Bonneville 2" Powerhouse Fish
Guidance Efficiency Computational
Fluid Dynamics. (CFD) Modeling

' B2 FGE CFD. Modelmg

CFD Modellng objectlves

> QSACE has an existing'B2
forebay CFD model -
~‘developed by PNNL.:

» B2 forebiay CFD model’
needed to be updated to
include current VBS and
gate well geometry.
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B2 FGE CFD Modeling
Model selection: =
» CFD Model advantages ;
. Sectlonal CFD Model can be Ilnked to.full forebay CFD model

T Re[evant geometrlc features can be easily |ncluded in model.

. Model results can be querled at any locatlon forveloc:ty, pressure .
turbu[ 7 2 ! S i

e A]ternativ'es cah be:

h ested relatlvely ef‘ﬁcxently

> CED/| Model Ilmltatlons

. Slgnlflca nt cha nges 1o VBS velocmes may require physical
mcdellng for updated panel porasities-.;

u Addltlonal prutotype data: requlred if CFD mudel i§'to be used to
develop gatewel[ flow rating curves
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B2 FGE CFD Modeling
CFD Modeling objectlves

¥ Develop an updated and valldated CFD model ofa smgle
- unit

@ Characterize baseline conditionsin the B2 unit gatewells
2 Identify hydraulic metrics for alternative evaluation
a Apalyie alternatives using CFD model

0 Document alternative'performance over a range of
conditions and-under forebay influence with full forebay
model

o
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-B2 FGE-CFD Modeling
CFD.Model Development:

»TIEs

» Trash rack

5T :

> Gap closure de» ce Ci

> Beém,modiﬁcétiohé s

» Turningvane

»VBS

R Gate‘slbts :
» Fish orifice apenings
» Emergency gate

Isometric view:
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B2 FGE CFD Modellng

CFD Model Development

» TIEs
» Trash rack
»STS
» Gap closure device
» Beam modifications
»-Turning vane
»VBS.
} Gate slots

"» Fish orifice openings
» Emergency gate .

&
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Sectionview




B2 FGE CFD Modeling

i~ Watersurface

i
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~ B2 FGE CFD Modeling ¢

CFD Model Validation: -

5 Model Validation Data Sets
<. »VBS velocity-data sources: ' o8
. S i - N 6000
® 1:12 Physical model (ENSR, 2004)
i | s d
 Prototype (PNNL, 2010) '_E, wa
- Step. t ‘ E;_ 3000
i i ERU a
:» Ran CFD model with similar bay: e
“flows : e 1000 l
»-Compared CFD model t0 1:12 ¢ s 2 3 4 s
Physical Model VBS velocities
. . L # CFD Mode!
« Adjusted VBS and STS porosities & 2:12 Physical Model (ENSR, 2004)
SR .  Prototype {PNNL 2010)
‘e Validated CFD mod‘el‘a‘gain‘st -
..+ Prototype VBS velocities.
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B2 FGE CFD Modeling

vBS Velocigv Comparison (~3280 cfs Bav Q)

sl 3\ :
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0.00 0.50 100 1.50 200 - 250 3.00 3.50 % 2,00 4.50 5.00
Average Panel Vslority {ft/s)

=#—1:12 Physlcal Model Vi - Bay C 13.7ksfs ~®-1:12 Physical Model Vs - Bay C 11, 7kels
- CFOModei Run 38 Vn - Bay C 11.7kefs . * ~&~CFDModel Run 38 Vs - Bay € 11.7kcks

o
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B2 FGE CFD Modeling

VBS vgluc!ty Comparison {(~4620 cfs Bay Q)

VBS Panel

000. 7050 100" 150.:200 250 300 350 400 . 450 500
g Average Panel Veloclty (ft/s)

r-1:12 Physical Mode( Vn - Bay 8 14kcfs . ~3-1:12 Physical Model Vs - Bay B 14kefs

= Prototype Vi + Unit 144 12kefs CC Clased ~m~Prototype Vs - Unit 14A 12kefs CC Closed
== Prototype V- Unit 16A 12kcts CC Open': ~-Prototype Vs - Unit 14A 12kefs CC Open

= CFD Mode! Run 34 Vn - Bay C 16.5kefs ~%~CFD Model Run 34 Vs - Bay C 16.5kefs.

BUILDING STRONG,

B2 FGE CFD Modeling

VBS Velocity Compa;isun (75870 cfs Bay.Q}

VBS Panel
o,

0.00 0.50 1.00 150 2.00 2.50 3.00 3.56 ; +4.00::

. .. Auerage Panel Velocity (ft/s)

Prototype Vi~ Unlt 124 15,8kcfs €C Open oletype Vs - Unit 124 15.8kets CC Open.

