
 
 
 
 

Revised 
 

Water Quality Study Plan  
for 

Energy Northwest's  
Packwood Lake Hydroelectric Project 

FERC No. 2244 
Lewis County, Washington 

 
 

Submitted to 
 

 
 

P.O. Box 968 
Richland, Washington 99352-0968 

 
 
 
 

Submitted by 
 
 

 

 
 

1155 North State Street, Suite 700 
Bellingham, Washington 98225 

360.734.5915 phone, 360.734.5918 fax 
 
 
 

August 22, 2005 
 

 

���������	 �

�



Revised Water Quality Study Plan  Energy Northwest Packwood Lake Hydroelectric Project 
August 22, 2005  FERC No. 2244 

 

 i  
 

TABLE OF CONTENTS 
 
Section Title Page 
 
1.0 INTRODUCTION .............................................................................................................. 1 

1.1 Study Goal and Objectives.............................................................................................. 2 
2.0 EXISTING INFORMATION AND NEED FOR ADDITIONAL INFORMATION ........ 3 

2.1 Water Quality Standards and Natural Resource Agency Goals...................................... 3 
2.2 Relation to Other Study Plans......................................................................................... 4 
2.3 Existing Relevant Information........................................................................................ 4 

2.3.1 Packwood Lake/Lake Creek Watershed ..................................................................... 4 
2.3.2 Lake Creek Hydrology................................................................................................ 4 
2.3.3 Hydrology for Snyder Creek....................................................................................... 5 
2.3.4 Historical Water Quality............................................................................................. 5 
2.3.5 Water Quality Study Results for 2004........................................................................ 6 

3.0 NEXUS BETWEEN PROJECT OPERATIONS AND EFFECTS ON RESOURCES..... 6 
4.0 STUDY AREA AND METHODS ..................................................................................... 8 

4.1 Study Area ...................................................................................................................... 8 
4.2 Document Existing Water Quality Condition (Objective 1)........................................... 8 

4.2.1 Variables of Interest.................................................................................................... 8 
4.2.2 Sampling Sites ............................................................................................................ 9 
4.2.3 Sampling Frequency ................................................................................................. 16 
4.2.4 Sampling Protocol..................................................................................................... 16 
4.2.5 Diurnal Monitoring ................................................................................................... 23 
4.2.6 Quality Control/Quality Assurance........................................................................... 23 

4.3 Nutrient and Algal Studies (Objective 1)...................................................................... 29 
4.3.1 Sampling Frequency ................................................................................................. 30 
4.3.2 Sampling Locations .................................................................................................. 30 
4.3.3 Sampling Protocol..................................................................................................... 30 
4.3.4 Laboratory Analysis.................................................................................................. 31 
4.3.5 Quality Assurance and Quality Control.................................................................... 32 
4.3.6 Data Analysis ............................................................................................................ 32 

4.4 Project Effects on Water Quality (Objective 2)............................................................ 33 
4.4.1 Spill Prevention, Control and Countermeasure Plan and Site Assessment .............. 34 

4.5 Water Quality Modeling (Objective 3) ......................................................................... 35 
4.5.1 Model Application .................................................................................................... 38 
4.5.2 Model Limitations and Assumptions........................................................................ 40 

4.6 Macrophytes and Invasive Emergent Vegetation ......................................................... 41 
4.7 Macroinvertebrates ....................................................................................................... 41 
4.8 Antidegradation (Objective 4) ...................................................................................... 43 
4.9 Compatibility with Long-Term Monitoring (Objective 5) ........................................... 44 
4.10 Products......................................................................................................................... 44 
4.11 Consistency with Generally Accepted Scientific Practice............................................ 44 
4.12 Relationship with Other Studies ................................................................................... 45 

5.0 CONSULTATION WITH AGENCIES, TRIBES AND OTHER STAKEHOLDERS... 45 
6.0 PROGRESS REPORTS, INFORMATION SHARING AND TECHNICAL REVIEW . 45 



Revised Water Quality Study Plan  Energy Northwest Packwood Lake Hydroelectric Project 
August 22, 2005  FERC No. 2244 

 

 ii  
 

TABLE OF CONTENTS (continued) 
 
Section Title Page 
 
7.0 SCHEDULE...................................................................................................................... 46 
8.0 LEVEL OF EFFORT AND COST................................................................................... 46 
9.0 LITERATURE CITED ..................................................................................................... 46 
 
 
APPENDICES 
 
Appendix A – 2004 Water Temperature Monitoring Report 
Appendix B - Hydrolab Calibration Procedures 
Appendix C – Laboratory Quality Assurance Plan 
Appendix D – Spill Prevention, Control, and Countermeasure (SPCC) Plan  
 
 

LIST OF FIGURES 
 

 
Figure Title Page 
Figure 2-1.  Packwood Lake Bathymetry ....................................................................................... 7 
Figure 4-1.  Water Quality Sample Sites Within and Adjacent  to  Packwood Lake. .................. 10 
Figure 4-2.  Water Quality Sampling Locations in Lower Lake Creek and Cowlitz River. ........ 11 
Figure 4-3.  Water Quality Sampling Locations in Project Tailrace. ........................................... 12 
Figure 4-4.  Model schematic showing limitation of 1 dimensional models................................ 36 
Figure 4.5.  Conceptual schematic of river-lake connection in CE-QUAL-W2 Version 3. ......... 38 
 
 

LIST OF TABLES 
 

 
Table Title Page 
Table 4-1. Water Quality Parameters, Sampling Sites and Sampling.......................................... 13 
Table 4-2. Water Quality Sampling Sites..................................................................................... 15 
Table 4-3. Water Quality Sampling Schedule.............................................................................. 16 
Table 4-4. Measurement Quality Objectives for Accuracy, Precision, Bias and Stated Reported 

Limits. ......................................................................................................................... 27 
Table 4-5. Calibration Criteria for Field Measured Water Quality Parameters. .......................... 29 
Table 4-6. Boundary Conditions for Water Quality Model. ........................................................ 39 
 
 
 

 



Revised Water Quality Study Plan  Energy Northwest Packwood Lake Hydroelectric Project 
August 22, 2005  FERC No. 2244 

 

 1  
 

1.0 INTRODUCTION 
 
Energy Northwest, a municipal corporation and joint operating agency of the State of 
Washington, operates the Packwood Lake Hydroelectric Project (Project) near the town of 
Packwood in Lewis County, Washington.  The Federal Energy Regulatory Commission (FERC) 
licensed the Project on July 7, 1960 (effective March 1, 1960), designated as Federal Power 
Commission License No. 2244.  In accordance with the Integrated Licensing Process (ILP) 
regulations, Energy Northwest filed its Notice of its Intent (NOI) to file an application for new 
license on November 12, 2004.  Energy Northwest also concurrently filed with the FERC and the 
resource agencies, a Pre-Application Document (PAD), containing existing, relevant, and 
reasonably available information describing the existing environment and the potential effects of 
the licensee’s intended project proposal, including proposed project facilities and operations.  
The Washington Department of Ecology (WDOE) and the USDA Forest Service filed study 
requests with FERC that identify water quality issues and related study needs (WDOE 2005, 
USDA Forest Service 2005). 
 
Among the purposes of the ILP is to foster an efficient and collaborative approach to 
determining project effects and appropriate protective measures.  In that spirit, Energy Northwest 
has taken a proactive approach to relicensing its Project by initiating collaborative scoping of 
studies to develop the data and analyses that will be required for issuance of the water quality 
certification by the WDOE under Section 401 of the Clean Water Act.  This collaborative 
process was initiated in March 2004 in advance of the filing of the PAD.  A water quality study 
plan was developed in consultation with the agencies and tribes, and studies were initiated in 
Spring 2004.  This study plan modifies and supersedes the June 2004 version (EES Consulting 
2004a).  This modified study plan addresses water quality resource issues and study requests 
identified in the documents filed by the agencies in March 2005 responding to the PAD. 
 
The Project is located east of the community of Packwood in the Cascade Mountains.  Packwood 
Lake lies within the Gifford Pinchot National Forest.  The Project includes: an intake canal; a 
concrete drop structure and an intake building on Lake Creek located about 424 feet downstream 
from the outlet to Packwood Lake; a 21,691-foot system of concrete pipe and tunnels; a 5,621 
foot-long penstock; a surge tank; and a powerhouse with a 26,126 kW turbine generator.  The 
drop structure that regulates the water level of Packwood Lake was constructed by excavating 
debris from a natural landslide, which occurred about 1,000 years ago and created the lake.  The 
drop structure located adjacent to the intake structure extends 85 feet in width and is tied into 
impervious earth fill cutoff walls on each side extending to the natural embankment.  The 
powerhouse is located at the base of the mountain adjacent to the community of Packwood.  The 
powerhouse tailrace flow discharges into a constructed stilling basin and then travels through a 
lined tailrace channel about 6,690 feet in length to a confluence with the Cowlitz River.  The 
tailrace includes a 200-foot highway culvert and 360-foot flume over Hall Creek.  
 
The total area drained by Lake Creek and Packwood Lake is approximately 19.2 square miles at 
the drop structure.  The total surface area of the lake is 452 acres.  The natural lake elevation 
(El.) is 2,857 ft MSL, which is approximately 1,800 ft above the powerhouse.  The Project 
seasonally regulates the lake level so that it is at El 2,857 ft ±0.5 ft in summer recreation months 
and drawn down to no lower than El 2,849 ft MSL during winter months.  This provides 8 ft 
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vertical storage usable by the Project.  The Project is operated to achieve a lake elevation of 
2,857 ft + 0.5 ft by May 1st of each year.  This level is maintained until mid-September when 
draw down may begin.  When lake level rises above the drop structure crest elevation 
(El. 2858.5 ft), the flow passes over the drop structure into Lake Creek downstream of the lake.  
Currently, the FERC license for the Project requires a minimum instream flow of 3 cfs at the 
drop structure immediately downstream of the outlet of Packwood Lake.  There is also an 
instream flow requirement of 15 cfs at the confluence of Lake Creek with the Cowlitz River.  
Energy Northwest is not currently required to measure this flow.  The Project is operated in a 
baseload manner depending upon water availability and power contracts.  The Project has a 
water right for 260 cfs, but the Project does not operate at capacity at all times.  Average power 
production is 10 MW relative to a turbine generator rated at 27,500 kVA.  During the summer 
months, Project generation flow matches lake inflow to hold the lake elevation relatively 
constant.  During dry periods with low inflows, the project may be shut down.  Instream flow 
releases to Lake Creek continue regardless of Project operation.  
 
1.1 Study Goal and Objectives 
 
The goal of this study is to develop information to support the water quality certification that will 
be issued by the WDOE, pursuant to Section 401 of the Clean Water Act, for the operation of the 
Project under a new FERC license.  This study will document the existing water quality 
conditions in Packwood Lake, Lake Creek and other waters affected by the Project.  This study 
will also investigate the effects of Project operation on water quality.  Those parameters for 
which the WDOE has established numeric or narrative water quality standards (Chapter 173-
201A WAC) are addressed in this study plan.  The determination of compliance with some water 
quality standards requires an understanding of the natural conditions (as defined in Chapter 173-
201 WAC) that would occur without the Project.  Information on water quality within Project 
waters prior to the existence of the Packwood Lake Hydroelectric Project is very limited.  Water 
quality modeling will be completed to better understand water quality conditions in absence of 
the Project.  The ecological significance of water quality within the Packwood Lake and Lake 
Creek system is also of interest.  Quantification of instream flow needs for aquatic life is being 
addressed in a separate study plan.  An assessment of water rights and how the Project may 
affect water rights of others are not addressed in this study plan but are also applicable to 401 
water quality certification.  Information on water rights is provided in the PAD (Energy 
Northwest 2004).   
 
The water quality data collected and analyzed as part of this study are an important prerequisite 
for Section 401 water quality certification.  WDOE needs reasonable assurance that a project will 
conform to state water quality standards in order to be able to issue a 401 water quality 
certification.  The study plan addresses the effects of existing Project operations on water quality 
only.  Effects on water quality of Project alternatives that are yet to be identified in the FERC 
relicensing process obviously cannot be analyzed at this time.  Data collection is intended to be 
sufficient to support subsequent analysis of Project alternatives.    
 
Packwood Lake and Lake Creek represent an important resource.  Uses include hydropower 
generation, recreation, aesthetic enjoyment, and habitat for both fish and other aquatic biota.  
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Understanding existing water quality conditions and their moderating factors is an important 
component for preserving and managing the resource and its beneficial uses.   
 
The objectives for the water quality study are: 
 

1. Document existing water quality conditions within the Project area, lake tributary 
inflows, and in the Cowlitz River (Lake Creek confluence to just below Project tailrace). 

 
2. Document Project effects on existing water quality conditions with reference to WDOE 

water quality standards. 
 

3. Model temperature, dissolved oxygen, pH, and nutrients for Packwood Lake, Lake Creek 
and the tailrace to characterize water quality for these waters in absence of the Project. 

 
4. Determine Project effects relative to WDOE antidegradation policy, and determine 

Cowlitz River assimilative capacity. 
 

5. Collect, analyze, and archive data in a manner that will support the identification of long-
term water quality monitoring needs, if appropriate, and will ensure compatibility of data 
to the greatest extent feasible. 

 
2.0 EXISTING INFORMATION AND NEED FOR ADDITIONAL INFORMATION 
 
2.1 Water Quality Standards and Natural Resource Agency Goals 
 
WDOE has promulgated water quality standards in an effort to protect the beneficial water uses.  
Washington State adopted new water quality standards in July 2003.  Approval of these 
standards is still pending approval by the Environmental Protection Agency (EPA).     
 
This study will document water quality in the Project waters relative to water quality standards.  
The Washington standards include both numeric criteria as well as narrative standards.  The 
narrative standards address beneficial uses that include, but are not limited to, the ecological 
significance of water quality to aquatic biota.  The importance of water quality to the health of 
Threatened and Endangered (T&E) populations is described in the narrative standards. 
 
The Gifford Pinchot National Forest Land and Resource Management Plan (1990), as amended 
by the Northwest Forest Plan in 1994, provides the management direction for all National Forest 
System lands and their associated resources directly affected by or within the vicinity of the 
Packwood Lake Hydroelectric Project.  The Aquatic Conservation Strategy (ACS), a core 
component of the Northwest Forest Plan, provides management direction aimed at maintaining 
or restoring the ecological health and function of watersheds and the aquatic ecosystems 
contained within them.  ACS Objectives 4 is most pertinent to this study.  
 

Objective 4 – Maintain and restore water quality necessary to support healthy riparian, 
aquatic, and wetland ecosystems.  Water quality must remain within the range that 
maintains the biological, physical, and chemical integrity of the system and benefits 
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survival, growth, reproduction, and migration of individuals composing aquatic and 
riparian communities.  

 
The Forest Plan further directs that state requirements shall be complied with in accordance with 
the Clean Water Act for protection of waters of the State of Washington. 
 
2.2 Relation to Other Study Plans 
 
The understanding of water quality gained from this study, particularly with regard to 
temperature and primary productivity, is relevant to fisheries management within the basin.  
Information from this study will identify water quality conditions that may affect the health of 
fisheries and populations of other aquatic species in the project area.  Stream channel geometry 
data will be collected as part of instream flow studies.  That survey data will be useful for 
understanding hydraulic routing as it affects water quality. 
 
2.3 Existing Relevant Information 
 
2.3.1 Packwood Lake/Lake Creek Watershed 
 
The natural elevation of Packwood Lake is 2,857 ft, approximately 1,800 ft above the Project 
powerhouse.  Packwood Lake and Lake Creek are bounded on the southwest by Snyder 
Mountain, elevation 5,030 ft, and on the northwest by mountain ridges with elevations ranging to 
5,300 ft (Energy Northwest 2004). 
 
Originating as rainfall and snowmelt in the Goat Rocks Wilderness Area and the Cascade 
Mountains draining into Packwood Lake (surface area of 452 acres), Lake Creek flows to the 
northwest approximately 5.3 miles to the upper Cowlitz River, Lewis County, Washington.  
Lake Creek empties into the upper Cowlitz River at approximately River Mile 129.2.  The 
Packwood Lake drainage is mostly within the Gifford Pinchot National Forest boundary (the first 
0.7 mile of Lake Creek is on private lands).  
 
2.3.2 Lake Creek Hydrology 
 
Two USGS gaging stations have been operated on Lake Creek.  The gage immediately down-
stream of the drop structure (No. 14225500 – El. 2,844.62 ft) operated from October 1, 1911 
through September 30, 1980, with a drainage area of 19.20 square miles.  Another gage operated 
from September 1, 1907 through November 22, 1977, upstream from the confluence of Lake 
Creek with the Cowlitz River (No. 14226000 – El. 1,190.0 ft), with a drainage area of 26.50 
square miles. Mean annual flow is 101.5 cfs (based on 1907 – 1977 record).  
 
Project operations data have been reviewed, including daily lake level, project flows, fish 
(instream) flows, and approximate inflow to the lake (Energy Northwest 2004).  Data were also 
reviewed to determine the frequency and extent that Packwood Lake levels overtopped the drop 
structure and the resultant flow during these spillage events.  Analytical methods and results are 
presented in Summary of Packwood Lake Hydroelectric Project Hydrology (EES Consulting 
2004b).  The USGS has records for the Lake Creek Gaging Station No. 14225500 (located just 
downstream of the drop structure) from October 11, 1911 through September 30, 1980, with a 
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total of 18,555 daily measurements for that period of record.  The record, however, is not 
complete for this time period.  Gaps exist in the data for the following periods:  
 
·  October 1925 – September 1930 (5 years) 
·  November 1943 – September 1948 (4 years, 11 months) 
·  May 1954 – August 1959 (5 years, 4 months) 
 
Based on the above listed record, the natural mean annual flow for Lake Creek at the outlet 
(downstream of the drop structure) is 100.7 cfs (based on pre-Project Water Years (WY), ranging 
from a low of 56.5 cfs in WY 1941 to a high of 135.6 cfs in WY 1921.  September and October 
tend to be the driest months, averaging 55.9 and 62.8 cfs respectively.  The lowest mean monthly 
flow during this period was 21.5 cfs in November 1936, while the wettest month during this 
period was 364.5 cfs in December 1933. 
 
The USGS Gage Station No. 14226500 (Cowlitz River at Packwood) includes 29,307 daily 
flows from July 1, 1911 to September 30, 2002.  On average, Lake Creek natural flows (at the 
drop structure) constitute approximately 6% of the flow in the upper Cowlitz River.  During 
September and October, Lake Creek natural flows (at the drop structure) contribute less than 8% 
of the flow in the Cowlitz River (EES Consulting, 2004b).  Measurement error for flow 
measurements is normally considered to be + 10%, indicating that the contribution of flow from 
Lake Creek as measured at the lake outlet or drop structure is within the measurement error.   
 
The Project is operated with a requirement for a minimum release flow to Lake Creek at the drop 
structure of 3 cfs.  Flows at the mouth of Lake Creek are to be 15 cfs at a minimum.  Additional 
accretion to Lake Creek downstream of the drop structure includes small tributary inflow and 
groundwater accretion.  Based on periods of concurrent and reliable records for both USGS 
gages on Lake Creek (WY 1914, and WY 1963 – 1977), the average annual accretion is 26.7 cfs, 
with the minimums occurring during August (9.8 cfs), September (8.6 cfs) and October (9.2 cfs).  
Maximum accretion occurs during December (40.6 cfs), January (55.6 cfs) and February (40.9 
cfs).  Lowest mean annual accretion was during WY 1977 (14.9 cfs) while the highest mean 
annual accretion was during WY 1972 (42.4 cfs) (EES Consulting, 2004b). 
 
2.3.3 Hydrology for Snyder Creek 
 
Snyder Creek is a small, unregulated drainage basin that flows into Hall Creek, which then flows 
into the Cowlitz River.  A very small amount of the penstock water is periodically directed to 
Snyder Creek via an open channel ditch.  Hydrologic characterization of Snyder Creek will be 
part of this study; however, no information is available at this time.  Snyder Creek probably has a 
mean annual flow of less than 1 cfs based on channel size.  
 
2.3.4 Historical Water Quality 
 
Historical information on water quality in Packwood Lake is reported in WDOE (1991; 1994), 
Collings (1973) and Bortleson et al. (1976).  The lake is characterized as oligotrophic, based on 
Secchi disk transparency and epilimnetic concentrations of total phosphorus and chlorophyll a.  
Seasonal Secchi depths measured in Packwood Lake in 1989 were 5 ft (June) to approximately 
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26 ft (mid-August).  Reported dissolved oxygen concentrations remain high throughout the water 
column and nutrient concentrations are low (WDOE 1991). Lucas (1989) reported the lake 
bottom composition is ash, mud and rock.  The U.S. Geological Survey (USGS) published a 
bathymetric map of Packwood Lake in July 1970 (Figure 2-1). 
 
Packwood Lake was assigned a low priority for lake restoration/protection by the WDOE in its 
1994 statewide water quality assessment (WDOE 1994).  A total of 154 lakes were ranked 
through a Delphi survey of local resource managers; each lake was ranked relative to others.  A 
high numeric rank indicates low priority and less potential for impaired water quality.  Ranking 
for Packwood Lake was: 
 
·  Public Value 68  (1 is highest value and 154 is lowest value) 
·  Susceptibility to eutrophication 149 (1 is highest susceptibility) 
·  Current water quality 138 (1 is most impaired) 
·  Trend 82.5  (lower trend indicates more aggressive trend in degradation) 
·  Overall rank 145 (based on weighted composite of above factors: 1 is highest priority) 

 
The WDOE 1994 survey results do not characterize the full range of public values for a lake.  
The public value score was based on: a lake being a drinking water source, number of lakeshore 
homes, population within 30 miles, lake surface area, and proximity to other lakes.  A 
wilderness area lake such as Packwood Lake might receive a relatively low public value score in 
that assessment even though the public may highly value its aesthetic and recreational qualities.  
 
2.3.5 Water Quality Study Results for 2004 
 
Water quality studies were initiated in April 2004 with ongoing consultation with the agencies 
and tribes.  A draft report on water temperature monitoring for 2004 was distributed in March 
2005 (see Appendix A).  An interim draft report that describes the results for other water quality 
studies conducted in 2004 for the Packwood Project will be distributed in  
Spring 2005.   
 
3.0 NEXUS BETWEEN PROJECT OPERATIONS AND EFFECTS ON RESOURCES 
 
The Project has altered the hydraulic and hydrologic characteristics of Lake Creek and the 
Cowlitz River side channel that the tailrace flows into.  The water surface level and outflow of 
Packwood Lake are seasonally altered by the Project.  The Project created the tailrace channel, 
which is now subject to Water Quality Standards.   
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Figure 2-1.  Packwood Lake Bathymetry 
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4.0 STUDY AREA AND METHODS 
 
An investigation of water quality characteristics will be conducted through a review of existing 
data and information.  This study plan describes field studies to further characterize water quality 
within the Project waters.  Where appropriate for meeting study plan objectives, water quality 
data will be characterized in the study report with respect to available data on Project releases, 
flow conditions and other pertinent ambient conditions.  All water quality data will be evaluated 
with respect to the protection of the Designated Uses for Packwood Lake, Lake Creek, and the 
Cowlitz River as described in WAC 173-201A-600. 
 
4.1 Study Area 
 
The study area includes Packwood Lake, the Project tailrace, Lake Creek, Snyder Creek, the side 
channel of the Cowlitz River into which the Project tailrace flows, the tributary mouths of 
streams flowing into Packwood Lake, and the Cowlitz River upstream and downstream of the 
Project area.  The study area will specifically include: 
 
·  Packwood Lake 
·  Tributaries into Packwood Lake including Osprey Creek, Muller Creek, Upper Lake Creek, 

and Crawford Creek (boundary condition at tributary mouth) 
·  Lake Creek from Packwood Lake outlet to mouth 
·  Project tailrace 
·  Snyder Creek 
·  Cowlitz River side channel at tailrace entrance 
·  Groundwater within Project area 
·  Cowlitz River from just upstream of the confluence with Lake Creek to the confluence with 

the tailrace side channel 
 
Methods are presented to address each of the study objectives.  The methods section is generally 
organized by study objective; however, many of the study objectives are interdependent.   
 
4.2 Document Existing Water Quality Condition (Objective 1) 
 
Document existing water quality conditions within the Project area, larger tributary inflows and 
immediately downstream in the Cowlitz River. 
 
4.2.1 Variables of Interest 
 
Sampling will include the physical, chemical, and biological water quality characteristics as 
outlined in Table 4-1.  A total of 25 water quality characteristics will be sampled.  The 
parameters sampled at each of the identified sampling locations vary according to the water body 
type.  
 
All procedures used for the purpose of collecting, preserving, and analyzing samples will follow 
established EPA 40 CFR 136 protocol.  A discussion on sampling and analytical protocol for 
each parameter is provided.   
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4.2.2 Sampling Sites 
 
Site selection is designed to evaluate longitudinal gradients in water quality for stream sections, 
the vertical water quality gradients in Packwood Lake, and the influence of tributaries and 
groundwater on Packwood Lake and Lake Creek water quality.  The sampling design is 
structured to evaluate the effects of Project operations and structures on water quality. A 
description of the sampling locations is presented in Table 4-2.  Sample site locations within and 
adjacent to Packwood Lake are shown in Figure 4-1.  Sample locations in lower Lake Creek are 
shown in Figure 4-2.  Sample locations within the Project tailrace and Cowlitz River side 
channel are shown in Figure 4-3. 
 
Sampling sites are organized by site type (riverine, tributary, lake, or other).  Riverine sites are 
free flowing reaches.  Tributary sampling sites are generally located at the mouths of inflowing 
surface waters.  Lake sampling sites include vertical sampling, where appropriate.  Other sites 
include the Project tailrace, and accessible groundwater sampling locations – primarily perennial 
springs. 
 
The sampling sites will provide several types of data.  Boundary conditions, such as the mouths 
of tributaries and groundwater inflow, define the water quality and water quantity inputs to 
Packwood Lake and Lake Creek.  Sampling sites within Packwood Lake, Lake Creek, and the 
Project tailrace document water quality within Project waters.  Data from sampling sites in the 
Cowlitz River are termed response data, documenting responses to possible Project and non-
Project factors.   
 
Tributaries to Packwood Lake will be sampled in order to estimate their influence on the water 
quality of Project-related waterways.  Samples will be collected upstream of the confluence with 
Packwood Lake to ensure that the sample is representative of tributary contribution.  This will 
eliminate interference from the lake.  
 
There are two primary sampling sites within Packwood Lake.  One will be located over areas 
with the greatest water depth, as determined by available bathymetric maps with limited depth 
sounding verification.  A second sampling site will be established near the lake outlet.  A 
secondary site within the littoral zone of the lake will be established for sampling for fecal 
coliform. 
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Figure 4-1.  Water Quality Sample Sites Within and Adjacent to Packwood Lake. 
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Figure 4-2.  Water Quality Sampling Locations in Lower Lake Creek and Cowlitz River. 
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Figure 4-3.  Water Quality Sampling Locations in Project Tailrace. 
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Table 4-1.  Water Quality Parameters, Sampling Sites and Sampling. 

