
 

T E C H N I C A L  M E M O R A N D U M  N O .  3  

 

 

Rivanna Pump Station – Concept E Evaluation  

H&S Project 31037-033 TM 3-1 

 

PREPARED FOR: Rivanna Water and Sewer Authority (RWSA) 

FROM: Hazen and Sawyer 
 
PREPARED BY: Janice Carroll, PE, Brian Porter, PE, Josh Farmer, PE 
 
DATE: October 7, 2011 
  
SUBJECT: Rivanna Pump Station  

Technical Memorandum No. 3  
 Concept E Evaluation 
 

1. INTRODUCTION   

The RWSA, City of Charlottesville (City), and Albemarle County Service Authority (ACSA) have 
agreed to upgrade the wet-weather peak pumping capacity for the Rivanna Pump Station from 
approximately 25 mgd to 53 mgd. Following determination of the station’s required capacity, a 
concept evaluation was initiated to determine viable options for the pumping improvements. Four 
site concepts (A through D) were initially developed and presented. Further screening, engineering 
evaluation, and public discussion of the concepts resulted in RWSA Board Authorization to proceed 
with additional study for three concepts, A, D, and a new concept, E. These concept options are 
described as: 

• A = in the vicinity of the existing pump station 

• D = across the Rivanna River, to the East, 

• E  = at the Moores Creek Pump Wastewater Treatment Plant (WWTP), with extension of the 
existing interceptor via a tunnel 

The focus of this technical memorandum is Concept E.   

The Concept E Evaluation is authorized as part of Task Authorization No. 26 and this Technical 
Memorandum No. 3 presents the findings of the evaluation. As part of this evaluation, limited survey 
(subject to areas where landowners granted permission of entry), a  geotechnical investigation, and 
site-specific wetlands delineation were conducted. In addition, additional engineering evaluations 
were conducted by Hazen and Sawyer, and Jenny Engineering Corporation, who are experts in 
tunnel engineering. The findings of these field investigations and engineering evaluations are 
documented within this technical memorandum in order to further evaluate the feasibility and costs 
associated with Concept E.  

Concept E is shown generally in Figure 3-1. Concept E consists of construction of approximately 
1,850 LF of tunnel to extend the existing Rivanna Interceptor, construction of a new 53 mgd pump 
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station on the north side of the Moores Creek WWTP, in the vicinity of the old (now 
decommissioned) Chlorine Building, connection of the new tunnel to the existing interceptor, and 
decommissioning the existing Rivanna Pump Station. The figure shows the general corridor 
proposed for a tunnel; the final alignment will be defined as part of final design, should Concept E be 
selected for implementation. These elements, as well as the associated cost estimates, permitting 
requirements and estimated construction schedule are presented within this technical 
memorandum. Section 8 includes a summary of findings related to Concept E.  Figures are located 
at the end of the memo, prior to Appendix A.  

2. TUNNELING FEASIBILITY EVALUATION 

Background 

An assessment of the feasibility of constructing the extension of the 60” diameter Rivanna 
Interceptor from the vicinity of the existing Rivanna Pump Station to the Moores Creek WWTP, as a 
tunnel, was undertaken as part of the Concept E evaluation.  The tunneling feasibility evaluation was 
led by tunneling experts Jenny Engineering Corporation (Jenny), as sub-consultants to Hazen and 
Sawyer. Jenny prepared a stand-alone Tunnel Feasibility Evaluation Report, which is included as 
part of this technical memorandum as Appendix A. Portions of the Jenny report are summarized as 
part of this section.   

In general, the proposed tunnel will be approximately 1,850 ft long and will have an excavated 
diameter of approximately 8’-0”. The carrier pipe inside the tunnel will have a finished diameter of up 
to 72 inches. The anticipated invert of the finished tunnel at the northern end is at elevation 290.44 ft 
and at the southern downstream end is at elevation 288.44 ft. A manhole will be installed within the 
exit shaft at the northeastern end (near the existing pump station) and a new pump station will be 
constructed near the work shaft at the southwestern end of the tunnel. It is anticipated that the 
tunnel will be excavated utilizing a rock tunnel boring machine (TBM). The TBM will be assembled 
within a work shaft at the WWTP and then the tunnel will be mined uphill to the terminus at an exit 
shaft near the existing RPS. After completion of the tunnel excavation and support, the carrier pipe 
(to convey the wastewater) will be installed within the tunnel and grouted in place. 

Project Geology 

In support of the tunneling feasibility evaluation, three borings (Borings B-E-1 through B-E-3) were 
performed in July 2011. Packer tests, to determine the permeability of the rock, were conducted at 
each boring location. The locations of the borings are shown on Figure 3-1.  
 
Borings B-E-1 and B-E-2 were made in the general vicinity of the upstream end of the proposed 
tunnel alignment, within wooded parklands, near the proposed exit shaft location. The 100-year 
probable flood elevation for this area is at elevation 330 ft, approximately 15 to 20 feet above the 
existing ground surface elevation. The upper approximately 15 feet of soil materials consists of 
layered, relatively very loose or soft silty sand and silt or clay. Below these upper soil layers, 
relatively “clean” loose sands were encountered to the top of bedrock (a thickness of approximately 
5 feet). The top of bedrock was encountered approximately 20 feet below the ground surface. 
The groundwater table, as measured within the observation wells, was encountered approximately 6 
feet below the ground surface. 
 
Below an approximate 1 to 2 feet layer of very compact disintegrated rock, the bedrock consists 
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of hard, good to excellent quality basalt, except for the upper portion of bedrock at boring B-E-1. At 
B-E-1, the upper approximately 7 feet of rock was very fractured and broken. Hard, relatively sound 
brecciated intrusion zones consisting of healed fractured bedrock with calcite veins were 
encountered within the basalt bedrock. Packer pressure test results performed within the bedrock 
varied approximately from 0 to 8 gpm.  The 8 gpm value included the upper fractured/broken section 
at B-E-1. The layer of relatively “clean” loose sands and the layer of very compact disintegrated 
bedrock are assumed to have a high permeability rate, allowing large flows of water to flow through 
these layers with the nearby river as a source. 
 
In general, the hard, good to excellent bedrock was encountered below approximate elevation 285 
at boring B-E-1 and below approximate elevation 293 at boring B-E-2. 
 
Boring B-E-3 was made approximately 400 feet northeast of the southwestern end of the tunnel 
where the work shaft will be located, adjacent to a commercial building. Moores Creek is located 
approximately 200 feet from the site. The 100-year probable flood elevation for this area is at 
elevation 330.  At the location of B-E-3 and below the surface crushed rock layer and shallow fill 
layer, the  upper approximately 18 feet of soil materials consists of layered, relatively hard or 
compact clay and  silt to bedrock. The top of bedrock was encountered approximately 18 feet below 
the ground surface.  The groundwater table, as measured within the observation wells, was 
encountered approximately 9 feet below the ground surface.  Below an approximate 8 feet layer of 
very compact disintegrated rock, bedrock consists of hard, good to excellent quality basalt, except 
for the upper portion of the bedrock. At B-E-3, the upper approx. 8 feet of rock, below the 
disintegrated rock, was very to moderately fractured.  Packer pressure test results performed within 
the bedrock varied approximately from 0 to 4 gpm.  The layer of disintegrated bedrock is assumed to 
have a high permeability rate, allowing large flows of water to flow through this layer with the nearby 
creek as a source.   
 
In general, the hard, good to excellent bedrock was encountered below approximate elevation 
299 ft. 

The rock profile along the proposed tunnel alignment is shown as sheet 1 of 2 at the end of the 
Jenny Report in Appendix A.  

Geologic Impacts on Tunneling Feasibility.  

The findings from the geotechnical study indicate that the for the proposed tunnel inverts, which are 
based on the existing Rivanna Interceptor inverts and conveyance by gravity to the new pump 
station location, the tunnel will be excavated in a full rock face near the proposed pump station and 
in mixed face (soil and rock) near the  existing pump station. Based on currently available 
subsurface information it appears the length of the mixed face zone could be up to 600 ft. In addition 
to mixed face conditions, the groundwater table is above the tunnel crown and water inflows into the 
tunnel could be anticipated. The 600 ft zone of mixed face will need to be improved to create rock 
like conditions for tunneling and cut off of the ground water inflows. One of the methods that may be 
considered is jet grouting. This method will create a zone of the overlapping jet grouted columns, at 
the tunnel level, which will be approx. 600 ft long, 12 feet wide and 10 ft high. Jet grouting is most 
economically conducted from the surface, but will require surface access along the tunnel 
alignment, for the proposed 600 feet, configured as a 20 wide by 600 feet long section. In addition, 
this area would have restrictions on future surface surface construction similar to that for any below 
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grade infrastructure.  If surface access is determined to be infeasible, the jet grouting could be 
performed from within the tunnel; however, to do so comes at a cost premium; This could increase 
the per foot tunnel cost by up to 50%, which may increase the project as much as $2.0 - $2.5M 
dollars. The geotechnical information obtained in this phase indicates that the remaining 
approximately 1,250 feet of tunnel will be excavated in bedrock. Should Concept E be selected for 
final design, additional geotechnical investigation will be conducted, which will allow for, and be used 
to refine the estimated lengths of solid and mixed face tunneling.   

Because the mixed face tunneling has a higher cost for tunnel construction, an alternate tunnel 
alignment, approximately 20 feet deeper, where construction is anticipated to be located in solid 
rock face was considered. The rock profile along the proposed deep tunnel alignment is shown as 
sheet 2 of 2 at the end of the Jenny Report in Appendix A. It was determined that the cost savings 
for the alternate tunnel alignment would be $1.3M. However, construction of the tunnel 20 feet 
deeper would also require construction of a 20 foot deeper pump station, which would add $4.3M to 
the cost of the project.  Therefore, since construction of the deeper tunnel option is more expensive 
and would have higher pumping costs due to the higher head, the shallow tunnel alignment is 
recommended and is the basis of the Concept E evaluations and cost estimates.  

Tunnel Design and Construction Considerations 

Work and Exit Shafts 
 
Two shafts will be required for the Rivanna tunnel, a launch or work shaft, and an exit shaft. For 
relatively short, TBM excavated tunnels, intermediate shafts are not required to facilitate the 
tunneling. For this project, it is currently envisioned that along the depth of the work shaft for the 
portions of the shaft constructed in soil, the shaft will have a 23 ft excavated diameter,  and for the 
portions of the shaft constructed in rock, the shaft will have a 20 ft excavated diameter. The exit 
shaft will have a 19 ft excavated diameter in soil and16 ft excavated diameter in rock. The work shaft 
excavation will be coordinated with the excavation required for the pump station in order to construct 
the project most economically.  
 
Construction of the two shafts will require both conventional excavation in soiland controlled blasting 
 in bedrock. Groundwater flowing through the disintegrated rock layers, and or relatively “clean” 
sand/gravel layers above the bedrock must be cut off via construction of an impervious excavation 
support system in order to preclude difficulties with excavation, dewatering and the risk of settlement 
due to migration of fines. In addition, for the exit shaft, where grade is below the 100 year flood 
elevation, a build up, or “collar” will be required to protect the shaft to above the flood elevation.  
 
Although steel sheeting could be installed through the soil materials to form a cofferdam for both 
shafts, the disintegrated rock and the upper, fractured portion of the bedrock will stop the driving of 
the sheet piles through these materials. Also, cut off/pressure grouting will be required within these 
layers. As a result it is anticipated that the soft ground portion of the shafts will be supported utilizing 
secant pile walls, jet grouting or any other viable technique selected by the Contractor. Construction 
of the secant pile walls will provide an impervious excavation support. It will also eliminate the risk of 
the sand layer, which is located directly on the top of bedrock, from flowing into the excavation. The 
holes for secant piles should be drilled approximately 5 ft into the bedrock to provide support in 
weathered rock and retard the groundwater infiltration. The shaft walls in soft ground will be 
designed to support soil loads, hydrostatic pressure and construction surcharge loads. 
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After completion of tunneling, a manhole will be installed in the exit shaft and the manhole will be 
connected to the carrier pipe within the tunnel. To facilitate future connection between the tunnel 
and the existing interceptor a small stub tunnel will be constructed by the tunneling Contractor. The 
stub tunnel will extend approximately 10 ft beyond the shaft excavation perimeter.  Then the section 
of the carrier pipe will be placed in the stub tunnel and connected to the manhole. The other side of 
the carrier pipe in the stub tunnel will be capped with the bulkhead for future connection to the 
existing Rivanna Interceptor, once the construction of the new pump station is complete.  
 
The work shaft could be excavated within the footprint of the proposed pump station and later 
incorporated into the pump station excavation. This shaft will be left without the manhole and without 
backfill, covered with a temporary cover, until construction of the pump station commences.  
 
Sanitary Sewer (Carrier Pipe) 
 
Once the rock tunnel is excavated, the sanitary sewer will be installed at the designed grade and 
then grouted in place. Because of the corrosive nature of wastewater, use of an inert pipe material is 
recommended. For the 60” Rivanna Interceptor extension, potential pipe materials include 
reinforced concrete pipe with T-lock (PVC) liner, or centrifugally cast fiberglass reinforced polymer 
mortar pipe (CCFRPM, also known as “Hobas”). Use of CCFRPM pipe is recommended because it 
is:  

• Highly corrosion resistant 
• Impervious 
• Lightweight 
• Hydraulically efficient 
• Well suited for grouting in place (grout provides the uniform bedding required) 

 
In addition to the selection of pipe material, the carrier pipe will be designed so that velocities can be 
maintained to alleviate build up of the organic slime layer and settled solids required to form the 
bacteria that create microbial influenced corrosion (MIC) based hydrogen sulfide.  
 
For the extension of the 60” diameter Rivanna Interceptor an 8 foot excavated tunnel diameter is 
required. The 8 foot diameter allows for sufficient room for tunneling operations and installation of 
ventilation ducts, and setting the interceptor on the specified grade. In addition, TBMs smaller than 8 
feet diameter are not readily available. 
 
This configuration will result in construction of the sanitary sewer with approximately 1,850 between 
access points (manholes); however, this will not present an issue from a maintenance perspective 
as there are several contractors who can provide both televising and cleaning services for this 
length.  Televising is routinely done in the 1,000 LF length that would be required when launching 
from each manhole, and Doetsch Industrial Services confirmed that they can provide cleaning for up 
to 5,000 LF between access points.  
 
Geotechnical Instrumentation Program 
 
A geotechnical instrumentation program will be designed to monitor ground behavior during the 
excavation and construction of the tunnel and shafts and to monitor the impact of controlled blasting 
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at the shaft locations on residential and commercial structures. The intent of the instrumentation 
program will be to detect ground movements and vibrations in advance so that corrective measures 
can be initiated by the Contractor, as required. The program will also be used to assure that ground 
vibrations near the residential and commercial structures do not exceed the Peak Particle Velocity 
(PPV) limits recommended by the US Office of Surface Mining. The PPV measures velocity of the 
ground movement near the structure being monitored. Typically, values of 2 inches per second are 
considered safe for blasting and will not cause any damages to the structures. Should additional 
level of safety be required for blasting near historic residences located in the vicinity of the project, 
the PPV limit could be reduced to 1 inch per second. It should be noted that blasting will only be 
utilized for excavating rock at the shaft locations and possibly short 40 to 50 ft long tail and starter 
tunnels at the work shaft location. Blasting will not be used for tunnel excavation. The vibrations 
resulting from the TBM mining are barely noticeable and have no impact on the surface structures, 
since the mining is based on grinding the rock face, as opposed to blasting or pounding the rock 
face. Prior to start of the construction, a pre-construction survey is recommended to document the 
conditions of the structures within the project influence zone. The influence zone may include any 
structures within 500 ft radius from the center lines of the shafts and 100 ft from the tunnel 
centerline, along the tunnel alignment. However, these dimensions should be reevaluated during 
preliminary design should Concept E be selected.  The pre-construction survey will provide video 
and photograph documentation of the condition of the structures inside and outside, including the 
basements. 
 
