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Abstract:  

The Massachusetts Water Resources Authority (MWRA) used directional core drilling 

technology from the mining industry and Norwegian tunneling practice to determine geologic 

conditions along a proposed rock tunnel alignment. The directional core drilling system was used 

on the most geologically complex section of the MWRA's 28.3 km (17.6 mile) long MetroWest 

Water Supply Tunnel (MWWST) in Weston, Massachusetts. A 533 m (1750 ft) long boring was 

drilled from the ground surface at a 30 degree angle from the horizontal. Specially designed 

coring tools were used to "kick", or bend the boring to the horizontal and parallel to the crown of 

the future tunnel at a depth of 63 m (207 ft). 

 

Continuous rock core was recovered along the entire length of a portion of the MWWST 

alignment where faulted ground and soft rock alteration are known to occur. Evaluation of the 

core will aid in the refinement of a grouting program and the decision of whether a tunnel boring 

machine may be used, resulting in possible cost savings. Reduced contingency in the tunnel bids 

and potentially fewer differing site condition claims are also anticipated as a result of obtaining 

the core. 
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ABSTRACT: The Massachusetts Water Resources Authority (MWRA) used directional core drilling technology 
from the mining industry and Norwegian tunneling practice to determine geologic conditions along a proposed 
rock tunnel alignment. The directional core drilling system was used on the most geologically complex section 
of the MWRA's 28.3 km (17.6 mile) long MetroWest Water Supply Tunnel (MWWST) in Weston, 
Massachusetts. A 533 m (1750 ft) long boring was drilled from the ground surface at a 30 degree angle from the 
horizontal. Specially designed coring tools were used to "kick", or bend the boring to the horizontal and parallel 
to the crown of the future tunnel at a depth of63 m (207 ft). 


Continuous rock core was recovered along the entire length of a portion of the MWWST alignment where 
faulted ground and soft rock alteration are known to occur. Evaluation of the core will aid in the refinement of 
a grouting program and the decision of whether a tunnel boring machine may be used, resulting in possible cost 
savings. Reduced contingency in the tunnel bids and potentially fewer differing site condition claims are also 
anticipated as a result of obtaining the core. 


I INTRODUCTION 


The Massachusetts Water Resources Authority 
(MWRA) is constructing the 28.3 km (17.6 mile) long, 
4.3 m (14 ft) finished diameter, MetroWest Water 
Supply Tunnel to provide redundancy for the aging 
and leaking Hultman Aqueduct, a 50 year old surface 
pipeline. The new tunnel will provide an important 
link in the MWRA drinking water transmission 
system. This system conveys water from the Quabbin 
and Wachusett Reservoirs in central Massachusetts to 
a distribution network of pipes, tunnels and storage 
reservoirs in the greater Boston area. There are four 
underground contracts to build the MWWST, as 
illustrated in Figure 1. The Middle (CP-2) and Western 
(CP-l) Tunnel Segments are currently under 
construction. The CP-3 contract includes excavation of 
Shaft 5A and is also currently underway. 


The Eastern Tunnel Segment (CP-3A) is the 
eastern 1340 m (4400 ft) of the MWWST. This 
contract will include excavation and lining of the 
tunnel and Shaft W, lining Shaft 5A, and associated 
surface piping. The Eastern Tunnel Segment will join 
the Middle Tunnel Segment at a wye intersection that 


will allow water to flow to both Shafts Wand 5A, 
where connections will be made to existing facilities. 
CP-3A will be advertised for construction after the 
CP-3 contract is complete in 1998. These 
relationships are depicted in Figures 1 and 2. 


The directional core drilling that is the subject of 
this paper was completed in January 1998, at a 
location east of the wye as part of the Sverdrup Civil, 
Inc. design services contract. Major participants in 
the drilling program include GZA Geo­
Environmental, Inc (Boston, USA), Ontario Hydro 
Technologies (Toronto, Canada) , Maine Diamond 
DrillinglMajor Drilling Group International (New 
Brunswick, Canada) and Devico (Trondheim, 
Norway). 


This paper is an update of a previous paper for 
the North American Tunneling Conference, 1998, 
which was published prior to completion of the 
drilling (Kaplin et aI1998). Insight into the CP-3A 
contractual decisions and anticipated benefits ofthe 
core data are also presented. 
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Figure 1 - Project location map 


2 GEOLOGIC SETTING 


The bedrock geology between the wye and Shaft 5A is 
complex and a challenge to interpret. The distribution 
of major rock types as interpreted from the vertical 
borings is shown in plan on Figure 2 and in profile in 
Figure 3. 


