PER TECHNICAL MEMORANDUM No. 27 CWHVEI\&NDSA\“ER

PREPARED FOR: Western Wake Partners
FROM: CDM/Hazen and Sawyer
PREPARED BY: Kelly Boone, Lee Sherman
DATE: July 22, 2005

Revised January 13, 2006

SUBJECT: Western Wake Regional Wastewater Management Facilities
Western Wake Water Reclamation Facility
PER Technical Memorandum No. 27 — Effluent Force Main

INTRODUCTION

This Technical Memorandum (TM) is one in a series of TMs being prepared for the Preliminary
Engineering Report for the Western Wake Regional Wastewater Management Facilities project.
The purpose of this TM is to present the preliminary engineering for the effluent force main.

REQUIRED FACILITIES

The effluent pipeline route recommended in the Phase Il planning study and subsequent technical
memoranda for the Western Wake Wastewater Management Facilities (WWMF) project included
separate force mains for Phase 1 and Phase 2 of the project. Although the pipes will be
constructed at separated times, a common right-of-way for the two pipes will be acquired during
Phase 1 of the project. The force mains will extend from the Western Wake WRF site to the
effluent discharge point just downstream of Buckhorn Dam on the Cape Fear River.

The Phase 1 force main was sized as a 54-inch pipe in the Phase Il planning study, based on a
peak flow of 62.7 millions gallons per day (mgd) and a velocity of approximately 6 feet per second
(fps). The Phase 2 force main was sized as a 42-inch pipe, based on a peak flow of 36 mgd and a
velocity of approximately 6 fps. As described in this TM, preliminary hydraulic modeling confirmed
that the Phase 1 force main can be downsized to 48 inches with a velocity of 7.7 fps.
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ROUTE ALTERNATIVES

Phase Il Study Route

Several alternative routes were considered for the Western Wake effluent pipeline. The most direct
route between the Western Wake WRF site and the proposed outfall just downstream of the
Buckhorn Dam is obstructed by Harris Lake and the Harris Nuclear Plant. Therefore, the route that
was initially identified in the Phase Il study followed Old US Highway 1 southwest to Christian
Chapel Church Road, Christian Chapel Church Road south to NC Highway 42, and NC 42 to a
railroad right-of-way. The pipeline was then routed adjacent to the railroad right-of-way west to its
intersection with a power transmission line right-of-way. The route then followed the power
transmission line right-of-way to its intersection with Buckhorn Road, which it followed to the Cape
Fear River.

Route Evaluation

Evaluation began with the route identified in the Phase Il study. The Phase Il study route was used
as a baseline route, and several alternatives to the planning route were developed for comparison.
Route alternatives were developed using Geographical Information System (GIS) data supplied by
Chatham County, Wake County, North Carolina Department of Transportation (NCDOT), and North
Carolina Center for Geographic Information and Analysis (CGIA)'s BasinPro 8 shapefiles. This data
included aerial photography and topographical features. Various routes were driven or walked to
help determine the feasibility of each alternative and potential utility and other conflicts.

The general route was divided into several parts, and route segments between the points were
analyzed based on a variety of evaluation criteria including the relative costs of the alternatives.
For evaluation purposes, the effluent force main route was divided into the following three sections:
(1) Point A (Western Wake WRF) to Point B (intersection of Christian Chapel Church Road and the
Dixie Pipeline propane pipeline right-of-way); (2) Point B to Point C (Christian Chapel Church Road
approximately 3,500 feet north of the NC 42 intersection); and (3) Point C to Point D (outfall site).
The routes are depicted on Figure 27-1.

EVALUATION CRITERIA

Route selection was based on relative costs, property impacts, traffic impacts, permitability,
constructability, environmental impacts, maintenance access, hydraulics, and utility conflicts. A
description of each of these criteria follows. The following section analyzes the advantages and
disadvantages of each route alternative based on these factors and assigns a ranking for
comparison purposes. Each route alternative is assigned a ranking between 1 and 5; with 1 being
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a favorable score (low impact) and 5 being an unfavorable score (high impact).

Relative Cost Basis

Relative costs were assigned to each route alternative for comparison purposes. The costs
associated with the alternatives do not represent preliminary construction cost estimates; rather,
they were developed for use in comparing various alternatives. Costs were developed based on bid
tabulations from recent projects, CDM’s experience with similar projects, and data collected during
previous work on the Western Wake WWMF project. The cost evaluations for each route segment
include installation of pipe for each route, the cost of appurtenances such as air release valves
(ARVs), and the cost of trenchless installation.

The costs shown assume a 48-inch-diameter effluent force main. Trenchless installation costs are
estimated based on the cost of both the pipe and a hand-mined tunnel. Costs are also shown for
ARVs, which will be needed along high points along the force main.

The cost comparisons do not include items that are not significant cost discriminators between
routing options (backfill and bedding, seeding, etc.). Costs are also not included for rock
excavation. The Chatham County and Wake County Soil Surveys indicate that the depth of rock for
the study area range from 3 feet to 15 feet below ground surface. Depth to rock was not a
significant discriminator among the route segments, so it was not considered in the evaluation.
However, rock quantities and locations will be important information used to determine the final
construction cost estimate. Therefore, geotechnical investigations should be conducted early in
final design to give an indication of the actual depth of rock along the selected route.

Property Impacts

Alternative routes for the effluent force main were selected with the attempt to minimize impacts to
individual properties located along the routes. Cross-country route alternatives were be chosen to
follow existing property lines or existing utility easements to avoid dividing parcels. Many of the
routes cross land owned by Progress Energy. CDM has discussed the project and the routing
alternatives on several occasions with Progress Energy representatives.

Traffic Impacts

Construction of a large force main along heavily traveled streets will impact traffic flow. Some of the
alternate routes are located along roads that serve both residential and commercial/industrial
establishments. The force main(s) should be constructed so that one lane of traffic on the affected
road remains open at all times, at a minimum. Because a 55-foot wide right-of-way is needed for
the Phase 1 and Phase 2 effluent force mains, both force mains will not be able to be constructed
entirely within road right-of-ways. In order to avoid the expense of relocating overhead power lines
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and poles, it may be necessary in some areas to purchase the entire 55-foot easement adjacent to
the road right-of-way.

Permitability

The ability to acquire permits is a critical factor to the success of this project. Permits will need to
be acquired in order to begin construction of the force main, and the route will be subject to review
by regulatory agencies, depending on the type of permits needed. For example, the force main
routes crossing state-maintained roads will require an Encroachment Agreement with the North
Carolina Department of Transportation (NCDOT). The routing alternatives analysis may be subject
to review by the US Army Corps of Engineers (USACE) if an Individual Permit rather than a
Nationwide Permit is required to comply with Clean Water Act Section 404 regulations. Mitigation
may be required by the USACE or North Carolina Division of Water Quality (NCDWQ) for
unavoidable wetland or stream impacts.

All of the route alternatives will impact railroads, so coordination will be needed with the appropriate
railroad companies to obtain pipeline encroachment agreements. Encroachment agreements or
approvals may also be needed for any force main routes that cross utility rights-of-way owned by
Progress Energy or Dixie Pipeline.

