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Goal:Goal:
To estimate Water Travel Times and survival of To estimate Water Travel Times and survival of 

juvenile anadromous fish under four scenarios in juvenile anadromous fish under four scenarios in 
2008 and 2009:2008 and 2009:

2008 Scenarios2008 Scenarios
1.  Actual 2008 1 Maf Release1.  Actual 2008 1 Maf Release
2.  Estimations of Columbia River flows had the 2.  Estimations of Columbia River flows had the 

1 Maf not been provided in 20081 Maf not been provided in 2008
3.  Reshaping the 1 Maf to maximize releases in     3.  Reshaping the 1 Maf to maximize releases in     

May and JuneMay and June
4.  Reshaping the 1 Maf to maximize releases in July4.  Reshaping the 1 Maf to maximize releases in July
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2008 Scenarios2008 Scenarios
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Scenario #1: 2008 Actual

Scenario #2: No 1 Maf of Flow Augmentation

Scenario #3: Maximize May/June Flows

Scenatio #4: Maximize July Flows
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2009 Scenarios2009 Scenarios

20092009
1.  Actual 2009 1 Maf Release1.  Actual 2009 1 Maf Release
2.  Estimations of Columbia River flows     2.  Estimations of Columbia River flows     

had the 1 Maf not been provided in had the 1 Maf not been provided in 20092009
3.  Reshaping the 1 Maf to maximize   3.  Reshaping the 1 Maf to maximize   

releases in May and Junereleases in May and June
4.  Reshaping the 1 Maf to maximize  4.  Reshaping the 1 Maf to maximize  

releases April 15 to end of Mayreleases April 15 to end of May
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2009 Scenarios2009 Scenarios
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Scenario #1: 2009  Actual

Scenario #2: No 1 M af o f Flow Augmen tation

Scenario #3: Maxim ize May/June  Flows

Scenatio #4 : Maximize April 15-M ay Flows
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Assumptions Developing ScenariosAssumptions Developing Scenarios

1. 1 Maf must be released April 151. 1 Maf must be released April 15--July31July31
2. Arrow total outflows could not to exceed 2. Arrow total outflows could not to exceed 

30 Kcfs April30 Kcfs April--JuneJune
3. Modifications to the 1 Maf of flow    3. Modifications to the 1 Maf of flow    

augmentation would have immediate augmentation would have immediate 
impacts at projects downstream. impacts at projects downstream. 
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Calculation of WTT (Water Transit Time)Calculation of WTT (Water Transit Time)
Reservoir Replacement Method used for all Calculations of WTTReservoir Replacement Method used for all Calculations of WTT-- with with 

exception of the Hanford Reachexception of the Hanford Reach
-- Suggested for use by COESuggested for use by COE
-- Validated by COE using HECValidated by COE using HEC--2 model2 model

An "average" particle of water starting at the upstream end of tAn "average" particle of water starting at the upstream end of the pool will he pool will 
"theoretically" exit at the downstream end when the volume of wa"theoretically" exit at the downstream end when the volume of water ter 
that was in the pool has exited from the downstream end of the pthat was in the pool has exited from the downstream end of the pool ool 

WTT (s) = Reservoir Volume (ft3) / Flow (ft3/s)WTT (s) = Reservoir Volume (ft3) / Flow (ft3/s)

Simple  method if the following are known:  flow rate exiting thSimple  method if the following are known:  flow rate exiting the pool, pool e pool, pool 
elevation, and pool storage/elevation rating curveelevation, and pool storage/elevation rating curve
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Forebay Elevations used in Water Forebay Elevations used in Water 
Transit Time estimations under all Transit Time estimations under all 

scenarios scenarios 

96,642,216,000262.0
John Day 

(MIP)

56,710,764,000338.7McNary

8,309,265,846486.9Priest Rapids

24,504,123,917569.8Wanapum

5,617,860,019612.6Rock Island

16,473,311,712706.0Rocky Reach

Storage at Forebay Elevation 
(ft^3)

Forebay Elevation 
(ft)
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Water Travel Time through Hanford Water Travel Time through Hanford 
Reach of Columbia RiverReach of Columbia River

The Hanford Reach (Priest Rapids to the Yakima River) is a freeThe Hanford Reach (Priest Rapids to the Yakima River) is a free--flowing flowing 
section and therefore transit times were estimated using a diffesection and therefore transit times were estimated using a different method. rent method. 

Water Transit Time from Priest Rapids Dam to the confluence withWater Transit Time from Priest Rapids Dam to the confluence with the Yakima the Yakima 
River (Hanford Reach) versus flow through the reach estimated usRiver (Hanford Reach) versus flow through the reach estimated using MASS1 ing MASS1 
models provided by the PNNL.models provided by the PNNL.

