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Executive Summary

The Oregon Department of Environmental Qua(®@DEQ)and the Washington Department of
Ecology(Ecology)aremaking a decisioon theneed for the 11% forebay total dissolved gas

(TDG) requiremento regulate spiltluring fish passage spdh the Columbia River and Lower
Snake Rivedams Oregon and Washington both have 110% TDG criteria that are modified for
fish passage in the Columbia and Snake Rivers. The requirements for the Columbia and Snake
Rivers includea 115% TDG requirement in the forebays and 120% in the tailraces.

This document providggchnical decisiomaking information oriorebaytotal dissolved gas

issuesan overview of the regulatory history and requirements as described in the Columbia

River and Lower Snake Rivarotal Dissolved Ga$otal Maximum Daily Loads, and

summarizes and evaluates the technical information presented at the total dissolved gas Adaptive
Management TeafAMT) meetings.

Policy and management issigesh asetting fish pssage spill volumes, fish transport options,
and bypass routes are not addressehis paper This paper addressesly the 11846 forebay
TDG requirement.This paper focusgzimarily on the Lower Snake River and Lower Columbia
River damsbut includesa discussion on the dams from Priest Rapids to Chief Joseph

All referenceddocuments are available on the AMT website at
http://www.ecy.wa.gov/programs/wqg/tmdl/ColumbiaFRemlumbiaTDG.html The document
tracking number is included in this document for reference.

Ecology and ODEQ receidanany comments on the analyses submittedeeAMT meetings
Ecology and ODEQ read each comment and frequently requested additiorrakindn from
either the entity that did the analysis or the commerBecausehe purpose of ik document is
to provide a digestible synthesis of the informatedjscussion of the commentsceived
during the AMTmeetingon each presentatios notincluded Ecology and ODEQ understand
the issues in the comment letteeseived regarding each AMT presentatiand the comments
helped 1 nf or m tedisens.aThecomnertsadd thk resporsasived on each AMT
presentatiorare all available mwthe AMT website.

A draft of this documengwebsite trackingt803) wagresented to the Adaptive Management

Teamon September 4, 2008r a 30dayAMT comment period ODEQ and Ecologynade the

appropriate changes to the document based on the comments they received. Ecology and ODEQ
responded to each comment from theda® AMT comment periodThe respons to comments
summarydocumeni#9032) is available on the AMT website. Ecologyds®@DEQ used the

information submitted and all of the commerdgseived o0 devel op the agenci es

If the 115% requirement was removed, the amount of fish passage spill could be increased,
especially at Lower Monumental Dam on the Lower SnakerRiVie total amount of

additional water that could be spilled in the rEam isestimated to be betwedr2%. Due to

the expected increased power use in the region, reductions in overgeneratame dgely. If
overgeneration spill is reducdtie 115% forebay requiremehnits voluntary spill more
frequently If both theBiological Opinion BiOp) spill requirements and overgeneration spill
volumes change significantly over time, removal of the 115% forebay requirement has the
possibility ofaffecting spilleven more significaiyt (up to a theoretical maximum of 60% more
spill in some years).
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There is no way to know the exact impacts on fish survival due to the increase QB

and Ecology usetbur methodsprovidedby resource managemeagencies to estimate fish

survival due to increased spilEach method has a high level of uncertainty and controversy

With anincreasd spill of 1-2%, each analysis found that there is likely a small, positive effect

on Chinook survival percentage (greater than zero but less than 1%). Some analyses found the
potential for much greater survival-896) at the higher spill estimates. Omalysis found there
might also be small negative effects on Snake River steelhead.

Likewise, there is no way to know the exact impacts on aquatic life from increases in TDG due
to the increase in spill. With increases in spill €%, TDG would likely hcrease by about

0.3% in the forebays and 0.1% in the tailraces. In some forebays in some situations, TDG could
increase by as much as 4#e maximumTDG isestimatedat 120% at Ice Harbor Dam forebay

on the Lower Snake River Results from thgasbubhe trauma GBT) monitoring program

predict a small increastegs tharl%) in overall GBT in salmon if the 115% requirement was
eliminated. (At 116-120% TDG in the forebays, about 1.4% of fish exhibit signs of GBT; i
Oregondés TDG wai lieterminated ifsl3% ob thedish @xibit signs of GBT

Two | iterature reviews argue that any negatiyv
as so unimportant as to be safely disregard€&tg third literaturegeviewidentifies thatvith

depth compensation, aquatic lifecstemeter or deeper would not be affected if TDG increased

to 120%. However, the same review identifies a potential impact that, while probably small, is
not negligible for species at depths betwtensurface and omaeter.

Ecology decided not to change its 115% TDG forebay water quality criterion for the Columbia
and Snake Rivers. Ecology determined that there would be a potential for a small benefit to
salmon related to fish spill if the 115% forebay criterion elasinated, but there would also be

the potential for a small increase in harm from increased gas bubble trabmaeight of all

the evidence from available scientific studies clearly points to detrimental effects on aquatic life
near the surfacehenTDG approaches 120%Based on the information in this document,
Ecology does not believe the overall benefits of additional spill versus additional risk of gas
bubble trauma are clear and are sufficient for a rule revision.

ODEQ decided to remove the &lxay monitoring requirement. ODEQ finds that removal of the
forebay monitoring requirement will not cause excessaren to the beneficial useaquatc

species in the Columbia Riveduring fish passage spill. On June 22, 2007, the Environmental
Quality Commission acting under the authority of OAR-840-0104(3) modified the total
dissolved gas standard for the main stem Columbia River during specified periods in 2008 and
2009. Paagraph 3(vi) of the Environmental Quality Commission's Order gives the ODEQ
authority to approve changes to the location and use of forebay monitors.

ODEQ and Ecology reached different conclusions regarding the 115% forebay requirement.

ODEQ and Ecologylo not disagree on the fundamental technical findimgsis report. There

are important differences in the TDG requirements in the two states; ODEQ issues a waiver with
115% forebay requirements while Ecolgmigyy 6s f or
standards. Changing water quality standards is more difficult than changing a waiver. Further,
ODEQ has a 105% shall ow water TDG criterion w
requirements apply to dams on the Lower Columbia, Middle Colurabéil.ower Snake Rivers

whil e ODEQO6s r eonlyuathedowerColumaipRivieri e s

Evaluation of the 115 Percent Total Dissolved Gas ForBleayirement
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Background

Oregon TDG requirements for the Columbia River

The gate of Oregon total dissolved gaPG) water quality standard, found in OAFR0-041-

0031(2), states:
Except when stream flow exceeds theyear, sevefday average flood, the
concentration of total dissolved gas relative to atmospheric pressure at the point of
sample collection may neixceed 11% of saturation.However, in hatcheryeceivng
waters and other waters of less than two feet in depth, the concentration of total dissolved
gas relative to atmospheric pressure at the point of sample collection may not exceed
105% of saturation.

