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1.0 INTRODUCTION  

1.1 Purpose 

This Water Quality Management and Monitoring Plan (WQMMP) describes procedures that will 

be employed by Portland General Electric Company (PGE) to satisfy requirements of the 401 

Water Quality Certification of 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 water quality goals and standards, the 

application of those goals and standards to the Project, measures designed to attain compliance, 

monitoring strategies, and reporting of monitoring results.  PGE believes that this WQMMP, in 

combination with information contained in PGEôs final application for 401 certification (Final 

401 Application; PGE 2008), PGEôs TMDL Implementation Plan (PGE 2009), and the 

Settlement Agreement  filed with FERC on March 29, 2006 (PGE 2006a), provides the Oregon 

Department of Environmental Quality (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 by the Project 

will not be degraded from existing conditions, that future Project operations will offset any 

ongoing contributions to non-attainment of water quality standard numeric or narrative criteria, 

and that such operations will also mitigate for any ongoing adverse impacts to designated 

beneficial uses. 

To ensure that beneficial uses in and downstream of the Project are protected, PGE intends to 

comply with ODEQôs standards and criteria and will work with the Clackamas Fish Committee 

(Fish Committee), in the manner to be established pursuant to the Settlement Agreement and the 

new license, on matters outside the scope of the 401 certification.  Management and monitoring 

activities beyond those stipulated in this document that will be undertaken in consultation with 

the Fish Committee are described in the Fish Passage and Protection Plan (FPPP), attached to 

the Settlement Agreement as Exhibit D. 

1.2 Adaptive Management Considerations 

In connection with the relicensing of the Project, PGE proposes to undertake a number of actions 

that are expected, over time, to have a beneficial impact on water quality.  Thus, PGE proposes 

to implement gravel augmentation and habitat enhancements in the lower Oak Grove Fork.  

These measures are expected to reduce water temperatures at the mouth of the Oak Grove Fork 

beyond the decrease brought 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 mouth and the Oak Grove Powerhouse. 

PGE has also undertaken a program of sampling inter-gravel dissolved oxygen (IGDO), to 

determine the appropriate DO standard in flowing waters affected by the Project; other studies 

will be conducted in the Oak Grove Fork and in the reaches of the Clackamas River below the 

Oak Grove Powerhouse and the Faraday Diversion Dam.   
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Finally, PGEôs water quality modeling has predicted slight and infrequent temperature 

exceedances relative to modeled NTP conditions that PGE does not believe represent any actual 

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 940 mi
2
, emptying into 

the Willamette River near Gladstone, Oregon.  The 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) 22.3 and RM 29.2.  Water released from North 

Fork Dam is diverted by the Faraday Diversion Dam into Faraday Lake, except during high 

flows when flow exceeds the capacity of the Faraday Powerhouse, and a portion of total flow 

passes over the Faraday Diversion Dam and through the Faraday Diversion Reach.  PGE 

currently supplies a year-round minimum flow of 180 cfs to the Faraday Diversion Reach.  

Water from Faraday Lake is released via the Faraday Powerhouse into Estacada Lake, which is 

formed by River Mill Dam.  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 Willamette River Basin studies reviewed by the USGS 

(Altman et al. 1997), only seven included information from the Clackamas River and its 

tributaries.  EPAôs STORET database contains substantial data for only one location in the 

Clackamas River Basin: the Clackamas River at High Rocks.  The USGS has collected limited 

groundwater data in the basin (Bonn et al. 1995, Harrison et al. 1995).  Raymond 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 collected for the Atlas 

of Oregon Lakes (Johnson et al. 1985).  Timothy Lake was sampled for the Atlas of Oregon 

Lakes (Johnson et al. 1985) and was again sampled in 1987 by Bullock et al. (1998).  A summary 

of findings from these pre-relicensing studies is contained in Section 7.1.3 of the Final 401 

Application. 

As part of FERC 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.  Descriptions of 

temperature and water quality sampling results are contained in the Final 401 Application, 

Doughty (2004a, 2004b), and EES Consulting (2004).  A longitudinal macroinvertebrate 

surveyðfrom upstream of Timothy Lake to Barton Park on the lower Clackamas Riverðwas 

also conducted in 2000 and 2001.  In addition to the longitudinal quantitative sampling, surveys 

were conducted to assess the presence of sensitive invertebrate taxa.  See PGE (2006b, 2008) and 

Wisseman and Doughty (2004) for a description of methods and results of macroinvertebrate 

studies.  
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As discussed in the Final 401 Application, a predictive model (CE-QUAL-W2) of the Clackamas 

River system was developed to evaluate existing water quality conditions, to understand the 

physical processes controlling 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 used to compute natural thermal potential (NTP), i.e., 

temperatures in the absence of the Project under existing hydrologic and meteorological 

conditions. 

1.4 Proposed Protection, Mitigation and Enhancement Measures 

As part of the Settlement Agreement with resource agencies, tribes, and NGOs, PGE has 

developed a suite of protection, mitigation, and enhancement measures (PMEs) to be 

implemented when the new FERC license is issued, along with some interim measures to be 

implemented during the period between the filing of the Settlement Agreement and issuance of 

the new license.  The PMEs include changes to Project operations, improved fish passage and 

protection measures, and enhancements of aquatic habitat.  Improvements to water quality 

variables for which there are numeric criteria will  be accomplished primarily through operations 

changes, whereas ODEQôs more encompassing standards, such as those related to beneficial uses 

and antidegradation, will be addressed by operational measures, fish passage structures, and 

habitat improvement PMEs.   

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

to implement to achieve compliance with the Total Maximum Daily Loads (TMDLs) for 

temperature established by ODEQ in September 2006 for the Clackamas River below River Mill 

Dam.  These measures are described in Section 10.3 of the Final 401 Application.  Measures that 

will result in improvements to water quality, as defined by ODEQ, are listed below and 

discussed in Sections 2 through 7 of this WQMMP, as applicable.  (For detailed descriptions of 

the PMEs, refer Section 10 of the Final 401 Application.)  PGE believes that these PMEs will 

provide ODEQ with reasonable assurance that Project operations will not cause waters within or 

downstream of the Project to violate relevant water quality standards. 

Following issuance of the new FERC license, PGE will implement the following changes to 

Project operations: 1) more restrictive management of Timothy Lake levels; 2) increased 

minimum discharges, decreased maximum discharges, and more restrictive ramping rates at 

Timothy Lake Dam; 3) implementation of a flow regime in the Oak Grove Fork downstream of 

Lake Harriet, including minimum flows, winter floods for channel maintenance, and high flows 

in spring to simulate snowmelt runoff; 4) restrictions on ramping rates, especially downramping 

rates, in the Clackamas River downstream of the Oak Grove Powerhouse; 5) addition of cool 

water to the North Fork fish ladder at the proposed new North Fork adult sorting facility; 6) 

increased baseflow in the Faraday Diversion Reach; 7) seasonal drawdown of Faraday Lake; and 

8) discharge restrictions at River Mill Dam. 

In addition to these operational PMEs, PGE plans to implement the following fish passage and 

protection measures: 1) improved bar racks to reduce fish entrainment at the Timothy Lake 

intake; 2) tighter spacing on the bar rack at the Frog Lake flowline intake to reduce entrainment 

into Frog Lake; 3) fish passage and protection enhancements at North Fork Dam, including a 
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new 1,000-cfs surface collector, a guidance curtain/net to help guide smolts to the mouth of the 

new surface collector, strobe lights in front of the turbine intakes to reduce the potential for 

turbine entrainment of smolts, a retractable exclusion net in the forebay to reduce the loss of 

smolts during spill, and an upstream extension of the downstream migrant pipeline so that it 

extends from North Fork Dam to the River Mill Dam tailrace; 5) upgrades to the portion of the 

existing downstream bypass migrant pipeline that will continue to be used in the future; 6) a new 

adult fish sorting facility in the North Fork fish ladder; and 7) a 500-cfs surface collector 

installed in the River Mill forebay. 