The geotechnical instrumentation program for this project may include instruments to measure 
vertical ground movement along the tunnel alignment, horizontal ground movements at the shaft 
locations and ground vibrations at the residential and commercial structures. The type of 
instruments which may be required for the project may include the following: 
 

• Subsurface Shallow Settlement Indicators to measure settlement near the ground surface.  
• Inclinometers to measure horizontal movement of the ground near the shaft excavations. 
• Seismographs placed near the residential and commercial structures to monitor ground 

vibrations during blasting operations at the shafts. 
 
Blasting utilized on this project and any other tunneling project is called a controlled blasting. The 
blasting is carefully planned and monitored not to exceed the safe blasting limits, eliminate fly rock 
and to avoid any damages to the structures nearby It should be noted that blasting and tunneling 
operations are routinely conducted in Manhattan, NY without adverse effect to the structures and the 
inhabitants. The steam tunnel, which was constructed several years ago, for the local New York City 
electric company - Con Edison, near the United Nations headquarters, had a vibration limit of 2 
inches per second. The project was completed without any damages to the high rise structures in 
the project vicinity and without major complaints from the residents. Another project in Manhattan 
which required blasting and TBM tunneling and was the recently completed Water Tunnel #3, built 
for the New York City Department of Environmental Protection. 
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Tunnel Boring Machine 
 
Rock TBM’s are utilized to construct tunnels in relatively homogeneous rock environment. To begin 
tunneling, the tunnel boring machine (TBM) enters the ground at a work (launch) shaft at the 
beginning of a tunnel and on completion of mining exits at the exit shaft. The TBM consists of a 
rotating cutter head, which thrusts against the working face of the tunnel. The cutting head is 
designed to fracture and disintegrate the rock, while boring a tunnel of the required diameter. 
Typically, the cutterhead will have disc cutters installed for mining in rock.  Muck (the excavated rock 
and fines) is removed from the excavated tunnel face by rotating buckets on the cutter head and 
depositing the muck in a hopper in the TBM head. A conveyor system transfers the muck from the 
hopper to the rear of the TBM and deposits it in a train of muck cars standing immediately behind 
the TBM. The muck cars travel on rails, installed behind the TBM, to a work shaft where the muck is 
raised to the surface and trucked to a disposal site. Initial support for the excavated tunnel is 
installed as the TBM advances. 
 
Given the geology indigenous to Charlottesville, it is anticipated that fault zones, producing a 
significant amount of groundwater, may be encountered during tunneling. As a result, the Contractor 
will be required to conduct probe hole drilling ahead of the TBM through the entire length of the 
tunnel. If probing detects excessive amounts of groundwater, the Contractor will be required to 
conduct cut-off grouting to eliminate or retard the groundwater inflows. 
 
The staging area for construction of the tunnel will be located in the vicinity of the work shaft (i.e. on 
the Moores Creek WWTP site) where majority of the construction activities will occur. This area will 
experience significant truck traffic resulting from trucks bringing in the materials and supplies 
required for tunnel construction as well as removing muck. It is anticipated that during peak tunnel 
mining there will be at least one 20 CY truck per hour removing muck and approximately two 20 CY 
trucks per shift bringing in the supplies. The area near the exit shaft will remain generally inactive 
until the tunnel is competed and the retrieval process of the TBM commences. 
 
As part of this concept evaluation, use of microtunneling was also considered.  However, because 
microtunneling has not been conducted in this country in lengths beyond approximately 1,000 feet, 
construction of a intermediate shaft, on private property, would be required.  In addition, that 
intermediate shaft would serve first as the work shaft, requiring mobilization and staging of 
equipment, and later would become a manhole.  Also, the use of microtunneling in this application is 
not anticipated to provide significant cost savings.  Due to lack of experience, the disruption to 
private property required for microtunneling, and lack of significant cost savings, tunneling with a 
TBM is recommended for the Concept E project.  
 
Separate Tunneling Contract 

Construction of the tunnel and interceptor extension prior to construction of the new pump station, 
as part of a separate, stand alone contract, is recommended. This will result in two contracts for the 
overall construction of Concept E.  The benefits of this approach are:  

• Minimization of overlap for two contractors, which minimizes the risk of costly claims. 

• Allowance for the work shaft excavation to be within the pump station excavation. This 
allows for a smaller overall disturbed area and reduces the overall construction cost. 
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The estimated time for construction of the tunnel is approximately 14 months.  

3. PUMP STATION  

For Concept E, a new 53 mgd pump station will be constructed on the North side of the Moores 
Creek WWTP, in the vicinity of the old (decommissioned) Chlorine Building. The existing Rivanna 
Pump Station will be decommissioned and demolished in place, allowing for the potential redesign 
of the park entrance. Figure 3-2 shows the proposed site plan on the Moores Creek WWTP site. 
The proposed pump station layout, is shown in plan and section views in Figures 3-3, 3-4 and 3-5.  

The new pump station layout, as shown, is based on the following design criteria: 
 

• The new station will house two 6.6 mgd pumps and four 13.3 mgd pumps. The larger pumps 
will be 350 Hp, while the smaller pumps will be 200 Hp, resulting in a total installed pumping 
horsepower of 1800 Hp.  

• The pumps station will have an Ogee spillway, self-cleaning type wet well arrangement. The 
self-cleaning arrangement reduces maintenance and odor by providing a process to clean 
the wet well on a regular basis utilizing installed pumps, as opposed to manpower. 

• A dual spillway/wet well arrangement with two large pumps (13.33 mgd each) and one small 
pump (6.6 mgd each) per wet well will be provided.  This is the most effective arrangement 
for the trench style wet well and provides RWSA with the ability to take one wet well off line, 
while maintaining up to 20 mgd firm, or 33 mgd total pumping capacity.   

• Two grinder channels and a manual bypass screen channel will be constructed as part of 
the new pump station. All flow will pass through the grinders prior to entering the new wet-
well. 

• The above grade area for the station will be split into two halves, each approximately 3,200 
square feet, while the below grade areas beneath these two structures will be contiguous 
and will be approximately 6,900 square feet. Demolition of the existing, decommissioned 
chorine building, and relocation of the existing digester gas flares and sand filter will be 
required to accommodate construction of the new pump station.   

• The finished floor elevation for the pump station will be 331, and at the E concept location, 
this elevation allows for both floodproofing to the 100 year flood elevation of 330, as well as 
easy access at grade. 

• Two bridge cranes (one per dry pit side) will be provided for maintenance and movement of 
equipment and pumps in the pump room.  Two monorails (one per dry pit side) will be 
provided to lift equipment from the pump room up to grade.  In addition, a single monorail will 
be provided over the grinder area to allow for lifting of equipment to/from the grinder area.  

• The electrical gear for the new station will be split between the two electrical rooms to allow 
sufficient space and for shortened conduit runs between the pumps and electrical gear. 
VFDs will be provided for each pump (total six pumps).  



TECHNICAL MEMORANDUM NO. 3    
RIVANNA PUMP STATION – CONCEPT E EVALUATION   
 
 

Rivanna Pump Station – Concept E Evaluation  

H&S Project 31037-033 TM 3-9 

• Odor control for the new station will be located outside of the station, on a pad at elevation 
331. The approach channels and wet well will be covered in a manner similar to the Moores 
Creek Pump Station and the foul air will be scrubbed. Since the pump station and odor 
control facilities will be located on the Moores Creek WWTP plant site, consideration of wet 
chemical scrubbing, as opposed to carbon scrubbing, is recommended, should Concept E 
be selected for implementation.  A new system will be required for the Concept E Rivanna 
Pump Station, as the odor control system installed under the ENR upgrades has insufficient 
capacity to handle the additional air volume from the new pump station. The cost estimate 
for Concept E includes costs for either a package type wet chemical or carbon scrubbing 
system.  

• HVAC fans will be located either within the electrical rooms or adjacent to the pump station. 
Sufficient room exists in the vicinity of the pump station to accommodate HVAC equipment 
that cannot be located within the electrical rooms.  

• The architecture of the pump station will harmonize with the adjacent building through the 
use of matching materials. The exterior walls will be constructed using a concrete masonry 
inner wythe and a brick veneer to match the existing buildings. Openings will include 
aluminum doors and louvers with a dark bronze finish to match buildings newly constructed 
as part of the ENR upgrade. Each of the two roofs will include a simple gable with a 3 in 12 
slope and be of a color to match newer structures being built on the site. The interior walls 
will be painted concrete masonry or cast in place concrete, and all below grade walls will be 
waterproofed.  The station will be provided with two fire rated stair towers to provide 
adequate access and egress to the pump room.   

• Since the finished floor of the pump room is more than 30 feet below the grade, additional 
provisions, beyond a fire hydrant and fire detection system may be required. This may 
include such additional measures as sprinkler systems, gas detection, dividing walls, alarm 
systems, etc. As the building has special operational and occupancy considerations a 
discussion with the local code official should be initiated, if Concept E is selected. It has 
been our experience that the sprinkler systems and alarm system may be waived by local 
code official when considering the special operation and occupancy considerations. 

Electrical/Stand-by Power Evaluation 

For the Concept E pump station, provision of power and stand-by power is greatly simplified, when 
compared to the Concept A or D alternatives, because of the ability to feed the pump station from 
the existing plant power system.  There are two options to supply electric power and standby power 
to the new pump station (Option 1 and Option 2).  Each option is described in detail below. 

Option 1 – This option would supply the electrical service and standby power from the 
Moores Creek WWTP 5kV main switchgear.  The electrical service for the Concept E pump 
station can supplied by the existing Moores Creek WWTP 5kV main switchgear (located on 
the South side of the plant site) via two (2) 4160VAC feeders.  These new feeders can be 
installed in existing spare conduit from the 5kV main switchgear to an electrical manhole 
located near the existing bridge crossing Moores Creek.  New conduits from this manhole 
are required and would be installed under the existing bridge and then into new underground 
ductbank from the bridge to the pump station.  Given the criticality of this pump station, it is 
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recommended that the pump station be supplied by two (2) separate and fully redundant 
feeders from the existing 5kV switchgear so that the pump station can remain in full service 
in the event one (1) of the two (2) feeders fail.  The two services would be connected to two 
(2) 1500kVA transformers to step the 4160VAC voltage down to the pump station’s 
utilization voltage of 480VAC.  The transformer location is shown in Figures 3-1 and 3-2. 

The existing Moores Creek WWTP 5kV switchgear is configured with a single incoming 
utility breaker with all of the feeder circuit breakers on one side of a tie circuit breaker and 
the generator circuit breaker on the other side of the tie circuit breaker (see Figure 3-6).  The 
existing 5kV switchgear was designed with provisions to add additional feeder circuit 
breakers to the generator side of the tie circuit breaker so that the switchgear would be in a 
true “main-tie-main” configuration which would increase the electrical reliability of the plant’s 
5kV distribution system.  The reliability of the service to the pump station would also be 
increased if the existing switchgear was expanded into a true “main-tie-main” configuration 
with the feeders to the pump station located on both sides of the tie circuit breaker.  In order 
to expand the existing 5kV switchgear into a true “main-tie-main” configuration, a new 
switchgear lineup would be installed in a separate building in the area reserved for this 
expansion behind the existing switchgear building. This approach is consistent with RWSA’s 
master plan to move to a true main-tie-main configuration.   

An alternative to expanding the existing 5kV switchgear is to supply both feeders to the 
pump station from the existing 5kV main switchgear without expanding the switchgear into a 
true main-tie-main configuration.  This alternative has a lower cost, however, the reliability of 
the normal and standby service to the pump station would be reduced since both pump 
station feeder circuit breakers would be from one side of the 5kV main switchgear tie circuit 
breaker.  The estimated project cost savings to not to include expansion the existing 5kV 
switchgear into a “main-tie-main” configuration is $750,000. 

Under this option, the existing Moores Creek WWTP standby power generation system 
could be used to supply standby power to the pump station.  It is estimated that an additional 
1500kW of standby power generation capacity would be required to supply standby power to 
the existing plant and the new pump station.  Although the standby power needs of the 
Concept E pump station can be served by a 1500kW generator, installation of a larger 
generator (2500kW) to supply standby power is recommended. The larger generator would 
have marginal increased cost at the time of construction and would allow for future plant 
loads, and would increase the reliability of the existing standby power system.  One 
advantage of adding a generator to the existing standby power generation system is that the 
capacity from the additional generator can be better utilized since it can supply all of the 
plant loads.  If a dedicated generator is provided for the new pump station as described in 
Option 2 below, spare generator capacity could not be utilized by other plant loads, unless 
other electrical system modifications were made.  A single line diagram for Option 1 is 
shown on Figure 3-6. 

Option 2 – This option would supply the new pump station from a single 4160VAC service 
from the existing Moores Creek WWTP 5kV switchgear, and would utilize a dedicated 
generator to supply standby power to the pump station. The 4160VAC service to the pump 
station would be from a new circuit breaker in the main 5kV switchgear.    The new feeder 
can be installed in existing spare conduit from the 5kV main switchgear to an electrical 
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manhole located near the existing bridge crossing Moores Creek.  New conduits from this 
manhole are required and would be installed under the existing bridge and then into new 
underground ductbank to the pump station. This service would be connected to a 1500kVA 
transformer to step the 4160VAC voltage down to the pump station’s utilization voltage of 
480VAC. 

A dedicated 480VAC, 1500kW standby power generator located near the new pump station 
would serve standby power to the pump station in the event the normal source failed.  This 
generator would be connected to an automatic transfer switch that would automatically 
transfer the pump station between the normal and standby power sources.  A single line 
diagram for Option 2 is shown on Figure 3-7. 

A summary of the advantages and disadvantages for each option is presented in Table 3-1. 
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Table 3-1 Comparison of Options for Main Power to the Concept E Pump Station 

 Option 1 Option 2 

Description • Supply electric power to the 
Concept E pump station from 
two (2) 4160VAC feeders 
from the Moores Creek 
WWTP 5kV Main Switchgear. 

• Expand the Moores Creek 
WWTP 5kV Switchgear into a 
true main-tie-main 
configuration. 

• Add a new generator to the 
existing Moores Creek 
standby power generation 
system to supply standby 
power to the pump station 

• Supply electric power to the 
Concept E pump station from 
one (1) 4160VAC feeder from 
the Moores Creek WWTP 
5kV Main Switchgear. 

• Provide a single standby 
power generator dedicated to 
the influent pump station 

Advantages • Improves overall reliability of 
the electric service to the 
pump station by utilizing a 
true main-tie-main 
configuration, which is 
consistent with RWSA’s 
electrical master plan 

• Allows the new generator 
capacity to be used for other 
plant loads if the pump station 
demands are less than the 
generators rated capacity. 

• Consolidates the fuel storage 
for the main generators at a 
single location. 