The Oregon Department of Environmental Quality (ODEQ), with approval from the
Environmental Quality CommtheslsSAmmyCqpeE®@C), i ssue
Engineers SACE) to allow for TDG levels ative thestatestandard of 119%. According to

OAR 340-041-0104 (3)the EQC may modify the total dissolved gésndardn the Columbia

River for the purpose of allowing increased spill for salmonid migrafidre commission must

find that:

a. Failure to act would result in greater harm to salmonid stockvalithhrough inriver
migration tharwould occur by increased spill.

b. The modified total dissolved gas criteria associated with the increased spill provides a
reasonable balance of the risk of impairment due to elevated total dissolved gas to both
residentbiological communities and other migrating fish and to migrating adult and
juvenile salmonids when compared to other optiensririver migration of salmon.

c. Adequate data will exist to determinenspliance with the standards.

d. Biological monitoring is oaarring to document that the migratory salmonid and resident
biological communities are being protected.

e. Thecommission will give public notice and notify all known interested parties and will
make provision for opportunity to be heard and comment on tderee presented by
others, except that the Director may modify the total dissolved gas criteria for
emergencies faa period not exceeding 48 hours.

f. Thecommission may, at its discretion, consider alternative modes of migration.

Oregon first issued TDG waiver in1994. ThecurrentT DG wai ver i s avail abl e
website: http://www.deq.state.or.us/WQ/TMDLs/columbia.htm

The TDG waiver allows for total dissolved gas levets:
e 120(% of satuation in the tailrace
e 115% of saturation in the forebay

e TDG may not exceed 125 of saturation for more than two hours in every 24 hours in
the forebay andailrace.
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ODEQ measures the TDG average as the highest 12 hours in one calendar day. Biological
monitoring is required during voluntary spill to determine the incidend&Bdr to juvenile
salmonids.

Washington TDG requirements for the Columbia and Snake Rivers

The WashingtorDepartment of Ecology (Ecologigst modified the TDG requirements in the
water quality standards in 2B0 The standards, found in WAC £281A 200(1)(f), state that

the TDG criteria may be adjusted to aid fish passage over hydroelectric dams when consistent
with a departmerapprovedyas abatement plahis plan must be accompanied by fisheries
management and physical and biological monitoring pldihe elevated TDG levels are

intended to allow increased fish passage without causing more harm to fish populations than
caused by turbe fish passageThe following special fish passage exemptions for the Snake and
ColumbiaRivers apply when spilling water at dams is necessary to aid fish passage:

e TDG must not exceed an averagdd®%6 as measured in the forebays of the next
downstream dams and must not exceed an averdg®¥fas measured in the tailraces
of each dam (these averages are measured as an average of the twelve highest
consecutive hourly readings in any one day, relabvamospheric pressure).

e A maximum TDG one hour average1#3% must not be exceeded during spillage for
fish passage.

When reviewing the appropriateness of revising a water quality stafaaidgy mustarefully
consider whether the criteria will adedaly protect the designated uses for that water.
Designated uses are those water uses (e.g., fishing, boating, aquatic life, water supply) that are
specifiedin thewater quality standarder protection in a water bodyAll designatedusesand

eventhe most sensitive use must be fully protect&bmetimes the most sensitive isaot an
Endangered Species ESA) listedthreatened or endangered specié&cology adopts
criteriathatare less stringent for pollutansich as TDGthan those published iBPA, Ecology
mustjustify the less restrictive criteria.

Under section 303(c) of the Act, EPA is required to neaed to approve or disapprovats
adopted water quality standardbhis review involves a determination of whathe

e The gate adopted criteria that peat the designated water uses.
e The gate followed its legal proceduresvising or adopting standards.

EPAreviews any changes Ecology makes towtaster quality standards to ensure that the
standards meet the reqerinents of the Clean Water AdEPA would disapprove the water
quality standards and may promulgtgderal standards under section 303(c)(4) ofilean
WaterAct if stateadopted standards are not consistent with the factors listed above.
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Overview of TDG Production

TDG levels can be increased above the water quality criteria by spilling water over spillways of
dams on the Columbia Rivemhere is a variety of other ways that TDG may be elevated:
passage of water thrgh turbines, fishways, or lockand natural processes suciav

barometric pressure, high water temperatures, or high levels of biological productivity
However, the vast majority of the high TDG levels found in the Columbia River are caused by
spills from dams

Natural processesag have a significant effect on TDG. TD&change ratescrease awind
speeds risewhichproduceslegassing If conditions are still and TD@&velsare constant, the
percent saturation of TDG can increase if the water temperature increasesratimapressure
drops. Also, primary productivityperiods of algal growthgan increase dissolved oxygen
levels, which results in a higher TDg&rcentsaturationHowever, because oxygen is
metabolized by the aquatic life its physical effects are minor cadganitrogen.

TDG levels above the water quality standard can cgasieubbletrauma (GBT) in fish. GBTs
caused by the formation of gas bubbles in the cardiovascular syksgaatic speciesThese
bubbles block the flow of blood and respiratgas exchangeGBT can cause chronic or acutely
lethal effects, depending on TDG levels. Fish are protected fronpfatdures in deeper waters
by compensation from hydrostatic pressurdsctvreduces absolute TDG approximately 10%
for every one metdselow the surface.

Spill at dams occurs for several reasons:

e il nv ol un blypags water that Exceeds the available hydraulic capacity of the
powerhouse due to:
o High river flows.
0 Lack of power market.
0 Maintenance, brealown, or other reasons.

e AVol unt aor ye nshpainlcledo dtownstream fish pa&dsage (
for fish survival under the Endangered Species Act).

Involuntary spilloccurs during periods of very high river flowshelquantity of water exceeds

the capacity of @am to either temporarily store the water upstream of the dam or pass the water
through its turbinesin these circumstances, water is released over the spiiecguseltere is
nowhere else for it to goThe Columbia and Snakiver hydropowerdams cotain very little

storage potential relative to the quantity of spring runatftimes of rapid runoff, the dams

cannot constrain the quantity of watend it is spilled witthigh TDG levels Often dissolved

gas levels from involuntary spill exceed sleoexperienced during periods of spill for fish.

However, high river flows under these circumstances are often in excess of the 7Q10 high flow,
in which case the TDG standard would not apply.

Spills for fish passage typically occur during the spring amanser monthsApril 1 to August

31. During periods of fistpassagepills, deviations of ambient conditions from the water
quality standard are frequent but usually sma@his is because spill quantities are managed to
meet thecurrent TDGlevels for fsh passagei15% in the foebay and 120% in the tailrace.
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The highest TDG levels, and therefore the area most likely to exceed standards, are directly
below the spillway In this area, the plunging and air entrainment of the @glated zone

generats high levels of TDG, but then quickly degasses while the water remains turbulent and
full of bubbles However, as this water moves from the stilling basin into the tailrace, degassing
slows and the TDG levels stabilize

The TDG exchange in spill is aqulibrium process where the time history of entrained air
below the spillway will determine the resultant TDG pressure exiting the vicinity of the dam
TDG exchange in spillway flow is the high rate of mass exchange that occurs below a spillway
The lage volume of air entrained into spillway releases initiates the TDG exchange.inrggill
resultant TDG pressure generated during a splinst entirelydetermined by physical

conditions that develop below the spillway andffectivelyindependentrom the initial TDG
content of this water in the foreha¥he TDG exchange in spill is not a cumulative process
where higher forebay TDG pressures will generate yet higher TDG pressures downstream in
spillway flow.

