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ABSTRACT

Phase II of the Lower Meramec River System Improvements Project, also known as the Lower Meramec
Tunnel (LMT), consists of a 6.8-mile-long, 12-foot excavated diameter, 78 to 286-foot-deep sanitary sewer
tunnel. The LMT is part of Metropolitan St. Louis Sewer District’s (MSD) Project Clear; a program
planned to span 23 years to improve water quality throughout MSD’s service area. The tunnel’s main
objective is to intercept flows and to take offline the interim Fenton Wastewater Treatment Facility
(WWTF). This paper presents project details, geologic conditions, hydrogeologic challenges, initial
support, final lining and the project’s bidding timeline. Other topics include: incorporating lessons from
Phase I (Baumgartner Tunnel), risk mitigation, unique chert characterization and considerations to address
flooding within the project area.

BACKGROUND

As a result of East-West Gateway Council of Governments’ studies performed in 1970 and 1972, MSD’s
service area was extended to include pollution abatement within the Lower Meramec River Basin in south
St. Louis County. The first step in improving water quality within the Lower Meramec River Basin
included development of the 201 Facility Plan, which was originally prepared in 1979. Previous
investigations concluded that a regional concept involving a major interceptor sewer conveying flow to a
single regional treatment facility that would discharge its effluent to the Mississippi River, was the most
cost-effective wastewater scheme within the Lower Meramec River Basin.

The Meramec River, one of the longest free-flowing waterways in Missouri, is widely used for recreational
boating, fishing, canoeing and floating and is the central natural element for a series of parks located along
the river’s banks. At one time, the Meramec River was considered one of the most polluted rivers in
Missouri. Through efforts made by a variety of local organizations, MSD, the Missouri Department of
Natural Resources (MDNR) and other state and federal agencies, significant strides have been made in
cleaning the river. In 1979, the Meramec River received wastewater discharges from more than 40
treatment facilities which served over 90 percent of the development within the area. MSD has since
removed most of these facilities and now utilizes three treatment facilities: the Lower Meramec, Fenton and
Grand Glaize WWTFs. Of these, the Fenton and Grand Glaize WWTFs were intended to be interim
treatment facilities and functioning until construction of the interceptor sewer could take them offline.
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Source: The State of Our Missouri Waters, Meramec River Watershed (MDNR, 2015)

Figure 1. Meramec River Watershed

In 1985, a major update to the 201 Facility Plan was prepared. The purpose of this update was to include
revisions to better facilitate the long-range goal of pollution abatement and to include the results of ongoing
activities within the planning area. The update revised the interceptor sewer alignment and separated the
concept into three phases, Phase I (Baumgartner Tunnel), Phase II (LMT) and Phase III (Grand Glaize
Tunnel), to better integrate with the existing and proposed interim treatment facilities.



Figure 2. Program Vicinity Map

In 1998, an alternative analysis was performed which initiated design of the Baumgartner Tunnel. The
Phase I tunnel was designed by Horner & Shifrin, Inc. with final design completed in 2003. The 12.5-foot
excavated diameter, 20,200 feet long tunnel (Nickerson et al, 2005) was constructed by the Baumgartner
Tunnel Joint Venture, a joint venture of Frontier-Kemper Constructors and Gunther Nash, from 2004 to
2007.

Between 2005 and 2012, HDR Engineering, Inc. evaluated alternatives for expanding the Lower Meramec
WWTF, including an alignment study for Phases II and III. In 2014, MSD awarded a design services
contract to HDR Engineering, Inc. and, as a sub-consultant, WSP USA, Inc. (formerly Parsons
Brinckerhoff) who are serving as the lead tunnel design firm.

PROJECT DESCRIPTION

The LMT Project, formally known as the Lower Meramec River System Improvements – Baumgartner to
Fenton WWTF Tunnel Project, consists of an approximately 35,932 feet (6.8 miles) extension of the
Baumgartner Tunnel at a slope of 0.1%. The project is located in south St. Louis County and traverses
portions of unincorporated St. Louis County, City of Sunset Hills and the City of Fenton. The depth of
cover ranges from 78 to 286 feet, largely controlled by surface topography. The excavated tunnel diameter
is anticipated to be approximately 12 feet with an 8-foot internal diameter final lining. The tunnel will be
constructed entirely in rock with an invert elevation of 255.1 feet NAVD88 where it connects with the
Baumgartner Tunnel and at elevation 291.1 feet where it terminates near the Fenton WWTF.



