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North Fork Feather River at Pulga
Monthly Flow-Duration, July - Sep•
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North Fork Feather River at Pulga
Monthly Flow-Duration, Jan. - March
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North Fork Feather River at Pulga
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North Fork Feather River at Pulga
Monthly Flow-Duration, July· Sep.
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North Fork Feather River at Pulga
Monthly Flow-Duration, Oct. - Dec.
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Indicators of Hydrologic Alteration

1.1 Introduction

In 1997, The Nature Conservancy developed and published a software package intended to

allow the analysis of existing or proposed changes to riverine streamflow regimes (The Nature

Conservancy, 1997, "Indicators of Hydrologic Alteration: User's Manual", developed with

Smythe Scientific Software, Boulder, CO, pp 77). The Indicators of Hydrologic Alteration (IHA)

software produces a standardized set of statistical metrics that contrast streamflow magnitudes,

ranges, and timing of the pre- and post-Project streamflow records..These 32 metrics focus on

descriptors of the streamflow regime that are thought to be important to the biological and

physical aspects of a river. The IHA software requires mean daily streamflow records for the

reach that is being analyzed, and a record of at least 25 years length is suggested.

In addition to producing mean or median monthly streamflows and other statistics, the IHA

develops a prescriptive concept based on the natural variability of the metrics it calculates. For

example, if the pre-Project median October streamflow is 2000 cfs, the 25% streamflow is 500

cfs, and the 75% streamflow is400o. cfs, this span is termed the range of variability approach

(RVA). If the post-Project median October streamflow is 100 cfs, the 25% streamflow is 10 cfs,

and the 75% streamflow is 400 cfs, the RVA concept suggests that adverse biological and

geomorphologic effects, if they occur, can be mitigated by changing the post-Project streamflow

. .
range until itoverlaps, at least in part, the pre-Project RVA. This prescription is based on a

"natural streamflow paradigm," which states that the full range of intra- and inter-annual

streamflow variation is important for sustaining river ecosystem integrity.

1



The IHA method is new, and little evidence exists to document the successful implementation of

the RVA precept. The range of the dispersion targets (+/- 25%, +/- 30%, or +/- 1 or 2 standard

deviations) is user selected, and the User's Manual suggests that streamflow targets should be

based on ecological information. The IHA developers believe that the RVA targets are means

to achieving biological goals, and are not ends in themselves. Analysis of the pre- and post

Project RVA results may identify metrics that show a change. If this change (such as 3-day

minimum streamflows) corresponds to a documented summer water temperature issue related

to fisheries health, changes in summer streamflow schedules may be warranted. To this end, a

water temperature monitoring program could be implemented that was designed to assess the

ecological effects of changes in the monthly instream streamflow schedule. Monitoring results

provide the basis for adapting the instream streamflow schedule as measures of key indicators

and species are assessed over a number of years. The IHA developers suggest that a similar .

paradigm should be applied to any resource problem that is identified.

1.2 POE PROJECT UNIMPAIRED STREAMFLOW SYNTHESIS

Because the Project facilities have been in place since 1958, gage records of pre-Project daily

mean streamflow have not been possible to coUect for many years. Streamflow in the Poe

Reach has been affected by other North Fork Feather River water resource developments since

1911. Because the streamflow has been modified for many years, an unimpaired streamflow

record was synthesized for a 27-year period from 1974 through 2000. The daily streamflows

were synthesized using a mass balance technique. The mass balance procedure takes into

account daily streamflow through upstream powerhouses, reach instreamflow, daily changes in

storage in upstream reservoirs, forebays, and afterbays, and other known instreamflows

(springs and side-channel tributaries) and outstreamflows (sinks). The sum of these

streamflows and storage changes for each day produces a streamflow record for a specified

2
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· .
point on the river that approximates the streamflow that would oc~ur at that point if no Project

facilities were in place.

The mass balance procedure suffers from several error sources. Daily storage change

estimates are based on changes in stage height of the reservoirs, and wind or inaccurate

storage/stage height tables can result in errors in the daily record. This type of error is typically

smoothed out by estimating long periods of time such as monthly unimpaired streamflow, but

daily records require editing (smoothing) to compensate for these errors. Another source of

error is associated with travel time through the river reaches, and additional error can intrude

due to the inaccuracy of traditional stream gages at low or high streamflows.

A smoothing process was implemented to compensate for these errors. Each of the 2%years

was plotted (streamflow in cfs versus day of the year), and precipitation magnitudes and

durations-were co-plotted.. Spikes and dips were adjusted to a central. tendency ifno _._

precipitation occurred, but streamflow increases and decreases associated with storms were

retained. Cross-referencing to the observedstreamflows at Licensee gage NF23 gage (USGS

Station 11404500, North Fork Feather River at Pulga) was done to further determine the

magnitude of storm responses versus streamflow variation due to input errors. All streamflow

adjustments were made manually by a Certified Professional Hydrologist with extensive

experience in hydrographic techniques. The completed 27-years of synthesized data were then

combined with the record for Licensee gage NF23 to permit analysis by the IHA software.

1.3 POE PROJECT IHA

Based on the 27 years of unimpaired and regulated streamflow, a nonparametric IHA analysis

I "j of the Project reach was performed. To represent the pre- and post-Project format that is
\J
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required by the IHA, the years for the unimpaired data were shifted by 30 years, and the 1974

2000 dates became 1944-1970. This date shift allows the IHA output to appear in chronological

order and is a requirement of the program. The output of the IHA process is voluminous, and

32 plots are produced along with three tables. The analytical results can be clustered into five

groups:

1. Magnitude of monthly water conditions

2. Magnitude and duration of annual extreme water conditions

3. 'Timing of annual extreme water conditions

4. Frequency and duration of high/low pUlses

5. Rate/frequency of water condition changes

Group 1 parameters deri\,~e the median streamflow (across all the years) for each calendar

month. Group 2 parameters derive annual maxima and minima streamflows for the 1-, 3-, 7-,

30-, and 90-day medial) streamflows, and a base streamflow. Group 3 parameters reflect

timing by finding the Julian date of the maximum and minimum streamflow of each year and

deriving the median value. Julian dating sets 1 January as Julian Day 1, and 31 December is

Julian Day 365 in non-leap years. Group 4 parameters tabulate the number and duration of

high and low pulses in each year, and calculate median values. Group 5 parameters derive the

number of all positive and negative differences in daily streamflows to calculate median rise and

fall rates as well as the number of reversals, or changes in direction.

A summary of the results as provided by the three tables for the Poe Reach is presented below

as Tables 1 through 3
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Table 2

Non-Parametric IHA Percentile Data
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Table 3, Pai11

Non-Parametric IHA Summary Data
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Significance

The 32 IHA plots provide a graphical illustration of the statistical change from pre- to post-

Project, but they are available only as hardcopy due to DOS plotting limitations. As per the

explanation of the 25% and 75% RVA plots above, the analysis below uses the extent of the

overlap of the plots to conclude if the pre- and post-Project regimes are "significantly" different.

In this discussion, if the median of either the pre- or post-Project plot of dispersion is within the

25%/75% range of the other plot, there is no "significant" difference. Alternately, if only the

25% or 75% extremes overlap,there is a "significant" difference between pre- and post-Project

hydrologic regime. In Figure 1, the conclusion would be reached that the pre- and post-
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Figure 1

IHA Results, Median Streamflows for March
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Project March median streamflows are significantly different. This use of the term "significant"

is not the same as the typical"statistically significant" term that results from testing hypothesis

or doing F- or t-tests. The results from the 32 plots are summarized in Table 4.
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of the diversion and determines that all 12 monthly mean regulated streamflows are lower than

Table 4

"Indicators of Hydrologic Alteration" Results for Poe Reach

o

Group Name.

Monthly Magnitude

Magnitude of Extremes

Timing of Extremes
Julian Date Min
Julian Date Max

Frequency and Duration

Poe Reach

Oct-Sep: Pre>Post

1,3,7,30,90-Day Min: Pre>Post
1,3,7,30-Day Max: Pre=Post
90-Day Max: Pre>Post
Base Streamflow: Pre=Post*

Pre=251; Post=281 :Insignificantly Different
Pre=65; Post=45:lnsignificantly Different

No. of Low Pulses: Pre=Post
Length Low Pulses: Pre<Post
No. of High Pulses: Pre=Post
Length High Pulses: Pre>Post

Rates & Frequency Of Change
Rise Rate: Pre=Post
Fall Rate: Pre=Post
No. Of Reversals: Pre<Post
No. of Hydrographic Falls: Pre<Post

*Base streamflow calculated by dividing 7-day minimum by annual mean, not
meaningful in this case.
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they were in the pre-Project (unimpaired streamflow) situation. Although the post-Project winter

median strear:nflows for many of the years·-are in the same range as the pre-Project monthly

medians, the IHA concludes that for period of record, the RVA limits do not overlap, and based

on the definition above, the pre- and post-Project conditions are therefore significantly different.

Magnitude and Duration, Group 2

The post~Project1-day, 3-day, 7-day, 3D-day, and gO-day minimum streamflows are

significantly less than the pre-Project minima, based on the definition above. This finding

reflects the pre-hydro development summer base streamfJows that occurred in the North Fork

Feather River reaches due to streamflows from the large upstream area and the springs that

originate from the volcanic material and come up under Lake Almanor. The post-Project 1-day,

3-day, 7-day, and 3D-day maximum streamflows are the same as the pre-Project minima,

based on the definition above, but the gO-day pre-Project maximum is greater than the post

Project maximum. There is considerable overlap between pre- and post-Project annual

maxima in the maximum streamflow plots, however, reflecting the large inter-annual variation

that continues to occur. The IHA concludes that pre-Project base streamflows are the same as

the post-Project base streamflows. IHA base streamflows are calculated by dividing the 7-day

minimum streamflow by the annual mean streamflow, a technique that is not a traditional

estimate of base flow magnitude.

Timing of Extremes, Group 3

The overall median minimum streamflow is delayed by Project operations. In the Poe Reach,

the median annual minimum was delayed from JD 251 to JD 281 (early-September to early

October), a 4-week change and one that the plots show is insignificant because of the large
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(j inter-annual variation. The overall median maximum streamflow for Poe is moved up from JD
'_.--"

65 to JD 45 (early March to mid-February), a 3-week change and one that the plot shows is not

a significant difference.

Frequency and Duration, Group 4

For frequency and duration, the plots for the Poe Reach show that the number of low pulses

(streamflows less that the 25% statistic, 997 cfs) is not significantly different for the pre- and

post-Project condition. The number of pulses is four in the pre-Project condition and 6 in the

.post-Project condition. For the length of the low PlJlses, the pre-Project duration was 17 days,

compared with 27 days, post-Project. Based on the criterion above, the change in pulse length

was significant, and pulses are longer due to Project operations.

o For high pulses (streamflows greater than the 75% statistic, 3821 cfs for the reach), the pre-

Project number of pulses (six) was greater than the post-Project number (three). This change

was not a significant difference based on the criterion above. For the length of the high pulses,

the pre-Project durations was 14 days, compared with 3 days for post-Project in all reaches.

Based on the criterion above, the change in pulse length 'was significant, and high pulses are

shorter due to Project operations.

Rate & Frequency of Change, Group 5

For rates and frequency of change, the difference between the pre- and post-Pr~ject rise rate

(588 cfs/day vs. 327 cfs/day) was not significant. The difference between pre- and post-Project

fall rates -378 cfs/day vs. -243 cfs/day) was also not significant. This lack of significance

suggests that operational change rates are similar to the natural daily changes in streamflow

(-'j when the overall variation is taken into account. the numberofpre-PfojeCf reversa.ls was less

~
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than the post-Project reversals (124 vs. 152) for the Poe Reach, but this may be due to the

smoothing of the "pre-Project" synthesized data. The post-Project record had no smoothing

whatsoever, and the small changes that may occur in this record may have caused this result.

Conclusion

The results from the IHA analysis confirm many of the assumptions that existed for the Poe

Reach. The Group 1 statistics .iIIustrate the reduction of monthly streamflow magnitudes

associated with the diversion for the Poe powerhouse. The Group 2 statistics illustrate that

summer low streamflows are lower with the Project that they would be without the Project.

Except for the longest-duration high streamflow, the high-streamflow durations are not changed

by the Project. This finding confirms the assumption that peak winter streamflow magnitudes

are so large that Project diversions are not significant.

Group 3 statistics confirm that the timing of the annual flood event has not changed due to the

Project. The statistics show that the minimum streamflows have been insignificantly moved to

an earlier time of the year by the Project's operations. Group 4 statistics show that the number

of low pulses has not changed, but that the length of the post-Project low pulse is greater. This

finding is not a surprise based on the steady summer minimum streamflow releases that are

made to maintain the aquatic habitat and related, dependent species. Similar to the number of

low pulses, the number of high pulses has not been affected by the Project. The duration of the

high pulses has been decreased by the Project, which may be because the diversions reduce

the time the streamflow is above the high-pulse threshold.

Group 5 statistics confirm that the Poe Reach streamflow rises and falls at the same rates pre

and post-Project. This finding is not a surprise because moderate and large winter storm

events continue to flood the system regardless of the presence of the Project. The finding that
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streamflow reversals occur more frequently post-Project is unexpected, and may result from the

fact that although the unimpaired hydrograph was extensively smoothed, the gage records were

not smoothed in any way, and may contain more small daily streamflow reversals than the

synthesized unimpaired records.
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1.0 INTRODUCTION

As part ofPacific Gas and Electric Company's (the Licensee) ongoing relicensing of the Poe
Hydroelectric Project (FERC 2107), soil and water samples were collected near two spoil piles
associated with Poe Diversion Tunnel (Figure 1). This sampling effort was initiated following
discussions with the State Water Resources Control Board (SWRCB), Regional Water Quality
Control Board (RWQCB), and the Licensee on September 21, 2001.

"

(J

/ \< )

Water samples had been collected from the North Fork Feather River (NFFR) and drainage
culvert associated with the Poe Adit No.2 during the relicensing monitoring conducted 1999
2000. Data resulting from the initial moriitoring effort was considered inadequate for
determining the effect of the spoil piles on the water quality ofthe NFFR by the resource
agencies. In addition, the RWQCB wanted information that would allow for the hazardous waste
characterization of the material in each spoil pile.

2.0 STUDY AREA

The Adit No.1 spoilpile is located adjacent to the NFFR at Bardees Bar (Figure 1). The tunnel
length associated with Adit No.1 is approximately 3.3 miles. The Adit No~ 1 spoil pile has an
estimated volume of approximately13,500,000 to 16,200,000 cubic feet. The Adit No.2 spoil
pile is located approximately 0.75 miles upstream ofPoe Powerhouse. The tunnel length
associated with the No.2 Adit is approximately 3.1 miles (distance from Adit No.1 to Poe
Powerhouse). The volume ofthe Adit No.2 spoil pile appears to be similar to or slightly smaller
than that of the Adit No.1 spoil pile.

Both spoil piles are composed of natural bedrock material excavated during the construction of
the diversion tunnel between Poe Reservoir and Poe Powerhouse. An evaluation of the surface
geology of the Project area indicates that the Poe Diversion Tunnel passes through three major
geologic substrates (California Division ofMines and Geology [CDMG] - Chico Gravity Map
1982). The primary rock type (63% ofthe tunnel area) is characterized by metavolcanic
formations similar to the Lindgren, Turner, and Compton formations. These formations include
associates of diabase, amphibolite, metabasalt, metarhyolite, metadacite, quartz porphyry,
hornblende porphyry, and various schist compositions. The second major rock type associated
with the Poe Diversion Tunnel (33% percent of the area) is characterized by ultrabasic intrusive
rocks, that have been largely serpentized (CDMG 1982). The third major rock type (5% ofthe
area) is composed of marine sedimentary and metasedimentary rocks, represented by gray
quartzite, slaty sandstone, and limestone (CDMG 1982).
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Figure 1. Regional Location of the Poe Project and the Poe Adit Spoil Piles.
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Material was deposited at the Adit No.1 and Adit No.2 sites during construction operations.
The site investigation indicates that both piles appear to be similarly constructed. Visual surveys
indicated that the majority of each pile is composed of large angular material ranging in size
from 1 to 6 ft in diameter. This size composition would be consistent with a drill and blast
excavation method. Both piles have a relatively thin (less than 1 ft to 3 ft thick) layer of finer
capping material that is likely the result offinal tunnel cleanout and site stabilization efforts
following completion of the tunnel.

The spoil pile associated with Adit No.1 is located between the NFFR and the railroad grade
(Figure 2). Because of this position, the NFFR contacts the lower portion of the spoil pile during
high flow periods. During low flow periods, the water level is approximately 4 to 5 ft below the
toe of the pile. Because of this contact, the lower portion ofthe Adit No.1 pile has been
protected with a thin face ofconcrete. There is little or no surface leakage associated with Adit
No. 1. The Adit No.1 Spoil Pile is graded such that all runoff is directed into a main drainage
depression that flows toward the northwest comer of the Spoil Pile. Some erosion and head
cutting is evident on the face of the Adit No: 1 Pile where the main drainage exits over the face
of the pile. Minor erosion channels are also present on the face of the spoil pile itself. These are
primarily the result ofprecipitation falling directly on the exposed face as well as gravitational
movement ofthe thin surface layer toward the bottom ofthe pile.
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Figure 2. Photograph of Adit No.1 Spoil Pile.
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\ Figure 3. Photograph ofAdit No.2 Spoil Pile.
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3.0 STUDY OBJECTIVE

The primary purpose of the Poe Project Spoil Pile evaluation was to detennine the hazardous
waste status oftwo spoil piles located within the Poe Project. In addition, the leachate quality of
the spoil material was determhied and the effect of runoff from the spoil sites on the water
quality of the NFFR was evaluated. Monitoring was divided into soil and water sampling
phases. Phase I consisted on characterizing the spoil material contained in the spoil piles located
adjacent to Adit No.1 and Adit No.2. The spoil material was evaluated for 17 (CAM-I 7) trace
metals using Total Threshold Limit Concentration (TTLC) and Soluble Threshold Limit
Concentration (STLC) methodology. Phase II involved the evaluating the effect of spoil pile
runoff on the NFFR in the immediate vicinity of the two spoil piles. Two surface water
sampling efforts were conducted as part of the Phase II investigation. The first sampling effort
was conducted during dry conditions (base flow, low runoff) and another effort was conducted
during wet conditions (elevated flows, higher runoff). The Phase II sampling results were used
to characterize trace metal concentrations, as well as selected general chemistry constituents and
in situ parameters associated with the NFFR and runoff from the spoil piles under different
conditions.

The resultant data from both phases ofthe evaluation were to be used by the RWQCB to define
the hazardous waste status of the spoil piles and evaluate the impact of runoff from Project
related spoil piles on trace metal concentrations in the NFFR.

4.0 STUDY METHODS

4.1 Phase I (Soil Characterization)

Soil samples were collected from the spoil piles located at Adit No.1 and Adit No.2 of the Poe
Diversion Tunnel. A sample of undisturbed native material from a location adjacent to each of
the spoil piles was also collected as an indicator of background conditions.

Soil was collected from six pits distributed unifonnly on each spoil pile. Specifically, the six pits
were distributed along two vertical transect lines (three locations on each transect) such that the
top, middle, and bottom of each pile was represented by samples from each transect (Figures 2
and 3).

At each sampling pit, the top layer ofsoil was removed to a depth ofat least 2 feet below ground
surface. Sub-surface soil samples (sediment less than pea gravel size) were collected from the
bottom of each pit. Soil from each pit was collected as a discrete sample (six samples per spoil
pile, 12 samples total). Each sample was placed in a glass container and shipped to a California
State certified analytical laboratory.

Background soil samples were collected from an undisturbed area adjacent to each pile. The
location ofeach background sample was selected to assure that there was no contamination from
spoil material or from side-cast associated with the railroad grade. Soil was collected from
approximately the same depth (below surface) as the spoil pile samples.
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All soil samples were analyzed using U. S. Environmental Protection Agency (USEPA) Method
6010/7471-7470 for the detennination ofTTLC and STLC. For the STLC portion of the
analysis, two extraction methods were utilized. The first method used the STLC Waste
_Extraction Test (WET) in order to aid classifying the piles as to their hazardous waste status.
The STLC-WET method uses buffered citric acid (pH =5.0) as the extracting agent. A second
extraction test was done using de-ionized water as the extracting agent. This simulated the effect
of rainwater as the leaching agent. Data from this test was used to estimate leachate conditions
from the spoil pile sites. Soil samples were evaluated for the 17 trace metals (CAM-17) and
Iron.

4.2 Phase II (Water Characterization)

Water sampling was conducted at three river and two culvert stations near the two spoil piles.
The general location of water sampling stations is presented in Figure 4. The three river stations
were located in the NFFR. These stations were located immediately upstream ofthe Adit No.1
pile, immediately upstream ofthe culvert inflow from Adit No.2, and immediately downstream
ofthe culvert inflow from Adit No.2 (Figure 4). In addition to the river samples, water was
collected from two locations in the leakage culvert associated with Adit No.2. The first culvert
station was located at the exit ofthe underground culvert below the railroad grade (Adit 2A).
This site was chosen following a site visit that indicated that the culvert started inside the Adit
tunnel near the diversion tunnel and ran unexposed under the entire spoil pile. Two drainage
grates were constructed that captured run-offfrom the No.2 Pile. All of these drainage grates
empty into the main culvert and occur upstream ofthe exit point below the railroad grade. The
second culvert station (Adit 2B) was located immediately above the point ofentry into the NFFR
(Figure 4). This station defmed the final qualityofwater entering the NFFR from the spoil pile
culvert. A water sample was also collected from Poe Powerhouse Tailrace (Poe PH). This
sample represented conditions in the tunnel and is essentially a background control for the
culvert samples. Samples were collected from two additional locations during the wet sampling
event to help defme runoff conditions (from an unnamed tributary to the NFFR [TRIB1] and
from the entrance ofAdit No.2 [Adit 2C]).

Water from each location was collected and prepared to characterize the total and dissolved
fraction of each metal. The total metal fraction was collected in a plastic container and preserved
without filtration. The dissolved fraction was field filtered (0.45 micron filter) and then
preserved for analysis.

_Water samples were evaluated for the thirteen trace metals. In addition to the trace metai
analysis, selected general chemistry constituents and in situ parameters were also evaluated.
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Figure 4. Schematic Diagram ofWater Sampling Stations Associated with the Poe Spoil Piles.
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All samples (soil and water) were shipped under Chain-Of-Custody to a state certified
laboratory. Laboratory selection was consistent with that used during previous monitoring
efforts. All appropriate preservation and handling methods were utilized during sample
collection. The laboratory was instructed to report all concentrations down to their method
detection limit (MDL), which is more sensitive than the standard reporting limit (RL). These
estimated concentrations or J-values represent the concentration ofthe analytes detected above
the MDL, but below the RL. The MDL is a theoretical detection limit that is calculated by the
laboratory by using a statistical formula to evaluate the results of a series of replicates that are
run by the instrument at a low detection limit. The statistical formula looks at the standard
deviation ofthe results ratherthan the accuracy of the results. The MDL is the industry standard
for what the instrument can reliably see and quantify that isn't subject to a lot oferrors. The
laboratory typically sets the RL to two to five times the MDL.

5.0 RESULTS

5.1 Phase I - Soil Sampling

Results of the Phase I soil sampling effort are presented in Tables 1,2 and 3. In all three tables,
the results for each of the six discrete samples along with the associated background sample are
reported for each spoil pile. An average value was compiled from the six discrete samples as
representative of the spoil pile.

Table 1 presents'the results of the TTLC analysis. As indicated by the data, none of the discrete
samples exceeded the total threshold criteria. Levels of the CAM-17 metals from the spoil pile
samples were typically similar to levels found in background samples. Geologic data indicated
that both tunnel sections were composed on similar geologic materials. Based on this
information it was assumed that both piles would contain similar materials. The TTLC data from
both piles exhibited similar concentrations, which supports this assumption. Data from both
piles indicated that chromium, cobalt, and nickel were significantly higher in the background
samples than the spoil pile samples. Barium and copper were found in slightly higher
concentrations in the spoil pile samples. However, as previously discussed all levels were well
below the threshold concentrations used to defme hazardous waste.

Table 2 presents the results of the STLC-WET analysis. As indicated by the data, none of the
discrete samples exceeded the soluble threshold criteria. Levels of the CAM-17 metals from the
sPQil pile samples were typically similar to levels found in background samples. Only barium,
copper, and nickel were found in detectable concentrations in the spoil pile samples.

Table 3 presents the results of the STLC-DI analysis. The data were collected as an indicator of
possible leachate concentrations; there are no applicable threshold criteria established for the
deionized extraction method. Levels of the CAM-17 metals from the spoil pile samples were
typically similar to levels found in background samples. Only barium was found in detectable
concentrations in the spoil pile samples using the Dlextraction method.
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Table!
Summary ofTotal Threshold Limit Concentration Analysis (TTLC)

AditNo.1
Report Adit I Transect I Transect 2 ackground

Constituent Units Limit Criteria Avera e AITl Al MI Al BI Al n Al M2 Al B2 BI I
Antimony mgIL 2.0 500 < 2.0 NO NO NO NO NO NO NO
Arsenic mgIL 1.0 500 1.9 2.0 1.9 1.5 1.9 2.4 1.8 5.5
Barium mgIL 1.0 10,000 69.3 120.0 13.0 49.0 120.0 53.0 61.0 11.0
Beryllium mgIL 0.5 75 < 0.5 NO NO NO NO NO NO NO
Cadmium mgIL 0.5 100 1.8 1.5 2.8 1.7 1.7 1.7 1.1 4.1
Chromium mgIL 1.0 2,500 70.8 37.0 180.0 81.0 37.0 56.0 34.0 150.0
Cobalt mgIL 1.0 8,000 13.1 7.4 29.0 15.0 7.7 12.0 7.2 41.0
Copper mgIL 1.0 2,500 47.7 51.0 38.0 40.0 48.0 65.0 44.0 24.0
Lead mgIL 1.0 1,000 1.9 1.2 1.5 ND 1.3 4.8 2.1 1.3
Mercury mgIL 0.05 20 < 0.05 NO NO ND NO ND ND NO
Molybdenum mgIL 1.0 3,500 < 1.0 NO NO NO NO ND NO NO
Nickel mgIL 1.0 2,000 158.3 36.0 510.0 220.0 32.0 99.0 53.0 1200.0
Selenium mgIL 2.0 100 < 2.0 NO NO NO NO ND NO NO
Silver mgIL 1.0 500 < 1.0 NO NO NO NO ND ND NO
Thallium mgIL 1.0 700 < 1.0 NO ND NO NO NO NO NO
Vanadium mgIL 1.0 2,400 20.7 27.0 11.0 15.0 31.0 23.0 17.0 27.0
Zinc mgIL 1.0 5,000 16.7 19.0 11.0 13.0 22.0 21.0 14.0 14.0

Iron m 10 10,267 8,700 17,000 10,000 9,800 9,700 6,400 25000

AditNo.2
Adit2 Transect I Transect 2 ackground

Constituent Units Re • Limit Criteria Avera e A2T1 A2 MI A2 BI A2 T2 A2 M2 A2 B2 B2 I
Antimony mgIL 2.0 500 < 2.0 NO NO NO NO NO NO NO
Arsenic mgIL 1.0 500 2.9 1.8 5.9 4.1 1.9 2.0 1.9 9.2
Barium mgIL 1.0 10,000 43.0 24.0 180.0 17.0 14.0 12.0 11.0 8.2
Beryllium mgIL 0.5 75 < 0.5 NO NO ND NO NO ND NO
Cadmium mgIL 0.5 100 1.8 1.4 3.5 2.1 1.5 13 1.2 2.9
Chromium mgIL 1.0 2,500 49.7 34.0 28.0 42.0 54.0 110.0 30.0 160.0
Cobalt mgIL 1.0 8,000 11.8 7.8 13.0 12.0 11.0 18.0 8.8 83.0
Copper mgIL 1.0 2,500 53.7 45.0 54.0 76.0 39.0 57.0 51.0 41.0
Lead mgIL 1.0 1,000 2.4 1.1 23 4.1 1.8 2.1 2.8 1.1
Mercury mgIL 0.05 20 < 0.05 NO ND NO NO ND ND ND
Molybdenum mgIL 1.0 3,500 < 1.0 NO ND ND NO NO ND NO
Nickel mgIL 1.0 2,000 62.3 39.0 34.0 37.0 76.0 140.0 48.0 990.0
Selenium mgIL 2.0 100 < 2.0 NO ND NO NO NO NO NO
Silver mgIL 1.0 500 < 1.0 NO ND ND NO NO NO NO
Thallium mgIL 1.0 700 < 1.0 NO NO NO NO ND ND NO
Vanadium mgIL 1.0 2,400 22.5 18.0 45.0 25.0 19.0 15.0 13.0 28.0
Zinc mgIL 1.0 5,000 16.9 12.0 37.0 19.0 13.0 9.2 11.0 8.9

Iron m 10 10,500 8,200 19,000 12,000 8,700 8,200 6,900 18,000
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Table 3
Summary of Soluble Threshold Limit Concentration (STLC)-DI Extraction Analysis

AditNo.l
Adit 1 Transect 1 Transect 2 Background

Constituent Units Re .Limit Criteria Avera e Al T1 Al Ml Al Bl Al T2 Al M2 Al B2 Bl 1
Antimony mg/L 0.01 0.11 0.025 0.027 NO 0.30 0.D75 0.20 NO
Arsenic mg/L 0.06 < 0.06 NO NO NO NO NO NO NO
Barium mg/L 0.02 0.12 0.084 0.11 0.13 0.085 0.32 NO 0.15
Beryllium mg/L 0.02 < 0.02 NO NO NO NO NO NO NO
Cadmium mg/L 0.02 < 0.02 NO NO NO NO NO NO NO
Chromium mg/L 0.02 < 0.02 NO NO NO NO NO NO 0.10
Cobalt mg/L 0.02 < 0.02 NO NO NO NO NO NO 0.017
Copper mg/L 0.02 < 0.02 0.027 NO NO 0.019 NO NO NO
Lead mg/L 0.02 < 0.02 NO NO NO NO NO NO NO
Mercury mg/L 0.00028 < 0.00 NO NO NO NO NO NO NO
Molybdenur mg/L 0.01 < 0.01 0.026 0.022 NO NO NO NO NO
Nickel mg/L 0.02 < 0.02 NO NO NO NO NO NO 0.83
Selenium mg/L 0.05 < 0.05 NO NO NO NO NO NO NO
Silver mg/L 0.01 < 0.01 NO NO NO NO NO NO NO
Thallium mg/L 0.04 < 0.04 NO 0.044 0.043 NO NO NO NO
Vanadium mg/L 0.02 < 0.02 NO NO NO NO NO NO NO
Zinc mg/L 0.05 < 0.05 NO NO NO NO NO NO NO

Iron m 0.27 0.87 1.4 NO 0.28 2.2 1.1 NO 20.0

AditNo.2
Adit2 Transect 1 Transect 2 Background

Constituent Units Re .Limit Criteria Avera e A2 T1 A2 Ml A2 Bl A2 T2 A2 M2 A2 B2 B21
Antimony mg/L 0.01 0.01 0.036 0.015 NO NO NO NO NO
Arsenic mg/L 0.062 < 0.06 NO NO NO NO NO NO NO
Barium mg/L 0.016 0.13 0.15 0.10 0.11 0.18 0.15 0.087 0.057
Beryllium mg/L 0.019 < 0.02 NO NO NO NO NO NO NO
Cadmium mg/L 0.019 < 0.02 NO NO NO NO NO NO NO
Chromium mg/L 0.018 < 0.02 NO NO NO NO NO NO 0.056
Cobalt mg/L 0.017 < 0.02 NO NO NO NO NO NO NO
Copper mg/L 0.019 < 0.02 NO NO NO NO 0.019 NO 0.026
Lead mg/L 0.022 < 0.02 NO NO NO NO NO NO NO
Mercury mg/L 0.00028 < 0.00 NO NO NO NO NO NO NO
Molybdenur mg/L 0.014 < 0.01 NO NO NO NO NO NO NO
Nickel mg/L 0.021 < 0.02 NO NO NO NO 0.034 NO 0.40
Selenium mg/L 0.054 < 0.05 NO NO NO NO NO NO NO
Silver mg/L 0.007 < 0.007 NO NO NO NO NO NO NO
Thallium mg/L 0.042 < 0,04 NO NO NO NO NO NO NO
Vanadium mg/L 0.020 < 0.02 NO NO NO 0.02 NO NO NO
Zinc mg/L 0.054 < 0.05 NO NO NO NO NO NO NO

Iron m 0.266 0.59 0.43 NO 0.52 0.49 1.4 0.57 5.7
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Results ofthe dry (base flow) period sampling are presented in Table 4. The data were collected
on November 26,2001 when flow in the Poe Reach of the NFFR was 131 cfs. Precipitation for
the 30-days prior to the sampling period was 7.2 inches as measured at the DWR station at Lake

. Oroville Dam. As indicated by the in situ data, water temperature, conductivity, pH, and
turbidity were similar at all six stations. Ofthe thirteen trace metal constituents only barium,
chromium, copper, iron, manganese,_nicke1, and zinc were measured in detectable
concentrations. Due to the low suspended sediment concentration, filtration had little effect on
the concentration of the detected constituents, with the exception of copper, manganese and iron.
These constituents exhibited significant reduction~ in concentration after filtration.!his ~
indicates that these constituents existed in the water column primarily as suspended matter and
not as a dissolved species. In general, there was little or no difference in water quality between
the control and test stations. This was especially evident when comparing dissolved
concentrations.

()
.'

5.2
,

Phase ll-Water Quality Sampling

/ \
:~J

--)

Table 4 also compares the applicable regulatory criteria with trace metal constituents found in
detectable concentrations during the dry period sampling effort. As indicated by this
comparison, ~one ofthe dissolved metal concentrations exceeds any of the listed criteria. Where~
applicable, hardness based criteria were calculated based on measured hardness. "

Results of the wet period sampling are presented in Table 5. The data were collected on January
3,2002 when flow in the Poe Reach of the NFFR was 4,560 cfs. Precipitation for the 30-days
prior to the sampling period was 9.6 inches as measured at the DWR station at Lake Oroville
Dam. As indicated by the in situ data, water temperature, conductivity, pH, and turbidity was
similar at all three river stations and the powerhouse tailrace. The three stations associated with
the leakage from Adit No.2 exhibited the influence from surface and ephemeral tributary/spring

. flow contributions. However, as was observed during the dry period sampling, of the thirteen
trace metal constituents only barium, copper, iron, manganese, nickel, and zinc were measured in
detectable concentrations. In addition, silver was also measured in detectable concentrations.
The suspended sediment concentrations in the river were 2.0 to 8.5 times the levels measured
during the dry period. As a result, filtration significantly reduced the concentration of copper,
iron, manganese, and nickel. In general, there was little or no difference in trace metal
concentrations between the control and test stations. This was especially evident when.
comparing dissolved concentrations.

Table 5 also compares the applicable regulatory criteria with trace metal constituents found in
detectable concentrations during the wet period sampling effort. As indicated by this
comparison, none of the dissolved metal concentrations exceeds any of the listed criteria. Where
applicable, hardness based criteria were calculated based on measured hardness.

026.11-03.12 13
Poe Project, FERC No. 2107

©2003, Pacific Gas and Electric Company



Table 4
Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Dry Condition

Sampling Stations I

NFFR1 NFFR2 NFFR3 Adit2A Adit2B Poe PH
Poe-L1 Poe-L2 Poe-L3 Poe-IA Poe-L5 Poe-L6

Limits Date 11126101 11126/01 11126101 11126101 11126101 11126/01
Parameter RL MDL Phase Time 1425 1215 1150 1130 1230 1315

Arsenic 0.005 mgIJ 0.003 mgIJ Total <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
Dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

CTR-CMC 0.34 0.34 0.34 0.34 0.34 0.34
CTR-CCC 0.15 0.15 0.15 0.15 0.15 0.15

USEPA-CMC 0.34 0.34 0.34 0.34 0.34 0.34
USEPA-CCC 0.15 0.15 0.15 0.15 0.15 0.15

Basin Plan 0.01 0.01 0.01 0.01 0.01 0.01
DHS-Primary MCL 0.05 0.05 0.05 0.05 0.05 0.05

Barium 0.005 mgIJ 0.0003 mgIJ Total 0.013 0.013 0.013 0.015 0.014 0.016
Dissolved 0.040 0.042 0.041 0.043 0.042 0.042

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan 0.10 0.10 0.10 0.10 0.10 0.10
DHS- Primary MCL 1.00 1.00 1.00 1.00 1.00 1.00

Cadmium 3 0.001 mgIJ 0.000074 mgIJ Total <0.000074 <0.000074 <0.000074 <0.000074 <0.000074 <0.000074
Dissolved <0.000074 <0.000074 <0.000074 <0.000074 <0.000074 <0.000074

CTR-CMC 0.00188 0.00188 0.00188 0.00184 0.00201 0.00188
CTR-CCC 0.00128 0.00128 0.00128 0.00126 0.00134 0.00128

USEPA-CMC 0.00097 0.00097 0.00097 0.00095 0.00103 0.00097
USEPA-CCC 0.00013 0.00013 0.00013 0.00013 0.00014 0.00013

Basin Plan 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019
DRS- Primary MCL 0.005 0.005 0.005 0.005 0.005 0.005

Chromium 2,3 0.005 mgIJ 0.0002 mgIJ Total 0.00060 [J] 0.00043 [J] 0.00060 [J] 0.00055 [J] 0.00055 [J] 0.00055 [J]
Dissolved 0.00042 [J] 0.00052 [J] 0.00040 [J] 0.00041 [J] 0.00048 [J] 0.00022 [J]

CTR-CMC 0.296 0.296 0.296 0.291 0.311 0.296
CTR-CCC 0.096 0.096 0.096 0.094 0.101 0.096

USEPA-CMC 0.307 0.307 0.307 0.302 0.323 0.307
USEPA-CCC 0.040 0.040 0.040 0.039 0.042 0.040

Basin Plan
DRS- Primary MCL 0.05 0.05 0.05 0.05 0.05 0.05
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Table 4

Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Dry Condition

RL

,0...,005 mg/l
..._~-

Phase

Total
Dissolved

CTR-CMC,
. CTR-CCC,\
USEPA-CMC
USEPA-CCC

Basin Plan
DRS- Primary MCL

DRS- SecondaryMCL

/\

U

Sampling Stations I

NFFRI NFFlU NFFR3 Adit2A Adit2B Poe PH
Poe-Lf Poe-L2 Poe-LJ Poe-L4 Poe-L5 Poe-L6

Date 11126101 11126101 11/26101 11126101 11126101·· 11126101 '..~"

Time 1425 1215c~ Jl50 1130 1230 1315

__.__~L,,0.0012[J]. 0.0011 [J) . ... 0.0015 [J) 0.0020 [J) 0.0017 [J) 0.0016 [JI I.

oi-~i).itJ~!;O.000.S2IJ]~tl-.'0.00035 [J) l} I,v <0.0003 ok- <0.~03 oll-- <0.0003 0 VV'
,·,r! , ... @

,-'0.007 0.007 0.007 0.007 0007 0 007 ~

\.. O.oq5,' . ,0.005 0.005 0.005 0.005 0.005 () ~ .
,0.007 0.007 0.007 0.007 0.007 Q.007

0.005 0.005 0.005 0.005 0.005 0.005
0.005 0.005 0.005 0.005 0.005 0.005

J.3 J.3 J.3 J.3 1.3 J.3
1.0 1.0 1.0 1.0 1.0 1.0

Iron 0.2 mg/l 0.0151 mg/l Total
Dissolved

0.094 [JI
0.096IJ)

0.095 [J)
0.046 [J)

0.085 [J)
0.031 [JI

0.14 [J)
0.055 [J]

0.16 [J]
0.056 [J)

0.17 [J)
0.048 [JI

0;001 mg/l 0.000066 mg/l Total
Dissolved

Lead'

Manganese 0.005 mgJI 0.0009 mgJI Total
Dissolved

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- SecondaryMCL

CTR·CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL

0.30 0.30 0.30 0.30 0.30 0.30
0.30 0.30 0.30 0.30 0.30 0.30

<0.000066 <0.000066 <0.000066 <0.000066 <0.000066 <0.000066
<0.000066 <0.000066 <0.000066 <0.000066 <0.000066 <0.000066

0.028 0.028 0.028 0.027 0.030 0.028
O.OOJ O.OOJ O.OOJ O.OOJ O.OOJ O.OOJ
0.028 0.028 0.028 0.027 0.030 0.028
O.OOJ 0.001 O.OOJ 0.001 O.OOJ O.OOJ

0:qJ5 0.015 0.015 0.015 0.015 0.015
."....

0.0079 0.0079 0.0089 0.019 0.016 0.026
0.0074 0.0048 [JI 0.0019 [JI 0.0021 [J] 0.0028 [J) 0.0023 [J)

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DRS- Secondary MCL

0.05
0.05

0.05
0.05

0.05
0.05

0.05
0.05

0.05
0.05

0.05
0.05
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Table 4
Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Dry Condition

Sampling Stations I

NFFRI NFFR2 NFFR3 Adit2A Adit2B Poe PH
Poe-Ll Poe-L2 Poe-L3 Poe-LA Poe-L5 Poe-L6

Limits Date 11126101 11126/01 11126101 11126101 11126101 11126101
Parameter RL MDL Phase Time 1425 1215 1150 1130 1230 1315

Mercury 0.0002 mgll 0.00004 mgII Total <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004
Dissolved <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004

CTR-CMC
CTR-CCC

USEPA-CMC 0.00/4 0.00/4 0.0014 0.0014 0.00/4 0.00/4
USEPA-CCC 0.00077 0.00077 0.00077 0.00077 0.00077 0.00077

Basin Plan
DHS- PrimaryMeL 0.002 0.002 0.002 0.002 0.002 0.002

USEPA- HHWP-drinking water sources < 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005
USEPA- HHWP-other waters< 0.000051 0.000051 0.000051 0.000051 0.000051 0.000051

Nickel J O.OOS mgll 0.0019 mgll Total 0.0023 [JI 0.0022 [JI 0.0023 [JI 0.0023 [JI 0.0020 [JI 0.0022 [JI
Dissolved 0.0022 [JI <0.0019 <0.0019 <0.0019 <0.0019 <0.0019

CTR-CMC 0.247 0.247 0.247 0.243 0.261 0.247
CTR-CCC 0.003 0.003 0.003 0.003 0.003 0.003

USEPA-CMC 0.247 0.247 0.247 0.243 0.261 0.247
USEPA-CCC 0.028 0.028 0.028 0.027 0.029 0.028

Basin Plan
DHS- Primary MeL 0.10 0.10 0.10 0.10 0.10 0.10

Seleninm O.OOS mgll 0.0042 mgll Total <0.0042 <0.0042 <0.0042 <0.0042 <0.0042 <0.0042
Dissolved <0.0042 <0.0042 <0.0042 <0.0042 <0.0042 <0.0042

CTR-CMC < 0.02 0.02 0.02 0.02 0.02 0.02
CTR-CCC < 0.005 0.005 0.005 0.005 0.005 0.005

USEPA-CMC
USEPA _CCC <.5 0.005 0.005 0.005 0.005 0.005 0.005

Basin Plan
DHS- PrimaryMeL 0.05 0.05 0.05 0.05 0.05 0.05

Silver J O.OOS mgll 0.0003 mgll Total <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003
Dissolved <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003

CTR-CMC 0.00094 0.00094 0.00094 0.00091 0.00105 0.00094
CTR-CCC

USEPA-CMC 0.00094 0.00094 0.00094 0.00091 0.00105 0.00094
USEPA-CCC

Basin Plan 0.010 0.010 0.010 0.010 0.010 0.010
DHS- Secondary MeL 0.10 0.10 0.10 0.10 0.10 0.10
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Results ofNFFR Water Quality Sampling near Poe Project Spoil Pile~ - Dry Condition

Sampling Stations I

NFFRI NFFR2 NFFR3 Adit 2A Adit2B PoePIl
Poe-Ll Poe-L2 Poe-L3 Poe-IA Poe-L5 Poe-L6

Limits Date 11126101 11126/01 11126/01 11/26101 11126101 11126101
Parameter RL MDL Phase Time 1425 1215 1150 1130 1230 1315

Zinc 3 0.01 mgII 0.0032 mgII Total <0.0032 <0.0032 <0.0032 <0.0032 0.0041 [J] <0.0032
Dissolved <0.0032 0.0053 [J] 0.005O IJ] 0.0058 [J] 0.0061 [J] 0.0065 [J]

CTR-CMC 0.0618 0.0618 0.0618 0.0607 0.0651 0.0618
CTR-CCC 0.0623 0.0623 0.0623 0.0612 0.0657 0.0623

USEPA-CMC 0.0618 0.0618 0.0618 0.0607 0.0651 0.0618
USEPA-CCC 0.0623 0.0623 0.0623 0.0612 0.0657 0.0623

Basin Plan 0.Q143 0.0143 0.0143 0.0143 0.0143 0.0143
DHS- Primary MCL 5.0 5.0 5.0 5.0 5.0 5.0

Calcium 0.2 mgII 0.0152 mgII Total 8.8 8.7 8.8 11.0 11.0 11.0
DisSolved 9.1 8.7 8.7 11.0 11.0 10.0

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL

Magnesium 0.2 mgII 0.0255 mgII Total 6.0 6.2 6.2 4.8 5.3 4.8
Dissolved 6.2 6.2 6.1 4.8 5.4 4.7

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL

Sodium 4.8 mgII 0.062 mgll Total 3.7 3.5 3.4 4.3 4.3 4.7
Dissolved 5.1 4.2 3.9 4.8 4.8 4.8

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL
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Table 4
Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Dry Condition

Sampling Stations 1

NFFR1 NFFR2 NFFR3 Adil2A Mil2B Poe PH
Poe-LI Poe-L2 Poe-L3 Poe-IA Poe-L5 Poe-L6

Limits Date 11126/01 11126/01 11126101 11126101 11126101 11126/01
Parameter RL MDL Phase Time 1425 1215 1150 1130 1230 1315

Potassium 1.0 mgII 0.050 mgII Total 0.98 [J] 1.1 1.1 1.1 1.1 1.1
Dissolved 1.1 1.1 1.0 1.1 1.1 1.0

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL

TDS ImgII Total 52 53 63 60 82 59

DHS - Secondary MCL 500 500 500 500 500 500

Hardness 10 mgII Total 47 47 47 46 50 47

Chloride 0.2 mgII Total 2.9 3.0 2.9 3.2 3.2 3.2

USEPA-CMC 860 860 860 860 860 860
USEPA-CCC 230 230 230 230 230 230

DHS - Secondary MCL 250 250 250 250 250 250

Sulfate 0.2 mgII Total 3.9 3.6 3.6 5.2 6.2 4.6

DHS - Secondary MCL 250 250 250 250 250 250

Temperature 0.1 'c 7.2 8.4 8.4 7.4 7.6 7.1

Specific Conductivity 1.0 /lmohslcm @ 25'C 108 105 106 112 117 108

Basin Plan 150 150 150 150 150 150
DHS - Secondary MCL 900 900 900 900 900 900

pH 0.1 units 7.7 7.7 7.7 7.6 7.6 7.6

USEPA Inslananeous Max. 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0
Basin Plan 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5

Turbidity 0.1 NTU 2.1 2.5 2.5 3.2 2.8 4.2
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Table 4

Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Dry Condition

Sampling Stations 1

NFFR1 NFFR2 NFFR3 Adit2A Adit2B Poe PH
Poe-L1 Poe-L2 Poe-L3 Poe-lA Poe-L5 Poe-L6

Limits Date 11/26101 11126/01 11/26/01 11126/01 11126/01 11126101
Parameter RL MDL Phase Time 1425 1215 1150 1130 1230 1315

I Station Locations Poe-Ll NFFR upstream ofAdit No.1, background condition.
Poe-L2 NFFR upstream ofAdit No.2, test condition.
Poe-L3 NFFR downstream ofAdit No.2, test condition.
Poe-L4 ,Adit No.2 leakage culvert below railroad grade, test condition.
Poe-L5-Adit No.2 leakage culvert at inflow to NFFR, test condition.
Poe-L6 Poe Powerhouse tailrace, background condition.

2 = Criteria shown for Chromium represent Chromium (III), except for DHS-Primary MCL which represents total chromium

3 = Criteria for CTR and USEPA are based on a calculation that uses the sample's date/time specific hardness

4= Criteria e!cpressed as total recoverable

s= Selenium ~riteria for USEPA -CCC can be converted to a value expressed as dissolved by multiplying by 0.922 (i.e., 0.005*0.922 = 0.00461)
RL = Laboratory reporting limit
MDL = Method detection limit ( a limit that is based on statistical analysis of a series of sample runs for a particular analysis)
[J] = J-value is an estimated concentration that is below the laboratory's reporting limit (RL) but above the method detection limit (MDL)
CTR-CMC ~ California Toxics Rule Criteria for Freshwater Aquatic Life Protection, Criteria Maximum Concentration (I-hour average)
CTR-CCC = ,California Toxics Rule Criteria for Freshwater Aquatic Life Protection, Criteria Continuous Concentration (4-day average)
USEPA-CMC =USEPA National Recommended Ambient Water Quality Criteria for Freshwater Aquatic Life Protection, Criteria Maximum Concentration (I-hour average)
USEPA-CCC = USEPA National Recommended Ambient Water Quality Criteria for Freshwater Aquatic Life Protection, Criteria Continuous Concentration (4-day average)
Basin Plan = Regional Water Quality Control Board (RWQCB) Basin Plan Criteria, 1998 RWQCB Basin Plan
DHS-Primwr MCL = California Department ofHealth Services, Primary Maximum Contaminant Level
DI-IS-Second~ MCL =California Department ofHealth Services, Secondary Maximum Contaminant Level
USEPA- HHWP-drinking water sources = USEPA National Recommended Ambient Water Quality Criteria, Human Health and Welfare Protection, Non-Cancer Health Effects, Sources

ofdrinking water (water and organisms)
USEPA- HHWP-other waters = USEPA National Recommended Ambient Water Quality Criteria, Human Health and Welfare Protection, Non-Cancer Health Effects, Other waters

(aq~atic organism consumption only) .

"
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TableS
Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Wet Condition

Sampling Stations I

NFFRI TRlBl NFFR2 NFFR3 Adit2C Adit2A
Poe-LJ Poe~Tl Poe-L2 Poe-L3 Poe-Adit Poe-VI

Limits Date 01103102 01103102 01103102 01103102 01103102 01103102
Parameter RL MDL Phase Time 930 920 1215 1100 1145 1200

Arsenic 0.005 mg/l 0.003 mg/l Total <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
Dissolved <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

CTR-CMC 0.34 0.34 0.34 0.34 0.34 0.34
CTR-CCC 0./5 0./5 0./5 0./5 0./5 0./5

USEPA-CMC 0.34 0.34 0.34 0.34 0.34 0.34
USEPA-CCC 0./5 0./5 0./5 0./5 0./5 0./5

Basin Plan 0.0/ 0.01 0.0/ 0.0/ 0.0/ 0.0/
DHS- Primary MCL 0.05 0.05 0.05 0.05 0.05 0.05

Barium 0.005 mg/l 0.0003 mg/l Total 0.019 0.015 0.018 0.015 0.0092 0.016
Dissolved 0.040 0.043 0.040 0.041 0.039 0.036

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan 0./0 0./0 0./0 0./0 0./0 0./0
DHS- Primary MCL /.00 /.00 /.00 /.00 /.00 /.00

Cadmium 3 0.001 mg/l 0.000074 mg/l Total <0.000074 <0.000074 <0.000074 <0.000074 <0.000074 <0.000074
Dissolved <0.000074 <0.000074 <0.000074 <0.000074 <0.000074 <0.000074

CTR-CMC 0.00145 0.00367 0.00/49 0.00/49 0.00227 0.00223
CTR-CCC 0.00107 0.00202 0.00/09 0.00/09 0.00/46 0.00/44

USEPA-CMC 0.00077 0.00176 0.00079 0.00079 0.00115 0.00113
USEPA-CCC 0.000// 0.00020 0.00011 0.00011 0.000/5 0.000/5

Basin Plan 0.000/9 0.000/9 0.000/9 0.000/9 0.000/9 0.000/9
DHS- Primary MCL 0.005 0.005 0.005 0.005 0.005 0.005

Chromium 2,3 O.OOS mg/l 0.0002 mg/l Total <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Dissolved <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

CTR-CMC 0.243 0.490 0.248 0.248 0.34/ 0.336
CTR-CCC 0.079 0.159 0.081 0.081 0.111 0./09

USEPA-CMC 0.252 0.508 0.258 0.258 0.354 0.349
USEPA-CCC 0.033 0.066 0.034 0.034 0.046 0.045

BasinP/an
DHS- Primary MCL 0.05 0.05 0.05 0.05 0.05 0.05
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C) TableS (JI \L)
Results ofNFFR Water Qmmty Sampling near Poe Project Spoil Piles - Wet Condition

Sampling Stations 1

NFFR1 TRlB1 NFFR2 NFFRJ Adit2C Adit2A
,,-O'Poe"L1 '--Piie:T1 .. PiiJJ:L2 'Poe:L3 Poe-Adit Poe-L4'"

Limits Date '01/03/02,' 01103/02 ,·01/03/02 01/03/02 V- 01103/02 01/03/02 .~
Parameter RL MDL Phase Time 1../"930 '/-920 1/1215 1100 1145 V-- '1200

pjpjier J
' 0.005 mgll 0.0003 mgll Total 0.0084 <0;00030.0054 0.0052 <0.0003 '<0.0003 tv

Dissolved'" <0.0003 <0.000301l.-- <0.0003 <0.00030 It--- <0.0003 ~k.-- <0.0003t1 '

'CrR:CMC

~
0.012

~
0;005 0.008 0.008

&
GTR-CCC 0.00 O.OO~ 0.00,/ ~ 0.006 0.005

USEPA-CMC 0.005 0.012 . as 0.005 0.008 0.008
USEPA-CCC 0.004 0.008 0.004 0.004 0.006 0.005

Basin Plan 0.005 0.005 0.005 0.005 0.005 0.005
DHS- Primary MCL 1.3 1.3 1.3 1.3 1.3 1.3

DHS- Secondary MCL 1.0 1.0 1.0 1.0 1.0 1.0

Iron 0.2 mgll 0.0151 mgll Total 0.820 0.250 0.860 0.270 <0.0151 , 0.43
Dissolved 0.060 [J] <0.0151 0.024 [J] 0.030 [J] <0.0151 <0.0151

CTR-CMC
CTR-CCC --,

USEPA-CMC
USEPA-CCC

Basin Plan 0.30 0.30 0.30 0.30 0.30 0.30
DHS- Secondary MCL 0.30 0.30 0.30 0.30 0.30 0.30

Lead J 0.001 mgll 0.000066 mgll Total 0.000271J] <0.000066 0.00025 [J] , 0.00026 [J] <0.000066 0.00010 [J]
Dissolved <0.000066 <0.d00066 <0.000066 <0.000066 <0.000066 <0.000066

CTR-CMC 0.022 0.055 0.022 j 0.022 0.034 0.033
CTR-CCC 0.001 0.002 0.001 0.001 0.001 0.001

USEPA-CMC 0.022 0.055 0.022 0.022 0.034 0.033
USEPA-CCC 0.001 0.002 0.001 0.001 0.001 0.001

Basin Plan
DHS- Primary MCL 0.015 0.015 0.015 0.015 0.015 0.015

Manganese 0.005 mgll 0.0009 mgll Total 0.0550 0.0053 0.0550 0.0480 <0.0009 0,028
Dissolved 0.0250 <0.0009 <0.0009 <0.0009 ~0.0009 ' <0.0009

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan 0.05 0.05 0.05 0.05 0.05 0.05
DHS: Secondary MCL 0.05 0.05 0.05 0.05 0.05 0.05
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TableS
Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Wet Condition

Sampling Stations I

NFFRI TRIBI NFFIU NFFRJ Adit2C Adit2A
Poe-Ll Poe-TI Poe-L2 Poe-L3 Poe-Adit Poe-VI

Limits Date 01103102 01103102 01103102 01103102 01103102 01103102
Parameter RL MDL Phase Time 930 920 1215 1100 1145 1200

Mercury 0.0002 mgII 0.00004 mgII Total OO4סס.0> <0.00004 OO4סס.0> OO4סס.0> OO4סס.0> <0.00004
Dissolved OO4סס.0> <0.00004 OO4סס.0> OO4סס.0> OO4סס.0> <0.00004

CTR-CMC
CTR-CCC

USEPA-CMC 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014
USEPA-CCC 0.00077 0.00077 0.00077 0.00077 0.00077 0.00077

Basin Plan
DHS- Primary MCL 0.002 0.002 0.002 0.002 0.002 0.002

USEPA- HHWP-drinking water sources • 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005

USEPA- HHWP-other waters' 0.000051 0.000051 0.000051 0.000051 0.000051 0.000051

Nickel 3
0.005 mgII 0.0019 mgll Total 0.0069 0.019 0.007 0.005 <0.0019 <0.0019

Dissolved <0.0019 0.013 <0.0019 <0.0019 <0.0019 <0.0019

CTR-CMC 0.202 0.416 0.207 0.207 0.287 0.282
CTR-CCC 0.022 0.046 0.023 0.023 0.032 0.031

USEPA-CMC 0.202 0.416 0.207 0.207 0.287 0.282
USEPA-CCC 0.022 0.046 0.023 0.023 0.032 0.031

Basin Plan
DHS- Primary MCL 0.10 0.10 0.10 0.10 0.10 0.10

Selenium 0.005 mgII 0.0042 mgll Total <0.0042 <0.0042 <0.0042 <0.0042 <0.0042 <0.0042
Dissolved <0.0042 <0.0042 <0.0042 <0.0042 <0.0042 <0.0042

CTR-CMC • 0.02 0.02 0.02 0.02 0.02 0.02

CTR-CCC • 0.005 0.005 0.005 0.005 0.005 0.005
USEPA-CMC

USEPA - CCC '.5 0.005 0.005 0.005 0.005 0.005 0.005
Basin Plan

DHS- Primary MCL 0.05 0.05 0.05 0.05 0.05 0.05

Silver 3 0.005 mg/I 0.0003 mgll Total 0.0003 (J] 0.00033 (J] <0.0003 0.00033 [J] 0.00038[J] <0.0003
Dissolved 0.00038(J] 0.00031 (J] <0.0003 0.00031 [J] <0.0003 <0.0003

CTR-CMC 0.00062 0.00272 0.00065 0.00065 0.00127 0.00123
CTR-CCC

USEPA-CMC 0.00062 0.00272 0.00065 0.00065 0.00127 0.00123
USEPA-CCC

Basin Plan 0.010 0.010 0.010 0.010 0.010 0.010
DHS- Secondary MCL 0.10 0.10 0.10 0.10 0.10 0.10
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c) () TableS (J
Results ofNFFR Water Qualh-,ySampling near Poe Project Spoil Piles - Wet Condition

Sampling Stations 1

NFFR1 TRIB1 NFFR2 NFFR3 Adit2C Adit2A
Poe-L1 Poe-Tl Poe-L2 Poe-L3 Poe-Adit Poe-L4

Limits Date 01103102 01103102 01103102 01103102 01103102 01103102
Parameter RL MDL Phase Time 930 920 1215 1100 1145 1200

Zinc' 0.01 mg/l 0.0032 mg/l Total 0.02i 0.0034 (JJ 0.0081 (JJ 0.017 <0.0032 0.0078 (JJ
Dissolved 0.013 0.0065 (JJ 0.0078 (JJ 0.0079(JJ 0.0071 (JJ 0.0073 (JJ

. CTR-CMC 0.0505 0.1041 0.0516 0.0516 0.0717 0.0706
CTR-CCC 0.0509 0.1050 0.0520 0.0520 0.0723 0.0712

USEPA-CMC 0.0505 0.1041 0.0516 0.0516 0.0717 0.0706
USEPA-CCC 0.0509 0.1050 0.0520 0.0520 0.0723 0.0712

Basin Plan 0.0143 0.0143 0.0143 0.0143 0.0143 0.0143
DHS- Primary MCL 5.0 5.0 5.0 5.0 5.0 5.0

Calcium 0.2 mg/l 0.0152 mg/l Total 7.5 4.4 7.9 7.8 15.0 13.0
Dissolved 6.7 4.2 6.7 6.9 15.0 12.0

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL

Magnesium 0.2 mg/l 0.0255 mg/l Total 4.3 19.0 4.5 4.6 4.3 5.8
Dissolved 4.0 18.0 3.9 4.3 4.4 5.6

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- PrimaryMCL

Sodium 1.0 mg/l 0.062 mg/l Total .7.2 0.85 (JJ 7.6 7.3 2.6 7.1
Dissolved 2.6 1.0 2.6 2.6 2.8 2.5

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL
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TableS
Results ofNFFR Water Quality Sampling near Poe Project Spoil Piles - Wet Condition

Sampling Stations 1

NFFR1 TRlBl NFFR2 NFFRJ Adit2C Adit2A
Poe-Ll Poe-Tl Poe-L2 Poe-L3 Poe-Adit Poe-L4

Limits Date 01103102 01103102 01103102 01103102 01103102 01103102

Parameter RL MDL Phase Time 930 920 1215 1100 1145 1200

Potassium 1.0 mgll 0.050 mgll Total 0.87 [J) 0.50 (J) 0.89 [J) 0.75 [J) 0.96 [J) 1.10
Dissolved 0.72 (J) 0.47 (J) 0.68 (J) 0.69 (J] 0.97 (J) 0.96 [J)

CTR-CMC
CTR-CCC

USEPA-CMC
USEPA-CCC

Basin Plan
DHS- Primary MCL

TDS 1 mgll Total 85 130 97 120 140 170

DHS - Secondary MCL 500 500 500 500

Hardness 10 mg/l Total 37 87 38 38 56 55

Chloride 0.2 mg/l Total 2.5 3.7 2.7 2.6 2.7 2.5

USEPA-CMC 860 860 860 860 860 860
USEPA -CCC 230 230 230 230 230 230

DHS - Secondary MCL 250 250 250 250 250 250

Sulfate 0.2 mgll Total 2.7 2.0 2.7 2.8 3.2 6.3

DHS - Secondary MCL 250 250 250 250 250 250

Temperature 0.1 ·C 6.5 10.3 6.7 6.8 12.1 9.5

Specific Conductivity 1.0 J!mohslcm @ 25"C 74 154 73 76 118 112

Basin Plan 150 150 150 150 150 150
DHS - Secondary MCL 900 900 900 900 900 900

pH 0.1 units 7.6 7.3 7.5 7.5 7.4 7.6

USEPA InstananeousMax. 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0
Basin Plan 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5

Turbidity 0.1 NTU 17.4 3.3 17.6 17.6 0.8 9.2
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o
TableS

Results of NFFR Water Quality Sampling near Poe Project Spoil Piles - Wet Condition

Sampling Stations I

NFFR1 TRlBl NFFR2 NFFR3 Adit2C Adit2A
Poe-L1 Poe-Tl Poe-L2 Poe-L3 Poe-Adit Poe-lA

Limits Date 01103102 01103102 01103102 01103102 01103102 01103102
Parameter RL MDL Phase Time 930 920 1215 1100 1145 1200

I Station Locations Poe-L1 NFFR upstream ofAdit No.1, background condition.
Poe-L2 NFFR upstream ofAdit No.2, test condition
Poe-L3 NFFR downstream ofAdit No.2, test condition.
Poe-VI Adit No.2 leakage culvert below railroad grade, test condition.
Poe-L5 Adit No.2 leakage culvert at inflow to NFFR, test condition.
Poe-L6 Poe Powerhouse tailrace, background condition.

2 = Critel:ia shown for Chromium represent Chromium (III), except for DHS-Primal)' MCL which represents total chromium

3 = Criteria for CTR and USEPA are based on a calculation that uses the sample's hardness

4 = Criteria expressed as total recoverable

5= Selenium criteria for USEPA -CCC can be converted to a value expressed as dissolved by multiplying by 0.922 (i.e., 0.005*0.922 =0.00461)

RL = Laboratol)' reporting limit
MDL = Method detection limit (a limit that is based on statistical analysis of a series ofsample runs for a particular analysis)
[J] = J-v~lue is an estimated concentration that is below the laboratol)"s reporting limit (RL) but above the method detection limit (MDL)
CTR-CMC = California Toxics Rule Criteria for Freshwater Aquatic Life Protection, Criteria Maximum Concentration (I-hour average)
CTR-cd:: = California Toxics Rule Criteria for Freshwater Aquatic Life Protection, Criteria Continuous Concentration (4-day average)
USEPA-CMC = USEPA National Recommended Ambient Water Quality Criteria for Freshwater Aquatic Life Protection, Criteria Maximum Concentration (I-hour average)
USEPA-CCC = USEPA National Recommended Ambient Water Quality Criteria for Freshwater Aquatic Life Protection, Criteria Continuous Concentration (4-day average)
Basin PI~n = Regional Water Quality Control Board (RWQCB) Basin Plan Criteria, 1998 RWQCB Basin Plan
DHS-Prifual)' MCL = California Department ofHealth Services, Primal)' Maximum Contaminant Level
DHS-Se~ondary MCL = Califomia Department ofHealth Services, Secondal)' Maximum Contaminant Level
USEPA- HHWP-drinking water sources = USEPA National Recommended Ambient Water Quality Criteria, Human Health and Welfare Protection, Non-Cancer. Health Effects, Sources

:ofdrinking water (water and organisms)
USEPA- HHWP-other waters = USEPA National Recommended Ambient Water Quality Criteria, Human Health and Welfare Protection, Non-Cancer Health Effects, Other waters

i (aquatic organism consumption only)

026.11-03.12 25
Poe Project, PERC No. 2107

©2003, Pacific Gas and Electric Company



6.0 CONCLUSION

Based on the data collected as part of the Poe Relicensing effort, the spoil piles associated
with the Poe Diversion Tunnel do not appear to contribute elevated levels oftrace metals
to the NFFR. TTLC and STLC analysis indicates that concentrations of the CAM-I 7
metals were well below the associated threshold criteria. Water sampling indicated that
there is no difference in trace metals concentrations in the NFFR downstream of either
the Adit No.1 or Adit No.2 piles.
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EXECUTIVE SUMMARY

In the last couple of decades, Pacific Gas and Electric Company (PG&E) has sponsored a
variety of studies to address the environmental issues on the North Fork Feather River (NFFR)
related to the dams built on the NFFR for water-supply management and the generation of
hydroelectric power. One of the key issues is the downstream effect of increasing the minimum
release flow from Poe Reservoir. The increased release of water could have potential benefit to
the fishery habitats downstream of the dam. These increased flow releases must be managed
properly, so that higher flows will not disrupt the downstream sediment structure. Therefore,
PG&E has authorized this incipient motion study of the Lower NFFR, which will provide
important information for the various resource agencies to determine the optimal water releases.

This study covers one river reach along the Lower NFFR, the Poe Reach. PG&E supplied a
total of 31 surveyed river cross-section (transect) data from the Lower NFFR. The Poe Reach
of the NFFR extends from south of the Poe Dam to just north of the Poe Powerhouse and is
divided into three sub-reaches. The Pulga Sub-Reach of the NFFR extends from south of the
Poe Dam, where Mill Creek intersects the NFFR, downstream past the Pulga town-site to the
Highway 70 Bridge. The second sub-reach encompasses the Bardee's Bar area, which is
located at an anomalous U-shaped bend in the river. The third sub-reach, Poe Powerhouse, is
located just upstream of the Poe Powerhouse Bridge. The following table summarizes the
number of transects analyzed and their characteristic river type.

Table E1 Summary of Transects in Three Studied Sub-Reaches

Pulga Bardee's Bar Poe Powerhouse .TotaI
Sub-Reach Sub-Reach Sub-Reach

Pocket Water 1 4 a 5
Run 4 2 2 8

Low Gradient Riffle 1 a 1 2
High Gradient Riffle 0 1 a 1

Pool 6 7 2 15
Total 12 14 5 31

The first step in the incipient motion analysis is the hydraulic analysis to establish the flow
characteristics at each study location. PG&E conducted four test flow releases and measured
the corresponding flow velocities, water surface elevations and slopes for each transect. The
hydraulic flow characteristics, such as channel velocities and Manning's n values, were
calibrated using these field data. Once the stage-flow values were developed, the mathematical
relationship for each transect was extrapolated to determine a wider range of flowsfor use in
the incipient motion analysis.

The incipient motion analysis determines the flow threshold of sediment motion, which is the
minimum flow needed to mobilize a specific size of sediment. The predominant factors in the
caleolationbfsedimenfincipientmoticfn are: 'chanflerveltfeity,enefgy 'sl<:itfe anliecros-s5ection~'

and characteristic roughness height of the bed. Movement of sediment (bed material) is defined
by the dimensionless grain shear stress (t*). The t* value is the ratio of the grain shear stress

... :....,:;
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(t') to the critical shear stress (te). When t* < 1, there is insufficient shear stress to mobilize the
bed material; when t* > 1, particle mobilization occurs. The median (D50) size of the bed
material is typically used to evaluate incipient motion conditions because, in cobble and gravel
bed streams, the full range of particle sizes in the bed are mobilized over a very narrow range of
shear stresses. At discharges less than the critical discharge for the median size, the bed is
essentially immobile. At higher discharges, virtually the entire bed material matrix is in motion.

Analysis of the variation in dimensionless grain shear stress (t*) with discharge at key locations
provides a good representation of the dynamics of the study reach. Five gravel grain sizes,
ranging from very fine to very coarse gravels, were included for incipient motion analysis. At
each transect and a given sediment size, a shear stress and flow relationship was developed.
The threshold flow at which the sediment incipient motion is expected for the given size is
determined. Five threshold flows were used to construct the curve showing required minimum
flow to mobilize the given sediment size. Each river section typically contained five to six
riverine categories, varying from low gradient riffles to runs. No pools were included in the
analysis. These threshold flows versus grain-size curves are then plotted together to determine
an optimal range of discharges to mobilize various gravel sizes for each specific river section.
The three sections of the Poe Reach, therefore, yielded three "optimal discharge versus grain
size" relationships (Exhibit 1). From these three relationships, a composite, best-fit relationship
is then inferred to typify the entire Poe Reach.

On the Poe Reach, the three dashed lines represent the trends f or each specific river sub
reach. The solid, bold line falls within the upper and lower limits of these three lines and
represents the composite Poe relationship. This line signifies the incipient motion boundary for
which any grain-size versus discharge point above this boundary will not be in motion while any
point below will be in motion.

The following Table summarizes the results of sediment incipient motion analysis for Poe
Reaches:

Table E2 Summary Results from Incipient Motion Analysis - Poe Reach

Gravel Size Threshold Flow (cfs)
Lower Threshold AveraQe Threshold Upper Threshold

Very Fine Gravel (3 mm) 12 14 20
Fine Gravel (6 mm) 62 68 76

Median Gravel (12 mm) 275 334 437
Coarse Gravel (24 mm) 1,010 1,630 2,500

Very Coarse Gravel (48 mm) 3,680 7,940 14,290

Based on the composite curve for the Poe Reach (Figure 15), the current instream flow release
of 100 cfs at Poe Dam will put sediments less than 7 mm (fine gravel) in motion.
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C) 1. INTRODUCTION

In the last couple of decades, PG&E has sponsored a variety of studies to address the
environmental issues on the North Fork Feather River (NFFR) related to the dams built on the
NFFR for water-supply management and generation of hydroelectric power. One of the key
issues is the feasibility of increasing flow release from Poe Reservoir. The increased release of
water could have potential benefit to the fishery habitats downstream of the dams. It is
important that any increased flow releases be managed properly so that the higher flows will not
disrupt the downstream sediment structure. Therefore, the Pacific Gas and Electric (PG&E) has
authorized this incipiE;mt motion study of the Lower NFFR, which will provide important
information for PG&E management to determine the optimal dam releases.

The main objective of this study is to estimate the sediment incipient motion in the Lower NFFR
associated with different flow releases from Poe Dam (Poe Reservoir). Surveyed river cross
sections, measured flow characteristics and sediment samples were analyzed to evaluate the
critical shear stress and corresponding threshold flow at which incipient motion of sediments will
occur. The primary product resulting from this study is a table of threshold flows at which
sediment motion is expected to commence in the Poe Reach of the Lower NFFR. This
information will assist in the optimization of flow releases from the Poe Dam for achieving a
balance between desired resource conditions (e.g., stream temperature, fishery physical habitat
and recreational needs) and sediment dynamics in the Lower NFFR. Figure 1 shows the
regional location of the studied areas.

2. PHYSICAL SETTING

The North Fork Feather River (NFFR) is a relatively steep gradient, canyon bound river that
drains from the west slope of the Sierra Nevada Mountains. Channel form and sediment
distribution within steep mountain channels are most influenced by infrequent hydrologic events.
The transport of bed material is an episodic phenomenon requiring large magnitude flows to
entrain the more coarse-grained sediments and finer sediments trapped in pools (Harvey,
Mussetter and Wick, 1993).

This sediment incipient motion study covers one river reach along the Lower NFFR, the Poe
Reach. Figure 2 shows the location of limits of the three studied sub-reaches within the Poe
Reach. PG&E supplied a total of 31 surveyed river cross-section (transect) data along the
NFFR. These transects were selected for the PG&E study of the fishery habitats using the In
stream Flow Incremental Methodology (IFIM). The Poe Reach of the NFFR is divided into three
sections, and extends from south of the Poe Dam to just north of the Poe Powerhouse. The
Pulga Sub-Reach of the NFFR extends from south of the Poe Dam, where Mill Creek intersects
the NFFR, downstream past the Pulga town-site to the Highway 70 Bridge. The second sub
reach encompasses the Bardee's Bar area, which is located at an anomalous U-shaped bend in
the river. The third sub;..reach, Poe Powerhouse, is located just upstream of the Poe
Powerhouse Bridge.

The characteristics of 31 cross sections can be grouped into different riverine categories, Pools,
Low Gradient Riffles (LGR), High Gradient Riffles (HGR), Runs (Run) and Pocket Water (POW).
The-following-E1efinitionsof thevarioushabitats~tYl'le· are ~fromthe California~[)epartment ef- ~ish ...
and Game (Flosi, G. and F.L. Reynolds):
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• Low Gradient Riffle - "LGR"
Shallow reaches with swiftly flowing turbulent water with some partially exposed
substrate; gradient < 4%, substrate is usually cobble dominated.

• High Gradient Riffle - "HGR"
Steep reaches of moderately deep, swift, and very turbulent water, amount of exposed
substrate is relatively high; gradient> 4%, and substrate is boulder dominated.

• Run -"RUN"
Swiftly flowing reaches with little surface agitation and no major floyv obstructions; often
appears as flooded riffles; typical substrate consists of gravel, cobble, and boulders.

• Pocket Water - "POW"
A section of swift flowing stream containing numerous boulders or other large
obstructions, which create eddies or scour holes (pockets) behind the obstructions.

• Pool - "STP"
A series of pools separated by short riffles or cascades; generally found in high gradient,
confined mountain streams dominated by boulder substrate. .

Pictures 1 to 5 (see Figure 3) show representative cross sections for a pool, a low gradient
riffle, a high gradient riffle, a run and a pocket water. The detailed definitions and graphical
exhibits of different habitats are shown in Appendix A.

3. FIELD DATA

To study the sediment incipient motion, it is necessary to fully understand the sediment and flow
characteristics for the studied reaches. PG&E and their consultants performed field studies to
survey river cross-sections and to collect sediment, as well as flow data. The data were used to
evaluate the critical shear stress and corresponding threshold flow at which the incipient motion
of sediments will occur.

Surveyed river cross sections (transects) were provided by PG&E from their IFIM studies on the
defined reaches. The following table, Table 1, summarizes the number of transects analyzed
and their characteristic river type.

Table 1 Summary of Transects in Three Studied Sub-Reaches

PUlga Bardee's Bar Poe Powerhouse Total
Sub-Reach Sub-Reach Sub-Reach

POW 1 4 0 5
RUN 4 2 2 8
LGR 1 0 1 2
HGR 0 1 0 1

POOL 6 7 2 15
Total 12 14 5 31
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(j All transects except those categorized as pools and the high gradientriffle reach were analyzed
for the incipient motion analysis. The number of transects studied is 15, out of the total 31
transects surveyed.

At each transect, velocities and water surface energy slopes were measured and analyzed for a
range of stream flow conditions. PG&E conducted various flow releases from Poe Dam so that
flow characteristics could be measured in the downstream reaches. The following table, Table
2, summarizes the approximate flow releases from Poe Reservoir:

Table 2 Summary of Flow Releases for Field Study

Flow Release No.

1
2
3

Flow from
Poe Dam

cfs
- 500
-265

\ -100

Wolman sediment counts were collected from the surface of the streambed at three different.
locations (RCE,1992): one just upstream of Poe Powerhouse, one at the gravel bar atBardee's
Bar, and one at the gravel bar just downstream of Poe Dam. Figure 4 shows the'locations
where the sediment counts were taken. The following table, Table 3, summarizes the grain size
distributions for the 3 sediment Wolman Counts collected. The sediment particle size gradation
curves are shown in Appendix B.

Table 3 Summary of Wolman Count Grain Sizes

Sample
No.
1
2

3

Sample Location

Below Poe
j
Dam

At Bardee's Bar
Above Poe

Powerhouse

Median Grain
Size mm

64.0
26.0

18.1

D84 Grain Size
mm
163
48.5

46.7

Classification

" Ve Coarse Gravel
Coarse Gravel

Coarse Gravel
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4. HYDRAULIC ANALYSIS

Before performing the incipient motion analysis, it is necessary to first complete the hydraulic
analysis to establish the flow characteristics at each studied transect. PG&E provided three
measured flow discharges and the corresponding water surface elevations at each transect for
the purpose 0 f calibrating the hydraulic models. River flow characteristics, such as channel
velocities and Manning's n values, were calibrated using these, discharge versus measured
water surface elevation, values.