The east-west reach of the Eastern Tunnel Segment 
will pass beneath the alluvial and glacial soils of the 
Charles River valley. The bedrock surface drops off 
sharply beneath this valley. Here, crystalline rocks 
prevalent west of greater Boston are in contact with 
layered volcanic and fine-grained, bedded metased­
imentary rocks ( argillite). This contact has historically 
been mapped as a major fault contact. 


From west to east, the sound and hard Dedham 
granite grades into the Charles River Zone just east of 
the wye. The Charles River Zone, a project defined 
rock unit based on the vertical borings, is now known 
to consist predominantly of layered volcanic rocks 
(rhyolite and welded tuffs) and intrusive felsite sills 
(Thompson 1998). The volcanic and felsite appear to 
lay conformably over the argillite, with the bedding 
and layering dipping moderately toward the northwest. 


Rocks east of the wye have been weakened by 
faults and soft rock alteration. Interpretation of the 
vertical borings indicated an increase in intensity 
closer to Shaft 5A. The most intensely affected rocks 
have been crushed and completely altered to clay. 
Characterizing the fractured rock, alteration, water 


inflow, and confirming the lithologic sequence 
described above were primary goals of this drilling 
program. Evaluation of the horizontal core indicates 
geologic conditions are different from the 
interpretation based solely on the vertical borings, 
particularly with respect to the location of faults. 
This is discussed further in the Conclusions. 


3 PROJECT DEVELOPMENT 


Two phases of geotechnical investigation conducted 
in 1989 and 1992 included vertical borings, seismic 
refraction surveys, and outcrop mapping in the 
project area. Two additional borings were drilled 
between the wye and Shaft 5A in a 1995 
supplemental investigation to further characterize 
rock conditions. Evaluation of the anticipated rock 
conditions based on these investigations resulted in 
the preliminary recommendation that a tunnel boring 
machine (TBM) would not be feasible for the 
Eastern Tunnel Segment because of the short tunnel 
length and anticipated poor rock conditions. 


Following bidding of the Middle and Western 
Tunnel Segments in 1996 and early 1997, 
respectively, the MWRA was prepared to advertise 
the Eastern Tunnel Segment for construction in early 
1997. At this point there was only one construction' 
contract for this segment, as CP-3 included Shafts 
5A and W and 1340 m (4400 ft) of tunnel. On the 
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Figure 3 - Profile from >lYe to Shafi 5A. Geologic contacts based on vertical borings. Fault discovered by 
directional core is shown near station 20+00. 


basis of the 1996 geotechnical evaluation, drill and 
blast mining and an extensive pre-grouting program 
would be required. 


The resulting cost estimate showed this tunnel 
section to be significantly more expensive per linear 
foot than the other two tunnel contracts. One 
component ofthe higher cost is the anticipated lower 
production rates associated with the drill and blast 
mining and the extensive grouting. Review of the cost 
estimate caused the design and construction team to 
pause and consider other alternatives. The Eastern 
Tunnel Segment was scheduled to be completed far in 
advance of the other two tunnels. Might there be some 
way to use some of the schedule float to obtain 
additional geologic information, review the design 
assumptions, potentially remove some of the 
conservatism, and possibly save money? 


In February 1997 a plan was devised to proceed 
with the excavation of Shaft 5A under a separate 
contract (CP-3). A 457 m (1500 ft) long core boring 
would be drilled from the bottom of the shaft directly 
above and along the tunnel alignment. The second 
construction package (CP-3A) would be issued after 
completion of the shaft and possibly include an option 
to use a TBM and a more targeted grouting program, 
depending on what the core showed. Even with the 
contract repackaging, the Eastern Tunnel Segment 
could be completed at the same time as the other 
tunnel contracts. 


An additional benefit was separating the potentially 
difficult excavation of Shaft 5A from the rest of the 
tunnel. The advantage is that delays in shaft 


.' 


excavation would be less likely to cause escalation of 
tunnel costs. Secondly, by providing a smaller bid 
package, more bidders could be attracted with 
increased competition. 