Constructability

The ease with which the project can be constructed greatly impacts the overall project cost.
Constructability issues considered as part of the route evaluation process include contractor access
to the site, ability to store materials and access to potential project staging areas, speed of
construction, and construction safety.

Environmental Impacts

Environmental impacts considered during the force main route analysis include wetland impacts,
stream crossings, and woodland clearing. These impacts generally are greater for cross-country
routes than for routes in or adjacent to existing roads. Environmental impacts can lengthen the time
required to obtain permits and can increase the number of permits and reviews needed.

Access

Consideration is given to facilitating maintenance access to the force main. The Project Partners
need to be able to access the force main right-of-way for maintenance and repairs. Access is
easiest when the force main follows existing roads and it is most difficult for cross-country routes,
particularly in heavily wooded and wetland areas.
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Utility Conflicts

Most of the alternative routes have potential conflicts with existing and/or future utilities. The design
will have to address these conflicts, and the contractor will have to handle each conflict as the pipe
is installed. Therefore, routes were evaluated to minimize conflicts between utilities, particularly
large utilities that are not easily moved such as power transmission poles.

In general, utility conflicts are greatest along roads. Preliminary information was obtained for gas
lines, overhead and underground power lines, existing water mains and sewers, cable conduits,
and telephone and fiber optic lines by walking or driving the alternative routes. Particular attention
was given to utilities that cannot easily be moved such as electric transmission lines and towers,
cell phone towers, and gas lines. The depth of the proposed force main should be adjusted as
necessary during final design to avoid conflicts with utilities.

Hydraulics

Many of the force main routes follow road or other cleared easements rather than streams and
natural drainage courses. These routes exhibit, in some cases, significant elevation change. High
points and changes in the force main’s slope necessitate the use of air release valves and
air/'vacuum valves. Profiles of each route segment were evaluated for excessive elevation change
and the estimated number of ARVs that will be required.

ROUTING ANALYSIS

Preliminary investigations and field reconnaissance resulted in the development of alternative
routes that are depicted in Figure 27-1. As shown in this figure, the various routes converged on
common points, which are labeled as Points A through D. Each route section was evaluated per
the criteria described earlier in this TM.

POINT A TO POINT B

The area between Point A (Western Wake WRF) and Point B (intersection of Christian Chapel
Church Road and the Dixie Pipeline propane pipeline right-of-way) contains two major route
corridors — Old Highway 1 (SR 1011) and US 1. Routes adjacent to each road were evaluated as
shown on Figure 27-2.

Five primary route options were considered for the pipeline as it leaves the WRF site and travels

west. Route segments 1, 2A, 2B, 3, and 4 roughly follow the north and south sides of Old Highway
1 and US 1, as depicted on Figure 27-2.

27-5



DRAFT PER Technical Memorandum No.27
Effluent Force Main
Western Wake Regional Wastewater Management Facilities

Segment 1, on the north side of Old Highway 1, would require an additional railroad and road
crossing to cross to the north side of the road. It would require significant utility relocation and
property owner impacts. Segment 2A, south of the railroad tracks and gas pipeline along Old
Highway 1, eliminates the railroad and Old Highway 1 crossing. Segment 2B, south of Old Highway
1 and north of the railroad tracks, eliminates the Old Highway 1 crossing but requires crossing of
the railroad. Segment 2B also requires the use the CSX Transportation railroad right-of-way for
installation of the force main.

For Segments 1, 2A, and 2B, the shortest route out of the WRF site is the proposed access road
between the WRF and Shearon Harris Road. The shortest route from the WRF site for Segments 3
and 4 is south through the WRF site. Segments 3 and 4 are then routed parallel to US 1.
Segments 3 and 4 would have to cross the upper reaches of Harris Lake, most likely by trenchless
construction. Segment 3, north of US 1, must avoid a cemetery at the end of Shady Grove Church
Road. Segment 4, south of US 1, encroaches on the 1-mile restricted zone around the Harris
Nuclear Plant.

Segment 3 requires an entirely new right-of-way to be acquired adjacent to the NCDOT right-of-way
along US 1. Installing the pipeline within NCDOT’s US 1 right-of-way is not feasible, because
NCDOT does not allow pipelines to be installed within fully-controlled-access road right-of-ways
(see TM 27 Appendix A). The Town of Cary’s ordinances require that a 100-foot vegetated buffer
be left undisturbed along major thoroughfares such as US 1. Therefore, the new pipeline right-of-
way would not be installed directly adjacent to the road; rather, a new 55-foot wide easement would
need to be acquired 100 feet north of the US 1 right-of-way boundary. For this reason, as well as
the expense of the trenchless Harris Lake crossings and additional pipe required to avoid impacts
to the Shady Grove Church Road cemetery, Segment 3 was not selected as the preferred route.

Segment 2B, between Old Highway 1 and the CSX railroad, avoids the two trenchless crossings of
Harris Lake and the potential impacts to the cemetery. Segment 2B requires additional trenchless
crossings of railroads, but these crossings are more than offset by avoiding the trenchless
crossings of the upper reaches of Harris Lake. In addition, Segment 2B offers potentially less
impact to property owners along the route, because the pipeline would be installed in a narrow strip
of land between the road and railroad. However, in one part of Segment 2B, Old Highway 1 and the
railroad are very close together, allowing little room for construction of the pipeline. Therefore, for
at least a portion of Segment 2B, the pipe must be installed within the CSX right-of-way. According
to representatives of CSX, there is no planned expansion of the CSX railroad tracks or any other
known reason that the force main installation would be disallowed (see TM 27 Appendix A). CSX
will require a fee for use of its right-of-way. Because Old Highway 1 is not a controlled-access road,
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use of the NCDOT right-of-way may be possible. However, property research is needed to confirm
the existence of a dedicated NCDOT right-of-way.

Because property/easement impacts and NCDOT and CSX Transportation requirements need to be
evaluated in more detail during final design of the effluent force main, it is recommended that a
route corridor (rather than one route) be considered for the area directly west of the WRF site. The
route corridor will extend from Route Segment 1 (north side of Old Highway 1) to Route Segment
2A (south of the Dixie Pipeline gas line south of the CSX right-of-way).

After traveling west to avoid Harris Lake, the routes must turn south toward the Cape Fear River.
Several routes were considered. The planning study route recommended turning south from the
Old Highway 1 corridor on Christian Chapel Church Road. However, the intersection of US 1, Old
Highway 1, and Christian Chapel Church Road is very congested. The Triangle Brick facility,
located at the southeastern corner of the intersection, further restricts the routing options.
Extensive trenchless construction would be required to cross Old Highway 1, US 1, and the
interchange and access roads. Route segments 5, 6, 9, and 10 are difficult and expensive, as
shown in Tables 27-1 through 27-4. Route segments 11 and 15 (Christian Chapel Church Road)
are relatively free of utility conflicts and obstacles south of the Triangle Brick facility. The road
crosses two power transmission line easements.

Because of the difficult construction associated with route segments 5, 6, 9, and 10, a more feasible
location for crossing US 1 was identified. The route associated with segments 7, 8, 12, 13, and 14
involves crossing US 1 just west of Harris Lake near the crossing of an existing propane pipeline.
The route would follow the propane pipeline right-of-way (segments 12 and 14) and/or a power
transmission line right-of-way (segment 13) to Christian Chapel Church Road. These routes
offer shorter lengths of pipe and eliminate the difficulty of constructing the pipe across the Old
Highway 1/US 1 intersection.

