Metropolitan Water District’'s Arrowhead Tunnels

The Metropolitan Water District of Southern California’s (Metropolitan) Inland Feeder is a 44-mile-long
water conveyance system that connects the east branch of the State Water Project at Devil Canyon
(San Bernardino, CA) to Diamond Valley Lake. The Feeder, under construction since 1997, consists
of 26 miles of buried pipeline and three tunnels spanning 18 miles. Once completed in 2010, this
series of pipelines and tunnels will allow Metropolitan to transport up to 1,000 cubic ft per second of
water (650 million gallons per day) from the Devil Canyon After bay to Diamond Valley Lake (Hemet,
CA). This pipeline will be crucial to Metropolitan’s plans to move large quantities of water from
Northern California when water is available over relatively short periods of time.
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Alignment of the Arrowhead East and West Tunnels in the foothills of the San Bernardino
National Forest

The final two tunnels of the Inland Feeder, Arrowhead East (22,450 LF) and Arrowhead West (19,890
LF) were holed —through last year by general contractor, Shea-Kenny JV, after approximately 4.5
years of tunneling through very challenging conditions (see photo of the West Tunnel TBM hole-
through). The tunnels are now having the final liner installed and this operation is approx 55%
complete.
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Hole-through of the West TBM on August 20, 2008

The final liner is a 12 ft 1.D. Reinforced Concrete Cylinder Pipe (RCCP) that is a composite pipe
having an outer steel shell and an inner reinforced concrete lining. The pipes vary in length from 17 ft
to 23 ft and weigh approximately 65 tons each. There are four different classifications of RCCP
depending on the ground cover and external hydrostatic pressure of the groundwater. Some areas in
the East Tunnel have over 900 ft of head. In these sections of tunnel, the steel shell is ¥-inch thick
with 12-inches of concrete.

Over 2,000 pieces of pipe will be transported to the Portal sites (see photos) from AMERON'’s
fabricating yard and MWD's storage yard about 11 miles away. The pipe is delivered on specialized
7-axle trailers and 9-axle trailers and daily permits are required to use city streets. The pipes are off-
loaded with Letourneau Logging Forklifts (see photo). The ends of the pipes are then cleaned ready
for welding and loaded onto low-profile dollies and pushed into the tunnel with a 25 ton diesel
locomotive. A pipe placer (see photo) is then used to place the pipe to line and grade on steel screw-
jack supports and make the connection to the previous pipe. Generally the thicker pipes have butt
joints, with the majority as bell and spigot joints. In tunnel curves the pipes are pre-beveled at the
ends to suit the curve radius.

Currently an average of 12 pipes per tunnel per day are being installed, after installation a group of
welders weld the pipe joints together using wire feeders. Each joint is both dye-penetrant tested and
vacuum box tested before setting steel forms to fill the recessed joint between the internal concrete
lining with a backfill concrete grout.
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RCCP Liner being installed in the 16 ft I.D precast  segmental lined tunnels

The 8-inch annulus space between the tunnel segmental lining and the final pipe liners are currently
being grouted by subcontractor, Pacific International Grout Co. with a 60 Ib per cubic ft cellular grout
backfill. The grout is mixed at the portal and pumped into the tunnel distances of up to 15,000ft to a
foaming unit before being pumped through grout holes in the pipe into the annular space. A total of
84,000 cubic yards will be used to grout the annulus in the 42,400 ft of combined tunnel length.

Concrete access structure and buried pipelines (see photo) are being constructed at the Portal sites
and will be completed by the end of 2009. Hatch Mott MacDonald is providing the Construction
Management Services for the Arrowhead Tunnels for Metropolitan.
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