The surveyed river transects provided a core around which to build the hydraulic models. The
analysis was performed using the one-dimensional U.S. Army Corps of Engineers HEC-RAS
computer program. Three sets of flow characteristics were calculated for each transect based
on the surveyed field hydraulic data. The main goal is to establish the velocity versus discharge
relationship for each transect. Once the velocity versus discharge values are established, the
mathematical relationship for each transect was extrapolated to determine a wider range of
velocities for use in the incipient motion calculations. HydraulIc conditions within the study
reach were evaluated for discharges ranging from 35 cfs to 10,000 cfs. Results were then used
to establish hydraulic parameters and estimate incipient motion conditions for the range of
discharges at specific transects within the reach.

Although the hydraulic analysis is based on a one-dimensional solution to a multi-dimensional
hydraulic problem, the present assessment is adequate to provide a guideline and trend
analysis for a sediment management plan. The present analysis clearly defines the variations in
hydraulic energy that occur over a wide range of discharges at various transects.

5. INCIPIENT MOTION· THEORY

At low flows, movement of sediment only occurs for fine material. As shown in a typical
movable bed physical model study, the flow may be laminar initially, which is an orderly flow that
is constant with time. Typically, as flow volume and velocity increase, the turbulent threshold is
reached and flow becomes less orderly, varying with time. At some point in the increase of flow
volume and velocity, sediment begins to move. This initiation of movement is termed incipient
motion. The start of sediment motion occurs sporadically. The particles more prone to move
are the ones that have higher drag and less weight. Then as flow increases, the particles more
resistant to movement begin to move (Shvidchenko, A.B., P. Gareth and T.B. Hoey, 2000).

Previous studies have indicated that t he relative a mounts 0 f sand a nd gravel 0 n the stream
bottom affect the magnitUde of the water flow that can move them. Sand sizes were all
entrained over a narrow range of bed shear stress while entrainment of gravel sizes was still a
function of grain size.

Given a flow, the incipient motion analysis determines the critical particle size (Dc); the riverbed
grain size that is on the verge of motion for a specific transect under study. The critical particle
size for the range of discharges modeled was estimated using the Shields (1936) relation:
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() (1 )

where: ';c is the critical. shear stress,
';*c is the dimensionless critical shear stress,
Ys is the unit weight of sediment (-165 Iblfe, Ys is the unit weight of water (62.4 Ib/ft3

), and
D is the particle size.

Dc is obtained by substituting the grain shear stress (,;') for ';c, and Dc for D in Equation (1), and
rearranging into the following form:

(2)

For purposes of this analysis, incipient conditions were computed using 't"c values of 0.03,
0.047, and 0.06 to address the range of conditions associated with uncertainty in selection of a
single appropriate value. The bed shear stress due to grain resistance (,;') is a better descriptor
of near-bed hydraulic energy in gravel-cobble bed streams than the more commonly used total
shear stress because it eliminates the effects of flow resistance due to irregularities in the
channel boundary, non-linearity of the channel, variations in channel width, and other factors
that contribute to the total flow depth, but not the energy available to move individual particles
on the channel bed (Einstein, 1950). The grain shear stress (,;') is computed from the following
relation:

-r'=rY'S (3)

where:Y'is.the.portionoftheJotaLhydraulicdepth..associated with~grain resistance. (Einstein,
1950) and S is the energy slope at the cross section. The value of Y' is computed by iteratively
solving the semi-logarithmic velocity profile equation:
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v (Y'J-=5.75+6.251og -
V. ' K s

where: V is the mean velocity at the cross section,
Ks is the characteristic roughness height of the bed, and
V.' is the shear velocity due to grain resistance given by:

v: =~gY'S
The characteristic roughness height of the bed (Ks ) was assumed to be 3.5 D84, (Hey, 1979).

(4)

(5)

The dimensionless grain shear stress (1'*), is the ratio of the grain shear stress (.') to the critical
shear stress (.c) or:

(6)

When 1'* < 1, there is insufficient shear stress to mobilize the bed material; when 1'* > 1, particle
mobilization is indicated.

The median (D50) size of the bed material was used to evaluate incipient motion conditions
because, in cobble and gravel bed streams, the full range of particle sizes in the bed are
mobilized over a very narrow range of shear stresses (Parker et aI., 1982). At discharges less
than the critical discharge for the median size, the bed is essentially immobile. At higher
discharges, virtually the entire bed material matrix is in motion. Analysis of the variation in
dimensionless grain shear stress (1'*) with discharge at key locations provides a good picture of
the dynamics of the study reach.

6. INCIPIENT MOTION - DATA ANALYSIS

For each transect in the study, discharge versus 1'* plots were generated for five median grain
sizes: very fine, fine, medium, coarse and very coarse gravel; and for three values of
dimensionless critical shear stress (1'°c): 0.03, 0.047, and 0.06. The following table, Table 4,
summarizes the diameters for various gravel sizes used for the present analysis.

Table 4 Typical Gravel Sizes

Class Name Size Range Size Used in Analysis
(mm) (mm)

Very Coarse Gravel 64-32 48
Coarse Gravel 32-16 24
Medium Gravel 16-8 12

Fine Gravel 8-4 6
Very Fine Gravel 4-2 3

Sediment Incipient Motion Analysis
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From these discharge versus 't* plots, the corresponding points of intersection with the line 't*=1
are inferred to equal the discharge for that specific grain-size and location at which incipient
motion will be initiated. For the purpose of this analysis, the 't*e value of 0.047 is considered the
ideal value, while the 't*e values of 0.03 and 0.06 were analyzed as upper and lower boundaries
to establish a range of incipient motion conditions.

The graphical results for the three typical transects within Lower NFFR, Poe Reach, PUlga Sub
Reach, (as shown in Figure 3 pictures) are shown in Figures 6 to 8. Results are provided only
for Transect 3 (RUN), Transect 5 (POW), and Transect 8 (LGR) because Transects 1, 2, 4, 7, 9,
11, and 12 are pools. Incipient motion conditions were not analyzed for the pool transects in
this study.

Figure 6 details dimensionless grain shear stress versus discharge for one specific grain size,
medium gravel (12 mm), over the range of three dimensionless critical shear stresses: 0.03,
0.047, and 0.06. In the same figure, a dashed line (dimensionless grain shear stress = 1) is
drawn to show the threshold value above which the medium g ravel size (12 mm) would be
mobilized. For instance, taking critical shear stress of 0.047 as the criterion, the interception
point with the dashed line at flow of 400 cfs would mobilize the 12 mm gravel. The lower and
upper boundaries of the incipient motion flow can be considered as 100 cfs (dimensionless
critical shear stress = 0.03) and 1000 cfs (dimensionless critical shear stress = 0.06). For the
same gravel size, the sediment incipient motion characteristics for the other five transects are
shown in Figures 7 and 8. Similar analyses were done for other gravel sizes. .

. 'ff·::};it1:;~;- ~_.~'..

Figure 9 consolidates the dimensionless grain shear stress versus discharge for o'n,ifspecific
. dimensionless critical s hear stress, 0.047, over the range of median gravel grain s!:zes: very

fine, fine, medium, coarse, very coarse. The graphs can provide information on whether each
specific gravel size would move under certain flow conditions. Figures 9 to 11 shows the
results for the same Transects 3, 4 and 5 of Pulga Sub-Reach, respectively. Take Figure 9 as
an example, it will take 60, 400 and 10,000 cfs, respectively, to mobilize fine gravel, median
gravel, and coarse gravel in Transect 3 (RUN) of PUlga Sub~Reach. Similar information can be

. obtained from Figures 10 and 11.

From Figures 9 to 11, the interception points with the threshold dashed line for each sediment
sizes are determined as the minimum flow requirement for sediment initiation. The sediment
sizes and the required initiation flows were then used to construct the incipient motion
relationship for the given transect as shown in Figure 12. Three dimensionless critical shears
stresses of 0.03, 0.047 and 0.06 are included in the figure to provide the range of potential
values for incipient motion. For each grain size diameter there are a range of discharges, which
can mobilize the sediment. For example, the flows to mobilize median gravel (12 mm) are 400
cfs (average), 100 cfs (lower limit) and 1,000 cfs (upper limit), respectively. Or, for 1,000 cfs, it
is possible to mobilize gravel between 12 mm (median gravel) and 24 mm (coarse gravel).
Figures 13 to 14 shows the results for Transects 5 and 8 (Pulga Sub-Reach).

The relationship of discharge versus grain-size incipient motion for each riverine category (runs,
riffles, pocket waters, etc.) are then plotted together (Figure 15) to determine an optimal range
of discharges, wh"ich would mobilize various gravel sizes for each specific river section. The
three sections of the Poe Reach yielded three "optimal discharge versus grain-size"
relationships. From these three relationships, a composite,best-fitrelationship-isthen inferred
to typify the entire Poe Reach. The incipient motion summary charts for Poe Reach is shown in
Figure 15.

Sediment Incipient Motion Analysis
Lower North Fork Feather River
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7. RESULTS AND DISCUSSIONS

On the Poe Reach incipient motion summary chart. (Figure 15), the three dashed lines
represent the trends for each specific river section in the Poe Reach. The solid, bold line falls
within the upper and lower limits of these three lines and represents the composite Poe
relationship. This line signifies the overall incipient motion boundary, above which the given
grain-size sediment will not be entrained, while below which will be in motion.

Table 5 summarizes the results of sediment incipient motion analysis for Poe Reach.

Table 5 Summary Results from Incipient Motion Analysis - Poe Reach

Gravel Size Threshold Flow (cfs)
Lower Threshold Averaqe Threshold Upper Threshold

Very Fine Gravel (3 mm) 12 14 20
Fine Gravel (6 mm) 62 68 76

Median Gravel (12 mm) 275 334 437
Coarse Gravel (24 mm) 1,010 1,630 2,500

Very Coarse Gravel (48 mm) 3,680 7,940 14,290

Based on the composite curve for the Poe Reach (Figure 15), the current instream flow release
of 100 cfs at Poe Dam will put sediments less than 7 mm (fine gravel) in motion and not median
gravel or larger material. From sediment gradation data collected by RCE, sediments of less
than 8 to 10 mm are generally less than 10% of the total fraction. This is in agreement with the
results of this study.

The incipient motion analysis results for the Poe Reach also agree with the results of RCE's Bar
Dynamics Assessment, RM 17.7 - RM 18.2, North Fork Feather River, prepared for PG&E in
April 1994. The study reach of the RCE assessment lies upstream of Poe Dam, which is
located at river mile 15.5. The grain size distribution for RM 17.7 to RM 18.2 is larger than for
the Poe Reach, with an average D84 of about 264 mm and an average D50 of about 150 mm
(RCE, 1994). The RCE assessment analyzed the incipient motion conditions of the primary
and secondary bars, and t heir adjacent pools, 0 f the C resta Reach, upstream 0 f the Cresta
Powerhouse. Since the current study did not include pool or split-flow bar sections, the most
comparable transect from the RCE analysis is Transect 2207.5 (Riffle), which was the only riffle
section RCE analyzed within the Cresta Reach. At this riffle section, critical conditions are
exceeded at discharges greater than about 900 cfs, which is similar to the threshold flows
determined for the Poe Reach. The incipient motion results for Transect 2207.5 are
summarized in Figure 16.

It should be noted that this study was performed to provide a general guidance in optimizing a
suitable regulated flow release to minimize sediment impact. This study does not address, nor
is intended to, describe geomorphic process during high flows (in the range of thousands of cfs).
This study does not address the sediment recruitment and/or sediment routing in the river
system.

Sediment Incipient Motion Analysis
Lower North Fork Feather River
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This study also only addresses a sediment setting with uniform size sediment. Previous studies
reveal that critical bed shear stress for incipient motion of uniform sediment depends not only on
the grain size, but also on the bed slope. This is explained by the effect of relative roughness
on overall flow resistance. It is also known that the value of critical dimensionless bed shear
stress is not constant for rough turbulent flow, as is usually assumed, but gradually reduces for

,coarser gravel. .

The incipient motion of individual size fractions within a mixture appears to be controlled by their
relative size (d50 Id84), median size (d50), and sediment sorting. The experiments with graded
sediment demonstrate that shear s tress at incipient motion 0 f median-sized particles ( d50) i n
mixtures with geometric standard deviation is the same as for uniform sediment of the same
size. For mixtures with a wider grading, the critical shear stress of the d50 particles is higher
compared to uniform sediment. This is explained by the silting effect reducing the overall
mobility of the bed material.

The Gravel Grain-Size versus Discharge (Incipient Motion) plots were extended to'10,000 cfs.
primarily for presentation purposes. The Manning coefficients best-fitted tot he field velocity
data can be extrapolated to values greater than the calibrated rarge. However, the extrapolation
range is valid as long as the, hydraulic characteristics, such as the channel geometry and
hydraulic control, do not change significantly from the calibration condition. Given the fact that
the In-stream Flow Incremental Methodology (IFIM) procedures allow for the extrapolation of
discharges up to 2.5 times greater than the highest calibration discharge, the Licensee believes
that the same assumption is applicable to the sediment incipient motion study results.

Using this assumption, the upper extrapolation limit would correspond to a discharge of roughly
1,250 cfs for the Poe Reach. Since the objective of the study is to determine and optimize the
incipient motion of various gravel sizes in various reaches in the NFFR, the Licensee' believes
the resource management should focus on gravels suitable for trout with size less than the
coarse gravel (24 mm). To manage the recruitment of coarse gravels (24 mm), the ,analytical
result of the incipient threshold discharge ranges from 1,000 to 2,500 cfs in the Poe Reach.
These threshold discharges are within a reasonable range of the upper extrapolation limit
considering the relatively uniform channel section of the Lower North Fork Feather River; and
therefore, validate the use of the study results for sediment recruitment management. The
results for larger size material (such as in the cobble or boulder range) incipient motion should
be applied with caution to ensure that the basic hydraulic assumptions are not violated. The
study of the large size material is beyond the scope of this incipient motion study.
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Picture 1

NFFR - Poe Reach
Pulga Sub-Reach, Tran'sect 3
Habitat Type - Run

Picture 2

NFFR - Poe Reach
Pulga Sub-Reach, Transect 4
Habitat Type - Pool

Picture 3

NFFR - Poe Reach
Pulga Sub-Reach, Transect 5
Habitat Type - Pocket Water

Picture 4

NFFR - Poe Reach
Pulga Sub-Reach, Transect 8
Habitat Type - Low Gradient Riffle

FIGURE 3 Photos for Four Habitat Types
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FIGURE 7
Dimensionless Grain Shear Stress Versus Discharge

NFFR- Poe Reach 1 - Transect 5 POW
Medium Gravel (12mm) Incipient Motion Analysis
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FIGURE 8
Dimensionless Grain Shear Stress Versus Discharge
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Dimensionless Grain Shear Stress Versus Discharge
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FIGURE 11
Dimensionless Grain Shear Stress Versus Discharge
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FIGURE 13
Gravel Grain-size Diameter versus Discharge
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Appendix A.

Habitat Types (US Department of Fish and Game)



----------------------

Riffle

LOW GRADIENT RIFFLE- "LGR"

Shallow reaches with swiftly flowing turbulent water with some partially exposed substrate;
gradient <4%, substrate is usually cobble dominated.

o

HIGH GRADIENT RIFFLES - "HGR"

Steep reaches ofmoderately deep, swift, and very turbulent water, amount-of exposed substrate is
relatively high; gradient is >4%, and substrate is boulder dominated.

-----------------~----------------------------------



Cascade

CASCADE - "CAS"

The steepest riffle habitat, consisting ofalternating small waterfalls and shallow pools; substrate is
usually bedrock and boulders.

BEDROCK SHEET - "BRS"

A thin sheet ofwater flowing over a smooth bedrock surface; gradients are usually variable.



(J Flatwater

Swiftly flowing reaches with little surface
agitation and no major flow obstructions;
often appears as flooded riffles; typical
substrate consists of gravel, cobble, and
boulders.

RUN - "RUN"

A sequence of runs separated by short riffle
steps; substrate is usually cobble and
boulder dominated.

STEP RUN - "SRN"

A wide uniform channel bottom; flow with
low to moderate velocities; lacking
pronounced turbulence; substrate usually
consists ofcobble, gravel, and sand.

:i/~')

',,--_/

GLIDE - "GLD"



Flatwater 2

POCKET WATER - "POW"

A section of swift flowing stream containing numerous boulders or other large obstructions which
create eddies or scour holes (pockets) behind the obstructions.

EDGEWATER- "EDW"

Quiet, shallow area found along the margins of the stream, typically associated with riffles; water
velocity is low and sometimes lacking; substrate varies from cobbles to boulders.
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Main Channel Pool

STEP POOL - "STP"

A series ofpools separated by short riffles or cascades; generally found in high gradient, confmed
mountain streams dominated by boulder substrate.

TRENCH/CHUTE - "TRP"

Channel cross-sections typically "U" shaped with bedrock or coarse grained bottom flanked by
bedrock walls; current velocities are swift and the direction of flow is uniform.



Appendix B.

\ )
'----/

Sediment Samples Data



CJ

()

Sediment Sampling Sites For Incipient
Motion Anal sis

Lower NFFR Incipient Motion Study March 2003



DETAILED
STUDY REACH

SCAt.£

0 2 3 .. ~ S
I I I , I ,

l.U1.£5

Location Map of RCE Bar Dynamics
Assessment, RM 17.7 - RM 18.2, April 1994

Lower NFFR Incipient Motion Study March 2003



o

40

1615

35

1413t2

10 15 20 25 30
RIVER MILES ABOVE BERRY CREEK

5

1

10

WOLMAN SAMPLES
1000, -r---,r---+--~---.,----r:-~--r-""-"'----:8:----:R:::::EA::':":::'C:-::-H-~""""'r-l-----r----,----,----'\

............ 016
~050
tt: ""1'11::''*084:

...-- 100
E ·E-....-

Wolman Count Grain-Size SUlJlmary
RCE, October 1992~'

Lower NFFR Incipient Motion Study March 2003



10 -
~ 1\ , '".... .- :- - -

90 N I -e- WCIlHAN -9- -
'\

80 I~
1\

-l-' 70 ~
..c
(J)...

\l»
3: 60
:>.. ~.0

l- SO 1\
Ql

~C... -1.L. \-l-' 110c 'h1l»
U
L
QI 30Q..

20 ~

\
10

r\
\1\

-
0
500 100 50 10 5 I 0.5 0.1 0.05 0.01 0.005

Grain Size in Millimeters

BlORS COBBlES I GRAVEL I SFfIIO I
I vc I c I M I f I VF I VC I C H I F I VF SilT or CLAY

Wolman Count Grain-Size Analysis - River Mile 8.0

rilJ RCE, October 1992

~ _J Lower NFFR Incipient Motion Study March 2003



o CJ
10~r'-.

1

i'.. II I II I
90 '" I~ WOlHflN -12

~

aD II \

I \.I
I

4-" 70 I '\
.1:, \en....
Q)

::s: 60
;:>..'
.0

L SOQ)
I:....

lL ,
..... itOc

I~.Q)
0
L

\Q) 30IL
;1 (5

I 1\20
i IJ(

,

~10 I

'\.-i

~

~0 I

500 I 100 50 10 5 I 0.5 0.1 0.05 0.01 0.005Grain Size In Millimeters
I
i

BlDAS I coaBLES I GRAVEL I SAOO I
I I vc I c I H I f I VF I VC I C , tf I f I I SILT 01" ClRY
i

VF

!

Wolman Count Grain-Size Analysis - ~iver Mile 15.2

~
I 1,"· ,

I RCE, October 1992 f: J,

I
I Lower NFFR Incipient Motion Study March 2003L____
I,



0.01 O.OOS0.1 0.05I 0.5
Grain Size in Millimeters

2

~~ - - II II II ,
90 I -e- HOLMAN -13

\ -
80 I\..

'\

70 1\

\
SO

~

\50
\

110 '"
~30
~

.. -

0 \
'\

10
.~

0
"fq. "-

SOD 100 50 10 5

....

.c
Cl

.M

~

.s
I..
III
C....

lL.

+'
C
III
U
I..
III

n.

COBBLES SILT or CLRT

it-;;-7r'·" .
~__\L J

Wolman Count Grain-Size Analysis - River Mile 12.0
RCE, October 1992

Lower NFFR Incipient Motion Study March 2003



(j
"----- ,

l

Average

8-3

8-4

S-5

S-6

8-7

8-9

8-10

8-11

20

50

SlLToraAY

Grain-Size Distribution: RCE BartJ:l,ynamics
Assessment, RM 17.t - RM18.'2, April 1994

.

Lower NFFR Incipient Motion Study March 2003
,

--j-----



1----------
I

I

C)

o

Appendix C.

Results of Incipient Motion Analysis
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--.- t*c = 0.060 --- --- -~ -- -- -j- -- --:-- ..:-- -~ -- -- j-- -- ......--" -- -- --j --'" -- -- --\ -- --- -- j"- -- -j" --- [- ---(- j" -j-- -j" -- --. --' -- -- -- .. --).. -- -- -- -- --j-- --- ---i' -- -- -j--- -i"- -- -:--. -.

___ •••• _ •• _. ••• _. • _. • • _. _ • _ .. oJ .'. __ • ~ __ ... _ _ • _ oJ • .J __ • , .I ..... L -'. _ _ .I. __ I,. _ ..... ,'- • J. __ • _. __ I.. ~ .... _ _ _ _ _ .t. __ __

10,0001,000100

1+------'----'--------'---'---'--'---'------'-;----------'---'---'-'---'-----'---'---'--'-;------'---------'----'-----'--'--'------'-----'-----l
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APPENDIX E2-3

Summary of 1999,2000, and 2003 Hourly Water Temperature Data in the Poe
Project Area

(J

-- "', \
\,:,--/

Hourly Temperatures 1

Station Year 'Month max min mean
NFFRaboye, 1999 June ~ 2:2:;;1 14.8 18.6

CrestaPH j1999 July "-. 2J:5 17.5 20.2
(poe-lC) 1999 Aug "'Q4~6 16.9 19.6

~
1999 Sept 19.3 15.8 17.6

{2000 June~ 2-2~8, 16.9 20.1
2000 July ....... 2+;6, 17.1 19.6

..' 2000 Aug '"'\2-3:1 17.2 19.9
2000 Sept 18.8 14.4 16.4

J 2003 June 20.4 13.2 17.2
, 2003 July ..... :z.3S9 16.1 20.0

2003 Aug .... 2~:8 18.0 20.2
2003 Sept ..... 21:;6 15.3 18.3

NFFRbelow 1999 June 19.6 16.3 17.9
CrestaP~ 1999 July "'20:~ 18.1 19.3
(poe-lA} - '1999 Aug 20.3 18.1 19.2

1999 ' Sept 18.9 16.2 18.1

2000 June 20~8~ 17.6 18.9oj 2000 July 20.4 17.0 19.2
2000 Aug ... 2,h9. 16.~ 19.9
2000 Sept 19.3 lIil~ 17.3

2003 June 19.1 13.5 16.8

,'~
2003 July ',.22:7~ 16.7 19.7
2003 Aug ..........22~::j> 18.9 20.1
2003 Sept ~O;6\ 16.5 18.3

CrestaPH 1999 June --- --- ---
Internal 1999 July , 20i8) 18.7 19.6
(poe-lB) 1999 Aug 20rS 17.9 19.4

1999 Sept 19.5 16.6 18.3

2000 June --- --- ---
- --~-~- -2000-- July- --- --- - ---

.,>, 2000 Aug' --- --- ---
2000 Sept --- --- ---

-~-~~~;
June 19.2 13.4 16.8
July " 22:;"7- -17.2 -19.7 -

2003 Aug "\ 22:-3, 18.9 20.2
2003 Sept 2.o~§, 16.6 18.3
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App~ndix E2-3

Continued
Hourly Temperatures 1

Station Year Month max min mean
NFFR below 1999 June 20.3 12.5 17.0

Poe Dam 1999 July '2-bh 17.8 19,4
(poe-5) J 1999 Aug 20;6~ 18.3 19.3

1999 Sept 18.7 16.6 17.9

2000 May 16.3 10,4 14,4

j 2000 June '2bl 13.8 17.5
2000 July 20.8 17.6 19.2
2000 Aug "21';6 18.1 19.9
2000 Sept 19.1 16,4 17.2

J
2003 June 19.2 13.7 17.0
2003 July .. 22:8' 17.1 19.9
2003 Aug ,22.5 19.2 20.3
2003 Sept 20;6 16.5 18,4

NFFRat 1999 June --- --- ---
Pulga Bridge 1999 July " 22::80 17,4 19.5

(poe-2A) J 1999 Aug • 2-2A 17.3 19.5
1999 Sept 20.2 15.8 17.8

2000 May 18.9 11.5 15.3
2000 June ,2:3-;;2 13.2 17.9

J
2000 July " 22:6 16.8 19.5
2000 Aug ....... 29';3 17,4 20.0
2000 Sept 19.1 15.7 17.1

J
2003 June 20;9 13.3 17.3
2003 July "'-24:3 16.3 20.2
2003 Aug \, 23:5 18.3 20,4
2003 Sept ... 2--2-;2 15.9 18.4

NFFR below .1999 June ..... 2:1.9 12.2 17,4
Pulga Bridge 1999 July " 22~7 16.9 19.6

(poe-2B) j 1999 Aug "-2:t:-8 17.0 19,4
1999 Sept 20.0 15,4 17.8

~
2000 June ...... 2@,,~ 16.8 20.0
2000 July " 22~5 16.9 19.7
2000 Aug " 23;1 17.5 20.1
2000 Sept 19,4 15.5 17.2

2003 June --- --- ---
2003 July --- --- ---

- 2003 Aug --- --- ---
2003 Sept --- --- ---
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Appendix E2-3

Continued
Hourly Temperatures 1

Station Year Month max min mean
NFFRat , 1999 June "\ lLl~9 12.2 17.8

Bardees Bar 1999 July " 22.-:8 16.9 19.9
(poe-6) j 1999 Aug ""'2..1>:·9 16.8 19.6

1999 Sept 19.3 15.5 17.7

2000 June .... 2"~ ..4. 17.1 2004
2000 July "' 2-2:6. 17.0 20.0

J 2000 Aug ... 2<S,;2 17.3 20.2
2000 Sept 19.7 ~ 17.1

2003 June " '24•.,2 13.7 18.0

J 2003 July , 24,-5 16.2 20:~\.-

2003 Aug ... 23,~6 17.8 2€h6
2003 Sept " 2-2:>1 1~~ 18.6

NFFRabove 1999 June ,~ 15.1 19.9
Poe PH 1999 July 1'- 2:5~1 18.7 2,l,;§

(poe-3)~ 1999 Aug " JiJ??> 17.6 20~'9

1999 Sept 20:-9' 16.6 18:4

2000 May '2'1~9 "'rQ 17.8

rJ 2000 June '2516 15.3 203
2000 July ~24;0 18.6 21.4
2000 Aug , 24":9 18.4 21.2
2000 Sept 2004 15.9 17:8

~
2003 June " 22.,9 16.1 19~7

2003 July ... 26~0" 18.2 2-2¥1
2003 Aug \;; 19.3 2:1.::5,
2003 Sept 23,,4 15.8 19.2

Poe ~ 1999 June -..,1·20;·8 13.8 17.6
Powerhouse .1999 July "-21d l~\1 19.3

Tailrace 1999 Aug fr'1O;6 17.3 19.2
.' (poe-4B) 1999, Sept 18.7 13.9 17;7

2000 .J1lIle \. 21..l U.s 19..3__ .
2000 July 20;6, 17~9 1904 ·

\j 2000 Aug " 21-,:5 18.3 ,20.2
2000 Sept 19·5 16.3 17.7-

2003 June 19.1 13.8 -16.9·

~
2003 1uly \22;9 16.9 20.0
2003 Aug '- 22",9 19.1 2004
2003 Sept 20;7- 16.5 18;6-
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Appendix E2-3

Continued

Daily Temperatures 1

Station Year Month max min mean
Flea Valley 1999 June 17.1 9.7 13.6

'Creek 1999 July 18.0 12.2 14.7
(pVC) 1999 Aug 17.6 12.9 14.9

1999 Sept 16.1 12.2 14.2

20bo June 18.4 13.9 15.8
2000 July 17.8 13.2 15.3
2000 Aug 18.6 13.7 15.6
2000 Sept 15.7 11.9 13.7

2003 June 16.6 12.1 14.2
2003 July 18.7 12.4 15.6
2003 Aug 17.7 13.4 15.4
2003 Sept 17.6 12.9 14.8

Mill Creek 1999 June 17.3 8.7 13.6
(MC) 1999 July 18.6 12.0 15.0

1999 Aug 17.4 12.7 14.9
1999 Sept 15.4 U.8 13.7

2000 June 18.8 13.4 16.0
2000 July 17.7 12.7 15.3
2000 Aug 18.6 13.4 15.6
2000 Sept 15.0 11.0 12.9

.,

~QQ3 June 16.7 11.3 14.0
2003 July 19.4 11.9 15.9
2003 Aug 18.2 13.0 15.5
2003 Sept 17.3 11.9 14.3

NFFRabove 2003 June 19.6 15.8 17.6
Poe PH ~2003 July '\,23,,1, 17.1 20.2
(poe-3) 2003 Aug " 22"£i,, 18.3 2.0;$.

2003 Sept ... 21';@ 16.3 18.5
l~

1, Hourly values are based on hourly average data; month statistics /" l U
represent the maximum, minimum, and mean based on these hourly )

average temperatures. L\D 4'
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'Lead (pgIL) <1.3
iM~~~!~~sfLl :i~.
'Mcr~Jp.~L . . ~o.,o.o.o.~
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'ToIaIHardn...... C.C03(~

. bloride (mg/L) •

;~;.~;-Noi~.r__...
., - Total (mg/L)

~Dis,olveo! .~o!~(~l

Bs~rl!:L-._ ~ M. ~."._ J ..:..
~~~~~_~~~!.~.M~.=¥~~ ~~~~~,~.~~~ .(M~~).e~~_Mg;s ~,~.~~~~.~_'?~~~~«! ~~~~~~.M~ ~~~~ Yi~Wa!~ _~~~~~~ .
[!~~~~~ l?~~t:.~~~~.~ ~~~~~ ~': ~~P.!?~_ ~~) .~? ~~~~~ ~.~ ~~!:I!~IJ,.~~t:.~~~ _~~). ~: MQ!-i! ~~~~_~~_! !~~~~ ~!'J.~~tiC!~r.~!:: ~ ~ .~~~y !!!~ to? ~~ ~f) ~~~~ ¥P~

L.-and.~~_~p.rcsc~~!f.~.~_~~~_~~~:f.~_~~~.~~~~~.~. ~l.!.I:t_'? .~~!al0!l _
~~,~~~~ ~~P..~':~~.~.~~~.~~~~.~ .~f~.~~

~;~:::.:~=!=J~~r.===r~=~~r= 1.. .
<;:=- !1!>~u~,,! ~onE"-~~~~ (1·~.y.~Y...,~~l.

. ~L _. ··············r .

!1~ij~~~~ii~ili~~;fJ.~'s:t~~;~~~~!!!~i!..~~~i~~~fu.~~~,_TomcP!-~~·~~_'_~!~ ..~i'§~~~~tg?jv~i~~.,t~~~~f!.I
,?, ..!LSEPA !!atioJ!ai AmbienlWalerJ~u~f~ Fre,hwa;~.!!I~~!!!!¥.~.!'!OlcC~ Recommende,!Criteria __..•_ _.__... _.... ._ _- _ __ -_ -..-_ _- _ _ _ ..

~.. _!~_!?~ M~'! ~c:! ~p.pJy~ _~ ~-'!h:c!~!_~.~~~~~,~ ~ ~~ ~~~~!~ ...¥~.~~!~.! ~.~,~~!~I1_O'~. 4.~~~~cI ~ ~11~~~ ~~~~~~_~ ~~~i£~_~~ ~p.tx! ~~ ~~ ~~~ f~F~~~ ~c:.r~ ~tc:~ ~ .~~~~ip~ \l(~~l;f~uP.P.ly·
;i l'our1h Edition oflhc:'j!a1<r~Control PJ.!!!.(!lasin p~.fu:.~ s"[!!!11.E!!2.!lim.!!!'.!! ~.!!!'.l!!~ River Basins.__.•_............ .•.....•..... .•.•.. . .__ .._._.. .._.............. ......._ ._.•...._ ..__._
;5. ~.!fi~E?-"Ee!'!!:~-"~b ..,~ ~.~ P.!!~~tE.~.~!il!':':'... '_"..~..I11I"I!..E~n.~'.lI:!!.~or~!II~'!'!>.~~!~~P.r?W"_""~I~~ .. r.?r.~~fiJh.e~~~. P!'~"!(CCC) ~~ wh.~ ..~?ni~fiJIl.~ pre..~n!(C¥.9.
;6. Criteria for CI'R andUSEPANational ~...Eient crittr!!,~~~~!c:.~.!~_~_~~ !!~,!erabIeJ~.a.ed ~~ati0i!.~~dne~!f~_£~~~! ..~!1!~~.! __~~p.p.~!t!~ad. nick~~!:!. and~.__ ._._.
1?~. ~ri!~f~r~~~ 'Q~Ac~~~ ~~~.~~c:~~'!.~~~1~ c:.~~~~~~~.~ ~~~~.m ._J - . -
~!..Criteria for total riIrale as llitro8~ ..Q:!) ._ 'H'H' 'M_ .H •••••H.H••••H _ •• _ "'M" ••_ ••__ _.__•• •.••__ .H. .._......... • _.__ • •__• .__ ••• _ ••••• _._ .••M._._.._.._ .. .._.._. . __._._M.
i?·Y~~~~~~~..2~ g~~~~~. f.~~. ~~~p.~1: ~ f~r ~~~~~v~~ ~.~.?~d_~ ~~~~~~~~ ~~~. ~~.~~p. ~.P!~~~~Y. ~~.~.~~. ~~~qu~~~ Jlr~~.~?vl:~~l1 ~hJ~ri~~.~. ~.s~~~~eo~s~.~~~ ~r..~.~~.t~~f ~.s~~
j10. Fecal ColifonnJimitis amonlht eometric mean of< 200/100mL. and no more than 10% oftbc:mo obscrvaJions above 400 1100 mI.. ! . § . .
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!I~·· ....-..-,....----....-....
JndtuP_
ijj~rT.iQp~;iur.{;;gL_
i!1i!!!?h.!~'!Q~!\':'!{'.'!l!!!J.
j~~~.Con~c~.fl!~~~l

'P..IH~!C'!'~.!!'!~1
!Thd>idily@!!!l... .

rinwy.and S.condaryMCL=M~!!!!!.!'onlamin~.IE~~Is..~q...!>..,.p.~.MCL •.~~~~.~.d ~~and l.c"'!.~M~ ..!'!'E..hUDI'!!!.."'Ei!!!.;!.~ criteria.. ..._..........._...' ....__..
~§~~ __!:oDCe~l1 be1~y!~!~P'.~~~ @!.) ~~,~~!?!l? ~~_~.~~_~~ __~.~~~~~~Q@~)~.~l?_ ~~_~ _~~~4,~~ !_J~J~~a.1~~~~.~~~!_~~ ,~~ ~~~y ~e~ 10 ~ to ~9 _~~ the MPI-
_and ~RLreprclcn1s ~_a.:..~~~_l.~.!!~~E.~~~..!~ ?.l!!':!=_~0ra10~ .._...~ ..__.. ,.~... h

cds rc rCleal: cxcccdauccs oftbc critcria

=N:~~.:;:;u~~~~~1~3~~~. : _L~._~:~=·-~.. ..L __ _.. J __ _1.
igg~}= Conlinuous£on.cc~.2.!! (17~.!Y !!.~~!:8~)
!CMC = Maxitnuol concentralion (1~ho~.~~'-_._ __ :._ _ :.__..__ ._.~ ..__ M.M M ••__• •• _ _ _ M... .._ ••••_._ ;_••

~LE=~~~2~~~~~I!l~.~~.~.~~~~~~~..~.'!.~_~.!~!~P.9.~t· ~.L .E.. .. i ..t.. _...
:!'.!!~~1~ £.Fll;~~!~1,.V{~I!'.rgu~~~~'..'~; !l!t,>b..~s.f.un..! ... ~.. ll'.!:'".!..cri..!'Q~ri~r..~ !'Jiotit.rJ'''.''!':.l',,~ [~~~. ~~.. ~r.9a.!!?'!!a.lq'!lif..rn.~ T..~!:<~!wj~ I·
~~ .. USEP.!.~onal ~bic~.W.alcr ..9:~,£~rt;..!!~~.~.~:Aqualic J..l'e Protection Recommended£~~~_ _. M _ _._ _ .._~._. •••__ •• ._ _M ••• __• __••••••• _ •••_._••~M ••••••_ _ _M••_ _ ••• _ __ __ _ _ ••••_ , _ ..

:3, !,o~DH~ ~Cr,'! !.o. ~ply: th' 1Y~;'.'.!' ..~"!u.~tb..; ~;!~~"'~ .~.iJ> ~.Il~l'~ !,..r;~~,~~E !!'!n..'E:".':~ ..o.t ~.'~ate~~' h~v.U\!I!"!!~ ~~ ~o'.m..""".=9>~ w~ supply, but lb. NOI1ll F0dt !"~IhCl' Riv i. !isl.~ "n.l1lllD!':ipal \Vate! Sllpply. .
:1c.!'~~~ f!l!=_W~gu~Qo.P.!!£I.!'~@.!!iJ>!'!~lf~.!!!= Sacramelllo Rivcr!,!!!~!~RivcrB~ __ __ _ __ __ _._ . . ._.. .. ._ _ _..__.._.. _ _

:~:. ~l?,ni~. ~~IlM~~~~O~ r~: ~~c~ ~D ~~ p¥ ~~ ~~~~~~~~~~~_~~ ~~~~~~~?!~~ ~~~ ~~~~~p..~~! ~~.~~. ~~ f'?! ~~E~~~~ ~.~ !!l?_.~~~~ p~~~~ (C;:Cq) ~~ ~~.~ !~(l~~~~ ~ P~~!~.~_(9M9.J
6. Critcria for CTR. and USEPA Nalion&1 ambient criteria cxprcssed as tola! recoverable based on CaJCuJaiioD using hardness for CAdmium, chromium, copper, lead. nickd, silver. and nne.

i? C;~c~rofCTR. andUSEPA chromium IOlalrccoverable uprened as chr0tMunill' :.1 1. .:
:.!' ~,!il~ fC!~ ~o.ta1 ~~~ ~$ ~~C?8:'n. (N) .. _.__... .. . _ _ M ••• ••__M· •••__ _ •••••_._.__••_._._ w __· _. __ ~_~ . __ • •• • • __ _.~ _ __• __•• •••_ •. ~.__ _ .._ •••_ _ ••_.

?~ VSEPA National Ambient CromoR for cI~oridc is f~r di~.lolvcd c~oride ~~sDci¥tI~d \Vit.h~~~ c~~~ ~.P~~1?~Jy_~~~~!= ~~~ql!~~.Iy.P~~~.~~¥.~.Y!'~!! ~_~~ri~~ ~~.~9~~ ~P'?~~~ ~~£~_~~ ~~ft.!r!, __!!.~~~~~
10. Fecal Cohform limit is a mo eometric mean of< 200/100 mI.. and no more lhao 10% oClbc monlhl obsc.-valions above 400 /tOO mI.. ! ~ j 1 j ~
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;Prim"!I.!!!!!!Secondat}'MCL=~'!'!'!C~J!l.~.!!!~~~~Q!9!~l,1'~~~~.."':~~~a1Ih !'!!!."!!~.J!!OJ!'!secon~ ~CL~.!,,:~~~ef!cll!~.b.."'"~ ~ri.!..J!!. .. __ .._ __._ ..
= ~~!!n.'.~~."~."~alio~.b.~Y' th....~..p.~~~~ @9 ~~~.~!~ !!>~'!'~th_"~~ ..lcc.Jio!!.fu.i'it(14J)L), tile MDL iJ b~••~ on a stalislical calcul.alio",!!>e RLiJno~l sell~510 l~tinl.e.th.}4l)~

and the RL~I!llienls ~er anaIY.Ii...!'~ ..E~!!!:..~I'..!!t.!!E.!I!'-~_e!'!!!!:.~~~ ..~I'.~.~~~.,_ _ __.. ._. _..__ _ _.... ..._ __.._ .
cens represent exceedances ofthe criteria

N~'~~!!E~~=1~.=~~·~~!~~~d.!' ..
.~<::::Coalinuo".! ."~~~.~1r~~~".(4:~y' ..!.!~~).

C =Maximwn E.~c.nlrali!!!!.(!:~!'f.a.Y~~:). . ......•.-- -- , -.-..-,. -.--- ..~..- """"T"-'-'-'" ···-····,··----·--·-··c············· "--T .......•...•__.•.•.•._,.. •__ ._ _ ._ .. .._
=L.boral0'.1...e.!!~!".!"~!!tod~~~E~&.'!~!~~~~..P..~!!..L ___L__ __.. 1.. __. 1. L.__.. . _L_._..... _ _.•....... ,..............•..•'- _ .•.._.._i........•.••.•.....••...L .._ •...._ ...••. _... i. ,..,,__ _ _ 1... _._ _._. .

J-q~!WA1'!G!'!U)!rtm,W..~!Qu.;ility !i.!!!!!~a.r~~;J,;..!!!'.l?~~~~I~". N'!!'!.~~ 9il~riJs f."~.!'!i~rilY '[o.~ !,~1L,IlanIs fO! t1t~.S~ ..fQa.Jif.:~fIlj .. [q'!lifq1?1ia T<>"ic~.!/I!JgJ

l~, ..!!~PA!'i'.lional~bicnl.W.a.!~".a.J!t.Y.gE!:.!.i..,.!'!~~a.!~.!.'l".~Life.!?rolecli2.".~~ommend...!!..<o.Jit.ria. _.__ _ __ _ .__ _ __ .__.__ __._..__ __.._ _._ _ _ _ _ _ _ _ __ _~ ..
l~·!'~!1..~ !!l9J:,·~!~ ~I'ly, ':b..~'!a.!t.!~~ ..!!!'!".!l b. .. ~'.!\I!1l.~ ...~~iJIlhE.l!~iJl!'!...., !,~,~le,.I!~~~ris not ~..iIl1!aled OJ ~v!n!l.JliJ!i!'a ~ol1l.•sli~ 0,1I1'!"c.ip!l Vi".!.' ~p.I'1Y.. bill ~N0JtllF0!ltF.~er :R,iv.r i. listed a.Jll'!".ci!>a1 Vialer !"p'p.lr•.
'1, !'...!'.fII! !i<li.'!c.,.. ~th." W..~~! 9\l.a.J!t.Y.90E.1r0.' I.'I~@..~ p'1~)for.t!''.~!t.!~o:R!vc.r".'!~!lll!'!?~!l!!c:r!!..,ms. .. . .. ..' .
~~onia~~~~~=.~.!!..d. ..,.. '!!"..I'!!and tc..'!'P."!~,,,!,". ..!!!!:=.menls.."~~~.!"j.f.~~. the moJ!th cIuring the .amp~P!"H.~.!.':file"!~.".~~.~e!!.~'h .arly life~P!csenl(9~~.and ~en salm~~~~~.~I'~.! ..~Jg~q!. ._.. _... _._ .. __ .. ._. . .._ ..
lj; §~Z~~~;:~~1~~:~~~;~%~~~;:~i~;;;~i~ ~~~~~jii.~.'~~~!' ct~~~n ~~~ardn7~ forc.~,chro", c°I'P:<, l~..~. ni

c
k4 ~.r, "'d.~

:~, ~~"!:O!!c.!a.!llj1ra.t~~..!~~8""®. __ . . _.
:2:..'l!~~AMalional Ambi.DIQ!!tE!~,,~~~ ~."!~~~~i.!J~~ ~.!?!Y~.<!~!>! ..!!~ ~?~~!!.!!!!!!. .odium,.~c.!ion will e£~~Iy.'!"!.!!c..!<!!.g~~.!lprol'~ when chIoti'!.c. !!~ocia~!!~e~~"iwn, calci."".',~!,,_~~~...!atherJ!1..!!'_~?~ .
itO. F.cal Colifonn Iimil is a mon eom.tric mean of < 200 I 100 mL. and no more than 10"/0 ofthe monlhl observalionJ above 400 1100 mL. ! "! i '
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, Poe-Adlt (See a e flow from floor of AditNo. 2 tunnel exit, test condition) . !

"---"'-""-""""""r"'"'''''''''''''''-'''''''''''''''''''''''''''''''''''""'''''''-''''''''''''-''''',''''1". """"r"'-"rr'-'''''''''''''''T'-''''':~~~~::I!"···"··"··""·-I""·"-'TT"'''·''·'''·''''''''''''·l'''''''''''''~.I",:
--r-~-----'''---- I

i, iJ DrvCoJUlition .J Wet Condition '''''''''''''''''1-'-_--'_--; +----'---i
i. __""""" ..'" '_.. , ".. _..".."......_. 26.Nov.Ol 3.Jen·Q2 Re1:lo:tUmit' MDL '

............., - ""..; - . , 4-· · ,,· ..." _ " " "."~ ,, _ i.._ ..
Total MJJtals: ill i

i""'"'-'''''''''''''''''''''IA;;~;;j;'(;;;JL),''''''''''''''';'''''''''''''''''"'_...."... -. "'"-'''''''''Niii'!''''''-''''' -" ''''''''''''''''''''NDj""''-''- ..."""..""" """''''-'o~oost .."",·,,·, .."·"""""0."003t'··,,,,,,·,,··

TohlHsrdmss, asCaC03(~ Nsl 56.001 10.01 -I

E=~~=~=~+===i1==$
Total! i

~~~~~,*~~~~~~
" .." ...."",."""""._"'.", ,~,~!~,~"""",,,,-,,,-,,,,,,,,,,,,,,,,,,,,,,,-,,,,,,-,,,"".•""_.,.,,. "'NS!"",.-.", -, '''--''''''is:oii!'''--'''''''' .."".-,.,. ""''''''''''-''0''2'1"""""·",,.. ,,'. '''''''0.'015"21,·....,·_,
i- IEM~ae.siUin(m~ NSI "'-"""""4':401"'"'''''''''' _ ,""'-"""'15:21""""""""" "•. ""'-O:02SS'!"''''-''-'''
L .._,,_ Potossium(m~ Nsl 097! J _..__.!~ 0.0"20! ._

.,r~:~~~;,~;~;;~:,~:;;;~;;§~,~,(~~),,,.,"'_.,,,,.,,"""",, "' ~ ;;;~ " 1.'1~/-._ ,=:. _._" ~;~.o.+""""" ··:~;.~;;~=,' ..·_··..·"""·!:·Q1··"·-'''''''·I:~;,' ,,9.:..9:r.ggJ~"-'-'
! ! i ,
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(M}!N.~'·~@fl--·---.-..- lJ,~l.i· 0.00/18 , 0.0050'

0'/287.:_.. 1.08QL._L._........., 0.0536 !:hi.L.ljjjjjij i·7i.7@t·· 0.0081 i . ..- ·"0.005:; 11 008/ ; ··/j"··1· 1,0
.,... r~.iilj ..:... .J.. ' 0.30

tJ,lJ.l!!~;···:·ii:~39()r--·· O.oo/Sllf)lS· roo
I i ..... j...... i 0.050

~.?;~:r····_·····--· ·::~:·l 0.2871 +. _.~~;:··r···_.
.1J,.0?ooT 0.0050.'1' 0.050

. '4@J.I!:I!QE
.. ~073~:·Ci~~!.~L O,CTl331ii073j ::
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I1~ . I·· l···················;·· .....
0.8
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~J
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.~:Q.Q.9.O'O".

,1'TI).
. NO·ilii···
.... !'.lP.... _

l@
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l@

.... !'.lP. ...
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~)io01~

1.'JD

jPoe-Adit (!seepage flow from floor
iofAdit No. 2 tunnel exit, test

\In situ Poranwlllr.'

iw~r~~~ic9.
iSpcci6c 9~~~~~~e('!"Jlh~s.'c.III)

iI!!!(SI""dar~.~!'!!!l ..
'IlJ!I>i<!i\Y.~

!1!J~ol!~':!¥..~('!~;~"'~~~~lerli~

I~~~j······_········ .. -.-.---.... .:~ .

ich;"~;:.;i;;;;;{.;y,jj,l _.L .1_ m? .
19~ee~!{~) NO
1~~~L. .jm..
iMescwy (ms/L) NO
!Ni~k~~: __. .._.__ ...m>
,sa••r (ms/L) NO
iii;;;;~'.j 0.00700

siwn, rather than sodium

l!,rim"'l.and~~!'~MCL= Maximum coDlamin",,1 ~II..C!'~Q!,~)!p~!'.'l~~!! arc~~.!>.!~~.c_~~~~.!"E.~.'.'~.~9!-..'''!~.~~_~~I!:':'!!>'''''.~ ..c.!!tc.!!J., _ _ _.__ _ _ _ _....._._. __ _.._ _ _
i!=~,Iim.tc.~ c.onc".~lion ~c.I'!.!'! ~ !.c.p~r§1g~ @) "!'~ ~b..~,,!J1~. !""I!!..~ ~c.!<'c~!'~~~), !J1c..~!'i! ~",,,~o.11 ~ ~lati~§:"!c~Ell1aJio .., .l!l"..l.lI, i.nollllBlJY".I.~o. 51~ l0lim"l!lc ~J.,.

""d Ihc RL repre.cnls bighes analytical .ccuracy th.t can be .chic••d by thel.boralolY
i~h.~.!?~.~~~E:2!~~D!~~~~,~~!~!!t!=~rf~~-.~._ -,"--- -~-- --- .---~---------_.- ..-------- ----.....-- --- _.. --------- ..

~NS. = Constituent was Dot sampled Cor dwing..~.!!!~~~..... . __._.. __..__.__._"._" .m._. .._.__.__.

\<:£9.='. 9..nlinu~~! "~I1Ec.'!!!atio'!{1:~y. !~~~.
lCMC = Maximum concentralion (I·hour a••rag.t _ _ __._ __ _ _ _.. . _ .
q, !J~!1!!~~!'!!! !~!,W!'E!:.Qt!~ty~!"..<!;l1"~~t !'~.l!~Ii.."'-".•!!!..~.'.'!:f'!ll:'c.n" ~E!"!i.!!'>E!'lio.~lY.'!'~.J!iE!' ..u.~! r...r t!!".~~"o.f.£aI1f~! [(;'!!/@rni" r,,~s l1tII. ),:2. USEPA National.Ambicnt Wales Quality Criu:ria, Fr.,hwales Aquatic Lifc Prot.clion RccollllJlendcd Crilcria.
[f !'~!!>~Mcp'!!.o..~e!y,.~ l!~E~~~IJ1.'!!~ ~~·~.c~is!!.~;;[¥IJ.lf~~~·!!~i~~!'~r~".,~~ij;:~~~!~.;j!i~~~~~~d~;;;;;~~;;~-;;;;i~ij;~·~ ..~~~;;pp~:~;tij;~];J;th.¥~;~:f~iif.;.1.i!~~~~;;,-;j~~~~ij;~~;;,;~pi;;:··
,4. Fourth Edilion ofthc Wales Quality Control PI"" (Basin Plan) for Ihc S.cram.Dlo Riv.r and S""Jo.quinRi••r B.sins.
@~~~~~!ic.cJ.~~<.!i~':i!f'!!c.!~! Cllr..~,~;i;;;;;.i~~~;·~~~[~~~~·~~;;;;~.;;~~~~~-~~--.~·!ii! ~~i~p~~~~d;;;.;;~~~····· .
;~. 'l.1il"!i.a.~'!!~ ilDd.~~! !'T,a!i~1la1 ambient critcri• c"l'rcs,c~ lIS lolal rc.co••rable. bas.cd ~n c~culali0ll .'inahar<ln'~s forcadmi'!ll:', chr0miwn.c.0pper,t..d, nickc~,avcr. ""drinc,
~1. USEPA National Ambient Criterion ror chloride is for dissolved chloride associated with sodiwu<o criterion wiD obab nol be: ade ate roteclive when chloride is associated with otassium. calciwn. or



I -- -

)
/'

~~_........k.~:~~~t.~~l~:!~~~£~~~I~~~!~~~p'~~gi¥~5~:~~~:!! !.I~E.t.~~~.~~i~.g,t#.~~~~d§~:~~~~ ..~?;
1 ill statistical calCl.l1lltiO%l, the RLis nannally sette 5 to 10 times the MDL bythu.nalyticallIl.bO:llto!y- iii i
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::~::::::::::::.::::::::!= _ __ _ .

·'i:@!!·i 0.001.5
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.21L.
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T:·it?:;.•.J~...VV.···.....:.... : Q.ll.gll.~7 .. '. . IJ,QIJIJ?. ··i:-liii,i.iQ::...t....,-· .lJ,o.U
Vv· \ .ll.·Q.5..~ggt~pjQI

NO .i.-.. 0.0020 ..i...... 0.0020
.:Q;~1~~ .g,gm 0.2023 I ....... .. :ii;QjjLT:e:~Q?LI....... .... :~.xQQ. ;"'-'----r'-""".

NO o.OOJO ····'iiOioo··'r·-···-'·····'···'· O.OOJO i .L o.OJO ··f ·..·.·.·.·..··.·.O'..·.O.._;..O·.-·_-.-..·.·l~.f.._'_ _ .

O.OOOJO .•L..::.:.::.:.:.r:::g,g§rjj: ·..:.-Q·:.·O:J..:.l._.~.._::.:..I;,:_·:o.:.;;cT.i1•.._...•!.: :.::..Q.::.:.fJ007:.:.:.:.:..:.' _ _.." _.._.. 'iiiidO ..'
._ .." .. .__....._2.~ll.Qll... .-IJ.(}Jl§... :. .i!,(}:g.~:::I-:::-:----.---.-_.. , ON , --.-- ••--••::r:}:iiQij:

i i .._._ ..__.L:.:..__.. L . ......•.......--~·:·~.=~_~I=·_._...__ :..:=~.:.~~~=:=.:=.~~ ..:.=::.
.-. :-.~~~::·I··~~~-.=r=·:l-~~.-i·{~1--L.···:~::::::=:::::: .-......:::: :::':=:=~:'::: ... -.~ ..-~..."~~~~~::-:~~