PGE will also implement the following habitat enhancement measures: 1) cutthroat trout habitat 

enhancement in Dinger Creek, a tributary to Timothy Lake; 2) cutthroat trout habitat 

enhancements in 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 and improve the quality of 

mainstem habitat in the lower Oak Grove Fork under the flow regime identified for this section 

of river (see above); 4) gravel augmentation in the lower Oak Grove Fork and the Clackamas 

River downstream of River Mill Dam; 5) replacement of impassable culverts on Dinger Creek 

and Anvil Creek (just downstream of Timothy Lake Dam); 6) a program to collect and store 

wood that accumulates in Lake Harriet and North Fork Reservoir for use in habitat restoration 

projects in the basin; 7) disruption of nonnative brook trout and kokanee reproduction in 

tributaries to Timothy Lake; 8) gravel augmentation in the Clackamas River downstream of 

River Mill Dam; 9) shading of tributaries to the lower Clackamas River; 10) creation of the 

Parsons groundwater side channel; and 11) creation of two additional side-channel habitat 

enhancement projects in the Clackamas River downstream of River Mill Dam.  Measures 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 required, 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 Clackamas River Coarse Sediment Management Plan (Wampler 2005; see Appendix 

3). 

2.0 WATER TEMPERATURE MA NAGEMENT PLAN  

2.1 ODEQ Temperature Standard 

The ODEQ temperature standard, as defined by OAR 340-041-0028, can be found in Section 9.3 

of PGEôs 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 fish periodicities designated by ODEQ.  The ODEQ temperature standard, 

as modified by the recently-completed Willamette River TMDL, restricts the Project from 

warming water (based on the seven-day moving average of the daily maximum temperature 

(7DADM)) within the Project area by more than 0.3 ºC over the applicable numeric criterion, or 

downstream of River Mill Dam by more than 0.15 ºC over a) the applicable numeric criterion, b) 

NTP, or, c) in waters with Threatened and Endangered species, the ambient summer (defined as 

June 1 ï September 30) temperature in water bodies where maximum summer temperatures fall 

below the applicable biologically based criteria, whichever is applicable.  A reach-by-reach 

characterization of temperature standards, as defined by ODEQ, is provided in Table 2-1. 

Table 2-1. ODEQ temperature criteria that apply to riverine Project reaches of the 

Clackamas River and Oak Grove Fork. 

Reach 

ODEQ Standard
1,2

 

Temperature Criteria Based on Spawning or Rearing Use 

Temperature 

Annual Period 

1/1/2000 = JD 1 

1/1/2001=JD 365 

Oak Grove Fork between 

Timothy Lake (RM 68.4) 

and Barrier Falls (RM 54.9) 

16º C rearing criterion, June 16 ï December 31 JD 167 to JD 365 

JD 532 to 730 

13º C spawning criterion, January 1 - June 15 JD 1 to JD 166 

JD 366 to JD 531 

Oak Grove Fork from 

Barrier Falls (54.9) to 

mouth
3 
(RM 52.2)

 

16º C rearing criterion, June 16 ï August 31 JD 167 to JD 244 

JD 532 to JD 609 

13º C spawning criterion, September 1 - June 15 JD 1 to JD 166 

JD 245 to JD 531 

JD 609 to JD 730 

Clackamas River mainstem, 

from Oak Grove Fork (RM 

52.2) to Clear Creek (RM 

8.0), excluding North Fork 

Reservoir and Estacada 

Lake
3
 

16º C  rearing criterion, June 16 ï August 31 JD 167 to JD 244 

JD 532 to JD 609 

13º C spawning criterion, September 1 - June 15 JD 1 to JD 166 

JD 245 to JD 531 

JD 609 to JD 730 

Fish Ladder
3 

Temperatures that do not impede fish passage, as determined 

by the Clackamas Fish Committee 

JD 1 to JD 730 

Mainstem Clackamas, 

vicinity of Bonnie Lure 

State Park (RM 16.7) 

16º C rearing criterion year-round; 

No designated spawning 

JD 1 to JD 730 

NA 

Mainstem Clackamas; Clear 

Creek to mouth
3 

18º C rearing criterion, May 16 ï October 14 JD 136 to JD 288 

JD 501 to JD 653 

13º C spawning October 15 - May 15 JD 1 to JD 135 

JD 289 to JD 500 

JD 653 to JD 730 

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

2 Warming defined as 0.3 ºC (0.5 ºF), unless otherwise defined in an approved TMDL. 

3 Waters with Threatened and Endangered species present that have ambientði.e., under existing conditions, not 

NTPðsummer (Jun 1 ï Sep 30) 7-day average of daily maximum temperatures that fall below the applicable 

biologically based criteria, may not be warmed during summer (Jun 1 ï Sep 30) more than 0.3 ºC above those 

ambient temperatures. 
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2.3 Facilities Modifications for Compliance 

As part of the PME package identified in the Settlement Agreement (ñSA Alternativeò), PGE 

will undertake two facilities modifications that will result in improvements in water temperature 

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

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

will allow the release of up to 100 cfsði.e., the maximum planned base flow release proposed as 

part of the SA Alternativeðto the Oak Grove Fork downstream of the dam.  This will result in a 

significant reduction in water temperatures downstream of the dam during the warmer months of 

the year, thereby achieving compliance with relevant ODEQ temperature criteria in the lower 

Oak Grove Fork and in the Clackamas River between its confluence with the Oak Grove Fork 

and the Oak Grove Powerhouse (see Section 7.2.4.2 of the Final 401 Application).   

The second proposed facility modification is a new adult fish sorting facility in the North Fork 

fish ladder, which will replace approximately 22 cfs (56 percent) of ladder flow derived from the 

surface of the North Fork forebay with cold water drawn from 22 to 30 ft below the surface of 

North Fork Reservoir.  The added cold water will lower overall fish ladder temperatures 

downstream of the sorting facility (located about 0.25 miles downstream of North Fork 

Reservoir), contribute to the lowering of water temperatures in the Faraday Diversion Reach, and 

increase attraction of adult fish at the North Fork fish ladder entrance. 

2.4 Temperature Management 

2.4.1 Evaluation of Temperature Management Measures 

Model results and other relevant analyses indicate that implementation of the SA Alternative will 

result in compliance with ODEQôs temperature standards throughout most of the Project area.   

However, the SA Alternative may not achieve full compliance with the ODEQ temperature 

standard in the Clackamas River below River Mill Dam.  As discussed in this section, additional 

operational and Project modifications and implementation of tributary shading, gravel 

augmentation and habitat modification below River Mill Dam will achieve compliance with 

relevant requirements.   

Water Temperature Modeling 

Under the SA Alternative, temperatures throughout the Oak Grove Fork will be below the 

relevant ODEQ temperature criterion and, therefore, in compliance throughout the year.   

PGE believes that evidence indicates 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 explained in the Final 401 Application, about 5 miles downstream of the confluence 

of the Oak Grove Fork and the Clackamas River, the Oak Grove Powerhouse discharge enters 

the Clackamas River.  At this point water diverted from the Oak Grove Fork at Lake Harriet is 

returned to the river.  As a result, temperatures under existing conditions are essentially identical 
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to what they would be in the absence of the Project, and therefore cannot result in impairment of 

beneficial uses. 

Modeled temperatures under the SA Alternative in the North Fork tailrace, in the Faraday 

Diversion Reach and in the River Mill tailrace were calculated to be slightly inconsistent with 

ODEQ criteria during a small number of days during each modeled year.  These occurrences are 

associated with periods when NTP declines rapidly in response to meteorological changes, i.e., 

cold fronts.  These affect the NTP (i.e., what the model calculates) but have little effect on what 

occurs under existing conditions in a thermally buffered reservoir environment.  The relative lack 

of variability associated with the reservoir creates an anomalous situation in that temperatures at 

these locations are well within compliance for an extended period and then, several days later, 

are suddenly and briefly inconsistent with the NTP criterion, when the actual temperature of the 

discharge has remained the same 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 occur, maximum 

temperatures in the tailrace are nearly always lower than what they would be in the absence of 

the Project.  Based on evaluation of the overall relationship between the temperature regime 

associated with the SA Alternative and ODEQ criteria, PGE believes that the apparent 

temperature lag at these locations results in no adverse consequences to beneficial uses.  As a 

result, temperatures at these locations should be considered in compliance with ODEQ criteria. 