Figure 3. Site Vicinity Map

The proposed tunnel is anticipated to operate under both open channel and submerged flow conditions. Dry
weather flow velocities of the Phase I and Phase II portions of the tunnel are anticipated to range from 2.5
ft./sec. to 4.9 ft./sec., which provides sufficient velocity between the minimum (2 ft./sec.) and maximum
(10 ft./sec.) flow velocities as identified in the Recommended Standards for Wastewater Facilities (10 State
Standards, 2014) for grit and solids suspension.

Drop structures have been spaced along the alignment to accommodate as much gravity flow to the tunnel
as practical and economical. Selection of the drop structure type has considered technical and functional
criteria that influence the capital and life-cycle costs associated with constructing and operating the drop
structures for the duration of their service life. The following criteria were applied in the process of
selecting a recommended drop structure type:

· General construction and cost considerations;
· Hydraulic performance;
· Air management and odor control;
· Durability; and
· Operations and maintenance.

Four types of drop structures were considered: tangential vortex, vortex with helical ramps, plunge inlet
and baffle type drop structures. Both plunge and tangential vortex drop structures were considered suitable.
For locations where the design flow rate was expected to exceed 10 cfs, tangential vortex drop structures
(Jain and Kennedy, 1983) were recommended. Smaller plunge style drop structures were utilized
elsewhere.



Table 1. Drop Structure Design Flows

Drop Structure
Tributary

Area
10-Year

Design Flow*

acres cfs

Grand Marnier 500 3.2

Meramec Bottom 2,530 12.5

Meramec Bluffs 170 1.8

Forest View 630 6.0

Friendship Village 700 2.2

Fenton 5,950 35.1

* Design flow based on larger value of simulated cloudburst and synoptic storm events.

During construction of the Baumgartner Tunnel forethought was considered and the terminal tunnel boring
machine (TBM) receiving shaft, the Baumgartner Shaft, was built to facilitate construction of LMT.
The existing Baumgartner Shaft is located on MSD property at a formerly decommissioned sludge lagoon
facility. The shaft is approximately 190 feet deep with the upper 130 feet constructed as a slurry wall which
was keyed 4 feet into bedrock where supplemental grouting was performed. The lower 60 feet of the shaft
was constructed through limestone bedrock. The shaft is currently unlined and will serve as LMT’s TBM
launch shaft during construction.

Up to 27 acres are available at the Baumgartner Shaft site to utilize as the contractor’s primary
work/staging area. The site is amply suitable for positioning a crane, materials storage, lay down area,
contractor office trailers, sub-station, workshop and parking. Additionally, a decommissioned lagoon
located on the site is intended to be used for muck disposal thus minimizing haul traffic and disposal
requirements.

Three shafts are proposed near the Fenton WWTF, with the following key functions:

· Accommodate tunnel construction for TBM retrieval and the ability to launch a TBM for the
Grand Glaize Tunnel (Phase III), if required;

· Intercept the Fenton WWTF flows via drop structure, deaeration chamber and connection adit
to the LMT; and

· Provide adequate venting at the upstream terminus of the LMT to mitigate potential surge and
transient flow conditions.



Table 2. Construction Shaft Dimensions

Shaft Name Purpose
Approx. Project

Station
Min. Inside
Diameter

Feet Feet
Baumgartner
Construction Shaft

TBM Launch Shaft and
Primary Staging Area 202+99

35* (soil)
24* (rock)

Optional Tesson Ferry
Construction Shaft

Intermediate
Construction Shaft 362+58

20 (soil)
18 (rock)

Fenton Construction
Shaft TBM Retrieval Shaft 562+31

32 (soil)
28 (rock)

* Dimensions are existing based upon previous construction. Existing shaft will be utilized during Phase II
construction.