Parameter 
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Number of Sampling 
Sites Sampling Frequency 

Chemical:                    
Total Phosphorus (TP) �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 

Ortho-phosphorus �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
NH4

+-N �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
TKN �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 

NO2
-N + NO3

-N �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
Total Alkalinity �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 

pH �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
Total Suspended Solids (TSS) �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
Total Dissolved Solids (TDS) �  �  �  �  �  �   �   �  �  �  �  �  �    13 Quarterly 

DO (water column) �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
Total Dissolved Gasses           �        1 Monthly and Continuous3 

Silica (Lake only)     �  �   �           3 Monthly 
Conductivity �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 

Specific Conductance �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
Hardness �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 

Carbonate �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly 
Total Organic Carbon �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 

Petroleum NWTPH-HCID        �    �        2 Monthly1 
Fat, Oil, and Grease        �    �        2 Monthly1 

Physical:                    
Temperature �  �  �  �  �  �   �  �  �  �  �  �  �   �  �  14 Continuous4 

Turbidity �  �  �  �  �  �   �   �  �  �  �  �  �    13 Monthly1 
Secchi Transparency  

(Packwood Lake only) 
    �  �             2 Monthly1 

Aesthetics2 �  �  �  �  �  �   �   �  �  �  �  �     12 Monthly1 
Biological:                     

Total Fecal Coliform 
 (Packwood Lake only) 

      �            1 Monthly (June-Oct.) 

Noxious/invasive Macrophytes and       �    �         2 One time 
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Table 4-1.  Water Quality Parameters, Sampling Sites and Sampling. 

Parameter 
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Number of Sampling 
Sites Sampling Frequency 

emergent plants 
Chlorophyll a (phytoplankton) 

(Packwood Lake only) 
     �  �            2 Monthly (Apr-Oct.) 

Chlorophyll a (periphyton)       �  �    �  �       Up to 4 Monthly as needed 
Taxonomic (phytoplankton)     �  �             2 Monthly (Apr-Oct.) 

Taxonomic (periphyton)       �  �    �  �       Up to 4 Monthly as needed 
1Monthly from April through October (2004 and 2005) for Packwood Lake and its tributaries (weather permitting); monthly April 2004 through March 2006 for all other sites.  

During August of each year, an additional sampling trip will be scheduled for both sites within Packwood Lake and Lake Creek just downstream of the drop structure. 
2Odors, fungi or other growths, sludge/deposits, discoloration, scum, oily slick, floating solids. 
3 TDGP will be monitored continuously in the tailrace for selected two week periods as well as being a parameter for monthly water quality sampling. 
4 Temperature will be monitored continuously from April 2004 through October (2004 and 2005) for Packwood Lake and April 2004 through March 2006 for all other sites 

including tributaries to Packwood Lake. 
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Table 4-2.  Water Quality Sampling Sites. 
LOCATION AND 

 SITE CODE 
WATER 
TYPE1 

DATA 
TYPE2 

SOURCE OF 
FLOW DATA SITE RATIONALE 

Tributaries to Packwood Lake T B  
·  Osprey Creek (OSMH) T B 
·  Crawford Creek 

(CRMH) 
T B 

·  Muller Creek (MUMH) T B 
·  Upper Lake Creek 

(ULMH) 
T B 

Total lake inflow 
prorated by drainage 

basin area with 
adjustment for 

elevation and glacial 
contribution 

Inflow to lake and 
surveyed by WDFW for 

rainbow spawning 

Packwood Lake at maximum 
depth (PLA) L P 

Project water elev 
data 

Characterize lake condition 

Packwood Lake near outlet 
(PLB) 

L P 
Project water elev 

data 
WQ exiting lake 

Packwood Lake littoral site 
(PLC) 

L P 
 Adjacent to dispersed 

recreation campsite 
Lake Creek below diversion 
structure (LCDS) 

R P 
Project data Initial condition in Lake 

Creek below diversion 
Lake Creek 1500 ft downstream 
of drop structure (LCDS-1500) 

R R 
NA Thermograph only 

Lake Creek near mouth (LCMH) 
R P 

Study gauging station Characterize anadromous 
waters in Lake Creek 

bypass 
Powerhouse tailrace pool 
(POWT1) 

O P 
Project data Characterize tailrace water 

Powerhouse tailrace lower end 
(POWT2) 

O P 
Assume equal to 

powerhouse release 
Document effect of tailrace 

on water quality 
Cowlitz River tailrace side 
channel (CRTSC) 

R R 
Water level recorder Document effect of tailrace 

on water quality 
Cowlitz River upstream of Lake 
Creek (CRULC) 

R B 
 Boundary condition 

Groundwater spring (if 
available)    

  

·  groundwater runoff 
from tunnel 1 (GW1) 

B O 
Back calculate Characterize accretion flow 

Project ancillary water outflow 
(P1) 

T P 
Weir gage Quantify temperature 

effect 
Snyder Creek upstream of 
ancillary water inflow (SNUP) 

T B 
Staff gage estimate Boundary condition 

Snyder Creek at confluence with 
Hall Cr (SNMH) 

T B 
 Quantify temperature 

effect 
1Water Type: R Riverine, L Lacustrine, T Tributary, O Other 
2Data Type: R Response reach, B Boundary condition, P Project modified, T Transport 
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4.2.3 Sampling Frequency 
 
Samples will be collected monthly at all sampling sites within Packwood Lake and its tributaries 
from April through October for 2004 and 2005 (weather permitting).  Sampling at the other 
stations will occur monthly from April 2004 through March 2006.  An additional sampling trip 
will be scheduled in August of each sample year for sample sites within Packwood Lake and its 
tributaries, as well as Lake Creek just downstream of Packwood Lake; i.e., sampling at 
Packwood Lake will be at a two-week frequency in August.  If lake profiling suggests important 
transient conditions for water quality within the lake, then an additional sampling trip will be 
considered for September.  Major storm events can contribute a significant percentage of the 
annual loading of nutrients and other constituents to a river basin.  As a consequence, the 
sampling schedule will include, at a minimum, one storm event in order to better understand the 
annual loading of measured constituents to Lake Creek.  Only tributary and riverine sites 
accessible from shore will be sampled during this storm event due to safety considerations.  It 
may not be possible to collect samples from all sites within a single storm event.  Storm 
sampling will attempt to occur on the rising limb of the storm hydrograph.  A storm magnitude 
of at least the one-year, 24-hour precipitation frequency will be targeted.  The May or June 
sampling event will be timed to coincide with a period of peak snowmelt in the Packwood Lake 
basin. 
 
The schedule for water quality sampling is defined in Table 4-3.  
 
Table 4-3.  Water Quality Sampling Schedule. 

Parameter Location 
Start 

Month 
End 

Month Frequency Comment 
Temperature  All 4/04 3/06 Continuous Thermographs are removed from 

the Lake during winter months  
Temperature 
profile 

Lake 4/04 
4 05 

10/04 
10 05 

Monthly Temperature, D.O. and pH 

Water chemistry Lake and lake 
tributaries 

4/04 
4 05 

10/04 
10 05 

Monthly Bi-monthly (2-week interval in 
August 

Water chemistry Riverine, tailrace, 
groundwater 

4/04 3/06  Monthly  

TDG tailrace 6/04 3/06 Monthly and 
continuous 

Continuous monitoring for a 2-
week interval during each season 
and inclusive of at least one 
Project start up and shut down 
cycle. 

Phytoplankton Lake 4/04 
4 /05 

10/04 
10 05 

Monthly  

Periphyton Riverine, tailrace 4/05 10/05 Monthly Only if significant growth 
observed 

Coliform Lake 6/04 
6 /05 

09/04 
10/05 

Monthly Dispersed recreation sites 

 
4.2.4 Sampling Protocol  
 
Water samples from riverine sites will be collected as a composite sample integrated over the 
depth and width of the channel when appropriate.  A single sampling point is considered 
sufficient where turbulence provides good lateral and vertical mixing.  All samples will be 
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collected and aliquots will be transferred directly into pre-cleaned, amber nalgene containers 
provided by the laboratory.  Samples will be placed immediately in the dark on ice and shipped 
to the laboratory within 48 hours.  The sample partition for phytoplankton will be processed as 
described in Section 4.2.  Samples for total organic carbon will be collected in baked glass jars 
for laboratory processing. 
 
Lake water samples for laboratory processing will be collected from a boat.  Stations will be 
located over the approximate thalweg (based on existing bathymetry and reconnaissance level 
depth sounding).  All sampling locations will be mapped using GPS.  When Packwood Lake is 
not temperature stratified, water chemistry sampling will consist of one depth-integrated hose 
grab sample (2.5-liter sample) collected over a depth range of 5 m and one grab sample from 1 m 
above the bottom; maximum sampling depth will be 1 m above the bottom to avoid 
contamination. 
 
At any lake sample station where thermal stratification is detected, four samples will be 
collected.  Thermal stratification will be defined as temperature changes in the region of the 
thermocline (metalimnion) greater than 1.0oC per 1.0 m depth (Horne and Goldman 1994).  
Samples will be taken as follows: one grab sample from the midpoint of the epilimnion, one grab 
sample from the midpoint of the metalimnion, and one grab sample at 1.0 m off the bottom.  In 
addition, one sample will be taken integrated over the upper 5 m or the epilimnion (whichever is 
lesser) using a depth-integrated hose sampler.  
 
Physical and Water Chemistry 
 
Depth will be measured by drop line sounding in Packwood Lake.  In the riverine reaches, depth 
will be measured with a wading pole or top set rod. 
 
Temperature, dissolved oxygen (DO), specific conductance, conductivity and pH profiles will be 
measured using a Hydrolab DataSonde 4a or YSI 610 at each site.  Instruments will be calibrated 
prior to each field visit according to the manufacturer’s specifications.  Instrument calibration 
procedures are summarized in Appendix B.  Winkler titrations will be performed at the start of 
each day to ensure the dissolved oxygen probe is properly functioning.  Winkler titrations will 
also be completed for 10% of the grab samples as further verification of dissolved oxygen probe 
readings.  The probe will be re-calibrated if the result of the Winkler titration and probe reading 
differ by more than 0.2 mg/L.  For Packwood Lake, measurements will be taken at vertical 
increments of 1 m (3.3 ft) in water less than 15 m (49 ft), 2 m (6.6 ft) in water 15 - 30 m (49 - 98 
ft) deep, and 3 m (10 ft) intervals in water 30 - 50 m deep (98 - 164 ft).  Although not 
anticipated, sampling in water columns greater than 50 m (164 ft) will be at 5 m increments.  
Measurements will also be made at 0.5 m below the surface and 1.0 m above the bottom.  In 
riverine reaches, a single measurement at 0.5 m depth will be made where turbulent flow ensures 
a fully mixed water column. 
 
Continuous recording thermographs will also be deployed at selected locations.  Optic 
StowawayTM thermographs will be deployed at the sites listed in Table 4-2.  Thermographs will 
be programmed to record hourly temperature.  All thermographs will be set to real time with data 
reported on the hour to facilitate analysis among sites.  Riverine thermographs will be deployed 
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in close proximity to the channel bed at a position that will not be dewatered.  Thermographs 
deployed downstream of tributary confluences will be located at a point where complete mixing 
is expected.  Lake thermographs will be deployed at the same positions where other water quality 
data are being collected; two stations in the lake include one at the approximate deepest area and 
one near the lake outlet.  At both lake sites, multiple thermographs will be deployed on a buoy 
line at vertical positions 2 m below the surface and 1 m from the bottom.  For the thermograph 
buoy line at approximately the deepest point in the lake, a third thermograph will be positioned 
at 9 m depth; this depth corresponds to the highest Secchi depth reported in WDOE (1989) for 
Packwood Lake.  The vertical position of this thermograph will be adjusted to the approximate 
mid-point of the metalimnion if the lake stratifies. 
  
All thermographs will be serviced approximately once per every eight-week period.  Servicing 
and downloading will occur at approximately four-week intervals during July through September 
to minimize the potential of data gaps due to instrument loss or malfunction.  A calibration 
temperature measurement using a hand-held mercury thermometer will be recorded at each 
servicing.  All thermographs will also be subject to a three-point calibration test prior to 
deployment and at the end of the study period.  The Onset Corporation HOBO thermographs 
have an accuracy of + 0.16°C and a resolution of 0.28°C.  A calibration factor will be applied to 
data for any thermographs that are not within +0.3°C of the standardized mercury thermometer 
used in laboratory calibration. 
 
Thermograph data will be processed through a quality control/quality assurance (QA/QC) 
procedure.  Data from time periods with anomalous patterns, or uncharacteristic spikes will be 
identified and discarded if data are not reasonable.  Thermograph data will be compared to the 
field and laboratory instrument calibration records.  Full documentation of QA/QC procedures, 
and reasons for not accepting any data, will be provided in the study report.   
 
Hourly temperature files will be reduced and analyzed to determine daily and monthly 
maximum, mean, and minimum temperatures.  (Hourly temperature data will still be available 
for any future modeling application.)  In addition, data will be expressed as seven-day averages, 
in accordance with the WDOE approach to presenting water temperature data.  Vertical profiles 
will be graphically depicted to represent seasonal conditions in the impoundments.  Data will 
also be reported relative to the applicable Washington water quality criteria for temperature.   
 
Dissolved gasses sampling will occur in the Project tailrace.  Dissolved gas supersaturation is a 
condition that exists in many natural and man-made water bodies throughout the world.  It occurs 
when the partial pressures of atmospheric gasses in solution exceed their respective partial 
pressures in the atmosphere.  Water flowing over the spillway at hydroelectric projects can cause 
supersaturation of river water with atmospheric gasses (Weitkamp and Katz 1980). 
 
Temperature and pressure are primary factors affecting gas solubility in water.  As the 
temperature of a volume of water increases, the volume of total dissolved gasses (TDG) in the 
water decreases.  Increased pressure increases the solubility of gasses in water.  Because of the 
hydrostatic pressure found at depth, there is a greater capacity for dissolved gasses to be held.  
Water plunging over a spillway entrains air bubbles; the gasses are then forced into solution at 
depth.   
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Individual atmospheric dissolved gasses (oxygen, nitrogen, and trace gasses, such as argon and 
carbon dioxide) can often be supersaturated without adverse effects on aquatic and marine 
organisms.  However, when the sum of the partial pressures of all dissolved gasses exceeds 
atmospheric pressure, there is the potential for gas bubbles to develop in water and in the aquatic 
organisms that inhabit the water.  This causes a condition known as gas bubble trauma (GBT).  
GBT and its physiological consequences can be lethal or harmful to fish and other aquatic 
organisms (Weitkamp and Katz 1980).   
 
There is minimal opportunity to introduce elevated gas saturation at the drop structure due to 
Project operation since spills do not regularly occur and the channel configuration downstream 
of the drop structure is not conducive to gas entrainment.  The height of the drop structure is 
similar to other cascades in lower Lake Creek.  The channel downstream of the drop structure 
has a cobble/boulder substrate.  There is no stilling basin and the channel is a riffle (run during 
spills) with minimal residual pool depth.  Due to water depth limitations, there is no location to 
effectively monitor total dissolved gas pressure downstream of the drop structure.  Monitoring 
gas pressure in shallow water (less than 1 atmosphere depth equivalent of about 15 ft) can lead to 
erroneous data due to air bubble entrainment on the instrument probe membrane.  The turbulent 
and relatively shallow flow during infrequent spills over the drop structure is not a condition 
conducive to gas entrainment.  Therefore, TDG monitoring will be limited to the Project tailrace.  
The high gradient of Lake Creek is also conducive to off-gassing.  Although air entrainment 
through turbines can lead to gas supersaturation, the situation is not common and increased gas 
pressure from this cause is usually not substantial (WDOE 2004).  The Project water conveyance 
functions to minimize or prevent air entrainment.  This slow-moving water system provides a 
supply of water without entrained air.   
 
The intent of TDG sampling is to verify that gas supersaturation is not an issue for this project.  
If tailrace total dissolved gas pressure (TDGP) levels exceed 110%, then downstream transect 
sampling will be completed within the tailrace and subsequent tailrace measurements scheduled.  
The number and exact locations of transects will be decided following site reconnaissance and 
tailrace measurements. 
 
All gas measurements will be below the minimum compensation depth (typically 15 ft) or the 
maximum depth available.  Those measurements at depths less than the compensation depth will 
be identified as suspect.  Instantaneous TDGP readings will be made only after the instrument 
has had sufficient time to equilibrate in situ (approximately 15 minutes). 
 
Total dissolved gas will be measured as total gas pressure, total pressure relative to barometric 
pressure, total gas pressure less dissolved oxygen pressure, and percent gas saturation.  
Instrumentation will be a Hydrolab DataSonde with a two-point calibration occurring before and 
after each sampling event.  Dissolved gas pressure probes will be calibrated by a two-point 
calibration once per sampling trip or deployment period according to the manufacturer’s 
instructions.   
 
TDG monitoring at the upper end of the tailrace will be a component of the monthly water 
quality sampling.  In addition, a hydrolab will be deployed for approximately a two week period 



Revised Water Quality Study Plan  Energy Northwest Packwood Lake Hydroelectric Project 
August 22, 2005  FERC No. 2244 

 

 20  
 

in each season that will monitor TDGP, total gas saturation, water temperature, dissolved 
oxygen, dissolved oxygen saturation, pH and depth at 15-minute intervals.  The hydrolab will be 
deployed a minimum of four times (two-weeks per deployment).  The instrument will be 
calibrated according to protocols described in Appendix B before and after each deployment.  
The instrument will be anchored in the deepest portion of the tailrace pool just below the 
powerhouse at a depth of 0.5 - 1 m off the bottom.  The deployment periods will be scheduled to 
include periods of Project startup and shutdown when flow through the turbines is being ramped 
up and down.       
 
Total Alkalinity will be analyzed in the field using a Hach digital titrator (resolution 0.1 mg/L).  
Alkalinity will be field measured using a Hach chemical titration kit and also analyzed by the 
certified laboratory. 
 
Turbidity will be measured monthly in the field using a HACH 2100P Portable Turbidometer.  
Measurements will be made at all riverine sites including the tailrace and the surface waters of 
Packwood Lake.  Upper Lake Creek originates as glacial meltwater and therefore has seasonally 
high turbidity during snowmelt.  The high sediment load in the channel results in high turbidity 
during rainstorm events as well.  Packwood Lake tends to dampen turbidity as suspended 
sediments settle.  The lake also causes both a reduction in magnitude and lag time in turbidity 
spikes originating from Upper Lake Creek.   
 
The water quality criteria for turbidity specifies that turbidity shall not exceed 5 NTU over 
background when the background is 50 NTU or less.  Up to a 10% increase is within the criteria 
when the background turbidity exceeds 50 NTU.  The criteria are 10 NTU increase and 2% 
increase over background for waters designated as non-core salmon and trout rearing and 
migration. 
 
A Project-induced impairment of turbidity could potentially be caused by erosion and re-
suspension of littoral sediment deposits in Packwood Lake when the lake is drawn down.  A 
comparison of instantaneous turbidity levels in Upper Lake Creek and the water flowing out of 
Packwood Lake do not provide a sufficient characterization of background levels since the lake 
causes a lag time. 
 
Hydrolabs or other continuous recording turbidity instruments will be installed for a two-week 
period during the mid-September through October 2005 drawdown near the surface within 
Packwood Lake in vicinity of the Lake Creek delta and at the Project intake in Packwood Lake.  
Calibrated instruments will be programmed to record turbidity and other water quality 
parameters (temperature, DO, pH) at 15 minute intervals.  The duration of this monitoring will 
be extended, if necessary, to encompass a storm event.  The maximum duration of the continuous 
turbidity monitoring will not exceed one month.  The fall drawdown period has been selected 
since this is when the lake is at its lowest elevation due to Project operations and the maximum 
area of temporarily stored sediment is available for remobilization with surface runoff.  During 
summer months, the lake is maintained at natural lake levels so there is not a Project related 
trigger for increased turbidity.  During winter months, the extent of drawdown is less than during 
the fall drawdown and turbidity background levels for inflow are likely higher.  Therefore the 
fall sampling period targets the time when there is the greatest potential for the Project to cause a 
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turbidity increase.  Background level will be calculated as the 7-day average of turbidity levels in 
Upper Lake Creek, which can be compared to the 7-day average, the average of the daily 
maximum and the instantaneous maximum turbidity level recorded in the project intake vicinity.   
 
Transparency will be measured in Packwood Lake with a standard 20 cm (7.9 in) Secchi disk; 
resolution is 0.2 m.  Two observers will independently measure Secchi depth.  Measurements 
will be repeated until the difference between paired measurements is no more than 0.5 m.   
 
Nutrients will be sampled and laboratory analyzed using methods appropriate for low 
productivity waters.  A one-liter subsample for subsequent analysis of nitrate+nitrite, TKN, total 
phosphorous, orthophosphorus and silica will be appropriately marked and preserved (H2SO4) if 
necessary.  The sample will be placed on ice and shipped directly to the laboratory for analysis.  
Samples will be delivered to the laboratory within 48 hours (inclusive of initial sampling 
processing time at the lab).  Minimal detection levels for ammonia, nitrate, TKN, silica, total 
phosphorous, and orthophosphorus are 0.012 mg/L, 0.007 mg/L, 0.09 mg/L, 0.1 mg/L, 0.004 
mg/L, and 0.006 mg/L, respectively. 
 
Total suspended solids will be analyzed by laboratory filtering of a one-liter sample and then 
oven drying the filter for weighing. 
  
Total dissolved solids (composite sample) will only be sampled once per season (spring runoff, 
summer, fall, and winter).  In general, the major ions calcium, magnesium, sodium, potassium, 
bicarbonate (and/or carbonate), sulphate, and chloride account for most of the total dissolved 
solids in surface waters.  The major ions occur naturally in water as a result of geochemical 
weathering of rocks, surface runoff, and atmospheric deposition.  In addition, carbonates are 
affected by carbon dioxide exchange between the atmosphere and water and by respiration and 
photosynthesis.  Most of the major ions are conservative (i.e., their concentration is dependent on 
dilution and downstream transport); however, calcium, magnesium, and bicarbonate levels may 
be affected by changes in pH and temperature.  Hardness will also be analyzed in the laboratory. 
 
Fats, Oils and Grease (FOG) will be analyzed for a composite analysis for samples from two 
sites.  A 1L water sample will be collected in a clean amber glass container for transport to the 
laboratory for analysis.  Surface water samples will be collected from the upper end of the 
tailrace and just downstream of the drop structure.  Laboratory methods for analysis (Method 
1664) are fully described in EPA (1999).  EPA Method 1664 is a performance-based method 
applicable to aqueous matrices that requires the use of n-hexane as the extraction solvent and 
gravimetry as the determinative technique. Alternative extraction and concentration techniques 
are allowed, provided that all performance specifications are met.  In addition, QC procedures 
designed to monitor precision and accuracy have been incorporated into Method 1664.  Energy 
Northwest has revised the Project’s Spill Prevention, Control and Countermeasure Plan and 
Hazardous Waste Management Plan independent of this study.  This plan specifies what 
petrochemicals are stored and/or used on the Project site, how materials are handled and 
procedures for responding to spills.  Measures are in place to prevent contamination of surface 
waters with petroleum hydrocarbons due to Project operations.  The monthly monitoring is a 
check on background levels and is not intended to provide or replace monitoring in the event of a 
spill.    
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Petroleum and Fuels will be analyzed using NWTPH-HCID by GC/FIS (8015 modified) 
laboratory method.  A 1 L sample will be collected monthly in a glass amber bottle for analysis.  
Samples will be collected from Lake Creek below the drop structure (LCDS) and at the upper 
end of the powerhouse tailrace (POWT1).  
 
Biological Water Quality Parameters 
 
Phytoplankton and periphyton sampling are discussed in Section 4.2.   
 
Coliform 
 
The Project itself does not contribute to coliform contamination and no exceedances of fecal 
coliform standards have been reported for Packwood Lake or Lake Creek.  Potential sources of 
e-coli related to the Project are limited to indirect Project effects of dispersed recreational 
activities along the shoreline of Packwood Lake.  Sampling will be limited to monthly samples 
from June through September.  Fecal coliform is often a water quality concern during high flows, 
usually due to livestock runoff.  However, due to the lack of agricultural runoff in the basin, fecal 
coliform will be sampled in the summer months in order to detect increases in fecal coliform due 
to human influence.  Two 125 mL samples will be collected from a near-shore site.  This design 
provides for a field replicate sample, which is helpful for quality assurance purposes.  Samples 
will be collected from the lake surface directly into sterilized and sealed polyethylene sample 
bottles provided by the laboratory for coliform analysis.  The sampler will wear clean latex 
gloves during sample collection and take care to avoid disturbing the lake bed.  Samples will be 
placed on ice for transport to the laboratory.  Ideally fecal coliform samples are delivered to the 
laboratory within 12 hours; however, the remote location of Packwood Lake may necessitate a 
transport time of up to 24 hours for fecal coliform samples.  Holding times for all samples will 
be documented.   
 
There are three main types of bacterial analyses: total coliforms, fecal coliforms, and fecal 
streptococci.  The coliform group comprises all aerobic and facultative anaerobic, gram-negative, 
rod-shaped bacteria that ferment lactose, with gas and acid formation within 48 h at 35� C 
(APHA 1992).  Total coliforms include heterotrophic bacteria of both fecal and nonfecal origin. 
The main use of the total coliform test is to check treated drinking water. 
 
The fecal coliform test is used to differentiate between coliforms of fecal origin (those 
originating in the intestine of warm-blooded animals) and coliforms from other sources; 
Escherichia coli usually comprises a high portion of the count.  Other bacteria that are not of 
fecal origin (e.g., Klebsiella spp.) show up in counts of fecal coliforms.  Klebsiella are common 
in organically rich water such as pulp and paper mill effluents.  Klebsiella are not considered to 
be pathogenic. 
 
The normal habitat for fecal streptococci is the gastro-intestinal tract of warm-blooded animals. 
The ratio of fecal coliforms to fecal streptococci has been used to provide information about the 
source of bacterial contamination; however, the use of this ratio is no longer recommended 
(APHA 1992). 
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Sampling will focus on compliance with Washington water quality standards, which are based on 
fecal coliform.  Microbiological determinations will be performed by a laboratory certified by 
the Washington Health Department and/or WDOE for bacterial analyses in drinking water using 
MPN methods.  Based on probability tables presented in APHA (1985), the uncertainty in MPN 
determinations may span as much as an order of magnitude.  Published regression equations to 
estimate e-coli counts from fecal coliform counts are available.  This regression equation will be 
applied to fecal coliform data.   
 