Route alternatives were developed based on combinations of route segments and were ranked
based on the criteria outlined above. Tables 27-1 through 27-4 describe each route segment and
the route alternatives. As shown in the table, the least expensive route segment alternative is
Route Alternative AB7. However, as previously stated, property/easement impacts and NCDOT
and CSX Transportation requirements need to be evaluated in more detail during final design of the
effluent force main, particularly in the area just west of the WRF site. Because more detailed
evaluations will be conducted during final design, a route corridor (rather than one route) was
selected for the area directly west of the WRF site. The route will be finalized during final design of
the pipeline and prior to submitting the Final EIS.
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POINT B TOPOINTC

Only one route alternative was considered for the relatively short distance between Point B
(intersection of Christian Chapel Church Road and the Dixie Pipeline propane pipeline right-of-way)
and Point C (Christian Chapel Church Road approximately 3,500 feet north of the NC 42
intersection). Christian Chapel Church Road offers a direct route between the points. Route
alternatives to the east of the road would be longer and may require trenchless construction due to
the proximity of Harris Lake. Additional length of pipe would be required to avoid several homes
located between the road and the lake.

Routes on the west side of the road would also require additional pipe length. The force main could
continue south along the propane pipeline that crosses Christian Chapel Church Road at Point B,
but additional length would be required for this option, so it was not considered further. Following
Christian Chapel Church Road between Points B and C will require at least one crossing of
Christian Chapel Church Road. It is assumed that this crossing can be made as an open-cut
crossing, with only one lane of the road being closed at a time. It is recommended that the force
main be constructed from Point B beginning on the east side of the road. This will result in a
reduced impact to residences and the Christian Chapel Christian Church located on the west side
of the road and avoids the overhead power and underground telephone lines on the west side of
the road. South of the homes and church, the force main should cross to the west side of Christian
Chapel Church Road to avoid a Progress Energy warning siren and minimize the impact to the
Prince Chapel CME Church located on the east side of the road.

The Point B to Point C route is depicted in Figure 27-3. The characteristics of the route alternative
are listed in Tables 27-1 through 27-4.

POINT C TO POINT D

The area between Point C (Christian Chapel Church Road approximately 3,500 feet north of the NC
42 intersection) and Point D (effluent discharge structure site) contains numerous routing
alternatives, which are depicted on Figure 27-4. Two primary corridors exist between Point C and
NC Highway 42 — Christian Chapel Church Road (segment 18) and a power transmission line right-
of-way (segment 17). From NC 42, three general alternatives were considered. The planning study
recommended routing the pipeline east on NC 42 to a railroad right-of-way, then following the
railroad right-of-way back to a power transmission line right-of-way (segment 20). In an effort to
reduce the length of the pipeline, direct routes between NC 42 and the power transmission line
right-of-way were also investigated (segments 21 and 22). The third general alternative that was
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TABLE 27-1
ROUTE SEGMENT PROPERTIES
OPEN- TRENCHLESS CROSSING
DEPTH TO
PiPE ROUTING Cut LENGTHS (FT) STREAM
ARVs | BEDROCK
SEGMENT DESCRIPTION LENGTH HARRIS | CROSSINGS 1
RoAD | RAILROAD (FT)
(ft) LAKE
Point A to Point B
North side of Old
1 . 16,496 65 200 0 4 13 3to 15
Highway 1
South side of Old
2A 15,727 0 295 0 5 13 3to 15
Highway 1/Railroad °
Between Old
2B . . 16,460 0 300 0 4 13 3to 15
Highway 1/Railroad
3 North side of US 1 18,640 0 100 430 4 16 3to 15
4 South side of US 1 18,827 265 100 825 5 15 4to0 10
North side of Old
5 . 7,186 675 125 0 0 5 1.7t0 10
Highway 1
South side of Old
6 outh Sl 7,183 | 350 0 0 0 6 171010
Highway 1
Between Old
7 . 3,445 0 0 0 0 1 5to0 10
Highway 1/US 1
8 Route across US 1 114 265 0 0 0 0 5t0 10
9 North side of US 1 5,650 350 0 0 1 5 1.7t010
10 South side of US 1 5,812 0 0 0 1 6 1.7t0 10
Christian Chapel
11 6,465 0 0 0 1 3 1.7t03.3
Church Rd
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TABLE 27-1
ROUTE SEGMENT PROPERTIES

OPEN- TRENCHLESS CROSSING
DEPTH TO
PIPE ROUTING Cut LENGTHS (FT) STREAM
ARVs | BEDROCK
SEGMENT DESCRIPTION LENGTH HARRIS | CROSSINGS 1
ROAD | RAILROAD (FT)
(ft) LAKE
Propane pipeline
12 4,002 0 0 0 2 4 1.7t0 10
R/W
P .
13 i ower transmission 4,371 0 0 0 1 4 1.7to0 10
line RIW
Propane pipeline
14 9,268 0 0 0 2 8 5to0 10
R/W
Christian Chapel
1 7,51 2 1.7
5 Church Rd ,510 0 0 0 3 tob
Point B to Point C
Christian Chapel
16 10,201 0 0 0 0 3 5to 10
Church Rd
Point C to Point D
Power transmission
17 i 8,097 70 100 0 1 7 1.7t0 10
line R/W; stream
Christian Chapel
1 42 7 1
8 Church Rd 3,429 0 0 0 0 0 5to 10
NC 42 through
19 Corinth; Buckhorn 12,207 0 100 0 2 8 4t015
Rd
NC 42 and railroad
20 4,417 0 0 0 1 2 1.7t0 15
R/W
Power transmission
21 i 1,950 0 0 0 0 2 3.3t0 10
line RIW
NC 42; power
22 transmission line 2,131 0 0 0 1 2 3.3t0 10
R/W
23 Cross-country route 2,441 0 100 0 0 5 3.3t0 15
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TABLE 27-1
ROUTE SEGMENT PROPERTIES
OPEN- TRENCHLESS CROSSING
DEPTH TO
PIPE ROUTING Cut LENGTHS (FT) STREAM
ARVs | BEDROCK
SEGMENT DESCRIPTION LENGTH HARRIS | CROSSINGS 1
ROAD | RAILROAD (FT)
(ft) LAKE
Power transmission
24 . 2,161 0 100 0 0 2 3.3to 15
line R/W
Power transmission
25 . 4,273 0 0 0 2 5 3.3t0 15
line RIW
Adjacent to stream;
26 5,111 0 0 0 2 2 5to 15
cross-country
27 Adjacent to stream 10,202 0 0 0 7 2 41015
28 Buckhorn Rd 4,031 0 0 0 1 2 410 15
29 Buckhorn Rd 1,178 0 0 0 0 1 3to 15

! Rock depths estimated based on review of Wake County and Chatham County Soil Survey data

27-11



DRAFT PER Technical Memorandum No.27
Effluent Force Main
Western Wake Regional Wastewater Management Facilities