The Fenton Construction Shaft is located on property owned by MSD near the Fenton WWTF. The shaft is
in a low-lying area within the Meramec River floodplain adjacent to Opps Lane and near the bank of the
Meramec River. The size of the site is approximately 8 acres which provides sufficient laydown space for
construction activities. The shaft is anticipated to be approximately 136 feet deep with a depth to bedrock
of approximately 63 feet. Slurry or secant pile wall construction will be specified for initial support in
overburden with supplemental grouting at the bedrock-soil interface to provide a relatively watertight
construction operation.

The Fenton Construction Shaft site is located within the 100-year floodplain and significant flooding has
been experienced, including recent flood events in December 2015 and May 2017. A portion of the site will
be raised for flood protection and resiliency purposes. To maintain relatively consistent nearby grade and to
limit the amount of floodplain fill, the final configuration of the shaft cover will be set above grade and the
500-year flood elevation to protect against flooding. Fill material will be placed to raise the grade around
the shaft structures above the 100-year flood elevation. Additionally, vent shafts for the entirety of the
project will extend above the 500-year flood elevation.

GEOLOGIC SETTING

Geologically LMT traverses upland and lowland areas of the Meramec River valley. The lowland valleys
are primarily characterized by alluvial deposits ranging from silts to lean clays and from sands to gravels at
greater depths. The lowland valleys are generally present at the beginning and end of the alignment near
Baumgartner and Fenton, respectively. The upland area, which is higher in elevation and within the middle
portion of the LMT alignment, generally consists of relatively minimal loess overburden except within
channels flowing to the Meramec River. Bedrock conditions within the vicinity of the project area consist
of the Salem Formation, followed by the Warsaw Formation, which is underlain by the Burlington-Keokuk
Limestone.

The Salem Formation consists of gray to brown limestone and dolomite which is calcarenitic, fine to
coarse-grained, occasionally cross bedded with thin to massive bedding and oolitic in places. The Salem
Formation also contains scattered light gray chert. The Salem Formation is slightly weathered to
unweathered with areas of moderately to highly weathered rock expected near the bedrock-soil interface.
The Salem Formation overlies the Warsaw Formation. The contact with the underlying Warsaw Formation
is gradational.

The Warsaw Formation consists of an upper and a lower portion. The upper portion of the Warsaw
Formation consists of dark gray, fissile shale. The lower portion of the Warsaw Formation consists of
calcareous shale and gray limestone which is finely to coarsely-crystalline, occasionally dolomitic and
contains geodes and scattered light gray to white chert nodules and stringers. The Warsaw Formation is
slightly weathered to unweathered with areas of moderately weathered rock expected near the bedrock-soil



interface. The Warsaw Formation conformably overlies the Burlington-Keokuk Limestone and is
commonly considered to be the basal Meramecian Series Formation in the region. The lower contact is
gradational into the underlying Burlington-Keokuk Limestone.

The Burlington-Keokuk Limestone consists of the Burlington Formation and the overlying Keokuk
Formation. Locally they are so similar in appearance and properties that they are considered a single unit.
The Burlington-Keokuk Limestone consists of white to blueish gray limestone, which is medium to
coarsely-crystalline, medium to thick bedded, fossiliferous and chert bearing. The Burlington-Keokuk
Limestone is slightly weathered to unweathered with areas of moderately weathered rock to be expected
near the bedrock-soil interface and at depth. The chert appears in the form of light gray nodules and layers.
The amount of chert present in the Burlington-Keokuk Limestone has been reported to comprise more than
50 percent of the rock in some layers (Thompson, 1986).

SUBSURFACE INVESTIGATION

The subsurface investigation program has implemented a phased investigation approach. Geotechnical data
was originally collected during the alignment study in 2012 with subsequent data collected in 2014, 2015,
2016 and 2017. The investigation program was further developed and refined to fill data gaps and for risk
mitigation in subsequent phases.

The investigation program has consisted of 63 borings along the proposed tunnel alignment ranging from
160 to 312 feet below ground surface. Twenty-two of the borings were inclined at 15 degrees from vertical
to improve the likelihood of encountering near-vertical joint sets. The remainder of the borings were drilled
vertically. Borings were drilled through the overburden using either a casing advancer system or hollow-
stem augers. Rock was cored using HQ sized tooling. Sampling of the soil overburden was generally not
conducted except at locations under consideration for shaft construction.