TMDL Overview

A total maximum dily load (TMDL), as identified in the federal Clean Water Atgtermines
the quantity (load) of a pollutant that can enter a wadely andhe water bodtill meet water
guality standardsThe TDG TMDLs for the Columbia River and Lower Snake River are
available for review at:

Oregon: http://www.deq.state.or.us/wg/TMDLs/columbia.htm#tdg

Washington: Lower Columbia TDG TMDL: http:/www.ecy.wa.gov/biblio/0203004.html
Mid Columbia TDG TMDL.: http://www.ecy.wa.gov/biblio/0403002.html
Snake River TDG TMDL.: http://www.eg.wa.gov/biblio/0303020.html

The TMDLs address TDG in the mainstem Colundnd Snake RiversThe states of Oregon
and Washingtofisted multiple reaches of ti@olumbia and Snake rivean theirfederal Clean
Water Act303(d)impaired waterdists due ® TDG levels exceedg the states water quality
standards

TheTDG TMDL for the Lower Snake River addresses the 110%, 115% forebay, and 120%
tailrace criteria. The Columbia RivemfDG TMDL s address only the ultimate attainment of the
110%criteria, becase the 115% and 120% limits were temporary and annually renévirned
Columbia RiverTDG TMDLs implementation plas allowcompliance witlthe 115% and 120%
limits as an interim allowance for compliance with the TMDL in the stesrh. Theexpectation
of the Clean Water Act is thdte 110%water qualitycriteriawill be attaned in a limited

amount of time.
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Biological Opinion for the Federal Columbia River Power System

As required by the Endangered Species thetFederalColumbiaRiver Power SystertFCRPS)
Biological Opinion(BiOp) requires that the action agenciesS. Army Corps of Engineers
Bonneville Power Administratigrand theU.S. Bureau of Reclamation) meet specific
hydragpowersystenbiological performance standards for both adult and juvenile salmon. The
purpose of these standards is to help reverse the downward trend in listed salmon populations
and thereforgensure viable salmon resources in the Columbia River Basin

The curren008 Endangered Species Act Section 7(a)(2) Consultaimogical Opinionand
MagnusonrStevend=ishery Conservation and Management Act EssentialHradditat
Consultation, dated May 5, 2008, states that the voluntary spill progreohtis exceed
estalished TDG levels by thetate water quality agenci€$ablel). The Biological Opinion
does not recommend or identify a numeric TDG thresholdtidewater quality agencies to
include in their TDG standard or waiver for voluntary spill purposes, theraelies on ODEQ
and Ecology to make that determination.

Table 1. 2008 Biological Opinion Reasonable and Prudent Alternative Action
Description for Total Dissolved Gas.*

Implementation Plans, Annual
Action Description Progress Reporting and

Comprehensive RPA
Evaluations

Hydropower Strategy 3 Implement Spill and Juvenile Transportation Improvements at Columbia
River and Snake River Dams

29 Spill Operations to Improve Juvenile Passage Implementation Plans
The Corps and BPA will provide spill to improve juvenile e The initial spill operation
fish passage while avoiding high TDG supersaturation ley for juveniles is describec
or adult fallback problems. Specific spill levels will be in the proposed RPA.
provided for juvenile fish passage at each project, not to The spill operation will
exceed established TDG levels (either 110 percent TDG be updated annually ang
standard, or as modifiday statewater quality waivers, reported in the FPP.

currently up to 115 percent TDG in the dam forebay and |

to 120 percent TDG in the project tailwater, or if spillto  Annual Progress Report

these levels would compromise the likelihood of meeting e Spill operations are
performance standards (see RPA Table, RM&E Stya2eg reported annually.

The dates and levels for spill may be modified through th

implementation planning process and adaptive managem 2013 and 2016 Comprehensive
decisions. The initial levels and dates for spill operations RPA Evaluation Reports

identified in Table Zin the BiOp] Future Water e This information is the
Management Plans witontain the annual work plans for same as will be reporteo
these operations and spill programs, and will be coordina for each mainstem dam
through the TMT. The Corps and BPA will continue to in hydro actions 121.

evaluate and optimize spill passage survival to meet both
hydro systenperformance standards and thguieements of
the Clean Water Act (CWA).

*Reasonable and Prudent Alternative Table, pg 32 of 98, https://pcts.nmfs.noaa.gov/pls/pcts-
pub/pcts_upload.summary list BiOp?p id=27149
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The provisions of both the Clean Water Act and the Endangered Speci&SAgimust be met.
Notwithstanding that, it is not the purpose of the Clean Water Aaggomdunctions properly
undertakerbased orthe Endangered Species Act. On the contrary, the Endangered Species Act
contains provisions that encourage EPA to consult Métional Marine Fisheries Service
(NMFYS) prior to approval of a TMDL that affects ESisted speciesThis ensurs thatthe
TMDL is consistent with species recovery goals. Bi@p issuedunderthe Endangered
Species Act requires attainment of certain fish passage performance standardsy Qe
meeting these is through spilling water over hydroelectric dam spill\fasts passage spill).
This actionresults in elevated TDG. Control of TD&the purpose of the Columaad Snake
Rivers TMDLs. The Clean Water Act does matggestradeoffs of fish passage for TDG
Rather t requires attainment of water quality standards. This is one of the significaendeasl
posed by the TDG TMDLSs.

TMDL Implementation

Meeting the load allocations in the TDG TMDLs fall into two phagdeéisase khortterm actions
involve improving water quality while ensuring that salmonid passage is fully protected in
accordance with thBiOp. Phase llong-term at¢ionswill involve structural and operational
changes to dams to achieve thatev quality standard for TDG.

The shorterm actions in Phase | focus on meeting the fish passage performance standards as
outlined in theBiOp through spilllevelsthatgenelae gas no greater than
the water quality TDG standards. Water quality standards are measured at existing fixed
monitoring stations managed by the U.S. Ai@grpsof Engineers and U.S. Geological Survey.
This phase will also includehortterm structural modifications at the dams to achieve TDG
reductions during periods of spill, while ensuring that the fish passage requirementBiGfthe

are met.

Shortterm compliance and the effectiveness of operational implementation agons

monitored at existing fixed monitoring station sites. The cuif®g fixed monitoring station
system consists of tailrace and forebay monitoring stations at each mainstem lower Snake and
Columbia Riverdam. While most of these stations do a credible job of reporting meaningful
data, somestationsmay be affected by environmental variables

The Fhase lllong-term actionswill be determined after evaluating thecces®f the shortterm
actions. The smnd phase will also move toward further structural modifications and reductions
in fish passage spidlfterthe BiOp-specified performance standards are met and adequate
survival is preided for nonlisted speciesActions taken in the previous phaselw# reviewed

for theireffectivenessboth in improving TDG levels and for protecting salmonid passage. The
BiOp survival goalsnay bemet through fish passage actions other than spilling wates.final

goal ismeetingthe Oregon and Washingteraterquality standard for TDG as measured at the
end of the aerated zone below each dam. As part of Phasietailedimplementatiorplan or
equivalent will be developed by the designaetionagencies.

