26™ USSD Annual Meeting
May 1-5, 2006

Gates and Gate Failures

By:
Thomas L. Kahl, P.E.
(Presenter)

Kleinschmidt

Energy & Water Resource Consultants




Presentation Overview

* How Reliable are Gates ?

* Types of Gate Failure and Misoperation

* Preventing Gate Failures




Gate Reliability

National Performance of Dam Program (NPDP )

Few (3 since 1990) Gate Failures noted
(www.npdp.stanford.edu/DamDirectory)

FERC 1998 to 2003 TAINTER GATE INITIATIVE!
*More than 1,000 Gates Inspected/Evaluated

In a sample of 65 — 12% had some type of rehabilitation

*Estimated that about 5-6 gates in US had serious problems

*Majority of tainter gate problems stem from either

Failure to Operate

Unintentional Operation
'Per Bruce Brand FERC DC Office 5/1/06




Types of Gate Failures & Misoperation’

Gates fail to open when directed.
Gates open from equipment malfunction.
Gates fail structurally with sudden discharge.

Debris blockage impedes discharge.
Gates operated incorrectly.

"Water Operation and Maintenance Bulletin, No. 202, Dec.2002
http://www.usbr.gov/pmts/infrastructure/inspection/waterbulletin/index. htm




1.0 Gates Fail to Open When Directed

Loss of Electrical Power (Tous, 1982: Spokane 1986: Belci
1991)

Automatic Control Malfunction (San Teresa, 1963)

Operator Hoist Chain/Rope Failure (Picote, 1966; Tarbela,
1992, others)

Wooden Gate Stem Tensile Rupture (Vergennes, 2002)




Broken Tainter Gate Chain Link










Rack & Pinion Operator with Wooden Stems
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Detail Of Ruptured Wooden Stem
Note Interior Decay




2.0 Gates Open From Equipment Malfunction

Uncontrolled automatic start of oil pump (Mavcice Dam,
1993).

Frozen water in electrical condvit forced contacts closed.
(Seton 1989).




3.0 Gate Structural Failure

* Example Failures:
— Drum
— Tainter
— Bascule

— Sluice




Drum Gate Failures

* Drum gate fills with water
(Guernsey, 1986)

* Drum Gate (Cresta, 1997)

DRUM GATE DETAIL
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Tainter Gate Failures

* Tainter gate trunnion girder weld failure (Singur, 1990)
* Tainter gate arm bracing failure (Folsom, 1995)

* Tainter gate arm to trunnion failure (1994)




Failed Folsom Tainter Gate




a
oint 4E Brace 3E-4E and Brace 3G-4E

This joint failed immediately after Joint 3E

FOLSOM GATE 3

RIGHT SIDE
not to scale

From “Forensic Report Spillway Gate No. 3 Folsom Failure”, 11/18/96




Failed Tainter Gate Arm




ilure

S
el
S

(=
=

f—

D

(e




Bascule Gate Failure (& Near)

* Steel Tensile Rupture Near Bottom Hinge (1991)
* Deteriorated/Missing Bolts in Bottom Torque Tube (1999)




Failed Bascule gate




Gate Failed at Bottom
of Side Beams




Detail Of Gate Arm Failure




Avoided Failure

100 ft. long
x 6 ft. high
bascule gate




— Bolted connection at gate’s field splice



Missing And Deteriorated Bolts In Gate Splice




Sluice Gate Failure (& Near)

* (Cast Iron Gate Fracture (2002)
* Corroded 1934 Vintage Steel Deep Sluice (2003)
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4.0 Debris Blockage Impedes Discharge

* (hute Garneau Dam sluice gates blocked by heavy debris
(1996)

* Norwegian State Electricity Board has published a
methodology to access spillway obstruction caused by
floating debris (Norwegian Resource and Energy

Administration 1992)




5.0 Gates Operated Incorrectly

* Mud Mountain Dam — Temporary discharge increases from
two dam in series (1976)

* Remote dispatch error, spillway intake gate standard
lockout procedure not correctly followed. (1992 &)




Preventing Gate Failures

focus attention on Critical Gates

Provide & Practice loss of electrical power operating
rocedures

Regularly Field Verify actual condition and operation of
electrical & mechanical operator components

Concentrate Inspection and Maintenance on items where
reactions are concentrated and/or lack of redundancy




G) Power
Source(s)

F) Controls
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NOTE:

FOR CERTAIN PROJECTS
PROPORTION OF GATES
MAY BE DIFFERENT

Figure 2-5. Typical flood control or hydropower tainter gate

Http://www.usace.army.mil/inet/usace-docs
USCOE Engineering Manual EM-1110-2-2701






Inspect Chains And Cables
Purhculurly At Waterline
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Inspect Equipment Mounting Points
Anchor Bolt Embedment Concrete Failure
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Tainter Gate Structural Load Path
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Figure 2-5. Typical flood control or hydropower tainter gate
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Note Pier Vertical Crack At Trunnion




Trunnion Grease Nipple




Extruded grease from 4 to 8 o’clock




esirable Trunnion Grease Properties

iabia 19-2
Desirable Gredss Proparties for the Folsom Dam Trunnion Bearings. [Referencs: “Lubricating Grease Guide,” NLGI ¥ Ed., 1986)
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http://www.usace.army.mil/inet/usace-docs USCOE Engineering Manual EM-1110-2-1424
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Trunnion Grease Piping




New Platform For Safe Gate Access




Gates are typically very reliable

but failure consequences can be severe




Contact (e.g. For Copy of Slide Show)
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