


PRESENTATION OUTLINE

* Project Background

* Spillway No.1 Mods
0 Hydraulic Design
0 Geotechnical Design

o Structural Design

o Construction sequence
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PROJECT LOCATION
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Disposal ¢
i BN

Underground powerhouse
6 Francis units
1003 MW / 56,000cfs




TDG BACKGROUND

* New License issued 2013 Summary Hydrograph
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PROGRAM LIFE CYCLE

[-Ranked order of
development based on

studies — ongoing process

2007 - 2009
Expert panel
workshop

.

+Engineering studies
«Physical modeling

« Computational fluid
dynamics modeling

« Analysis of field data

.

Prioritization

Evaluation and
Validation

@) Seattle City Light

« Construction and
Modification

+Operational configurations

A
Implementation
Field studies
and monitoring R
Zollect field TDG data
«Critically compare actual
performance to predicted
performance
« Assess potential
improvements
8
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2011: Sluice gate work

" ‘I‘ Emergency closur
system
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2014: Spillway No. 2
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2015/16 SPILLWAY 1 MODIFICATIONS

| * Preliminary concept:
0 Roughness elements to dissipate energy

* Objectives & constraints:
0 Minimize Plunge depth
0 Maximize geotechnical stability
0 Minimize erosion risk
0 Minimize cavitation risk
0 Minimize operational constraints
0 Maximize constructability
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SPILLWAY NO. 1 ALTERNATIVE CONCEPTS
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HYDRAULIC DESIGN: NEAR FIELD TESTING

-2000.000
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HYDRAULIC DESIGN: NEAR FIELD TESTING

Variant 7B — Dec 2015

Final — July 2016
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i Doy TAR IO CFD

* TDG performance

* Operational - [ -
configuration =
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T1DG PREDICTION: BUBBLE TRACKING
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HYDRAULIC DESIGN
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Fault1 — 5%
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PRE-EXISTING PT ANCHORS
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INCLUDING 3 IN THE SPILLWAY ITSELF
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INCLUDING 3 IN THE SPILLWAY ITSELF
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0 3-D static equilibrium analysis was compared to a 2-D analysis in RocPlane and

3-D analysis using Swedge.

o All 3 models converged within 1%
e e

Upper Face Height ]
2695 7°

er Face Angle 5

mi—

-~
Slope Height
60.000 m

Resultant External Force 34 00 t

Normal Force 1985.15 1 N

RocPlane Analysis Swedge Analysis

(Q'T»‘) Seattle City Light THE NATION'S GREENEST UTILITY | 30




Note:

End bearing resistance provided
by the existing downstream
concrete is excluded.

* Full stagnation
pressure was

considered as a

See Nole

conservative

~FLIF BUCKET
WIRE SAW
SURFACE

hydrodynamic loading

for the roughness

element design.

Point of Rotation

\ S
‘= SPILLaY DEMOLITION PROFILE {TrP.)
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i~ Note:

. End bearing resistance provided
~ by the existing downstream
" concrete is excluded.

* Debris loading

(impact) was also

See Nole

considered, and a

break-away fuse

Point of Rotation

was designed.

\ S
‘= SPILLaY DEMOLITION PROFILE {TrP.)
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Tensile Testing and Failed Specimen
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T i~ Mole:
A AN End bearing resistance provided

" The ZO‘Strand pOSt- ! E I " by the existing downstream

" concrete is excluded.

tensioned anchors remain
elastic under all loadings,

even at impact.

~FLIF BUCKET
WIRE SAW
SURFACE

* The top section of the

roughness element is

sacrificial, attached to the

Point of Rotation

\ S
‘= SPILLaY DEMOLITION PROFILE {TrP.)

embedded base section

with “fused” fasteners.
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Site layout ] Coring and

g

sawing
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CORING PILOT HOLES

HQ3 Cores
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CONCRETE DEMO

Concrete demo
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PERCUSSION HOLE OPENING
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Checking RE lower section fit
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RAMP DEMO & ASSEMBLY

.. “‘
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ANCHOR STRESSING
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Anchor stressing
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WEATHER PROTECTION

Man-made weather protection
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Ramp installation
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SLIDING PLATE & RE TOP SECTIONS

Matched top sections and slide plates —
ot note welded nuts to accept fused
— e Hatia fasteners.
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READY FOR GROUT

Completed ramp
and lower sections
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~,

Installing flip bucket
removal scaffolding

ol ™,

e

Completig

perimeter

grouting
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FLIP-LIP STAGE
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SuREED

Grouting the ramps and
setting up the wire saw for
flip bucket removal
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FLIP-LIP DEMO

b
7 A e W

Work in progress
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ucket removal complete
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FINAL ASSEMBLY
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Torqueing down fused fasteners
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Pre - Modification
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RUNNING TO STAND STILL?

TDG Contribution from Spill using Mass Balance Calculation at Boundary Dam (Spillway 2 Only)
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Thanks for your attention! | Acknowledgements:
Construction team:

. ﬁ, e "N
_ e Clearwater Construction and

b Management.

'Project team (City Light & Consultants):
Dan Kirschbaum, James Lussman, Jim
Rutherford, John Werner, Ray Trudgeon,
Joe Groeneveld, Nikou Jayaleri, Chick

. Sweeney, Joe Orlins, Justin Arnold, Keith
Moen, Michael Rounds, Shari Dunlop,
Kim Pate, Carl Stark; ...and many others.
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TDG Contribution from Spill using Mass Balance Calculation at Boundary Dam (Spillway 1 Only)
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