TABLE 27-2
RELATIVE COSTS FOR COST DISCRIMINATORS ALONG PIPE SEGMENTS
Cost
PIPE PIPE ARV TRENCHLESS RELATIVE
SEGMENT CROSSINGS SEGMENT
Unit Cost $305 $8,000 $2,000 CosT
per foot each per foot
Point A to Point B
1 16,496 13 265
$5,031,280 $104,000 $530,000 $5,665,280
27 15,727 13 295
$4,796,735 $104,000 $590,000 $5,490,735
o8B 16,460 13 300
$5,020,300 $104,000 $600,000 $5,724,300
3 18,640 16 530
$5,685,200 $128,000 $1,060,000 $6,873,200
4 18,827 15 1190
$5,742,235 $120,000 $2,380,000 $8,242,235
5 7,186 5 800
$2,191,730 $40,000 $1,600,000 $3,831,730
5 7,183 6 350
$2,190,815 $48,000 $700,000 $2,938,815
7 3,445 1 0
$1,050,725 $8,000 $ - $1,058,725
8 114 0 265
$34,770 $ - $530,000 $564,770
9 5,650 5 350
$1,723,250 $40,000 $700,000 $2,463,250
10 5,812 6 0
$1,772,660 $48,000 $ - $1,820,660
1 6,465 3 0
$1,971,825 $24,000 $ - $1,995,825
12 4,002 4 0
$1,220,610 $32,000 $ - $1,252,610
13 4,371 4 0
$1,333,155 $32,000 $ - $1,365,155
14 9,268 8 0
$2,826,740 $64,000 $ - $ 2,890,740
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TABLE 27-2

RELATIVE COSTS FOR COST DISCRIMINATORS ALONG PIPE SEGMENTS

Cost
PIPE PIPE ARV TRENCHLESS RELATIVE
SEGMENT CROSSINGS SEGMENT
Unit Cost $305 $8,000 $2,000 CosT
per foot each per foot
15 7,510 3 0
$2,290,550 $24,000 $ - $ 2,314,550
Point B to Point C
16 10,201 3 0
$3,111,305 $24,000 $ - $3,135,305
Point C to Point D
17 8,097 7 170
$2,469,585 $56,000 $340,000 $2,865,585
18 3,429 0 70
$1,045,845 $ - $140,000 $1,185,845
19 12,207 8 100
$3,723,135 $64,000 $200,000 $3,987,135
20 4,417 2 0
$1,347,185 $16,000 $ - $1,363,185
21 1,950 2 0
$594,750 $16,000 $ - $610,750
29 2,131 2 0
$649,955 $16,000 $ - $665,955
23 2,441 5 100
$744,505 $40,000 $200,000 $984,505
94 2,161 2 100
$659,105 $16,000 $200,000 $875,105
25 4,273 5 0
$1,303,265 $40,000 $ - $1,343,265
26 5,111 2 0
$1,558,855 $16,000 $ - $1,574,855
97 10,202 2 0
$3,111,610 $16,000 $ - $3,127,610
28 4,031 2 0
$1,229,455 $16,000 $ - $1,245,455
29 1,178 1 0
$359,290 $8,000 $ - $367,290
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TABLE 27-3

RELATIVE COST COMPARISON FOR ROUTE ALTERNATIVES

ROUTE ALTERNATIVE SEGMENTS INCLUDED RELATIVE COST
Point A to Point B
AB1 1,5,11,15 $ 13,807,385
AB2 1,7,8,12,14 $ 12,202,525
AB3 1,7,8,12,13,15 $ 12,991,490
AB4 2A,6,11,15 $ 12,739,925
AB5 2A,7,8,12,14 $ 11,257,580
ABG6 2A,7,8,12,13,15 $ 12,046,545
AB7 3,8,12,14 $ 11,581,320
ABS8 3,8,12,13,15 $ 12,370,285
AB9 3,9,11,15 $ 13,646,825
AB10 4,12,14 $ 12,385,585
AB11 4,12,13,15 $ 13,174,550
AB12 4,10,11,15 $ 14,373,270
AB13 2B,7,8,12,14 $ 11,491,145
Point B to Point C
BC1 16 $ 3,135,305
Point C to Point D
CD1 17,25,28,29 $ 5,821,595
CDh2 17,26,28,29 $ 6,053,185
CD3 17,27,29 $ 6,360,485
CD4 18,19,28,29 $ 6,785,725
CD5 18,21,23,25,28,29 $ 5,737,110
CD6 18,21,23,26,28,29 $ 5,968,700
CD7 18,21,23,27,29 $ 6,276,000
CD8 18,21,24,25,28,29 $ 5,627,710
CD9 18,21,24,26,28,29 $ 5,859,300
CD10 18,21,24,27,29 $ 6,166,600
CD11 18,22,23,25,28,29 $ 5,792,315
CD12 18,22,23,26,28,29 $ 6,023,905
CD13 18,22,23,27,29 $ 6,331,205
CD14 18,22,24,25,28,29 $ 5,682,915
CD15 18,22,24,26,28,29 $ 5,914,505
CD16 18,22,24,27,29 $ 6,221,805
CD17 18,20,23,25,28,29 $ 6,489,545
CD18 18,20,23,26,28,29 $6,721,135
CD19 18,20,23,27,29 $ 7,028,435
CD20 18,20,24,25,28,29 $ 6,380,145
CDh21 18,20,24,26,28,29 $6,611,735
CDh22 18,20, 24,27,29 $ 6,919,035

Lowest cost routes per cost criteria only are Alternatives AB5 and CD8
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TABLE 27-4