0.0788 2431 0.03283 ! 0.2JU
().OOJ.~ ··o./iOis··ro.OOJi

. 0.ogq~ ····:!}:I~~~:-

~WBl Conditions

~~~~;;~.~.:::::~~::: :1··
!W~~E.'I'!'!"~~.egL. __ .

.......,,-..~!!'!!~~{'!'!!!h.~~c!!,) ..
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~~~!f~::.::::::::::.::.:: ..:
i

IP~e~Li·i;NFFRups~~ ~iAditNo.
h. background conditions)
!

-----------~ ---.~._. __._----_._~------



i Po;':L2 (NFFR upstream ofAditNo. 2, test condition) ---~f····--··_ ··· ···..········..· ·..·· .._..·_..· '-r r..····..·" · ··T · ··..-r t·..' ·..,,,· ···l- _· ,-I'- ·_~ .. ··..·······.._·..·..···_..r..·· ..· ··..-T··_·..·_ ·..···..· _·..r· ·_ ·[

L----: -~=~ ".~===----;., .: ' 2001-20~: ~ : i
i..__·_.· ···.. ,·· ··..·..·~ ,· ·· ,·,····· __ ___, .! L "".,L,,, ,, ,,,.t, i.-. .l , L_ _.L.__.._ _ L _ L..:.. _~_ , ,.1
; : i Drv Condition i Wet CoJUliiioni' i L" i

L_._.................... _................................... 26·Mov·Dl 3.J11%1·02 IUconLimit MDL
L- -._ __ _ , _ l _.·.· 1 _..-1 1 .1- _ l 1

i··· ········· ·· ···.· l~...................................... .. ·· ..·······..J·~·:·~~·i ·· ··· ·· J·~~·~·I···· ..· ····· · ·· ·I..•..·..· _ _ l..·· · ·1 ·~··· ·•..-· ··•·..·;· •..· I

r---·_·-h~~~;;··-·_ _.... ·-.. ··-·-J.·-----..--I.. f+·---·--·---·..-·1f---··.·---+--·-+___..+ __1--1-__-+_-\

t:::::::::=::=:::=:=: ~~~I.~¢,~;'~~~~~~:~~i:: :::: :::::::·:::· ?1~1 ..· ,··· :=: :::==::=:=~:i.~L::=::= ==:::::=:=.::===1~1:::::::=:=: j , -=.~_ -.-'~
! pH • 7.70: 7.50! 0.1; .-
, +'T:.,:Uf==b:::;icli=it:.<..vQfLU) 2.5i 17.61 0.1

, . Total : iT"
~.._.~_ __.__.._._.__.9.~~~"(~Wb)' _~_ _=~.==,, __ =~~=,~.-~~~~j=.= ~=.~ .._~?.~~q.L==-~~~_ _=~~~·-..-"O.2 ~ .:=l!:_qJ~.~~~_~~.:~~=

t=:::::=.::.==:=~::::: ~~~~~:::::=:::::::::::==~= ::::::=.}}~L::~c:: ::::=~:::::~:~:l:=I=: =:=.::::.: =:=~=:::::1iI::==:::::: ..::: ·:~:::l§'~~~[::==
'Soc!ium(UlI:r!L) 3.50! 7.60: 1.01 0.05001r- -'----.--_..-...,._- --1-..-----.--- ~:...._-.-

.................................- -_ _.................... . ".- ~ _ _...... - -1'- _ _ - :..- _.

t=~-=:=1!~~~==t1!~
f i <

r.=·~.·.~~.=~:~~=.~·:~~=!_" ", ".. 'H" - _L.J _ __ ..1 _-l...-:. _ _..1._.._.._1 _ _1 ..- " 1... _ 1.. :, L _._....:
i IJ = EstJm!ted concentration below the f!E0rting limit (RL~ md above the method detectionlimil. (MOL), the MDL is based 0:

i iutatisticel celculation, the RL is norm~y setto 5 to 1atimes the MDL bythe enll1ytic1l11eb OfatO:Y. .

L." " ".ll:.'!~ =-g.~~.!!.~~.i!.~.P.!:!!!.fe~..~g.~~~g ° ,! I !

L" _ ...Jl:.'!12..: ~~Y.!.!,:.?:!:l.!.~~~.c!~!i.: ..~:e!!!I!.....~~ ..MB!::.._..",,,,.],, ,,..L ..: _,,,, L .._ _L.,,_ _.""! __.,,, L _ _ ;._ _ ; __..",
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Introduction

Method 1631 (the "Method") supports technology-based and water quality-based monitoring programs
authorized under the Clean Water Act (CWA; the "Act").

CWA Sections 301 and 306 require EPA to publish effluent standards that restrict the direct discharge of
pollutants to the nations waters, and CWA SectionS 307(b) and (c) require EPA to promulgate nationally
applicable pretreatement standards which restrict pollutant discharges into sewers flowing to publicly
owned treatment works (POTWs). The effluent limitatio~ guidelines are published at CFR parts 401
503.

CWA Section 303 requires each State to set a water quality standard for each body ofwater within its
boundaries. A State water quality standard consists of a designated use or uses of a water body or a
segment of a water body, the water quality criteria that are necessary to protect the designated use or uses,
and an antidegradation policy. CWA Section 304(a) requires EPA to publish water quality criteria that
reflect the latest scientific knowledge concerning the physical fate ofpollutants, the effects ofpollutants
on ecological and human health, and the effect ofpollutants on biological co;mmunity diversity,
productivity, and stability. These water quality standards serve two purposes: (1) they establish the water
quality goals for a specific water body, and (2) they are the basis for establishing water quality-based
treatment controls and strategies beyond the technology-based controls required by CWA Sections 301(b)
and 306.

In 1987, amendments to the CWA required States to adopt numeric criteria for toxic pollutants
. (designated in Section 307(a) of the Act) based on EPA Section 304(a) criteria or other scientific data,
when the discharge or presence ofthose toxic pollutants could reasonably be expected to interfere with
designated uses. Method 1631 was specifically developed to provide reliable measurements ofmercury
at EPA WQC levels.

In developing methods for determination of trace metals, EPA found that one of the greatest difficulties
was precluding sample contamination during collection, transport, and analysis. The degree of difficulty,
however, is highly dependent on the metal and site-specific conditions. Method 1631 is designed to
preclude contamination"in nearly all situations. It also contains procedures necessary to produce reliable
results at the lowest WQC levels published by EPA. In recognition of the variety of situations to which
this Method may be applied, and in recognition of continuing technological advances, Method 1631 is
performance based. Alternative procedures may be used so long as those procedures are demonstrated to
yield reliable results.

Requests for additional copies of this draft Method should be directed to:

u.S. EPA Sample Control Center
6101 Stevenson Avenue
Alexandria, VA 22304·3540
703/461-2100

iii
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Note: This Method is performance based. The laboratory is permitted to omit steps or modify
procedures provided that all performance requirements in this Method are met. The laboratory
must not omit or modify any procedure defined by the term "shall" or "must" and must perform
all quality control tests.
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Method 1631, Revision E

Mercury in Water by Oxidation, Purge and Trap, and Cold Vapor
Atomic Fluorescence Spectrometry

1.0 Scope and Application

1.1 Method 1631, Revision E (the "Method") is for determination of mercury (Hg) in filtered and
unfiltered water by oxidation, purge and trap, desorption, and cold-vapor atomic fluorescence
spectrometry (CVAFS). This Method is for use in EPA's data gathering and monitoring programs
associated with the Clean Water Act, the Resource Conservation and Recovery Act, the
Comprehensive Environmental Response, Compensation and Liability Act, and the Safe Drinking
Water Act. The Method is based on a contractor-developed procedure (Reference 16.1) and on
peer-reviewed, published procedures for the determination ofmercury in aqueous samples,
ranging from sea water to sewage effluent (References 16.2-16.5)..

1.2 This Method is accompanied by Method 1669: Sampling Ambient Waterfor Detennination of
Trace Metals at EPA Water Quality Criteria Levels (Sampling Method). The Sampling Method
guidance document is recommended to preclude contamination during the sampling process.

o
1.3 This Method is for determination ofHg in the range of 0.5-100 ngIL. Application may be:

extended to higher levels by selection ofa smaller sample size or by calibration of the analytical
system across a higher range. For measurement ofblank samples, the Method may be extended
to a lower level by calibration to a lower calibration point. Section lOA gives requirements for
extension of the calibration range.

(J

1.4 The ease of contaminating ambient water samples with mercury and interfering substances cannot
be overemphasized. This Method includes suggestions for improvements in facilities and
analytical techniques that should minimize contamination and maximize the ability ofthe
laboratory to make reliable trace metals determinations. Certain sections of this Method contain
suggestions and other sections contain requirements to minimize contamination.

1.5 The d~tection limit and minimum level of quantltation in this Method usually are dependent on
the level of interferences rather than instrument limitations. The method detection limit (MDL;
40 CFR 136, Appendix B) for Hg has been determined to be 0.2 ngIL when no interferences are
present. The minimum level of quantitation (ML) has been established as 0.5 ngIL. An MDL as
low as 0.05 ngIL can be achieved for low Hg samples by using a larger sample volume, a lower
BrCllevel (0.2%), and extra caution in sample handling.

1.6 Clean and ultraclean-The terms "clean" and "ultraclean" have been applied to the techniques
needed to reduce or eliminate contamination in trace metals determinations. These terms are not
used Uitllls Methodhecausethey~lack-anexact de:tiIiltion.-However, tb.e-iDformarl()n provided in
this Method is consistent with the summary guidance on clean and ultraclean techniques
(Referenc;esJ6.6-16.7). __ __ _

1.7 This Method follows the EPA Environmental Methods Management Council's "Guidelines and
-Format for Methods to Be Proposed at 40 CFR, part 136 or part 141;"-
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1.8 This Method is "performance based." The laboratory is permitted to modify the Method to
overcome interferences or lower the cost ofmeasurements ifall performance criteria are met.
Section 9.1.2.1 gives the requirements for establishing method equivalency.

1.9 Any modification of this Method, beyond those expressly permitted, shall be considered a major
modification subject to application and approval of altemate test procedures under 40 CFR 136.4
and 136.5.

1.10 This Method should be used only by analysts experienced in the use of CVAFS techniques and
who are trained thoroughly in the sample handling and instrument techniques described in this
Method. Each laboratory that uses this Method must demonstrate the ability to generate
acceptable results using the procedures in Section 9.2.

1.11 This Method is accompanied by a data verification and validation guidance document, Guidance
on the Documentation and Evaluation ofTrace Metals Data Collectedfor CWA Compliance
Monitoring (Reference 16.8), that can be used for verification and validation of the data obtained.

1.12 This Method uses either a bubbler or flow-injection system for determination ofmercury in
water. Separate calibration, analysis, and calculation procedures are provided for a bubbler
system (Sections 10.2, 11.2.1, and 12.2) and for a flow-injection system (Sections 10.3, 11.2.2,
and 12.3).

2.0 Summary of Method

2.1 A 100- to 2000-mL sample is collected directly into a cleaned, pretested, fluoropolymer or glass
bottle using sample handling techniques designed for collection ofmercury at trace levels
(Reference 16.9).

2.2 For dissolved Hg, the sample is filtered through a 0.45-!-Lm capsule filter prior to preservation.

2.3 The sample is preserved by adding either pretested 12N hydrochloric acid (HCI) or bromine
monochloride (BrCI) solution. Ifa sample will also be used for the determination ofmethyl
mercury, it should be preserved according to procedures in the method that will be used for
determination ofmethylmercury. .

2.4 Prior to analysis, all Hg in a 100-mL sample aliquot is oxidized to Hg(TI) with BrCI.

2.5 After oxidation, the sample is sequentially reduced with NH20H'HCI to destroy the free
halogens, then reduced with stannous chloride (SnCIJ to convert Hg(TI) to volatile Hg(O).

2.6 The Hg(O) is separated from solution either by purging with nitrogen, helium, or argon, or by
vapor/liquid separation. The Hg(O) is collected onto a gold trap (Figures 1,2, and 3).

2.7 The Hg is thermally desorbed from the gold trap into an inert gas stream that carries the released
Hg(O) to a second gold (analytical) trap. The Hg is desorbed from the analytical trap into a gas
stream that carries the Hg into the cell of a cold-vapor atomic fluorescence spectrometer
(CVAFS) for detection (Figures 2 and 3);

2.8 Quality is assured through calibration and testing of the oxidation, purging, and detection
systems.

2 Method 1631, Revision E -August 2002



3.0 Definitions
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3.1 Total mercury-all BrCI-oxidizable mercury forms and species found in an unfiltered aqueous
solution. This includes, but is not limited to, Hg(TI), Hg(O), strongly organo-complexed Hg(II)
compounds, adsorbed particulate-Hg, and several tested covalently bound organo-mercurials
(e.g., CH3HgCI, (CH3)2Hg, and C6HsHgOOCCH3). The recovery ofHg bound within microbial
cells may require the additional step ofUV photo-oxidation. In this Method, total mercury and
total recoverable mercury are synonymous.

3.2 Dissolved mercury-all BrCI-oxidizable mercury forms and species found in the filtrate of an
aqueous solution that has been filtered through a 0.45-f.Lm filter.

3.3 Apparatus-Throughout this Method, the sample containers, sampling devices, instrumentation,
and all other materials and devices used in sample collection, sample processing, and sample
analysis that come in contact with 'the sample and therefore require careful cleaning will be
referred to collectively as the Apparatus.

3.4 Definitions of other terms used in this Method are given in the glossary (Section 17.0).

4.0 Contamination and Interferences

o 4.1 Preventing samples from becoming contam.inated during the sampling and analysis process
, constitutes one of the greatest difficulties encountered in trace metals determinations. Overthe
last two decades, marine chemists have come to recognize that much of the historical data 0:n the
concentrations of dissolved trace metals in seawater are erroneously high because the
concentrations reflect contamination from sampling and analysis rather than ambient levels.
Therefore, it is imperative that extreme care be taken to avoid contamination when collecting and
analyzing samples for trace metals.

(_~J

4.2 Samples may become contaminated by numerous routes. Potential sources of trace metals
contamination during sampling include: metallic or metal-containing labware (e.g., talc gloves

, that,contain high levels ofzinc), containers,sampling equipment, reagents, and reagent water;
improperly cleaned or stored equipment, labware, and reagents;' and 'atmospheric inputs such as
dirt and dust. Even human contact can be a source of trace metals contamination. For example, it
has been demonstrated that dental work (e.g., mercury amalgam fillings) in the mouths of
laboratory personnel can contaminate samples directly exposed to exhalation (Reference 16.9).

4.3 Contamination Control

4.3.1 Philosophy-The philosophy behind contamination control is to ensure that any object
or substance that contacts the sample is metal free and free from any material that may
contain mercury.

4.3.1.1 The integrity of the resUlts produced ca:n:notbe compromised by contamination of
samples. This Method and the Sampling Method give requirements and

_ Stlgg~stiOIlll. for ,coD.trolof saml'~~cQl:1!aIDina.jJOl:1. "
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4.3.1.2

4.3.1.3

Substances in a sample cannot be allowed to contaminate the laboratory work
area or instrumentation used for trace metals measurements. This Method gives
requirements and suggestions for protecting the laboratory.

Although contamination control is essential, personnel health and safety remain
the highest priority. The Sampling Method and Section 5 ofthis Method give
suggestions and requirements for personnel safety.

4.3.2 Avoiding contamination-The best way to control contamination is to completely
avoid exposure of the sample to contamination in the first place. Avoiding exposure
means performing operations in an area known to be free from contamination. Two of
the most important factors in avoiding/reducing sample contamination are (1) an
awareness ofpotential sources of contamination and (2) strict attention to work being
done. Therefore, it is imperative that the procedures described in this Method be
carried out by well-trained, experienced personnel.

4.3.3 Use a clean environment-The ideal environmentfor processing samples is a class-lOO
clean room. If a clean room is not available, all sample preparation should be
performed in a class-lOO clean bench or a nonmetal glove box fed by mercury-and
particle-free air or nitrogen. Digestion should be performed in a nonmetal fume hood
equipped with HEPA filtration and ideally situated in a clean room.

4.3.4 Minimize exposure-The Apparatus that will contactsamples, blanks, or standard
solutions should be opened or exposed only in a clean room, clean bench, or glove box
so that exposure to an uncontrolled atmosphere is minimized. When not being used,
the Apparatus should be covered with clean plastic wrap, stored in the clean bench or in
a plastic box or glove box, or bagged in clean zip-type bags. Minimizing the time
between cleaning and use will also mjnimize contamination.

4.3.5 Clean work surfaces-Before a given batch ofsamples is processed, all work surfaces
in the hood, clean bench, or glove box in which the samples will be processed should
be cleaned by wiping with a lint-free cloth or wipe soaked with reagent water.

4.3.6 Wear gloves-Sampling personnel must wear clean, non-talc gloves during all
operations involving handling of the Apparatus, samples, and blanks. Only clean
gloves may touch the Apparatus. If another object or substance is touched, the glove(s)
must be changed before again handling the Apparatus. If it is even suspected that
gloves have become contaminated, work must be halted, the contaminated gloves
removed, and a new pair of clean gloves put on. Wearing multiple layers ofclean
gloves will allow the old pair to be quickly stripped with minimal disruption to the
work activity.

4.3.7 Use metal-free Apparatus-All Apparatus used for determination ofmercury at
ambient water quality criteria levels must be nonmetallic, free ofmaterial that may
contain metals, or both.

4

4.3.7.1 Construction materials-only fiuoropolymer or glass containers must be used for
collection ofsamples that will be analyzed for mercury because mercury vapors
can diffuse in or out of other materials, leading to results that are biased low or
high. Polyethylene and/or polypropylene labware may be used for digestion and
other purposes because the time o~ sample exposure to these materials is
relatively short. All materials, regardless of construction, that will directly or
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indirectly contact the sample, must be known to be clean and free ofHg at the
levels specified in this Method before proceeding.

4.3.7.2

4.3.7.3

Serialization-It is recommended that serial numbers be indelibly marked or
etched on each piece of reusable Apparatus so that contamination can be traced,
and logbooks should be maintained to track the sample from the container
through the labware to introduction into the instrument. It may be useful to
dedicate separate sets of labware to different sample types; e.g., receiving waters
vs. effluents. However, the Apparatus used for processing blanks and standards
must be mixed with the Apparatus used to process samples so that contamination
of alliabware can be detected.

The laboratory or cleaning facility is responsible for cleaning the Apparatus used
by the sampling team. If there are any indications that the Apparatus is not clean
when received by the sampling team (e.g., ripped storage bags), an assessment of
the likelihood of contamination must be made. Sampling must not proceed if it is
possible that the Apparatus is contaminated. If the Apparatus is contaminated~ it
must be returned to the laboratory or cleaning facility for proper cleaning before
any sampling activity resumes.

4.3.8 Avoid sources of contamination-Avoid contamination by being aware of potential
sources and routes of contamination.

o
4.3.8.1 Contamination by carryover-Contamination may occur when a sample :~;~,

containing a low concentration ofmercury is processed immediately after"a'
sample containing a relatively high concentration of mercury. The Hg
concentration at which the analytical system (purge, traps, detector) will caIry
greater than 0.5 ngIL ofHg into a succeeding bubbler or system blank must be
determined by analyzing calibration solutions containing successively larger
concentrations ofHg. This test must be run prior to first use of the analytical
system and whenever a change is made that would increase the amount of
carryover. When a sample contains Yz or greater of this determined Hg
concentration, a bubbler blank (bubbler system) or system blank (flow injection
system) must be analyzed to demonstrate no carryover at the blank criteria level.
For the bubbler system, the blank must be run using the same bubbler and sample
trap used to run the high concentration sample. Samples 'analyzed following a '
sample that has been determined to result in carryover must be reanalyzed.
Samples that are known or suspected to contain the lowest concentration of
mercury should be analyzed first followed by samples containing higher levels.

4.3.8.2 Contaminationby samples-Significant laboratory or instrument contamination
may result when untreated effluents, in-process waters, landfillieachates, and
other undiluted samples containing concentrations ofmercury greater than 100
ngIL are processed and analyzed. Samples known or suspected to contain Hg

- concentrations greater than 100nglLshouid be diluted prior to bringing them
into the clean room or laboratory dedicated for processing trace metals samples.

4.3~8.3' _. Contaminationby indirect contact-'--'Apparatus that may not directly come in
contact with the samples may still be a source ofcontamination. For example,
clean tubing placed in a dirty plastic bag may pick upcontamination from the bag

-- and'suosequenfI)r'transIerThe 'coritamiD.a:tion to the sample: It IS unperarlve'that 
every piece of the Apparatus that is directly or indirectly used in the collection,
processing, and analysis ofwater samples be thoroughly cleaned (Section 6.1.2).
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4.3.8.4

4.3.8.5

4.4 Interferences

Contamination by airborne particulate matter-Less obvious substances capable
of contaminating samples include ~irborne particles. Samples may be
contaminated by airborne dust, dirt, particles, or vapors from unfiltered air
supplies; nearby corroded or rusted pipes, wires, or other fixtures; or metal
containing paint. Whenever possible, sample processing and analysis should
occur as far as possible from sources ofairborne contamination.

Contamination from reagents- Contamination can be introduced into samples
from method reagents used during processing and analysis. Reagent blanks must
be analyzed for contamination prior to use (see Section 9.4.3). If reagent blanks
are contaminated, a new batch ofreagents must be prepared (see Section 9.4.3.2).

4.4.1 At the time ofpromulgation of this Method, gold and iodide were known interferences.
At a mercury concentration of2.S ng/L and at increasing iodide concentrations from 30
to 100 mgIL, test data have shown that mercury recovery will be reduced from 100 to 0
percent. At iodide concentrations greater than 3 mgIL, the sample should be pre
reduced with SnC12 (to remove the brown color) and additional or more concentrated
SnCl2 should be added. To preclude loss ofHg, the additional SnCl2 should be added
in a closed vessel or analysis should proceed immediately. Ifsamples containing
iodide concentrations greater than 30 mgIL are analyzed, it may be necessary to clean
the analytical system with 4N HCI after the analysis (Reference 16.10).

4.4.2 The potential exists for destruction of the gold traps if free halogens are purged onto
them, or if they are overheated (>500 0c). When the instructions in this Method are
followed, neither of these outcomes is likely.

4.4.3 Water vapor may collect in the gold traps and subsequently condense in the
fluorescence cell upon desorption, giving a false peak due to scattering of the excitation
radiation. Condensation can be avoided by predrying the gold trap. Traps that tend to
absorb large quantities ofwater vapor should not be used.

4.4.4 The fluorescent intensity is strongly dependent upon the presence ofmolecular species
in the carrier gas that can cause "quenching" of the excited atoms. The dual
amalgamation technique eliminates quenching due to trace gases, but it remains the
laboratory's responsibility to ensure high purity inert carrier gas and a leak-free
analytical train.

5.0 Safety

5.1 The toxicity or carcinogenicity of each chemical used in this Method has not been precisely
determined; however, each compound should be treated as a potential health hazard. Exposure to
these compounds should be reduced to the lowest possible level.

6

5.1.1 Chronic mercury exposure may cause kidney damage, muscle tremors, spasms,
personality changes, depression, irritability and nervousness. Organo-mercurials may
cause permanent-brain damage. Because of the toxicological and physical properties of
Hg, pure standards should be handled only by highly trained personnel thoroughly
familiar with handling and cautionary procedures and the associated risks.
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It is recommended that the laboratory purchase a dilute standard solution of the Hg in
this Method. Ifprimary solutions are prepared, they shall be prepared in a hood, and a
NIOSH/MESA-approved toxic gas respirator shall be worn.

5.2 This Method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a current file ofOSHA regulations for safe handling of the chemicals
specified in this Method. OSHA rules require that a reference file of material safety data sheets
(MSDSs) must be made available to all personnel involved in these analyses (29 CFR 1917.28,
Appendix E). It also is suggested that the laboratory perform personal hygiene monitoring of
each analyst who uses this Method and that the results of this monitoring be made available to the
analyst. Personal hygiene monitoring should be performed using OSHA or NIOSH approved
personal hygiene monitoring methods. Additional information on laboratory safety can be found
in References 16.11-16.14. The references and bibliography included in Reference 16.14 are
particularly comprehensive in dealing with the general subject of laboratory safety.

5.3 Samples suspected to contain concentrations ofHg at llglL or higher levels are handled using
essentially the same techniques employed in handling radioactive or infectious materials. Well
ventilated, controlled access laboratories are required. Assistance in evaluating the health hazards
ofparticular laboratory conditions may' be obtained from certain consulting laboratories and from
State Departments ofHealth or Labor, many ofwhich have an industrial health service. Each
laboratory must develop a safety program for handling Hg.

5.3.2 Protective equipment-Disposable plastic gloves, apron or lab coat, safety glasses or
mask, and a glove box or fume hood adequate for radioactive work should be used.
During analytical operations that may give rise to aerosols or dusts, personnel should
wear respirators equipped with activated carbon filters.

5.3.1 Facility-When samples known or sUspected ofcontaining high concentrations of
mercury are handled, all operations (including removal ofsamples from sampl~i~

containers, weighing, transferring, and mixing) should be performed in a glove"il:iox
demonstrated to be leak-tight or in a fume hood demonstrated to have adequate airflow.
Gross losses to the laboratory ventilation system must not be allowed. Handling of the
dilute solutions normally used in analytical and animal work presents no inhalation
hazards except in an accident.

5.3.3 Training-Workers must be trained in the proper method of removing contaminated
gloves and clothing without contacting the exterior surfaces.

5.3.4 Personal hygiene-Hands and forearms should be washed thoroughly after each
manipulation and before breaks (coffee, lunch, and shift).

5.3.5 Confinement-Isolated work areas posted with signs, segregated glassware and tools,
. and plastic absorbent paper on bench tops will aid in confining contamination.

5..3_.6 Effluent vap.ors---l'he.effluentfrom.the_CYAFS.should.pass through either a column of
.. activated charcoal.or a trap containing gold or sulfur to amalgamate or react mercury
vapors.

5.3.7 Waste handling-Good technique includes minimizing contaminated waste. Plastic
bag liners should be used in waste cans. Janitors and other personnel must be trained in

. the safe·handling ofwaste.

5.3.8 Decontamination
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5.3.8.1

5.3.8.2

Decontamination ofpersonnel-Use any mild soap with plenty ofscrubbing
action.

Glassware, tools, and surfaces-Sulfur powder will react with Hg to produce
mercuric sulfide, thereby eliminating the possible volatilization ofHg.
Satisfactory cleaning may be accomplished by dusting a surface lightly with
sulfur powder, then washing with any detergent and water.

5.3.9 Laundry-elothing known to be contaminated should be collected in plastic bags.
Persons that convey the bags and launder the clothing should be advised of the hazard
and trained in proper handling. If the launderer knows of the potential problem, the
clothing may be put into a washer without contact. The washer should be run through a
cycle before being used again for other clothing.

5.3.10 Wipe tests-A useful method of determining cleanliness of work surfaces and tools is
to wipe the surface with a piece of filter paper. Extraction and analysis by this Method
can achieve a limit ofdetection ,of less than 1 ng per wipe. Less than 0.1 J.Lg per wipe
indicates acceptable cleanliness; anything higher warrants further cleaning. More than
10 J.Lg on a wipe constitutes an acute hazard and requires prompt cleaning before
further use of the equipment or work space, and indicates that unacceptable work
practices have been employed.

6.0 Apparatus and Materials

Disclaimer: The mention oftrade names or commercialproducts in this Method is for
illustrative purposes only and does not constitute endorsement or recommendationfor use by the
Errvironmental Protection Agency. Equivalent performance may be achievable using apparatus,
materials, or cleaningprocedures other than those suggested here, The laboratory is responsible for
demonstrating equivalent performance.

6.1 Sampling equipment

6.1.1 Sample collection bottles-fluoropolymer or glass, 125- to 1000-mL, with
fluoropolymer or fluoropolymer-lined cap.

6.1.2 Cleaning

8

6.1.2.1

6.1.2.2

New bottles are cleaned by heating to 65-75 °C in 4 N HCI or concentrated
RN03 for at least 48 h. The bottles are cooled, rinsed three times with reagent
water, and filled with reagent water containing I% HCI. These bottles are
capped and placed in a clean oven at 60-70°C overnight. After cooling, they are
rinsed three more times with reagent water, filled with reagent water containing
0.4% (v/v) HCI, and placed in a mercury-free Class-lOa clean bench until the
outside surfaces are dry. The bottles are tightly capped (with a wrench), double
bagged in new polyethylene zip-type bags until needed, and stored in wooden or
plastic boxes until use. The bottles may be shipped to the sampling site
containing dilute HCI solution (e.g., 0.04%), containing reagent water, or empty.

Used bottles known not to have contained mercury at high (>100 ngIL) levels are
cleaned as above, except for only 6-12 h in hot 4 N HCl.
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6.2 Equipment for bottle and glassware cleanilig
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Bottle blanks must be analyzed as described iIi Section 9:4:7. To verify the
effectiveness of the cleanilig procedures, bottle blanks must be demonstrated to
be free of mercury at the ML of this Method.

Method 1631. Revision IE

Peristaltic pump-115-V a.c., 12-V d.c., iIitemal'battery, variable-speed, siIigle
head (Cole-Parmer, portable, "Masterflex LIS," Catalog No. 07570-10 drive with
Quick Load pump head, Catalog No. 07021-24, or equivalent).

Filter-D.45-\-Lm, 15-mm diameter capsule filter (Gelman Supor 12175, or
equivalent).

TubiIig-styrene/ethylenelbutylene/silicone (SEBS) resiIi for use with peristaltic
pump, approx 3/8-iIi ID by approximately 3 ft (Cole-Parmer size 18, Catalog No.
06424-18, or approximately 1/4-in OD, Cole-Parmer size 17, Catalog No. 06424
17, or equivalent). TubiIig is cleaned by soaking in 5-10% HCl solution for
8-24 h, rinsing with reagent water iIi a clean bench iIi a clean room, and dIyiIig
iIi the clean bench by purgilig with metal-free air or nitrogen. After dryiIig;'the
tubiIig is double-bagged iIi clear polyethylene bags, serialized with a unique
number, and stored until use. ...

6.1.2.3

6.1.3.1

6.1.3.2

6.1.3.3

6.1.3 Filtration Apparatus

6.1.2.4 As an alternative to cleanilig by the laboratory, bottles may be purchased from a
commercial supplier and each lot certified to be clean. Bottles from the lot must

. be tested as bottle blanks (Section 9.4.7) and demonstrated to be free ofmercury
at the ML of this Method. Ifmercury is present above this level iIi any bottle,
either the lot must be rejected or the bottles must be re-cleaned.

6.2.3 Laboratory sink-in ClasS-laO clean area, with high-flow reagent water (Section 7.1)
'for rinsiIig.-- .

6.2.1 Vat, 100-200 L, high-density polyethylene (HDPE), half filled with 4 N HCl in reagent
water.

6.2.2 Panel immersion heater, 500-W, all-fluoropolymer coated, 120 vac (Cole-Parmer H
03053-04, or equivalent)

WARNING: Read instructions carefully!! The heater will maintain steady state, without
temperaturefeedback control, of60"--75°C in a vat ofthe size described. However, the
equilibrium temperature will be higher (up to boiling) in a smaller vat. Also, the heaterplate
MUST be maintained in a vertical position, completely submergedand away from the vat walls to
avoid melting the vat or burning out!

6.2.5 Oven-stainless steel, iIi Class-100 clean area, capable ofmaiIitairi.iri.g :I: 5°C iIi the
60-70°C temperature range. '

6.2.4 Clean bench-elass-100, for drying rinsed bottles.

.Cold vapor atomic fluorescence spectrometer (CVAFS): The CVAFS system used may either be
purchased from a supplier, or built iIi the laboratory from commercially available components.

6.3CJ
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6.3.1 Commercially available CVAFS-Tekran (Toronto, ON) Series 2600 CVAFS, Brooks
Rand (Seattle, WA) Model ill CVAFS, Leeman Labs Hydra AF Goldplus CVAFS, or
equivalent

6.3.2 Custom-built CVAFS (Reference 16.15). Figure 2 shows the schematic diagram. The
system consists of the following:

6.3.2.1

6.3.2.2

6.3.2.3

6.3.2.4

6.3.2.5

6.3.2.6

Low-pressure 4-W mercury vapor lamp

Far UV quartz flow-through fluorescence cell-12 mm x 12 mm x 45 mm, with a
10-mm path length (NSG Cells, or equivalent).

UV-visible photomultiplier (pMT)--sensitive to < 230 nm. This PMT is isolated
from outside light with a 253.7-nm interference filter (Oriel Corp., Stamford, CT,
or equivalent).

Photometer and PMT power supply (Oriel Corp. or equivalent), to convert PMT
output (nanoamp) to millivolts

Black anodized aluminum optical block-holds fluorescence cell, PMT, and light
source at perpendicular angles, and provides collimation of incident and
fluorescent beams (Frontier Geosciences Inc., Seattle, WA, or equivalent).

Flowmeter-with needle valve capable of reproducibly keeping the carrier gas
flow rate at 30 mL/min

6.4 Hg purging system-Figure 2 shows the schematic diagram for the purging system. The system
consists of the following:

6.4.1 Flow meter/needle valve-capable of controlling and measuring gas flow rate to the
purge vessel at 350 ± 50 mL/min.

6.4.2 Fluoropolymerfittings-connections between components and columns are made using
6.4-mm aD fluoropolymer tubing and fluoropolymer friction-fit or threaded tubing
connectors. Connections between components requiring mobility are made with 3.2
mm aD fluoropolymer tubing because of its greater flexibility.

6.4.3 Acid fume pretrap-l0-cm long x 0.9-cm ID fluoropolymer tube containing 2-3 g of
reagent grade, nonindicating, 8-14 mesh soda lime chunks, packed between wads of
silanized glass wool. This trap is cleaned ofHg by placing on the output of a clean
cold vapor generator (bubbler) and purging for 1 h with N2 at 350 mL/min.

6.4.4 Cold vapor generator (bubbler)-200-mL borosilicate glass (15 cm high x 5.0 em
diameter) with standard taper 24/40 neck, fitted with a sparging stopper having a coarse
glass frit that extends to within 0.2 cm of the bubbler bottom (Frontier Geosciences,
Inc. or equivalent).

6.5 The dual-trap Hg(O) preconcentrating system

10

6.5.1 Figures 2 and 3 show the dual-trap amalgamation system (Reference 16.5).
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Gold-coated sand traps-10-cm long x 6.5-mm OD x 4-mm ill quartz tubing. The tube
is filled with 3.4 em of gold-coated 45/60 mesh quartz sand (Frontier Geosciences Inc.,
Seattle, WA, or equivalent). The ends are plugged with quartz wool.

6.5.2.1

6.5.2.2

Traps are fitted with 6.5-mm ill fluoropolymer friction-fit sleeves for making
,connection to the system. When traps are not in use, fluoropolymer end plugs
are inserted in trap ends to eliminate contamination.

'At least six traps are ne~ded for efficielit operation, one as the "analytical" trap,
and the others to sequentially collect samples.

6.5.3 Heating of gold-coated sand traps-To desorb Hg collected on a trap, heat for 3.0 min
to 450-500 °C (a barely visible red glow when the room is darkened) with a coil
consisting of75 em of24-gauge Nichrome wire at a potential of 10-.14 vac. Potential is
applied and fmely adjusted with an autotransformer.

6.5.4 Timers-The heating interval is controlled by a timer-activated 120-V outlet (Gralab,
or equivalent), into which the heating coil autotransformer is plugged. Two timers are
required, one each for the "sample" trap and the "analytical" trap.

6.5.5 Air blowers-After heating, traps are cooled by blowing air from a small squirrel-cage
blower positioned immediately above the trap. Two blowers are required, one each for
the "sample" trap and the "analytical" trap.

6.7 Pipettors-All-plastic pneumatic fixed-volume and variable pipettors in the range of 10 J.l.L to 5.0
mL.

o
6.6 Recorder-Any multi-range millivolt chart recorder or integrator with a range compatibl€'with

the CVAFS is acceptable. By using a two-pen recorder with pen sensitivity offset by a factor of
10, the dynamic range of the system is extended to 103

•

6.8 Analytical balance capable ofweighing to the nearest 0.01 g

7.0 Reagents and Standards

Note: The quantities ofreagents and the preparation proqedures in this section are/or illustrative
purposes. Equivalent performance maybe achievable using quantities ofreagents andprocedures
other than those suggested here. The laboratory is responsiblefor demonstrating equivalent
peiformance.

7.1 Reagent water-18-Mn minimum, ultrapure deionized water starting from a prepurified
(distilled, reverse osmosis, etc.) source. Water should be monitored for Hg, especially after ion
exchange beds are changed.

- - --

7.2 Air...,.......It is very important that the laboratory air be low in both particulate and gaseous mercury.
Ideally, mercury work should be conducted in a new labora~ory with mercury-free paint on the

, walls. A source ofair thatisvery low inHgshould be broughtdirectly into the Class-100 clean
bench air intake. If this is not possible, air coming into the clean bench can be cleaned for
mercury by placing a gold-coated cloth prefilter over the intake..Gold-coated cloth f1lter: Soak 2
m2ofcottongauze in 500 mL of2%'gold chloride solution'at pH 7~' In a'hood, add 100 mL of
30% NHzOH"HCl solution, and homogenize into the cloth with gloved hands. The material will
turn black as colloidal gold is precipitated. Allow the mixture to set for several hours, then rinse
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with copious amounts of deionized water. Squeeze-dry the rinsed cloth, and spread flat on
newspapers to air-dry. When dry, fold and place over the intake prefilter of the laminar flow
hood.

CA UTION: Great care should be taken to avoid contaminating the laboratory with gold dust.
This could cause inteiferences with the analysis ifgold becomes incorporated into the samples
or equipment. The gilding procedure should be done in a remote laboratory ifat all possible.

7.3 Hydrochloric acid-trace-metal purified reagent-grade HCI containing less than 5 pg/mL Hg.
The HCI should be analyzed for Hg before use.

7.4 Hydroxylamine hydrochloride-Dissolve 300 g ofNH20H'HCI in reagent water and bring to 1.0
L. This solution may be purified by the addition of 1.0 mL of SnCl2 solution and purging
overnight at 500 mL/tnin with Hg-free N2• Flow injection systems may require the use of less
SnCl2 for purification of this solution.

7.5 Stannous chloride-Bring 200 g of SnCI2'2H20 and 100 mL concentrated HCI to 1.0 L with
reagent water. Purge overnight with mercury-free N2 at 500 mL/tnin to remove all traces ofHg.
Store tightly capped.

7.6 Bromine monochloride (BrCI)-In a fume hood, dissolve 27 g of reagent grade KBr in 2.5 L of
low-Hg HCI. Place a clean magnetic stir bar in the bottle and stir for approximately 1 h in the
fume hood. Slowly add 38 g reagent grade KBr03 to the acid while stirring. When all of the
KBr03 has been added, the solution color should change from yellow to red to orange. Loosely
cap the bottle, and allow to stir another hour before tightening the lid.

WARNING: This process generates copious quantities offree halogens (CI2, Br2, BrCl), which
are released from the bottle. Add the KBrO~ slowly in a fUme hood!

7.7 Stock mercury standard-NIST-certified 10,000-ppm aqueous Hg solution (NIST-3133). This
solution is stable at least until the NIST expiration date.

7.8 Secondary Hg standard-Add approx 0.5 L of reagent water and 5 mL ofBrCl solution (Section
7.6) to a 1.00-L Class A volumetric flask. Add 0.100 mL of the stock mercury standard (Section
7.7) to the flask and dilute to 1.00 L with reagent water. This solution contains 1.00 lJ.g/mL (1.00
ppm) Hg. Transfer the solution to a fluoropolymer bottle and cap tightly. This solution is
considered stable until the NIST expiration date.

7.9 Working Hg Standard A-Dilute 1.00 mL of the secondary Hg standard (Section 7.8) to 100 mL
in a Class A volumetric flask with reagent water containing 0.5% by volume BrCI solution
(Section 7.6). This solution contains 10.0 ng/mL and should be replaced monthly, or longer if
extended stability is demonstrated.

7.10 Working Hg Standard B-Dilute 0.10 mL of the secondary Hg standard (Section 7.8) to 1000 mL
in a Class A volumetric flask with reagent water containing 0.5% by volume BrCI solution
(Section 7.6). This solution contains 0.10 ng/mL and should be replaced monthly, or longer if
extended stability is demonstrated.

7.11 Initial Precision and Recovery (IPR) and Ongoing Precision and Recovery (OPR)
solutions-Using the working Hg standard A (Section 7.9), prepare lPR and OPR solutions at a
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7.12

7.13

8.0

8.1

8.2

8.3

8.4

8.5

concentration of 5 ng/L Hg in reagent water. lPRiOPR solutions are prepared using the same
amounts of reagents used for preparation of the calibration standards.

Nitrogen-Grade 4.5 (standard laboratory grade) nitrogen that has been further purified by the
removal ofHg using a gold-coated sand trap.

Argon-Grade 5.0 (ultra high-purity, GC grade) argon that has been further purified by the
removal ofHg using a gold-coated sand trap.

Sample Collection, Preservation, and Storage

Before samples are collected, consideration should be given to the type of data required (i.e.,
dissolved or total), so that appropriate preservation and pretreatment steps can be taken. An
excess ofBrCI should be confirmed either visually (presence of a yellow color) or with starch
iodide indicating paper, using a separate sample aliquot, prior to sample processing or direct
analysis to ensure the sample has been properly preserved.

Samples are collected into rigorously cleaned fluoropolymer bottles with fluoropolymer or
fluoropolymer-lined caps. Glass bottles may be used ifHg is the only target analyte. It is critical
that the bottles have tightly sealing caps to avoid di:ffuSion of atmospheric Hg through the threads
(Reference 16.4). Polyethylene sample bottles must not be used (Reference 16.15).

Collect samples using guidance provided in the Sampling Method (Reference 16.9). Procedures
.in the Sampling Method are based on rigorous protocols for collection ofsamples for mercUry
(References 16.4 and 16.15).

NOTE: Discrete samplers have beenfound to contaminate samples with Hg at the nglL lev{1l.
Therefore, great care should be exercised ifthis type ofsampler is used It may be necessary
for the sampling team to use other means ofsample collection ifsamples are found to be
contaminated using the discrete sampler.

Sample filtration-For dissolved Hg, a sample is filtered through a 0.45-!J.m capsule filter
(Section 6.1.3.1) in a mercury-free clean area prior to preservation. If the sample is filtered, it
must be accompanied by a blank that has been filtered under the same conditions. The Sampling
Method describes sample filtration procedures. .

Preservation-Samples are preserved by adding either 5 mLlL ofpretested 12N HCI or 5 mLlL
BrCI solution to the sample bottle. Ifa sample will be used also for the determination ofmethyl
mercury, it should be collected and preserved according to procedures in the method that will be
used for determination of methyl mercury (e.g., HCI or H2S04 solution). Preserved samples are
stable for up to 90 days of the date of collection.

8.5.1 Samples to be analyzed for total or dissolved Hg only may be shipped to the laboratory
unpreserved and unrefrigerated if they are collected in fluoropolymer or glass bottles
.and capped tightly.. Samples~musfoe-eitherpreserVedoianalyzedwitlifu48 hours of
collection. If a sample is oxidized ill thesampleboftle, the time to preservation can be
extended to 28 days.

8.5.2 Samples that are acid-preserved may lose Hg to coagulated organic materials in the
. wateror.condensed on the walls (Reference 16.16). The.best approach is to add BrCI
directly to the sample bottle at least 24 hours before analysis. If other Hg species are to
be analyzed, these aliquots must be removed prior to the addition ofBrel. .IfBrCl
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cannot be added directly to the sample bottle, the bottle must be shaken vigorously
prior to sub-sampling.

8.5.3 Handling of the samples in the laboratory should be undertaken in a mercury-free clean
bench, after rinsing the outside of the bottles with reagent water and drying in the clean
air hood.

NOTE: Because ofthe potentialfor contamination, it is recommended that filtration andpreservation of
samples be performed in the clean room in the laboratory. However, ifcircumstances prevent overnight
shipment ofsamples, samples should befiltered andpreserved in a designated clean area in the field in
accordance with the procedures given in Method 1669 (Reference 16.9). lffiltered in the field, samples
ideally should be filtered into the sample bottle.

8.6 Storage-Sample bottles should be stored in clean (new) polyethylene bags until sample analysis.

8.7 Sample preservation, storage, and holding time requirements also are given at 40 CPR part 136.3(e)
Table II.

9.0 Quality Control

9.1 Each laboratory that uses this Method is required to operate a formal quality assurance program
(Reference 16.17). The minimum requirements of this program consist of an initial demonstration
of laboratory capability, ongoing analysis of standards and blanks as a test of continued
performance, and the analysis ofmatrix spikes (MS) and matrix spike duplicates (MSD) to assess
precision and recovery. Laboratory performance is compared to established performance criteria to
determine that the results ofanalyses meet the performance characteristics ofthe Method.

9.1.1 The laboratory shall make an initial demonstration of the ability to generate acceptable
accuracy and precision. This ability is established as described in Section 9.2.

9.1.2 In recognition of advances that are occurring in analytical technology, the laboratory is
permitted certain options to improve results or lower the costofmeasurements. These
options include automation of the dual-amalgamation system, single-trap amalgamation
(Reference 16.18), direct electronic data acquisition, calibration using gas-phase
elemental Hg standards, use of the bubbler or flow-injection systems, or changes in the
detector (i.e., CVAAS) when less sensitivity is acceptable or desired. Changes in the
determinative technique, such as the use of colorimetry, are not allowed. If an analytical
technique other than the CVAFS technique specified in this Method is used, that
technique must have a specificity for mercury equal to or better than the specificity of
the technique in this Method.

9.1.2.1 Each time this Method is modified, the laboratory is required to repeat the procedure in
Section 9.2 to demonstrate that an MDL (40 CFR part 136, Appendix B) less than or
equal to one-third the regulatory compliance limit or less than or equal to the MDL of
this Method (Table 1), whichever is greater, can be achieved. If the change will affect
calibration, the instrument must be recalibrated according to Section 10.

Note: Ifthe compliance limit is greater than the concentration ofHg in the OPR/OPR (5 ngIL), the
acceptance criteriafor blanks and the concentrations ofmercury spiked into quality control samples may
be increased to support measurements at the compliance limit. For example, ifthe compliance limit is 12
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nglL (National Toxics Rule, 40 CFR 131.36), the MDL must be less than or equal to 4 nglL;
concentrations ofthe calibration standards may be 5, 10,20,50, and 100 nglL; concentrations ofthe
IPR/OPR samples may be 10 nglL; spike concentrations and acceptance criteriafor MSIMSD samples
would remain as specified in Section 9.3; and an appropriate blank acceptance criterion would be 5 ngiL.

9.1.2.2 The laboratory is required to maintain records ofmodifications made to this Method.
These records include the following, at a minimum:

n
\.J'

9.1.2.2.1

9.1.2.2.2

9.1.2.2.3

9.1.2.2.4

The names, titles, addresses, and telephone numbers of the analyst(s)
who perfonned the analyses and modification, and the quality control
officer who witnessed and will verify the analyses and modification

A narrative stating the reason(s) for the modification(s)

Results from all quality control (QC) tests demonstrating the
perfonnance of the modified me1;hod, including the following:
(a) Calibration (Section 10)
(b) Initial precision and recovery (Section 9.2.2)
(c) Analysis ofblanks (Section 9.4)
(d) Matrix spike/matrix spike duplicate analysis (Section 9.3)
(e) Ongoing precision and recovery (Section 9.5)
(f) Quality control sample (Section 9.6)
(g) Method detection limit (Section 9.2.1)

Data that will allow an independent reviewer to validate each ff~5,5

determination by tracking the instrument output to the final result. These
data are to include the following:
(a) Sample numbers and other identifiers
(b) Processing dates
(c) Analysis dates
(d) Analysis sequence/run chronology
(e) Sample weight or volume
(f) Copies oflogbooks, chart recorder, orother raw data output
(g) Calculations linking raw data to the results reported

9.1.3. Analyses ofMS and MSD samples are required to demonstrate the accuracy and
precision and to monitor matrix interferences. Section 9.3 describes the procedure and
QC criteria for spiking.

9.1.4 Analyses of blanks are required to demonstrate acceptable levels of contamination.
Section 9.4 describes the procedures and criteria for analyzing blanks.

9.1.5 The laboratory shall, on an ongoing basis, demonstrate through analysis of the ongoing
precision and recovery (OPR) sample and the quality control sample (QCS) that the
system is in control. Sections 9.5 and 9.6d~scJibeth~seprocedures,respectively.

9.1.6 The laboratory shall maintain records to define the quality of the data that are
gen.erated. Sections 9.3.7 and 9.5.3 dSlscribe the.development of accuracy statements.

9.1.7 Quality oithe analyses is controlled by an analytical batch. An analytical batch is a set
··of samples oxidized with-the same batch of reagents, and analyzed during the same ·12

hour shift. A batch may be from 1 to as many as 20 samples. Each batch must be
accompanied by 3 system blanks (Section 9.4.2 for the flow-injection system), a
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minimum of 3 bubbler blanks (Section 9.4.1 for the bubbler system), I aPR sample at
the beginning and end of the batch (Section 9.5), a QCS (Section 9.6), and at least 3
method blanks (Section 9.4.4). In addition, there must be 1 MS and 1 MSD sample for
every 10 samples (a frequency of 10%). A typical analytical sequence would be:

(a) Three system blanks (Section 9.4.2) or a minimum of3 bubbler blanks (Section
9.4.1)

(b) A minimum offive, non-zero calibration standards (Section 10.2.2.1)
(c) On-going precision and recovery (Section 9.5)
(d) Quality control sample (Section 9.6)
(e) Method blank (Section 9.4.4)
(t) Seven samples
(g) Method blank (Section 9.4.4)
(h) Three samples
(i) Matrix spike (Section 9.3)
G) Matrix spike duplicate (Section 9.3)
(k) Four samples
(1) Method blank (Section 9.4.4)
(m) Six samples
(n) Matrix spike (Section 9.3)
(0) Matrix spike duplicate (Section 9.3)
(P) Ongoing precision and recovery (Section 9.5)

The above sequence includes calibration. If system performance is verified at the end
of the sequence using the aPR, analysis of samples and blanks may proceed without
recalibration (i.e., the analytical sequence would be entered at Step (d) above), unless
more than 12 hours has elapsed since verification ofsystem performance. Ifmore than
12 hours has elapsed, the sequence would be initiated at Step (c) above.

9.2 Initial demonstration of laboratory capability

9.2.1 Method detection limit-To establish the ability to detect Hg, the laboratory shall
achieve an MDL that is less than or equal to the MDL listed in Section 1.5 or one-third
the regulatory compliance limit, whichever is greater. The MDL shall be determined
according to the procedure at 40 CFR 136, Appendix B using the apparatus, reagents,
and standards that will be used in the practice of this Method. This MDL shall be used
'for determination oflaboratory capability only, and should be determined When a new
operator begins work or whenever, in the judgment of the laboratory, a change in
instrument hardware or operating conditions would dictate reevaluation of capability.

9.2.2 Initial precision and recovery (IPR)-To establish the ability to generate acceptable
precision and recovery, the laboratory shall perform the following operations:

16

9.2.2.1

9.2.2.2

9.2.2.3

Analyze four replicates of the IPR solution (5 ng/L, Section 7.11) according to
the procedure beginning in Section 11.

Using the results ofthe set offour analyses, compute the average percent
recovery (X), and the standard deviation of the percent recovery (s) for Hg.

Compare s and X with the corresponding limits for initial precision and recovery
in Table 2. Ifs and X meet the acceptance criteria, system performance is
acceptable and analysis of samples may begin. If, however, s exceeds the
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precision limit or X falls outside the acceptance range, system performance is
unacceptable. Correct the problem and repeat the test (Section 9.2.2.1).

Matrix spike (MS) and matrix spike duplicate (MSD)-To assess the performance of the Method
on a given sample matrix, the laboratory must spike, in duplicate, a minimum of 10% (1 sample
in 10) from a given sampling site or, iffor compliance monitoring, from a given discharge.
Therefore, an analytical batch 01'20 samples would require two pairs ofMS/MSD samples (four
spiked samples total).

9.3.1 The concentration of the spike in the sample shall be determined as follows:

9.3.1.1

9.3.1.2

If, as in compliance monitoring, the concentration ofHg in the sample is being
checked against a regulatory compliance limit, the spiking level shall be at that
limit or at 1-5 times the background concentration of the sample (as determined
in Section 9.3.2), whichever is greater.

If the concentration ofHg in a sample is not being checked against a limit, the
spike shall be at 1-5 times the background concentration or at 1-5 times the ML
in Table 1, whichever is greater.

9.3.2 To determine the background concentration (B), analyze one sample aliquot from each
set of 10 samples from each site or discharge according to the procedure in Section 11.
If the expected background concentration is known from previous experience or other
knowledge, the spiking level may be established a priori.

(J
9.3.2.1

9.3.2.2

Ifnecessary, prepare a standard solution to produce an appropriate level in tIf~;':'

sample (Section 9.3.1).

Spike two additional sample aliquots with identical amounts of the spiking
solution and analyze these aliquots as described in Section 11.1.2 to determine
the concentration after spiking (A).

9.3.3 Calculate the percent recovery (R) in each aliquot using the following equation:

% R ='100 (A-B)
T

where:

A = Measured concentration of analyte after spiking
B = Measured concentration of analyte before spiking
T = True concentration of the spike

9.3.4 Compare percent recovery (R) with the QC acceptance criteria in Table 2.

9.3.4.1 If results of the MS/MSD are similar and fail the acceptance criteria, and
-recovery for -the'OPICstandaro {Secnon9.5)Ior-ili.e-ailaly;tical'batch 'is within the
acceptance criteria in Table 2, an interference is presentand the results may not
be reported or otb.erwise used for permittingorr~gu1a!orycompliatlce purposes.
If the interference can be attributed to sampling, the site or discharge should be
resampled. If the interference ,can be attributed to a method deficiency, the
laboratory must.modifythemethod,repeatthe test requited in Section 9.1.2, and
repeat analysis of the sample and MS/MSD. However, during the development
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ofMethod 1631, very few interferences have been noted in the detennination of
Hg using this Method. (See Section 4.4 for information on interferences.)

9.3.4.2 If the results ofboth the spike and the OPR test fall outside the acceptance
criteria, the analytical system is judged to be not in control, and the results may
not be reported or used for permitting or regulatory compliance purposes. The
laboratory must identify and correct the problem and reanalyze all samples in the
sample batch.

9.3.5 Relative percent difference (RPD)-Compute the RPD between the MS and MSD
results according to the following equation using the concentrations found in the MS
and MSD. Do not use the recoveries calculated in Section 9.3.3 for this calculation
because the RPD is inflated when the background concentration is near the spike
concentration.

RPO = 200 x (101-021)
(01+02)

Where:
01 = concentration of Hg in the MS sample
02 = concentration of Hg in the MSO sample

9.3.6 The RPD for the MSIMSD pair must not exceed the acceptance criterion in Table 2. If
the criterion is not met, the system is judged to be out ofcontrol. The problem must be
identified and corrected, and the MSIMSD and corresponding samples reanalyzed.

9.3.7 As part of the QC program for the laboratory, method precision and recovery for
samples should be assessed and records maintained. After analyzing five samples in
which the recovery passes the test in Section 9.3.4, compute the average percent
recovery (RJ and the standard deviation of the percent recovery (sr)' Express the
accuracy assessment as a percent recovery interval from R.. - 2sr to R.. + 2sr• For
example, ifR.. = 90% and Sr = 10% for five analyses, the accuracy interval is expressed
as 70-110%. Update the accuracy assessment regularly (e.g., after every five to ten
new accuracy measurements).

9.4 Blanks-Blanks are critical to the reliable determination ofHg at low levels. The sections below
give the minimum requirements for analysis ofblanks. Analysis of additional blanks is
recommended as necessary to pinpoint sources of contamination in, and external to, the
laboratory.

9.4.1 Bubbler blanks-Bubbler blanks are analyzed to demonstrate that bubbler systems are
free from contamination at levels that could affect data quality. At least three bubbler
blanks must be run during calibration and with each analytical batch.

18

9.4.1.1

9.4.1.2

To analyze a bubbler blank, place a clean gold trap on the bubbler. Purge and
analyze previously purged water using the procedure in Section 11, and
determine the amount ofHg remaining in the system.

If the bubbler blank is found to contain more than 50 pg Hg, the system is out of
control. The problem must be investigated and remedied, and the samples run on
that bubbler must be reanalyzed. If the blanks from other bubblers contain less
than 50 pg Hg, the data associated with those bubblers remain valid, provided
that all other criteria in Section 9 also are met.
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The mean result for all bubbler blanks (from bubblers passing the specification in
Section 9.4.1.2) must be < 25 pg (0.25 ngIL) Hg with a standard deviation (n-1)
of <10 pg (0.10 ngIL). If the mean is < 25 pg, the average peak area or height is
subtracted from all raw data before results are calculated (Section 12.2).

IfHg in the bubbler blank exceeds the acceptance criteria in Section 9.4.1.3, the .
system is outof control. The problem must be resolved and the system
recalibrated. Usually, the bubbler blank is too high for one of the following
reasons:
(a) Bubblers need rigorous cleaning;
(b) Soda-lime is contaminated; or
(c) Carrier gas is contaminated.

9.4.2 System blanks- System blanks are analyzed to demonstrate that flow injection ,
systems are free from contamination at levels that could affect data quality. Three
system blanks must be run during calibration and with each analytical batch.

9.4.2.1

9.4.2.2

9.4.2.3

To analyze a system blank, analyze reagent water containing the same amount of
reagents used to prepare the calibration standards;

If a system blank is found to contain ;::: 0.50 ngiL Hg, the system is out of
control. The problem must be investigated and remedied, and the system
recalibrated. If the blanks contain < 0.50 ngIL Hg, the data associated with the
blanks remain valid, provided that all other criteria in Section 9 also are I!iet.

~'i-;":'i'

The mean result for the three system blanks must be <0.5 ng/L Hg with a
standard deviation (n-1) <0.1 ngIL. If the mean exceeds these criteria, the system
is out of control, and the problem must be resolved and the system recalibrated.
If the mean is <0.5 ng/L, the average peak height or area is subtracted from all
raw data before results are calculated (Section 12.3). "i·'" .~..,~: :

9.4.3 Reagent blanks-Reagent blanks are used to demonstrate that the reagents used to
prepare samples for Hg analyses are free from contamination. The Hg concentration in
reagent blanks is determined by analyzing the reagent solutions using either the bubbler
or flow-injection system. For the bubbler system, reagent may be added directly to
previously purged water in the bubbler.

9.4.3.1

9.4.3.2

Reagent blanks are required when the batch of reagents (bromine monochloride
plus hydroxylamine hydrochloride) are prepared. The amount .0fHg in a reagent
blank containing 0.5% (v/v) BrCl solution (Section 7.6) and 0.2% (v/v)
hydroxylamine hydrochloride solution (Section 7.4) must be < 20 pg (0.2 ng/L).

The presence ofmore than 20 pg (0.2 ng/L) ofHg indicates a problem with the
reagent solution. The purging of certain reagent solutions, such as SnCl2 or
NHPH,wi1:hJI1.erCJJIY-fr~enitrog~11 QraJ:"gQI19~ reduc:e Hg tOliC~elPta.ble Jeyels.
Because BrCI cannot be purified, a new batch must be prepared and tested if the
BreI is contaminated.

8

9.4.4 Method blanks- Method blanks are used to demonstrate that the analytical system is
free from contamination that could otherwise compromise sample results. Method

-- blanks-are prepared and-analyzed:using sample-containers, labware,-reagents; and
analytical procedures identical to those used to prepare and analyze the samples.
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9.4.4.1

9.4.4.2

9.4.4.3

A minimum of three method blanks per analytical batch are required for both the
bubbler and flow-injection systems.

If the result for any method blank: containing the nominal amount of reagent used
to prepare a sample (Section 11.1.1) is found to contain ~ 0.50 ng/L (50 pg) Hg,
the system is out of control. Mercury in the analytical system must be reduced
until a method blank: is free from contamination at the 0.50 ng/L level. Samples
associated with a contaminated method blank: must be reanalyzed.

Because method blanks are analyzed using procedures identical to those used to
analyze samples, any sample requiring~ increased amount of reagent must be
accompanied by at least one method blank: that includes an identical amount of
reagent.

9.4.5 Field blanks-Field blanks are used to demonstrate that samples have not been
contaminated by the sample collection and transport activities.

9.4.5.1

9.4.5.2

9.4.5.3

9.4.5.4

Analyze the field blank:(s) shipped with each set ofsamples (samples collected
from the same site at the same time, to a maximum of 10 samples). Analyze the
blank: immediately before analyzing the samples in the batch.

IfHg or any potentially interfering substance is found in the field blank: at a
concentration equal to or greater than the lVIL (Table 1), or greater than one-fifth
the level in the associated sample, whichever is greater, results for associated
samples may be the result of contamination and may not be reported or otherwise
used for regulatory compliance purposes.

Alternatively, if sufficient multiple field blanks (a minimum of three) are
collected, and the average concentration (ofthe multiple field blanks) plus two
standard deviations is equal to or greater than the regulatory compliance limit or
equal to or greater than one-half of the level in the associated sample, results for
associated samples may be the result ofcontamination and may not be reported
or otherwise used for regulatory compliance purposes.

Ifcontamination of the field blanks and associated samples is known or
suspected, the laboratory should communicate this to the sampling team so that
the source of contamination can be identified and corrective measures taken
before the next sampling event.

9.4.6 Equipment blanks-Before any sampling equipment is used at a given site, the
laboratory or cleaning facility is required to generate equipment blanks on all sampling
equipment that will be used to demonstrate that the sampling equipment is free from
contamination.

20

9.4.6.1 Equipment blanks are generated in the laboratory or at the equipment cleaning
facility by processing reagent water through the sampling devices using the same
procedures that are used in the field (see Sampling Method). Therefore, the
"clean hands/dirty hands" technique used during field sampling should be
followed when preparing equipment blanks at the laboratory or cleaning facility
for low level mercury measurements. If grab samples are to be collected using
any ancillary equipment, e.g., an extension pole or a dipper, an equipment blank
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9.4.6.2

is generated by sUbmersmg'this equipment into the reagent water and ~alyzing
the resulting reagent water collected.

The equipment blank must be analyzed using the procedures in this Method. If
mercury or any potentially interfering substance is detected in the blank at or
above the level specified for the field blank (Section 9.4.5), the source of
contamination or interference must be identified, and the problem corrected. The
equipment must be demonstrated to be free from mercury and interferences
before the equipment may be used in the field.

9.4.7 Bottle blanks- Bottles must be subjected to conditions of use to verifx- the
effectiveness of the cleaning procedures. A representative set of sample bottles
(Section 6.1.2) should be filled with reagent water acidified to pH <2 and allowed to
stand for a minimum of24 h. At least 5% of the bottles from a given lot should be
tested, and the time that the bottles are allowed to stand should be as close as possible
to the actual time that the sample will be in contact with the bottle. After standing, the
water must be analyzed for any signs of contamination. If a bottle shows .
contamination at or above the level specified for the ,field blank (Section 9.4.5), the
problem must be identified, the cleanmg procedures corrected or cleaning solutions
changed, and all affected bottles re-cleaned.

9.5 Ongoing precision and recovery (OPR)-To demonstrate that the analytical system is within the
performance criteria of this Method and that acceptable precision and recovery is being
maintained within each analytical batch, the laboratory shall perform the following operations:

o
9.5.1

'.t~ -;;,'\

Analyze the OPR solution (5 ngIL, Section 7.11) prior to the analysis of each analytical
batch according to the procedure beginning in Section 11. An OPR also must be
analyzed at the end of an analytical sequence or at the end of each 12-hour shift.

9.5.2 Compare the recovery with the limits for ongoing precision and recovery in Table 2. If
the recovery is in the range specified, the analytical system is in control and analysis of
samples and blanks may proceed. If, however, the concentration is not in the specified
range, the analytical process is not in control. Correct the problem and repeat the
ongoing precision and recovery test. All reported results must be associated with an
OPR that meets the Table 2 performance criteria at the beginning and end of each
batch.

9.5.3 The laboratory should add results that pass the specification in Section 9.5.2 to IPR and
previous OPR data and update QC charts to form a graphic representation of continued
laboratory performance. The laboratory also should develop a statement of laboratory
data quality by calculating the average percent recovery (RJ and the standard deviation
of the percent recovery (sr)' Express the accuracy as a recovery interval from R... - 2sr
to R,. + 2sr. For example, ifR,. = 95% and sr = 5%, the accuracy is 85-105%.

9.6 Quality control sample (QCS) - The laboratory must obtain a QCS from a sourc.e different from
the Hg used to produce the standards used routinely in this Method (Sections 7.7-7.10). The

.. ~~ QCss1ioll1dbeanaIyzedasan~mdeJ?enaenTClieck-()rsystempeifoiIDance. -

. 9.7 Depending on spe.cific program requirements, the laboratory may be required to .aIlalyze.field
duplicates and field spikes collected to assess the precision and accuracy of the sampling, sample
transportation, and storage techniques. The relative percent difference (RPD) between field

~ duplicates should-be le~sthan 20%. IitheRPD oithe field duplicates exceeds 20%, the
laboratory should communicate this to the sampling team so that the source of error can be
identified and corrective measures taken before the next sampling event.
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10.0 Calibration and Standardization

10.1 Calibration and standardization-- Separate calibration procedures are provided for a bubbler
system (Section 10.2) and flow-injection system (Section 10.3). Both systems are calibrated
using standards traceable to NIST Standard Reference Materials. If system performance is
verified at the end of an analytical batch using the OPR, analysis ofsamples and blanks may
proceed without recalibration, unless more than 12 hours has elapsed since verification ofsystem
performance.

10.2 Bubbler system calibration

10.2.1 Establish the operating conditions necessary to purge Hg from the bubbler and to
desorb Hg from the traps in a sharp peak. Further details for operation of the purge
and-trap, desorption, and analysis systems are given in Sections 11.2.1 and 11.2.2.

10.2.2 The calibration must contain a minimum offive non-zero points and the results of
analysis of three bubbler blanks. The lowest calibration point must be at the Minimum
Level (ML).

NOTE: The purge efficiency ofthe bubbler system is 100% and is independent ofvolume at the
volumes used in this Method. Calibration ofthis system is typically performed using units of
mass. For puposes ofworking in concentration, the volume is assumed to be 100 mL.

10.2.2.1 Standards are analyzed by the addition ofaliquots ofHg working standard A
(Section 7.9) and Hg working standard B (Section 7.10) directly into the
bubblers. Add 0.50 mL ofworking standard Band 0.5 mL SnCl2 to the bubbler.
Swirl to produce a standard containing 50 pg ofHg (0.5 ngIL). Purge under the
optimum operating conditions (Section 10.2.1). Sequentially follow with the
addition ofaliquots of 0.05, 0.25, 0.50 and 1.0 mL ofworking standard A to
produce standards of 500, 2500,5000, and 10,000 pg Hg (5.0, 25.0, 50.0 and
100.0 ngIL). .

NOTE: Ifcalibration to the higher levels results in carryover (Section 4.3.8.1), calibrate the
system across a narrower range (Section 10.4)

10.2.2.2 Analyze the standards beginning with the lowest concentration and proceeding to
the highest. Tabulate the height or area for each peak.

10.2.2.3 Prepare and analyze a minimum of 3 bubbler blanks. Ifmultiple bubblers are
used, there must be 1 bubbler blank per bubbler (to a maximum of4 bubblers).
Calculate the mean peak area or height for the bubbler blanks.

10.2.2.4 For each calibration point, subtract the mean peak height or area of the bubbler
blanks from the peak height or area for each standard. Calculate the calibration
factor (CFJ for Hg in each of the five standards using the mean bubbler-blank
subtracted peak height or area and the following equation:
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Where:

Ax = peak height or area for Hg in standard

Ass = mean peak height or area for Hg in bubbler blank
ex= mass in standard analyzed (ng)

10.2.2.5 Calculate the mean calibration factor (CFJ, the standard deviation of the
calibration factor (SD; n-1), and the relative standard deviation (RSD) of the
calibration factor, where RSD =100 x SD/CFm•

10.2.2.6 IfR~D ~ 15%, calculate the recovery for the lowest standard using CFm• If the
RSD ~ 15% and the recovery ofthe lowest standard is in the range of75-125%,
the calibration is acceptable and CFm may be used to calculate the concentration
ofHg in samples. IfRSD> 15% or if the recovery of the lowest standard is not
in the range of75-125%, recalibrate the analytical system and repeat the test.

10.2.2.7 Calculate the concentration ofHg in the bubbler blanks (Section 10.2.2.1) using
CFm' The bubbler blanks must meet the criteria in Section 9.4.1; otherwise, .
mercury in the system must be reduced and the calibration repeated until the
bubbler blanks meet the criteria.

10.3 Flow-injection system calibration

10.3.1 Establish the operating conditions necessary to purge Hg from the gas-liquid separator
and dryer tube and desorb Hg from the traps in a sharp peak. Further details for
operating the analytical system are given in Section 11.2.1. .

10.3.2 The calibration must contain a minimum of 5 non-zero points and the results of
analysis of 3 system blanks. The. lowest calibration point must be at the minimum level
(ML).

10.3.2.1 Place 25-30 mL of reagent water and 250 ilL of concentrated BrCl solution
(Section 7.6) in each of 5 calibrated 50-mL,autosampler vials. Prepare the 0.5
ngIL calibration standard by adding 250 ilL of working standard B (Section 7.10)
to the vial. Dilute to the mark with reagent water. Sequentially follow with the
addition of aliquots of25, 125, 250 and 500 ilL of working standard A (Section
7.9) to produce standards of5.0, 25.0, 50.0 and 100.0 ngIL, respectively. Cap
the vials and invert once to mix.

10.3.2.2 Immediately prior to analysis, remove the caps and add 125 ilL ofNH20H
solution (Section 7.4). Re-cap; invert once to mix, and allow to stand until the
yellow color disappears. Remove all caps and place vials into the analysis rack.

10.3.2.3 Analyze the standards-beginning with the lowest concentration and proceeding to
the highest. Tabulate the height or area for the Hg peak.

10.3.2~4 - Prepare aild analyze·ariiliiliIiiri:ll of 3 system-blanks and tabulate the peak heights
or areas. Calculate the mean peak area or height for the system blanks.

- --

10.3.2.5 For each calibration point, subtract the mean peak height or area of the system
blanks (Section 9.4.2) from the peak height or area for each standard. Calculate
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the calibration factor (CFJ for Hg in each of the five standards using the mean
reagent-blank-subtracted peak height or area and the following equation:

Where:

Ax = peak height or area for Hg in standard

AS8 = mean peak height or area for Hg in calibration blanks
ex= concentration of standard analyzed (ng/L)

10.3.2.6' Calculate the mean calibration factor (CFnJ, the standard deviation of the
calibration factor (SD; n-1), and the relative standard deviation (RSD) of the
calibration factor, where RSD =100 x SD/CFm•

10.3.2.7 IfRSD ~ 15%, calculate the recovery for the lowest standard (0.5 ng/L) using
CFm. If the RSD ~ 15% and the recovery of the lowest standard is in the range of
75-125%, the calibration is acceptable and CFmmay be used to calculate the
concentration ofHg in samples, blanks, and OPRs. IfRSD> 15% or if the
recovery of the lowest standard is not in the range of75-125%, recalibrate the
analytical system and repeat the test.

10.3.2.8 Calculate the concentration ofHg in the system blanks (Section 9.4.2) using CFm•

The system blanks must meet the criteria in Section 9.4.2; otherwise, mercury in
the system must be reduced and the calibration repeated until the system blanks
meet the criteria.

10.4 Calibration to a range other than 0.5 to 100 ng/L-This Method may be calibrated to a range
other than 0.5 to 100 ng/L, provided that the following requirements are met:

(a) There must be a minimum offive non-zero calibration points.
(b) The difference between successive calibration points must be no greater than a factor of

10 and no less than a factor of 2 and should be approximately evenly spaced on a
logarithmic scale over the calibration range.

(c) The relative standard deviation (RSD) of the calibration factors for all calibration
points must be less than 15%.

(d) The calibration factor for any calibration point at a concentration greater than 100 ng/L
must be within ±15% of the average calibration factor for the points at or below 100
ng/L.

(e) The calibration factor for any point <0.5 ng/L must be within 25% of the average
calibration factor for all points. .

(f) If calibration is to a higher range and this Method is used for regulatory compliance,
the ML must be less than one-third the regulatory compliance limit

11.0 Procedure

NOTE: The following procedures for analysis ofsamples are provided as guidelines.
Laboratories mayfind it necessary to optimize the procedures, such as drying time or potential
applied to the Nichrome wires, for the laboratory's specific instrument set-up.
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Sample Preparation

11.1.1 Pour a 100-mL aliquot from a thoroughly shaken, acidified sample, into a 125-mL
fluoropolymer bottle. lfBrCI was not added as a preservative (Section 8.5), add the
amount ofBrCI solution (Section 7.6) given below, cap the bottle, and digest at room
temperature. for a 12 h minimum.

11.1.1.1 For clear water and filtered samples, add 0.5 mL ofBrCl; for brown water and
. turbid samples, add 1.0 mL ofBrCI. lfthe yellow color disappears because of

consumption by organic matter or sulfides, more BrCI should be added until a
permanent (12-h) yellow color is obtained. .

11.1.1.2 Some highly organic matrices, such as sewage effluent, will require high levels
ofBrCI (e.g., 5 mL/100 mL ofsample) and longer oxidation times, or elevated
temperatures (e.g., place sealed bottles in oven at 50°C for 6 h). The oxidation
must be continued until it is complete. Complete oxidation can be determined by
either observation of a permanent yellow color remaining in the sample or the
use of starch iodide indicating paper to test for residual free oxidizer. The
sample also may be diluted to reduce the amount ofBrCI required, provided that
the resulting level ofmercury is sufficient for reliable determination.

11.2 Hg reduction and purging-Separate procedures are provided for the bubbler system (Section
11.2.1) and flow-injection (Section 11.2.2).o

11.1.2 Matrix spikes and IJ:!,atrix spike duplicates-For every 10 or fewer samples, pour 2
additional100-mL aliquots from a selected sample (see Section 9.3), spike at the level
specified in Section 9.3; and process in the same manner as the samples. There must be
a minimum of2 MSIMSD pairs for each analytical batch of20 samples.

11.2.1 Hg reduction and purging for the bubbler system

11.2.1.1 Add 0.2-0.25 mL ofNH20H solution to the BrCI-oxidized sample in the 125-mL
sample bottle. Cap the bottle and swirl the sample. The yellow color will
disappear, indicating the destruction of the BrCI. Allow the sample to react for 5

. min with periodic swirling to be sure that no traces ofhalogens remain.

NOTE: Purging offree halogens onto the gold trap will result in damage to the trap and low or
irreproducible results.

11.2.1.2 Connect a fresh trap to the bubbler, pour the reduced sample into the bubbler,
add 0.5 mL of SnCl2 solution, and purge the sample onto a gold trap with N2 at
350 ± 50 mL/min for 20 min. .

11.2.1.3 When analyzing Hg samples, the recovery is quantitative, and organic
interferents are destroyed. Thus, standards, bubbler blanks, and small amounts of
high-level samples may be run directly in previously purged water. After very
hlghsamples(S-:ection4.3.S: f)~ asmall degi-eeofC:ariyovei«O.bl%)may occur.
Bubblers that contain such samples mustbe demonstrated to be clean prior to
proceeclingwith low levelslUUples. Samples run innnediately following a
sample that has been determined to result in carryover must be reanalyzed using a
bubbler that is demonstrated to be clean as per Section 4.3.8.1.

11.2.2 Hg reduction and purging for the flow-injection system
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11.2.2.1 Add 0.2-0.25 mL ofNHzOH solution (Section 7.4) to the BrCI-oxidized sample
in the 125-mL sample bottle or in the autosampler tube (the amount ofNHzOH
required will be approximately 30 percent of the BrCI volume). Cap the bottle
and swirl the sample. The yellow color will disappear, indicating the destruction
of the BrCi. Allow the sample to react for 5 minutes with periodic swirling to be
sure that no traces ofhalogens remain.

NOTE: Purging offree halogens onto the gold trap will result in damage to the trap and low or
irreproducible results.

11.2.2.2 Pour the sample solution into an autosampler vial and place the vial in the rack.

11.2.2.3 Carryover may occur after analysis ofa sample containing a high level of
mercury. Samples run immediately following a sample that has been determined
to result in carryover (Section 4.3.8.1) must be reanalyzed using a system
demonstrated to be clean as per Section 4.3.8.1.

11.3 Desorption ofHg from the gold trap

11.3.1 Remove the sample trap from the bubbler, place the Nichrome wire coil around the trap
and connect the trap into the analyzer train between the incoming Hg-free argon and
the second gold-coated (analytical) sand trap (Figure 2).

11.3.2 Pass argon through the sample and analytical traps at a flow rate of approximately 30
mL/min for approximately 2 min to drive offcondensed water vapor.

11.3.3 Apply power to the coil around the sample trap for 3 minutes to thennally desorb the
Hg (as Hg(O)) from the sample trap onto the analytical trap.

11.3.4 After the 3-min desorption time, turn off the power to the Nichrome coil, and cool the
sample trap using the cooling fan.

11.3.5 Turn on the chart recorder or other data acquisition device to start data collection, and
apply power to the Nichrome wire coil around the analytical trap. Heat the analytical
trap for 3 min (1 min beyond the point at which the peak returns to baseline).

11.3.6 Stop data collection, turn off the power to the Nichrome coil, and cool the analytical
trap to room temperature using the cooling fan.

11.3.7 Place the next sample trap in line and proceed with analysis ofthe next sample.

NOTE: Do not heat a sample trap while the analytical trap is still warm; otherwise, the analyte
mgy be lost by passing through the analytical trap..

11.4 Peaks generated using this technique should be very sharp and almost symmetrical. Mercury
elutes at approximately 1 minute and has a width at half-height of about 5 seconds.

11.4.1 Broad or asymmetrical peaks indicate a problem with the desorption train, such as
improper gas flow rate, water vapor on the trap(s), or an analytical trap damaged by
chemical fumes or overheating.
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11 A.2 Damage to an analytical trap is also indicated by a sharp peak, followed by a small,
broad peak.

11.4.3 . If the analytical trap has been damaged, the trap and the fluoropolymer tubing
downstream from it should be discarded because of the possibility of gold migration
onto downstream surfaces.

11.4.4 Gold-coated sand traps should be tracked by unique identifiers so that any trap
producing poor results can be quickly recognized and discarded.

12.0 Data Analysis and Calculations

12.1 Separate procedures are provided for calculation of sample results using the bubbler system
(Section 12.2) and the flow-injection system (Section 12.3), and for method blanks (Section
12.4).

12.2 Calculations for the bubbler system

12.2.1 Calculate the mean peak height or area for Hg in the bubbler blanks measured during
system calibration or with the analytical batch (Ass; n =3 minimum).

12.2.2 Calculate the concentration ofHg in ngIL (parts-per-trillion; ppt) in each sample
according to the following equation:

A - A
[Hg] (ngIL) = s 88

CFmx V
where:
As = peak height (or area) for Hg in sample

Ass = peak height (or area) for Hg in bubbler blank
CFm = mean calibration factor (Section 10.2.2.5)
V = Volume of sample (L)

12.3 Calculations for the flow-injection system

12.3.1 Calculate the mean peak height or area for Hg in the system blanks measured during •
system calibration or with each analytical batch (Ass; n =3)

12.3.2 Calculate the concentration ofHg in ngIL in each sample according to the following
equation:

where:
As = p~ak height (or area) for Hg in sample

.. ASB =-mean-peakheight(or-area)-forHg in system blanks
CFm = mean calibration factor (Section 10.3.2.6)
VstrJ = volume (mL) used for standards - volume (mL) reagent used in standards
Vsample = volume (mL) of sample - volume (mL) -reagent used in sample

/- "
(\) 12.4 Calculations for concentration ofHgin method blanks, field blanks, and reagent blanks.
~
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12.4.1 Calculate the concentration ofHg in the method blanks (CMS), field blanks (CFB), or
reagent blanks (CRB) in ngIL, using the equation in Section 12.2.2 (ifbubbler system is
used) or Section 12.3.2 (if flow injection system is used) and substituting the peak
height or area resulting from the method blank, field blank, or reagent blank for As.

12.4.2 Determine the mean concentration ofHg in the method blanks associated with the
analytical batch (a minimum of three). Ifa sample requires additional reagent(s) (e.g.,
BrCI), a corresponding method blank containing an identical amount ofreagent must
be analyzed (Section 9.4.4.3). The concentration ofHg in the corresponding method
blank may be subtracted from the concentration ofHg in the sample per Section 12.5.2.

12.5 Reporting

12.5.1 Report results for Hg at or above the ML, in ngIL, to three significant figures. Report
results for Hg in samples below the ML as <0.5 ng/L, or as required by the regulatory
authority or in the permit. Report results for Hg in reagent blanks and field blanks at or
above the ML, in ngIL, to three significant figures. Report results for Hg in reagent
blanks, method blanks, or field blanks below the ML but at or above the MDL to two
significant figures. Report results for Hg not detected in reagent blanks, method
blanks, or field blanks as <0.2 ng/L, or as required by the regulatory authority or in the
permit.

12.5.2 Report results for Hg in samples, method blanks and field blanks separately. In addition
to reporting results for the samples and blank(s) separately, the concentration ofHg in
the method blanks or field blanks associated with the sample may be subtracted from
the results for that sample, or must be subtracted if requested or required by a
regulatory authority or in a permit.

12.5.3 Results from tests performed with an analytical system that is not in control must not be
reported or otherwise used for permitting or regulatory compliance purposes, but do not
relieve a discharger or permittee of reporting timely results.

13.0 Method Performance

13.1 This· Method was tested in 12 laboratories using reagent water, freshwater, marine water and
effluent (Reference 16.19). The quality control acceptance criteria listed in Table 2 were verified
by data gathered in the interlaboratory study, and the method detection limit (MDL) given in
Section 1.5 was verified in all 12 laboratories. In addition, the techniques in this Method have
been compared with other techniques for low-level mercury determination in water in a variety of
studies, including ICES-5 (Reference 16.20) and the International Mercury Speciation
Intercomparison Exercise (Reference 16.21).

13.2 Precision and recovery data for reagent water, freshwater, marine water, and secondary effluent
are given in Table 3.
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14.0 Pollution Prevention

29

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity or
toxicity ofwaste at the point of generation. Many opportunities for pollution prevention exist in
laboratory operation. EPA has established a preferred hierarchy of environmental management
techniques that places pollution prevention as the management option offrrst choice. Whenever
feasible, laboratory personnel should use pollution prevention techniques to address waste
generation. When it is not feasible to reduce wastes at the source, the Agency recommends
recycling as the next best option. The acids used in this Method should be reused as practicable
by purifying by electrochemical techniques. The only other chemicals used in this Method are
the neat materials used in preparing standards. These standards are used in extremely small
amounts and pose little threat to the environment when managed properly. Standards should be
prepared in volumes consistent with laboratory use to minimize the disposal of excess volumes of
expired standards.
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14.2 For information about pollution prevention that may be applied to laboratories and research
institutions, consult Less is Better: Laboratory Chemical Managementfor Waste Reduction,
available from the American Chemical Society's Department of Governmental Relations and
Science Policy, 1155 16th Stre~t NW, Washington DC 20036, 202/872-4477.

16.4 Gill, G.A.; Fitzgerald, W.F. "Mercury Sampling of Open Ocean Waters at the Picogram Level,"
~Deep-SeaRe.n985, 32,287.

15.1 The laboratory is responsible for complying with all Federal, State, and local regulations
governing waste management, particularly hazardous waste identification rules and land disposal
restrictions, and for protecting the air, water, and land by minimizing and controlling all releases
from fume hoods and bench operations. Compliance with all sewage discharge permits and
regulations is also required. Anoverview of requirements can be found in Environmental
Management Guidefor Small Laboratories (EPA 233-B-98-001).

16.3 Bloom, N.S; Crecelius, E.A. "Determination ofMercury in Sea water at Subnanogram per Liter
~Levels," Mar.Chem. 1983, 14,49.

16.2 Fitzgerald, W.F.; Gill, G.A. "Sub-Nanogram Determination ofMercury by Two-Stage Gold
Amalgamation and Gas Phase Detection Applied to Atmospheric Analysis," Anal. Chem. 1979,
15,1714.

16.0 References

15.2 Acids, samples at pH <2, and BrCl solutions must be neutralized before being disposed of, or
must be handled as hazardous waste. .

16.1 Bloom, Nicolas, Draft "Total Mercury in Aqueous Media," Frontier Geosciences, Inc., September
7, 1994.

15.3 For further information on waste management, consult The Waste Management Manualfor
Laboratory Personnel and Less is Better: Laboratory Chemical Managementfor Waste
Reduction, both available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th StreetNW, Washington, DC 20036.

_15.0 Waste Management
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16.5 Bloom, N.S.; Fitzgerald, W.F. "Determination ofVolatile Mercury Species at the Picogram Level
by Low-Temperature Gas Chromatography with Cold-Vapor Atomic Fluorescence Detection,"
Anal. Chim. Acta. 1988,208, 151.

16.6 Guidance on Establishing Trace.Metal Clean Rooms in Existing Facilities, U.S. EPA, Office of
Water, Office ofScience and Technology, Engineering and Analysis Division (4303), 401 M
Street SW, Washington, DC 20460, January 1996, EPA 821-B-96-001.

16.7 Trace Metal Cleanroom, prepared by Research Triangle Institute for U.S. Environmental
Protection Agency, 26 W. Martin Luther King Dr., Cincinnati, OH 45268, RTI/6302/04-02 F.

16.8 Guidance on the Documentation and Evaluation ofTrace Metals Data Collected for Clean Water
Act Compliance Monitoring, U.S. Environmental Protection Agency" Office ofWater, Office of
Science and Technology, Engineering and Analysis Division (4303), 401 M Street SW,
Washington, DC 20460, July 1996, EPA 821-B-96-004.

16.9 Method 1669, "Method for Sampling Ambient Water for Determination ofMetals at EPA
Ambient Criteria Levels," U.S. Environmental Protection Agency, Office ofWater, Office of
Science and Technology, Engineering and Analysis Division (4303), 401 M Street SW,
Washington, DC 20460, April 1995 with January 1996 revisions.

16.10 Correspondence from Nicolas Bloom, Frontier Geosciences, Inc. to Dale Rushneck, Interface,
Inc., December 31,1998.

16.11 "Working with Carcinogens," Department ofHealth, Education, and Welfare, Public Health
Service. Centers for Disease Control. NIOSH Publication 77-206, Aug. 1977, NTIS PB-277256.

16.12 "OSHA Safety and Health Standards, General Industry," OSHA 2206,29 CPR 1910.

16.13 "Safety in Academic Chemistry Laboratories," ACS Committee on Chemical Safety, 1979.
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16.15 Bloom, N.S. "Trace Metals & Ultra-Clean Sample Handling," Environ. Lab. 1995, 7,20.

16.16 Bloom, N.S. "Influence ofAnalytical Conditions on the Observed 'Reactive Mercury,'
Concentrations in Natural Fresh Waters," In Mercury as a Global Pollutant; Huckabee, J. and
Watras, C.J., Eds.; Lewis Publishers, Ann Arbor, :rv.rr: 1994.

16.17 "Handbook ofAnalytical Quality Control in Water and Wastewater Laboratories," U.S. /
Environmental Protection Agency. Environmental Monitoring Systems Laboratory, Cincinnati,
OH 45268, EPA-600/4-79-019, March 1979.

16.18 Liang, 1.; Bloom, N.S. "Determination of Total Mercury by Single-Stage Gold Amalgamation
with Cold Vapor Atom Spectrometric Detection," J. Anal. Atomic Spectrom. 1993,8,591.

16.19 "Results of the EPA Method 1631 Validation Study," February, 1998. Available from the EPA
Sample Control Center, 6101 Stevenson Avenue, Alexandria, VA, 22304; 703/461-2100.
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16.20 Cossa, D.; Couran, P. "An International Intercomparison Exercise for Total Mercury in Sea
Water," App. Organornet. Chern. 1990,4,49.

16.21 Bloom, N.S.; Horvat, M.; Watras, C.J. "Results of the International Mercury Speciation
IntercomparisonExercise," Wat. Air. Soil Pollut., 1995, 80, 1257.

17.0 Glossary

The definitions and purposes below are specific to this Method, but have been conformed to common
usage as much as possible.

17.1 Ambient Water-Waters in the natural environment (e.g., rivers, lakes, streams, and other
receiving waters), as opposed to effluent discharges.

17.2 Analytical Batch-A batch ofup to 20 samples that are oxidized with the same batch ofreagents
and analyzed during the same 12-hour shift. Each analytical batch mustalso include at least three
bubbler blanks, an OPR, and a QCS. In addition, MS/MSD samples must be prepared at a
frequency of 10% per analytical batch (one MSJM;SD for every 10 samples).

17.3 Bottle Blank-The bottle blank is used to demonstrate that the bottle is free from contamination
prior to use. Reagent water known to be free of mercury at the MDL ofthis Method is added to a
bottle, acidified to pH <2 with BrCI or HCI, and allowed to stand for a minimum of24 hours.
The time that the bottle is allowed to stand should be as close as possible to the actual time that
the sample will be in contact with the bottle. After standing, the water is analyzed.

17.4 Bubbler Blank-For this Method, the bubbler blank is specific to the bubbler system and is used
to determine that the analytical system is free from contamination. After analysis of a standard,
blank, or sample, the solution in the bubbler is purged and analyzed. A minimum ofthree