• Lower cost.  Option 2 does 
not require a expansion of the 
5 kV switchgear and requires 
less cabling from the existing 
5kV main switchgear to the 
pump station. 

Disadvantages • Higher cost  • The standby power 
generation capacity at the 
pump station cannot be 
utilized for other plant loads. 

• Inconsistent with RWSA’s 
plan to move to the more 
reliable main-tie-main 
configuration.  
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Option 1 is more costly, but has several advantages.  The cost estimate developed for Concept E 
reflects the cost for installing the facilities described in Option 1.  The project cost savings for Option 
2 is estimated to be approximately $2.0M. The Concept E cost estimate, presented in Section 7 is 
based on the installation of a new generator at the main switchgear.  

In addition to the options listed above, the possibility of supplying the proposed pump station from 
the existing 4160VAC service to the UV facility was evaluated to determine if this option would 
reduce the amount of new 5kV conductors and underground ductbank thus reducing the cost.  It 
was determined that doing this would not result in cost savings for the following reasons: 

1. The UV facility is currently supplied from a single set of #4/0 5kV conductors from the 
existing main 5kV switchgear.  In order to supply the UV facility and the proposed pump 
station from the existing UV facility service, the existing #4/0 conductors would have to be 
removed and replaced with parallel sets of #350kcmil conductors resulting in ~7500 feet of 
additional cable when compared to Option 2 above.  This route can be used for Option 1, 
however the overall amount of ductbank installed will increase since a new ductbank will still 
be required from the Moores Creek bridge to the proposed pump station site for the second 
feeder.   

2. Replacing the conductors will require the existing UV Facility transformer and feeders to be 
de-energized so that the conductors could be removed and replaced with parallel sets of 
#350kcmil conductors.  During this time, a temporary service to the UV facility would be 
required to maintain continuous UV system operations which will add cost. 

Supplying the proposed influent pump station utilizing the spare conduits reserved for the future UV 
facility transformer would reduce the overall ductbank length however, this route is not 
recommended since the overall length of cable required to the proposed pump station would be 
increased resulting in very little cost benefit.  In addition, this route will increase the cost and system 
downtime when the second UV facility transformer is installed. 

If Concept E is selected for implementation, options for provision of normal and standby power will 
be evaluated in further detail to determine the most cost effective option.  This will require additional 
input from Dominion Virginia Power, which is more readily available as designs are advanced.  

As noted previously, demolition of the existing chlorine building will be required to site the Concept E 
pump station. The existing chorine building contains power distribution equipment and an old 640 
kW generator. Currently, the power distribution equipment in the old chlorine building supplies the 
digesters and the effluent pump station.  The digesters will be re-fed from the new Boiler Facility 
MCC, and the effluent pump station will be re-fed from the UV PowerCenter. In both cases, new 
MCC sections will need to be installed in the existing facilities (to accommodate the refeeds).  The 
existing generator will no longer be needed. Similarly, the existing Rivanna Pump Station generator, 
located near Marchant Street, will no longer be required.  



TECHNICAL MEMORANDUM NO. 3    
RIVANNA PUMP STATION – CONCEPT E EVALUATION   
 
 

Rivanna Pump Station – Concept E Evaluation  

H&S Project 31037-033 TM 3-14 

Site/Civil Considerations 

Figure 3-2 shows the proposed site layout, grading and surface improvements to construct the new 
pump station on the Moores Creek WWTP site. The proposed location has several benefits 
including:  

• Grade at the proposed site location is just above the flood elevation, which allows for flood-
proofing, as well as easy access at grade, and requires minimal regrading.   

• The location allows for construction of a straight tunnel. 

• The location allows for a short connection to the existing force main.  

• No creek crossings are required.  

• The location requires minimal relocation of existing plant infrastructure and facilities.  
Specifically, the old (decommissioned) chlorine building will have to be demolished, and the 
gas flares and sand filter relocated.  The proposed locations for the gas flares and sand filter 
are shown in Figure 3-1, Figure 3-2, and the Concept E cost estimate includes costs 
associated with this demolition and relocation. 

• Use of both the back/construction plant entrance, as well as access under the Moores Creek 
bridge will facilitate maintenance of plant traffic to all parts of the plant during construction.  

• The pump station can be constructed entirely upon the existing Moores Creek WWP 
property and capable of accepting tractor trailer vehicles (ASHTO WB-50 Design Vehicle) 
with pull through capability.  

Wetlands/Threatened and Endangered Species Evaluations 

As part of this phase of work, wetlands delineation and threatened and endangered species study 
were conducted. Based on delineations performed by Hazen and Sawyer on June 13, 2011, the site 
contains a jurisdictional stream.    Rivanna River, which is a perennial stream, parallels the eastern 
edge of the site.  An unnamed tributary to Rivanna River, which is a perennial stream, converges 
with the river east of the site. Some wetlands were found. Under Concept E, disturbance of the 
Rivanna River is not anticipated and minimal disruption of the tributary perennial stream, for jet 
grouting soil conditioning operations, is expected. The Army Corps of Engineers may be require site 
visit to verify the wetland boundaries and depending on the area of wetlands to be disturbed, there 
may be additional steps to take in order to receive an authorization to disturb these areas, including 
securing mitigation for the impacts.  

The U.S. Fish and Wildlife Service (USFWS) presently lists two species as endangered for 
Albemarle County, Virginia.  The species listed as endangered within Albemarle County include an 
invertebrate, James spinymussel (Pleurobema collina), and a mammal, Indiana bat (Myotis sodalis). 
Also listed are three Species of Concern, as well as the bald eagle (Haliaeetus leucocephalus), 
which is listed as protected by the Bald and Golden Eagle Protection Act.  No species are listed by 
the USFWS as threatened in Albemarle County, Virginia.   
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James spinymussel is found in waters with slow to moderate current and relatively hard water on 
sand and mixed sand and gravel substrates.  The Indiana bats hibernate for the winter in limestone 
caverns and abandoned mines, usually near water and in large colonies.  The bats roost during the 
summer months in snags or in shaggy-barked live trees near water and exposed to the sun.  These 
“roost trees” can be found within riparian areas, bottomland hardwoods, and upland hardwoods.  
Bald eagles are primarily associated with large bodies of water where food is plentiful. Eagle nests 
are found in proximity to water (usually within 0.5 mile) with a clear flight path to the water, in the 
largest living tree in an area with an open view of the surrounding land.  Habitats for the James 
spinymussel and bald eagle were not found within the proposed E project limits and therefore, there 
are no project impacts related to these two species.  

Habitat for Indiana bat is present within the site and is located along the bank of the Rivanna River, 
extending approximately 100 to 120 feet eastward from the top of bank.  To protect trees used for 
roosting by the bats, no tree that may provide a roost can be cut down between April 1 and 
September 30.  If trees must be cut during this timeframe, bat emergence surveys are required to be 
conducted the night prior to the tree clearing activities.  If Indiana bats are not observed during the 
emergence surveys, then authorization to cut the trees may be granted by the USFWS. If Concept E 
is selected for final design, coordination of the clearing operations with cutting restrictions and final 
limits of disturbance will be required.  

Due to periodic changes in the species listed as federally protected and the potential for habitat 
changes within and around the site, threatened and endangered species assessments and surveys 
should be performed each time reviews are required. 

4. IMPACTS AT EXISTING RIVANNA PUMP STATION SITE  

Work in the vicinity of the existing Rivanna Pump Station will include:  

• Construction of the exit shaft for the tunnel 

• Construction of the tie-in of the tunnel to the existing interceptor 

• Access to the first 600 feet of the tunnel alignment to perform jet grouting to pre-condition 
the soil  

• Demolition of the existing pump station 

• Staging area for pump station demolition and limited tunneling work 

The limits of disturbance required to conduct these operations is shown in Figure 3-1 and represents 
an area of 0.47 acres outside of the existing pump station parcel. However, fee simple purchase of 
the land is not required. Following completion of the construction phase, the existing pump station 
could be demolished, such that no above grade features remain and the site fencing could be 
removed.  RWSA will no longer need to maintain a parcel, but rather will require a traditional surface 
easement for access to the interceptor easement from the public right-of-way and in the vicinity of 
the first 600 feet of the tunnel alignment, due to the shallow tunnel conditions described earlier. After 
the first 600 feet the easement will transition to a subterranean easement, which is an easement that 
is square in shape (15’ x 15’ anticipated for the recommended 8’ finished tunnel diameter) and 
centered about the tunnel and related rock anchors.  The tunnel easement applies in the deeper 
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sections of tunnel, and does not preclude construction of facilities at grade, above the easement. 
Traditionally, because these types of easements do not impact land use, the cost to obtain such is 
low, and significantly lower than the cost to purchase a surface easement.  The Concept E cost 
estimate includes costs for the recommended types of easements and limited (seeding) restoration 
of existing pump station site. 

For tie-in of the tunnel to the existing interceptor construction of two manholes, one at the tunnel 
terminus and one on the existing interceptor, with 60” diameter pipe between the MHs, is 
recommended. This is shown in Figure 3-1. This configuration will allow for a straight tunnel 
alignment and will retain the connection of the City’s sewer to the Rivanna Interceptor in its current 
configuration. Once the new pump station has been tested and accepted, a short term bypass 
pumping operation will be required to decouple the existing interceptor from the existing pump 
station and connect the interceptor to the tunnel and new pump station.  During the bypass pumping 
operation, flow will be pumped from two manholes upstream of the existing Rivanna Pump Station to 
the wet well.  

Consideration was given to maintaining the existing force main and allowing for future use of the 
force main as an emergency bypass in the event of unplanned tunnel issues. Several disadvantages 
and/or risks to maintenance of the force main for potential future emergency use were identified, 
and are listed below. Based on the inherent disadvantages and risks associated with maintenance 
of the force main, coupled with the very low potential for tunnel failure, careful consideration should 
be given to the costs versus benefits of maintaining approximately 1,800 LF of force main that will 
no longer be needed, should Concept E be selected for final design.  In addition, portions of the line 
may need to be grouted to comply with CSX or VDOT requirements, which may affect the feasibility 
of maintain the force main for future emergency use.  

Disadvantages and/or risks of maintaining the force main for emergency use:  

• Potential for odor generation 

• Difficulty maintaining force main in structurally sound condition. 

• Risk of failure due to extremely limited use, such that line is not available when needed. 

• Potential for additional project costs to configure force main to be readily accessible, but not 
at risk for reverse flow, or flood inundation.  

• Additional cost required for construction of a vault to allow for tie in the force main in the 
vicinity of the existing pump station. The Concept E cost estimate does not include costs for 
construction of a vault for emergency force main use.  

• The need to retain ownership of a portion of the existing pump station in order to allow for 
permanent access to the vault, which will impact options for redeveloping the site.  
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5. PERMITTING REQUIREMENTS 

It is anticipated that permitting requirements for Concept E will include those typical for a sewer line 
extension within the City of Charlottesville and Albemarle County, those required for construction of 
a new building, within Albemarle County, on the Moores Creek WWTP site, and filing of a certificate 
to construct (CTC) with the Virginia DEQ.  

To obtain a CTC, design engineers are required to certify that projects are designed in accordance 
with the Virginia Sewage Collection and Treatment Regulations (VSCAT).  Concept E will require an 
exception to the recommended distance between manholes. However, conversations with DEQ 
(Gary Phillips, August 19, 2011) indicated that DEQ has an extensive history of allowing exceptions 
to the distance requirements, especially for situations such as these.  It is anticipated that this 
project will be granted a CTC with the exception for the distance between the interceptor extension 
manholes on either side of the tunnel.  

Submittal of site plans for both the City and the County are anticipated since the project crosses 
both jurisdictions. Since the plant site is located within the approach corridor, review by the County’s 
Architectural Review Board is also anticipated.  Based on our preliminary interpretation of the City 
ordinance, it is not anticipated that the Concept E project will require a special use permit. However, 
because of the nature of this project, if Concept E is selected for implementation, an early meeting 
with City and County officials is recommended.  

Because the tunnel will cross the CSX railroad tracks, a CSX pipeline occupancy encroachment 
permit will be required. CSX has several requirements that affect the gathering of data (for 
preliminary design should Concept E be selected), design, permitting and construction of the tunnel. 
 In general, the design requirements for the tunnel include demonstrating suitable depth of the 
tunnel beneath the tracks, demonstration of competent rock, or no unsupported excavation.  For the 
proposed tunnel location the depth beneath the tracks will be approximately 80 feet and expected to 
be within competent rock. To demonstrate that these design criteria are satisfied, additional 
geotechnical investigation in the vicinity of the railroad will be required during a preliminary design 
phase.  The additional borings on either side of the tracks could be located just outside of the 100 
foot right of way (thus precluding the need for obtaining right of entry from CSX) or Right of Entry 
must be obtained. CSX requires 45 days to process requests for Right of Entry. The CSX permit 
application requires progression of the contract drawings, as well as provision of specifications and 
technical information and an application of occupancy. Review fees would exceed $6,000 and 
review time will be 60 to 90 days plus additional time for scheduling of inspection by CSX staff and 
subconsultants. Overall, it is recommended that a minimum of 180 days be provided within the 
Concept E Schedule for completion of CSX-related permitting. 

As noted previously, the Concept E area is in the close proximity to the Rivanna River and a tributary 
perennial stream. Activities that disturb, or directly or indirectly impact jurisdictional waters of the 
U.S. or state, which includes wetlands and intermittent and perennial streams, will require a Section 
401 of the Clean Water Act Virginia Water Protection Permit from the Virginia Department of 
Environmental Quality and a Section 404 of the Clean Water Act permit from the U.S. Army Corps of 
Engineers.  The review periods for the required permits are sixty days for the Section 401 
authorization and forty-five days for the Section 404 approval.  If impacts to jurisdictional waters of 
the U.S. are proposed, the U.S. Army Corps of Engineers may request a jurisdictional determination 
to verify the location and extent of jurisdictional waters prior to permitting the impacts and may 
require mitigation of the impacts. 
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The CSX permit is anticipated to have the longest permitting time.  Efforts can be made to submit 
preliminary permitting documents early in the design period in order to minimize delays to the overall 
project schedule.  It is recommended that nine months be allowed for obtaining all project permits.  
Some permitting activities can commence prior to full design completion for the tunnel and pump 
station and therefore, three months have been allocated for permitting related activities beyond 
design completion.   

6. PROJECT SCHEDULE 

As noted previously, completion of contract E as two contracts is recommended.  The design of the 
pump station and tunnel will be able to proceed concurrently, with the bidding and construction of 
the tunnel preceding the bidding and construction of the pump station.  The anticipated project 
schedule is shown in Table 3-2.  

Table 3-2 Concept E Project Schedule 

Activity Time  

Tunnel Design 20-24 months 

Pump Station Design 20-24 months 

Additional Permitting 
Time 

3-6 months 

Construction of Tunnel 14 months 

Construction of Pump 
Station  

18-24 months 

TOTAL project Time  55 – 68 months 

(4.5 – 5.6 years) 
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7. COST ESTIMATE 

The estimated project cost for the Concept E Pump Station is $40M. The project cost includes costs 
associated with tunnel construction, pump station construction, easement acquisition, design 
engineering, construction administration, an allowance for project related legal fees, and 
contingencies commensurate with the level of design development. The project costs are 
summarized in Table 3-3 below. 

