam Road Flooding Study - Option
1A: Raising MacWilliam Road without new

Box Culvert OPINION OF MON-00216115-A0
Salisbury, NB PROBABLE COST 0S-lun-14
Pre-Design
Item Description Estlmal':ed Unit of Unit Price Estimated Total Price
No. Quantity Measurement
Roadway

1  Grubbing 1425 square metre $3.00 $4,275.00
2  Common Excavation 855 cubic metre 510.00 $8,550.00
3  Common Borrow 13500 tonne 510.00 $135,000.00
4  Aggregate Subbase {(0-75mm)- 300mm 2750 tonne 516.00 544,000.00
S5  Aggregate Base (0-31.5mm} - 150mm 1375 tonne 516.00 $22,000.00
6  Asphalt Concrete Type "8" {SOmm) Road 315 tonne $150.00 547,250.00
7 Asphait Concrete Type "D" (30mm) Road 150 tonne $150.00 $28,500.00
8  Guide rail 400 lineai metre $75.00 $30,000.00
9  Existing cuivert extension 1 lump sum $45,000.00 $45,000.00
10 RS Rip-Rap c/w geotextiie 150 square metre $50.00 $7,500.00
11  Topsoli & Hydroseed 2300 square metre $10.00 $23,000.00
12  Siit Fence 100 iineai metre $12.00 $1,200.00
13 NB8DOT Type 8 Erosion Controi Structure 8 each $1,000.00 $8,000.00
14 Relocate Utiiity Pole 4 each 51,000.00 $4,000.00
Sub-Total $408,275.00

Sanitary System
15  Adjust Manhoie c/w new section 1 each 51,500.00 $1,500.00
Sub-Total $1,500.00
Sub-Totol $409,775.00
Contingency (20%) $81,955.00
Totol $491,730.00
Engineering {15%) $73,759.50
Grond Totol $565,489.50
HST (13%) $73,513.64
TOTAL 5639,003.00

Note : 1) Unit prices are based on 2013 unit pricing rates.
2} Engineering Services for Environmentai assessment, permits and incidentais, as weil as for land acquisition
are not included in the above costs.



MacWilliam Road Flooding 5tudy - Option
1B: Raising MacWilliam Road C/W new Box

Culvert OPINION OF MON-00216115-A0
Salisbury, NB PROBABLE COST 05-Jun-14
Pre-Design
I:f:‘ Description E‘;t::':t:te: Me::i:e?:‘em Unit Price Estimated Total Price
Roadway
1  Grubblng 1425 square metre $3.00 $4,275.00
2 Common Excavation 855 cubic metre $10.00 $8,550.00
3 Common Borrow 13500 tonne §10.00 $135,000.00
4  Aggregate Subbase {0-75mm)- 300mm 2750 tonne $16.00 $44,000.00
5  Aggregate 8ase {(0-31.5mm) - 150mm 1375 tonne $16.00 §22,000.00
6  Asphalt Concrete Type "8" (50mm) Road 315 tonne $150.00 $47,250.00
7  Asphalt Concrete Type "D" {30mm) Road 190 tonne $150.00 $28,500.00
8  Guide rail 400 lineal metre $75.00 $30,000.00
9 gz:vg"r':fe': ;::;w"jf:’:::m Sox Culvert 1 lump sum $286,000.00 $286,000.00
10 Topsoll & Hydroseed 2300 square metre $10.00 $23,000.00
11  Silt Fence 100 lineal metre 512.00 $1,200.00
12 NSDOT Type 8 Erosion Control Structure 8 each $1,000.00 58,000.00
13  Relocate Utility Pole | each $1,000.00 $4,000.00
Sub-Total 5641,775.00
Sanitary System
14 Adjust Manhole ¢/w new section 1 each $1,500.00 $1,500.00
Sub-Total $1,500.00
Sub-Totol $643,275.00
Contingency (20%) $128,655.00
Totol $771,930.00
Engineering (15%} $115,789.50
Grond Totol $887,719.50
HST (13%) 5115,403.54
TOTAL $1,003,123.00

Note : 1) Unit prices are based on 2013 unit pricing rates.

2) Engineering Services for Environmental assessment, permits and incidentals, as well as for land acquisltion

are not included in the above costs.