bubbler blanks is required for system calibration.

17.5 Equipment Blank-Reagent water that has been processed through the sampling device
at a laboratory or other equipment cleaning facility prior to shipment of the sampling
equipment to the sampling site. The equipment blank is used to demonstrate that the
sampling equipment isrree from contamination prior to use. Where appropriate, the
"clean hands/dirty hands" technique used during field sampling should be followed
when preparing equipment blanks at the laboratory or cleaning facility.

17.6 Field Blank-Reagent water that has been transported to the sampling site and exposed to the
same equipment and operations as a sample at the sampling site. The field blank is used to
demonstrate that the sample has not been contaminated by the sampling and sample transport
systems.

17.7 Intercomparison Study-An exercise in which samples are prepared and split by a reference
laboratory, then analyzed by one or more testing laboratories and the reference laboratory. The
intercomparison, with a reputable laboratory as the reference laboratory, serves as tliebesttest of
the precision and accuracy of the analyses at natural environmental levels.
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17.8 Matrix Spike (MS) and Matrix Spike Duplicate (MSD)-Aliquots of an environmental sample
to which known quantities of the analyte(s) of interest is added in the laboratory. The MS and
MSD are analyzed exactly like a sample. Their purpose is to quantify the bias and precision
caused by the sample matrix. The background concentrations of the analytes in the sample matrix
must be determined in a separate aliquot and the measured values in the MS and MSD corrected·
for these background concentrations.

17.9 May-This action, activity, or procedural step is allowed but not required.

17.10 May not-This action, activity, or procedural step is prohibited.

17.11 Method blank- Method blanks are used to determine the concentration ofmercury in
the analytical system during sample preparation and analysis, and consist of a volume of
reagent water that is carried through the entire sample preparation and analysis. Method
blanks are prepared by placing reagent water in a sample bottle and analyzing the water
using reagents and procedures idenpcal to those used to prepare and analyze the
corresponding samples. A minimum of three method blanks is required with each
analytical batch.

17.12 Minimum Level (ML)-The lowest level at which the entire analytical system must give a
recognizable signal and acceptable calibration point for the analyte. It is equivalent to the
concentration of the lowest calibration standard, assuming that all method-specified sample
weights, volumes, and cleanup procedures have been employed. The ML is calculated by
multiplying the MDL by 3.18 and rounding the result to the number nearest to (1, 2, or 5) x 10°,
where n is an integer (See Section 1.5).

17.13 Must-This action, activity, or procedural step is required.

17.14 Quality Control Sample (QCS)-A sample containing Hg at known concentrations. The QCS is
obtained from a source external to the laboratory, or is prepared from a source of standards
different from the source of calibration standards. It is used as an independent check of
instrument calibration.

17.15 Reagent blank-Reagent blanks are used to determine the concentration ofmercury in the
reagents (BtCI, NHzOH'HCI, and SnCIJ that are used to prepare and analyze the samples. In this
Method, reagent blanks are required when each new batch ofreagents is prepared.

17.16 Reagent Water-Water demonstrated to be free ofmercury at the MDL of this Method. It is
prepared from 18 MQ ultrapure deionized water starting from a prepurified source. Reagent
water is used to wash bottles, as trip and field blanks, and in the preparation of standards and
reagents.

17.17 Regulatory Compliance Limit-A limit on the concentration or amount of a pollutant or
contaminant specified in a nationwide standard, in a permit, or otherwise established by a
regulatory authority.

17.18 Shall-This action, activity, or procedure is required.

17.19 Should-This action, activity, or procedure is suggested, but not required.
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17.20 Stock Solution- A solution containing an analyte that is prepared from a reference material
traceable to NIST, or a source that will attest to the purity and authenticity of the reference
material.

17.21 System Blank- For this Method, the system blank is specific for the ±low-injection system and
is used to determine contamination in the analytical system and in the reagents used to prepare the
calibration standards. A minimum of three system blanks is required during system calibr~tion.

17.22 Ultraclean Handling- A series of established procedures designed to ensure that samples are
not contaminated during sample collection, storage, or analysis.
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~~ - ------~- --- - ~-~- ~~~-----~-~~~---- ~~-~--~-~- -~ -~ ~ -~-~~---~~~ ~~----- ~--~-



Method 1631, Revision E

18.0 Tables and Figures

Table 1

Lowest Ambient Water Quality Criterion for Mercury and the Method Detection Limit and
Minimum Level of Quantitation for EPA Method 1631

Method Detection Limit (MDL)
Lowest Ambient Water and Minimum Level (ML)

Metal Quality Criterion(I)
MDL(2) ML(3)

Mercury (Hg) 1.3 ng/L 0.2 ng/L O.5ng/L

1. Lowest water quality criterion for the Great Lakes System (Table 4, 40 CFR 132.6).
The lowest Nationwide criterion is 12 ngIL (40 CFR 131.36).

2. Method detection limit (40 CFR 136, Appendix B)
3. Minimum level of quantitation (see Glossary)

Table 2

Quality Control Acceptance Criteria for Performance Tests in EPA Method 1631

Accentance Criteria Section Limit(%)

Initial Precision and Recovery (IPR) 9.2.2

Precision (RSD) 9.2.2.3 21

Recovery (X) 9.2.2.3 79-121

Ongoing Precision and Recovery (aPR) 9.5.2 77-123

Matrix SpikelMatrix Spike Duplicate (MSIMSD) 9.3

Recovery 9.3.4 71-125

Relative Percent Difference (RPD) 9.3.5 24
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Table 3

Precision and Recovery for ,ReagentWater, Fresh Water, Marine Water, and Effluent Water.
Using Method 1631

*Mean Recovery *Precision
Matrix (%) (%RSD)'

Reagent Water 98.0 5.6

Fresh Water (Filtered) 90.4 8.3

Marine Water (Filtered) 92.3 4.7

Marine Water (Unfiltered) 88.9 5.0

Secondary Effluent (Filtered) 90.7 3.0

Secondary Effluent (Unfiltered) 92.8 4.5

*Mean percent recoveries and RSDs are based on expected Hg concentrations.
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Figure 1. Schematic Diagram of Bubbler Setup
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Introduction

This analytical methodwas designed to supportwater qualitymonitoring programs authorizedunder the Clean
Water Act. Section 304(a) ofthe Clean Water Act requires EPA to publish water quality criteria that reflect
the latest scientific lmowledge concerning the physical fate (e.g., concentration and dispersal) ofpollutants, the
effects of pollutants on ecological and human health, and the effect of pollutants on biological community
diversity, productivity, and stability.

Section303 ofthe Clean Water Act requires states to set a water quality standard for each body ofwaterwithin
its boundaries. A state water quality standard consists ofa designateduse oruses ofawaterbody or a segment
of a waterbody, the water quality criteria that are necessary to protect the designated use or uses, and an
antidegradation policy. These water quality standards serve two purposes: (1) they establish the water quality
goals for a specific waterbody, and (2) theyare the basis for establishingwaterquality-based treatment controls
and strategies beyond the technology-based controls required by Sections 301(b) and 306 ofthe Clean Water
Act.

In defining water quality standards, the state may use narrative criteria, numeric criteria, or both. However,
the 1987 amendments to the Clean Water Act required states to adopt numeric criteria for toxic pollutants
(designated in Section 307(a) ofthe Act) based on EPA Section 304(a) criteria or other scientific data, when
the discharge or presence ofthose toxic pollutants could reasonably be expected to interfere with designated
uses.

In some cases, these water quality criteria are as much as 280 times lower than those achievable using,~xisting

EPA methods and required to support technology-basedpermits. Therefore, EPA developed new samRling and
analysis methods to specifically address state needs for measuring toxic metals at water quality criterialevels,
when such measurements are necessary to protect designated uses in state water quality standards. The latest
criteria published by EPA are those listed in the National Toxics Rule (57 FR 60848) and the Stay ofFederal
Water Quality Criteria for Metals (60 FR 22228). These rules include water quality criteria for 13 metals, and
it is these criteria on which the new sampling and analysis methods are based. Method 1638 was specifically
developed to provide reliable measurementS of nine of these metals at EPA WQC levels using inductively
coupled plasma-mass spectrometry techniques.

In developing these methods, EPA found that one of the greatest difficulties in measuring pollutants at these
levelswas precluding sample contaminationduring collection, transport, andanalysis. The degree ofdifficulty,
however, is highly dependent on the metal and site-specific conditions. This analytical method, therefore, is
designed to provide the level ofprotection necessary to preclude contamination in nearly all situations. It is
also designed to provide the procedures necessary to produce reliable results at the lowest possible water
quality criteria published by EPA. In recognition of the variety of situations to which this method may be
applied, and inrecognitionofcontinuingtechnological advances, the method is performance-based. Alternative
procedures may be used, so long as those procedures are demonstrated to yield reliable results.

Requests for additional copies should be directed to:

U.S. EPA NCEPI
11029 Kenwood Road
Cincinnati, OH 45242
513/489-8190 J
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Note: This method is intended to be perfoxmance-based, and the laboratory is
pemritted to omit any step or modify any procedure provided that allperformance
requirements set forth in this method are met. The laboratory is not allowed to omit
any quality control analyses. The terms "must," "may;" and "should" are included
throughout this method and are intended to illustrate the importance of the
procedures in producing verifiable data at water quality criteria levels. The term
"must" is used to indicate that researchers in trace metals analysis have found certain
procedures essential in successfully analyzing samples and avoiding contamination;
however, these procedures can be' modified or omitted if the laboratory' can
demonstrate that data quality is not affected.
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1.1

1.2

Method 1638
Determination of Trace Elements in Ambient Waters by Inductively

Coupled Plasma - Mass Spectrometry

Scope and Application

This method is for the detennination of dissolved elements in ambient waters at EPA water quality
criteria (WQC) levels using inductively coupled plasma-mass spectrometry (ICP-MS). It may also
be used for determination oftotal recoverable element concentrations in these waters. This method
was developed by integrating the analytical procedures in EPA Method 200.8 with the quality control
(QC) and sample handling procedures necessary to avoid contamination and ensure the validity of
analytical results during sampling and analysis for metals at EPA WQC levels. This method contains
QC procedures that will assure that contamination will be detected. when blanks accompanying
samples are analyzed. This method is accompanied by Method 1669: Sampling Ambient Waterfor
Determination ofTrace Metals at EPA Water Quality Criteria Levels ("Sampling Method"). The
Sampling Method is necessary to assure that trace metals detenninations will not be compromised by
contamination during the sampling process.

This method is applicable to the following elements:

o
Antimony

.Cadmium
Copper
Lead
Nickel
Selenium
Silver
Thallium
Zinc

Analyte Symbol

(Sb)
(Cd)
(Cu)
(Pb)
(Ni)
(Se)
(Ag)
(TI)
(Zn)

Chemical Abstract Services Registry
Number (CASRN)

7440-36-0
7440-43-9
7440-50-8
7439-92-1
7440-02-0
7782-49-2
7440-22-4
7440-28-0
7440-66-6

Table 1 lists the EPA WQC levels, the Method Detection Limit (MDL) for each metal, and the
minimum level for each metal in this method. Linearworking ranges will be dependent on the sample
matrix, instrumentation, and selected operating conditions.

1.3 This method is not intended for detennination ofmetals at concentrations nonnally found in treated
and untreated discharges from industrial facilities. Existing regulations (40 CFR Parts 400-500)
typically limit concentrations in industrial discharges to the mid to high part-per-billion (Ppb) range,
whereas ambientmetals concentrations are nonnally in the lowpart-per-trillion (ppt) to lowppb range.

1.4 The ease of coIltaiIiliiatingambieiit· watetsamples With··~e rrietal(s)offuterest anii· iIlterferiilg
substances cannotbe overemphasized. This methodinc1udes suggestions for improvements infacilities
and analytical techniques that should maximize the ability of the laboratory to make reliable trace
metals detenninations and minimize contamination. These suggestions are given in Section 4.0,
"Contamination and Interference,s" and are based on findings ofresearchers perfonning trace metals
analyses (References 1-8), .Additional suggestions for improvement ofexistingfacilities·may be found
in EPA's Guidance for Establishing Trace Metals Clean Rooms in Existing Facilities, which is
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available from the National Center for Environmental Publications and Information (NCEPI) at the
address listed in the introduction to this document.

1.5 Clean and Ultraclean-The terms "clean" and "ultraclean" have been applied to the techniques needed
to reduce or eliminate contamination in trace metals determinations. These terms are not used in this
method because oftheir lack ofan exact definition. However, the infonnation provided in this method
is consistent with the summary guidance on clean and ultraclean techniques (Reference 9).

1.6 This method follows the EPA Environmental Methods Management Council's "Format for Method
Documentation" (Reference 10).

1.7 This method is "performance-based"; Le., an alternate procedure or technique may be used, as long
as the perfonnance requirements in the method are met. Section 9.1.2 gives details of the tests and
documentation required to support and document equivalent perfonnance.

1.8 For dissolved metal detenninations, samples must be filtered through a 0.45 Jll!l capsule filter at the
field site. The filtering procedures are described in the Sampling Method. The filtered samples may
be preserved in the field or transported to the laboratory for preservation. Procedures for field
preservation are detailed in the SamplingMethod; procedures for laboratorypreservation are provided
in this method. .

1.9 For the determination oftotal recoverable analytes in ambient water samples, a digestion/extraction
(see Section 12.2) is required before analysis when·the elements are not,in solution (e.g., aqueous
samples that may contain particulate and suspended solids).

1.10 The procedure given in this method for digestion of total recoverable metals is suitable for the
determination ofsilver in aqueous samples containing concentrations up to 0.1 mg/L. For the analysis
ofsamples containinghigherconcentrations ofsilver, succeedingly smal1ervolume, well-mixedsample
aliquots must be prepared until the analysis solution contains <0.1 mgIL silver.

1.11 This method should be used by analysts experienced in the use of inductively coupled plasma mass
spectrometry (ICP-MS), including the interpretation of spectral and matrix interferences and
procedures for their correction, and this method should be used only by personnel thoroughly trained
in the handling and analysis ofsamples for determination ofmetals at EPA WQC levels. A minimum
of six months experience with commercial instrumentation is recommended.

1.12 This method is accompanied by a data verification and validation guidance document, Guidance on
the Documentation and Evaluation of Trace Metals Data Collected for CWA Compliance
Monitoring. Before using this method, data users should state the data quality objectives (DQOs)
required for a project.
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2.0 Summary of Method

2.1 An aliquot of a well-mixed, homogeneous aqueous sample is accurately measured for s,ample
processing. For total recoverable analysis of an aqueous sample containing undissolved material,
analytes are first solubilizedby gentle refluxing with nitric and hydrochloric acids. After cooling, the
sample is made to volume, mixed, and centrifuged or allowed to settle overnight prior to analysis. For
the detennination ofdissolved analytes in a filtered aqueous sample aliquot, the sample is made ready
for analysis by the appropriate addition ofnitric acid, and then diluted to apredetennined volume and
mixed before analysis.

2.2 The digested sample is introduced into a radiofrequencyplasmawhere energytransferprocesses cause
desolvation, atomization, and ionization. The ions are extracted from the plasma through a
differentially pumped vacuum interface and separated on the basis oftheir mass-to-charge ratio (m/z)
by a mass spectrometer having a minimum resolution capability of 1 amu peak width at 5% peak
height at m/z 300. Ions transmitted through the mass analyzer are detected by an electron multiplier
or Faraday detector and the resulting current is processed by a data handling system (References 11
13).

3.0 Definitions

3.1 Apparatus-Throughout this method, the sample containers, sampling devices, instrumentation, and
all other materials and devices used in sample collection, sample processing, and sample"analysis
activities will be referred to collectively as the Apparatus. !',k;i::i';r:r

o 3.2

4.0

Other definitions of terms are given in Section 18.0 at the end ofthis method

Contamination and Interferences

4.'1 Preventing ambient water samples from becoming contaminated during the sampling and analytical
process constitutes one of the greatest difficulties encountered in trace metals detenninations. Over
the last two decades, marine chemists have come to recognize that much ofthe historical data on the
concentrations ofdissolved trace metals in seawater are erroneously high because the concentrations
reflect contaminationfrom sampling and analysis rather than ambient leve.1.s. More recently, historical
trace metals ~ta collected from freshwater rivers and streams have beensl10wn to be similarly biased
because ofcontamination duringsampling andanalysis (Reference 14). Therefore, it is imperative that
extreme care be taken to avoid contamination when collecting and analyzing ambient water samples
for trace metals. .

4.2 There are numerous routes by whic~ samples may become contaminated Potential sources of trace
metals contamination during sampling include: metallic ormetal-containing labware (e.g., talc gloves
which contain high levels of zinc), containers, sampling equipment, reagents, and reagent water;
I.DlPl'QP~l'ly_ct~aIJ.e(tand~ol'ed~CJ.1.1iPll1eI:lt,]ab\Y~~_LaIJ.c!_l'~~ge~t§;_~d~!lnQspll~lj~jllpuJs_suc]l::ts ciirt
and dust Even human contact can bea source of trace metals contamination. For example, it has
been demonstrated that dental work (e.g., mercury amalgam fillings) in the mouths of laboratory
personnel can contaminate samples that are directly exposedto exhalation (Reference 3).

4.3 Contamination Control

]01l1la1J 1996 3



Method 1638

4.3.1 Philosophy-The philosophy behind contamination control is to ensure that any object or
substance that contacts the sample is metal-free and free from any material that may contain
metals.

4.3.1.1 The integrity of the results produced cannot be compromised by contamination of
samples. Requirements and suggestions for control of sample contamination are
given in this method and the Sampling Method

4.3.1.2 Substances in a sample. cannot be allowed to contaminate the laboratory work area
or instrumentation used for trace metals measurements. Requirements and
suggestions for protecting the laboratory are given in this method.

4.3.1.3 While contamination control is essential, personnel health and safety remain the
highest priority. Requirements and suggestions for personnel safety are given in
Section 5 of this method and the Sampling Method.

4.3.2 Avoiding contamination-The best way to control contamination is to completely avoid
exposure of the sample to contamination in the first place. Avoiding exposure means
performing operations in an area known to be free from contamination. Two of the most
important factors in avoiding/reducing sample contamination are: (1) an awareness of
potential sources of contamination and (2) strict attention to work being done. Therefore it
is imperative that the procedures described in this method be carried out by well-trained,
experienced personnel.

4.3.3 Use a clean environment-The ideal environment for processing samples is a class 100 clean
room (Section 6.1.1). If a clean room is not available, all sample preparation should be
performed in a class 100 clean bench or a nonmetal glove box fed by particle-free air or
nitrogen. Digestions should be performed in a nonmetal fume hood situated, ideally, in the
clean room.

4.3.4 Minimize exposure-The Apparatus that will contact samples, blanks, or standard solutions
shouldbe opened or exposed only in a clean room, cleanbench, or glove box so that exposure
to an uncontrolled atmosphere is minimized When not being used, the Apparatus should be
covered with clean plastic wrap, stored in the clean bench or in a plastic box or glove box, or
bagged in clean zip-type bags. Minimizing the time between cleaning and use will also
minimize contamination.

4.3.5 Clean work surfaces-Before processing a given batch of samples, all work surfaces in the
hood, clean bench, or glove box in which the samples will be processed should be cleaned by
wiping with a lint-free cloth or wipe soaked With reagent water.

4.3.6 Wear gloves-Samplingpersonnel must wear clean, nontalc gloves (Section 6.9.7) during all
operations involving handling ofthe Apparatus, samples, and blanks. Only clean gloves may
touch the Apparatus. Ifanother object or substance is touched, the glove(s) must be changed
before handling the Apparatus again. If it is even suspected that gloves have become
contaminated, workmust be halted, the contaminated gloves removed, and anew pair ofclean
gloves put on. Wearing multiple layers ofclean gloves will allow the old pair to be quickly
stripped with minimal dismption to the work activity.
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4.3.7 Use metal-free Apparatus-All Apparatus used for detennination ofmetals at ambient water
quality criteria levels must be nonmetallic, free ofmaterial that may contain metals, or both.

4.3.7.1 Construction materials-Gnly the following materials should come in contact with
samples: fluoropolymer (FEP, PTFE), conventional or linear polyethylene,
polycarbonate, polypropylene~ polysulfone, or ultrapure quartz. PTFE is less
desirable than FEP because the sintered material in PTFE may contain contaminates
and is susceptible to serious memory contamination (Reference 6). Fluoropolymer
or glass containers should be used for samples that will be analyzed for mercury
because mercury vapors can diffuse in or out of the other materials resulting either
in contamination or low-biased results (Reference 3). All materials, regardless of
construction, that will directly or indirectly contact the sample must be cleanedusing
the procedures described in Section 11.0 and must be known to be clean and metal
free before proceeding.

4.3.7.2 The following materials have been found to contain trac,e metals and should not
contact the sample or be used to hold liquids that contact the sample, unless these
materials have been shown to be free of the metals of interest at the desired level:

. Pyrex, Kimax, methacrylate, polyvinylchloride, nylon, and Vycor (Reference 6). In
addition, highly coloredplastics, paper cap liners, pigments used to mark increments .
on plastics, and rubber all contain trace levels of metals and must be avoided
(Reference 15). .;",

4.3.7.3 Serialization-It is recommended that serial numbers be indelibly marked or etched
on eachpiece ofApparatus so that contamination canbe traced, and logbooks'should
be maintained to track the sample from the container through the labware to injection
into the instrument. It maybe useful to dedicate separate sets oflabware to different
sample types; e.g., receiving waters vs. effluents. However, the Apparatus used for
processing blanks and standards must be mixed with the Apparatus used to process
samples so that contamination of alllabware can be detected.

4.3.7.4 The laboratory or cleaning facility is responsible for cleaning the Apparatus used by
the sampling team. Ifthere are any indications that the Apparatus is not clean when
received by the sampling teaII!- (e.g., ripped storage bags), an assessment of the
likelihood of contamination must be made. Sampling must not proceed if it is
possible that the Apparatus is contaminated. If the Apparatus is contaminated, it
must be returned to the laboratory or cleaning facility f~r proper cleaning before any
sampling activity resumes.

4.3.8 Avoid sources ofcontamination-Avoid contamination by being aware ofpotential sources
and routes ofcontamination.

4;3.8:1-Contamination-bycarryover......-..eontaminationmayoccurwhen-asample containing
low concentrations of metals is processed immediately after a sample containing
relatively high concentrations of these metals. To reduce carryover, the sample
introduction system may be rinsed between samples with dilute acid and reagent
water. When an unusually concentrated sample is encountered, it is followed by

.. analysisof a laboratory blank to checkfor carryover.. For samples containing high
levels ofmetals, it may be necessary to acid clean or replace the connecting tubing
or inlet systemto ensure that contaminationwillnotaffect subsequentmeasurements.
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Samples known or suspected to contain the lowest concentration ofmetals should be
analyzed first followed by samples containing higher levels. For instruments
containing autosamplers, the laboratory shouldkeep track ofwhich station is used for
a given sample. When an unusually high concentration of a metal is detected in a
sample, the stationused for that sample should be cleanedmore thoroughly to prevent
contamination ofsubsequent samples, and the results for subsequent samples should
be checked for evidence ofthe metal(s) that occurred in high concentration.

4.3.8.2 Contaminationby samples-Significant laboratoryorinstrument contaminationmay
result when untreated effluents, in-process waters, landfill leachates, and other
samples containing high concentrations of inorganic substances are processed and
analyzed. As stated in Section 1.0, this method is not intended for application to
these samples, and samples containing high concentrations should not be pennitted
into the clean room and laboratory dedicated for processing trace metals samples.

4.3.8.3 Contamination by indirect contact-Apparatus that may not directly come in contact
with the samples may still be a source ofcontamination. For example, clean tubing
placed in a dirty plastic bag may pick up contamination from the bag and then
subsequently transfer the contamination to the sample. Therefore, it is imperative
that every piece of the Apparatus that is directly or indirectly used in the collection,
processing, and analysis ofambient water samples be cleaned as specified in Section
11.0.

4.3.8.4 Contamination by airborne particulate matter-Less obvious substances capable of
contaminating samples include airborne particles. Samples may be contaminated by
airborne dust, dirt, particles, or vapors from unfiltered air supplies; nearby corroded
or rusted pipes, wires, or other fixtures; or metal-containing paint. Whenever
possible, sampleprocessing and analysis shouldoccuras far as possible from sources
ofairborne contamination.

4.4 Interferences--Interference sources that may cause inaccuracies in the determination oftrace elements
by ICP-MS are given below and must be recognized and corrected for. Instrumental drift, as well as
suppressions or enhancements of instrument response caused by the sample matrix, should be
corrected for by the use of internal standards.

4.4.1 Isobaric elemental interferences--Are caused by isotopes of different elements that form
singly or doubly charged ions of the same nominal mlz and that cannot be resolved by the
mass spectrometer. All elements determined by this method have, at a minimum, one isotope
free of isobaric elemental interferences. Of the isotopes recommended for use with this
method (Table 5), only selenium-82 (krypton) has an isobaric elemental interference. Ifan
alternative isotope that has a higher natural abundance is selected to achieve greater
sensitivity, an isobaric interference may occur. All data obtainedunder such conditions must
be corrected by measuring the signal from another isotope of the interfering element and
subtracting the contribution the isotope of interest based on the relative abundance of the
alternate isotope and isotope of interest. A record of this correction process should be
included with the report ofthe data. It should be noted that such corrections will only be as
accurate as the accuracy ofthe relative abundance used in the equation for data calculations.
Relative abundances should be established before applying any corrections.
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4.4.2 Abundance sensitivity-Is a property defining the degree to which the wings ofa mass peak
contribute to adjacent rn/z's. The abundance sensitivity is affected by ion energy and
quadruple operating pressure. Wing overlap interferences may result when a small rn/z peak
is being measured adjacent to a large one. The potential for these interferences should be
recognized and the spectrometer resolution adjusted to minimize them.

4.4.3 Isobaric polyatomic ion interferences-Are caused by ions consisting ofmore than one atom
whichhave the same nominal mass-to-charge ratio as the isotope ofinterest, and which cannot
be resolved by the mass spectrometer in use. These ions are commonly fonned in the plasma
or interface system from support gases or sample components. Most of the common
interferences have been identified (Reference 13), and these are listed in Table 3 together with
elements affected. Such interferences must be recognized, and when they cannot be avoided
by the selection of an alternative rn/z, appropriate corrections must be made to the data.
Equations for the correction of data should be established at the time of the analytical run
sequence because the polyatomic ion interferences will be highly dependent on the sample
matrix and chosen instrument conditions. In particular, the common 82Kr interference that
affects the determination ofboth arsenic and selenium can be greatly reduced with the use of
hi~-puritykrypton-free argon.

4.4.4 Physical interferences-Are associatedwiththe physicalprocesses which governthe transport
of sample into the plasma, sample conversion processes in the plasma, and the transmission
of ions. through the plasma-mass spectrometer interface. These interferences may result in
differences between instrument responses for the sample and the calibration standards.
Physical interferences may occur in the transfer of solution to the nebulizer (e.g., viscosity
effects), at the point ofaerosol fonnation and transport to the plasma (e.g., surface tension),
or during excitation and ionizationprocesses within the plasma itself. High levels ofdissolved
solids in the sample may contribute deposits ofmaterial on the extraction cone, skimmer cone,
or both, reducing the effective diameter of the orifices and therefore ion transmission.
Dissolved solids levels not exceeding 0.2% (w/v) have been recommended (Reference 13) to
reduce such effects. Internal standardizationmay be effectivelyuse'd to compensate for many
physical interference effects (Reference 16). Internal standards ideally shouldhave analytical
behavior similar to the elements being determined.

4.4.5 Memory interferences-Result when isotopes ofelements in a previous sample contribute to
the signals measured in a new sample. Memory effects can result from sample deposition on
the sampler and skimmer cones, and from the buildup ofsample material iIi the plasma torch
and spray chamber. The site where these effects occur is dependent on the element and can
be minimizedby flushing the system with a rinse blank between samples (Section 7.6.3). The
possibility ofmemory interferences shouldbe recognized within an analytical run and suitable
rinse times shouldbe used to reduce them. The rinse times necessary for aparticular element
should be estimated before analysis. This may be· achieved by aspirating a standard
containing elements corresponding to ten times the upper end ofthe linear range for a nonnal

-- -sample analysis penod;-fC511owed·Jjy-:'1!ialysisofthennse15lan1(anlesignated ititervals.nTlie
length of time required to reduce analyte signals below the minimum lever (ML) should be
noted. Memory iI!terferences may also be assessed withirl an analytical run by.using a
minimum of three replicate integrations for data acquisition. If the integrated signal values
drop consecutively, the analyst should be alerted to the possibility of a memory effect, and

. should examine the analyte concentration in the previous sample-to identify ifthis was high;
If a memory interference is suspected, the sample should bereanaIyzed after a long rinse
period.

,:,'.'.".' .
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5.0 Safety

5.1 The toxicity or carcinogenicity ofreagents used in this method have not been fully established. Each
chemical should be regarded as apotential health hazard and exposure to these compounds should be
as low as reasonably achievable.

5.1.1 Each laboratory is responsible for maintaining a current awareness file ofOSHA regulations
for the safe handling of the chemicals specified in this method (References 17-20). A
reference file ofmaterial safety data sheets (MSDSs) should also be available to all personnel
involved in the chemical analysis. It is also suggested that the laboratory perform personal
hygiene monitoring of each analyst who uses this method and that the results of this
monitoring be made available to the analyst. The references and bibliography at the end of
Reference 20 are particularly comprehensive in dealing with the general subject oflaboratory
safety.

5.1.2 Concentrated nitric and hydrochloric acids present various hazards and are moderately toxic
and extremely irritating to skin and mucus membranes. Use these reagents in a fume hood
whenever possible and if eye or skin contact occurs, flush with large volumes of water.
Always wear protective clothing and safety glasses or a shield for eye protection, and observe
proper mixing when working with these reagents.

5.2 The acidification ofsamples containingreactive materials mayresult in the release oftoxic gases, such
as cyanides or sulfides. Acidification of samples should be done in a fume hood.

5.3 Allpersonnel handling environmental samples known to contain otto have been in contact with human
waste should be immunized against known disease-causative agents.

5.4 Analytical plasma sources emit radiofrequency radiation in addition to intense UV radiation. Suitable
precautions should be taken to protect personnel from such hazards. The inductively coupled plasma
should only be viewed with proper eye protection from UV emissions.

6.0 Apparatus, Equipment, and Supplies

DISCLAIMER: The mention of trade names or commercial products in this method is for
illustrative purposes only and does not constitute endorsement or recommendation for use by the
EnvironmentalProtection Agency. Equivalentperformance may beachievable usingapparatus and
materials other than those suggested here. Demonstration of equivalent performance is the
responsibility ofthe laboratory.

6.1 Facility

6.1.1 Cleanroom-elass 100,200 ffminimum, with down-flow, positive-pressureventilation, air
lock entrances, and pass-through doors.

6.1.1.1 Construction materials-Nonmetallic, preferably plastic sheeting attached without
metal fasteners. Ifpainted, paints that do not contain the metal(s) ofinterest should
be used.

6.1.1.2 Adhesive mats-For use at entry points to control dust and dirt from shoes.
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. 6.1.2 Fume hoods-Nonmetallic, two minimum, with one installed internal to the clean room.

6.1.3 Cleanbenches-Class 100, one installed in the cleanroom; the other adjacent to the analytical
instrument(s) for preparation of samples and standards.

6.2 Inductively Coupled Plasma Ma'3s Spectrometer:

6.2.1 Instrument capable of scanning the mass range 5-250 amu with a minimum resolution
capability of 1 amu peak width at 5% peak height. Instrument may be fitted with a
conventional or extended dynamic range detection system. .

6.2.2 Radio-frequency generator compliant with FCC regulations.

6.2.3 Argon gas supply-High-purity grade (99.99%). When analyses are conducted frequently,
liquid argon is more economical and requires less frequent replacement of tanks than
compressed argon in conventional cylinders (Section 4.1.3).

6.2.4 A variable-speed peristaltic pump is required for solution delivery to the nebulizer.

6.2.5 A mass-flow controller on the nebulizer gas supply is required. A water-cooled spray
chamber may be ofbenefit in reducing some types of interferences (e.g., from po1yatomic
oxidespecies)'7i'"

6.2.6 Ifan electronmultiplier detector is beingused, precautions should be taken, where necessary,
to prevent exposure to high ion flux. Otherwise changes in instrument response or damage
to the multiplier may result. Samples having high concentrations of elements beyond the
linear range ofthe instrument and with isotopes falling within scanning windows should be
diluted before analysis. .

6.3 Analytical Balance-With capability to measure to 0.1 mg, for use in weighing solids and for
preparing standards.

6.4 Temperature Adjustable Hot P1ate-Capab1e ofmaintaining a temperature of 950C.

6.5 Centrifuge-With guard bowl, electric timer, and brake (optional)..

6.6 Drying Oven-Gravity convection, with thermostatic control capable ofmaintaining 1050C (±50C).

6.7 Alkaline Detergent-Liquinox®, Alconox®, or equivalent.

-6-;9--- 1;abware-=For-determination -of trace-Ieve1s-of-e1ements;-conta:r:tili1atibnand 16ss are --bf prime
consideration. ·Pbtehtial co:ntai'JiliJ.ation soUrces include improperly cleaned laboratory apparatus and
general contaminationwithin the laboratory environment from dust, etc. A cleanlaboratory work area
shouldbe designatedfor trace element sample handling. Sample containers can introduce positive and
negative errors in the determination oftrace elements by (1) contributing contaminants through surface
desorption or-1eaching,and (2) depleting elementconcentrations through-,adsorptionprocesseso All
labware must be metal-free. Suitable construction materials are fluoropolymer (PEP, PTFE),
conventional orlinearpolyethylene, polycarbonate, andpolypropylene. Fluoropolymershouldbeused

( ')
\ )
'---'

6.8 pH meter or pH paper.
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when samples are to be analyzed for mercury. All labware should be cleaned according to the
procedure in Section 11.4. Gloves, plastic wrap, storage bags, andfilters may all be usednew without
additional cleaning unless results of the equipment blank pinpoint any ofthese materials as a source
ofcontamination. In this case, either an alternate supplier must be obtained or the materials must be
cleaned.

NOTE: Chromic acid must not be used[or cleaning glassware.

6.9.1 Volumetric flasks, graduated cylinders, funnels and centrifuge tubes.

6.92 Assorted calibrated pipettes.

6.9.3 Beakers-Fluoropolymer (or other suitable material), 250 mL with fluoropolymer covers.

6.9.4 Storage bottles-Narrow-mouth, fluoropolymerwith fluoropolymer screw closure, 125-250
mL capacities.

6.9.5 Wash bottle-One-piece stem fluoropolymer, with screw closure, 125 mL capacity.

6.9.6 Tongs-For removal ofApparatus from acid baths. Coated metal tongs may not be used.

6.9.7 Gloves-clean, nontalc polyethylene, latex, or vinyl; various lengths. Heavy gloves should
be worn when working in acid baths since baths will contain hot, strong acids.

6.9.8 Buckets or basins-5-50 L capacity, for acid soaking ofthe Apparatus.

6.9.9 Brushes-Nonmetallic, for scrubbing Apparatus.

6.9.10 Storage bags-Clean, zip-type, nonvented, colorless polyethylene (various sizes) for storage
ofApparatus.

6.9.11 Plastic wrap-elean, colorless polyethylene for storage ofApparatus.

6.10 Sampling Equipment-The sampling team may contract with the laboratory or a cleaning facility that
is responsible for cleaning, storing, and shipping all sampling devices, sample bottles, filtration
equipment, and all otherApparatus usedfor the collection ofambient water samples. Before shipping
the equipment to the field site, the laboratory or facility must generate an acceptable equipment blank
(Section 9.6.3) to demonstrate that the sampling equipment is free from contamination.

6.10.1 Samplingdevices-Before ambientwater samples are collected, consideration shouldbe given
to the type ofsample to be collected and the devices to be used (grab, surface, or subsurface
samplers). The laboratory or cleaning facility must clean all devices used for sample
collection. Various types of samplers are described in the Sampling Method. Cleaned
sampling devices should be stored in polyethylene bags or wrap.

6.10.2 Sample bottles-Fluoropolymer, conventional or linear polyethylene, polycarbonate, or
polypropylene; 500 mL with lids. Cleaned sample bottles should be filled with 0.1% HCI
(v/v) until use.
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NOTE: .Ifmercury is a target analyte, jluoropolymer or glass bottles must be used.

6.10.3 Filtration apparatus

6.10.3.1

6.10.3.2

6.10.3.3

Filter-Gelman Supor 0.45 p.m, 15 mm diameter capsule filter (GeIman
12175, or equivalent).

Peristaltic pump-lIS V a.c., 12 V cLc., internal battery, variable-speed,
single-head (Cole-Panner, portable, "Masterflex LIS," Catalog No. H
07570-10 drive with Quick Load pump head, Catalog No. H-07021-24, or
equivalent).

Tubing for use with peristaltic pump-styrene/ethylene/ butylene/silicone
(SEBS) resin, approximately 3/8 in Ld. by approx 3 ft (Cole-Parmer size 18,
CatalogNo. 0:-06464-18, or approximately 1/4 in LcL, Cole-Parmer Size 17,
·Catalog: No. 0-06464-17, or equivalent). Tubing is cleaned by soaking in
5-10% HCI solution for 8-24 hours, rinsing with reagent water in a clean
bench in a clean room, and drying in the clean bench bypurging with metal
free air or nitrogen. After drying, the tubing is double.:.bagged in clear
polyethylene bags, serialized with a unique number, and stored until use.

()

7.0

7.1

Reagents and Standards

Reagents may contain elemental impurities that might affect the integrity ofanalytical data. ~ecause

of the high sensitivity of ICP-MS, high-purity reagents should be used. Each reagent lot shOuld be
tested for the metals ofinterest by diluting and analyzing an aliquot from the lot using the techniques
and instrumentation to be used for analysis ofsamples. The lot will be acceptable ifthe concentration
of the metal ofinterest is below the Iv.IDL listed in this methocL All acids used for this method must
be ofultra high-purity grade. Suitable acids are available from a number ofmanufacturers or may be
prepared by sub-boiling distillation. Nitric acid is preferred for ICP-MS to minimize polyatomic ion
interferences. Several polyatomic ion interferences result when hydrochloric acid is used (Table 3);
however, hydrochloric acid is requiredto maintain stability in solutions containingantimonyandsilver.
When hydrochloric acid is used, corrections for the chloride polyatomic· ion interferences must be
applied to all data.

Reagents for cleaning Apparatus, sample bottle storage, and sample preservation.

7.1.1 Nitric acid-Concentrated (sp gr 1.41), Seastar or equivalent.

7.1.2 Nitric acid (1+1)-Add 500 mL conc. nitric acid to 400 mL of regent water and dilute to 1
1.

7.1.3 Nitric acid (1+9)-Add 100 mL conc. nitric acid to 400 mL ofreagent water and dilute to 1
1.

7.1.4 Hydrochloric acid-Concentrated (sp gr 1.19).

7.1.5 .. Hydrochloric acid (1+1)-Add 500 mL concentratedhydrochloric acid to 400 mL ofreagent
water and dilute to 11.
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7.1.6 Hydrochloric acid (1+4)-Add 200 mL concentrated hydrochloric acid to 400 mL ofreagent
water and dilute to 11.

7.1.7 Hydrochloric acid (HCl)-1 N trace metal grade.

7.1.8 Hydrochloric acid (HCl)-10% wt, trace metal grade.

7.1.9 Hydrochloric acid (HCl)-1% wt, trace metal grade.

7.1.10 Hydrochloric acid (HCI)-O.5% (v/v), trace metal grade.

7.1.11 Hy~ochloric acid (HCI)-O.l% (v/v) ultrapure grade.

7.1.12 Tartaric acid (CASRN 87-69-4).

7.2 ReagentWater-Waterdemonstratedto be free from the metal(s) ofinterestandpotentially interfering
substances at the l\tIDL for that metal listed in Table 1. Prepared by distillation, deionization, reverse
osmosis, anodic/cathodic stripping voltammetry, or other technique that removes the metal(s) and
potential interferent(s).

7.3 Stock Standard Solutions-8tock standards may be purchased from a reputable commercial source
orprepared from ultra high-purity grade chemicals or metals (99.99-99.999% pure). All salts should
be dried for one hour at 105DC, unless otherwise specified. Stock solutions should be stored in PEP
bottles. Replace stock standards when succeeding dilutions for preparation ofthe multielement stock
standards can not be verified.

CAUTION: Many metal salts are extremely toxic ifinhaled orswallowed. Wash hands thoroughly
after handling.

The following procedures may be used for preparing standard stock solutions:

NOTE: Some metals, particularly those whichform surface oxides, require cleaningprior to being
weighed. This may be achieved by pickling the suiface ofthe metal in acid. An amount in excess
ofthe desired weight should be pickled repeatedly, rinsed with water, dried, and weighed until the
desired weight is achieved. .

7.3.1 Antimony solution, stock 1 mL = 1000 flg Sb-Dissolve 0.100 g antimony powder in 2 mL
(1+1) nitric acid and 0.5 mL concentratedhydrochloric acid, heating to effect solution. Cool,
add 20 mL reagent water and 0.15 g tartaric acid. Wann the solution to dissolve the white
precipitate. Cool and dilute to 100 mL with reagent water.

7.3.2 Beryllium solution, stock 1 mL =1000 flg Be-Dissolve 1.965 g BeS04D4H20 (DO NOT
DRY) in 50 mL reagent water. Add 1 mL concentrated nitric acid. Dilute to 100 mL with
reagent water.

7.3.3 Bismuth solution, stock 1mL= 1000 IJ.gBi-Dissolve 0.1115 gBi20 3 in 5 mL concentrated
nitric acid. Heat to effect solution. Cool and dilute to 100 mL with reagent water.
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C)·
7.3.4 Cadmium solution, stock 1mL =1000!J.g Cd-Pickle cadmium metal in (1+9) nitric acid to

an exact weight of 0.100 g. Dissolve in 5 mL (1+1) nitric acid, heating to effect solution.
Cool and dilute to 100 mL with reagent water.

7.3.5 Cobalt solution, stock 1 mL = 1000 !J.g Co-Pickle cobalt metal in (1+9) nitric acid to an
exact weight of0.100 g. Dissolve in 5 mL (1+1) nitric acid, heating to effect solution. Cool
and dilute to 100 mL with reagent water.

7.3.6 Copper solution, stock 1mL =1000 !J.g Cu-Pickle copper metal in (I+9) nitric acid to an
exact weight of0.100 g. Dissolve in 5 mL.(l+l) nitric acid, heating to effect solution. Cool
and dilute to 100 mL with reagent water.

7.3.7 Indium solution, stock 1 mL = 1000 !J.g In-Pickle indium metal in (1+1) nitric acid to an
exactweight of0.100 g. Dissolve in 10 mL (1+I) nitric acid, heating to effect solution. Cool
and dilute to 100 mL with reagent water.

Lead solution, stock I mL =1000!J.g Pb-Dissolve 0.1599 g PbN03in 5 mL (1+1) nitric
acid; Dilute to 100 mL with reagent water.

Magnesium solution, stock 1 mL =1000 !J.g Mg-Dissolve 0.1658 g MgO in 10 mL (1+1)
nitric acid, heating to effect solution. Cool and dilute to 100 mL with reagent water.

~'~iH~" :
Nickel solution, stock 1 mL = 1000 !J.g Ni-Dissolve 0.100 g nickel powder;iin,,5 mL
concentrated nitric acid, heating to effect solution. Cool and dilute to 100 mL with reagent
water.

Scandium solution, stock 1mL= 1000!J.g Sc-Disso1ve 0.1534 g SC203 inS mL (1+1) nitric
acid, heating to effect solution. Cool and dilute to 100 mL with reagent water. .

Selenium solution, stock I mL = 1000 !J.g Se-Dissolve 0.1405 g Se02 in 20 mL reagent
water. Dilute to 100 mL with reagent water.

Silver solution, stock I mL=1000 !J.gAg-Dissolve 0.100 g silvermetal in 5mL (1+1) nitric
acid, heating to effect solution. Cool and dilute to 100 mL with reagent water. Store in dark
container.

7.3.8

7.3.9

7.3.10

0 7.3.11

7.3.12

7.3.13

7.3.14 Terbium solution, stock I mL =1000 !J.g Tb-Dissolve 0.1176 g Tb40 7 in 5 mL concentrated
nitric acid, heating to effect solution. Cool and dilute to 100 mL with reagent water.

7.3.15 Thallium solution, stock I mL =1000 !J.g Tl-Dissolve 0.1303 g TlN03in a solution mixture
of 10 mL reagent water and 1 mL concentrated nitric acid. Dilute to 100 mL with reagent
water.

7.3.16 yttrium solution, stock I mL =1000 !J.g Y-Dissolve 0.1270 g Y203 inS mL (1+1) nitric
acid, heating to effect solution. Cool and dilute to 100 mL with reagent water.

7.3.17 Zinc solution, stock 1mL =1000 !J.g Zn-Pickle zinc metal in (1+9) nitric acid to an exact
weightofO.lOOg.Dissolvein 5 mL{1+1) nitric acid,heatingto effect-solution. Cooland
dilute to 100 mL with reagent water.
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7.4 Multielement Stock Standard Solutions-Care must be taken in the preparation ofmultielement stock
standards so that the elements are compatible and stable. Originating element stocks should be
checked for the presence of impurities which might influence the accuracy of the standard. Freshly
prepared standards should be transferred to acid-cleaned, not previously used, FEP fluorocarbon
bottles for storage and monitored periodically for stability. The following combinations ofelements
are suggested:

Standard Solution A

Antimony Nickel

Cadmium Selenium

Standard Solution B

Silver

Copper

Lead

Thallium

Zinc

Except for selenium, multielement stock standard solutions A and B (1 mL =10 J.l.g) may be prepared
by diluting 1.0 mL of each single element stock standard in the combination list to 100 mL with
reagent water containing 1% (v/v) nitric acid. For selenium in solution A, an aliquot of5.0 mL ofthe
stock standard shouldbe diluted to the specified 100 mL (1 ml =50 J.l.g Se). Replace the multielement
stock standards when succeeding dilutions for preparation of the calibration standards cannot be
verified with the quality control sample.

7.4.1 Preparation of calibration standards-Fresh multielement calibration standards should be
prepared every two weeks or as needed. Dilute each of the stock multielement standard
solutions A and B to levels appropriate to the operating range ofthe instrumentusing reagent
water containing 1% (v/v) nitric acid. Calibrationstandards shouldbepreparedat aminimum
of three concentrations, one of which must be at the minimum level (Table 1), and another
which must be near the upper end ofthe linear dynamic range. It shouldbe noted the selenium
concentration is always a factor of 5 greater than the other analytes. If the direct addition
procedure is being used (Method A, Section 10.3), add internal standards (Section 7.5) to the
calibration standards and store in fluoropolymer bottles. Calibration standards should be
verified initially using a quality control sample (Section 7.8).

7.5 Internal Standard Stock Solution-1 mL =100 J.l.g. Dilute 10 mL of scandium, yttrium, indium,
terbium, and bismuth stock standards (Section 7.3) to 100 mL with reagent water, and store in a FEP
bottle. Use this solution concentrate for addition to blanks, calibration standards and samples, or
dilute by an appropriate amount using 1% (v/v) nitric acid, if the internal standards are being added
by peristaltic pump (Method B, Section 1003).

7.6 Blanks-The laboratory should prepare the following types ofblanks. A calibration blank is used to
establish the analytical calibration curve; the laboratory (method) blank is used to assess possible
contamination from the sample preparationprocedure and to assess spectral background; andthe rinse
blank is used to flush the instrument between samples to reduce memory interferences. In addition to
these blanks, the laboratory may be required to analyze field blanks (Section 9.6.2) and equipment
blanks (Section 9.6.3).

7.6.1 Calibration blank-Consists of 1% (v/v) nitric acid in reagent water. If the direct addition
procedure (Method A, Section 10.3) is being used, add internal standards.

7.6.2 Laboratory blank-Must contain all the reagents in the same volumes as used in processing
the samples. The laboratory blank must be carried through the same entire preparation
scheme as the samples including digestion, when applicable (Section 9.6.1). If the direct
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addition procedure (Method A, Section 10.3) is being used, add internal standards to the
solution after preparation is complete.

7.6.3 Rinse blank-Consists of2% (v/v) nitric acid in reagent water.

7.7 Tuning Solution-This' solution is used for instrument tuning and mass calibration prior to analysis.
The solution is prepared by mixing beryllium, magnesium, cobalt, indium, and lead stock solutions
(Section 7.3) in }% (v/v) nitric acid to produce a concentration ofIOO!J.g/L ofeach element. Internal
standards are not added to this solution. (Depending on the sensitivity ofthe instrument, this solution
may need to be diluted 10 fold.)

7.8 Quality Control Sample (QCS)-The QCS should be obtained from a source outside the laboratory.
The concentration of the QCS solution analyzed will depend on the sensitivity ofthe instrument. To
prepare the QCS, dilute an appropriate aliquot ofanalytes to a concentration 0100 !J.g/L in 1% (v/v)
nitric acid. Because oflower sensitivity, selenium may be diluted to a concentration of <500 !J.g/L.
If the direct addition procedure (Method A, Section 10.3) is being used, add internal standards after,
dilution,mix,and.store in a FEP bottle. The QCS should be analyzed as needed to meet data quality
needs and a fresh solution should be prepared quarterly or more frequently as needed.

8.1 Before an aqueous sample is collected, consideration should be given to the type ofdata required, (i.e.,
dissolved or total recoverable), so that appropriate preservation and pretreatment steps can be taken.
The pH ofall aqueous samples must be tested immediately before aliquotting for processing or direct
analysis to ensure the sample has been properlypreserved. Ifproperly acid-preserved, the sample can
be held up to six months before analysis.

()

7.9

8.0

Ongoing Precision and Recovery (OPR) Sample-To an aliquot ofreagent water, add aliquots from
multielement stock standards A and B (Section 7.4) to prepare the OPR. The OPR must be carried
through the same entirepreparation scheme as the samples including sample digestion, whenapplicable
(Section 9.7). If the direct addition procedure (Method A, Section 10.3) is being used, addliriternal
standards to this solution after preparation has been completed.

Sample Collection, Filtration, Preservation, and Storage

8.2 Sample Collection-Samples are collected as described in the Sampling Method.

8.3 Sample Filtration-For dissolved metals, samples and field blanks are filtered through a O.4S-!J.ID
capsule filter at the field site. Filtering procedures are described in the Sampling Method. For the
determination oftotal recoverable elements, samples are not filtered but shouldbe preserved according
to the procedures in Section 8.4.

8.4 Sample Preservation-Preservation of samples and field blanks for both dissolved and total
recoverable elements may be perfonnedin the field at time ofcollection or in,the laboratory. However,

'to·avoid'lliebazardS-6rstrongaCiClSiiillie'fiela.alliC1rallsportrestnctions,-toIilliUililiithe'poteiitia.lfor
sample contamina.tion, and to expedite field operations, the sampling team may prefer to ship the

. samples to the laboratory within two weeks of collection. Samples,and field blanks should be
preserved at the laboratory immediately upon receipt. For all metals, preservation involves the
addition ofl0% HN03 (Section 7.1.3) to bring the sample to pH <2. Forsamples received at neutral
pH,approxS-mJ:; oflO%-HN03 per liter will be reqUired.
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8.4.1 Wearing clean gloves, remove the cap from the samplebottle, add the volume ofreagent grade
acid that will bring the pH to <2, and recap the bottle immediately. If the bottle is full,
withdraw the necessary volume using a prec1eaned pipet and then add the acid. Record the
volume withdrawn and the amount ofacid used.

NOTE: Do not dip pHpaper or a pH meter into the sample; remove a small aliquot with a clean
pipet and test the aliquot. When the nature of the sample is either unknown or known to be
hazardous, acidification should be done in afUme hood. See Section 5.2.

8.4.2 Store the preserved sample for a minimum of 48 hours at 0-40C to allow the acid to
completely dissolve the metal(s) adsorbed on the container walls. The sample pH should be
verified as <2 immediately before withdrawing an aliquot for processing or direct analysis.
If, for some reason such as high alkalinity, the sample pH is verified to be >2, more acid must
be added and the sample held for sixteen hours until verified to be pH <2. See Section 8.1.

8.4.3 With each sample batch, preserve a method blank and an OPR sample in the same way as the
sample(s).

8.4.4 Sample bottles should be stored in polyethylene bags at 0-40C until analysis.

9.0 Quality Assurance/Quality Control

9.1 Each laboratory that uses this method is required to operate a fonnal quality assurance program
(Reference 21). The minimum requirements of this program consist of an initial demonstration of
laboratory capability, analysis ofsamples spikedwith metals ofinterest to evaluate anddocument data
quality, and analysis of standards and blanks as tests of continued performance. Laboratory
performance is compared to established performance criteria to determine that results ofthe analysis
meet the performance characteristics ofthe method.

9.1.1 The analyst shall make an initial demonstration ofthe ability to generate acceptable accuracy
and precision with this method. This ability is established as described in Section 9.2.

9.1.2 In recognition ofadvances that are occurring in analytical technology, the analyst is permitted
to exercise certain options to eliminate interferences or lower the costs of measurements.
These options include alternate digestion, concentration, andcleanup procedures, andchanges
in instrumentation. Alternate determinative techniques, such as the substitution of a
colorimetric technique or changes that degrade method performance, are not allowed. Ifan
analytical technique other than the techniques specified in the method is used, that technique
must have a specificity equal to or better than the specificity ofthe techniques in the method
for the analytes of interest.

9.1.2.1 Each time the method is modified, the analyst is required to repeat the procedure in
Section 9.2. If the detection limit of the method will be affected by the change, the
laboratory is required to demonstrate that the :MOL (40 CFR Part 136, Appendix B)
is lower than the J:vIDL for that analyte in this method, or one-third the regulatory
compliance level, whichever is higher. Ifcalibration will be affected by the change,
the analyst must recalibrate the instrument according to Section 10.0.

9.1.2.2 The laboratory is required to maintain records ofmodifications made to this method.
These records include the following, at a minimum:
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.The .,names, titles, addresses, and telephone numbers of the
analyst(s) who perfonned the analyses and modification, and ofthe
quality control officer who wi1nessed and will verify the analyses
and modification.

.A listing ofmetals measured, by name and CAS Registry number.

A narrative stating reason(s) for the modification(s).

Results from all quality control (QC) tests comparing the modified
method to this method, including:

(a) Calibration.
(b) Calibration verification.
(c) Initial precision and recovery (Section 9.2).
(d) Analysis ofblanks.
(e) Accuracy assessment

Data that will allow an independent reviewer to validate each
detennination by tracing the instrument output(peak height, area, or
other signal) to the fmal result These data are to include, where
possible:

o
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
G)

(k) .

(1)

(m)

(n)
(0)

(P)

Sample numbers and other identifiers.
Digestion/preparation or extraction dates.
Analysis dates and times. .
Analysis sequence/run chronology.
Sample weight or volume.
Volume prior to extraction/concentration step.
Volume after each extraction/concentration step.
Final volume prior to analysis.
Injection volume.
Dilution data, differentiating between dilution of a sample
or extract
Instrumentandoperatingconditions (make, model, revision,
modifications).
Sample introduction system (ultrasonic nebulizer, flow
injection system, etc).
Operating conditions (backgroundcorrections, temperature
program, flow rates, etc).
Detector (type,· operating conditions, etc).
Mass spectra, printer tapes, and other recordings of raw

-data.
Quantitationreports, data system outputs, and other data to
linkraw data to re~ultsreported. _

.... ~ I

9.1.3 Analyses ofblanks are required to demonstrate freedom from contamination. The required
-types, procedures, and criteria for analysis ofblanks are described in-Section 9.6.
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9.1.4 The laboratory shall spike at least 10% ofthe samples with themetal(s) ofinterest to monitor
method performance. This test is described in Section 9.3 of this method. When results of
these spikes indicate atypical method perfonnance for samples, an alternative extraction or
cleanup technique must be used to bring method perfonnance within acceptable limits. If
method perf0f!llance for spikes cannot be brought within the limits given in this method, the
result may not be reported for regulatory compliance purposes.

9.1.5 The laboratory shall, on an ongoing basis, demonstrate through calibration verification and
through analysis of the ongoing precision and recovery aliquot that the analytical system is
in control. These procedures are described in Sections 10.2 and 9.7 ofthis method.

9.1.6 The laboratory shall maintain records to define the quality of data that are generated.
Development of accuracy statements is described in Section 9.3.4.

9.2 Initial Demonstration ofLaboratory Capability

9.2.1 Method detection limit-To establish the ability to detect the trace metals of interest, the
analyst shall detennine the rvIDL for each analyte according to the procedure inAO CFR 136,
Appendix B using the apparatus, reagents, and standards that will be used in the practice of
this method. The laboratory must produce an MDL that is less than or equal to the rvIDL
listed in Table 1, or one-third the regulatory compliance limit, whichever is greater. MDLs
should be detennined when a new operator begins work or whenever, in the judgment ofthe
analyst, a change in instrument hardware or operating conditions would dictate that they be
redetennined.

9.2.2 Initial precision and recovery (IPR)-To establish the ability to generate acceptable precision
and recovery, the analyst shall perfonn the following operations.

9.2.2.1 Analyze four aliquots ofreagent water spiked with the metal(s) of interest at two to
three times the ML (Table 1), according to the procedures in Section 12.0. All
digestion, extraction, and concentration steps, and the containers, labware, and
reagents that will be used with samples, must be used in this test.

9.2.2.2 Using results of the set offour analyses, compute the average percent recovery (X)
for the metal(s) in each aliquot and the standard deviation of the ,recovery(ies) for
each metal.

9.2.2.3 For each metal, compare s and X with the corresponding limits for initial precision
and recovery in Table 2. If s and X for all metal(s) meet the acceptance criteria,
system perfonnance is acceptable and analysis ofblanks and samples may begin. If,
however, any individual sexceeds the precision limit or any individual Xfalls outside
the range for accuracy, system performance is unacceptable for that metal. Correct
the problem and repeat the test (Section 9.2.2.1).

9.2.3 Linear calibration ranges-Linear calibration ranges are primarily detector limited. The
upper limit of the linear calibration range should be established for each analyte by
detennining the signal responses from a minimum ofthree different concentration standards,
one of which is close to the upper limit of the linear range. Care should be taken to avoid
potential damage to the detector during this process. The linear calibration range that may
be used for the analysis ofsamples should be judged by the analyst from the resulting data.
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The upper limit should be an observed signal no more than 10% below the level extrapolated
.from lower standards. Detennined sample analyte concentrations that are greater than 90%
of the detennined upper limit must be diluted.and reanalyzed. The upper limits should be
verified whenever, in the judgment ofthe analyst, a change in analytical perfonnance caused
by either a change in instrument hardware or operating conditions would dictate they be
redetennined.

Q~ty control sample (QCS}-When beginning the use of this method, quarterly or as
reqUired to meet data quality needs, verify the calibration standards andacceptable instrument
perfonnance with the preparation and analyses of a QCS (Section 7.8). To verify the
calibration standards the detenninedmean concentration from three analyses oftheQCS must
be within ±10% of the stated QCS value. If the QCS is not within the required limits, an
immediate second analysis ofthe QCS is recommendedto con:finnunacceptableperfonnance.
If the calibration standards, acceptable instrument perfonnance, or both cannot be verified,
the source of the problem must be identified and corrected before proceeding with further
analyses.

9.3 MethodAccuracy-To assess the perfonnance ofthe method on agiven samplematrix, the laboratory
must perfonn matrix spike (MS) and matrix spike duplicate (MSD) sample analyses on 10% of the
samples from each site being monitored, or at least one MS sample analysis and one MSD sample
analysis must be perfonned for each sample batch (samples collected from the same site at the same
time, to a maximum'of 10 samples), whichever is more frequent. Blanks (e.g., field blanks);,may not
be used for MSIMSD analysis. ,~.;:,;

0,
9.3.1 The concentration ofthe MS and MSD is detennined as follows:

9.3 .1.1 If, as in compliance monitoring, the concentration of a specific metal in the sample
is being checked against a regulatory concentration limit, the spike must be at that
limit or at one to five times the background concentration, whichever is greater.

9.3.1.2 Ifthe concentration is not being checked against a regulatory limit, the concentration
must be at one to five times the background concentration or at one to five times the
NfL in Table 1, whichever is greater.

9.3.2 Assessing spike recovery

9.3.2.1 Detennine the background concentration (B) ofeach metal by analyzing one sample
aliquot according to the procedure in Section 12.0.

9.3.2.2 If necessary, prepare a· QC check sample concentrate that will produce the
appropriate level (Section 9.3.1) in the sample when the concentrate is added.

9.3.2.3 Spike a-second sample aliquot with the QC cb.eck sample concentrate and analyze it
to detennine the concentration after spiking (A) of each metal.

9.3.2.4 Calculate eachpercent recovery (P) as 100(A-B)/T, where T is the known true value
of the spike.

\
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9.3.3 Compare the percent recovery (P) for each metal with the corresponding QC acceptance
criteria found in Table 2. Ifany individual P falls outside the designated range for recovery,
that metal has failed the apceptance criteria.

9.3.3.1 For a metal that has failed the acceptance criteria, analyze the ongoing precision and
recovery standard (Section 9.7). If the OPR is within its respective limit for the
metal(s) that failed (Table 2), the analytical system is in control and the problem can
be attributed to the sample matrix.

9.3 .3.2 Forsamples that exhibitmatrix problems, further isolate the metal(s) from the sample
matrix using dilution, chelation, extraction, concentration, hydride generation, or
other means, and repeat the accuracy test (Section 9.3.2).

9.3.3.3 If the recovery for the metal remains outside the acceptance criteria, the analytical
result for that metal in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

9.304 Recovery for samples should be assessed and records maintained.

9.304.1 After the analysis offive samples ofa givenmatrix type (river water, lake water, etc.)
for which the metal(s) pass the tests in Section 9.3.3, compute the average percent
recovery (R) and the standard deviation ofthe percent recovery (SR) for the metal(s).
Express the accuracy assessment as a percent recovery interval from R-2SR to
R+2SR for each matrix. For example, ifR =90% and SR = 10% for five analyses
ofriver water, the accuracy interval is expressed as 70-110%.

9.304.2 Update the accuracy assessment for each, metal in each matrix regularly (e.g., after
each 5-10 new measurements).

9A Precision ofMatrix Spike and Duplicate

904.1 Calculate the relative percent difference (RPD) between the MS and MSD per the equation
below using the concentrations found in the MS and MSD. Do not use the recoveries
calculated in Section 9.3.204 for this calculation because the RPD is inflated when the
background concentration is near the spike concentration.

RPD D 100 ([blD D2Q
. (D1DD2)/2

where,
D1 =Concentration of the analyte in the MS sample.
D2 =Concentration of the analyte in the MSD sample.

904.2 The relative percent difference between the matrix spike and the matrix spike duplicate must
be less than 20%. If this criterion is not met, the analytical system is judged to be out of
control. In this case, correct the problem and reanalyze all samples in the sample batch
associated with the MSIMSD which failed the RPD test.
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9.6 Blanks-Blanks are analyzed to demonstrate freedom from contamination.

9.6.2 Field blank

9.6.1 Laboratory (method) blank

21

9.6.2.2 If the metal of interest or any potentially interfering substance is found in the field
.blank at a concentration. equal to or greater than the :ML (Table 1), or greater than
one;.:fifth the level in the associated sample, whichever is greater, then results for

9.6.1.3 Alternatively, if a sufficient number of blanks (three minimum) are analyzed to
characterize the nature of a blank, the average concentration plus two standard
deviations must be less than the regulatory compliance level.

·9:6.2.r Analyze thefieldbla:nk(srsliippedwitlleach set·ofsamples (samples collected from
the same site at the same time, to a maximum of 10 samples). Analyze the blank
immediately before analyzing the samples in the batch.

9.6.1.2 If the metal of interest or any potentially interfering substance is found in the blank
at a concentration equal to or greater than the :MDL(Table 1), sample analysis must
be halted, the source ofthe contamination detennined, the samples and a new method
blank prepared, and the sample batch and fresh method blank reanalyzed.

9.6.1.4 Ifthe result for a single blank remains above the :MDL or ifthe result for the average
concentration plus two standard deviations of three or more blanks exceeds the
regulatory compliance level, results for samples associatedwith those blanks may not
be reportedJor regulatory compliance purposes. Stated another way, results for all
initial precision and recovery tests (Section 9.2) and all samples must be associated
with an uncontaminated method blank before these results may be reported for
regulatory compliance purposes.

Internal Standards Responses...,..The analyst is expected to monitor the responses from the internal
standards throughout the sample batch being analyzed. Ratios of the internal standards responses
against each other should also be monitored routinely. This information may be used to detect
potential problems caused by mass dependent drift, errors incurred in adding the internal standards,
or increases in the concentrations ofindividual internal standards causedbybackground contributions
from the sample. The absolute response ofanyone internal standard must not deviate more than 60
125% ofthe ori~nal response in the calibration blank. Ifdeviations greater than these are observed,
flush the instrument with the rinse blank and monitor the responses in the calibration blank If the
responses ofthe internal standards are now within the limit, take a fresh aliquot ofthe sample, dilute
by a further factor oftwo, add the internal standards, and reanalyze. If, after flushing, the responses
ofthe internal standards in the calibration blank are out oflimits, terminate the analysis and detennine
the cause of the drift. Possible causes ofdrift may be a partially blocked sampling cone or a change
in the tuning condition ofthe instrument.

9.6.1.1 Prepare a method blank with each sample batch (samples ofthe same matrix started
through the sample preparation process (Section 12.0) on the same 12-hour shift, to
a maximum of10 samples). Analyze the blankimmediately after analysis ofthe OPR
(Section 9.7) to demonstrate freedom from contamination.,,",,,,,,,,,

9.5
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associated samples may be the result of contamination and may not be reported for
regulatory compliance purposes.

9.6.2.3 Alternatively, ifa sufficient number offield blanks (three minimum) are analyzed to
characterize the nature ofthe field blank, the average concentrationplus two standard
deviations must be less than the regulatory compliance level or less than one-halfthe
level in the associated sample, whichever is greater.

9.6.2.4 Ifcontamination of the field blanks and associated samples is known or suspected,
the laboratory should communicate this to the sampling team so that the source of
contamination can be identified and corrective measures taken prior to the next
sampling event.

9.6.3 Equipment blanks-Before any sampling equipment is used at a given site, the laboratory or
cleaning facility is required to generate equipment blanks to demonstrate that the sampling
equipment is free from contamination. Two types of equipment blanks are required: bottle
blanks and sampler check blanks.

9.6.3.1 Bottle blanks-After undergoing appropriate cleaning procedures (Section 11.4),
bottles should be subjected to conditions of use to verify the effectiveness of the
cleaning procedures. A representative set of sample bottles should be filled with
reagent water acidified to pH<2 and allowed to stand for a minimum of 24 hours.
Ideally, the time that the bottles are allowed to stand should be as close as possible
to the actual time that sample will be in contact with the bottle. After standing, the
water should be analyzed for any signs ofcontamination. Ifany bottle shows signs
ofcontamination, the problem must be identified, the cleaning procedures corrected
or cleaning solutions changed, and all affected bottles recleaned.

9.6.3.2 Sampler check blanks-Sampler check blanks are generated in the laboratory or at
the equipment cleaning contractor's facility by processing reagent water through the
sampling devices using the same procedures that are used in the field (see Sampling
Method). Therefore, the "clean hands/dirty hands" technique used during field
sampling should be followed when preparing sampler check blanks at the laboratory
or cleaning facility.

22

9.6.3.2.1

9.6.3.2.2

Sampler check blanks are generated by filling a large carboy or
other container with reagent water (Section 7.2) and processing the
reagent water through the equipmentusing the same procedures that
are used in the field (see Sampling Method). For example, manual
grab sampler check blanks are collected by directly submerging a
sample bottle into the water, filling the bottle, and capping.
Subsurface sampler check blanks are collected by immersing the
sampler into the water and pumping water into a sample container.

The sampler check blank must be analyzed using the procedures
given in this method. If any metal of interest or any potentially
interfering substance is detected in the blank, the source of
contamination or interference must be identified, and the problem
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9.6.3.2.3

9.7 Ongoing Precision and Recovery

coqected. The equipment must be demonstrated to be free from the
metal(s) of interest before the equipment may be used in the field.

Sampler checkblanks mustbe run on alI equipment that will be used
in the field. If, for example, samples are to be colIected using both
a grab sampling device anda subsurface sampling device, a sampler
check blank must be run on both pieces of equipment.

9.7.1 Prepare an ongoing precision and recovery sample. Oaboratory-fortified method blank)
identical to the initial precision and recovery aliquots (Section 9.2) with each sample batch
(samples ofthe same matrix started through the sample preparation process (Section 12.0) on
the same 12-hour shift, to a maximum of 10 samples) by spiking an aliquot ofreagent water
with the metal(s) ofinterest.

9.7.2 Analyze the OPR sample before analyzing the method blank and samples from the same
batch.

9.7.3 Compute the percent recovery ofeach metal in the OPR sample.

9.7.4 For each metal, compare the concentration to the limits for ongoing recovery in Table 2. If
all metals meet the acceptance criteria, system perfonnance is acceptable and arialysis of
blanks and samples may proceed. If, however, any individual recovery falls outside of the
range given, the analytical processes are not being perfonned properly for that metal. In this '
event, correct the problem, repiepare the sample batch, and repeat the ongoing precision and
recovery test (Section 9.7).

9.7.5 Add results that pass the specifications in Section 9.7.4 to initial and previous ongoing data
for each metal in each matrix. Update QC charts to fonn a graphic representation of
continued laboratoryperfonnance. Develop a statementoflaboratory accuracy for eachmetal
in eachmatrix type by calculating the average percent recovery (R) and the standard deviation
of percent recovery (SR). Express the accuracy as a recovery interval from R-2SR to
R+2SR. For example, ifR =95% and SR =5%, the accuracy is 85-105%.

9.8 The specifications contained in this method can be met ifthe instrument used is calibrated properly
andthen maintained in acalibratedstate. A given instrumentwill provide the most reproducible results
ifdedicated to the settings and conditions required for the analyses ofmetals by this method.

9.9 Depending on specific program requirements, the laboratory may be required to analyze field
duplicates collected to detennine the precision of the sampling technique. The relative percent
difference (RPD) between field duplicates shouldbe less than 20%. Ifthe RPD ofthe field duplicates
exceedS20%;thelaoornt6ry-slioiilucommiliiicatelliis-f6-thesamplingteamso-fuaftb.e sourceoferr~r

can be identified arid corrective measures taken before the next sampling event.

10.0 Calibration and Standardization

10:1 'Operating-Conditions--Because of the" diversity·,of inst:rtl.tt1ent hardware; "no" uetailed mstrii!rierit
operating conditions are provided. The analyst is advised to folIow the recommended operating
conditions provided by the manufacturer. The analyst is responsible for verifying that the instrument
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configuration and operating conditions satisfy the quality control requirements in this method. Table
7 lists instrument operating conditions that may be used as a guide for analysts in determining
instrument configuration and operating conditions.

10.2· Precalibration Routine-The following precalibration routine should be completedbefore calibrating
the instrument until it can be documented with periodic perfonnance data that the instrument meets
the criteria listed below without daily tuning.

10.2.1 Initiate proper operating configuration ofinstrument and data system. Allow a period ofnot
less than 30 minutes for the instrument to wann up. During this period, conduct mass
calibration and resolution checks using the tuning solution. Resolution at low mass is
indicated by magnesium isotopes 24, 25, 26. Resolution at high mass is indicated by lead
isotopes 206, 207,208. For good perfonnance adjust spectrometer resolution to produce a
peak width ofapproximately 0.75 amu at 5% peak height. Adjust mass calibration if it has
shifted by more than 0.1 amu from unit mass.

10.2.2 Instrument stability must be demonstrated by running the tuning solution (Section 7.7) a
minimum offive times with resulting relative standard deviations ofabsolute signals for all
analytes of less than 10%.

10.3 Internal Standardization-Internal standardization must be used in all analyses to correct for
instrument drift and physical interferences.

10.3.1 A list of acceptable internal standards is provided in Table 4. For full mass range scans, a
minimum ofthree internal standards must be used. Procedures described in this method for
general application detail the use of five internal standards: scandium, yttriinn, indium,
terbium, and bismuth.

10.3.2 Internal standards must be present in all samples, standards, and blanks at identical levels.
This may be achieved by directly adding an aliquot of the internal standards to the CAL
standard, blank, or sample solution (Method A), or alternatively by mixing with the solution
before nebulization using a second channel ofthe peristaltic pump and a mixing coil (Method
B).

10.3.3 The concentration ofthe internal standard shouldbe sufficientlyhigh to obtain goodprecision
in the measurement ofthe isotope used for data correction and to minimize the po~sibility of
correction errors ifthe internal standard is naturally present in the sample. Depending on the
sensitivity of the instrument, a concentration range of 1·200 IlgIL of each internal standard
is recommended. Internal standards should be added to blanks, samples, and standards in a
like manner, so that dilution effects resulting from the addition may be disregarded.

10.4 Calibration-Before initial calibration, set up proper instrument software routines for quantitative
analysis. The instrument must be calibrated at a minimum of three points for each analyte to be
determined.

10.4.1 Inject the calibration blank (Section 7.6.1) and calibration standards A and B (Section 7.4.1)
prepared at three or more concentrations, one ofwhich must be at the Minimum Level (Table
1), and another that must be near the upper end ofthe linear dynamic range. A minimum of
three replicate integrations is requiredfor data acquisition. Use the average ofthe integrations
for instrument calibration and data reporting.
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10.4.2 Compute the response factor at.each concentration, as follows:

Axe.RFO s IS

.Ajg x Cs

where,
Cs=Concentration ofthe analyte in the standard or blank solution.
Cis =Concentration of the internal standard in the solution.
As =Height or area of the response at the mlz for the analyte.
A;s =Height or area ofthe mlz for the internal standard.

10.4.3 Using the individual response factors at each concentration, compute the mean RF for each
analyte. .

10.4.4 Linearity-If the RF over the calibration range is constant «20% RSD), the RF can be
assumed to be invariant and the mean RF can be used for calculations.. Alternatively, the
results can be used to plot a calibration curve of response ratios, AjA;s, vs. RF.

10.5 Calibration Verification-hnmediately following calibration, an initial calibration verification should
beperformed. Adjustment ofthe instrument is performeduntil verification criteria are met. Only after
these criteria are met may blanks and samples be analyzed.

10.5.1 Analyze the mid-point calibration standard (Section lOA).

10.5.2 Compute the percent recovery ofeachmetal using the mean RF or calibration curve obtained
in the initial calibration.

10.5.3 For eachmetal, compare the recovery with the corresponding limit for calibration verification
in Table 2. If all metals meet the acceptance criteria, system performance is acceptable and
analysis ofblanks and samples may continue using the response from the initial calibration.
Ifany individual value falls outside the range given, system performance is unacceptable for
that compound. In this event, locate and correct the problem and/orprepare anew calibration
check standard and repeat the test (Sections 10.5.1 through 10.5.3), or recalibrate the system
according to Section 10.4.

10.5.5 Calibration must be verified following every ten samples by analyzing the mid-point
calibration standard. Ifthe recovery does not meet the acceptance criteria specifie~ in Table
2, analysis must be halted, the problem corrected, and the instrument recalibrated. All
samples after the last acceptable calibration verification must be reanalyzed.

10.6 A calibrationblankmust be analyzed following every calibrationverification to demonstrate that there
is no carryover of the analytes of interest and that the analytical system is free from contamination.
Ifthe concentration 6fananaIyte-fii the blankreSUlfexceedS-the-MDr, c-orrecftheproblem, verifYtlie
calibration. (Section 10:5), and repeat the analysis ofthe calibration blank.

11.0 Procedures for Cleaning the Apparatus

11.1 All sampling equipment, sample-containers, andlabwareshoUldbe cleanelrifCadesignatedcleamn.g
area that has been demonstrated to.be free oftrace element contaminants. Such areas may include
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class 100 clean rooms as described by Moody (Reference 22), labware cleaning areas as described by
Patterson and Settle (Reference 6), or clean benches.

11.2 Materials, such as gloves (Section 6.9.7), storage bags (Section 6.9.10), and plastic wrap (Section
6.9.11), may be used new without additional cleaning unless the results of the equipment blank
pinpoint any ofthese materials as a source ofcontamination. In this case, either an alternate supplier
must be obtained or the materials must be cleaned.

11.3 Cleaning Procedures-Proper cleaning of the Apparatus is extremely important, because the
Apparatus may not only contaminate the samples but may also remove the analytes of interest by
adsorption onto the container surface.

NOTE: Iflaboratory,field, and equipment blanks (Section 9.6) from the Apparatus cleaned with
fewer cleaning steps than those detailed below show no levels ofanalytes above the MDL, those
cleaningsteps thatdo not eliminate these artifacts may be omittedprovidedallpeiformance criteria
outlined in Section 9.0 are met.

11.3.1 Bottles, labware, and sampling equipment

11.3.1.1

11.3.1.2

11.3.1.3

11.3.1.4

11.3.1.5

11.3.1.6

11.3.1.7

11.3.1.8

Fill a precleaned basin (Section 6.9.8) with a sufficient quantity of a 0.5%
solutionofliquid detergent (Section 6.7), and completely immerse each piece
ofware. Allow to soak in the detergent for at least 30 minutes.

Using a pair of clean gloves (Section 6.9.7) and clean nonmetallic brushes
(Section 6.9.9), thoroughly scrub down all materials with the detergent.

Place the scrubbed materials in a precleaned basin. Change gloves.

Thoroughlyrinse the inside andoutside ofeachpiece with reagent wateruntil
there is no sign ofdetergent residue (e.g., until all soap bubbles disappear).

Change gloves, immerse the rinsed equipment in a hot (50-60DC) bath of
concentrated reagent grade HN03 (Section 7.1.1) and allow to soak for at
least two hours.

After soaking, use clean gloves and tongs to remove the Apparatus and
thoroughly rinse with distilled., deionized water (Section 7.2).

Change gloves and immerse the Apparatus in a hot (50-600C) bath of 1N
trace metal grade Hel (Section 7.1.7), and allow to soak for at least 48
hours.

Thoroughlyrinse all equipment andbottles with reagent water. Proceedwith
Section 11.3.2 for labware and sampling equipment. Proceed with Section
11.3.3 for sample bottles.

11.3.2 Labware and sampling equipment

26

11.3.2.1 After cleaning, air-dry in a class 100 clean air bench.
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After drying, wrap each piece of ware and equipment in two layers of
polyethylene film.

11.3.3 Fluoropolymer sample bottles-These bottles should be used ifmercury is a target analyte.

11.3.3.1

11.3.3.2

After cleaning, fill sample bottles with 0.1% (v/v) ultrapure HCl (Section
7.1.11) and cap tightly. It maybe necessary to use a strap wrench to assure
a tight seal.

After capping, double-bag each bottle in polyethylene zip-type bags. Store
at room temperature until sample collection.

11.3.4 Bottles, labware, and sampling equipment-Polyethylene or material other than
fluoropolymer.

(J

11.3.4.1

11.3.4.2

J 1.3.4.3

Apply the steps outlined above in Sections 11.3 .1.1 through 11.3.1.8 to all
bottles, labware, andsampling equipment. Proceedwith Section 11.3.4.2 for

, bottles or Section 11.3.4.3 for l~bware and sampling equipment.

After cleaning, fill each bottle with 0.1% (v/v) ultrapure HCl (Section
7.1.11). Double-bag each bottle in a polyethylene bag to prevent
contamination ofthe surfaces with dust and dirt. Store at room temperature
until sample collection. ',"

After rinsing labware and sampling equipment, air-dry in a class 100 clean
air bench. After drying, wrap each piece of ware and equipment in two
layers ofpolyethylene film.

NOTE: Polyethylene bottles cannot be used to collect samples that will be analyzed/or
mercury at trace (e.g., 0.012 f.lg/L) levels because of the potential o/vapors diffusing
through the polyethylene.

11.3.4.4 Polyethylene bags-Ifpolyethylene bags ~eed tq be cleaned, cleanaccording
to the following procedure:

11.3.4.4.1

11.3.4.4.2

Partially fill with cold, (1+1) HN03 (Section 7.1.2) and
rinse with distilled deionized water,(Section 7.2).

Dry by hanging upside down from a plastic line with a
plastic clip.

, 11.3.5. Silicone tubing, fluoropolymertubing,-andother sampling-apparatus-Cleanany silicone,
fluoropolymer, or other tubing used to collect samples by rinsing with 10% HCl (Section
7.1.8) and flushing with water from the site before sample collection.

11.3.6 Extension pole-Because of its length, it is impractical to submerse the 2 m polyethylene
extensionpole (used in withthe optional grab saml'1iI1gAe'\jc~)_ ~ a~i(LsQlllt!qns,~ df.l~cri1,)ed.,

. "above~ -Ifsuch an extensionpoleIS used, anomnetallic brush (Section 6.9.9) should be used
to scrub the pole with reagent water and the pole wiped down with acids described in Section
11.3.4 above. After cleaning, the pole should be wrapped in polyethylene film.
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11.4 Storage-Store each piece or assembly ofthe Apparatus in a clean, single polyethylene zip-type bag.
If shipment is required, place the bagged apparatus in a second polyethylene zip-type bag.

11.5 All cleaning solutions and acidbaths shouldbe periodicallymonitored for accumulation ofmetals that
could lead to contamination. When levels ofmetals in the solutions become too high, the solutions and
baths should be changed and the old solutions neutralized and discarded in compliance with state and
federal regulations.

12.0 Procedures for Sample Preparation and Analysis

12.1 Aqueous Sample Preparation-Dissolved analytes.

12.1.1 For detennination of dissolved analytes in ground and surface waters, pipet an aliquot (020
mL) ofthe filtered, acid-preserved sample into a clean 50 mL polypropylene centrifuge tube.
Add an appropriate volume of(1+1) nitric acid to adjust the acid concentration ofthe aliquot
to approximate a 1% (v/v) nitric acid solution (e.g., add 0.4 mL (1+1) RN03 to a 20 mL
aliquot of sample). Add the internal standards, cap the tube, and mix. The sample is now
ready for analysis. Allowance for sample dilution should be made in the calculations.

12.2 Aqueous Sample Preparation-Total recoverable analytes.

NOTE: To preclude contamination during sample digestion, it may be necessary to perform the
open beaker, total-recoverable digestion procedure described in Sections 12.2.1 through 12.2.7 in
afume hood that is located in a clean room. An alternate digestion procedure isprovided in Section
12.2.8; however, this procedure has not undergone interlaboratory testing.

12.2.1 For the detennination oftotal recoverable analytes in ambient water samples, transfer a 100
mL (±1 mL) aliquot from a well-mixed, acid-preserved sample to a 250 mL Griffin beaker
(Section 6.9.3). Ifappropriate, a smaller sample volume may be used.

12.2.2 Add 2 mL (1+1) nitric acid and 1.0 mL of (1+1) hydrochloric acid to the beaker and place
the beaker on the hot plate for digestion. The hot plate should be located in a fume hood and
previously adjusted to provide evaporation at a temperature of approximately but no higher
than 85DC. (See the following note.) The beaker shouldbe covered or other necessary steps
should be taken to prevent sample contamination from the fume hood environment.

NOTE: Forproper heating, adjust the temperature control ofthe hotplate such that an uncovered
Griffin beaker containing 50 mL ofwaterplaced in the center ofthe hotplate can be maintained at
a temperature approximately but no higher than 85oC. (Once the beaker is covered with a watch
glass, the temperature ofthe water will rise to approximately 950C.)

12.2.3 Reduce the volume of the sample aliquot to about 20 mL by gentle heating at 850C. Do not
boil. This step takes about two hours for a 100 mL aliquot with the rate of evaporation
rapidly increasing as the sample volume approaches 20 mL. (A spare beaker containing 20
mL ofwater can be used as a gauge.)

12.2.4 Cover the lip of the beaker with a watch glass to reduce additional evaporation and gently
reflux the sample for 30 minutes. (Slight boiling may occur, but vigorous boiling must be
avoided to prevent loss ofthe HC1-HzO azeotrope.)
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12.2.5 Allow the beaker to cool. Quantitatively transfer the sample solution to a 50 mL volumetric
flask or 50 mL class A stoppered graduated cylinder, make to volume with reagent water,
stopper, and mix.

12.2.6 Allow any undissolved material to settle overnight, or centrifuge a portion of the prepared
sampleuntil clear. (If, aftercentrifuging or standing overnight, the sample contains suspended
solids that would clogthe nebulizer, a portion of the sample may be filtered to remove the
solids before analysis. However, care should be exercised to avoid potential contamination
from filtration.)

12.2.7 Prior to analysis, adjust the chloride concentrationbypipetting 20 mL ofthe prepared solution
into a 50 mL volumetric flask, dilute to volume with reagent water and mix. (Ifthe dissolved
solids in this solution are >0.2%, additional dilution may be required to prevent clogging of
the extraction and/or skimmer cones.) Add the internal standards and mix. The sample is
now ready for analysis. Because the effects of various matrices on the stability of diluted
samples cannot be characterized, all analyses should be perfonned as soon as possible after
the completed preparation.

12.2.8 Alternate total recoverable digestion procedure.

o

12.2.8.1

12.2.8.2

12.2.8.3

12.3 Sample Analysis

Open the preserved sample under clean conditions. Add ultrapure nitric and
hydrochloric acid at the rate of 10 mL/L and 5mL/L, respectively.; Remove
the cap from the original container only long enough to add each aliquot of
acid. The sample container should not be filled to the lip by the adcgtion of
the acids. However, only minimal headspace is needed to avoid 1,eakage
duringheating."·

Tightly recap the container and shake thoroughly. Place the container in an
oven preheated to 850C. The container should be placed on an insUlating
piece of material such as wood rather than directly on the typical metal
grating. After the samples have reached 850C, heat for two hours. (Total
time will be two and one-half to three hours depending on the sample size).
Temperature can be monitored using an identical sample container with