Table 3-3 Estimated Concept E Project Costs 

Item Cost 

Tunnel Construction $12.8 M 

Pump Station 
Construction 

$20.3 M 

Design Engineering  $3.3 M 

Construction 
Administration 

$3.3 M 

Legal Fees $0.2 M 

Total Project Cost $40.0 M 

 

8. SUMMARY OF FINDINGS 

The purpose of this technical memorandum was to further evaluate the feasibility of and develop a 
cost estimate for Concept E, which generally includes construction of approximately 2,000 LF of 
tunnel to extend the existing Rivanna Interceptor, and construction of a new 53 mgd pump station on 
the north side of the Moores Creek WWTP. It is anticipated that this technical memorandum will be 
used in conjunction with similar technical memoranda prepared for Concepts A and D to compare 
the alternatives. To facilitate the comparison, a summary of salient points related to Concept E, is 
summarized below in Table 3-4.  



TECHNICAL MEMORANDUM NO. 3    
RIVANNA PUMP STATION – CONCEPT E EVALUATION   
 
 

Rivanna Pump Station – Concept E Evaluation  

H&S Project 31037-033 TM 3-20 

 

Table 3-4 Concept E Summary  

Item Concept E 

Number of Pumps 6 

Installed Horsepower  1800 Hp 

2 @ 200 Hp 

4 @ 350 Hp 

Self Cleaning Spillway Yes, dual spillways 

Generator Type Diesel 

Flood-proofed Yes, natural grade at above flood 
elevation (331.00) 

River crossing required No 

Railroad crossing/CSX permit 
required 

Yes 

Special Use Permit Required No 

Land Acquisition Required No 

Permanent Easement Required Yes  

Temporary Easement Required  Yes 

Estimated Project Time 55 – 68 months 

(4.5 – 5.6 years) 

Total Project Cost $40.0 M 
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1.0 INTRODUCTION 
 
1.1 Project Description 

 
The proposed RWSA tunnel project, known as Concept E, is located within a mixed 
residential/industrial historical area in the eastern portion of Charlottesville Virginia, adjacent to 
the Rivanna River. The anticipated tunnel alignment generally runs on a northeast-southwest 
orientation with the southwestern end of the tunnel located within the Moores Creek Wastewater 
Treatment Plant (WWTP) and the northeastern end within wooded parklands, near the existing 
Rivanna Pump Station (RPS) structure. Access to the anticipated locations of the two shafts at 
the tunnel ends is by local residential roadways, with the nearest major roadway at a distance of 
approximately 2 to 3 miles from the anticipated shaft locations. 
 
The proposed tunnel will be approximately 1,850 ft long and will have an excavated diameter of 
approximately 8’-0”. The carrier pipe inside the tunnel will have a finished diameter of up to 72 
inches and will carry sewage flow from the vicinity of the RPS to the downstream end at the 
WWTP. The anticipated invert of the finished tunnel at the northern end is at elevation 290.44 ft 
and at the southern downstream end is at elevation 288.44 ft. A manhole structure will be 
installed within the exit shaft at the northeastern end and a new pump station will be constructed 
near the work shaft at the southwestern end of the tunnel. It is anticipated that the tunnel will be 
excavated utilizing a rock tunnel boring machine (TBM). The TBM will be assembled within a 
work shaft at the WWTP and then the tunnel will be mined uphill to terminus at an exit shaft 
near the existing RPS. After completion of the tunnel excavation and support, the carrier pipe 
will be installed within the tunnel and grouted in place. 
 
2.0 PROJECT GEOLOGIC SETTING 
     
2.1 Subsurface Field Investigation and Laboratory Testing 
 
In order to provide preliminary subsurface information for evaluation of the Concept E tunnel, 
three borings (B-E-1 through B-E-3) were performed along the tunnel alignment in July 2011 by 
Total Depth Drilling, Inc.  All of the borings were continuously observed by a representative 
from Schnabel Engineering who classified the soil and rock samples obtained and also observed 
the in-situ packer tests performed within the bedrock. The borings were extended down through 
soil materials with a hollow stem auger. Standard split spoon soil samples were obtained of the 
overburden soil materials and the consistency/density of the soil materials penetrated was 
determined by using the Standard Penetration Test (SPT).  When bedrock was reached, rock 
cores were continuously obtained using a NQ double wall core barrel.  After the boring reached 
its maximum depth, packer pressure tests were performed within the bedrock at selected intervals 
in order to approximate the permeability of the rock mass penetrated.  
 
At the completion of each boring, a temporary groundwater observation well was installed within 
the borehole to determine the variation in groundwater level over a period of time. 
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Laboratory testing of selected rock cores obtained during the subsurface investigations is 
presently ongoing. Advance Terra Testing, Inc has provided preliminary test results on rock 
cores obtained during the subsurface investigations, as indicated below: 
 

Table 2.1.1 
Range of Rock Test Results  

Tensile Strength (psi) 780 – 2,400 
Tensile Strength – average (psi) 1,500 
Unconfined Compressive 
Strength (psi) 

2,800 – 18,600 

Unconfined Compressive 
Strength – average (psi) 

10,600 

Total Unit Weight (pcf) 176 - 183 
 
The rock-coring portion of the subsurface investigations performed at the site resulted in the 
following rock core physical properties:  
 
Recovery and RQD: 

Table 2.1.2 
Range of Rock Recovery & RQD  

Rock Core Recovery – fractured zone (%) 65-98 
Rock Core Recovery – sound zone (%) 82-100 
Rock Core RQD – fractured zone (%) 21-67 
Rock Core RQD – sound zone (%) 82-100 

 
 
Packer Pressure Test Results (sound zone)   0 to 3 gpm 
Packer Pressure Test Results (fractured zone)  Greater than 10 gpm 
 
2.1.1 Northeastern Tunnel End  
 
Borings B-E-1 and B-E-2 were made in the general vicinity of the northeastern end of the 
proposed tunnel alignment, within wooded parklands, near the proposed exit shaft location. The 
existing topography consists of wooded, generally level and marshy ground, with ground surface 
elevations between 310 and 315. The Rivanna River is located approximately within 200 feet of 
the tunnel alignment. The 100-year probable flood elevation for this area is at elevation 330 ft, 
approximately 15 to 20 feet above the existing ground surface elevation. 
 
The upper approximately 15 feet of soil materials consists of layered, relatively very loose or soft 
silty sand and silt or clay. Below these upper soil layers, relatively “clean” loose sands were 
encountered to the top of bedrock (a thickness of approximately 5 feet). The top of bedrock was 
encountered approximately 20 feet below the ground surface. 
 
The groundwater table, as measured within the observation wells, was encountered 
approximately 6 feet below the ground surface. 
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Below an approximate 1 to 2 feet layer of very compact disintegrated rock, the bedrock consists 
of hard, good to excellent quality basalt, with recoveries varying approximately between 65 and 
100 percent and RQDs approximately between 82 and 100 percent, except for the upper portion 
of bedrock at boring B-E-1. At B-E-1, the upper approximately 7 feet of rock was very fractured 
and broken with RQDs of 21 to 65 percent.  Hard, relatively sound brecciated intrusion zones 
consisting of healed fractured bedrock with calcite veins were encountered within the basalt 
bedrock. 
 
Packer pressure test results performed within the bedrock varied approximately from 0 to 8 gpm. 
The 8 gpm value included the upper fractured/broken section at B-E-1. 
 
The layer of relatively “clean” loose sands and the layer of very compact disintegrated bedrock 
are assumed to have a high permeability rate, allowing large flows of water to flow through these 
layers with the nearby river as a source. 
 
In general, the hard, good to excellent bedrock was encountered below approximate elevation 
285 at boring B-E-1 and below approximate elevation 293 at boring B-E-2. 
 
2.1.2 Southwestern Tunnel End   
 
Boring B-E-3 was made approximately 400 feet northeast of the southwestern end of the tunnel 
where the work shaft will be located, adjacent to a commercial building.  The proposed location 
of the southwestern end of the tunnel is within a portion of the WWTP property that is paved and 
relatively level with ground surface elevations of approximately 330 ft. A small creek is located 
approximately 200 feet from the site.  The 100-year probable flood elevation for this area is 
assumed at elevation 330 ft. 
 
At the location of B-E-3 and below the surface crushed rock layer and shallow fill layer, the 
upper approx. 18 feet of soil materials consists of layered, relatively hard or compact clay and 
silt to bedrock. The top of bedrock was encountered approximately 18 feet below the ground 
surface. 
 
The groundwater table, as measured within the observation wells, was encountered 
approximately 9 feet below the ground surface. 
 
Below an approximate 8 feet layer of very compact disintegrated rock, bedrock consists of hard, 
good to excellent quality basalt, with recoveries varying between 90 and 100 percent and RQDs 
between 90 and 100 percent, except for the upper portion of the bedrock. At B-E-3, the upper 
approx. 8 feet of rock, below the disintegrated rock, was very to moderately fractured with RQDs 
of 42 to 67 percent.  
 
Packer pressure test results performed within the bedrock varied approximately from 0 to 4 gpm.  
The layer of disintegrated bedrock is assumed to have a high permeability rate, allowing large 
flows of water to flow through this layer with the nearby creek as a source. 
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In general, the hard, good to excellent bedrock was encountered below approximate elevation 
299 ft. 
 
3.0 GEOTECHNICAL CHARACTERISTICS 
 
3.1 Tunnel 
 
Two vertical tunnel alignments were considered; a shallow tunnel (gravity option) which would 
be constructed in rock and mixed face conditions and a deep tunnel which would be excavated in 
full face of rock. 
 
3.1.1  Shallow Tunnel 
 
The proposed vertical tunnel alignment, with invert elevation at the work shaft at 288.44 ft and 
invert elevation at the exit shaft at 290.44 ft, would be excavated in full face of rock near the 
work shaft and in mixed face conditions near the exit shaft. The mixed face conditions are not 
ideal for rock TBM, which performs the best in homogenous ground. Based on currently 
available subsurface information it appears the length of the mixed face zone could be up to 600 
ft. In addition to mixed face conditions, the groundwater table is above the tunnel crown and 
water inflows into the tunnel could be anticipated. The 600 ft zone of mixed face will need to be 
improved to create rock like conditions for tunneling and cut off of the ground water inflows. 
One of the methods that may be considered is jet grouting. This method would create a zone of 
the overlapping jet grouted columns, at the tunnel level, which would be approx. 600 ft long, 12 
feet wide and 10 ft high.  
 
The remaining approximately 1,250 ft of tunnel will be excavated in bedrock. The bedrock 
within the project site consists of Catoctin greenstone (metamorphosed basalt), which contains 
both igneous and metamorphic rock. The formation was created by a series of basaltic lava flows 
between which sedimentary rock layers were deposited and then later both metamorphosed. 
Tunnel will be excavated through hard, good to excellent quality basalt bedrock with RQDs 
ranging approximately between 85 and 100 percent within the sound zones and to a lesser extent 
through moderately fractured rock with RQDs ranging approximately between 20 and 85 percent 
within the fractured zones. 
 
3.1.2 Deep Tunnel 
 
In order to maintain the entire tunnel vertical alignment within good to excellent bedrock with 
RQDs of 85 to 100 percent and also have a minimum of one tunnel diameter (approx. 8 feet) of 
sound rock above the tunnel crown, the invert of the tunnel will be at approximate elevation 268 
ft at the work shaft and at elevation 270 ft at the exit shaft. The 1,850 ft long deep tunnel will be 
excavated in full face of rock and ground modifications such as jet grouting will not be 
necessary. 
 
The deep tunnel will be excavated through similar geologic conditions as the shallow tunnel, 
which will consist of hard, good to excellent quality basalt bedrock with both recoveries and 
RQDs ranging approximately from 82 and 100 percent at the tunnel level. 
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3.2 Shafts 

Two shafts will be required for the Rivanna tunnel, a launch or work shaft, and an exit shaft.  For 
relatively short, TBM excavated tunnels, intermediate shafts are not required to facilitate the 
tunneling. 

It is currently envisioned that the work shaft for this project will have a 23 ft excavated diameter 
in soil and 20 ft diameter in rock. The exit shaft will have a 19 ft excavated diameter in soil and 
16 ft excavated diameter in rock.  

 
3.2.1 Work Shaft 
 
The work shaft will be located at approximate station 0+00 and will be utilized as the main work 
shaft for all tunneling activities.  The depth of the work shaft in soft ground will be 23 ft and the 
depth of the soft ground excavation will be approximately 22 ft. The excavated diameter in rock 
will be 20 ft and the depth of rock excavation approximately 20 ft.   

The soil materials in the vicinity of the work shaft generally consist of residual soil materials 
probably resulting from weathering of the underlying bedrock. These soil materials are relatively 
hard or compact clay and silt materials that can easily be excavated with normal excavation 
equipment down to bedrock. The disintegrated rock, also in a denser state, has the consistency of 
soil and will also be relatively easy to be excavated by normal soil excavating equipment. 
 
The bedrock below the disintegrated rock layer is hard and will require rock excavation methods, 
such as controlled blasting, down to the proposed tunnel invert, or bottom of shaft. The upper 
approximately 5 feet of fractured bedrock, below the disintegrated layer, will require lateral 
support during excavation. 
 
Groundwater flowing through the disintegrated rock layer and the upper approximately 5 feet of 
fractured bedrock will cause difficulties unless it is cut off from the excavation. The nearby creek 
will probably be a recharge source for the groundwater.  
 
The anticipated elevation of the 100-year flood, approximately 15 to 20 feet above the existing 
ground surface, must be accounted for during and after construction of the work shaft. 
 

3.2.2 Exit Shaft 
 

The exit shaft will be located at the end of the tunnel, at approximate station 18+50 and will 
serve as a retrieval location of the TBM. The soil materials in the vicinity of the northern 
receiving shaft generally consist of alluvial soil layers deposited by the adjacent river. These soil 
materials are in a relatively soft or loose state and can easily be excavated with normal 
excavation equipment down to bedrock. The disintegrated rock, although in a much denser state, 
has the consistency of soil and will also be relatively easy to be excavated by normal soil 
excavating equipment. Continuous ground support will be required during excavation through 
the soil materials and disintegrated rock. 
 



JEC                                                                                                                                                            
August 2011                                                                                                                                   Page 6 

The bedrock below the disintegrated rock layer is hard and will require rock excavation methods, 
such as controlled blasting, down to the proposed tunnel invert, or bottom of shaft. The upper 
approximately 5 feet of bedrock, below the disintegrated layer is moderately fractured rock that 
will require lateral support. Below this level, a normal rock dowel pattern can be utilized for 
temporary support. 
 
Groundwater flowing through the relatively “clean” sand/gravel layer above the bedrock and 
through the disintegrated rock layer and the upper approximately 5 feet of fractured bedrock will 
cause excavation difficulties unless it is cut off from the excavation. The nearby river will 
probably be a recharge source for the groundwater.  
 
The anticipated elevation of the 100-year flood, approximately 15 to 20 feet above the existing 
ground surface, must be accounted for during and after construction of the exit shaft. 
 
4.0 DESIGN CONSIDERATIONS  
 
This section describes initial support and final lining design considerations for the tunnel and 
shafts, 
 
4.1 Tunnel Initial Supports 

For tunnels constructed in rock utilizing TBM, the initial support of the tunnel will consist of 
rock dowels in good to excellent quality rock. Currently envisioned vertical alignment of the 
Rivanna tunnel will encounter a layer of weathered rock near the tunnel crown. The weathered 
rock cover over the tunnel crown may be low and utilization of rock dowels as initial support 
may not be feasible. As a result, the TBM excavated tunnel, in weathered rock zones, is 
anticipated to be supported utilizing steel ribs and timber lagging or steel ribs with liner plates. 