4.2.5 Diurnal Monitoring 
 
A limited approach to characterizing diurnal variability may be useful for quality 
assurance/control purposes.  Gaining some understanding on diurnal patterns for water quality 
parameters subject to high diurnal variability provides control for variability in data due to time 
of day a sample is collected.  A hydrolab will be used to continuously monitor dissolved oxygen, 
pH and temperature for a 48-hour period during August at each of the following sites: 
 
·  Packwood Lake near forebay at 2 m depth, 
·  Lake Creek downstream of drop structure, and 
·  Lake Creek near mouth. 
 
The 48-hour monitoring periods will not necessarily be simultaneous.  Continuous monitoring 
data for dissolved oxygen, temperature and pH will be collected within the tailrace as part of the 
TDG monitoring.  The hydrolab will be subject to calibration before and after each deployment 
according to protocols listed in Appendix B. 
 
4.2.6 Quality Control/Quality Assurance 
 
The Quality Control and Quality Assurance (QA/QC) plan for this study is consistent with 
methods fully described in EPA 2002.  QA/QC procedures address both field and laboratory 
methods.  Desired data accuracy is defined in Measurement Quality Objectives. 
 
Clean sampling techniques will be applied throughout the sampling effort.  All sample bottles 
will be prepared by the laboratory with an acid rinse.  The lab will place the appropriate amount 
and type of preservative in sample bottles.  Sample collection systems (Van Dorn sampler, 
carboy, and integrated hose sampler) will be triple rinsed with a portion of the sample water 
before filling for sample collection. 
 
All personnel responsible for sample collecting and data analysis will be familiar with this study 
plan including quality control/quality assurance (QA/QC) protocol.  A qualified scientist will be 
responsible for all phases of the study and ensuring that other personnel are sufficiently trained.  
 
The labeled samples will be placed in closed, lightproof coolers filled with ice for delivery to the 
laboratory.  The maximum holding times are indicated in Table 4-4.  Iced samples are delivered 
to the laboratory within no more than 24 hours and typically within 12 hours of sample 
collection. 
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Quality control in the field will be assured by accurate and thoroughly completed sample labels, 
field sheets, chain of custody and sample log forms.  Sample labels will include sample 
identification code, date, time, stream name, sampling location, collector’s name, sample type 
and preservative, if applicable.  All sample containers will be clearly labeled with date, time of 
sample, and sample location.  Chain of custody letters for samples are routine procedure for all 
samples submitted to the laboratory.  
 
Calibration of field instrumentation for field measurements of dissolved oxygen, temperature, 
pH, conductivity and turbidity will be performed daily according to the manufacturer’s 
instructions.  Where appropriate, a two-point calibration will be applied.  Calibration procedures 
for the hydrolab are described in Appendix B.   
 
QA/QC of water quality samples for water chemistry analysis, phytoplankton, and bacterial 
analysis will be tracked by submitting field replicates.  Field replicates for ten percent (1 in 10) 
of the total number of samples sent to the lab for water chemistry analysis will be processed 
during each sample trip.  At least one replicate sample and one field blank will be submitted for 
each sample trip.  One field replicate will be collected for each fecal coliform sample.  Replicates 
will be chosen based on the probability of the sample exceeding the reporting limits for the total 
phosphorus and total nitrates/nitrites.  There is no benefit for selecting replicate samples at 
random if the sample is below the reporting limits for the parameters of interest (WDOE 2001).  
 
When the lake is not stratified, field replicates for phytoplankton are being collected at a 50% 
rate, which is high relative to most studies.  When the lake is stratified, field replicates for 
phytoplankton are sampled at a rate of 17%, which is still a relatively high frequency.  The 
sampling design also accounts for spatial variability.  Each photic zone field sample is collected 
with an integrated hose sampler, which collects the water sample from throughout the photic 
zone water column so that the sample accounts for spatial variability.  The samples submitted to 
the lab are a composite sample collected from three replicates.  This approach best optimizes the 
balance between cost and the necessary level of accuracy.  The level of variability that must be 
accounted for in a study is a function of the application of the data.  Phytoplankton levels in the 
oligotrophic Packwood Lake are not expected to reach nuisance levels that would approach 
narrative water quality standards.  This study is not intended to be a rigorous analysis of nutrient 
cycling within Packwood Lake.  The level of replicates and sampling frequency is suitable for a 
general characterization of seasonal productivity within Packwood Lake.  If modeling nutrient 
cycling were subsequently elected, one typically strives to calibrate a model to describe the 
spatial and temporal trends in algal biomass and not the absolute values.  The sampling design 
was established accordingly. 
 
One field blank will be submitted for each sampling trip.  Field blanks will be prepared by first 
rinsing the sampler with de-ionized water and then filling it with 500 ml of de-ionized water; half 
of this sample serves to rinse the opening before filling the blanks.  Blanks and duplicates will be 
submitted with other samples for laboratory analysis.  Throughout the study, the comparison of 
the standard deviation of blind field replicates will provide a check of laboratory precision.  Field 
blanks will be collected at the same rate and submitted with the laboratory samples to measure 
any background contamination of containers and sampling techniques.  Duplicate samples will 
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be submitted for ten percent of the samples for water chemistry analysis to estimate field and lab 
precision.  A cautionary note will be appended to data collected on days when a blank sample 
submitted to the lab reports values at or above the laboratory reporting limit for one or more 
analytes (see Table 4-4).  For any given chemical analyte, field sampling practices will be 
reviewed when the results for duplicate samples differ by a value more than this standard error.  
Unless there is a reasonable explanation for the difference, a cautionary note will be appended to 
the water chemistry data collected on days when results for duplicate samples show a significant 
discrepancy.  The cautionary note will be waived if one or both analyte values for the duplicate 
samples are below the laboratory reporting limits.  The laboratory routinely evaluates laboratory 
accuracy, a measure of the reported value relative to the true value by analyzing known standard 
samples. 
 
Measurement Quality Objectives (MQOs) answer the question of how accurate the 
measurements need to be in order to get accurate data.  The EPA defines MQOs as “acceptance 
criteria” for the quality attributes measured by project data quality indicators (EPA 2002).  The 
MQOs are based on methods and the Data Quality Objectives, which 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 4-4.  Laboratory procedures for Quality 
Assurance relevant to MQOs are further described in Appendix C.   
 
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 is often reported as the Relative Standard Deviation (RSD) of the results of replicate 
measurements (WDOE 2001), which is calculated as a percentage of the mean by: 
 

100*
x

s
RSD=  

 
where: x = the mean of the replicate measurements 
 

Careful adherence to procedures should maintain bias within acceptable limits.  For this study, 
bias in laboratory results is likely to be primarily a function of sample concentrations that are 
near or below the reporting limits.  This situation is especially true for nutrients, which can be 
expected to be at very low concentrations in Project waters.  The results of analysis of check 
standards can be used to estimate bias due to calibration error.  The laboratory uses check 
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standards as well as matrix spikes used to detect interference effects due to the sample matrix for 
analyzing bias. 
 
WDOE (2001) describes accuracy as a measure of the magnitude of the total error (E) and 
accuracy is a function of precision and bias such that: 
 

Accuracy = Bias + 2 * RSD  
 
when accuracy and bias are expressed as percentages of the true value and RSD is the percent 
relative standard deviation.  
 
Typical laboratory reporting limits are also listed in Table 4-4.  Reporting limits are defined as 
the minimum value that there is 95% confidence that the reported lab value is within one 
standard error of the actual value for a sample.  All actual instrument values will be recorded 
regardless of whether they are below reporting limits.  Negative values will be reported as zero.  
Data comments will indicate when laboratory results are below the detection limits. 
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Table 4-4.  Measurement Quality Objectives for Accuracy, Precision, Bias and Stated Reported Limits. 

Parameter 

Maximum  
Laboratory 

Holding Time 
(Days) Method Accuracy Precision  Bias 

Reporting 
Limit Expected Range 

Water Temperature NA 
Onset 
Continuous +0.18oC 0.025 oC1  0.05 oC1 0.01 C 0.1 – 20 C 

Air Temperature NA 
Onset 
Continuous +0.18 oC 0.025 oC1 0.05 oC1 0.01 C -5 – 32 C 

Relative Humidity NA 
Onset 
Continuous +3% <10%RSD 5% 0.1% 10 – 100% 

Sample Depth NA 
Hydrolab-lake 
Topset rod-riv +0.2 m <5RSD 1% 0.1 m < 32 m 

Dissolved Oxygen5 NA 

Modified 
Winkler/ 
Hydrolab +0.4 mg/L <5%RSD 1% 0.01 mg/L 2.0 – 12 mg/L 

pH2 NA Hydrolab 0.2 s.u. 0.05 s.u. 0.1 s.u. 0.01 s.u. 6.5 – 8 s.u. 

Conductivity2 NA Hydrolab 7% <10%RSD 5% 1 umhos/cm 50 -110 umhos/cm 

Fats, Oils and Grease 14 days EPA 1664  NA NA  Non-detect 

Turbidity2 NA 
Nephelometric 
SM 2130 +5% <10%RSD NA 0.01 NTU < 10 NTU 

Secchi Transparency NA Stnd Secchi Disk +0.5 m NA NA 0.2 m 1.2 – 8 m 

Total Dissolved Gas Pressure2 NA Hydrolab 
+10mmHg@ 
200mmHg NA NA 1.0 mmHg 95 – 103% sat. 

Phytoplankton (taxonomic units)4 

1 year, 
Preserved with 
Lugol’s Iodine 

Identification to 
lowest possible 
taxon NA NA NA NA NA 

Chlorophyll a (phytoplankton) 4 2 
APHA 1989 
(flourometric) NA 20 NA 0.1 � g/L <2 ug/L 

TKN4 28 SM 4500NH3 25% 10% RSD 10 0.05 mg/L 0.1 -0.3 mg/L 

NH44 28 SM 4500NH3 30% 10%RSD 15 0.03 mg/L Below detection 

Nitrate4 2 EPA 300.0 25% 10%RSD 5 0.02 mg/L 0.005 -0.02 mg/L 

Nitrite4 2 EPA 300.0 25% 10%RSD 5 0.03 mg/L  

Ortho phosphorus4 2 EPA 300.0 25% 10%RSD 5 0.1 mg/L <0.02 mg/L 

Total phosphorus (ICP) 4 28 EPA 200.8 20% 10%RSD 5 0.002 mg/L <0.02 mg/L 

Total suspended solids4 7 EPA 160.2 20% <10 10 1 mg/L 0.2 1.0 mg/L 
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Table 4-4 (Continued).  Measurement Quality Objectives for Accuracy, Precision, Bias and Stated Reported Limits. 

Parameter 

Maximum  
Laboratory 

Holding Time 
(Days) Method Accuracy Precision  Bias 

Reporting 
Limit Expected Range 

Total dissolved solids4 7 SM 2540C 20% <10 10 5 mg/L 20 50 mg/L 

Silica (ICP) 4 28 EPA 200.8 20% <10 10 0.002 mg/L 15 – 20 mg/L 

Total Organic Carbon4 28 SM 5310C 20% <10 10 0.5 mg/L 0.2 - 0.5 mg/L 

Alkalinity, Bicarbonate & Carbonate4 14 SM 2320B NA <10 NA 10 mg/L 25 mg/L 

Hardness4 180 SM 2340C NA <10 NA 1 mg/L 18 – 22 mg/L 

Fecal Coliform4,6 12 hrs. SM 9221E NA <25 NA MPN/100ml 2 – 50 mpn/100ml 
EPA = Environmental Protection Agency 
SM = Standard Methods for the Examination of Water and Wastewater, 19th Edition (APHA 1995) 
1 Based on manufacturer’s reported calibration of instrument for Onset thermologgers; Hydrolab calibration precision acceptance is 0.3oC 
2 Based on calibration of check standards 
3 Based on replicate field measurements 
4 Based on laboratory analysis of field replicates 
5 Based on comparison of instrument reading and Modified Winkler titration results 
6 Remote location of Packwood Lake can require holding times up to 24 hrs for transport 
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Quality control also applies to analytes measured in the field.  Precision, the degree of agreement 
between replicate samples, will be measured at the time of instrument calibration.  Accuracy of 
field instruments is also established at the time of calibration.  An instrument is considered 
properly calibrated when the reading for a known standard meets the criteria established in 
Table 4-5.  Instruments will be calibrated daily according to the manufacturer’s guidelines.  
Multiple point calibration procedures will be followed where applicable. 
 
Table 4-5.  Calibration Criteria for Field Measured Water Quality Parameters. 

Parameter Temperature 
Dissolved 
Oxygen Conductivity Turbidity 

Instrument Precision 
(agreement between duplicate 
readings) 

+0.35 oC +0.3 Mg/L +2% std. value +5% std. value 

Instrument Accuracy 
(calibration agreement with a known 
standard) 

+0.2 oC +0.2 Mg/L +7% std. value +5% std. value 

 
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 
data will be labeled as suspect.  The MQOs for laboratory analyzed parameters based on 
replicate sample results will be reviewed monthly as data becomes available.  In addition, the 
laboratory continually monitors for quality control sample determinations and takes appropriate 
action to correct problems (Appendix C).  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; informing the laboratory of 
possible errors; and reevaluating the required precision, when it appears that the target can not be 
met.  Data failing to meet MQOs will be flagged.  Methods will be reviewed to determine 
possible causes, which will be documented.  Not meeting the MQOs does not necessarily mean 
that the data do not provide useful information.  For instance, phosphorus levels and especially 
nitrogen levels are likely to be at or below the detection levels.  This will lead to a relatively 
large bias in the results.  For purposes of assessing Project compliance with the water quality 
standards, this type of failure to meet MQOs would not pose a substantial problem.  The 
confidence interval for the mean of the very low values would likely not overlap with the water 
quality numeric criteria.  Interpretation of MQOs relative to Project results will be on a case-by-
case basis for each parameter and will be fully discussed in the study report.      
 
4.3 Nutrient and Algal Studies (Objective 1) 
 
Document existing water quality conditions within the Project area, lake tributary inflows and 
downstream in the Cowlitz River (Lake Creek confluence to just below Project tailrace). 
 
Phytoplankton will be studied in Packwood Lake, as phytoplankton are often the dominant 
primary producer in lentic habitats (Lowe 1996).   
 
If dense periphyton and epiphyte growth is observed at one of the monthly water quality 
sampling stations in Lake Creek (below the drop structure and near the mouth) and within the 
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tailrace, then attached benthic algae samples will be collected for that site during months when 
dense growth is observed.  Significant growth in this application is considered to be a level that 
could potentially be a water quality narrative concern as a nuisance level or a level that adversely 
affects water chemistry relative to the numeric water quality criteria.  Significant growth will be 
initially visually determined as the formation of dense mats covering at least 25% of the channel 
bed within the sample area vicinity.  Additionally, abnormal dissolved oxygen or pH field 
readings when abundant attached benthic algae are present is indicative of a need to sample.  
Nuisance periphyton (as defined by Welch et al. 1988 as chlorophyll a greater than 100-150 
mg/m2) has been identified to occur when total phosphorus levels exceed 0.02-0.03 mg/L 
(Horner and Welch, 1981).  This level of chlorophyll a concentration typically requires abundant 
algae growth that is visually prominent.   
 
4.3.1 Sampling Frequency 
 
Phytoplankton sampling will occur concurrently with the water quality sampling as part of 
Objectives 1 and 2.  Complete algal sampling will be conducted monthly from April to October.  
Winter sampling, unless deemed necessary, will not be undertaken as algae tend to exhibit 
seasonal trends with high growth in the spring, summer, and fall during warmer temperatures and 
greater light intensity (Allen 1994).  
 
Periphyton sampling will be monthly on an as needed basis. 
 
4.3.2 Sampling Locations 
 
Phytoplankton sampling will occur at the same two locations in Packwood Lake where water 
chemistry is being sampled.  
 
Periphyton sampling, if significant growth is observed, will be sampled in Lake Creek 
downstream of the drop structure and near the mouth of Lake Creek as well as in the tailrace. 
 
4.3.3 Sampling Protocol 
 
Field Methods 
 
Phytoplankton will be collected in whole water samples with an integrated hose sampler 
(Straskraba and Javornicky 1973) or Van Dorn Sampler.  During thermal stratification of the 
lake, a Van Dorn Sampler will be used to collect one sample from the middle point of the 
epilimnion and middle of the metalimnion.  In addition, one sample will be obtained with an 
integrated hose sampler over the upper 5m or depth of the photic zone.  (These depths will 
coincide with the nutrient samples as explained in Section 4.1.)  When lake waters are well 
mixed (no stratification), phytoplankton will be sampled over the upper 5m, or depth, or the 
photic zone (whichever is less). 
 
The large volume of water of the integrated hose sample may underestimate the phytoplankton at 
or near the surface of the water.  Algae, particularly blue-green algae, are able to maintain their 
position in the water column via buoyancy regulation and can accumulate at the surface, forming 
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large surface scums.  Therefore, the surface waters at Packwood Lake will be sampled monthly.  
Samples will be processed for chlorophyll a and species identification.  
 
One composite sample, consisting of three replicates, will be collected for each sample.  Two 
distinct subsamples from each composite sample will be processed separately for chlorophyll a 
(corrected for pheophytin) and taxonomic biovolume evaluations.  One unfiltered subsample for 
taxonomic analysis will be stored in a labeled amber Nalgene bottle and preserved with a 1% 
Lugol’s solution.  The second 250 ml subsample will be filtered through a 0.45 um Millipore HA 
membrane filter for chlorophyll a analysis.  The filter will be folded and wrapped in aluminum to 
exclude light.  All samples will be held in the dark on ice until delivery to the laboratory for 
analysis. 
 
Attached benthic algae will be sampled for sites and months where significant growth is 
observed.  Natural substrates will be collected at the site to determine seasonal attached benthic 
algae.  Three substrates will be collected at each sample site.  The three rocks will be scraped 
twice – once for chlorophyll and once for species identification.  The three substrates for each 
zone will be combined into one composite sample.  The top surface of the rock within a 0.0022 
m2 circular area will be immediately scraped of accumulated algae with a razor blade, rinsed 
with distilled water, and brushed and rinsed a second time into 1.0 L amber Nalgene bottle.  One 
composite sample for each basket, consisting of three replicates, will be obtained.  Samples will 
then be stored on ice in the dark for a maximum of 24 hours transport.  
 
Natural substrate is not available within the tailrace.  Previous attempts to set out concrete blocks 
for colonization were repeatedly vandalized.  No sampling of periphyton is planned for the 
tailrace.  Species identification will be obtained from the three substrates.  The three samples will 
be collected as a composite sample in a 500 ml brown nalgene container and preserved with 1% 
Lugol’s iodine solution.    
 
4.3.4 Laboratory Analysis  
 
Chlorophyll a for phytoplankton and periphyton samples will be analyzed.  Samples will be 
stored on ice and in the dark during transport to the lab.  Once at the lab, the chlorophyll a 
samples will be filtered on Whatman GF/C filters at the laboratory (APHA 1992).  The filters 
will then be frozen for later processing of chlorophyll a.  Homogenized filtered samples will be 
put through a blender or grinder, pigments extracted with an acetone solution, followed by 
analysis with a fluorometer (APHA 1989).  Pheophytin-corrected chlorophyll a will be reported 
as mg/m3 for phytoplankton.   
 
Samples preserved with Lugol’s iodine will be homogenized, and aliquots placed in a plankton 
sedimentation chamber such as a Palmer-Maloney counting chamber.  Identification, to at least 
genus, and counts of natural units (may be a unit with multiple cells) will be made with a 
microscope equipped with least-phase contrast optics at a magnification of 1000x.  Only algae 
that were live at the time of preservation, based on cell contents, will be enumerated.  Algae will 
be identified to the lowest practical taxonomic level and enumerated in sequentially viewed 
fields along transects of the counting chamber.  Counting will be continued until at least 100 
units are counted and no new taxa have been observed.  A unit is defined as a discrete algal 
particle (cell, filament or colony).  A subsample will be processed with fuming concentrated 
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nitric acid to generate a permanent diatom Naphrax-mounted slide.  Phytoplankton samples will 
be measured for both density and biovolume.  Densities (units/ml for phytoplankton) will be 
determined for each taxon for community composition analysis.  An estimate of algal biomass 
can be determined by converting unit densities to biovolumes (um3/ml for phytoplankton) based 
on average unit areas of 20 specimens for each taxon (APHA 1989).  
 
A Shannon-Weaver diversity index will be calculated for each phytoplankton sample.  This 
index is calculated as the sum of percents for each species, times the log (base 2) of the percent 
for each species. 
 
4.3.5 Quality Assurance and Quality Control 
 
Quality control in the field will be assured by accurate and thoroughly completed sample labels, 
field sheets, chain of custody and sample log forms.  Sample labels will include sample 
identification code, date, time, stream name, sampling location, collector’s name, sample type 
and preservative if applicable.  After sampling has been completed at a given site, all sample 
equipment will be cleaned and rinsed thoroughly in distilled water to prevent contamination 
between sites.  
 
The laboratory will maintain a voucher collection of all samples and diatom slides that are 
accurately and completely labeled, preserved, and stored for future reference.  A record of the 
voucher specimens will be maintained. 
 
One replicate sample per sampling trip will be collected and analyzed to evaluate precision or 
repeatability of sampling technique, sample analysis, and taxonomy.  To evaluate laboratory 
analysis variability, another taxonomist in the lab or an outside taxonomist should analyze 
duplicate wet mounts and diatom slides for 5% of the samples.  Common algal taxa should be the 
same for the two wet mount replicates.  The percent community similarity index (Whittaker 1952 
as referenced in U.S. EPA 1999) calculated from proportional counts of the two replicate diatom 
slides should exceed 75%.  Any differences in identification should be reconciled and bench 
sheets should be corrected. 
 
4.3.6 Data Analysis 
 
Data analysis will include comparisons among sample locations and evaluation of temporal 
changes using analysis of variance (ANOVA).  A nested ANOVA will be used to analyze sample 
variance; variance within sample sites will be compared to variance between sample sites.  
Exploratory data analysis using linear regression will be used in order to determine correlations 
among algal production and physico-chemical parameters, such as temperature, light and nutrient 
concentrations.  Phytoplankton chlorophyll a will be used in assessing the Carlson’s Trophic 
Status Index. 
 
Species richness and relative abundance will be determined for algal identification samples.  To 
evaluate ecological conditions at the sites, algal taxa will be grouped into guilds of taxa that have 
similar ecological tolerances, requirements, or special attributes as described in EPA (1999).  
The distribution of cells among taxa will be compared using Kolgomorov-Smirnov tests or other 
justified statistical procedure for distributional comparisons. 



Revised Water Quality Study Plan  Energy Northwest Packwood Lake Hydroelectric Project 
August 22, 2005  FERC No. 2244 

 

 33  

 
4.4 Project Effects on Water Quality (Objective 2) 
 
Document Project effects on existing water quality conditions with reference to WDOE water 
quality standards. 
 
Although historical water quality monitoring has been limited, there have been no reported water 
quality exceedances within the Project waters.  Water quality data from this study will be 
reviewed to determine the location and timing of any exceedances of the water quality standards.  
Project operations will then be reviewed to form hypotheses as to how the Project may contribute 
to any exceedance.  An analysis of the data may suffice to test these hypotheses.  Section 4.5, 
below, discusses the application of modeling to evaluate Project effects on water quality.   
 
It is anticipated that modeling may be necessary to evaluate Project effects of alternative 
instream flow regimes in Lake Creek on stream temperature as well as characterize temperature 
regimes without the Project operating.  Therefore, the study plan includes the collection of 
temperature data as well as information on factors affecting water temperature. 
 
River and lake temperature dynamics have been widely studied, and the physics of heat transfer 
is one of the better understood processes in natural watershed management.  Stream temperature 
is best thought of as an energy balance.  A water body’s temperature is constantly adjusting to 
maintain equilibrium with its surrounding environment.  Six primary heat transfer processes 
occur simultaneously, some of which add heat energy to the stream while others dissipate heat 
(Tennessee Valley Authority 1972, Theurer et al. 1984, Adams and Sullivan 1990).  The net heat 
flux determines the water body’s temperature.  Once a stream achieves this equilibrium 
temperature regime (typically occurring within a stream reach length of 2,000 ft or less for small 
to moderate streams (Caldwell et al. 1991, Sullivan et al. 1990), it will continue to follow the 
same daily temperature pattern until the inflow, channel or climatic variables affecting the heat 
transfer processes change.  Larger rivers and lakes have greater mass and, therefore, take longer 
to respond to changes in ambient conditions.  Similarly, a small stream that has undergone a 
drastic change in temperature may take a longer downstream distance to come back to 
equilibrium.  While there are many specific climatic and physical variables accounted for in the 
river heat energy balance, a sensitivity analysis of stream heating processes performed by Adams 
and Sullivan (1990) showed that four primary environmental variables regulate heat input and 
output and thereby determine flowing water temperature.  These are riparian canopy, stream 
depth, local air temperature, and groundwater inflow.  The same heat energy physics apply to 
lakes and reservoirs; however, resident time and temperature dependent water density must also 
be considered for these larger masses.  Groundwater is generally less influential on temperature 
for larger rivers since it is proportionately less of the total flow.  Project operations may affect 
water temperature through regulation of water depth, residence time within reservoirs, and 
downstream release strategies. 
 
An understanding of heat flux processes and the concept of temperature equilibrium is the basis 
for establishing boundary conditions.  The latter defines the study area for factors affecting water 
temperature within the Project waters and downstream in the Cowlitz River.  Assuming a 
difference in relative temperatures of no more than 4-5oC, tributary inflow must be 
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approximately 10% or greater, relative to the receiving flow volume, to be capable of measurably 
affecting downstream temperature after mixing.  Therefore, small tributaries need not be studied 
(small inflows can produce highly localized thermal refugia prior to mixing).  The tributaries 
identified in Table 4-2 are limited to larger tributaries or tributaries supporting rainbow trout 
spawning for Packwood Lake. 
 
Meteorological data are collected at several established government climate stations within the 
general Project vicinity.  Some of these stations have long-term records.  A review of available 
meteorological data will be made.  Variables of interest for temperature analysis include air 
temperature, relative humidity, wind speed, solar radiation, and precipitation. 
 
The existing meteorological data will be evaluated as to which station(s) are most representative 
of local conditions for the Project area.  These data can then be applied as part of any subsequent 
water quality modeling.   
 
If established climate stations do not sufficiently characterize ambient climate conditions for the 
Project area, then a local climate station will be deployed at the Packwood powerhouse and at 
Packwood Lake, as necessary. 
 
Riparian canopy cover moderates stream temperature.  Aerial photos can be analyzed to estimate 
riparian canopy cover (WDNR 1997).  Where canopy condition assessment is based on aerial 
photo analysis, limited ground truthing of riparian stand condition (tree height, density, crown 
size and offset) will be conducted for the purpose of verifying the photo analysis.   
 
Average stream depth data for Lake Creek as a function of stream flow will be available from 
instream flow studies.  These depth data will be applied to modeling temperature regimes. 
 