distilled water and a thennocouple to standardize heating time.

Allow the sample to cool. Add the internal standards and mix. The sample
is now ready for analysis. Remove aliquots for analysis under clean
conditions.

12.3.1 For every new or unusual matrix, it is highly recommended that a serniquantitativeanalysis
be earned out to screen the"sample forelements iliafmayhe presentatIllgh-concentration.
Jnfonnation gained from this screening may be used to prevent potential damage to the
detector during sample analysis and toidentify elements that may exceed the linear range.
Matrix screening may be carried out using intelligent software, ifavailable, or by diluting the
sample by a factor of500 and analyzing in a semiquantitative mode. The sample should also
be screened for background-levels of all elements chosen for use as'-internal standards-to
prevent bias in the calculation ofthe analytical data.
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12.3.2 Initiate instrument operating configuration. Tune and calibrate the instrument for the analytes
of interest (Section 10.0).

12.3.3 Establish instrument software run procedures for quantitative analysis. For all sample
analyses, a~um ofthree replicate integrations is required for data acquisition. Use the
average ofthe integrations for data reporting.

12.3.4 All m/z's.that may affect data quality must be monitored during the analytical run. As a
minimum, those m/z's prescribed in Table 5 must be monitored in the same scan as is used for
the collection ofthe data. This information should be used to correct the data for identified
interferences.

12.3.5 The rinse blank should be used to flush the system between samples. Allow sufficient time
to remove traces of the previous sample or a minimum of one minute. Samples should be
aspirated for 30 seconds before data is collected.

12.3.6 Samples having concentrations higher than the established linear dynamic range should be
diluted into range and reanalyzed. The sample should first be analyzed for the trace elements
in the sample, protecting the detector from the high concentration elements ifnecessary, by
the selection of appropriate scanning windows. The sample should then be diluted for the
determination ofthe remaining elements. Alternatively, the dynamic range may be adjusted
by selecting an alternative isotope oflower natural abundance, ifquality control data for that
isotopehavebeen established. The dynamic range must notbe adjusted by altering instrument
conditions to an uncharacterlzed state.

13.0 Data Analysis and Calculations

13.1 Table 6 lists elemental equations recommended for sample data calculations. Sample data should be
reported in units ofJ.Lg/L (parts-per-billion; ppb). Report results at or above the :MI. for metals found
in samples and determined in standards. Report all results for metals found in blanks, regardless of
level.

13.2 For data values less than the :MI., two significant figures should be used 'for reporting element
concentrations., For data values greater than or equal to the :MI., three significant figures should be
used.

13.3 For aqueous samples prepared by total recoverable procedure (Sections 12.2.1 through 12.2.7),
multiply solution concentrations by the dilution factor 1.25. Ifadditional dilutions were made to any
samples, the appropriate factor should be applied to the calculated sample concentrations.

1304 Compute the concentration of each analyte in the sample using the response factor determined from
calibration data (Section lOA) and the following equation:

Cs CJ.tg/L) 0
As X Cis

Ais X RF

30

where,
The terms are as defined in Section 10.4.2.
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13.5 Corrections for characterized spectral interferences should be applied to' the data. Chloride
interference corrections shouldbe mad~ on all samples, regardless ofthe addition ofhydrochloric acid,
because the chloride ion is a common constituent of environmental samples.

13.6 Ifan element has more than one monitored m/z, examination ofthe concentration calculated for each
m/z, or the relative abundances, will provide useful information for the analyst in detecting a possible
spectral interference. Consideration should therefore be given to both primary and secondary m/z's
in the evaluation ofthe element concentration. In some cases, the secondary m/z may be less sensitive
or more prone to interferences than the primary recommended m/z; therefore, differences between the
results do not necessarily indicate a problem with data calculated for the primary m/z.

13.7 The QC data obtained during the analyses provide an indication ofthe quality ofthe sample data and
should be provided with the sample results.

13.8 Do not perfonnblank subtraction on the sample results. Report results for samples and accompanying
blanks.

14.0 Method Performance

14.1 The method detection limits (MDLs) listed in Table 1 and the quality control acceptance criteria listed
in Table 2 were validated in two laboratories (Reference 23) for dissolved analytes.

15.0 Pollution Prevention

15.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity of
waste at the point ofgeneration. Numerous opportunities for pollution prevention exist in laboratory
operation. The EPA has established a preferred hierarchy ofenvironmental management techniques
that places pollution prevention as the management option of first choice. Whenever feasible,
laboratory personnel should USe pollution prevention techniques to address their waste generation.
When wastes cannot be feasibly reduced at the source, the Agency recommends recycling as the next
best option. The acids used in this method should be reused as practicable by purifying by
electrochemical techniques. The only other chemicals used in this method are the neat materials used
in preparing standards. These standards are used in extremely small amounts and pose little threat to
the environment when managed properly. Standards should be prepared in volumes consistent with
laboratory use to mlnirnize the volume ofexpired standards to be disposed.

15.2 For infonnation about pollution prevention that may be applicable to laboratories and research
institutions, consult Less is Better: Laboratory Chemical Management for Waste Reduction,
available from the American Chemical Society's Department of Government Relations and Science
Policy, 1155 16th Street NW, Washington DC 20036,202/872-4477.

16.0 Waste Management

16.1 The Environmental Protection Agency requires that laboratory waste management practices be
conducted consistent with all applicable rules and regulations. The-Agencyurges laboratories to
protect the air, water, and land by minimizing and controlling all releases from hoods and bench
operations, complying with the letter and spirit of any sewer discharge pennits and regulations, and
by complying with all-solidand-hazardouswasteregulatioIiS, -particUlarly tlie -hazardous waste
identificationrules and land disposal restrictions. For further infonnation on waste management
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consult The Waste Management Manual for Laboratory Personnel, available from the American
Chemical Society at the address listed in Section 15.2.
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18.0 Glossary

Many of the tenns and definitions listed below are used in the EPA 1600-series methods, but tenns
have been cross-referenced to terms commonly used in other methods where possible.

18.1 Ambient Water-Waters in the natural environment (e.g., rivers, lakes, streams, and other receiving
waters), as opposed to effluent discharges.

18.2 Analyte-Ametal tested for by the methods referenced in this method. The analytes are listed inTable
1.

18.3 Apparatus-The sample container and other containers, filters, filter holders, labware, tubing, pipets,
and othermaterials and devices used for sample collection or sample preparation, andthat will contact
samples, blanks, or analytical standards.

18.4 CalibrationBlank~A volume ofreagentwateracidifiedwith the same acid matrix as in the calibration
standards. The calibration blank is a zero standard and is used to calibrate the ICP instrument
(Section 7.6.1).

18.5 CalibrationStandard (CAL)-A solutionpreparedfrom adilute mixedstandardand/orstocksolutions
and used to calibrate the response ofthe instrument with respect to analyte concentration.

18.6 Dissolved Analyte-The concentration ofanalyte in an aqueous sample that will pass through a 0.45
J.Ull membrane filter assembly prior to sample acidification (Section 8.3).

18.7 Equipment Blank-An aliquot of reagent water that is subjected in the laboratory to all aspects of
sample collection and analysis, including contact with all sampling devices and apparatus. The
purpose of the equipment blank is to determine if the sampling devices and apparatus for sample
collection have been adequately cleaned before they are shipped to the field site. An acceptable
equipment blank must be achieved before the sampling devices and apparatus are used for sample
collection. In addition, equipment blanks should be run on random, representative sets of gloves,
storage bags, and plastic wrap for each lot to determine ifthese materials are free from contamination
before use.

18.8 Field Blank-An aliquot of reagent water that is placed in a sample container in the laboratory,
shipped to the field, and treatedas a sample in all respects, including contact'with the sampling devices
and exposure to sampling site conditions, storage, preservation, and all analytical procedures, which
may include filtration. The purpose ofthe field blank is to determine ifthe field or sample transporting
procedures and environments have contaminated the sample.

18.9 Field Duplicates (pD1 and FD2)-Two separate samples collected in separate sample bottles at the
same time and place under identical circumstances and treated exactly the same throughout field and
laboratory procedures. Analyses of FD1 and FD2 give a measure of the precision associated with
sample collection, preservation, and storage, as well as with laboratory procedures.

18.10 Initial Precision and Recovery (IPR)-Four aliquots of the OPR standard analyzed to establish the
ability to generate acceptable precision and accuracy. IPRs are performedbefore a method is used for
the first time and any time the method or instrumentation is modified.
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18.11 Instrument Detection Limit (IDLr-The concentration equivalent to the analyte signal·which is equal
to three times the standard deviation ofa series often replicate measurements ofthe calibration blank
signal at the selected analytical mass(es).

18.12 Internal Standard-Pure analyte(s) added to a sample, extract, or standard solution in known
amount(s) and used to measure the relative responses of other method analytes that are components
of the same sample or solution. The internal standard must be an analyte that is not a sample
component (Sections 7.5 and 9.5).

1K13· Laboratory Blank-An aliquot ofreagent water that is treated exactly as a sample including exposure
to all· glassware, equipment, solvents, reagents, internal standards, and surrogates that are used with
samples. The laboratory blank is used to detennine ifmethod analytes or interferences are present in
the laboratory environment, the reagents, or the apparatus (Sections 7.6.2 and 9.6.1).

18.14 Laboratory Control Sample (LCS)-See Ongoing Precision and Recovery (aPR) Standard.

18.15 Laboratory Duplicates (LD1andLD2)-Two aliquots ofthe same sample taken in the laboratory and
analyzed separately with identical procedures. Analyses of LDI and LD2 indicates precision
associated with laboratory procedures, but not with sample collection, preservation, or storage
procedures.

18.16 Laboratory Fortified B,lank (LFB)-See Ongoing Precision and Recovery (aPR) Standard.

18.17 Laboratory Fortified Sample Matrix (LFM)-See Matrix Spike (MS) and Matrix Spike duplicate
(MSD).

18.18 Laboratory Reagent Blank'(LRB)-See Laboratory Blank.

18.19 Linear Dynamic Range (LDR)-The concentration range over which the instrument response to an
analyte is linear (Section 9.2.3). .

18.20 Matrix Spike (MS) and Matrix Spike Duplicate (MSD)-Aliquots of an environmental sample to
which known quantities of the method analytes are added in the laboratory. The MS and MSD are
analyzed exactly like a sample. Their purpose is to quantify the bias and precision caused by the
sample matrix. The background concentrations of the analytes in the sample matrix must be
detennined in a separate aliquot and the measured values in the MS and MSD corrected for
backgro~d concentrations (Section 9~3). .

18.21 m/z-Mass-to-charge ratio.

18.22 May-This action, activity, or procedural step is optional.

18.23 May Not-'---"-This action; activity, or procedural step is prohibited.

18.24 Method Blank-See Laboratory Blank.

18.25 Method Detection Limit (MDL)-The minimum concentration of an analyte that can be identified,
measured, and reported with 99% confidence .that the analyteconcentration is greater than zero
(Section 9.2.1 and Table 1).
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18.26 Minimum Level (ML}-The lowest level at which the entire analytical system gives a recognizable
signal and acceptable calibration point (Reference 9).

18.27 Must-This action, activity, or procedural step is required.

18.28 Ongoing Precision and Recovery (OPR) Standard-A laboratory blank spiked with lmown quantities
of the method analytes. The OPR is analyzed exactly like a sample. Its purpose is to determine
whether the methodology is in control and to assure that the results producedby the laboratory remain
within the method-specified limits for precision and accuracy (Sections 7.9 and 9.7).

18.29 Preparation Blank-See Laboratory Blank.

18.30 Primary Dilution Standard-A solution containing the ana1ytes that is purchased or prepared from
stock solutions and diluted as needed to prepare calibration solutions.and other solutions.

18.31 Quality Control Sample (QCS}-A sample containing all or a subset ofthe methQd analytes at known
concentrations. The QCS is obtained from a source external to the laboratory or is prepared from a
source of standards different from the source of calibration standards. It is used to check laboratory
perfonnance with test materials prepared external to the nonnal preparation process.

18.32 Reagent Water-Water demonstrated to be free from the method analytes and potentially interfering
substances at the MDL for that metal in the method.

18.33 Should-This action, activity, or procedural step is suggested but not required.

18.34 Stock Standard Solution-A solution containing one or more method analytes that is prepared using
a reference material traceable to EPA, the National Institute of Science and Technology (NIST), or
a source that will attest to the purity and authenticity ofthe reference material.

18.35 Total Recoverable Analyte-The concentration of analyte determined by analysis of the solution
extract ofanunfilteredaqueous sample following digestion byrefluxing with hotdilute mineral acid(s)
as specified in the method (Section 12.2).

18.36 Tuning Solution-A solution which is used to determine acceptable instrument perfonnance before
calibration and sample analyses (Section 7.7).
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TABLE 1. UST OF ANALYTES AMENABLE TO ANALYSIS USING METHOD 1638:
LOWEST WATER QUAUTY CRITERION FOR EACH METAL SPECIES,

. METHOD DETECTION UMITS, MINIMUM LEVELS, AND
RECO:MMENDED ANALYTICAL M/Z's

Method Detection Limit

Lowest Ambient (MDL) and Minimum

Water Quality Level (ML); J.1g/L

Criteriop (J.1g/L) Recommended
Metal MDL z . MV Analytical m/z·

Antimony 14 0.0097 0.02 123

Cadmium 0.37 0.025 0.1 111

Copper 2.4 0.087 0.2 63

Lead 0.54 0.015 0.05 206,207,208

Nickel 8.2 0.33 1 60

Selenium 5 0.45 1 82

Silver 0.32 0.029 0.1 107

Thallium 1.7 0.0079 0.02 205

0.14 0.5 66
..

Zinc 32

1Lowest of the freshwater, marine, or human health WQC promulgated by EPA for
14 states at 40 CFR Part 131 (57 FR 60848), with hardness-dependent freshwater aquatic
life criteria adjusted in accordance with 57 FR 60848 to reflect the worst case hardness
of 25 mg/L CaC03 and all aquatic life criteria adjusted in accordance with the 10/1/93
Office ofWater guidance to reflect dissolved metals criteria.
2 Method Detection Limit as determined by 40 CPR Part 136, Appendix B.
3 Minimum Level (ML) calculated by multiplying laboratory-determined :MDL by 3.18
and rounding result to nearest multiple of 1,2,5, 10, etc. in accordance with
procedures used by EAD and described in EPA DraftNational Guidancefor the Permitting,
Monitoring, and E1iforcement ofWaterQualifY-Bared Effluent Limitations Set Below AnalYticalDetection/Quantitation
LeveLr, March 22, 1994.
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TABLE 2. QUALITY CONTROL ACCEPTANCE CRITERIA FOR PERFORMANCE
TESTS IN EPA METHOD 16381

Initial Precision
and Recovery Ongoing Precision
(Section 9.2) Calibration and Spike

Verification . Recovery (Section Recovery
Metal s X (Section 10.5) 9.7) (Section 9.3)

Antimony 20 81-120 90-111 79-122 79-122

Cadmium 13 85-112 91-105 84-113 84-113

Copper 43 55-141 76-120 51-145 51-145

Lead 30 75-140 91-120 72-143 72-143

Nickel 30 71-131 86-116 68-134 68-134

Selenium 41 63-145 69-127 59-149 59-149

Silver 19 82-120 81-107 74-119 74-119

Thallium 30 66-134 82-118 64-137 64-137

Zinc 43 55-142 76-121 46-146 46-146

tAll specification expressed as percent.
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(-) TABLE 3. COMMON MOLECULAR ION INTERFERENCES IN ICP-MS

BACKGROUND MOLECULAR IONS

Molecular Ion rnIz Element Interference

NW 15
OW 17
OH2+ 18
C

2
+ 24

CW 26
CO+ 28
N

2
+ 28

N2W 29

NO+ 30

NOW 31

0/ 32

°2W 33
36ArH" 37
38ArH" 39 .~ 7'

4OArH" 41

(J CO2+ 44

C02H" 45 Sc

ArC+,ArO+ 52 Cr

ArW 54 Cr

ArNIr" 55 Mn

ArO+ 56

ArOH" 57
4OAr36Ar+ 76 Se

4OAr38Ar+ , 78 Se

4OAr/ 80 Se

"Elements or internal standards affected by the molecular ions.
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TABLE 3. COMMON MOLECULAR ION INTERFERENCES IN ICP-MS (Continued)

MATRIX MOLECULAR IONS

BROMIDE (Reference 24)
Molecular Ion m1z Element Interference

81BrW 82 Se
79BrO+ 95 Mo
81BrO+ 97 Mo
81 BrOW 98 Mo

At1Br+ 121 Sb

CHLORIDE
Molecular Ion m1z Element Interference

3sCIO+ 51 V
3sCIOW 52 Cr
37CIO+ 53 Cr
37CI0W 54 Cr

MSct 75 As
M7Cl+ 77 Se

SULFATE
Molecular Ion m1z Element Interference

32S0+ 48
32S0W 49
34S0+ 50 V,Cr
34S0W 51 V
S02+' S2+ 64 Zn

M2s+ 72
M4s+ 74

PHOSPHATE
Molecular Ion m1z Element Interference

PO+ 47
POW 48
P02+ 63 Cu

ArP+ 71
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(-) TABLE 3. COMMON MOLECULAR ION INTERFERENCES IN ICP-MS (Continued) ,

GROUP I, IT :METALS
Molecular Ion mJz Element Interference

MATRIX OXIDES·
Molecular Ion

TiO
zrO
MoO

63
79
80

mJz

62-66
106-112
108-116

,Cu

Element Interference

Ni,Cu,Zn
Ag,Cd
Cd

()
"..~

*Oxide interferences will normally be very small and will only impact the method
elements when present at relatively high concentrations. Some examples of matrix
oxides of which the analyst should be aware are listed.

TABLE 4. INTERNAL STANDARDS AND U:MITATIONS OF USE

Possible Limitation

a

polyatomic ion interference

a,b

isobaric interference by Sn

a

aMay be present in environmental samples.
bIn some instruments, yttrium may form measurable amounts ofYO+ (105 amu) and
YOH+ (106 amu). If this is the case, care should be taken in the use of the cadmium
elemental correction equation.

NOTE: Internal standardr recommendedfor use with this method are shown in boldftce. PrejJf!!tltif!1!P1Vfetlu_resjrJr th(Js~a,.~
incluaefJ in Seciion 7.3: . -'- -- -- - "- .
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Method 1638

TABLE 5. RECOMMENDED ISOTOPES AND ADDITIONAL MjZ'S THAT MUST
BE MONITORED

Isotope Element of Interest

27 Aluminum

121,123 Antimony

75 Arsenic

135,137 Barium

.2 Beryllium

106,108,111,114 Cadmium

,&53 Chromium

59 Cobalt

~65 Copper

206,207,208 Lead

55 Manganese

95,97,98 Molybdenum

§Q,62 Nickel

77,82 Selenium

107,109 Silver

203,205 Thallium

232 Thorium

238 Uranium

51 Vanadium

66,67,68 Zinc

83 Krypton

99 Ruthenium

105 Palladium.

118 Tin

N GTE: Isotopes recommendedfor analYtical determination are underlined.
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Method 1638

:i/~)· ..
\, ..' TABLE 6. RECOMMENDED ELEMENTAL EQUATIONS FOR DATA CALCULATIONS

Element Elemental Equation Note

Sb (I.OOO)(123C)

Cd (1.000)(1l1C)_(I.073)[e08C)-(O.712)eo6C)] (1)

Cu (1.000)(63C)

Pb (I.OOO)czo6C)+(I.OOO)czo7C)+(I.OOO)czo8C) (2)

Ni (1.000)(60C)

Se (I.OOO)(82C) (3)

Ag (l.OOO)(107C)

TI (l.OOO)CZosC)

Zn (l.OOO)(66C)

INTERNAL STANDARDS

Element Elemental Equation Note

Bi (1.000)CZ09C)

In (1.000)(1ISC)_(O.O16)e18C) (4)

Sc (l.OOO)(4SC)

I~~ Tb (l.OOO)etS9C)

Y (l.OOO)(89C)

C = Counts at specified m/z.
(I) Correction for MoO interference. M/z 106 must be from Cd only, not ZrO+. An
additional correction should be made ifpalladium is present.
(2) Allowance for variability of lead isotopes.
(3) Some argon supplies contain krypton as an impurity. Selenium is corrected for 82Kr by
background subtraction.
(4) Correction for tin.

January 1996 43



Method 1638

TABLE 7. RECOMMENDED INSTRUMENT OPERATING CONDITION

Instrument

Plasma forward power

Coolant flow rate

Auxiliary flow rate

Nebulizer flow rate

Solution uptake rate

Spray chamber temperature

Data Acquisition

Detector mode

Replicate integrations

Mass range

Dwell time

Number ofMCA channels

Number of scan sweeps

Total acquisition time

44

VG PlasmaQuad Type I

1.35 kW

13.5 L/min

0.6 L/min

0.78 L/min

0.6mL/min

150C

Pulse counting

3

8-240 amu

320 !J.s

2048

85

3 minutes per sample

January 1996
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. Appendix E2-5
Comparison of Monthly Flow Duration Curves between the Project and the Natural Flow

Conditions

North Fork Feather River at Pulga
Monthly Flow-Duration, Jan•• March
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Appendix E2-5
(continued)

North Fork Feather River at Pulga
Monthly Flow-Duration, April - June
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Appendix E2-5
(continued)

North Fork Feather River at Pulga
Monthly Flow-Duration, July. Sep.
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Appendix E2-5
(continued)

North Fork Feather River at Pulga
Monthly Flow-Duration, Oct. - Dec.
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1.0

CHARACTERIZATION OF EROSION
AT BARDEE'S BAR TUNNEL SPOIL PILE

North Fork Feather River
Butte County, Califorriia

INTRODUCTION

C)

This report,summarizes the results of our study of erosion features at the Bardee's Bar Tunnel

Spoil Pile. Erosion'features in this area are being studied as part of the Poe Project (FERC

2107) re-licensing effort. Specifically, this work encompasses Study 29 - Bardee's Bar Tunnel

Spoil Pile Remediation Study. The Bardee's Bar Tunnel Spoil is located along the North Fork

Feather River above Lake Oroville in Butte County, California (Figure 1).

The purpose ofthis study is to assess the erosion potential and feasibility ofremedial measures

for erosion features at the spoil pile located at the Poe Tunnel Adit No.1, across the North Fork

Feather River from Bardee's Bar (Figure 1). The study was conducted using existing'data and

by performing reconnaissance field investigations of the spoil pile. Geomatrix performed the

following tasks: (a) review ofpublished geologic reports ofHietanen (1973, 1977); (b) review

ofExhibit K-2 and Engineering Drawings 416736 (Change 2) and 416737 (Change 4) made

available by Pacific Gas and Electric Company; (c) review ofaerial photographs (CXW 18-103

and 104, and 4-75 taken on October 13, 1941; F16-PL01-06007-0172-68 to 70 taken on ,May

29, 1972; USDA-F-16-615110-787-60 to 64 taken oli July 12, 1987; and USDA-FS-16

615110-297-181 to 186 taken on August 11, 1997) on file at the offices ofthe Plumas National -,

Forest in oroville, California; 'cd) field reconnaissance mapping of the Tunnel Spoil Pile using

a 1:4,80o-scale orthophoto and topographic base map provided by Pacific Gas and Electric

Company; (e) evaluation of the findings and identifying conceptual level measures for repairing

erosion features; and (f) preparation of this report.

The conclusions and recommendations presented in this report are based upon the data

reviewed ana teC6rfnalssancemappmg bfavailablesunace outcrops.'Ne·suosuffac'e

exploration and laboratory,testing were performed as part of this evaluation.

This work was completed under the direction ofKen Leung (Engineer at Pacific Gas and

Electric CompanYTaIJ.d'liaiZMak:disl (Engll1eeraiGeomatrnd:onsufiantsj.todd Crampton

and John,Wesling ~ngineermg Geplogists at GeoIIlatrix Consultants),conducted field studies

on 11 to 13 October 2000. An additional field visit was made on 5 December 2000 by Ken

I:\Projeet\6000s\677716777.000 Poe Power System\Spoil Pile Report\Final Rqion Spoilpile.dOC 1



Leung, Tom Carrier (pacific Gas and Electric Company), and John yv:esling. James Ott and

Jerry Gott (U.S. Department ofAgriculture National Forest Service) provided access to aerial

photographs at Forest Service offices in Oroville, California.

2.0 GEOLOGY AND EROSION FEATURES

The purpose of this study is to assess the erosion potential and feasibility ofremedial measures

for the spoil pile located at the Poe Tunnel Adit No.1 across the North Fork Feather River from

Bardee's Bar (Figures 1 and 2). The spoil pile was placed along the approximately 800-foot

long outside part ofa meander bend; water flow is from north to south along this part of the

river (Figures 2 and 3). The top of the spoil pile is about 100 to 150 feet above the river level,

and the slope face of the pile slopes steeply (i.e., about 30° to 40°) down to the river leveL The

upper surface of the spoil pile has been graded, and a shallow, unlined drainage ditch parallels

the slope face along the outer edge in the central part of the spoil pile (Figures 2 and 3). This

drainage appears to direct runoff from the top ofthe spoil pile onto the slope face of the pile.

The northern part of the toe ofthe spoil pile is located approximately 150 feet from the edge of

the low flow channel of the river, and the horizontal distance between the river channel and

spoil pile decreases to about 20 to 30 feet in the middle and southern parts of the spoil pile.

The toe of the spoil pile was locally coated with gunite (Figure 2) that evidently was placed in

1997 by the Union Pacific Railroad (Ken Leung, pers. comm., 2000). The extent of the 1997

gunite application is not lmown. High water marks (trim lines and scour features) from the river

were evident on the toe of the spoil pile.

Availab~e gully exposures indicate that the spoil pile consists ofwell-graded angular gravel to

boulders with sand., and well-graded sand with angular gravel and boulders. Comparison ofpre

spoil pile topography with existing topography (U.S. Geological Survey 7.5 Minute Digital

Elevation Model) indicates that there are 500,000 to 600,000 cubic yards of tunnel muck

contained within the spoil pile. Bedrock underlying the spoil pile and surrounding site area

consi$ts ofJurassic serpentine and ultramafic rocks (Hietanen, 1973).

Erosion gullies occur on the slope face of the spoil pile, and the toe of the spoil pile is slightly

eroded where the river impinges against it (Figures 2 and 3). Gullies are evident on the slope

face of the spoil pile on the 1972 through 1997 aerial photographs; however, the scale of the

photographs is too small to meaningfully evaluate changes in gully number and size over time.

Larger gullies are concentrated along the northern part ofthe slope face and at the northernmost

I:\Projeet\6000s\6777\6m.OOO Poe Power System\Spoil Pile ReportIFiDaI Report Spoilpile.doc 2



()
, .. .' margin of the spoil pile where surface drainage is directed from the top of the pile. Larger

debris fans are deposited at the base of the spoil pile below these gullies.

Smaller gullies shown on Figures 2 and 3 occur on the middle and southern part of the spoil

pile slope face. No surface runoff appears to be concentrated onto the slope face frqm the top

ofthe spoil pile above these gullies. Instead, they appear to have formed directly through runoff

generated from rainfall, from seeps of shallow groundwater (i.e.; rainwater introduced along

unlined drainage ditch, surface ofpile, and/or along back edge ofspoil pile), and/or from

sloughing ofloose materials comprising the slope face of the spoil pile. An alternate

explanation may be that these gullies were formed from runoff from the top of the spoil pile

prior to regrading and establishment of the ditch in 1997.

o

The spoil pile toe has been slightly eroded by the river along the middle and 'southern part of

the spoil pile (Figure 2). Gunite placed along the toe of the sPoil pile, presumably to protect it

from erosion, has been partially eroded by the river at the location where'the river directly

impinges against the spoil pile. ,This erosion has resulted in small sediment input to the river, '

and has left a small,steep cut face near the bottom ofthe spoil pile.

3.0 SUMMARY AND RECOM:MENDATIONS

The primary erosion features evident on the spoil pile are gullies that have fonned on the slope

face of the pile, and a small steep cutbank at the toe of the pile along the North Fork Feather

River' (Figure 2).. Larger gullies on the slope face ofthe spoil pile appear to be caused by

concentrated surface runoff from ditches along the top of the pile, whereas, smaller gullies

appear to be the result ofdirect rainfall and runoff and sloughing ofweak surface materials~

The toe ofthe spoil pile is slightly undercut by high flows along the river. No evidence of

large-scale, deep-seated sliding of the spoil pile was observed in the field and on aerial

photographs.

The spoil pile is stable and has experienced minor to moderate gradual erosion along the slope

face and along the toe. Given the presentc6nditioD.s orillie sp6ilpile and its positioridiiectly

adjacent to the river, it is our judgement that the pile is susceptible to future erosion where the

river impinges along its toe and where surface runoff is directed onto the slope face without

adeguate erosion protection. We anticipate that the amount of erosion will be relatively small
--_.,,---- .. _-~ --- .. -._-'.----,-_.... _- .------- .. __ .'._--- -- .'_.. _-- _. - ... ---'- -- --'.- ._-- .-- .. -..'--- ---

during water years having "average" size storms. There is no immediate significant erosion or

stability concern at the spoil pile. However, the spoil pile may be susceptible to more severe

erosion during intense winter stonns such as those that occurred during 1997. We recommend

I:lProjca\6000s\6777\6777.000 Poe Power System\Spoil Pile Ri:port\FmaI Repon5PoiIPile..doC ,. 3



that Pacific Gas and Electric Company consider the following long-te:rm strategy to improve

erosion protection of the spoil pile.

Strategies for erosion mitigation of the pile should consider surface water runoff and protection

of the toe from high ~ows along the river. Consideration should include the following:

• Modify surface drainage on top of spoil pile (e.g., line and extend ditch) and

effectively transition surface water offofthe pile (e.g., pipe with energy dissipater);

• Armor area oftoe that is susceptible to undercutting by the river.

• Monitor erosion: establish a baseline survey of existing conditions to monitor rate

and level oferosion after significant sto:rms.

4.0 REFERENCES CITED

Hietanen, Anna, 1973, Geology of the Pulga and Bucks Lake Quadrangles, Butte and Plumas
Counties, California: U.S. Geological Survey Pr()fessional Paper 731, scale 1:48,000.

Hietanen, Anna, 1977, Paleozoic-Mesozoic boundary in the Berry Creek quadrangle,
northwestern Sierra Nevada, California: U.S. Geological Survey Professional Paper
1027, scale 1:48,000.
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Poe Hydroelectric Project
FERC No. 2107

Water Quality Protection Plan

This plan summarizes the operating plans, practices, and procedures used by Licensee to
protect water quality as part of its operation of the Poe Project.

Reservoir Releases and Gate Operation

Poe Diversion Dam

Poe Diversion Dam has four large radial gates and two smaller radial gates. In addition, a
36 inch bypass pipe is installed on the Highway 70 side of the dam. The FERC has set
minimum instream flow release requirements for the protection on the aquatic resources
downstream ofthe dam. Instream flow releases would typically be made through the 36
inch pipe. However, current leakage through the radial gates is in excess of the minimum
instream flow relel:!Se requirement and the valves on the 36 inch bypass pipe are currently
closed. In the event flow in the NFFR exceeds the capability of the powerhouse
diversion (approximately 3,700 cfs), the small radial gate located on the highway 70 side
of the dam is opened to spill water. This gate will handle flows up to approximately 4000
cfs. Ifspill above this amount is required, one of the large flood gates is opened as
needed. During very high flood events (over 45,000 cfs) all radial gates are opened
completely, the intake to the tunnel closed and the powerhouse shut down to avoid
damage. As a result of this mode of operation, sediment and debris carried by these iarge
flows pass .through Poe Reservoir and are released through the gates. Some sediment and
debris may accumulate behind the gate between flood events, however, this volume is
minor. Sluicing operation of gates is not performed. FERC requires that each gate be
tested each year. This test involves the lifting of the gates a small distance, resulting in a
small release ofwater. This testing is typically performed during the spill season. Ifgate
maintenance is required, project specific measures to control any potential release of
sediments will be prepared. .

Big Bend Dam

Big BendDam is a static structure with no gates or other operating mechanisms. All
flows in the NFFR flow over the top of the dam. The structure is constructed entirely of
concrete, is stable and has no erosion or other concerns that could impact water quality.

Operation. and Powerhouse Releases

Turbine Discharge

Except for small cooling water flows (discussed below), flow diverted at the Poe
Diversion Damflows thr()u,gh the,turb~e~ a.n~)s re!eased into a short tailrace channel
before returning to the NFFR. The tunnel and penstock leading to the powerhouse are



underground. At certain times of the year the underground temperature is likely lower
than the temperature ofthe water. However, due to the large volume ofwater passing
through the tunnel it is unlikely that any significant cooling occurs or that the character of
the water is changed in any other way. The tailrace channel is stable and not subject to
erosion concerns.

Powerhouse Bearing Cooling Discharge

Turbine and Generator Bearings contain lubricating oil which is cooled using water taken
from the penstock and run through cooling coils placed in an oil reservoir. A total flow
of approximately 100 gpm (for each unit) is used for oil cooling purposes. The volumes
ofoil in any single lubricating oil system is approximately 260 gallons. The cooling
water is discharged into the tailrace channel. The pressure in the cooling water system is
higher than that in the lubricating oil system. Although a leak in the cooling coils
typically results in water entering the oil reservoir (ratheT'than oil being released to the
water), some minor releases of oil have recently occurred from cooling water systems at
PG&E Powerhouses in Northern California. As a result, PG&E is studying ways to make
these systems more fail-safe and will implement changes as determined appropriate.

Generator Cooling

Water for generator cooling purposes is taken from the penstock upstream of the turbine,
run through generator air cooler and then discharged to the tailrace. This water system is
enclosed at all times and the maximum flow rate is 900 gpm (for each unit). This process
increases the temperature of the cooling water. However, the volume ofwater involved
is very small (1800 gpm maximum for both units) relative the flow through the turbines
(3700 cfs or 2,390 million gpm) and this heating has no detectable impact on water
released from the tailrace.

TRANSFORMER COOLING

Water for cooling the main transformer for each unit is also taken from the penstock
upstream ofthe turbine. This cooling system has a total rated capacity of 170 gpm for
each transformer. However, actual usage is currently considerably less. The water is run
through heat exchangers on each transformer and then discharged into the tailrace. The
heat exchangers are equipped with double wall design as a protection against leaks.

Sump Systems

Floor drains within the powerhouse drain to a large sump, which is pumped to the
tailrace. The sump contains an electronic probe capable of sensing the presence of oil
which will maintain approximately 1 ~ feet ofwater over the pump intake at all times.
Any petroleum spill made within the powerhouse that reaches the sump would be
contained in the sump until it is cleaned-up.



o

Powerhouse and Switchyard run-off

The outdoor areas of the Poe Powerhouse and Switchyard generally drain to a catch basin
that eventually flows to the NFFR. The catch basin is benned and drain pipes from the
catch basin to the river contain valves that are kept nonnally closed. Run-off is released
by manually opening the valve after visual inspection to ensure that no water quality
concerns exist.

SPCCPlan

PG&E maintains an SPCC Plan for the Poe Powerhouse and Switchyard. This plan
contains detailed infonnation on the facility features and PG&E practices and procedure
to prevent spills and respond to spill incidents. A Hazardous Material Release Response
Plan is also prepared for Poe Powerhouse and filed with Butte County.

Sanitary Waste System

Waste from the restroom at the powerhouse is collected in the toilet sump and pumped to
a septic tank.

Water Temperature Concerns

The operation ofLicensees hydroelectric developments on the NFFR have altered flow
patterns from historic conditions. While Licensee believes that any resulting changes in
water quality are minor and beneficial uses provided for under the Basin Plan are"not
adversely impacted, Licensee has an extension program to study, enhance and protect the
cold water resource of the NFFR.· This effort includes commitments to a temperature
control structure at the Prattville Intake at Lake Almanor made under a Settlement
Agreement under Project No. 1962 and continuing study efforts associated with several
other projects. The Poe Project reservoirs are relatively small in volume compared to the
nonnal flow levels and heating in the reservoirs is very minor. Impacts associated with
the minimum instream flow releasesJevel below Poe Diversion Dam are being studied as
part of the relicensing of the Poe Project and will be mitigated as determined by
conditions of the new license.

Best Management Practices

The Licensee has an established best management practices in the fonn of guidelines to
ensure that environmental and regulatory requirements, including agency notifications
aiidcollsultations,are c-orisistellfl~-riietdunngconstruction, Illalntenanceandoperatlon
activities.
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Appendix ~-1. Poe Snorkeling Fish Survey- Octo'

OCT 19~2 HH HH HH HH ALL All Sizes PM PM PM PM ALL All Sizes

Month YEAR REACH TYPE LENGTH yay JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft
OCT 1992 1 RUN 61 a a a 0 a 0.0 0 0 a 0 a 0.0
OCT 1992 1 LGR 318 a a 0 a a 0.0 0 a a 0 0 0.0
OCT 1992 1 LSP-BO 89 a 0 a ·0 a 0.0 a 0 11 11 11 12.4
OCT 1992 1 LSP-BO 217 a a 3 3 3 1.4 a a 18 18 18 8.3
OCT ·1992 1 LGR 57 a a a a a 0.0 a a 0 a a 0.0
OCT 1992 1 RUN 43 0 a a a a 0.0 a a a a a 0.0
OCT 1992 1 POOL-MC 161 a a 0 0 a 0.0 a a 1 1 1 0.6
OCT 1992 1

,
RUN 27 a a a a 0 0.0 a 0 0 0 a 0.0

, ! 973 a 0 3 3 3 0.3 0 a 30 30 30 3.1

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100ft /100 ft /100 ft /100 ft yay
1992 1 POOLS 467 0.0 0.0 0.6 0.6 0.6 0.0 0.0 0.0 6.4 6.4 6.4 0.0
1992 1 RUNS 131 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
1992 1 I RIFFLES 375 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 3.1

! i

REACH I

OCT 1992 2 POOL-LSB 680 a a a a a 0.0 a a 5 5 5 0.7
OCT 1992 2 POW 106 a a a a a 0.0 a a a a a 0.0
OCT 1992 2 ! RUN 54 a a 0 a a 0.0 a 0 a a a 0.0
OCT 1992 2 i POOL-MC 756 a a a 0 0 0.0 a 1 24 25 25 3.3
OCT 1992 , 2

,
RUN 70 0 0 0 0 0 0.0 0 0 0 0 0 0.0

OCT 1992 2 LGR 21 0 0 a 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 2 GLIDE 80 a ·0 a a a 0.0 a 0 0 0 a 0.0
OCT 1992 . 2 POOL-LSB/MC 328 a a a a a 0.0 a a 4 4 4 1.2

! 2095 a a a a a 0.0 0 1 33 34 34 1.6

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
1992 2 POOLS 1764 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.9 1.9 1.9 0.0
1992 2 POW 106 0.0 0.0 0.0 0.0 0.0 A&J 0.0 a a 0.0 a A&J
1992 2 RUNS/GLIDES 204 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a a 0.0 0 1.6
1992 i 2 I RIFFLES 21 0.0 0.0 0.0 0.0 0.0 0.0 a a 0.0 a,

i

!

: I



Appendix 3-1. Poe Snorkeling Fish Survey - Octol 1992, July 1999, October 1999, and June 2000

HH HH HH HH ALL PM PM PM PM .ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

OCT 1992 3 RUN 24 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL-LSB 124 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POW 33 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL-PLUNGE 45 0 0 0 0 0 0.0 0 1 0 1 1 2.2
OCT 1992 3 RUN 40 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL 50 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POW 100 0 0 0 0 0 0.0 0 0 0 0 0 0.0

416 0 0 0 0 0 0.0 0 1 0 1 1 0.2

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1992 3 POOLS 219 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.5 0.0
1992 3 RUNS 64 0.0 0.0 0.0 0.0 0.0 A&J 0.0 .0.0 0.0 0.0 0.0 A&J
1992 3 POW 133 0.0 0.0 (f.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

OCT 1992 4 POOL-LSB 102 0 0 0 0 0 0.0 0 0 1 1 1 1.0
OCT 1992 4 RUN 20 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 RUN 73 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POW 289 0 0 0 0 0 0.0 0 0 0 0 0 . 0.0
OCT 1992 4 POOL-LSB 78 0 0 0 0 0 0.0 45 0 0 0 45 57.7
OCT 1992 4 LGR 80 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 RUN 109 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POOL-MC 59 0 0 0 0 0 0.0 10 0 0 0 10 16.9
OCT 1992 4 POW 147 0 0 0 0 0 0.0 0 0 0 0 0 0.0

957 0 0 0 0 0 0.0 55 0 1 1 56 5.9

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1992 4 POOLS 239 0.0 0.0 0.0 0.0 0.0 0.0 23.0 0.0 0.4 0.4 23.4 5.7
1992 4 RUNS 202 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
1992 4 POW 436 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1992 4 RIFFLES 80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

.
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JULY 1999 HH HH HH HH ALL PM PM PM PM ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

JULY . 1999 1 RUN 165 a a a a a 0.0 5 a a a 5 3.0
JULY 1999 1 POOL 119 a a a a a 0.0 a a a a a 0.0
JULY 1999 1 : RIFFLE 58 a a a a a 0.0 a a a a a 0.0
JULY 1999 1 POOL 127 a a 3 3 3 2.4 a a 4 4 4 3.1
JULY 1999 : 1 RIFFLE 80 a a a a a 0.0 a a a a a 0.0
JULY 1999 1 RUN 97 a a a a a 0.0 a a 1 1 1 1.0
JULY 1999 1 RUN 120 a a a a a 0.0 5 a a a 5 4.2
JULY 1999 1 POOL 258 a a 4 4 4 1.6 a a 20 20 20 7.8

1024 a a 7 7 7 0.7 10 a 25 25 35 3.4

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1999 1 POOLS 504 0.0 0.0 1.4 1.4 1.4 0.0 0.0 0.0 4.8 4.8 4.8 1.0
1999 1 , RUNS 382 '0.0 0.0 0.0 0.0 0.0 A&J 2.6 0.0 0.3 0.3 2.9 A&J
1999 1 I RIFFLES 138 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 2.4

I

i REACH
JULY 1999 2 POOL 239 a 0 4 4 4 1.7 1 0 5 5 6 2.5
JULY 1999 2 1 POW 60 a 0 a 0 0 0.0 0 a 2 2 .2 3.3
JULY 1999 2 RUN 87 a 0 -2 2 2 2.3 0 0 3 3 3 3.4
JULY 1999 ' 2 RUN 85 a 0 a 0 a 0.0 0 a a a a 0.0
JULY 1999

,

2 POOL 53 0 0 0 0 a 0.0 0 0 0 a a 0.0
JULY 1999 2 RIFFLE 52 a a a 0 0 0.0 0 0 0 0 0 0.0
JULY 1999 2 " RUN 36 0 .0 0 0 0 0.0 0 0 0 a 0 0.0
JULY 1999 2 POOL 172 0 0 4 4 4 2.3 a a 6 6 6 3.5

784 a 0 10 10 10 1.3 1 a 16 16 17 2.2

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1999 2 POOLS 464 0.0 0.0 1.7 1.7 1.7 0.0 0.2 0.0 2.4 2.4 2.6 0.1
1999 2 RUNS 208 0.0 0.0 1.0 1.0 1.0 A&J 0.0 0.0 1.4 1.4 1.4 A&J
1999 2 POW 60 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 3.3 3.3 3.3 2.0
1999 2 1 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

I

--- --~-----._-----

1992, July 1999, October 1999, and June 2000
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo' 1992, July 1999, October 1999, and June 2000

HH HH HH HH ALL PM PM PM PM ALL
MONTH YEAR REACH TYPE LENGTH yay ~ JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft

JULY 1999 3 POOL 49 0 0 1 1 1 2.0 0 3 1 4 4 8.2
JULY 1999 3 RUN 59 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JULY 1999 3 RUN 29 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JULY 1999 3 POOL 74 0 1 0 1 1 1.4 0 0 1 1 1 1.4
JULY 1999 3 POW 87 0 0 0 0 0 0.0 0 0 3 3 3 3.4
JULY 1999 3 POOL 116 0 0 1 1 1 0.9 0 0 1 1 1 0.9
JULY 1999 3 POW 86 0 0 0 0 0 0.0 0 0 1 1 1 1.2

500 0 1 2 3 3 0.6 00 3 7 10 10 2.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100ft /100 ft /100 ft /100 ft /100 ft yay
1999 3 POOLS 239 0.0 0.4 0.8 1.3 1.3 0.0 0.0 1.3 1.3 2.5 2.5 0.0
1999 3 RUNS 88 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
1999 3 POW 173 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 2.3 2.3 2.3 2.0

.
REACH

JULY 1999 4 POOL 253 0 0 1 1 1 0.4 2 0 13 13 15 5.9
JULY 1999 4 RUN 87 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JULY 1999 4 POW 54 0 0 2 2 2 3.7 1 0 0 0 1 1.9
JULY 1999 4 POOL 56 2 3 4 7 9 16.1 0 0 0 a 0 0.0
JULY 1999 4 RUN 74 0 6 0 6 6 8.1 0 a 0 0 0 0.0
JULY 1999 4 POW 100 0 0 0 0 0 0.0 0 0 7 7 7 7.0
JULY 1999 4 POOL 82 a a a a 0 0.0 a a 3 3 3 3.7
JULY 1999 4 RUN 80 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JULY 1999 4 RIFFLE 62 0 0 0 0 0 0.0 0 8 a 8 8 12.9

848 2 9 7 16 18 2.1 3 8 23 31 34 4.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100ft /100 ft /100 ft /100 ft /100 ft yay
1999 4 POOLS 391 0.5 0.8 1.3 2.0 2.6 0.2 0.5 0.0 4.1 4.1 4.6 0.4
1999 4 RUNS 241 0.0 2.5 0.0 2.5 2,5 A&J 0.0 0.0 0.0 0.0 0.0 A&J
1999 4 POW 154 0.0 0.0 1.3 1.3 1.3 1.9 0.6 0.0 4.5 4.5 5.2 3.7
1999 4 RIFFLES 62 0.0 0.0 0.0 0.0 0.0 0.0 12.9 0.0 12.9 12.9
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OCT 1999 HH HH HH HH ALL PM PM PM PM ALL
MONTH YEAR REACH , TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

OCT 1999 1 RUN 177 23 0 0 0 23 13.0 0 0 0 0 0 0.0
OCT 1999 1 , POOL 127 17 0 0 0 17 13.4 0 8 4 12 12 9.4
OCT 1999 1 , RIFFLE 43 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1 POOL 158 7 0 0 0 7 4.4 0 100 6 106 ·106 67.1
OCT 1999 1 RIFFLE 68 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1

,
RUN 132 0 0 0 0 0 0.0 18 0 0 0 18 13.6

OCT 1999 1 , RUN 135 0 0 0 0 0 0.0 0 0 3 3 3 2.2
OCT 1999 I 1 POOL 282 3 0 3 3 6 2.1 2 0 4 4 6 2.1

: I 1122 50 0 3 3 53 4.7 20 108 17 125 145 12.9

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1999 1 POOLS 567 4.8 0.0 0.5 0.5 5.3 4.5 0.4 19.0 2.5 21.5 21.9 1.8
1999 1 RUNS 444 5.2 0.0 0.0 0.0 5.2 A&J 4.1 0.0 0.7 0.7 4.7 A&J
1999 1 RIFFLES 111 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 ·0.0 0.0 11.1

I ,

I REACH
•

OCT 1999 . 2 , POOL 298 0 0 0 0 0 0.0 0 0 2 2 2 0.7
OCT 1999 2 POW 61 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 RUN 91 0 0 0 0 0 0.0 0 0 1 1 1 1.1
OCT 1999 2 . RUN 85 0 0 0 0 0 0.0 0 0 0 0 a 0.0
OCT 1999 - 2 POOL 60 0 a a a a 0.0 1 a a a 1 1.7
OCT 1999 2 RIFFLE 52 a a a a a 0.0 a a a a a 0.0
OCT 1999 2 , RUN 36 a a a a a 0.0 a a a a a 0.0
OCT 1999 2 POOL 172 0 a 1 1 1 0.6 a a 1 1 1 0.6

: I 855 0 a 1 1 1 0.1 1 a 4 4 5 0.6
I

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1999 2 POOLS 530 0.0 0.0 0.2 0.2 0.2 0.0 0.2 0.0 0.6 0.6 0.8 0.1
1999 2 RUNS 212 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.5 0.5 0.5 A&J
1999 2 POW 61 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.5
1999 2 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

,

1 I
I

o
Appendix 3-1. Poe Snorkeling Fish Survey - Octol 1992, July 1999, October 1999, and June 2000
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Appendix.3-1. Poe Snorkeling Fish Survey - Octo: 1992, July 1999, October 1999, and June 2000

HH HH HH HH ALL PM PM PM PM ALL
MONTH YEAR REACH TYPE LENGTH yay JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft

OCT 1999 3 POOL 58 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 RUN 60 0 0 0 0 a 0.0 0 0 a a 0 0.0
OCT 1999 3 RUN 29 0 0 0 0 a 0.0 a 0 0 0 0 0.0
OCT 1999 3 POOL 76 0 0 0 0 a 0.0 0 0 0 0 0 0.0
OCT 1999 3 POW 57 0 0 0 0 0 0.0 a 0 0 0 0 0.0
OCT 1999 3 POOL 116 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 POW 108 0 0 0 0 0 0.0 0 0 0 0 0 0.0

504 0 0 0 0 a 0.0 a 0 0 0 0 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft yay
1999 3 POOLS 250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1999 3 RUNS 89 0.0 0.0 0.0 0.0 0.0 A&J 0;0 0.0 0.0 0.0 0.0 A&J
1999 3 POW 165 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

REACH
OCT 1999 4 POOL 269 0 0 0 a a 0.0 a a a 0 0 0.0
OCT 1999 4 RUN 81 a 0 0 a a 0.0 4 0 a a 4 4.9
OCT 1999 4 POW 64 0 0 a 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 POOL 55 0 0 0 a a 0.0 0 0 0 0 0 0.0
OCT 1999 4 RUN 70 a a 0 0 a 0.0 a 0 0 0 0 0.0
OCT. 1999 4 POW 103 0 0 0 0 0 0.0 .0 0 0 0 0 0.0
OCT 1999 4 POOL 82 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 RUN 103 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 RIFFLE 60 0 0 0 0 0 0.0 0 0 1 1 1 1.7

887 0 0 0 0 0 0.0 4 0 1 1 5 0.6
REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100ft /100 ft yay

1999 4 POOLS 406 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
1999 4 RUNS 254 0.0 0.0 0.0 0.0 0.0 A&J 1.6 0.0 0.0 0.0 1.6 A&J
1999 4 POW 167 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1999 4 RIFFLES 60 0.0 0.0 0.0 0.0 0.0 0;0 0.0 1.7 1.7 1.7
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Appendix 13-1. Poe Snorkeling Fish Survey - Octal 1992, July 1999, October 1999, and June 2000

o
--------- --~

(~)

JUNE 2000 HH HH HH HH ALL PM PM PM PM ALL
MONTH YEAR REACH TYPE LENGTH - YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J ,SIZES /100 ft

JUNE 2000 1 RUN 165 a a 1 ' 1 1 0.6 a 1 2 3 3 1.8
JUNE 2000 1

,
POOL 119 a 0 0 a a 0.0 a a 2 2 2 1.7

JUNE 2000 1 RIFFLE 58 a a a a a 0.0 a a a a a 0.0
JUNE 2000 1 POOL 215 a a a a a 0.0 a 1 a 1 1 0.5
JUNE 2000 1 RIFFLE 80 a a a a a 0.0 a a a a a 0.0
JUNE 2000 1 RUN 134 a a a a a 0.0 a a 2 2 2 1.5
JUNE 2000 1 RUN 120 a a a a a 0.0 a a a a a 0.0
JUNE 2000 1 , POOL 258 a a 1 1 1 0.4 a a 3 3 3 1.2

i 1149 a a 2 2 2 0.2 a 2 9 11 11 1.0
1

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 1 1 POOLS 592 0.0 0.0 0.2 0.2 0.2 0.0 0.0 0.2 0.8 1.0 1.0 0.0
JUNE '2000 1 _ RUNS 419 0.0 0.0 0.2 0.2 0.2 A&J 0.0 0.2 1.0 1.2 1.2 A&J
JUNE 2000 1 I RIFFLES 138 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 1.0

,
, REACH

,

JUNE 2000 2 , POOL 239 a a a a a 0.0 a 1 2 3 3 1.3
JUNE 2000 2 : POW - 60 a a a a a 0.0 a a 7 7 7 11.7
JUNE 2000 i 2 RUN 87 a a a a a 0.0 a a a a a 0.0
JUNE 2000 2 RUN 85 a a a a a 0.0 a a a a a 0.0
JUNE 2000 I 2 i POOL 53 a 0 0 0 0 0.0 0 0 2 2 2 3.8
JUNE 2000 2 RIFFLE 52 a a a a a 0.0 a 1 a 1 1 1.9
JUNE 2000 2 RUN 36 a a 1 1 1 '-2.8 a a a a a 0.0
JUNE 2000 i 2 i POOL 172 a a 1 1 1 0.6 a a 5 5 5 2.9

, 784 a a 2 2 2 0.3 a 2 16 18 18 2.3

REACH LENGTH /100 ft /100 ft /100 ft 1100 ft 1100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 2 POOLS 464 0.0 0.0 0.2 0.2 0.2 0.0 0.0 0.2 1.9 2.2 2.2 0.0
JUNE 2000 2 RUNS 208 0.0 0.0 0.5 0.5 0.5 A&J 0.0 0.0 0.0 0.0 0.0 A&J
JUNE 2000 2 POW 60 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 11.7 11.7 11.7 2.3
JUNE 2000 1 2 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 1.9 1.9

i ,
I

i
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo' 1992, July 1999, October 1999, and June 2000

HH HH HH HH ALL . PM PM PM PM ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES 1100 ft YOY JUV AD A&J SIZES /100 ft

JUNE 2000 3 POOL 49 a a 0 a 0 0.0 a 0 1 1 1 2.0
JUNE 2000 3 RUN 59 a a a a a 0.0 0 a 3 3 3 5.1
JUNE 2000 3 RUN 29 a a a a a 0.0 a a 1 1 1 3.4
JUNE 2000 3 POOL 74 0 0 a a 0 0.0 a 1 2 3 3 4.1
JUNE 2000 3 POW 87 0 0 0 0 0 0.0 a a a a a 0.0
JUNE 2000 3 POOL 116 a 0 a 0 0 0.0 a 0 a a a 0.0
JUNE 2000 3 POW 86 0 0 a a 0 0.0 0 3 a 3 3 3.5

500 0 a 0 0 a 0.0 0 4 7 11 11 2.2

REACH LENGTH 1100 ft 1100ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 3 POOLS 239 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.3 1.7 1.7 0.0
JUNE 2000 3 RUNS 88 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 4.5 4.5 4.5 A&J
JUNE 2000 3 POW 173 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 1.7 1.7 2.2

REACH
JUNE 2000 4 POOL 253 0 0 1 1 1 0.4 0 0 10 10 10 4.0
JUNE 2000 4 RUN 87 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JUNE 2000 4 POW 54 0 0 0 0 0 0.0 0 1 1 2 2 3.7
JUNE 2000 4 POOL 56 0 0 0 0 0 0.0 0 a a 0 a 0.0
JUNE 2000 4 RUN 74 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JUNE 2000 4 POW 100 0 0 1 1 1 1.0 0 2 3 5 5 5.0
JUNE 2000 4 POOL 82 0 0 0 a 0 0.0 0 0 6 6 6 7.3
JUNE 2000 4 RUN 80 a 0 0 a 0 0.0 0 a a 0 a 0.0
JUNE 2000 4 RIFFLE 62 a 0 0 0 0 0.0 0 2 2 4 4 6.5

848 0 0 2 2 2 0.2 0 5 22 27 27 3.2

REACH LENGTH /100 ft 1100 ft 1100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft 1100 ft /100 ft YOY
JUNE 2000 4 POOLS 391 0.0 0.0 0.3 0.3 0.3 0.0 0.0 0.0 4.1 4.1 4.1 0.0
JUNE 2000 4 RUNS 241 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
JUNE 2000 4 POW 154 0.0 0.0 0.6 0.6 0.6 0.2 0.0 1.9 2.6 4.5 4.5 3.2
JUNE 2000 4 RIFFLES 62 0.0 0.0 0.0 0.0 0.0 0.0 3.2 3.2 6.5 6.5
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SKR SKR SKR SKR ALL All Sizes RBT RBT RBT RBT ALL All Sizes

MONTH YEAR REACH TYPE LENGTH yay JUV AD A&J SIZES /100 ft YOY JUV .AD A&J SIZES /100 ft
OCT 1992 1 RUN 61 a a a a a 0.0 a - a 1 1 1 1.6
OCT 1992 1 LGR 318 a 0 a 0 0 0.0 0 a 1 1 1 0.3
OCT 19S2 1 LSP-BO 89 a a 3 3 3 3.4 a 0 0 a a 0.0
OCT 1992 1 lSP-BO 217 0 a 16 16 16 7.4 0 a 0 a a 0.0
OCT 1992 1 LGR 57 a a 0 0 a 0.0 a a 0 0 a 0.0
OCT 1992 1 RUN 43 0 a 0 a a 0.0 a 0 0 a a 0.0
OCT 1992 1 POOL-Me 161 a a 3 3 3 1.9 0 0 1 1 1 0.6
OCT 1992 1 RUN 27 a a 1 1 1 3.7 a 0 1 1 1 3.7

: 973 a a 23 23 23 2.4 0 a 4 4 4 0.4

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
1 POOLS 467 0.0 0.0 4.7 4.7 4.7 0.0 0.0 0.0 0.2 0.2 0.2 0.0
1 RUNS 131 0.0 0.0 0.8 0.8 0.8 A&J 0.0 0.0 1.5 1.5 1.5 A&J

, 1 RIFFLES 375 0.0 0.0 0.0 . 0.0 0.0 2.4 0.0 0.0 0.3 0.3 0.3 0.4
,

I

:
OCT 1992 2 POOL-LSB 680 a 0 8 8 8 1.2 a a a a a 0.0
OCT 1992 2 POW 106 a 0 10 10 10 . 9.4 a a 3 3 3 2.8
OCT 1992 2 RUN 54 a 0 20 20 20 37.0 0 a 2 2 2 3.7
OCT 1992 2 POOL-MC 756 a a 47 47 47 6.2 a a 1 1 1 0.1
OCT 1992 2 1 RUN 70 a 0 16 16 16 22.9 a 2 6 8 8 11.4
OCT 1992 2 LGR 21 0 a 1 1 1 4.8 0 a 1 1 1 4.8
OCT 1992 2 GLIDE 80 0 0 a 0 0 0.0 0 a a a 0 0.0
OCT 1992 2 POOL-LSB/MC 328 a 0 24 24 24 7.3 a .0 a a 0 0.0

, I 0 0 126 126 126 6.0 0 2 13 15 15 0.7

REACH LENGTH /100 ft /100ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
2 POOLS 1764 0.0 0.0 4.5 4.5 4.5 0.0 0.0 0.0 0.1 0.1 0.1 0.0
2 POW 106 0.0 0.0 9.4 9.4 9.4 A&J 0.0 0.0 2.8 2.8 2.8 A&J

I 2 RUNS/GLIDES 204 0.0 0.0 10.3 10.3 10.3 6.0 0.0 0.0 1.5 1.5 1.5 0.7
, i , 2 I RIFFLES ·21 0.0 0.0 4.8 4.8 4.8 0.0 0.0 4.8 4.8 4.8

.,

--------------------,
I

(Jo
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo 1992, July 1999, October 1999, and June 2000

SKR SKR SKR SKR ALL RBT RBT RBT RBT ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

OCT 1992 3 RUN 24 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL-LSB 124 0 0 17 17 17 13.7 0 0 1 1 1 0.8
OCT 1992 3 POW 33 0 0 0 0 0 0.0 0 0 1 1 1 3.0
OCT 1992 3 POOL-PLUNGE 45 0 0 2 2 2 4.4 0 0 1 1 1 2.2
OCT 1992 3 RUN 40 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL 50 0 0 0 0 0 0.0 0 0 1 1 1 2.0
OCT 1992 3 POW 100 0 0 5 5 5 5.0 0 5 3 8 8 8.0

0 0 24 24 24 5.8 0 5 7 12 12 2.9

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
3 POOLS 219 0.0 0.0 8.7 8.7 8.7 0.0 0.0 0.0 1.4 1.4 1.4 0.0
3 RUNS 64 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
3 POW 133 0.0 0.0 3.8 3.8 3.8 5.8 0.0 3.8 3.0 6.8 6.8 2.9

OCT 1992 4 POOL-LSB 102 0 0 5 5 5 4.9 0 0 0 0 0 0.0
OCT 1992 4 RUN 20 0 0 1 1 1 5.0 0 0 0 0 0 0.0
OCT 1992 4 RUN 73 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POW 289 0 0 5 5 5 1.7 0 4 6 10 10 3.5
OCT 1992 4 POOL-LSB 78 0 0 7 7 7 9.0 0 0 0 0 0 0.0
OCT 1992 4 LGR 80 0 0 1 1 1 1.3 0 2 1 3 3 3.8
OCT 1992 4 RUN 109 0 0 0 0 .0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POOL-MC 59 0 0 6 6 6 10.2 0 2 2 4 4 6.8
OCT 1992 4 POW 147 0 0 0 0 0 0.0 0 0 0 0 0 0.0

0 0 25 25 25 2.6 0 8 9 17 17 1.8

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100ft /100 ft /100 ft YOY
4 POOLS 239 0.0 0.0 7.5 7.5 7.5 0.0 0.0 0.8 0.8 1.7 1.7 0.0
4 RUNS 202 0.0 0.0 0.5 0.5 0.5 A&J 0.0 0.0 0.0 0.0 0.0 A&J
4 POW 436 0.0 0.0 1.1 1.1 1.1 2.6 0.0 0.9 1.4 2.3 2.3 1.8
4 RIFFLES 80 0.0 0.0 1.3 1.3 1.3 0.0 2.5 1.3 3.8 3.8
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo: 1992, July 1999, October 1999, and June 2000

SKR SKR SKR SKR ALL RBT RBT RBT SKR ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES 11 00 ft YOY JUV AD A&J SIZES /100 ft

JULY 1999 , 1 RUN 165 3 1 0 1 4 2.4 0 0 9 9 9 5.5
JULY 1999 .1 POOL 119 0 0 18 18 18 15.1 0 1 8 9 9 7.6
JULY 1999 1 RIFFLE 58 0 0 0 0 0 0.0 1 2 6 8 9 15.5
JULY 1999 1 POOL 127 0 0 36 36 36 28.3 0 4 6 10 10 7.9
JULY 1999 1 RIFFLE 80 0 6 0 6 6 7.5 2 2 0 2 4 5.0
JULY 1999 1 RUN 97 2 1 14 15 17 17.5 1 1 7 8 9 9.3
JULY 1999 1 RUN 120 0 0 9 9 9 7.5 0 3 12 15 15 12.5
JULY 1999 1 POOL 258 1 0 23 23 24 9.3 0 3 8 11 11 4.3

•

•
6 8 100 108 114 11.1 4 16 56 72 76 7.4

REACH #/100 ft /100 ft 1100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft yay
1 POOLS 504 0.2 0.0 15.3 15.3 15.5 0.6 0.0 1.6 4.4 6.0 6.0 0.4
1 RUNS 382 1.3 0.5 6.0 6.5 7.9 A&J 0.3 1.0 7.3 8.4 8.6 A&J
1 RIFFLES 138 0.0 4.3 0.0 4.3 4.3 10.5 2.2 2.9 4.3 7.2 9.4 7.0

,

,

JULY 1999 2 POOL 239 0 0 34 34 34 14.2 0 1 7 8 8 3.3
JULY 1999 2 POW 60 0 2 1 3 3' 5.0 0 3 9 12 12 20.0
JULY 1999 2 RUN 87 2 0 41 41 43 49.4 0 2 19 21 21 24.1
JULY 1999 2 , RUN 85 3 0 10 10 13 15.3 0 5 4 9 9 10.6
JULY 1999 2 POOL 53 1 0 13 13 14 26.4 0 1 9 10 10 18.9
JULY 1999 2

, RIFFLE 52 0 2 6 8 8 15.4 0 2 3 5 5 9.6
JULY 1999 2 RUN 36 0 0 3 3 3 8.3 0 3 6 9 9 25.0
JULY 1999 2 POOL 172 2 0 39 39 41 23.8 0 1 12 13 .. 13 7.6

I 8 4 147 151 159 20.3 0 18 69 87 87 11.1

REACH #1100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
2 POOLS 464 0.6 0.0 18.5 18.5 19.2 1.0 0.0 0.6 6.0 6.7 6.7 0.0
2 RUNS 208 2.4 0.0 26.0 26.0 28.4 A&J 0.0 4.8 13.9 18.8 18.8 A&J

, 2 POW· 60 0.0 3.3 1.7 5.0 5.0 19.3 0.0 5.0 15.0 20.0 20.0 11.1
: 2 , RIFFLES 52 0.0 3.8 11.5 15.4 15.4 0.0 3.8 5.8 9.6 9.6
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo 1992, July 1999, October 1999, and June 2000

--," ....•-
SKR SKR SKR SKR ALL RBT RBT RBT RBT ALL

... -
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

JULY 1999 3 POOL 49 3 0 21 21 24 49.0 0 0 2 2 2 4.1
JULY 1999 3 RUN 59 15 1 3 4 19 32.2 4 1 4 5 9 15.3
JULY 1999 3 RUN 29 3 1 8 9 12 41.4 3 0 1 1 4 13.8
JULY 1999 3 POOL 74 20 1 12 13 33 44.6 0 3 5 8 8 10.8
JULY 1999 3 POW . 87 3 3 12 15 18 20.7 1 1 6 7 8 9.2
JULY 1999 3 POOL 116 35 0 1 1 36 31.0 1 0 1 1 2 1.7
JULY 1999 3 POW 86 27 1 45 46 73 84.9 1 1 4 5 6 7.0

106 . 7 102 109 215 43.0 10 6 23 29 39 7.8

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
3 POOLS 239 24.3 0.4 14.2 14.6 38.9 21.2 0.4 1.3 3.3 4.6 5.0 2.0
3 RUNS 88 20.5 2.3 12.5 14.8 35.2 A&J 8.0 1.1 5.7 6.8 14.8 A&J
3 POW 173 17.3 2.3 32.9 35.3 52.6 21.8 1.2 1.2 5.8 6.9 8.1 5.8

JULY 1999 4 POOL 253 298 3 10 13 311 122.9 6 1 7 8 14 5.5
JULY 1999 4 RUN 87 154 22 0 22 176 202.3 12 10 0 10 22 25.3
JULY 1999 4 POW 54 58 8 9 17 75 138.9 2 2· 7 9 11 20.4
JULY 1999 4 POOL 56 97 10 2 12 109 194.6 4 1 5 6 10 17.9
JULY 1999 4 RUN 74 66 23 3 26 92 124.3 7 7 4 11 18 24.3
JULY 1999 4 POW 100 178 14 0 14 192 192.0 2 2 4 6 8 8.0
JULY 1999 4 POOL 82 134 0 1 1 135 164.6 1 0 3 3 4 4.9
JULY 1999 4 RUN 80 65 23 1 24 89 111.3 19 4 9 13 32 40.0
JULY 1999 4 RIFFLE 62 21 12 0 12 33 53.2 6 4 1 5 11 17.7

1071 115 26 141 1212 142.9 59 31 40 71 130 15.3

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft 1100 ft /100 ft /100 ft YOY
4 POOLS 391 135.3 3.3 3.3 6.6 141.9 126.3 2.8 0.5 3.8 4.3 7.2 7.0
4 RUNS 241 . 118.3 28.2 1.7 29.9 148.1 A&J 15.8 8.7 5.4 14.1 29.9 A&J
4 POW 154 153.2 14.3 5.8 20.1 173.4 16.6 2.6 2.6 7.1 9.7 12.3 8.4
4 RIFFLES 62 33.9 19.4 0.0 19.4 53.2 9.7 6.5 1.6 8.1 17.7
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1992, July 1999, October 1999, and June 2000
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo

SKR SKR SKR SKR ALL RBT RBT RBT RBT ALL
MONTH YEAR REACH , TYPE LENGTH yay JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft

OCT 1999 : 1 RUN 177 2 0 a 0 2 1.1 0 0 4 4 4 2.3
OCT 1999 1 POOL 127 0 3 45 48 48 37.8 0 0 15 15 15 11.8
OCT 1999 , 1 I RIFFLE 43 0 0 0 0 0 0.0 0 1 4 5 5 11.6
OCT 1999 1 POOL 158 0 0 29 29 29 18.4 0 0 5 5 5 3.2
OCT 1999 1 I RIFFLE 68 0 0 3 3 3 4.4 0 5 0 5 5 7.4
OCT 1999 1 j RUN 132 0 0 16 16 16 12.1 0 0 6 6 6 4.5
OCT 1999 1 RUN 135 0 0 6 6 6 4.4 0 0 12 12 12 8.9
OCT 1999 1 POOL 282 0 1 35 36 36 12.8 0 0 2 2 2 0.7

I 1122 2 4 134 138 140 12.5 0 6 48 54 54 4.8

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
1 POOLS 567 0.0 0.7 19.2 19.9 19.9 0.2 0.0 0.0 3.9 3.9 3.9 0.0
1 RUNS 444 0.5 0.0 5.0 5.0 5.4 A&J 0.0 0.0 5.0 5.0 5.0 A&J
1 RIFFLES 111 0.0 0.0 2.7 2.7 2.7 12.3 0.0 5.4 3.6 9.0 9.0 4.8

i I

j !

OCT 1999 2 POOL 298 0 a a 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 POW 61 0 0 6 6 6 9.8 0 1 7 8 8 13.1
OCT 1999 2 ; RUN 91 0 0 30 30 30 33.0 0 0 4 4 4 4.4
OCT 1999 2 RUN . 85 0 0 12 12 12 14.1 0 1 5 6 6 7.1
OCT 1999 2 POOL 60 0 0 19 19 19 31.7 0 0 7 7 7 11.7
OCT 1999 2 RIFFLE 52 0 0 2 2 2 3.8 0 0 0 0 0 0.0
OCT 1999 2 RUN 36 0 0 2 2 2 5.6 0 4 1 5 5 13.9
OCT 1999 2 . POOL 172 0 0 18 18 18 10.5 0 0 2 2 2 1.2

I 855 0 0 89 89 89 10.4 0 6 26 32 32 3.7

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft yay
2 POOLS 530 0.0 0.0 7.0 7.0 7.0 0.0 0.0 0.0 1.7 1.7 1.7 0.0
2 RUNS 212 0.0 0.0 20.8 20.8 20.8 A&J 0.0 2.4 4.7 7.1 7.1 A&J
2 POW 61 0.0 0.0 9.8 9.8 9.8 10.4 0.0 1.6 11.5 13.1 13.1 3.7

, 2 I RIFFLES 52 0.0 0.0 3.8 3.8 3.8 0.0 0.0 0.0 0.0 0.0



Appendix 3-1. Poe Snorkeling Fish Survey - Octo 1992, July 1999, October 1999, and June 2000

SKR SKR SKR SKR ALL RBT RBT RBT RBT ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

OCT 1999 3 POOL 58 a a 1 1 1 1.7 a a a a a 0.0
OCT 1999 3 RUN 60 a a 1 1 1 1.7 a 1 a 1 1 1.7
OCT 1999 3 RUN 29 0 0 2 2 2 6.9 a 1 0 1 1 3.4
OCT 1999 3 POOL 76 0 a 8 8 8 10.5 a a 0 a a 0.0
OCT 1999 3 POW 57 a .0 3 3 3 5.3 0 a a a 0 0.0
OCT 1999 3 POOL 116 0 a 21 21 21 18.1 a a a a a 0.0
OCT 1999 3 POW 108 a a 4 4 4 3.7 a 0 0 0 a 0.0

504 a a 40 40 40 7.9 a 2 a 2 2 0.4

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft yay
3 POOLS 250 0.0 0.0 12.0 12.0 12.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0
3 RUNS 89 0.0 0.0 3.4 3.4 3.4 A&J 0.0 2.2 0.0 2.2 2.2 A&J
3 POW 165 0.0 0.0 4.2 4.2 4.2 7.9 0.0 0.0 0.0 0.0 0.0 0.4

OCT 1999 4 POOL 269 a a a a a 0.0 a a a a a 0.0
OCT 1999 4 RUN 81 0 3 1 4 4 4.9 a 0 1 1 1 1.2
OCT 1999 4 POW 64 a a 1 1 1 1.6 a a 3 3 3 4.7
OCT 1999 4 POOL 55 a a a 0 a 0.0 a a a a a 0.0
OCT 1999 4 RUN 70 a 1 1 2 2 2.9 0 a 1 1 1 1.4
OCT 1999 4 POW 103 a a 7 7 7 6.8 a a 1 1 1 1.0
OCT 1999 4 POOL 82 1 a 3 3 4 4.9 a a 2 2 2 2.4
OCT 1999 4 RUN 103 7 1 3 4 11 10.7 a a 3 3 3 2.9
OCT 1999 4 RIFFLE 60 a a a a a 0.0 a 1 a 1 1 1.7

887 8 5 16 21 29 3.3 a 1 11 12 12 1.4
REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft yay

4 POOLS 406 0.2 0.0 0.7 0.7 1.0 0.9 0.0 0.0 0.5 0.5 0.5 0.0
4 RUNS 254 2.8 2.0 2.0 3.9 6.7 A&J 0.0 0.0 2.0 2.0 2.0 A&J
4 POW 167 0.0 0.0 4.8 4.8 4.8 2.4 0.0 0.0 2.4 2.4 2.4 1.4
4 RIFFLES 60 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 1.7 1.7
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo
I

o
1992, July 1999, October 1999, and June 2000

(J
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JUNE 2000 SKR SKR SKR SKR ALL RBT RBT RBT RBT ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

JUNE 2000 1 . RUN 165 0 0 1 1 1 0.6 0 0 4 4 4 2.4
JUNE 2000 1 POOL 119 0 0 30 30 30 25.2 0 1 5 6 6 5.0
JUNE 2000 1 RIFFLE 58 0 0 0 0 0 0.0 0 7 3 10 10 17.2
JUNE 2000 ; 1 POOL 215 0 0 17 17 17 7.9 0 7 6 13 13 6.0
JUNE 2000 1 RIFFLE 80 0 0 1 1 1 1.3 0 4 0 4 4 5.0
JUNE 2000

I 1 RUN 134 0 0 30 30 30 22.4 0 0 2 2 2 1.5
JUNE 2000 , 1 RUN 120 0 0 2 2 2 1.7 0 2 18 20 20 16.7
JUNE 2000 1 POOL 258 0 0 24 24 24 9.3 0 0 3 3 3 1.2

, . ! 1149 0 0 105 105 105 9.1 0 21 41 62 62 5.4
!

.

•

•
REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay

JUNE 2000 1 POOLS 592 0.0 0.0 12.0 12.0 12.0 0.0 0.0 1.4 2.4 3.7 3.7 0.0
JUNE 2000 1 RUNS 419 0.0 0.0 7.9 7.9 7.9 A&J 0.0 0.5 5.7 6.2 6.2 A&J
JUNE 1.2000 I 1 i RIFFLES 138 0.0 0.0 0.7 0:7 0.7 9.1 0.0 8.0 2.2 10.1 10.1 5.4

: ,
I

JUNE 2000 2 POOL 239 0 0 19 19 19 7.9 0 0 11 11 11 4.6
JUNE 2000 2 POW 60 0 0 13 13 13 ·21.7 0 1 6 7 7 11.7
JUNE 2000 2 RUN 87 0 0 24 24 24 27.6 0 0 14 14 14 16.1
JUNE 2000 2 RUN 85 0 0 16 16 16 . 18.8 0 1 15 16 16 18.8
JUNE 2000 2 POOL 53 0 1 18 19 19 35.8 0 1 12 13 13 24.5
JUNE 2000 2 RIFFLE 52 0 0 2 2 2 3.8 3 1 2 3 6 11.5
JUNE 2000 2 RUN 36 0 0 8 8 8 22.2 0 5 4 9 9 25.0
JUNE 2000 2 POOL 172 0 1 42 43 43 25.0 0 4 19 23 23 13.4

784 0 2 142 144 144 18.4 3 13 83 96 99 12.6

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft yay
JUNE 2000 2 POOLS 464 0.0 0.4 17.0 . 17.5 17.5 0.0 0.0 1.1 9.1 10.1 10.1 0.4
JUNE 2000 , 2 RUNS 208 0.0 0.0 23.1 23.1 23.1 A&J 0.0 2.9 15.9 18.8 18.8 A&J
JUNE 2000 2 POW 60 0.0 0.0 21.7 21.7 21.7 18.4 0.0 1.7 10.0 11.7 11.7 12.2
JUNE 2000 I 2 RIFFLES 52 0.0 0.0 3.8 3.8 3.8 5.8 1.9 3.8 5.8 11.5
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Appendix 3-1. Poe Snorkeling Fish Survey - Octo 1992, July 1999, October 1999, and June 2000

SKR SKR SKR SKR ALL RBT RBT RBT RBT ALL
MONTH YEAR REACH TYPE LENGTH yay JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft

JUNE 2000 3 POOL 49 0 0 29 29 29 59.2 0 0 1 1 1 2.0
JUNE 2000 3 RUN 59 0 0 54 54 54 91.5 0 1 2 3 3 5.1
JUNE 2000 3 RUN 29 0 0 6 6 6 20.7 0 0 4 4 4 13.8
JUNE 2000 3 POOL 74 0 1 27 28 28 37.8 0 2 12 14 14 18.9
JUNE 2000 3 POW 87 0 0 5 5 5 5.7 0 1 2 3 3 3.4
JUNE 2000 3 POOL 116 0 0 21 21 21 18.1 3 1 23 24 27 23.3
JUNE 2000 3 POW 86 0 1 24 25 25 29.1 0 6 7 13 13 15.1

500 a 2 166 168 168 33.6 3 11 51 62 65 13.0

REACH LENGTH /100 ft /100 ft 1100 ft 1100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
JUNE 2000 3 POOLS 239 0.0 0.4 32.2 32.6 32.6 0.0 1.3 1.3 15.1 16.3 17.6 0.6
JUNE 2000 3 RUNS 88 0.0 0.0 68.2 68.2 68.2 A&J 0.0 1.1 6.8 8.0 8.0 A&J
JUNE 2000 3 POW 173 0.0 0.6 16.8 17.3 17.3 33.6 0.0 4.0 5.2 9.2 9.2 1204

JUNE 2000 4 POOL 253 0 12 20 32 32 12.6 11 3 13 16 27 10.7
JUNE 2000 4 RUN 87 a 1 5 6 6 6.9 113 2 0 2 115 132.2
JUNE 2000 4 POW 54 0 2 14 16 16 29.6 37 4 15 19 56 103.7
JUNE 2000 4 POOL 56 1 0 1 1 2 3.6 19 5 9 14 33 58.9
JUNE 2000 4 RUN 74 0 4 8 12 12 16.2 22 4 4 8 30 40.5
JUNE 2000 4 POW 100 6 8 39 47 53 53.0 31 8 13 21 52 52.0
JUNE 2000 4 POOL 82 20 2 13 15 35 42.7 36 2 10 12 48 58.5
JUNE 2000 4 RUN 80 4 16 6 22 26 32.5 235 11 9 20 255 318.8
JUNE 2000 4 RIFFLE 62 0 3 1 4 4 6.5 67 5 1 6 73 117.7

848 31 48 107 155 186 21.9 571 44 74 118 689 81.3

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
JUNE 2000 4 POOLS 391 5.4 3.6 8.7 12.3 17.6 3.7 16.9 2.6 8.2 10.7 27.6 67.3
JUNE 2000 4 RUNS 241 1.7 8.7 7.9 16.6 18.3 A&J 153.5 7.1 5.4 12.4 166.0 A&J
JUNE 2000 4 POW 154 3.9 6.5 34.4 40.9 44.8 18.3 44.2 7.8 18.2 26.0 70.1 13.9
JUNE 2000 4 RIFFLES 62 0.0 4.8 1.6 6.5 6.5 108.1 8.1 1.6 9.7 117.7
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8MB 8MB 5MB 5MB ALL All Sizes OTHER OTHER OTHER OTHER ALL All Sizes

MONTH YEAR REACH TYPE LENGTH yay JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft
OCT 1992 1 RUN 61 0 0 1 1 1 1.6 0 0 0 0 0 0.0
OCT 1992 1 LGR 318 a 0 0 0 0 0.0 0 0 0 a 0 0.0
OCT 1992 1 LSP-BO 89 1 3 3 6 7 7.9 0 0 0 0 0 0.0
OCT 1992 1 LSP-BO 217 0 20 80 100 100 46.1 0 0 0 0 0 0.0
OCT 1992 , 1 , LGR 57 0 0 0 0 0 0.0 0 a 0 a 0 0.0
OCT 1992 1 : RUN 43 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 1 POOL-MC 161 0 20 20 40 40 24.8 0 0 0 0 0 0.0
OCT 1992 1 RUN 27 1 9 5 14 15 55.6 0 0 0 0 0 0.0

1 973 2 52 109 161 163 16.8 0 0 0 0 0 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
1 POOLS 467 0.2 9.2 22.1 31.3 31.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0
1 RUNS 131 0.8 6.9 4.6 11.5 12.2 A&J 0.0 0.0 0.0 0.0 0.0 A&J
1 RIFFLES 375 0.0 0.0 0.0 0.0 0.0 16.5 0.0 0.0 0.0 0.0 0.0 0.0

i
I

OCT 1992 2 POOL-LSB 680 0 11 16 27 27 4.0 0 0 0 0 0 0.0
OCT 1992 2 POW 106 0 3 2 5 5 4.7 0 0 0 0 0 0.0
OCT 1992 2 RUN 54 0 1 4 5 5 9.3 0 0 0 0 0 0.0
OCT 1992 2 POOL-MC 756 0 2 20 22 22 2.9 0 0 0 0 0 0.0
OCT 1992 ·2 RUN 70 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 2 LGR 21 0 1 0 1 1 4.8 0 0 0 0 0 0.0
OCT 1992 2 I GLIDE 80 a 0 0 0 0 0.0 0 0 0 0 0 0.0,

OCT 1992 2 POOL-LSB/MC 328 0 12 5 17 17 5.2 0 0 0 0 0 0.0
,

i 0 30 47 77 77 3.7 0 0 0 0 0 0.0

REACH I LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
2 POOLS 1764 0.0 1.4 2.3 3.7 3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 , POW 106 0.0 2.8 1.9 4.7 4.7 A&J 0.0 0.0 0.0 0.0 0.0 A&J, 2 RUNS/GLIDES 204 0.0 1.0 2.0 2.9 2.9 3.7 0.0 0.0 0.0 0.0 0.0 0.0

: 2 I RIFFLES 21 0.0 4.8 0.0 4.8 4.8 0.0 0.0 0.0 0.0 0.0
,

o'I'(~)

Appendix 3-1. Poe Snorkeling Fish Survey - Octbb 992, July 1999, October 1999, and June 2000
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Appendix .3-1. Poe Snorkeling Fish Survey - Octol 992, July 1999, October 1999, and June 2000

5MB 5MB 5MB 5MB ALL OTHER OTHER OTHER OTHER ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

OCT 1992 3 RUN 24 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL-LSB 124 0 0 1 1 1 0.8 0 0 0 0 0 0.0
OCT 1992 3 POW 33 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL-PLUNGE 45 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 RUN 40 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 3 POOL 50 0 0 0 0 0 0.0 0 0 3 3 3 6.0
OCT 1992 3 POW 100 0 0 0 0 0 0.0 0 0 0 0 0 0.0

0 0 1 1 1 0.2 0 0 3 3 3 0.7

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
3 POOLS 219 0.0 0.0 0.5 . 0.5 0.5 0.0 0.0 0.0 1.4 1.4 1.4 0.0
3 RUNS 64 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
3 POW 133 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.7

OCT 1992 4 POOL·LSB 102 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 RUN 20 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 RUN 73 0 0 0 0 0 0.0 0 0 0 0 0 0;0
OCT 1992 4 POW 289 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POOL-lSB 78 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 LGR 80 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 RUN 109 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POOl-MC 59 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1992 4 POW 147 0 0 0 0 0 0.0 0 0 0 0 0 0.0

0 0 0 0 0 0.0 0 0 0 0 0 0.0

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft YOY
4 POOLS 239 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RUNS 202 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
4 POW 436 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RIFFLES 80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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5MB 5MB 5MB SKR ALL OTHER OTHER OTHER SKR ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft·

JULY 1999 1 • RUN 165 0 0 0 0 0 0.0 2000 0 0 0 2000 1212.1
JULY 1999 1 POOL 119 a 0 1 1 1 0.8 200 0 a 0 200 168.1
JULY 1999 1 I RIFFLE 58 a 0 a 0 a 0.0 75 a a a 75 129.3
JULY 1999 1

·
POOL 127 0 0 3 3 3 2.4 400 0 0 a 400 315.0

JULY 1999 1 I RIFFLE 80 0 0 0 0 0 0.0 10 0 0 a 10 12.5
JULY 1999 1 RUN 97 0 0 1 1 1 1.0 187 0 0 0 187 192.8
JULY 1.999 1 I RUN 120 0 0 5 5 5 4.2 740 0 a 0 740 616.7
JULY 1999 1 POOL 258 0 0 4 4 4 1.6 640 0 0 0 640 248.1

: : 0 0 14 14 14 1.4 4252 0 0 0 4252 415.2
. ·

, REACH #/100 ft /100 ft 1100ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
1 POOLS 504 0.0 0.0 1.6 1.6 1.6 0.0 246.0 0.0 0.0 0.0 246.0 415.2
1 RUNS 382 0.0 0.0 1.6 1.6 1.6 A&J 766.2 0.0 0.0 0.0 766.2 A&J
1 i RIFFLES 138 0.0 0.0 0.0 0.0 0.0 1.4 61.6 0.0 0.0 0.0 61.6 0.0

•

,
I

!

JULY 1999 2 i POOL 239 0 0 18 18 18 7.5 1000 0 0 0 1000 418.4
JULY 1999 2 POW 60 0 0 0 0 0 0.0 125 a 0 0 125 208.3
JULY 1999 2 , RUN 87 0 0 2 2 2 2.3 563 0 0 0 563 647.1
JULY 1999 2 RUN 85 0 0 0 0 0 0.0 47 . 0 0 0 47 55.3
JULY 1999 I 2 ; POOL 53 a 0 0 0 0 0.0 88 0 0 0 88 166.0
JULY 1999 2 RIFFLE 52 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JULY 1999 2 , RUN 36 0 0 a a 0 0.0 6 0 0 0 6 16.7
JULY 1999 i 2 POOL 172 a 1 0 1 1 0.6 1231 0 0 0 1.231 715.7

, , 0 1 20 21 21 2.7 3060 0 0 0 3060 390.3

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
2 POOLS 464 0.0 0.2 3.9 4.1 4.1 0.0 499.8 0.0 0.0 0.0 499.8 390.3
2 RUNS 208 0.0 0.0 1.0 1.0 1.0 A&J 296.2 0.0 0.0 0.0 296.2 A&J
2 POW 60 0.0 0.0 0.0 0.0 0.0 2.7 208.3 0.0 0.0 0.0 208.3 0.0

I 2 i RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
,

Appendix 3-1. Poe Snorkelihg Fish Survey - Octob ·992, July 1999, October 1999, and June 2000
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Appendix 3-1. Poe Snorkeling Fish Survey - Octol: 992, July 1999, October 1999, and June 2000

5MB 5MB 5MB 5MB ALL OTHER OTHER OTHER OTHER ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

JULY 1999 3 POOL 49 0 0 0 0 0 0.0 575 0 0 0 575 1173.5
JULY 1999 3 RUN 59 0 0 0 0 0 0.0 20 0 0 0 20 33.9
JULY 1999 3 RUN 29 0 0 0 0 0 0.0 10 0 0 0 10 34.5
JULY 1999 3 POOL 74 0 0 0 0 0 0.0 244 0 0 0 244 329.7
JULY 1999 3 POW 87 0 0 0 0 0 0.0 39 0 0 0 39 44.8
JULY 1999 3 POOL 116 0 0 0 0 0 0.0 1851 0 0 0 1851 1595.7
JULY 1999 3 POW 86 0 0 0 0 0 0.0 1405 0 0 0 1405 1633.7

0 0 0 0 0 0.0 4144 0 0 0 4144 828.8

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft YOY
3 POOLS 239 0.0 0.0 0.0 0.0 0.0 0.0 1117.2 0.0 0.0 0.0 1117.2 828.8
3 RUNS 88 0.0 0.0 0.0 0.0 0;0 A&J 34.1 0.0 0.0 0.0 34.1 A&J
3 POW 173 0.0 0.0 0.0 0.0 0.0 0.0 834.7 0.0 0.0 0.0 834.7 0.0

JULY 1999 4 POOL 253 0 0 0 0 0 0.0 1193 0 0 0 1193 471.5
JULY 1999 4 RUN 87 0 0 0 0 0 0.0 320 0 0 0 320 367.8
JULY 1999 4 POW 54 0 0 0 0 0 0.0 120 0 0 0 120 222.2
JULY 1999 4 POOL 56 0 0 0 0 0 0.0 390 0 0 0 390 696.4
JULY 1999 4 RUN 74 0 0 0 0 0 0.0 150 0 0 0 150 202.7
JULY 1999 4 POW 100 0 0 0 0 0 0.0 361 0 0 0 361 361.0
JULY 1999 .4 POOL 82 e 0 0 0 0 0.0 81 0 0 0 81 98.8
JULY 1999 4 RUN 80 0 0 0 0 0 0.0 60 0 0 0 60 75.0
JULY 1999 4 RIFFLE 62 0 0 0 0 0 0.0 7 0 0 0 7 11.3

0 0 0 0 0 0.0 2682 0 0 0 2682 316.3

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /.100 ft yay
4 POOLS 391 0.0 0.0 0.0 0.0 0.0 0.0 425.6 0.0 0.0 0.0 425.6 316.3
4 RUNS 241 0.0 0.0 0.0 0.0 0.0 A&J 219.9 0.0 0.0 0.0 219.9 A&J
4 POW 154 0.0 0.0 0.0 0.0 0.0 0.0 312.3 0.0 0.0 0.0 312.3 0.0
4 RIFFLES 62 0.0 0.0 0.0 0.0 0.0 11.3 0.0 0.0 0.0 11.3
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Appendix; 3-1. Poe Snorkeling Fish Survey - Octal: .992, July 1999, October 1999, and June 2000

I

5MB 5MB 5MB 5MB ALL OTHER OTHER OTHER OTHER ALL
MONTH YEAR REACH TYPE LENGTH yay JUV AD A&J SIZES /100 ft yay JUV AD A&J SIZES /100 ft

OCT 1999 , 1 RUN 177 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1 I POOL 127 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 , 1 RIFFLE 43 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1 POOL 158 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1 RIFFLE 68 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1 I RUN 132 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 1 , RUN 135 0 0 1 1 1 0.7 0 0 0 0 0 0.0
OCT 1999 1 I POOL 282 0 0 0 0 0 0.0 1 0 0 0 1 0.4

, 1122 0 0 1 1 1 0.1 1 0 0 0 1 0.1

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
1 POOLS 567 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.1
1 RUNS 444 0.0 0.0 0.2 0.2 0.2 A&J 0.0 0.0 0.0 0.0 0.0 A&J
1 RIFFLES 111 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 .

"
,

i

I ,

OCT 1999 2 POOL 298 0 0 0 0 0 0.0 0 0 1 1 1 0.3
OCT 1999 2 , POW 61 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2· , RUN 91 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 RUN 85 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 POOL 60 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 RIFFLE 52 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 RUN 36 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 2 I POOL 1.72 0 0 0 0 0 0.0 0 0 0 0 0 0.0

i I 855 0 0 0 0 0 0.0 0 0 1 1 1 0.1

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft yay /100 ft /100 ft /100 ft /100 ft /100 ft yay
2 POOLS 530 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.2 0.0
2, RUNS 212 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
2 POW 61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

: I 2 I RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Appendix 3-1. Poe Snorkeling Fish Survey - Octob 992, July 1999, October 1999, and June 2000

5MB 5MB 5MB 5MB ALL OTHER OTHER OTHER OTHER ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

OCT 1999 3 POOL 58 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 RUN 60 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 RUN 29 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 POOL 76 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 POW 57 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 POOL 116 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 3 POW 108 0 0 0 0 0 0.0 0 0 0 0 0 0.0

504 0 0 0 0 0 0.0 0 0 0 0 0 0.0

REACH LENGTH /100 ft /100n /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
3 POOLS 250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 RUNS 89 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0 0.0 0.0 0.0 A&J
3 POW 165 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

OCT 1999 4 POOL 269 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 RUN 81 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 POW 64 0 0 0 0 ·0 0.0 2 0 0 0 2 3.1
OCT 1999 4 POOL 55 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 RUN 70 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 POW 103 0 0 0 0 0 0.0 0 0 0 0 0 0.0
OCT 1999 4 POOL 82 0 0 0 0 0 0.0 1 0 0 0 1 1.2
OCT 1999 4 RUN 103 0 0 0 0 0 0.0 41 0 0 0 41 39.8
OCT 1999 4 RIFFLE 60 0 0 0 0 0 0.0 7 0 0 0 7 11.7

887 0 0 0 0 0 0.0 51 0 0 0 51 5.7
REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft . YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY

4 POOLS 406 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.2 5.7
4 RUNS 254 0.0 0.0 0.0 0.0 0.0 A&J 16.1 0.0 0.0 0.0 16.1 A&J
4 POW 167 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 1.2 0.0
4 RIFFLES 60 0.0 0.0 0.0 0.0 0.0 11.7 0.0 0.0 0.0 11.7
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Appendix 3-1. Poe Snorkeling Fish Survey - Octol:: 992, July 1999, October 1999, and June 2000

,---<

lJ

JUNE 2000 5MB 5MB 5MB 5MB ALL OTHER OTHER OTHER OTHER ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES /100 ft

JUNE 2000 1 RUN 165 a a a a a 0.0 95 0 a 0' 95 57.6
JUNE 2000 1 ! POOL 119 a a a a a 0.0 5 a a a 5 4.2
JUNE 2000 1 ! RIFFLE 58 a a a a a 0.0 a a a a a 0.0
JUNE 2000 1 ! POOL 215 a a a a a 0.0 250 a a a 250 116.3
JUNE 2000 1

••
RIFFLE 80 a a a a a 0.0 a a a a a 0.0

JUNE 2000 1 RUN 134 a a a a a 0.0 98 a a a 98 73.1
JUNE 2000 1 RUN 120 a a a a a 0.0 310 a a a 310 258.3
JUNE 2000 1 POOL 258 a a 1 1 1 0.4 230 0 a a 230 89.1

1149 a a 1 1 1 0.1 988 a 0 a 988 86.0
,

,

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 1 POOLS 592 0.0 0.0 0.2 0.2 0.2 0.0 81.9 0.0 0.0 0.0 81.9 86.0
JUNE 2000 1 RUNS 419 0.0 0.0 0.0 0.0 0.0 A&J 120.0 0.0 0.0 0.0 120.0 A&J
JUNE 2000 1 RIFFLES 138 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0

I

JUNE 2000 , 2 , POOL 239 a 3 6 9 9 3.8 375 a a 0 375 156.9
JUNE 2000 2 POW 60 a a 2 2 2 3.3 7 a a a 7 11.7
JUNE 2000 2 RUN 87 a a a 0 a ' 0.0 a a a a a 0.0
JUNE 2000 2 RUN 85 a a 1 1 1 1.2 a a a ,a a 0.0
JUNE 2000 2 POOL 53 0 0 a a a 0.0 7 a a 0 7 13.2
JUNE 2000 2 i RIFFLE 52 a a a a a 0.0 '3 a a a 3 5.8
JUNE 2000 2 RUN 36 0 a a a a 0.0 17 a a a 17 47.2
JUNE 2000 2 , POOL 172 a a a 0 a 0.0 300 a a a 300 174.4

i 784 a 3 9 12 12 1.5 709 a a a 709 90.4

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 2 POOLS 464 0.0 0.6 1.3 1.9 1.9 0.0 147.0 0.0 0.0 0.0 147.0 90.4
JUNE 2000 2 RUNS 208 0.0 0.0 0.5 0.5 0.5 A&J 8.2 0.0 0.0 0.0 8.2 A&J
JUNE 2000 2 I POW 60 0.0 0.0 3.3 3.3 3.3 1.5 11.7 0.0 0.0 0.0 11.7 0.0
JUNE 2000 2 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 5.8 0.0 0.0 0.0 5.8

.
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Appendix 3-1. Poe Snorkeling Fish Survey - Octot :992, July 1999, October 1999, and June 2000

5MB 5MB 5MB 5MB ALL OTHER OTHER OTHER OTHER ALL
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft YOY JUV AD A&J SIZES 1100 ft

JUNE 2000 3 POOL 49 0 0 0 0 0 0.0 46 0 0 0 46 93.9
JUNE 2000 3 RUN 59 0 0 0 0 0 0.0 134 0 0 0 134 227.1
JUNE 2000 3 RUN 29 0 0 a 0 0 0.0 120 0 0 0 120 413.8
JUNE 2000 3 POOL 74 0 0 a 0 0 0.0 0 0 0 0 0 0.0
JUNE 2000 3 POW 87 0 0 0 0 0 0.0 0 0 0 0 0 0.0
JUNE 2000 3 POOL 116 0 0 1 1 1 0.9 50 0 .0 0 50 43.1
JUNE 2000 3 POW 86 0 0 a 0 0 0.0 70 0 0 a 70 81.4

500 a 0 1 1 1 0.2 420 0 a a 420 84.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 3 POOLS 239 0.0 0.0 0.4 0.4 0.4 0.0 40.2 0.0 0.0 0.0 40.2 84.0
JUNE 2000 3 RUNS 88 0.0 0.0 0.0 0.0 0.0 A&J 288.6 0.0 0.0 0.0 288.6 A&J
JUNE 2000 3 POW 173 0.0 0.0 0.0 0.0 0.0 0.2 40.5 0.0 0.0 0.0 40.5 0.0

JUNE 2000 4 POOL 253 0 0 0 0 0 0.0 800 0 0 0 800 316.2
JUNE 2000 4 RUN 87 0 0 0 0 0 0.0 530 0 0 a 530 609.2
JUNE 2000 4 POW 54 0 0 0 0 0 0.0 150 0 0 a 150 277.8
JUNE 2000 4 POOL 56 0 0 0 0 0 0.0 0 0 0 0 a 0.0
JUNE 2000 4 RUN 74 0 0 0 0 0 0.0 75 0 0 0 75 101.4
JUNE 2000 4 POW 100 0 0 0 0 0 0.0 85 a a 0 85 85.0
JUNE 2000 4 POOL 82 0 0 0 0 0 0.0 1500 0 0 a 1500 1829.3
JUNE 2000 4 RUN 80 0 0 0 0 0 0.0 500 0 0 a 500 625.0
JUNE 2000 4 RIFFLE 62 0 .0 0 0 0 0.0 200 0 0 a 200 322.6

848 0 0 0 0 0 0.0 3840 0 0 a 3840 452.8

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY /100 ft /100 ft /100 ft /100 ft /100 ft YOY
JUNE 2000 4 POOLS 391 0.0 0.0 0.0 0.0 0.0 0.0 588.2 0.0 0.0 0.0 588.2 452.8
JUNE 2000 4 RUNS 241 0.0 0.0 0.0 0.0 0.0 A&J 458.5 0.0 0.0 0.0 458.5 A&J
JUNE 2000 4 POW 154 0.0 0.0 0.0 0.0 0.0 0.0 152.6 0.0 0.0 0.0 152.6 0.0
JUNE 2000 4 RIFFLES 62 0.0 0.0 0.0 0.0 0.0 322.6 0.0 0.0 0.0 322.6

Page 24



I
, I

I

o
Appendix 3-1. Poe Snorkeling Fish Survey - Octot !992, July 1999, October 1999, and June 2000

i

CARP CARP CARP , CARP ALL All Sizes DACE All Sizes CULPIN All Sizes

MONTH YEAR [ REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft All Sizes /100 ft L SIZES /100 ft
OCT 1992 ! 1 RUN 61 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1992 : 1 LGR 318 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1992 ' 1 LSP-BO 89 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1992 I 1 LSP-BO 217 0 0 0 0 0 0.0 0 0.0 0 0.0

'OCT 1992 ! 1 LGR 57 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT ' 1992 i 1 RUN 43 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1992 I 1 POOL-MC 161 0 0 0 0 0 0.0 0 0.0 0 0.0

'OCT ' 1992 I 1 RUN 27 0 0 0 0 0 0.0 0 0.0 0 0.0
, I 973 0 0 0 0 0 0.0 0 0.0 0 0.0

, REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft ,

1 POOLS 467 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: 1 RUNS 131 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0

1 RIFFLES 375 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

•, I ..

I OCT 1992 I 2 POOL-LSB 680 0 0 2 2 2 0.3 0 0.0 0 0.0
. OCT 1992 2 POW 106 0 0 0 0 0 0.0 ·0 0.0 0 0.0
OCT 1992 I 2 RUN 54 0 0 0 0 0 0.0 0 0.0 0 0.0

'OCT • 1992! 2 POOL-MC 756 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT I 1992! 2 RUN 70 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1992 I 2 LGR 21 0 0 0 0 0 0.0 0 0.0 0 0.0

" OCT 1992 I 2 GLIDE 80 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1992 2 POOL-LSB/MC 328 0 0 0 0 0 0.0 0 0.0 0 0.0

I I 0 0 2 2 2 .0.1 0 0.0 0 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
2 POOLS 1764 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0
2 POW 106 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0

, 2 RUNS/GLIDES 204 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
, 2 RIFFLES 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0

,
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Appendix 3-1. Poe Snorkeling Fish Survey - Octal 1992, July 1999, October 1999, and June 2000

I
CARP CARP CARP CARP All DACE SCULPIN

MONTH YEAR REACH TYPE lENGTH yay JUV AD A&J SIZES /100 ft ALL SIZES /100 ft l SIZES /100 ft
OCT 1992 3 RUN 24 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 3 POOl-lSB 124 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 3 POW 33 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 3 POOL-PLUNGE 45 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 3 RUN 40 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 3 POOL 50 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 3 POW 100 a a a a a 0.0 a 0.0 a 0.0

a a a a a 0.0 a 0.0 a 0.0

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft yay #/100 ft #/100 ft
3 POOLS 219 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 RUNS 64 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0
3 POW 133 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

OCT 1992 . 4 POOl-lSB 102 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 4 RUN 20 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 4 RUN 73 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 4 POW 289 a a a 0 a 0.0 a 0.0 a 0.0
OCT 1992 4 POOl-lSB 78 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 4 lGR 80 a a a 0 a 0.0 a 0.0 a 0.0
OCT 1992 4 RUN 109 a a a a a 0.0 O· 0.0 a 0.0
OCT 1992 4 POOl-MC 59 a a a a a 0.0 a 0.0 a 0.0
OCT 1992 4 POW 147 a a a a a 0.0 a 0.0 a 0.0

a a a a 0 0.0 a 0.0 a 0.0

REACH #/1 00 ft /100 ft /100 ft /100 ft /100 ft yay #1100 ft #/100 ft
4 POOLS. 239 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RUNS 202 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0
4 POW 436 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RIFFLES 80 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Appendix 3-1. Poe Snorkeling Fish Survey - Octot 1992, July 1999, October 1999, and June 2000

,

CARP CARP CARP SKR ALL DACE SCULPIN
MONTH YEAR !REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft ALL SIZES /100 ft L SIZES /100 ft

JULY 1999 1 RUN 165 0 0 0 0 0 0.0 13 7.9 0 0.0
JULY 1999 1 POOL 119 0 0 0 0 0 0.0 6 5.0 0 0.0
JULY , 1999 • 1 RIFFLE 58 0 0 0 0 0 0.0 1 1.7 0 0.0
JULY 1999 I 1 POOL 127 0 0 0 0 0 0.0 0 0.0 0 0.0
JULY • 1999 ' 1 RIFFLE 80 0 0 0 0 0 0.0 4 5.0 0 0.0
.:JULY , 1999 ' 1 RUN 97 0 0 0 0 0 0.0 0 ' 0.0 1 1.0
JULY I 1999 : 1 RUN 120 0 0 0 0 0 0.0 5 . 4.2 0 0.0
JULY 1999 : 1 POOL 258 0 0 1 1 1 0.4 1 0.4 0 0.0
•

0 0 1 1 1 0.1 30 2.9 1 0.1
I

'REACH #/100 ft /100 ft /100 ft /100 ft /100 ft yay #/100 ft #/100 ft
, 1 POOLS 504 0.0 0.0 0.2 0.2 0.2 0.0 .1.4 0.0

1 RUNS 382 0.0 0.0 0.0 0.0 0.0 A&J 4.7 0.3
• ! 1 RIFFLES 138 0.0 0.0 0.0 0.0 0.0 0.1 3.6 0.0
I I

,
:

JULY 1999 I 2 POOL 239 0 0 0 0 0 0.0 0 0.0 0 0.0
JULY I 1999 ! 2 POW ' 60 0 0 0 0 0 0.0 6 10.0 0 0.0
(JULY I 1999 ! 2 RUN 87 0 0 0 0 0 0.0 0 0.0 0 0.0
JULY , 1999 ~ 2 RUN 85 0 0 0 0 0 0.0 0 0.0 0 0.0
JULY 1999 1 2 POOL 53 0 0 0 0 0 0.0 1 1.9 0 0.0
JULY 1999 ! 2 RIFFLE 52 0 0 0 0 0 0.0 1 1.9 0 0.0
JULY , 1999 I 2 RUN 36 0 0 0 0 0 0.0 0 0.0 0 0.0

I' JULY 1999 1 2 POOL 172 0 0 1 1 1 0.6 0 0.0 0 0.0
I 0 0 1 1 1 0.1 8 1.0 0 0.0

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft yay #/100 ft #/100 ft
2 POOLS 464 0.0 0.0 0.2 0.2 0.2 0.0 " 0.2 0.0
2 RUNS 208 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0

I 2 POW 60 0.0 0.0 0.0 0.0 0.0 0.1 10.0 0.0
I I 2 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 1.9 0.0:

I
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Appendix 3-1. Poe Snorkeling Fish Survey - Octot 1992, July 1999, October 1999, and June 2000

CARP CARP CARP CARP All DACE SCULPIN
MONTH YEAR REACH TYPE lENGTH YOY JUV AD A&J SIZES /100 ft All SIZES /100 ft L SIZES /100 ft

JULY 1999 3 POOL 49 a a a 0 0 0.0 3 6.1 0 0.0
JULY '1999 3 RUN 59 a 0 0 0 0 0.0 1 1.7 0 0.0
JULY 1999 3 RUN 29 0 0 a 0 0 0.0 0 0.0 a 0.0
JULY 1999 3 POOL 74 0 0 0 0 0 0.0 0 0.0 0 0.0
JULY 1999 3 POW 87 a a o. a a 0.0 1 1.1 a 0.0
JULY 1999 3 POOL 116 0 0 0 a 0 0.0 a 0.0 a 0.0
JULY 1999 3 POW 86 a a 0 0 0 0.0 a 0.0 a 0.0

a a a 0 a 0.0 5 .1.0 a 0.0

REACH #/100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
3 POOLS 239 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0
3 RUNS 88 0.0 0.0 0.0 0.0 0.0 A&J 1.1 0.0
3 POW 173 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0

JULY 1999 4 POOL 253 a 0 a 0 0 0.0 a 0.0 a 0.0
JULY 1999 4 RUN 87 a a a a a 0.0 a 0.0 a 0.0
JULY 1999 4 POW 54 a a a a a 0.0 a 0.0 a 0.0
JULY 1999 4 POOL 56 a a 0 a a 0.0 a 0.0 a 0.0
JULY 1999 4 RUN 74 a a a a 0 0.0 0 0.0 0 0.0
JULY 1999 4 POW 100 a a a 0 0 0.0 0 0.0 0 0.0
JULY 1999 4 POOL 82 0 0 0 0 0 0.0 0 0.0 0 0.0
JULY 1999 4 RUN 80 a a a 0 a 0.0 0 0.0 0 0.0
JULY 1999 4 RIFFLE 62 a 0 a a a 0.0 a 0.0 a 0.0

a a a a a 0.0 a 0.0 a 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
4 POOLS 391 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RUNS 241 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0
4 POW 154 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RIFFLES 62 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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I
CARP CARP CARP CARP All DACE SCULPIN

MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft All SIZES /100 ft L SIZES /100ft
;OCT ' 1999 1 RUN 177 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT '1999 I 1 POOL 127 0 0 0 0 0 0.0 0 0.0 '0 0.0
OCT ~ 1999 I 1 RIFFLE 43 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT '1999 1 POOL 158 0 0 0 0 0 0.0 2 1.3 0 0.0
OCT 1999 I 1 RIFFLE 68 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 ! 1 RUN 132 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 I 1 RUN 135 0 0 0 0 0 0.0 0 0.0 2 1.5
OCT 1999 , 1 POOL 282 0 0 0 0 0 0.0 0 0.0 0 0.0

1 1122 0 0 0 0 0 0.0 2 0.2 2 0.2
,

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100ft #noo ft
, 1 POOLS 567 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0

1 RUNS 444 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.5
1 RIFFLES 111 0.0 0.0 0;0 0.0 0.0 0.0 0.0 0.0

I

i

OCT '1999 2 POOL 298 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT i 1999 ~ 2 POW 61 0 0 0 0 0 0.0 0 0.0 0 0.0
:OCT ~ 1999 ~ 2 RUN 91 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 ! 2 RUN 85 0 0 0 0 0 0.0 0 0.0 0 0.0
:OCT 1999 I 2 POOL 60 0 0 0 0 0 0.0 0 0.0 0 0.0
'OCT 1999 I 2 RIFFLE 52 0 0 0 0 0 0.0 0 0.0 0 0.0
!OCT ~ 1999 ! 2 RUN 36 0 0 0 0 0 0.0 0 0.0 0 0.0
iOCT '1999 I 2 POOL 172 0 0 0 0 0 0.0 0 0.0 0 0.0,

i .' 855 0 0 0 0 0 0.0 0 0.0 0 0.0
I

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
1 2 POOLS 530 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
i 2 RUNS 212 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0

1 2 poW 61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.

,
2 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0

, I

Appendix 3-1. Poe Snorkeling Fish Survey - Oetob 992, July 1999, October 1999, and June 2000
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Appendix 3-1. Poe Snorkeling Fish Survey - Octot 992, July 1999, October 1999, and June 2000

I
CARP CARP CARP CARP ALL DACE SCULPIN

MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft ALL SIZES /100 ft L SIZES /100 ft
OCT 1999 3 POOL 58 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 3 RUN 60 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 3 RUN 29 0 0 0 0 .0 0.0 0 0.0 0 0.0
OCT 1999 3 POOL 76 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 3 POW 57 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 3 POOL 116 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 3 POW 108 0 0 0 0 0 0.0 0 0.0 0 0.0

504 0 0 0 0 0 0.0 0 0.0 0 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100ft
3 POOLS 250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 RUNS 89 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0
3 POW 165 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ·0.0

OCT 1999 4 POOL 269 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 RUN 81 0 0 () 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 POW 64 0 0 ·0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 POOL 55 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 RUN 70 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 POW 103 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 POOL 82 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 RUN 103 0 0 0 0 0 0.0 0 0.0 0 0.0
OCT 1999 4 RIFFLE 60 0 0 0 0 0 0.0 0 0.0 0 0.0

887 0 0 0 0 0 0.0 0 0.0 0 0.0
REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft

4 POOLS 406 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RUNS 254 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0
4 POW 167 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 RIFFLES 60 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Appendix 3-1. Poe Snorkeling Fish Survey - Octot :992, July 1999, October 1999, and June 2000

tJ" ;

JUNE 2000 CARP CARP CARP CARP ALL I DACE BASS
MONTH YEAR : REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft ALL SIZES /100 ft L SIZES /100 ft

JUNE ! 2000! 1 RUN 165 a a a a a 0.0 3 1.8 a 0.0
JUNE , 2000 1 POOL 119 a a a a a 0.0 a 0.0 a 0.0
'JUNE 2000! 1 RIFFLE 58 a a a a a 0.0 a 0.0 a 0.0
'JUNE i 2000! 1 POOL 215 a a a a a 0.0 a 0.0 a 0.0
JUNE 2000 'i 1 RIFFLE 80 a a a a a 0.0 a 0.0 a 0.0
'JUNE , 2000 I 1 RUN 134 a a a a a 0.0 a 0.0 a 0.0
UUNE 2000! 1 RUN 120 a a a a a 0.0 a 0.0 a 0.0

, JUNE , 2000: 1 POOL 258 a a a a 0 0.0 a 0.0 a 0.0
I , I 1149 a a a a a 0.0 3 0.3 a 0.0

, , . !
I, ,

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
~UNE , 2000 i 1 POOLS 592 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
JUNE ' 2000 I 1 RUNS 419 0.0 0.0 0.0 0.0 0.0 A&J 0.7 0.0
JUNE " 2000! 1 RIFFLES 138 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ,

I I
I

,
I

JUNE ' 2000 i 2 POOL 239 a a a a a 0.0 a 0.0 1 0.4
, JUNE 2000 " 2 POW 60 a a a a a 0.0 a 0.0 a 0.0

UUNE i 2000 I 2 RUN 87 a a a a a 0.0 a 0.0 a 0.0
JUNE • 2000 i 2 RUN 85 a a a a a 0.0 a 0.0 a 0.0
UUNE • 2000 , 2 POOL 53 a a a a a 0.0 a 0.0 a 0.0
JUNE .2000 I 2 RIFFLE 52 a a a a a 0.0 a 0.0 a 0.0
JUNE 2000! 2 RUN 36 a a a a a 0.0 a 0.0 a 0.0
JUNE • 2000 " 2 POOL 172 a a 4 4 4 2.3 a 0.0 a 0.0
i i 784 a a 4 4 4 0.5 a 0.0 1 0.1

i 'REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100ft
JUNE 2000 i 2 POOLS 464 0.0 0.0 0.9 0.9 0.9 0.0 0.0 0.2
JUNE 2000! 2 RUNS 208 0.0 0.0 0.0 0.0 0.0 A&J 0.0 0.0
JUNE ' 2000 : 2 POW 60 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0
JUNE 12000 ! 2 RIFFLES 52 0.0 0.0 0.0 0.0 0.0 0.0 0.0
,

, I
:

~ •....
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Appendix .3-1. Poe Snorkeling Fish Survey - Octal :992, July 1999, October 1999, and June 2000

CARP CARP CARP CARP ALL DACE SCULPIN
MONTH YEAR REACH TYPE LENGTH YOY JUV AD A&J SIZES /100 ft ALL SIZES /100 ft L SIZES /100 ft

JUNE 2000 3 POOL 49 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 3 RUN 59 0 0 0 0 0 0.0 1 1.7 0 0.0
JUNE 2000 3 RUN 29 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 3 POOL 74 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 3 POW 87 0 0 0 0 0 0.0 1 -- 1.1 0 0.0
JUNE 2000 3 POOL 116 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 3 POW 86 0 0 0 0 0 0.0 0 0.0 0 0.0

500 0 0 0 0 0 0.0 2 0.4 0 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
JUNE 2000 3 POOLS 239 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
JUNE 2000 3 RUNS 88 0.0 0.0 0.0 0.0 0.0 A&J 1.1 0.0
JUNE 2000 3 POW 173 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0

JUNE 2000 4 POOL 253 0 0 0 0 0 0.0 5 2.0 0 0.0
JUNE 2000 4 RUN 87 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 4 POW 54 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 4 POOL 56 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 4 RUN 74 0 0 0 0 0 0.0 1 1.4 0 0.0
JUNE 2000 4 POW 100 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 4 POOL 82 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 4 RUN 80 0 0 0 0 0 0.0 0 0.0 0 0.0
JUNE 2000 4 RIFFLE 62 0 0 0 0 0 0.0 0 0.0 0 0.0

848 0 0 0 0 0 0.0 6 0.7 0 0.0

REACH LENGTH /100 ft /100 ft /100 ft /100 ft /100 ft YOY #/100 ft #/100 ft
JUNE 2000 4 POOLS 391 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0
JUNE 2000 4 RUNS 241 0.0 0.0 0.0 0.0 0.0 A&J 0.4 0.0
JUNE 2000 4 POW 154 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
JUNE 2000 4 RIFFLES 62 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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1. INTRODUCTION

PG&E is in the process ofrelicensing the Poe Project on the Upper North Fork Feather
River. As part ofrelicensing under the Federal Energy Regulatory Commission (FERC),
technical studies are required for a variety ofresource areas which are potentially
affected by hydroelectric project operations. Due to the effects ofthe hydroelectric
project on the aquatic environment, PG&E is conducting a fisheries survey to satisfy the
requirements ofFERC and various resource agencies such as the U.S. Fish and Wildlife
Service (USFWS), U.S. Forest Service (USFS), and California Department ofFish and
Game (CDFG).

While previous surveys have assessed the fish species composition and population
characteristics ofthe Poe Project bypass reach, this report details the.methods used and
presents the sampling re~ults for a study of selected large, deep pools in the reach. The
