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Incubation Flow AnalysisIncubation Flow Analysis

Presented to the Presented to the 
Aquatic SubcommitteeAquatic Subcommittee

January 11, 2008January 11, 2008

IssuesIssues

Moving the outage to August 15 Moving the outage to August 15 ––
September 15 with or without a drawdown September 15 with or without a drawdown 
may result in spill. may result in spill. 
This spill may allow Chinook salmon to This spill may allow Chinook salmon to 
spawn at higher flows and higher on the spawn at higher flows and higher on the 
stream marginsstream margins
Spawning in these areas may require Spawning in these areas may require 
additional water to protect incubating additional water to protect incubating 
Chinook eggs.Chinook eggs.
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ObjectivesObjectives

Determine the duration and magnitude, if Determine the duration and magnitude, if 
any, of spills under various operational any, of spills under various operational 
scenarios.scenarios.
If spill does occur, determine the flows If spill does occur, determine the flows 
present in Study Site 1 (anadromous present in Study Site 1 (anadromous 
zone)zone)
Determine the flows necessary to protect Determine the flows necessary to protect 
incubating Chinook eggs if/when spill incubating Chinook eggs if/when spill 
occurs occurs 

MethodsMethods

Analyze operational scenarios to Analyze operational scenarios to 
determine if/when spill occurs:determine if/when spill occurs:

No drawdown/1 ft drawdownNo drawdown/1 ft drawdown
During low, median and high inflow situationsDuring low, median and high inflow situations
Instream Flows ScenariosInstream Flows Scenarios

15 cfs in August, 20 cfs in September15 cfs in August, 20 cfs in September
15 cfs August 1 15 cfs August 1 –– 15; 20 cfs August 16 15; 20 cfs August 16 ––
September 15; 15 cfs September 16September 15; 15 cfs September 16--3030

Assumes outage from August 15 Assumes outage from August 15 –– September September 
1414
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Methods, contMethods, cont’’dd

Once spill is determined, calculate flows Once spill is determined, calculate flows 
(release + spill + accretion) that occurs in (release + spill + accretion) that occurs in 
Study Site 1.Study Site 1.
Determine Incubation Flows required in Determine Incubation Flows required in 
SS1, and backSS1, and back--calculate releases from the calculate releases from the 
drop structure using:drop structure using:

““Rule of thumbRule of thumb”” 70% of spawning flow70% of spawning flow
Using siteUsing site--specific sensitivity analysisspecific sensitivity analysis

ResultsResults

18185959828221212626--AugAug2020202015151515HighHigh2855.502855.50

43435858767620202727--AugAug1515202020201515HighHigh2855.502855.50

00000000N/AN/A2020202015151515MedMed2855.502855.50

00000000N/AN/A1515202020201515MedMed2855.502855.50

00000000N/AN/A2020202015151515LowLow2855.502855.50

00000000N/AN/A1515202020201515LowLow2855.502855.50

996262828225252222--AugAug2020202015151515HighHigh2856.502856.50

43436161767624242323--AugAug1515202020201515HighHigh2856.502856.50

5514141515141422--SepSep2020202015151515MedMed2856.502856.50

44131315159977--SepSep1515202020201515MedMed2856.502856.50

00000000N/AN/A2020202015151515LowLow2856.502856.50

00000000N/AN/A1515202020201515LowLow2856.502856.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SpillSpillDaysDaysStarting Starting SeptemberSeptemberAugustAugust

Analysis of scenariosAnalysis of scenarios
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No drawdown, Median InflowsNo drawdown, Median Inflows
Split Flows (15/20/15)Split Flows (15/20/15)

--5.35.3343430304444DecDec

5.75.7232316167777NovNov

10.710.718188810101010OctOct

28.728.7414188333313132020SepSep

Addt'lAddt'l requiredrequired70%70%SS1 FlowSS1 FlowInflowInflowTotal at TopTotal at TopSpillSpillReleaseReleaseMonthMonth

44131315159977--SepSep1515202020201515MedianMedian2856.502856.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SpillSpillDaysDaysStarting Starting SeptemberSeptemberAugustAugust

No drawdown, Median InflowsNo drawdown, Median Inflows
15 cfs 15 cfs ––Aug/20 cfs SeptAug/20 cfs Sept