CRITERIA RANKING FOR ALTERNATIVES

Route Segments Relative Cost | Property/Traffic Impacts Permitability Environmental Constructability Utility Conflicts Hydraulics Access
Alternative Included
Rank \ Comments | Rank \ Comments Rank \ Comments Rank \ Comments Rank \ Comments Rank \ Comments Rank \ Comments Rank \ Comments
Point A to Point B
Maior impacs along Old crossings O Huy Fewer siream conficts along O1c oy 2 an Ulies along Old Access from Ol Hury
AB1 1511,15 4 |'$ 13807,385| 5 Hwy 1and at Old Hwy | 4 9s; Wy crossings and 5 g wy 9 4 | Elevationchange | 1 | 1;Christian Chapel
. . 1/US 1 intersection cross Old Hwy 1/US 1 Hwy 1
1/US 1 intersection ) wooded areas ; f Church Rd
permits intersection
Major impacts along Old 2 additional railroad Fewer stream Difficult construction along Old Utilities along Old Numerous ARVSs;
AB2 1,7,8,12,14 2 | $ 12202525 4 jor Imp 9 3 : crossings and 4 9 g 3 . " | 2 Access from OId Hwy 1
Hwy 1 crossings Hwy 1 Hwy 1 elevation change
wooded areas
AB3 17,812,315 3 $ 12,991,490 4 Major impacts along Old 3 2 addltlongl railroad Stream crossings; 4 Difficult construction along Old Utilities along Old 4 Elevation change 2 Access from Old Hwy 1
Hwy 1 crossings wooded areas Hwy 1 Hwy 1
Difficult construction to avoid L
Fewer stream : Utilities around OId Access from Old Hwy
AB4 2A,6,11,15 3 ¢ 12739025 | 4 'MPactsatOldHwy/USTI —,  OldHwy 1/US 1 crossings and 5  conflicts along Old Hwy 1 and Hwy/US 1 4 | Elevationchange | 3 | 1;Christian Chapel
intersection intersection permits cross Old Hwy 1/US 1 . )
wooded areas ) f intersection Church Rd
intersection
Impacts will be adjacent to Stream crossings; Mostly open areas; minor Numerous ARVSs; More cross-country
AB5 2A,7,8,12,14 1 $ 11,257,580 3 existing gas pipeline 2 Stream crossings 9s; 2 Y op ' Minimal impacts 5 ) ! 4 route; access from
wooded areas impacts elevation change -
easement existing easements
Impacts will be adjacent to Stream crossings: Mostly open areas: minor More cross-country
AB6 2A,7,8,12,13,15 2 $ 12,046,545 3 existing gas pipeline and 2 Stream crossings gs; 2 Yy op ’ Minimal impacts 4 Elevation change 4 route; access from
wooded areas impacts -
power easements existing easements
AB7 3,8,12,14 1 $ 11,581,320 2 Minimal impacts 2 Stream crossings Stream crossings; 2 Mostly open areas, good Minimal impacts 4 Numerous ARVs 5 More cross-country
wooded areas constructability route
Minor impacts along N . .
ABS8 3,8,12,13,15 2 $ 12,370,285 2 Christian Chapel Church 2 Stream crossings Stream crossings; 2 Mostly open area}g good Minimal impacts 5 Numerous ARVs; 5 More cross-country
Rd wooded areas constructability elevation change route
Lo S . . Utilities around OlId . Cross-country; access
AB9 3.9,11,15 4 $ 13,646,825 4 Major |mpa.cts at Olq Hwy 4 _ Old HVYy 1/Us l Stream crossings; 4 Difficult construcpon arou.nd Old Hwy1/US 1 4 Numerous ARVs; 4 from Christ. Chap. Ch.
1/US 1 intersection intersection permits wooded areas Hwy 1/US 1 intersection . - elevation change
intersection Rd
AB10 412,14 2 $ 12,385,585 1 Minimal impacts 4 Stream crossings; PE Stream crossings; 2 Mostly open areas; good Minimal impacts a Numefous ARVs; 5 More cross-country
restricted area wooded areas constructability elevation change route
Minor impacts along Highest number stream Stream crossings; . .
AB11 4,12,13,15 3 $ 13,174,550 2 Christian Chapel Church 5 crossings; PE mostly wooded 2 Mostly open areas; good Minimal impacts 5 Numerous ARVs; 5 More cross-country
- constructability elevation change route
Rd restricted area areas
Stream crossings; Old L
Lo S - . Utilities around OlId . -
AB12 4101115 5 $ 14.373.270 4 Major impacts at Old Hwy 5 Hwy 1/US 1 Stream crossings; 4 Difficult construction around Old Hwy1/US 1 5 Numerous ARVs; 3 Access from Christian
e T 1/US 1 intersection intersection permits; wooded areas Hwy 1/US 1 intersection . - elevation change Chapel Church Rd
. intersection
PE restricted area
. L L Mostly open with a few - .
AB13 2B.7.8.12,14 1 $ 11,491,145 1 Impact_s adjacent to gas 3 Stream crossings; CSX Stream crossings; 3 constricted areas between Old Utilities between Old 5 Numerous ARVs; 2 Access from Old Hwy 1
and railroad easements R/W use wooded areas Hwy 1 and CSX RR elevation change
Hwy 1 and CSX RR
Point B to Point C
Minor impacts along NO Stream crossings or Some conflicts along Christian Utilities along Little elevation Access from Christian
BC1 16 1 $ 3,135,305 & Christian Chapel Church 1 . 9 No stream crossings| 2 | Chapel Church Road; generally Christian Chapel 1 ) 1
major road crossings - change; few ARVs Chapel Church Rd
Rd good constructability Church Rd
Point C to Point D
cD1 17.25.28,29 1 $ 5821595 9 Minor impacts along 3 Stream crossings Stream crossings; 2 Mostly open areas; good Minimal impacts 4 Elevation change; 4 Cross-country; difficult
Buckhorn Rd wooded areas constructability numerous ARVs access around stream
CD2 17,26,28,29 2 $ 6,053,185 2 Minor impacts along 3 Stream crossings Stream crossings; 2 Mostly open areas; good Minimal impacts 4 Elevation change 4 Cross-country; difficult
Buckhorn Rd wooded areas constructability access around stream
Extensive wetlands . e . . Difficult access in
CD3 17,27,29 3 $ 6,360,485 1 No traffic impacts 5 impacts; stream Exten_swe wetlands 5 More difficult to construct Minimal impacts 2 Little .elevatlon 5 wetlands and cross-
crossings impacts through wetlands change; few ARVs country