4.4.1 Spill Prevention, Control, and Countermeasure Plan and Site Assessment 
 
Energy Northwest has a Spill Prevention, Control and Countermeasure (SPCC) Plan, 
independent of this study, that has been part of the Project’s Emergency Plan since at least the 
1980s.  The current revision of this plan is attached as Appendix D.  As part of an upgrade of the 
SPCC Plan to current standards, Project records were reviewed and site inspections were made to 
identify hazardous substances that had been used or stored at the Project or are currently on site 
at the Project.  This review was similar to a Phase 1 environmental site assessment review.  The 
SPCC Plan lists spills that occurred in the three year period of 2000 through 2003 and hazardous 
substances currently in use at the Project.  Energy Northwest will prepare a Phase 1 
Environmental Site Assessment report, generally in accordance with the American Society for 
Testing and Materials Standard Practice for Environmental Site Assessments (E-1527).  Energy 
Northwest does not believe that a Phase 2 site assessment (sampling for contaminants) is 
warranted at this time.  Energy Northwest will seek concurrence of this conclusion from WDOE 
upon submittal of the Phase 1 Environmental Site Assessment report.  
 
The SPCC Plan quantifies the amount and location of Polychlorinated biphenyls (PCBs) that are 
known to occur at the Project.  PCBs are a class of compounds consisting of two or more phenyl 
groups with one or more chlorines.  The use of PCBs became widespread in the 1950s for their 
stability, insulating properties, and low flammability.  Different types of PCBs were used as 
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coolant/dielectric fluid for transformers and capacitors, heat transfer fluids, and as protective 
coatings for woods when low flammability was desired (National Research Council, 1979).  
Energy Northwest has been actively phasing out PCB contaminated equipment for many years.  
A review of records indicates that transformers and other equipment at the Packwood Project do 
not contain PCBs or the PCB levels are well below 500 ppm, which is the level for which 
equipment needs to be labeled for PCB content.   
 
There have been no documented spills of hazardous substances at the intake area.  The potential 
for residual fine sediment contamination in Lake Creek from undocumented spills is negligible 
since flood flow events mobilize and transport fine sediments downstream of the drop structure. 
 
If WDOE determines that sampling is warranted based on the Phase 1 Environmental Site 
Assessment report and review of the SPCC Plan, then Energy Northwest will prepare and 
implement a sampling plan.  Any sampling of fine sediments for toxics would be limited to the 
tailrace stilling basin.  Fine sediments do not accumulate in the lined tailrace downstream of the 
stilling basin and the amount of fines in the stilling basin is yet to be determined.  Any fines in 
the Project outflow that is transported through the tailrace to the Cowlitz River or its side channel 
would be subject to remobilization and transport during flood events on the Cowlitz River.  A 
visual inspection for the amount of fines occurring in the tailrace stilling basin will be made 
when the stilling basin is snorkeled for fish presence in the summer or fall of 2005.   
 
4.5 Water Quality Modeling (Objective 3) 
 
Model temperature, dissolved oxygen, pH and nutrients for Packwood Lake, Lake Creek, and the 
tailrace to characterize water quality for these waters in absence of the project. 
 
Models can be used to predict how water quality conditions will change in response to changes 
in management strategies, nutrient inputs and other controlling factors.  Water quality will be 
modeled for the existing condition (calibration) and for conditions absent the Project.  The water 
quality model may also be used to evaluate any operating alternatives; however, no alternative 
operations have been identified as yet.  
 
Selection of the appropriate water quality model is a function of properly identifying the water 
quality problem (“conceptualization”) and selecting a model that appropriately describes the 
water quality changes in the water body, is theoretically valid, and can be easily adapted to site-
specific physical characteristics of the water body.   
 
The performance of a mathematical model in predicting the existing and future water quality 
dynamics of a system is dependent on the following steps: 
  
(i) Identification of the problem  
(ii) Selection of model type and relationship of model to the problem 
(iii) Computational representation  
(iv) Model response studies or model sensitivity to parameter choices 
(v) Model calibration/verification, and 
(vi) Application of model to evaluate management strategies 
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The ability to model temperature and nutrient routing and effects on primary productivity are 
identified as important study objectives.  Both seasonal and daily variability in water quality and 
water quantity are relevant to understanding the effects of a hydroelectric project operation 
where seasonal flows vary and project operations result in flow alteration.  Site specific 
conditions and the study objectives were considered in the selection of a model for this study. 
 
Numerous water quantity models are available.  WQRSS (Smith 1978), HEC-5Q (Corps of 
Engineers 1986), and HSPF (Donigian et al. 1984) have been developed for river basin modeling 
but have serious limitations for this application.  HEC-5Q (similar to WQRSS) and HSPF 
models incorporate a one-dimensional, longitudinal river model with a one-dimensional, vertical 
reservoir model (one-dimensional for temperature and water quality and zero dimensional for 
hydrodynamics).  The modeler must choose the location of the transition from 1-D longitudinal 
to 1-D vertical.  Besides the limitation of not solving for the velocity field in the stratified, 
lacustrine system, any point source inputs to the lacustrine section are spread over the entire 
longitudinal distribution of the lacustrine layer.  This weakness is shown in Figure 4-4. 
 

1-D Longitudinal 
Hydraulics and 
Water Quality

1-D Reservoir Water 
Quality and Temperature and 0-D Reservoir 
Hydrodynamics (not state of the art !)

where this transition occurswhere this transition occurs
 is a big problem with this model ! is a big problem with this model !

 
 
Figure 4-4.   Model schematic showing limitation of 1 dimensional models. 
 
One-dimensional reservoir models, such as the HEC WQRRS (Water Quality River-Reservoir 
Simulation) model and the Corps's CE-QUAL-R1, are also not adequate to compute 2-D 
circulation within lacustrine systems.  These models conceptualize the reservoir as well mixed in 
each horizontal slab, i.e., over the length and the width of the system.  By making this 
assumption, the vertical and longitudinal circulation patterns within a reservoir cannot be 
resolved.    
 
The CE-QUAL-W2 River Basin Model Version 3.2 (as schematized in Figure 4.5) was selected 
as most appropriate for modeling the Project waters.  This is a two-dimensional (vertical and 
longitudinal) water quality and hydrodynamic model that was originally developed for deep, 
long and narrow waterbodies.  This model has been under development for many years and is a 
public-domain code maintained by the Corps of Engineers, Waterways Experiments Station 
(WES), located in Vicksburg, Mississippi.  The current version, Version 2 (Cole and Buchak 
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1995), has been superceded by Version 3 developed by Wells (1997).  Version 2 of the model 
has been successfully used in more than 200 river and lacustrine applications.  Version 3 has 
undergone rigorous testing and has been successfully applied to many river basin systems; 
applications include a 244 km section of the Lower Snake River, a multi-reservoir-river system 
on the Bull Run watershed, a series of 33 lakes and estuary segments in the Columbia Slough, 
and several other lake/reservoir systems.  Version 3.2 can be applied to both the density stratified 
environment of the lakes and sloping river channel sections.  The equations in Version 3.0 were 
rederived so that the model can be applied to an entire watershed including rivers, 
reservoirs/lakes and estuaries with variable river slopes (Figure 4-4).  CE-QUAL-W2 Version 
3.2 includes a hydrodynamic model and model routines for 33 water quality state variables 
including nutrient cycling and multi-species algal growth. 
  
Primary physical processes modeled by CE-QUAL-W2 include surface heat transfer, short-wave 
and long-wave radiation and penetration, convective mixing, wind and flow induced mixing, 
entrainment of ambient water by pumped-storage inflows, inflow density stratification as 
impacted by temperature and dissolved and suspended solids.  Major chemical and biological 
processes in CE-QUAL-W2 include: the effects of DO of atmospheric exchange, photosynthesis, 
respiration, organic matter decomposition, nitrification, and chemical oxidation of reduced 
substances; uptake, excretion, and regeneration of phosphorus and nitrogen and nitrification-
denitrification under aerobic and anaerobic conditions; carbon cycling and alkalinity-pH-CO2  

interactions; trophic relationships for six algal types; accumulation and decomposition of detritus 
and organic sediment; and coliform bacteria mortality.  In addition to the Version 2.0 sediment 
oxygen demand and first order sediment decay model, Version 3 provides the option to model 
complex sediment diaganesis. 
 
The model can address the operational study objectives of evaluating the water quality effects of 
existing and alternate Project operational regimes.  The Lake Creek system can be modeled with 
or without the Project.  The W2 model uses a state-of-the-art numerical scheme, called Ultimate 
Quickest, which minimizes numerical dispersion problems.  The use of an implicit numerical 
solution scheme for the water surface and vertical momentum equation minimizes the time step 
limitations for numerical stability. 
 
An advantage of CE-QUAL-W2 Version 3.2 to other river models is that the Manning's friction 
factor does not need to be varied as the river stage increases (Wells 1999).  The riverine two 
dimensional model has the advantage of being able to predict sediment deposition, and 
particulate (algae, suspended solids) sedimentation, and the effect of pools, even stratified ones, 
in river systems.  The ability to model sloping riverine reaches provides the ability to model both 
Packwood Lake and Lake Creek within one model with a shared theoretical basis. 
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Figure 4.5. Conceptual schematic of river-lake connection in CE-QUAL-W2 Version 3. 
 
4.5.1 Model Application 
 
Modeling development and application will follow the following work elements: 
 
·  Data Collection  and Analysis, 
·  Develop boundary conditions, 
·  Discretization of the system into river and lake model segments, 
·  Develop model bathymetry, 
·  Develop Boundary condition, 
·  Model Calibration/Verification, and 
·  Model Application 
 
Data collection will utilize both existing information and data collected as part of this study.  The 
methods are described previously in this study plan.  Water temperature data collection and 
compilation of meteorological data are described in the study plan.  Water quantity and flow data 
will primarily rely on project records and the stream gage on lower Lake Creek.  Flow records 
will be synthesized through correlation analysis for locations within the study area where flow 
data are not available.  Analytical methods for synthesizing flow records will be defined after the 
available information is compiled.   
 
Tributary mouths to Packwood Lake and distributed groundwater accretion constitute the inflow 
boundary conditions.  The outflow boundaries are the mouth of Lake Creek and the lower end of 
the lined tailrace.  The Cowlitz River will not be modeled except as a simple mass balance 



Revised Water Quality Study Plan  Energy Northwest Packwood Lake Hydroelectric Project 
August 22, 2005  FERC No. 2244 

 

 39  

mixing model for the Project water outflows.  The boundary points for this modeling effort are 
mostly identified in Table 4-6.  Data from the field studies and other sources are used to define 
the inputs of water quality and water quantity for these boundary locations.  Statistical 
correlation techniques can be used to fill in data gaps for model inputs. 
 
Table 4-6.  Boundary Conditions for Water Quality Model. 

Water body Model Boundary Comment 
Tributary mouths Above lake inundation level 

Project intake 

Flow through the project flowlines and 
powerplant are not explicitly modeled; i.e. 
treated as a boundary outflow at lake and 
inflow at tailrace. 

Packwood Lake 

Groundwater Distributed inflow 

Lake Creek Groundwater Distributed inflow 
Mouth of Lake Creek is outflow boundary 

Upstream of Lake Creek 

Cowlitz River 
Downstream of lined tailrace 

Cowlitz River is not part of CE-QUAL 
modeling.  A simple mass balance model will 
be used to analyze Project effects on the 
mixed flow below the mouth of Lake Creek 
and the mixed flow below the lined tailrace 
(assuming 100% instantaneous mixing with 
the Cowlitz River flow.  

Powerplant discharge  

Tailrace Cowlitz River just below 
tailrace 

Quantification of flow in the Cowlitz River 
side channel is not feasible for 2004 and may 
not be feasible for 2005.  For model 
purposes, the tailrace flow (at lower end of 
lined section) will be the outflow boundary.    

 
Discretization of the basin involves partitioning the river and lake into model segments for the 
computational domain.  The drainage basin is digitized and entered into a Geographic 
Information System (GIS).  Lake bathymetry and river gradient data are used in combination 
with the defined drainage network to identify fairly homogeneous segments.  The segments sub-
divide reaches between the boundary points (tributary inflows, transitions from river to lake, 
project features and point sources).  Typical lake segments are approximately ¼ mile in length or 
less, dependent upon bathymetry.  Channel geometry and lake bathymetry can initially be 
developed from existing USGS maps and Project drawings.  The Forest Service has updated 
topographic DEM maps with a 10 m vertical contour resolution.   
 
Bathymetry data and riverine gradient/width data are incorporated into the GIS for the basin. 
Once the system is discretized, these geometry files are prepared that are compatible with CE-
QUAL-W2 Version 3.2. 
 
The next step in modeling is to prepare the boundary condition data in a format compatible with 
CE-QUAL-W2 Version 3.2.  These files include flow, temperature, and water quality parameters 
for each point source, non-point source, and upstream flow boundary condition.  A system model 
check will be preformed ensuring that input files are correct.  Model preprocessor will be run for 
error-trapping. 
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Model predictions for water quality parameters are compared to field data in order to calibrate 
the model.  The calibration will first evaluate the water levels (and/or flow rate and velocities) 
predicted by the model, then temperatures, then water quality constituents including organic 
matter (soluble and particulate labile and refractory), nutrients (ammonia, nitrate, PO4-P), algae, 
dissolved oxygen, bacteria, pH, carbonate cycle, and sediment.  The calibration will be 
performed by iterating on the choice of model coefficients as well as re-examining assumptions 
of boundary conditions.  A series of computer animations will be prepared showing the 
calibration parameters (such as temperature, dissolved oxygen, etc.) during the calibration 
period.  These animations include both plan view and profile view of dynamic water quality 
changes in the system.  All data will likely be used in calibration.  The concept of model 
verification is often described for modeling aquatic systems.  In reality, verification is part of the 
calibration effort since the model coefficients are adjusted upon comparison of actual and 
predicted values for verification points.  A statistical  evaluation of the calibrated model’s 
performance is based on the absolute mean error (AME) which gives an indication of how close, 
on average, computed values are to observed values for a given water quality parameter at a 
given sampling station.   
 
The model can be applied to determine the effects of the existing Project on water quality 
including algal productivity and nutrient dynamics.  The model will be run for the period in 
which water quality data was collected in the field.  The model internally computes flow and 
water quality regimes on an internal time step that may range from 30 seconds to 20 minutes.  
The desired output time step; data are typically generated on an hourly basis and summarized to 
daily, 7-day average and monthly statistics where appropriate.  The calibrated model can be run 
for the existing (with Project) and “without Project” conditions.  The results of these comparative 
modeling scenarios will be analyzed and reported including model animations, statistics and 
graphical comparisons of model alternatives with base conditions. 
 
4.5.2 Model Limitations and Assumptions 
 
Some of the model assumptions and limitations are as follows: 
·  The model assumes in each model cell that variables are laterally and layer averaged.  (One, 

though, can still account for embayments and large side channels off a main channel by 
adding model branches.  This allows a quasi-3-D system even though it is formally 2-D.  
Vertical discretization is specified by accounting for numerous layers of thickness dz.) 

·  The model uses the hydrostatic assumption and therefore does not account explicitly for 
vertical momentum effects.  Even though the model is able to track density inflows and 
surface cooling accurately, the vertical momentum equation is not used to compute vertical 
velocities.  A flow balance determines vertical velocities over each cell. 

·  The current release Version 3.2 does not have zooplankton.  Zooplankton can be added as 
has been done on the Tualatin and Columbia Slough systems when zooplankton are known to 
be important for modeling algae populations. 

·  The wind sheltering coefficient is a correction on the measured wind velocity but is not based 
on theory. 

·  The Cowlitz River side channel that the tailrace flows into is a highly dynamic channel.  The 
lack of a stable hydraulic control renders it nearly impossible to quantify the proportion of 
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the Cowlitz River flow that flows through this side channel.  It is not feasible to apply a 
hydrodynamic water quality model to this reach since reliable flow data are not available. 

 
4.6 Macrophytes and Invasive Emergent Vegetation 
 
Excessive growth of macrophytes (aquatic plants) or emergent invasive plants can affect water 
chemistry and impair designated uses of a waterbody.  Invasive, non-native aquatic plants can be 
an ecological detriment.  There are no known documented records of invasive macrophytes in 
Packwood Lake.  The lake’s high elevation, remoteness and generally steep shores suggest that 
proliferation of non-native, invasive macrophytes is unlikely to be a problem.  A reconnaissance 
survey of waters less than 20 ft deep with soft bottom substrate will be made in Packwood Lake 
in August to determine if non-native and potentially invasive macrophyte species are present.  
An underwater video camera will be employed if surface observation is insufficient to identify 
plant species. 
 
The Cowlitz County Noxious Weed Control Board will be consulted to develop a list of 
macrophyte and emergent plant species listed by either the State or the County as noxious weeds 
or invasive plants, which occupy aquatic habitats similar to lower Lake Creek and the tailrace.  
The lower 0.7 miles of Lake Creek and the entire tailrace were surveyed in 2004 for these 
species and a summary was provided in the PAD (Energy Northwest 2004).  Additional noxious 
weed surveys will be conducted as described in the Noxious Weed Survey Study Plan. 
 
If macrophyte or emergent species listed by the County or State as noxious are found to occur in 
Packwood Lake, lower Lake Creek or the tailrace, a monitoring program will be developed for 
submission as part of the 401 application.  
 
4.7 Macroinvertebrates  
 
The objectives for the macroinvertebrate study area: 
 

1. Characterize the relative abundance, composition and distribution of aquatic macro-
invertebrates within the Lake Creek bypass reach. 

2. Evaluate the Packwood Project impact to aquatic macro-invertebrate communities within 
the Lake Creek bypass reach. 

3. Characterize the aquatic macro-invertebrate community where the tailrace waters from 
the Lake Creek diversion are discharged into a side channel of the Cowlitz River. 

 
Evaluating the impacts of the Project to aquatic macro-invertebrate communities in the Lake 
Creek bypass reach below Packwood Lake will be accomplished through a census along a 
longitudinal profile of Lake Creek during early Fall 2005.  Benthic invertebrate monitoring 
stations will be established in the bypass reach below Packwood Lake.  Stations will be located 
within each of the five reaches characterized by the already completed habitat survey (EES 
Consulting, 2005), for a total of ten stations below the lake.  Three additional stations will be 
established in Lake Creek above Packwood Lake for comparison.  Thus, a total of 13 stations 
will be established along Lake Creek above and below the lake.   
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Fall benthic samples from Lake Creek will be collected using the Washington Department of 
Ecology protocol.  This protocol uses a D-frame net or Surber sampler (500 micron mesh) to 
collect macro-invertebrates from 4-8 points in riffle habitats for each composite sample.  The 
total area sampled for a sample is 8ft2.   
 
At each of the thirteen Lake Creek profile stations, an additional qualitative sample will be 
collected.  A D-frame net will be used to sample non-riffle habitats (stream margin, pools, 
pockets, debris jams, etc.).  This sample type will be used primarily to assess for the presence 
RTE aquatic invertebrate species.  
 
Six macroinvertebrate samples will also be collected within the tailrace side channel.  The 
sampling points will be distributed longitudinally and encompass the range of shallow water 
habitats occurring within the tailrace.  At least two of the sampling points will be located in this 
side channel upstream of the confluence with the tailrace.  A comparison of the results for 
samples collected upstream and downstream of the tailrace inflow will allow the inference of 
potential Project effects on macroinvertebrates.  
 
Alterations and impacts to benthic macro-invertebrate community structure in Lake Creek due to 
the Project will be evaluated by plotting the response curve of selected community metrics along 
the longitudinal profile of Lake Creek.  Metrics selected are generally responsive to declines in 
water and habitat quality.  These metrics include: 
 

1. Total invertebrate abundance (per square meter of riffle substrate). 
2. Total invertebrate taxa richness (number of distinct taxa identified). 
3. EPT taxa richness (the number of taxa identified in the insect orders Ephemeroptera, 

Plecoptera, and Trichoptera).  EPT taxa are typically dominant taxa in Pacific Northwest 
montane streams and are some of the most sensitive to human disturbance. 

4. Cold-water biota or intolerant taxa richness and percent contribution. 
5. Warm-water biota or tolerant taxa richness and percent contribution. 
6. Long-lived invertebrate taxa richness and percent contribution. 
7. Short-lived invertebrate taxa richness and percent contribution. 
8. Feeding group composition. 

 
A literature review including consultation with the USFS, WDOE and Olympic National Park 
will be completed to determine if  benthic invertebrate data are available from unregulated, 
reference watersheds in the western Cascades of Washington that can be used for comparison 
with Lake Creek, i.e. for providing a spatial control.   
 
Benthic invertebrate samples will be identified to the level 3 of the Pacific Northwest standard 
taxonomic effort.  Because RTE mollusk taxa may be present, mollusks will be identified to 
species by a regional specialist, (Dr. Terrence Frest, Deixus Consulting, Seattle, Washington).  
The occurrence of RTE caddisflies (Trichoptera) will be evaluated by Robert W. Wisseman. 
 
A review of listed Rare, Threatened and Endangered (RTE) macroinvertebrate species 
(http://wdfw.wa.gov/wlm/diversty/soc/soc.htm and http://wdfw.wa.gov/wlm/diversty/ 
soc/state_monitor.htm) did not identify any listed RTE species likely to occupy waters affected 
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by the Project.  Personnel conducting the macroinvertebrate study are well trained in the 
identification of RTE macroinvertebrate species.  If any RTE species are identified during the 
fall 2005 survey, then additional studies to specifically identify the geographic distribution of 
these listed species will be developed in consultation with the agencies and tribes.  
 
4.8 Antidegradation (Objective 4) 
 
Determine Project effects relative to WDOE antidegradation policy, and determine Cowlitz 
River assimilative capacity. 
 
The purposes of the WDOE antidegradation policy (WAC 173-201A-300) are: 
 
 (a) Restore and maintain the highest possible quality of the surface waters of 

Washington; 
 

(b) Describe situations under which water quality may be lowered from its current 
condition; 

 
(c) Apply to human activities that are likely to have an impact on the water quality of 

a surface water;  
 

(d) Ensure that all human activities that are likely to contribute to a lowering of water 
quality, at a minimum, apply all known, available, and reasonable methods of 
prevention, control, and treatment (AKART); and 

 
 (e) Apply three levels of protection for surface waters of the state, as generally 

described below: 
 

(i) Tier I is used to ensure existing and designated uses are maintained and 
protected and applies to all waters and all sources of pollution. 

 
(ii)  Tier II is used to ensure that waters of a higher quality than the criteria 

assigned in this chapter are not degraded unless such lowering of water 
quality is necessary and in the overriding public interest.  Tier II applies 
only to a specific list of polluting activities and generally not applicable to 
operation of a hydroelectric facility except for spill containment. 

 
  (iii) Tier III is used to prevent the degradation of waters formally listed in this 

chapter as “outstanding resource waters,” and applies to all sources of 
pollution. 

 
The results of the water quality assessment will be used to evaluate whether the Project is either 
degrading existing water quality or preventing the attainment of a water quality standard that is 
limited due to other non-Project factors.  Any water quality limitations identified in a 303d 
listing, or identified as limiting an existing beneficial use of the water, will be reviewed relative 
to the Project’s effect on this water quality condition.  Both current Project operations and any 
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changes to Project operation proposed to FERC in the application for a new license will be 
evaluated.  
 
Trend data is often used to evaluate ongoing degradation.  There does not appear to be sufficient 
historical water quality data to quantitatively define water quality trends in the Lake Creek basin. 
 
4.9 Compatibility with Long-Term Monitoring (Objective 5)  
 
Collect, analyze, and archive data in a manner that will support the identification of long-term 
water quality monitoring needs, if appropriate, and will ensure compatibility of data to the 
greatest extent feasible. 
 
The merits of, and responsibility for, a long-term temperature monitoring plan will be evaluated, 
once the proposed study is completed.  However, the initial sites included in this study plan 
could be used as a basis for a long-term monitoring program should one later be required.  Full 
documentation of the methods, results and limitations of interpretation will be included in the 
study report.  QA/QC procedures described in this study plan ensure the reliability of the data.  
While this documentation will facilitate compilation of this data with data from any future 
monitoring efforts, it is impossible to ensure data compatibility with the long-term monitoring 
objectives until those objectives are carefully defined.  An inherent challenge of long-term 
monitoring efforts is to adequately define monitoring objectives at the initiation of the 
monitoring program and to account for differences in data quality resulting from a continued 
evolution in the technology for assessing water quality.  This study will help identify the need, if 
any, and objectives for long-term temperature monitoring within the Project area. 
 
4.10 Products 
 
A draft report on the temperature results for 2004 is included as Appendix A to this study plan.  
An interim report that describes the results of other water quality monitoring for 2004 is 
scheduled for distribution to agencies, tribes and interested stakeholders for review in September 
2005.  Draft and final reports describing study methods, sampling locations, and results for 2004 
and 2005 combined will be distributed for review.  Data will be expressed in accordance with the 
WDOE approach to presenting water quality data.  All raw data will be presented in an appendix, 
and digital copies of the data will be available to agencies, tribes and interested stakeholders.  
Products for water quality modeling will include a data report that describes data sources and 
model set up, a calibration report that describes model calibration using the existing conditions, 
and a model application report that describes the results of modeling “without project” 
conditions for those water quality parameters that the water quality standards specify the criteria 
are relative to natural background conditions.  Electronic input files for the water quality model 
will also be provided to WDOE.  All of the above documents will support the application for 401 
certification. 
 
4.11 Consistency with Generally Accepted Scientific Practice 
 
The methods have been developed in consultation with the agencies, tribes and other 
stakeholders.  The study approach and methods are consistent with WDOE’s “Water Quality 
Certification for Existing Hydropower Dams: Preliminary Guidance Manual (September 2004).  
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Quality assurance plans are consistent with State and federal guidelines.  The laboratory 
analyzing water quality samples is fully certified to conduct the analyses included in this study. 
 
4.12 Relationship with Other Studies 
 
The Water Quality study is being conducted in coordination with other studies for the Project, 
including:  Amphibian Survey, Anadromous Salmonid Habitat and Spawning Survey, Fish 
Distribution and Species Composition, Fish Passage Barrier, Fish Population Characterization 
Near the Drop Structure, Gravel Transport Study, Lake Creek Instream Flow and Habitat 
Assessment, Large Wood, Packwood Lake Drawdown, Stream Connectivity in Packwood Lake 
Tributaries, Tailrace Slough Instream Flow, and Tailrace Slough Use by Anadromous 
Salmonids.  Data from stream gaging will be used in the interpretation of water quality results as 
well as provide hydrology data for the water quality model.  The water quality model will be 
used to evaluate the effects on temperature and dissolved oxygen associated with various 
instream flow levels for Lake Creek and the tailrace slough.  The effects on water quality will 
help determine instream flow requirements for the tailrace and Lake Creek that provide for all 
beneficial uses of Project waters.   The results of turbidity monitoring and water quality 
modeling in combination with the Drawdown study will evaluate Project impacts of lake level 
management in Packwood Lake and adjacent wetlands.  
 
