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1.0 INTRODUCTION

1.1  Purpose

This Water Quality Management and Monitoring PIAWQMMP) describs procedures that will
be employed by Portland General Electric Company (PGE) isfysetquirements of the 401
Water Quality Certificatiorf the Clackamas River Project (Project) (FERC No. 2195). The
Project is located in Clackamas County, Oregon, in the Clackamas River Basin.

This WQMMP provides information regarding State wateaaligygoalsand standardshe

application of those goals and standards to the Project, measures designed to attain compliance,
monitoring strategies, and reporting of monitoring resUM&E believes that thi QMMP, in
combination with information contan e d i fmal &@iEafios for 401 certificatiorF{nal

401 Application PGE 208),PGE6s TMDL | mpl ement antdtheon Pl an (P
SettlemeniAgreementfiled with FERC on March 29, 200@GE 20086), provides the Oregon
Department of Environment&uality (ODEQ) with reasonable assurance that the Project will

not contribute measurably to the violation of applicable water quality standards and criteria, that
the physical, chemical, and biological water quality of waters potentially affected bgoibetP

will not be degraded from existing conditions, that future Project operations will offset any
ongoing contributions to neattainment of water quality standard numeric or narrative criteria,

and that such operations will also mitigate for any ongaitiverse impasto designated

beneficial uses.

To ensure that beneficial uses in and downstream of the Projgubteeted PGE intends to

comply with ODEQG6s standar d<lackamddish Cammigteei a and
(Fish Committee)in the manneito be established pursuant to the Settlement Agreement and the

new licensepn matters outside the scope of the 401 certification. Management and monitoring
activities beyond those stipulated in this document that will be undertaken in coosuAtifti

the Ash Committeeare described in thHeish Passage and Protection PI@APPP) attached to

the Settlement Agreement as Exhibit D

1.2  Adaptive Management Considerations

In connection with the relicensing of the Project, PGE proposes to undertakdarraf actions

that are expected, over time, to have a beneficial impact on water quality. Thus, PGE proposes
to implemengravel augmentation and habitat enhancements in the lower Oak Grove Fork

These measurese expected to reduce water temperatatéise mouth of the Oak Grove Fork
beyondthe decreaskrought about by increasing baseflows (see below). Temperature reductions
in the Oak Grove Fork are expected to carry over to the mainstem Clackamas River, in the reach
between the Oak Grove Fork nmibwand the Oak Grove Powerhouse.

PGE hasalsoundertaken a program of sampling intgavel dissolved oxygefiGDO), to
determine the appropriate DO standarflowing waters affected by the Project; other studies
will be conducted inhe Oak Grove Forkad in thereache®f the Clackamas River below the
Oak Grove Powerhousad the Faraday Diversion Dam.
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Finally, P G E wager qualitynodeling hapredictedslight and infrequertemperature
exceedancelative to modeled NTP conditiotisat PGE does ndielieve represent aractual
impairment to beneficial uses in the system

1.3  Project Setting and Water Quality Information

The Clackamas River flows northwest and drains an area of more than®4énptying into

the Willamette River near Gladstone, Oregdine Project consists of the Oak Grove
Development and the three mainstem developments: North Fork Dam, the Faraday
Development, and River Mill Dam. The three mainstem developments are located in sequence
on the Clackamas River between river mile (RM)3®and RM 29.2. Water released from North
Fork Dam is diverted by the Faraday Diversion Dam into Faraday Lake, exceptugting

flows when flow exceeds the capacity of the Faraday Powerhande portion of total flow

passes over the Faraday Diversidam and through the Faraday Diversion Reach. PGE
currentlysupplies a yearound minimum flow of 180 cfs to the Faraday Diversion Reach.

Water fromFaraday Lake is released via the Faraday Powerhouse into Estacada Lake, which is
formed by River Mill Dan. Water released from River Mill Dam flows into the lower

Clackamas River. A complete description of the Project is available in the Final License
Application to the Federal Energy Regulatory Commission (FERC), dated August 2004 (PGE
2004).

Historically, most water quality studies in the Willamette River Basin have not included
sampling in the Clackamas River. Of 139 Willam&teer Basin studies reviewed by the USGS
(Altman et al. 1997), only seven included information from the Clackamas River and its
tributariess EP A6 s S T OR Econtathasubsthnéias data for only one location in the
Clackamasiver Basin the Clackamas River at High Rocks. The USGS has collected limited
groundwater data in the basin (Bonn et al. 1995, Harrison et al. 198%noRd et al. (1997)
collected data from sites on the Clackamas River and in Project impoundments during summer
1996, and data from other sampling points on North Fork Reservoir were collectedAtashe

of Oregon LakegJohnson et al. 1985). Timothyke was sampled for tiAdlas of Oregon
Lakes(Johnson et al. 1985) and was again sampled in 1987 by Bullock et al. (1998). A summary
of findings from these preelicensing studies is contained in Section 7.1 eFinal 401
Application.

As part of FER relicensing, PGE conducted comprehensive water quality studies in, adjacent
to, and downstream of the Project in 2000 and 2001. Thermaloggers were deployed at riverine
and reservoir sites, and temperature profiles were measured in reservoirs. Dasaipti
temperature and water quality sampling results are contained in the Final 401 Application,
Doughty (2004a, 2004b), and EES Consulting (2004). A longitudinal macroinvertebrate
surveyd from upstream of Timothy Lake to Barton Park on the lower Clackd®nzaet was

also conducted in 2000 and 2001. In addition to the longitudinal quantitative sampling, surveys
were conducted to assess the presence of sensitive invertebrate taxa. S2@0R$;E003 and
Wisseman and Dough({004) for a description of mthods and resultdf macroinvertebrate

studies
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As discussed in the Final 401 Application, a predictive modelQCRL-W?2) of the Clackamas
River system was developed to evaluate existing water quality condttangjerstand the

physical processes cwalling temperature and water quality, and to be used as a predictive tool
for quantitative assessment of the impact of future Project operations on water quality (Battelle
2005. In addition, the model was usedaomput natural thermal potentigdNTP), i.e.,
temperatures in the absence of the Prajaderexisting hydrologic and meteorological

conditions.

1.4  Proposed Protection, Mitigation and Enhancement Measures

As part ofthe Settlement Agreemenmtith resource agencies, tribes, and NGRSEhas

devebpeda suite of protection, mitigation, and enhancement measures (REeS)

implementedvhen the new FERC license is issuadng with some interim measures to be
implemented during the period between the filing of the Settlement Agreement and is§uance

the new license. The PMHEsclude changes to Project operatiomsprovel fish passage and
protectionmeasuresandenhancements @iquatic habitat. Improvements to water quality

variables for which there are numeric critesil beaccomplishegbrimarily through operations
changes, whereas ODEQO6s more encompassing sta
and antidegradation, will be addressed by operational measures, fish passage sandtures

habitat improvement PMEs.

During preparatn of its Final 401 Application, PGE identified other measures that it proposes

to implement to achieve compliance with fatal Maximum Daily Loads (TMDLSs) for
temperatur@stablished by ODE@ September 200tr the Clackamas River below River Mill

Dam These measures are described in Sedldhof the Final 401 Application. Measurésat

will result in improvements to water quality, as defined by ODEQIistedd below and

discussedn Sectiors 2 through7 of this WQMMP, as applicable(For detaiéd descriptions of

the PMEs, refer Section 10 of the Final 401 Applicatid?GE believes that tsePMEswill

provide ODEQ with reasonable assurance that Project operations will not cause waters within or
downstream of the Project to violate relevantexvagjuality standards.

Following issuance of the new FERC licerB&E will implement théollowing changes to
Project operations: 1) more restrictive management of Tinadkglevels 2) increased

minimum discharges, decreased maximum discharges, ande@stietive ramping rates at
Timothy Lake Dam3) implementation of a flow regime in the Oak Grove Fork downstream of
Lake Harrietjncluding minimum flowswinter floods for channel maintenance, and high flows
in spring to simulate snowmelt runpff) restrictions on ramping rates, especially downramping
rates, in the Clackamas River downstream of the Oak Grove PowerBpaddition of cool

water to the North Fork fish ladder at the proposed new North Fork adult sorting fégility
increased baseflomithe Faraday Diversion Readt) seasonal drawdowof Faraday Lakeand

8) dischargeestrictionsat River Mill Dam.

In additionto these operational PMB3GEplans tomplement the following fish passage and
protection measure$) improved bar racks teduce fish entrainment at the Timothy Lake
intake 2) tighter spacing on the bar rackla¢ Frog Lake flowline intakt reduce entrainment
into Frog Lake 3) fish passagand protectiorenhancements at North Fdbkam, including a
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new 1,000cfs surfacecollector, a guidance curtain/net to help guide smolts to the mouth of the
new surface collectostrobe lights in front of the turbine intakes to reduce the potential for
turbine entrainment of smolts, a retractable exclusiomrtée forebay to redudée loss of

smolts during spill, and ampstream extension of the downstream migrant pipeline so that it
extends from North Fork Dam to the River Mill Dam tailra8eupgrades to thportion of the
existing downstream bypass migrant pipelim&t will cortinue to be used in the futy®) anew
adult fish sorting facility in the North Fork fish ladgend 7) &b00-cfs surface collector

installed in the River Mill forebay.

PGE will also implemerthe followinghabitatenhancementeasures: 1)utthroat trait habitat
enhancemerih Dinger Creek, a tributary to Timothy Lak® cutthroat trouhabitat

enhancemesin the Oak Grove Fork from the base of Timothy Lake Dam to Hammer Springs
3) a program to increase the availability of side channel habitat gmdwenthe quality of
mainstem habitat in the lower Oak Grove Forklerthe flow regime identified for ik section

of river (see above)) gravelaugmentation in the lower Oak Grove Fork and the Clackamas
River downstream of River Mill Danpd) replacemenof impassable culverts on Dinger Creek
and Anvil Creek (just downstream of Timothy Lake Da6) a program to collect and store

wood that accumulates in Lake Harriet and North Fork Reservoir for use in habitat restoration
projects in the basjrY) disrugion of nonnative brook trout and kokanee reproduction in
tributaries to Timothy LakeB) gravel augmentation in the Clackamas River downstream of
River Mill Dam; 9) shadingof tributaries to the lower Clackamas Riv&0) creation of the
Parsons groundweitt side channefnd11) creation of two additional sidehannel habitat
enhancement projects in the Clackamas River downstream of River Mill Diaasures that

will be implemented in the Clackamas River below River Mill Dam are addressed in the TMDL
Implementation Plan (PGE 2009).

Various management activities that will be conducted pursuant to this WQMMP, or pursuant to
the terms and conditions of the new FERC license, may require PGE to conduct instream work.
PGE will obtain any permits that may be weqd, such as a U.S. Army Corps of Engineers 404
permit, prior to conducting such activities. Greater detail regarding permits that may be
necessary for undertaking certain PMEs is included in Section 2 of the Final 401 Application and
in the lower Clackmas River Coarse Sediment Management Rl&amn{pler 2005see Appendix

3).

2.0 WATER TEMPERATURE MA NAGEMENT PLAN

2.1 ODEQ Temperature Standard

The ODEQ temperature standard, as define@AR 340041-0028 can be found in Section 9.3
of PGE6és Final 401 Application

2.2 Application to the Clackamas Project

As required by the Federal Clean Water Act, the temperature standard that must be satisfied is
the most stringent applicable standard, which varies by reach within the Project area and by time
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of year, according to fh periodicities designated by ODEQ. The ODEQ temperature standard
as modified by the recentlyompleted Willamette River TMDLgstricts the Project from
warming water (based on the sexday moving average of the daily maximum temperature
(7DADM)) within the Project areby more than 0.3 °C over the applicable numeric critedon
downstream oRiver Mill Dam by more than .5°C overa) theapplicable numeric criterion)
NTP, or,c) in waters with Threatened and Endangered species, the ambientrs{gefimed as
June I September 30) temperaturewater bodiesvhere maximum summer temperatures fall

below the applicable biologically based criteria, whichever is applicable. A-bgadach
characterization of temperature standards, as defined QO provided in Tabl2-1.

Table2-1. ODEQ temperature criteria that applyrteerine Project reaches of the
Clackamas River and Oak Grove Fork.
ODEQ Standard*?
Reach Temperature

Temperature Criteria Based on Spawing or Rearing Use

Annual Period
1/1/2000=JD 1
1/1/2001=JD 365

Oak Grove Fork between 16° C rearing criterion, June L@ecember 31
Timothy Lake (RM 68.4)

JD 167 to JD 365
JD 532 to 730

and Barrier Falls (RM 54.9 13° C spawning criterigdanuary * June 15

JD 1to JD 166
JD 366 to JD 531

Oak Grove Fork from
Barrier Falls (54.9) to

16° C rearing criterion, June 1&ugust 31

JD 167 to JD 244
JD 532 to JD 609

mouth’ (RM 52.2) 13° C spawning criterion, SeptemberJune 15

JD 1to JD166
JD 245 to JD 531
JD 609 to JD 730

Clackama®iver mainstem, 16° C rearing criterion, June L&ugust 31
from Oak Grove Fork (RM

JD 167 to JD 244
JD 532 to JD 609

52.2) to Clear Creek (RM 13°C spawning criterion, September une 15
8.0), excluding North Fork

Reservoir and Estacada

Lake®

JD 1to JD 166
JD 245 to JD 531
JD 609 to JD 730

Fish Laddet Temperatures that do not impede fish passage, as detern

by the Clackamas Fish Committee

JD1toJD 730

Mainstem Clackamas,
vicinity of Bonnie Lue
State Park (RM 16.7)

16° C rearing criterion yeaound;
No designated spawning

JD 1toJD 730
NA

Mainstem Clackamas; Clei 18° C rearing criterion, May Ii6October 14
Creek to mouth

JD 136 to JD 288
JD 501 to JD 653

13° C spawning October 18ay 15

JD 1toJD 135
JD 289 to JD 500
JD 653 to JD 730

When natural thermal conditions exceed the applicable numeric criterion, no further warming is allowed.

Warming defined as 0.3 °C (0.5 °F), unless otherwise defined in an approved TMDL.

Waters wih Threatened and Endangered species present that have é@nil@entnder existing conditions, not
NTPS summer (Jun 1 Sep 30) 7day average of daily maximum temperatures that fall below the applicable
biologically based criteria, may not be warmed dusagnmer (Jun 1 Sep 30) more than 0.3 °C above those
ambient temperatures.

wWN -
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2.3  Facilities M odifications for Compliance

As part ofthePME packagédentifiedi n t he Settl ement AgPGEement (f
will undertaketwo facilities modifications that W result in improvements in water temperature

(other facilities modifications will be magdieut they relate to fish protection and do not have the

potential to alter water quality)A minimum-flow facility will be installed at Harriet Darthat

will allow the release of up to 100 &fs.e., the maximum planndzhseflow release proposed as

part ofthe SA Alternatived to the Oak Grove Fork downstream of the dam. This will result in a
significant reduction invatertemperaturedownstream of the daduring he warmer months of

the yeartherebyachiewng compliance with relevant ODEQ temperature critarithe lower

Oak Grove Forland in theClackamas Rivelbetweents confluence with the Oak Grove Fork

and the Oak Grove Powerhoysee Section 2.4.20f the Final 401 Application).

The second proposed fagflitnodification is a new adult fish sorting facility in the North Fork
fish ladder, which will replacapproximately 2Zfs (56 percent) of ladder flow derived from the
surface of the North Fork forebayth cold water drawn from 22 to 30 ft below the surface of
North Fork Reservoir. The added cold water will lower ovédigtilladder temperatures
downstream of the sorting facility (located about 0.25 miles downstream of North Fork
Reservoir)contribue to thelowering of water temperatures in the Faraday Diver&eaach, and
increase attraction of adult fish at tNerth Forkfish ladder entrance.