ODEQ has determined that the NTP in the upper Clackamas River Basin (upstream of the Oak 

Grove Fork) is poorly understood, and temperatures in the mainstem Clackamas above the Oak 

Grove Fork at times exceed ODEQôs numeric criteria.  These temperatures are not affected by 

the Project.  As a result, for purposes of evaluating Project impacts, ODEQ has determined that 

the upstream boundary condition (i.e., the mainstem Clackamas River inflow) for this reach 

should be set so that temperatures do not exceed the numeric criteria that apply to the reach for a 

given time of year, because better information about the NTP for the boundary condition is 

lacking.  In this way, the Project is only responsible for warming that occurs within the reach as a 

result of its impact on flows.   

PGE contracted with Battelle to conduct a sensitivity analysis designed to evaluate the effect of 

scaling boundary condition temperatures on temperatures in the Clackamas River just upstream 

of the Oak Grove Powerhouse.  Battelle developed an equation that scales the boundary 

condition temperatures such that maximum temperatures do not exceed 16 ºC or 13 ºC, 

depending on the time of year (i.e., which reflects fish life-history periodicity).  Because the 

natural warming in the 5-mile reach between the Oak Grove Fork mouth and the Oak Grove 

Powerhouse is minimal, and because water from the Oak Grove Fork is substantially cooler than 

the Clackamas River mainstem during much of the year, scaling boundary condition 

temperatures from the upper Clackamas River so that they do not exceed the numeric criteria 

results in 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, temperatures at the sites on the lower Clackamas River just upstream of Eagle Creek 

(CRUPEC) and near Oregon City (CRATOC) at times exceed NTP, the relevant ODEQ standard 

for most of the period when exceedances are occurring at these locations.  Based on model 

results, temperatures at the Eagle Creek site under the SA Alternative exceed 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 strategy for lower Clackamas River temperature 

exceedances, PGE explored the effects of a series of operational and structural alternatives aimed 

at achieving temperature compliance.  PGE also explored the potential temperature benefits 

associated with gravel augmentation and habitat enhancement, particularly side-channel 

enhancement, in the lower river.  The potential effects of operational alternatives and some 

facilities modifications were evaluated with the CE-QUAL-W2 model.  Other potential structural 

alternatives were evaluated through engineering feasibility, effectiveness, and cost analyses.  The 

approaches to evaluating the effectiveness of operational and structural measures, as well as 

gravel augmentation and habitat enhancement, are explained in Section 9.3.5 of the Final 401 

Application. 

Tributary Shading, Gravel Augmentation, and Habitat Enhancement 

Because the operational and Project modifications discussed above will achieve partial 

compliance with the ODEQ temperature standard, PGE will also address temperature 

exceedances in the lower Clackamas River through a combination of tributary shading, gravel 

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 Application, this program 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 

Clackamas River, and to inform potential adjustments to the gravel augmentation approach to 

maximize temperature benefits, PGE contracted with the USDA-FS, Pacific Northwest Research 

Station, to conduct a study of the effects of gravel augmentation.  The study involved researching 

existing geomorphic and temperature conditions in the lower Clackamas River.  Information 

from this phase of study was used to parameterize the existing CE-QUAL-W2 model so that it 

could be applied to estimate temperature sensitivity to gravel augmentation.  The results of the 

sensitivity modeling provided an analysis of the likely magnitude, location, and variation of peak 

temperature reductions due to gravel augmentation in the lower river.  Use of CE-QUAL-W2 

also allowed investigation of temperature 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 lower Clackamas 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 as described below. 

As part of the SA 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 program reduces 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 result in year-round compliance with ODEQ criteria.   

In 2004 PGE constructed a 0.5-mile-long groundwater side channel downstream of Barton 

Bridge, at RM 12.0 (Parsons side-channel project).  The channel was designed and constructed to 

create additional cold water summer rearing habitat for juvenile coho, Chinook, and steelhead.  

The project created approximately 1600 m
2
 of new cool water summer habitat.  Field studies in 

2006 showed that average temperatures in the new channel are 2 to 4 °C cooler than mixed 

mainstem 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 Water Quality 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 projects are 

planned to be located at McIver and Eagle Creek and are expected to provide a significant 

amount of cold water summer rearing habitat for juvenile coho, Chinook, and steelhead.  

Although these side channel improvements are not expected to significantly affect mainstem 

river temperatures downstream of River Mill Dam, they are expected to provide substantial 

benefits to juvenile salmonids, thereby increasing salmonid production and promoting beneficial 

uses designated for the lower river. 

In 2006 PGE contracted with Cramer Fish Sciences to develop a life-cycle simulation model to 

estimate the loss of production potential in the lower Clackamas River as a result of temperature 

increases and to quantify the benefits to beneficial uses that will be created by measures to 

reduce temperature, thereby compensating for lost production potential (Cramer Fish Sciences 

2008).  The model provides a quantitative estimate of the amount of production loss that will be 

mitigated by the proposed habitat enhancement measures included in the SA Alternative and in 

the Final 401 Application.  Life-cycle modeling, based on site-specific data collection, was 

selected as the preferred approach because proposed measures that reduce temperature increases 

have the potential to reduce fish production losses at different times during their life-histories, 

either by increasing survival of migrants passing through an impacted area or by increasing the 

capacity and survival of fish that spawn or rear in an area. 

The CFS life-cycle model indicates that, 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 estimated at 23 to 27 percent for all species combined, depending upon 

whether the analysis relies on average or maximum temperatures.  As discussed in Section 9.3.5 

of the Final 401 Application, the life-cycle model further indicates that the combination of 

operational changes to the Project, tributary shading, and habitat enhancement projects proposed 

as part of the Final 401 Application will significantly 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) when the SA 

Alternative is implemented.  This change, coupled with physical changes to the ladder, will 

create an environment in which upstream-migrating adult salmonids experience no delay.  As a 

result, temperatures in the North Fork fish ladder will result in attainment of the relevant 

beneficial use (i.e., upstream salmonid migration), and thereby compliance with the relevant 

ODEQ criterion.  Following issuance of the new license, the Fish Committee will evaluate 

upstream fish passage through the ladder pursuant to the provisions of the FPPP. 

Temperatures in Project Reservoirs under SA Alternative 

Temperatures in the Project reservoirs under the SA Alternative will be such that surface waters 

warm through the summer months and the volume of water meeting the rearing temperature 

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 growth, and thus will 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 Temperature Management Operations 

The proposed changes to Project operating protocol, which will affect temperature management 

throughout the Project area, are outlined 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 operating changes included as part of the Settlement Agreement that are not 

expected to affect temperature are not discussed here. 

Timothy Lake 

 

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

 Achieve a surface elevation of 3,190 ft by July 1, if sufficient flow is available (this may 

be constrained by minimum flow requirements of the upper Oak Grove Fork), but surface 

elevation will not exceed 3,191.5 ft from Memorial Day to Labor Day 

 Maximum reservoir drawdown between Memorial Day and Labor Day of 1.5 ft 

 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 

 Fall drawdown of the reservoir would begin no earlier than the day after Labor Day and 

would be accomplished according to the maximum flow release scenario described below 

under the Oak Grove Fork, Timothy Lake to Lake Harriet subheading.  

 From the day after Labor Day to the day before Memorial Day, Timothy Lake may be 

drawn down to a normal minimum elevation of 3,170.0 feet, and the maximum elevation 

is not to exceed 3,191.9 ft. 

 Subject to the maximum flow release scenario described below under the Oak Grove 

Fork, Timothy Lake to Lake Harriet subheading, PGE may draw Timothy Lake down to 

an extreme minimum of 3125.0 feet between 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 complete repairs 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 criteria may be amended during the license term. 

 

Oak Grove Fork, Timothy Lake to Lake Harriet 

Maximum flows: 

 Memorial Day through Labor Day, 70 cfs over inflow 

 Labor Day through September 30, 100 cfs over inflow 

 October 1 through October 31, 150 cfs over inflow 

 November 1 through February 28/29, 300 cfs over inflow.  (During this period PGE will 

allow no more than three large-scale flow events, defined as a day or series of days in 

which Timothy Lake outflow exceeds inflow by 200 cfs or more.  This limitation would 

not apply during system power emergencies or equipment failures at Timothy Lake Dam 

or Oak Grove Powerhouse.) 