Long-term compliance with load allocations for dapills will be at the downstream end of the
aerated zone below each spillwiaythe tailrace The TDG TMDLsspecifydistancedor the
compliance location at each dam. As a result, the load allocation must bteaet dam
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individually at a specified eopliance location, with allowance made for degassirtertailrace
below the spillway.

Need for Adaptive Management

ODEQ was directed to evaludtes need for the 125 forebay TDG monitoring requirement

during fish passage spill by the Oregon Environmental Quality Commission (EQC) on June 21,
2007. At this EQC meeting, ti2#07TDG waiver was approved with the condition that the
Adaptive Management Team A ) evaluateshe need for the 126 TDG forebay limit during

fish passage spill as stated:

3(vi) The Department may approve changes in the location of foseizhiailrace
monitors,use of forebay monitorgnd may approve changes to the method for
calculating total éssolved gasBefore approving any changes, thedartment
must consult with thédaptive Management Team tbre FederalColumbia River
Power SystenfFCRPS)Water Quality Team or both. The Department is directed
to begin this process for consultation ieamately and to evaluate and, if
appropriate, approve such changes as soon as possible.

Additionally, the TDG waiveputlinedthe adaptive management process, as per the TDG
TMDLs:

The process for reviewing the implementation status of the 2002 Lavk@m@ia River

Total Dissolved Gas TMDL will begin no later than January 1, 2011.Wéhington
StateDepartment of Ecology will convene an advisory group comprising representatives
of Oregon Department of Environmental Quality, triteesdfederal and stte agencies to
evaluate appropriate points of compliance for this TMDL. Based on these findings,

further studies may be needed and structural and operational gas abatement activities will

be redirected or accelerated if needed. After 2010, the loa#Httotal dissolved gas
monitars will be consistent with thedaptivemanagement implementation strategy for
the 2002 Lower Columbia River Total Dissolved Gas TMDL, may no longer require
forebay monitorsand may requirenly tailrace monitors as TMDL impieentation
transitions from shotterm to longterm strategies.

On June 27, 2007, Ecology received a letter from Save Our Wild Salmon (SOWS)nggardi
total dissolved gas and the Adaptive Managemeatl. SOWS statatsr concern regarding
theuseofforeay moni tors, specifically Amonitor.i
not working to protect water quality and s
convene the Adaptive Management Team as soon as possible.

The geographic spe of the AMT is the mainstem Columbia River as specified by the 2002 and
2004 TDG TMDLs (Bonneville, The Da$, John Day, McNary, Priest Rapids, Wanapum, Rock
Island, Rocky Reach, WellandChief Joseph damsnd the lower Snake River in Washington
asspecified by the 2003 TDG TMDL (Ilce Harbor, Lower Monumental Little Goose, and Lower
Granite dams), Figure
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Figure 1. The Columbia River Basin. This paper addresses the eight Lower Columbia
River and Snake River dams: Lower Granite (LGR), Little Goose (LGS), Lower
Monumental (LMN), Ice Harbor (IHR), McNary (MCN), John Day (JDA), The
Dalles (TDA), and is Bonneville (BON).

The AMT is a technical group. Policy and management issuel as setting fish passage spill
volumes fish transporbptions and bypass routese rot addressed at the AMTeeting These

topics are discussed at the FCRPS Implementation Team, Technical Management Team or other
forums, withrepresentation fro@regon and Washington departments di &sd wildlife.

The Adaptive Management Team

The AMT consistdof 11 member organizations, including ttates of Oregon and Washington
represented by their respective water quality agendiee. AMT membership was limited to 11
member organizations to expedite techniealew and decision making while still allowingrf
input from the multiple viewoints.

The role of the AMT members was to share and provide technical information to the group and
advise Washington and Oregon on TDG. The role of Washington and Oregtommelse

decisions usinghetechnical input and follow state and federal laws and regulatibine.
Washington Department of Fish and Wildlii&DFW) andOregon Department of Fish and
Wildlife (ODFW) advised Ecology and ODEGh the adaptive management pess.
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The AMT held meetingabout monthlyfrom November 2007 througbeptembeR008. At the
meetings, different facets and impacts of the% 1&rebay requirement were discussed.
Complete neeting summaries, agendas, presentations, and papersaaalable on thdMT
website:http://www.ecy.wa.gov/programs/wg/tmdl/ColumbiaRvr/ColumbiaTDG.html

AMT members

e State of Washingto(Ecology ce e Columbia Rivernter Tribal Fish
chain Commission

e State of Oregon (ODEQ echair) e Grant CountyPublic Utility District

e NOAA Fisheries (PUD)

e U.S. Army Corps of Engineers e U. S. Environmental Protection
(USACBH Agency EPA)

e Saveour Wild Salmon e NW River Partners

e Confederated Tribes of the Colville e U.S. Fish and Wildlife Service

Reservatia (USFW9

All AMT meetings were open to the public. Regud#tendeesin addition to the 11 AMT
membersincludedBonneville Power Admirstration BPA), D. Rohr and AssociateBish
Passage Center (FR@nd Douglas PUD.

Issue for the Adaptive Management Team

Thetechnical issuevaluated by the AMT andescribed irthis documenis theneed for the
115% forebay TDG requirement dung fish passage spill.

A determination that there is no longer a need for thé&adlfbsebay TDG requirement during
fish passage spiWould result in emoving the requiremefrtom the states Water quality
standardsind waiverand managing fish passage spill to the tailrace TDG limit o%20
Currently, fish passage spill is managed to both the forebay and tailrace TDG limitsyddd
continue to be managed to these limits if the%I&rebay TDG limit isdeterminedo be
necessary

Forebay Gauge History

Currently, there is no researdieing conducted tassessherepresentativeness of the forebay
monitorsas they relate to fispassage spill However, several past studies evaluated the
application and usef the forebay monitors dkeyrelate to fish passage spill.

USACE operates the forebay gauges to accurately represent the TDG levels in the dominant

aguatic habitat of eaddam. USACE performed 28 TDG exchange research studies on forebay

and tailwater gages on the Lower Columbia and SRakers over anll-year period, 1996 to

2007. The results of these studies reflect that the high TDG levels are generated from the

spillway, and forebay TDG levels are carried through the powerhouse so that TDG levels can be
different at different points in the tailrace. The TDG gauges are calibrated every three weeks to a
primary and secondary standard, and the USGS and USACE perforqudhiareviews daily.