 
4.2 Tunnel Final Lining – Carrier Pipe 

A sanitary sewer is considered a potentially corrosive environment where hydrogen sulfide (H2S) 
may be generated.  H2S may cause various problems including odor, hazard to maintenance 
crews, and corrosion of sanitary sewer pipe materials. Several final lining systems for the tunnel 
could be considered to prevent corrosion such as the reinforced concrete pipe with T-Lock liner 
(RCP-PVC) and centrifugally cast fiberglass reinforced polymer mortar pipe (CCFRPM), 
commonly known as Hobas pipe.  

4.2.1 Reinforced Concrete Pipe with T-Lock liner (RCP-PVC) 

Protection of a concrete tunnel liner can be achieved using various linings and coatings.  One 
liner, which has been used successfully for over 40 years, is a PVC liner mechanically attached 
to the reinforced concrete pipe with T-shaped anchors.  The lining is impervious, hydraulically 
efficient, low maintenance, and repairable if necessary.  The RCP-PVC alternative offers 
excellent corrosion protection. 

4.2.2 Hobas Pipe (CCFRPM) 

Another liner option which could be considered for the project is centrifugally cast fiberglass 
reinforced polymer mortar pipe (CCFRPM) also known as Hobas pipe.  The CCFRPM pipe 
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provides excellent corrosion resistance properties.  It is also impervious, hydraulically efficient, 
and lightweight.  

4.2.3 Carrier Pipe Sizes 

For 72 inch ID carrier pipe the excavated tunnel diameter will be approximately 9 ft for concrete 
pipe (wall thickness approximately 7 inches) and 8 ft for the Hobas pipe (wall thickness less than 
2 inches) For 60 inch ID carrier pipe the excavated tunnel diameter will be 8 ft for concrete pipe 
and also 8 ft for Hobas. TBM smaller than 8 ft are not easily available and the excavation may 
not provide sufficient room for tunneling operations and installation of the ventilation ducts. The 
numbers above are conservative and will depend on specified tolerances, contractor’s means and 
methods etc.  After installation of the carrier pipe, the annular space will be backfill grouted. 

 
4.3 Initial Support and Final Lining for the Shafts 

 
Although steel sheeting could be installed through the soil materials to form a cofferdam for both 
shafts, the disintegrated rock and the upper, fractured portion of the bedrock will stop the driving 
of the sheet piles through these materials. Also, cut off/pressure grouting would be required 
within these layers. As a result it is anticipated that the soft ground portion of the shafts will be 
supported utilizing secant pile walls, jet grouting or any other viable technique selected by the 
Contractor. Construction of the secant pile walls will provide an impervious excavation support. 
It will also eliminate the risk of the sand layer, which is located directly on the top of bedrock, 
from flowing into the excavation. The holes for secant piles should be drilled approximately 5 ft 
into the bedrock to provide support in weathered rock and retard the groundwater infiltration. 
The shaft walls in soft ground will be designed to support soil loads, hydrostatic pressure and 
construction surcharge loads.  
   
After completion of tunneling, there will be a manhole installed in the exit shafts and the 
manhole will be connected to the tunnel. To facilitate future connection between the tunnel and 
the existing interceptor a small stub tunnel will be constructed by the tunneling Contractor. The 
stub tunnel will extend approximately 10 ft beyond the shaft excavation perimeter. Then the 
section of the carrier pipe will be placed in the stub tunnel and connected to the manhole. The 
other side of the carrier pipe in the stub tunnel will be capped with the bulkhead for future 
connection.  
 
The work shaft could be excavated within the footprint of the proposed pump station and later 
incorporated into the pump station excavation. This shaft would be left without the manhole and 
without backfill, covered with a temporary cover, until construction of the pump station 
commences.  
 
Shaft excavation in rock will be performed utilizing controlled blasting techniques. The initial 
support of the shaft in rock will consist of rock dowels. The initial supports will be designed to 
resist the rock load.  Below the upper layers of the fractured rock, the bedrock has a relatively 
low permeability and will require minimal cut off grouting for groundwater control. 
 
The final lining of the exit shaft will consist of prefabricated, reinforced concrete manhole, or a 
formed reinforced concrete box at the tunnel level and riser pipes stacked on the top of the box 
and extending to the surface. The area outside of the manhole will be backfilled with lean 
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concrete or compacted granular fill. The manhole will be designed to resist external ground and 
hydrostatic pressure and provide long term support.  
 
4.4 Geotechnical Instrumentation and Monitoring 
 
The geotechnical instrumentation program will be designed to monitor ground behavior during 
the excavation and construction of the tunnel and shafts and to monitor the impact of controlled 
blasting at the shaft locations on residential and commercial structures. The intent of the 
instrumentation program will be to detect ground movements and vibrations in advance so that 
corrective measures can be initiated by the Contractor, as required. 
 
The program will also be used to assure that ground vibrations near the residential and 
commercial structures do not exceed the Peak Particle Velocity (PPV) limits recommended by 
the US Office of Surface Mining. The PPV measures velocity of the ground movement near the 
structure being monitored. Typically, values of 2 inches per second are considered safe for 
blasting and will not cause any damages to the structures. Should additional level of safety be 
required for blasting near historic residences located in the vicinity of the project, the PPV limit 
could be reduced to 1 inch per second. It should be noted that blasting will only be utilized for 
excavating rock at the shaft locations and possibly short 40 to 50 ft long tail and starter tunnels at 
the work shaft location. Blasting will not be used for tunnel excavation. The vibrations resulting 
from the TBM mining are barely noticeable and have no impact on the surface structures. 
 
Prior to start of the construction, a pre-construction survey is recommended to documents the 
conditions of the structures within the project influence zone. The influence zone may include 
any structures within approx. 500 ft radius from the center lines of the shafts and 200 ft from the 
tunnel centerline, along the tunnel alignment. The dimensions of the influence zone will be 
evaluated during the preliminary design. The pre-construction survey will provide video and 
photograph documentation of the condition of the structures inside and outside, including the 
basements.  
 
The geotechnical instrumentation program for this project may include instruments to measure 
vertical ground movement along the tunnel alignment, horizontal ground movements at the shaft 
locations and ground vibrations at the residential and commercial structures. The type of 
instruments which may be required for the project may include the following: 
 

 Subsurface Shallow Settlement Indicators to measure settlement near the ground surface. 
 

 Inclinometers to measure horizontal movement of the ground near the shaft excavations. 
 

 Seismographs placed near the residential and commercial structures to monitor ground 
vibrations during blasting operations at the shafts.   

 
Blasting utilized on this project and any other tunneling project is called a controlled blasting.  
The blasting is carefully planned and monitored not to exceed the safe blasting limits, eliminate 
fly rock and to avoid any damages to the structures nearby It should be noted that blasting and 
tunneling operations are routinely conducted in Manhattan, NY without adverse effect to the 
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structures and the inhabitants. The steam tunnel, which was constructed several years ago, for the 
local electric company - Con Edison, near the United Nations headquarters, had a vibration limit 
of 2 inches per second. The project was completed without any damages to the high rise 
structures in the project vicinity and without major complaints from the residents. Another 
project in Manhattan which required blasting and TBM tunneling and was the recently 
completed Water Tunnel #3, built for the New York City Department of Environmental 
Protection. 
 
5.0 CONSTRUCTION CONSIDERATIONS  
 
5.1 Tunneling Methods 
 
Based on currently available information it is anticipated that the tunnel will be excavated 
utilizing rock TBM. The deep tunnel alignment will be excavated in full face of rock. The 
shallow tunnel alignment will be excavated in approximately 1,250 ft of rock and in 600 ft of jet 
grout modified, mixed face conditions.   
 
5.1.1 Tunnel Boring Machine (TBM) 

Rock TBM’s are utilized to construct tunnels in relatively homogeneous rock environment. To 
begin tunneling, the tunnel boring machine (TBM) enters the ground at a work (launch) shaft at 
the beginning of a tunnel and on completion of mining exits at the exit shaft.  The TBM consists 
of a rotating cutter head, which thrusts against the working face of the tunnel.  The cutting head 
is designed to fracture and disintegrate the rock, while boring a tunnel of the required diameter. 
Typically, the cutterhead will have disc cutters installed for mining in rock. It is currently 
assumed that low rock cover and weathered rock may be encountered. Therefore, it is anticipated 
that the TBM will be fully shielded. The machine body is mounted immediately behind the cutter 
head and remains stationary while the rotating cutting head moves ahead and excavates.  The 
TBM body extends “gripper pads” against the circumferential wall of the tunnel to transmit the 
necessary thrust and torque to the cutter head during the advance of each several foot boring 
cycle.  These gripper pads, in combination with retractable hydraulic legs, then permit the TBM 
to “move” forward to continue boring the rock.  As an alternative to the gripper pad propulsion, 
in tunnels where initial support consists of continuous steel ribs and timber lagging, the TBM 
may push of the last ring of the steel ribs to propel the TBM forward. 

Typically, muck is removed from the excavated tunnel face by rotating buckets on the cutter 
head and depositing the muck in a hopper in the TBM head.  A conveyor system transfers the 
muck from the hopper to the rear of the TBM and deposits it in a train of muck cars standing 
immediately behind the TBM.  The muck cars travel on rails, installed behind the TBM, to a 
work shaft where the muck is raised to the surface and trucked to a disposal site. Initial support 
for the excavated tunnel is installed as the TBM advances. 

It is anticipated that fault zones, producing significant amount of groundwater, may be 
encountered during tunneling. As a result, the Contractor will be required to conduct probe hole 
drilling ahead of the TBM through the entire length of the tunnel. If probing detects excessive 
amounts of groundwater, the Contractor will be required to conduct cut-off grouting to eliminate 
or retard the groundwater inflows. 
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5.2 Power Requirements 
 
Typical rock TBM excavating approximately 8 foot diameter tunnel will require approximately 
500 to 600 KW of power. This number represents power requirements for the TBM and does not 
include lighting, ventilation etc.  Typically, in an urban environment, such as Charlottesville 
sufficient power is available to the Contractor to operate the tunneling equipment without 
significant additional costs.  
 
5.3 Shafts 

 
After installation of the secant pile walls, both the work shaft and the exit shaft will be excavated 
through soft ground utilizing mechanical means of excavation. Shaft excavation in rock will be 
performed utilizing controlled blasting techniques; i.e. light charges designed to fracture the rock 
before removal.   
 
5.4 Staging Areas 
 
The staging area for construction of the tunnel will be located in the vicinity of the work shaft, 
where majority of the construction activities will occur. This area will experience significant 
truck traffic resulting from trucks bringing in the materials and supplies required for tunnel 
construction as well as removing muck. It is anticipated that during peak tunnel mining there will 
be at least one 20 CY truck per hour removing muck and approximately two 20 CY trucks per 
shift bringing in the supplies. The area near the exit shaft will remain inactive until the tunnel is 
competed and the retrieval process of the TBM commences. 
  
The area required for staging at the work shaft should be in excess of 1 acre and preferably over 
1 ½ acres.  The work area near the exit shaft should be at least ¼ of an acre. 
 
5.5 Impacts Along the Tunnel Alignment 
 
Shaft and tunnel construction can be successfully conducted in close proximity of existing 
structures.  The excavated areas are immediately supported to prevent ground movement and 
minimize potential for settlement. The annular space between the carrier pipe and the excavated 
surface will be grouted to limit or eliminate long term ground subsidence.   
 
Impact of the Rivanna tunnel construction on the existing structures will be very minor, if any. 
There will be some surface disturbance resulting from installation of the jet grout zone over the 
600 ft long section, between stations 12+50 and the exit shaft at station 18+50. However, 
construction of the jet grout zone will only be required if the shallow tunnel option is selected.  
 
After tunnel construction, there will be some restrictions on type of structures and depth of 
foundations, but only if located directly over the tunnel. There will be fewer restrictions in case 
of the deep tunnel than in case of the shallow tunnel. In general, if the light weight structure with 
shallow foundation is proposed to be built directly over the tunnel there would be no restrictions. 
However, if the high rise building is proposed to be built over the tunnel, then there would 
restrictions in terms of how close the foundation can get near the tunnel crown and also what 
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load could be applied to the foundations. Acquiring the subterranean easements may be 
considered.   
 
6.0 PRELIMINARY CONSTRUCTION SCHEDULE 
 

Preliminary construction schedules were developed for the shallow and deep tunnel alignments. 
Both tunnels were assumed to be constructed as a two pass operation, where tunnel is excavated 
and initial support installed in a first pass and carrier pipe is installed and grouted as a second 
pass.  For the preliminary schedule purposes it was assumed that the excavated tunnel diameter 
will be 8 ft and finished tunnel diameter will be 72 inches.  
 
Progress rate of the rock TBM and installation of final lining in the tunnel will have a major 
impact on the duration of project construction.  It was assumed in the schedule that rock tunnel 
will be mined utilizing a progress rate of 32 ft to 40 ft per 8 hour shift (depending on rock 
quality). Several other key tasks, such as invert clean-up, carrier pipe installation, backfilling and 
final clean-up were also assumed to be performed on one 8 hour shift per day.  Shaft excavation 
and support as well as shaft interiors were assumed to be performed on 8 hour shift per day basis 
for both rock and soft ground tunnel. The project can be accelerated utilizing 10 hour work shifts 
and increasing the number of shifts to 2 per day. 
 
The construction schedules were prepared utilizing the Microsoft Project. Summary of 
construction durations is presented in Table 6. 

 
Table 6 

Construction Duration in Months 
Tunnel Shallow Tunnel Deep Tunnel 

 
Total 13.5 14 

 
 
7.0 PRELIMINARY OPINION OF PROBABLE COSTS 
 
7.1 Preliminary Cost Development Methodology 
 
The preliminary opinion of probable construction costs for the conceptual study presented in this 
report are based on available pricing information for labor, equipment and materials, general 
knowledge of similar projects, and presently available geotechnical information.  The cost 
estimates include labor, equipment, equipment operation, materials, supplies, subcontractors, 
mobilization, and demobilization.  In addition, the following factors were applied to direct costs: 
 
 Indirect cost – 25% 
 Overhead and Mark-up – 15% 
 Contingency – 30% 
 Escalation to the mid-point of construction was not added  
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Preliminary cost estimates for 1,850 ft long tunnel are based on 8 ft excavated diameter and 
finished diameter of 72 inches. Tunnel will be excavated utilizing rock TBM. It was assumed 
that refurbished TBM will be used. Tunnel will be supported by rock dowels in good to excellent 
rock and steel ribs and timber lagging in poor rock. The corrosion protection of the tunnel will be 
accomplished utilizing Hobas pipe or reinforced concrete pipe with T-Lock liner.  
 
The shallow tunnel will require installation of the jet grout zone to eliminate mixed face 
tunneling and to retard the groundwater inflow. The deep tunnel will require construction of 
deeper shafts, but the jet grout zone will not be required. The mining operations will commence 
from the work shaft and will terminate in the exit shaft.  The muck will be extracted from the 
work shaft and stored temporarily on the site prior to removal.  
 
The shaft excavation is soft ground will be supported utilizing the secant pile walls and patterned 
rock dowel reinforcement in rock. The shafts were assumed to be constructed utilizing 
mechanical means of construction in soft ground and drill and blast techniques in rock.  
 