additional information from this study of large pools is important for a better
uri.derstanding offish population dynamics in the bypass reach, and the possible influence
of different flow or water temperature regimes on aquatic resources.

I
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2. METHODS

2.1 SURVEY AREAS

The survey areas consisted of three large pools located near the Mill C~Co:q;flueI1ce,_.":)
at Bardee's Bar, and above thePOePowe~hQJ1§~~.pn the NOrffi ForkF~th~r~Riy.er (Table ,~

~-1). Estimateerflowsafflietiiiieo{samplingwere 120cfs."Topographic maps with
more detailed site locations are provided in Appendix A.

Table 2-1. Fish Population Survey Site Locations
Site Township Range Section
Mill Creek Confluence T23N, RSE S32
Bardee's Bar T22N RSE S7
Poe Powerhouse T22N R4E S36

Within each site, the sampled pool was segmented into three or four areas (numbered
downstream to upstream) of varying depth and width, and partitioned with gill nets
(Table 2-2). The length of each sampling segment was measured along the thalweg or
river's edge to the nearest foot, and ranged from 60 to 176 feet. The width of each
sarilpling segment was measured across the wetted channel, and ranged from 90 to 201
feet. The'approximate maximum depth of the segment was recorded up to 15 feet.
Substrate and fish cover types were visually estimated at each site. Each sampling site
was photographed to allow future sampling at the same location.

Table 2-2. Fish Population Survey Site Dimensions.

NORTH FORK FEATHER RIVER POE BYPASS REACH'
Location Segment Width Length Max. Depth

(feet) (feet) (feet)
Mill Creek Confluence 1 150 120 11

2 145 133.5 13.2
3 134 176 8.2

Bardee's Bar 1 112 60 >15
2 91 70 14
3 67 .. , 82 >15
4 116 78 13

Poe Powerhouse 1 172 61 11,
2 166 78 >15

- - , 3 - --- 179", ---- - - - _95._~~,~_ _:>_lS
'. - - - - - -~-- -- -

4 201 76 >15

Poe Project River Pool Fisheries Survey.doc 2-1 10/31100



2.2 SAMPLING METHODOLOGY

EA conducted fish sampling using a combination ofboat electrofishing from a raftlbarge
platform and closely monitored gill netting. Each sampled river reach was partitioned
into 3-4 segments with 4-5 IOO-foot long variable mesh gill nets. Mesh sizes ranged
from 0.75 to 2.0 inches. The nets were stretched across the river, perpendicular to the
thalweg, with the smaller mesh siz~s in the shallower areas. In some cases, the nets
spanned the river from bank to bank, but in most cases one side ofthe river was not
blocked off.

A team offour people on the raft platform maneuvered a barge mounted Coffelt model
VVP electrofisher systematically throughout the segment in order to thoroughly sample
the area. Fish were captured either QY stunning them directly with the electric field, or by
herding or spooking them into the gill nets. Two anode pole operators used 8 foot and 11
foot long anode poles to stun and capture fish. The floating platform and long anode
poles ·allowed for deeper sampling, in many cases extending to the bottom ofthe river.
Deep and shallow bank areas were sampled from the "water side" of the segment, and
fish were captured both along the banks and in mid-channel areas. The maximum depth
for capture offish was approximately 12 feet, although many more fish were captured in
shallower areas with cover along the banks than in mid-channel areas.

Gill nets were checked repeatedly throughout the day, in order to minimize mortality of
captured fish.

Each captured fish was identified to species, measured to the nearest millimeter total
length, weighed to the nearest tenth of a gram, and returned to the .stream outside ofthe
sampling area

2.3 SURVEY SCHEDULE

0 o "'·ea er ver oe ypass eac ........
-Sm- Date Daylight Sampling Twilight Sampling
Mill Creek Confluence 9/26/00 10:40am - 4:03pm 4:50pm - 6:30pm
Bardee's Bar 9/27/00 11 :25am - 3:50pm 4:25pm - 5:50pm
Poe Powerhouse 9/28/00 11 :26am - 4:37pm 4:44pm - 6:16pm

The fish population surveys were conducted according to the schedule in Table 2-3.
Each pool was sampled in a one-day effort, which included daylight and twilight
sampling. The daylight sampling effort was conducted from late morning to mid
afternoon, and the twilight sampling effort was conducted from late afternoon to early
evening. The final check ofthe gill nets began at approximately 6pm. The timing of the
daylight and twilight sampling efforts was an effort to capture both daylight and twilight
activf;"s~
/~ \

/ T~ble 2-3~ Fi~.h:1>opulation Survey Schedule. Daylight and Twilight Electrofishing in the
I N rthF !k¥(. th Ri· P B R h
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3. RESULTS

3.1 SPECIES COMPOSmON

(;

' acramento sucker, smallmouth bass, hardhead, Sacramento pikemirinow and riffle
sculpin were captured at all three sampling sites within the Poe Project bypass reach on

North Fork Feather River in September 2000. Additionally, Q.ommon carp and a
rainbowtr.Q]lt~re captured at Bardee's Bar,and common carp were captured at llie Poe
Powerhouse site. Sacramento~a.ndhardheadwere the dominant species near the
Mill Creek Confluence and at Bardee's Bar; however, smallmouth bass was the dominant
species at Poe Powerhouse (Figure 3.1-1). Crayfish were present at all three sites, tho-qgh
for the purposes ofthis study we:re not sampled.

For all species except riffle sculpin, individuals were classified as juvenile if their total
length was lessihan2QQ-mm~or adult iftheir totallen~was greater than 200~
~. .... - ' - ~,------

Riffle sculpin were classified as juveni1e if their total length was less than 75 mm, or
~tllthelLt.oJaJ~Jl~_\yiji.~]f~iJ[@,:1~.:mi=-Iii1ermsorsp;cresnumbe;:-arthe
Mill Creek Confluence, Sacramento sucker was the dominant adult species (Figure
3.1-2), while hardhead was the dominant juvenile species (Figure 3.1-3). This'same
pattern was also observed at Bardee's Bar; Sacramento sucker was the dominant adult
species (Figure 3.1-4), and hardhead was the dominant juvenile species (Figure 3.1-5).
Additionally, at Poe Powerhouse, Sacramento sucker was the dominant adult species
(Figure 3.1-6); however, smallmouth bass was the dominant juvenile species (Figure
3.1-7).

3.2 ELECTROFISIDNG VERSUS GILL NETTING

At all sites, the majoritY offish sampled were collected by stunning fish directly with the
electrofisher and collecting them with dip nets (Figures 3.2-1 to 3.2-6); however, the
species composition and size differed depending on the capture method. Sacramento
sucker was the dominant species caught in the gill nets at aIrtliree sites: 82% at Mill
Creek Confluence, 67% at Bardee's Bar and 69% at Poe Powerhouse (Figures 3.2-1 to
3.2-3). Hardhead was the dominant species caught by electrofishing at Mill Creek
Confluence (44%) and Bardee's Bar (66%), though smallmouth bass (76%) was the
dominant species caught a{Poe Powerhouse. Histograms ·ofthe species' total length and
method of capture show the general predominance ofjuveniles being caught by
electrofishing and adults being caught in the gill nets; however, many adult Sacramento
suckers and all three adult common carp were caught by electrofishing.

3.3 DAYLIGHT VERSUS TWILIGHT SAMPLING

Length frequency histograms by time ofsampling were produced for all three sites. The
daylight and twilight sampling efforts captured similar species and sizes for the Mill
CfeekConfltieIice and PoePowethouse sites; however, there was a decrease in the 
number of smallmouth bass caught at Bardee's Bar during the twilight sampling (Figures
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3.3-1 to 3.3-3). At all three sites, a large proportion ofthe fish were captured during the
daylight sampling. However, it should be noted that the daylight sampling was oflOnger)
duration than the twilight sampling, and that may account for much ofthe difference in
results. .

3.4 LENGTH-WEIGHT RELATIONSIllPS

All individuals were weighed to the nearest tenth ofa gram, and measured to the nearest
millimeter in total length. The totallength-to-weight relationship was calculated and
graphed·for the most abundant species: hardhead, Sacramento pikeminnow, Sacramento

J sucker, smallmouth bass and sculpin (Figures 3.4-2 to 3.4-5). A polynomial regression
and R2 value oftotal length to weight was calculated for each species.
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4. DISCUSSION

The use of electrofishers, gill nets, daylight and twilight sampling efforts had different
effects on species capture in the Poe Project bypass reach on the North Fork Feather
River.

(
ElectrofiShing was most effective in the shallower areas near the bank where there was
.sufficient cover. With the exception of a school ofadult Sacramento suckers found at the
Mill Creek Confluence site and several adult fish at Bardee's Bar, few fish were captured
directly out ofthe deeper section ofthe pools. However, the larger fish may have been
spooked into the gill nets by the electrofishing activity. The use of gill nets increased the
niimbers ofadult fish caught, especially of Sacramento sucJcers.

The additional twilight sampling effort increased the total number of fish caught;
however, daylight sampling appeared to be adequate to collect a range of species and size
classes.

The sampling methods appeared to be effective for capturing a significant number of fish
ofvarying species and size classes, ~om different types ofhabitat within the large pools.
Estimates of species composition at different sites are considered fairly reliable (although
no effort was made to capture all young-of-the-year hardhead along some of the river
margins). Overall, numbers of captured fish at a site(adjusted for sampling time and
area) may be indicative ofrelative population levels between sites, but the lack ofany
controlled depletion offish in the segments (and the inability to sample the deepest areas)
would make any population estimates speculative.
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Figure 3.1-1: North ForK Feather River. Total fish composition by site (Mill Creek Confluence. Bardee's Bar.

Poe Powerhouse).



Mill Creek Confluence - Adult Fish Composition (n = 55)
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Figure 3.1-2: North Fork Feather River at Mill Creek Confluence. Adult fish composition by species. (Total
length> 200mm).

ill Creek Confluence - Juvenile Fish Composition (n =82)
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Figure 3.1-3: North Fork Feather River at Mill Creek Confluence. Juvenile fish composition by species. (Total
length < 200mm, except riffle sculpin total length < 75mm).
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Figure 3.1-4: North Fork Feather River at Bardee's Bar. Adult fish composition by species. (Total length>
200mm. except riffle sculpin total length> 75mm).

Bardee's Bar - Juvenile Fish Composition (n=44)
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Figure 3.1-5: North Fork Feather River at 8ardee's Bar. Juvenile fish composition by species. (Total length <

200mm).



Poe Powerhouse - Adult Fish Composition (n=28)
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Figure 3.1-6: North Fork Feather River at Poe Powerhouse. Adult fish composition by species. (Total length >

200mm, except riffle sculpin total length > 75mm).

Poe Powerhouse· Juvenile Fish Composition (n=69)
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Figure 3.1-7: North Fork Feather River at Poe Powerhouse. Juvenile fish composition by species. (Total
length < 200mm).



Mill Creek Confluence (n=137)
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Figure 3.2-1: North Fork Feather River at Mill Creek Confluence. Species composition by method of capture
(gill nets and electrofishing).



Bardee's Bar (n=79)
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Fl ure 3.2-2: North Fork Feather River at Bardee's Bar. Species composition by method of capture ( ill nets
and electrofishing).



Poe Powerhouse (n=97)
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Figure 3.2-3: North Fork Feather River at Poe Powerhouse. Species composition by method of capture (gill
nets and electrofishing).
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Figure 3.2-4: North Fork Feather River at Mill Creek Confluence: length frequency histograms.



Bardee's Bar - Total Fish (n=79)
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Figure 3.2-5: North Fork Feather River at Bardee's Bar: length frequency histograms.



Poe Powerhouse - Total Fish (n=97)
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Figure 3.3-1: North Fork Feather River at Mill Creek Confluence. Fish captured in daylight versus twilight

sampling.



Bardee's Bat - Daylight Sampling (n=56)
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Figure 3.3-3: North Fork Feather River at Poe Powerhouse. Fish captured in daylight versus twilight sampling.
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Figure 3.4-1: Totallength-to-weight regression for hardhead at 3 sites (Mill Creek Confluence, Bardee's Bar,
Poe Powerhouse) on the North Fork Feather River.
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-Figure 3.4-2: Totallength·to-weighfregressiorlf6rSacrarnento pikeminnow at 3 sites (Mill Creek Confluence,
Bardee's Bar, Poe Powerhouse) on the North Fork Feather River.
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Rgure 3.4-3: Totallength-to-weight regression for Sacramento sucker at 3 sites (Mill Creek Confluence,
Bardee's Bar, Poe Powerhouse) on the North Fork Feather River.

Smallmouth Bass (n =83)

350

300

250

§ 200

-§,
'(i)
~ 150

100

50

.- - ----r- ~- -'.-.._~----'--"--'----r-----.-------r---- .-._-- ._-,o
o 50 100 150 200

Total Length (mm)

250 300 350

Figure 3.4-4: Totallength-to-weight regression for smallmouth bass at 3 sites (Mill Creek Confluence,
Bardee's Bar, Poe Powerhouse) on the North Fork Feather River.
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Name: PULGA
Date: 10119/100
SCal : 1 Inch equals 2000 feet

Location: 039°47'05.1' N 121°26'55.7' W
Caption: Locations for Mill Creek Confluence site and Bardee's Bar Site
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Name: BERRY CREEK
Date: 10119/1 00
Scale: 1 InCh equals 2000 feet

Location: 039" 43' 20.3" N 121" 28' 00.2" W
Caption: Location of Poe Powerhouse site.
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Data Summary

All Sites Combined
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North Fork of Feather River
Downstream of Mill Creek Confluence
Approx. Discharge: 120 cfs
Water Temp (F): 65
Date: 9/26/00

SKR Sacramento sucker RBT Rainbow trout
5MB Smallmouth bass SCP Riffle sculpin
HH Hardhead CP Common Carp
PM Sacramento pikeminnow

Segment Segment Net Sample Total
Sample Sample Time Time Mesh Length Weight

Stream Site Segment Effort (min) (Dayrrwil) Net (Dayrrwil) Size (in) Species (mm) (g) Mort.

NFFR Mill Creek Daylight 2 SKR 450 1045
NFFR Mill Creek Daylight 2 SKR 460 1098
NFFR Mill Creek Daylight 1.5 SKR 376 615
NFFR Mill Creek Daylight 1.5 SKR 460 1010
NFFR Mill Creek Daylight 1.5 SKR 369 633
NFFR Mill Creek 81 50 Daylight HH 45 0.6 Y
NFFR Mill Creek 81 50 Daylight SKR 55 1.6 Y
NFFR Mill Creek 81 50 Daylight HH 45 0.5 Y
NFFR Mill Creek 81 50 Daylight HH 43 0.5 Y
NFFR Mill Creek 81 50 Daylight HH 47 0.7 Y
NFFR Mill Creek 81 50 Daylight SKR 73 3.7 Y
NFFR Mill Creek 81 50 Daylight HH 41 0.5 Y
NFFR Mill Creek 81 50 Daylight SCP 42 0.7
NFFR Mill Creek 81 50 Daylight HH 52 0.9
NFFR Mill Creek 81 50 Daylight SKR 64 3
NFFR Mill Creek S1 50 Daylight HH 98 6.3
NFFR Mill Creek S1 50 Daylight SKR 81 4.7
NFFR Mill Creek S1 50 Daylight SKR 77 4.3

() NFFR Mill Creek S1 50 Daylight· HH 45 0.6
NFFR Mill Creek 81 50 Daylight SKR 73 3.4
NFFR Mill Creek S1 50 Daylight SKR 57
NFFR Mill Creek 2 Daylight 2 SKR 455 1095
NFFR Mill Creek 2 Daylight 1.5 PM 465 669
NFFR Mill Creek 82 49 Daylight SKR 84 5.6 Y
NFFR Mill Creek 82 49 Daylight SKR 90 7.8 Y
NFFR Mill Creek S2 49 Daylight SKR 106 10.8 Y
NFFR Mill Creek 82 49 Daylight HH 44 0.5 Y
NFFR Mill Creek S2 49 Daylight HH 50 0.8 Y
NFFR Mill Creek S2 49 Daylight HH 47 0.7 Y
NFFR Mill Creek S2 49 Daylight HH 47 0.6 Y
NFFR Mill Creek 82 49 Daylight HH 52 0.9
NFFR Mill Creek 82 49 Daylight HH 56 1.2
NFFR Mill Creek S2 49 Daylight HH 80 3.4
NFFR Mill Creek S2 49 Daylight PM ·130 13.7
NFFR Mill Creek 82 49 Daylight HH 92 5.2
NFFR Mill Creek 82 49 Daylight HH 113 9
NFFR Mill Creek 82 49 Daylight HH 95 5.9
NFFR Mill Creek 82 49 Daylight HH 114 10.8
NFFR Mill Creek 82 49 Daylight HH 85 4.4
NFFR Mill Creek 82 49 Daylight PM 133 14.9.
NFFR Mill Creek 82 49 Daylight PM 121 12.9
NFFR Mill Creek 82 49 Daylight HH 96 5.8
NFFR MillCreek 82 49 Daylight SKR 94 7.5
NFFR Mill Creek S2 49 Daylight PM 114 11.1
NFFR Mill Creek 82 49 Daylight HH 82 3.6
NFFR Mill Creek 82 49 Daylight SKR 83 5.6
NFFR Mill Creek 82 49 Daylight 8KR' 93 '7.3'

NFFR Mill Creek 82 49 Daylight HH 3S 0.3
NFFR Mill Creek 82 49 Daylight CRAYFISH 120 49
NFFR MillCreek 1 Daylight 1.5 . SKR 350 439

..-. NFFR MiD Creek 2 Daylight 2 8KR 434 878
{ \

L.~j
NFFR Mill Creek 3 Daylight 2 SKR 470 1160
NFFR Mill Creek 3 Daylight 2 SKR 433 872
NFFR Mill Creek 2 Daylight 2 SKR 515 1575
NFFR MiD Creek 3 Daylight 1 . SKR 265 224

Poe Fish Raw Data CO.xIs. Mill Creek Data
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Segment Segment Net Sample Total
Sample Sample Time Time Mesh Length Weight

Stream Site Segment Effort (min) (DayITwil) Net (DayITwil) Size (in) Species (mm) (9) Mort.

NFFR Mill Creek 3 Daylight 1 5KR 335 400
NFFR MillCreek 3 Daylight 1.5 5KR 330 430
NFFR MillCreek 3 Daylight 1.5 5KR 326 398
NFFR Mill Creek 3 Daylight 1.5 5KR 337 408
NFFR Mill Creek 3 : Daylight 2 5KR 440 1109
NFFR Mill Creek 3 Daylight 2 5KR 422 990
NFFR Mill Creek 3 Daylight 2 5KR 478 1026
NFFR Mill Creek 53 44 Daylight 5KR 468 1164
NFFR MillCreek S3 44 Daylight 5KR 400 672
NFFR MillCreek S3 44 Daylight SKR 274 230
NFFR MillCreek 53 44 Daylight 5KR 120 18
NFFR Mill Creek S3 44 Daylight HH 78 3
NFFR .MiII Creek S3 44 Daylight 5KR 305 333
NFFR Mill Creek S3 44 Daylight SKR 257 203
NFFR Mill Creek 53 44 Daylight 5KR 315 347
NFFR MillCreek S3 44 Daylight SKR 277 229
NFFR' MillCreek S3 44 Daylight 5MB 89 8
NFFR Mill Creek S3 44 Daylight 5KR 1SO 22
NFFR Mill Creek S3 44 Daylight HH 52 0.8
NFFR Mill Creek S3 44 Daylight SKR n 4.2 y

NFFR Mill Creek S3 44 Daylight PM 49 1 Y
NFFR Mill Creek 53 44 Daylight 5KR 96 0.6
NFFR Mill Creek S3 44 Daylight HH 52 0.9 Y
NFFR Mill Creek S3 44 Daylight 5KR 78 4.2
NFFR Mill Creek S3 44 Daylight 5KR 75 4
NFFR Mill Creek S3 44 Daylight HH 51 0.9
NFFR Mill Creek SS 44 Daylight HH 45 0.6 Y
NFFR MillCreek SS 44 Daylight HH 52 0.9 Y
NFFR Mill Creek SS 44 Daylight PM 44 0.5
NFFR Mill Creek 4 Daylight 1.5 5MB 282 326
NFFR Mill Creek 4 Daylight 2 5MB 290 370
NFFR MillCreek 4 Daylight 1 SKR 285 252
NFFR MillCreek 4 Daylight 1 5KR 323 360
NFFR Mill Creek 4 Daylight 1.5 5KR 378 523
NFFR Mill Creek 4 Daylight 1.5 5KR 348 439
NFFR Mill Creek 4 Daylight. 2 5KR 386 631
NFFR MillCreek 4 Daylight 2 HH 479 1030
NFFR Mill Creek S1 25 Twilight 5KR 125 16.3
NFFR Mill Creek 51 25 Twilight HH 47 0.7
NFFR Mill Creek 51 25 Twilight HH 43 0.6
NFFR Mill Creek 51 25 Twifight HH 49 0.7
NFFR Mill Creek 51 25 Twilight 5CP 46 0.8
NFFR Mill Creek S2 25 Twilight 5KR 91 7.6
NFFR Mill Creek 52 25 Twilight 5KR 89 7.7
NFFR Mill Creek 52 25 Twilight PM 132 14.2
NFFR Mill Creek 52 25 Twilight PM 131 16.4

NFFR MillCreek 52 25 Twilight 5MB 90 10.1
NFFR Mill Creek 52 25 Twilight HH 43 0.7 Y

NFFR Mill Creek 52 25 Twilight HH 38 0.4

NFFR Mill Creek S2 25 Twilight 5KR 67 3
NFFR Mill Creek 52 25 Twilight 5KR 61 2.3

NFFR Mill Creek S2 25 Twilight SKR 84 6.2
NFFR Mill Creek S3 30 Twilight HH 54 0.9 Y

NFFR Mill Creek S3 30 Twilight 5KR 82 5.3

NFFR Mill Creek S3 30 Twilight HH 67 2.9

NFFR Mill Creek 53 30 Twilight HH 51 0.8

NFFR MillCreek S3 30 Twilight PM 102 9.2

NFFR MillCreek S3 30 Twilight 5KR 260 175 Y

NFFR Mill Creek S3 30 TWIlight SKR 79 4.8

NFFR Mill Creek S3 SO Twifight HH 53 1.1

NFFR Mill Creek S3 SO Twilight HH 101 6.4

NFFR MillCreek 53 30 Twilight 5KR 167 42.4

NFFR Mill Creek S3 SO Twilight SKR 289 262

NFFR MillCreek 53 SO Twilight SKR 252 166

NFFR Mill Creek 53 30 Twi6ght HH 96 5.2
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/\ Segment Segment Net Sample Total
I I Sample Sample Time Time Mesh Length Weight\ /

, ~-_/ Stream Site Segment Effort (min) (DayrrwiJ) Net (Dayrrwil) Size (in) Species (mm) (g) Mort

NFFR Mill Creek 1 Twilight 1.5 SKR 386 662
NFFR Mill Creek 2 Twilight 1.5 HH 412 654
NFFR Mill Creek 3 Twilight 0.5 PM 135 17
NFFR Mill Creek 3 Twilight 1 HH 210 76
NFFR Mill Creek 3 Twilight 1.5 SKR 313 342
NFFR Mill Creek· 3 Twilight 1.5 SKR 386 558
NFFR Mill Creek 3 Twilight 1.5 SKR 331 407
NFFR Mill Creek 3 Twilight 1.5 SKR 317 347
NFFR Mill Creek 4 Twilight 1.5 SKR 423 807
NFFR Mill Creek 4 Twilight 1.5 SKR 490 1340
NFFR MUI Creek 4 Twilight' 1.5 SKR 394 669
NFFR Mill Creek 4 Twilight 1.5 SKR 380 602
NFFR Mill Creek 4 Twilight 1.5 SKR 374 594
NFFR Mill Creek 4 Twilight 1.5 SKR 412 726
NFFR Mill Creek 4 Twilight 1.5 SKR 410 642
NFFR .Mill Creek 4 Twilight 1.5 SKR 280 274
NFFR Mill Creek 4 Twilight 1.5 SKR 381 580
NFFR Mill Creek 4 Twilight 1.5 5MB 299 380

Daylight!
Start Stop Start Stop Totals Twilight

S1 10:40 11:00 11:10 11:40 50 D
S2 12:23 1:12 49 D
S3 3:09 3:40 3:50 4:03 44 D
S1 4:50 5:15 25 T
S2 5:15 5:40 25 T
S3 5:45 6:00 6:30 30 T
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North Fork of Feather River
Bardee's Bar
Approx. Discharge: 120 cfs
Date: 9/27/00

5KR sacramento sucker RBT Rainbow trout
5MB 5mallmouth bass 5CP Riffle sculpin

HH Hardhead CP Common Carp

PM Sacramento pikeminnow

Segment Segment Net Sample Total
Sample Sample lime lime Mesh Length

Stream Site Segment Effort (min) (DaylTwil) Net (DaylTwil) Size (in) Species (mm) Weight (g) Mort.
NFFR Bardee's Bar 54 35 Daylight SKR 445 823
NFFR Bardee's Bar 54 35 Daylight SKR 421 809
NFFR Bardee's Bar 54 35 Daylight 5MB 171 70.3
NFFR Bardee's Bar 54 35 Daylight 5MB 89 8.4
NFFR Bardee's Bar 54 35 Daylight 5MB 94 12
NFFR Bardee's Bar 4 Daylight 2 RBT 362 989
NFFR Bardee's Bar 4 Daylight 2 5MB 294 947
NFFR Bardee's Bar 4 Daylight 1.5 5KR 380 613
NFFR Bardee's Bar S3 32 Daylight HH 50 0.9 Y
NFFR Bardee's Bar 53 32 Daylight HH 51 0.7 Y
NFFR Bardee's Bar 53 32 Daylight HH 48 0.6 Y
NFFR Bardee's Bar 53 32 Daylight 5MB 216 160
NFFR Bardee's Bar 53 32 Daylight 5CP 87 8
NFFR Bardee's Bar 53 32 Daylight 5KR 61 2
NFFR Bardee's Bar 53 32 Daylight HH 43 1
NFFR Bardee's Bar 53 32 Daylight HH 49 1
NFFR Bardee's Bar Daylight 2 5KR 425 866
NFFR Bardee's Bar Daylight 2 5MB 324 514
NFFR Bardee's Bar S2 28 Daylight HH 43 1 Y
NFFR Bardee's Bar S2 28 Daylight CP 550 2500
NFFR Bardee's Bar 52 28 Daylight HH 50 <1
NFFR Bardee's Bar 52 28 Daylight HH 36 <1
NFFR Bardee's Bar 52 28 Daylight HH 46 <1
NFFR Bardee's Bar S2 28 Daylight HH 45 <1
NFFR Bardee's Bar S2 28 Daylight 5KR 72 4
NFFR Bardee's Bar 52 28 Daylight HH 48 0.7
NFFR Bardee's Bar S2 28 Daylight HH 52 0.8
NFFR Bardee's Bar 52 28 Daylight 5MB n 5.8
NFFR Bardee's Bar 52 28 Daylight HH 52 0.8
NFFR Bardee's Bar 52 28 Daylight HH 48 04
NFFR Bardee's Bar 52 28 Daylight HH 35 0.3
NFFR Bardee's Bar 3 Daylight 1.5 5KR 330 394
NFFR Bardee's Bar 3 Daylight 1.5 5MB 270 345
NFFR Bardee's Bar 5 Daylight 0.75 HH 232 119
NFFR Bardee's Bar 4 Daylight 1.5 5MB 292 450
NFFR Bardee's Bar 4 Daylight 1.5 SKR 398 674
NFFR Bardee's Bar 4 Daylight 1.5 SKR 3n 559
NFFR Bardee's Bar 51 32 Daylight 5MB 318 420
NFFR Bardee's Bar 51 32 Daylight HH 47 0.4 Y
NFFR Bardee's Bar 51 32 Daylight HH 52 0.5 Y
NFFR Bardee's Bar 51 32 Daylight HH 50 0.5
NFFR Bardee's Bar 51 32 Daylight HH 51 0.5

NFFR Bardee's Bar 1 Daylight 1 5KR 281 266
NFFR Bardee's Bar 1 Daylight 1.5 5MB 323 517

NFFR Bardee's Bar 1 Daylight 1.5 5MB 307 478

NFFR Bardee's Bar 1 Daylight 1.5 5KR 351 457

NFFR Bardee's Bar 1 Daylight 1.5 SKR 410 743

NFFR Bardee's Bar 1 Daylight 1.5 SKR 390 607

NFFR Bardee's Bar 1 Daylight 2 SKR 455 1133

NFFR Bardee's Bar 1 Daylight 1.5 SKR 353 516

NFFR Bardee's Bar 1 Daylight 1.5 SKR 396 741

NFFR Bardee's Bar 1 Daylight 1.5 5MB 321 525

NFFR Bardee's Bar 1 Daylight 1.5 SKR 3n 698

NFFR Bardee's Bar 1 Daylight 1.5 SKR 381 628

NFFR Bardee's Bar 1 Daylight 1.5 SKR 367 512
NFFR Bardee's Bar 3 Daylight 1.5 SKR 315 360

NFFR Bardee's Bar 54 17 Twilight SKR 379 652

NFFR Bardee's Bar 54 17 Twilight HH 44 <1 Y
NFFR Bardee's Bar 54 17 Twilight HH 46 <1 Y
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Segment Segment Net Sample . Total
Sample Sample Time Time Mesh Length

Stream Site Segment Effort (min) (DaylTwil) Net (DaylTwil) Size (in) Species (mm) Weight (g) Mort
NFFR Bardee's Bar 54 17 Twilight HH 39 <1
NFFR Bardee's Bar 54 17 Twilight HH 49 <1
NFFR Bardee's Bar 54 17 Twilight HH 54 <1
NFFR Bardee's Bar 54 17 Twilight HH 58 <1
NFFR Bardee's Bar 54 17 Twilight HH 42 0.5
NFFR Bardee's Bar S3 15 Twilight PM 52 0.5
NFFR Bardee's Bar S3 15 r:wilight PM 52 0.5
NFFR Bardee's Bar S2 15 Twilight HH 52 0.5
NFFR Bardee's Bar 52 15 Twilight HH 40 0.4
NFFR Bardee's Bar S2 15 Twilight HH 41. 0.4
NFFR Bardee's Bar 52 15 Twilight SKR 72 3.7
NFFR Bardee's Bar 51 18 Twilight HH 37 0.4 Y
NFFR Bardee's Bar 51 18 Twilight HH 38 0.5 Y
NFFR Bardee's Bar 51 18 Twilight HH 41 0.5 Y
NFFR Bardee's Bar 51 18 Twilight HH 46 0.8
NFFR Bardee's Bar 51 18 Twilight PM 41 0.4 Y
NFFR Bardee's Bar 51 18 Twilight HH 39 0.4
NFFR Bardee's Bar 5 Twilight 1.5 5KR 405 -742
NFFR Bardee's Bar 4 Twilight 1.5 SKR 339 420
NFFR Bardee's Bar 4 Twilight 1 SKR 291 244

(J

Daylight!
5tart 5top Totals Twilight

54 11:25 12:00 35 D
53 12:28 1:00 32 D
52 1:25 1:37 plus additional time 28 D
51 3:18 3:50 32 D
54 4:25 4:42 17 T
53 4:50 5:05 15 T
52 5:10 5:25 15 T
51 5:32 5:50 18 T
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North Fork of Feather River
Poe Powerhouse
Water Temp (F): 67
Date: 9/28100

SKR Sacramento sUcker RBT Rainbow trout

5MB Smallmouth bass 5CP Riffle sculpin

HH Hardhead CP Common Carp

PM Sacramento pikeminnow

Segment Segment Net Sample Total
Sample Sample Time Time Mesh Size Length Weight

Stream Site Segment Effort (min) (DaylTwil) Net (DaylTwil) (in) Species (mm) (9) Mort.

NFFR POE PH 54 42 Daylight 5MB 151 38.5
NFFR POE PH 54 42 Daylight 5MB 161 21.2
NFFR POE PH 54 42 Daylight 5MB 91 12.8
NFFR POE PH 54 42 Daylight 5MB 120 15.3
NFFR POE PH 54 42 Daylight 5MB 79 7.2
NFFR POE PH 54 42 Daylight 5MB 99 14.1
NFFR POE PH 54 42 Daylight '5MB 69 3.1
NFFR POE PH 54 42 Daylight 5MB 69 4.4
NFFR POE PH 54 42 Daylight 5MB 71 4.8
NFFR POE PH 54 42 Daylight 5MB 76 6.5
NFFR POE PH 54 42 Daylight 5MB 60 2.9
NFFR POE PH 54 42 Daylight 5MB 67 3.5
NFFR POE PH 54 42 Daylight 5MB 90 8.8 Y
NFFR POE PH 54 42 Daylight 5CP 84 5.8
NFFR POE PH S3 43 Daylight 5MB 74 4.7
NFFR POE PH S3 43 Daylight 5MB 72 5.3
NFFR POE PH 53 43 Daylight 5MB 66 4.3
NFFR POE PH 53 43 Daylight 5MB 154 51.5
NFFR POE PH 53 43 Daylight 5MB 170 67.6
NFFR POE PH 53 43 Daylight 5MB 177 66.8
NFFR POE PH S3 43 Daylight 5MB 165 57.8
NFFR POE PH S3 43 Daylight 5MB 76 5.2
NFFR POE PH S3 43 Daylight 5MB 92 10.4
NFFR POE PH S3 43 Daylight 5MB 86 7.7
NFFR POE PH S3 43 Daylight 5MB 90 11.1
NFFR POE PH S3 43 Daylight 5MB 83 8.3
NFFR POE PH 53 43 Daylight 5MB 72 4.4
NFFR POE PH S3 43 Daylight 5MB 88 8.3
NFFR POE PH 52 42 Daylight 5KR 428 817
NFFR POE PH S2 42 Daylight 5MB 160 76

NFFR POE PH 52 42 Daylight PM 156 31.8
NFFR POE PH S2 42 Daylight 5MB 83 7.2
NFFR POE PH 52 42 Daylight PM 110 10

NFFR POE PH 52 42 Daylight HH 115 10.5
NFFR POE PH 52 42 Daylight 5MB '73 4.5
NFFR POE PH S2 42 Daylight HH 108 9.5
NFFR POE PH 52 42 Daylight 5CP 85 6.1

NFFR POE PH 52 42 Daylight 5KR 543 2500
NFFR POE PH 2 Daylight 1.5 SKR 384 592

NFFR POE PH 2 Daylight 2 5KR 427 841
NFFR POE PH 2 Daylight 1.5 5KR 392 729
NFFR POE PH 2 Daylight 2 5KR 409' 824

NFFR POE PH 2 Daylight 1.5 5KR 376 616

NFFR POE PH 1 Daylight 1.5 5KR 392 817 Y

NFFR POE PH 52 42 Daylight HH 110 10.5

NFFR POE PH 52 42 Daylight 5MB 95 13.5

NFFR POE PH 52 42 Daylight HH 111 14.5

NFFR POE PH 52 42 Daylight HH 108 8

NFFR POE PH 52 42 Daylight HH 112 11

NFFR POE PH 52 42 Daylight 5MB 68 4.5

NFFR POE PH 51 42 Dayfight CP 605 3500

NFFR POE PH 51 42 Daylight 5MB 147 39

NFFR POE PH 51 42 Daylight 5MB 90 8

NFFR POE PH 51 42 Daylight 5MB 75 5

NFFR POE PH 51 42 Daylight 5MB 76 4

NFFR POE PH 51 42 Daylight 5CP 97 10

NFFR POE PH 51 42 Daylight 5KR 402 701
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Stream

NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR
NFFR

Site

POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH
POE PH

Segment

S1
S1
S1
S1
S1
S1
S4
S4
54
S4
S3
S3
S3
S3
S3
S3
S3
S3
S2
S2
S2
52
S2
S2
S2
51
S1

Segment
Sample

Effort (min)

42
42
42
42
42
42
14
14
14
14
16
16
16
16
16
16
16
16
13
13
13
13
13
13
13
12
12

Segment
Sample Time

(DaylTwil)

Daylight
Daylight
Daylight
Daylight
Daylight
Daylight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight

Net

5
5
5
4
4
3
3
3
3
1
2
2
2

Net Sample
Time

(DaylTwil)

Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight
Twilight

Mesh Size
(in)

1.5
1
1

1.5
1.5

2
2

1.5
1.5

2
2

1.5
1.5

Species

5MB
5MB
5MB
5MB
5MB
5MB
SKR
5MB
5MB
5MB

CP
5MB
5MB
5MB
5MB
5MB
5MB
5MB
5MB

HH
5MB
5MB
5MB
5MB
5MB
5MB
5MB·
5MB
5MB
5MB
5MB

HH
SKR
SKR
SKR
SKR
SKR
SKR
SKR
5MB

Total
Length
(mm)

83
96

102
69
61
67

402
84
76
60

571
176
166
185
87
95

142
185
89

148
102
81

103
77
78

127
78

274;
251'
249
266
534
469
372
352
336
493
494
331
276

Weight
(g)

7.5
13.2

15
4.5 '

3
4

669
7.7
6.5
3.2

2600
70
53
82

8
11
35
79

8
23
13
7

14
5
6

28
6

324
259
191
266

1300
1050
661
536
385

1159
1166
391
296

Mort.

y

y

y

y

Daylight!
Start Stop Start Stop Totals Twilight

54 11:26 12:08 42 D
S3 12:12 12:15 12:50 1:30 43 D
S2 2:21 3:03 42 D
S1 3:11 3:27 4:11 4:37 42

.. -
D

54 4:44 4:58 14 T
S3 5:00 5:16 16 T
S2 5:20 5:26 5:56 6:03 13 T
S1 6:04 6:16 12 T

Poe FISh Raw Data DO.xIs, Poe Powerhouse Data Page7of7 1013112000



r--- .._--

i
I

I

I

(J

POE HYDROELECTRIC PROJECT

FERC NO. 2107

APPENDIX E3-3

Feasibility ofUsing Hydroacoustics to
Monitor Fish Entrainment at Poe Dam

Poe Hydroelectric Project, FERC No. 2107
© 2003, Pacific Gas and Electric Company



Hydroacoustic Technology, Inc.

(J

I

FEASIBILITY OF USING HYDROACOUSTICS
TO

MONITOR FISH ENTRAINMENT AT
POE DAM

Prepared for

Pacific Gas and Electric Company
Department of Research and Development

3400 Crow Canyon Road
San Ramon, CA 94583

Prepared by

Patrick A. Nealson
Mark A. Timko

Hydro.acoustic Technology, Inc.
715 NE Northlake Way

Seattle, WA98105
(206) 633-3383

December 7, 1999

! IIi



o

1.0 INTRODUCTION

Pacific Gas & Electric Co. (PG&E) contracted Hydroacoustic Technology, Inc. (HTI) to
assess the feasibility of using hydroacoustics to monitor fil?h entrainment at Poe Dam in
November 1999. The objective of this study was to estimate the signal-to-noise ratio at Poe
Dam, with the ultimate goal of implementing a long-term entrainment monitoring stUdy.

Initial evaluations at the dam were conducted in November 1989 by Nealson and
McFadden (1990). The hydroacoustic techniques available at that time did not measure fish
direction of movement. As such, the monitoring transducer had to be deployed downstream in
the intake at a point where fish entrainment was maximized. As a result, monitoring was
conducted well downstream in the intake, in an area of turbulence and entrained air,'resulting in a
low signal-ta-noise ratio.

With the subsequent availability of split-beam hydroacoustic techniques in the 1990's,
direction of fish movement could be measured directly. These techniques allow direct
determination of fish entrainment further upstream in the Poe Dam intake. with less flow, but also
with less turbulence. The result would presumably be higher signal-to-noise ratios, permitting
smaller fish to be monitored.

If the signal-to-noise ration was sufficient to permit monitoring of fish as small as 2 inches
(50 mm) in length, the plan was to monitor fish entrainment periodically throughout the following
12 months.

2.0 SITE DESCRIPTION

Poe Dam is located in Northern California on the North Fork Feather River. The Poe
Powerhouse Intake diverts water into a 19 ft diameter penstock with a base elevation of 1340 ft.
The concrete intake is apprOXimately 78 ft wide at the trashracks. The intake structure was
divided into six individual intake bays immediately downstream of the trash racks.

The reservoir level during hydroacoustic sampling was apprOXimately 1372 ft. Average
water velocity in the penstock during data collection was approximately 8 fps at 2300 cfs. A
significant amount of debris had accumulated on the trash racks prior to the tests.

1
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Figure 1. Cross-section of.Poe Dam intake area (adapted from Nealson'and Mcfadden (1990)).
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3.1 Introduction

3.0· METHODS

(J

Over the last 15 yr, the availability of scientific-quality hydroacoustic instruments has
permitted efficient, unobtrusive monitoring of the abundance, distribution, and behavior of
entrained fish at dams (Ransom and Raemhild 1985; Ransom and Steig 1994, 1995; and Steig
and Hays 1987). General fisheries hydroacou.stic methods are described by Maclennan and
Simmonds (1992).

This evaluation was conducted November 2-3, 1999.

3.2 Hydroacoustic Equipment and Operation

The Poe Dam study was conducted using split-beam hydroacoustics and three
dimensional target tracking techniques. Split-beam· techniques are described by Ehrenberg
(1984, 1989) and Ehrenberg and Torkelson (1996). Split-beam phase and range measurements
permit direct calculation of absolute velocity and three dimensional trajectory path through the
beam for each detected fish.

The advantages of split-beam techniques over single-beam hydroacoustic techniques lay
primarily in their ability to locate fish within the acoustic beam in three dimensions. This permit$-q;
absolute tracking of fish movements through the beam, greatly enhancing monitoring of fish
behavior. This also permits estimation of fish target strength (and thus fish length) with low
variability, producing less variable estimates of fish target strength (Burwen et al. 1995, Traynor
and Ehrenberg 1990). The split-beam system also has an inherently higher signal-ta-noise ratio;
which can permit monitoring of smaller fish at sites with higher levels of background interference.

A single Model 241 Portable Split-Beam System was used. The system was comprised
of a 200 kHz Model 241 Portable Split-Beam Echo Sounder (SN 923436), a chart recorder, an
oscilloscope, and two transducers. A 150 conical-beam transducer (SN 316616) and 60 x 100

elliptical-beam transducer (SN 827186) (nominal beam widths at the -3 dB points, with one-way
propagation) were used.

The acoustic system was calibrated prior to deployment and data collection. The system
operated at 0.2 msec pulse width, and 10 pings per sec. Both Chirp (FM Slide) and non-Chirp
signals were tested.

3.3 Transducer Deployment

Transducer mount locations are shown in Figure 1. The 150 transducer was centered in
theintake at two locations. Mount location j monitored in the same position "aswas used in
1989, at the downstream end of the intake area. Here the transducer was mounted at a depth of
approximately 3 ft, and aimed straight down (i.e., 0 0

).

Mount location 2 (Figure 1) deployed the 6 0 x 100 transducer on the south wall of the
intake, and aimed it horizontallytoward the north wall. The transducer was mounted at a depth
of12 ft,andaimed 30 upstream. The wide axis of the elliptical beam (Le., the 100 axis) was
onented vertically. .. ...... - . .
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The 150 transducer was subsequently attached to the downstream side of the trashracks
(Figure 1). Here the transducer was mounted at two different depths, near the surface (Mount
Location), and 4 ft deep (Mount Location 4). .

3.4 Data Analysis Methods

Split-beam data were processed automatically by the Model 340 Digital Echo Processor.
The primary data record was the raw split-beam data files written to disk in real time. Chart
recorder echograms and periodic OAT recordings were also collected. Data analysis was
completed using specialized software developed by HTI.

The target strength (Le., acoustic size) of each selected echo was estimated using the
split-beam technique. The split-beam technique estimates target strength in-situ, using
differences in phases between the received signals from the beam's four quadrants. This
information is used to estimate angle off axis for each echo, calculate its on-axis amplitude, and
convert this to target strength. A detailed description of the split-beam technique is presented by
Ehrenberg (1984, 1989), and Ehrenberg and Torkelson (1996).

The objective of this study was to estimate the signal-ta-noise ratio at the dam. To do
this, background noise levels were measured at different transducer mount locations. These
noise levels were then to be compared to the predicted target strength of the smallest fish size of
interest, in order to ascertain if fish of the size of interest could be resolved during entrainment
monitoring at the dam.
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4.1 1989 Results

4.0 RESULTS AND DISCUSSION

. --,

(j

During 1989 tests reported by Nealson and McFadden (1990), the monitoring transducer
was placed downstream of the penstock opening, in order to maximize the chance that fish
monitored were entrained. These tests indicated that the minimum fish detection length (Love
1977) over the full nominal beam width was approximately 23 inches (58 em) in the upper 4-7 m
of the water column. This was equivalent to a target strength of -31 dB. On axis, the minimum
fish detection length was approximately 11 inches (28 cm), equivalent to a target strength of -37
dB..

4.2 1999 Results

For each of the four transducer mount locations, plots of background noise levels vs.
range are presented in Figures 2-5.

For Mount Location 1 in the penstock (Figure 1), the same mount location evaluated in
1989, during 1999, at a range less than 8 m, the minimum fish target strength (dorsal) able to be
monitored was -39 dB. This was equivalent to a fish length of approximately 18 em (Love 1977).
At a range over 8 m, the minimum fish target strength (dorsal) able to be monitored was -30 dB.
This was equivalent to a fish length of approximately 60 cm. These results were similar to those
observed in 1989 at this location. .

For Mount Location 2 (Figure 1), sampling horizontally across the intake area
downstream of the trash racks, maximum sample range was limited by a vortex halfway across
the full width of the intake area. The minimum fish target strength (side aspect orientation) able
to be monitored was -35 dB. This was equivalent to a fish length of approximately 25 em. ..

At Mount Location 3 (Figure 1),on the downstream of the trash racks near the surface,
the minimum fish target strength (dorsal) able to be monitored was -26 dB. This was equivalent
to a fish length of approximately 100 em. Large amounts of debris on the trashracks introduced
entrained air immediately upstream of this area. .

For Mount Location 4 at 4 ft deep, the minimum fish target strength (dorsal) able to be
monitored was -34 dB. This was equivalent to a fish length of approximately 35 em.

Significant noise was observed during all of the tests. This noise was caused primarily
by entrained air from flow through the trashracks and from vortices within the intake area. The
noise vanished when the turbine units were turned off.

None of the transducer mount locations tested experienced noise levels that would
permit monitoring fish less than approximately 25-35 cm in length. This fish size was significantly
larger than PG&E's desired minimum size of 2 inches (5 cm).
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Signal-to-noise ratios were measured at four locations within the Poe Dam intake area.

None of the transducer mount locations tested experienced noise levels that would
permit monitoring fish less than approximately 25-35 cm in length. This fish size was
significantly larger than PG&E's desired minimum size of 2 inches (5 cm).

It may be possible to conduct monitoring by attaching mUltiple transducers on the trash
racks, similar to Mount Location 3 (Figure 6). However, several transducers would be
required in order to monitor a significant proportion of the frontal cross-sectional area of
the intake. Six transducers would be required to cover all intake bays, and ideally should
be mounted near the bottom and aimed upward. It is anticipated that debris removal
from the trashracks (via periodic raking) would eliminate entrained air at Mount Location
3 and 4, allowing monitoring of fish of the minimum size of interest. However, this
assumption should be verified before consideration of this type of deployment.
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INTRODUCTION

Streams below clams are subject to a number of effects not found in unregulated streams,
including but not limited to alterations of natural temperature regimes, water chemistry and
hydrology, which in turn affect the limnology and ecology of receiving waters. The literature on
·the subject is vast; good overviews are provided by Walberg et al. (1981) and Ward and
Stanford (1979).

The purpose ci the current investigation is to establish the baseline conditions of the
benthic macroinvertebrate fauna in six sections of the North Fork Feather River (NFFR). The
sections are either unregulated (East Branch), regulated with stable flow patterns (Belden),
technically unregulated but with flow from both the unregulated East Branch and the regulated
section containing the Belden reach (North Fork) or regulated but with highly varying flows
(Rock Creek, Cresta, and Poe). The Belden, Rock Creek, Cresta, and Poe Federal Energy
Regulatory Commission (FERC) operating licenses are currently in the renewal process. Some
increase in the minimum flows in these reaches is anticipated, but the magnitude of those flows
has not been determined.

It has been assumed that increasing the minimum flows will be beneficial to the aquatic
biological community. A greater minimum flow may perhaps buffer the effects of sudden 
changes in flow, thus limiting the variability to which the benthic community is subjected. In
areas where the stream has room to spread out, a greater minimum flow will also mean less
stranding of invertebrates following extreme flows.

MATERIALS and METHODS

The stream sampling reaches chosen to represent the stream sections were selected with
two attributes in mind: access and availability of riffle habitats. Access is limited on the NFFR
and riffle habitats are rare. Most riffles are small, little more than gradient breaks, and do not
meet the minimum size requirement normally used in stream habitat mapping, Le., that the
unit must be as long as the stream is wide at that location (McCain, et al., 1990). Riffles are
used for benthic sampling primarily because they are easily sampled and have long been known
to be the major source of production in streams (Hynes, 1970).

THE STREAM SAMPLING REACHES:

• The East Branch sampling reach is a1 the unregulated East Branch of the NFFR and is
0.5 mi in length, extending from a point approximately 0.4 mi downstream of the Halstead Flat
bridge to about 0.1 mi upstream.

• The Belden sampling reach is a1 the North Fork of the NFFR, which is regulated by
Butt Valley Reservoir and the Caribou Afterbay. It is 0.25 mi in length and begins 0.35 mi
downstream of Mosquito Creek and ends 0.1 mi downstream of Mosquito Creek.

• The North Fork sampling reach is downstream ci the confluence of the East Branch
NFFR and the North Fork. This section is partially regulated in that it receives flow from the
regulated North Fork and the unregulated East Branch. It is 0.5 mi in length, extending from
approximately 0.3 mi upstream of Belden Town (via Howells Road) to about 0.8 mi upstream.

• The Rock Creek section is regulated by Rock Creek Reservoir and the sampling reach
begins 0.3 mi downstream of Indian Jim School and ends 0.3 mi upstream near Granite Creek, a
distance of 0.6 mL
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.11le Cresta section is regulated by Cresta Reservoir, and the sampling reach is 0.4 mi
in length and covers the area 0.5 mi to 0.1 mi downstream of Bear Ranch Creek.

• The Poe section is regulated by Poe Reservoir. The sampling reach begins 0.1 m i
upstream of the Highway 70 bridge at Pulga and includes the first riffle upstream of Flea Valley
Creek, a distance of 0.5 mi. . .

In every sampling reach California Department of Fish and Game (CDFG) Physical
Habitat Quality and California Bioassesment Worksheet forms were filled out. All
measurements were taken using standard equipment called for in CDFG's California Stream
Bioassment Procedure (CSBP). Copies of these are included as an attachment.

Riffles,were selected using the nonpoint source protocol of the CSBP. First,a reach was
chosen based on safe access, and then three of the first five upstream riffles were chosen at
random for sampling. Samples were collected from three one by two foot areas of stream bottom
(when possible from the stream margins and in the thalweg) using a custom made Wildco
stream bottom net with detachable bucket. The product of six square feet of bottom was
combined as a single composite sample from each riffle, field elutriated to remove stones, sand
and large pieces of detritus, placed in plastic jars, and preserved in al 0% formalin solution
stained with rose bengal dye. Uds with teflon closures were used to prevent leaking. Formalin
was used instead of the recommended ethanol because it is vastly superior as a fixative and
preservative. Rose bengal dye facilitates picking invertebrates from background detritus.
Eighteen composite samples were taken in all, three from each stream reach.

In the laboratory, the formalin was poured off, the samples thoroughly rinsed, and
spread out in water on a gridded tray 8" by 12" with 24 equal bottom divisions 2" square.
Individual grids were chosen at random and the organisms picked from detritus under a
dissecting microscope and transferred to 70% ethanol. At least 300 organisms were picked
from each sample as the subsample to be identified. In every case the last grid chosen was
picked and identified in its entirety. The CSBP requires a fixed count of 300 (+10%)
organisms, but substantially more can apparently be used without altering the quality of
information received (Sovell and Vondracek, 1999).

All organisms were identified to the species level using available keys whether they
could be assigned specific epithets or not, using morphotypes. Each species was counted, and
species lists and counts for each of the three samples from each reach are presented as
appendices to this report. Each species was also assigned to a functional feeding group (Merritt
and Cummins, 1996) and given a tolerance value proVided by CDFG or by educated estimation.
The unpicked and unidentified remainder of the samples was represerved in 70% ethanol. A
reference collection of each species identified, the identified samples and the unidentified
remainder will be curated indefinitely by Hydrozoology. ForQA/QC purposes, all of the sample
remainders were transferred to the CDFG Aquatic Bioassessment Laboratory at Rancho Cordova,
CA,on January 24, 2000. The reference collection generated from this studywill be made
available to CDFG for QA/QC if so desired.

Data from the species lists were used to calculate the suite ri metrits listed in theCSBP,
except those (% scrapers, % predators) that show a variable response to stream impairment,
andthe tolerance/intolerance indices,which are simply another form of the more explanatory
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METRIC REACH/SAMPLE

East Branch
123

Belden
1 2 3

North Fork
123

----------------------------------------------------
Species Richness 31 28 35 49 45 48 37 54 32
(total)(mean)(Cv) (46)(31.3)(9.2) (74)(47.3)(3.6) (68)(41.0)(13.2)

EPT species 13 12 15 15 14 20 15 19 14
(total)(mean)(Cv) (18)( 13.3)(9.3) (26)(16.3)(16.1) (23)(16.0)(13.5)

Ephemeroptera species 6 6 7 5 5 9 5 5 4
(total) (mean) (Cv) (7)( 6.3)(7.5) (9)(6.3)(30.0) (7) (4.7)( 10.0)

Plecoptera species 2 2 2 3 2 4 4 S 3
(total)(mean)(Cv) (4)(2.0)(0.0) (6)(3.0)(27.3) (6)( 4.0)(20.5)

Trichoptera species 5 4 6 7 7 7 6 9 7
(total) (mean) (Cv) (7)(5.0)(16.4) (11)(7.0)(0.0), (10)(7.3)(17.0)

------------------------------------------------METRIC REACH/SAMPLE

Rock Creek Cresta Poe
1 2 3 1 2 3 1 2 3

Species Richness 42 50 38 38 41 42 37 33 36
(total) (mean) (Cv) (65)(43.3)(11.5) (62)(40.3)(4.2) (52)(35.3)(4.8)

EPT species 12 20 14 13 13 14 17 15 16
(total) (mean) (Cv) (21 )(15.3)(22.2) (20)(13.3)(3.5) (21){16.0)(5.1)

Ephemeroptera species 4 8 5 4 5 6 5 5 5
(total)(mean)(Cv) (8)(5.7)(29.8) (7)(5.0)( 16.4) (6)(5.0)(0.0)

Plecoptera species 2 3 1 1 1 1 3 4 4
(total)(mean)(Cv) (4)(2.0)( 41.0) (3)( 1.0)(0.0) (5)(3.7)( 12.7)

Trichoptera species 6 9 8 8 7 7 9 6 7
(total)(mean)(Cv) (9)(7.7)(16.1) (10)(7.3)(6.4) (10)(7.3)(17.0

Table 1. Richness measures ci NFFR benthic samples, October 1999.

percentages of intolerant and tolerant organisms. Tables 1-4 present richness, composition,
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tolerance and feeding group metrics. The coefficient of variation (Cv=s( 1001sample mean», a
measure of the sample variability, has been included where appropriate (Table 1).

RESULTS and DISCUSSION

Species richness is probably the most valuable single metric that can be measured since
it reflects variability in the habitat, since more species means more different places to live,
and is thought to reflect favorably on stability in the benthic community (Patrick, 1970). In
response to impairment of the stream reach this metric should decline. It can be seen (Table 1)
that the East Branch reach has the lowest species richness (mean = 31.3 species), probably as
a result of poor land use practices in the two major ~ream systems that make up its watershed,
Spanish Creek and Indian Creek. The East Branch is generally shallow asa result of excess
sediment and suffers from high summer temperatures.

The North Fork section oftheNFFR, site of the Belden reach, is a regulated stream and no
doubt suffers from some habitat degradation, but does not experience the drastic changes in flow
that are typical of the Rock Creek, Cresta, and Poe sections of the NFFR. It has the appearance of
a natural stream and operates at fixed summer and winter flows. As a result, the Belden reach
had the highest species richness measured (mean = 47.3 species). The next section, fed by the
North Fork and the East Branch, is the site of the North Fork reach, which also had a high
species richness (mean = 41 species). Of the remaining sections, Rock Creek has the advantage
of a wider channel than Cresta or Poe, so that the energy of high flows can be dissipated over a
greater area. Alsq, substantial deposition of sediment is possible, resulting in not only more
but more varied riffle habitat. The mean number of species in the Rock Creek reach wasA:3.3,
in the Cresta reach 40.3, and in the Poe reach,35.3.' .

EPT stands for Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera
(caddisflies). This metric is based on the assumption that these three orders of aquatic insects
are more sensitive to impairment than any of the others. If this is true, then this metric and
the number of species in the orders that make it up can also be expected to decline with a decline
in the quality of the habitat. The difficulty here is that most of the species present in two of the
orders (Ephemeroptera and Trichoptera) are relatively insensitive to impairment. At the
order level only Plecoptera, as a general rule, are sensitive to even moderate impairment. We
see as a result that in the best habitat available (represented by the Belden reach) there are not
many more EPT species than in the other reaches, with the exception of the East Branch.

Table 2 lists the composition measures for each reach. The EPT indices (the percentag~+t'()it

of EPT species in the samples) are high, but reflect an abundance of the Ephemeroptera and .~ "if.·

Trichoptera species discussed above, those that are relatively tolerant. This is borne out by
inspection of the second line of the table, sensitive EPT species, or those known to be intolerant
of impairment (tolerance values of 0, 1, 2 or 3 in the appendices). This group contains few
species, and it is interesting to note that the highest percentage of sensitive species was found
in samples from the East Branch, which although impaired is still a naturally flowing stream.

The final section r:i Table 2 is devoted 10 species diversity, a single unitless number
representing- both species richness (above) and evenness,a·measure of how taxa are arrayed
within a sample. A sample with species in equal numbers is considered more diverse than one in
which most of the sample is ~iven over to one ora few species (Magurra.n, 1988):. CDFG
suggests that theSharmon-Wiener diversity index (H') be dllculat:ed for benthic:: samples,but
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METRIC REACH/SAMPLE

East Branch
1 . 2 3

Belden
1 2 3

North Fork
123

------------------------------------------------------------------
EPT Index 0.75 0.80 0.80 0.64 0.56 0.65 0.68 0.43 0.85

(mean) (0.78) (0.62) (0.64)

Sensitive EPT Index 0.12 0.24 0.10 0.10 0.07 0.12 0.07 0.04 0.11
(mean) (0.15) (0.09) (0.07)

Brillouin Diversity
Index, H 3AO 3.14 2.96 4.03 4.07 4.21 3.82 4.45 ·3.23

-------------- ----------------------------------------------
Shannon Diversity
Index, H' 3.62 3.32 3.17 4.37 4.36 4.54 4.09 4.80 3.43

(mean H) (3.17) (4.10) (3.83)

------- ----- ----- -----
(mean H') (3.37) (4.42) (4.11 )

METRIC REACH/SAMPLE

Rock Creek
123

Cresta
1 2 3

Poe
1 2 3

EPTlndex
(mean)

Sensitive EPT Index
(mean)

Brillouin Diversity
Index, H

Shannon Diversity
Index, H'

0.66 0.64 0.78 0.47 0.46 0.54 0.83 0.80 0.68
(0.69) (0.49) (0.78)

0.03 0.06 0.04 0.02 0.04 0.02 0.08 0.04 0.05
(0.04) (0.03) (0.06)

3.79 4.26 3.56 3.55 3.64 3.50 3.60 3.36 3.80

--------------------------------------
4.07 4.58 3.80 3.77 3.89 3.76 3.86 3.55 4.06

(mean H)

(mean H')

(3.87)

(4.15)

(3.56)

(3.81)

(3.59)

(3.82)

Table 2. Composition measures ci NFFR benthic samples, October 1999.
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this report uses the more appropriate Brillouin (1962) diversity index (H). The Shannon
index makes the following assumptions: that individuals are chosen randomly (not true, since
our sa!11pling procedure is stratified), that individuals are chosen from an infinite population
(untrue), and that all the species in the population are represented in the sample (never)
(Pielou, 1966, 1975, Kaesler and Herricks 1978, Kaesler et al. 1978, Krueger et al. 1988,
and Magurran 1988). The Brillouin index makes none of these assumptions and is instead a
measure of the diversity of the sample itself. The Shannon-Wiener index is listed in the table
for comparison's sake only. In addition to its other defects as an index, it can be seen that it
invariably overstates the actual species diversity.

The highest species diversities are, predictably, from samples collected in the Belden
Reach. Diversity indices from the North Fork Reach and the Rock Creek reach are similar to
each other and relatively high, while those of the Cresta and Poe reaches are moderate. The
relatively low species diversity of the East Branch is probably a function of lack of species
richness. According to Magurran (1988) the Brillouin species diversity index is particularly
sensitive to species richness.

Table 3 presents tolerance and intolerance measures, beginning with the percentages ci
intolerant species (tolerance values of 0, 1, or 2) and tolerant species (values of 8, 9, or 10).
The East Branch has by far the highest percentage of intolerant species and the values generally
decline as one goes downstream. The Cresta reach has the lowest percentage of intolerant
organisms. Species tolerant of impairment are most common in the Cresta reach, but as there
are few truly tolerant species on the lists, the values are generally low throughout the· system.

The next tINe metrics deal with the insect families that were the most abundant members
of the orders Trichoptera and Ephemeroptera previously discussed as being relatively
insensitive to impairment (Table 1). The families Hydropsychidae (Trichoptera) and Baetidae
(Ephemeroptera) combined made up 40% of the fauna in the reach where they were the least
common (Cresta) and 61 % where they were the most common (East Branch). Hydropsychidae
made up over a quarter of the fauna everywhere except the Cresta reach. Baetidae made up at
least 20% of the fauna everywhere except the East Branch reach. These families are expected to
become more common with increased habitat degradation. They are the dominant taxa of the
NFFR and one species from each of these families appears as the dominant taxon in the last part
of Table 3. In most samples the dominant taxon was a member of the Hydropsychidae, but in the
Rock Creek and Cresta reaches it was the mayfly Baetis tricaudatus , the most Widespread
mayfly in California.

Table 4 presents three metrics, the first tINe of which should increase as a result of
impairment. Collector/gatherers are detritus feeders, and their percentages are highest in the
Cresta and Rock Creek reaches, but moderately high in the Belden and North Fork reaches, and at
substantial levels in the East Branch and Poe reaches. Filterers strain small particles from the
water column and are extremely successful in the East Branch (mean = 54%) and Cresta (mean
= 63%) reaches, and common in the remaining reaches.

The last part ci Table 4 deals with shredders, animals that chew up vegetable matter and
thereby introduce this primarily terrestrial form of energy into the stream ecosystem. The
percentage of shredders is expected to decrease in the event of impairment. In the NFFR it is
generally low throughout the system, but highest in the Cresta reach, an artifact of the
abundance ofthe Chironomid genus Cricotopus , small fly (Diptera) larvae. Shredder abundance
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METRIC REACH/SAMPLE

East Branch
1 23

Belden
1 2 3

North Fork
123

% Collectors . 0.34 0.20 0.22 0,42 0.39 0.39 0.35 0.55 0.30
(mean) (0.25) (0.40) (0.39)

% Filterers 0,48 0.51 0.62 0.32 0.33 0.31 0.40 0.21 0.51
(mean) (0.54) (0.32) (0.37)

% Shredders 0.05 0.04 0.01 0.05 0.07 0.09 0.10 0.07 0.01
(mean) (0.03) (0.07) (0.06)

-----------.-----------------------------------------
METRIC REACH/SAMPLE

0 ~;<,.'•.

Rock Creek Cresta Poe .,. ~./'

1 2 3 .. 1 2 3 1 2 3

-------------------------------------------------------
% Collectors 0,48 0.53 0.45 0,44 0.55 .60 0.,18 0.20 0.27

(mean) (0.49) (0.53) (0:22)

% Filterers 0.33 0.32 0,42 0,42 0.25 0.15 0.63 0.66 0.59
(mean) (0.36) (0.28) (0.63)

% Shredders 0.04 0.06 0.02 0.07 0.10 0.13' 0.03 0.05 0.05
(mean) (0.04) (0.10) (0.04 )

Table 4. Functional feeding group measures ci NFFR benthic samples, October 1999.
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is a seasonal phenomenon, and the percentage of shredders in the system prior to leaf fall is
expected to be low. Following leaf fall, it is likely that the percentage of shredders will be
highest in the only reach with substantial vegetation close to the stream (Belden).

I n the 18 samples taken for this study, 124 species we~e collected. The vast majority ci
the organisms were found in a core group of about 30 species, which were collected in all or
nearly all reaches. Ten species were represented by single individuals and a larger number by
no more than two or three.

Secondary production in the NFFR is generally high (see the extrapolated totals at the
end of each reach species list), ranging from 3465 organisms/M2 in one sample from the
Belden reach to 16872 organisms/M2 in a sample from the Cresta reach.

The California Bioassessment Worksheets and Physical Habitat quality forms included
with this report reflect stream reaches that are generally optimal or suboptimal in most
respects except for marginal conditions conferred by a lack of riffles and poor conditions as a
result of lack of riparian vegetation on the mainstem of the NFFR. The exception is the Belden
reach, which has both abundant riffles and a vigorous riparian zone. Embeddedness is low to
moderate throughout, but boulders, a poor substrate for macroinvertebrate production, are
common in the gravel-starved reaches of Rock Creek, Cresta and Poe.

The various sections of the NFFR aII suffer from anthropogenic disturbances of Ole type
or another. The least affected is clearly the North Fork of the NFFR, here represented by the
Belden sampling reach, which has a flow stability that allows it to retain a healthy riparian
zone absent from most of the rest of the river. The most affected is probably the Cresta section,
with the narrowest natural channel further constricted by Highway 70 and the railroad and
sidecasting from their construction. Poor land use practices in the East Branch watershed,
primarily overgrazing, keep it from having the unaffected condition in which it could serve as
an experimental control for comparison with other parts of the NFFR.
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PG&E North Fork Feather River Project
Benthos, October 1999

EAST BRANCH REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

Phylum Platyhelminthes
Family Planariidae /Dugesia tigrina coli ector/gatherer 4 2 3
P. Nemertea
F. Tetrastemmatidae / Prostoma graecense predator 4 2 2 4
P. Annelida
F. Naididae / Nais communis/variabiJis collector/ gatherer 5 1 1

/ N. pardalis coli ector/ gatherer 6 3 1
/N. simplex collector/gatherer '6 2

F. Tubificidae / Bothrioneurum vejdovskyanum coli ector/gatherer 8 3
F. Lumbriculidae /unidentified species coli ector/ gatherer 4 2
P. Arthropoda
Class Insecta
Order Ephemeroptera
F. Baetidae / Baetis insignificans collector/gatherer 5 16 3 2

/ B. tricaudatus collector/ gatherer 5 32 13 22
F. Ephemerellidae / Ephemerella inermis coli ector/ gatherer 0 3 1 6
F. Heptageniidae/Epeorus sp. (subgenus Iron) scraper 0 1 4 2

/ Rhithrogena sp. scraper 0 4 22 2
eptophlebiidae / Paraleptophlebia sp. collector/gatherer 4 1

r. Tricorythidae/Tricorythodes minutus coli ector/gatherer 5 2 2 1
O.Odonata
F. Gomphidae / Ophiogomphus occidentis predator
O. Plecoptera
F. Chloroperlidae / Sweltsa sp. predator 7
F. Perlidae / Calineuria californica predator 7

/ Hesperoperla pacifica predator 2 3
F. Perlodidae /Isoperla sp. predator 2 24 37 20
O. Trichoptera
F. Hydropsychidae / Ceratopsyche cockerelU coli ector/filterer 4 1

/ Cheumatopsyche campyla collector/filterer 5 63 9S 92
/ Hydropsyche occidentalis collector/filterer 4 81 72 94

F. Hydroptilidae / Hydroptila sp. B herbivore 6 2
F. Lepidostomatidae / Lepidostoma sp. B shredder 7 3 11 3
F. Leptoceridae / Ceraclea sp. collector/gatherer 3 1
F. Philopotamidae / Chimarra utahensis collector/filterer 4 3
O. Lepidoptera
F. Pyralidae / Petrophila sp. scraper 5 1 3
O. Coleoptera
F. Elmidae / Microcylloepus sp. collector/gatherer 2 2

/Optioservus quadrimacu/atus scraper 4 7 S
IOrdobrevia nubifera coli ector/ gatherer 4 1
/ Zaitzevia parvula coli ector/gatherer 4 14 27 25

O. Diptera
... ":eratopogonidae / Probezzia sp. predator 6

";hironomidaelRheotanytarsus sp. A collector/filterer 6
/ Rheotanytarsus sp. B collector/filterer 6



o



PG&E North Fork Feather River Project
Benthos, October 1999

BELDEN REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

Phylum Platyhelminthes
Family Planariidae / Dugesia tigrina coli ector/gatherer 4
P. Nemertea
F. Tetrastemmatidae / Prostoma graecense predator 4 5 7 10
P. Nematoda
F. Mermithidae /unidentified species A parasite 5 3 3 3
P. Annelida
Class Oligochaeta
F. Haplotaxidae/Haplotaxis cf. gordoiodes coli ector/gatherer 6 2
F. Naididae I Nais bicuspidalis collector/gatherer 6 2

/ N. communis/variabilis coli ector/ gatherer 6 1
/ N. simplex coli ector/gatherer 6 3 4 10

F. Tubificidae / Spirosperma ferox collector/gatherer 8 1
F. Enchytraeidae/uid species C collector/ gatherer 4 11 4
F. Lumbricidae /uid species coli ector/gatherer 5 6 12 10
F. Lumbriculidae/Rhynchelmis rostrata collector/ gatherer 6 1 1

/uid species coli ector/gatherer 4 10
Cl. Polychaeta

;abellidae / Manayunkia spedosa collector/filterer 6 22 3
• . Arthropoda
CI. Insecta
O. Ephemeroptera
F. Ameletidae / Ameletus sp. scraper 0 1 1
F. Baetidae / Baetis insignificans collector/gatherer 5 21 32 24

/ B. tricaudatus collector/ gatherer 5 49 3S 44
F. Ephemerellidae / Ephemerella inermis collector/ gatherer 0 2
F. Heptageniidae/Epeorus sp. (subgenus Iron) scraper 0 6 7 8

/Ironodes sp. scraper 0 1
/ Rhithrogena sp. scraper 0 5 6

F. Leptophlebiidae / Paraleptophlebia sp. collector/ gatherer 4 1
F. Tricorythidae/Tricotythodes minutus collector/ gatherer 5 3 4 3
O.Odonata
F. Gomphidae /Ophiogomphus ocddentis predator 7 2 2
O. Plecoptera
F. Chloroperlidae / Paraperla sp. predator 7 1

/Sweltsa sp. predator 7 5 2
F. Perlidae / Calineuria californica predator 7 1

/ Hesperoperla pacifica predator 2 1
F. Perlodi dae /Isoperla sp. predator 2 5 2

/Skwala parallela predator 2 2
O. Megaloptera
F. Corydalidae / Orohermes crepusculus predator 0
O. Trichoptera
C Brachycentridae / Amiocentrus aspilus collector/ gatherer 7 1

/ Micrasema sp. shredder 3 5 S 10





TAXON

BELDEN REACH

TROPHIC
CATEGORY

TOLERANCE
VALUE

ORGANISMS/SAMPLE
'23

CI. Bivalvia
F. Corbiculidae / CorbicuJa fJuminea
F. Sphaeriidae / Pisidium casertanum

filterer
filterer

70
8

4
8

5
4

TOTAL SPECIES/SUBSAMPLE 49
TOTAL SPECIES (REACH)

TOTAL NUMBER/SUBSAMPLE 303
TOTAL NUMBER/SAMPLE (EXTRAPOLATED) 3660

45
74
322
, 932

48

308
3900



PG&E North Fork Feather River Project

(J Benthos, October 1999

NORTH FORK REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

Phylum Platyhelminthes
Family Planariidae / Dugesia tigrina collector/gatherer 4 2 1
P. Nemertea
F. Tetrastemmatidae / Prostoma graecense predator 4 13 7 3
P. Nematoda
F. Dorylaimidae / Dorylaimus sp. predator 5 2
F. Mermithidae /unidentified species A parasite 5
P. Annelida
F Haplotaxidae/Haplotaxis cf. gordioides call ector/gatherer 6 6
F. Naididae / Nais bicuspidalis coli ector/ gatherer 6 18

/ N. communis/variabjlis coli ector/gatherer 6 1 1
/ N. simplex coli ector/ gatherer 6 1 17 2

F. Lumbriculidae/Rhynchelmis rostrata coli ector/ gatherer 6 1
/uid species coli ector/ gatherer 4 3

P. Arthropoda
Class Crustacea
Order Ostracoda
F. Cyprididae /Isocypris sp. coli ector/gatherer 5

Insecta
(/) ..... cphemeroptera

~ F. Baetidae / Baetis insignificans coli ector/ gatherer 5 17 20 20
/ B. tricaudatus coli ector/ gatherer 5 53 28 53
/ Baetis sp. coli ector/gatherer 5 1

F. Ephemerellidae / Drunella spinifera predator 0 2
F. Heptageniidae/£peorus sp. (subgenus Iron) scraper 0 9 1 9

/ Rhithrogena sp. scraper 0 1 10
F. Tricorythidae/Tricorythodes minutus coli ector/gatherer 5 7
O. Plecoptera
F. Leuctridae /uid species shredder 0
F. Chloroperlidae / Sweltsa sp. predator 7
F. Perlidae / Calineuria californica predator 7 1

/ Hesperoperla pacifica predator 2 3
F. Perlodidae /Isoperla sp. predator 2 5 5 13

/ Skwala parallela predator 2 1 1 1
O. Trichoptera
F. Brachycentri dae / Amiocentrus aspilus collector/gatherer 7 1
F. Glossosomatidae / Protoptila sp. scraper . 7 1 1
F. Hydropsyc::hidae / Ceratopsyche cockere/li collector/filterer 4 1 3

/ CheufTlatopsyche campyla collector/filterer 5 41 17 41
I Hycfropsyche ocddentaJis collector/filterer 4 41 41 110

F. Hydroptilidae / Hydroptila sp. B herbivore 6 2 1 2
/ Leucotrichia pictipes scraper 6 1 1

F. Leptoceridae / Ceraclea sp. callector/ gatherer 3 6
(') Trichoptera

-j hilopotamidae / Chimarra utahensis collector/filterer 4 32 11
(

F. Rhyacophilidae /Rhyacophila coloradensis predator 0 1 1\
~



NORTH FORK REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

O. Lepidoptera
F. Pyralidae / PetrophiJa sp. scraper 5
O. Coleoptera
F. Elmidae / Microcylloepus sp. coli ector/ gatherer 2 1 1

/Optioservus quadrimaculatus scraper 5 2 3 3
/Ordobrevia nubifera coli ector/gatherer 4 1
/ Zaitzevia parvula coliector/ gatherer 4 7 13 S

O. Diptera
F. Chironomidae/Trissopelopia sp. predator 6 9

/ Micropsectra sp. coli ector/gatherer 7 1
/ Rheotanytarsus sp. B collector/filterer 6 2 1
/ Microtendipes sp. C collector/gatherer 6 1
/ Microtendipes sp. (pupa) nonfeeding 6 1
/ Robackia demeijerei collector/gatherer 6 1 1
/ Cardioc/adius sp. predator 5 1
/ Cricotopus bicinctus shredder 7 13 1S
/ C. tremulus shredder 7 14 6 6
/ C. trifascia shredder 7 3
/ Eukiefferiella sp. B collector/gatherer 8 3 6
/ Eukiefferiella sp. C (pupa) nonfeeding 8 1
/ EukiefferielJa sp. (pupa) nonfeeding 8 1
/Orthocladius obumbratus coliector/ gatherer 6 2 1
/0. robacki coli ector/ gatherer 6 1 7
/ Rheocricotopus sp. (pupa) nonfeeding 6 1
/5ynorthocladius sp. collector/gatherer 2 10
/ Thienemanniella sp. collector/gatherer 6 2
/ Tvetenia sp. collector/gatherer 5
/ Potthastia sp. coli ector/gatherer 6 2 16

F. Simuliidae / Simulium tuberosum collector/filterer 6 7 S 2
F. Tipulidae / Antocha sp. collector/gatherer 3 16 10 7

/ Hexatoma sp. B predator 2 3
F. Athericidae / Atherix sp. predator 2 1 1
F. Empididae / Hemerodromia sp. A predator 6 3 4

/ Hemerodromia sp. B predator 6 1
CI. Arachnida
O. Hydracarina
F. Hygrobatidae / Hygrobates sp. predator 5 2
F. Sperchontidae / Sperchon sp.A predator 5 4 8 4

/ Sperchon sp. B predator 5 1

TOTAL SPECIES/SUBSAMPLE 39 S4 32
TOTAL SPECIES (REACH) 68

TOTAL NUMBER/SUBSAMPLE 311 314 326
TOTAL NUMBER/SAMPLE (EXTRAPOLATED) 2488 2512 2608



PG&E North Fork Feather River Project

n Benthos, October 1999

ROCK CREEK REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

Phylum Platyhelminthes
Family Planariidae / Dugesia tigrina coli ector/gatherer 4 17 3
P. Nemertea
F. Tetrastemmatidae / Prostoma graecense predator 4 7 3
P. Nematoda
F. Mermithidae /unidentified species A parasite 5

/uid species B parasite 5
P. Annelida
F. Haplotaxidae/Haplotaxis cf. gordioides coli ector/gatherer 6 2 7 1
F. Naididae / Nais bicuspidalis coli ector/gatherer 6 1 7 7

/ N. simplex coli ector/gatherer 6 1 7 5
F. Tubificidae / Spirosperma ferox collector/ gatherer 8 3· 3
F. Enchytraeidae /uid species C collectorI gatherer 4 1

luid species E collectorI gatherer 4 1
F. Lumbricidae luid species coli ectorI gatherer 5 4

F. LumbriculidaelRhynchelmis rostrata collector/gatherer 6 2
/uid species coli ectorI gatherer 4 2

P. Arthropoda
5S Crustacea '

() _. .:ier Amphipoda
F. Crangonyctidae / Synurella sp. coli ector/gatherer 4 1
CI. Insecta
O. Ephemeroptera
F. Baetidae / Baetis insignificans coli ectorI gatherer 5 11 9 16

lB. tricaudatus coli ectorI gatherer 5 83 61 94
/ Diphetor hageni collector/ gatherer 4 1

F. Ephemereflidae I Ephemerella inermis collector/ gatherer 0 3
F. HeptageniidaelEpeorus sp. (subgenus Iron scraper 0 4 5 6

/ Rhithrogena sp. scraper 0 3 1
F. Leptophlebiidae I Paraleptophlebia sp. coli ectorI gatherer 4 1
F. TricorythidaelTricorythodes minutus coli ector/gatherer 5 2 10
O. Plecoptera
F. Chloroperlidae / Sweltsa sp predator 7 1
F. Perlodidae /lsoperla sp. predator 2 5 5 6

/Oroper/a barbara predator 2 1
/ Skwala paraJlela predator 2 2

O. Trichoptera
F. Hydropsychidae I Ceratopsyche cockereJli collector/filterer 4 1 2

I Cheumatopsyche campyla collector/filterer 5 22 28 25
IHyafopsjcnecaliforriica' 'collec:tor/filtei'er 4 13 6 10

I Hydropsyche occidentalis collector/filterer 4 54 27 60

F. Hydroptilidae I Hydroptila sp. B herbivore 6 2 2 5
I Leucotrichia pictipes scraper 6 1 2 4

F Leptoceridae / Ceraclea sp. coli ector/gatherer 3 4

, 'hilopotamidae / Chimarra utahensis .collectorlfilterer 4 9 31 26

) r. Polycentropodidae / Polycentropus sp. predator 6 1 2
~

" ._ _ ,_..... .. ..,,- -- _- "'-- .. ----" ",,-- _".



ROCK CREEK REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

O. Lepidoptera
F. Pyralidae / PetrophiJa sp. scraper 5 1
O. Coleoptera
F. Elmidae / Microcyl/oepus sp. coli ector/ 9atherer 2 1

/ Zaitzevia parvula collector/ 9atherer 4 9 13 2
o. Diptera
F. Chironomidae/Trissopelopia sp. predator 6 1

/ Paratanytarsus sp. coli ector/ 9atherer 6. 1
/ Rheotanytarsussp. B collector/filterer 6 3 3
/ Cardiocladius sp. predator 5 5 3 2
/ Cricotopus bicinctus shredder 7 4 4 1
/ C. tremulus shredder 7 8 13 5
/ C. trifascia shredder 7 2 1
/ Eukiefferiel/a sp. A collector/ gatherer 8 1 1
/ Eukiefferiel/a sp. B coli ector/gatherer 8 3 14 4
/ Eukiefferiel/a sp. C collector/gatherer 8 2
/ Eukiefferiel/a sp. E coli ector/ gatherer 8 1
/Orthocladius obumbratus coli ector/gatherer 6 1 2
/0. robacki collector/gatherer 6 7 4
/ Orthocladius (59. Euorthocladius) collector/gatherer 6 4 4
/ Rheocricotopus sp. (pupa) nonfeeding 6 1
/ Tvetenia sp. collector/ gatherer 5 2
/ Potthastia sp coli ector/ g~therer 6 1 2 6

F. Simuliidae / Simulium arcticum coli ector/filterer 6 13 4 9
/ Simulium sp. collector/filterer 6 3

F. Tipulidae / Antocha sp. coli ector/gatherer 3 6 4 4
F. Athericidae / Atherix sp. predator 2 1 1
F. Pelecorhynchidae / Glutops sp. . predator 3 1
F. Empididae / Hemerodromia sp. A predator 6 1

/ Hemerodromia sp. B . predator 6 1
CI. Arachnida
O. Hydracarina
F. Hygrobatidae /Hygrobates sp. predator 5 1 3 6
F. Sperchontidae / Sperchon sp. A predator 5 3 2
P. Mollusca
CI. Bivalvia
F. Corbiculidae / Corbicula fluminea filterer 70 2

TOTAL SPECIES/SUBSAMPLE 43 49 38
TOTAL SPECIES (REACH) 6S

TOTAL NUMBER/SUBSAMPLE 316 319 329
TOTAL NUMBER/SAMPLE (EXTRAPOLATED) 7584 3828 3948



PG&E North Fork Feather River Project

,~
Benthos, October 1999

(,- )
CRESTA REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

Phylum Platyhelminthes
F. Planariidae / Dugesia tigrina coli ector/gatherer 4 1 4
P. Nemertea
F. Tetrastemmatidae / Prostoma graecense predator 4 6 8
P. Nematoda
F. Mermithidae /unidentified species A parasite 5 2
P. Annelida
F. Naididae / Nais bicuspida/is call ector/ gatherer 6 7 48 8

/ N. communis/variabilis call ector/gatherer 6 1 2
/N. simp/ex call ector/gatherer 6 3 1
/ S/avina appendiculata call ector/ gatherer 6 1

F. Tubificidae / Spirosperma ferox coli ector/gatherer 8 2
F. Lumbriculidae/Eclipidrilus frigidus coli ector/gatherer 4 2 1

/ Rhynche/mis rostrata coli ector/gatherer 6 1
/uid species collector/ gatherer 4 2

P. Arthropoda
Class Insecta
Order Ephemeroptera

....·aetidae / Baetis insignificans coli ector/ gatherer 5 3" ,,,.. 2 7, ....
!~ / B. tricaudatus collector/gatherer 5 111 105 137

"'--/ F. Ephemerellidae / Ephemerella inermis coli ector/ gatherer 0 1
F. Heptageniidae/Epeorus sp. (subgenus Iron) scraper 0 6 11 7

/ Rhithrogena sp. scraper 0 3
F. Leptophlebiidae / Para/eptoph/ebia sp. collector/ gatherer '4 3
F. Tricorythidae/Tricorythodes minutus coli ector/ gatherer 5 1
O. Plecoptera
F. Chloroperlidae / Swe/tsa sp. predator 7
F. Perlidae / Calineuria californica predator 7
F. Perlodidae / /soper/a sp. predator 2
o. Trichoptera
F. Brachycentridae / Micrasema sp. shredder 3 2
F. Helicopsychidae / Helicopsyche borealis scraper 3 1
F. Hydropsychidae / Cheumatopsyche campy/a collector/filterer 5 11 3 3

/ Hydropsyche californica call ector/filterer 4 7 3
/ Hydropsyche occidentalis collector/filterer 4 18 23 11

F. Hydroptilidae / Hydroptila sp. B . herbivore 6 4 3 3
/ Leucotrichia pictipes scraper 6 2 3

F. Philopotamidae / Chimarra utahensis collector/filterer 4 17 5 9
F. Polycentropodidae / Po/ycentropus sp. predator 6 1 3 4
F. Rhyacoptiilidae I Rhyacophila c%radensis p-redator 0 1
O. Lepidoptera
F.Pyralidae / Petrophila sp. scraper 5 2 1 2
o. COleoptera
F Elmidae /Optioservus quadrimacu/atus scraper 4 1

/Ordobrevia nubifera coli ectorIgatherer 4 3
I ) / Zaitzevia parvu/a collector/gatherer 4 2i
'-=./



CRESTA REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
" CATEGORY VALUE 1 2 3

O. Diptera
F. Chironomidae/Trissopelopia sp. predator 6

/ Micropsectra sp. call ector/ gatherer 7 1
I Rheotanytarsus sp. A call ector/filterer 6 1 1
/ Rheotanytarsus sp. B collector/filterer 6 1" 3 2
/ Phaenopsectra sp. A coli ector/ gatherer 7 1
/ Cardiocladius sp. predator 5 3 5
/ Cricotopus bicinctus shredder 7 3 8 4
/ C. tremulus shredder 7 14 21 34
/ C. trifascia shredder 7 7 8 7
/ Eukiefferiella sp. A call ector/ gatherer 8 1
/ Eukiefferiella sp. B call ector/gatherer 8 19 13 19
/Orthocladius obumbratus call ector/ 9atherer 6 4
/0. robacki call ector/gatherer 6 5 2 4
/Orthocladius (sg. Euorthocladius) collector/ 9atherer 6 2 7
/ Synorthocladius sp. callector/ 9atherer 2 1
/ Thienemanniella sp. coli ector/gatherer 6 3 1
/ Tvetenia sp. coli ector/ gatherer 5 1
/ Potthastia sp. call ector/gatherer 6 3 3 5

F. Simuliidae / Simulium arcticum coli ector/filterer 6 73 28 20
/ S. canadense (pupa) nonfeeding 6 2
/ S. tuberosum collector/filterer 6 16 3
/ Simulium sp. call ector/fi Iterer 6 37 7 2

F. Tipulidae / Antocha sp. collector/ 9atherer 3 12 3 9
/ Dicranota sp. predator 3 1

F. Empididae / Hemerodromia sp. A predator 6 2
CI. Arachnida
O. Hydracarina
F. Hygrobatidae / Hygrobates sp. predator 5 2
F. Sperchontidae / Sperchon sp. A predator 5

TOTAL SPECIES/SUBSAMPLE 38 41 42
TOTAL SPECIES (REACH) 62

TOTAL NUMBER/SUBSAMPLE 392 352 347
TOTAL NUMBER/SAMPLE (EXTRAPOLATED) 9408 8448 4164
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PG&E North Fork Feather River Project
Benthos, October 1999
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POE REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE •CATEGORY VALUE 1 2 3

F. Chironomidae/Cardiocladius sp. predator 5
/ Cricotopus bicinctus shredder 7 1
/ C. tremulus shredder 7 9 19 13
/ Eukiefferiel/a sp. A collector/gatherer a 1
/ Eukiefferiel/a sp. B coli ector/ gatherer a 3 4 12
/ Eukiefferiel/a sp. E collector/gatherer a 1 2
/OrthocJadius obumbratus collector/gatherer 6 4
/0. robacld coli ector/gatherer 6 2 5 1
/Orthocladius (sg. EuorthocJadius) collector/gatherer 6 , 4 5
/ Synorthoc/adius sp. collector/gatherer 2 1

F. Simuliidae / Simulium arcticum collector/filterer 6 4 8 11
/ S. tuberosum collector/filterer 6 3 6 11
/ Simulium sp. coli ector/fi Iterer 6 ,

F. Tipulidae / Antocha sp. collector/gatherer 3 a 3 2
F. Empididae / Hemerodromia sp. A predator 6 2
CI. Arachni da
o. Hydracarina
F. Hygrobatidae / Hygrobates sp. predator .5
F. Sperchontidae / Sperchon sp. A predator 5 2 6
P. Mollusca
F. Corbiculidae / Corbicula fluminea filterer 10 , 2

TOTAL SPECIES/SUBSAMPLE 38 33 36 •TOTAL SPECIES (REACH) 52
TOTAL NUMBER/SUBSAMPLE 306 370 302

TOTAL NUMBER/SAMPLE (EXTRAPOLATED) 7344 4440 3624
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·Em·,.·.... b-ed·::·':d'--'edn'. '~~'£~"::'.~ o~~.-·'. 3C~ .'S%

ess. '. '" .~_
%.S~b~te':':' ~'.' :~'.~' :<~:

fiDeS «0.1"y..",' L%
gravel (O~1-2") S"~

. 'eObbi~'(2~lO")" ~- '. !b%
:.:. ,:;~,,:·.. ::.:_.~o:,:~·:~:.~, '.. : '7l%
:. ~Doulder pl.o: } .....c'_~
:b~diriclc'-(s~lid)" .. '..,' ./d'
Sub~trat~ <.~.".' ~~

Cansolidatio~: 7'1GJr:-'

% Gradient: .. /, S-.~

CHEMlCAL CHARACTERISTICS " ':"
"-:,' .'.;..~. . . _. . .. --

Water Temperature: .. ..' ~ ~ 0 '.

Specific Conductance: .~":L_:·····~;~.~·i:: /!Jo.:J'1 S

pH: : ~:"< '.~ ~v.ii~i}o'i ··.§~1 .." :.:.::
Dissolved Oxygen: .:::',;;':?" :t-";·:-y_:{~tC. .98'% ;

Ecoregion:

COMMENTS: .".,1/4i;:'~ ..~~~~ :

SEND A COpy OF TInS FORM TO: DFG - wPCL
~005 Nimbus Rd. Rancho Cordova, Ca. 95670
(916) 358-2858 FAX (916) 985-4301
Web Site: www.dfg.cagov/cabw/cabwhome.html

Bioassessment Laboratory Information:

•

.'



WATER POLLUTION CONTROL LABORATORY
REVlSJON DATE - MA Y. 1999

CAL:FORNIA DEPdRTMENT OF FISH AND GAME
.AQUATlCBJOASSESSMENTLABORATORY

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: MA71J1ff2- 2c.JtE12.,/i}j;J;2RA
,cX,fl DATE!TIME: /02/.93 ;/030

COMPANY/AGENCY: HYb/i!:G;ZQOleX;Y SMrPLE ID NO.(S): bdSTe&AL::I< J, 2,3
SITE DESCRIPTION: ~ Me.- ~~ ·1IA!S'T£Al, .J=t.d 8tZJX£ 7b O~I M.i. A8(J4Ie B/2/M£ •

•
(Circle the appropriate score for all 20 habitat parameters. Record the total score on front page oftbe CB'W)

H3bitat
Condition Utego~'

P3IAmeter Optim31 I Suboptim3! ~13rgin:l1 I Poor

Great:, th:ln 70% of 140-70% mix of subIe 20-40% mix of suble Less th:ln 2('% suble
1. Epif:lunal substrate favonble for habitat: well-suited for habiQt: ~bit:lt h:lbiut l:lck ofh:lcit::.t is
Substl':ltel epif:lunaJ e:olon~tion full e:oloni~tion :lv:liJability less ttun obvious; subs=:te .
AVll.iJabJe Cover and fish e:ove:; mix of potential: :ldequ:lte desinble: subs:r.ue uns:::ble or l:le:kin~.

snags. submerged logs. h:lbita: for mainten:lne:e frequently disturbed or
undercut b:lnks. e:obble of populations: presence removed.
or other sable habitat of:ldditional substrate in. :lnd at SUl!:e to allow full the fo~ ofnewf::LlI. but
e:oloniz:ltion potenri:ll nOl ye: prepared for
{i.e.• logs/snags that:lre e:oloniution (may nle al
not new fOlll :md nol high end of sc::lle).
msient). -

SCORE J6 20 19 18 .iI @: IS 14 13 1: It I 10 9 8 7 61 5 .: :; ~ 1 0

'" Gravel. e:obble. and Gr.1vel, e:obble, and Gnvel. e:obblc.:md G~vel. cobble. ::Ln..Je
t 2. Embeddedness bouIdet p:lrticles are 0- bouldet par-ides :II': 25- boulder p:lrtides are 50- boulder particles :lr=
~ 25% surrounded by fine 50% surrounded by fine 75% surrounded by fine: more: t~n i5%

sediment. Laverin!! of sediment. sediment. surrounded by fine

~
cobble provid·es diversity sediment.

... ofnic:he space. •

- SCORE /7 20 19 IS @ 16 IS· I': 1.3 12 11 10 9 g 7 6 S . j 2 I 0.....
r-

All four velocity/depth Only 3 oflhe 4 regimes Only 2 oflhe 4 h:1bitlll Dominaled b~' J
C 3. Velocit)"lt>epth reT-mes present (slow- present (if fast-sh:lllow is regimes present (iff:lSl- velocity/ depth regime:.

Col Re: ime deep, slow-shallow, fast- missing. score lowet shallow or slow-shallow (usu:llly slow-dee?).
~ deep. fast-Shallow). than jf missing other are missing, score low).
~ (Sow is < 0.3 mis, deep regimes).
... is> 0..5 m.)
~...

SCORE /~ 17 @ 8 61 5 .3 2 I... 20 19 18 15 14 IJ 12 11 10 9 7 4 a
c

He:lVY de?osits oi line
~ Little or no enlargement Some new inC':"C:lSe in Mod~le deposition of

4. Sediment of islands or point bars bar fOml::Ltion. mostly new gr.lvcl. s:rnd or fine m:teri:ll. inc:re~e:! b:l~

D~position :lnd less than 5% «20% from gravel, sand or fine se:!ime:ll on old anti new develop~nt; more ~ha:l

for 10w-!mldient stre:lms) sediment: ban: 30-50% {50·80% 50% {SO% for Iow-
a f the bOllom affee:ted bv. 5-30% (20·50% for low- for !ow-lmldient) of the pdient) of the bot:cno
sediment deposition. • pdient) of the boltom bottom iffec:e c!; e:.":.::lnging fr:quen:ly:

affected: slight sediment deposits :It pools almost :lbse:lt CUe:
deposition in pools. obs:rue:tions, 10 substantj.::ll sediment

consoictions. and bends: deposition.
moderate deposition of
PlJO!5 ~~v::Llent.

SCORE I" 20 19 IS 17 (i6) \5 1~ 13 12 11 \0 9 S 7 61 5 . 3 2 1 C..
Wate:- Te.::lches base of W:l.teT fills >75% of the Water fills 25-75% of Very little \V:ltc:r in

5. Channel 1="10", both lower b:mks. and :I\o"ailable channel: or the OI,,-ailable !=hazlnel, channel and mostly
SZ2ZUS minimal amounl of <2.5% of channel and/or rime substrates present as sundin~

e:hannel substr.lte is substrale is e:tposed' are mostly exposed. pools.
exposed.

SCORE /~ 20 19 IS 17 (l6) 15 14 13 12 11 10 9 8 7 6 5 4 3 :l I 0
J

•

•



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POllUTION CONTROL LABORATORY
REVISION DATE -MAY. 1999

> '!''l '''. j., "! I' Condition Category
Habibt I .Parameter Optimal Suboptimal Marginal Poor I

Channelization or Some channelization Channelization rnzy be B,nks shored witi'l
6. Channel dredging absent or p~ent, usually in areas extensive; cmbankme::.:s gabion or cement; Cve~
Alteration minimal; stream with of bridge abuonents; or shoring s:ruc:tures 80% of the stream reach

normalpancrn. evidence of past present on both banks; chanm:Hzed and
channelization. i.e.• and 40 to 80% of stre:a:71 C:SiJpteC. Ins::-eam .
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present. but recent
channelization is not
present.

SCORE /9 20 (Ij) 18 17 161 15 14. 13 12 11 10 9 8 7 6 5 4 3 2 I 0

Occurrence ofrimes Occu=nce ofrimcs Occasional rime or Gcne:'allyall flat water
7. Frequency of relatively frcquen~ ratio infrequent; distance bend; bottom contours or shatlow riffles: poor
Rimes (or bends) ofdistance bet\lleen between rimes divided provide some habitat; haoiut; distance bet\Ve:n

rimes divided by width by the width of the disunce berwe::l. rimes riffles divided by the
ofthe Slream <7:1 stream is bct\l.-ee:'1 7 te divided by the width of' \lr"icth of the streat:1 is 2.
(generally 5 to 7); 15. the stream is between IS ratio of>25.

-= variety of habitat is key. to 25.
~ In streams where rifflesc

are continuous.~
~

~
placement of boulders or
other large. natural

E" 8
obstruction is irT1l'orunt

C SCORE 20 19 18 17 16 15 14 13 12 II 10 9 CD 7 6 5 ~ 3 2 I 0w.

~ Banks stable; evidence Moderately stable; Mod=u:ly unstable; 30- Unstable; many ~roded
t
'"

8. Bank Stabilit" of erosion or bank. infreoue:1t. small areas of 60% of bank in reach has areas; "raw" areas
c (score ueh ba.nk) failure absent or erosion mostly healed areas oferosion; high fr~uem along s:raigh:
~ minimal; linle potential ove:-. 5~30% of bank in erosion potential duril"lg sections and bends;..,
'"

Note: dete:mine left for future problems. reach has areas of floods. obvious bank sloughing;
~ or right side by <5% of bank affected. erosion. 60-100% of bank'hasg facing dov.mtream. erosional scaTS.

C
SCORE 9 (LB) (9> Left Bank 10 8 7 6 5 4 3 2 I 0~

~ scoREl'O (RE) Right Bank (10) 9 8 7 6 5 4 3 I 2· 1 0.:
w.

More than 90% of the 70-90% of the 50-70% of the Less than 50% of the~

~

~
9. Vegetative streambank surfaces and streambank surfaces strearnbank surfaces srreambank sur."'aces
Protection (s:ore immediate riparian zene cov~d by native covered by vegetation; covered by vegeu:ion;

E each bank) covered by native ve2etatien. but one class disruption obvious; disruption oi strear:1bank::. vegetation. including o{pl:ants is not wcll- patches of bar: soil or vegetation is very high;
trees. understory shrubs. represented; disruptiOn closely cropped vegetation has bee:l.
ornonwoody evident but not affecting vegetation commor.; less removed to
macrophytes: vegetative full plant gro",th than one-half of the 5 centirneteiS or less in
di~tion thrcu.gh potential to any great potential plant stubble avera~e s;ubble height.
g:-a.zlng or mowmg extent; more than one .. height remaining.
minimai or not eVldent; half of the potential plant
almosl all plants allowed stubble height

SC~RE~(LB)
to grow naturally. remaining:.

Len Bank 10 9 8 7 6 5 4 3 I Q) I 0

SCORE 2 (RS) R.ight Bank 10 9 8 7 6 S 4 J I (y ) 0

Width of riparian zone Width of riparian zone Width ofriparian zone Width of riparian ZOl"le
10. Riparian > I 8 rncters; human 12-18 meters; human 6~12 meters; human <6 meters: little or no -
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots. roadbeds. clear- zone only minimally. zone a great de.al. to human acuvlries.
bank riparian zone) cuts. lawns. Qr C1'Ops)

have not jJ'm)acted zone.

SCORE~(LB) Len Bank 10 . 9 I 8 7 6 5 4 J (D I 0

SCORE Z (RE) Right Bonk 10 9 8 7 6 5 4 3 CD I 0

Total Score 13$



CALiFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTUBORATORY

WATER POLLutION CONTRO/., LABORA TOR Y
REV/STON DA TE - MA Y, 1999

CALIFORNIA BIOASSESS:MENT WORKSHEET

PbysicallHabitat Characteristics

'.

riffle 3 •e,'
80'
5""0

,

~ "

/#r~

20%

15"

30%'

S%
.fO%
SO~

S%
d'

1"'10 I:J •
'&df'i. •/.S%

"

5"%
~%

70%_,
/0%
'R)

-.:.{~.. ". . ..

-:\:,,+:' . riffle 1 '. ~e/2
~~.~~gth: " '64'
T~e~'LoC3tion:, SS' SC::,'
A;~~'Riffie\Vidth': 'Sa' SO I

.A~~<rliffi~ b~~' " ,~ :,-- /'.0 /(; If

Riffi~ Veiocity:~·,:>.: . 2')"?J 2.0171

..o/t-&~py covci:~:':':; .'.;~o~ .. ~ao%

~!~~i.~:-~<"::....~~;.
%'~§~b~ci~ti;r :~.':~>: ,.,
. "~~ «o~~~) ",~,_, 5'%

'gravel (O.-k2") 20%

,,::c~bbi~(2~lO~)~'., SaL;
::~~~~claci:·(~tb")'··:.·:' 2'5%

~'j~~~·-($~lidj'~· .?'
.. :"=',.::'!01 .~'...: ":::~~:7:':~ .~. -

Substrate ::',~~ ~"1
. ", ' ~ Gt'.S'c-

.consolidation:
% Gradient::_,. , : , .3Yo

CHEMICAL cHAR.ACI'ERISTICS
, : ' ' ';'c

Wa.ter Temperature: . ,.' . ., .5·7
Specific Conductance:-' .~~-:: :.'~." /S3.,t.""\f"S

pH: : .' .'" ..~u.:t.~b-'~. ~or G-E.:r: :~

Dissolved Oxygen:'. ' ~~:':.~.:..~>:}/, -Sl,LlIA. '.

SEND A COPY OF TInS FORM TO: DFG - WPCL
2005 Nimbus Rd. Rancho Cordova, Ca. 95670
(916) 358-2858 FAX (916) 985-4301
Web Site: WVI"IiV.dfg.ca.gov/cabw/cabwhome.html

Bioassessment Laboratory Information:
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CA.JjFORNlA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY. 1999

PHYSICAL~@ITATQUALITY
California Stream Bioassessment Procedure

WATERSHED/STREA.M: ...:.~..=!7.f!:'AB2-:o=:=-J?!::./:....:~~L~m~~!..:.:-_
COMPANY/AGENCY: J-IYlJ~OOLoGV

SITE DESCRIPTION:

DATEITIME: /o2fJ:IJ Awo
SAMPLE ID NO.(S): l3ubE/o.l I, Z, 3

8i¥J:t?V./Z!3AeH AUNC- q,.rueca.1i!l:J A?I:H 0./ ""i "Llo".) H6S~U,7"O c.....ell-J:..

"T.:>~ I-U DUoGO HcsQ.<.U7"O ~&L
(Circle the appropriate score for a1120 habitat parameters. Record the total score on front page of the CBW)

•

H.bital
Condition C.:ltego".·

P.:tnmeter Optim.1 I Suboptim.1 I M:trgin:ll I Poor

Greate:- th;m iO% of 140-70% mix of slObIe 20-JOO/O mix of sUble Less Ih:1O 2('% sbblc:
1. Epifaun.I sUbstrate favor.1ole tor h:l.biut; weIl~suited for habi~t; h:l.bict h:lbitat: I:u:k ofh:lbit.:::.t is
Substrate! epif3unaI coloni%:1tion furI toroni~tion :lv3irabiIity less th3n obvious: substr:l.t~

Available Cover and fish cover. mix of potential; :::I.dequ:Ltc desir:1ble: subs:r.lte unst:ble or l.:l.cking.
snags. subme=ted lop. h:loitat for mainten:lnce frequently disturbed or
undercut bOlnks. cobble of populations; presence removed.
or other stable habitat of ~dditional substrate in
:tnd at suge to allow full the form of newf~ll. but
colonizottion potenti:ll not yet prep3red for
(i.e.• logs/sn:l.gs that :Ire c:oloniution (:nay roue at
!!.Q! new f:tll :lnd!!Q.! high end of sCOlle).

/9
tr:1nsient).

SCOR.E 20 (19) 18 17 16 15 14 13 12 11 10 9 8 7 6 5 ~ 3 : ' I 0
;;

Grave!. cobble. and Gr.lveJ. c:obble. :md G~vel. cobble. :tn~c Gr.1vel. cobble, and
~ 2. Embeddedness boulder particles are 0- boulder partic:1es are 25- boulder p:lrric:1es are 50- bou lder particlc:s :m~

~ 25% surrounded by fine 50% surrounded by fine 75% surrounded by fin= more thOln 75%
sediment. Laverin2 o( sediment. sc:dime:1t. surrounded by tine
cobble provid·es diversiry sediment.

c cfniche S';:Iace.~

/7- SCORE 20 )9 18 @ 16 IS' I~ 13 12 II 10 9 8 7 6 5 ~ 3 2 I 0
::
] All four veiocity/depth Only 3 of the 4 regimes Only 2 of the 4 lublt2t Dominated by I
c 3. Velocit)'/Depth regimes present (slow- present (if fast·sh.llow is regimes present (iff:lSt- velocityl depth regime,.
~, Re:;ime deep. slow-sl12llow. fast- missin2. score lower shallow or slow-shaIlow (usu.lly slow-<!e:?),
1 deep. fast·slullow). than i(missing other are missing. score low).
;; (Sow is <:: 0.3 mis, deep regimes).
~ is:> 0.5 m.)
;:

iO) I I 3 2
~ SCOR.E U) 19 18 17 16 IS 14 13 12 11 10 9 & 7 6 5 4 I 0
C

Modelone deposition of HCOlVY de';:losits ot f;~e
~ Little or no enlargement Some new inC"C:1Se in

4. Sediment of islands or point bars bar eomunon. mostly new ~veI. sand or fine m:ac:i:l.J. inCiC:lScd ~:l:-

Deposition and less than 5% (<20% from gravel. sand or fine sediment on old and new development; mOre than
for low·gradie:1t Stre~ms) sediment: bars' 30-50% (50·80% 50% (80% for low-
of the cOHom affected by 5·30% (20-50% for low. for low-grodient) of the ~dient) of the to,:c~

sediment dC;Josirion. gr:>dient) of the bonom bottom affected; cnar.glng frequently:
affected; slight sediment deposits :u pools almost :tbse:H ch.:e
deposition in pools. obstructions. to substanti:l.! seciment

constrictions. and bends; deposition.
moderate deposition of
pools prevOlle:tt.

SCORE /~ 20 @J 18 17 16 IS I~ 13 12 11 10 9 & 7 6 I 5 4 3 2 I 0

Water reaches base or W:lterfills >75% cfthe Waler tills 25-75% of Very little w:I'er in
5. Channel Flow both lower b~nks. and :I....i1able channel: or the " ..nable ch2nnel. channel and mostly
Status minimal amount of <25% of channel and/or rime substrates present as standing

channel subsC'2tc is substrate is e;,,;posed. are mostly expo~d. pools.
exposed.

SCORE /9 20 (19). 18 17 16 15 14 13 I: II 10 9 8 7 6 5 4 3 2 I o I,



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POllUTION CONTROL LABORATORY
REVISION DATE -MAY..J999

H.blbt
Condition Category

Parameter Optim.1 Suboptim.1 Marginal I Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Ch.nnel .. dredging absent Or present, usually in areas extensive; embankments gabion or cement; ove:-
AI~eration .. minimal: stream with of bridge abutments; or shoring sm:crures . 80010 of the stream reach

normal pattern.. evidence of past present on both banks; channelized and
channelization. i.e., and 40 to 80% ofs:ream disr.Jpted. lnsrream..
dredging, (gr..ter than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE ?/.) ViO) 19 18 17 16 15' 14. 13 12 11 10 9 8 7 6 5 4 3. 2 I 0

Occurrence cfrimcs Occurrence ofrimes Occasional rime or Generally all flat water
7. Fr!'quency of relatively frequent; ratio infreQuent; distance bend: bonom COntours or shallow riffles: poor
Rim.. (or bend,) of distance between between rimes divided provide some habitat; habitat; dista.nee berowe::n

rime, divided by width by the width of the distance between riffles rimes divided by the
ofthe stream <7:1 stream is bet\l.'een 7 to divided by the width of width of the 'tream is a
(generally 5 to 7); . 15. the stream is beN/een 15 ratio of>25.
variety of habitat is key. to 25.

<: In streams where rimesc
~ are continuous.- placement of boulders or..

other large. natural
:. obstrl.ll:tion is impoi.ant=C SCORE Ie" 20 19 18 17 (16 15 I': 13 12 11 110 9 8 7 61 5 4 3 2 1 0w.

~

]
Banks stable; evidence Moderately stable; Moderately unstable; 30- Unstable; many eroded

8. Bank Stabili~' of erosion or bank infrequent. small areas of 60% of bank in rtach has areas: "raw" arc:as
C (s•• re ..ch bank) failu~ absent or erosion mostly healed areas of erosion; high frequent along straight• minimal; linle potential over. 5·30% orbank in erosion potential during sections anc! bends;- Note: determine left for fuwre problems. reach has areas of floods. ob\'ious bank sloughing;
~ or right side by <5% of bank affected. erosion. 60-100% ofbank has
c fac:in,s: do\\ns:r:am. erosional scars.
C

SCORE 10 (LB) Left Bank (f0)• 9 8 7 6 5 ~ 3 2 I 0~

~ SCORE 10. (RB) Right aank(fV 9 1 g 7 6 5 4 3 I 2· 1 0.:
w.

More than 90% of the 70-90% of the 50-70% of the Less than 50% of the--
~

9. Veg:et2ti\"t s:reambank surfaces and stre2r:"'.bank surfaces streambank suifaces sn-eambank turfac:s
c Protection (score immediate riparian zene covered by native eovered by veg~:.ation; covere:! by vegetation;- each bank) covered by native ve2ctaUon. but one class diSTUl'tion obVIOUS; disruption of srrc2.:t'lbankc

=- vegetation. including ofplants is not well a patches or bar: soii or \'eg~t2.tio:1 is very high;
trees. understory shrubs. represented; disruption closely cropped vegetation has.oeen
ornonwoody evident but not affe:ti1'1g vegetation common; less removed to
macrophytes: vegetAtive fuJ] plant grc..1h r!un one-!ulfof the 5 cenrimete:-s or less in
diStu1>tion throu~h ;lotential to any great potential plant stubble ave::age stubble height.
g:'UJng or mOWIng extent; more than one a height remaining.
mli'1imai or not evident; halfofthe potential plant
almOSt ali plants allowe: stubble height
to grow naturaJly. remainmg.

SCORE 10 (LB) Left Bank ® 9 8 7 6 5 4 3 :! I 0

SCORE 10 (RE) Right aank(1O) 9 g 7. 6 5 4 3 :! 1 0

Width of riparian zone \\iidlh orripariar: zone Width of riparian zone Width of r:pa.:ian zone
10. Rip.ri.n >18 mete"'; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Ve-getative Zone activities (i;e., parking ;,c:tivities have impac:t::d activities h~ve impacted riparian vegetation due
'Yt'idth (score each lots. roadbeds. c1..r- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts. l.WTlS. or <reps)

have net impacted zone.

SCORE /0 (LB) Len BllIlk Q.g)' 9 8 7 6 I 5 4 3 I 2 I 0

SCORE IC)(RB) RightBan@ 9 8 7 6 5 4 3 :! I 0

Total Score /.5b

•
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riffle 2 riffle 3
~2' 23'
~~, 18'
100 lOO'

8' 4" ,

I,~i% It=/s
',{2f ~

-IS -/3

/01;; 20%

¢ ¢
s% IQ%

90%. &J%
,$%' 100/0

Iff <It,

WATER POUCn1.oN CONTROL LABORA TORY
. . '-REVISION DATE -MAY. /999

.PhyslcaIlHabititt Characteristics

fiDeS «0.1"): ....

gravel(0.b2")

cobbi;{2:1rii~.):,. . /0%

::~': ·.briclJ~:;(S10")·:.:.: . ._~
.':b~cl2~(~~Jfd)·:: .. ;'. .:¢

. ·.:.;.~.,.J{;,;·~,7 .. ~·~ ~ •.

SubStrate""::~~' . H"IJ6t!I41fd ~"4>.
Consolidation: ' .' L.a%"£ 4X4 aJ~~~

% Graaient: " '.'," .' 4=~~~ /.~;£ t,%,

.. riffle 1

~;J~~~: ~~;~)
TransectLocation: ~ _

A.ye·. Riffi;\Vidth: . 40/
A~6\um~D~th: .:. I,,'S' '

'Rifll~ 'V~i~~ity: .:.. __ :: ~., u~

:~-%~~i~y' '&t~"":.:.·~·~:.-' .'"~ ~
~s~b~~'ii;~\~~~~i~;dtY?~~~i7"
"E;bciid~~~?<'~·' ~.:. /0%

%. S~b~ti':t~~':~ .~.:. :~i.:, '. ":···L-:

. .... RIFFLE!REA~ CHARACTERISTICS
·?·-f~.~?;~;;~i.tE;iiL?~t·::·::·>~.,::<:. . ....
Point Source Sampling Design' .'

;;~t~~r~'~~]:r'·,;. .. c.,.

·.Transect 2:
','

' .. "..Trans~t3::.·.: .. ' .....
:- (Rcccn1PhysiCallHabitat Characteristic values in riffle 1 column)

::Ez~_ ;~;~~\~~~~~5~5~ ;:)::.t.~? ;:~/ ';;~;,.:'p~: .,. . :- ' ..:::
~~oD~PoiiifSource Sampling Design .. ':: :':.

:f'i~\ttiJ>~~?:~~\':·:·(:~·:;W~':::<: :.:~.:' '~<.. ' os~·

Physica1Jbabitat"Quality Score: I?-rf

CHEMICAL CHARACTERISTICS .. ".
•••• " ,.. • 4 ':.::

. :. ~:. _.. '.. -
Water Temperature: ~ '.«.:' "4f!t
Specific Conductance: . :~(:·~'.\:{:f: IBz.,:yS',