The TDG data exceeds the 95% data completenes
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TDG monitoring program history, please see 0AH
Sy s t (#8t)on the AMT website

In 2000,National Marine Fisheries ServiciNIFS) asked the USACE taddress concerns
regarding forebay monitaepresentativenesy including language iits Biological Opinion
Reasonable and Prudent Alternatives (RP232 to complete a systematic review and @atibn
of the TDG fixed monitoring stations in the forebay$e study was conducted during t8@03
and 2004 fish passageill season at McNary Dam and tioeir Lower Snake Riveprojects Ice
HarborDam Lower Monumental Danlittle Goose DamandLower Granite Dam

Each of the study project fimduceddiTBG pressura spikesns e X
duri ng t he Thestsdy requleed im tvarasconimendations. The first was to

permanently relocate each forebay gauge to an areagsiseam of the project in a location not

affected by dowswelling surface waters, such as the navigation lock guide wall. Additionally,

the study recommendeghchinstrumentoe positionedt a depth of -5 meters to avoid

thermal responses in the TD@psure readingslhe findings and full report agevailableon

line:

BiOp Measure 132 Final Report, December, 2004tal Dissolved Gas Forebay Fixed
Monitoring Station Review and Evaluation for Lower Snake River Projects and McNary
Dam, 20032004"

http://www.nwdwc.usace.army.mil/tmt/wg/studies/rpal32 20041230.pdf

In 2001, thedJSGSidentifiedrepresentativenesssueswith the CamaswWashougal forebay
gauge.Speci fically, the USGS found that daily va
production of oxygen by aquatic plants and to wegerperature variations on warm, sunny

d a y WaterResources Investigations Report4f73,page 11 anéigure 13 on pag 12,
http://or.water.usgs.gov/pubs_dir/WRIR@273/index.htn)l. This USGS report led to a 2004

follow-up isotope studgf TDG at CamadVashougal. These data werever published, bube
dataindicatedthat the increased afternoon dissolved oxygen at Gévashougal forebay gauge

was due to photosynthesis rather than Bonneville Dam(spithil communication with Dwight

Tanner, USGS, June 24, 2008)

On September 29, 2006, the Fisls$age Center (FPC) sent a memo to the Fish Passage

Advisory Committee regarding Spring Spill 2006 (FPC documeni0B3pdf). In that memo,

FPC evaluated the nefficacy of forebay monito
USACES s r e lin@2@0dand 2608ead to more accurate monitorfly i n t he f or ebay
FPC memo concluded that the forebay monitors
mi xed waters as was originally intended. o Al
lowereddeeper into the water column in 2004 and 2@@&stiongegarding their

representativeness fish passage spiftill exist.

Information the AMT Considered

In evaluating the need for the 25 DG forebay limit during fish passage spill season, the
AMT consideedhow removal of the 125 TDG forebay limit would affect fish and other
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Need for 115%

aquatic life. ODEQ and Ecology framed the

technicalevaluation by asking the AMT the What are the How many
following two questions: biological more fish will
impacts . pass/survive
. . . . GBT) of the system if
Question 1: What are the blologlqal w_npactga(s ,(enmin)ating we e,)i/mmated
bubbletrauma) ofeliminating the the 115% on the 115%7?
115% TDG forebay limit on all all aquatic
aquatic life? e

Question 2: How many more fish will survive
the system if weliminated the
11%% limit?

Removing the 11% forebay TDG limit hashe potential to increase spill volumes at the
Columbiaand Snakd&River dams. Increased spill volumes may result from managing fish
passage spill only to the 1ZXailrace TDG limit. Additional spill has the potential to increase
fish passage and surviyaast each dam. However, increasing fish passage spill may also
increase the TD@®velsthatmay increase the incidence of gas tleldiraumaand potentially
affect aquaticspecies

The AMT presented the following ttaand analytical results the states tevaluate the need for
the 1186 TDG forebay limit

e FPC aalysis ofspill volume.

e USACE analysis (SYSTDG) of spill volumes

e BPA analysis (HYDSIM) of spill volumes

e FPC Analysis ofluvenile Hydresystem Surwials Smolt to Adult Returns (SARS)
e Comparéve Survival Study (CSS)

e Comprehensive Passage Model (COMPASS)

e Adult Passage and Survival

e Smolt Monitoring Program Result& Gas Bubble Trauma Incidence
e NOAA FisherieResident FisliiteratureReview

e Ecology Literature Review

e Parametrix.iterature Review

All presentations and reports were open for comment. Comments were shared with presenters

giving them a chance to respond. All presentatioommentsand responses are available on

the TDG AMT website:
http://www.ecy.wa.gov/programs/wg/tmdl/ColumbiaRvr/ColumbiaTDG.html

ODEQ and Ecology usedll the information presented at the AMTftom the technical basis of
their decisia.

Evaluation of the 115 Percent Total Dissolved Gas ForBleayirement
Pagel9


http://www.ecy.wa.gov/programs/wq/tmdl/ColumbiaRvr/ColumbiaTDG.html

Spill Volume Considerations

Setting or limitingfish passage spill volumes arensidered a management issorediscusgon
at theFederalColumbia River PoweBystem(FCRPS)forum or other forumsSpill
managemenuill not be set onegotiatechtthe AMT, but will be discussed in the context of
TDG and impacts taquatic species.

Fish passagedll volumesaredeterminedy several factors:

e Spill operationgas defined by thBiOp.)

e Spill caps(as defined by TDG water quality limits in the forebay and tailrace ssatsy
water quality agencies

¢ Involuntaryspill (when the riveflow exceedshe hydraulic capacityf the dam.)

¢ Minimum generationthe amount oflow necessary tgenerate the mimum amount of
electricity to keep the regional electrical grid stabledthe remainder is used for fish

passagg
e Ovemgeneratiorspill (spill that must occur when the amount of flow in the river system

would otherwise produce more energypassedhrough turbinesthan there are
accessible energy markets availdble

e Other fish passage spileterminatios may existsuch as physicainhitationsdue to
erosionin tailrace basig or ravigationalconcens.
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Spill Volume Analysis: With and Without the 115
Percent TDG Limit

TheFish Passage Centé&HO, USACE, andBonneville Power Administratio(BPA) each
conducted an analysis of how much mfisb passagspill volumewould be possiblé the
113% was eliminated. The amount of spill varies greatly dependingedfish passage spill
volume factors being implemented (descripeeViously and how much water is in the river.
The amount ofvaterin the river varies by year, season, and day. Thati@rsin volumeare
caused byamount ofsnow packrainfall, watemwithdrawal and upstream dam operations.

The three entities analyzed the potential changes in spill volume usingulifigrproaches and
assumptionsThe differences observed among émalyses were due to the flow years used, the
assumptions of spill operations, treatment of excess generatiorasgibbther limitations on

spil. The FPC analysis considered past yearsbo
projected what spillvould have occurred if the 115% forebay requirement was removed in four
different spill scenariosThe USACE and BPA analysis assumed that the 2008 Biological
Opinion spill levels were implemented@heir andyses used one spill scenaribhe BPA

analyss included overgeneration spill and conducted simulations for tyeatOflow record.