MacWilliam Road Flooding Study - Option2:

Twilight Avenue Extension OPINION OF MON-00216115-A0
Salisbury, NB PROBABLE COST 0S-Jun-14
Pre-Design
ItNe:\ Description E;:i ::_lat::: Me:s:?ec:r:ent Unit Price Estimated Total Price
Roadway
1  Clearing 19000 square metre $3.00 $57,000.00
2 Grubbing 19000 square metre $3.00 $57,000.00
3 Common Borrow 1000 tonne $10.00 $10,000.00
4  Common Excavation 11000 cubic metre $10.00 $110,000.00
5  Aggregate Subbase (0-75mmj- 300mm 7700 tonne $16.00 $123,200.00
6  Aggregate Base (0-31.5mm) - 150mm 3300 tonne $16.00 $52,800.00
7  Asphalt Concrete Type "B" (50mm) Road BOOD tonne $150.00 $120,000.00
B Asphalt Concrete Type "D" (30mm) Road 450 tonne $150.00 $67,500.00
9 750 mm Culvert Crossing 2 each $6,500.00 $13,000.00
10 Hydroseed 9000 square metre $4.00 $36,000.00
11  Silt Fence 250 lineal metre $12.00 $3,000.00
12 NBDOT Type B Erosion Control Structure 10 each $1,000.00 $10,000.00
Sub-Total $659,500.00
5anltary System
13 200 mm dia. 5anitary Sewer Main 820 lineal metre $250.00 $205,000.00
L 1050 mm diameter Sanitary Sewer Manhole 7 each $4,000.00 $28,000.00
15 100 mm dia. DR 35 Sanitary Service Lateral 350 lineal metre $150.00 $52,500.00
16 200 mm dia. Sanitary Sewer End Caps S each $300.00 $1,500.00
Sub-Total $287,000.00
Utllity Cost
17  Querhead Utility Line 1 lump sum $20,000.00 $20,000.00
Sub-Total $20,000.00
Sub-Totoi $966,500.00
Contingency {20%} $193,300.00
Totoi $1,159,800.00
Engineering {15%) $173,970.00
Grond Totol $1,333,770.00
HST {13%) $173,390.10
TOTAL $1,507,160.00

Note : 1) Unit prices are based on 2013 unit pricing rates.

2} Sanitary main from Twilight extension to MH-203 & stubs at future streets are included in the above costs.

3} Grade along proposed alignment considered uniform; contingency at 15% to compensate for actual site condition.
4} Typical cross section for rural minor residential road with open drainage used for basis of design



MacWilliam Road Flooding Study - Option
3: Replace MacWilliam Road Culvert & 4

Downstream Culverts OPINION OF MON-00216115-A0
Salisbury, NB PROBABLE COST 05-Jun-14
Pre-Design
Item . Estimated Unit of o R
No. Description Quantity  Measurement Unit Price Estimated Total Price
Storm System
MacWilliam 1931 x 3658mm Box Culvert
: C/W gravel, headwalls, etc. . lump sum $286,000.00 $286,000.00
Bleak
e e 1 lump sum $255,000.00 $255,000.00
gravel, headwalls, etc.
Albert Trail no.1 1931 x 3658mm Box
3 287,000. ,000.
Culvert C/W gravel, headwalls, etc. ! lump sum $ 00 5287,000.00
Larsen Street 1931 x 3658mm 8ox Culvert
| 92,000.0 492,000.00
4 C/W gravel, headwalls, etc. t e >4 0 5
Albert Trail no.2 1931 x 3658mm Box
| ,000.00 ,000.
3 Culvert no.2 C/W gravel, headwalls, etc. 1 il 5409 ki
Sub-Total $1,729,000.00
Sub-Totol $1,729,000.00
Contingency {20%) $345,800.00
Totol $2,074,800.00
Engineering (15%) $311,220.00
Grand Totol $2,386,020.00
HST (13%) $310,182.60
TOTAL $2,696,203.00

Note: 1) Unit prices are based an 2013 unit pricing rates.
2) Engineering 5ervices for Enviranmental assessment, permits and incidentals, as well as land acquisition
appraisals are not included in the above costs.

3) Culverts cressing Main Street and CN track are not included in the above cost. It was assumed that these culverts

are N8DTI and CN respansibility.

4) Lump sum price for the culverts includes all removals, daylighting of existing underground, excavation, borrow,
bedding, all instream and embankment wark as per OFO and NBOELG requirements, cofferdam and all required
pumping, storm sewer work, headwalls, rip-rap c/w geotextile, silt fence, road restoration, trail restoration

and all incidentals required to complete the work.



