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Current Situation

Design Life
= Many structures have reached or exceeded their design life.
= Valves are being repaired or replaced.

Engineering Design

= Maintenance, rehab, or replacement of lock valves often requires
engineering design.

= EM111-2-1610 “Hydraulic Design of Lock Culvert Valves” has not
been updated since 1975.

O & M Experience

= Some replacement valves have not performed well
» Larger hoist loads — both downpull and uplift.
» Vibration issues.

» Field measurements suggest that current design guidance under-

predicts hoist loads.
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Webinar Outline

References: Sources of Information
Lock Filling & Emptying Systems
Types of Lock Valves

> Vertical Lift

> Conventional Tainter

> Reverse Tainter

Hydraulics of Lock Valves

» Flow Conditions during Operation

> Cavitation Potential

Hoist Loads

Repair & Replacement Project Examples
Watts Bar Lock — Tennessee River

Snell & Eisenhower Locks — St. Lawrence Seaway
Bankhead Lock — Black Warrior River

John Day Lock — Columbia River

>
>
>
>

Valve Stabilizers

Summary

®
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USACE HQ Engineering Manuals
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Corps’ Design Guidance

Hydraulic Design
= EM 1110-2-1604 “Hydraulic Design of Navigation Locks”
= EM 1110-2-1610 “Hydraulic Design of Lock Culvert Valves”

Mechanical Design

= EM 1110-2-2610 “Engineering and Design — Lock and Dam Gate
Operating and Control System”

General Discussion
= EM 1110-2-2602 “Planning and Design of Navigation Locks”

®
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Navigation Structures Research Program

Publications

H Field experience with lock culvert valves

US Army Corps.
of Eng neers, by E. Alien Hammaok, Riohard L. Sooksl, and Thomas £. Hood

INTRODUGTION: Many of the matian’s ninsgation structarss havereachad fhsir dasign
He  maki of taeir lock enhvart
valves 2 criti . Valves are regularly & for repair and
‘replacement, however thess tasks becomes mare costly as the stroctre ages.

The verse tainter vahves are the most comman vahve hipe found an majar Jocks
by the U5 Ammy Carps of Engineers (USACE). There are three structoraly

Hydrodynamic forces on reverse tainter
Iﬁl valves; hydraulic model investigation
USATIY COPS o e . e & v s, o . e e

Tk
TS Army Corps of Enginsers (USACE) offices ars daaling with

by the UZACE have raschad ot
are bevond their design Te. Reverse tainter valves are the mos camman vahe ne
found an mavigation Jocks constructed by the USACE (Fickett and Nedson 1988 and
Headquarters, TRACE 1973). Virtually 21 Jocks canstructed in the United States snee
2.4 have had reverss taintar valves (Davis 1989)

Tz tachniesl note presems sboratery data of oade on verdish-frame and doutle-diin-
plate igns. The digective ista p in resultant farcesfor these

igns. A physieal modal was witha Joad esll 10
‘measure hoist Joads. Trannion kiads were subsequenthy calenlzted from the messored
st Joads, valve weight, and geametry. Comparison is made betwesn the haist and
trannion faress asting on 2 vertiesl-frama 2nd 2 double-gkin-plate vake.

Th e and hydraulic par dsseriting a reverss tai are shawn in
Figure 1. Lock culvert flow is contralled by rotating the valve sbout the trannion axis.
The vahe position is commenly sted 25 the ratio b 5, where bis the distance fram the
walve lip tathe culvert floor and Bis the elvert heightupstream and dovnstream of the
alve.