Packer testing was performed to evaluate the hydraulic conductivity of joints and bedding planes in the
bedrock. Tests were typically accomplished at 10-foot intervals using a straddle-packer system starting
from the bottom of the boring and continuing sequentially up at least two tunnel diameters above the
anticipated crown and more extensively at potential shaft locations. Tests were performed in general
accordance with the Engineering Geology Field Manual (USBR, 2001).

Rock was logged using either an optical or acoustical televiewer to provide data on features and
discontinuities observable along the sidewalls of the borings. Open standpipe piezometers were installed at
several locations along the alignment. Piezometer screens were generally set within the bedrock at depths
where rock conditions, packer results and downhole geophysical data indicated zones of higher hydraulic
conductivity.

Laboratory testing was performed on samples of soil and rock obtained from the borings. Most of the
testing was accomplished on rock samples within one tunnel diameter above or below the tunnel horizon.
Rock tests included porosity, density, slake durability, free swell, point load (diametral), point load (axial),
uniaxial and triaxial compression, Brazilian tensile, direct shear, chert content, Mohs hardness, Cerchar
abrasivity, punch penetration, TBM Suite (abrasion, brittleness and drillability) and thin-section
petrographic analysis. Soil testing was limited to borings at potential shaft locations and included moisture
content, Atterberg Limits, grain size, specific gravity and triaxial compression testing.



ANTICIPATED TUNNELING CONDITIONS

Bedrock conditions anticipated to be encountered in the tunnel consist of the Warsaw Formation and the
Burlington-Keokuk Limestone. The Warsaw Formation is composed of limestone and shale with minimal
amounts of chert whereas the Burlington-Keokuk Limestone is typically limestone and chert which, in
places, composes up to 40% to 60% of the rock mass. Figure 4 summarizes the anticipated extent of each
geologic formation based upon an interpretation of the geotechnical investigation.

Figure 4. Geologic Profile

Rock core samples and acoustical/optical televiewer data shows bedding planes as the primary structural
feature. The bedding planes are mostly horizontal to sub-horizontal with cross-bedding joints existing
randomly. The vast majority of the joints observed are near horizontal with a dip angle less than 15° and
dip directions ranging from 0° to 360°. Rock Quality Designation (RQD) values average 87% with
approximately 60% of data greater than 90%. The rock core is generally characterized as fresh
(unweathered) to slightly weathered.

Rock Mass Rating (RMR) classifications were performed based on observation of rock core samples
obtained from the borings and subsequent laboratory tests. RMR values range from 40 to 69 with an
average of 55. Median unconfined compressive strength within the Warsaw Formation and the Burlington-
Keokuk Limestone is 7,546 psi. and 7,289 psi., respectively. Table 3 presents the proposed initial ground
support types along the tunnel alignment.

Table 3. TBM Initial Support

Support
Type Support Description

Percentage of LMT Length

%

Type I 2 Pattern Rock Dowels* 40

Type II 4 Pattern Rock Dowels with Steel Channel* 59

Type III Steel Ribs with Partial Timber Lagging 1
*  Spot rock dowels, welded wire fabric and mine straps will be included as supplemental support and will be

installed as required.

An open-face, main-beam TBM is anticipated to be utilized for construction of the tunnel with drill and
blast excavation anticipated for construction of the deaeration chambers, adit connections and construction



shafts. The TBM will be required to be capable of probing and grouting ahead of the face and mandatory
probing and grouting will be required along approximately 15% of the alignment. Additional probing and
grouting will not be required unless certain specified inflow criteria are encountered.

BAUMGARTNER TUNNEL CONSTRUCTION

Based upon previously published papers (Nickerson et al., 2005 and Abkemeier and Groves, 2011) and
project documentation provided by MSD, the following generally describes the Baumgartner Tunnel
construction and some of the challenges encountered. The Baumgartner Tunnel is approximately 20,200
feet long, was excavated to 12.5-foot diameter and lined with 96-inch diameter, reinforced concrete pipe
with a polyvinyl chloride (PVC) liner. The project is located near the confluence of the Meramec and
Mississippi Rivers and included two large diameter shafts at the Lower Meramec WWTF and three
permanent access shafts. Five drop structures were constructed as part of the project.