2.4  Temperature Management

2.4.1 Evaluation ofTemperature Management Measures

Model results and other relevant arsas indicate that implementation of the SA Alternative will
result in compliance with ODEQO6s temperature
However, the SA Alternativenaynot achieve full compliance with the ODEQ temperature

standard in th€lackamas River below River Mill Dam. As discussed in this section, additional
operational and Project modifications and implementatidrimitary shadinggravel

augmentation and habitat modification below River Mill Dam will achieve compliaitbe

relevant requirements

Water Temperature Modeling

Under theSA Alternative temperatures throughout the Oak Grove ratkbe below the
relevant ODEQ temperature criteriand, thereforan compliance throughout thear

PGE believes that evidencalinates that temperatures in the reach of the Clackamas River
between the Oak Grove Powerhouse and North Fork Reservoir are in compliance with ODEQ
criteria. As explaineth theFinal 401 Application about 5 miles downstream of the confluence
of the OakGrove Fork and the Clackamas River, the Oak Grove Powerhouse discharge enters
the Clackamas River. At this point water divertienn the Oak Grove Forét Lake Harriet is
returned to the river. As a result, temperatures under existing conditicessatelly identical
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to what they would be in the absence of the Project, and theoafionet result in impairment of
beneficial uses

Modeled temperaturasmder theSA Alternativein the North Fork tailracen the Faraday
Diversion Reaclandin the River Mll tailrace were calculated to baightly inconsistent with
ODEQ criteria during a small number of daltgingeach modeled year. Thesecurrencesre
associated with periods when NTP declirsgsdly in response to meteorological changes, i.e.,
cold fronts. These affect the NTP (i.e., whia model calculat¢dut have little effect on what
occurs under existing conditioimsa thermally bufferedeservoirenvironment. The relative lack

of variability associated with the reservoir creates an anamaltuation in that temperatures at
these locations are well within compliance &orextended period and then, several days later,
are suddenly and briefly inconsistent with Mi&P criterion, when the actual temperature of the
discharge has remained theme or decreased slightly from what it was days before. The
observed pattern shows that discharge temperatures are consistently much cooler than ODEQ
criteria. During the warm period of the year, when inconsistencies oc@aximum

temperatures in thilrace are nearly always lower than what they would be in the absence of
the Project. Baseoh evaluation of the overall relationship between the temperature regime
associated witthe SA Alternativeand ODEQ criteria, PGE believes that the apparent
temperature la@ttheselocationsresults in no adverse consequences to beneficial dses

result, temperatures ateie locatiors should be considered in compliance with ODEQ criteria

ODEQ has determined thidte NTP in the upper Clackam&sver Basin(upstream of the Oak

Grove Fork) is poorly understood, and temperatures in the mainstem Clackamas above the Oak
Grove Fork at ti mes ex deesdemibréstare nat affeceedbyc cr i
the Project.As a result, for purposes of evaluatiRroject impacts, ODEQ has determined that

the upstreanboundary conditioffi.e., the mainstem Clackamas River inflow) for this reach

should besetso that temperatures do not excéeelnumeric criterighat apply to the reach for a

given time of yearhecauséetter information about the NTP fttre boundary condition is

lacking. In this way,tte Projects onlyresponsible for warminthat occurs within the reach as a

result of its impact on flows.

PGE contractewvith Battelle to conduct a sensitiyiinalysis designed to evaluate the effect of
scaling boundary condition temperatures on temperatures in the ClackamgsifRiupstream

of the Oak Grove PowerhousBattelle developed aequationthatscales théoundary
conditiontemperatures such thaaximum temperatures do not exceed 161°C3°C,

depending on the time of ye@ure., which reflects fish lifenistory periodicity. Because the

natural warming in the-file reach between the Oak Grove Fork mouth and the Oak Grove
Powerhouse is miniai, and because water from the Oak Grove Fork is substantially cooler than
the ClackamaRiver mainstem during much of the year, scaling boundary condition
temperatures from the upper ClackarRager so that they do not exceed the numeric criteria
resultsin compliance with the relevant ODEQ criteria throughout the year in this reach.

Due to a phase shift induced by the uniform temperatures of water discharged from River Mill
Dam, temperaturest the site®n the lower Clackamas Rivprst upstream of Eagléreek
(CRUPEC)andnearOregon City (CRATOCHht times exceed NTP, the relevant ODEQ standard
for most of the period when exceedas@eeoccurring at tkeselocatiors. Based on model

results, temperatures at the Eagle Creek site under tiAdt&mative a&ceed ODEQ criteria
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during 101 and 118 days during 2000 and 2001, respectively, and modeled temperatures at the
Oregon City site exceed ODEQ criteria during 47 and 60 days in 2000 and 2001, respectively.
In an attempt to develop a mitigation strategyléever Clackamas Rer temperature

exceedances, PGE explored the effects of a series of operational and structural alternatives aimed
at achieving temperature compliand@GE also exploreithe potential temperature benefits
associated with gravel augmeimatand habitat enhancement, particularly sidannel
enhancementn the lower river The potential effects adperationablternativesand some

facilities modificationsvere evaluated with the GQUAL-W2 model Other ptential structural
alternativesvere evaluated through engineering feasihiktiyectiveness, and comshalyses. The
approaches to evaluating the effectivenesspefational and structuraleasures, as well as

gravel augmentation and habitat enhancemengx@iained in Section 930of theFinal 401
Application

Tributary ShadingGravel Augmentatiomand Habitat Enhancement

Because the operational and Project modifications discussed above will achieve partial
compliance with the ODEQ temperature standard, PGEaisiladdress tempature
exceedances in the lower Clackamas River through a combinatidoubéry shadinggravel
augmentation and habitat improvements, which will, in addition to producing a reduction in
maximum temperatures, have geomorphic and biological benefits.

During discussions with the Water Quality Group following its filing of the December 2006
application, PGE agreed to implement a program of shading along tributaries to the lower
Clackamas River. As described in Section 9.3.5 of the 401 Applicationdgisam will lead to
the shading of 30 miles of tributaries, with a concomitant reduction of heat loading to those
tributaries and the lower Clackamas River.

To better understand the potential temperature benefit of gravel augmentation in the lower
Clackama River, and to inform potential adjustments to the gravel augmentation approach to
maximize temperature benefits, PGE contracted wittU®BA-FS, Pacific Northwest Research
Station to conduct a study of the effects of gravel augmentafidre studyinvolved researching
existing geomorphic and temperature conditions in the lower Clackamas River. Information
from this phase of studyasused to parameterize the existing-QBPAL-W2 model so that it
couldbeappliedto estimatdemperatureensitivity to gavel augmentation. The results of the
sensitivity modeling providitan analysis of the likely magnitude, location, and variation of peak
temperature reductions due to gravel augmentation in the lower river. UseQ@{SE-W2

also allovedinvestigation btemperature effects from alternative Project operation scenarios in
conjunction with gravel augmentation.

In addition, gravel augmentation is expected to increase the coarse sediment storage and water
surface elevations in side channels in the lowackamas River. Coarse sediment deposition in
the channel will result in higher water surface elevations for a given river discharge. This will
increase the amount of side channel habitat during low flow periods, which in turn will benefit
temperature agescribed below.

As part of theSA Alternative, PGE also proposes to augment gravel, to increase the availability
of salmonid spawning habitat in the lower Oak Grove Fork under the flow regime proposed in
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the SA Alternative. If this augmentation prograeduces temperatures in a manner similar to

that observed by Lewis et al. (2005), temperatures in the lower Oak Grove Fork will be reduced
beyond the significant reduction predicted as the result of increased baseflows alone, which are
expected to resulhiyearround compliance with ODEQ criteria.

In 2004 PGE constructedOa5-mile-long groundwater side channel downstream of Barton

Bridge, at RM12.0(Parsons sidehannel project) The channel was designed and constructed to
create additional cold watsummer rearing habitat for juvenile coho, Chinook, and steelhead.

The project created approximately 1680of new cool water summer habitat. Field studies in

2006 showdthat average temperatures in the new channel are 20adoler than mixed

maingem temperatures, and that these conditions provide ideal summer rearing temperatures and
thermal refugia from mainstem river temperatures. Fish densities were shown to be higher in the
side channel than in the mainstem.

During discussions with the Wat®uality Group following its filing of the December 2006
application, PGE agreed to implement two additional habitat enhancement projects along the
lower Clackamas River. As described in Section 9.3.5 of the 401 Application, these pugects
planned tde located at Mclver and Eagle Creek and are expected to provide a significant
amount ofcold water summer rearing habitat for juvenile coho, Chinook, and steelhead.
Althoughtheseside channel improvemesdrenot expected tsignificantlyaffect maingtm

river temperatures downstream of River Mill Daimey areexpected to provide substantial

benefits to juvenile salmonids, thereby increasing salmonid production and promoting beneficial
uses designated for the lower river.

In 2006 PGE contracteslith Cramer Fish Sciences to develop a-tifecle simulation model to
estimate the loss of production potential in the lower Clackamas River as a result of temperature
increases and tguantify the benefits to beneficial uses that will be created by measures to
reducetemperaturethereby compensatirfgr lost production potential (Cramer Fish Sciences
2008). The modebrovides a quantitative estimate of the amount of production loss that will be
mitigated by the proposed habitat enhancement measures incluledSA Alternativeand in

the Final 401 ApplicationLife-cycle modeling, based on sieecific data collection, was
selected as the preferred approach begaug®sed measures that redte@peraturéncreases
have the potential to reduce fish prodantiossesat different times during their lifbistories,

either byincreasingsurvival of migrants passing through an impacted area orchgasing the
capacity and survival of fish that spawn or rear in an area.

The CFS lifecycle model indicatethat,based on differences in predicted smolt production in
the NTP and current condition, losses in smolt production from the Project area due to current
Project operations are estimate@ato 27 percent for all species combined, depending upon
whether the malysis relies on average or maximum temperatudssdiscussed in Section 9.3.5

of the Final 401 Application, thée-cycle model further indicates that the combination of
operational changes to the Project, tributary shading, and habitat enhanceeeitd proposed

as part of the Final 401 Application waignificantly reduce or eliminate these impacts.
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Temperatures in North Fork Fish Ladder under SA Alternative

Temperatures within the North Fork fish ladder will improve (i.e., become cooler) wia8ath
Alternative is implemented. This change, coupled with physical changes to the ladder, will
create an environment in which upstreamgrating adult salmonids experience no delay. As a
result, temperatures in the North Fork fish ladder will resudttainment of the relevant
beneficial use (i.e., upstream salmonid migration), and thereby compliance with the relevant
ODEQ criterion. Following issuance of the new license Fise Committeevill evaluate
upstream fish passage through the laghesuat to the provisions of the FPPP

Temperaturgin Project Reservoirs under SA Alternative

Temperatures in the Project reservoirs undeSthdlternative will be such that surface waters
warm through the summer months and the volume of water meetingtivgreemperature

criterion will decrease and lie deeper. Nevertheless, a substantial volume of the reservoirs will
remain below the relevant criterion. Fish and other biota in the reservoirs congregate in regions
conducive to their survival and growtmd thuswill avoid regions where temperature standards
are exceeded for short periods, so the Project reservoirs will be in compliance with ODEQ
temperature criteria

2.4.2 Proposed emperaturdlanagemen®perations

The proposeg@hanges tdrojectoperating prtocol, which will affecttemperature management
throughout the Project aremreoutlined below.These changes are established by the Settlement
Agreement or as a result of the analyses conducted during preparation of the Final 401
Application. Other opeating changesicluded as part of the Settlement Agreentbat arenot
expected to affect temperature are gistussed here

Timothy Lake

e Achieve a surface elevation of 3,189 ft by Memorial Day

e Achieve a surface elevation of 3,190 ft by July Bufficient flow is availablethis may
be constrained by minimum flow requirements of the upper Oak Grove, Batlgurface
elevation will not exceed 3,191.5 ft from Memorial Day to Labor Day

e Maximum reservoir drawdown between Memorial Day and Labor Daybat 1.

e No drawdown below 3,190 ft between Memorial Day and August 1, if 3,190 ft was
achieved

¢ No reservoir drawdown below 3,189 ft before Labor Day

e Fall drawdown of the reservoir would begin no earlier thard#yafter Labor Day and
would be accomplishecteording to the maximum flow release scenario desciegulv
under the Oak Grove Fork, Timothy Lake to Lake Harriet subheading.

e Fromthe day aftet.abor Day tathe day befordMemorial Day Timothy Lake may be
drawn down to a normal minimum elevation ¢f30.0 feet, and the maximustevation
is not to excee®,191.9 ft

e Subject tahe maximum flow release scenario describebwunder the Oak Grove
Fork, Timothy Lake to Lake Harriet subheadiR§sSEmay draw Timothy Lake down to
an extreme minimum of 312bfeetbetween the day after Labor Day and the day before
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Memorial Day, during the following extraordinary situations: (1) drawdown needed for
safe passage of anticipated flood flows to minimize damage to life and property; (2)
drawdown required to compkerepairs on Project facilities (including spillway gates, the
intake structures, or other dam structures); and (3) power emergencies, as defined in the
Western States Coordinating Council Minimum Operating Reliability Criteria (March 8,
1999), as such iteria may be amended during the license term.

Oak Grove Fork, Timothy Lake to Lake Harriet

Maximum flows
¢ Memorial DaythroughLabor Day 70 cfs over inflow

e Labor DaythroughSegember30, 100 cfs over inflow

e Octoberl throughOctober31, 150 cfs over iflow

e Novemberl throughFelruary2829, 300 cfs over inflow (During this period PGE will
allow no more than three largeale flow events, defined as a day or series of days in
which Timothy Lake outflow exceeds inflow by 200 cfs or more. This limitatvould
not apply during system power emergencies or equipment failures at Timothy Lake Dam
or Oak Grove Powerhou3ge

e March1throughthe day beforé&lemorial Day 100 cfs over inflow

Minimum flows:
¢ Memorial DaythroughNovember30, 60 cfs or inflow, whiclever is less

e Decemberl throughFelruary28/29, 30 cfs or inflow, whichever is less
¢ March 1 throughMemorial Day 40 cfs or inflow, whichever is less

Lower Oak Grove Fork

Baseflow releases

Water year
Wet Normal Dry
Apr 17 Sep 30 100 cfs 90 cfs 80 cfs
Oct 17 Oct 15 100 cfs 100 cfs 100 cfs
Oct 167 Dec 15 80 cfs 80 cfs 80 cfs
Dec 16i Mar 31 70 cfs 70 cfs 70 cfs
AWet , 0 Anormal , 0 and Adryo water years are

License Article on the basis of forecastediRprto September 30 inflows to Lake Harriet:

Forecasted April 1 September 30 Inflows to Lake Harriet
Wet >182,000 acrt

Normal < 182,000 acrft and > 123,000 acrft

< 123,000 acrt
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PLA 8(b) further provides that within six months of licenssuance, PGE will file a protocol,

developed in consultation with the United States Geological Survey, to determine whether the
year will be fAwet, o fAinormal, o0 or Adryo as def
FERC, PGE will release the flovesp pr opri at e to a fAnor mal 0 year.

North ForkFish Ladder andNew Sorting Facility

The water supply to thidorth Fork Fish Tap consists of a new intake located in the forebay of

the North Fork Dam at a depth of approximately 22 tét 8@low the normal f@bay water

level. This depth allows for a relatively cold water supply to augment the ladder flow during the
summer when the forebay temperature stratifies, and warm water is drawn off the surface at the
ladder exit. This colder water will serve as awfly supply to the trap and supplements the flow

in the existing ladder with approximately 22s (50percent of ladder flow with cold water. The
colder water will improve attraction at the ladder entrance in addition to improving ladder
conditions in gneral.

Faraday Diversion Reach

Baseflow releases:

e Yearround base flow of 270 cfs

e If spillway entrainment of juvenile steelhead can be reduced by at lepsté&hiat
flows up to 4,000 cfs, base flow releases will be reduced to 250 cfs.

Additional flov release mandated by State instream water right
e July 17 Sept. 15:As flows above Faraday Diversion Dam increase ab®@05xfs

(moving to 5270 cfs if spillway entrainment of juvenile steelhead can be reduced by at
least 5Qpercentat flows up to 4,00 cfg, flow in the Faraday Diversion Reagilill be
increasedintil it reaches 400 cfs. As flows above Faraday Diversion Dam increase
aboveb,420cfs, additional flows will be routed through the Faraday Powerhouse

e Sept. 16 June 30:As flows above Faday Diversion Dam increase aboy2dcfs
(moving to 5270 cfs if theabovecondition is metas above)flow in the Faraday
Diversion Reachvill be increasedintil it reaches 640 cfs. As flows above Fasada
Diversion Dam increase abo%#60 cfs, additioal flows will be routed through the
Faraday Powerhouse.

Pulsed flows for inducing Chinook migration

e Between April 1 and October 3BRGE will provide pulsed flows of between 120 and 480
cfs, in addition to the base flows described above, at a duratidneguency determined
pursuant to the Pulsed Flow Regime Study Maluded inthe Settlement Agreement
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Faraday Lake

e Faraday Lake will bérawndown byapproximatelyl3 feet from June 16 to August,31
thereby eliminating warming that now occurs as weigers and flows through Faraday
Lake. The precise timing, extent, and mode of implementing the drawdown will be
determined under operational conditions following issuance of the new license.

Flowsbelow River Mill Dam

e Except as specifically provided Ibe, PGEwill operate River Mill Dam and
Powerhouse to provide flow releases below River Mill Dam that eqfielv. Ramping
for powergeneratiorwill not be permitted.

e PGE will develop and implemeatsystem to estimaiiver Mill ungagednflow (RMU
Inflow) based on measured flows at the USGS Estacada gage, and water level
measurements in North Fork Reservoir, Faraday Diversion Dam Reservoir, Faraday Lake
and Estacada Lake. The water level data will be used to estimédkevitgeviation
described below

e PGE will control the River Mill development flow release to hold the flow deviation
within 10 percentor 100 cfs (whichever is greater) of the USGS Estacada gage flow, for
all river flows, except during emergencies, equipment failures that affectlower
below River Mill, or during scheduled maintenance activities that affect river flows
below River Mill or that require reservoir level changes in the North Fork to River Mill
reach.