~~~solVed oxyg'en: ,:'-:':-~~f§iiif~~;:~' :.~.
·:0": _ .-.. ..~'." . ..

SEND A COpy OF THIS FOR..i\1 TO: DFG - wpeL
1005 Nimbus Rd. Rancho Cordova., Ca. 95670
(916) 358-2858 F.AY.. (916) 985-4301
Web Site: www.<ifg.ca.gov/cabw/cabwhome.html

Bioassessmeot Laboratory Information:

WATERSHED/STREAM:: PGA~£12NE./l.. J~PrI2. DATEITIME: /"UJ!l5J ,/I()~O

CON1PANY/AGENCY: AY~I&z-ao'-06V SAMPLEIDNO.(S): NoRm f<)Il¥-J,Z,.?
SITE DESCRJPTION: 2J.~t.lWs:1t:dI-IOF 1$1 £.B f'1?lBcJrAIf!,¥~ r'\1.i upn-r~4I'K 0(. lkld~~ TOwlJ

•
j~~ll/$~A.rE.. (JP ~ mz" u..p'5'"7"U"-W'c. / 1i~';S ~~M II(4)f:.t.LS ,EbAb

'CREWl\1EMBERS; ':.: ~ ..-c .. " .

tUAYJJf.: Hf;:,~.";/F(;o;}:::·~~·::':·.j~:-~·::t~·:.~~t:_1'~;';~
lJo tLC .?AllK.o,JS"oi.:J"-;-:"-. ·~i·'"·::>:~:·}":·:,: -~~ ..:_"~~"qJ.

CALIFORNIA D~PARTMENTOF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

•

•

•



CALiFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LABORATORY

WATER POllUTION CONTROL LABORATORY
. . REVISION DATE - MAy' 1999

COMPANY/AGENCY:

PHYSICALIHABIrAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: lirAJJ.iee R:.JoJee./NI=Ae.. DATEfI1ME: IO~~ //ootl
)..I'Il)~?POLOG.'f SAMPLE ID NO.(S): Nob7U'~.t: I, Z, 3

SITE DESCRIPTION: 2np"-lS1UA'"f OF I"'"LB 7I!Ers~'" tJ.3m~ UpSfr~"'M "p Edd41/ow-J A d''sI-a.'1cc.
oF-~ n<..<., "-fs+realtA ./ A(!,Qf:iS ~~"'OAJE«~ ~/J

(Circle the appropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

Condition COltegory -
H:lbitat

IP::1rameter Optimal SUboptimal I\1:1rginal ·Poor

Great::- thom 70% of , 40-;0% mix ofstable 20..::0% mix of s~ble Less Li::l.n 2C'% scale
I. Epifaunal substt'2te favor.1ole for ~bitat; we!l.suited for ""bitat: habitat h:lbiult: I:l.CIc of hi1oit:u is
Substr:ue! epif:LunaJ coloni~tioh full color.i~tion OlvailzbiIity less th3n obvious: subsC":t~

Av:r.iJable Cover and fish cover: mix of potential: i1dequ:lt'e desj~ble; substr:lte unst:l.ble or l:lcking.
snags. submerged logs. habitat for maintenance frequently disturbed or
undercut banks. cobble of populations; presence removed.
or other stable habitat of ~dditional substrate in
and at stage to allow full the form of newfall. but
colonization potential not yet prepared for
(i.e.~ logs/snags that ~e coloniz.:uion (may r:ne at
not new f:lIl and not high end of sc:lIe).

J7
rr.msient). -

SCORE 20 19 18 (17) 161 13 14 13 12 11 10 9 8 7 6 3 4 3 2 I 0
;;

Gr3vel~ cobble. and Gravel, cobble, and Gr:vel~ cobble. and~ Gravel. cobble. and::: 2. Embeddedness boulder p:lt':icles are 0- boulder p:lrticles are 25- boulder p:rticlcs are SO- boulder par..iclc:s :1re, 25% surrounded by fine :50% sUiTCunded by fine 75% surround:d by finc: more wn 75%
sediment. Layering of sediment. sediment. . sur;:ounded by fine
cobble provides diversity seClment

~ of niche space.~

- SCORE 1:7- 20 ® 18 17 16 13 14 IJ 12 II I 10 9 8 7 6 3 4 3 2 I 0-=~
g All four velocity/depth Only,j of the 4 regimes Only 2 of the 4 ""bitar Dominated b... I
C 3. VelocitylDepth regimes present (slow- presenr (if f>sr-shallow is regimes present (if Wi- velociry/ depih regiiile
>
~ Re;ime deep. slow-shallow. as:- missing. score lower shallow or slow-shallow (usually slow-deep).
~ deep. fasr-s""llow). than if missing other arc missing, score low}.
~ (Sow is < 0.3 mis. deep· regimes).
~ is> 0.5 m.l
t /7 18 (iD Ij SCORE 20 19 16 13 14 I3 12 11 10 9 8 7 6 3 4 3 2 I 0
;;

~
Little or no enlargement Somc new inc::-=se in Mod""'te deposition of He.i1VY depositS of fine

4. Sediment of islands or point bars bar formation. mostly new gr:1vel. sand or fine m:nerial. incre:ued b:1r
DepOSition :md less than S% «20% from gravel. sand or fine sediment on old and new developmcnt; more than

for low-'Z!'3dient StTC.i1ms) sediment; bars: 30-50% (50-80% 50% (80% for low-
of the bouom affected by 5~jO% (20-50% for low- for low-gradient) of the gradienr) of the bonorr:
sediment deposition. ~die:"lt} of thc bot"'..om bottom a:Tected; ch41nging frequently:

affected; slight sediment deposits :t pools almost absent due
deposition in pools. obstrlJctions. to substanti.:ll sediment

constrictions, and bends: deposition.
moderate deposition of
pools prev:lcnt.

SCORE /9 20 ® 18 17 16 13 14 13 12 11 10 9 8 7 6 S 4 Y 2 1 0

Water reaches base of \Vater fills >75% of the Waler fills 25-75% of Very Iittlc water in
5. Channel Flow both lower b.nks. and a...-ailablc channel; or the a"ailable channel, channel and mostly
Status minimal amount of <25% of channel ancllor rime substrates present as sa.-lding

ellannel subs:rate is substt'ate is c:,,:posed. are mostly exposed. pools.
exposed.