 March 1 through the day before Memorial Day, 100 cfs over inflow 

 

Minimum flows: 

 Memorial Day through November 30, 60 cfs or inflow, whichever is less 

 December 1 through February 28/29, 30 cfs or inflow, whichever is less 

 March 1 through Memorial Day, 40 cfs or inflow, whichever is less 

 

Lower Oak Grove Fork 

Baseflow releases 

 Water year 

 Wet Normal Dry 

Apr 1 ï Sep 30 100 cfs 90 cfs 80 cfs 

Oct 1 ï Oct 15 100 cfs 100 cfs 100 cfs 

Oct 16 ï Dec 15 80 cfs 80 cfs 80 cfs 

Dec 16 ï Mar 31 70 cfs 70 cfs 70 cfs 

 

ñWet,ò ñnormal,ò and ñdryò water years are defined by the Settlement Agreement in Proposed 

License Article on the basis of forecasted April 1 to September 30 inflows to Lake Harriet: 

 

 Forecasted April 1 ï September 30 Inflows to Lake Harriet 

Wet >182,000 acre-ft 

Normal < 182,000 acre-ft and > 123,000 acre-ft 

 < 123,000 acre-ft 
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PLA 8(b) further provides that within six months of license issuance, PGE will file a protocol, 

developed in consultation with the United States Geological Survey, to determine whether the 

year will be ñwet,ò ñnormal,ò or ñdryò as defined above.   Until the protocol is approved by 

FERC, PGE will release the flows appropriate to a ñnormalò year. 

 

North Fork Fish Ladder and New Sorting Facility 

The water supply to the North Fork Fish Trap consists of a new intake located in the forebay of 

the North Fork Dam at a depth of approximately 22 to 30 ft below the normal forebay 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 a gravity supply to the trap and supplements the flow 

in the existing ladder with approximately 22 cfs (50 percent) of ladder flow with cold water.  The 

colder water will improve attraction at the ladder entrance in addition to improving ladder 

conditions in general.  

Faraday Diversion Reach 

Baseflow releases: 

 Year-round base flow of 270 cfs 

 If spillway entrainment of juvenile steelhead can be reduced by at least 50 percent at 

flows up to 4,000 cfs, base flow releases will be reduced to 250 cfs. 

 

Additional flow releases mandated by State instream water right: 

 July 1 ï Sept. 15:  As flows above Faraday Diversion Dam increase above 5,290 cfs 

(moving to 5,270 cfs if spillway entrainment of juvenile steelhead can be reduced by at 

least 50 percent at flows up to 4,000 cfs), flow in the Faraday Diversion Reach will be 

increased until it reaches 400 cfs.  As flows above Faraday Diversion Dam increase 

above 5,420 cfs, additional flows will be routed through the Faraday Powerhouse. 

 Sept. 16 ï June 30:  As flows above Faraday Diversion Dam increase above 5,290cfs 

(moving to 5,270 cfs if the above condition is met as above), flow in the Faraday 

Diversion Reach will be increased until it reaches 640 cfs.  As flows above Faraday 

Diversion Dam increase above 5,660 cfs, additional flows will be routed through the 

Faraday Powerhouse. 

 

Pulsed flows for inducing Chinook migration 

 Between April 1 and October 31, PGE will provide pulsed flows of between 120 and 480 

cfs, in addition to the base flows described above, at a duration and frequency determined 

pursuant to the Pulsed Flow Regime Study Plan included in the Settlement Agreement. 
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Faraday Lake 

 Faraday Lake will be drawn down by approximately 13 feet from June 16 to August 31, 

thereby eliminating warming that now occurs as water enters 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.   

Flows below River Mill Dam 

 Except as specifically provided below, PGE will operate River Mill Dam and 

Powerhouse to provide flow releases below River Mill Dam that equal inflow.  Ramping 

for power generation will not be permitted. 

 PGE will develop and implement a system to estimate River Mill ungaged inflow (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 estimate the flow deviation 

described below.   

 PGE will control the River Mill development flow release to hold the flow deviation 

within 10 percent or 100 cfs (whichever is greater) of the USGS Estacada gage flow, for 

all river flows, except during emergencies, equipment failures that affect river flows 

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 below River 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 and after 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 of reservoirs in 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 will be conducted at the sites listed in Table 2-2, which shows  

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

Descriptions of sampling protocols are provided for each variable listed in the table. 

Table 2-2. Water quality monitoring following issuance of the new FERC license. 

Code Site Name River Mile  Variable 

Type of 

Sampling Frequency 

TL0 Timothy Lake Reservoir  - Blue-green algae 

and associated 

toxins 

Grab Weekly and summer, 

and triggered by 

blooms 

OGF1 Oak Grove Fork below 

Timothy Lake 

68.8/16.6 Temperature  

Dissolved oxygen 

IGDO 

Continuous 

Grab 

Grab 

Download monthly 

Biweekly seasonal
 

Biweekly seasonal 

OGF2 Oak Grove Fork above Lake 

Harriet 

 IGDO Grab Biweekly seasonal 

OGF3 Oak Grove Fork below Lake 

Harriet Dam 

57.6/5.4 Temperature 

 

Continuous 

 

Download monthly 

 

OGF4 Oak Grove Fork near the 

mouth 

52.2/0 Temperature 

Dissolved oxygen 

IGDO 

Continuous 

Grab 

Grab 

Download monthly 

Biweekly seasonal
 

Biweekly seasonal 

CR1 Clackamas River upstream of 

the Oak Grove Fork 

52.2 Temperature 

Dissolved oxygen 

Continuous 

Grab 

Download monthly 

Monthly 

CR2 Clackamas River upstream of 

Oak Grove Powerhouse 

46.8 Temperature 

Dissolved oxygen 

IGDO 

Continuous 

Grab 

Grab 

Download monthly 

Biweekly seasonal
 

Biweekly seasonal 

CR3 Clackamas River upstream of 

North Fork Reservoir 

33.3 Temperature 

Dissolved oxygen 

IGDO 

 

Continuous 

Grab 

Grab 

 

Download monthly 

Biweekly seasonal
 

Biweekly seasonal 

 

NF0 North Fork Reservoir  - Blue-green algae 

and associated 

toxins 

Grab Weekly and summer, 

and triggered by 

blooms 

NF4 North Fork Tailrace - Temperature 

Total dissolved 

gas 

Continuous 

Grab 

Download monthly 

During natural spills 

LAD1 North Fork fish Ladder, top - Temperature Continuous Download monthly 

LAD2 North Fork fish Ladder, 

immediately below the new 

North Fork adult sorting 

facility 

- Temperature Continuous Download monthly 

LAD3 North Fork fish ladder, 

bottom (at diffusers) 

- Temperature Continuous Download monthly 

FAR1 Faraday Diversion pool, just 

upstream of the diversion 

- Total dissolved 

gas 

Grab During natural spills 
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Monitoring at the stations listed in Table 2-2 will be conducted in the following riverine reaches: 

below Timothy Lake Dam, below Lake Harriet, at the mouth of the Oak Grove Fork, the 

Clackamas River upstream of North Fork Reservoir, the North Fork tailrace, and the Faraday 

Diversion Reach.  At all sites, monitoring will be conducted immediately before, during, and 

after periods of the year which under existing operations are out of compliance but are predicted 

to be in compliance when the SA alternative flow releases are implemented.   

Temperature monitoring will be conducted in the Clackamas River immediately upstream of the 

Oak Grove Powerhouse (Table 2-2). Monitoring data will 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 the extent of temperature reduction in the North Fork fish ladder resulting from the 

introduction of cold water at the new adult sorting facility, monitoring will be conducted at three 

locations in the fish ladder: at the top of the ladder just downstream of the inflow from North 

Fork forebay, just downstream of the new adult sorting facility, and just downstream of the 

diffusers at the entrance of the ladder (Table 2-2).   

Temperature monitoring will continue for five years, or for a shorter period of time if PGE and 

ODEQ agree that further monitoring is not warranted to document temperature dynamics under a 

range of flow and meteorological conditions.   With respect to temperature monitoring in the 

North Fork fish ladder, PGE will work with ODEQ, and the Fish Committee to evaluate results 

and determine whether monitoring should continue for more than five years. 