Highlighted rows indicate selected route




TABLE 27-4 (CONTINUED)
CRITERIA RANKING FOR ALTERNATIVES

Route Segments Relative Cost Property/Traffic Impacts Permitability Environmental Constructability Utility Conflicts Hydraulics Access
Alternative Included
Rank | Comments | Rank Comments Rank Comments Rank Comments Rank Comments Rank Comments Rank Comments Rank Comments
- Need DOT approval to e . Utilities along NC 42 . .
cD4 18,19.28,29 5 $ 6785725 5 Extensive impacts a]ong 5 open-cut NC 42 to 2 Minimal impacts 5 Difficult constrgctlon through 5 in Corinth: Christian 3 Little elevation 1 Good access from NC
NC 42 through Corinth . o Corinth change 42
avoid buildings Chapel Church Rd
Minor impacts along Stream crossings: Mostly open areas: segment 21 Minimal impacts; Christian Chapel
CD5 18,21,23,25,28,29 1 $ 5,737,110 3 Christian Chapel Church 3 Stream crossings 3 9s; 3 y op as, seg 2 Christian Chapel 4 Numerous ARVs 3 Church Rd; power line
wooded areas ravine
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Stream crossings: Mostly open areas: segment 21 Minimal impacts; Christian Chapel
CD6 18,21,23,26,28,29 2 $ 5,968,700 3 Christian Chapel Church 3 Stream crossings 3 wooded areag ’ 3 Yy op ravine-’ 9 2 Christian Chapel 3 3 Church Rd; power line
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Extensive wetlands Extensive wetlands Difficult to construct through Minimal impacts; Little elevation Difficult access in
CD7 18,21,23,27,29 3 |$ 6,276,000 2 Christian Chapel Church 5 impacts; stream 5 impacts; stream 5 9 1 Christian Chapel 2 ) 4 wetlands and cross-
R : wetlands change; few ARVs
Rd crossings crossings Church Rd country
Minor impacts along ST GeEShE T ——— Minimal impacts; Christian Chapel
CD8 18,21,24,25,28,29 1 |'$ 5,627,710 3 Christian Chapel Church 3 Stream crossings 3 e 3 Y op 8L 2 Christian Chapel 4 Elevation change 3 | Church Rd; power line
wooded areas ravine
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Stream crossings: Mostly open areas: seqment 21 Minimal impacts; Christian Chapel
CD9 18,21,24,26,28,29 2 $ 5,859,300 3 Christian Chapel Church 3 Stream crossings 3 gs: 3 Yy op as, seg 2 Christian Chapel 3 Elevation change 3 | Church Rd; power line
wooded areas ravine
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Extensive wetlands Extensive wetlands Difficult to construct through Minimal impacts; Difficult access in
CD10 18,21,24,27,29 3 $ 6,166,600 2 Christian Chapel Church 5 impacts; stream 5 impacts; stream 5 wetlands 9 2 Christian Chapel 2 Few ARVs 4 wetlands and cross-
Rd crossings crossings Church Rd country
Minor impacts along Stream crossings: Mostly open areas: seqment 22 Minimal impacts; Christian Chapel
CD11 18,22,23,25,28,29 1 $ 5,792,315 3 Christian Chapel Church 3 Stream crossings 3 gs; 3 Y op as, seg 2 Christian Chapel 4 Numerous ARVs 3 Church Rd; power line
wooded areas ravine
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Stream crossings: Mostly open areas: segment 22 Minimal impacts; Christian Chapel
CD12 18,22,23,26,28,29 2 $ 6,023,905 3 Christian Chapel Church 3 Stream crossings 3 wooded areag ’ 3 y op ravine’ 9 2 Christian Chapel 3 3 Church Rd; power line
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Extensive wetlands Extensive wetlands Difficult to construct through Minimal impacts; Little elevation Difficult access in
CD13 18,22,23,27,29 3 |$ 6,331,205 2 Christian Chapel Church 5 impacts; stream 5 impacts; stream 5 9 1 Christian Chapel 2 . 4 wetlands and cross-
R . wetlands change; few ARVs
Rd crossings crossings Church Rd country
Minor impacts along Stream crossings: Mostly open areas: seqment 22 Minimal impacts; Christian Chapel
CD14 18,22,24,25,28,29 1 $ 5,682,915 3 Christian Chapel Church 3 Stream crossings 3 gs: 3 Y op as, seg 2 Christian Chapel 4 Elevation change 3 | Church Rd; power line
wooded areas ravine
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Stream crossings: Mostly open areas: seqment 22 Minimal impacts; Christian Chapel
CD15 18,22,24,26,28,29 2 $ 5,914,505 3 Christian Chapel Church 3 Stream crossings 3 gs: 3 Y op as, seg 2 Christian Chapel 3 Elevation change 3 | Church Rd; power line
wooded areas ravine
Rd, Buckhorn Rd Church Rd R/Ws
Minor impacts along Extensive wetlands Extensive wetlands Difficult to construct through Minimal impacts; Difficult access in
CD16 18,22,24,27,29 3 $ 6,221,805 2 Christian Chapel Church 5 impacts; stream 5 impacts; stream 5 wetlands 9 2 Christian Chapel 2 Few ARVs 4 wetlands and cross-
Rd crossings crossings Church Rd country
Minor impacts along L . . - Christian Chapel
cD17 18,20,23,25,28,29 4 |'$ 6489545| 3 | Christian Chapel Church | 3 Stream crossings 3 St\:f::;;;";se'ggs’ 2 MOStg’Ozgﬁzsﬁi good 3 C'\#; ‘LZI'C%T:EE""S 4| 4 Numerous ARVs 3 Church Rd: power line
Rd, NC 42, Buckhorn Rd y P RIWs; NC 42
Minor impacts along L . . - Christian Chapel
CD18 18,20,23,26,28,29 4 $ 6,721,135 3 Christian Chapel Church 3 Stream crossings 3 St\::}:;;:éo;selggs, 2 Mos?gﬁgfr:(iz?"st’ good 3 C':(; tzl’cir:jrrlzga;d 3 3 Church Rd; power line
Rd, Buckhorn Rd y s R/Ws; NC 42
Minor impacts along Extensive wetlands Extensive wetlands e . - . . Difficult access in
CD19 18,20,23,27,29 5 $ 7,028,435 3 Christian Chapel Church 5 impacts; stream 5 impacts; stream 5 Difficult to construct through 2 NC 42; Christian 2 Little .elevatlon 4 wetlands and cross-
. . wetlands Chapel Church Rd change; few ARVs
Rd, NC 42 crossings crossings country
Minor impacts along L . . - Christian Chapel
CD20 18,20,24,25,28,29 3 $ 6,380,145 3 Christian Chapel Church 3 Stream crossings 3 St\:\(la:;;géoaszggs. 2 MOSIEIOEEEE;;%?{ good 3 C'\;(; tzlycir;?zﬂaﬁr’]d 4 Elevation change 3 Church Rd; power line
Rd, NC 42, Buckhorn Rd y P R/Ws; NC 42
Minor impacts along L . . - Christian Chapel
CD21 18,20,24,26,28,29 4 |$ 6,611,735 3 Christian Chapel Church 3 Stream crossings 3 St;\?:;;jgéo:iggs. 2 MOSIEIOEEEESS%T{ good 3 C’\#; izl’citr:zﬂagd 3 Elevation change 3 | Church Rd; power line
Rd, NC 42, Buckhorn Rd y P RIWs; NC 42
Minor impacts along Extensive wetlands Extensive wetlands e . . . . Difficult access in
CD22 18,20,24,27,29 5 $ 6,919,035 2 Christian Chapel Church 5 impacts; stream 5 impacts; stream 5 Difficult to construct through 2 NC 42; Christian 2 Little .elevanon 4 wetlands and cross-
. . wetlands Chapel Church Rd change; few ARVs
Rd crossings crossings country

Highlighted rows indicate selected route
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considered is the route along NC 42 through Corinth to Buckhorn Road (segment 19). This route
was eliminated due to existing development along both sides of NC 42 in Corinth. Homes and
businesses are located very close to the road, leaving no room for a 55-foot pipeline easement.

South of the railroad crossing, several routes were considered. The planning study recommended
installing the pipeline adjacent to the power transmission line right-of-way (segments 24 and 25).
Several other routes were considered in an effort to reduce the amount of elevation change
experienced by the pipeline. Route segment 23 significantly improved the elevation variation (as
compared to segment 24), but it also increased the length by 280 feet. Route segment 26 not only
increased the length over segment 25 but also caused more elevation variation. Route segment 27
is a drastic improvement in elevation variation, but it was eliminated due to a significant increase in
length and extensive wetlands and stream impacts.

Route segment 28 follows Buckhorn Road, an NCDOT gravel road. Underground telephone utilities
on the east side of the road must be avoided, and the road crosses a power transmission line right-
of-way.

Figure 27-4 depicts the route alternatives between Points C and D. The characteristics of the route
segments and route alternatives are described in Tables 27-1 through 27-4. Route alternative CD8
was selected for the force main route between Points C and D.