¢ During scheduled maintenance activities that affect river flows bRiger Mill or that
require reservoir level changes in the North Fork to River Mill reach, PGE shall not
reduce flows below River Mill to less than 500 cfs or RMU Inflow, whichever is less.

¢ PGE will not adjust reservoir refill or draw down rates before aitel maintenance
events more than 50 cfs in any hour. If, during this flow adjustment period, the RMU
Inflow changes at a rate of 50 cfs per hour or more, in the same direction desired for
maintenance, then changes in the refill or drawdown rate ofvoésen the North Fork
to River Mill reach (i.e., the ramping of flows for maintenance) will stop and ramping of
the flow release will equal the ramping rate of the RMU Inflow.
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2.5

Temperature Monitoring Sites and Sampling Schedule

Temperature monitoring Wibe conducted at the sites listed in Tab® which shows

monitoring locations, water quality variables sampled, and type and frequency of sampling.

Descriptions of sampling protosdre provided for each variable listed in the table

Table2-2.  Water quality monitoring following issuance of the new FERC license
Type of
Code Site Name River Mile Variable Sampling Frequency
TLO Timothy Lake Reservoir - Blue-green algae Grab Weeklyand summer,
and associated and triggered by
toxins blooms
OGF1 Oak Grove Fork below 68.8/16.6 Temperature Continuous Downloadmonthly
Timothy Lake Dissolved oxygen Grab Biweekly seasonal
IGDO Grab Biweekly seasonal
OGF2 Oak Grove Fork above Lake IGDO Grab Biweekly ssasonal
Harriet
OGR3 Oak Grove Fork below Lake 57.6/5.4 Temperature Continuous Download monthly
Harriet Dam
OGH Oak Grove Forkear the 52.2/0 Temperature Continuous Download monthly
mouth Dissolved oxygen Grab Biweekly seasonal
IGDO Grab Biweekly seasonal
CR1 Clackamas River upstream 52.2 Temperature Continuous Download monthly
the Oak Grove Fork Dissolved oxygen Grab Monthly
CR2  Clackamas River upstream 46.8 Temperature Continuous Download monthly
Oak Grove Powerhouse Dissolved oxygen Grab Biweekly seasonal
IGDO Grab Biweekly seasonal
CR3  Clackamas River upstream 33.3 Temperature Continuous Download monthly
North Fork Reservoir Dissolved oxygen Grab Biweekly seasonal
IGDO Grab Biweekly seasonal
NFO  North Fork Reservoir - Blue-green algae Grab Weekly and summer
andassociated and triggered by
toxins blooms
NF4  North Fork Tailrace - Temperature Continuous Download monthly
Total dissolved  Grab During naturakpills
gas
LAD1 North Fork fish Ladder, top - Temperature Continuous Download monthly
LAD2 North Fork fish Ladder, - Temperature Continuous Download monthly
immediately belovthe new
North Fork adult sorting
facility
LAD3 North Fork fish ladder, - Temperature Continuous Download monthly
bottom (at diffusers)
FAR1 Faraday Diversion poojyst - Total dissolved  Grab During natural spills
upstream of the diversion gas
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Monitoring at the stations listed in Tak®e2 will be conducted in the following riverine reaches:
below Timothy Lake Dam, below Lake Harriet, at the mouth of the Oak Gione the
Clackamas River upstream of North Fork Reservoir, the North Fork taitmadeheFaraday
Diversion Reach At all sites, monitoring will be conducted immediately before, during, and
after periodof the yeamwhich under existing operations aret of compliance but are predicted
to be in compliancevhenthe SA alternativeflow releases are implemented

Temperature monitoring will be conducted in the Clackamas River immediately upstream of the
Oak Grove Powerhoug@&able2-2). Monitoring datawill be used to evaluate temperature
differences between the Clackamas River upstream of the Oak Grove Fork and immediately
upstream of the Oak Grove Powerhouse, to assess actual warming, or cooling, that occurs in the
reach.

To assess thextent of temprature reduction in thdorth Forkfish ladder resulting from the
introduction ofcold water at th@ewadult sorting facility, monitoring will be conducted at three
locations in the fish ladder: at the top of the ladder just downstream of the infloiN&rdam

Fork forebay, just downstream of the new adult sorting facility, and just downstream of the
diffusers at the entrance of the lad{iEable2-2).

Temperaturenonitoring will continuefor five years, or for a shorter period of timé’GE and
ODEQ ayree that further monitoring is not warrantedlocument temperature dynamics under a
range of flow and meteorological condition®Vith respect to temperature monitoring in the
North Fork fish ladde®?GE will work with ODEQ, and the Fish Committee t@kiate results

and determingvhethermonitoringshould continue for more than five years

2.6  Temperature MeasurementM ethods

Onset® temperature loggers (or equivalent), sethatelcording intervals, will be installed at all
monitoring locations identifieth Table2-2. Data will be collectednmediately before, during,

and after periodef the yeamhich under existing operations are out of compliance but are
predicted to be in complianeghenthe SA Alternativeflow releases are implementeAt all
locatons, data collected by temperature loggers will be downloaded maviilthe period of

data collection Quality assurance and quality control measures associated with data collection
will be addressed in the Quality Assurance Project Plan (QAPP) ksrexpin Sectiori00.

2.7 Reporting

Reports will be produced in two forms: updates on water temperatures will be provided via email
to ODEQby the end of the month following the month in which data were colleatetan

annual report will be submitted, iy winter of each year, to ODEQ and other members of the
Fish Committee Reportswill consist ofa tabular summary of data and tlaev datéfiles from

which the summary data were generated.

ClackamasRiver Hydroelectric Project 15 Water Quality Management and Monitoring Plan
FERC No. 2195 February 2009



3.0 DISSOLVED OXYGEN MAN AGEMENT PLAN

3.1 ODEQ DissolvedOxygen Standard

The ODEQ dissolved oxygen (DO) standard, as defingdAdy 340-041-0016, can be found in
Section 9.4 of the Final 401 Application.

3.2 Application to the Clackamas Hydroelectric Project

ODEQ DO criteria that apply to Project reaches of the Clackamas Riv&yan@rove Forlare
shown inTable3-1. In the Oak Grove Fork above the barrier falls, the salmspadning

criterion applies during winter and spring to account for resident cutthroat trout spawning, and
therearing criterion applieduring the remaindeof theyear. In all other riverinereachesthe
spawning and rearing criteria apply based on anadromous fish periodicities identified by ODEQ.
In the North Fork fish laddddO concentrations must be sufficient to ensure that upstream fish
passage is iompeded, a determination to be made byRisé Committeavhen posticense
monitoring results become available, i.e., aféenperaturehangesn the laddewccur as the

resultof introduction of cold water at the new North Fork ladder fish. tdapPoject reservoirs,

the relevant beneficial use is salmonid rearing.

Table 3-1.  ODEQ DOcriteria that apply to Project reaches of the Clackamas River and Oak
Grove Fork. 8 mg/L is the salmonid rearing criteni@and 11.0 mg/L is the
spawning criterion.

Reach Period when criterion applies  ODEQ DO criterion

Oak Grove Fork, Timothy Lake to barrier falls JD1671 365; 5321 730 8 mg/L (30D}

JD1i 166; 366- 531 11.0 mg/L (7D)

Oak Grove Fork, barrier falls tmouth JD 1671 244,532 609 8 mg/L (30D)

JD 17 166; 2451 531; 610i 730 11 mg/L (7D}

Clackamas River, Oak Grove Fork to Clear Creel JD 1671 244; 532 609 8 mg/L (30D)
JD 1i 166; 245/ 531; 610Gi 730 11 mg/L (7D)
North Fork fish ladder JD171 730 DO concentrations tha

do not impede fish
passage, as determine
by the Clackamas Fisl

Committee

Clackamas River, vicinity of Bonnie Lure State P: JD17 730 8 mg/L (30D)
(RM 16.7)
Clackamas River, Clear Creek to mouth JD 1361 288; 5011 653 8 mg/L (30D)

JD 1i 135; 289 500; 654i 730 11 mg/L (7D)
1 JD = Julian date.
2 30 D = 30day minimum mean as defined in OAR 33@41-0002.
3 7 D = day mean minimum as defined in OAR 3341-0002.
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According to ODEQ standards, if IGDO measured gsatiad median is greater than or equal to
8.0 mg/L, then the applicable ambient (i.e., water column) DO criterion is 9.0 mg/L, instead of
11.0 mg/L. Currently, theambient DOspawning criterion for th®ak Grove Fork, the

Clackamas River from the Oak Ge¥ork to Estacada Lakand the Clackamas River
downstream oRiver Mill Damis 11.0 mg/L.because no informatidmas beemvailable

regarding intergravel dissolved oxygen (IGO®@}he Project areaRecent data available to

PGE suggest, however, thatDG levels in the Project area are greater than 8.0 mijiis

issue is addressed in greater detail in Se&idpApproach to DO Management

3.3  Facilities for Compliance

As noted in Section,2he PME packag@roposed under theA Alternativeincludes two

facilities modifications that will result in improvements in DO concentrations. A minimum flow
facility will be installed at Harriet Dam, which will allow the release of up to 108 cés, the
maximum plannethaséow releasdo the lower Oak Grove Fogroposed as part dfie
settlemenPME package. This will result in a reductiodower Oak Grove Forkemperatures

and a concomitanihcrease in DO during much of the year, mainly during warmer mosghs (
Section7.2.4.20f the Final 401 Application)The second proposed modification is a new adult
fish sorting facility in the North Fork fish ladder, which will replad®ut 5Qpercent of the fish
ladder flow with cold water from the North Fork Reservoir hypolimnion. The added cold water
will lower overall fish ladder temperatures downstream of the sorting fadhigrebyincreasng

DO.

3.4 Approach to DO Management

Water quality modeling indicates that under pineposedSA Alternativeflow regimes DO
concentrationsvill fall below the 11.0 mg/L criteon at timesin all reaches of th®ak Grove

Fork and Clackamas Rivésee Sectiory.2.4.20f the Final 401 Application)This

noncompliance occurs in the Oak Grove Fork upstream of the barrietdeltg a portion of the
cutthroat trout spawning periodin the Oak Grove Fork downstream of the barrier falls and in all
riverine reaches of the Clackamas Rin2@ levels below 11.0 mg/bccur just before the

ODEQ criterion changes from the 11.0 mg/L spawning criterion to the 8.0 mg/L rearing
criteriond as waer in the river is warming during summer and DO is declidiagd again just
after the criterion changes back from 8.0 mg/L to 11.0 éhgiben the river has not yet cooled
sufficiently to allow DO concentrations to climb to or beyond 11.0 mg/L.

The 11.0mg/L criterion, which has been usedthe Final 401 Applicatioto evaluatehe SA

Alternative, is the most stringent DO criterion and has been applied betdfisentlIGDO

datahave not beeavailable to allow for @eterminatiorof whether tle 9.0 mg/Lcriterion

should apply ODEQ6s rules stipulate that i f the mi
spatial median of samples collected accordif@DEQ pr ot ocol , is O 8.0 mg
mg/L ambient DO criterion applies. If the 9.0 mg/L critariwere to apply to the Oak Grove

Fork and Clackamas RiveilSE-QUAL-W2 results indicate thatnder theSA Alternativethere

would be no DO exceedances in any of the riverine reaches.
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In 2005,PGEcollectediGDO datain a number of locations in the Oakdse Fork and

Clackamas RivefseeSectiors 4.51 4.7andAppendix1B). PGE and ODEQ have agreed that
IGDO monitoring will continue following license issuance, when the flow regimes identified in
the Settlement Agreement are implemented, and that ploaskcenselGDO measurements will

be used to determine whether the 11.0 mg/L or 9.0 mg/L criterion is to apply in various Project
reaches (seBection 9.4f theFinal 401 Application). IGDO monitoringin 2005 was, sfuture
monitoringwill be, conductedn reaches and at timesere exceedances of the 11.0 mg/L
ambientcriterionare predictedy the CEQUAL-W2 modelto occur under operatiompsoposed
under theSA Alternative

IGDO data collected in 2005 indicate that median IGDO values are above 8.@trafjfimes

in most reaches and most of the time in the remaining reaches (see S&dtombre detail).
These IGDO values are likely to increase under the higher flow releases implemented after
license issuance. If the expected increases occDOI@ Projectaffected reaches will exceed

8.0 mg/L, in some cases significantly, during salmonid spawning and incubation periods.
Therefore, the ambient DO criterionll be 9.0 mg/L in all reachesAmbient DOcurrently

exceeds 9.0 mg/L throughout theearine reaches in the Project area during salmonid spawning
and incubation periods, and based on this, ODEQ has reasonable assurance that ambient DO
values in the Project area will be in compliance with ODEQ critkriang the term of the next
license.

In Project reservoirs, a substantial volume of water will remain above the relevant criterion at the
appropriate times. Fish and other biota in the reservoirs congregate in regions conducive to their
survival and growth, and thus will avoid regions whef@ &ncentrations are below criteria for

short periods.Based on this, PGE believes that when operations associated w#h the

Alternative are put into effect, DO concentrations in Project reservoirs will be in compliance

with ODEQ criteria throughout thgear.

3.5 IGDO and DO Monitoring Sitesand Sampling Schedule

IGDO and DOmeasurements will be madelocations in the Oak Grove Fork and Clackamas
River identified in collaboration with ODE@ppendix1A). As explained above, IGDO
monitoring results will beised todetermine if the 9.0 mg/ambient DO standard is applicable
in the reaches and at the times in questionitoring took place in 2005andwill continue
following issuance of the new FERC licensetigo years, if ODEQ and PGE agréwt post
licensemonitoring is neegd PGE and ODEQ will determirduringthe first two years of the
new licensef IGDO and ambient DO sampliigasbeencompletel.

Postlicense monitoring will be conducted in two phasEer the Timothy Dam tailrace,
monitoringwill take place during the first two years after license issuance; thialhl

evaluation othe extent to whichf any, the model fails to account for the potential aerating
effect of the HowelBunger valve. PGE, in consultation with ODEQ, may de¢o measure the
volume and DO concentration of groundwater input immediately downstream of Timothy Lake
to evaluate its potential effect on overall DO concentratiéiws.the Oak Grove Forxelow

Lake Harrief monitoring will take placdor two years aer the minimum flow structure has been
completed.
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During the first two years after license issuamnerine IGDO andDO measurements will

occur biweekly during the period of year when the 11.0 mg/L ambient DO criterion is currently
applicable and modg@lredictions indicate th&O levels less thahl.0 mg/L could occur under
the proposed alternative; noerinelGDO or ambient DOmeasurements will be conducted
during the remainder of the year. Sampling protocol, including timing, is provided in the
appopriate section below and in t&¢udy plan: Intergravel dissolved oxygen (IGDO)
concentrations in the Clackamas River, Timothy Lake tailrace to below River Mill Dam
(Appendix1A). If ODEQ determines that IGDO sampling results warrant a change to the 9.0
mg/L ambient standard, ambient DO sampling will be discontinued; if the 11.0 mg/L criterion
remains in effect, PGE will work with ODEQ to determine when and faotlverambient DO
monitoring will take place.

3.6 IGDO and DO Data Collection M ethods

IGDO and anbient DOsampling will beconductediuring the spring and fall spawning

and incubation periods when ambient DO concentrations are predicted to be below the

11.0 mg/L criterion; no data will be collecte
rearing criteriorapplies. Sampling will be conducted every other week from April 15

through June 15 and from September 15 through November 15. No fall sampling will be

conducted in Timothy Lake tailrace or in the Oak Grove Fork just upstream of Lake

Harriet (see samplmlocations below), because the only native salmonid that occupies

the upper Oak Grove Fofkbove the barrier fall$$ cutthroat trout, which is a spring

spawning species.

IGDO and ambient D@ampling will be conducted in areas where salmonids are known

to spawn, or in areas with suitable substrate, depths, and velocities if little or no spawning
takes place in a particular sampling reach. All sampling will be conducted to avoid
disturbance of actively spawning adult salmonids or existing redds.

At each siteJGDO sampling will be conducteith three artificial reddswhich will be
constructed to mimic conditions created by adult salmonids wdestracing redds. A
standpipe will be placed in each artificial redd, and water to be sampled for IGD6 wil
pumped from inside the standpipe at its base. Ambient DO above the artificial redd will
be measured at the same time as the IGDO. A dissolved oxygen probe (HyYdrmiab
equivalent), will be used to measure IGDO and ambient DO concentrations,jskidrwv
titration will be used to verify the accuraof/the measurement device. Winkler

titrations will also be performed at locations where IGDO concentration is less than 8.0
mg/L. IGDO sampling and QA/QC protocol are provided in detail iH@2O sanpling
study plan: Intergravel dissolved oxygen (IGDO) concentrations in the Clackamas River,
Timothy Lake tailrace to below River Mill DafAppendix1A). Measurement Quality
Objectives for IGDCare summarizeoh Table3-2.
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Table 3-2. Measurement Quality Objectives for accuracy, precision, bias, and stated
reporting limits.