5.0 CONSULTATION WITH AGENCIES, TRIBES AND OTHER STAKEHOLDERS 
 
A Water Quality and Aquatic Resources Committee (Committee), was formed in March 2004 to 
collaboratively design and implement aquatic studies that will support the application for 401 
certification of the Project.  The Committee currently consists of representatives from Energy 
Northwest, EES Consulting, Watershed GeoDynamics, USDA Forest Service, Washington 
Department of Fish and Wildlife (WDFW), WDOE, NOAA-Fisheries, U.S. Fish and Wildlife 
Service (USFWS), Cowlitz Tribe, and Confederated Tribes and Bands of the Yakama Nation.  
Other stakeholders will be informed of all technical meetings and are invited to attend.  
Stakeholder representatives will also be invited to provide information for the study and 
technical reviews of the draft report. 
 
6.0 PROGRESS REPORTS, INFORMATION SHARING AND TECHNICAL REVIE W 
 
A draft report on the temperature results for 2004 is included as Appendix A to this study plan.  
An interim report that describes the results of other water quality monitoring for 2004 will be 
distributed for review in 2005.  Draft and final reports describing study methods, sampling 
locations, and results for 2004 and 2005 combined will be distributed for review.  Data will be 
expressed in accordance with the WDOE approach to presenting water quality data.  All raw data 
will be presented in an appendix and digital copies of the data will be available to agencies, 
tribes and interested stakeholders.   
 
Periodic meetings have been held during 2004 and 2005 to provide information sharing and 
technical review of study results to date.  These meetings will continue during the course of 
study implementation.   
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7.0 SCHEDULE 
 
Water quality studies were initiated in April 2004 in consultation with the agencies, tribes and 
other stakeholders as part of the preparation of the 401 water quality certification process.  Water 
quality monitoring will continue through March 2006.  Draft reports for water quality monitoring 
results will be completed by August 31, 2006 for review by agencies, tribes, and interested 
stakeholders.  Model development and application will be initiated in October 2005.  The 
Phase 1 Environmental Site Assessment report will be completed by June 30, 2006.   
 
8.0 LEVEL OF EFFORT AND COST 
 
The total estimated hours for water quality studies initiated in 2004 through completion of 
reports in 2006 is estimated to be 2,215 person hours.  The allocation of these hours is: 
approximately 180 hours for coordination and field preparation; 530 person hours per study year 
for field studies (2 years data collection); 425 hours for data management, analysis and reporting; 
200 hours consultation and 450 hours model development and application.  The estimated cost 
for EES Consulting’s portion of this study is $323,999 allocated as $45,400 FY2004, $108,750 
FY2005, $134,910 FY2006 and $34,939 FY2007.  Energy Northwest’s fiscal year runs from 
July 1 through June 30.   
 
Costs for Energy Northwest’s laboratory to analyze the samples are approximately $40,000 for 
each year of study for a total of $80,000.  Costs for Energy Northwest to complete the Phase 1 
Environmental Site Assessment are approximately $7,200. 
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1.0 INTRODUCTION 
 
Energy Northwest, a municipal corporation and joint operating agency of the State of 
Washington, operates the Packwood Lake Hydroelectric Project (Project) near the town of 
Packwood in Lewis County, Washington.  The Federal Energy Regulatory Commission (FERC) 
licensed the Project on July 7, 1960 (effective March 1, 1960), designated as Federal Power 
Commission License No. 2244.  As owner of the Project, Energy Northwest intends to file an 
application for a new license pursuant to the regulations issued by FERC in 2003 (Docket No. 
RM02-16-000; Order No. 2002; 18 CFR Parts 2, 4, 5, 9, 16, 375 and 385), which established the 
Integrated Licensing Process (ILP).  In accordance with the ILP regulations, Energy Northwest 
filed its Notice of its Intent (NOI) to file a license application on November 12, 2004.  Energy 
Northwest also concurrently filed with the FERC and the resource agencies, a Pre-Application 
Document (PAD), containing existing, relevant, and reasonably available information describing 
the existing environment and the potential effects of the licensee’s intended project proposal, 
including proposed project facilities and operations.  
 
The ILP is intended to foster an efficient and collaborative approach to determining project 
effects and appropriate protective measures. In that spirit, Energy Northwest has taken a 
proactive approach to relicensing its Project by initiating collaborative scoping of studies to 
develop the data and analyses that will be required for issuance of the water quality certification 
by the Washington Department of Ecology (WDOE) under Section 401of the Clean Water Act. 
 
The Project is located near the community of Packwood in the foothills of the Cascade 
Mountains. Packwood Lake lies within the Gifford Pinchot National Forest. The Project 
includes: a drop structure, which regulates lake surface elevation and is located a short distance 
downstream from the natural outlet of the Lake; an intake structure; an approximately 23,000 ft-
long, partially subterranean flowline; a surge tank; a 6,000 ft-long penstock; and a powerhouse 
(turbine-generator rated at 27,500 KVA).  The drop structure that regulates the water level of 
Packwood Lake was constructed by excavating debris from a natural landslide, which occurred 
about 1,000 years ago and created the lake.  The drop structure, located adjacent to the intake 
structure, extends 85 feet in width.  The powerhouse is located at the base of the mountain 
adjacent to the community of Packwood.  Water from the powerhouse discharges into the 
tailrace stilling basin, which then flows into the lined tailrace.  The original tailrace was 
approximately 8,100 feet in length.  However, the Cowlitz River changed channel and as a result, 
approximately 1400 feet of the tailrace was washed out. The tailrace is now approximately 6,690 
feet in length and discharges the water into a side channel of the Cowlitz River.  The tailrace is 
trapezoidal with a width at the top of the asphalt lining of approximately 29 feet and 
approximately 9 feet at the base.  The average depth of the lined part of the tailrace is 5-3/4 feet. 
 
The total area drained by Lake Creek and Packwood Lake amounts to approximately 19.2 square 
miles at the drop structure; 26.5 miles upstream of the confluence of Lake Creek and the Cowlitz 
River. The total surface of area of the lake is 452 acres.  The natural lake elevation (El) is 2,857 
ft MSL, which is approximately 1,800 ft above the powerhouse.  The Project seasonally 
regulates the lake level so that it is at El 2,857 ft ±0.5 ft in summer recreation months and drawn 
down to no lower than El 2,849 ft MSL during winter months.  This provides 8 ft vertical storage 
usable by the project.  The project is operated to achieve a lake elevation of 2,857 ft + 0.5 ft by 
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May 1st of each year.  During this time, the Project operates in a “run of the river” mode, with 
Project generation flow matching lake inflow to hold the lake elevation constant.  This level is 
maintained until mid-September when draw down may begin. When lake level rises above the 
drop structure crest elevation and the intake is at capacity (or not operative), the flow passes over 
the drop structure into lower Lake Creek.  Currently, the FERC license for the Project requires a 
minimum instream flow of 3 cfs in Lake Creek immediately downstream of the outlet of 
Packwood Lake.  There is also an instream flow requirement of 15 cfs at the confluence of Lake 
Creek with the Cowlitz River.  Energy Northwest is not currently required to measure this flow.  
The project is operated in a baseload manner depending upon water availability and power 
contracts.  The Project has a water right for 260 cfs but the Project does not operate at capacity at 
all times.  Average power production is 10 Mw.  From May 1st until mid-September, the project 
generation is dictated by the FERC license lake level requirement of 2857 plus or minus 6 
inches.    During dry periods with low inflows, the project may be shut down.  Fish flow releases 
continue regardless of Project operation.  
 
The State of Washington has adopted water quality standards that set limits on pollution in lakes, 
rivers and marine waters in order to protect water quality. The Clean Water Act requires that the 
water quality standards protect beneficial uses, such as swimming, fishing, aquatic life habitat, 
and agricultural and drinking water supplies.  The latest approved standards were issued in 1997.  
The Environmental Protection Agency (EPA) is currently reviewing the standards adopted by the 
State of Washington in 2003; approval is expected in late 2004.  Because the 2003 standards 
have not been approved, the following discusses both the 1997 and 2003 standards.   
 
Under the 1997 standards, the Cowlitz River and Lake Creek are classified as Class AA 
(extraordinary) streams.  Water quality of this class uniformly exceed the requirements for all or 
substantially all uses.  Temperature shall not exceed 16.0oC due to human activities.  When 
natural conditions exceed 16.0oC, no temperature increases will be allowed that will raise the 
receiving water temperature by greater than 0.3 oC. 
  
The 2003 standards (under review) for streams and rivers provide for aquatic life uses based 
upon key species.  The categories for aquatic life uses are 1) char; 2) salmon and trout spawning, 
core rearing, and migration (core salmon/trout); 3) salmon and trout spawning, noncore rearing, 
and migration; 4) salmon and trout rearing and migration only; 5) Non-anadromous interior 
redband trout; and 6) indigenous warm water species.  Under the 2003 standards, the Cowlitz 
River from the base of Riffe Lake Dam (river mile 52.0) to headwaters has an aquatic life use of 
core salmon/trout and extraordinary primary contact recreation.  The 2003 temperature criteria 
(160C) is based on the 7-day average of the daily maximum (7-DADMax), which differs from 
the 1997 instantaneous maximum.   Water supply uses are domestic water, industrial water, 
agricultural water, and stock water.  Miscellaneous uses include wildlife habitat, harvesting, 
commerce/navigation, boating, and aesthetics (Washington Administrative Code 2003). 
 
Under both the 1997 and 2003 standards, Packwood Lake is a member of the Lake class, where 
water quality shall meet or exceed the requirements for all or substantially all uses.   For lakes, 
human actions considered cumulatively may not increase the 7-DADMax temperature more than 
0.3°C (0.54°F) above natural conditions. waters of the State of Washington for the protection of 
aquatic life.  
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Section 303(d) of the Clean Water Act requires states to list water bodies that are impaired 
because of water quality problems.  Although the Cowlitz River has 303(d) listings, there are 
none for Lake Creek, or for the area of the Cowlitz River in the area of the project. 
 
This interim report describes the methods and study results for temperature monitoring 
conducted in 2004.  
 
1.1 Study Purpose 
 
The purpose of this study is to develop information to support the water quality certification 
needed from the Washington Department of Ecology (WDOE), pursuant to Section 401 of the 
Clean Water Act, for the operation of the Project under a new FERC license.  This study 
documents the existing water quality conditions in Packwood Lake, Lake Creek and other waters 
affected by the Project. This study also investigates the effects of Project operation on water 
quality.  Those parameters for which the WDOE has established numeric or narrative water 
quality standards (Chapter 173-201A WAC) are addressed in this study plan.  The ecological 
significance of water quality within the Packwood Lake and Lake Creek system is also of 
interest.   
 
Packwood Lake and Lake Creek represent an important resource.  Uses include hydropower 
generation, recreation, aesthetic enjoyment and habitat for both fish and other aquatic biota.  
Understanding existing water quality conditions and their moderating factors is an important 
component for preserving and managing the resource and its beneficial uses.   
 
1.2 Objectives 
 
This interim report only addresses study findings for temperature.  The objectives for the water 
quality study are: 
 

6. Document existing water quality conditions within the Project area, lake tributary inflows 
and downstream in the Cowlitz River (Lake Creek confluence to just below Project 
tailrace). 

 
7. Document Project effects on existing water quality conditions with reference to WDOE 

water quality standards. 
 

8. Make recommendations on the need for any modeling of water quality (including 
temperature), as necessary, to determine Project compliance with water quality standards. 

 
9. Determine Project effects relative to WDOE antidegradation policy, and determine 

Cowlitz River assimilative capacity. 
 

10. Collect, analyze, and archive data in a manner that will support the identification of long-
term water quality monitoring needs, if appropriate, and will ensure compatibility of data 
to the greatest extent feasible. 
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2.0 STUDY AREA 
 
The study area includes all waters within the Project boundary and the Cowlitz River from the 
confluence with Lake Creek to immediately downstream of the Project tailrace.  The side 
channel of the Cowlitz River that the Project tailrace flows into is included in the study area.  
The tributary mouths of streams flowing into Packwood Lake are also included within the study 
area.  The study area will specifically include: 
 
�  Packwood Lake 
�  Selected tributaries to Packwood Lake that support rainbow trout spawning 
�  Lake Creek from Packwood Lake outlet to mouth 
�  Project Tailrace 
�  Snyder Creek 
�  Cowlitz River side channel at tailrace entrance 
�  Groundwater within Project area 
�  Upstream Cowlitz River 
 
3.0 METHODS 
 
Selection of monitoring locations is designed to evaluate longitudinal gradients in water quality 
for stream sections, the vertical water quality gradients in Packwood Lake, and the influence of 
tributaries on Packwood Lake and Lake Creek water quality.  The sampling design is structured 
to evaluate the effects of Project operations and structures on water quality. A description of the 
sampling locations is presented in Table 3-1.   Site code identities are listed in Table 3-2.  
Sample site locations are shown in Figures 3-1, Figure 3-1, and Figure 3-3.  
 
Sampling sites are organized by site type (riverine, tributary, lake, or other).  Riverine sites are 
free flowing reaches.  Tributary sampling sites are generally located at the mouths of inflowing 
surface waters. Lake sampling sites include vertical sampling, where appropriate.  Other sites 
include the Project tailrace, and accessible groundwater sampling locations – primarily perennial 
springs. 
 
The sampling sites provide several types of data.  Boundary conditions, such as the mouths of 
tributaries and groundwater inflow, define the water quality and water quantity inputs to 
Packwood Lake and Lake Creek.  Sampling sites within Packwood Lake, Lake Creek and the 
Project tailrace document water quality within Project waters.  Data from sampling sites in the 
Cowlitz River are termed response data, documenting responses to possible Project and non-
Project factors.   
 
Tributaries to Packwood Lake were sampled in order to estimate their influence on the water 
quality of Project-related waterways.  Monitoring locations are upstream of the confluence with 
Packwood Lake to ensure that the data are representative of tributary contribution.   
 
There are two primary sampling sites within Packwood Lake. One is located over areas with the 
greatest water depth, as determined by available bathymetric maps with limited depth sounding 
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verification.  A second sampling site has been established near the lake outlet.   
 

 
Figure 3-1.  Water Quality Sample Sites Within and Adjacent to Packwood Lake. 



 

Packwood Lake Hydroelectric Project  Interim Water Temperature Report  
Energy Northwest  Page 6 August 2005 
 

 
Figure 3-2.  Water Quality Sampling Locations in Lower Lake Creek and Cowlitz River. 
 

 
Figure 3-3.  Water Quality Sampling Locations in Project Tailrace. 
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TABLE 3-1  WATER QUALITY SAMPLING  SITES 

LOCATION WATER 
DAT SOURCE OF FLOW 

DATA SITE RATIONALE 
Tributaries to Packwood Lake T B  

·  Osprey Creek T B Staff gage estimate 
·  Muller Creek T B Staff gage estimate 
·  Upper Lake Creek T B Staff gage estimate 
·  Crawford Creek T B Staff gage estimate 

Inflow to lake and 
surveyed by WDFW for 

rainbow spawning 

Packwood Lake in vicinity of 
maximum depth 

L P 
Project water elev data 

Packwood Lake near outlet L P Project water elev data 
Characterize lake condition 

Lake Creek below drop structure R P Project data WQ exiting lake 
Lake Creek approximately 1,500 ft 
downstream of drop structure 

R P 
Project data Initial condition in Lake 

Creek below diversion 
Lake Creek near mouth 

R P 
Study gauging station Evaluate response rate for 

temperature 
Powerhouse tailrace pool 

O P 
Project data Characterize anadromous 

waters in Lake Creek 
bypass 

Powerhouse tailrace lower end 
O P 

Assume equal to 
powerhouse release 

Characterize tailrace water 

Cowlitz River tailrace side 
channel 

R R 
Water level recorder Document effect of tailrace 

on water quality 

Cowlitz River upstream of Lake 
Creek 

R B 
 Document effect of tailrace 

on water quality 
Groundwater spring (if available)  B O Back calculate Boundary condition 
Powerplant constant head tank 
overflow 

T P 
Weir gage Characterize dispersed 

inflow 
Snyder Creek upstream of constant 
head tank 

T B 
Staff gage estimate Quantify temperature 

effect 
Snyder Creek at confluence with 
Hall Cr 

T B 
 Quantify temperature 

effect  
Site Type: R Riverine, L Lacustrine, T Tributary, O Other 
Data Type: R Response reach, B Boundary condition, P Project modified, T Transport 
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Continuous recording Optic StowawayTM thermographs were deployed at the locations listed in 
Table 3-1.   Thermographs are programmed to record hourly temperature.  All thermographs are 
set to real time with data reported on the hour to facilitate analysis among sites.  Riverine 
thermographs were deployed in close proximity to the channel bed at a position that minimizes 
potential for dewatering.  Thermographs deployed downstream of tributary confluences were 
located at a point where complete mixing occurs.  Lake thermographs were deployed at the same 
positions where other water quality data were being collected; two stations in the lake include 
one at the approximate deepest area (PLA) and one near the lake outlet (PLB).  At both lake 
sites, multiple thermographs were deployed on a buoy line at vertical positions 2 m below the 
surface and 1 m from the bottom.  For the thermograph buoy line at approximately the deepest 
point in the lake, a third thermograph was positioned at 9 m depth; this depth corresponds to the 
highest Secchi depth reported in WDOE (1989) for Packwood Lake.   
  
All thermographs were subject to a three-point calibration test prior to deployment.  Laboratory 
calibration of the thermographs will be repeated at the end of the study period.  The Onset 
Corporation HOBO thermographs have an accuracy of + 0.16°C and a resolution of 0.28°C.  All 
thermographs were within +0.3°C of the standardized mercury thermometer reading for each of 
the three laboratory calibration measurements, which indicates QA/QC was satisfied.   
 
Data from the thermographs were downloaded monthly.  A hydrolab was used to measure the 
instantaneous water temperature at the time of downloading.  The temperature probe for the 
hydrolab was calibrated by comparing the probe’s reading to that of a standardized mercury 
thermometer at two calibration points prior to and following each sampling event.  The 
instantaneous field temperature measurement was compared to the closest hourly temperature 

Table 3-2  Thermograph Codes and Site Names 
Code Site Name 

OSMH Osprey Creek near mouth 
MUMH Mueller Creek near mouth 
ULMH Upper Lake Creek near mouth 
CRMH Crawford Creek near mouth 

(OB)PLA Off bottom site A 
(EP)PLA-02 Epilimnion site A 
(ME)PLA Metalimnion site A 
(OB)PLB Off bottom site B 
(PH)PLB Photic zone site B 

(EP)PLB-02 Epilimnion site B 
LCDS Lake Creek below diversion 

LCDS1500 Lake Creek 1500 ft downstream of drop structure 
LCMH Lake Creek near mouth 
POWT1 Powerhouse tailrace upper 
POWT2 Powerhouse tailrace lower 
CRTSC Cowlitz river tailrace side channel 
CRULC Cowlitz river upstream of Lake Creek 

P1 Powerplant discharge 
SNUP Snyder Creek upper 
SNMH Snyder Creek near mouth 
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recorded by the thermograph as a further QA/QC procedure.  Data indicating that the 
instantaneous temperature measurement and the thermograph reading differed by more than 
0.3°C were flagged as suspicious and subject to further review.   Generally, field calibration 
checks and thermologger data for both riverine and reservoir sites closely corresponded with few 
data periods failing this QA/QC review.  QA/QC failures in streams were due to dewatered 
thermographs.    
 
Thermograph data were reviewed for any anomalous patterns, or uncharacteristic spikes that 
could indicate a malfunction or dewatered instrument.  Data that appeared suspicious were 
tagged and not used in subsequent analyses.      
 
Climate data were collected at the Packwood Lake intake and at the powerhouse.  At Packwood 
Lake, an automated climate station was deployed on a tower at a height of approximately 20 ft.  
The tower is located adjacent to the drop structure.  For this climate station, wind speed, wind 
direction, air temperature, dewpoint temperature, relative humidity, and solar radiation were 
measured and recorded at 15-minute intervals. 
 
Air temperature and relative humidity were also monitored at the Packwood Lake powerplant 
with data recorded at 15-minute intervals. 
 
 
4.0  RESULTS 
 
Monthly maximum, minimum and mean temperature statistics are reported in Table 4-1.  Table 
4-2 lists the annual highest 7-day average of the maximum daily temperatures (M7-DADMax) 
for each site.  Table 4-2 also compares the 7DADMax for the period ending on August 21, 2004, 
which is the period that most sites experienced the highest 7DADMax.   Appendix A provides 
charts of the monthly temperature regimes for each of the monitoring sites.  Figure 4-1 shows the 
monitoring periods and days when the maximum hourly temperature exceeded the criteria of 
16oC for riverine sites.  The period of record for thermographs deployed in Packwood Lake 
extends from June through October, 2004 for Site A and May through September for Site B.  
There is a gap in the record for the epilimnion thermograph at Site A during August 1-10 due to 
an instrument malfunction.  The thermograph at Site  A deployed 1m off the bottom was lost in 
May so that record begins in early June. 
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Table 4-1  Monthly Average of Daily Maximum, Mean & Minimum Water Temperatures (*C) 

 May June July August 

Site Code Max Mean Min Max Mean Min Max Mean Min Max Mean Min 

OSMH 5.15 4.67 4.30 7.26 6.60 6.06 10.02 9.23 8.56 10.07 9.55 9.06 
MUMH 9.78 9.15 8.65 8.25 6.94 6.03 10.01 8.27 7.11 9.93 8.57 7.64 

ULMH    8.48 6.61 5.31 9.53 8.04 6.88 8.31 7.78 7.40 

CRMH    11.23 9.65 8.45 11.11* 9.62* 8.62* 13.47* 12.52* 11.62* 

(OB)PLA    4.78 4.62 4.54 4.74 4.71 4.69 5.39 5.25 5.12 

(EP)PLA-02 11.22 10.66 10.04 12.75 11.63 10.71 16.64 15.76 14.86 18.44 18.40 17.63 

(ME)PLA 8.22 7.61 7.02 8.69 8.23 7.82 10.42 9.44 8.73 14.37 13.80 13.26 

(OB)PLB    6.78 6.54 6.36 6.95 6.81 6.70 8.08 7.71 7.41 

(EP)PLB-02 10.74 9.98 8.76 12.28 11.02 9.76 18.02 16.48 14.88 18.99 18.29 17.12 

LCDS 11.19 10.29 9.27 13.08 11.85 10.66 18.08 17.27 16.21 19.50 18.63 17.92 

LCDS 1500    15.19 13.90 12.87 17.46 16.44 15.60 18.50 17.74 17.11 

LCMH 9.12 8.41 7.79 10.76 9.81 8.97 13.19 12.24 11.36 13.44 12.74 12.09 

POWT1 11.18 10.48 9.50 12.93 11.94 10.71 18.33 17.47 16.31 19.46 18.90 18.27 

POWT2 11.42 10.63 9.58 13.21 12.10 10.80 18.63 17.64 16.36 19.80 19.07 18.39 

CRTSC    15.61 14.54 13.10 18.86 17.82 16.58 20.27 19.19 18.26 

CRULC 7.25 6.21 5.34 9.83 8.39 7.14 13.46 11.42 10.07 14.00 11.70 10.39 

P1 14.85 12.31 10.55 20.15 16.31 13.38 20.34 18.31 16.67 17.41 16.68 16.08 

SNUP 11.10 10.57 10.03 13.19 12.55 11.88 16.23 15.55 14.92 16.62 16.00 15.41 

SNMH 11.17 10.61 10.05 13.28 12.58 11.86 16.27 15.54 14.88 16.64 15.95 15.32 
* Partial month data 
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Table 4-1 Monthly Average of Daily Maximum, Mean & Minimum Water Temperatures 
(*C) - continued 

 September October November 

Site Code Max Mean Min Max Mean Min Max Mean Min 

OSMH 7.81 7.48 7.16 8.17 6.42 4.93    
MUMH 8.26 7.41 6.80 7.22 6.58 6.08    

ULMH 7.58 6.97 6.63 5.97 5.54 5.24    

CRMH 10.45 9.33 8.51       

(OB)PLA 5.32 5.25 5.17 5.32 5.32 5.30    

(EP)PLA-02 13.11 12.74 12.39 10.85 10.56 10.35    

(ME)PLA 11.32 11.12 10.88 10.45 10.24 10.06    

(OB)PLB 8.72 8.38 8.11       

(EP)PLB-02 14.45 13.96 13.42       

LCDS 14.84 14.18 13.58 12.03 11.72 11.41    

LCDS 1500 14.08 13.56 13.04 11.62 11.31 10.99    

LCMH 10.78 10.38 10.15 8.78 8.42 8.04 6.48 6.08 5.70 

POWT1 15.02 14.47 13.95 12.82 12.43 12.00 8.03 7.89 7.77 

POWT2          

CRTSC 15.40 14.67 13.96 11.14 9.48 8.19 7.63 7.42 7.23 

CRULC          

P1 13.47 12.94 12.46 11.15 10.65 10.22    

SNUP 13.26 12.76 12.25 10.86 10.35 9.79 7.60 7.29 6.92 

SNMH 13.25 12.74 12.19 10.86 10.30 9.72 7.65 7.26 6.82 
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                       Table 4-2  Packwood Project water temperature summary, 2004 

Monitoring 
Site 

Hottest 7 Days 
(Range) 

M7MWAT 
(oC) 

7-ADMax 
 for Period 

 ending 
 8/21/04 

Maximum 
Hourly 
Temp 

(oC) 

No. Days 
EXCEEDI

NG 
16oC 

OSMH1 7/23-7/29 11.19 10.66 11.94 0 
MUMH 7/22-7/28 10.69 10.58 11.00 0 
ULMH 7/22-7/28 9.78 9.34 10.36 0 
CRMH 8/13-8/19 15.56 15.31 15.86 0 

(OB)PLA 8/16-8/22 5.65 5.61 5.79  
(EP)PLA-02 8/14-8/20 21.28 21.12 23.65  
(ME)PLA 8/19-8/25 14.71 14.57 14.91  
(OB)PLB 9/21-9/27 9.16 8.11 10.88  

(EP)PLB-02 8/16-8/22 20.45 20.45 20.74  
LCDS 8/15-8/21 20.95 20.95 21.42 73 

LCDS 1500 8/15-8/21 19.82 19.82 20.12 53 
LCMH 8/11-8/17 14.36 14.16 14.78 0 
POWT1 8/15-8/21 20.67 20.67 21.07 74 
POWT2 8/15-8/21 21.25 21.25 21.51 79 
CRTSC 8/15-8/21 21.91 21.91 22.38 80 
CRULC 7/26-8/1 14.90  15.33 0 

P1 7/12-7/18 20.99 19.36 22.27 89 
SNUP 8/11-8/17 18.02 17.65 18.30 38 
SNMH 8/11-8/17 17.99 17.69 18.34 39 

1Thermograph nearly out of water 
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4.1  Climate Conditions  
 
For the lake area, climate data including wind speed, wind direction, solar radiation, air 
temperature, dewpoint temperature and relative humidity are being collected at a 15-minute 
interval beginning in June 2004.  Air temperature and relative humidity are also being monitored 
at the powerplant.  Analysis of climate data from these sources is not yet completed.   
 