PHYSICAL MODELING FACILITY: Complation of & physical mods] study of the subvat
walves of the Eisenhawer and Snell Locks, St. Lawrence Ssaway (Stocksll et al. zom),
provided the t0 study and
plite valve designs. The Jock valves were modalad at @ scale of T35 In a tast facity
Firuw z\m.tvﬂ:mdumdﬂﬂ\.lm vahve well bulihiaad dots, and approximatly fve
culvert ofthe vahe. The upper
;ou'lw\.svepmwd +with & presmre tank. Culvert presmre wasTegulsted with a fide
sate Jacateed near the andaf the cubvert. The vabve well bulkhead dets, and culvert wes
o ‘lastic to permit abservatian of flo. Water was supplhed 1
the mods] thraugh & eirculsting system in which dischargs was messured vsing &
standard arifice meter in the supply Ene upstream of the model

different types of reverss tainter vahves: harzentally framed, vertieally framed, and
doubk-gkin pleted (Hesdquarters, USACE 2006). The horzentzbframe vabve ae
restricted for use an Bfts Jess than 30 ft bacause the vertieal-framed and dovble-skn-
plste valves are Jess susceptitle to critical hydraulic lads and luad varistions during the
epeningeycle.

The igective of this technical note was to deniify Jock culvert vale isues that
challengs the USACE's 25 it continues 1o provide refishle transport at navigation
projects. A survey of navigation prajects, with particular interest in Jock culvert vaives,
was made to identify commen isses and to share information gzined from the vast
Imewledge hase of the operations and mantenance personndl. Partizular attention was
given ta the vakes an Jacks with Efts in ewcess of 20 ft which are clasified 25 high-Ht
and very-bigh-Et Jocks (Headquarters, DSACE z004). In arder to accomyplish this
aifective, __ navigation projects were visited and discussins were held with opeatians
ané maintenance persannel The persomnel mnterviewed vatied from area office
angineats to Maintenancs contractars.

Asymmary of previously pu :mmi Tock valve pmun';nmu.]sumdudeﬂm;m‘ade
mffisent from anding
and aperations prozedun umh.m performed well and thase that

have nat.

‘Projects were visited to ohserve eperations and discus maintenance history with lock
persmnel. Do operations differ from engineering design suggestions (eg. bulhead
zals have been remaved, valve speed has been changed)? TF sa, why have aperation
prosedures migrated from the original dogign, Perhspsengincering design stjectives
should | 12 include the realities e
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Navigation Projects Visited or Tested

Chamber Size, Width

Culvert Width and

Reverse Tainter

1 Tool (1980)
2l Neilson (1975)

4l Waller (1997)
51 Neilson and Pickett (1986)

[1]
[2]
3 McGee (1989)
[4]
[5]
[6]

81 US Army Engineer Waterways
Experiment Station (1960)

Lock Project River/Waterway S e Height at Valve, ft Valve Radius, ft Valve st Lift, ft
Eisenhower St. Lawrence Seaway 80 x 860 12x 14 21.0 DSP 43
Snell St. Lawrence Seaway 80 x 860 12x 14 21.0 3 DSP, 1 VF 49
Bankhead Black Warrior 110 x 600 14 x 14 20.0 VF 69
Holt Black Warrior 110 x 600 12.5x12.5 17.0 VF 64
Melton Hill Clinch 75 x 400 8x 10 16.0 VF 54
Cheatham Cumberland 110 x 800 12.5x12.5 18.0 DSP 26
Barkley Cumberland 110 x 875 16 x 16 24.0 DSP 57
Fort Loudoun Tennessee 60 x 360 6x7 10.7 DSP 70
Watts Bar Tennessee 60 x 360 6x8 10.75 VF 70
Chickamauga Tennessee 60 x 360 8x8 10.58 VF 50
Wheeler Tennessee 110 x 600 12 x 14 20.5 DSP 48
Wilson Tennessee 110 x 600 15x 15 22.0 DSP 94
Kentucky Tennessee 110 x 600 12 x 12 16.0 DSP 56
Demopolis Tombigbee 110 x 600 12.5x12.5 18.25 PDSP 40
Whitten Tennessee-Tombigbee 110 x 670 14x 14 20.0 VF 84
Heflin Tennessee-Tombigbee 110 x 600 13.5x 135 19.0 VF 36
Bonneville Columbia 86 X 675 12 x 14 19.5 VF 69.5
The Dalles Columbia 86 x 675 12x 14 19.5 DSP 90
John Day Columbia 86 x 675 12x 14 19.5 DSP 110
McNary Columbia 86 x 675 11x 12 17.0 DSP 92