Parameter Method Accuracy Precision Bias Rell‘?of“”g Expected
imit range
Temperature  NIST thermometer/  +0.2°C 0.35°C 0.05°C 001°C 0.17 20°C
Hydrolab
IGDO/DO Modified Winkler/  +0.3 mg/L 0.5 mg/L or 1% 0.0l mg/L  7.57 12 mg/L
Hydrolab <5%RSD

Ambient DO measurements will be made with a Hydrolab, at times to be determined with ODEQ
in light of the results of IGDO monitoringMeasurenant quality objectives for ambient DO are
summarized in Tabld-2.

3.7 2005 IGDO M onitoring Results

Results of sampling conducted in 2005 show that IGDO concentrations in Ffgeted

reaches are nearly always high; detailed results of the 2005 IGR2@alkection are included in
Appendix1B of thisWQMMP. As explained in Section 9.4dt theFinal 401 Application if
measured IGDO concentrations dursajmonidspawningand incubatioperiodsa r e 08 . 0
mg/L, O D E Q<urgace water numerigO criterion(i.e., ambient criterion)s 9 mg/L, instead of
11 mg/L. When spawning and incubation are not occurring, the applicable surface water
criterion is 8 mg/L.

IGDO data were collected during spring 2005 on AprilZ5 May 1011, May 26 27, and June

141 15 ateight sites along a longitudinal profile of the Oak Grove Fork and Clackamas River:
Timothy Lake tailrace, upstream of Lake Harriet, Ripplebrook Campground, Indian Henry
Campground, upstream of North Fork Reservoir, in the Faraday Diversion Reach, Mateer S
Park, and in the Clackamas River near Eagle Creek. IGDO data were collected during fall 2005
on October 45, October 2021, November 34, and November 16 at five sites on the Oak

Grove Fork and Clackamas River: Ripplebrook Campground, Indian Hempgtaund,

upstream of North Fork Reservoir, in the Faraday Diversion Reach, and in the Clackamas River
near Eagle Creek.

The ranges of the spatial median IGDO values, by site, during spring and fall 2005 are shown in
Table3-3. During spring 2005, meain IGDO values were consistently above 8.0 mg/L at all

sites, except at Ripplebrook Campground, where the low median EBB€éentratiorwas 7.7

mg/L. During fall 2005, median IGDO values were above 8.0 mg/L at all sites, except at Indian
Henry Campgroundnd near Eagle Creek. At Indian Henry Campground, the low median IGDO
concentration reached 7.7 mg/L. At Eagle Creek median IGDO values were at times very low
(as low as 1.8 mg/L). However, temperatures within the artificial tretdyielded this resul

suggest that the low values resulted from groundwater intrusions and likely chpresent

conditions that would occur in natural redds in this area.

Table 3-3.  Rangs of spatialmedian intergravel disseéd oxygen (IGDO) valuedy site,in
the Oak Grove Fork and Clackamas River during spring and fall 2005.
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Range of spatial median of IGDO measurements (mg/L)

Sampling site Spring 2005 Fall 2005
Oak Grove Fork
Timothy Lake tailrace 8.17 9.7
Upstream of Lake Harriet 8.671 10.3
Ripplebrook Campground 7.771 9.6 8.41 9.4
Clackamas River
Indian Henry Campground 8.871 10.3 7.77 10.5
Upstream of North Fork Reservoir 8.17 10.0 9.37 10.3
Faraday Diversion Reach 8.71 10.1 9.47 10.8
Mclver Stde Park 8.81 9.5
Near Eagle Creek 8.71 9.6 1.87 9.8

1 DO measurements in artificial redds likely influenced by hyporheic flow

As mentioned abovéGDO data collected in 2005 indicate that median IGDO valuasd
downstream of the Projeate abwe 8.0 mg/Lnearly all of the time, andhése IGDO values are

likely to increase under the higher flow releases implemented after license issuance. Therefore,
it is likely that ODEQ will set the ambient DO criterion at 9.0 mg/L in all reaalessilting n
compliance with ODE@mbient DQcriteriathroughout and downstream of the Project area

3.8  Reporting

Reports will be produced in two forms: updates on ambient DO and IGDO concentrations will be
provided via email to ODE®vice annuallyand an annual repowill be submitted in early

winter of each year to ODEQ and other members of the Fish Committee. Reports will consist of
a tabular summary of data and the raw data files from which the summary data were generated.

4.0 CREATION OF TASTES AND ODORS

4.1 ODEQ Tasteand Odor Standard

The ODEQ Creation of Tastes and Odors standard, as defined by OARB8007(12), can
be found in Section 9.7 of PGEG6s Final 401 Ap

4.2  Application to the Clackamas Hydroelectric Project

The Stateods Tast e edtowardrdtection of thase bdreeficidl usesthagneay r
be impacted at auisancdevel by the presence of phytoplanktohs applied to the Clackamas
Project the Taste and Odor standard would be used to address argrddnealgaeelated taste

or odor poblems associated with drinking water beneficial uses. Certain species of algae are
associated with taste and odor problems, which can adversely affect beneficial uses such as
public domestic water supplies. The standard requires that dischargesiatidsacbt cause
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tastes, odors, toxicity, or other conditions that would affect the potability of a drinking water
supply. These water supply uses assume adequate pretreatment (filtration and disinfection) and
natural quality to meet drinking water standis.

Blue-green algae blooms have been documented in both Timothy Lake and North Fork Reservoir
(EES Consulting 2004). Concerns over the blooms include taste and odor problems for drinking
water supplies in the lower ClackanRiser Basin, the potentidbr toxic algal byproducts, and

the increasing frequency and severity of blooms. Although no toxic events have been
documented, the environmental conditions that produce the toxins resulting fregrdxme

algae are poorly understood, and the poteaits for toxic events to occur in the Clackamas

River Basin. During times when blegreen algae blooms have occurred in North Fork

Reservoir, some of the downstream water providers have reported taste and odor problems.

4.3  Approach to Tastes andOdors Management

Theproductivity of theClackamasRiver systemis low (se€Section7.1.4.2of the Final 401
Application), and as a resutie CE-QUAL-W2 modellacks the resolution needémevaluate

links between blugireen algae blooms and downstream taste andprdblems. Thereforéo
address potential risk to the publ@DEQD in collaboration with th&JSDA-FS, Clackamas

River Water{CRW) Providersand PGB developed a twghasemonitoringprogramto be
implemented by PGEThe first phase isprelicense prgram initiatedin spring 2005 which
wasdesigned tadentify potentialtoxic-forming eventsnotify thepublicin the event that toxins
are measure@ndestablish relationships betwetasteand aor and ble-green algablooms.

The second and more cprehensive phase of monitoring will be implemented by PGE
following issuance of the new FERC license for the Clackamas Project. The monitoring
programis describedbelow and in AppendiRA. Results of the 2005 blugreen algae

monitoring in Timothy Lakeand North Fork Reservoir are summarized below (Section 5.5) and
addressed in detail in AppendiB2If after an appropriate interval of monitoring, a correlation
between bluggreen algae abundance and taste and odor problems is demonstrated, PGE will
consult with ODEQ to develop a reservoir management strategy, or a suitable alternative, to
mitigate any Projeeinduced component of the taste and odor problems.

4.4  Blue-Green AlgaeMonitoring Program

As explained above, the bhgeeen algae monitoring prograrashtwo phases: prand post
license issuance. The gieense monitoring program began in spring 2005iandided
identification of toxieforming events, notification levels for public recreation, assessment of
taste/odor relationships with algabbims. The podicense monitoring program will include the
above elements and new elements aimed at understanding-taisomg conditions and their
relatiorshipto Project operationsThe nonitoring protocolfor both phases isutlined in the
Draft blue-green algae monitoring program for the Clackamas R{@®gpendix2A).
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The bluegreen algae monitoring prograsdesigned to achieve three objectives:

1.

Protection against exposure to toxic conditions through identification of toxic
conditions created by lé-green algae blooms; notification of appropriate agencies
and interested parties; and posting signs of risk and closure in order to reduce
exposure to potentially detrimental conditions.

Characterizing the link, if any, betweProject operations and o formation,

through better understanding of the conditions affecting how and when algal blooms
form; and determining whether bloom formation can either be predicted or influenced
by Project operations.

Identification of linkages between algal conditiotaste and odor problems, and
potential toxicity.

The major components of the greensing monitoring program include the following

1.

Monitoring is focused in two of the Project Lakes, Timothy and North Fork, with
additional monitoring above watgrovide intakes (near Highway 211 Bridge and in

a location just upstream of intakes in the lower river) when blooms are noted in North
Fork Reservoir.

Sampling is triggered by visual observation of bloom conditions, or when
downstream water providers report éaahd odor eventsThe downstream water
providers will identify one person to coordinate with PGE regarding taste and odor
sampling events.

Monitoring occurs during the growing season, late spring through early fall, extended
as necessary if early or laseason blooms are observed.

PGE will sample for algal species and cell densities when blooms form and will
continue sampling for algae on a weekly basis until the blooms subside.

PGE will follow algal sampling with a sample for toxins when cell densities

2,000 cells per milliliter foMicrocystissp.and 15,000 cells per milliliter of all other
potentially toxigenic species combined in North Fork Reservoir. For Timothy Lake,
cell densities of 40,000 cells per milliliter fdticrocystissp. and 100,00 cells per

milliliter for all other toxigenic species will trigger toxin sampling.

If a toxin is discovered in water samples, PGE will notifyEin&sion Oregon

Department of Human Services, Office of Public Health Systems, Environmental
ToxicologySedt on ( ADHSO0), the CIl ackagsandWat er
ODEQ by phone.The CTGR, the CTSI, the CTW, Clackamas County Health
Department and WaterWatch of Oregon will be notified by eni2HS has the

authority to close water bodies.

PGE and the USDAS will work together on public notification and education
regarding recreational use closures in Timothy Lake.
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The major components of the péisensing monitoring program will include the following:

1. Monitoring will occur during the growing season, lapging through early fall,
extended as necessary if early ords¢@son blooms are observed.

2. Early in the new license term, weekly algal samples will be collected along with
information on meteorological, hydrologic and other relevant conditions toagevel
relationships between Project operations and algal blooms.

3. When weekly sampling is undertaken, results from weekly samples will trigger the
same sampling and advisory protocol used with the visual observations of-the pre
license program and asidentdie i n t he table entitled fAMan
Response To Cyanobacteria Presence In Timothy Lake And North Fork Reservoir,
20050 i rGreerhAdgaeBonitaing Program in the Clackamas River
(included in the Settlement Agreement).

4. Based on monitoripresults, PGE may, after consultation with the Bireen Tearh
and the ish Committeeand with the approval of FERC, propose to modify Project
operation in an attempt to decrease the frequency or severity of bloom events.

5. As the objectives of the pektense monitoring data are met, PGE may, in
consultation with the Blu&reen Team and approval by ODEQ, adapt the monitoring
program to either address additional questions concerning potential linkages between
Projectoperations and bloom formation, odrece the scale of thgostlicense
program to provide similar surveillance information as is collected under the pre
license program.

4.5 Results of 2008Blue-Green Algae M onitoring

During spring 2005, PGE initiated the pireense phase of the bhggeen alga monitoring
program in Timothy Lake and North Fork Reservoir. The 2005 monitoring was conducted
weekly from May 17 through September 19. During each monitoring ,@eemgerature and
weather conditions were recorded and field personnel looked for eeidéalgae blooms.

Water clarity was measured with a Secchi disk from August 8 through September 19. In
accordance with the agreegon sampling protocol, six phytoplankton samples were collected
and analyzed at Timothy Lake and five at North Fork Reser

During the 2005 monitoring period, bhgeeen algae blooms were observed in Timothy Lake
and North Fork Reservoir, but algae cell densities did not reach levels identified to initiate
sampling for toxicity or notification of the public. Despite teserved blugreen algae
blooms, water providers with withdrawals on the lower Clackamas River did not report any
significant taste and odor events in 2005. Based on the 2005 monitoring, there were no
recommended changesftdure monitoring.

! The makeup of the Blu€reen Team is specified in Exhibit M to the Settlement Agreement
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4.6 Reporting

PGE will notify ODEQ, CRWP, and tHeSDA-FSif the sample cell counts warrant testing for
toxins, and PGE will notify the Department of Human Services Public Health office of
Environmental Toxicology (DHS), ODEQ, CRWP and W@&DA-FSif the toxin sample is
positive (indicating toxicity). The DHS will have responsibility for issuing public notices and
generating public information with assistance fromWsbA-FSand PGE. In addition, a
summary report of data collected throughout the year, along witlefadiscussion will be
distributed annually to members of the Fish Committee.

5.0 TOTAL DISSOLVED GAS

5.1 ODEQ Total DissolvedGas Standard

The ODEQtotal dissolved gas standard, as defined by CG34R041-0031, can be found in
Section 9.8 of the Final 401 Applioan.

5.2  Application to the Clackamas Hydroelectric Project

The supersaturation of atmospheric gases in water may cause either crippling or lethal gas
bubbles to form in the tissues of fis@.D E Qtotal dissolved gas (TDGtandards designed to
prohibit dscharges or activities that will result in atmospheric gases reaching known harmful
concentrationsWhen excess water is spilled over the face of a dam, it entrains air as it plunges to
the stilling or plunge pool at the base of the déimhe momentunof the fall carries the water and
entrained gases to great depths in the pool, the entrained gases are driven into solution, causing
supersaturation of dissolved gases. The extent to which supersaturation actumstisn othe
physical characteriss of the spillway and the depth of the pool into which water plunges.

5.3  Approach to Total Dissolved Gas Management

As explainedn the Final 401 Application, typical conditions for the development of excess TDG
are not present at the Projestd Sectior®.8.3 of the Final 401 Application). Spillway

discharges from Project dams enter shallow water and do not plunge to great depth, and at the
Oak Grove Powerhouse, no air entrapment occurs, thus precluding TDG from reaching
supersaturated levels at thisifiag. Data to support the conclusion that TDG is not a problem at
the Project are provided in Section 9.8 of the Final 401 Application.

ODEQ has noted that TDG measurements at North Fork Dam are limited, however, with some
taking place under controlleg@iis, which do not accurately characterize TDG concentrations
under the relative flow distributions (spillway versus powerhouse) that would occur under a
natural spill of the same volumseg Section 9.8.3 of the Final 401 Applicationfiother
explanaion). ODEQ has requested that additional informatioodtlected bllowing issuance

of the new FERC licenséo verify that spill at North Fork Dam is in compliance with the ODEQ
criterion.
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PGE believes that TDG during natural spills at North Fork doesxceed the ODEQ criterion

of 110 and, therefore, has no plans to modify facilities or operations at North Fork Dam in an
attempt to influence TDG concentrations. Rather, PGE plans to monitor TDG concentrations
during natural spills to demonstrate tkiagreis noproblem (see below).

5.4  Total Dissolved Gas Monitoring

TDG monitoring will occur in twephases: for two years following license issuance, and for two
years following installation of the spillway exclusion net upstream of North Fork Dam. This
approach should provide data for all spill conditions expected to occur during the term of the
new license.

e Monitoring Natural Spills

Monitoring will be conducted duringatural spill® for the first two years of the new FERC

license periodi Nat ul 810 @piel defined as spills that occ
Dam exceed the powerhouse capacity (approximately 6,008refdGE must pass the excess

flows over the spillway.TDG measurements will be takenaocount for the full rangef

A n aat spillo conditionsthat occuduring the firstwo yearsfollowing license issuance
Measurementwill be made in the North Fork tailrace, as close to the dam as permitted by safety
considerations, anoelow River MillDam to assess dissipation of TiM&h distance from

North Fork Dam A Hydrolab and Common Sensing Unit will be used to measure total

dissolved gasAt both sites water temperature, total gas pressure, barometric pressure, dissolved
oxygen, and percent gas saturation will be measuveshsuremergquipmenivill be calibrated

to local barometric pressure prior to use.

PGE will meet with DEQ to review monitoring results and to decide either to develop possible
measures to address potential TDG violations or to continue monitoring TDG.

a. If atany time duringhis twoyear period, PGE has obtained enough data to establish that
natural spills will lead to violations of the TDG standard below North Fork Dam, PGE
will consult with DEQ to develop possible measuisDEQ approvato address the
expected TDG violations.

b. If at the end of this twayear period, PGE has not obtained enough data to establish that
natural spills will lead to violations of the TDG standard below North Fork Dam, PGE
will consult with DEQto decidehow to continue the TD@onitoring progranunder
Anatural spill o conditions

e Monitoring Under New Fish Passage Conditions

Monitoring will be conducted during the twar period starting when the spillway exclusion

net upstream of the North Fork spillway is in place and PGEdnand n st r at ed t he net
effectiveness as provided in PLA 12 of the Settlement Agreement. Monitoring will be conducted
during the time periods, specified in PLA 12(b), when the generation limits are inaftePIGE

i's i mplementi ng terenttorddace enteathmentpf juvenite salmormgds into
the powerhouse intake
ClackamadgRiver Hydroelectric Project 26 Water Quality Management and Monitoring Plan

FERC No. 2195 February 2009



PGE will meet with DEQ to review monitoring results and to decide either to develop possible
measures to address potential TDG violation$ ibis necessaryo continue monitong TDG.

a. If atany timethis twoyear period, PGE has obtained enough data to establish that the
pattern of spillway releases will lead to violations of the TDG standard below North Fork
Dam, PGE will consult with DEQ and the Fish Committee to develogillesneasures
for DEQ approvato address the expected TDG violations.

b. If at the end of this twayear period, PGE has not obtained enough data to establish that
the pattern of spillway releases will lead to violations of the TDG standard below North
Fork Dam, PGE will consult with DEQ to decide how to continue the TDG monitoring
program.