Climate data for the Coop climate station located in Packwood (Station No. 456262) are 
available from the National Climate Data Center (NCDC) Table 4-3 lists the monthly departure 
from normal for 2004 monthly air temperatures at the Packwood NCDC station. 
 

Table 4-3 Climate data for Packwood (NCDC Coop Station No. 45262) 
 

Mean Air 
Temperature  

(oC) 

Departure from 
Normal 

(oC) 

Mean 
Maximum 

Air 
Temperature 

(oC) 

Monthly 
Precipitation 

(mm) 
January 1.39 -0.83 4.61 224.79 
February 4.83 0.89 9.50 67.31 
March 7.94 1.72 13.72 102.62 
April 11.11 2.17 19.33 21.84 
May 12.78 0.33 18.17 71.37 
June 16.22 0.89 23.33 41.91 
July 19.83 1.61 26.78 6.86 
August 18.89 0.61 25.44 117.86 
September 14.72 -0.39 20.17 95.00 
October 11.11 1.06 16.67 103.63 
November NA NA NA NA 
December NA NA NA NA 
 
4.2  Lake Temperatures 
 
Thermographs were deployed at two locations within Packwood Lake (Figure 3-1).  Near the 
forebay, thermographs were deployed at 2m below the surface and 1m off the bottom.  Within 
the deepest portion of the lake, thermographs were deployed at 2m and 9m below the surface and 
1m off the bottom. 
 
Vertical temperature profiles were measured monthly.  Figure 4-2 shows the progression of 
vertical temperature profile in Packwood Lake for the vicinity with the greatest depth.  Figure 4-
3 shows the vertical temperature profiles for Packwood Lake near the forebay. Horne and 
Goldman (1994) define thermal stratification as temperature changes in the region of the 
thermocline (metalimnion) greater than 1.0oC per 1.0 m depth.  The lake was unstratified at the 
initiation of monitoring in April 2004.  Temperatures ranged from a surface temperature of 
10.37oC to 4 oC at depths greater than 25m at the end of April.  Bottom temperatures in the 
deepest portion of the lake showed no diurnal fluctuation and seasonally only varied between 4 

oC and 5.4 oC (Figure 4-2).  Lake surface temperatures gradually warmed throughout the 
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summer.  The lake was weakly stratified from mid July through August with the depth of the 
thermocline extending down 9m to 11m.  By the end of September, 2004, the thermocline only 
extended down 3m without stratification.  Surface temperatures continued to cool in October.  
During the fall drawdown, Packwood Lake was homothermous for the upper 9m with a 
temperature of 9oC.  Lake thermographs at site A were removed at the end of October.  The buoy 
at site B broke after the September sampling event and was not replaced.   
 

 
Figure 4-2.  Vertical temperature profiles for Packwood Lake Site A (deepest area of lake) 
 

 
Figure 4-3.  Vertical temperature profiles for Packwood Lake Site B (near forebay)  
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Table 4-4 lists the monthly temperature statistics for Packwood Lake.  Near surface temperatures 
were significantly cooler near the forebay (Site B) than at the middle of the lake (Site A).  
Differences greater than 0.3oC are significant.  Figures 4-4 and 4-5 show the monthly mean of 
the daily mean water temperature for sites A and B, respectively.  Only a partial temperature 
record is available for PLA(EP), so a comparison between sites is better accomplished by 
reviewing daily temperature data.  A comparison of the monthly charts in Appendix A 
documents that, with the exception of maximum daily temperatures in September, site B was 
significantly cooler for the daily maximum, minimum and mean daily temperature for May 
through September, 2004.  The diurnal temperature range for near surface waters was greater at 
site B than at site A.  In August, the average daily diurnal temperature range was 0.81oC and 
1.87oC for sites A and B, respectively.     
 
The reason for the difference in surface temperature between the two sites is not fully 
understood.  There are at least two explanations for the difference.  The outflow may enhance 
vertical mixing near the forebay, which would lead to slightly cooler surface temperatures.  Since 
the lake is held at natural levels during the summer months, these longitudinal differences in lake 
surface temperatures are likely similar for both the natural condition and with the project in 
place.  A second explanation is that surface winds may contribute to the difference in 
temperature but wind is not likely the primary causative factor.  Wind effects would be greatest 
in the afternoon when wind speed generally peaks.  Differences in minimum daily temperatures 
between the two sites were consistently greater than differences in maximum daily temperatures.  
Minimum daily temperatures occur at night when wind speed is generally reduced.  If wind were 
the primary causative factor, then the difference in maximum temperatures would be more 
pronounced.  Site B is closer to the outlet of the lake.   
 

Table 4-4 Monthly temperatures for Packwood Lake 
 May June July 
Site Code Max Mean Min Max Mean Min Max Mean Min 
(OB)PLA Not available 4.78 4.62 4.54 4.74 4.71 4.69 
(EP)PLA-02 11.22 10.66 10.04 12.75 11.63 10.71 16.641 15.761 14.861 
(ME)PLA-
09 

8.22 7.61 7.02 8.69 8.23 7.82 10.42 9.44 8.73 

(OB)PLB 5.95 5.78 5.67 6.78 6.54 6.36 6.95 6.81 6.70 
(EP)PLB-02 10.74 9.98 8.76 12.28 11.02 9.76 18.02 16.48 14.88 
  AUGUST   September   October  
 Max Mean Min Max Mean Min Max Mean Min 
(OB)PLA 5.31 5.16 4.99 5.322 5.252 5.172 5.32 5.32 5.30 
(EP)PLA-02 18.441 18.001 17.631 13.11 12.74 12.39 10.85 10.56 10.35 
(ME)PLA-
09 14.39 13.76 13.17 11.32 11.12 10.88 10.45 10.24 10.06 

(OB)PLB 8.08 7.71 7.41 8.72 8.38 8.11 Not available 
(EP)PLB-02 18.99 18.29 17.12 14.45 13.96 13.42 Not available 
1Partial data; missing data for 7/13/04 through 8/10/04 
2 Partial data: missing data for 9/5/04 through 9/29/04 
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Figure 4-4.  Monthly mean of daily mean temperature for Packwood Lake Site A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-5.  Monthly mean of daily mean temperature for Packwood Lake Site B 
 
4.3  Tributaries to Packwood Lake 
 
Water temperature was monitored in four tributaries to Packwood Lake.  Table 4-5 provides 
monthly temperature statistics for tributaries to Packwood Lake.  Upper Lake Creek, which is of 
glacial origin, has the coldest water temperatures.  None of the tributaries to Packwood Lake 
exceeded the water quality standard for temperature in 2004.  The thermograph in Crawford 
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Creek was dewatered for several weeks due to declining flow.  The tributary thermographs were 
left in place during winter 2004/2005, but monthly servicing has been discontinued for winter 
months.  Tributary inflow temperatures are intermediate relative to the vertical temperature 
gradient within the lake.  During periods of lake stratification, the tributary inflow would occupy 
an intermediate depth based on temperature dependent water density. 
 

Table 4-5  Monthly temperatures for Tributaries to Packwood Lake 
 May June July 

Site Code Max Mean Min Max Mean Min Max Mean Min 
Osprey 5.15 4.67 4.30 7.26 6.60 6.06 10.021 9.231 8.561 

Muller 9.78 9.15 8.65 8.25 6.94 6.03 10.01 8.27 7.11 
Upper 
Lake 

   8.481 6.611 5.311 9.53 8.04 6.88 

Crawford     11.231 9.651 8.451 11.112 9.622 8.622 

  August   September   October  

 Max Mean Min Max Mean Min Max Mean Min 

Osprey 10.072 9.552 9.062 7.81 7.48 7.16 8.17 6.42 4.93 

Muller 9.93 8.57 7.64 8.26 7.41 6.80 7.22 6.58 6.08 
Upper 
Lake 

8.31 7.78 7.40 7.58 6.97 6.63 5.97 5.54 5.24 

Crawford  13.473 12.523 11.623 10.45 9.33 8.51    
1June 2004 data for Upper Lake Creek and Crawford Creek is partial; 6/24/04 – 6/30/04 only. 
2Data for Osprey Creek are suspect for 7/14/04 through 8/11/04 as logger found partially out of 
water on 8/11/04. 
3CRMH data for July and August are partial months. 

   
4.4 Lower Lake Creek 
 
Streamflow in lower Lake Creek is derived from the 3 cfs release flow at the drop structure plus 
accretion within the lower Lake Creek drainage.  Water temperature was monitored at three 
locations in lower Lake Creek as well as the Cowlitz River upstream of the confluence with Lake 
Creek (Figure 3-1 and Figure 3-2).  Table 4-6 provides a summary of monthly temperatures for 
lower Lake Creek.  Summer water temperatures decline in a downstream direction within Lake 
Creek.  While the water temperature immediately downstream of the lake commonly exceeds the 
State water temperature criteria, the water temperature near the mouth never exceeded the 
criteria.  The number of days in 2004 that the water temperature criteria of 16oC was exceeded is 
73, 53 and 0 days for LCDS, LCDS1500 and LCMH, respectively.    
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Table 4-6  Monthly temperatures for lower Lake Creek 
 May June July August 
Site 
Code Max Mean Min Max Mean Min Max Mean Min Max Mean Min 
LCDS 11.19 10.29 9.27 13.08 11.85 10.66 18.08 17.27 16.21 19.50 18.63 17.92 
LCDS 
1500    15.191 13.91 12.871 17.46 16.44 15.60 18.50 17.74 17.11 
LCMH 9.12 8.41 7.79 10.76 9.81 8.97 13.19 12.24 11.36 13.44 12.74 12.09 
CRULC 7.25 6.21 5.34 9.83 8.39 7.14 13.46 11.42 10.07 14.00 11.70 10.39 
 September October November    

 Max Mean Min Max Mean Min Max Mean Min    
LCDS 14.84 14.18 13.58 12.03 11.72 11.41       

LCDS 
1500 14.08 13.56 13.04 11.62 11.31 10.99    

   

LCMH 10.78 10.38 10.15 8.78 8.42 8.04 6.48 6.08 5.70    

CRULC             
1Partial month 6/25/04 – 6/30/04 

 
Immediately downstream of the drop structure (LCDS), the water temperature is a function of 
the lake temperatures at the intake.  For the period July through October, the average maximum 
daily water temperature declines 0.78oC within approximately 1,500 ft downstream of the drop 
structure.  This decline is attributed to the water temperature responding to ambient conditions 
within the channel; riparian shade is high relative to the lake and some cold groundwater inflow 
is assumed.  Figure 4-6 shows the trend for the 7-day average of the maximum daily temperature 
(7-DADMax) for Lake Creek downstream of the drop structure.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-6.  7-Day average of maximum daily temperature (7-DADMax) for Lake Creek below 
the drop structure 
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Table 4-7 summarizes the difference in the daily temperatures between LCDS (immediately 
downstream of the drop structure) and LCDS1500 (approximately 1,500 ft downstream).  The 
maximum 7-day average of the maximum daily water temperature (M7-DADMax) occurred on 
8/21/2004.  The M7-DADMax was 1.12oC cooler at the downstream site. 
 
In July 2004, maximum daily temperatures for Lake Creek near the mouth peaked twice during 
the period July 12 – 15, which coincides with a 16 cfs flow release from Packwood Lake for the 
instream flow study.  (See charts in Appendix A.)  Other streams also showed a warming trend 
during this period so it is inconclusive to what extent flow changes and increasing ambient 
weather conditions each contributed to these spikes in water temperature.  The larger diurnal 
range in temperature for Lake Creek at its mouth at the end of August, a period of cool rainy 
weather, is attributed to the release of approximately 30 cfs to accommodate collection of data 
for the instream flow study.  
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Table 4-7 Difference in temperature for LCDS1500 minus LCDS 

Maximum Daily Temperatures (C ) Mean Daily Temperatures (C ) 

  
Mean 
Delta 

Max 
Delta St Dev Range for Delta 

Mean 
Delta 

Max 
Delta St Dev Range for Delta 

May                

June -0.59 -1.25 0.35 -1.25 to -0.3 -0.76 -0.83 0.08 -0.83 to -0.63 

July -0.82 -1.77 0.40 -1.77 to 0.01  -0.83 -1.40 0.22 -1.4 to -0.28 

August -1.00 -1.44 0.31 -1.44 to -0.15 -0.89 -1.18 0.19 -1.18 to -0.48 

September -0.76 -1.42 0.24 -1.42 to -0.45 -0.62 -0.96 0.17 -0.96 to -0.25 

October -0.53 -0.92 0.20 -0.92 to -0.14 -0.53 -0.89 0.18 -0.89 to -0.06 

M7-DADMax   -1.12             
June is partial month 6/25 - 6/30         
Difference computed as monthly average of daily values for LCDS 1500 minus LCDS   
A positive value indicates temperature at LCDS1500 is warmer than LCDS    
A negative value indicates temperature at LCDS1500 is cooler than LCDS    
Instrument precision is +/- 0.18C        
A difference of <=0.3C is insignificant; significant differences indicated in bold type   
M7-DADMax is the maximum 7-day average of the maximum daily temperature, which encompasses 8/15 - 8/21 2004  
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4.5 Tailrace 
 
Water is withdrawn from Packwood Lake at the intake, then routed through an approximately 
23,000 ft-long, partially subterranean flowline; a surge tank; a 6,000 ft-long penstock; and a 
powerhouse (turbine-generator rated at 27,500 KVA) before flowing into the tailrace.  The 
powerhouse tailrace flow discharges into a constructed stilling basin, then travels through a lined 
tailrace channel approximately 6,690 ft in length to a confluence with the Cowlitz River.  In 
2004, the lined tailrace discharged into a side channel of the Cowlitz River.  Changes in channel 
morphometry of the Cowlitz River during a flood in December 2004 resulted in the majority of 
the Cowlitz River flow now occupying this side channel.  The locations of three thermographs 
located in the tailrace and side channel are shown in Figure 3-3.   
 
Minimal change in water temperature was observed between the intake (LCDS) and the 
powerhouse outflow (POWT1).   On average, the difference in temperature was insignificant 
(Table 4-8).  The difference in maximum daily temperature between the intake and the 
powerhouse outflow in July 2004 ranged from –0.68oC cooler to 1.12oC warmer.  Figure 4-7 
shows the 7-day running average of the maximum daily temperature (7-DADMax) for LCDS 
and POWT1.  Since the thermograph at LCDS is immediately below the drop structure and the 
entire flow is routed through the intake, it is assumed that LCDS is representative of the intake 
temperature.  The highest 7-day average of the maximum daily temperature (M7-DADMax) 
occurred on August 21, 2004.  The difference in the 7-DADMax for this day between LCDS and 
POWT1 was –0.27 oC, which is less than instrument resolution.  The powerplant was shut down 
in October 2004 for maintenance, so tailrace temperatures at POWT1 are for residual non-
flowing water in the tailrace pond. 
 

 
Figure 4-7.  7-day average of maximum daily temperature for intake (LCDS) and upper end of 
tailrace (POWT1). 
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Monthly average temperatures are not significantly different between the upper and lower end of 
the tailrace; however, slight but significant increases occurred on 31 days during July and August 
(Table 4-9).  The highest 7-day average of the maximum daily water temperature occurred on the 
period ending August 21, 2004.  The 7-DADMax for this date increased 0.58oC  within the 
tailrace.  Temperatures exceeded the water quality criteria of 16oC on 73 days at the upper end 
and 75 days at the lower end of the tailrace (see Figure 4-8).   
 

 
Figure 4-8.  7-day average of maximum daily temperature for upper (POWT1) and lower 
(POWT2) tailrace. 
 
Despite the tailrace having little or no shade, only minor increases in water temperature occur.  
The tailrace water originates from the surface of Packwood Lake, which is also exposed to 
maximum solar radiation.  Therefore, the equilibrium temperature for the tailrace and the surface 
water of Packwood Lake are similar.  Minor heating or cooling can occur within the tailrace, 
dependent upon ambient weather conditions since the larger mass of the lake is slower to 
respond to short-term ambient weather changes.  The travel time in the tailrace is relatively short; 
however, so the response is minimal.    
 
The tailrace empties into a side channel of the Cowlitz River.  In December, 2004, a flood caused 
the Cowlitz River to shift so that the majority of its flow is now directed into this side channel.  
Prior to the flood, the side channel flow primarily originated from the tailrace flow except during 
periods of high water when the river backflowed into this slough.  Figure 4-9 shows the 7-day 
average of the maximum daily temperatures for the lower end of the lined tailrace (POWT2) and 
the side channel (CRTSC).  During the summer, 2004, additional heating occurred within this 
side channel.  The M7-DADMax (21.9oC) for the side channel occurred on August 21, 2004, 
which is 0.66oC warmer than the corresponding M7-DADMax for the lower end of the tailrace. 
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Figure 4-9.  7-day average of the maximum daily water temperature for POWT2 (tailrace) and 
CRTSC (side channel of Cowlitz River).      
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Table 4-8 Difference in temperature for POWT1 minus LCDS  
  Maximum Daily Temperatures (C ) Mean Daily Temperatures (C ) 

  Mean Delta Max Delta St Dev Range Mean Delta Max Delta St Dev Range 

May -0.01 -0.68 0.33 -0.68 to 0.41 0.20 0.36 0.10 -0.18 to 0.36 

June -0.15 -0.68 0.32 -0.68 to 0.4 0.09 0.32 0.12 -0.15 to 0.31 

July 0.07 1.12 0.42 -0.68 to 1.12 0.19 0.58 0.19 -0.26 to 0.58 

August -0.10 0.78 0.44 -0.67 to 0.78 0.23 0.74 0.22 -0.17 to 0.74 

September 0.18 0.75 0.32 -0.52 to 0.75 0.29 0.63 0.19 -0.15 to 0.62 

M7-DADMax  -0.27       

October Plant shutdown for maintenance         
Difference computed as monthly average of daily values for POWT1 minus LCDS    
A positive value indicates temperature at POWT1 is warmer than LCDS    
A negative value indicates temperature at POWT1 is cooler than LCDS    
Instrument precision is +/- 0.18C        
A difference of <=0.3C is insignificant; significant differences indicated in bold type   
M7-DADMax is the difference in the 7-day average for the period ending 8/21/04   
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Table 4-9  Difference in temperature for POWT2 minus POWT1 

  Maximum Daily Temperatures (C ) 
  

Mean Daily Temperatures (C ) 

  Mean Delta Max Delta St Dev Range Mean Delta Max Delta St Dev     Range 

May 0.24 0.48 0.17 -0.15 to 0.48 0.14 0.29 0.05     0.05 to 0.29 

June 0.27 0.49 0.18 -0.16 to 0.49 0.17 0.29 0.04     0.08 to 0.29 

July 0.30 0.78 0.28 -0.17 to 0.78 0.17 0.36 0.10     -0.24 to 0.36 

August -0.08 1.09 0.76 -0.21 to 1.09 0.15 0.28 0.09     -0.10 to 0.28 

September 0.15 0.78 0.22 -0.17 to 0.78 0.11 0.19 0.04     0.02 to 0.19 

M7-DADMax   0.58                 

October Powerplant shutdown               
Difference computed as monthly average of daily values for POWT2 minus POWT1     

A positive value indicates temperature at POWT2 is warmer than POWT1      
A negative value indicates temperature at POWT1 is cooler than POWT2      
Instrument precision is +/- 0.18C          
A difference of <=0.3C is insignificant; significant differences indicated in bold type     
M7-DADMax is the difference in the 7-day average for the period ending 8/21/04      
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4.6 Snyder Creek 
 
Minimal to no discharge from the powerplant constant head tank to Snyder Creek was observed 
on the monthly sampling dates in 2004.  The drainage did not appear to have recently conveyed 
flow in excess of minor ground seepage; recent maintenance efforts have addressed the overflow 
issue.  The thermograph within this seep was often deployed within saturated soil with little or 
no expression of surface water.   Water temperature within Snyder Creek was monitored just 
upstream of the inflow seep from the powerplant constant head tank and at the mouth of Snyder 
Creek (upstream of the fish passage culvert under the tailrace).  The water temperature at these 
two sites was not significantly different.  The highest single day difference in maximum daily 
water temperature was 0.2oC and the average difference in maximum daily temperatures was 
0.04oC; values less than instrument resolution.  Temperatures in Snyder Creek exceeded 16oC for 
38 days in 2004. 
 
4.7 Ongoing Monitoring 
 
Thermographs remain deployed for tributaries to Packwood Lake, Lake Creek downstream of 
the drop structure, the tailrace, tailrace side channel and lower Lake Creek throughout winter 
2004/2005.  Thermographs in the tributaries to Packwood Lake are operating but are not being 
regularly downloaded in the winter due to access limitations.  Elsewhere, data from these 
thermographs will continue to be downloaded monthly through April 2005.  Upon completion of 
one year of temperature monitoring (April 2004 – April 2005), data from all sites will be 
downloaded and all the data will be analyzed with a report issued that describes the results for 
the entire monitoring period. 
 
Subject to consultation with the work group and comments from the agencies on the scope of 
studies per the Integrated Licensing Process, Energy Northwest proposes to continue using 
thermographs to monitor water temperature at the following locations for a second summer 
season May through September 2005).   

·  LCDS Lake Creek downstream of drop structure 
·  LCDS 1500 Lake Creek approximately 1,500 ft downstream of drop structure 
·  POWT1 and POWT2 upper and lower tailrace sites 
·  CRTRSC Colwlitz River side channel downstream of tailrace 
·  LCMH  Lake Creek near mouth 
·  Weather stations near the drop structure and at the powerplant 

 
There do not appear to be issues for compliance with the temperature criteria for Snyder Creek 
due to project operation so further monitoring of Snyder Creek water temperature is not 
recommended.  Temperature data collected in 2004 is considered sufficient to characterize lake 
temperatures so a second season of temperature monitoring in Packwood Lake and its tributaries 
is not recommended.   



 

 

 
 
 
 
 

APPENDIX B 
 

HYDROLAB CALIBRATION PROCEDURES 
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Appendix B 
QA/QC and Calibration Procedures for Hydrolab DataSonde 

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

i.e. common sensing unit that has been calibrated to an accurate barometer may be used. 
2. Calibrate ambient pressure:  barometric pressure = total dissolved gas pressure (Units = 

mm/Hg) 
3. Set up TDG probe to pressure source (TDG membrane must be removed).  Add 200 mm Hg 

of pressure.  (Note:  200 mm Hg is equal to approximately 125% saturation).  Calibrate if 
necessary. 

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

 
Conductivity 
1. For a two-point calibration, fill storage cup with distilled water.   Allow to equilibrate, unit 

should be reading 0. 
2. Use a known conductivity standard that is the range of the sampling water.  Rinse with 

standard, then fill storage cup with standard, and allow to equilibrate.  Enter calibration value 
in the calibration menu if necessary. 

 
Dissolved Oxygen 
1. Determine local barometric pressure.  A secondary source – i.e. Common Sensing Unit that 

has been calibrated to an accurate barometer may be used. 
2. Rinse dissolved oxygen probe. 
3. Fill storage cup (Hydrolab should be inverted) to just below the O-ring of dissolved oxygen 

membrane. 
4. Gently wipe any moisture on the dissolved oxygen membrane using KimWipes or Q-tips. 
5. Put cap on storage cup and wait 5 minutes.  This method of calibration is set-up so that the 

air surrounding the dissolved oxygen membrane is in a 100% humid environment and 
therefore will be in a 100% dissolved oxygen saturated environment. 

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

7. Additional calibration if necessary: confirm calibration (i.e. field tests) by using the Winkler 
method for dissolved oxygen.  This will give you values in mg/L.  Compare Winkler mg/L 
and Hydrolab mg/L.  They should be within 0.3 mg/L or better. 
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pH 
1. Replace reference electrode solution if necessary.  Reference solution needs to be replaced 

every 2-4 weeks in the integrated pH probe, versus 2-3 months for the stand-alone electrode.  
2. The top surface of the reference electrode contains a “teflon junction” which allows for the 

pH reference solution to escape. Do not handle by this teflon junction. 
3. Stand-alone version: Remove the reference electrode probe.  Rinse and re-fill with new pH 

reference solution.  Fill almost to the top of the probe and gently re-place onto Hydrolab.  
The excess reference solution will leak out the sides and the top of the teflon junction.  This 
probe does not thread – and will be slightly “loose” in comparison to the other probes. 

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

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

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

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

8. Rinse 1-2x prior to calibration with the appropriate buffer solution. 
 
STORAGE/MAINTENANCE 
 
Total Dissolved Gas 
1. Gently clean dissolved gas membrane – rinse with water and scrub softly with a soft bristle 

tooth brush. 
2. Gently wipe off excess water around probe.  Replace probe with storage cap.  TDG 

membrane needs to be stored dry! 
3. Allow membrane to dry for 1-2 days and store in plastic container.  For best results, replace 

with a clean dissolved gas membrane.   
 
Conductivity  
1. Gently clean conductivity probe with alcohol and Q-tips. 
 
Dissolved Oxygen 
Changing Membrane: 
1. Position Hydrolab in a vice so that it is in a sturdy, upright position. 
2. Remove O-ring and membrane.  Rinse probe with distilled water.  Fill probe with electrolyte 

solution, form a large meniscus on the probe. 
3. Gently place dissolved oxygen membrane onto the top surface of the meniscus.  Allow the 

membrane to gently fall over the probe so that no air bubbles are introduced into the solution.  
Handle membrane by the corners! 

4. In one motion, fit the O-ring around the probe to keep the membrane in place.  If done 
incorrectly, air bubbles will form under the surface of the membrane.  If air bubbles form, re-
do the procedure. 
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5. Allow membrane to sit on the Hydrolab for 24 hours before calibration.  (Recommended by 
manufacturer--it is possible to do within 1-2 hours). 

Cleaning: 
1. Over long-term use, the gold ring surrounding the probe may need to be sanded.  Also check 

the “cathode” – the probe may become oxidized (very black in color) and a new probe may 
need to be ordered. 

Long-term storage: 
1. Hydrolab recommends removing the electrolyte solution from the dissolved oxygen probe.  

Fill probe with distilled water and replace membrane. 
 
pH 
1. Clean bulb with alcohol and soft Q-tips.  Do not use an abrasive scrubbing agent as you 

could scratch bulb. 
2. pH probe needs to remain moist.  Fill ¼ of storage cap with tap water (do not fill with 

distilled water!) 
Slow probe response time is most likely due to a dirty or scratched pH probe or new reference 
electrode solution may be needed. 



 

  

 
 
 
 
 

APPENDIX C 
 

LABORATORY QUALITY ASSURANCE PLAN 
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MISSION STATEMENT 

 

Energy Northwest’s Environmental Services Analytical Laboratory is dedicated to providing the highest possible 

level of quality and integrity in the services it provides both to organizations within Energy Northwest and to outside 

clients.  All work provided by the laboratory staff is within the scope of this manual and appropriate operating and 

analytical procedures from the US Environmental Protection Agency (EPA), American Society for Testing and 

Materials (ASTM), Standard Methods for the Examination of Water and Wastes, Energy Northwest’s 

Environmental Services Supplemental Analytical Laboratory Instructions (SALIs) and Energy Northwest’s 

Environmental Services Standard Operating Procedures (SOPs). 