The tunnel commences in St. Louis County, crosses to Jefferson County, then terminates in south St. Louis
County after crossing the Meramec River twice. The tunnel was bored at depths of about 160 to 180 feet
below ground surface and passed through the Warsaw Formation and the Burlington-Keokuk Limestone. A
rebuilt 3.8m (12.5 ft.) TBM was utilized during construction with a refurbished conveyor.

On June 24, 2004, during drill and blast excavation of the screen shaft at the Lower Meramec WWTF,
groundwater inflow was observed through several of the vertical production holes drilled in the shaft
bottom. The inflow into the screen shaft was estimated between 200 to 250 gpm through approximately
eight drill holes scattered across the bottom of the shaft. A subsequent grouting program was initiated from
within the shaft entirely around the perimeter to mitigate the risk of a larger groundwater inflow. Thirteen
primary grout holes were drilled in the sidewall of the shaft with subsequent secondary, tertiary and
quaternary grout holes also drilled.

The feature encountered within the screen shaft was theorized to be a horizontal water-bearing feature
thought to be associated with the transitional contact between the Warsaw Formation and the Burlington-
Keokuk Limestone. Additional exploration was performed during construction, which demonstrated a zone
within the transitional contact between the Warsaw Formation and the Burlington-Keokuk Limestone had
the ability to transmit a large volume of water. Hydrogen sulfide and methane gas were found to be in
solution within the groundwater. A successful grouting program was performed at the lift station shaft and
along the tunnel from Station 37+50 to 70+00 with grouting under the Meramec River accomplished using
angled holes from the river bank.

ANTICIPATED CHALLENGES

Given the fact that the LMT is an extension of the Baumgartner Tunnel, design has taken an approach to
focus on lessons learned from previous tunnel construction in similar geologic conditions. From the onset
of the design, risk management has been implemented to mitigate known challenges as previously
encountered. The subsurface investigation program was developed to mitigate the following anticipated
challenges, which include:

· Water-bearing zones within the rock formations;
· The presence of hydrogen sulfide and methane gas; and
· Abrasive chert.

Groundwater Control

Due to the large, unanticipated groundwater inflows observed during construction of the Baumgartner
Tunnel, the subsurface investigation program for LMT was tailored to include aquifer testing (pump tests)
to assist in mitigation of this risk. A focus was placed on the transitional contact between the Warsaw
Formation and the Burlington-Keokuk Limestone. Additionally, supplementary geotechnical data was



collected at the location of lowest rock cover along the alignment, which occurs at the tunnel’s crossing of
the Meramec River near the Fenton WWTF.

To quantify the amount of anticipated groundwater into the excavated tunnel and shafts, packer testing was
performed. 493 packer tests were performed along the tunnel alignment. Data obtained from these tests
were used to estimate the rock’s equivalent hydraulic conductivity.

Approximately 70 percent of the packer tests displayed a “very low” flow rate with corresponding
hydraulic conductivities less than 1x10-5 cm/sec. Extremely high flows were observed within a few of the
packer tests, however generally these flows occurred more than two tunnel diameters above the tunnel
crown. Several moderate to high hydraulic conductivities were observed within two diameters of the tunnel
with most of them occurring near two locations. One near the transitional contact zone of the Warsaw
Formation and the Burlington-Keokuk Limestone and the other near the crossing of the Meramec River.

With an objective to better quantify the hydraulic conductivity of the observed “moderate to high” zones
and ultimately improve the reliability of the groundwater inflow estimate, aquifer tests (pump tests) were
performed at the two areas of interest. At each aquifer test site one pumping well and four piezometers
were utilized. Prior to the collection of background water level measurements, the pumping wells and
piezometers were developed. Baseline measurements were established, which included water level
measurements in each piezometer and pumping well every four hours for one month. The water level
readings were then compared to barometric pressure, precipitation and the stage of the Meramec River over
the same period.

A step-drawdown pumping test was performed at each aquifer test site to establish the pumping rate to be
used in the subsequent constant discharge test. Stressing the aquifer by pumping water from it at several
flow rates, or steps, helped identify the pumping flow rates the aquifer could sustain. The pumping well
was allowed to fully recover after the step-drawdown test and before the constant discharge test began.