--4.64.6343430304444DecDec

6.46.4232316167777NovNov

11.411.418188810101010OctOct

29.429.4424288343414142020SepSep

Addt'lAddt'l requiredrequired70%70%SS1 FlowSS1 FlowInflowInflowTotal at TopTotal at TopSpillSpillReleaseReleaseMonthMonth

5514141515141422--SepSep2020202015151515MedianMedian2856.502856.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SpillSpillDaysDaysStarting Starting SeptemberSeptemberAugustAugust
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No drawdown, High InflowsNo drawdown, High Inflows
Split Flows (15/20/15)Split Flows (15/20/15)

2929343430304444MarMar

2323404036364444FebFeb

1818454541414444JanJan

2929343430304444DecDec

4040232316167777NovNov

454518188810101010OctOct

353528288820202020SepSep

6363909099818161612020AugAug

Addt'lAddt'l requiredrequired70%70%SS1 FlowSS1 FlowInflowInflowTotal at TopTotal at TopSpillSpillReleaseReleaseMonthMonth

43436161767624242323--AugAug1515202020201515HighHigh2856.502856.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SpillSpillDaysDaysStarting Starting SeptemberSeptemberAugustAugust

No drawdown, High InflowsNo drawdown, High Inflows
15 cfs 15 cfs ––Aug/20 cfs SeptAug/20 cfs Sept

29.729.7343430304444MarMar

23.723.7404036364444FebFeb

18.718.7454541414444JanJan

29.729.7343430304444DecDec

40.740.7232316167777NovNov

45.745.718188810101010OctOct

35.735.728288820202020SepSep

63.763.7919199828262622020AugAug

Addt'lAddt'l requiredrequired70%70%SS1 FlowSS1 FlowInflowInflowTotal at TopTotal at TopSpillSpillReleaseReleaseMonthMonth

996262828225252222--AugAug2020202015151515HighHigh2856.502856.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SeptemberSeptemberAugustAugust
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1 ft drawdown, High Inflows1 ft drawdown, High Inflows
Split Flows (15/20/15)Split Flows (15/20/15)

26.926.9343430304444MarMar

20.920.9404036364444FebFeb

15.915.9454541414444JanJan

26.926.9343430304444DecDec

37.937.9232316167777NovNov

42.942.918188810101010OctOct

32.932.928288820202020SepSep

60.960.9878799787858582020AugAug

Addt'lAddt'l requiredrequired70%70%SS1 FlowSS1 FlowInflowInflowTotal at TopTotal at TopSpillSpillReleaseReleaseMonthMonth

43435858767620202727--AugAug1515202020201515HighHigh2855.502855.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SeptemberSeptemberAugustAugust

1 ft drawdown, High Inflows1 ft drawdown, High Inflows
15 cfs 15 cfs ––Aug/20 cfs SeptAug/20 cfs Sept

27.627.6343430304444MarMar

21.621.6404036364444FebFeb

16.616.6454541414444JanJan

27.627.6343430304444DecDec

38.638.6232316167777NovNov

43.643.618188810101010OctOct

33.633.628288820202020SepSep

61.661.6888899797959592020AugAug

Addt'lAddt'l requiredrequired70%70%SS1 FlowSS1 FlowInflowInflowTotal at TopTotal at TopSpillSpillReleaseReleaseMonthMonth

18185959828221212626--AugAug2020202015151515HighHigh2855.502855.50

MinMinMeanMeanPeakPeakSpillSpillDateDate1616--303011--15151616--313111--1515LevelLevelLake Lake ElevElev

SeptemberSeptemberAugustAugust
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Site Specific Transect AnalysisSite Specific Transect Analysis

Used Transect 7 from Instream Flow Used Transect 7 from Instream Flow 
Study (Pool Tailout) with enhanced Study (Pool Tailout) with enhanced 
substratesubstrate
Let model determine HSI at each cell for Let model determine HSI at each cell for 
the following flows at SS1:the following flows at SS1:

41 cfs41 cfs -- 89 cfs89 cfs
42 cfs42 cfs -- 90 cfs90 cfs
88 cfs 88 cfs -- 91 cfs91 cfs

Transect Analysis, contTransect Analysis, cont’’dd

Protect those cells that had quality habitat Protect those cells that had quality habitat 
valuesvalues

S (depth) * S (velocity) * S (substrate) S (depth) * S (velocity) * S (substrate) >> 0.40.4
Since S (substrate) = 1,Since S (substrate) = 1,

S (depth) * s (velocity)S (depth) * s (velocity)



8

0.0099.99

0.004.00

0.0099.991.003.00

0.005.001.001.75

1.003.400.701.30

1.001.200.101.00

0.000.500.000.50

0.000.000.000.00

HSIDepthHSIVelocity

Chinook Spawning HSI

MethodsMethods

RHABSIM used for RHABSIM used for 
Bed elevationsBed elevations
Stage/Discharge RelationshipStage/Discharge Relationship
Combined Suitability Value (0.0 Combined Suitability Value (0.0 –– 1.0) for each cell at 1.0) for each cell at 
the modeled flows.the modeled flows.