SELECTED ROUTE

As described in the previous sections, the route that was selected for the Western Wake effluent
force main consists of the following route segments:

m  Point A to B: Route Corridor for Segments 1, 2A, and 2B (to be finalized during final design);
plus Segments 7, 8, 12, and 14

m Point B to C: Segment 16
m  Point Cto D: Segments 18, 21, 24, 25, 28, and 29

The total length of the effluent pipeline route is approximately 61,250 feet. The proposed route is
depicted in Figure 27-5 at the end of this TM. The total length and final route for the effluent pipeline
may be revised somewhat during final design when more detailed geotechnical and survey data are
available and operating conditions of the pipeline are finalized. The pipeline between the effluent
discharge structure and the Cape Fear River is described in TM 29.
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DESIGN CONSIDERATIONS

MATERIALS

Ductile iron pipe, steel pipe, or concrete pressure pipe is suitable for use as large-diameter treated
wastewater effluent force main and gravity sewer pipe such as is needed for the Western Wake
effluent pipeline. Ductile iron pipe (DIP) is manufactured in sizes up to 64 inches (internal
diameter). Both steel pipe and concrete pressure pipe are manufactured in sizes larger than those
needed for this project. Each type of pipe has unique requirements for field assembly, trenching,
and installation as well as differing systems for external coating, pipe section joint assembly, and
internal lining. Pipe material options will also depend on surge pressures as determined during final
design.

The ultimate construction cost for each of these unique pipe systems is dependent on the features
selected by the designer, the availability of pipe in the local area, and the cost of construction in the
local area. By allowing the contract bidders to select a particular pipe system as part of their bid,
free-market forces will help result in a fair price being negotiated for the project.

PIPE CONSTRUCTION

TRENCH REQUIREMENTS

Various types of trenches will be required for installation of the pipe depending on pipe material and
the location where the pipe will be installed. Trenches will be open cut by backhoes and other
suitable equipment. Trench boxes or shoring will be utilized to stabilize the pipe trench during
construction.

The Western Wake effluent pipeline will be constructed with a minimum cover of 3 feet above the
top of the pipe. In order to facilitate installation of the pipe, a 6- to 8-foot-wide trench is
recommended. Total trench excavation depth will be at least 8 to 9 feet deep with deeper
excavation where avoiding utilities. At these depths, bedrock or the rocky interface of soil and
bedrock are likely to be encountered in some areas. The same equipment used for soil excavation
can often excavate through rock or rocky material. When rock excavation productivity drops, the
contractor should be allowed to use blasting or rock expansive chemicals to break up the rock for
removal by excavation.
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PIPE INSTALLED CROSS-COUNTRY

Some portions of the effluent force main will be installed in cross-country areas. This type of
installation will have minimal impact on traffic and utilities but may impact property owners and
require acquisition of the full utility right-of-way. A typical cross-country easement will include a 55-
foot right-of-way, based on the Town of Cary’s standard widths for pipeline easements.

PIPE INSTALLED ADJACENT TO ROADS

In some locations, the pipeline will be installed adjacent to a roadway. The NCDOT does not
typically allow utility access on controlled-access roads, such as US Highway 1, so right-of-way will
need to be purchased adjacent to but outside the NCDOT right-of-way. Because a 55-foot right-of-
way is needed for both phases, both pipelines will not be able to be installed within local roads.
Therefore, it is recommended that in most locations the entire right-of-way be purchased adjacent
to roadways rather than using a portion of the road right-of-way. This approach offers the
advantage of ownership and control of the pipeline right-of-way. Itis also less likely that utility poles
and buried utilities will have to be relocated for installation of the pipeline, saving cost and schedule
delays.

Figure 27-6 depicts typical cross-sections of the force main when installed cross-country, adjacent
to a road, and adjacent to an existing utility easement. It is possible that the effluent pipeline
easement can overlap the NCDOT road right-of-way or existing utility easements. However, use of
other parties’ easements will be contingent upon receiving encroachment agreements from those
entities. In addition, property research may be needed to confirm the existence of the NCDOT road
right-of-way. These issues will be resolved during final design. NCDOT and utility companies
generally allow the use of their easements for temporary construction access, which may be even
more useful during construction of the Phase 2 pipeline.

PIPE INSTALLED THROUGH GAME LANDS

Portions of all the effluent pipeline route alternatives involve crossing North Carolina Game Lands.
Harris Game Land is crossed by the effluent pipeline route between Points A and C. Chatham
Game Land is crossed by the effluent pipeline route between Points C and D. The Game Lands are
managed by the North Carolina Wildlife Resources Commission (NCWRC) and provide
opportunities for fishing, hunting, and trapping a variety of wildlife, including deer, turkey, fox, rabbit,
raccoon, squirrel, quail, waterfowl, and warm water fishes. Horseback riding is also allowed on the
Chatham Game Land. Construction of the pipeline must be coordinated with the NCWRC to
minimize the impact of construction on these activities.
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TRENCHLESS INSTALLATION

Trenchless installation of pipe for the effluent pipeline will be implemented at crossings of major
roadways controlled by NCDOT, all railroad right-of-way crossings, and the Harris Lake stream
crossings. With large pipelines, trenchless crossings will likely be performed by tunneling or jack-
and-bore techniques. Selection of a trenchless crossing method depends on the characteristics of
the soils in the area and the presence and type of rock in the area.

Trenchless construction will be used for selected high-quality stream and wetland crossings when
practicable. The feasibility of using trenchless construction will be determined later in design when
more information is known about subsurface conditions (presence of groundwater and rock).
Subsurface investigations will be conducted for the effluent pipeline during final design.

CORROSION PROTECTION

A corrosion survey should be performed to determine the extent of the corrosion control
requirements for final design of the pipeline. The survey will include an analysis of the soils along
the final design pipe alignment for levels of resistivity and pH. Stray current testing can be used to
analyze the potential effects of adjacent impressed current cathodic protection systems. The
potential for induced AC interference effects from overhead power transmission lines should also be
evaluated during the corrosion evaluation.

According to Dixie Pipeline Company staff, there is an impressed current system along the propane
pipeline along route segments 12 and 14. The final design of the effluent force main should be
closely coordinated with representatives of Dixie Pipeline and Progress Energy to ensure that the
pipeline’s corrosion protection system is designed properly.

AIR RELEASE AND VACUUM RELIEF VALVES

Air release, air/vacuum, and/or combination valves will be required at specific locations on the
pipeline. Air valves are recommended for use at all high points in the system, significant increases
in a downward slope, significant decreases in an upward slope, and on long horizontal, ascending,

and descending reaches in the pipeline.

Air release valves will automatically vent small pockets of air that accumulate in the pipeline. Air
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release valves are tapped directly onto the top of the pipeline or attached to the top of the pipe with
a flanged connection. Automatic air release valves are superior to manual air release because air
is continually released from the system. With manual air release, pipeline flow may be diminished
over time if air is not released often enough.

Air/vacuum valves allow large volumes of air to be vented out of the pipeline during filling. In
addition, they allow air to enter the pipeline to prevent collapse due to vacuum pressure.
Combination air release/vacuum valves provide the function of both the air release and air/vacuum
valve, allowing large volumes of air to be vented out of the pipeline during filling as well as release
of small volumes of air that accumulate during pipeline operation.

Hydraulic modeling and surge analysis should be conducted during final design to confirm the
operating conditions of the force main and identify the appropriate locations for air valves.
Preliminary determinations of air valve locations were made for the route analysis using pipeline
profiles generated using GIS data and are included in Tables 27-1 through 27-4.