One must be careful when directly comparing the spill volunoes the differenanalyses
given thedifferencesn assumptions foeach analysisTable 2summarizeshe assumptian
made for spill program amounts implemented in each of the analyses
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Author

Table 2. Spill Volume Analysis Summary

Years

Simulation

Data Set

Report Title

Analyzed

Base Scenario: The yeafs actual
spill volume, which accounts for
excess generation spill.
Scenario B The gill that would
have occurreduring that yeaif
all projects spilled to the 120%

FPC used atatistical

Low - . -
Moderate | €&P ON days when spill was analy_5|s othe
Volume water restrictecby the 115% empirical data set for
Changes with ears downstream forebay, but not the each year and moas=
Use of Tailrace| 7. 120% tailrace. the estimated changes
FPC . 2003, . . ) )
Monitors Scenario C The spill that would | in spill volumes The
2005, 2007 : . .
(#303), see High have occurreth that year if all analysisdoes not
page 2 Wa%er projects spilled tahe 120% cap. | includeovergeneration
_ This scenario was limited by or otherinvoluntary
year. 2006 - .
planned operations. spill.
Scenario D The ill that would
have occurred in that year if all
projects spilled to the 120% cap
but this spill analysis wasot
limited by plannedperations
Report on the Low water The ACOE SYSTDG
SYSTDG year: 2007 hourly time-step model
Xl\cjlql'?l\l/r\}%r:(;rn d Moderate Hourly average of spill volume ¥|ng§ ::S?nrqicz)drgt?rim
USACE withc;ut 115 water and spill capwith and without the each vear uZin the
year: 2002 | 115% TDG brebaylimit for each y 9 .
percent TDG . : 2008 FCRPS BiOp spil
High project and each year. . . !
standard. water operations, including
(#710), see ) ovemeneration and
yea: 1999 ) .
pagell. otherinvoluntary spill.
The BPAHYDSIM
monthly timestep
model used the
HYDSIM Use SYSTDG hourly
in Analysis of calculated spill caps
Removing 115 which wereaveraged
perc%nt TDG }nto monthly spill cap
Forebay Gauge 70 years, . or input into HYDSIM
Requirements | averaged 7_0year average spill with and using the 2008 FCRPS
BPA without the 115% TDGorebay . . .
BPA Report to (1929- limit for each proiect BiOp spill gperations
the Adaptive 1999) project. andinvoluntaryspill.
Management HYDSIM modeled70
Team. (#710), years of historical
see page 10, runoff data including
and (#605) overgeneration spilto

generate monthly
average flowand spill
volumes at each dam.
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FPC Analysis

The FPCO sSSpilevelame Elsangss, with Use of Tailrace Monit@303) is available on
the AMT website BPA and USACE provided comments on the FPC analysis, and FPC
responded to the comments. These documents are available on the AMT website.

The FPC analyzethe low tomoderatevater years 02003, 2005, and 20Ghdthe hidh water

year 0f2006 see kgures 2 through .5The FPC rarscenarios with differences in planned
operationganging from the base case (what was actually implemented in that year) to what
would occur if there was no spill management except for the 120% TDG requirement (meaning
projects were not managedaspecific spill program but spilled the full volumewéter to the

120 % TDG) They defined thescenarios as:

Scenario B: Spill that would have occurred if all projects spilled to the 120% agysmwhen
spill was restricted by the 115% downstreamtbase(but not the 120% tailrace)

Scenario C: Bill that would have occurred in that year if all projects spilled td #9856 cap
(limited by planned operations).

Scenario DSpill that would have occurred in that year if all projects spilled to the 120% cap
(not limited by planned operations).

The planneaperations were different among yeatspendent on the spill program
implemented.For examplethe 2003 spill program followed the 2000 Bi@pdthe 2005 spring
spill followed the 2000 BiOp, whereas the 2005 summer spill followed the-ceed spill
Years 2006 and 2007 followed the court order.

Depending on the year and the scenario ussdoving the 11% forebay requirement would
allow an additional 0.5 t68.1 million acre feet of spill on the lower Columbia and Snake
Rivers seeTable 3

Table 3. FPC Statistical Analysis Additional Spill Volumes (Million Acre Feet) Under the Three
Scenarios, Compared to the Base Case Volume (involuntary spill removed).

Scenario B: Scenario C: Scenario D:
SR VL FB Restricted 120% Limited 120%
2003 2.27 13.01 41.57
2005 0.52 11.06 43.06
2006 2.8 9.56 52.53
2007 1.45 5.98 58.07

According to the FPC analysi$ the 1186 forebay requiremenwas removed theall thedams
would experience an increase in fish passage spill. Howkitde, Goose and.ower Monument
damson the Snake Rivawould experience thgreatestncreasen fish passage spill
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Increase in Spill (Percent Increase Over Base Case) fol

O Scenario H
B Scenario (

O Scenario [

Figure 2. FPC Statistical Analysis of Increased Spill in 2003 (percent increase over
base case). Lower Granite (LGR), Little Goose (LGS), Lower Monumental
(LMN), Ice Harbor (IHR), McNary (MCN), John Day (JDA), The Dalles (TDA),
and Bonneville (BON). The increase in spill (percent increase over base case) is
calculated as:

Spill Volume (KAF) of Scenario B, C,or D — Spill Volume (KAF)of Base Case
Spill Volumbe (KAF)of Base Case
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Figure 3. FPC Statistical Analysis of Increased Spill in 2005
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Figure 4. FPC Statistical Analysis of Increased Spill in 2006
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Figure 5. FPC Statistical Analysis of Increased Spill in 2007

USACE Analysis (SYSTDG)

The USACE 0(Repaton the FYSTDS Modeling for AMWVith and without 115

percentTDG standard#710),is available on the AMT websiteComments on this document
are available on the AMT website.

The USACE analyzed tHagh water year of 1999, the moderate water year of 2002, atainthe
water year of 2007The analysis used assumptions frd®99, 2002and2007 operationsand

spill operations from th®ctober 31, 200Columbia and Snake RivEICRPSBIiOp. See the
report for details.

In the USACE analysis, multiple factors controlled spillthe Lower Columbia and Snake
Rivers

e BiOp spill operationg76% of the time).
e The 120/11% spill caps (126 of thetime).
e Involuntary spill (86 of the timg.

¢ Minimum generatior{4% of the timg.

According to the analysis

e For the 1999 high water year, eliminating the %IEDG requirement would result in an

additional 5.9Million Acre Feet MAF) spill (a 4.0% increase).
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For the 2002 medium water year, eliminating the%aI®G requirement would result in
an additional 2.3 MAF spill (a 198 increase).

For the2007low water yeareliminating the 11% TDG requirementvould result in an
additional 2.5 MAF spil(a 2.26 increase).

Most of the additional spill would come from Lower Monumeraatl Bonnevilledams In high

water years, some would also come from John Day, The Dallk4,itde Goosedams See
Figure6 (and Tables 113 of the USACE analysis, document 71d))details.

Increase in Spill (Percent Increase Over Base C

35%

@ 1999 (High)
30% )
B 2002 (Medium)
02007 (Low)

25%

20%

15%

10%

5%

0% -

IHR
MCN
JDA " 1pa

BON

Figure 6. USACE SYSTDG Model Results of Analysis of Spill Volumes. SYSTDG

analyzed how much spill would occur under the base case of the 115%/120%
requirement and determined how much more spill would occur under a 120%-

only scenario. The increase in spill (percent increase over base case) is
calculated as:

Spill Volume (KAF) of 120% only Scenario — Spill Volume (KAF)of 115 & 120 Base Case
Spill Volume (KAF)of 115 & 120 Base Case
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BPA Analysis (HYDSIM)

The BPA analysidiYDSIM Use in Analysis of Removing XEscentTDG Forebay Gauge
Requirements BPA Report to the Adaptive Management T &say 2008(#605)is available on
the AMT website No @mments were receivexh this analysis.

The BPA analysis usespill caps provided by the USACHhalysis. The spill caps were applied
to 70 years of historical runoff data to generattHy avera@ flow and spill volumestaeach
dam. Overgeneration spill thatccurredn excess of the planned spill program (the 2008
Biological Opinion) is included in the BPA base case.