®
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Physical Model Studies

Lock Project | River/Waterway : Width x Lift, ft
Scale Width x T Valve
Height, ft S Design
Snell S 1:15 12 x 14 0.83x0.83 | DSP&VF | 49
Seaway
Holt Black Warrior 1:15 12.5x 12.5 0.83x0.83 VF & DSP 64
Watts Bar Tennessee 1:10 6x8 0.60 x 0.80 VF & DSP 60
Walter Boulden Coosa 515 12 x 12 0.80 x 0.80 VF 130
Lock 19 Mississippi Q2 14.5x 14.5 1 Sy gy e it HF 38
McNary Columbia 1:20 11 x12 0.55 x 0.60 DSP 92
John Day Columbia 1:25 12x 14 0.48 x 0.56 DSP 113

DSP = Double-Skin Plate

VF = Vertical Frame
HF = Horizontal Frame

®
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Lock Filling & Emptying Systems

Classification by Lift

Range of ;

: _ Project : :
Maximum Design e % of CoE Suitable Design Types

_ Classification
Lift Locks
Oto 10 ft Very Low Lift 25 End F&E (primarily sector gate)
_ Side-port system or Lateral w/ 1
10 to 30 (or 40) Low Lift 60
Culvert
30 (or 40) to 100 High Lift 15 Longitudinal Manifold System
100 to ? (not yet Very High " John Day is the exception w/ design
determined) Lift lift of 107 ft

®
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Sidewall-port System
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Sidewall-port System
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Interlaced Lateral System

®

12 BUILDING STRONG,



Split Lateral System
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Single H
System
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Single H System
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Double H System
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In-chamber Longitudinal Culvert
System (ILCS)

McAlpine

®
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In-chamber Longitudinal Culvert
System (ILCS)
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3 Valve Conflguratlons

R b N

Bulkhead Slot

- Vertical Llft Valve e

S 3 e

ELEVATION

Vertical-Lift Valve

Reverse Tainter Valve
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VERTICAL LIFT GATES
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BASIC EQUATION

PuW+a id—ugy
dp = DOWNTHRUST
PER UNIT

OF AREA WHERE:

P = hydraulic and groviry forces in tons

W = dry waight of gate in tans
A= croas-sectionol area of gate in sq ft

cIf = ayerage downthrust pet unit of eres on
top of gate in feet of woter

=

Uy = averoge upthrust per unit of aree oo
sloping bottom eipgnrc in feat of woter

y= specliic welght of woter, 0.0312 ton
per cu Bt

- U= UPTHRUST PER
UNIT OF AREA

g

222

ey
DOWNPULL 22 2

&
s

Mate: Does not include fector for frictional
and other mechanical forces.

d; = gate well water surfoce obove
conduit Invert (Hy) minus sum of gate
height (O} and gate spening (Ga)

VERTICAL LIFT GATES

HYDRAULIC AND GRAVITY FORCES
DEFINITION AMND APPLICATION

HYDRAULIC DESIGN CHART 320-2

Hoist Loads

®
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Conventional Tainter Valve

Flow Conditions
During Valve
Opening

Flow is

Valve open &4 ft; lock water Valve open 7 ft; lock water = h f
surface at elev 539.0 surface at elev 537.7 ng t to Le t

Free Surface Flow
Downstream of Valve

rinp=d. L 8 4 S ; L Fs /&2

B € " Yk S 4 . ; Ca o b3 A

Valve open 10 ft; lock water Valve open 14 ft; lock water
surface at elev 535.7 surface at elev 533.8 ®
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Reverse Tainter Valve
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Hydraulics of Lock Culvert Valves