PRELIMINARY HYDRAULIC MODELING

CDM conducted preliminary hydraulic modeling using WaterCAD by Haestad Methods to determine
the most cost-effective force main diameter. Three technical factors were considered:

m  Velocity in the force main
m  Design impacts on the effluent pumps

m Hydraulic grade line (HGL) comparison to force main elevations

For design of force mains, a velocity range of 5 to 8 feet per second (fps) is commonly used in the
industry. A 54-inch diameter force main would experience a velocity of 6.09 fps at the peak hour
flow of 62.5 mgd, while a 48-inch diameter force main would convey the peak hour flow with a
velocity of 7.70 fps.

System head curves were developed for both the 54-inch force main and the 48-inch force main in
order to evaluate the impacts on the availability of effluent pumps to meet these conditions. Due to
the relatively low static pumping head, and the long force main distance, which makes the friction
head greater than the static head, the 54-inch system curve is much flatter than the 48-inch system
curve. Hence, the selection of available pumps for the 54-inch force main scenario over the range
of projected flows is very limited.
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CDM also conducted a preliminary hydraulic evaluation to compare the HGL along the length of the
force main to the centerline elevations of the force main at peak flow conditions. This evaluation
shows that both a 54-inch and 48-inch diameter force main, pumping with appropriate pressures,
can effectively deliver the necessary HGL. Air release valves should be included at each high point
along the force main.

REGULATORY COMPLIANCE REQUIREMENTS

Construction of the effluent pipeline will require several permits. Table 27-5 presents a list of
permits and regulatory reviews that may be necessary. This list should be finalized based on
details determined during the final design phase of the project.

ESTIMATED CAPITAL COSTS

The estimated construction cost for the Western Wake WRF effluent force main, based on the
preliminary design presented above, is $33,054,200. A 15 percent construction contingency is
included in the cost estimate. Additionally, 10 percent of the estimated subtotal construction cost,
including construction contingency, is included to estimate the cost for engineering and construction
services. Finally, legal and financial services are estimated to be 5 percent of the project subtotal.
A summary of the estimated costs is presented on Table 27-6.

PHASING EVALUATIONS

The Project Partners intend to construct the overall Western Wake Regional Wastewater
Management Facilities Project in two phases. As described in this TM, Phase 1 of the effluent
pipeline consists of approximately 61,250 feet of 48-inch force main and will serve the needs of the
Project Partners through year 2020. A Phase 2 effluent force main is planned to be constructed
adjacent to the Phase 1 force main within a common easement. The Phase 2 force main will serve
the needs of the Project Partners through year 2030. The Phase 2 force main was sized as a 42-
inch pipeline during the Phase Il study. For the purposes of this evaluation, it is assumed that the
Phase 2 pipeline will be 42 inches in diameter.

The force mains can be installed in the same phase or separate phases. The Project Partners have

conducted a cost-benefit analysis of installing two pipes in the Phase 1 project versus installing one
pipe for Phase 1 to accommodate flows to year 2020, and a second pipe for Phase 2 to
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TABLE 27-5

SUMMARY OF ANTICIPATED REGULATORY REQUIREMENTS

Permit/Approval

Responsible Agency

Activity Requiring Permit

Department of the Army

US Army Corps of

Required for discharge of
dredged or fill material into
waters of the US (including

Federal Section 404 ’ i
. . Engineers wetlands) e.g., backfill and
Dredge and Fill Permit . . .
bedding associated with
pipeline construction
Triggered by the need for
Section 401 Water Quality DENR DWQ Wetlands/401 | other federal/state permits for
Certification Certification Unit activities in waters of the US
(e.g., USACE permit)
Erosion and Sedimentation S
DENR Division of Land L
Control Plan Approval/ ResoUrCes Required if more than 1 acre
NPDES General Permit for . . of land disturbed
. o Land Quality Section
Construction Activities
Required for discharge of
NPDES Permit DENR DWQ NPDES Unit | treated effluent into Cape Fear
State River
Required for construction of
Authorization to Construct DENR DWQ CG&L effluent pipeline and discharge
facilities
S Required for construction of
NCDOT Division of . .
Encroachment Agreements . pipe across NCDOT right-of-
Highways
way
L . . Required to bore or tunnel
Pipeline Agreement Railroad Companies g . .
under railroad right-of-way
Easement needed to install
Easement In State Owned i . .
NC State Property Office effluent diffuser in Cape Fear
Submerged Lands .
River
County/Local Required for construction
Local Encroachment and Utility Utility Companies across utility easements or
Agreements right-of-ways
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TABLE 27-6
PRELIMINARY COST ESTIMATE FOR PHASE 1 EFFLUENT FORCE MAIN

Item Cost ($)
48" Pipe — Open-Cut Construction (60,515 feet) $18,457,100
Trenchless Crossings including 48" Pipe (735 feet) $1,470,000
Stream Crossing Restoration $60,000
Future interconnections (tee/BF) $136,800
48" Butterfly Valves $900,000
Corrosion Protection System $605,200
Fertilizing, Seeding, and Mulching $91,300
Sediment and Erosion Control $302,600
Overexcavation and backfill with imported material $15,000
Cleaning and Testing $61,300
Pavement Replacement $15,000
Anti-seep Collars $5,000
Manual ARVs $265,700
ARVVs $352,600
Clearing and Grubbing $508,100
Mobilization $464,900
Subtotal $23,710,600

Construction Contingencies (15%) $3,556,600

Engineering and Construction Services (10%) $2,726,700

Legal and Financial (5%) $1,499,700
Subtotal

Stream Mitigation $157,680

Wetlands Mitigation $23,096

Easement Cost $1,379,800
Total Construction Cost $33,054,200

accommodate flows through year 2030.

The following costs can be deducted from the Phase 2 effluent force main cost estimate by
constructing the pipelines at the same time:
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Stream restoration

Fertilizing, seeding, and mulching
Sediment and erosion control
Stream and wetland mitigation

In addition, the costs for Mobilization and Engineering and Construction Services (including design,
surveying, geotechnical investigations, bidding, and construction administration services) decrease
as a result of constructing the pipelines at the same time. However, deferring the costs of the
second pipeline to a construction period at a later date will increase the costs due to inflation. The
results of the cost-benefit analysis indicate that over the 20-year planning period for the project, it
will be less expensive for the Project Partners to install one pipeline for Phase 1 and one pipeline
for Phase 2 versus installing both pipelines in the Phase 1 project.

A summary of costs for installation of the 48-inch and 42-inch pipe concurrently in Phase 1 versus
the costs for installing the 48-inch pipe in 2011 and the 42-inch pipe in 2020 for the effluent force
main is shown in Table 27-7. The cost to install the 48-inch and 42-inch force mains in Phase 1 is
$11,769,000 more than the cost for installing the smaller force main in the later phase. Based on
the additional funding required to install both force mains in Phase 1, and in order to maintain
adherence to the proposed Phase 1 capital budget of $242.6 million dollars, the Project Partners
have elected to defer the installation of the second pipeline until year 2020.

FINAL DESIGN REQUIREMENTS

During Final Design, the project partners should conduct the following activities:

m  Ground and/or aerial surveys to map topography and confirm locations of property boundaries,
utilities, and other features

m  Geotechnical borings approximately every 500 feet along pipeline route and at each end of
proposed trenchless crossings

m Hydraulic modeling of force main to confirm operating flows and pressures and to design pipe

m  Surge analysis of force main to identify locations of ARVs and ARVVs

m Corrosion survey and evaluation to design corrosion control system.
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