At the end of this extended period of monitoring, PGE will meet with DEQ to review results and
to decide either to develop measures to address potential TDG violationsootinue

monitoring for a further period established in consultation with DEQ. If, at any point, PGE has
obtained enough data to establish that the pattern of spillway releases will lead to violations of
the TDG standard below North Fork Dam, PGE wilhsult with DEQ and the Fish Committee

to develop possible measuffes DEQ approvato address the expected TDG violations.

5.5 Reporting

Reports will be produced in two forms: updates on TDG monitoring will be provided via email
to ODEQ within one month dhe time measurements are made, and an annual report will be
submitted, in early winter of each year, to ODEQ and other membersEsth€ommittee

6.0 OAK GROVE FORK GRAVEL AUGMENTATION

As part of theSA Alternative PGE will implement coarse sediment engptation programs,
following issuance of the new FERC license, in the Clackamas River downstream of River Mill
Dam and in the Oak Grove Fork between Lake Harriet and the confluence with the Clackamas
River.

As expl ained i n P GEibgsaveFaugmanitatiod i@sults A effedtsi c at i on,
comparable to thoseportedby Lewis et al(2005) temperatures in the lower Oak Grove Fork

will be reduced beyond the significant reduction predicted as the result of increased baseflows,
which aloneare expectetb result in yearound compliance with ODEQ criteria. In addition,

potential gravelnduced temperature reductions in the Oak Grove Fork would be transmitted
downstream, resulting in temperature reductions in the Clackamas River between the Oak Grove
Fork andNorth Fork Reservoir

As part of the SA Alternative, PGE proposes to augment gravel to increase the availability of
salmonid spawning habitat in the lower Oak Grove Fork under the flow regime proposed in the
SA Alternative. The initial gravel augmition amount will range from 2,2003,000 tons of

fluvial rock at two sites (Craek-the-Ground and Ripplebrook Campground)ievolumesplit
between the two sites and the number of years needed to provide the initial placement of coarse
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sediment willbe determined by PGE in consultation with Exgh Committegbut is anticipated

to be completed over four or five yeafSourse sediment delivered to the Cratithe-Ground

site is anticipated to be placed infimtcltd i n t he b e dndipanticipatetitonovei s si t
downstreamundermoderate flows. The material deposited at the Ripplebrook Campground will

be placed in bar forms using equipment and methods determined by PGE in consultation with the
Fish Committeefollowing license issuancelhe annual volumef gravelcan beficarried oved

to subsequent years if not added in a given y&he majority of gravels would be placatthe
Crackin-the-Ground site unless monitoring of spawning gravels in the Ripplebrook area

indicates the need feupplementation therdf after year 5 of the initial augmentation effort

coarse sediment does not appear tmbeng downstreanpastthe Barrier Falls, PGE will

complete a feasibility analysis of two additional coarse sediment augmentatiaiogiteteam

of Crackin-the-Ground

If this augmentation program reducaaximumtemperatures in a manner similar to that
reportedoy Lewis et al. (2005), temperatures in the lower Oak Grove Fork will be reduced
beyond what has been predicted as the result odased baseflows; as shown in Section 7 of
the Final 40JApplication, increased baseflows alone will result in a significant temperature
reduction in the lower Oak Grove Fork, one tdk result in yearround compliance with
ODEQ criteria.

7.0 PHYSICAL HABIT AT ENHANCEMENT

As part of theSA Alternative sidechannelhabitat enhancements wide implemented in the Oak
Grove Fork between the Barrier Falls and the confluence with the ClackamagsRever
SettlementAgreementor more information) Additional 1+cohosalmonsidechannel habitat

beyond whawill be obtained througincreased baseflows, will be createdoughsidechannel
manipulations, which may include excavation of side channel entrances, creation of large woody
debris jams or other such struts downstream of side channel entrances to provide necessary
inflows, placement of large woody debris at side channel entrances to protectthgainst

entrance of higlvelocity mainstem flowduring spill or large flow events, excavation within the
sidechannels to increase the total habitat area, and/or placement of large woody debris
(including root wads) to enhance teho rearing habitat quality.

The goals of mainstem habitat enhancement in the Oak Grove Fork between the Barrier Falls and
the confluerne with the Clackamas River inclubdeginning to restore natural stream processes,
enhancing 2+ steelhead, anadromous salmonid spawning, and spring Chinook holding habitat,
and providing a refuge for juvenile salmonids during high floWabitat enhancenmgs will

involve the placement darge woodstructures at strategic locationghin themainchannelof

the lower Oak Grove Fork

Habitat enhancements and will also be implemented upstream of Lake Hagigegates of

logs will be placed in Dinger Ceg, a tributary to Timothy Lake (s&ettlementAgreementor

more detail).Habitat enhancement willsobe implemented in the Oak Grove Fork between
Timothy Lake Dam and Hammer Springt this location, loulders will be placed along

channel marginto increa® hydraulic roughness, thereby reducing the width of active channel at
low flows, creating slower, deeper water (i.e., pda habitat) where there are currently
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shallow runs and riffles. @vert replacementwill be made on Dinger Creek and Ah@reek

the latter isa tributary to the Oak Grove Fork just downstream of Timothy Lake Dam. Replacing
these culverts will allow access to about 5.3 mi of stream currently inaccessible to upstream
migrating cutthroat trout.

These habitat enhancementaseares will be conducted using best management practices
(BMPs) designed to minimize water quality impacts, including sieom introductions of fine
sediment. Given the application of BMPs, the small spatial scale of individual enhancements,
and the sha time period needed to implement the enhancements, no water quality monitoring is
needed.

8.0 QUALITY ASSURANCE AN D QUALITY CONTROL

Uponissuance of the new FERC licenB&E will submit for approval to the Environmental
Protection Agency (EPA), on behalf GDEQ, a comprehensive Quality Assurance Project Plan
(QAPP), based on EPA and ODEQ guidelines. All measures outlined in the QAPP will be
Projectspecific, with explanations of how data collection conducted at all sites will comply with
the guidelines. BE will implement this WQMMP in accordance with the approved QAPP.
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WQMMP APPENDIX 1A
Study Plan: Intergravel DissolvedOxygen (IGDO) Concentrations in the
Clackamas River, Timothy Lake Tailrace to Below River Mill Dam
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CLACKAMAS RIVER PROJECT RELICENSING SWG
PrROJECT OPERATIONS/FLOWS

Study Plan
Intergravel Dissolved OxygenIGDO) Concentrations in the Clackamas River,
Timothy Lake Tailrace to Below River Mill Dam
May 2005

Water quality modeling (CRUAL-W2 ) of fl ow regi mes associated
Alternative revealed that wateplumn (i.e., ambient) dissolved oxygen (DO) caricaions in

the Clackamas Project area from the Timothy Lake tailrace to the Clackamas River downstream

of River Mil/ Dam would at times fal/l bel ow t
(ODEQ) ambient DO criterion for anadromous and residehtdpawning. Based on results of

the CEQUAL-W2 model, exceedances of the 11.0 mg/L criterion would occur during spring

before the shift from the 11.0 mg/L salmonid spawning criterion to the 8.0 mg/L salmonid

rearing criterion, and during the fall follomg the shift from the rearing to the spawning

criterion. The fall period is of concern only in reaches with anadromous fish, because resident
cutthroat trout spawn in late winter and early spring (see the 401 water quality certification
application [PGE Q04] for additional information).

ODEQ6s rules regarding DO concentrati-64 in ar
0101to OAR 34M41-:0340) state that #Aduring the applica
peri odséDO [ ambi ehantl]l.0 myd. yHowewet, if theeminimans istergravel

DO, measured as a spatial median, is 8.0 mg/l or greater, then the DO [ambient] criterion is 9.0

mg/ 1l . 0

Based on IGDO data collected by ODEQ in a limited number of streams and rivers in the state of
Oremn, it appears that intergravel DO (IGDO) typically does not fall below 8.0 mg/L (A.

Newell, ODEQ, personal communication). Based on these observations and consultation with
ODEQ, PGE has decided to measure IGDO concentrations throughout the Project area

determine whether the 11.0 mg/L or the 9.0 mg/L ambient DO criterion applies during salmonid
spawning and incubation periods. This will be dictated by spawning and incubation periodicities
established as part of ODEMMexh20Gt er quality <c

The foll owing statements describe PGEOGS propo
and its relationship to ambient DO, from the Timothy Lake tailrace to Clackamas River below
River Mill Dam.

Purpose

- Determine the ambient DO af@DO concentrations in artificial redds constructed at
selected sites in and downstream of the Clackamas River Project area.

- Evaluate IGDO data to determine whether the 9.0 mg/L or 11.0 mg/L ambient DO
criterion applies to various reaches in and downstregthe Project area.
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Sampling schedule

Sampling locations and times are also shown in Table 2, located at the end of this document.

- Overall schedule:

o Spring and fall 2005: Data collection will take place during the spring and
fall spawning and incub@in periods when ambient DO concentrations are
predicted to be below the 11.0 mg/L criterion; no data will be collected
during periods when ODEQOGs 8.0 mg/ L
ambient DO is predicted to be above 11.0 mg/L.

- Sampling periods i2005:

0 Spring 2005: April 15 through June 15

o Fall 2005: September 15 through November 15; no fall sampling would be
conducted in Timothy Lake tailrace or in the Oak Grove Fork just
upstream of Lake Harriet (see sampling locations below), because the only
native salmonid that occupies the upper Oak Grove Fork is cutthroat trout,
which is a spring spawning species.

- Frequency of sampling

o Sampling will be conducted every other week during each of the two
month periods indicated above (four samples during ezatos at each
sampling location).

Sampling locations

- Sampling will take place at the following approximate locations (Figure 1):
o0 The Oak Grove Fork in the Timothy Lake tailrace; sampled only in spring
(see explanation above); also, this site may noabepked in the early
spring if the snowpack prevents access.
o The Oak Grove Fork just upstream of Lake Harriet; sampled only in
spring
The Oak Grove Fork just upstream of its confluence with the Clackamas
River
The Clackamas River upstream of the Oak GrawedPhouse
The Clackamas River just upstream of North Fork Reservoir
The Clackamas River in the Faraday Diversion Reach
The Clackamas River downstream of River Mill Dam but upstream of the
Clackamas Hatchery
o The Clackamas River near Eagle Creek
- Sampling wil be conducted in areas where salmonids are known to spawn, or in areas
with suitable substrate, depths, and velocities if little or no spawning takes place in a
particular sampling reach.
- All sampling will be conducted to avoid disturbance of activelyspag adult
salmonids or existing redds.
- Sampling will be attempted at Eagle Creek, but the high risk of vandalism to
standpipes (see Field Methods) at this location could result in a limited dataset.

o

O O OO0

ClackamagsRiver Hydroelectric Project WQMMP Appendix 1A
FERC No. 2195 2 February 2009

r

e a



Clackamas River Project

River Mill Dam L

) Faraday Powerhouse

e

i
Morth Fork Dam |

| Dak Grove Powerhouss

| Timothy Lake
Legend 4 W
Far'ieﬂ Diversion
A |GDO Sampling Sites
1inch equals 4 miles L+ =% . =" Lo
Figure 1. Approximate locations of IGDO samplinges on the Oak Grove Fork and Clackamas River.
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Field methods

- Three atrtificial redds will be constructed at each sampling location.

- Redds will be located in areas where substrate, water velocity, and depth are suitable
for spawning, but not in locatiomghere the act of spawning is taking place or where
active redds already exist.

- Atrtificial redds will be constructed to mimic, to the extent possible, the conditions
created by adult salmonids when creating redds, i.e., gravel will be moved vigorously
until sediment and gravel are entrained in the water column.

- A25cmdeep depression (fiegg pocketo) wildl be m
standpipe will be placed in the depression and covered with gravel from the upstream
side of the redd, to a depthafiout 25 cm.

- Holes will be predrilled into the lowest 10 cm of each standpipe to facilitate water
exchange.

- Atlocations where vandalism potential or high water velocities could jeopardize the
stability of standpipes, a@mn-diameter reinforced water tr (filter size for sand and
grit), with a porous face measuring approximately 30 cm in length and attached to a
6.35 mm I.D. hosing, will be buried in the egg pocket so that the porous surface of the
filter is at a depth between 15 cm and 25 cm. Therfilose can then be connected to
the pump hose for sample collection.

- DO concentrations will be sampled within each artificial redd (i.e., IGDO), and in the
water flowing over each artificial redd (i.e., ambient DO), during each data collection
period ateach sampling location.

- Water will be pumped from inside the pipe at its base. A handheld peristaltic pump
(Masterflex easyloader 7518 pump head with LS16 hosing) will be used to draw a
sample from the pipe. This pump works based on vacuum pressureesnaiod
introduce air into the sample. Water will be pumped into a flask and allowed to
overflow. Approximately 600 1,000 ml of water will be slowly pumped and
discarded before continuing to pump the sample for analysis. This purges the pipe.
Pumpingwill be at a low rate of approximately 150 ml/min to minimize the forced
introduction of surface water down into the constructed redd. A dissolved oxygen
probe (HydrolaB" or equivalent) or a modified Winkler test will be used to measure
DO.

- A Hydrolab™, or equivalent measurement device, will be used to measure ambient
DO in the water column above the artificial redd.

- Twice during each sampling day, IGDO will be measured via modified Winkler
titration to verify data collected by the Hydrol&b Boththe HydrolaB™ and
Winkler result will be reported and utilized in the Quality Assurance analysis. If the
two readings differ by more than 0.3 mg/L, the instrument will be recalibrated. In
addition, a modified Winkler titration will be performed atlaltations where an
IGDO concentration of 8.0 mg/L or less is measured with the probe, if this occurs.

- The Hydrolab™ will be calibrated at the beginning of each field day, according to the
manufacturerdéds protocol, witdntaathemodi fi ed Wi n
standard. Calibration will also be checked at the end of each sampling day.
Complete calibration procedures and results will be included in the study report.

- Field audits (replicate samples) will be completed for at least 15% of the samples.
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- A Quality Assurance Plan is provided below.
Quiality Control and Quality Assurance Plan

The Quality Control and Quality Assurance (QA/QC) plan for this study is consistent with
methods fully described in Environmental Protection Agency (EPA 2002) and QTER9Q).

QA/QC procedures address field methods and data processing. Desired data accuracy is defined
in Measurement Quality Objectives.

Clean sampling techniques will be applied throughout the sampling effort. Sample collection
systems will be tripleinsed with a portion of the sample water before filling for sample
collection. The hosing for the pump will be rinsed by slowly pumping intergravel water slowly
for at least one minute prior to collecting a sample for analysis.

All personnel responsiélfor sample collecting and data analysis will be familiar with this study
plan, including QA/QC protocol. A qualified scientist will be responsible for all phases of the
study and ensuring that other personnel are sufficiently trained.

Quiality control n the field will be assured by accurate and thoroughly completed field data
sheets. Field personnel will review the completeness of data for each site before leaving the
location. Calibration of instrumentation for field measurements of DO and tempenaliure
performed twice daily (beginning and end of each day) according to the equipment
manufacturero6s instructions.

Field replicate measurements will be recorded for at least 15% of the total number of samples.
Replicates will be chosen to represtra range of DO readings observed (based on previous
measurements for this study). Replicate measurements of sequential water samples will be made
with the Hydrolab".

Measurement Quality Objectives (MQOSs) identify how accurate measurements neéd to be

order to obtain accurate dat a. The EPA defin
attributes measured by project data quality indicators (EPA 2002). The MQOs are based on
methods, and the Data Quality Objectives guide how accurate ddtéorte®in order to make

correct decisions. MQOs include precision, bias, and accuracy guidelines against which the
laboratory and some field Quality Control results are compared. The MQOs for this study are
reported in Table 1. The MQO for this studyasdemonstrate compliance with water quality

standards for IGDO. The study is consistent with Level A data quality control (ODEQ 1999).

This is the highest level of data quality. Data can be used to assess compliance with water

guality standards, pertting requirements, or other regulatory activities.
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Tablel. Measurement Quality Objectives farcuracy precision,bias andstatedreportedimits.