= 2 b, B Piezometric Gradeline

Important geometric features - q
 Valve opening (b/B)

e Valve radius

* Rib members

 Valve lip

Reverse Tainter Valve Schematic

®
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Flow
Conditions at
Valve During

Filling

Operation
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Flow Patterns at Reverse Tainter Valves

CONDITION AT WHICH DOWNPULL OBTAINS CONDITION AT WHICH UPLIFT OBTAINS

CURRENTS IN VALVE RECESS
TYPE | (AS BUILT) VALVE

®
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Hydraulic Coefficients
Reverse Tainter Valves
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Valve Position
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Wertical Position

Cavitation Index

; | | n Il n il il n

_P+(P,-R)

Horizontal Position

, | : ) V%g

Horizontal — Farrel and Ables (1968) found that first 2-
4 ports can be located in valve’s low pressure zone

Vertical — Cavitation Potential (Cavitation Index > 0.6)

 Either high enough to draw air or
» Deep enough to ensure positive pressure

®
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PRESSURES DOWNSTREAM OF VALVES

Cavitation Index — S !
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PRESSURES DOWNSTREAM OF VALVES

Flow is controlled by the valves
Typically, reverse tainter valves
Low pressure zones are located in the area of contracted flow

V = Q/A A | atacontraction,soV T and P {
Where P = pressure at the contraction
» Slower valve times result in longer periods of contracted flow

* Inertial effects suggest that high-head locks should operate with fast
valve openings, so that the concentrated flow period is small.

®
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Percent Expansion of Culvert Roof

45
] o

40

35

30

25 = 5

20

\</— U, Recommended for Design

15

10

5

0 & Pt

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
o= P+ (P3-PR)
V2
Legend 29
Cavitation No Cavitation

John Day * 0 o
Holt bl O Cavitation Index
Millers Ferry A A

Cavitation Index Design Criteria
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Cavitation

Repairing cavitation damage on
Bankhead Lock valve skin plate

Cavitation damage on downstream face
of skin plate at Bankhead Lock valve

®
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Operations & Maintenance Experience

= Chickamauga, Watts Bar, and Fort Loudon Locks: replaced valves — new
valve has large uplift forces and cannot be closed under flow = safety issue
during emergencies

= John Day and the Dalles Locks: valves — cracks in wrapper plate have been
repaired numerous times — rigid framed design considered for replacement.

= Holt Lock: valve - maintenance problems since the lock opened - personnel
describe the culvert valves as not being stiff enough.

= Holt Lock valve is the Corps’ recommended design (Davis 1989) -
Existing hydraulic design guidance does not reflect actual operational
experiences and needs.

= Bankhead Lock: operations personnel have commented that the Bankhead
Lock valves perform well - valve design is much heavier than the Holt valve.

» The reason for performance differences in the Bankhead and Holt valves is
unknown. Perhaps because Bankhead valve is larger and heavier than the
Holt.

®
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Recommended Design — Vertically Framed
Holt Lock Model Study, Murphy and Ables (1965)

Davis (1989) recommends
Holt Lock design for all
new construction

34 BUILDING STRONG,



Operations: Holt & Bankhead Locks

Operations Personnel: - Poor Performance at Holt
- Good Performance at Bankhead
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Typical

Hoist Loads: Reverse Tainter Valve
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x {Plates Added

-
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Watts Bar Lock
Tennessee River

Original and Replacement

Valves

®
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Watts Bar Lock Valve
1:10-scale Physical Model

Double-skin Plate

®
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Watts Bar Lock
Replacement Valve — Modifications

Top Seal Plate

With Plate

Plate Removed E

®
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Comparison of Hydraulic Loads
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Snell & Eisenhower Locks

B2y

Original
Valve

2011/08/29 13:18

Valve replacement often requires engineering design:
- Double skin plated valve replaced with vertically framed design.

- New valves are requiring more power to operate.