In March and April 1997, MWRA and the design 
team investigated the core drilling industry to assess 
the available technology to obtain long cores from 
underground openings. A number of firms in the US 
and Canada were found to have such experience, 
particularly those that serve the mining industry. 
Diamond drill holes 300 m to 900 m (1000 to 3000 
ft) long for mineral exploration and estimating ore 
reserves are not uncommon, with holes up to 2100 m 
(7000 ft) reported. 


MWRA also assessed available technology to 
control the direction of core holes. For years drillers 
have tried to control and steer their boreholes to hit 
specific targets. The techniques available vary from 
time intensive to ineffective. The mining industry 
has commonly used steel wedges in diamond drilling 
through hard rock formations. Mudmotors have been 
used in the oil and gas industry, mostly in softer 
sedimentary formations. Both have disadvantages in 
application to this project. Wedges greatly slow 
drilling and steel is left in the hole. Mudmotors work 
poorly in hard crystalline rock formations and no 
core is obtained during steering. 


At this time MWRA leamed of the capabilities of 
the Devico coring system and its introduction into 
North America by Ontario Hydro. A system for· 
steered core drilling developed by SINTEF in 
Trondheim, Norway was launched by Devico in 
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1988. Since then the system has been employed on 
various projects in Norway and throughout the world, 
but never for tunnel exploration in North America. The 
Devico system allows continuous sampling during 
steering with a special core barrel and diamond core 
bit. It is well suited for hard rock. 


Using the Devico system, a horizontal core could 
be obtained by drilling from the surface at an angle, 
then steering the hole to the horizontal. Drilling fTom 
the surface would save time over waiti ng for the shaft 
to be completed and then drilling a horizontal hole 
from the bottom of the shaft, and only then 
incorporating the data into the contract documents. It 
would also potentially provide actual core through the 
entire fault zone for all bidders to review. 


In May 1997, MWRA decided to proceed with the 
plan to drill from the surface. Sverdrup/GZA 
contracted with the Ontario Hydro/Devico Team to 
drill the directional core boring T-32D. Ontario Hydro 
in tum hired Major Drilling and the team mobilized to 
the site in early September 1997. By drilling the hole 
west to east, the arc would be in solid rock, rather than 
attempting an arc in the poor rock near Shaft SA. With 
the plan to proceed with the Devico boring, CP-3 was 
issued for excavation of Shaft SA and a shortened 152 
m (500 ft) hori zontal boring to be drilled from the 
bottom of the shaft. Having this boring in the CP-3 
contract provided a contingency if the Devico hole was 
unsuccessful. It was subsequently eliminated 
following successful completion of the Devico boring. 


4 DESCRIPTION OF THE DEVICO SYSTEM 


The Devico system has been designed to accurately 
steer boreholes and consists of three main elements: 
(I) Vic Drill-Head - steerable core barrel 
(2) Devitool Navigator - survey tool attached to the 


back of the Vic-Drill 
(3) DEVISOFT - software capable of calculating 


borehole position 
The Vic Drill-Head and Devitool Navigator are 


sized to fit drill strings used for standard coring 
systems. Several di fferent navigating systems may be 
used in conjunction with the Devico system to provide 
raw data for processing by DEVISOFT. The 
navigation system chosen for a particular project 
depends on the geology, hole dimension, hole 
gradient, and the level of accuracy required. 


The Vic Drill-Head, shown in Figures 4 and 5, is a 
triple tube core barrel avai lab le in 'A' (48 mm), ' S ' 
(60 mm) and 'N' (76 mm) dianleters. The inner barrel 


and bit of the Vic are rotated inside a stationary outer 
tube which gives the "kick" for the steering by 
means of special bushings. The outer assembly is 
locked to the borehole wall by circulating fluid 
pressure during drilling, which operates a packer 
system. An adjustable nozzle in the Vic core barrel 
head creates sufficient back pressure to activate the 
packer system. The Vic Drill-Head requires the same 
flush vol ume as a standard coring system. 


The Vic Drill-Head can core 2.85 m (9.3 ft) in a 
single run. A choice of bent sub settings above the 
core bit may be used wi th the standard Vic Drill­
Head set up to provide flexibility in the amount of 
hole deviation per run . 


