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 |ntroduction - DGAS Abatement Called for by
the NMFS Biological Opinion

— Joint Study at Chief Joseph and Grand Coulee Dam for
Abatement of TDG

— Funded by BPA
— System Approach Spill Management and
Power Production
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e Objectives
— Prediction/Forecasting
o Operationd
o Structural
« Hydrologic Conditions
— Optimization
e Minimize TDG
* Generation Constraints
— Quality Control
e Monitoring System
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e Approach
— TDG Production at Dams
o Spillway
* Powerhouse
— TDG Transport
e Degassing
e Temperature

— Linked Node Network

 Ledger of Flow and TDG Pressure
e Spreadsheet Basis
o Prediction of TDG upstream and downstream of Dam
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e Approach

— Modd Input
« Total Flow — Stage - Temperature

e Spill Management Strategy

— Spill Caps and Priority

— Minimized TDG subject to System Power Need
» Operational Parameters and Constraints

« TDG Exchange Coefficients

— Domain
e ColumbiaRiver RM 42-Grand Coulee Dam
» Snake River RM 140

— Boundary Conditions
e Historic TDG Loading at GCL and LGW
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* Findings
— TDG Production

e Grand Coulee Dam — FM S and Supplemental Field Data
— Drum Gate
— Sluiceway
Chief Joseph Dam — Near Field Study and FM S Data
Wells Dam — FM S Data and Supplemental Field Data
Rocky Reach Dam — FM S Data
Rock Island Dam — Near Field Study and FM S Data

Wanapum Dam — Near Field Study and Supplemental Field
Data

— Pending Flow Deflectors
Priest Rapids Dam — FM S Data and Supplemental Field Data
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e Findings

— TDG Production (DGAS Program)

Lower Granite— FM S and Supplemental Field Data

Little Goose Dam — Near Field and FM S Data

Lower Monumental Dam — Near Field and FM S Data

|ce Harbor Dam — Near Field and Supplemental Field Data
McNary Dam — Near Field and FM S Data

John Day Dam — Near Field and FM S Data

The Dalles Dam — Near Field and Supplemental Data
Bonneville Dam — Near Field and FM S Data
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(Qsp +Qent )TDGsp + (Qph - Qent )TDGph

Mass Conservation TG = Q.+0
£y ph

Empirical TDG Production

TDG,, = C, +C,e &* (4)
Qe =0

TDG,, = C, +C,e “* (5)
Qent = CZQsp
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= Regression

TDG =134.3- 55.40e' 87
r2=0.99
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Total Dissolved Saturation at CHJT2P5 as a Function of Unit Spillway Discharge at Chief Joseph Dam, June 6-12, 1999.
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e Findings
— TDG Transport
» Retention Time = f(storage,flow)
 Dissipation — Normally Distributed
* Wind Generated Degassing
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Routing of TDG Plume Through Lake Pateros with No Dispersion, June 4-15, 1999.
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e Decision Support System
— Optimization of Project Operations
e TDG Objective Function
— Minimize system TDG levels
e Power generation constraints
 TDG Constraints
— FMS compliance
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Generation Capacity Mw 21030
Generation Target Mw
]

Project________ 1 oc | oy | wer | RRH | RIS | wAN [ PRD | DWR | LwG | 16s | tmMN | HR | MCN | JDA | TDA |
eneraton-fraction | 100 | 065 | o064 | o064 | 064 | 084 | 064 | 066 | 064 | 064 | 055 | 072 | 065 |
spill (kcfs) | o0 | 52 [ 54 ] 54 | 55 | 25 | 54 | 136
powerhouse (kcfs | 150 | 98 | 96 | 9 | 95 | 125 | 096 | | 64 | 64 | 55 | 180 | 163 | 114
enCoef (Mw/kcfs | 252 | 13 | 53 [ 69 | 31 [ 61 | 6 | 6.3
et Generation Mw 716
DG C1 0.2 0.2 0.2 02 | -02 0.2 0.2

35 35 35 35 40 35 29
spillbays 12 12 12 12 12 12 8 | 8 | 10 | 23 [ 20 | 2
DG spill (% 1207 | 1209 120.2 120.6

G powerhouse (7] 1210
DG avg (%) 121.0 120.8 120.9 120.9 121.0 123.1 120.9 120.7 120.9 120.9 120.9 120.9 120.9 120.8 120.8

1562

060
iser | des |
5 ]
(07|

| 02 | -02 | 02 ] 02 [ 02 | -02 |
DG C2 | 4 | o5 [ 5 ] 3 [ 3 | 40 | 35 |
| 12 | 12 | 12 ] 12 | 12 | 12 |

| 120.7 | 1209 |

—

Calculated
Decision Variables
Objective Function
Model Input
Constraints
Model Parameters




System Model for Total Dissolved Gas

EJ Mi:rusuﬂ: Exr.el - CRDGAS.xls == x]

- BrulE=E=Ed-A-2

[ o [klclmlnlolelelrl=slrluol el w

FrojoctFoaturar Lover Calumbia and Snake River Proje.
TOA J0A HEH HF

[Dlake: FEEE
Spilluay Flou (<fr) 1658
Generatian Flou (=fr) 2 T
Tatal Fiver Flau (=fr)
Current Farcbay WaterElewation (FE)
Canditions [[Tailaater Elewatian (Fr)
Farckay TONG (3]
Tailuaker 1 TOG ()
Tailuater 2 TOG ()
Farsbay Wator Temp (5]
Tailuater 1 Watsr Temp (1
Tailuaker & Water Temp (G
[Faucrhoure Flaufefrl
Spilluay Flou (<fr)
Tatal Fiver Flau (<fr)
Tailuater Elzuwatian [Fe]
Farccarked |[Humbor of Sgillbayr (F of uni
Conditionr [[Unit Spilloay Dircharqe Cefed

Waker Temperature [C)
Armargheriz Frocrure (mm H

Forcbay TOG Sakuration (2]
Zpilluay TOGE Sakuration (2]
Aucrage TOGEFeleare (2]

TunWeek Pucraqe T0G (7]
Tun Week Maximum TG (1 )
Tun Week Minimum TOG (2] )

DataWarkrhecok
Hicerlink ||FarecartWorkrheok
relest Graphaf TOG Time Hirtary
underlined ||Graphof TOGFarecart
dertination |(Graphof TDG Fouking

Fr e

If 4 I‘xlf’\summaur'.-r .-'{_,Sj:'_.;{‘ bon { bonfor £ DLS-wd { gri-bon { gr2-bon [ grd-bon [tda { tdafor [ ari-tda ,I*‘ | | .
Dgaw =~ AutoShapes = N\ % (1O B 4L [ | & LA il *’?| " um DL sr el | A= 2w,
|.[ I [ [MUM [SCRL | [




System Model for Total Dissolved Gas




System Model for Total Dissolved Gas
Rocky Reach Dam
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Rocky Island Dam
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Priest Rapids Dam
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Dworshak Dam
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Lower Granite Dam
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Little Goose Dam
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Lower Monumental Dam
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|ce Harbor Dam
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John Day Dam
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The Dalles Dam
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Bonneville Dam