Reporting Expected
Parameter Method Accuracy Precision Bias Limit Range

NIST thermaneter
Water Temperature Hydrolab +0.2°C 0.35°C 0.05°C 0.01C 0.1120C

Modified Winkler/ +0.3 0.5 mg/L or
Dissolved Oxygen Hydrolab mg/L <5%RSD 1% 0.01 mg/L 7.57 12 mg/L

Precision is estimated as the standard deviation of the resuitsepficate measurementsf |
more than one estimate of the standard deviation of a population is available, a pooled estimate
may be calculated based wrpairs of duplicate results as:

> D2

2m

sp=

where: § = pooled standard deviation
D = difference between two pe results

Precision can also be reported as the Relative Standard Deviation (RSD) of the results of
replicate measurements, which is calculated as a percentage of the mean by:

RSD= >*100
X

where: x = the mean of the replicate measurements

Precision will be quantified as a comparison of replicate samples (HydYotehdings) for field
audits.

Careful adherence to procedures should maintain bias within acceptable limits. For this study, a
primary cause of bias can result from calibratirg ltydrolaB" to an inaccurate Winkler
titration.

Accuracy is a measure of how close a measured value for a sample is to the value for a known
standard. Accuracy will be based on an analysis of the calibration results, which compare the
calibrated Hydolab™ reading (sample) to th&/inkler titration result (known standard). An

instrument is considered properly calibrated when the reading for a known standard meets the
accuracy criteria established in Table 1. Instruments will be calibrated twicededding to

the manufacturerdés guidelines and relying on

Meeting the MQOs will be a measure of quality control. MQOs for field parameters will be
reviewed concurrently with instrument calibration at the time of sample colledttoa.

corrective action for not meeting the MQOs for field parameters will be recalibration of
instruments. In the event that instruments cannot be properly calibrated to meet the MQOs, the
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data will be labeled as suspect. If data are compromised duertpnegision, the source of
variability will be sought and corrective actions implemented. Possible actions include:
modifying methods or instrumentation for field sampling; increasing the number of field audits;
and reevaluating the required precisiohgew it appears that the target cannot be met. Data
failing to meet MQOs will be flagged. Methods will be reviewed to determine possible causes,
which will be documented.

Interpretation of data and conclusions

- The spatial median of the three IGDO measugnts taken during a sampling period
at a particular location will be used to establish the IGDO concentration for that
period and location.

- For each season, the average and lowest values of these spatial medians will be
evaluated in collaboration with GHD to assess whether IGDO concentrations
warrant application of the 9.0 mg/L or 11.0 mg/L spawning criterion in each of the
reaches in and downstream of the Clackamas Project area.

- In addition to data summaries, PGE will provide ODEQ with all raw data and
pertinent QA/QC data, including calibration data.
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Table 2. Summary of sampling locations and periods.

Sampling location

Sampling periods

Oak Grove Fork May1 May15 Junl Jun15 Octl Octl5 Novl Novi1s
Timothy Lake tailrace X X X X
Upstrean of Lake Harriet X X X X
Just upstream of confluence with Clackamas River X X X X X X X X
Clackamas River
Upstream of the Oak Grove Powerhouse X X X X X X X X
Just upstream of North Fork Reservoir X X X X X X X X
Faraday Divergsin Reach X X X X X X X X
Downstream of River Mill Dam X X X X X X X X
Near Eagle Creek X X X X X X X X
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WQMMP APPENDIX 1B
Intergravel DissolvedOxygen (IGDO) Concentrations in the Clackamas River,
Timothy Lake Tailrace to Below River Mill Dam;
2005 IGDO M onitoring Results
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Oak Grove Fork and Clackamas Riv@&005 IGDOMonitoring Reaults

CLACKAMAS RIVER PROJECT RELICENSING SWG
PROJECT OPERATIONS/FLOWS

Final Report
Intragravel dissolved oxygen (IGDO) concentrations in the Clackamas River,
Timothy Lake tailrace to helow River Mill Dam
December 2005

This report addresses the 2005 IGDO study conducted on the Clackamas Faver. The following
report displays, summanzes and discusses all data from both the spring and fall sampling
periods.

Water quality modeling {(CE-QUAL-W2) of flow regimes associated with PGE’s Applicant’s
Alternative revealed that water-column (1.e., ambient) dissolved oxygen (D0) concentrations in
the Clackamas Project area from the Tiumothy Lake tailrace to the Clackamas River downstream
of River Mill Dam would at times fall below the Oregon Department of Environmental Quality’s
(ODEQ) ambient DO criterion for anadromous and resident fish spawning. Based on results of
the CE-QUAL-W2 model, exceedances of the 11.0 mg/L crterion (D.O. less than 11.0 mg/L)
would occur during spring before the shift from the 11.0 mg/LL salmomd spawmng criterion to
the 8.0 mg/LL salmonid rearing criterion, and dunng the fall following the shift from the rearing
to the spawnming criterion. The fall period 1s of concern only in reaches with anadromous fish,
because resident cutthroat trout spawn in late winter and early spring (see the 401 water quality
certification application [PGE 2004] for additional information).

ODEQ’s tules regarding DO concentration in areas of active spawmng (set out in QAR 340-041-
0101 to OAR. 340-041-0340) state that “dunng the applicable spawning through fry emergence
periods. .. DO [ambient] mav not be less than 11.0 mg/l. However. if the mimimum imntragravel
DO, measured as a spatial median. 1s 8.0 mg/l or greater, then the DO [ambient] criterion 1s 9.0
mgl”

Based on IGDO data collected by ODEQ 1 a linuted number of streams and rivers in the state of
Oregon, 1t appears that mtragravel DO (IGDQ) typically does not fall below 8.0 mgT (A.
Newell, ODEQ. personal communication). Based on these observations and consultation with
ODEQ. PGE has decided to measure IGDO concentrations throughout the Project area to
determine 1f IGDO levels are above 8.0 mg/L, which then supports use of 9.0 mg/LL for ambient
DO during spawning periods

Study Purpose

- Determine the ambient DO and IGDO concentrations in artificial redds constructed at
selected sites in and downstream of the Clackamas River Project area.

- Ewaluate IGDO data to determine whether the 9.0 mg/L or 11.0 mg/L. ambient DO criterion
applies to various reaches in and downstream of the Project area.
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Sampling Schedule

Sampling locations and times are also shown 1n Table 2.
- Owerall schedule:

o Data collection is completed for the both the Spring and Fall 2005 spawning and
incubation periods. Both sampling periods were conducted when ambient DO
concentrations were predicted to be below the 11.0 mg/L criterion; no data was
collected during periods when ODEQ’s £.0 mg/L rearing criterion applies or
when ambient DO was predicted to be above 11.0 mg/L.

- Sampling periods in 2003:

o Spring 2003 April 15 through June 135

o Fall 2005: September 15 through November 13; no fall sampling was conducted
in Timothy Lake tailrace or in the Oak Grove Fork just upstream of Lake Harnet
(see sampling locations below), because the only native salmonid that occupies
the upper Oak Grove Fork 1s the cutthroat trout, which 1s a spring spawning
species.

- Frequency of sampling

o Sampling was conducted every other week during the spring and fall periods and
consisted of a total of eight sampling events at each site except for the Timothy
Lake tailrace and upstream of Lake Harriet sites which were surveyed only in the
Spring and the McIver State Park site which was eliminated from the fall schedule
due to the high level of spawning taking place in the area.

Sampling Locations

- Sampling took place at the following approximate locations (Figure 1):
o The Oak Grove Fork in the Timothy Lake tailrace; sampled only in spring (see
explanation above)
o The Oak Grove Fork just upstream of Lake Harriet; sampled only in spring (see
explanation above)
The Oak Grove Fork just upstream of its confluence with the Clackamas River in
Ripplebrook Campground
The Clackamas Fiver upstream of the Oak Grove Powerhouse in Indian Henry
Campground
The Clackamas River just upstream of Worth Fork Reservoir
The Clackamas River in the Faraday Diversion Reach
The Clackamas Faver downstream of River Mill Dam but upstream of the
Clackamas Hatchery
o The Clackamas River near Eagle Creck
- Sampling was conducted in areas where salmonids are known to spawn, or in areas with
suitable substrate, depths, and velocities if little or no spawning takes place in a particular
sampling reach.
- All sampling was conducted to avoid disturbance of actively spawning adult salmonids or
existing redds.

]

]

]

]

]
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Field Methods

- Three artificial redds were constructed at each sampling location.

- Redds were located in areas where substrate, water velocity, and depth are swtable for
spawning, but not in locations where actual spawning was occurring or where active redds
already existed.

- Artificial redds were constructed to mimuc, to the extent possible, the conditions created by
adult salmomids when creating redds. 1.e., gravel was moved vigorously until sediment and
gravel were entrained in the water column.

- A 25-cm-deep depression (“Cegg pocket”) was made in each artificial redd, and a standpipe
was placed in the depression and covered with gravel from the upstream side of the redd. to a
depth of about 25 cm.

- Holes were pre-drlled into the lowest 10 cm of each standpipe to facilitate water exchange.

- At locations where vandalism potential or high water velocities could have jeopardized the
stability of standpipes. a 4-cm-diameter reinforced water filter (filter size for sand and gnit),
with a porous face measuring approximately 30 cm m length and attached to a 6.35 mm I.D.
hosing, was buried i the egg pocket so that the porous surface of the filter 1s at a depth
between 15 cm and 25 cm. The filter hose could then be connected to the pump hose for
sample collection.

- DO concentrations were sampled within each artificial redd (1.e.. IGDO), and in the water
flowing over each artificial redd (i.e., ambient DO), during each data collection period at
each sampling location.

- Water was pumped from inside the pipe at its base. A handheld penstaltic pump (Masterflex
easyloader 7318 pump head with LS16 hosing) was used to draw a sample from the pipe.
This pump works based on vacuum pressure and does not mtroduce air into the sample.
Water was pumped into a flask and allowed to overflow. Approximately 600 — 1000 ml of
water was slowly pumped and discarded before continuing to pump the sample for analysis.
This purged the pipe. Pumping was at a low rate of approximately 150 ml/'muin to minimize
the forced introduction of surface water down into the constructed redd. A modified
Winkler test was used to measure DO.

- A H‘_i,-'drolabn'{ was used to measure ambient DO in the water column above the artificial
redd.

- Twice during each sampling day, IGDO was measured via modified Winkler titration to
verify data collected by the H}-‘dmlabm{. Both the H}fdrolabT}"I and Winkler results were
reported and utilized in the Quality Assurance analysis. If the two readings differed by more
than 0.3 mg/L. the instrument was recalibrated. In addition, a modified Winkler titration was
performed at all locations where an IGDO concentration of 8 0 mg/L or less was measured
with the probe, if this occurred.

- The H}-'dr::rlabm{ was calibrated at the beginming of each field day, according to the
manufacturer’'s protocol, with a modified Winkler titration measurement as the standard.
Calibration was also checked at the end of each sampling day. Complete calibration
procedures and results will be included in the study report.

- Field audits (replicate samples) were completed for at least 13% of the samples.

- A Quality Assurance Plan 1s provided below.
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Quality Centrel and Quality Assurance Plan

The Quality Control and Quality Assurance (QA/QC) plan for this study 1s consistent with
methods fully described in Environmental Protection Agency (EPA 2002) and ODEQ (1999,
QA/QC procedures address field methods and darta processing. Desired data accuracy 1s defined
in Measurement Quality Objectives.

Clean sampling techniques were applied throughout the sampling effort. Sample collection
systems were triple ninsed with a portion of the sample water before filling for sample collection.
The hosing for the pump was rinsed by slowly pumping miragravel water slowly for at least one
minute prior to collecting a sample for analvsis.

All personnel responsible for sample collecting and data analysis were fanuiliar with this study
plan, imncluding QA/QC protocol. A qualified scientist was responsible for all phases of the study
and ensured that other personnel were sufficiently trained.

Quality control in the field was assured by accurate and thoroughly completed field data sheets.
Field personnel reviewed the completeness of data for each site before leaving the location.
Calibration of instrumentation for field measurements of DO and temperature was performed
twice daily (beginming and end of each day) according to the equipment manufacturer’s
instructions. Calibration procedures for the Hj,-'dmlabn’{ are described 1n Appendix A.

Replicated field measurements were recorded for at least 13% of the total number of samples.
Replicates were chosen to represent the range of DO readings observed (based on previous
measurements for rl}i'; study). Replicate measurements of sequential water samples were made
with the H‘_i,-'dmlabn".

Measurement Quality Objectives (MQOs) identify how accurate measurements need to be
order to obtain accurate data. The EPA defines MQOs as “acceptance criteria” for the quality
attributes measured by project data quality indicators (EPA 2002). The MQOs are based on
methods, and the Data Quality Objectives guide how accurate data need to be i order to make
correct decisions. MOQOs include precision, bias, and accuracy gumdelines against which the
laboratory and some field Quality Control results are compared. The MQOs for this study are
reported m Table 1. The MQO for this study 15 to demonstrate compliance with water quality
standards for [GDO. The study 15 consistent with Level A data quality control (ODEQ 1999).
This 15 the highest level of data quality. Data can be used to assess compliance with water
guality standards, permumtiing requirements, or other regulatory activities.

Precision 1s estimated as the standard deviation of the results of » replicate measurements. If

more than one estimate of the standard deviation of a population 1s available, a pooled estimate
may be calculated based on m pairs of duplicate results as:

Z D&
Y = —_—
P 2m

where: s, = pooled standard dewviation
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D = difference between two paired results

Precision can also be reported as the Relative Standard Dewviation (RSD) of the results of
replicate measurements, which 1s calculated as a percentage of the mean by:

RSD ==%100

N

where: x = the mean of the replicate measurements

Precision was quantified as a comparison of replicate samples [I—Iyl:lrol,al:JT"\JI

audits.

readings) for field

Careful adherence to procedures should maintain bias within acceptable limits. For this study. a
primary cause of bias can result from calibrating the I—I}-'a.'lrn:rla‘t:u—l—'vI to an inaccurate Winkler
titration.

Accuracy 1s a measure of how close a measured value for a sample 1s to the value for a known
standard. Accuracy was based on an analysis of the calibration results, which compared the
calibrated H}-'drolabm{ reading (sample) to the winkler titration result (known standard). An
instrument is considered properly calibrated when the reading for a known standard meets the
accuracy criteria established in Table 1. Instruments were calibrated twice daily according to the
manufacturer’s guidelines and relying on a Winkler titration.

Table 1. Measurement Quality Objectives for accuracy. precision, bias and stated reported limits.

Reporting Expected
Parameter Method Accuracy Precision Bias  Limit Range

[Water Temperature [NIST thermometerHydrolab| +0.2°C 0.35°C 0.05°C| 001C 0.1-20C
[Dissolved Oxveen Modified Winkler/Hydrolab [+03 mg/T |05 mg/l or<3%ESD| 1% |00l megl| 75-12 mgl

Meeting the MQOs was a measure of quality control. MQOs for field parameters were reviewed
concurrently with instrument calibration at the time of sample collection. The corrective action
for not meeting the MQOs for field parameters resulted in the recalibration of instruments. In
the event that mstruments couldn’t be properly calibrated to meet the MQOs, the data was
labeled as suspect. If data was ever compromised due to poor precision, the source of variability
was exanuned and corrective actions were implemented. Actions included: modifying methods
or instrumentation for field sampling: increasing the number of field audits; and reevaluating the
required precision, when it appeared that the target wasn't met. Data that failed to meet MQOs
was flagged. The methods were reviewed to detenmine possible causes.
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Interpretation of Data and Conclusions

- The spatial median of the three IGDO measurements taken during a sampling period at a
particular location were used to establish the IGDO concentration for that period and
location.

- The average and lowest values of these spatial medians were evaluated in collaboration with
ODEQ and assessed to determine if IGDO concentrations warranted application of the 9.0
mg/L or 11.0 mg/L spawning criterion in each of the reaches 1 and downstream of the
Clackamas Project area.

- In addition to data summaries, data and pertinent QA/QC data, including calibration

information are provided..
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Table 2. Summary of sampling locations and periods.

Sampling Location Sampling Period

Oak Grove Fork Mayl May15 Junl Junl3  ©Octl  Oct13 Novl Novl
Timothy Lake tailrace X X X X

Upstream of Lake Harriet X X X X

Just upstream of confluence
with Clackamas River X X X X X X X X
Clackamas River

Upstream of the Oak Grove

Powerhouse X X X X X X X X
Just upstream of North Fork

Feservoir X X X X X X X X
Faraday Diversion Reach e ¥ ¥ ¥ % ¥ ¥ %
Downstream of River Mill

Dam X X X X X X X X
Wear Eagle Creek i % X W % W W %
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Results
Spring

Artificial redds were constructed on April 13% and 14% Appendix B contains photos of the
artificial redds that were constructed. Photos of site 7 and 8 were not taken due to the fact that
water filters were used without pipes so nothing would be viewable. A total of four subsequent
field visits were then made on April 28%-29th. May 10%-11% May 26™-27th and June 14™%-15th.
No significant weather or spill abnormalities took place during or in the days leading up to any
of the sampling events. A week long period of 90 degree weather did occur prior to and during
the May 26%27™m sampling period. Table 3 provides a site specific description of the mtragravel
median dissolved oxvgen (mg/l) concentration, ambient DO concentration and temperatures both
intragravel and ambient at all sites for each of the four visits. Appendix C graphically represents
median DO concentrations for all constructed redds for the four spring site visits.