Once the Vic Drill-Head has been tripped and 
emptied a standard core barrel can then continue the 
hole or the Vic Drill-Head can be used again, should 
further deviation be necessary. As an example, a 
continuous curve of two degrees per 9.2 m (30 ft) 
with the 'N' -size tool requires sequential runs of 
approximately 2.85 m (9.3 ft) with the Vic Drill­
Head followed by 3.7 m to 4.6 m (12 to 15 ft) of 
conventional runs with a standard core barrel. 


The Vic Drill-Head can be utilized in competent 
or weathered and fractured fOmlations, similar to a 
conventional core barrel. The inner barrel uses a 
clear plastic liner tube to receive and hold the 
core. This liner can be removed with core intact, 
sealed on site, ready for transport as shown in Figure 
6. The 'N' -size Vic produces a standard N-size hole; 
the core diameter of32 mm (1.25 inches) is smaller 
than standard 'N' -size wireline core (45 mm, 1.78 
inches) due to tooling. 


Figure 4 - Vic Drill-Head, 'N'-size. Top of drill head 
with packer assembly is left (background), bot/olll of 
the drill head with the bit removed at right 
(foreground). 
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Figure 5 - Close up of Vic drill core bit, 'N '-size 


For orientation at shallow depths, the Vic Drill­
Head is aligned from the surface. At greater depths, 
the Devitool Navigator is used. This tool has sensors 
that measure the inclination and orientation of the Vic 
Drill-Head. The sensor is controlled by a programmed 
electronic device which in turn controls a mud-pulse 
valve. This valve sends the information through the 
drilling fluid as pressure pulses up to the driller. 


DEVISOFT is Windows driven software that is 
used in project planning to calculate borehole paths, 
set the parameters, and plot the borehole path. The 
resulting plot is used to plan the most effective and 
efficient deviation scenario. Results fTom a survey can 
be shown on a surface readout unit (a PC screen) 
during the trip in or out of the borehole or they can be 
stored and unloaded on site after the complete run. 


After loading the required data for the projected 
path of the drill hole, the software will indicate the 
direction and the dip ar.gle to which the drill rig should 
be set. As the hole progresses, survey data from any of 
the survey tools available is entered either manually or 
direct from formatted survey files. An updated plot is 
calculated and adjustments made for the next 
deflection. 


5 PREVIOUS USES OF THE DEVICO SYSTEM 


The Vic Drill-Head has been in use since 1988. Many 
improvements have been made in its design and it has 
been used successfully on a wide range of projects. 


Trenchless technology applications of the Devico 
system have included steering pilot holes for pipelines 
through rock for the installation of sewer, cab les, oil 
and gas pipelines. Reaming of pilot holes have been 
made up to 2 m (6.5 ft) in diameter. 


Devico components have been used for mineral 


exploration to counteract natural hole deviation, hit 
specific ore targets, follow horizontal coal seems by 
drilling from the surface, and to create multiple 
intersections. Mine development uses have included 
ventilation for drainage holes and raisebore piloting. 


One of the most interesting uses of the system 
has been to explore the geology for subsea tunnels in 


orway, where deep fiords prohibit conventional 
geotechnical exploration drilling. Following a fatal 
disaster during construction of a subsea tunnel, the 
head office of the Norwegian Road Administration 
now requires exploration to be conducted with a 
continuous steered core along the line of proposed 
subsea tunnels. [n response to this, the Devico 
system was successfully used on the Oslofjord tunnel 
in 1996 and Trekantsambandet (Three Angle 
Connection) in 1997, both hard rock tunnels in 
Norway. 


The longest hole completed is in South Africa 
where the Vic Drill-Head was used in horizontal coal 


Figure 6 - Vic core ill plastic /iller all right. 
cOllvellliollal 'N' size core all left. 
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Figure 7 - Drill site, looking northeast. Drill is in cOlllainer in Joreground, mast sticks 0111 west at 30 degrees. Rods 
stacked ill cOlltailler right oj drill. Drillillgjluids recirculated ill pit. 


seam drilling for a length of 1372 m (4500 ft). In 
orway a 44 I m (1448 ft) long hori zontal hole was 


drilled through rock for the installation of a water 
supply main where precision on breakthrough was 
critical. The project required a deviation of no more 
than 1.8 m (6 ft) hori zontal and 0.9 m (3 ft) vertical. 
At breakthrough the measured deviation was 0.76 m 
(2.5 ft) hori zontal and zero vertical. 


