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ABSTRACT: THIS PROJECT INVOLVED COMPLETING AN INVESTIGATION TO CHARACTERIZE
THE TUNNEL’S CONDITION, AND REPAIRING DEFECTS THAT COULD RESULT IN EITHER STRUCTURAL
INSTABILITY, OR EXCESSIVE FLOW OF WATER INTO OR OUT OF THE TUNNEL. THE INVESTIGATION
INCLUDED VISUAL OBSERVATIONS, NONDESTRUCTIVE TESTING, AND PROBE HOLES TO
CHARACTERIZE THE CONCRETE TUNNEL LINING AND THE SURROUNDING ROCK. BASED ON
OBSERVATIONS OF THE TUNNEL LINING, THE RESULTS OF NON-DESTRUCTIVE TESTING, AND PROBE
HOLES, MANY OF THE CONCRETE LINER DEFECTS, BOTH VISIBLE AND HIDDEN WITHIN THE
CONCRETE, MAY HAVE BEEN CAUSED DURING ORIGINAL CONSTRUCTION BY EXPOSING THE FRESH
CONCRETE TO TUNNEL SEEPAGE. PRELIMINARY PLANS CALLED FOR UTILIZING CEMENT GROUT, THE
EXCESSIVE SEEPAGE OBSERVED FLOWING FROM EXISTING OPENINGS IN THE LINING INDICATED
THAT CEMENT GROUT WOULD BE DILUTED AND WASHED AWAY BEFORE IT COULD CURE.
THEREFORE, POLYURETHANE GROUT WAS SELECTED. THE INVESTIGATION AND REPAIRS OF THE
LOWER BAKER TUNNEL WERE SUCCESSFUL. THE SUCCESS CAN BE QUANTIFIED BY THE FLOW
RATES OBSERVED BEFORE AND AFTER OUTSIDE THE SOUTH PORTAL AREA AND IN THE TUNNEL
INVERT.

1.0 INTRODUCTION

Lower Baker Dam impounds Lake Shannon and is located near Concrete, Washington .This
paper summarizes the investigation completed to characterize the condition of the concrete
tunnel lining, and the grouting program undertaken from May to March 2001 to improve lining
conditions in Puget Sound Energy’s Lower Baker tunnel.

The tunnel is approximately 1,410 feet long as measured from the butterfly valve near Unit No. 3
to the elbow at the Intake shaft. The entire tunnel is constructed in rock. The first 245 feet of the
tunnel upstream of the butterfly valve has a steel liner backfilled with concrete. Upstream of the
steel liner, the tunnel is concrete-lined. The steel-lined portion of the tunnel plus the upstream
260 feet of the concrete-lined portion is 16 feet in diameter. Approximately 505 feet upstream of
the butterfly valve, the diameter increases to 22 feet. The transition occurs in the vicinity of the

21-1-09014-005




New Surge Shaft. The tunnel diameter remains at 22 feet to the upstream end of the tunnel
where a shaft rises toward the intake structure. A 90-degree elbow connects the intake shatft to

the tunnel.

1.1  Site History

Construction of tile Lower Baker Development began in 1924. Power generation facilities
originally consisted of two generators, designated as Unit No. 1 and Unit No. 2. A construction
stage diversion tunnel extended about 360 feet upstream of the location of the existing elbow. A
plug was constructed behind the elbow to permanently seal off the upstream portion of the

diversion tunnel.

In 1960, the powerhouse was extended to the south and a third generator, Unit No. 3, was added.
The existing tunnel was lengthened by about 420 feet to connect Unit No. 3.

In 1965, a landslide destroyed the original powerhouse containing Units No. 1 and No. 2, the
upper structure of Unit No. 3, and demolished the surge tank. As a result of the 1965 landslide,
Units No. 1 and No. 2 were abandoned. Unit No. 3 was re-constructed utilizing the original
structure below the generator level and adding a new structure that included a sloped roof
designed for landslide debris to slide over the powerhouse roof with minimal damage. The
damaged Unit No. 3 turbine and generator were refurbished and reinstalled. The old powerhouse

adit was subsequently plugged roughly 90 feet from its upstream end.

1.2  Project Objectives

This project involved completing an investigation to characterize the tunnel’s condition, and
repairing defects that could result in either structural instability, or excessive flow of water into

or out of the tunnel.

In January 1999, repairs to the lining including a patch of the lining at Station 7+65, grouting of
cracks and backfilling of cavitation erosion areas in the invert and crown. In May 2000 Shannon
& Wilson performed a tunnel inspection to document the condition of the tunnel in detailed
tunnel maps and provided recommendations for additional work. At this time the patch at
Station 7+65 had washed away. A 3-foot by 3-foot steel plate was bolted to the concrete liner
over the void at Station 7+65. The void was filled with cement grout and urethane grout.
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Due to the limited outage time available, a detailed schedule was prepared and several iterations
were made to the schedule in order to optimize the various concurrent activities by the different
team members.The original plan was to limit the work to additional investigation, interpretation
and minor repairs as time allowed. As more time became available due to concurrent work on
Unit No. 3, PSE decided to perform as much of the repair work as possible on a fast track
schedule.The invéstigation included visual observations, nondestructive testing, and probe holes
to characterize the concrete tunnel lining and the surrounding rock. The purpose of visual
observations and tunnel mapping was to determine the relative condition of the lining.
Observation of lining cracks, seepage, and other features may indicate conditions behind the
liner (e.g., voids).

All tunnel mapping, probes, testing, and remedial construction were completed upstream of
Station 0+00. No mapping, testing, probes, or remedial construction were performed in the steel-

lined portion of the tunnel
The purposes of the non-destructive testing included:

< Determining the locations, distribution, and size of voids between the back of the
concrete tunnel lining and the surrounding bedrock.

< Assessing the thickness, reinforcing characteristics, and strength/condition of the
concrete tunnel lining.

< Determine the thickness and condition of the concrete plug at the elbow.

Probe holes drilled through the liner were used to verify and calibrate the thickness of the liner,
and to locate voids behind the concrete liner.

Based on the results of the investigation, repairs were prioritized. The repairs can generally be

classified as one of the following:

< Eliminate large flows observed when the tunnel was dewatered in the elbow (big leaker),
from existing grout pipes, cracks, construction joints and other defects.

< Grout voids behind or within the concrete lining to reduce flow of water behind or
through the liner.

< Construction of south portal plug.
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