®
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Snell Lock Valve
1:15-Scale Physical Model

Dry Bed View Looking
Dry Bed View Looking Upstream
Downstream

®
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Snell Lock Valve
1:15-Scale Physical Model
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Trunnion Load Arm

®
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Physical Model — Instrumentation

St. Lawrence Seaway Physical Model Extents

Load Cell in
Upstream\Bulkhead Slot Valve Well Hoist Rod

/
\ ¥ Downstream Bulkhead Slot
Load Arm in /

Trunnion
\ / Pressure Cell

Flow

®
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Double-Skin Valve

Double-skin-plate
Reverse Tainter Valve

e
.47

Half-section View of Double-skin
Plate Valve, the Hidden Lines
Show the Internal Framing

Members

®
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Vertical Frame Valve

Half-section View
of the Vertical-frame Valve

Vertical-frame Reverse Tainter Valve

®
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Vertical Frame Valve — Computational Flow Model

Surface Mesh

CAD Model

®
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Double-Skin & Vertical Frame Valves

Flow Passages Must Be Open

Type 5 Type 6

b b A - e : = i
. “ JType 5 (Double-Skin-Plate) v e
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Snell Lock Valve — Hoist Loads

HYDRAULIC LOAD, KIPS PER FT VALVE WIDTH

Eii \
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Hydraulic loads for vertical-frame
and double-skin-plate valves

HOIST LOAD, KIPS PER FT VALVE WIDTH

ET“ S Hoist loads for vertical-frame
el : and double-skin-plate valves
Close-up Views, Qf Valve
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Snell Lock Physical Model Data

= 1:15-scale model used to determine: e
» Hoist loads: load cell in valve stem R= BERSE S

» Anchorage forces: load cells in trunnion
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» Head losses: pressure cell and piezometers SaEn _ -

» Velocity distribution: PIV
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Bankhead Lock Valve Extraction — CAD Model

Center of Gravity

®
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The Dalles & John Day Locks
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The same valve design is used for Lower Monumental,
Ice Harbor, Little Goose, and Lower Granite Locks.
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Thanks to
Tom North, NWP

John Day NAVLOCK TV#3
Built 1960

! - oo

The Dalles NAVLOCK TV#1
Built 1954
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Cracking in Lifting JOhn Da.y LOCk s PrObIemS
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| Flow Model
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John Day Lock — Computat

BUILDING STRONGg,

55




John Day Lock Valve — Computational Flow
Model

o

CAD Model

Flow Model Results

®
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ocities and Flow Patterns

biB=0.76 biE =0.90

Flow is Directed Upward = ﬂ b
AgaInSt the Sk|n Plate [l — | biB =075 [IT} .' biB =0.90
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John Day Lock Valve

Computational Flow Model Results
B [ 7] e

VELOCITYMAG: 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

1.4 Ft Gate Opening

Q Downstream End
1210 cfs

76.6 ft/'sec max Velocity
65 ft/sec ave velocity
at tip of gate
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John Day Lock Valve
Computational Flow Model
Pressure Distribution
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at tip of gate

DS View of Tainter Valve

®
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CFD Results Coupled with FEA Model
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John Day Lock Valve — Fabrication
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John Day Lock Valve — Replacement

(Feom . S48

Installation &
Inspection
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Valve Stabilization — Dampers

WValve Recess Wall

Mounted on Valve Arm

Snell Lock, Mounted on Valve Well Wall

St. Lawrence Seaway Chickamauga Lock,

Tennessee River

®
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Valve Stabilization — Dampers
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Summary

Reverse tainter valves are used almost exclusively in lock
culverts

Valve Position
» Horizontal: manifold Is not very sensitive to location

= Vertical: High enough to draw air or deep enough to
avoid cavitation (g > 0.6)

Many projects are rehabilitating or replacing lock valves
Vertical frame tainter valve is the recommended design
Rib geometry is important regarding uplift loads

Design guidance is being updated — EM 1110-2-1610

®
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