According to BPAOGs a%etiuyesnenswoulcerésultnrmimora spillatg t he
Lower Monumenta(13% increase)Bonneville(2.%% increase)and, to a much lesser extent,

Little Goose (1.%) andThe Dalleq0.5% increaseflams The increase in spill at these dams,

and the resulting loss obpver generation, means the other dams could generate more power and
would have less overgeneration spillhus eliminating the 11%6 requirement would result in

slightly less spill at Lower Granite¢cé Harbor, McNary, and John Dhy 0.1:0.26. See Figue

7 for detaib.

Increase in Spil (Percent Increase Over Base Case) for 70-Year
14%
12%
10%
8%
6%
4%
2% —
0% : [ ] : e — e
206 LGR LGS LMN IHR MCN JDA TDA BON

Figure 7. BPA HYDSIM Model Calculations of Spill Changes The increase in spill (percent
increase over base case) is calculated as:

Spill Volume (KAF) of 120% only Scenario — Spill Volume (KAF)of 115 & 120 Base Case
Spill Volume (KAF)of 115 & 120 Base Case
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Synthesis of FPC, USACE, and BPA Analyses of Spill Volumes

The three analyses reachsnhilar conclusions on where the elimination of the %15
requirement would have the stasignificant difference.

Table 4. Dams Most Affected by Removal of the 115% Requirement

Analysis Dams most affected by eliminating 115% requirement
FPCAnalysis Little Goose and Lower Monumental
BPAHYDSIM Lower Monumental and Bonneville
USACESYSTDG Lower Monumental and Bonneville

The three analyses reachettiableconclusions on the total amount of additional spill that
would occur if the 11% requirement was eliminated.

Table 5. Increase in Spill. The increase in spill (percent increase over base case) is calculated
as:

SpillVolume (KAF) of 120% only Scenario — Spill Volume (KAF)of 115 & 120 Base Case
Spill Volume (KAF)of 115 & 120 Base Case

Increase in spill
(percent increase over base casper year, an

ATEEE average forall eight Lower Columbia and
Snake Riverdamscombined)
FPCAnalysis 1% - 60% depending on the year and scenari
BPAHYDSIM 1.8%- 4.0%depending on the year

USACESYSTDG 1.3% average over 70 water years

One must be careful when directly comparing the spill volumes analyébie the three analyses
presented are addressing the same topic, thergions made in each analygsy. The
differences between the FPQJSACE and BPAanalyses were the assumpti@ash analysis
made orinclusion 0f2008BiOp spill operationsthe treatment and inclusion ofergeneration
spill, the years analyzednd other limitations on spitirograms Since each analysis treated
these important factors differently, the changes in spill volumigsand without the 115% TDG
forebay limitrange in value
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Fish Survival Impacts

The FPCU.S. Fish and Wildlife ServicaJSFW9, National Oceanic andtmospheric
Administration NOAA), andthe Columbia River InteiTribal Fish CommissionGRITFC) each
conducted an analysis howanadromous fish passage audvivalwould be impacted if the
1156 TDG limit was removed. The FPC provided an analysth®importance of spill in
juvenile hydresystem survivalandSmolt to Adult Returns (SARs)ising empiical data and a
multiple regression analysis. USFWS presentedl@ting resultsrom theComparative Survival
Study (CSSpn juvenile salmonidurvival NOAA presented results froits Comprehensive

Passage (COMPAS®&)odel Adult passage and survival impacts were summarized by CRITFC.

These analyses addressed the eight Lower Columbia and Lower Snake RiveT dala&
summarizes the assumptions madeefach of the analyses

Table 6. Fish Passage and Survival Impacts Analysis Summary

FPC Importance of | 1998- Statistical analysis for Empiricaldata set for each
spill in 2005 smolt reach survival year and speciassed in the
Juvenile analyses for yearling analysis
Hydro-system spring / summer Chinook,
survivals and steelhead and fall
SARg#306) Chinook;
Relation between juvenile
survival and adult return
rates with and without the
115% TDG forebay limit.
USFWS | Comparative | 1998- Statistical analysis for Empirical and rdeled data se
presen Survival Study| 2006 yearling Chinook and for each specieanalyzedor
tation (CSS) Chaptet steel head miltworeaches: Lower Granite tq
2 (#402a) survival. McNary and McNary to
Bonneville The analysisised
weekly released cohort PIT
tagged fish, with median
estimated fish travel time and
survival rats. The analysis
included temperature,
turbidity, flow, water travel
time, average percent spiind
seasonality for each year and
reach modeled.
NOAA Explanation of| 70 years, | Statistical analysis of Empirical and modeled data S
COMPASS averaged | survival and Lower were usedor this daily time
Analysis of (1929- Granite to Lower Granite | step model.TheHYDSIM
TDG 1999) smoltto-adultreturn for monthly modeled mean 70
Alternatives Snake River spring / yearaveragevater recordvas
(#609) summer Chinook and translated int@daily time step
steelhead, Upper for average flow and spill
Columbia spring Chinook| modelinput. The nodel
and steelhead, and Mid | includes transport, FCRPS

Evaluation of the 115 Percent Total Dissolved Gas ForBleayirement

Page3l



Terls Simulation Data Set

Author Report Title

Analyzed
Columbia steelhead with | survival but not post
and without the 115% Bonneville effects for the
TDG forebay imit. period starting April to end of
June.

CRITFC | Review of 2008 Statistical analysis of four| Empirical data sefor the years
Adult Passage| ACOE downstream adult passag| analyzedand literature.
through Steelhead | routes: screen bypass
Different Dam | Kelt fish system, spill, turbines, an
Passage passage surface bypass.

Routeq#709)

FPC Analysis of Juvenile Hydro-system Survivals and SARs

The FPCO dmpartared of spill is Juvenile Hydi®ystensurvivals and SAR#306), is
available on the AMT websiteBPA provided comments on the FPC analysis, and FPC
responded to the comments. These documents are available on the AMT website.

The FPC presentediatistical analysis for smolt reach swai analyses foyearlingspring /

summer Chinooksteelhead and fall Chinook, andedation between juvenile survival and adult
return rategor data collected between 1998 and 2005. The study showed a relationship between
increased spill and increasexhch survival for juvenile migrant3.he analyseaccounted for

the effect of ocean conditions on adult surviamadl showea relationship between juvenile oka
survival and adult returns.

According to the=PCanalysistheincreased benefdf spill occurs whenaverage spill
proportiorsincreaseabowe 40 for spring / summe€hinookandsteelheagseeFigures 8 and9.
This is likely due to increased numbef fish passing via spiths spill proportions increase
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Figure 8. FPC Statistical Analysis Predicted response to increasing spill volumes
of Smolt to Adult Returns (SARs) for spring/summer Chinook salmon under
good, moderate and poor ocean productivity levels.
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Figure 9. FPC Statistical Analysis Predicted response to increasing spill volumes
of Smolt to Adult Returns (SARSs) for steelhead under good, moderate
and poor ocean productivity levels.

The FPC analysislentified a positive relationship between juvenile reach survival and average
spill; seeFigure D.
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Figure 10. FPC Statistical Analysis x-y Plot of Sub-Yearling Chinook Survival from
Lower Granite (LGR) to McNary (MCN) dams versus Average Spill
Percent for Little Goose (LGS), Lower Monumental (LMN), Ice Harbor
(IHR) and McNary (MCN) dams.