2.6 Temperature Measurement Methods 

Onset® temperature loggers (or equivalent), set at 1-h recording intervals, will be installed at all 

monitoring locations identified in Table 2-2.  Data will be collected immediately before, during, 

and after periods of the year which under existing operations are out of compliance but are 

predicted to be in compliance when the SA Alternative flow releases are implemented.  At all 

locations, data collected by temperature loggers will be downloaded monthly over the period of 

data collection.  Quality assurance and quality control measures associated with data collection 

will be addressed in the Quality Assurance Project Plan (QAPP) as explained in Section 10.0. 

2.7 Reporting 

Reports will be produced in two forms: updates on water temperatures will be provided via email 

to ODEQ by the end of the month following the month in which data were collected, and an 

annual report will 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. 
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3.0 DISSOLVED OXYGEN MAN AGEMENT PLAN  

3.1 ODEQ Dissolved Oxygen Standard 

The ODEQ dissolved oxygen (DO) standard, as defined by OAR 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 River and Oak Grove Fork are 

shown in Table 3-1.  In the Oak Grove Fork above the barrier falls, the salmonid spawning 

criterion applies during winter and spring to account for resident cutthroat trout spawning, and 

the rearing criterion applies during the remainder of the year.  In all other riverine reaches, the 

spawning and rearing criteria apply based on anadromous fish periodicities identified by ODEQ.  

In the North Fork fish ladder DO concentrations must be sufficient to ensure that upstream fish 

passage is not impeded, a determination to be made by the Fish Committee when post-license 

monitoring results become available, i.e., after temperature changes in the ladder occur as the 

result of introduction of cold water at the new North Fork ladder fish trap.  In Project reservoirs, 

the relevant beneficial use is salmonid rearing. 

Table 3-1. ODEQ DO criteria that apply to Project reaches of the Clackamas River and Oak 

Grove Fork.; 8 mg/L is the salmonid rearing criterion 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 JD167
1
 ï 365; 532 ï 730   

8 mg/L (30D)
2
 

 JD1 ï 166; 366 - 531 
11.0 mg/L (7D) 

Oak Grove Fork, barrier falls to mouth JD 167 ï 244; 532 ï 609  8 mg/L (30D) 

 JD 1 ï 166; 245 ï 531; 610 ï 730  11 mg/L (7D)
3
 

Clackamas River, Oak Grove Fork to Clear Creek JD 167 ï 244; 532 ï 609  8 mg/L (30D) 

 JD 1 ï 166; 245 ï 531; 610 ï 730  11 mg/L (7D) 

North Fork fish ladder JD1 ï 730  DO concentrations that 

do not impede fish 

passage, as determined 

by the Clackamas Fish 

Committee 

Clackamas River, vicinity of Bonnie Lure State Park 

(RM 16.7) 

JD1 ï 730  8 mg/L (30D) 

Clackamas River, Clear Creek to mouth JD 136 ï 288; 501 ï 653  8 mg/L (30D) 

 JD 1 ï 135; 289 ï 500; 654 ï 730  11 mg/L (7D) 

1 JD = Julian date. 

2 30 D = 30-day minimum mean as defined in OAR 340-041-0002. 

3 7 D = 7-day mean minimum as defined in OAR 340-041-0002. 
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According to ODEQ standards, if IGDO measured as a spatial 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, the ambient DO spawning criterion for the Oak Grove Fork, the 

Clackamas River from the Oak Grove Fork to Estacada Lake, and the Clackamas River 

downstream of River Mill Dam is 11.0 mg/L, because no information has been available 

regarding intergravel dissolved oxygen (IGDO) in the Project area.  Recent data available to 

PGE suggest, however, that IGDO levels in the Project area are greater than 8.0 mg/L.  This 

issue is addressed in greater detail in Section 3.4, Approach to DO Management. 

3.3 Facilities for Compliance 

As noted in Section 2, the PME package proposed under the SA Alternative includes 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 100 cfsði.e., the 

maximum planned baseflow release to the lower Oak Grove Fork proposed as part of the 

settlement PME package.  This will result in a reduction in lower Oak Grove Fork temperatures 

and a concomitant increase in DO during much of the year, mainly during warmer months (see 

Section 7.2.4.2 of the Final 401 Application).  The second proposed modification is a new adult 

fish sorting facility in the North Fork fish ladder, which will replace about 50 percent 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 facility, thereby increasing 

DO. 

3.4 Approach to DO Management 

Water quality modeling indicates that under the proposed SA Alternative flow regimes, DO 

concentrations will fall below the 11.0 mg/L criterion at times in all reaches of the Oak Grove 

Fork and Clackamas River (see Section 7.2.4.2 of the Final 401 Application).  This 

noncompliance occurs in the Oak Grove Fork upstream of the barrier falls during a portion of the 

cutthroat trout spawning period.  In the Oak Grove Fork downstream of the barrier falls and in all 

riverine reaches of the Clackamas River, DO levels below 11.0 mg/L occur just before the 

ODEQ criterion changes from the 11.0 mg/L spawning criterion to the 8.0 mg/L rearing 

criterionðas water in the river is warming during summer and DO is decliningðand again just 

after the criterion changes back from 8.0 mg/L to 11.0 mg/Lðwhen the river has not yet cooled 

sufficiently to allow DO concentrations to climb to or beyond 11.0 mg/L. 

The 11.0 mg/L criterion, which has been used in the Final 401 Application to evaluate the SA 

Alternative, is the most stringent DO criterion and has been applied because sufficient IGDO 

data have not been available to allow for a determination of whether the 9.0 mg/L criterion 

should apply.  ODEQôs rules stipulate that if the minimum IGDO concentration, measured as the 

spatial median of samples collected according to ODEQ protocol, is Ó 8.0 mg/L, then the 9.0 

mg/L ambient DO criterion applies.  If the 9.0 mg/L criterion were to apply to the Oak Grove 

Fork and Clackamas Rivers, CE-QUAL-W2 results indicate that under the SA Alternative there 

would be no DO exceedances in any of the riverine reaches.   
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In 2005, PGE collected IGDO data in a number of locations in the Oak Grove Fork and 

Clackamas River (see Sections 4.5 ï 4.7 and Appendix 1B).  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 these post-license IGDO 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 (see Section 9.4 of the Final 401 Application).  IGDO monitoring in 2005 was, as future 

monitoring will be, conducted in reaches and at times where exceedances of the 11.0 mg/L 

ambient criterion are predicted by the CE-QUAL-W2 model to occur under operations proposed 

under the SA Alternative.   

IGDO data collected in 2005 indicate that median IGDO values are above 8.0 mg/L at all times 

in most reaches and most of the time in the remaining reaches (see Section 4.7 for more detail).  

These IGDO values are likely to increase under the higher flow releases implemented after 

license issuance.  If the expected increases occur, IGDO in Project-affected reaches will exceed 

8.0 mg/L, in some cases significantly, during salmonid spawning and incubation periods.  

Therefore, the ambient DO criterion will be 9.0 mg/L in all reaches.  Ambient DO currently 

exceeds 9.0 mg/L throughout the riverine 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 criteria during 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 where DO concentrations are below criteria for 

short periods.  Based on this, PGE believes that when operations associated with the SA 

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

with ODEQ criteria throughout the year. 

3.5 IGDO and DO Monitoring Sites and Sampling Schedule 

IGDO and DO measurements will be made at locations in the Oak Grove Fork and Clackamas 

River identified in collaboration with ODEQ (Appendix 1A).  As explained above, IGDO 

monitoring results will be used to determine if the 9.0 mg/L ambient DO standard is applicable 

in the reaches and at the times in question.  Monitoring took place in 2005, and will continue 

following issuance of the new FERC license for two years, if ODEQ and PGE agree that post-

li cense monitoring is needed.  PGE and ODEQ will determine during the first two years of the 

new license if IGDO and ambient DO sampling has been completed.   