Based on the available information, the groundwater level is above tunnel crown and 
construction of shafts will require control of groundwater.  Control of groundwater could be 
accomplished utilizing impervious walls for shafts in soft ground and implementation of cut-off 
grouting in the tunnel.   

 
The labor component of the cost of tunnel mining and shaft excavation reflects current prevailing 
wages for Charlottesville, Virginia. The statement of probable construction cost reflects 2011 
prices. 

 
The probable construction costs for shallow and deep tunnels are presented in Table 7.  

 
 

Table 7 
Construction Cost  

Tunnel Shallow Tunnel Deep Tunnel 
 

Total $12.8 Mil $11.5 Mil 

 
 
The probable construction costs indicate that the shallow tunnel is more expensive. This reflects 
cost of an additional jet grout zone, required for tunneling in the mixed face conditions. The deep 
tunnel requires construction of deeper shafts but this cost is much less than cost of jet grouting.  
Deeper tunnel may require installation of additional pumps to bring flow to higher elevation. 
Cost of these pumps and annual operation and maintenance is not included in estimate above.  
 
 
8.0 ADDITIONAL TRENCHLESS METHODS 
 
In addition to the TBM tunneling, microtunneling may be another trenchless technique of pipe 
installation which could be considered for the project and investigated during the preliminary 
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design. The advantages of microtunneling would be smaller size of the excavation, which would 
be just slightly larger than the outside diameter of the carrier pipe, resulting in less muck. 
Quicker, one pass installation, and ability to install pipe underneath groundwater table without 
dewatering or cut off grouting. The microtunneling would also be preferred to be conducted in 
homogenous material, similar to the TBM. A brief discussion of the microtunneling is presented 
below.   
 
8.1 Microtunneling 
 
Microtunneling is a trenchless method of pipe installation, utilizing a remotely operated, 
microtunneling boring machine (MTBM) in a single pass, without man entry.  Microtunneling 
starts from a work shaft where the hydraulic jacks are placed and from where the pipe will be 
installed as the MTBM advances.  First, the microtunneling machine is jacked ahead into the 
ground and followed by a string of pipe sections.  The MTBM is propelled forward by the pipe 
behind it, which in turn is pushed by the hydraulic jacks in the work shaft. The process is 
completed when the MTBM and pipe reach the exit shaft. 
 
The predominant application of microtunneling is in the installation of pipes for sewer tunnels.  
In addition, other applications of microtunneling are sewer crossings under highways, railroads 
and facilities where ground surface over the sewer tunnel cannot be disturbed. The total length of 
tunnel that can be constructed utilizing microtunneling techniques is not limited, but the length 
of an individual drive between the shafts is.  Typically, 1,000 foot lengths of microtunneling 
between the shafts are fairly standard and most contractors are comfortable with bidding those 
lengths. Longer drives are feasible, but require utilization of intermediate jacking stations, 
specialized tunnel survey equipment and a highly experienced contractor.  
 
For microtunneling machines greater than approximately 6 ft, the MTBM may be equipped with 
an air lock allowing for pressurization of the heading. The worker will enter the extraction 
chamber under compressed air conditions after the removal of the slurry and spoils that are 
mixed during mining. The openings in the cutter head will allow for access of hydraulic splitters 
to an obstruction in front of the machine. Obstructions can also be removed utilizing small 
blasting charges. Access to the heading for removal of obstructions or replacement of cutters 
may be especially important during longer drives. 
 
Utilization of the slurry MTBM allows for better control of the heading, prevents groundwater 
from entering the tunnel, if any, and minimizes or eliminates potential adverse impact to the 
surface structures. The presence of slurry at the tunnel heading has beneficial, lubricating effect 
on cutters resulting in reduced abrasion of cutters.  The rock chips cut by cutterhead pass through 
crushing chamber located at the bottom of the MTBM, right behind the cutting wheel.  In the 
crushing chamber, the rock chips are crushed or ground, to slurry transportable pieces, with sizes 
not exceeding 2 inches, and mixed with the slurry.  Then, from the crushing chamber, which is 
connected with the slurry line, the crushed rock mixed with slurry is pumped to the surface. 
Depending on the geologic conditions the MTBM may be equipped with a cutter head capable of 
mining through rock, soft ground and mixed face conditions. The cutter head will have roller 
cutters and rock crushers for excavation through rock, boulders and cobbles, as well as drag teeth 
for soft ground excavation. Smaller boulders and cobbles encountered in soft ground, up to 
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approximately 30% of the MTBM diameter will be required to be handled by the microtunneling 
machine.  Boulders with diameters exceeding 30% of the shield diameter may require 
implementation of special measures to remove them. The medium and large boulders may need 
to be handled manually by accessing the heading and hydraulically splitting the obstructions.  
 
Typical microtunneling cross section is indicated on the drawing “Typical Tunnel Sections”. 
 
 



RIVANNA PUMP STATION TUNNEL

RIVANNA PUMP STATION TUNNEL

           TBM TUNNEL IN ROCK - SHALLOW TUNNEL

FINISHED TUNNEL DIA 6 FT.
PIPE WALL THICKNESS = 2 0.17 FT.
EXCAVATED TUNNEL DIA 8.00 FT.
PRICE OF PIPE* 515.00$                     /FT.
APPROXIMATE TUNNEL LENGTH = 1850 FT.

* Used price of 10 ft long sections of Hobas pipe with one grout connection per section. The 20 ft long section would be $415/ft.
Price of concrete pipe would be slightly less. Dimensions of pipe and tunnel reflect Hobas pipe.

TUNNEL

ESTIMATED TUNNEL TYPES LENGTH DISTRIBUTION

TUNNEL TYPE A = 740 FT. EXCELLENT ROCK
TUNNEL TYPE B = 555 FT. GOOD ROCK
TUNNEL TYPE C = 555 FT. POOR ROCK

ESTIMATED SUPPORTS FOR EACH TUNNEL TYPE

TUNNEL TYPE A  -  2 DOWELS AT C/C SPACING OF 4 FT.
TUNNEL TYPE B  -  4 DOWELS AT C/C SPACING OF 4 FT.
TUNNEL TYPE C  - STEEL RIBS WITH LAGGING AT C/C

SPACING OF 4 FT.

ESTIMATED TUNNELING PROGRESS FOR 8 HR SHIFT

TUNNEL TYPE A = 4 FT/HR = 32 FT/SHIFT
TUNNEL TYPE B = 3.5 FT/HR = 28 FT/SHIFT
TUNNEL TYPE C = 3 FT/HR = 24 FT/SHIFT

TUNNEL EXCAVATION AND SUPPORT

LABOR
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LABOR

DRILL AND BLAST STARTING CHAMBER AND TAIL TUNNEL 

STARTING CHAMBER LENGTH = 40 FT.
TAIL TUNNEL LENGTH = 50 FT.
TOTAL DRILL AND BLAST = 90 FT.

DRILL AND BLAST = 30 SHIFTS 3 FT/SHIFT
SET/STRIP FORMS 6 SHIFTS
POUR CONCRETE S.CH. 2 SHIFTS

TOTAL = 38 SHIFTS

Use 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 4,432.00$         PER SHIFT

TOTAL COST FOR STARTING CHAMBER AND TAIL TUNNEL 168,416$                          

SET-UP AND BREAKDOWN TBM 

SET UP 30 SHIFTS
BREAKDOWN 25 SHIFTS
TOTAL 55 SHIFTS
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RIVANNA PUMP STATION TUNNEL

ASSUME 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 4,432.00$         PER SHIFT

TOTAL COST TO SET-UP TBM = 243,760$                          

EXCAVATE AND SUPPORT TUNNEL

    EXCAVATE TUNNEL ASSUMING 8 HR SHIFTS

TUNNEL TYPE A = 22 SHIFTS
TUNNEL TYPE B = 20 SHIFTS
TUNNEL TYPE C = 23 SHIFTS

TOTAL 65 SHIFTS

Use 14 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 5,214.00$         PER SHIFT

TOTAL LABOR COST FOR TUNNEL EXCAVATION = 337,979$                          

TOTAL LABOR 750,155$                         

EQUIPMENT

TBM COST

REFURBISHED USED ROCK TBM 2,000,000.00$                 

ASSUME TBM TOTAL COST = 2,000,000$                      

EQUIPMENT TUNNEL EXCAVATION (WITHOUT TBM COST BUT WITH TBM POWER)

5,168.00$                  

USE 5,168.00$          PER SHIFT
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NUMBER OF SHIFTS = 65 SHIFTS

TOTAL EQUIPMENT COST = 334,997$                          

EQUIPMENT RENTAL AND OPERATION FOR DRILL AND BLAST

4,440.00$                  

ASSUME COST = 4,440.00$          PER SHIFT

NUMBER OF SHIFTS = 38 SHIFTS

TOTAL EQUIPMENT COST FOR D & B = 168,720$                          

EQUIPMENT RENTAL AND OPERATION FOR SET-UP ANSD BREAK DOWN TBM

2,570.00$                  

ASSUME COST = 2,570.00$          PER SHIFT
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RIVANNA PUMP STATION TUNNEL

NUMBER OF SHIFTS = 55 SHIFTS

TOTAL EQUIPMENT COST TO SET UP AND BREAK DOWN TBM = 141,350$                          

TOTAL EQUIPMENT COST TO EXCAVATE TUNNEL = 2,645,067$                      

MATERIALS

UNIT PRICES

ROCK DOWELS - #7 @ 6FT LONG 30.00$                       EACH
STEEL RIBS -     W5x 16 1.50$                        LB
STARTER AND TAIL TUNNEL D & B MAT. 25.00$                       CY OF EXCAV. ROCK
CONCRETE 121.00$                     CY
TBM PARTS AND SUPPLIES 2.50$                        CY OF EXCAV. ROCK
LAGGING 600.00$                     MBM
SET UP AND DOWN TBM 3,000.00$                  L.S.

QUANTITIES

ROCK DOWELS TUNNEL TYPE A - 370 DOWELS
ROCK DOWELS TUNNEL TYPE B 555 DOWELS
STEEL RIBS TUNNEL TYPE C - 55766 LBS
STARTER AND TAIL TUNNEL D&B MAT. 167 CY
CONCRETE 125 CY
TBM PARTS AND SUPPLIES 3442 CY OF EXCAV. ROCK
LAGGING 50 MBM
SET UP AND DOWN TBM 1

COST OF MATERIALS TO EXCAVATE THE TUNNEL

ROCK DOWELS TUNNEL TYPE A - 11,100$                            
ROCK DOWELS TUNNEL TYPE B - 16,650$                            
STEEL RIBS TUNNEL TYPE C - 83,650$                            
STARTER AND TAIL TUNNEL D&B MAT. 4,187$                              
CONCRETE 15,125$                            
TBM PARTS AND SUPPLIES 8,606$                              
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LAGGING 30,000$                            
SET UP AND DOWN TBM 3,000$                              

TOTAL MATERIALS 172,317$                         

MUCK REMOVAL

REMOVE MUCK FROM SITE

MUCK VOLUME = 5852 CY
UNIT COST = 12.00$               PER CY

TOTAL 70,224$                           

SUPPLIES

ALLOW 10% OF LABOR COST = 33,798$                           

CUT OFF GROUTING AS REQUIRED - ALLOW 100,000.00$                    

PROBE HOLE DRILLING FOR GROUNDWATER @$12/FT 22,200.00$                      
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RIVANNA PUMP STATION TUNNEL

TOTAL COST OF TUNNEL  EXCAVATION AND SUPPORT

LABOR 750,155$                          
EQUIPMENT 2,645,067$                       
MATERIALS 172,317$                          
MUCK REMOVAL 70,224$                            
SUPPLIES 33,798$                            
CUT OFF GROUTING 100,000$                          
PROBE HOLE DRILLING 22,200$                           

TOTAL 3,793,762$                       

PLACE PIPE AND BACKFILL

LABOR

INVERT CLEAN-UP AND SET PIPE GUIDES 7 SHIFTS
(ASSUME 250 FT/SHIFT)
PLACE CONCRETE (ASSUME 1000FT/SHIFT) 2 SHIFTS
SET PIPE (ASSUME 120 FT/SHIFT) 15 SHIFTS

TOTAL 25 SHIFTS

ASSUME 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 4,267.00$         PER SHIFT

TOTAL LABOR COST TO PLACE PIPE 105,253$                          

EQUIPMENT

COST OF EQUIPMENT PER SHIFT 2,690.00$                  
NUMBER OF SHIFTS 25

TOTAL EQUIPMENT COST TO PLACE PIPE 66,353$                            

MATERIALS
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UNIT PRICES

PIPE IN TUNNEL 515.00$                     LF
RAIL AND FASTENERS 20.00$                       LF
CONCRETE 121.00$                     CY
MISCELLANEOUS 5,000.00$                  LS

QUANTITIES

PIPE IN TUNNEL 1850 LF
RAIL AND FASTENERS 1850 LF
CONCRETE (0.015 CY/LF) 27.75 CY
MISCELLANEOUS 1 LS

COST OF PIPE IN TUNNEL

PIPE IN TUNNEL 952,750$                          
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RIVANNA PUMP STATION TUNNEL

COST OF MATERIALS TO PLACE PIPE

RAIL AND FASTENERS 37,000$                            
CONCRETE (0.015 CY/LF) 3,358$                              
MISCELLANEOUS 5,000$                              

TOTAL MATERIAL COST TO PLACE PIPE 45,358$                            

ASSUME SUBCONTRACTOR WILL PLACE BACKFILL

VOLUME  OF EXCAV. PER LF OF TUNNEL 1.86 CY/LF
VOLUME DISPLACED BY PIPE 1.17 CY/LF

VOLUME OF BACKFILL PER LF = 0.69 CY/LF

TOTAL VOLUME OF BACKFILL = 1285 CY
UNIT COST OF BACKFILL = 120.00$                     /CY

TOTAL COST OF BACKFILL 154,200$                          

SUPPLIES

ALLOW 10% OF LABOR COST = 10,525$                            

TOTAL COST TO PLACE PIPE AND BACKFILL

PIPE-N-TUNNEL 952,750$                          
LABOR TO PLACE PIPE 105,253$                          
EQUIPMENT TO PLACE PIPE 66,353$                            
MATERIALS TO PLACE PIPE 45,358$                            
BACKFILL PIPE 154,200$                          
SUPPLIES TO PLACE PIPE 10,525$                           

TOTAL 1,334,439$                       

TOTAL DIRECT COST OF TUNNEL 5,128,201$               
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TOTAL DIRECT COST OF TUNNEL 5,128,201$               

 WORK SHAFT 

INSTALL IMPERVIOUS WALL IN SOFT GROUND

Assume a secant pile wall

LABOR

Use 10 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,740.00$         PER SHIFT

Mobilization 2
Drilling 6
Set Soldier beams 2
Demobilize 1
Total shifts 11

TOTAL LABOR COST SECANT PILE WALLS 41,140$                     
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RIVANNA PUMP STATION TUNNEL

MATERIALS

Concrete 41 CY 120.00$             4,920.00$                  
Steel (W16x40) 22080 lbs 1.20$                26,496.00$                

31,416.00$                
EQUIPMENT

hrs
Auger drill 48 104.95$            5,037.60$         
Grout Plant with 3 pumps 24 100.00$            2,400.00$         
Cherrypicker 48 64.00$             3,072.00$         
PC200 Excavator 48 38.09$             1,828.32$        

12,337.92$       12,337.92$                

SUPPLIES 4,114.00$                  

Total Cost of secant pile support 89,007.92$                

SHAFT DIAMETER IN SOFT GROUND 23 FT
SHAFT DIAMETER IN ROCK 20 FT

DEPTH OF SHAFT IN SOFT GROUND 22 FT.
DEPTH OF SHAFT IN ROCK 22 FT.