Figure 5. Meramec Bottom Constant Discharge Test



After the pumping well and piezometers were fully recovered from the step-drawdown tests, constant
discharge tests were performed. Water quality measurements, including temperature, pH, specific
conductance and turbidity were measured before and during the constant discharge test. On February 7,
2017, the constant discharge test was performed near the crossing of the Meramec River and the pumping
process lasted approximately 24 hours. Additionally, the constant discharge test was performed near the
transitional boundary at the Meramec Bottom site on February 9, 2017 and lasted approximately 49 hours.
For each of the two aquifer tests, the pumping rates were adjusted slightly throughout the test to maintain
the discharge rate to within about 10 percent of the target flow rate.

Results of the long-term aquifer testing were considered to provide a more comprehensive evaluation of the
rock mass hydraulic conditions that more closely simulate groundwater drawdown conditions during tunnel
construction. During construction, the groundwater will drain from the surrounding rock mass; a condition
that is simulated by the long-term aquifer test. Packer test results, on the other hand, evaluate the rate at
which water inflow can penetrate the rock mass under a range of pressures, yielding a hydraulic
conductivity value. While packer testing is common within the tunnel industry to estimate hydraulic
conductivity, its relatively small zone of influence and the difference between pressure injection and
gravity drainage are shortcomings of the procedure.

Presence of Chert

Chert is composed primarily of microcrystalline silicon dioxide (SiO2) characterized as being hard (Mohs
hardness of 7) and highly abrasive. Chert deposits are typically found as either irregular nodules or as
layers of rock. Because seawater is seldom saturated with silica, most chert beds are believed to have
originated from the remains of tiny organisms such as diatoms and radiolarians. The hardness and
abrasiveness of chert typically causes a reduction in TBM penetration rates and more frequent cutter
changes that may lead to a longer TBM mining schedule.

During the geotechnical investigation, chert was typically present within the rock core in layers or nodules
and varied in thickness from about 0.5 to 14 inches. Chert concentration was estimated visually as a
percentage of the total core run length and ranged from 0 to 65 percent. Chert concentrations were present,
but considered minimal in the Warsaw Formation, but significant chert concentrations were observed
within the Burlington-Keokuk Limestone.

Unique laboratory testing, including x-ray diffraction and acid immersion were performed on select rock
cores to verify the accuracy of the visual chert estimates. Core samples were selected close to the tunnel
horizon and approximately 5-feet long core sections that contained both chert and limestone were tested. A
total of 22 rock core specimens were tested in the laboratory to confirm the accuracy of the visual
classification.



Figure 6. Specimen Photo Before and After Acid Immersion

The samples were dried, weighed and subsequently immersed in acid containing 15% solution (by weight)
of hydrogen chloride (HCL). The purpose of the testing was to allow the limestone material to dissolve in
the acid solution while the chert and quartz materials remained intact. The remaining portion of the material
included insoluble minerals and remnant soluble minerals that were not dissolved during the acid treatment.
Samples were immersed until no reaction between the HCL solution and the specimen was observed.
Verification testing was performed to ensure the acid solution was not neutralized. Once complete, the solid
particles were again dried and weighed. The particles were pulverized to a powder and X-ray diffraction
was performed to determine the percentage of quartz versus chert.

Assessments were made on cutter consumption rate (Bruland, 1998 and Nilsen & Ozdemir, 1993) for the
two rock types the TBM will penetrate: The Warsaw Formation and the Burlington-Keokuk Limestone.
Intact rock properties were input to the models to calculate the cutter consumption rate. A cutter
consumption rate of 235 to 380 yd3/cutter was estimated for the Warsaw Formation and 225 to 243
yd³/cutter for the Burlington-Keokuk Limestone. These values generally agree with construction records
from the Baumgartner Tunnel and indicate the chert is expected to have an impact on TBM performance.

Anticipated Gases

Hydrogen sulfide and methane gas are known to exist in solution within the groundwater and was observed
during construction of the Baumgartner Tunnel (Abkemeier and Groves, 2011). These gasses may have
formed in soft organic clay deposits present under the sediment in the river valleys or they may also be
naturally occurring within shale deposits. Although the formations anticipated for construction are
generally made up of limestone and dolomite, the Warsaw Formation has a shale component.