Ontario Hydro first introduced the Devico system 
in North America in 1993 for construction projects. 
Ontario Hydro used Devico on the R.H. Saunders 
Dam in Cornwall, Ontario in 1994 to precision drill 
pilot holes for saw cutting stress relief cuts in 
concrete. The MetroWest Water Supply Tunnel 
application is the first use of this system in the USA. 


6 DfRECTIONAL CORE DRlLLlNG - WYE TO 
SHAFT5A 


The success of any drilling program is dependent on 
the quality of both the drilling equipment and the 
drilling crew. The drilling specifications required that 
strict qualifications be met. The Major Drilling 
personnel on this project have approximately forty 


years of combined diamond drilling, exploration, 
grouting and directional drilling experience. A review 
of the scope of work, the work methods, the down hole 
tooling and the safety and technical aspects of the job 
were discussed by the drilling team participants prior 
to the commencement of this program. 


This project required the utilization of drilling 
equipment that would be capable of drilling a 
directional 7.6 cm (3 inch) , N'-size core hole for a 
length of approximately 533 m (1750 ft). The drill 
instrumentation allowed for the close monitoring and 
controlling of a number of drilling parameters such as 
torque, thrust, water pressure and flow. Hole 
stabilization was conducted on occasions when 
smoothing of the borehole or additional clearances 
were required to reduce downhole torque. 
Biodegradable polymer drilling fluid and rod grease 
were used to reduce friction and to stabilize weak 
zones. Grouting was required to stabilize weak zones 
during hole advancement and backfill grouting 
following hole completion. 


Maine Diamond Drilling mobilized a conventional 
hydraulic driven diamond drill rig for this project with 
the capability of drilling a 1,500 m (5,000 fl) 'N' -size 
hole. The skid mounted drill was set lip approx imately 
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Figure 8 - Plots showing planned and actual borehole paths in plan and profile. 


8.5 m (28 ft) south ofthe center line of the proposed 
tunnel path (Figure 7). The 30 degree inclined, due 
east bearing, 'NW' -sized cased borehole was 
advanced through 43 m (142 ft) of overburden prior to 
reaching the bedrock surface. The inclination of the 
casing was measured at 31 degrees from horizontal 
after being seated securely into the rock. This casing 
had to be grouted at the soil-rock interface to prevent 
the loss of return fluids. 


Once the casing was grouted into bedrock the 
borehole was steered to the horizontal by directional 
drilling. The horizontal was reached after drilling to a 
hole length of approximately 228 m (750 ft), or 63 m 
(207 ft) below ground surface. The planned sequence 
of conventional core drilling and Devico Vic core 
drilling was plotted using the DEVISOFT software 
system. 


To achieve the planned curve of2 degrees per 9.1 


m (30 ft), the sequence of Vic drilling was a 2.7 m (9 
ft) directional run followed by a 3.1 m (10 ft) conven­
tional core run. The hole was surveyed after each 
directional/conventional sequence followed by 
updating the DEVISOFT plot. Over thirty directionally 
drilled deviations were required before reaching the 
planned horizontal coordinates. Approximately 1 
degree of kick was typically achieved with each 
application ofthe Vic Drill-Head. As shown on Figure 
8 the actual arc closely matched the planned path, 
dipping about 2.5 m (8 ft) below planned as the hole 
neared horizontal. 


Both Eastman film based Single-shot and Multi­
shot down-hole surveying equipment were used to 
determine deviation of the drill hole dip and azimuth, 
A combination angle (dip) and magnetic heading 
(azimuth) unit was attached to a downhole camera, 
which is placed in a water proof, non-magnetic 
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pressure barrel. The pressure barrel was lowered to 
the bottom of the hole on the wireline used for the 
core drilling. The drill string was withdrawn at least 
4 m (13 ft) from the bottom of the hole to eliminate 
compass deviation. A delay timer for the camera 
exposure was set to allow time to lower the 
instrument to the bottom of the hole. After a photo 
was taken the pressure barrel was retrieved and film 
developed on site so a measurement of deviation 
could be made. 


One benefit of the sequential Vic-Drill and 
conventional coring is that an eccentric, circular 
groove was made at the top of each conventional core 
sample by the Vic bit. Alignment of this groove, or 
the actual conventionaVVic core interface as shown in 
Figure 9, provided an approximate method to orient 
core fractures through the arc. 