SOFT GROUND
AREA 415 SQ. FT.
PERIMETER 72 FT.
VOLUME/VF 15.4 CY/VF

ROCK
AREA 314 SQ. FT.
PERIMETER 63 FT.
VOLUME/VF 11.6 CY/VF

CREW

USE 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3 770 00$ PER SHIFT
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TOTAL 3,770.00$         PER SHIFT

SOFT GROUND EXCAVATION
LABOR

EXCAVATE AND SUPPORT 5
INSTALL RING BEAM 1

TOTAL 6 /SHIFT

LABOR TO EXCAVATE SOFT GROUND 22,620$                           

EQUIPMENT

EQUIPMENT PER SHIFT 3,290.00$                  
NUMBER OF SHIFTS 6

TOTAL 19,740.00$                      

MATERIALS

CONCRETE FOR RING BEAMS
ASSUME VOL. IN CY/LF 0.1 7.2
UNIT PRICE OF CONCRETE 121.00$                     

TOTAL 873.86$                     
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RIVANNA PUMP STATION TUNNEL

TOTAL FOR MATERIALS 873.86$                           

SUPPLIES

ALLOW 10% OF LABOR COST 2,262.00$                        

MUCK REMOVAL 609.1 CY 12.00$               7,308.66$                        

SOFT GROUND EXCAVATION 52,805$                           

TOTAL EXCAVATION AND SUPPORT IN SOFT GROUND 141,812$                         

ROCK EXCAVATION

DEPTH OF EXCAV. DURING ONE 8 HR SHIFT 2 FT

NUMBER OF SHIFTS TO EXCAVATE 15 SHIFTS
PREPARE BOTTOM 1 SHIFTS

TOTAL 16 SHIFTS

LABOR

COST PER SHIFT 5,186.00$                  

TOTAL COST OF LABOR 81,247$                            

EQUIPMENT

EQUIPMENT UNIT COST 4,440.00$          /SHIFT
NUMBER OF SHIFTS 16 SHIFTS

TOTAL COST OF EQUIPMENT 69,560.00$                       

MATERIALS
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CONCRETE BOTTOM - ALLOW 1,000.00$                  
ROCK DOWELS 12,500.00$                
DRILL AND BLAST MATERIAL 6,400.00$                  

TOTAL 19,900.00$                19,900$                            

SUPPLIES ALLOW 10% OF LABOR 8,124.73$                         

MUCK REMOVAL 460.5 CY 12.00$               5,526.40$                        

TOTAL FOR ROCK EXCAVATION 184,358.47$                    

SHAFT INTERIOR

The work shaft is assumed to be excavated within the footprint of the proposed pump station. It will be left unfinished 
until the start of construction of the pump station. It will then be incorporated into the pump station excavation.
The tunnel will be capped with a bulkhead and secured with a temporary cover.
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RIVANNA PUMP STATION TUNNEL

LABOR

CLEAN SHAFT INVERT 1 SHIFTS
PLACE BULKHEAD 2 SHIFTS
TOP SLAB 1 SHIFT

4 SHIFTS

COST PER SHIFT 5,186.00$          

TOTAL LABOR 20,744.00$                       

EQUIPMENT

COST PER SHIFT 2,900.00$          

TOTAL EQUIPMENT 11,600.00$                       

MATERIALS

TOP SLAB 30,000.00$                
FRAME AND COVER 2,000.00$                  
BULKHEAD 25,000.00$                

57,000.00$                
57,000.00$                       

SUPPLIES 2,074.40$                         

TOTAL FOR SHAFT INTERIOR 91,418.40$                      

TOTAL WORK SHAFT 417,589.31$             

 EXIT SHAFT 

INSTALL IMPERVIOUS WALL IN SOFT GROUND

Assume a secant pile wall
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Assume a secant pile wall

LABOR

USE 10 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,740.00$         PER SHIFT

Mobilization 2
Drilling 6
Set Soldier beams 2
Demobilize 1
Total work days 11

TOTAL LABOR COST SECANT PILE WALLS 41,140$                     

MATERIALS

Concrete 35 CY 120.00$             4,200.00$                  
Steel (W16x40) 22080 lbs 1.20$                26,496.00$                

30,696.00$                

August 2011 Page 8 Jenny Engineering Corporation



RIVANNA PUMP STATION TUNNEL

EQUIPMENT
hrs

Auger drill 48 104.95$            5,037.60$         
Grout Plant with 3 pumps 24 100.00$            2,400.00$         
Cherrypicker 48 64.00$             3,072.00$         
PC200 Excavator 48 38.09$             1,828.32$        

12,337.92$       12,337.92$                

SUPPLIES 4,114.00$                  

Total Cost of secant pile support 88,287.92$                

SHAFT DIAMETER IN SOFT GROUND 19 FT
SHAFT DIAMETER IN ROCK 16 FT

DEPTH OF SHAFT IN SOFT GROUND 23 FT.
DEPTH OF SHAFT IN ROCK 7 FT.

SOFT GROUND
AREA 283 SQ. FT.
PERIMETER 60 FT.
VOLUME/VF 10.5 CY/VF

ROCK
AREA 201 SQ. FT.
PERIMETER 50 FT.
VOLUME/VF 7.4 CY/VF

CREW

USE 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,770.00$         PER SHIFT

SOFT GROUND EXCAVATION
LABOR

EXCAVATE AND SUPPORT 5
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EXCAVATE AND SUPPORT 5
INSTALL RING BEAM 1

TOTAL 6 /SHIFT

LABOR TO EXCAVATE SOFT GROUND 22,620$                           

EQUIPMENT

EQUIPMENT PER SHIFT 3,290.00$                  
NUMBER OF SHIFTS 6

TOTAL 19,740.00$                      

MATERIALS

CONCRETE FOR RING BEAMS
ASSUME VOL. IN CY/LF 0.1 6.0
UNIT PRICE OF CONCRETE 121.00$                     

TOTAL 721.89$                     

TOTAL FOR MATERIALS 721.89$                           

SUPPLIES

ALLOW 10% OF LABOR COST 2,262.00$                        
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RIVANNA PUMP STATION TUNNEL

MUCK REMOVAL 434.5 CY 12.00$               5,214.28$                        

SOFT GROUND EXCAVATION 50,558$                           

TOTAL EXCAVATION AND SUPPORT IN SOFT GROUND 138,846$                         

ROCK EXCAVATION

DEPTH OF EXCAV. DURING ONE 8 HR SHIFT 2 FT

NUMBER OF SHIFTS TO EXCAVATE 5 SHIFTS
PREPARE BOTTOM 1 SHIFTS

TOTAL 6 SHIFTS

LABOR

COST PER SHIFT 5,186.00$                  

TOTAL COST OF LABOR 29,387$                            

EQUIPMENT

EQUIPMENT UNIT COST 4,440.00$          /SHIFT
NUMBER OF SHIFTS 6 SHIFTS

TOTAL COST OF EQUIPMENT 25,160.00$                       

MATERIALS

CONCRETE BOTTOM - ALLOW 1,000.00$                  
ROCK DOWELS 12,500.00$                
DRILL AND BLAST MATERIAL 6,400.00$                  

TOTAL 19,900.00$                19,900$                            

SUPPLIES ALLOW 10% OF LABOR 2,938.73$                         
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MUCK REMOVAL 93.8 CY 12.00$               1,125.38$                        

TOTAL FOR ROCK EXCAVATION 78,511.44$                      

SHAFT INTERIOR

LABOR

RESTEEL 4 SHIFTS
PLACE AND STRIP FORMS 3 SHIFTS
PLACE CONCRETE 2 SHIFT
PLACE RISER PIPES 1 SHIFT
BACKFILL 3 SHIFTS
TOP SLAB, COVER,STEPS,MISC. 2 SHIFT

15 SHIFTS

COST PER SHIFT 5,186.00$          

TOTAL LABOR 77,790.00$                       
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RIVANNA PUMP STATION TUNNEL

EQUIPMENT

COST PER SHIFT 2,900.00$          

TOTAL EQUIPMENT 43,500.00$                       

MATERIALS

FORMS 1000 SF 15.00$             SF 15,000.00$                
STEEL 7500 LBS 0.60$               LB 4,500.00$                  
CONCRETE 50 CY 121.00$            CY 6,050.00$                  
TOP SLAB 30,000.00$                
FRAME AND COVER 2,000.00$                  
STEPS 1,500.00$                  
RISER PIPE/MANHOLE 30 FT 500.00$           FT 15,000.00$                

74,050.00$                
74,050.00$                       

SUPPLIES 7,779.00$                         

TOTAL FOR SHAFT INTERIOR 203,119.00$                    

STUB TUNNEL 10 FT  LONG ALLOW 60,000.00$                      

TOTAL EXIT SHAFT 480,476.53$             

TUNNEL 5,128,201$                       
WORK SHAFT 417,589$                          
EXIT SHAFT 480,477$                         

6,026,266$                       
INDIRECT COSTS @ 25% 1,506,567$                      

7,532,833$                       
OVERHEAD AND PROFIT @15% 1,129,925$                      

8,662,758$                       
CONTINGENCY @ 30% 2,598,827$                      
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Subtotal 11,261,585$                     
JET GROUTED ZONE - SPECIALTY SUBCONTRACTOR 1,500,000$                      

TOTAL 12,800,000$             
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RIVANNA PUMP STATION TUNNEL

RIVANNA PUMP STATION TUNNEL

             TBM TUNNEL IN ROCK - DEEP TUNNEL

FINISHED TUNNEL DIA 6 FT.
PIPE WALL THICKNESS = 2 0.17 FT.
EXCAVATED TUNNEL DIA 8.00 FT.
PRICE OF PIPE* 515.00$                     /FT.
APPROXIMATE TUNNEL LENGTH = 1850 FT.

* Used price of 10 ft long sections of Hobas pipe with one grout connection per section. The 20 ft long section would be $415/ft.
Price of concrete pipe would be slightly less. Dimensions of pipe and tunnel reflect Hobas pipe.

TUNNEL

ESTIMATED TUNNEL TYPES LENGTH DISTRIBUTION

TUNNEL TYPE A = 1110 FT. EXCELLENT ROCK
TUNNEL TYPE B = 463 FT. GOOD ROCK
TUNNEL TYPE C = 278 FT. POOR ROCK

1850 FT.

ESTIMATED SUPPORTS FOR EACH TUNNEL TYPE

TUNNEL TYPE A  -  2 DOWELS AT C/C SPACING OF 4 FT.
TUNNEL TYPE B  -  4 DOWELS AT C/C SPACING OF 4 FT.
TUNNEL TYPE C  - STEEL RIBS WITH LAGGING AT C/C

SPACING OF 4 FT.

ESTIMATED TUNNELING PROGRESS FOR 8 HR SHIFT

TUNNEL TYPE A = 4 FT/HR = 32 FT/SHIFT
TUNNEL TYPE B = 3.5 FT/HR = 28 FT/SHIFT
TUNNEL TYPE C = 3 FT/HR = 24 FT/SHIFT
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TUNNEL EXCAVATION AND SUPPORT

LABOR

DRILL AND BLAST STARTING CHAMBER AND TAIL TUNNEL 

STARTING CHAMBER LENGTH = 40 FT.
TAIL TUNNEL LENGTH = 50 FT.
TOTAL DRILL AND BLAST = 90 FT.

DRILL AND BLAST = 30 SHIFTS 3 FT/SHIFT
SET/STRIP FORMS 6 SHIFTS
POUR CONCRETE S.CH. 2 SHIFTS

TOTAL = 38 SHIFTS

Use 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 4,432.00$         PER SHIFT

TOTAL COST FOR STARTING CHAMBER AND TAIL TUNNEL 168,416$               
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RIVANNA PUMP STATION TUNNEL

SET-UP AND BREAKDOWN TBM 

SET UP 35 SHIFTS
BREAKDOWN 25 SHIFTS
TOTAL 60 SHIFTS

ASSUME 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 4,432.00$         PER SHIFT

TOTAL COST TO SET-UP TBM = 265,920$               

EXCAVATE AND SUPPORT TUNNEL

    EXCAVATE TUNNEL ASSUMING 8 HR SHIFTS

TUNNEL TYPE A = 33 SHIFTS
TUNNEL TYPE B = 17 SHIFTS
TUNNEL TYPE C = 12 SHIFTS

TOTAL 62 SHIFTS

Use 14 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 5,214.00$         PER SHIFT

TOTAL LABOR COST FOR TUNNEL EXCAVATION = 320,754$               

TOTAL LABOR 755,090$              

EQUIPMENT

TBM COST

REFURBISHED USED ROCK TBM 2,000,000.00$       

August 2011 Page 2 Jenny Engineering Corporation

ASSUME TBM TOTAL COST = 2,000,000$           

EQUIPMENT TUNNEL EXCAVATION (WITHOUT TBM COST BUT WITH TBM POWER)

5,168.00$                  

USE 5,168.00$          PER SHIFT

NUMBER OF SHIFTS = 62 SHIFTS

TOTAL EQUIPMENT COST = 317,924$               

EQUIPMENT RENTAL AND OPERATION FOR DRILL AND BLAST

4,440.00$                  

ASSUME COST = 4,440.00$          PER SHIFT

NUMBER OF SHIFTS = 38 SHIFTS

TOTAL EQUIPMENT COST FOR D & B = 168,720$               

EQUIPMENT RENTAL AND OPERATION FOR SET-UP ANSD BREAK DOWN TBM
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RIVANNA PUMP STATION TUNNEL

2,570.00$                  

ASSUME COST = 2,570.00$          PER SHIFT

NUMBER OF SHIFTS = 60 SHIFTS

TOTAL EQUIPMENT COST TO SET UP AND BREAK DOWN TBM = 154,200$               

TOTAL EQUIPMENT COST TO EXCAVATE TUNNEL = 2,640,844$           

MATERIALS

UNIT PRICES

ROCK DOWELS - #7 @ 6FT LONG 30.00$                       EACH
STEEL RIBS -     W5x 16 1.50$                         LB
STARTER AND TAIL TUNNEL D & B MAT. 25.00$                       CY OF EXCAV. ROC
CONCRETE 121.00$                     CY
TBM PARTS AND SUPPLIES 2.50$                         CY OF EXCAV. ROC
LAGGING 600.00$                     MBM
SET UP AND DOWN TBM 3,000.00$                  L.S.