Site | Timothy Lake Tailrace - Over the course of the four site wvisits, DO
concentrations ranged from 7.96mg/1 to 10.01mg/l. Median measurements dunng
the four site visits varied between 8.10mg/l on May 27" and 9.70mg/1 on April
28 Intragravel water temperatures ranged from 5.17C on April 28" t0 9.67C on
May 27%  Ambient measurements during the course of the spnng sampling
ranged from 10.2mg/l on Aprl 287 and 11.02mg/l on May 10®  The ambient
water temperature range was from 6.24C on May 10% to 7.53C on June 15 An
ambient DO measurement was not recorded on the May 27% visit.

Site 2 Upstream af Lake Harriet - DO concentratmns in the simulated redds
ranged from a low of 8.60mg/1 on May 27% to a high of ].'D 87mg/l on May 10%,
Median measurements ranged from 8.61mg/1 on May 27" to 10. 30mg/l on June
15%, Intragravel water temperatures were at their low point of 6.64C on May 10%
and reached a high of 9.82C on June 15%. Ambient DO measurements ranged
from 9.67mg/l on May 27" and reached a high pomt of 11.20mg/l on May 10%
May 10™ was the date of the low ambient temperature (6.24C). The high value of
8.24C was recorded on May 27

Site 3 Ripplebrook Campground - A low IGDO measurement of 7.11 mg/l was
recorded on May 10% with the high of 9 66mg/1 measu:red on Apnl 28" Median
measurements ranged from 7.69mg/l on May 10% to 0.62mgl on Aprl 285
Intragravel tempemmres fluctuated from a low of 8.67C on May 10%t0 a high of
15.0C on May 27" The high value of 13C was recorded as suspicious due to its
lack of consistency with the majority of data. The other two pipes measured on
that day recorded values near 12C. Ambient DO meaaurementa reached a low of
9 34mg/l on May 27 and a high of 11. llmgl on May 10%  Ambient water
temperatures were at their lowest on May lCI at 8.39C and reached a high point
on June 15% of 10.99C. Between the May 27% and June 15 visits, stand pipes #2
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and #3 had become dislodged. The IGDO wvalue of Pipe #1 was used as the
median value.

Site 4 Indian Henry Campground - IGDO measurements ranged from a low of
8.15mg/l on May 277 to 10.88mg/l on April 29, Med1m1 measurements over the
course of the study ranged from 8 80mg/1 on May 27" t0 10. 34mgl on April 297
Intragravel temperatures were at their lowest on May 10% when 6.67C was
measured. A high of 11.70C was recorded on Mav 27" Ambient DO
measurements ranged from a low of 10.30mg/1 on June 15%to a high of 12. 'Dmg,l
on May 107 Aml:uent water temperatures ranged from 8.73C on Aprl 29t
10.14C on June 15, An ambient DO measurement and temperature was not
recorded on May 27

Site 5 Above North Fork Reservoir - DO concentrations in the simulated redds at
site 3 ranged from 8.04mg/l on May 26™ to 10.01lmgl on May 10t Median DO
measurements for the redds ranged from a low of 8.13mg/l on May 26" to a high
of 10.0mg/1 on May 10®. The low intragravel temperature measurement was
9.57C on May 10® and the high was 14.65C on May 26®  Ambient
measurements for DO concentration varied from a low of 9.42mg/l on Apnil 287
to a high of 11.99mg/l Gﬂ May 10%. Ambient temperatures fluctuated between a
low of 8.73C on May 10" and a high of 11.32C on June 147

Site 6 Faraday Diversion Reach - [GDO measurements ranged from a low of
8.15mg/l on Mav 26" to a high of 10.40mg/l on June 14%  Median DO
measurements ranged from 8.65mg/l on May 26" to 1(]' 05mg/l on June 14‘
Intragravel temperatures ranged from 10.20C on May 11%t0 14. IS'DE on May 26
Ambient DO measurements varied from a low value on May 26" of 9. 66mg/l to a
high on ’*v[m 11" of 11 21mg/1. Ambmnt water temperatures ranged from 10.25C
on May 11% to 13.54C on Mayv 26" The Data collected on April 287 failed to
meet MQO standards due to improper calibration of the H}-'dmlabn'{ relative to a
Winkler calibration and was subsequently excluded from further analysis.

Site 7 Mclver State Pmk Intragravel DO 111E~asurementa ranged from a low of
7.86mg/l on May 26" to a high of 10.01 on May 11" Median values for the time
period ranged from 8 8lmg/1 on May 26 to 0 5mg/l on April 29% Intragravel
temperatures fluctuated from a low of 9.87C on May 27" t0 2 high of 13.03C on
June 14®. Ambient DO measurements varied from a low of 9. 33mg/1 on May 6=
to a high of 11.12mgl on May 1% Ambmnt water temperatures ranged from
9.75C on May 11% to 12.47C on June 14% Pipe #2 was mussing and not
measured on the May 26™ and June 14 visits. An av erage from PIPES #1 and #3
was calculated to arrive at a median IGDO value for the May 26" visit. Pipe #3
was displaced and not measured on June 14%  The IGDO value of pipe #1 was
used as the median value.

Site 8§ Near Eagle Creek - 1GDO measurements ranged from a low of 843mg/l
on April 20%t0 a high of 10.43mg/1 on May 10" Median DO values varied from
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8. 70mg/l on April 29% to a high of 9.64mg/l on June 14®  Intragravel
temperatures ranged from 7.0C on May 10™ to 14.0C on June 14" Ambient DO
levels fluctuated from 10.36mg/l on June 14% 1o 11.74mg/1 on May 10 Ambient
water temperatures ranged from 9.93C on May 10% to a high of 13 62C on June
14% Pipe #3 was displaced prior to the June 14% sampling event and was not
measured. An average of Pipes #1 and #2 was taken to come to a median value.
The data collected on May 26™ failed to meet MQO standards due to improper
calibration of the H‘_i,-'drolabn’{ relative to a Winkler calibration and was
subsequently excluded from further analysis.

Fall

Artificial redds were constructed on September 22nd, 2005 at sites 3-6 and site & Sites 1 and 2
were not monitored since they are upstream of anadromous barriers where resident salmonid
spawning only occurs in the spring. The sites were the same as in the spring sampling: however,
the exact location of redds mav have varied. All available spawning habitat at site 7, (Mclver
State Park) was being actively utilized by spawning Chinook. No IGDO sampling was
completed at site 7 since the work would have disturbed adult spawming fish and damaged
existing redds.

Four field wvisits were made after the fall installation, (October 4th-3th, October 20th-21st,
November 3rd-4th and November lﬁﬂ“}. A large storm event on November 3-4, washed away
some of the standpipes and high water prevented access to several standpipes. Table 4 provides
a site specific description of the intragravel median dissolved oxygen (mg/l) concentration,
ambient DO concentration and temperatures both intragravel and ambient at all sites for each of
the four visits. Appendix D graphically represents median DO concentrations for all constructed
redds for the four fall site visits.

Sire 3 Ripplebrook Campground - A low IGDO measurement of 8.31mg/l was
recorded on October EG{E with a high of 9.70mg1 on October 4% Median
measurements ranged from 8§ 43mg/l on October 20% to 9 40mg/l on October 4.
Intragravel temperatures fluctuated between 6.89C on November 3 and 10.28C
on October 20 Ambient DO readings ranged from 9.15mg/l on October 20% to
10.57mg/1 on October 4" Ambient water temperatures were at their highest on
October 4% at 8.71C and their lowest on November 3 at 6.78C. Durning the final
site visit on November lﬁﬂJ, a helicopter drop of frozen salmon carcasses
precluded safe access to this site. Wo IGDO sampling occurred on that site visit.

Site 4 Indian Henry Campground — Intragravel DO measurements ranged from a
high of 10.46mg/1 on November 16% to a low of 5.20mg/l on October 21%. The
low value of 3.20mg/1 was later deemed suspect due to a lack of consistency with
a majority of the data on that specific date and throughout the course of the fall
sampling period at site 4. Median measurements ranged from 7.69mg/l to on
October 21% to 10.46mg/l on November 16" Intragravel temperatures ranged
from 10.03C on October 21% to 4.93C on November 16% Ambient DO
measurements resulted in a high of 11 86mg/l on November 16" and a low of
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9.31mg/l on October 217, Ambient water temperatures fluctuated between 9.58C
on October 21% and 4.96C on November 16" Between the October 21% and
November 4th visits, high water caused pipes 1 and 2 to be washed out and pipe 3
to be naccessible. Thus, no intragravel measurements were taken on November
4% and onlv pipe 3 was measured on November 16%.

Site 5 Above North Fork Reservoir — IGDO measurements ranged from a high of
10.80mg/l on October 5% to a low of 9.29mg/ll on October 21¥. Median
measurements fluctuated from 10.30mg/l on October 5% to 9.34mg/1 on October
21*. Intragravel temperatures reached a high of 10.51C on October 5% and a low
of 9.88C on October 21%. Between the October 217 and November 47 visits, high
water washed out all three pipes preventing subsequent IGDO measurements on
the last two visits. Ambient DO measurements varied from a high of 11.71mg/1
on October 5% and a low of 10.28mg/l on October 21¥.  Ambient water
temperatures ranged from 9 60C on October 5% and 7.4C on November 4%

Site 6 Faraday Diversion Reach —DO concentrations 1n the simulated redds at site
6 ranged from a high of 10.81mg/l on November 16™ to a low of 9 41mg/1 on
October 217, Median measurements varied from a high of 10.77mg/l on
November 16% to a low of 9.42 on October 21%. Intragravel temperatures
fluctuated between 11.94C on October 5™ and 6.79C on November 16™ Ambient
DO levels reached a high of 12.05mg/l on November 16 and were at their lowest

level of 9.36mg/1 on October 21, Ambient water temperatures ranged from
11.32C on October 5% to 6.6C on November 16%.

Site § Near Eagle Creek - Intragravel DO measurements ranged from 10.18mg/1
on October 5 to 1.6mg/l on November 3 Median measurements fluctuated
from a high of 9 80mg/l to a low of 1.75mg/l on November 16%  Possibilities
regarding the low IGDO measurements related to groundwater intrusion are
presented in the discussion section. Water temperatures in the simulated redds
varied from 13.88C on October 21% to 7.93C on November 16™. Ambient DO
levels were measured as high as 11.91mg/l on November 16™ down to a low of
0 53mg/1 on November 3 Ambient water temperatures ranged from 12.95C on
October 21% to 7.3C on November 16™
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Table 3 Spring Intragravel and Ambient DO and Temperature Information
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Table 4 Fall Intragravel and Ambient DO and Temperature Information
Site 1 Site 2 Site 3 Site 4

Site
Wisit 1 2 3 4 1 2 3 4 1 2
Median
IGDO
(mg/T) 94 | 843 | 908 90 |V68 1046
Ambant
oo

(mg/T) 10.57 | 915 | 9.91 103 (23] | 1074 [ 11386

[}
e
—
(2]
Lad
e

(9] i6 (1024 69 935 [ 976 4.53

(] 71 | 1011 ] 678 01 | 958 ] 691 | 496
Site 5 Site B Sita 7 Site 8

(mgT) 103 | 534 998 | 942 | 982 | 10.77 35 | 398 | 336 LT3

(magT) 11.71 | 1028 | 10.67 1136 | 936 [ 084 [12.05 1043 [ 1008 | o33 1181

L] 1026 | 10.08 11.85 | 1157 | 886 | 68 1175 | 1337 | 9.8 E41

() 96 | 958 74 1132 11125 [ 881 | 5.6 114 | 1205 | oo 73
Not Measured

Criterion exceeded

Fall Site Visit Darez: (10ctober 4-3; {2) Octeber 20-21; {3) November 3-4: {4} November 18
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Figure 1. Locations of IGDO sampling sites on the Oak Grove Fork and Clackamas River,
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Discussion

Artificial redds were constructed to avoid damage to mcubating eggs.  The redds were
constructed in areas of known or suspected spawning with suitable substrates. Within the
Faraday diversion reach, areas with sufficient gravel were not available that were not already in
use by spawning fish. Gravel and small cobble were imported to the site in order to construct the
redds. The imported gravel was from a stockpile that originated within the Clackamas drainage.

Instrument calibration criteria were generally met. Data collected at site 6 ( Faraday diversion
reach) on Apnl 28 failed QAQC review and were not used 1 subsequent analysis. Data from
site 8 (near Eagle Creek) also failed QAQC review for the Mayv 26 sample. Hvdrolab DO
readings showed a negative bias relative to Winkler analyses; 1.e. hydrolab readings were low
relative to Winkler values. Seven out of 22 Winkler readings in the spring sample differed by
more than 0.3 mg/L. The Winkler DO value for the stand pipes was substituted for the hydrolab
value in these cases. Only one out of 16 DO readings (hydrolab vs. Winkler) had a difference
greater than 0.3 mg/L for the fall sampling.

The median intragravel DO level for all sites exceeded 8.0 mg/L for all sample events in the
spring. On October 20%, the median intragravel DO at site 4 (Indian Henry Campground) was
below the 8.0 mg/L criteria; range 5.2 mg/L — 9.3 mg/L.. DO levels were well above the criteria
for the preceding and following sample events at this site. It 1s possible that the accumulation of
fines reduced the intragravel DO levels until high water events flushed the fines out as well as
cooler water temperatures later in the year provided higher oxvgen saturation.

Median DO levels at site § (near Eagle Creek) were consistently well below the 8.0 mg/L
criteria. DO measurements were repeated since the reported values were very low relative to the
expected range. The stand pipes showed a high vanability for DO levels. The low DO readings
and slightly warmer water relative to a cool fall surface water temperature suggests that localized
hyporheic flow influenced water quality within the artificial redds. Previous water quality
studies also reported evidence of groundwater inflow in this vicinity. The low intragravel DO
may be a highly localized condition.

In summary, intragravel DO levels appear to be sufficient to support the incubation of salmonid
eggs in the Clackamas River and Oak Grove Fork.
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APPENDIX A
QA/QC and Calibration Procedures for Hydrolab Sonde

CALIBRATION

Instrument calibration will be completed at the initiation and the conclusion of each sampling
day. Calibration will also be completed during the course of sampling for any parameter that the
results appear to be suspect or if a probe is replace or damaged. Upon completion of calibration,
the instrument reported result for a known check standard (those used in calibration) will be re-
tested. If the reported result does not meet the Measurement Quality Objectives, then the
instrument will be re-calibrated until MQOs are met.

Total Dissolved Gas

1. Perform a two-point calibration. Determine local barometric pressure. A secondary source —

i.e. common sensing unit that has been calibrated to an accurate barometer may be used.

Calibrate ambient pressure: barometric pressure = total dissolved gas pressure (Units =

mm/Hg)

3. Setup TDG probe to pressure source (TDG membrane must be removed). Add 200 mm Hg
of pressure. (Note: 200 mm Hg is equal to approximately 125% saturation). Calibrate if
necessary.

4. Check for leaks. Dip probe mto a solution of seltzer water. Readings should elimb rapidly to
900-1000 mm Hg. If probe does not respond or responds slowly, there is a leak in the
membrane. Membrane needs to be replaced.

1o

Conductivity

1. For a two-point calibration, fill storage cup with distilled water. Allow to equilibrate, unit
should be reading 0.

Use a known conductivity standard that is the range of the sampling water. Rinse with
standard, then fill storage cup with standard, and allow to equilibrate. Enter calibration value
in the calibration menu if necessary.

12

Dissolved Oxvgen
1. Determine local barometric pressure. A secondary source — i.e. Common Sensing Unit that
has been calibrated to an accurate barometer may be used.

2. Rinse dissolved oxygen probe.

3. Fill storage cup (Hydrolab should be inverted) to just below the O-ring of dissolved oxygen
membrane.

4. Gently wipe any moisture on the dissolved oxygen membrane using KimWipes or Q-tips.

5. Put cap on storage cup and wait 5 mimutes. This method of calibration is set-up so that the
air surrounding the dissolved oxygen membrane is in a 100% humid environment and
therefore will be in a 100% dissolved oxygen saturated environment.

6. After 5 minutes, enter in 100% dissolved oxygen saturation in the calibration menu, if
necessary.

7. Additional ecalibration if necessary: confirm calibration (i.e. field tests) by using the Winkler
method for dissolved oxygen. This will give you values m mg/L. Compare Winkler mg/L
and Hydrolab mg/L. They should be within 0.3 mg/L or better.
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Replace reference electrode solution if necessary. Reference solution needs to be replaced
every 2-4 weeks i the integrated pH probe, versus 2-3 months for the stand-alone electrode.
The top surface of the reference electrode contains a “teflon junction,” which allows for the
pH reference solution to escape. Do not handle by this teflon junction.

3. Stand-alone version: Remove the reference electrode probe. Rinse and re-fill with new pH
reference solution. Fill almost to the top of the probe and gently re-place onto Hydrolab.
The excess reference solution will leak out the sides and the top of the teflon junction. This
probe does not thread — and will be slightly “loose™ in comparison to the other probes.