Production drilling through the arc ranged from 6 
m to 12 m (20 fl to 40 ft) per day. Production 
dropped ofT sharply as the hole approached horizontal 
with an increase in problems related to equipment 
breakdowns and poor ground conditions in a fault 
zone. These problems were overcome with the arrival 
of new equipment and by placing a grout plug at the 
bottom of the hole to stabilize the ground. 


Figure 9 - Vic bit!conventional core inteiface. Smaller 
diameter core is from bottom of Vic run. larger 
diameter is start of conventional 'N ' size run . 


A single 10 hour/day, 6 day/week shift was 
typically used. The need to remove the entire drill 
stem from the hole following each Vic Drill-Head run 
slowed production through the arc. Once on the 
horizontal, wireline coring with only minimal Vic 
drilling brought production up to 40 fl to 60 ft/day. 


Core tools broke off in the bottom of the hole 
three times. Core tools were either retrieved using 
standard drill "fishing" tools or cored through if 
retrieval efforts failed. 


The bulk of the horizontal section of the hole was 


drilled with conventional wireline coring equipment. 
Surveying the hole was performed approximately 
every 30 m (100 ft) to confirm hole alignment on the 
horizontal. The Vic Drill-Head was used to correct 
deviations on the horizontal only a few times. 


7 CONCLUSIONS - EXPLORATION 


Directional drilling proved to be a valuable tool in 
exploring an area of complex geologic conditions. 
Making it through the arc was considered the major 
challenge of the drilling. Core retrieval with the Vic 
was excellent, hole deviation requirements were met 
and production was as anticipated. With the many 
challenges encountered, the decision to use a highly 
experienced drilling firm was clearly the correct one. 
Future changes might include a requirement to handle 
6 m (20 ft) sections of drill steel rather than 3 m (lOft) 
sections and a drill steel racking system to speed hole 
tripping. Improvements to the Vic Drill-Head will also 
be made based on the experiences from this project. 


The cost for this operation seems reasonable. A 
budget of$371 ,000 was established by the MWRA for 
the drilling program. The original proposal from the 
Ontario Hydro-Devico-Major Drilling Team was 
$310,000. The final cost at completion was $367,000. 
These figures include all costs to drill, survey and 
grout the hole, but not the inspection and geotechnical 
evaluation services. 


Clearly, a better representation of the rock at tunnel 
elevation in the most critical section has been 
obtained, ofTering designers and contractors a better 
chance of estimating the true cost of the tunnel. 
Directional core drilling may be most appropriate as a 
second phase program, after less expensive vertical 
borings have identified areas of geologic uncertainty 
and speci fic zones can be targeted for directional core 
drilling. 


8 CONCLUSIONS - BIDDING THE TUNNEL 


In general, tunneling conditions are now expected to 
be better than originally interpreted. As depicted in 
Figure 2, a fault zone with gouge and breccia was 
discovered between tunnel station Y20+00 to Y22+00, 
further west than faulting was originally anticipated. 
But conditions between Shaft 5A and this fault , which 
were originally thought to be mostly poor with and 
dominated by gouge and breccia, are now expected to 
be considerably better. The contacts between rock 







84 Directional core drilling for the Metro West water supply tunnel 


types and the lithologic makeup of each subreach has 
been refined with a higher degree of confidence. 


As a result of the reduced amount of poor rock 
anticipated, the tunnel bid documents have been 
modified in a number of ways. The documents will 
allow the contractor to select his excavation method 
by either tunnel boring machine or a drill and blast 
operation. The locations where pre-excavation 
probing and grouting will be required and the 
quantities for this work have been refined. It is also 
expected that the contractors will include less 
contingency in their bids for the tunneling through 
this area due to the ability to review the core from 
tunnel elevation. Further, it is expected that the 
likelihood of differing site conditions in this area has 
been reduced. These changes have resulted in reduced 
anticipated construction costs for the Eastern Tunnel 
Segment (CP-3A). Plans call for accepting bids for 
the tunnel work in September 1998. 


8 NOTES 


This article represents the opinions and conclusions of 
the authors and not necessarily those ofthe MWRA or 
Ontario Hydro. This article shall not be used as 
evidence of design intent, design parameters or other 
conclusions which are contrary to express provisions 
in contract documents for the MWRA MetroWest 
Water Supply Tunnel. 
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