QUANTITIES

ROCK DOWELS TUNNEL TYPE A - 555 DOWELS
ROCK DOWELS TUNNEL TYPE B 463 DOWELS
STEEL RIBS TUNNEL TYPE C - 27883 LBS
STARTER AND TAIL TUNNEL D&B MAT. 167 CY
CONCRETE 125 CY
TBM PARTS AND SUPPLIES 3442 CY OF EXCAV. ROC
LAGGING 50 MBM
SET UP AND DOWN TBM 1

COST OF MATERIALS TO EXCAVATE THE TUNNEL

ROCK DOWELS TUNNEL TYPE A - 16,650$                 
ROCK DOWELS TUNNEL TYPE B 13 875$
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ROCK DOWELS TUNNEL TYPE B - 13,875$                
STEEL RIBS TUNNEL TYPE C - 41,825$                 
STARTER AND TAIL TUNNEL D&B MAT. 4,187$                   
CONCRETE 15,125$                 
TBM PARTS AND SUPPLIES 8,606$                   
LAGGING 30,000$                 
SET UP AND DOWN TBM 3,000$                   

TOTAL MATERIALS 133,267$              

MUCK REMOVAL

REMOVE MUCK FROM SITE

MUCK VOLUME = 5852 CY
UNIT COST = 12.00$               PER CY

TOTAL 70,224$                

SUPPLIES

ALLOW 10% OF LABOR COST = 32,075$                
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RIVANNA PUMP STATION TUNNEL

CUT OFF GROUTING AS REQUIRED - ALLOW 100,000.00$         

PROBE HOLE DRILLING FOR GROUNDWATER @$12/FT 22,200.00$           

TOTAL COST OF TUNNEL  EXCAVATION AND SUPPORT

LABOR 755,090$               
EQUIPMENT 2,640,844$            
MATERIALS 133,267$               
MUCK REMOVAL 70,224$                 
SUPPLIES 32,075$                 
CUT OFF GROUTING 100,000$               
PROBE HOLE DRILLING 22,200$                

TOTAL 3,753,702$            

PLACE PIPE AND BACKFILL

LABOR

INVERT CLEAN-UP AND SET PIPE GUIDES 7 SHIFTS
(ASSUME 250 FT/SHIFT)
PLACE CONCRETE (ASSUME 1000FT/SHIFT) 2 SHIFTS
SET PIPE (ASSUME 120 FT/SHIFT) 15 SHIFTS

TOTAL 25 SHIFTS

ASSUME 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 4,267.00$         PER SHIFT

TOTAL LABOR COST TO PLACE PIPE 105,253$               

EQUIPMENT

COST OF EQUIPMENT PER SHIFT 2,690.00$                  
NUMBER OF SHIFTS 25
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NUMBER OF SHIFTS 25

TOTAL EQUIPMENT COST TO PLACE PIPE 66,353$                 

MATERIALS

UNIT PRICES

PIPE IN TUNNEL 515.00$                     LF
RAIL AND FASTENERS 20.00$                       LF
CONCRETE 121.00$                     CY
MISCELLANEOUS 5,000.00$                  LS

QUANTITIES

PIPE IN TUNNEL 1850 LF
RAIL AND FASTENERS 1850 LF
CONCRETE (0.015 CY/LF) 27.75 CY
MISCELLANEOUS 1 LS

COST OF PIPE IN TUNNEL

August 2011 Page 4 Jenny Engineering Corporation



RIVANNA PUMP STATION TUNNEL

PIPE IN TUNNEL 952,750$               

COST OF MATERIALS TO PLACE PIPE

RAIL AND FASTENERS 37,000$                 
CONCRETE (0.015 CY/LF) 3,358$                   
MISCELLANEOUS 5,000$                   

TOTAL MATERIAL COST TO PLACE PIPE 45,358$                 

BACKFILL

ASSUME SUBCONTRACTOR WILL PLACE BACKFILL

VOLUME  OF EXCAV. PER LF OF TUNNEL 1.86 CY/LF
VOLUME DISPLACED BY PIPE 1.17 CY/LF

VOLUME OF BACKFILL PER LF = 0.69 CY/LF

TOTAL VOLUME OF BACKFILL = 1285 CY
UNIT COST OF BACKFILL = 120.00$                     /CY

TOTAL COST OF BACKFILL 154,200$               

SUPPLIES

ALLOW 10% OF LABOR COST = 10,525$                 

TOTAL COST TO PLACE PIPE AND BACKFILL

PIPE-N-TUNNEL 952,750$               
LABOR TO PLACE PIPE 105,253$               
EQUIPMENT TO PLACE PIPE 66,353$                 
MATERIALS TO PLACE PIPE 45,358$                 
BACKFILL PIPE 154 200$
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BACKFILL PIPE 154,200$              
SUPPLIES TO PLACE PIPE 10,525$                

TOTAL 1,334,439$            

TOTAL DIRECT COST OF TUNNEL 5,088,141$      

 WORK SHAFT 

INSTALL IMPERVIOUS WALL IN SOFT GROUND

Assume a secant pile wall

LABOR

Use 10 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,740.00$         PER SHIFT

Mobilization 2
Drilling 6
Set Soldier beams 2
Demobilize 1
Total work days 11

August 2011 Page 5 Jenny Engineering Corporation



RIVANNA PUMP STATION TUNNEL

TOTAL LABOR COST SECANT PILE WALLS 41,140$                     

MATERIALS

Concrete 41 CY 120.00$             4,920.00$                  
Steel (W16x40) 22080 lbs 1.20$                26,496.00$               

31,416.00$                
EQUIPMENT

hrs
Auger drill 48 104.95$            5,037.60$         
Grout Plant with 3 pu 24 100.00$            2,400.00$         
Cherrypicker 48 64.00$             3,072.00$         
PC200 Excavator 48 38.09$             1,828.32$        

12,337.92$       12,337.92$                

SUPPLIES 4,114.00$                  

Total Cost of secant pile support 89,007.92$                

SHAFT DIAMETER IN SOFT GROUND 23 FT
SHAFT DIAMETER IN ROCK 20 FT

DEPTH OF SHAFT IN SOFT GROUND 22 FT.
DEPTH OF SHAFT IN ROCK 24 FT.

SOFT GROUND
AREA 415 SQ. FT.
PERIMETER 72 FT.
VOLUME/VF 15.4 CY/VF

ROCK
AREA 314 SQ. FT.
PERIMETER 63 FT.
VOLUME/VF 11 6 CY/VF
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VOLUME/VF 11.6 CY/VF

CREW

USE 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,770.00$         PER SHIFT

SOFT GROUND EXCAVATION
LABOR

EXCAVATE AND SUPPORT 5
INSTALL RING BEAM 1

TOTAL 6 /SHIFT

LABOR TO EXCAVATE SOFT GROUND 22,620$                

EQUIPMENT

EQUIPMENT PER SHIFT 3,290.00$                  
NUMBER OF SHIFTS 6

TOTAL 19,740.00$           
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RIVANNA PUMP STATION TUNNEL

MATERIALS

CONCRETE FOR RING BEAMS
ASSUME VOL. IN CY/LF 0.1 7.2
UNIT PRICE OF CONCRETE 121.00$                     

TOTAL 873.86$                     

TOTAL FOR MATERIALS 873.86$                

SUPPLIES

ALLOW 10% OF LABOR COST 2,262.00$             

MUCK REMOVAL 609.1 CY 12.00$               7,308.66$             

SOFT GROUND EXCAVATION 52,805$                

TOTAL EXCAVATION AND SUPPORT IN SOFT GROUND 141,812$              

ROCK EXCAVATION

DEPTH OF EXCAV. DURING ONE 8 HR SHIFT 2 FT

NUMBER OF SHIFTS TO EXCAVATE 16 SHIFTS
PREPARE BOTTOM 1 SHIFTS

TOTAL 17 SHIFTS

LABOR

COST PER SHIFT 5,186.00$                  

TOTAL COST OF LABOR 88,162$                 

EQUIPMENT
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EQUIPMENT UNIT COST 4,440.00$          /SHIFT
NUMBER OF SHIFTS 17 SHIFTS

TOTAL COST OF EQUIPMENT 75,480.00$            

MATERIALS

CONCRETE BOTTOM - ALLOW 1,000.00$                  
ROCK DOWELS 12,500.00$                
DRILL AND BLAST MATERIAL 6,400.00$                  

TOTAL 19,900.00$                19,900$                 

SUPPLIES ALLOW 10% OF LABOR 8,816.20$              

MUCK REMOVAL 502.4 CY 12.00$               6,028.80$             

TOTAL FOR ROCK EXCAVATION 198,387.00$         
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RIVANNA PUMP STATION TUNNEL

SHAFT INTERIOR

The work shaft is assumed to be excavated within the footprint of the proposed pump station. It will be left unfinished 
until the start of construction of the pump station. It will then be incorporated into the pump station excavation.
The tunnel will be capped with a bulkhead and secured with a temporary cover.

LABOR

CLEAN SHAFT INVERT 1 SHIFTS
PLACE BULKHEAD 2 SHIFTS
TOP SLAB 1 SHIFT

4 SHIFTS

COST PER SHIFT 5,186.00$          

TOTAL LABOR 20,744.00$            

EQUIPMENT

COST PER SHIFT 2,900.00$          

TOTAL EQUIPMENT 11,600.00$            

MATERIALS

TOP SLAB 30,000.00$                
FRAME AND COVER 2,000.00$                  
BULKHEAD 25,000.00$               

57,000.00$                
57,000.00$            

SUPPLIES 2,074.40$              

TOTAL FOR SHAFT INTERIOR 91,418.40$           
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TOTAL WORK SHAFT 431,617.85$     

 EXIT SHAFT 

INSTALL IMPERVIOUS WALL IN SOFT GROUND

Assume a secant pile wall

LABOR

USE 10 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,740.00$         PER SHIFT

Mobilization 2
Drilling 6
Set Soldier beams 2
Demobilize 1
Total work days 11

TOTAL LABOR COST SECANT PILE WALLS 41,140$                     
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RIVANNA PUMP STATION TUNNEL

MATERIALS

Concrete 35 CY 120.00$             4,200.00$                  
Steel (W16x40) 22080 lbs 1.20$                26,496.00$               

30,696.00$                
EQUIPMENT

hrs
Auger drill 48 104.95$            5,037.60$         
Grout Plant with 3 pu 24 100.00$            2,400.00$         
Cherrypicker 48 64.00$             3,072.00$         
PC200 Excavator 48 38.09$             1,828.32$        

12,337.92$       12,337.92$                

SUPPLIES 4,114.00$                  

Total Cost of secant pile support 88,287.92$                

SHAFT DIAMETER IN SOFT GROUND 19 FT
SHAFT DIAMETER IN ROCK 16 FT

DEPTH OF SHAFT IN SOFT GROUND 23 FT.
DEPTH OF SHAFT IN ROCK 25 FT.

SOFT GROUND
AREA 283 SQ. FT.
PERIMETER 60 FT.
VOLUME/VF 10.5 CY/VF

ROCK
AREA 201 SQ. FT.
PERIMETER 50 FT.
VOLUME/VF 7.4 CY/VF

CREW

USE 12 MEN CREW
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USE 12 MEN CREW
ASSUME 8 HR SHIFT
TOTAL 3,770.00$         PER SHIFT

SOFT GROUND EXCAVATION
LABOR

EXCAVATE AND SUPPORT 4
INSTALL RING BEAM 1

TOTAL 5 /SHIFT

LABOR TO EXCAVATE SOFT GROUND 18,850$                

EQUIPMENT

EQUIPMENT PER SHIFT 3,290.00$                  
NUMBER OF SHIFTS 5

TOTAL 16,450.00$           

MATERIALS

CONCRETE FOR RING BEAMS
ASSUME VOL. IN CY/LF 0.1 6.0
UNIT PRICE OF CONCRETE 121.00$                     

TOTAL 721.89$                     
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RIVANNA PUMP STATION TUNNEL

TOTAL FOR MATERIALS 721.89$                

SUPPLIES

ALLOW 10% OF LABOR COST 1,885.00$             

MUCK REMOVAL 434.5 CY 12.00$               5,214.28$             

SOFT GROUND EXCAVATION 43,121$                

TOTAL EXCAVATION AND SUPPORT IN SOFT GROUND 131,409$              

ROCK EXCAVATION

DEPTH OF EXCAV. DURING ONE 8 HR SHIFT 2 FT

NUMBER OF SHIFTS TO EXCAVATE 17 SHIFTS
PREPARE BOTTOM 1 SHIFTS

TOTAL 18 SHIFTS

LABOR

COST PER SHIFT 5,186.00$                  

TOTAL COST OF LABOR 91,619$                 

EQUIPMENT

EQUIPMENT UNIT COST 4,440.00$          /SHIFT
NUMBER OF SHIFTS 18 SHIFTS

TOTAL COST OF EQUIPMENT 78,440.00$            

MATERIALS

CONCRETE BOTTOM ALLOW 1 000 00$
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CONCRETE BOTTOM - ALLOW 1,000.00$                  
ROCK DOWELS 12,500.00$                
DRILL AND BLAST MATERIAL 6,400.00$                  

TOTAL 19,900.00$                19,900$                 

SUPPLIES ALLOW 10% OF LABOR 9,161.93$              

MUCK REMOVAL 334.9 CY 12.00$               4,019.20$             

TOTAL FOR ROCK EXCAVATION 203,140.47$         

SHAFT INTERIOR

LABOR

RESTEEL 4 SHIFTS
PLACE AND STRIP FORMS 3 SHIFTS
PLACE CONCRETE 2 SHIFT
PLACE RISER PIPES 1 SHIFT
BACKFILL 3 SHIFTS
TOP SLAB, COVER,STEPS,MISC. 2 SHIFT

15 SHIFTS
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RIVANNA PUMP STATION TUNNEL

COST PER SHIFT 5,186.00$          

TOTAL LABOR 77,790.00$            

EQUIPMENT

COST PER SHIFT 2,900.00$          

TOTAL EQUIPMENT 43,500.00$            

MATERIALS

FORMS 1000 SF 15.00$             SF 15,000.00$                
STEEL 7500 LBS 0.60$               LB 4,500.00$                  
CONCRETE 50 CY 121.00$            CY 6,050.00$                  
TOP SLAB 30,000.00$                
FRAME AND COVER 2,000.00$                  
STEPS 1,500.00$                  
MANHOLE 48 FT 500.00$           FT 24,000.00$               

83,050.00$                
83,050.00$            

SUPPLIES 7,779.00$              

TOTAL FOR SHAFT INTERIOR 212,119.00$         

STUB TUNNEL 10 FT  LONG ALLOW 60,000.00$           

TOTAL EXIT SHAFT 606,668.56$     

TUNNEL 5,088,141$            
WORK SHAFT 431,618$               
EXIT SHAFT 606,669$              

6 126 427$
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6,126,427$           
INDIRECT COSTS @ 25% 1,531,607$           

7,658,034$            
OVERHEAD AND PROFIT @15% 1,148,705$           

8,806,739$            
CONTINGENCY @ 30% 2,642,022$           

TOTAL 11,500,000$     
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ID Task Name

1 Mobilization

2 Work Shaft

3 Starting Chamber and Tail Tunnel

4 Setup TBM

5 Excavate and Support Tunnel

6 Breakdown TBM

7 Exit Shaft

8 Jet Grout Zone

9 Place Pipe and Backfill

10 Clean up and Demobilize

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14
Year 1 Year 2

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

RIVANNA PUMP STATION TUNNEL
SHALLOW TUNNEL
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ID Task Name

1 Mobilization

2 Work Shaft

3 Starting Chamber and Tail Tunnel

4 Setup TBM

5 Excavate and Support Tunnel

6 Breakdown TBM

7 Exit Shaft

8 Place Pipe and Backfill

9 Clean up and Demobilize

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14
Year 1 Year 2

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

RIVANNA PUMP STATION TUNNEL
DEEP TUNNEL
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