Post-license monitoring will be conducted in two phases.  For the Timothy Dam tailrace, 

monitoring will take place during the first two years after license issuance; this will allow 

evaluation of the extent to which, if any, the model fails to account for the potential aerating 

effect of the Howell-Bunger valve.  PGE, in consultation with ODEQ, may decide to measure the 

volume and DO concentration of groundwater input immediately downstream of Timothy Lake 

to evaluate its potential effect on overall DO concentrations.  For the Oak Grove Fork below 

Lake Harriet, monitoring will take place for two years after the minimum flow structure has been 

completed. 
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During the first two years after license issuance, riverine IGDO and DO measurements will 

occur biweekly during the period of year when the 11.0 mg/L ambient DO criterion is currently 

applicable and model predictions indicate that DO levels less than 11.0 mg/L could occur under 

the proposed alternative; no riverine IGDO or ambient DO measurements will be conducted 

during the remainder of the year.  Sampling protocol, including timing, is provided in the 

appropriate section below and in the Study plan: Intergravel dissolved oxygen (IGDO) 

concentrations in the Clackamas River, Timothy Lake tailrace to below River Mill Dam 

(Appendix 1A).  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 how further ambient DO 

monitoring will take place. 

3.6 IGDO and DO Data Collection Methods 

IGDO and ambient DO sampling will be conducted during 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 collected during periods when ODEQôs 8.0 mg/L 

rearing criterion applies.  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 sampling locations below), because the only native salmonid that occupies 

the upper Oak Grove Fork (above the barrier falls) is cutthroat trout, which is a spring 

spawning species. 

 

IGDO and ambient DO sampling 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 site, IGDO sampling will be conducted in three artificial redds, which will be 

constructed to mimic conditions created by adult salmonids when constructing redds.  A 

standpipe will be placed in each artificial redd, and water to be sampled for IGDO will be 

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 (Hydrolab
TM

  or 

equivalent), will be used to measure IGDO and ambient DO concentrations, and Winkler 

titration will be used to verify the accuracy of 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 in the IGDO sampling 

study plan: Intergravel dissolved oxygen (IGDO) concentrations in the Clackamas River, 

Timothy Lake tailrace to below River Mill Dam (Appendix 1A).  Measurement Quality 

Objectives for IGDO are summarized in Table 3-2. 

 



 

Clackamas River Hydroelectric Project  Water Quality Management and Monitoring Plan 

FERC No. 2195  February 2009 

20 

Table 3-2. Measurement Quality Objectives for accuracy, precision, bias, and stated 

reporting limits. 

Parameter Method Accuracy Precision Bias 
Reporting 

limit  

Expected 

range 

Temperature NIST thermometer/ 

Hydrolab 

+0.2 
o
C 0.35

 o
C 0.05

 o
C 0.01 

o
C 0.1 ï 20 

o
C 

IGDO/DO Modified Winkler/ 

Hydrolab 

+0.3 mg/L 0.5 mg/L or 

<5%RSD 

1% 0.01 mg/L 7.5 ï 12 mg/L 

 

 

Ambient DO measurements will be made with a Hydrolab, at times to be determined with ODEQ 

in light of the results of IGDO monitoring.  Measurement quality objectives for ambient DO are 

summarized in Table 3-2.   

 

3.7 2005 IGDO Monitoring Results 

 

Results of sampling conducted in 2005 show that IGDO concentrations in Project-affected 

reaches are nearly always high; detailed results of the 2005 IGDO data collection are included in 

Appendix 1B of this WQMMP.  As explained in Section 9.4.2 of the Final 401 Application, if 

measured IGDO concentrations during salmonid spawning and incubation periods are Ó8.0 

mg/L, ODEQôs surface water numeric DO criterion (i.e., ambient criterion) is 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 April 28ï29, May 10ï11, May 26ï27, and June 

14ï15 at eight 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, McIver State 

Park, and in the Clackamas River near Eagle Creek.  IGDO data were collected during fall 2005 

on October 4ï5, October 20ï21, November 3ï4, and November 16 at five sites on the Oak 

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

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 

Table 3-3.  During spring 2005, median IGDO values were consistently above 8.0 mg/L at all 

sites, except at Ripplebrook Campground, where the low median IGDO concentration was 7.7 

mg/L.  During fall 2005, median IGDO values were above 8.0 mg/L at all sites, except at Indian 

Henry Campground and 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 redd that yielded this result 

suggest that the low values resulted from groundwater intrusions and likely do not represent 

conditions that would occur in natural redds in this area. 

 

Table 3-3. Ranges of spatial median intergravel dissolved oxygen (IGDO) values, by 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 8.1 ï 9.7 - 

Upstream of Lake Harriet 8.6 ï 10.3 - 

Ripplebrook Campground 7.7 ï 9.6 8.4 ï 9.4 

Clackamas River   

Indian Henry Campground 8.8 ï 10.3 7.7 ï 10.5 

Upstream of North Fork Reservoir 8.1 ï 10.0 9.3 ï 10.3 

Faraday Diversion Reach 8.7 ï 10.1 9.4 ï 10.8 

McIver State Park 8.8 ï 9.5 - 

Near Eagle Creek 8.7 ï 9.6 1.8 ï 9.8
1
 

1 DO measurements in artificial redds likely influenced by hyporheic flow 

 

As mentioned above, IGDO data collected in 2005 indicate that median IGDO values in and 

downstream of the Project are above 8.0 mg/L nearly all of the time, and these 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 reaches, resulting in 

compliance with ODEQ ambient DO criteria throughout 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 ODEQ twice annually, and an annual report will 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 Taste and Odor Standard 

The ODEQ Creation of Tastes and Odors standard, as defined by OAR 340-041-0007(12), can 

be found in Section 9.7 of PGEôs Final 401 Application. 

4.2 Application to the Clackamas Hydroelectric Project 

The Stateôs Taste and Odor standard is geared toward protection of those beneficial uses that may 

be impacted at a nuisance level by the presence of phytoplankton.  As applied to the Clackamas 

Project, the Taste and Odor standard would be used to address any blue-green algae-related taste 

or odor problems 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 discharges and activities not 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 standards.  

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 Clackamas River Basin, the potential for 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 from blue-green 

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

River Basin.  During times when blue-green 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 and Odors Management 

The productivity of the Clackamas River system is low (see Section 7.1.4.2 of the Final 401 

Application), and as a result the CE-QUAL-W2 model lacks the resolution needed to evaluate 

links between blue-green algae blooms and downstream taste and odor problems.  Therefore, to 

address potential risk to the public, ODEQðin collaboration with the USDA-FS, Clackamas 

River Water (CRW) Providers, and PGEðdeveloped a two-phase monitoring program to be 

implemented by PGE.  The first phase is a pre-license program, initiated in spring 2005, which 

was designed to identify potential toxic-forming events, notify the public in the event that toxins 

are measured, and establish relationships between taste and odor and blue-green algae blooms.  

The second and more comprehensive phase of monitoring will be implemented by PGE 

following issuance of the new FERC license for the Clackamas Project.  The monitoring 

program is described below and in Appendix 2A.  Results of the 2005 blue-green algae 

monitoring in Timothy Lake and North Fork Reservoir are summarized below (Section 5.5) and 

addressed in detail in Appendix 2B.  If after an appropriate interval of monitoring, a correlation 

between blue-green 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 Project-induced component of the taste and odor problems. 

4.4 Blue-Green Algae Monitoring Program 

As explained above, the blue-green algae monitoring program has two phases: pre- and post-

license issuance.  The pre-license monitoring program began in spring 2005 and included 

identification of toxic-forming events, notification levels for public recreation, and assessment of 

taste/odor relationships with algal blooms.  The post-license monitoring program will include the 

above elements and new elements aimed at understanding bloom-forming conditions and their 

relationship to Project operations.  The monitoring protocol for both phases is outlined in the 

Draft blue-green algae monitoring program for the Clackamas River (Appendix 2A). 
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The blue-green algae monitoring program is designed to achieve three objectives: 

1. Protection against exposure to toxic conditions through identification of toxic 

conditions created by blue-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. 

2. Characterizing the link, if any, between Project operations and bloom 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. 

3. Identification of linkages between algal conditions, taste and odor problems, and 

potential toxicity. 

 

The major components of the pre-licensing monitoring program include the following: 

1. Monitoring is focused in two of the Project Lakes, Timothy and North Fork, with 

additional monitoring above water-provider 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. 

2. Sampling is triggered by visual observation of bloom conditions, or when 

downstream water providers report taste and odor events.  The downstream water 

providers will identify one person to coordinate with PGE regarding taste and odor 

sampling events. 

3. Monitoring occurs during the growing season, late spring through early fall, extended 

as necessary if early or late-season blooms are observed. 

4. 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. 