If Suitability Value If Suitability Value >> 0.400.40
The width of that cell was countedThe width of that cell was counted

If Suitability Value < 0.40If Suitability Value < 0.40
The width of that cell was given a value of 0.0The width of that cell was given a value of 0.0
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Methods, contMethods, cont’’dd

The water surface elevation was calculated for The water surface elevation was calculated for 
each modeled flow each modeled flow 
For each modeled flow, the depth of the water For each modeled flow, the depth of the water 
over each cell was calculatedover each cell was calculated
If the water depth If the water depth > > 0.10 ft, the value of the 0.10 ft, the value of the 
width was assigned; otherwise a 0 was used.width was assigned; otherwise a 0 was used.
Flows were modeled in 5 cfs increments down Flows were modeled in 5 cfs increments down 
from the spawning flow at SS1.from the spawning flow at SS1.

Methods, contMethods, cont’’dd

Analysis was continued until incubation Analysis was continued until incubation 
cells no longer had 0.1 ft of water; then cells no longer had 0.1 ft of water; then 
flows were modeled in 1 cfs increments to flows were modeled in 1 cfs increments to 
find the flow at which the 0.1 cfs depth find the flow at which the 0.1 cfs depth 
was not present.was not present.
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Go to worksheetGo to worksheet

Trans 7 - Spawning Pool Tailout

92.0

93.0

94.0

95.0

96.0

97.0

98.0

99.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Station (ft)

El
ev

at
io

n 
(

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

Sp
aw

ni
ng

 P
r Bed Profile

15 cfs

50 cfs

90 cfs

Spwn Pref



11

ResultsResults

Flows that protected incubating eggs were Flows that protected incubating eggs were 
less than 70% of the spawning flows less than 70% of the spawning flows 
across each spawning flow in SS1 across each spawning flow in SS1 
resulting from spillresulting from spill

Results, SS1 Spawning and Results, SS1 Spawning and 
Incubation Flows (from Transect 7)Incubation Flows (from Transect 7)

15159191

15159090

15158888

15158787

774242

664141

Incubation FlowIncubation FlowSpawning FlowSpawning Flow
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Why Is This?Why Is This?

Spawning depth criteria for Chinook Spawning depth criteria for Chinook 
requires a requires a minimumminimum depth of 0.51 ft depth of 0.51 ft 
before there is a value; before there is a value; 
Need to have a depth of 0.78 ft to have a Need to have a depth of 0.78 ft to have a 
HSI value of 0.4. HSI value of 0.4. 
A change in stage of 0.68 ft (at a flow of A change in stage of 0.68 ft (at a flow of 
91 cfs, leaving a depth of 0.1 ft) equates 91 cfs, leaving a depth of 0.1 ft) equates 
to a change in flow of 71 cfsto a change in flow of 71 cfs

ConclusionConclusion

Using siteUsing site--specific data, incubation flows specific data, incubation flows 
required for spawning flows in Study Site required for spawning flows in Study Site 
1 [(release + spill at drop structure) + 1 [(release + spill at drop structure) + 
inflow] can be met with the existing inflow] can be met with the existing 
proposed flow regime;proposed flow regime;
Additional flow releases are not required Additional flow releases are not required 
to meet incubation needs for Chinook to meet incubation needs for Chinook 
eggs.eggs.
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Results, SS1 Spawning and Results, SS1 Spawning and 
Incubation Flows (from Transect 7)Incubation Flows (from Transect 7)

15159191

15159090

15158888

15158787

774242

664141

Incubation FlowIncubation FlowSpawning FlowSpawning Flow

343044Mar

403644Feb

454144Jan

343044Dec

231677Nov

1881010Oct

2882020Sep

2992020August

SS1 
FlowInflow

Total at 
TopSpillReleaseMonth