A similar approach showed that an increase in water travel time had a negative relationship with
reach survival demonstrating that as water travel time decreasd¥ofis.increase) survival
increasesseeFigure 1L.

09 y=0.83019 - -0.01665X
adj R? = 0.73, p= 0.00000
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Figure 11. FPC Statistical Analysis x-y Plot of Hatchery Sub-Yearling Chinook
Survival versus Water Travel Time (WTT) from Lower Granite (LGR)
to McNary (MCN) dams.
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CSS Study Presented by USFWS

The Comparative Survival Stuq€ SS)Chapter 2(#402a) presented by USFW$ available on
the AMT website along with comments on the analy8®A and Northwest River Partners
provided comments on the CSS. Most of¢bhemments receed at the AMTwere developed
during the2007 regional CS&view. USFWS and FPC respondediie tomments received
during the AMTprocess. These comments are available on the AMT wel@$i=CSSis a
joint project of FPC, USF\, Idaho Department of Fish and Game, ODFW, WDFW, and
CRITFC.

The CSSused the 1998 to 2006 data seshowthatjuvenile travel times, instantaneous
mortality rates, and survival rates through llydro systenare strongly influenced by managed
river conditions including flow, water travel time, and spill levels

USFWS provided thexpected juvenile survival unddret different spill volume scenarios
presented by the FPC analysis. The spill amounts for each year were further divided by date to
match the different steelhead and chinook cohdrtee CSS determined that survival was based

on when during the year thalsion migrated (Julian date is used in the formulas), the spill
proportion, and either the flow (steelhead) or water transit time (Chinook). FTT is fish transit
time and Z is instantaneous mortality.

For wild Chinook, survival from Lower Granite to McNas:

Survival = e ZXFTT

FTT = e 9.175098—-0.009814XSpill—0.097455XDate+0.030975XWTT+0.000342xDate?

Z = —3.893879 — 0.214382 X WTT + 0.00394 X Date + 0.00204 x Date X WTT
Hatchery Chinook survival uses the same basic formula but difieseméricconstants.

For steelhead, survival from Lower Granit to McNary is:

Survival = e ZXFTT

FTT = e2.14—3886—0.0053XDate—0.00513><Spill+0.093911><WTT

3.683971

Z =—-0.17176 + 0.001806 x Date — 0.00071 X Spill +
Flow

The CSS analysis predicted tlia¢ absolute increase in juvenile yearling Chinook survival from
Lower Granite Dam to McNarpamwould range from 0% to 4%, and 1% to 9% for steelhead
seeTable7. The McNary to Bonnevill®am absolute increase in juvenile yearling Chinook
survival would range from 0% to 5%.
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Table 7. Absolute Increase in Survival. No planned spill occurred at Lower Granite, Little
Goose, and Lower Monument during the spring of 2005.The increase in survival uses
the FPC spill volume analysis and is calculated as:

Percent Survival in FPC Scenario B,C,or D — Percent Survival in FPC Base Case

Lower Granite to McNary Steelhead

2003 0% 3% 8%
2005 0% 2% 5%
2006 1% 2% 6%
2007 2% 4% 17%
Average 1% 3% 9%

Lower Granite to McNary Wild Yearling Chinook

2003 0% 1% 3%
2005 0% 1% 3%
2006 0% 1% 2%
2007 1% 2% 7%
Average 0% 1% 4%

Lower Granite to McNary Hatchery Yearling Chinook

2003 0% 1% 3%
2005 0% 1% 3%
2006 0% 1% 3%
2007 1% 2% 7%
Average 0% 1% 4%

McNary to Bonnevilleé' Hatchery and Wild Yearling Chinook

2003 0% 1% 5%
2005 0% 2% 7%
2006 0% 1% 2%
2007 0% 1% 4%
Average 0% 1% 5%

NOAA COMPASS Study

The NOAA analysisExplanation of COMPASS Analysis of TDG Alternat{#&99) is

available on the AMTwebsite ODFW provided comments on COMPASS, & and

NOAA responded to those commeniBhe Independel8ci ent i fi ¢ Advi sory
COMPASS waslso received. These documents are available on the AMT website.

The NOAA analysis incorporated results from three modeling effdAdSACES s TGS
model provided spill cap volumedhe SYSTDG model isinonanhourly time ste@nd
assumed 2008 FCRPS BiOp operatiofe hourly time steppill caps wereonverted to a
mont hly average
incorporated ov@eneration conditions and the®electrical load capacity to a model
simulation of over 70 years of monthly historical runoff averagéw HYDSIM modelderived

n

order

t o

b e ThHeHYDSIM padela t e d
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monthly average flovand spillvolumeswere then converted to daily input idrOA A G s

COMPASS model.COMPASScalculated dayl flows for the period ofpril to end of June and

incorpoiated fish transportThe COMPASS model ran using the 2008 FCBIR3p operations.
See the report for details.

COMPASS estimatéthe downstream passage survival of juvenile salmorgdsvival values
were rounded up tonedecimal space for relative difference, andhi@edecimal spaces for
absolute difference, which resultedseveral calculations ofzerosurvivaldifference between
the current TDG managemestenaricand eliminatinghe 1186 TDG forebay limit. However,
NOAA statesthat if model results were carried out to the maxinpuectisionthen there would
be a small positive difference between alternati@ifferencesn survival presented at the
AMT can be found iTables 8and 9.

Table 8. NOAA COMPASS Model Increase in Steelhead Reach Survivals. The increase
in survival usesthe US ACE 6 s S 9pif iolDn® analysis and is calculated
as:

Percent Survival in 120% Only Scenario — Percent Survival in 115 & 120 Base Case

Years Scenario Snake River Columbia River ‘

70-Year Average 120%Only 66.0% 67.1%
115/120% 65.9% 67.0%

Survival Increase 0.1% 0.1%

Low Flows 120%Only 49.8% 56.2%
115/120% 49.7% 56.2%

Survival Increase 0.1% 0.0%

Mid-Range Flows 120%Only 70.3% 69.9%
115/120% 70.2% 69.9%

Survival Increase 0.1% 0.0%

High Flows 120%Only 81.0% 76.3%
115/120% 81.0% 76.2%

Survival Increase 0.0% 0.1%

Table 9. NOAA COMPASS Model Increase in Spring Chinook Reach Survivals. The survival
increase uses the USACEG6s SYSTDG spill

Percent Survival in 120% Only Scenario — Percent Survival in 115 & 120 Base Case

Scenario Snake River Columbia River
70-Year Average 120%Only 85.5% 71.3%
115/120% 85.3% 71.3%
Survival Increase 0.2% 0.0%
Low Flows 120%Only 81.8% 68.8%
115/120% 81.%% 68.8%
Survival Increase 0.1% 0.0%
Mid-Range Flows 120%Only 86.7%% 71. %0
115/120% 86.5%% 71. 76
Survival Increase 0.2% 0.0%
High Flows 120%Only 88.0% 73.%%
115/120% 87.%% 73.%%
Survival Increase 0.1% 0.0%

vol ume
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