 

The Quality Assurance Program describes procedures and documentation for all phases of sample collection, chain-

of-custody, sample analysis, data analysis, analytical data accuracy and precision, report preparation and 

management review.  Implementation of the program is accomplished via Standard Operating Procedures. 

  

The laboratory is accredited by the State of Washington Department of Ecology (WDOE), laboratory 
accreditation number SO17.  Laboratories subcontracted by Environmental Services are required to be 
certified by the regulating authority for those analyses. 
 

This manual is written to conform to WAC 173-50, a standard also in compliance with WAC 246-390. The quality 

assurance program also incorporates those elements necessary to perform work under the Toxic Substances Control 

Act (TOSCA, 40CFR Part 792) as well as for the designation as a ‘Commercial Grade’ vendor for nuclear facilities.  

Environmental Service’s Standard Operating Procedures are considered as a supplemental volume to the Quality 

Assurance Manual.  Control, distribution and revision authority for this manual resides in Environmental Services 

(SOP 12.02). 

 

ORGANIZATION 

 

The Environmental Services Analytical Laboratory organizational structure, delineation of authority and 

responsibilities are described below and in Figure 1. The résumés or CVs of analytical laboratory personnel are 

presented in Attachment A.  

 

 

 

 

Figure 1:  Organization of the Environmental Services Analytical Laboratory 
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Temporary Personnel
and Consultants

Analyst
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CEO
Energy Northwest

 
 

Energy Northwest Quality Assurance 

¨  Independent oversight of selected Energy Northwest activities; 
¨  Performs periodic quality assurance and/or technical surveillance of selected programs. 
 

Laboratory Supervisor 

¨  Meets the minimum qualifications outlined in WAC 173-50 and WAC 246-390; 
¨  Is defined as Management by SOP and in this manual; 
¨  Ensures that quality assurance programs and policies are implemented; 
¨  Establishes personnel qualifications and training requirements; 
¨  Develops the laboratory budget and approves purchases of capital equipment 
¨  Notifies those authorities through which the laboratory is certified of significant changes in personnel, 

equipment or capabilities; 
¨  Approves organizational agreements; 
¨  Performs other duties as described in SOP 02.01. 

 

Laboratory Lead 

¨  Meets the minimum qualifications outlined in WAC 173-50 and WAC 246-390; 
¨  Manages technical and fiscal aspects of laboratory operations; 
¨  Serves as LIMS administrator 
¨  Acts as project manager for specific customers and performs duties of an analyst; 
¨  Performs other duties as described in SOP 02.01. 

Analysts/Project Managers 

¨  Meet the minimum qualifications outlined in WAC 173-50 and WAC 246-390;Acts as project manager 
for specific customers; 

¨  Performs sample log-in, preservation and disposal; 
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¨  Performs other duties as described in SOP 02.01.  

 
QUALITY ASSURANCE/QUALITY CONTROL POLICIES 

 

The goal of the Environmental Services Analytical Laboratory is to produce accurate and defensible analytical data.  

The Quality Assurance Program provides a means to ensure that the analytical data are accurate and that there is 

sufficient confidence in the data.  To accomplish this, the Quality Assurance Program contains the following 

components or policies: 

 
a) The Quality Assurance Program for the Environmental Services Analytical Laboratory 

is documented and includes written, approved and controlled SOPs for activities 
affecting the quality of the analyses and reported results. 

b) Control of sample and data handling ensures traceability and accountability. 
c) Quality control samples, including spikes, blanks, duplicates, and replicates, are analyzed 

when applicable.  Control charts are used to track check standard and recovery results as 
appropriate. 

d) All personnel involved in the laboratory are indoctrinated and trained.  Each individual’s performance of laboratory procedures is 
evaluated on a regularly scheduled basis. 

e) Records concerning quality control and relating to overall laboratory performance are 
retained for the required storage periods. 

f) The laboratory participates in an interlaboratory comparison program in addition to the intralaboratory 
program of spikes, blanks, duplicate, and replicate samples. 

g) Analytical equipment and instruments are properly calibrated and maintained. 
h) Safe practices are used for receipt, storage, handling, use, and disposal of reagents, 

compressed gases, and bulk chemicals, as well as in the overall conduct of the laboratory. 
 

Revisions to the Quality Assurance Manual 

Revisions to the Quality Assurance Manual are performed in accordance with SOP 12.02.  Most revisions in quality 

assurance or quality control are accomplished via revisions of SOPs.  Attachments to the Quality Assurance Manual 

are not controlled.  These attachments are dated, are reviewed annually, and may be amended as frequently as 

changes in personnel and procedures require. 

 

SAMPLE MANAGEMENT 

 

Samples received by the laboratory for analysis are handled and controlled so that the integrity and identity of each 

sample is maintained. 

 

Sample Receipt and Tracking 

Samples are received and tracked in the laboratory under the guidance of SOP 08.02.  Information regarding sample 

collection, identification, client and required analyses is entered onto the Laboratory Information Management 

System (LIMS) at sample receipt.  Sample Master 2000 (Accelerated Technology Laboratories, Inc.) and RBMWare 

(Computational Systems, Inc.) are the LIMS systems used for general samples and lubrication oils, respectively. 

Sample tracking begins at log-in for samples requiring specific storage conditions. For samples kept at ambient 

conditions, the only tracking performed is acceptance of sample custody by the laboratory until such time as the 

sample is returned or discarded. 
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Chain-of-Custody 

Chain-of-custody forms (SOP 08.01) must be used for samples to be accepted by the laboratory; Environmental 

Services has a general form and also uses forms based on the Washington State Department of Health’s format for 

drinking water samples.  These records include the collector’s name, customer sample ID number, sampling 

location, date and time of sampling, sample type, number of containers, and the analyses required.  When 

transferring possession of samples, both parties sign and record the date and time of the transfer on the form.  Some 

clients submit samples using their own chain-of-custody forms, which generally include the same information fields 

as the Analytical Laboratory’s form, and custody transfers are documented as described, above.  In the case of 

missing data, the client is contacted for further information, if necessary. 

 

Sample Storage, Preservation and Preparation 

Upon receipt, samples are preserved and stored (SOP 08.03).  Either Table I from the US EPA’s Methods for 

Chemical Analysis of Water and Wastes or Table 1060:I in Standard Methods provides the basis for initial sample 

handling.  Preservation methods and storage temperatures are specific for each analyte. Aliquots are taken at log-in 

if more than one preservation method or storage condition is necessary for the tests required of a single sample.  

Samples are prepared for analysis following procedures from EPA, American Society for Testing and Materials 

(ASTM), Standard Methods, or Supplemental Analytical Laboratory Instructions (SALIs). 

 

Sample Analysis 

Each sample is analyzed in a batch, which includes quality control samples as described in applicable analytical 

methods.  The laboratory makes a significant effort to process and analyze samples prior to the maximum holding 

times listed in EPA’s Table 1 or Table 1060:I from Standard Methods.  If the holding times are exceeded, the client 

or customer is immediately notified of the failure.  Either a notation is made on the report of results or a replacement 

sample is collected. 

 

External Service Providers 

External laboratories are used to provide analyses for which the Analytical Laboratory is not certified or when the 

capacity is unavailable internally.  These laboratories are used with the knowledge of clients, and are certified to 

provide analyses by the regulatory authority under which the samples were collected (SOP 08.05).  Samples are 

received, preserved as necessary, and either shipped via overnight carrier or taken to the cooperating laboratory.  

Before shipping, these samples are logged into the LIMS to provide a method for tracking completion of analyses 

and reporting of results.  The original report from the cooperating laboratory is forwarded to the client. 

 

Sample Retention and Disposal 

Samples are retained for a minimum of 120 days following completion of analyses.  Retained samples are stored 

separately from uncompleted samples under the same temperature conditions as at log-in. After the retention period, 

samples are generally discarded; they may be returned to the customer if requested.  Disposal is in compliance with 

Energy Northwest’s chemical hygiene plan and with all local, state and federal waste disposal codes. 

 

PROCEDURES AND METHODS 
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Most laboratory procedures are contained in SALIs.  The remainder of laboratory analytical procedures is performed 

directly from the ASTM, EPA or other standard method used.  Analytical procedures in SALIs are generally based 

on and cite ASTM, EPA or other standard methods.  Some specialized analyses are contained only in the SALIs, as 

there is no standard method upon which they can be based.  The analytical procedures used in the laboratory are 

listed in Attachment B. 

  

All laboratory instructions and SOPs are reviewed and approved prior to being distributed for use. Analytical 

Laboratory’s SOPs and SALIs are reviewed annually, and are controlled by Environmental Services.  Modifications 

to established methods for specific projects or at customer request may be accommodated via a project plan rather 

than by method revision.  These project plans supercede requirements of this manual and of standard methods or 

laboratory instructions. 

 

All analytical methods, SALIs and SOPs used are the latest revisions.  Outdated instructions are removed from all 

manuals and discarded.  Prior to performing an analytical method unsupervised, personnel are trained in the 

procedure and training documented by the laboratory supervisor, laboratory lead or authorized instructor.  Safety 

training is also documented, either by the laboratory supervisor, laboratory lead or Energy Northwest. 

 

Performance of laboratory personnel using these methods is verified by analysis of blind quality control samples.  

Analyses of these samples are a requirement for continuance of the certification the laboratory holds from the 

Washington State Department of Ecology.  These samples are treated, from receipt through disposal, in a manner 

identical to that used for authentic samples. 

 

QUALITY CONTROL AND CALIBRATIONS 

 

Quality control in the laboratory includes control of samples, data, chemicals, reagents, standards, analyses and 

instrumentation.  Specific calibration and quality control requirements are contained in SOPs and SALIs, or are 

included in the official methods that are used directly. 

 

Chemicals, Reagents, and Standards Control 

Chemicals and reagents used in the laboratory are ACS grade or better.  Analytical standards have the level of 

certification required for the analyses in which they are used.  Specific procedures (SOP 04.01) delineate the 

labeling, use and shelf-life monitoring of all chemicals and reagents used in the laboratory. Expiration dates are 

assigned for all perishable substances if they had not been assigned by the vendor.  Receipt, storage, use and 

disposition of analytical standards are also governed by established procedures (SOP 04.02).  Chemicals with 

inadequate records and any expired chemicals may be used by the laboratory for method development, instrument 

testing or personnel training, but are not used in analyses of authentic samples. 

 

Reagent-grade Water 

Reagent-grade water is supplied for laboratory use via several water purification systems.  The quality of the water 

delivered meets or exceeds the water purity requirements of the analytical methods in which it is used.  Specific 

protocols that may have reagent water quality requirements beyond those specified in analytical methods are 
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covered in separate project quality plans. 

 

Quality Control Samples 

The quality control samples used in the laboratory have been defined, along with general requirements for their 

frequency and acceptance criteria (SOP 09.05).  In order of precedence, the laboratory meets or exceeds specific 

requirements for quality control sample types, frequency and acceptance criteria mandated by: study protocol or 

project quality plan; client or contract; analytical instruction or method; or SOP. 

 

For field collections, quality control samples can include duplicates, equipment blanks, field blanks, and trip blanks.  

Sampling is usually performed by our customers; the number and frequency of quality control samples is determined 

by the regulatory authority under which the samples are collected.  When required, a project-specific quality plan 

may be developed to describe these. 

 

Applicable quality control samples are described in individual analytical procedures, and may consist of one or more 

calibration and check blanks, calibration and check standards, replicates and spikes.  Control sample types and 

numbers meet the minimum requirements of the analytical method used.  Analyses are not performed until initial 

control criteria are met.  If calibrations or other quality control samples fail to meet acceptance criteria during the 

course of an analysis, data from affected samples are not used. 

 

Control Charts 

When applicable, control charts of quality control sample results are maintained.  Results from quality control 

samples are entered into the laboratory information management system (LIMS), and charts produced directly by the 

LIMS or by a separate computer program. 

 

Detection and Quantitation Levels 

Detection level terminology and methods for their calculation are described in Standard Methods.  The 
method quantitation level is reported by the laboratory unless the customer has requested a different limit.  
Reported quantitation levels meet the reporting requirements set forth by the regulatory authority, test 
procedure or contract under which the samples were collected.  Quantitation levels are verified with each 
set of analyses and detection levels formally updated biennially.  Unless otherwise requested by the 
customer, any result that falls below the quantitation level is reported as less than the quantitation level. 
 

Instrument Calibrations 

Calibration requirements and acceptance criteria are specified by analytical procedures, and are generally described 

in the SOPs governing use, calibration, maintenance and repair of specific instrumentation.  Calibrations are as often 

as each use, as for chromatographic instrumentation, or as rarely as twice a year, as for analytical balances.  These 

may be at a single point or over a wide range of values. Frequency, range, number of points and acceptance criteria 

meet or exceed, in order of precedence, the requirements of: study protocol or project quality plan; client or contract; 

analytical method; or SOP. 

 

DATA MANAGEMENT 

 

Data handling methods used by laboratory personnel, as well as the measures taken to ensure that sample data are 
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complete and accurate, are implemented via SOPs. 

 

Data Recording 

Recording of sample data at receipt, including descriptive information and assignment of a unique laboratory 

identification number, is accomplished via the LIMS.  The types of analyses required, preservation or other special 

handling requirements, sample condition, and verification that sample handling steps were performed are recorded 

in the LIMS or on the receiving documents (SOPs 08.01, 08.02 and 08.03). 

 

Raw data may be recorded by hand or computer entry.   Procedures for entering and correcting data, as well as 

abbreviations acceptable for laboratory use, have been established (SOPs 10.07 – 10.09).  Sample records all contain 

the laboratory identification number, the date, the recorder’s initials and pertinent sample or instrumental data.  Use, 

maintenance and repair data are recorded in the maintenance logs for each instrument.  Entries made into these logs 

are dated and initialed by the individual making the entry. Instruments and their logs are managed according to 

individual, instrument-specific, SOPs.  Sample results are entered into the LIMS, which then may also be used to 

produce the final reports.  The LIMS is also used to verify that sample analyses, data entry and reporting have 

occurred for all submitted samples. 

  

Data Reduction 

Raw data generated by instrumental or wet chemistry methods are converted to reported results through calculation 

and/or rounding off, by either computer programs, by hand or by hand-held calculator. Procedures are established 

for rounding and significant figures as well as for validation of computer or hand calculations (SOP 10.09) 

 

Data Review and Validation 

Sample results are reviewed for reasonableness and consistency by the analyst, entered into the LIMS by the analyst 

or other personnel, and reviewed for accuracy of entry by a second individual (SOP 10.09).  The completed data 

package, including the preliminary report, receiving documentation, and both internal and external sample and 

QA/QC results, is reviewed and approved by the project manager or laboratory lead. 

 

Data Reporting 

Report formats are by customer preferences or regulatory mandate.  They include at least the laboratory 

identification number cross-referenced to the customer identification, results of analyses, a notation of any deviation 

from procedures or analytical techniques, as well as any unusual observations or results. 

 

The final report, along with original reports for analyses performed by external subcontractors, is sent to the 

customer as soon as possible after review and approval of the data package.  If reports cannot be issued within the 

periods required by agreements, procedures, and regulations, the customer and/or regulatory agency is immediately 

notified.  The original raw data and certified copies of reports are retained.  

 

Reporting of Defects and Non-Compliance 

Personnel are trained in documenting and promptly reporting deviations from accepted SOPs, methods 
and laboratory instructions (SOP 01.06).  Depending on the nature of the deviation, notification may 
remain internal or extend to clients and regulatory agencies.  Upon determination that a reported sample 
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result requires amendment, the affected client and/or agency is notified by the project manager or 
laboratory lead as soon as possible, and an amended report issued. 
 
Criteria for defining an out-of-tolerance sample may be established by client, contract or regulatory 
authority.  When these criteria have been made known to the laboratory, and when customers have 
identified samples subject to these criteria, the analyst or project manager evaluates analytical results 
against them.  Personnel training covers procedures for defective sample documentation, reporting, and 
notification specified by client or contract or mandated by the regulatory authority under which samples 
were collected (SOP 10.01).  Such notification is the responsibility of the project manager or the 
laboratory lead. 
 

Record Retention 

All records for personnel, analyses, quality assurance, instrumentation, reports and supporting 
documentation are retained in accordance with regulatory or contractual requirements.   Long term record 
control, retention and secure archiving services are provided by Energy Northwest. 
 
TRAINING 

 

Environmental Services Analytical Laboratory personnel are qualified and trained to perform their assigned 

functions.  Initial orientation and training of new employees includes familiarization with pertinent regulations, 

standards, and procedures (SOPs 02.02 and 02.03).  All laboratory personnel are also trained in quality assurance 

through initial employee orientation, on-the-job training and periodic QA training sessions. Documentation of 

training and proficiency is included in the employee’s laboratory files. 

 

The qualifications and performance of each analyst are evaluated at regular intervals by the laboratory supervisor 

and/or lead.  When possible, blind samples and the results of standards and blanks are also used to verify analysts’ 

performance.  These evaluations are part of an employee’s personnel files. Personnel evaluations, as well as blind 

sample and audit results, can prompt scheduling of additional laboratory training sessions. 

 

AUDITS 

 

Audits of Environmental Services programs are performed by the Energy Northwest Quality Program / Quality 

Control group.  The audit frequency and selection of programs is determined by the Quality Program / Quality 

Control group.  Clients and customers may also audit laboratory operations, along with audits from the Washington 

State Departments of Ecology and Health at regular intervals.  None of these audits has yet resulted in a significant 

adverse finding, although issues of inconsistencies in procedures or documentation have been brought to 

management’s attention. 

 

Analytical laboratory personnel request an exit interview with all auditing agencies, as well as requesting 
that a preliminary report of findings be forwarded to the laboratory at the earliest opportunity.  Prompt 
corrective action is implemented in response to any findings of procedural or regulatory noncompliance 
or for any other deficiencies identified in any audits.  Corrective actions usually involve personnel 
training and/or amendment of SOPs and data forms. 
 
Any deficiency, identified through an audit, surveillance, or other means, that is so adverse to quality that 
the validity of results obtained by the laboratory are affected, is to be reported immediately to 
Management.  In this unlikely event, the laboratory supervisor is charged with suspending all laboratory 
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operations until such time as the deficiency has been resolved. In addition, clients and regulatory agencies 
that had received reports of results whose analytical validity are thrown into question are to be contacted 
immediately regarding potential quality defects in the data.  Amended reports, describing the magnitude 
of the deficiency and potential impact on the data, are to be issued as soon as possible. 
 
 REFERENCES 

 

Chapter 70.42 RCW - Licensure 
 
Chapter 173-50 WAC - Department of Ecology Accreditation 
 
Chapter 246-390 WAC - Department of Health Certification 
 
Chemical Hygiene Plan, Washington Public Power Supply System, 1998 
 
Keith, L. H., et al, "Principles of Environmental Analysis," Analytical Chemistry, 1983, Volume 55, pp. 2210-2218 
 
“Methods for Chemical Analysis of Water and Wastes,” 3rd Edition, United States Environmental Protection 

Agency, 1983 
 
PPM 1.10.1, Reportable Events and Occurrences Required by Regulatory Agencies 
 
PPM 1.10.2, Routine or Periodic Reports Required by Regulating Agencies 
 
Procedural Manual for the Environmental Laboratory Accreditation Program, Washington State Department of 

Ecology, January 1994 
 
Quality Assurance and Quality Control for Environmental Laboratories, Design Guidelines.  EPRI, 1989 
 
Standard Methods for the Examination of Water and Wastes, 19th Edition, American Public Health Association, 

1995 
 
Taylor, John Keenan, Quality Assurance of Chemical Measurements, Lewis Publishers, 1988 
 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846), United States Environmental 

Protection Agency, 1986 
 

 CERTIFICATION AUTHORITY POINTS OF CONTACT 

 

  State of Washington   (206) 895-4649 
  Department of Ecology  FAX (206) 895-4648 
  Quality Assurance Section 
  P.O. Box 488 
  Manchester, WA  98353 
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1.0 PURPOSE AND SC0PE 
 
 This procedure establishes a spill prevention and countermeasure plan for activities at the 

Packwood Lake Hydroelectric Project (Packwood) as required by state and federal 
requirements.  The procedure describes the oil, fuel and hazardous material storage 
facilities, the reporting system, and the categories of hazardous materials that might be 
stored at the project. 

 
 The procedure will be reviewed at least annually and updates made as needed. 
 
2.0 REFERENCES 
 
 2.1 40 CFR Part 302, Designation, Reportable Quantities, and Notification 

Requirements for Hazardous Substances. 
 
 2.2 40 CFR, Part 112, Oil Pollution Prevention. 
 
 2.3 Chapter 173-303 Washington Administrative Code (WAC), Dangerous Waste 

Regulations. 
 
 2.4 Department of Ecology, Stormwater Management Manual for Western 

Washington (SWMMWW), August 2001. 
 
 2.5 Washington State Department of Ecology, Toxic Clean Up Program Policies, 

"Policy 101, Site Discovery -- Release Reporting" 
 
3.0 DEFINITIONS 
 
 3.1 Oil Spill - Any spill of unrefined or refined petroleum products.  Spill is any 

discharge that will cause a film or sheen upon, or discoloration of water, or cause 
a sludge or emulsion to be deposited beneath the surface of water. 

 
 3.2 Hazardous Material - Any chemical or substance which could be hazardous to the 

environment.  Many hazardous materials have reportable spill quantities 
established; for specifics, refer to 40 CFR Part 302 (Reference 2.1). 

 
 3.3 Discharge - Discharge means the accidental or intentional release of petroleum 

and/or hazardous substances, including wastes and waste constituents, such that 
the substance may enter or be emitted into the environment. 

 
 3.4 Release - Release includes, but is not limited to, the actions of spilling, leaking, 

pumping, pouring, emitting, dumping, emptying, depositing, placing, or injecting. 
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4.0 RESPONSIBILITIES 
 

 4.1 Regulatory Services personnel shall have the primary responsibility for 
overseeing compliance with state and federal environmental regulations. 

 
 4.2 The Packwood Project Manager shall have the overall responsibility for ensuring 

compliance with state and federal environmental regulations. 
 
 4.3 The Packwood Station Leader shall have the primary responsibility for ensuring 

day-to-day project operations are in compliance with state and federal 
environmental regulations.   

 
 4.4 The person in direct charge is the craft assigned to the task of handling and 

storing oil, fuels and hazardous materials. 
 
5.0 PROCEDURE 
 

 5.1 References to Federal Requirements of 40 CFR 112.7 
 
 In accordance with 40 CFR 112.7, the following paragraphs provide a cross-

reference to the requirements listed in that part. 
 
 5.1.1 Part 112.7 (a) Conformance, Facility Layout, Contacts – This procedure 

includes current Best Management Practices for spill prevention to further 
reduce the likelihood of spills, and countermeasures should a spill occur.  
See Attachments 6.3 and 6.4 for facility layout and diagrams of the 
properties.  See Attachment 6.5 for site personnel contact information.  
Paragraph 5.4.5 provides information on spill reporting; agency contacts 
are provided in Attachment 6.7. 

 
  5.1.2 Part 112.7 (b) Prediction of Oil Discharges for Major Failures – See 

Attachment 6.1 for listing of materials at Packwood.  Currently, the largest 
quantities of oil are contained in transformers, as shown in 
Attachment 6.4.  Should there be a failure of a transformer, the rate of 
flow would depend on weather conditions; during rainy weather, the 
material could flow with storm water runoff. 

  
  5.1.3 Part 112.7 (c) Containment and Diversionary Structures – See 

Attachment 6.2 and Section 5.2 for a description of acceptable structures 
and requirements. 

 
  5.1.4 Part 112.7 (d) Oil Spill Control Procedures – See Section 5.4. 
 
  5.1.5 Part 112.7 (e) Inspections, Tests and Records – See Sections 5.3 and 5.5. 
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5.1.6 Part 112.7 (f) Personnel, Training and Discharge Prevention Procedures – 
See Section 5.2.  Training is discussed in paragraph 5.2.16.  
Responsibilities for spill prevention and countermeasures are described in 
Section 4. 

 
  5.1.7 Part 112.7 (g) Security – See paragraph 5.2.23. 
 
  5.1.8 Part 112.7 (h) Facility Tank Car/ Tank Truck Loading/ Unloading – See 

paragraph 5.2.11.  At the present time there are no bulk material 
deliveries. 

 
  5.1.9 Part 112.7 (i) - Repair of Field Constructed ASTs – Not applicable at this 

time. 
 
  5.1.10 Part 112.7 (j) State Rules and Guidelines – See References 2.3, 2.4, and 

2.5.  State rules and guidelines have been used through out this procedure.  
 
 5.2 Prevention Requirements 
 
  The following are summaries of the guidelines and requirements necessary for 

control and prevention of oil, fuel, and hazardous material spills.  The BMPs are 
Mobile Fueling of Vehicles and Heavy Equipment, Maintenance and Repair of 
Vehicles and Equipment, Loading and Unloading Areas for Liquid or Solid 
Material, Liquid Storage in Permanent Above-Ground Tanks, and Storage of 
Liquid, Food Waste, or Dangerous Waste Containers. 

 
  5.2.1 Users of oil, fuels, and hazardous materials must have a supply of oil 

absorbent materials on site for cleaning up minor spills.  A supply of 
materials and spill cleanup kits for emergency use by site personnel will 
be located at Packwood.  These kits should include non-water absorbents 
capable of absorbing 15 gallons of diesel fuel; a storm drain plug or cover 
kit; a non-water absorbent containment boom of a minimum 10 feet in 
length with a 12-gallon capacity, a non-metallic shovel, and two empty 
five-gallon buckets with lids.  Absorbent material used to clean spills shall 
be handled in accordance with Reference 2.3.  

 
  5.2.2 Attachment 6.1 lists categories of materials that may be stored on site.  

Material Safety Data Sheets (MSDSs) are required for all oils, fuels and 
hazardous materials.  Copies of MSDSs are located in the Packwood 
office.  Prior to bringing a material to Packwood, the user must forward a 
copy of the Material Safety Data Sheet to the Packwood Station Leader. 

 
  5.2.3 Permanent bulk storage tanks will be contained within curbed storage  
   pads or on level storage areas surrounded by a berm or dike sized to 

contain a containment volume of either 10 percent of the total enclosed  
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tank volume or 110 percent of the volume contained in the largest tank, 
whichever is greater, or if a single tank, 110 percent of the volume of that 
tank.  A tank overfill protection system will be used to minimize the risk 
of spillage during filling.  Portable tanks and barrels will be stored using 
prefabricated storage containers, or surrounded by a berm or dike sized to 
contain the containment volume of either 10 percent of the total enclosed 
container volume, or 110 percent of the volume contained in the largest 
container, whichever is greater, or if a single container, 110 percent of the 
volume of that container.  Dikes containing hazardous waste materials 
shall have roofed coverings to prevent accumulation of storm water.  
Attachment 6.2 outlines acceptable storage dike facilities.  All materials 
shall be stored in accordance with the Uniform Fire Code.  The person in 
direct charge of the bulk storage area will regularly sweep and clean the 
storage area, and will check for leaks and spills, and have repairs made as 
needed.  All spills made within dikes will be cleaned up as soon as 
practicable.    