4. Integrated version: Using a small philips screwdnver, remove teflon junction cap on
reference electrode. Ranse and re-fill with new pH reference solution. Fill almost to the top
of the probe and gently re-place onto Hydrolab. The excess reference solution will leak out
the sides and the top of the teflon junction.

3. Depending upon local conditions, a 2-point calibration, rather than a 3-point calibration can
be used.

6. Use pH=7, pH=10 for a 2-point, and pH=4, pH=7. and pH=10 for a 3-pomt calibration.
(Note: changes in temperature will change pH by 0.01-0.10, see container for details).

7. Go to calibration menu. Starting with pH=7, submerge probes into buffer solution. Allow to
equilibrate. Enter in calibration values (1.e. 4. 7 or 10), compensatmg for temperature as
needed.

8. ERanse 1-2x prior to calibration with the appropriate buffer solution.

[

STORAGE/NMAINTENANCE

Total Dissolved Gas
1. Genitly clean dissolved gas membrane — ninse with water and scrub softly with a soft bristle
tooth brush.

2. Genily wipe off excess water around probe. Replace probe with storage cap. TDG
membrane needs to be stored dry!

3. Allow membrane to dry for 1-2 days and store in plastic container. For best results, replace
with a clean dissolved gas membrane.

Conductivity
1. Genily clean conductivity probe with alcohol and Q-tips.

Dissolved Oxvgen

Changing Membrane:

1. Position Hydrolab i a vice so that it 1s 1 a sturdy. upright position.

2. Remove O-ring and membrane. Rinse probe with distilled water. Fill probe with electrolyte
solution, form a large meniscus on the probe.

3. Gently place dissolved oxygen membrane onto the top surface of the memscus. Allow the
membrane to gently fall over the probe so that no air bubbles are introduced mto the solution.
Handle membrane by the corners!
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4. In one motion, fit the O-ning around the probe to keep the membrane in place. If done
mcorrectly, air bubbles will form under the surface of the membrane. If air bubbles form, re-
do the procedure.

3. Allow membrane to sit on the Hydrolab for 24 hours before calibration. (Recommended by
manufacturer--it 1s possible to do within 1-2 hours).

Cleaning:

1. Ower long-term use, the gold ring surrounding the probe may need to be sanded. Also check
the “cathode” — the probe may become oxidized (very black in color) and a new probe may
need to be ordered.

Long-term storage:

1. Hydrolab recommends removing the electrolyte solution from the dissolved oxygen probe.
Fill probe with distilled water and replace membrane.

pH

1. Clean bulb with alcohol and soft Q-tips. Do not use an abrasive scrubbing agent as you
could seratch bulb.

2. pH probe nesds to remain moist. Fill ¥ of storage cap with tap water (do not fill with
distilled water!)

Slow probe response time 1s most likely due to a dirty or scratched pH probe or new

reference electrode solution may be needed.
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Appendix B

Site Photos
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Site #1 (Txmoth\ Lake T'uh 1ce)

Site #7 Uy stream of Lake H‘ll‘l iet
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Appendix C

Spring Median IGDO Graphs
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Spring 2005 Dissolved Oxygen Measurements
For Site #1 (Timothy Tailrace)
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Spring 2005 Dissolved QOxygen Measurements
For Site #3 (At Ripplebrook Campground)
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Spring 2005 Dissolved Oxygen Measurements
For Site #4 (At Indian Henry Campground)
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Spring 2005 Dissolved Oxygen Measurements
For Site #5 (Upstream of North Fork Reservoir)
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Spring 2005 Dissolved Oxygen Measurements
For Site #6 (Faraday Diversion Reach)
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2 4 -
D -
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" falues are the median values for the pipes.
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Spring 2005 Dissclved Oxygen Measurements
For Site #7 (Mclver State Park)
12
10 9:4 Bl
= 81 — |m Pipe #1
o o
£ 5. || mPipe#2
E m Pipe #3
=y ||| o Surface
2 4 -
0 -
May 11 May 26 June 14
Date
*falues are the median values for the pipes.
Spring 2005 Dissolved Oxygen Measurements
For Site #8 (Near Eagle Creek)
14
12
10
o) g " ,
£ m Pipe #2
O 6- m Pipe #3
o O Surface
4 4
2
04
May 10 May 26 June 14
Date
“/alues are the median values for the pipes.
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Clackamas Hydroelectric Project
IGDO Data 2005

Stand Pipes
DO-hlab DO-Wink
Diate Time Site Pipe# mgl | %DOHlah| TempC migiL
472312005 825 1w 10.2 828 6.26
472872005 10:06 1 1 9,66 782 9.63
472812005 10:00 1 2 10.01 a7 6.66 10.24
472812005 10:20 1 3 9.7 7.6 547
5/10/2005 12:01 1|surface 11.02 947 6.24
510/2005 1 1 8.76 756 6.57
A/10/2005 1 2 9.01 7748 6.61
A/10/2005 12:50 1 3 9.98 846 5.82 0.68
52712005 14:35 1 1 7.96 773 9.67 8.42
52712005 14:44 1 2 a.14 78.3 9.59
BI2T12005 15:05 1 3 a.1 EN a8
/152005 1215 1 1 0.3 98.1 948
G/156/2005 12:10 1 2 9.45 909 9.52
/152005 12:00 1 3 0.4 a5 76T
6/15/2005 12:20 1|surface 10.4 104 .4 7.53
472312005 11:20 2 1 09.97 825 7.01
472372005 11:10 2 2 1017 844 7.3
472812005 11:01 2 3 9.97 a3 7.39
472812005 11:40 2|W 10.56 ar 6.81
5/10/2005 2|surface 11.2 96.2 6.24 11.2
5/10/2005 2 1 10.87 93.6 6.64 11.08
5/10/2005 2 2 8.3 80.8 6.78 1.2
B/10/2005 2 3 9.01 73.01 6.7 11.48)
R/2T12005 12:25 2 1 8.86 80.8 9.68
B/27/2005 12:37 2 2 8.6 78.3 a8
52712005 12:45 2 3 8.61 78T 9.79
52712005 1215 2|'WC 9.67 a5.1 8.24
/15,2005 11:33 2 1 10.42 106.1 412
6152005 11:20 2 2 10.25 108.6 082
/152005 11:30 2 3 103 106.5 8.85
6/15/2005 11:25 2|surface 10.91 108.7 7.24
472812005 12:53 3 1 9.62 a3 a.04
4/28/2005 12:35 3 2 9.66 236 4.04
472372005 12:25 3 3 9.51 825 9.03
472312005 1215 3w 10.29 8849 a8.74
51072005 3|surface 11.11 100.6 a.39
5/10/2005 13:20 3 1 873 785 a.67
5/10/2005 13:29 3 2 7.69 701 8.74 93
5/10/2005 14:15 3 3 7.1 65.2 8.96 912
Bi2712005 11:27 3 1 8.27 a0 1223
B/2712005 11:10 3 2 7.68 7T 15
B/27/2005 11:00 3 3 911 ar.a 11.99
B/2712005 10:54 3|WC 9.34 ar.a 10.95
6/15/2005 13:45 3 1 9.35 104.8 1212
6152005 13:45 3 2| Gone
/152005 13:45 3 3
G/156/2005 13:50 3|surface 10.18 111 10.99
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Clackamas Hydroelectric Project
IGDO Data 2005

Stand Fipes
DO-hlal CHO-Wink
Date Time Site Pipes mag/L %O0OHIzh | Temp C mafL
A2W2005 1410 4 1 10.34 a0 9.25
4292005 14:20 4 2 958 a3 3.95
AZ2W2005 1415 4 3 10.88 G4 4 912
A292005 14:00 AW 11 G949 873
AM10F2005 1545 4|surface 12
AM10F2005 1550 4 1 10.81 965 6.73
AM1072005 16:00 4 2 10.09 2949 G.67
AM10F2005 16:10 4 3 10.31 91.1 G.67
Ri27/2005 40 4 1 8.8 338 115 8.58
RI2TI2005 950 4 2 852 a4.7 11.58
RI2TI2005 10:05 4 3 a.15 T ik
GM15/2005 10:00 4 1 965 105.4 11.14 95
GM15/2005 10:10 4 2 9.8 107.8 11.11
GM15/2005 10:05 4 3 997 1103 11.59
6/15/2005 10:15 4|surface 10.5 112.3 10.14 10.3
Af28/2005 1725 5 1 a.8 0.6 10.83
A28/2005 1735 5 2 852 ir.2 1091 9.6
AZ28I2005 1745 5 3 aii 791 10.8
A28/2005 1715 AW pre cal 942 a5.1 10.66 95
4i28/2005 12:10 AW post cal 9.48 853 1046
AM0F2005 16:30 Hsurface 11.99 106.6 873
1072005 16:40 5 1 10.01 a0 9.58
AM0F2005 16:50 5 2 10 903 9.87
AM1072005 17:00 5 3 987 9.59
AI26/2005 1730 5 1 912 906 14.6 924
RiZ26/2005 1737 ] 2 a3.13 a1.1 14.51
AI26/2005 1745 5 3 a.04 a0.5 14.65
6142005 12:40 5 1 9.8 1096 11.94
GM14/2005 1235 5 2 9.7 100.4 12.1 Q.74
GM14/2005 1245 5 3 975 108.3 12.08
G/14/2005 12:50 A|surface 10.44 114.7 11.32
AM14/2005 900 G 1
A28I2005 16:00 &
A28I2005 16:35 G 1
A28/2005 16:00 G 2
4i28/2005 16:20 G 3
AM11/2005 G|surface 10.25
51172005 G 1 9.7 10.34
AM11/2005 G 2 945 10.39
51172005 G 3 936 10.2
AI26/2005 1505 G 1 215 a7.4 138
RiZ26/2005 15:20 G 2 3.88 36.1 146
AI26/2005 1529 G 3 a.65 a4 146
RI26/2005 14:45 GIWC 5 66 9249 1354
GM14/2005 1344 G 1 10.05 1145 12.85
GM14/2005 1335 G 2 10.4 1193 129
G14/2005 1340 G 3 10.05 114.6 12.9
6142005 13:50 G|surface 10.6 119.4 1226
AM14:2005 13:50 7TIW 11.7 956 7.3
AM4/2005 14:00 7 1 97 438 9
AM4/2005 1415 7 3 995 824 7.64
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Clackamas Hydroelectric Project
IGDO Data 2005

Stand Pipes
DO-hlab DO-Wink
Date Time Site Pipe# mg'lL | %DOHIah| Temp C mafL
47292005 17236 7 1 a5 g8 10.06
472972005 1748 7 2 945 a4.2 10.06
472902005 1755 7 3 9.55 a5 10.09
472902005 1730 7|'W 1029 91.4 9.91
5/11/2005 a:02 7 |surface 11.12 101.3 9.75 10.98
5/11/2005 804 7 1 10.01 91.6 9.87 0.95
5/11/2005 814 7 2 8.81 806 9.94
5/11/2005 826 7 3 4.85 a1 9.93
B/26/2005 13:04 7 1 8.81 91.6 1227
5/26/2005 1313 7 3 7.86 734 11.88
B/26/2005 12:52 T|WC 953 ara 11.51
6/14/2005 16:55 7 1 9.1 1039 13.03
6/14/2005 16:55 7 2| Gone
6/14/2005 16:55 7 3
6/14/2005 1725 7 |suriace 10.3 116.1 1247
4142005 12:40 8w 11.4 a7
4142005 12:40 g8 2 10.3 a6
472972005 16:45 ] 1 941 863 10.6
472902005 16:20 a8 2 a7 789 10.89
472902005 16:15 ] 3 443 759 10.67
47292005 16:10 8w 11.1 Ga.5 10.34
5/10/2005 g8 1 937 7.3
B/10/2005 1810 8 2 0.5 7
5/10/2005 1755 g8 3 10.43 956 8.65 10.32
5/10/2005 1725 &|suriace 11.74 1107 9.95
5/26/2005 10:42 ] 1 7.79) 73.2 12.5 9.6
B/26/2005 10:12 ] 2
B/26/2005 11:01 g8 3
6/14/2005 14:40 ] 1 9.87 1143 14
6/14/2005 14:45 a8 2 0.4 100.4 13.89
6/14/2005 14:45 8 3| Gone
G/14/2005 14:50 8|surface 10.36 1198 13.62
Winkler DO value usad in data analysis instead of hydrolab valus
B Cata failed QAQC
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Appendix D

Fall Median IGDO Graphs
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Fall 2005 Dissolved Oxygen Measurements
For Site #3 (At Ripplebrook Campground)

Carcaszs Crop
1

568 \

= \ m Pipe #1
E’" m Pipe #2
5' m Pipe #3
O O Surface

October 4 Cctober 20 November 3 November 16
Date

*Walues are the median values for the pipes.

Fall 2005 Dissclved Oxygen Measurements
For Site #4 (At Indian Henry Campground)
14
Fipes 142 Washed Out
12 Fipe #3 Too Deep
- 10.46
10 L] — ‘ll |
=) \ m Pipe #1
S 8- ?.'EEJ - ine #3
= \ m Pipe
O ¢- | | (mPipe #3
(] O Surface
4 . —_—
2 -
0+ T T
October 4 October 21 Date MNovember 4 Movember 16
“Walues are the median values for the pipes. |
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Fall 2005 Dissolved Oxygen Measurements
For Site #5 (Upstream of North Fork Reserveir)
14
Fipes 1-2 Washed Out
I
l H Fipe #1
H Fipe #2
m Fipe #3
O Surface
T T
October & October 21 Date MNovember 4 November 16
“Walues are the median values for the pipes. |
Fall 2005 Dissolved Oxygen Measurements
For Site #6 (Faraday Diversion Reach)
14
12 553 10.77 -
) 9,42 -
m Pipe #1
| |mPipe #2
|| |mFipe#3
O Surface
October 5 October 21 Date November 4 Movember 16
“Walues are the median values for the pipes. |
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Fall 2005 Dissolved Oxygen Measurements
For Site #8 (Near Eagle Creek)

14

DO (mgi)

October 5

October 21 MNovember 3 November 16
Date

m Fipe #1
m Fipe #2
m Pipe #3
O Surface

“Walues are the median values for the ppes.
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Clackamas Hydreelectric Project
IGDO Data 2005

Stand Pipes
DO-hlab DO-Wink
Date Time Site Pipe# mg/L | %DOHIlab Temp C mg/L

10/4/2005 17:00 3| Surface 1057 1003 8.71 10.49
10/4/2005 16:30 3 1 9.7 92 8.6 9.62
10/4/2005 16:20 3 2 9.4 89 8.6
10/4/2005 16:40 3 3 9.21 87.5 8.56
10/20/2005 14:45 3| Surface 9.15 90.5 10.11 10.14
10/20/2005 15:10 3 1 843 835 10.2
10/20/2005 15:30 3 2 531 824 10.24
10/20/2005 16:00 3 3 9.1 90.5 1028
11/3/2005 7:30 3| Surface 991 88.2 6.78
11/3/2005 8:00 3 1 876 81 7.01
11/3/2005 8:20 3 2 9.08 B83.8 6.89
11/3/2005 6:35 3 3 944 87.1 6.9
11/16/2005]N/A 3| Surface
11/16/2005|N/A 3 1 Carcass Drop
11/16/2005|N/A 3 2
11/16/2005|N/A 3 3
10/4/2005 15:00 4] Surface 10.3 94.2 9.1
10/4/2005 15:15 4 1 8.9 90.1 9.4
10/4/2005 15:30 4 2 g 1.1 9.1
10/4/2005 15:45 4 3 g 895 §.35
10/21/2005 8:30 4] Surface 9.31 9.8 9.58 9.25
10/21/2005 9:15 4 1 932 90.3 9.6
10/21/2005 9:45 4 2 5.2 50.6 10.03
10/21/2005 10:15 4 3 769 746 9.76
11/4/2005 10:00 4]  Surface 10.74 99.3 6.91
11/4/2005[NIA 4 1
11/4/2005[NIA 4 2 Washed Out'Too Deep
11/4/2005[NIA 4 3
11/16/2005 10:30 4|  Surface 11.86] 101.2] 4 96| 11.77
11/16/2005 4 1 ,
T1/16/2008 ) > Washed Out
11/16/2005 10:40 4 3 10.46 542 493
10/5/2005 13:10 5| Surface ERE 1143 96
10/5/2005 13:20 5 1 10.8 1045 10.51
10/5/2005 13:30 5 2 10.26 101.2 10.26 10.25
10/5/2005 13:40 5 3 103 101.6 1017
10/21/2005 10:25 5| Surface 10.28 99.1 9.58
10/21/2005 10:45 5 1 934 90.6 9.88
10/21/2005 11:00 5 2 929 90.5 10.06
10/21/2005 11:15 5 3 956 93.3 1013
11/4/2005 11:00 5| Surface 1067 5997 74
11/4/2005][N/A 5 1
11/4/2005]N/A 5 2 Washed Out
11/4/2005]N/A 5 3
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