











Technical Information

Goat Lake Hydroelectric Project

General Information

Location: 7 miles-north of Skagway; in
southeastern Alaska; at Goat Lake,
fed by the:Skagway River

Capacity: 4 MW

Operating Head: 1,975 feet

Flow: 32 cubic feet per second

Annual Output: 7. million kilowatt-hours

In-Service Date: December 4, 1997

Project Cost; $7.5-million

Development Team

Owner: Alaska Power & Telephone: Co.

Project Engineers: Bob Berreth, Electri-
cal Engineer, and Vern Neitzer,
Mechanical and. Senior Engineer,
Alaska Power & Telephone

General Construction Contractor and
Civil Engineering: Whitewater Engi-
neering; Inc., Bellingham, Washington

Equipment

Turbine (1-unit)

Horizontal twin-jet Pelton

4.0 MW

5,365 horsepower

Supplied by Hydro West Group, Seattle,
Washington

Generator (1 unit)

Horizontal synchronous

416 kY

3 phase

900 rpm

Supplied by ideal Electric, Mansfield,
Chio

Control System

Automatic/manual control system for
remote operation

Man Machihe Interface (MMI) with PLC
control and operator screen interface

Switchboard, switchgear, SCADA
supplied by ABB:Power Generation

is only capable of drawing the lake
down 20 to 25 feet. Coupled with this
fact, the edge of the lake is 10 to 20 feet
higher than the lake’s surface. Conse-
quently, Alaska Power & Telephone
trenched into the bedrock to place the
siphon crown lower than the lake’s nat-
ural surface elevation, which maximized
the siphon’s capability.

Alaska Department of Fish & Game
stocked the lake with arctic grayling
during the licensing process. Although
the grayling do not appear to have sur-
vived due to a lack of nutrients in the
lake, a screened intake at the mouth of
the penstock was incorporated in the
project design to keep any fish, now or
in the future, from being entrained into
the hydro plant.
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Construction

© Siphon

8-foot by 20-foot metal container

k2,vacuum pumps
4 vacuum tank

Control valve
Powerhouse

40 teet fong, 30 feet wide, 16 feet high

Pre-engineered building: steel frame -
with:metal siding on reinforced
' ‘conerete foundation

~dmpoundment and Pumpback Station

10-foot by 40-foot metal container:

14-inch High Density Polyethylene
(HDPE) pumpback line :

Valve House

8-foot by 20-foot metal container = -

~od-inch automated valve .
‘SCADA system for instream flows ...

Penstock

1,200 feet of 30-inch-diameter High
Density Polyethylene (HDPE) pipe

5,200 feet of 24-inch-diameter steel pipe

Screened at intake in reservoir

Reservoir {existing Goat Lake)

204-=acre surface area

‘5,460 acre-feet-of storage

27-foot-long, 4-foot-wide, 4-foot-high
intake with %s-inch wedgewire screen

Transmission

18°30-foot-tall, single 10-fact cross arm
wood poles :

4,800 feet of 34.5-kV'line leading from
substation to U.8. Customs border -
-station :

- Substation transformers supphed by

ABB Power T&D

Another design feature is the
impoundment and pumpback station
along Pitchfork Falls Creek, 600 feet
from the lake. Alaska Power & Tele-
phone engineers determined that ap-
proximately 15 percent of the flows in
Pitchfork Falls Creek come from the
glacial moraine, bypassing the lake. In
order to capture this water, an impound-
ment and pumpback station was de-
signed to capture and pump the water
back to the lake for use in generating
power. In this way, little water is wasted,
and there is more control over the water
for instream flows. The ratio of power
used to energy generated is about
0.0363—or a 27.5 to 1 power gain. A
valve house placed near the pumpback
house has two functions: to fill the

lower penstock and close it off without
breaking the siphon, and to provide a
point to release water to maintain
instream flows.

Developing a route for the penstock to
avoid the many avalanche chutes near the
lake and along Pitchfork Falls Creek pro-
vided additional challenges. Upon seeing
the results of a geotechnical evaluation of
the site by Converse Consultants North-
west, Alaska Power & Telephone
changed the original penstock route to
eliminate most avalanche chutes. The
original site for the placement of the pen-
stock was on the north side of Pitchfork
Falls Creek, but, after the geotechnical
evaluation, project developers deter-
mined there were too many active slides
in the area. Placing the penstock near the
south side of the creek, keeping it
straight, and burying it with rock proved
cost-effective and bypassed many of the
hazardous slide areas.

With the majority of the penstock
above ground, a concern was that, during
winter months, the cold temperatures
could freeze the water, bursting the pipe.
Two designs were incorporated to reduce
the chances of the pipe freezing in a situ-
ation where the air temperature is -20
degrees Fahrenheit or lower, wind veloc-
ity is 30 miles per hour or higher, and
lake surface water is at or below 32 de-
grees Fahrenheit. The first design ele-
ment was to place the intake 120 feet
below the lake rim where a strata of
warm (36 degrees Fahrenheit) water
exists. The second design element was to
place a bypass valve at the powerhouse
so that if the turbine is shut down during
the winter, 3 to 4 cfs of water can con-
tinue to flow through the penstock to pre-
vent freezing. The penstock also was
buried more frequently than originally
planned and otherwise placed close to the
ground to reduce the wind chill factor.