According to the Center for Disease Control and Prevention (CDC) NIOSH Pocket Guide to Chemical
Hazards (2007), the Recommended Exposure Limit (REL) for hydrogen sulfide is C 10 ppm, where the
“C” indicates a ceiling value that should not be exceeded. The Occupational Safety and Health
Administration (OSHA) Permissible Exposure Limit (PEL) is C 20 ppm. Methane is generally not
considered toxic; however, it is flammable. Methane is also an asphyxiate and may displace oxygen in an
enclosed space. The explosive limits for methane percent by volume in air is 5 to 15%. OSHA requires an
action level of 10% of the lower explosive limit (LEL) for safety plans to ensure a safe non-combustible
atmosphere.



During implementation of the subsurface investigation program, gas meters were used to sample the air at
the top of the borehole during drilling. Readings were taken at the beginning of each day to measure the
vapors that accumulated overnight. Positive readings were recorded for both methane and hydrogen sulfide,
with the highest readings obtained of 0.5% by volume for methane and 0.5 parts per million (ppm) for
hydrogen sulfide. Daily gas monitoring at the surface is not considered a reliable method for evaluating the
potential for encountering gas at the tunnel horizon, however due to these initial readings as well as gas
encountered during Baumgartner Tunnel construction, additional sampling and further characterization of
the gasses was recommended.

A detailed groundwater sampling and testing program was developed. A total of 19 open standpipe
piezometers were available along the tunnel alignment and were sampled in December 2016. Based on the
results of the initial sampling event, eight wells were recommended for subsequent sampling occurring
once a month from March through July, 2017.

Water samples were extracted from the wells via a bladder pump at low flow rates (approximately 0.4 to
0.6 L/min). The pump was lowered to a predetermined depth in each well with a drop tube connected to a
screen below the pump to be situated at a depth approximately five feet above the bottom of the well to
prevent pumping silt that may have accumulated. The bladder pump discharged water into a flow cell via
¼-inch diameter polyethylene tubing; the flow cell was connected to a YSI 556 MPS meter that measured
temperature, specific conductance, dissolved oxygen, pH and redox potential (ORP). The water was
pumped into the flow cell using disposable polyethylene tubing. Once the temperature, specific
conductance, dissolved oxygen, pH and ORP measurements (measured at three minute intervals) stabilized
for three consecutive readings, the groundwater was determined to be formation water.

Figure 7. Configuration and Set Up of Groundwater Sampling

Groundwater samples collected were submitted to a laboratory under appropriate chain-of-custody for
testing. Dissolved methane in groundwater was detected at a concentration exceeding method detection
limits in several of the wells during at least one sampling event. Where detected, methane ranged from 15.2
µg/L to 3,590 µg/L. Hydrogen sulfide was present within four monitoring wells in at least one sampling
event ranging from 66.4 µg/L to 3,230 µg/L.

The presence of dissolved methane and hydrogen sulfide in groundwater samples from the groundwater
near the tunnel horizon indicate that these constituents may be present in the breathable air space within the
tunnel excavation. Actual concentrations of these gases in the tunnel air are difficult to estimate due to



assumptions regarding temperature and pressure, variations in concentrations, variations in groundwater
inflow rates and actual ventilation conditions. However, based on the results of this testing, the conditions
during construction will be baselined as potentially gassy. As such, tunnel ventilation will be required to
supply sufficient air to the tunnel to provide a safe and breathable environment. Design of the tunnel
ventilation will need to consider mitigation of potential impacts from methane and hydrogen sulfide
concentrations that may enter the tunnel by off-gassing from groundwater flowing into the excavation.

DELIVERY APPROACH AND PROJECT SCHEDULE

LMT will be delivered utilizing a traditional design-bid-build approach with contractor prequalification
requirements similar to the procurement of other MSD tunnel projects. The contract documents will allow
the contractor to submit alternate designs within the parameters of the contract documents and significant
portions of the work will be performance based. A comprehensive Geotechnical Data Report (GDR) has
been prepared for the project and a Geotechnical Baseline Report (GBR) will be provided to baseline the
anticipated conditions during construction.

The project schedule is anticipated as follows:

· Final Design Complete – Summer 2018
· Permitting and Easement Acquisition – Fall 2018 to Spring 2020
· Contractor Prequalification and Bidding – Spring 2020
· Notice to Proceed – Summer 2020
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