 
  5.2.4 Where berms or dikes are used, they will be designed in such a way as to 

permit storm water to be drained from the area inside the berm or dike 
without discharging any oil, fuel or hazardous material with the water.  
Where a valve is used, the valve shall be left in the normally closed 
position.  Where sump pumps are used, the pump shall normally be left 
disconnected.  The person in direct charge shall look for evidence of 
contamination before opening a containment dike valve or operating a 
sump pump to allow discharge of storm water, and shall document that the 
inspection was made.  Evidence of contamination can include the  

   presence of visible sheen, color, or turbidity in the runoff.  Simple pH 
measurements with litmus or pH paper can be used for areas subject to 
acid or alkaline contamination.  

 
  5.2.5 No barrels or tanks will be allowed to sit in accumulated liquids.  Barrels 

or tanks will be covered and stored so that water cannot accumulate on 
top.  All tanks and barrels will be stored in a manner to prevent rusting 

   and damage to the containers.  Drip pans will be placed beneath all 
mounted container taps and at all potential drip and spill locations during 
filling and unloading of containers.  The person in direct charge will  

   check containers and storage areas for leaks and spills.  
 

 5.2.6 Drums stored in an area where unauthorized persons may gain access must 
be secured in a manner that prevents accidental spillage, pilferage or any 
unauthorized use. 

 
  5.2.7 Containers of five gallons or less shall be stored in designated storage 

areas, generally within buildings, storage containers, and/or flammable  
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storage lockers where spills can be contained.  When the material is in use 
on site, small containment pans shall be used to store the material. 

 
  5.2.8 Traveling equipment, compressors and generators will be maintained 

properly to minimize oil, grease, and hydraulic fluid leakage.  Incoming 
vehicles, parts, and equipment used and stored outside will be checked for 
leaks.   

 
  5.2.9 Use of well maintained equipment and fixtures for fueling and 

maintenance operations will be encouraged.  Use of items such as quick 
couple nozzles with automatic shut-off and absorbent materials for 
fueling, suction pumps to drain oil, drip pans when changing oil filters and 
fueling, and locating waste receptacles for oil and filters on service trucks 
will also be encouraged.  Fuel lines will not be extended across a 
trafficable lane.  The fill nozzle will be removed and filling stopped when 
the automatic shut-off valve engages; there will be no "topping off" of the 
fuel receiving equipment.  Adequate lighting shall be maintained at all 
filling points. 

 
  5.2.10 Equipment maintenance must be conducted in assigned areas except for 

approved light field servicing.  All equipment working in the vicinity of 
Packwood Lake, ditches, storm drains, creeks, the tail race, or the Cowlitz 
River must move to an area where any release can be contained and 
prohibited from entering Packwood Lake, the drainage system, creeks, the 
tail race, and/or the Cowlitz River during servicing and fueling operations.  
The area should be at least 25 feet away from the nearest storm drain or 
inside an impervious containment with a volumetric holding capacity 
equal to or greater than 110 percent of the fuel tank volume.  As an 
alternative, the storm drain may be covered to ensure no inflow of spilled 
or leaked oil, fuel, or grease.   

 
 5.2.11 When oils, fuels, and/or hazardous materials will be loaded or unloaded, 

an employee trained in spill containment shall be present.  To the extent 
practicable, unloading or loading of solids and liquids shall be conducted 
in a building, under a roof, under a lean-to, or other appropriate cover, 
consistent with the Uniform Fire Code.  Drip pans or other appropriate 
temporary containment devices shall be placed at hose connections, hose 
reels, filler nozzles, and other appropriate locations to capture any 
potential leak or spill.  For permanent loading/unloading areas, the area 
shall be bermed, diked, or sloped to prevent spills from leaving the area, 
and to prevent stormwater from entering the area.  The area shall drain to a 
dead-end sump, spill containment sump, a spill control oil/water  

  separator, or other spill control device.  For permanent loading/unloading 
areas, the area on which the transfer takes place shall be paved with a 
material compatible with the material being transferred, e.g., an area for 
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transfer of gasoline would be paved with Portland cement concrete, not 
with asphalt. 

 
  5.2.12 Liquid waste and materials contaminated with oil or hazardous materials 

must be collected for salvage or disposal off-site in accordance with 
Reference 2.3 and the Hazardous Waste Management Plan. 

 
  5.2.13 Contractors working at Packwood are responsible for storage of materials 

in accordance with this procedure and Reference 2.3.  The Contractor will 
coordinate with the Packwood Station Lead on the transport and delivery 
of all hazardous wastes to salvage firms for reprocessing or to approved 
facilities or sites for wasting.  All hazardous waste material generated on 
behalf of Packwood and transported off-site will be done under the 
Packwood generator identification number.  See the Hazardous Waste 
Management Plan for details.    

 
  5.2.14 Oil, fuel and hazardous substances shall not be introduced into plant 

sumps or drains or into the storm water drainage system. 
 
  5.2.15 Oil, fuel and hazardous spill prevention, and material and personnel for 

cleanup of oil and hazardous spills will be at user's expense.  Contractors 
are liable for all damages resulting from use of oil and hazardous materials 
and waste disposal. 

 
  5.2.16 Training of site personnel involved in handling, storage and disposal of oil 

and hazardous materials shall be performed and documented in 
accordance with Section 330 of Reference 2.3.  Training shall include 
review of procedures, definitions and regulations.  All new employees will 
receive this training as part of their orientation.  Employees will be 
required to participate in annual refresher training.  Staff shall periodically 
test this procedure by either performing a table top drill or where 
practicable a field drill.  If necessary, as a result of the drill(s), this 
procedure shall be revised to take advantage of lessons learned. 

 
 5.2.17 In the switchyard, there are two large transformers and two small 

transformers as shown in Attachment 6.4.  There are two SF6-breakers 
and bus duct bushing oil in the area.  This area was designed and 
constructed in the 1960’s when oil containment for switchyards was not 
required.  A Professional Engineer has been hired to design containment, 
control, and/or countermeasures, such as a bermed containment around the 
transformers, a bioswale, and/or an oil water separator to prevent oil 
contamination to storm water drainage, the tailrace, and the Cowlitz River.  
Should there be a spill, evidence can include the presence of visible sheen, 
color, or turbidity in the runoff from the switchyard.  Attachment 6.4 
shows the general arrangement of the area. 
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 5.2.18 In the warehouse area, there is a fireproof storage building for solvents 
and gasoline which includes a concrete dike and drip pans for open 
containers, a flammable storage locker for smaller materials, and a lube  

  oil storage area with containment pallets.  A standby generator is located 
in a small building that shares a common wall with the main warehouse.  
The above ground tank that supplies fuel to the generator is located 
outside the building in a bermed area that is adequately sized to contain 
110 percent of the tank volume.  Oil absorbent pads and extra booms are 
located in the upstairs storage area of the warehouse.  Attachment 6.4 
shows the general arrangement of the area. 

 
  5.2.19 The warehouse storage yard has an empty oil tank, miscellaneous 

materials and equipment stored outside the sheds.  , Salvage drums, a 
Bobcat loader and nitrogen cylinders are located under the shed that is 
enclosed in three directions. The lawn mowers, ATVs, motorcycles, and 
snowmobiles are located in sheds that are enclosed in all directions.  
Long-range plans are to replace the storage sheds with a warehouse 
building and to discard materials no longer needed. 

 
  5.2.20 In the Powerhouse, oil-containing equipment is located in the turbine 

generator room.  The generator pit and needle pit drain to a sump, which  
   is periodically checked for materials, and is checked on receiving a high 

level alarm.  The sump must be manually pumped to remove liquid 
accumulations.  The Packwood Station Leader or Station Craft shall look 
for evidence of contamination before operating the sump pump, and shall 
document that the inspection was made in the plant log.  Evidence of 
contamination can include the presence of visible sheen, color, or turbidity 
in the runoff.  Simple pH measurements with litmus or pH paper can be 
used for areas subject to acid or alkaline contamination.  Pumping will 
cease if there is evidence of contamination, and a plan formulated to 
ensure that contaminated material is handled in accordance with 
environmental regulations.  The governor has a catch trough that returns 
oil to the reservoir.  There is a drop can under the deflector ram.  
Absorbent has been placed in the needle pit.  The turbine deck trough 
drains to the re-regulating pond.  However, the deck trough drainage has 
been plugged to enable plant staff to look for evidence of contamination 
before draining into the stilling basin.  Draining will cease if there is 
evidence of contamination, and a plan formulated to ensure that 
contaminated material is handled in accordance with environmental 
regulations.  Albeit minimal, there is a potential for bearing lube oil to 
enter the water that cools it.  A routine inspection of the bearing lube oil 
cooler is conducted to prevent entry of oil into the stilling basin.  There  

   are two spill kits located in the powerhouse.  An oil containment sea 
curtain is located in the stilling basin (re-regulating pool) near the start of  
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the tail race to contain any oily material that could enter from the 
powerhouse.  Periodic inspection is made to look for an oil sheen.  If a 
sheen is observed, the oil will be absorbed and contaminated material 
disposed in accordance with the Hazardous Waste Management Plan.          

 
  5.2.21 In the Intake Structure area, there is a fish screen with two oil tanks to 

lubricate the gears. The likelihood of any oil spill from these tanks is 
minimal.  An oil reservoir stores the oil used for operating the hydraulic 
system for project flow. A containment basin consisting of angle iron 
surrounds the oil reservoir and a pump. A 3” diameter PVC pipe conveys 
the drip oil from the containment area to a 55-gallon drum located below. 
The drum is elevated above the floor to prevent contamination should 
there be flooding. A sturdier frame for elevating the drum and a spill  

   pallet will be installed in the near future to minimize potential for any 
contamination. A transformer located between the lake and the Intake 
Structure contains 10 gallons of oil.  This transformer will be replaced 
with a dry transformer.  

 
  5.2.22 In the surge tank area, the equipment is in containment, with a sump pump 

used to collect materials.  There is no physical path for a spill to leave the 
surge tank area.  The sump must be manually pumped to remove liquid 
accumulations.  Plant staff shall look for evidence of contamination before 
operating the sump pump, and shall document that the inspection was 
made in the plant log.  Evidence of contamination can include the 
presence of visible sheen, color, or turbidity in the runoff.  Simple pH 
measurements with litmus or pH paper can be used for areas subject to 
acid or alkaline contamination.  Pumping will cease if there is evidence of 
contamination, and a plan formulated to ensure that contaminated material 
is handled in accordance with environmental regulations.  One spill kit is 
located in this area. 

 
  5.2.23 The access road to the powerhouse and warehouse area is gated and kept 

locked outside of normal business hours.  The switchyard is contained 
within a locked, fenced enclosure.  The warehouse yard area is also within 
a locked, fenced enclosure unless occupied by Packwood staff.  The 
powerhouse, warehouse, surge tank and intake buildings are locked at all 
times unless occupied by Packwood staff.  In addition, access road gates  

   to the Lake are kept locked at all times. 
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5.3 Inspection Procedure 
  
 Responsibility    Action 

 
Packwood Station Leader/Designee .1 Prepares an annual inventory of bulk (greater than 
       five gallon containers) storage of oil, fuel and 

hazardous materials at Packwood, including storage 
locations, dike type and capacity, and quantities of 
materials. 

 
  .2 Reviews use, storage and handling of oil, fuel and 
    hazardous material and assures that users are in 

compliance.  Noncompliance will be corrected, with 
the noncompliance and corrective actions taken 
documented in the plant log. 

 
  .3 Inspects facilities and area for compliance with 

environmental commitments and regulations.  
Inspections are performed periodically and 
documented in the plant log.  Inspection checks shall 
include, but are not limited to: 

 
   (a) Condition of storage areas for oil, fuel and 

hazardous materials and wastes, and condition of 
containers in storage areas.   

  
    (b) Wastes and contaminated materials collected for 

salvage or disposal off-site in accordance with 
Reference 2.3 and the Hazardous Waste Management 
Plan.  If waste and contaminated hazardous material 
is stored on site, inspections of these materials and 
storage area is performed once weekly. 

 
   (c) Measures taken to prevent entry of oil, fuel and/or 

hazardous materials to the storm drainage system, tail 
race, creek systems and the Cowlitz River, including 
fueling and maintenance away from storm drainage, 
tail race, creeks, and the Cowlitz River. 

 
   (d) Review of servicing and refueling operations. 
 
   (e) Spill kits and absorbent materials available on 

site, including materials on servicing and fueling 
trucks. 
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 5.4 Spill Procedure 
 
 Responsibility       Action 
 
All Packwood Personnel .1 Upon discovery of any oil, fuel or hazardous material 

discharge, regardless of size, will notify supervisor 
immediately and take actions to contain the material 
in accordance with training received. 

 
    NOTE: Most hazardous substances are toxic on skin 

contact or inhalation.  Cleanup personnel should use 
appropriate protective clothing, eye protection or 
respiratory protection.  Refer to the chemical's 
MSDS.  

 
   .2 Absorbent materials will be placed on spilled 

material.  Absorbent booms will be placed around 
area of spill if it is believed that the spill could travel 
outside immediate area.  Drains and catch basins in 
the immediate area will be covered so that no material 
can enter.  For spills to the ground, if appropriate for 
the material spilled, turn soil and use absorbent 
materials to collect additional spilled material.  If not 
appropriate, collect contaminated soil for disposal in 
accordance with Reference 2.3 and the Hazardous 
Waste Management Plan.  Contaminated absorbent 
materials shall be collected and disposed of in 
accordance with Reference 2.3 and the Hazardous 
Waste Management Plan.   

 
Packwood Station Leader/Designee .3 Inspects spill area.  Ensures that there are adequate 

provisions for immediate action to contain spills 
within the smallest possible area, and notify 
Regulatory Services for assistance in determining 
requirements to report to state and federal agencies 
(see paragraph 5.4.5 and Attachment 6.5).  Reports 
will be made as soon as containment measures have 
been initiated.  Directs cleanup. 
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Responsibility   Action  
       
Packwood Station Leader/Designee .4 If the spill is large enough to require a cleanup 

company's assistance, or cleanup requires training 
beyond level provided to site personnel, will 
telephone contractor for cleanup services at 
responsible party's expense (see Attachment 6.6).  

 
Regulatory Services Personnel .5 Determines reporting requirements to local, State of 

Washington and Federal agencies (see Attachment 
6.7).  Reports may be made either by the Packwood 
Station Lead/Designee or Regulatory Services 
personnel.   

 
    (a) All spills will be assessed for reportability to 

Ecology using the guidance provided in Reference 
2.5. "Best professional judgment" will be used to 
determine whether a release may pose a threat or 
potential threat to human health or the environment.  
To make this determination, the guidance contained 
in Reference 2.5, paragraph 6 is used, which outlines 
some circumstances that Ecology believes will pose a 
threat or potential threat to human health or the 
environment. 

      
     The release does not have to be reported if, in the 

individual's judgment, it does not pose a threat.  
However, Ecology will be notified of oil and fuel 
spills that cannot immediately be cleaned, require the 
assistance of a clean up company, or have reached or 
have the potential to reach the storm water drainage 
system, area creeks and/or the Cowlitz River.  

 
    (b) Notifies the Forest Service of project-related spills 

on their property. 
 
    (c) Oil and fuel spills, regardless of size, which have 

entered or have the potential to enter the Cowlitz 
River or its tributaries will be reported to the National 
Response Center and the Department of Ecology.   

 
    (d) Hazardous material spills in quantities greater 

than the reportable quantity will be reported to the 
National Response Center, the local Emergency 
Planning Committee and Ecology. 
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 Responsibility     Action  
 
Regulatory Services Personnel  (e)  Ensures that project-related spills along Snyder 

Road, Powerhouse Road and/or other County roads 
leading to Packwood facilities have been reported to 
Lewis County. 

 
Packwood Station Leader/Designee .6 Logs spill into plant log. 
 
   .7 Describes spill and all events and notifications made 

in relation to spill in electronic mail to Regulatory 
Services and the Packwood Project Manager.  Copies 
of reports shall be retained in the Packwood files.  
Attachment 6.8 lists the spills that have occurred 
within the last three years. 

 
 5.5 Record Retention 

 
   All records pertaining to the Spill Prevention and Countermeasure Plan 

shall be retained at Packwood for a minimum of five years. 

6.0 ATTACHMENTS 
 
 6.1 Oil, Fuels and Hazardous Materials at the Packwood Lake Hydroelectric Project 
 
 6.2 Storage Facilities 
 
 6.3 Vicinity Map 
 
 6.4 Facility Layout  
 
 6.5 Notification List 

 
 6.6 Companies That Provide Clean Up Services 
 
 6.7 Agency Notification List 

 
6.8 Spill Checklist 
 

 6.9 Oil, Fuel, and Hazardous Material Spills 
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 ATTACHMENT 6.1 (1 of 2) 
 

OILS, FUELS AND HAZARDOUS MATERIALS 
AT THE PACKWOOD LAKE HYDROELECTRIC PROJECT 

 
Following is a list of oils, fuels and hazardous material categories that may be stored or used at 
the Packwood Lake Hydroelectric Project. 
 
 (a) Fuel (e.g., diesel, kerosene) 
 (b) Gasoline 
 (c) Oil (e.g., transformer, lubricating) 
 (d) Solvents and thinners 
 (e) Paints 
 (f) Antifreeze 
 (g) Coatings and sealants 
 (h) Pesticides (herbicides, rodenticides, insecticides, etc.) 
 (i) Batteries 
 (j) Compressed gas 
 
Following is the location of materials in containers greater than 5 gallons. 
 
SWITCHYARD 

TYPE OF MATERIAL QUANTITY  
(gallons, unless otherwise 

specified) 

EQUIPMENT 

Oil 3,794 Main Transformer 
Oil 3,560 Spare Transformer 
Oil 60 4160 Transformer 
Oil 50 Station Service Transformer 
Oil contaminated with PCBs 3 ea. @ 36 gal. = 108 gal. PT Bushing 
Oil 6 ea. @ 13 gal. = 78 gal. CT Bushing 
SF6- 2 ea. @ 28lbs. = 56 lbs. SF6 69-KV Breakers 
Oil 6 ea. @ 1 gal. = 6 gal Breaker Switches 
 
POWER HOUSE 

TYPE OF MATERIAL QUANTITY 
(gallons, unless otherwise 

specified) 

EQUIPMENT 

Oil 130 Grounding Transformer 
Oil 600 Generator Lube Oil  & Tank 
Oil 2 Cooling Water Pumps 
Mercury 12 each Mercury Switches 
Grease 55 Auto-greaser 
Oil 650 Governor Oil System 
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ATTACHMENT 6.1 (2 of 2) 
 

OILS, FUELS AND HAZARDOUS MATERIALS 
AT THE PACKWOOD LAKE HYDROELECTRIC PROJECT 

 
WAREHOUSE STORAGE AREA  

TYPE OF MATERIAL QUANTITY 
(gallons, unless otherwise 

specified) 

EQUIPMENT 

Gasoline 20 A.T.V. Fuel 
Chevron 325 Solvent 50 55 gallon drum 
Oil 6 ea. @ 55 gal. = 330 gal. 55 gallon drums 
Gasoline 45  Standby Generator Fuel Tank 
Oil 2 Engine Oil for Standby 

Generator 
Antifreeze 4 Standby Generator 
Grease 55  55 gallon drum 
 
INTAKE STRUCTURE AREA 

TYPE OF MATERIAL QUANTITY 
(gallons, unless otherwise 

specified) 

EQUIPMENT 

Oil 95 Head Gate Hydraulic Unit 
Oil 6 ea. @ 1 gal. = 6 gal. Isolation Switches 4160 
Oil 5 U.S. Forest Service Guard 

House Transformer 
Diesel 100 Diesel Generator 
Diesel 20 Spare Cans 
Oil 14 quarts Engine oil for Diesel 

Generator 
Antifreeze 4 Diesel Generator 
Oil 2 ea. @ 2.75 gal. = 5.5 gal Traveling Fish Screen Gear 

Drive Box 
Oil 1 quart Air Compressor 
 
SURGE TANK 

TYPE OF MATERIAL QUANTITY 
(gallons, unless otherwise 

specified) 

EQUIPMENT 

Oil 10 Butterfly Valve 
 
 



 

Spill Prevention, Control and 
Countermeasure Plan, Revision 1 

Page 16 of 25 

ATTACHMENT 6.2 (1 of 1) 
 
 STORAGE FACILITIES 
 
Acceptable containment dikes for oil, fuel and hazardous storage facilities include the following: 
 
 (1) Concrete floor, concrete walls with appropriate sealants. 
 
 (2) Steel, polypropylene, polyvinyl chloride (PVC) and/or polyethylene containment 

pans, skids, and/or containment systems. 
 
All dikes shall be free of gaps and cracks; and shall be constructed with materials compatible 
with the materials being stored. 
 
Diked areas shall have a system to drain and separate oil and water including, but not limited to, 
one of the following: 
 
 (1) Removing the oil from the water with absorbent materials such as booms or pads 

before pumping or draining the water from the diked area. 
 
 (2) Removing the oil from the water with oil retention valves, filters, or oil separators 

installed in the drain lines from the bermed area. 
 
When used, storage cabinets and buildings shall meet Uniform Fire Code requirements.  
Flammable materials shall be stored in safety cabinets, outdoor safety buildings, or in 
containment dikes away from incompatible materials. 
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ATTACHMENT 6.3 (1 of 1) 
 

PACKWOOD LAKE HYDROELECTRIC PROJECT 
VICINITY MAP 

 
 

Powerhouse, 
Warehouse Area 
Switchyard        Diversion Dam and 
         Intake Structure 
 
 
 
 
 
 
 
 
  

Substation 

         Surge Tank 
 
 
        Penstock 
 
 
       Tailrace             Concrete Pipe 
               And Tunnels 
 
 
             
           

            
 
 
 
 
 

From USGS 1:100 000-Scale Series, Mount Rainier Quadrangle 
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ATTACHMENT 6.4 (1 of 3) 
FACILITY LAYOUT 

 
Powerhouse, Warehouse, and Switchyard Area 
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ATTACHMENT 6.4 (Page 2 of 3) 
FACILITY LAYOUT 

 
Control Building 

Raw Water Tank Area 
 



 

Spill Prevention, Control and 
Countermeasure Plan, Revision 1 

Page 20 of 25 

 
 
 
 
 

ATTACHMENT 6.4 (Page 3 of 3) 
FACILITY LAYOUT  

 
Intake Area at Packwood Lake 
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ATTACHMENT 6.5 (1 of 1) 
NOTIFICATION LIST 

 
During normal working hours, in case of an oil, fuel, or hazardous material spill, the Packwood 
office (360-494-5000) is to be notified immediately.    
 
After normal working hours, please notify one of the following: 
 
 Packwood Station Leader Randy Crawford 360-494-5811 
 
 Station Craft   Jerry Baker  360-494-5557  
 
If the spill is of a size or nature to cause a fire concern, also contact the Fire Department using 
911. 
 
 
 
 
 
 
 
 

Effective Date:  January 1, 2004
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ATTACHMENT 6.6 (1 of 1) 
 

COMPANIES THAT PROVIDE CLEAN UP SERVICES 

  
 

Foss Environmental Services 
Seattle, WA 98106 
Toll Free:  (800) 337-7455 
Telephone:  (206) 767-0441 
Fax:  (206) 767-1405 
 
Crowley Marine Services 
Seattle, WA 98121-1438 
Telephone:  (206) 332-8000 
Toll Free: (800) 248-8632 
Fax:  (206) 332-8300 
 
Crowley Marine Services 
Vancouver, WA 98661 
Telephone: (360) 546-0902 
Toll Free:  (800) 248-8632 
Fax:  (360) 546-0907 
 
Northwest Environmental 
Seattle, WA 98134 
Telephone: (206) 762-1190 
Fax:  (206) 762-9362 
 
Cowlitz Clean Sweep, Inc. 
Longview, WA 98632 
Telephone: (360) 423-6316 
Telephone:  369-8644 
Fax:  (360) 423-3409 
 
Global Environmental 
Seattle, WA 98106 
Telephone:  (206) 623-0621 
Telephone:  (714) 963-3961 
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ATTACHMENT 6.7 (1 of 1) 
AGENCY NOTIFICATION LIST 

 
 
Local community notifications for Oil, Fuel, and/or Hazardous Material Spills: 
 
 Packwood Fire Department 911 
  Business (360) 494-2360 
 
 Lewis County Emergency Management 911 or  
  Business (360) 740-1151 
 
State Agencies: 
 
 Department of Ecology, Southwest Region (360) 407-6300 
 
 Department of Emergency Management (800) 258-5990 
 
Federal Agencies: 
 
 National Response Center (800) 424-8802 
 
 Environmental Protection Agency, Region X (206) 442-1359 
 
Other Numbers: 
 
 U.S. Forest Service, Cowlitz Valley Ranger District (360) 497-1100 
  
 Lewis County, Road Hazard Reports (360) 740-1123 
  After Hours (360) 740-1105 
 
 
 
 
 
Effective Date:  January 1, 2004 
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ATTACHMENT 6.8 (1 of 1) 
 

PACKWOOD LAKE HYDROELECTRIC PROJECT 
SPILL CHECKLIST 

 
 
Date of Spill:  _____________________  Time Spill Observed:  _________________ 
 

Item Yes/No Remarks 
Absorbent materials placed on spill   
Booms placed around area if spill could 
travel 

  

Drains and catch basins covered   
Station Leader Inspection   
Adequate containment   
Call clean up company if help needed   
Determine need to report to federal 
agencies.  (Call Regulatory Services for 
assistance if needed) 

  

Report spill if required, note date and time   
Log spill report in Plant Log   
Complete clean up   
If appropriate, turn soil to capture more 
spill 

  

Contaminated materials collected   
Dispose materials per regulations   
File electronic report   
Copies of checklist and reports in 
Packwood files 

  

 
Checklist Completed By:  ___________________________ ________________________ 
    Name (Signature)    Title 
 

Date Completed:  __________________________
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ATTACHMENT 6.9 (1 of 1) 
 

PACKWOOD LAKE HYDROELECTRIC PROJECT 
OIL, FUEL, AND HAZARDOUS MATERIAL SPILLS 

 
 
Date Approximate Location Material 

Spilled 
Approximate 
Quantity 

Comments 

11/19/01 Switchyard – Main 
Transformer Failure 

Oil 20 gal Oil bleed out the top of 
the transformer.  Because 
it was a rainy day, the 
spill spread through the 
switchyard.  Oil 
absorbent and booms 
were used to clean up the 
oil. 

 
 
There were no spills in 2002 and 2003. 
 
 
 

 