5. PGE will follow algal sampling with a sample for toxins when cell densities are > 

2,000 cells per milliliter for Microcystis sp. 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 for Microcystis sp. and 100,000 cells per 

milliliter for all other toxigenic species will trigger toxin sampling. 

6. If a toxin is discovered in water samples, PGE will notify the Division Oregon 

Department of Human Services, Office of Public Health Systems, Environmental 

Toxicology Section (ñDHSò), the Clackamas Water Providers, the USDA-FS, and 

ODEQ by phone.  The CTGR, the CTSI, the CTW, Clackamas County Health 

Department and WaterWatch of Oregon will be notified by email.  DHS has the 

authority to close water bodies. 

7. PGE and the USDA-FS will work together on public notification and education 

regarding recreational use closures in Timothy Lake. 
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The major components of the post-licensing monitoring program will include the following: 

1. Monitoring will occur during the growing season, late spring through early fall, 

extended as necessary if early or late-season 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 to develop 

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 as identified in the table entitled ñManagement Actions In 

Response To Cyanobacteria Presence In Timothy Lake And North Fork Reservoir, 

2005ò in the Blue-Green Algae Monitoring Program in the Clackamas River 

(included in the Settlement Agreement).   

4. Based on monitoring results, PGE may, after consultation with the Blue-Green Team
1
 

and the Fish Committee and 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 post-license monitoring data are met, PGE may, in 

consultation with the Blue-Green Team and approval by ODEQ, adapt the monitoring 

program to either address additional questions concerning potential linkages between 

Project operations and bloom formation, or reduce the scale of the post-license 

program to provide similar surveillance information as is collected under the pre-

license program. 

4.5 Results of 2005 Blue-Green Algae Monitoring  

During spring 2005, PGE initiated the pre-license phase of the blue-green algae monitoring 

program in Timothy Lake and North Fork Reservoir.  The 2005 monitoring was conducted 

weekly from May 17 through September 19.  During each monitoring event, temperature and 

weather conditions were recorded and field personnel looked for evidence of algae blooms.  

Water clarity was measured with a Secchi disk from August 8 through September 19.  In 

accordance with the agreed-upon sampling protocol, six phytoplankton samples were collected 

and analyzed at Timothy Lake and five at North Fork Reservoir.  

During the 2005 monitoring period, blue-green 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 the observed blue-green 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 changes to future monitoring. 

                                                 

1
 The makeup of the Blue-Green Team is specified in Exhibit M to the Settlement Agreement. 
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4.6 Reporting 

PGE will notify ODEQ, CRWP, and the USDA-FS if 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 the USDA-FS if the toxin sample is 

positive (indicating toxicity).  The DHS will have responsibility for issuing public notices and 

generating public information with assistance from the USDA-FS and PGE.  In addition, a 

summary report of data collected throughout the year, along with a brief discussion will be 

distributed annually to members of the Fish Committee.   

5.0 TOTAL DISSOLVED GAS  

5.1 ODEQ Total Dissolved Gas Standard 

The ODEQ total dissolved gas standard, as defined by OAR 340-041-0031, can be found in 

Section 9.8 of the Final 401 Application. 

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 fish.  ODEQôs total dissolved gas (TDG) standard is designed to 

prohibit discharges or activities that will result in atmospheric gases reaching known harmful 

concentrations.  When 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 dam.  If the momentum of 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 occurs is a function of the 

physical characteristics of the spillway and the depth of the pool into which water plunges. 

5.3 Approach to Total Dissolved Gas Management  

As explained in the Final 401 Application, typical conditions for the development of excess TDG 

are not present at the Project (see Section 9.8.3 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 this facility.  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 controlled spills, 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 volume (see Section 9.8.3 of the Final 401 Application for further 

explanation).  ODEQ has requested that additional information be collected following issuance 

of the new FERC license, to 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 does not exceed 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 that there is no problem (see below).  

5.4 Total Dissolved Gas Monitoring  

TDG monitoring will occur in two-phases: 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. 

 Monitoring Natural Spills  

Monitoring will  be conducted during ñnatural spillsò for the first two years of the new FERC 

license period.  ñNatural spillsò are defined as spills that occur because river flows at North Fork 

Dam exceed the powerhouse capacity (approximately 6,000 cfs) and PGE must pass the excess 

flows over the spillway.  TDG measurements will be taken to account for the full range of 

ñnatural spillò conditions that occur during the first two years following license issuance.  

Measurements will  be made in the North Fork tailrace, as close to the dam as permitted by safety 

considerations, and below River Mill Dam to assess dissipation of TDG with distance from 

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

dissolved gas.  At both sites water temperature, total gas pressure, barometric pressure, dissolved 

oxygen, and percent gas saturation will be measured.  Measurement equipment will 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 at any time during this two-year 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 measures for DEQ approval to address the 

expected TDG violations. 

b. If at the end of this two-year 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 DEQ to decide how to continue the TDG monitoring program under 

ñnatural spillò conditions. 

 Monitoring Under New Fish Passage Conditions 

Monitoring will be conducted during the two-year period starting when the spillway exclusion 

net upstream of the North Fork spillway is in place and PGE has demonstrated the netôs 

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 in effect and PGE 

is implementing the ñforced spillò requirement to reduce entrainment of juvenile salmonids into 

the powerhouse intake. 
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PGE will meet with DEQ to review monitoring results and to decide either to develop possible 

measures to address potential TDG violations or if it is necessary to continue monitoring TDG. 

a. If at any time this two-year 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 develop possible measures 

for DEQ approval to address the expected TDG violations. 

b. If at the end of this two-year 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 violations or to continue 

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 will consult with DEQ and the Fish Committee 

to develop possible measures for DEQ approval to 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 of the time measurements are made, and an annual report will be 

submitted, in early winter of each year, to ODEQ and other members of the Fish Committee. 

6.0 OAK  GROVE FORK GRAVEL AUGMENTATION  

As part of the SA Alternative, PGE will implement coarse sediment augmentation 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 explained in PGEôs Final 401 Application, if gravel augmentation results in effects 

comparable to those reported 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, 

which alone are expected to result in year-round compliance with ODEQ criteria.  In addition, 

potential gravel-induced temperature reductions in the Oak Grove Fork would be transmitted 

downstream, resulting in temperature reductions in the Clackamas River between the Oak Grove 

Fork and North 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 augmentation amount will range from 2,200 ï 3,000 tons of 

fluvial rock at two sites (Crack-in-the-Ground and Ripplebrook Campground).  The volume split 

between the two sites and the number of years needed to provide the initial placement of coarse 
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sediment will be determined by PGE in consultation with the Fish Committee, but is anticipated 

to be completed over four or five years.  Course sediment delivered to the Crack-in-the-Ground 

site is anticipated to be placed in the ñnotchò in the bedrock at this site and is anticipated to move 

downstream under moderate 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 Committee following license issuance.  The annual volume of gravel can be ñcarried overò 

to subsequent years if not added in a given year.  The majority of gravels would be placed at the 

Crack-in-the-Ground site, unless monitoring of spawning gravels in the Ripplebrook area 

indicates the need for supplementation there.  If after year 5 of the initial augmentation effort 

coarse sediment does not appear to be moving downstream past the Barrier Falls, PGE will 

complete a feasibility analysis of two additional coarse sediment augmentation sites downstream 

of Crack-in-the-Ground. 

If this augmentation program reduces maximum temperatures in a manner similar to that 

reported by Lewis et al. (2005), temperatures in the lower Oak Grove Fork will be reduced 

beyond what has been predicted as the result of increased baseflows; as shown in Section 7 of 

the Final 401 Application, increased baseflows alone will result in a significant temperature 

reduction in the lower Oak Grove Fork, one that will result in year-round compliance with 

ODEQ criteria. 

7.0 PHYSICAL HABIT AT ENHANCEMENT  

As part of the SA Alternative, side channel habitat enhancements will be implemented in the Oak 

Grove Fork between the Barrier Falls and the confluence with the Clackamas River (see 

Settlement Agreement for more information).  Additional 1+ coho salmon side channel habitat, 

beyond what will be obtained through increased baseflows, will be created through side channel 

manipulations, which may include excavation of side channel entrances, creation of large woody 

debris jams or other such structures downstream of side channel entrances to provide necessary 

inflows, placement of large woody debris at side channel entrances to protect against the 

entrance of high-velocity mainstem flows during spill or large flow events, excavation within the 

side channels to increase the total habitat area, and/or placement of large woody debris 

(including root wads) to enhance 1+ coho rearing habitat quality. 