10

15

20

25

30

35

40

0 50 100 150 200 250 300 350 400

Flow (kcfs)

W
at

er
 T

ra
ns

it 
Ti

m
e 

(h
r)



G:G:\\STAFFSTAFF\\DOCUMENTDOCUMENT\\2009 2009 
DocumentsDocuments\\2009 Files2009 Files\\175175--09.doc09.doc

Estimating SurvivalEstimating Survival--WTT WTT 
RelationshipRelationship

Relationships between fish survival and Water Travel Time Relationships between fish survival and Water Travel Time 
were developed for this analysiswere developed for this analysis-- methodology same as methodology same as 
previous FPC analyses (see past FPC Annual Reports previous FPC analyses (see past FPC Annual Reports 
for more details)for more details)

Three groups of fish were utilized:Three groups of fish were utilized:
1.1. Steelhead, PitSteelhead, Pit--Tags marked and released from RIS Tags marked and released from RIS 

(Rock Island Dam)(Rock Island Dam)-- WTT reach RIS to McNary DamWTT reach RIS to McNary Dam
2.2. Yearling Chinook, PitYearling Chinook, Pit--Tags marked and released from Tags marked and released from 

RISRIS-- WTT reach RIS to McNary DamWTT reach RIS to McNary Dam
3.3. SubSub--Yearling Summer Chinook, PitYearling Summer Chinook, Pit--Tags marked and Tags marked and 

released from Wells Hatcheryreleased from Wells Hatchery-- WTT reach Wells WTT reach Wells 
Hatchery to John Day DamHatchery to John Day Dam
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Estimates of SurvivalEstimates of Survival

For 2008 Scenarios: For 2008 Scenarios: 
Utilized 1998 to 2007 yearling chinook and steelhead PITUtilized 1998 to 2007 yearling chinook and steelhead PIT--Tag releases Tag releases 

and 1998 to 2004 subyearling Pitand 1998 to 2004 subyearling Pit--Tag releases from Wells NFH.Tag releases from Wells NFH.

For 2009 Scenarios: For 2009 Scenarios: 
Utilized 1998 to 2009 yearling chinook and steelhead PITUtilized 1998 to 2009 yearling chinook and steelhead PIT--Tag releases Tag releases 

and 1998and 1998--2009 (not including 2005 and 2007) subyearling Pit2009 (not including 2005 and 2007) subyearling Pit--Tag Tag 
releases from Wells NFH.releases from Wells NFH.

Three distinct detection groups were created for each year (exceThree distinct detection groups were created for each year (except for pt for 
subyearling Chinook) and survival estimates were generated for esubyearling Chinook) and survival estimates were generated for each ach 
group when sample sizes were adequate within the time periods togroup when sample sizes were adequate within the time periods to
estimate survival through the reach.estimate survival through the reach.
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2008 WTT Results2008 WTT Results

13.414.114.214.06/16
WELH - JDAWELHCH0

4.14.04.14.15/19-6/1

5.35.15.35.15/5-5/18

7.16.87.16.84/21-5/4RIS – MCNRISCH1

4.14.04.14.15/19-6/1

5.65.45.65.45/5-5/18

7.77.47.77.34/21-5/4RIS - MCNRISST

4321Release Date(s)
WTT ReachRelease SiteSpecies

WTT Scenario (days)
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2008 Survival Results2008 Survival Results

0.360.340.340.346/16
WELH - JDAWELHCH0

0.730.730.730.735/19-6/1

0.700.710.700.715/5-5/18

0.660.660.660.664/21-5/4RIS – MCNRISCH1

0.690.690.690.695/19-6/1

0.590.610.590.615/5-5/18

0.450.470.450.474/21-5/4RIS - MCNRISST

4321Release Date(s)
WTT ReachRelease SiteSpecies

Survival Scenario
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2009 WTT Results2009 WTT Results

17.117.417.616.46/16
WELH - JDAWELHCH0

5.15.15.25.25/19-6/1

5.95.96.36.35/5-5/18

6.46.56.86.84/21-5/4RIS – MCNRISCH1

5.05.05.15.15/19-6/1

5.95.96.36.35/5-5/18

6.36.56.86.84/21-5/4RIS - MCNRISST

4321Release Date(s)
WTT ReachRelease SiteSpecies

WTT Scenario (days)
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2009 Survival Results2009 Survival Results

0.280.270.270.296/16
WELH - JDAWELHCH0

0.690.690.680.685/19-6/1

0.670.670.660.665/5-5/18

0.660.660.650.654/21-5/4RIS – MCNRISCH1

0.630.630.620.625/19-6/1

0.570.570.550.555/5-5/18

0.540.530.510.514/21-5/4RIS - MCNRISST

4321Release Date(s)
WTT ReachRelease SiteSpecies

Survival Scenario
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ConclusionsConclusions
Overall, the four scenarios that modeled different release scenaOverall, the four scenarios that modeled different release scenarios for rios for 
the 1 Maf of Supplemental Storage from Canadian releases did shothe 1 Maf of Supplemental Storage from Canadian releases did show w 
small differences in survival between groups of migrating fishsmall differences in survival between groups of migrating fish

This analysis does indicate that small survival benefits can be This analysis does indicate that small survival benefits can be 
accomplished for steelhead and yearling chinook if releases are accomplished for steelhead and yearling chinook if releases are 
primarily focused on the late Aprilprimarily focused on the late April--June time frame, where as slight June time frame, where as slight 
survival benefits to subsurvival benefits to sub--yearling chinook can be had if releases are yearling chinook can be had if releases are 
focused primary in July.  focused primary in July.  

These survival benefits would be especially noticeable when coupThese survival benefits would be especially noticeable when coupled led 
with other actions that benefit survival. with other actions that benefit survival. 

The balance of releases is important, as focusing releases durinThe balance of releases is important, as focusing releases during one g one 
period may benefit one species but lead to decreases in survivalperiod may benefit one species but lead to decreases in survival to to 
another species that tends to migrate at a different time.another species that tends to migrate at a different time.