- Prototype V' Unit 124 15.Bkefs £C Closed it Proiotype Vs - Urilt 128 15,8kefs CC Ciosed
~d-Prototype Vn- Unit 14A 15.8kefs CC Open . . ™ ', '“#<Prototype V& - Unlt 14A 15,8kcfs CC Open
—ie-Prototype Vi - nlt 14A 15.Bkefs CC Closed + =W=Prototype Vs - Unit 14A 158k 1S CC Closed
‘#+4-+CFD Model Run 37 Vn - Bay A15.8kcfs . {8~ CFO Modef Run 37 Vs - e

2y A 15.Bkcfs
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B2 FGE CFD Modeling

Baseline Conditions: § ponn.
.. »12,000¢cfs - .
» 15,000 cfs

» 18,000 cfs

~» With'existing unit configuration

Evaluation Metrics::~
» Turbulence \' .
> Residénvceti‘nj._eirj gatewell:

E1S Gafewell,ﬂ'éwi

» Impact 6n’VBSVVeIocities’ "
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B2 FGE CFD Modeling

Baseline conditions: Unit Q = 15,000 cfs’

Velocity Mognitude vmag 1t/s
o

Centerline 1 0 7 .0 11
Run BZ_check: Unit & = 15,000 cfs T A

00 20 40 60 80 10.0 120

g
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B2 FGE CFD Modeling
Baseline conditions:. Unit Q = 15,000 cfs

gelocity Mognitude ymag fi/s

Ceniarimne
Run B2_chsck: Unit O = 15,000 cfs o

0 60 BO 100 120

o
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B2 FGE CFD Modeling
Baseline conditions: UnitQ = 15,000 cfs

Turbulent Kinetic Energy tsesurface TKE 112/32
2 Unit Gatewell — Looking Upstream [
Run B2_check: Unit Q = 15,000 cfs 05 s
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B2 FGE CFD Modeling
Baseline conditions: Unit Q = 15,000 cfs

Turbulent Kinetic Energy lsasurface TKE ft2/52
B2 Unit Gatewell = Looking Upstreom sgsurtoce o 0.5 N2/32
Run B2_check Unit O = 15,000 cfs 0 re
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B2 FGE CFD Modeling

Baseline conditions: Unit Q = 15,000 cfs

Normol ond Sweeping Velocities U=vel /s
7.5in Upstream of Y85 — Looking Upstream oo _
Run B2_check. Umit O = 15,000 cfs e

-09 -05 -0.1 04 08 12 16

Bay C Boy B Boy A

“ BUILDING STRONGg

B2 FGE CFD Modeling

Baseline conditions: Unit Q = 15,000 cfs

Streamtroces from S1S
2 Unit —
RunB2_

2
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. Bz FGE CFD Modelmg
Basellne conditions: Unlt Q 15 000 cfs

Streamtraces from 5¥S
8z gnu ~ Boy A
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‘B2 FGE CFD Modellng -

" Baseline conditions: Turbulent Kinetic Energy

12,000 cfs . .15,000cfs. v 18,000 cfs
KE ft2/52 E fr2/s2 . E f2/52
Isoaurfece at 0.25 i12/92 taosurtoce ot 0.25 N2/s lzosurface ot 0.25 142/s2
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B2 FGE CFD Modeling

Baseline conditions: Bay A Centerllne Velocmes -
12000cfs T 0cfs' .. - 18,000 cfs

Vinag 11/
30 50 90 11.0

10

90 20 40 50 80 100G 120
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- " . 'B2FGECFD Modellng
Baseline conditions: Turbulent Kinetic Energy i
12,000 cfs L 15,000 s/ 18,000 cfs

E f12/52 THE 112/52 TKE ft2/52
Isasurtace ot 0.5 2452 ieonurtnce ot 0.5 2782 Iaosurtace ot 05 2,

0.5 05 0.5
T— .
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BZ FGE CFD Modell . :
Baseline conditions: VBS Normal Velocmes and Flow Patterns, e
12,000 cfs AR LY 000.cfs . 18,000:cfs

Bay A o Bay A Bay A

Unvel 11/5
~0.7 -0.3 01 06 1.0 1.4

-08

5 _-0.1 08 12 1.6 : A o g ©
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B2 FGE CFD Modelmg

AIternatlves Evaluatlo L
> Operatlonal »

. Opemte 2 flsh orlflces per bay

'»:Decrease unlt flow {and lherefore
gate: 'eIIrow)

> Flow Control :
Remove gap closure devlce

-« Add flow control devicé on
-gatewell return to'intake '

*» Flow.Pattern Change

*"Add gateslot fillers to streamllne .
flow
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B2 FGE CFD Modeling -

Baseline and Alternative conditions: Bay A Centerline Velocities

pitr RN,

Existing Conditions.. Gap Closure Device - Siot Fillers in-Place .~ Flow Caitrol Device

Removed

vmag i/
0 30 110

80 10.0 120
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B2 FGE CFD Modeling

Baseline and Altern‘ative conditions: Turbulent Kinetic Energy

b it

Existing-Conditions .

TKE ft2/s2
ssoaurtace of .25 12/32
0.5

Gap Closure Device

Flow Control Device
Removed. . .

0.0
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B2 FGE CFD Modeling

Baseline and Alternative conditions: VBS Normal Velocities

Boy A Bay A Boy & Bay A

Existing. Conditions . Gap Closure Device ' Slot Fillers in Place Flow Control Device,

. Removed B
Uovel t/s
-07 -03 0.4 0.6 1.0 1.4

-098 -D5 -03 0.4 0.8 1.2 l.ﬁ
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B2 FGE CFD Modeling
Slot Fillers in Place: Unit Q = 18,000 cfs

Streomtroces from STS
82 Unit - Bay A

Run A6 - Slol.Filles

U 118,000
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~~ B2FGE CFD Modeling -
Slot Fillers in Place; Unit.Q = 18,000 cfs

Strecomtraces
Un

o
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