The goals of mainstem habitat enhancement in the Oak Grove Fork between the Barrier Falls and 

the confluence with the Clackamas River include beginning 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 flows.  Habitat enhancements will 

involve the placement of large wood structures at strategic locations within the main channel of 

the lower Oak Grove Fork. 

Habitat enhancements and will also be implemented upstream of Lake Harriet.  Aggregates of 

logs will be placed in Dinger Creek, a tributary to Timothy Lake (see Settlement Agreement for 

more detail).  Habitat enhancement will also be implemented in the Oak Grove Fork between 

Timothy Lake Dam and Hammer Springs.  At this location, boulders will be placed along 

channel margins to increase hydraulic roughness, thereby reducing the width of active channel at 

low flows, creating slower, deeper water (i.e., pool-like habitat) where there are currently 
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shallow runs and riffles.  Culvert replacements will be made on Dinger Creek and Anvil Creek; 

the latter is a 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 enhancement measures will be conducted using best management practices 

(BMPs) designed to minimize water quality impacts, including short-term introductions of fine 

sediment.  Given the application of BMPs, the small spatial scale of individual enhancements, 

and the short time period needed to implement the enhancements, no water quality monitoring is 

needed. 

8.0 QUALITY ASSURANCE AN D QUALITY CONTROL  

Upon issuance of the new FERC license, PGE will submit for approval to the Environmental 

Protection Agency (EPA), on behalf of ODEQ, a comprehensive Quality Assurance Project Plan 

(QAPP), based on EPA and ODEQ guidelines.  All measures outlined in the QAPP will be 

Project-specific, with explanations of how data collection conducted at all sites will comply with 

the guidelines.  PGE will implement this WQMMP in accordance with the approved QAPP. 
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CLACKAMAS RIVER PROJECT RELICENSING SWG 

PROJECT OPERATIONS/FLOWS 
 

Study Plan 

Intergravel Dissolved Oxygen (IGDO) Concentrations in the Clackamas River,  

Timothy Lake Tailrace to Below River Mill Dam 

May 2005 
 

Water quality modeling (CE-QUAL-W2) of flow regimes associated with PGEôs Applicantôs 

Alternative revealed that water-column (i.e., ambient) dissolved oxygen (DO) concentrations in 

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

of River Mill Dam would at times fall below the Oregon Department of Environmental Qualityôs 

(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 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 following 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 2004] for additional information). 

 

ODEQôs rules regarding DO concentration in areas of active spawning (set out in OAR 340-041-

0101 to OAR 340-041-0340) state that ñduring the applicable spawning through fry emergence 

periodséDO [ambient] may not be less than 11.0 mg/l.  However, if the minimum intergravel 

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

mg/l.ò 

 

Based on IGDO data collected by ODEQ in a limited number of streams and rivers in the state of 

Oregon, 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 to 

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 ODEQôs water quality criteria, as revised in March 2004. 

 

The following statements describe PGEôs proposed approach for evaluating IGDO concentration, 

and its relationship to ambient DO, from the Timothy Lake tailrace to Clackamas River below 

River Mill Dam. 

 

Purpose 

 

­ Determine the ambient DO and IGDO 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 downstream of the 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 incubation periods when ambient DO concentrations are 

predicted to be below the 11.0 mg/L criterion; no data will be collected 

during periods when ODEQôs 8.0 mg/L rearing criterion applies or when 

ambient DO is predicted to be above 11.0 mg/L. 

­ Sampling periods in 2005: 

o 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 each season at each 

sampling location). 

 

Sampling locations 

 

­ Sampling will take 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); also, this site may not be sampled in the early 

spring if the snowpack prevents access. 

o The Oak Grove Fork just upstream of Lake Harriet; sampled only in 

spring 

o The Oak Grove Fork just upstream of its confluence with the Clackamas 

River 

o The Clackamas River upstream of the Oak Grove Powerhouse 

o The Clackamas River just upstream of North Fork Reservoir 

o The Clackamas River in the Faraday Diversion Reach 

o The Clackamas River downstream of River Mill Dam but upstream of the 

Clackamas Hatchery 

o The Clackamas River near Eagle Creek 

­ Sampling 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. 

­ 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. 
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Figure 1.  Approximate locations of IGDO sampling sites on the Oak Grove Fork and Clackamas River. 
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Field methods 
 

­ Three artificial 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 locations where the act of spawning is taking place or where 

active redds already exist. 

­ Artificial 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. 

­ A 25-cm-deep depression (ñegg pocketò) will be made in each artificial redd, and a 

standpipe will be placed in the depression and covered with gravel from the upstream 

side of the redd, to a depth of about 25 cm. 

­ Holes will be pre-drilled into the lowest 10 cm of each standpipe to facilitate water 

exchange. 

­ At locations where vandalism potential or high water velocities could jeopardize the 

stability of standpipes, a 4-cm-diameter reinforced water filter (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.  The filter hose 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 at each 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 pressure and does not 

introduce air into the sample.  Water will be pumped into a flask and allowed to 

overflow.  Approximately 600 ï 1,000 ml of water will be slowly pumped and 

discarded before continuing to pump the sample for analysis.  This purges the pipe.  

Pumping will 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
TM

  or equivalent) or a modified Winkler test will be used to measure 

DO.  

­ A Hydrolab
TM

, 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 Hydrolab
TM

.  Both the Hydrolab
TM

 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 at all locations where an 

IGDO concentration of 8.0 mg/L or less is measured with the probe, if this occurs. 

­ The Hydrolab
TM

 will be calibrated at the beginning of each field day, according to the 

manufacturerôs protocol, with a modified Winkler titration measurement as the 

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. 
 

Quality 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 ODEQ (1999).  

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 triple rinsed 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 responsible for 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. 

 

Quality control in 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 temperature will be 

performed twice daily (beginning and end of each day) according to the equipment 

manufacturerôs instructions.   

 

Field replicate measurements will be recorded for at least 15% of the total number of samples. 

Replicates will be chosen to represent the range of DO readings observed (based on previous 

measurements for this study).  Replicate measurements of sequential water samples will be made 

with the Hydrolab
TM

.   

 

Measurement Quality Objectives (MQOs) identify how accurate measurements need to be in 

order to obtain accurate data.  The EPA defines MQOs as ñacceptance criteriaò 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 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 study is to demonstrate 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 

quality standards, permitting requirements, or other regulatory activities. 
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Table 1. Measurement Quality Objectives for accuracy, precision, bias and stated reported limits. 

Parameter Method Accuracy Precision  Bias 

Reporting 

Limit  

Expected 

Range 

Water Temperature 

NIST thermometer/ 

Hydrolab +0.2
o
C 0.35

 o
C

 
 0.05

 o
C 0.01 C 0.1 ï 20 C 

Dissolved Oxygen 

Modified Winkler/ 

Hydrolab 

+0.3 

mg/L 

0.5 mg/L or 

<5%RSD 1% 0.01 mg/L 7.5 ï 12 mg/L 

 

Precision is estimated as the standard deviation of the results of n replicate measurements.  If 

more than one estimate of the standard deviation of a population is available, a pooled estimate 

may be calculated based on m pairs of duplicate results as: 

 

m

D
sp

2

2^
 

 

where: sp = pooled standard deviation 

  D = difference between two paired 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: 

 

100*
x

s
RSD  

 

where: x = the mean of the replicate measurements 

 

Precision will be quantified as a comparison of replicate samples (Hydrolab
TM

 readings) for field 

audits. 

 

Careful adherence to procedures should maintain bias within acceptable limits.  For this study, a 

primary cause of bias can result from calibrating the Hydrolab
TM

 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 Hydrolab
TM

 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 will be calibrated twice daily according to 

the manufacturerôs guidelines and relying on a Winkler titration. 

 

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 collection.  The 

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 due to poor precision, 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 precision, when 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 measurements 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 ODEQ 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  May 1 May 15 Jun 1 Jun 15  Oct 1 Oct 15 Nov 1 Nov 15 

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 Reservoir  X X X X  X X X X 

Faraday Diversion 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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