Because of the relatively small load
on the system and the complete electri-
cal isolation from any other grid, the
Goat Lake hydro project generally will
be the sole source of electricity for the
communities of Skagway and Haines.
As such, voltage and frequency fluctu-
ations due to operation, daily seasonal
load cycles, and transients must be
accommodated. Most small hydroelec-
tric projects in the U.S. are operated in
level control or flow control mode or
are block loaded. Because of the iso-
lated nature of the Goat Lake-Skag-
way-Haines interconnection, this proj-
ect operates in frequency control mode.
Most small plants are incapable of pre-



To reduce the effects of construction on the
landscape, an Erickson Skycrane was used
to transport equipment to the lake and to lift
men and equipment, thus eliminating the
need to build a road to the lake.

cisely regulating speed over large load
fluctuations. Equipment at Goat Lake
was initially designed with this require-
ment in mind and has the following
features:

Inertia: National Electrical Manufac-
turers Association (NEMA) standard

This powerhouse bypass valve was incorpo-
rated into the project design as a safety pre-
caution. If the turbine shuts down, the valve
enables the project operator to pass water
through the penstock to prevent the pipe
from freezing and bursting.
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inertia for a 4,000-kW, 900-rpm genera-
tor is about 22,500 pounds per square
foot. The Goat Lake generator has an
inertia of 175,000 pounds per square
foot. (This provides a machine starting
time of about 15.5 seconds compared to a
water starting time of just over 1 second.)

Governor: Alaska Power & Tele-
phone helped develop a governor in
conjunction with ABB to accommodate
the required functions within a standard
programmable logic controller with
high-speed data acquisition inputs.
Selectable modes include Droop-
Isochronous and Deflector-Needle.

Braking: Using only the natural fric-
tion and windage for deceleration, it
takes approximately 80 minutes for the
turbine-generator to stop once water is
removed from the runner. Therefore, a
small braking jet was installed on the
turbine and is automatically applied
when stopping. With a 30-horsepower
jet aimed at the back of the runner buck-
ets, the machine stops in approximately
11 minutes.

Generator: Because of the relatively
high synchronous speed of 900 rpm and
the large rotating inertia, the generator
evolved into a four-bearing machine.
For sustained operation at overspeed,
the rotor was fabricated by Ideal Elec-
tric Company from plate-type construc-
tion. A 106-inch-diameter flywheel is
mounted between two additional bear-
ings with a flexible shaft connection to
the generator. All rotating components
were specified for continuous operation
at overspeed to ensure mechanical
integrity under all conditions.

Construction Begins from the Air

Construction began in the fall of 1996,
after Goat Lake Hydro, Inc. received a
FERC license. Alaska Power & Tele-
phone cleared the transmission right-of-
way, and placed transmission poles
using a helicopter. Whitewater Engi-
neering cleared the access road to the
powerhouse and staging area that season
before winter came in mid-October. By
April 1997, construction began in
earnest with the aerial tram in place and
the Erickson Sky Crane transporting
materials and heavy equipment, which
were reassembled at the lake. Although
the lake was still frozen and several feet
of snow was still on the ground, excava-
tion began. The work to anchor the pen-
stock required drilling into the steep
bedrock slopes.

Because of difficulties faced in
trenching the lake rim to install the

intake, a frenzy of lake-side activity
took place to install a temporary intake
and other appurtenances before “the
heavy snows started and the lake began
to freeze. The final pressure test of the
penstock was conducted on November
6, 1997. The final intake was installed in
the spring of 1998.

Start Up

On December 4, 1997, the Goat Lake
Hydro Project generated power for the
first time. Engineers tested and tuned
the machine while running it in parallel
with Alaska Power & Telephone’s diesel
generators until December 12, 1997, at
which time the diesels were taken off
line, and all electricity for Skagway was
generated using hydro. The permanent
intake was installed in May 1998, and
final painting of the penstock to blend
with the landscape was completed in
June 1998.

More Hydro in Skagway’s Future?

Since the project was energized in
December 1997, the community of
Skagway has been able to rely upon
hydropower 100 percent of the time.
Because of the success of this project,
other hydro projects are now more feasi-
ble. A 15-mile-long, 34.5-kV submarine
cable connecting Skagway to Haines
was installed during the summer of
1998, and the proposed Otter Creek
Hydroelectric Project, 3 miles south of
Skagway, would interconnect with this
cable. Alaska Power & Telephone will
apply for a FERC license in the spring
of 1999; ideally, the plant would be on
line by 2001.

Hydropower has helped make this
region more self- sufficient, and has
helped to protect the environment,
reducing air emissions and the chance
for oil spills during transporting and
storing diesel fuel. ]

Mr. Martin may be contacted at Goat
Lake Hydro, Inc., P.O. Box 3222, Port

Townsend, WA 98368; (360) 385-1733,
extension 122.
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