SCORE 20 20) 19 is 17 16 13 14 I3 12 II 10 9 8 7 6 3 4 3 2 I 0

•



CAUFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORA TORY
REVISION DATE -MAY. 1999

Habitat
Condition Category

Parameter Optimal I .suboptimal Marginal I Poor

6. Channel
Cha."'l.nelization or Some channelization Channelization may be Banks shored with
dredging absent or present. usually in areas extensive; embankments gabien or cement; over

~ten.lion minimal: Strca."'n with ofbrid.e abutments; or shoring structures 80% of the stream reach
normal pattern. evidence ofpast present on boell banks; channelized and

channelization. i.e., and 40 to 80% or $t':"czm disrupted. Instream
dredging, (greater than reach channelized and habiut greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

StORE /3 20 (i~ 18 17 16 15 14 _ 13 12 11 10 9 8 7 6 5 4 3 2 I 0

Oecurrence ofrimes Occurrence ofrimes Occasional rime or Genelallyall flat water
i. Frequ ency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffies; poor
Rimes (or bends) or distance between between rimes divided provide some habitat; habitat; cistance between

rimes divided by widell by the width of the distance berwe:n rimes rimes divided by the
ofthe stream <7:1 stream is berv.·een j to divided by the width of width of the stream is a
(gene:ally 5 to 7); 15. the stream is between 15 ratio of>25.
variety of habitat is key. 1025.-.: In streams where rifflesc

t: are continuous,

~
placement ofbaulde:s ar
other large. natt:1'3J
obstruction is important

~ SCORE 8 20 19 18 17 16 I 15 14 13 12 _II 10 9 ® 7 6 5 4 3 2 I 0

~
Banks stable; evidence Modelately stable; Mode:ately unstable; 30- Unstable; many eroded

~ 8. Bank Stabilirv of erosion or bank infrequen:. small are2.S of 60% of bank in reach has areas; "raw" areas;; (Sc:ore e2ch bank) failure absent or erosion mosIJy healed areas of erosion; high frequem along straight
~- minimal;'liule potentia! over. 5-30% of bank in erosion pC!tential during sections and bends;

~
Nate: determine left for future problems. reach has areas of floods. obvious bank sloughing;
or ri!!ht side bv <5% of bank affected. erosion. 60·100% of bank has

c fac.-ing dO\o1o"s:rezm. erosional scars.=-= SCORE 10 (LE) LeftBank ®> 9 8 7 6 5 4 3 2 1 0"
J! SCORE ID (RE) RightBank@ 9 8 7 6 5 4 3 2- I 0-
~
~ Mon: than 90% of the 70·90% of the 50-70% ofthe Less than 50% of L,e"
~ 9. Vegetath'e streambank surfac:s and stTeambank surfaces stTeambank surfaces streambank surfac:s
C Protection (score immediate riparian zene covered by native covered by vegetation; covered bv veecu:ion:

~
eath bank) covered bv native ve2ctation, but one class disnrptian obvious; disnrotion- of sc-eambank

vegetation. including ofplants is not well- patches or bare: soil or vegeu!ion is very high;
trees. understory shrubs. represented; disnl'Ption closely cropped vegetation has been
ornonwoody evident but not affecting vegetarion common; less removed to
m2.CT'C)phytes: vegetative full plant growth than one-half of the 5 centimetCiS or less in
di~ption throu.gh potential to any ~t potential plant stubble average stubble height.
g:oa.zmg or mowmg extent; more than one- heigh: remaining.
mmimal or not evident; half of the potential plant
almost all plants allowed stub~je. height
to grow naturally. remainIng.

SCORE 2 (LB) L<:/\ Bank 10 9 8 " 6 5 4 3 C1J I 0

SCORE ..2.(REl Ri~hl Bank 10 9 S (7) 6 5 4 3 (1) I 0

V....idth of riparian zone Width of riparian zone Width of riparian zone Width of riparian zone
10. Riparian >18 meters: human 12-18 metel'S; human 6-12 meterS; human <6 1T'.c:tcrs: little or no
Vtgetative Zone activities (i.e., parking activities have impacted activities h.i1ve impacted riparian vegetatlon due
\\'idth (scon: each lots. roadbeds. clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts, lawns. or CTOpS}

have not impacted zone.

SCORE Z (LB) L<:/\ Bank 10 9 8 7 6 5 4 3 Q) I 0

SCORE '2. (RE) RighI Bank 10 9 I 8 7 6 5 4 3 I GJ I 0

Total Score fl.Fl



CAUFORNIA DEPARTMENTOF FISH AND GAME
AQUATIC BIOASSESSMENTUBORATORY

WATER POLLUTION CONTKOL LABORA TOP Y
. REvisION DATE • MA r. I fI 9

CALIFORNIA BIOASSES8MENT WORKS:a:EET

WATERSHED/STREAM: !1;AnfEe g/~a&~ DATE/TlME: /~/~$.5//t;t.So •
COiMPANY/AGENCY: J.ly lJ4 ~O(.Dav SAMPLE ID NO.(S): /(a:x. c.eEEK- '12.
SITE DESCRlPTION: CJ.~ H.c. d"tDMftt!'a- c? ::L2J/AI,).::J:,_ Se/u')(sL 70' t!>,3 N.J UPsff~a.•.•

t!f~ .(:f

/tJ){ / Po',.
7~;; ~

.2c% 7(J.:

.:p ft'
moj;) •

tp:zS€ . LPO'Sf •/.5";{. -.J'

•rifIle:
20'S""
/8 .'

/15" ..

8"
'2.0

o

riffle 2
. 5(

Sa'

Water Temperature:
Specific Conductance:
pH: .
Dissolved Oxygen:

COM:MENTS: ,t.~(.J}e£ 2.'i!f/Zl"~I.E.S'···
1JC1"€,J.JrIlW... '-I 1#Je-4J!2:;aW'!:" Al~ '.

. . SITE LOCATION ... "~:,.:.~'~.,... /:",~.,: ...

, '4 ... ~ ,

SEND A COPY OF TInS FORM TO: DFG - wpeL
2005 Nimbus Rd. Rancho Cordova, Ca. 95670
(916) 358-2858 FAX (916) 985-4301
Web Site: ww\"...dfg.ca.gov/cabw/cabwhome.httnl

Bioassessment Laboratory Information:



....~ ...
CALIFORNIA DEPARTMENT OFFISH AND GAME
AQUATICBIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REv.TSION DATE ~ MA Y. /999

PHYSICALIHABITAT QUALITY
. California Str~~~ Bioassessment Procedure

WATERSHED/STREA..M:: J£A-rrl€2. f}lJE.£- ;Wrne. DATEITIME: //)/.9" /(¥3o
COMPANY/AGENCY: !lY~zax.oGY SAMPLE ID NO.(S): l?tX!r:.. CU€~ 1,2, :s
SITE DESCRIPTION: CJ.3 ~i ]c"'~AA( ~~4;J.::JiM ScNOO~ 7b 0.3 ...i IJp:;7t!lYI.....

(Circle the appropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

Habitat
Condition C:ltegor,'

P::n:meter- Optimal I Suboptimal M:rrgin:ll Poor

Gre3.te~ th~ iQ% of /40.70% mix of suble 20-JO% mix of suble Less th:n 2C% s~ble
1. £pibunal subs:::-ate favor:J.ble for h:.bitat: well~suited for habiC1t; haoiet habiQ.t: lack ofhabict is
SUbstT2tel C';lif3unal coloniution fun c:oloniution availability less th~ obvious: subs~t~
Av~i1abie Co,,'er and fish cover; mix of potential: 3dequ:lte desir:.bie; substr.ltc unsuble or l:lc:kin!.

snags. submerged lo~. habitat for mainte:t:mce frequently disturb.ed or
undercut bonks. cobblc of populations; presence removed.
Or ocher stabl.: habi:zt of.1dditionaJ substrate in
~nd at 5tJsze to allow full the form of newf:lll. but
c:oloniz:lticn potenti:ll ncr yet prep:lred for
{Le.. logs/snags that :l.re coloniz:nion (may roote at
!lg! new fall and D.Q.! high end ofsc:J.le).
tr-Jnsient).

SCORE 13 20 @ 18 Ii 16 15 14 13 12 II I 10 9 8 7 6 5 . 3 2 1 0~

-=,
Grovel. cobble.•nd" Gravel. cobble. and Gr.1vel. cobble, and Gr.1vel. cobble. :J.nd~- .2. £mbeddrdntss bou Ide, pon;clos are (). bouJde:- panicles ~re 1S~ bou Ide, portio les are 50- boulder particles or:

f 25% $uJio\,mded by fine 50% surrounded by fine. 'S% SUTTOund:c: by fine more th:J.n 75%
sediment. Layering of sediment. sediment. sury:ounded by fine
cobble provides diversity seClment.

C of niche space.~

- SCORE /S 20' 19 18 17 16 @I~ 13 12 II 10 9 8 7 6 5 4 3 2 1 0'= '. ..::
.E All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habi12t Dominated by I
" 3. Vtlocit)·/Drpth regimes present (slow. present (if fast·shallow is regimes present (if f:1St~ velocity/ depth regime
~
~ Regime deep, slow·shallow. fast· missing. score lowe!' shallow or slow-shallow (usuolly slow-deep).
~ de.p. fast-shallow). than if missing other are missing. score low).

= (Sow is < 0.3 mls. dee;> regimes).
~ is> 0..5 m.)
t I!J 20 (19) 18 ,

6 I~ SCORE 17 16 15 14 13 12 11 10 9 8 7 5 4 3 2 I 0
=~ Linle or no enlargement Some new jn~e in Moder.ne deposition of He:l.vy deposirs of finet. 4.Sedimenr or islands or point bars bar fOrm:lticn. mostly new gr.1vel. sand or fine m:lleri:ll. inc:re':lScc b:lr

Dtposition :l1'id less than 5% (<20% from gravel. sand or fine sediment on old and new cevelopment~ more than
tor low~~dieilt st:'e:l.ms) seciment: bars; 30-50% (50-80% 50% (80% for low-
of the bottom affected by 5~3Q% (20.500/0 for low- for Jow.mldient) of the gredient) of the bottom
sediment deposition. =dient) of the bonom bonom affected; cn::1nging frcGueiltly~

affected; slight sediment deposits:u . pools almost absent due
deposition in pools. obstrUctions. to su:bstanrj~l sediment

constrictions. and bends; deposition.
moderate dej:)ositiol"l of
pools prev:l.lcnt.

SCOR£ 2C 20) 19 18 Ii 16 15 14 13 12 I I 10 9 8 7 61 5 4 3 2 I 0

Water re:l.chcs base of ~·:lter fins >75% oIthe Water fills 25-75% of Very little w:l.ter in
S. Channel Flow bo.th lower bonks. and :l. ...·aiiable channel; or thc .""ilable channel. clwlnel and mostly
Status minimal amount of <25% of channel andlorriffic $ubsmues present as sunding

channel substrate is substrzte is exposed. are mostly exposed. pools.
exposed.

SCORE ZO 20) 19 IS 17 16 15 14 13 12 11 10 9 S 7 6 5 4 3 2 I 0



CAUFORNlA DEPA1I.TMENT OF FISH AND GAME
AQUA17C BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY. 19Y9

Habitat Condition Category

Parameter Optim.1 Suboptimal Marginal I Poor

Channeiizaticn or Some channeliution Channelization may be B.nks shored with
6. Ch.nnel dredging absent or present, usually in areas extensive; embankments gabion or cement; over
Alteration minimai; s::ream with of bridge abutments; or shoring' strocrJT:S 80% oC the stream reach

normal pattc:n. evidence ofpast prosent on both banks; channelized and
channelization, i.e., and 40 to 80% of stream disrupted. Instream
dredging, (greater than r..ch channelized and habiu, iTea.t!y altered or
past 20 yr) may be disrupted. removed entirely.
presen:, but rocent
channelization is not
presenL

SCORE 2.tJ 20) 19 18 17 161 IS 14. 13 12 11 10 9 8 7 6 5 . 3 2 1 0~

Occurrence ofriffies Occurrence ofrimes Occasional rime or Generally all flat water
i. Frequency Df relatively frequent; r.a.tio infrequent; distance bend: bottom contours or shallow rimes; poor
Riffles (or bends) of distance between bet'W'een riffles divided provide some habitat; habitat; distance beNt'een

rimes divided by width by the width of the distance between riffles ri~es div;ded by the
of the stream <7:I stream is bet\ll.'een 7 to divided by.the width of wtdth of the stream is a
(generally S to 7); IS. th: stream IS between 15 ratio of>25.

~
vane':)' of habitat is key. to 25.
In streams where rimesc
are continuous.~- place:nent of boulders Or1;' other large. 'nau.:ra!

E" obsrruction is imco~..a.nl

C SCORE 20 20 19 18 Ii 16 IS I~ .13 12 II 10 9 <V 7 61 5 . 3 2 I 0~ ~

c
.

~
Banks suble; evidence Moderately sUble; Mocerately uns:able; 30- Unsuble; many eroded

8. Bank St.bilirv of erosion or bank infrequent. small areas of 60% of bank in reach has areas; "raw" areas
;; (score ..ch bank) faBur!:. absent or erosion mostly healed areas of erosion; high freq~ent along straightc
,.; minimal; liule pote:nial over. 5-30% of bank in erosion potential during sections and bends;

Note: deter.nine left for future problems. reach has areas of noods. ob;"ious bank Sloughing;
E or right side by <5% 0: bank affected. erosion. 60-100% of book hasg facing dO'olr."nstream, erosional scars.
C

SCORE (0 (lB) Left Bank 60')• 9 8 i 6 5 ~ 3 2 I 0~

~ SCOREIO (1Ul) Righ:Bank@ 9 8 7 6 I 5 4 3 I 2· I 0-
~

More than 90% of the 70-9d% of the 50-70% of the Less than 50% of the-•
~

9. Veget2th.. e streaJT.bank surfac=s and s'C"eambank surfaces streamoank suriaces srreamba:'1k surfaces
Protection (Score immediate ri~ariail zone covered by native covere::: by vege:.ation; cove:-:: by vegeta:ion;

~ ca:;, bail;") covered by native vegetation. but one class disruption obvious; disn:plion of s::reambank
~ vegetation. including of plants is not well· patches of bare soil or vege:.ztion is ve:y high;

trees. understory shrubs, represented; disn..."tion closely cropped vegetation has been
ornonwoody evident but not affecting vegetation commor.; tess removed to
MUCTOphytes: vegeta:ive fuJI plan, 8fO"''th than one·half of the 5 c:ntirnete:-s or less in
dj~ption throu,gh potential to any gTeat potential plant stubble ave:a,g= stubble height.
g::'2Z1r.g or rno""1ng extent: more than one- heigh: remaining.
mm:rr.a! or not eVlde:u: half of the potenlial pla:n
almos:.all plants aiiowe: stucb.!c. height

SCORE 4- (lB)

to grow naturally. TCrr.2mlng.

L:ft.Bank 10 9 8 7. 6 ~ CD 3 I : ,
0,

SCORE / (lUll Ri~ht Bank 10 9 8 7. 6 ~ 4 3 I : I 0

Width of riparian zone Width of riparian zone Width cfriparian zone Width of riparian zone
10. Riparian > 18 meters: human 12·} g meters; hurnan 6-12 metors; human <6 meters: little or no
Ve:eu.tive Zone activities (i.e., parking activities have impacted activities h:1ve impacted riparia:1 vegetation cue
\\'idth (score Cach lots. roadbeds. cl..r- zone only minimally. ~onc a great deal. to human activities.
bank riparian :Z;one) cuts. lawns. or crops)

have not impacted zone.
SCORE if (lB) L:nBank 10 9 8 7 6 I s (V 3 I 2 I 0

SCORE / (1Ul) Right B~nk 10 9 I 8 7 6 I S 4 J I 2 1 0

Total Score /~3



CALIFORNIA BIOASSESSMENT WORKSHEET
. I 1: t •.~" _'. ,

WATERSHED/STREAM:: 4A7JlE~ bvEe /!J;::Fe. DATEfITIv!E: /(J/-'",..,9/1>S'30
COMPA....1\i'Y/AGENCY: ·HYLJ~oc.ocy SAMPLEIDNO.(S): cecs-rA /, 2, :3
SITE DESCRIPTION: (J./- tJ.~ Md.£S1Jt1aM:TI!:;EAH t1!= BEAR.. I?AAlcf./~

•
CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LAlJORATORY

WATER POLLUTIONCONTROL UBOM i U.r(i
REVISION DATE • MA Y. J999

. RIF:FLEJREACH CHARACTERISTICS

~~~~ilt·~~~g:;~·,: ;
.Rifile ~ngtli...:',::. :';' .
.,···Transeci·l(2~:·:·:.'~~·., '
, T~ect2:-:'

.·:;Im.sect·,3:·:;' ... :· "
(Record Physieal1Habitat Olancteristic values iII rifile 1 column)

~~~~i6~i~1kf'~i'k'jl;p~g'~~-ign ..~--~~,::
::,·;/.::L:~i~~J ?P:CiI.,~..::, ":~::' . ,'~ :'.;:' .,::""; ';;". - -::~ ,
.Reach Length:~ ..... ' ,. .' t)* 9-f'Yl i
Phygcal/habitat' Quality Score: I~

~
~. ¢'.

/0% 1% 1t}1.

/fo% 3:3% /:J~

.$0% bCJ: &0%
¢ '(j CI, ;>-

rYJ l1l1 • Hob,
Lc,,:£ ~(, ~L

1.5'% 6-).-2:% 2·'5~b

•

• "

SITE LOCATION ,'. ;--( ':',' ','

GPt;~~jH~]~j~,r~t~JI[":·····'r.····,;~
Elevatlon. . ~.'" '.. _....__ , ...~-, ... ·../t;;"2-0 .'
Ecoregion: . ,.~. ; .:.>:: :~;l·<~~:~~··i~~;~:·~: '::..:.: ..

COM:MENTS: {J)1t£. 8£ iJ,;:e'CvLTI
?YuJGE/Z/)(.J5 ACC€SS AT .

CHEMICAL CHARACTERISTICS
," ,.. . .. ' - .

Water Temperature: ....:,_< .'.', /3-/ DC

ir:~::ce: .,;,1i~~~~.. Zk~
Bioassessment Laboratory lnformation~

SEND A COPY OF THIS FORM TO: DFG - WPCL
2005 Nimbus Rd. Rancho Cordova, Ca. 95670
(916) 358-2858 FAX (916) 9854301
Web Site: v.rww.dfg.ca.gov/cabw/cabwhome.html

PhvslcaJJHabitat Characteristics
72, f'Pt£. =¢Z ::r4-

rifile 1 riffle 2
Ri!fle Length: . 60 I 103 I

T~~~t Locinion: 4-3/ . g, , .

AV~.Riffie- Width: 77' ito'
A~~:Rifn~D~th: .. ~" S II

Rifile V"elocity:· .. j~?s IO~

~::.a;~py ci?y6-: :: .:.-p: .~
S~b~~itt&fu~le=citr~:...../!;i..:: ./~ ~-

E;bciid~~;"" ~. ;(5 % ¢ %'
% SUb~~ti;·~:L.:· .: .-

. '

fines «0;1 ~r·:· .
gravel (o.~n)

, :cobble·{2~i.O:>
··'.b6~ld~ '(;t(j~)
':h~:~'-(~:~~d) ..

SubSkic' :~>~t
Consolidation:

% Gradient: -_~~

riffle 3
bra'
~'2l

4ft

8 11

/.~tys"

t
/$

;;1%



CAiJFORNlA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY. 1999

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: ':G4771EI?- 2rJEIZ 1/V;t='FIZ
COMPANY/AGENCY: ~~1COb:JO'oc'/

SITE DESCRIPTION: 0./ - OS; Hlle ~ou)).)STeo./o.of ~;-

DATEtTIME: /0/.9.9.9 ;(,930

SAMPLE ID NO.(S): CIZt.t7"A /. 2. 3
SEA/!:.. ,e!<I..JI::.H ces..:< '

(Circle the appropriate score for all 20 habitat parameters. Record the total ~core on front page of the CBW)

Habita,
Condition C:ltegof)"

P:1rameter Optimal I SUbop'im.1 I l\1:Irgin:aJ 1 Poor

Gre:m::- trnm 70% of /40-70% mix ofst.:lble 20-40% mix of s~ble Less th:1r: 2C'% suble
I. Epifaun.1 subs::-ate favor:1ble for h.:biut: well·suited for habitolt: h:abit:lt ~bit:1t: l:1ck: of h::J.oit:1t is
Substr:ateJ epif::J.unal colcniz:ltion full ccloni~tion O1vailabiliry less than obvious: subs~t~
AV:lilable Cover and fish cove:-; mix of potential: ::J.dequate desir:l.ble; 5ubstr:ltc unscble or l:l.cking.

snags. SUbr:'l~:"ged logs. hi1bitat for mainten:mce frequently disturbed or
undercut b:l.nks. cobble of populations; presenc:: removed.
or other ~..a.ble habitat of .:ldditional subst"ate ir.
:md at sU~e to allow full the form ofnewf:lIl. but
colonization potenri:11 noc yet prep3ted for
(i.e.. logs/snags that :m: color-iution (may r:ue at
not new f:1ll :md not high end of sCOlle).
'ti=insient). -

SCORE /3 20 19 18 17 16 IS 14 (13) 12 II I 10 9 8 ? 6 S 4 3 2 1 0
;;

Gr:vel. cobble. :ln~~ Gravel. cobble. and Gr.lve!. cobble. and Gravel. cobble. :md..• 2. Embeddedness boulder pmic:les are 0- eouider particles .:lre 25- boulder p:friclcs are SO- boulder particles :ne..
= 25% surrounded by fine 50% surrounded by fine 75% surrounded by fine more th:m 75%

sediment. Layering of sediment. sediment. sury:oundec by nne
cob~le provides dive:-siry seClment.

~ ofn1che space.~

- SCORE /3 20 {i0 18 17 16 IS· 14 IJ 12 11 10 9 8 7 6 I s 4 3 2 I 0..g All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 h.!>ita. Dominated bv t
C 3. Velocit)"/Depth regimes present (slow- present (if fas:-s~llow is regimes present (if f:1St- velocityl depth regime
i; Re:ime deep. slo....·shallow. fast· misslng. score lowe=- shallow or slow-shallow (USU:1lJy s!o\.....de~?).
~ deep, fas.-shallow). than ifrnissing other are missing, score Jow).
.: (Sow is < 0.3 mis, deep regimes).
~ is:> 0.5 m.)
i: /9 20 (I~ 161 I 61<: SCORE 18 17 15 I" 13 12 11 10 9 8 7 5 4 3 2 1 0::
~

Modcf'i1te deposition of Heavy de;Josits of fine
~

Linle or no enlargement Some new inc:r=se in
4. Sediment of islancis or point bars bar fo~tion. mostly new gr.1vel. sand or fine nuteri::l1. incre.:lsed b:.r
Deposition and less than 5% (<20% from ~vel. sand or fine sediment on old and new developme~t; rr;.ore than

for lo,:,-g:-adient Stre::uT',s) sedimc:'\t; bal'S: 30-S0% (50-80% 50% (80% for low~

of the aottom affected by 5~jO% (20~SO% for low~ for lO"'-T-"!dienr) of the g:-:zdier:[) of the bo[~orr:

sediment deposition. gr.:ldie:'lt) of the bottom boltor:1 O1ffectec!; ch:mging freque:':tl)':
affe:ted; slight sediment dCi'osits at pools almost absent due
dct'osition in pools. obstrUctions. to substanti::l.I sedimc:,'lt

consC'ictions, and bends; deposition.
moderate dcposition of

"- poots prev::l.ient.

SCORE 2.0 20) 19 18 17 16 IS 14 13 '12 11 10 9 8 7 61 S 4 3 2 I 0

Water reaches base of W3.ter fills >75% of the Wate:- fins 25-75% of Vcry little w::lter in
3. Channel Flow both lower bonks. and ol','ailabie channel; or the available chMtnel. channel and mostly
Status minimal amount of <25% of channel and/or rimc s'ubstr3tl:S present as standing

channel substr.lte is substrate is exposed. arc mostly exposed. pools.
exposed.

SCORE 20 20 19 (i8) 17 16 IS 14 13 12 11 I 10 9 8 7 61 S 4 3 2 1 0



CAUFOllNlA. DEPAJ/TMENT OFFISH AND GAME
AQUATIC B!OA.SSESSMENTLABORATORY

WATER POUUTION CONTROL LABORATORY
REVISION DA.TE -M.1Y. 1999

•

Habitat
Condition Category

Param~ter Optimal
.,','

Su~~ptimal Marginal Poor

Channelization or Some channelization Cha.~nelizationmay be Banks shored with
6. Channel dredging absent or present. usually b, areas extensive; embankments gzbion or cement; over
.JJteration minima!; stream with ofbridge abutments; oTshoringstruc~ 80% of the stream reach

ncrrnalpanern. evidence ofpast present on both banks; channeiized and
channelization. i.e., and 40 to 80% of stream disrupled. Inseeam
dredging, (greater than reach channelized and habitat greatly altered or
posl20 yr) may be disrupted. removed entirely.
pr=sent, but rc:erit
channelization is not
present.

SCOR!: /0 20 19 18 17 161 15 14. 13 12 II 10 9 8 7 6 5 4 3 2 I 0

Occurrence of rimes Occurrence oi rimes Occasional rime or Generally all flat waler
7. Frequencv of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Rimes (or b~nds) of distance between between rimes divided provide some habitat; .habitat; distance bet\\'een

rimes divided by width by the widlh of the distance between rimes rimes divided by the
ofthe s:ream <7:1 stream is berv.-ee:'1 7 to divided by the widlh of width of the stream is a
(generally 5 to 7); 15. the srream.is between IS ratio of>25.
variery of habitat is key. '025.

0: In Streams wheie rimesc
~ are continuous,-.. placement of boulders or

cthei large. natural

= cbsC'Uction is important
;;

SCOR!: 7 20 19 18 17 161 15 r~ 13 l2 i I 10 9 8 (7) 6 5 4 3 2 1 0~

=
~

Banks stable; evidence Moderately stable; Moderately unstable; 30- Unstable; many eroded
12 8. Bank Stability of erosion or bank infrecuent, small areas of 60% of bank in reach has areas; "raw" areas
;; (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along sC'aightc.= minimal; little potential ovei. 5~30% of bank in erosion potential during sections and bends:

~
Note: determine left for future problems. reach has areas of floods. obvious bank slol.!ghing;
or right side bv <5% ofbznk affected. eiosion. 60·100% of bank has

E facir.g dO\\.";1sti-:am.
. ,

eroslona. scaiS.

" SCORE /0 (LS) LeftBank @- 9 8 7 6 5 ~ 3 2 1 0~

~ SCOREIO(RB) RightBank@ 9 8 7 6 5 4 3 2· 1 0-
~

70-90% of the. Less thar. 50% of the- More than 90% of the 30-70% of the-
~

9. Vegetath'e: strcambank surfaces and streambank surfaces streamb<l:"lk sur:a:es srreai:'1bank surfaces
c Protection (Score immediate ri;:larian zone covered by native cove:e: by vege:ation; cove:ed by vegetation;
~ e3:h bank) covered by native vC2etation, but one class diS1'U?tion ObV1OUS; cisru;:ltion of s:reambank

<- vegetation. including ofplants is not wen· patches of ba.."'C soil or vege:2.tion is very high;
trees. undc:-story shrubs. represented; disruption close ly, cropped vegetation has been
orncnwoody evide:lt but not affecting vegetation common; less removed to
macrophytes; vegetative full plant growth than one-half of the 5 ce:nimeters or less in
dis~tjon throu.gh potential to any gTC3.t potentia! plant stubble average s:ubble height.
g::-a.zmg or mowmg extent: more than one .. height remaining.
rr.inirnal or not evident; half of the potential plant
almos: all plants allowed stubble height
to gTOw naturally. remaining.

SCORE .!- (LB) Left Ban~ 10 9 8 i 6 5 4 3 I 2 CD 0

SCORE I (RBl Right B:mk 10 9 S 7. 6 5 4 3 2 (1) 0

V·/idth of riparian zone Width or riparian zone Width of riparian zone Width of ripa:-ian zone
] O. Riparian >18 meters; human 12-i8 me'e,,; human 6-12 meters; human <6 meters: little or no
Vtgeu.tive Zone activities (i.e., parking activities have impacted activities h.:1ve impacted riparian vegetation due
\Vidth (score each lots. roadbeds. clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts. lawns. or crops)

have not impacted zone.

SCORE .!- (LB) Left Bonk 10 9 8 7 6 5 4 J 2 C17 0

SCORE / (RB) Right B:1nk 10 9 I 8 7 6 5 4 3 2 CD 0

Toul Score----



CtUFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LABORATORY·,,···

.. ' . WATER POI;LUTION CONTROL LABORATORY
. '. . .~.',. ."'. .; REVISION DATE - MA Y. J999

CALIFORL"lA BIOASSESSMENT WORKSHEET

WATERSHED/STREAM::~ ;!;VE/Z /AlF'P1L DATEfTIME: jiJZS7)3 j!OcK::J -.•.._
cotv1PJu'rY/AGENCY: /lY~COOLOGY SAMPLE II) NO.(S): Pac. 1/'2. 3
SITE DESCRIPTION: tJ.,)..li/~ 4eolJE. .~y ?eJ e.RJQGE., A~ ,::'UL,4;A i'Z:I AIUT 1:.1;:-':;~ ,(;pii2I!A~

~rt=UM VA.u.£ y e.eE~~ .

/3 .1
2.q%.

riffle 3
tf}OI

7/'

/92'

8"
2,::-6-
5~

/.9
1-$"0/

-....;;;...:./("

¢
~

~../."

'2fj,{'

~

PhysicallBabitat Characteristics

.~'. .-
'. '. , ..:' riffle 1 . rifile 2

~~~o~ :," ;;',

A;~.·Rime\Vidth:ao %
·-A~;·~~.~~~ ~~ih~'" ..:. :)0" /. 0 '

'Rime Velocity:. '::_":" z 1'7/s- IS 7i
"%~~b~y &;b{. '; ~:. .p'~. .. '. ¢'%
:·:Scl;~hit~:&~i'''l~~t ~- "·;6-:,: '.: .···~j9:

'~b~~d~~"~~rr /-$%' I~~
%S~b~~te~·t,:~: :.(::::-'~~'

. .

:..... ::':..RIFFLElREAC:a CHARACTERISTICS

~~11IiJI~~:~,;-:;;i;-".·,,'
'~';'::' .;.r~ect 2: !:T.·>.. ~'.:': ..
....,:. ~:Transect.3:·:;( ... ' ;:'.' :~
.(Record Pbysic:a1lHabita% Cw'aaeristic: values in rifile l·.colwnn)

::·~f;~t;·'·:;:Lf:·:~iTlf:·:::~:~:[~f:Y:>'·:p .. ..-:-. ....:' .... ::' .' ;.
.Non:pomt Sou:rce S~pling D~ign .': .

f~~~·m~:ifr?~:.~:·.::}~. :3'> :\';;:':'?~~': . OS-mt

'PhYsiC3lJhabi~l~~ility ~6cre: :'. . . .!k
. .. '.'

CHEMICAL CHARAcrERISTICS . '. ~ .

...... :.:~ :>:.':'.;~~:~ :~~~~','
.~'~'.'~':;;, 98:,...,.S

.. ::;:Cd·u,t.b· 'no r<;:c.:r.:·
.:::~.::~i.::.\':Y~~-::97% .<:;~

Water Temperature:
Specific Conductance:
pH:
Dissolved Oxygen:

COMMENTS: L6wfRteIF~:'-:·.;srloli:r;:ljj/ '.
dZh"lturaLtc a..t:.t:lZ.-SS ;=!Z41o-f /tit:) 1e-T1f AT

fI/t/t/FL FUJbJs. 1!1t1 711£ JZn:R.Er I.LJ".•{
!?F.QVIJ!;; CALl.7It:N At IIIG~ R4?£.

Bioassessment Laboratory Information:

SEND A COpy OF TInS FOR.l\t TO: DFG • WPCL

·2005 Nimbus Rd. Rancho Cordova., Ca. 95670
(916) 358-2858 FAX (916) 985-4301
Web Site: WW\V.dfg.ca.gov/cabw/cahwhome.html



CAi.lFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LABORATORY-

WATER POllUTION CONTROL LABORATORY
REVIS/ON DATE -MAY, /999

PHYSICALIHABITAT QUALITYe . California Stf~amBjoassessmentProcedure

WATERSHED/STREk\{: Fi:~R... 1(/lJrc~ j/\JFt:"1Z. DATEtTIME: /~:20.J /000
COMPANY/AGENCY: /..fY))~rlJot...06Y SAMPLEIDNO.(S): t:bE. 1 , '2, 3
SITE DESCRIPTION: 0./ r>t<te ABc"£. HWY 7" Bfq()6E ,I(T P~'5A ~ ~ii.<; r R/Rii<' OF'S'Tg§AM ..-

a,:: R.E.A vALGE,"I c.ee.eiC .
(Circle the appropriate score for all 20 habitat parameters. Record the total ~core on front page of the CBW)

H~bilat
Condition C.:ltegor)'

P:l.l"ameter Optimal I Suboptim.J M:1rgin:ll Poor

Great::- t!w1 70% of /40-70% mix of stobie 20-40% mix of S::1ble Less th~n 2("% st:!.cle
1. Epifaunol sucS'C"'Z[C favoT:1cle for h.:l.bita.:; well·suited for habit:c; lucic! h.:tbir:c: lo.ck orh.:tbiuc is
Substr:lttt e';)if:lunaJ coloniz:ation (ull coloni~tion :lv:lilabiliry less than obvious: sucsrr:t~

Av:l.ilablt Cover and fish cover; mix of potential: .:toequ:ltc . desir:ble; substi:tc uns~ble or l:lcking.
s:1ags. submerged togs. h::lbitat for mainte:1:tnce frequently disturbed or
undercut b:mlcr. cobble of populations; presence removed.
or orne:- staole habitat of :tdditional substrate in
;lnd at St=l!!e to allow fun the fol':':"l of newf:r.ll. but
colonization potenti:r.! no[ yet prepared for
(i.e.. lcgslsn:tgs that :tre colonization (may ~te at
!l£! new fall :tnd D!ll high end of.sc:r.le).
:nnsient).

SCORE /9 20 (19] 18 17 161 15 14 J] 12 11 10 9 8 7 6 5 ~ ; 2 I 0
;;
c Gt'3vel. cobble. and Gr:lvel. cobble, and Gr:lvel. cobble. md Gr:.vel. cobble. :md
t 2. Embeddedness boulder particles m: 0- boulde:- particles are 15.. boulder p:rricles are 50.. boulder par.:iclc:s ar~

I 2.5% surrounded by fine SO~~ surrounded by fine 7S% surrounded by fine more th::m 75%
sediment. Layering of sedIment. sedj~e:lt. surrounded by fine
cobble provides divers~ty sediment.

~ of niche space.

- SCORE 13 20 (Iv 18 17 161 IS I~ IJ 12 II 10 9 8 7 6 I 5 ~ ; 2 I 0
~

] All four velocity/depth Only 3 of the .4 regimes Only 2 of the 4 hobi..t Dominated by I
c 3. Veloe1t\'/Depth regimes present (slow.. present (if fast-shallow is regimes present (if bst· velocity! depth re~ime
~ Regime . decp. slo.....-shallow. fast' missing. score lower shallow or slo\v·shallow (usu.lly slow.cecp).
J: decp. fast-shallow). than if missing other are missing. score Jow).
.: (Sow is < 0.3 mis. deep regimes).
~ is> 0.5 m.)
i;

/3 <IV 6 I~
SCORE 20 18 17 16 IS I" 13 12 II 10 9 8 7 5 " 3 2 I 0

" Little or no enlargement Some new inC"l'CSe in Moder::tte deposition of He:J.Vy de',:)ositS of fine
~ 4. Sediment of islands or point bars bar for:n:nion. mostly new gr.lvel. s:and or fine m:l.teii~l. incre:1.Sec b~r

Deposition ;lnd less than 5% «20% from gravel. sand or tine sediment on old and new development; more than
for low·£T3dient srre:lms) sediment: bar's; ;O-SO% (50-80% .50% (80% fOf low-
of the bottor.: affected by 5-;0'10 (20-50% for 10.....• for low-gradient) of the ~dient) of the bottom
sediment deposition. ~dient) of the bottom bottom affected; ch:mgin!! !re::;ue:1tly;

afiec:ed; sltght sediment depositS ~t pools almost abSef'ol due
de?osition in pools. obstrUctions. to substanti:11 sedirne:\t

constrictions. and bends; de?osition.
mode14.te deposition of
pools pTev:11c::nt.

SCORE /9 20 @) 18 Ii 16 IS I~ I:; 12 11 10 9 8 7 6 5 4 3 2 I 0

Water re<1ches base or Water fills >75% of the Water fills 25-7S% of Very linle w:lter in
s. Channel Flow both lowe' banks. and a...·ailable channel: or the .vailable channel, channel and mostly
Status minimal amount of <25% of channel and/or rime substrates present as sunding

channel substrate is substrate is c:tposed. are mostly exposed. pools.
exposed.

SCORE 1.:3 20 (!~ 18 17 161 IS 14 13 -12 II I 10 9 8 7 6 5 4 ; 1 I 0



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUA11C BIOASS£SSMENTLaORATORY

WATER POLLUTION CONTROL LABORATORY
. REVISION DATE - U4Y. 1999

Habitat
Condition Category

Parameter Optim.1 Scboptim.1 Mar-ginaJ Poor

Channelization or Some channelization Ch2nnelization m2Y be Banks shored with
6. Ch.nn.1 dredging aosent or present,. usuaIly in arcz.s extensive; embankments gacion or cement; eve:
AJteration minimal; strCZ:T1 with of bridge abuMlents; or shoring structures 80"10 of the stream reach

!l0nnal pattc;o1. evidence of past present on both ba.,ks; channelize: and
.channelization, Le_, and 40 to 80% of Stream disrupted. Instream
dredging, (gre2ter than rcach channelized 2nd habitat g:-eat!y altered or
past 20 yr) m2Y be disrupted. removed entirely.
present, but recent
channelization is not
presenL

SCORE /9 20 ® 18 17 161 15 14. 13 12 I I 10 9 8 7 6 I 5 4 3 2 1 0

Occurrence ofrimes OCCUT'i'ence ofrlmes Occasional rime or Generally all flat ....aler
1. Frtquency of relatively frequ~nt; ratio infrequen~ distanee De:1d; bonom contours or shallow riffles: poor
Rimes (or bends) ofdistance cu:rw-eerJ berwe:n riffles divided provide some habita~ habitat; distance between

rimes divided by width by the width of the distance between rimes rimes divided by the
of the stream <7:1 SL:'e3.rn is bet\\'Cen i to divided by the width of wlcth o( the stream is a
(genmlily 5 to 7); 15. the stream is between 15 ratio 0(>25.
variety of habitat is key. 1025.

;;. In Streams where rimesc
t arc continuous,
g' placement o(boulde:s or

othe:- large. natural
obstruction is irnpor..ant

:;. SCORE :2- 20 19 18 17 16 I 15 I. 13 12 11 10 9 8 7 6 5 . 3 (i) 1 0~

~ Banks stabJe; evidence Moderately stable; Moderatcly unstable; 30- Unstabie; many eroded
~ 8. Bank Stabilirv of e:osion or bank infreQuent, small areas of 60% ofb2nk in reach has a:eas; "i.iI.w" zreas
C (score e:ach bank) failure absent or erosion mostly hcaled areas of erosion; high frequent along strai~ht•
~ mini:":13.1; little potential ove:. 5·30% of bank in erosion potential during sections anc bends:

~
Note: de:ennine left for future problems. reach has areas (:If noods. ob.... ious bank sloughing:
or right side by <5% of bank affected. erosion. 60- \00% of book has;; facing dO\lo11Str:am. erosional scars.

;;
SCORE /0 (La) Left Bank (J Ql> 9 8 7 6 5 • 3 2 1 0~

15 SCORE t2. (R,B) Right Bank(lO; 9 8 7 6 5 4 3 I 2· 1 0-
~

More tl-.an 90% of the 70-90% of thc 50-70% ofthe Lcss than 50% of the•
"
~ 9. Ve~etati\"e s:reambank surfac= and st"c3.mbank surfaces streambank sur:a:es s:reambank surfac:s
;; Pl"'otection {score immediate rioarian zone covered by native cover:c by veg:e:atior.; cove:ed by vegetaticn;

each bank) covered by n'ative: ve2etation, but One class disr..:ption ObVl0US: disT"Jptlon of s'O"cambank;; veg::ation. ineluding ofplants is not ....ell· patches of bare soil Or veget2.tior: is very hig!".;
trees. unde:'Stol")' shrubs. repr-...sented; dis%'\:ption closely c:'opped vegetation has been
or nonwcody evidC1t but not affecting vegetation common; less removed to
mac:ophytes: vegetative full pl2nt gro"'lh than one·half of the 5 centi:nc:tc:s 0':' less in
disrJpticn through potential to any great potential plant stubble ave:-age Stubble height
g:-az:ng or mowmg extent: more than one· height remaining.
minima; or not eVIdent: half of the potential plant -
almost all plants allowed stubb.le. heig.ht
to grow naturally. remamlng.

5CORE~(LB) L.:~ 'Bank 10 9 I 8 7 6 S 4 3 IClJ 1 0

SCORE Z. (Ra) Rj~htBonk 10 9 8 7 6 5 4 3 (2) I 0

Wide" of riparian zone Width of riparian .one Width of riparian zone Width of riparian zone:
10. Riparian :> 18 melers; hUm2n 12-18 meters; human 6·12 meters; human <6 meters: little or no
Veg~Utive 'Zone actlvities {i.e.. ~aT\ting Ict1vities hive impacted activities have lrt\?ac.ted riparian vegetation due
\\'idth (SCOte each lots. roadbeds, clear- zone only minimally. zone a great deal. to human activities. .

.b2nk riparian zone) cuts, lawns. or CTtIps}
have not im;Jzcted zone.

SCORE·-L (La) Len Bonk 10 9 8 7 6 5 4 3 2 CD 0

SCORE / (R,B) Right Bonk 10 9 g 7 6 5 4 3 I 2 <D 0

Total Score 1'4-2

•
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INTRODUCTION

As part ci the Federal Energy Regulatory Commission (FERC) relicensing proc~dure, it
has been requested that the California Stream Bioassessment Protocol (eSBP) be used to
determine the nature of the benthic macroinvertebrate fauna. This investigation of the fauna of
the Poe Reach, North Fork feather River (NFFR) seeks to establish baseline data for an analysis
of how changes in hydro operations of Poe Dam and Poe powerhouse may affect that fauna.
Changes may be sought which provide higher minimum flows or more stable flows and thus
ameliorate the effects of hydro operations on the stream ecosystem, resulting in a healthier and
more diverse fauna; The quality of the fauna under the CSBP is based on a variety of measures
(metrics) calculated from lists of species collected from riffles or riffle habitats within the
reach.

MATERIALS AND METHODS

1. FIELD SAMPLING

The Poe Reach consists ci that part of the NFFR between Poe dam and Poe Powerhouse, a
distance of about eight miles. Flow in the reach is controlled by releases from Poe Dam.
Sampling reaches within the Poe Reach were selected according to the CSBP nonpoint source
protocol based on availability of riffles or riffle habitats and access, both of which are scarce in
the NFFR. The sampling reaches chosen were (from downstream to upstream): the Poe
Powerhouse Bridge reach, the Bardee's Bar reach, and the Pulga reach. Each reach consists of
five contiguous riffles or riffle habitats. Sampling was conducted on a randomly chosen three of
the five riffles or riffle habitats on September 25 and 27, 2000.

• The Poe Powerhouse reach extends from 0.1 to 0.6 miles upstream of the Poe
Powerhouse bridge.
• the Bardee's Bar reach is approximately 0.5 miles in length and encompasses riffle
habitats along the ec::tJe of the pronounced bend at Bardee's Bar.
• The Pulga reach extends from 0.1 miles upstream of Highway 70 to the tqJ of the large
riffle upstream of Flea Valley Creek, a distance of 0.5 miles. This site was sampled also
in 1999 as part of the baseline study of the Rock Creek-Cresta FERC project. Pt. that
time it was referred to as the Poe section; comparisons are made here between the two
years' sampling in this reach.

Pt. each site a total of six square feet of stream bottcm was sampled using a Wildco stream
bottom sampling net with 0.5mm netting and a detachable bucket. Samples were collected from
a variety of velocity/depth regimes within the site and combined to form a single sample. The
sample was then field elutriated to remove sand, gravel and large detritus, placed in eight ounce
plastic jars and preseiVed. Ten percent formalin dyed with rose bengal was used instead of the
recommended ethanol because it is a superior fixative; rose bengal dye stains organisms so that
they are made visible for picking. Lids with polyethylene closures were used to prevent jars
from leaking. Three such samples were collected from each sampling reach, one from each
riffle or riffle habitat. Nine samples were thus collected from the three sampling reaches to
represent the benthic fauna of the Poe Reach. California Bioassessment Worksheets and
Physical Habitat Quality forms were filled out for each sampling, describing them in physical
terms. Copies of the forms are appended to this report, as well as copies of the forms filled out
in 1999 for the Pulga reach.
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2. LABORATORY PROCEDURES

In the laboratory the formalinn was poured off, and the sample rinsed and spread evenly
in water on a gridded plexiglas tray 8" X 12" with 24 equal, numbered 2" square bottom
divisions. Individual grids were chosen randomly and their contents picked under an
illuminated 2 diopter magnifier and checked using a dissecting microscope. Invertebrates were
transferred to 70% ethanol prior to identification. The CSBP requires that a subsample of at
least 300 (+/-10%) organisms be picked for identification purposes. In every case the last
grid chosen was picked in its entirety. The unpicked portion of the original sample (the
remainder) was represerved in ethanol. A reference collection of each species has been
established; the subsamples, 'reference collection and remainders will be curated indefinitely by
Hydrozoology. For QA/QC purposes, a random 20% of the subsamples will be vouchered per
directions of the California Department of Fish and Game's (CDFG) Aquatic Bioassessment
Laboratory (ABAL) and transferred to them on a temporary basis for verification.

Organisms in the subsample were identified to the species level, using morphotypes,
whether they could be completely named or not. This allows for accurate calculation of the
metrics of species richness and species diversity, two important measures of ecological
diversity. Each species in the subsample was counted; species lists for each subsample are
presented as appendices to this report; the 1999 "Poe Reach" species lists are attached. The
species lists are in spreadsheet form so that the data can be adjusted to the less accurate data
analysis system used by the ABAL The species lists also present the trophic category of each
taxon (Merrit and Cummins 1996) and give a tolerance value for each taxon provided either by
the ABAL or from experience.

Species list data were used to calculate a variety c:i the CSBP metrics. Tables 1 -4
present the richness, EPT measures, tolerance and feeding group metrics of each subsample.

==================================================================
METRIC

Poe Powerhouse
1 2 3

REACH/SAMPLE
Bardee's Ba r
1 2 3

Pulga
1 2 3

Species Richness
(total) (mean)

38 25 41
(51) (35)

28 39 31
(50) (33)

40 38 58
(69) (45)

Species Diversity
(mean)

4.10 3.59 3.94 3.26 3.60 3.34 4.12
(3.88) (3.40)

3.93 4.50
(4.18)

\
\ )
'"cc/

Table 1. Richness measures c:i Poe Reach benthic samples, September 2000
=================================~================================

RESULTS ).NDDISCUSSION__

1. RICHNESS MEASURES

Species richness is a way c:i describing the number ci ecological niches present in the
stream ecosystem~the mQre specjes~heJe are, the more stablethebenthtc community is H~ely

to be (Patrick 1970). If the stream environment improves, species richness should increase.
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Species richness is especially high in the Pulga sampling reach; the uppermost riffle in the
reach is particularly stable one of boulder and cobble with a wide variety of microhabitats. The
riffles with the lowest species richness are in the two downstream reaches, and are composed of
relatively small and unstable substrate items.

Table 1 gives Brillouin (1962) species diversity indices calculated for each sample in
the reach. Species diversity is a metric which takes into account both how many species are
present in a sample(species richness) and the degree to which those species are represented in
the sample (evenness). For instance, a sample in which one species is thoroughly dominant is
indicative of a habitat in which essentially only that species is successful.. The greater the
disparity between the dominant species and others, the lower the species diversity. This is best
illustrated by the sample with the highest species diversity (Pulga #3, 4.50, Table 1) which
has both the highest number of species (58, Table 1) and the lowest percent dominant taxon
(11.8%, Table 3). Its opposite number is Bardee's Bar #1 (3.26), with the second fewest
species (28, Table 1) and the next-to-highest percent dominant taxon (25.9%, Table 3).
Generally speaking, diversities in the Poe Reach are high, reflecting a stable community at most
sampling sites. Species diversity should increase if operations result in a more natural
hydrograph.

==================================================================
METRIC REACH/SAMPLE

Poe Powerhouse Bardee's Bar Pulga
1 2 3 1 2 3 1 2 3

EPT Species 20 13 19 16 18 15 17 17 22
(total) (mean) (21)(17) (21)(16) (27)(19)

Ephemeroptera Species 7 6 7 6 6 5 5 6 7
(total) (mean) (7) (7) (6) (6) (9) (6)

Plecoptera Species 3 2 2 5 4 3 2 4 5
(total) (mean) (4)(2) (6) (4) (6)(4)

Trichoptera Species 10 5 10 5 8 7 10 7 10
(total) (mean) (10)(8) (9) (7) (12)(9)

EPTlndex 61.6 50.0 70.5 83.4 75.6 77.3 55.6 66.2 63.6
(mean) (60.7) (78.8) (61.8)

Sensitive EPT Index 2.0 1.4 2.5 3.9 2.7 4.8 2.2 7.2 4.6
(mean) (2.0) (3.8) (4.6)

Table 2. EPT measures of the Poe Reach benthic samples, September 2000
==================================================================

2. EPT MEASURES

EPT species are those in the insect orders Ephemeroptera, Plecoptera and Trichoptera,
and are presumed to be more sensitive to disturbance than other groups of aquatic
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(J invertebrates. They constitute an important fraction of the fauna in the Poe Reach, where they
make up approximately 40% of the species and 60-80% of the numbers collected (Table 2).
Most of theEPT species are actually of middling sensitivity (see appendices); EPT species with
tolerance values of 0,1· or 2 typically make up less than 5% of the fauna and are nearly all
Plecoptera. Sensitive EPT species should be more successful if the stream environment
improves.

3. TOLERANCE MEASURES

The percentage d intolerant species collected is given in Table 3. Note that it is
essentially the same as the Sensitive EPT metric, being made up of (usually) the same species,
mostly Plecoptera. There are few truly tolerant species (tolerance values of 8,9 or 10 - see
appendices) present in the Poe Reach samples. They represent an even smaller portion of the
fauna than the intolerant species (Table 3). Intolerant species should increase and tolerant
species decrease with improvements in the habitat. .

=========================================?========================
METRIC

Poe Powerhouse
1 2 3

REACH/SAMPLE
Bardee's Ba r Pulga
1 2 3 1 2 3

% Intolerant Species 2.4 1.4 2.5 3.9 2.7 4.8 1.9 7.2 4.6
(mean) (2.1) (3.8) (4.6)

() % Tolerant Species 2.0 1.0 1.8 0.0 2.0 0.0 1.9 0.6 4.:3
"'--;j (mean) (1. 6) (0.6) (2.3)

% Hydropsychidae 25.0 7.0 29.9 19.3 13.0 39.2 16.2 27.2 29.5
(mean) (20.6) (23.8) (24.3)

% Baetidae 20.2 23.1 24.5 29.8 38.8 17.8 17.2 11.8 10.2
(mean) (22.6) (28.8) (13.1)

% Dominant Species 13.4 18.2 17.4 25.9 28.1 17.5 14.1 16.6 11.8
(mean) ( 16.3) (23.8) ( 14.2)

-----------------------------------------------
Table 3. Tolerance/Intolerance measures of Poe reach benthic samples, September 2000
==================================================================

The relatively tolerant Baetidae (Ephemeroptera) and Hydropsychidae (Trichoptera)
were usually the most abundant animals present in a sampie (Tabie 3). In five of nine samples
the dominant species was the mayfly Baetis tricaudatus , and in one sample the caddisfly
Hydropsycheoccidentalis. In ai/samples from the.Pulga sampling (each the dQmilJant$Recies
was the finger-net caddisfly Chimarra utahensis. Tolerant species within the Baetidae and
Hydropsychidae should decline if the stream habitat is improved.

4. FUNCTIONAL FEEDING GROUP MEASURES

( )
'=./

The percentage d animals which are either collector-gatherers or filterers should
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decline with improvements to a stream, and the shredder populations increase. Collector
gatherers and filterers combined made up over 80% of the fauna in Poe Reach samples, and
shredders a vanishly small percentage. The shredder population is, unsurprisingly, low
throughout the Poe Reach. These species depend on the input of coarse particulate organic
matter (leaves, twigs, branches, etc.) from riparian areas. There is virtually no riparian zone
in the Poe Reach, and upstream reservoirs trap nearly all organic matter entering the system.

==================================================================
METRIC

% Collectors
(mean)

% Filterers
(mean)

% Shredders
(mean)

REACH/SAMPLE
Poe Powerhouse Bardee's Bar Pulga
1 2 3 1 2 3 1 2 3

39.0 49.6 38.8 35.2 50.5 28.1 36.5 31 :4 33.1
(42.4) (37.9) (33.7)

36.6 40.9 35.2 52.1 35.8 61.2 43.4 50.8 46.9
(37.6) (49.7) (47.0)

2.0 0.0 0.0 0.0 0.3 0.6 2.5 1.5 1.3
(0.6) (0.3) (1.8)

Table 4. Functional Feeding Group measures of Poe Reach benthic samples, September 2000
==================================================================

PULGA SAMPLING REACH, 1999-2000

Samples collected in the Poe Powerhouse and Bardee's Bar sampling reaches constitute
baseline sampling. Collections have now been made in the Pulga sampling reach in consecutive
years, providing an observation of variation within the Poe Reach not due to any change in
operation. For 1999 and 2000, Tables 5-8 compare Species Richness Measures, EPT
Measures, Tolerance/Intolerance Measures and Functional Feeding Group Measures of samples
collected at Pulga.

==================================================================
METRIC

1

YEAR/SAMPLE
1999
2 3 1

2000
2 3

Species Richness
(total) (mean)

Species Diversity
(mean)

38 33 36
(52) (36)

3.60 3.36 3.80
(3.59)

40 38 58
(69)(45)

4.12 3.93 4.50
(4.18)

TableS. Richness measures ci Pulga benthic samples, 1999-2000
==================================================================

Table 5 shows that total species richness increased by" 32.6% between 1999 and 2000,
while mean species richness increased by 28.6%. Mean species diversity increased by 16.4%.

6



==================================================================
METRIC

1

YEAR/SAMPLE
1999
2 3 1

2000
2 3

EPT species
(total) (mean)

Ephemeroptera species
(total) (mean)

Plecoptera Species
(total) (mean)

Trichoptera Species
(total) (mean) -

EPTlndex
(mean)

Sensitive EPT Index
(mean)

17 15- 16
(21)(16)

555
(6) (5)

344
(5)(4)

967
(10)(7)

79.1 79.7 68~9

(75.9)

5.8 4.6 5.0
(5.1 )

16 17 22
(27)(18)

567
(9) (6)

2 4 5
(6)(4)

10 7 10
(12)(9)

55.6 66.2 63.6
(61.8)

2.2 7.2 4.6
(4.6)

(~ Table 6. EPT measures of Pulga benthic samples, 1999-2000
~J ==================================================================

==================================================================
METRIC

% Intolerant Species
(mean)

% Tolerant Species
(mean)

% Hydropsychidae
(mean)

% Baetidae
(mean)

% Dominant Species
(mean)

YEAR/SAMPLE
1999 2000

1 2 3 1 2 3

8.5 4.6 5.0 1.9 7.2 4.6
(6.0) (4.6)

1.6 1.9 5.0 1.9 0.6 4.3
(2.5) (2.3)

51.3 53.5 34.1 16.2 27.2 29.5
(46.3) (24.3)

8.5 13.0 10.3 17.2 11.8 10.2
(10.6) (13.1)

24.2 27.8 17.5 14.1 16.6 11.8
(23.2) (14.2)

\ )
"=-7

Table 7.. Tolerance/Intolerance meas.yre~of Pulga benthic samples, 19!:j9-.20QO
==================================================================
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EPT species ina II categories remained relatively constant (Table 6), but the EPT Index
declined by 31.8% and the Sensitive EPT Index remained essentially unchanged.

Of the Tolerance/Intolerance measures (Table 7) , most were relatively unchanged.
Percent Hydropsychidae, however, declined by 47.5%, and percent dominant species by 38.7%.

==================================================================
METRIC

% Collectors
(mean)

% Filterers
(mean)

% Shredders
(mean)

YEAR/SAMPLE
1999 2000

1 2 3 1 2 3

18.6 20.2 27.4 36.5 31.4 33.1
(22.1 ) (33.7)

61.6 65.9 59.3 43.4 50.8 46.9
(62.3) (47.0)

3.3 5.1 4.6 2.5 1.5 1.3
(4.3) ( 1.8)

Table 8. Functional Feeding Group measures of Pulga benthic samples, 1999-2000
==================================================================

In Table 8, the percent collectors increased by 52.5% and the percent filterers declined
by 24.6%. Percent shredders declined by 58.1 %, but since a change of fewer than ten
organisms is involved, it is insignificant.

The differences occurring between years in the Pulga sampling reach represent
considerable variability for years in which no change in operations took place. It may. thus be
difficult to detect changes in metrics as a result of operational changes if they are masked by the
kind of variability seen here, and if this is a widespread phenomenon in the NFFR.
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PG&E North Fork Feather River Project(l Benthos, October 1999
"'-.- _/"

POE REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

Phylum Platyhelminthes
Family Planariidae / Dugesia tigrina coli ector/ gatherer 4 13
P. Nemertea
F. Tetrastemmatidae / Prostorna graecense predator 4 8 3
P. Nematoda
F. Mermithidae /unidentified species A parasite 5 3
P. Annelida
F. Naididae / Nais simplex coli ector/gatherer 6 5
F. Lumbricidae /uid species coli ector/gatherer 5 1 1
F. Lumbriculidae/Eclipidrilus frigidus coli ector/gatherer 4 1 5 1

/ Rhynchelmis rostrata coli ector/gatherer 6 1 3
P. Arthropoda
Class Insecta
Order Ephemeroptera
F. Baetidae / Baetis insignificans coliector/ gatherer 5 4 4 4

/ B. tricaudatus collector/gatherer 5 22 44 27
F. Heptageniidae/Epeorus sp. (subgenus Iron) scraper 0 8 8 5

/ Rhithrogena sp. scraper 0 11 , ,
(j eptophlebiidae / Paraleptophlebia sp. coli ector/gatherer 4 1r. Tricorythidae/Tricorythodes minutus coli ector/ gatherer 5 1 :·~jL,

~- O. Plecoptera
F. Chloroperlidae / Sweltsa sp. predator 1 ,
F. Perlidae / Calineuria califomica predator 1 , 4

/ Hesperoperla pacifica predator 2 , 1 1
F. Perlodidae /Isoperla sp. predator 2 4 5

/ Skwala parallela predator 2 1
O. Trichoptera
F. Brachycentridae / Mierasema sp. shredder 3 1
F. Hydropsychidae / Ceratopsyche cockerelli coli ector/filterer 4 2 2

/ Cheumatopsyche campyla coli ector/filterer 5 60 61 48
/ Hydropsyche californica collector/filterer 4 21 34 28
/ Hydropsyche occidentaJis coli ector/filterer 4 74 103 25

F. Hydroptilidae / Hydroptila sp. B herbivore 6 7 1 6
F. Leptoceridae / Ceraclea sp. coli ector/ gatherer 3 1 1
F. Philopotamidae i Chimarra utahensis collector/filterer 4 25 29 53
F. Rhyacophilidae / Rhyacophila co/oradensis predator 0 1

/ R. malkini (pupa) nonfeeding 0
O. Lepidoptera
F. Pyralidae / Petrophila sp. scraper 5 3
O. Coleoptera
F. Elmidae /Ordobrevia nubifera coli ector/ gatherer 4 1

/ Zaitzevia parvula coli ector/ gatherer 4 5 4 6
O. Diptera,

'lironomidae/Trissopelopia. sp. predator 6 1
) / Rheotanytarsus sp. A coli ector/filterer 6 1\

/ Rheotanytarsus sp. B collector/filterer 6'-c~



POE REACH

TAXON TROPHIC TOLERANCE ORGANISMS/SAMPLE
CATEGORY VALUE 1 2 3

F. Chironomidae/Cardiocladius sp. predator 5 ,
/ Cricotopus bicinctus shredder 7 1
/ C. tremulus shredder 7 9 19 13
/ Eukiefferiella sp. A coli ector/gatherer 8 ,
/ Eukiefferiella sp. B coli ector/ gatherer 8 3 4 12
/ Eukiefferiella sp. E coliector/gatherer 8 1 2
/Orthocladius obumbratus coli ector/ gatherer 6 4
/0. robacki coli ector/ gatherer 6 2 5
/Orthocladius (sg. Euorthocladius) coli ector/ gath erer 6 4 5
/ Synorthocladius sp. coli ector/ gatherer 2 1

F. Simuliidae / Simulium arcticum collector/filterer 6 4 8 11
/ S. tuberosum coli ector/filterer 6 3 6 11
/ Simulium sp. collector/filterer 6 1

F. Tipulidae / Antocha sp. coli ector/ gatherer 3 8 3 2
F. Empididae / Hemerodromia sp. A predator 6 2
CI. Arachnida
O. Hydracarina
F. Hygrobatidae / Hygrobates sp. predator 5 1
F. Sperchontidae / Sperchon sp. A predator 5 2 6
P. Mollusca
1= Corbiculidae / Corbicula f1uminea filterer 70 2

TOTAL SPECIES/SUBSAMPLE 38
TOTAL SPECIES (REACH)

TOTAL NUMBER/SUBSAMPLE 306
TOTAL NUMBER/SAMPLE (EXTRAPOLATED) 7344

33
52
370
4440

36

302
3624
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pG&E I NORTH FORK FEATHER RIVER BENTHOS POE PROJECT! 2000
'1 POE PH REACH -----·--····-l·--··-~_·----l-----'

...........; .' : i ' I~~9.~ J~9..~~.!~~~.~.!.~>. l l.~.~~.~.~~ .

.PHYLUM/CLASS/ !FAMILY GENUS SPECIES TROPHIC TOLERANC'E ISAMPLE 1 !SAMPLE 2 SAMPLE 3
ORDER' ! . CATEGORY VALUE i i

! ......_--i-.-_...-- ·..·------i--·-·--;;,.........---+-----I
I--.......,i",--...,.............,!r---..;..---- .----_-- ... -.1 i
Platyhelminthes !P1anariidae Dugesia tigrina C 4 i 221 52 6. , ---.--" -_.................... ..·---t----...-·----t-----I
Nemertea !Tehastemmatidae Prostoma graecense P 4 i 24i 15 20
~ +••••••~ 1•••••••••••••••••••••••••• : .

Annelida . !. : ! !--+-_·_+----\-..........---1
Tubificida INaldidae Nais ' bicuspidalis C 4 i. 4................., : , .

. ! . N. communis/variabilis '. C 5!. 2i 2
I~----.....,...-lb""""----- >-----.: .

i i Lumbricidae unidentified species C 5 i ! 10 '1
I~-.....,..--""':""'~!-?~.--':""'"'- .---. , i---·---i------l·~---I

lLumbriculida ILumbrlculidae Rhynchelmis rostrata C 6 I 2j .1
Crustacea -y------r--·--+------

: :

'Arachnida '. IHygrobatidae" Hygrobates sp. P 5! 2! 3····..··..··..··,···············..··..· t······~···· ..·..··· : : .
. jLepertiidae Lebertia sp. P 5 j i 1

!To'rrenti colidae Torrenticola sp. . P 5 i 1i
-----~-....;.....i-,----· .---- ..--.y,;---- :.;-----1------1
_Mollusca !. i-----:-------.-./------I
Gastropoda !Lymnaeidae Fossaria sp. SC 5 I 5j 1

I..::..;::.::...;.:....;:..t::.,~~----jlf,..~.;.;..c...____ -'---"--'" .1----1:-----..-+.....- __:..1
, . !Physidae Physa gyrina . 'SC 8!, I 1

............................................: •. " n t ! ~ ..

Pelecypoda i:Corbiculidae Corbicula fluminea F 8 j. 1 i 3

i .! i :........................................................................................................................, : : .
i TAXON (INSECTS) ! i

ORDER: !FAMILY GENUS SPECIES ! ---+-1-·--4----~1
I --.' .~--------l-----Ii \ :

I~-.....;...--..................jlb_';"",----. ._.-_..!-._..--_.-:~:-'-----.....1·----1
Ephemeroptera !Ha.etldae Acentrella insignificans C 6 i Bi 4 9

· I:.· Baetis magnus ' C 4! 12! 19 11............................................: , ~ .
'. liB. tricaudatus C 6 j 39\ 43 49

IHeptageniidae Epeorus (Iron) sp. SC 4: 21 1 5. ~-'---~'--'_.- ·_·· , ·_.·_...:..-..__1_........0.........__1

· I Rhithrogena sp. SC 4 1----~1 4 1

i Isonychiidae Isonychia velma, ,'. F 3! 3! 16 3'" .. '- --_.._._.......~..-.-.--- ..--.-.----...t---------+-~---If.__--.-
• (Tricorythidfle Tricorythodes minLltu5 ". C . 6 I 2j 1

••••• u + ~ ·······················.:·····..········1··············· : ..
i : I I
· ., ! I !
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PG&E
..----------...------'--,--------,.--------...,..;..----r--------,-------,.----,.------.

i NORTH FORK FEATHER RIVER BENTHOS POE PROJECT! • 2000I _ ....-----.---i--~-~..:.....;:,-+-----Ii POE PH REACH I!
PHYLUM/CLASS/ iFAMILY, GENUS SPECIES TROPHIC TOLERANCE! SAMPLE 1 1SAMPLE 2 SAMPLE 3..........................................! .
ORDER ! CATEGORY VALUE! I

Plecoptera
1-------......4l------ _.~~_~. .. . I ! --f-..----

IChloroperlidae Sweltsa sp. p_,_. 1 ---21-----1-----1
IPerlidae Calineuria californica P 1 i! 3

J.-------~..:,.;:.:.:.:.:.:.:.:..:::........--·-+::.:;;;:~:.:..:.::......--........jF~:.:..:~~.:.::..-··_--·_--!------_·_- ·---·-------.....--·--.........---4---.....::.1
IPerlodidae ,........ Isoperla sp. P 1! 3j 2·..··..·..···..·..· ·· ·· ·r · ·..·..·~;·~~· .. ·sk;:;~i; '· ··· ··p;~~ii~i; ··· .. ·· .. ····..····· ..··..·..~ ··· · ·; · ···.. ·I· ..·..· ·..·..'·r·· ·· ··· ··1· ..· · ·1·

.!.r.!~.~.?p.~~~.~ ..l.~;y,~~?p.~y.~~!.~.~~~ ~ .f~!..t!..~9P.:!Y..~~~ E.9.9.~~r:.~!!!.. , ~ ~ ..1 1.L. Lg.
Jc;,heul1J.atop'~yche campyla _~__ i-..__s__._._! 14' 3 5
I (Hydropsyche"" californica . ~.__~__ 6 I 261 7 25

~H- ./ occidentalis F 6 32\ 10 44
". ,".- !

iHydroptilidae Hydroptila sp_ A . H. 6! 41 1

..........................................1. !:!r.f!r.?e.~!!.~ ~p.:..~ ~~ ~ l. ~.! ~..
i Leucotrichia pictipes . SC 6 I 11 1

1- .........Joi~P.;..hi_lo..J,.p_o_ta_m_l_d_a~ Chimarra utahensis .~ ~w F .~--L--- 241 32 24
iPolycentropodidae Polycentropus sp. P 4 I 3i 2

I-------J-.:lR:....h:;.;Y~a....c....op.;..;h I,;,.:lId;..;a:....e~ Rhyacophila ma/kini (pupa) .__~~- 1 _.__-j 1! 2

.~~.e!.~9.p.~~!.~ I.~!.~!!~~.~ f:.~.~:.~e.~!!.~ ~p..: : ~~ · · ~ l ~l · ?.
Coleoptera jPsephenidae Eubrianax edwardsii SC 4! 61
..........................................L~!!!.!!.~~.~ 9.p..~!.l?,:!.~!..":.'!.~ g~~~.~r.~T.~!E!!.!~~~!.~ ~ ~ I ~.l ~ ~..1.

I Ordobrevia nubifera C 4 i i 3 1. . 'c - .............
I-~ ~~.J..l_~___ Zaitzevia parvula ...... .__C_. 5 1 li 7 __~
Diptera \ Blepharlceridae Blepharicera ~_ SC 1! 1
I'::':~::"'::'---~';"':.~£;.;.;.~~;"";""'...

I--------.;....!C....h....l_ro_n_o_m_i_da_e_..,_.....I- -J,I- ~+_. l-- -!.!-----~-t.----.J-----I
IChlronomlnae . i i...........................................: · · · ·..· ·· ·t· ·..·..·..· •..· ·..· ·· · ..
!Tanytarsini Rheotanytarsus sp_ A F 6 I 6i 5

.......------1 Rheotanytarsus sp_ B F 6 I 1
iOrthocladinae _ Cardiocladius sr- ~~~.~~~='---p--' ----4---' I' 2

1--------11"....:....---- Cricotopus blc/nctus ~.._ .. ~ __~ 8 -__.1 5! 4

..........................................l ~ q: ~r.~T..~!!.~!.~ : ~.~~ ·· ·..·..·..~· ···I··· · · ?·I ?
I C. trifascia SH 6 i 411-- .1- ,
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POE PIWJ..::E.;:C...:..T+!. f.......;2::..0:;.O.::..::.O_1~ __BENTHOSFEATHER RIVERI •NORTH FORKPG&E.

i I POE PH REACH
PHYLUM/cLASS/ i~AMILY GENUS SPECIES -.:...:..---rT=R:-::OP~H-IC-+-'"""':":T-O:-LE-R-A-N-C-E-+jS-A-M-P-L-E-'+S-A-M-P-LE-2"'!--SA-M-P-L-E-3'--!, ~ ~......................................... . , +......................... . .
ORDER i I CATEGORY VALUE!

. ----.-+-----+-----.+-----1
r-,.-.:..-----i-I+.---:---~ .. ----- ..·-.......;..----.;-.---..;-----1-- 1
Diptera iQrthocladinae Eukiefferiella sp. B C 1 ...;,4 r- + -+ .....:..1 ,

jD.iamesinae Pottryastia sp. _ C 4 ...1. 8_\!-- + -=--I6
, iSimuliidae Simulium piper} (pupa) NF 5 i i 1.............m··..···..·..·..· · ·!·sr~·~ii·id~~ · $. i:~b~;~~~-;;, · · ·..· ;: · · ·..·..·5..· · ··.. j· · ·..· ·'1' · ·..· ,·8' · ·..·.. ··..6

Ii' S. virgatum -. F . 5 ! ! 28
......i " ~ : " .

!Tlpulidae Antocha sp. C 5 i 5 j 1
r---'-~-;"""-';"'l;.J!:..':;;;':~~_ I

i -- ----- -.:.... +1 .;-. 1- _

i : TOTAL NUMBER 292j 286 281
1--....,.....-.....-:.-......-+----- C=collector(gatherer TOTAL. SPECIES 38j 25 41

j . F= filterer TOTAL SPECIES I I.... 'II I~ + ~ : ! -,
! H::::herblvore (REACH) liSl' .

j.........---"""':"--i-i-,---- NF::::nonfeedi~g I
. P::::predator I------I-------!-.i -+ 1 1

I-------r----- SC=scraper ..._.."-_____ 1_· ......;- .._
" . SH::::shredder i I.......................................... '!" ~ ~ ·..·..· ·..··..· ··· ·j'·· · · · r ·· ·..· · ..
i , ..I I.....i u •• ~; ~ .;. : .. . I I

• l i !" ;, I !

I--..-....;...---"---+--:-';,..'---~ . -_.-_._._. - I I
} I



PG&E i NORTH FORK FEATHER RIVER BENTHOS ._ __ POE PROJEC:Tj 2000
J- +-i ._ PULGA REACH I

! TAXON (NON-INSECTS) ! INUMBER
..........................................! · ·..·..··· ·..· t ..· ·..··· •· · ··· ..
PHYLUM/CLASS/ !FAMILY GENUS SPECIES TROPHIC TOLERANCE! SAMPLE 1 ISAMPLE 2 SAMPLE 3

ORDER I 00 CATEGORY VALUE -1i,...........__-;.-· 001 1

i , +.----1-----1----1
Platyhelminthes !Planariidae Dugesia tigrina C 4 i 21 25 12

~:::.:::!.~:.:..:.:.:.:.:.:.:..;.;:.:.~..;".;,.:.~~--------I-~-----t~::.......---·_---+-~--..-- ----..:----.-+---.....=<i----.;;:.:;.J---.....:.;::.\
Nemertea !Tetrastemmatidae Prostoma graecense P 4 I 11 i 7 10
..........................................+ •..• • • • 1..•••• .. •..• •..• ·+·· ·..·· ..
Nematoda !Mermlthidae unidentified species PA 5! 2j 1 .

~~~i~~·~·..· · ·I·N~·i·d·i·d·~; ..· ·~ · iJ;i;· · · ·..·..·..· ·~ipi~~..·..·..···..· · · · ~ ~~~~ ·5 · ·..·t..· ·t · ·..~ ~ : ~.
i N. bicuspidalis C 4 I 131 18 4

I------........f------ N. communis/variabilis C 5 I 141

N. simplex C 6 I! 1

! - N., sp. C 4 i 6 i 4
..........................................+ ! ..

i Slavina appendiculat;J C 6 I I 1
I-----..;............fj-T-u-bi-fi-ci-d-ae-- Branchiura sowerbyi C 8 i 1
I--------!..:......~-----__I-------t---.........::------+---- .! Spirosperma ferox C 8 I 7

!Lumbricidae uid sp.. ..__c.: ..._ 5 L.-- 3

Lumbriculida i Lumbriculidae Eclipidrilus frigidus C' 4 I . I 2..........................................: · ·· ·· ·.. t · · ·•· ·..· · ..
I Rhynchelmis rostrata C 6! 21 1 2

.c~~~.i:.;~~.~ t ~!~ ~p.: : ~ ·· · ~ ·..· I·· ·..· · ·I ·· ?
1--------+------ ! !
Arachnida i Hygrobatidae Hygrobates sp. P 5 I 1! 3
Mollusca j ..~. ----..-- f--- I

I -1,------+.----1----1
PeJecypoda iCorbiculidae Corbicula ffuminea F 8 I 1! 1 1

..........................................i ~ ; ~ 1.. 1 : .
I TAXON (INSECTS) I I

J-O-R-D-E-R-----+'-FA-M-'L-Y---- GENUS SPECIES .--.:.~-----l___.--._-~ ! -----
I i I
i ... .. ; i

Ephemeroptera IBaetidae Acentrella InsifJnificans ._. __~ . 6 ! 131 5 1'1

............· · ·..· t · · ··~..·..·;· .~:-~.~!.~ ·i:~~:~·t-;,;; · ·..· ~ ·..· ~· ·..I·· ··· ·4·2J : ·..·3·~ · ·~1



o
~G&E , . i ~ORTH FORK FEATHER RIVER BENTHOS;

i . PULGA REACH:

I )

"--../

POE PROJECTi 2000t----------..----+......;;;.~..;;.....-I_---~I
!

'PHYLL1M/CLA?SI iFAMILY GENUS· SPECIES· TROPHIC TOLERANCE j SAMPLE 1 !SAMPLE 2 SAMPLE3..........................................! ~ ,............•...............Iu 9 .

ORDER' !' CATEGORY VALUE! !

Ephemeroptera IBaetidae Came/obaetidius sp. C 3!
+------t-----.......;........---iEphemerellidae Ephemerella inermis C 3 i 1! 2

I,-----.............,~+------ . ---. , ·--1':-----·+-----;iHeptagenlidae Epeorus (Iron) . sp. SC 4!.! 1
...........................................................................................................................................................................................................................................................................•••••••••• E•••••••••••••••••••••••••• ••••••••••••••••••••••••••

: . , ! Rhithrogena . sp. SC 4 i 1i 2

· .! ISdnychlldae /sonychia velma F.3 ! 3i 3 5
, I .. ··~.. • ••• ..··········,···!·..·..·I'····'..··· 1 '!' ···.····t·· ..· · .

ILeptophlebildae Paraleptophlebia sp. A C 4 i j 1

Plecoptera • j Ne:mouridae Malenka sp. C 1!
. . ---- --....-_·_·-..-..+·_---/-----1
!Chloroperlidae Swe/tsa sp. P 1!,
IPeHidae CaNnel/ria 'californica P 1! ! 1 1
! Hesperoperla pacifica . P 2 I 1! 21

...............~ I1 •••• i +., 111 , ••••••••• , ..................................................................•••••••••s .
· !Perlodidae Isoperla sp. p. 1 i 3j 16 3

Skwa/a . paralle/a p. 1 . 3
Trichoptera iHydropsychida~ Ceratopsyche cockere/li F----·--4----r--·- 2! 41'
..;..;.;..;..;.;.~:....---........;,......;. ..........:......~-- ~- .~~.~._+-._------!--_._-......;----+-----

I Cheumatopsyche campyla F 5! 1oj 32 31 I··
• .----..---.--.-. ---t-o----il-----I· ! . Hydropsyche . californica F 6 i· 13j 17 30...........................................................................................................................................................................................................................................................................................................................................
I . H. occidentaNs F 6 I 271 41 25

1---.:....---"--.......,j>-H-y-:-d-ro-p-t-i1-ld-a-e-·- Hydroptila sp. A H 6 i 41 2
..........................................+, ! :, : ..

I i Leucotrichia pictipes SC 6 I . 91 3 13
I......-""""'"'-----·!'-·-.:....---- ~--
I,-_.......... l!-L_e~p_id_o-s-to_m_at-i(!ae Lepidostoma sp. B ~~H __ c- 1__-L 1

j Philopotamidae Chimarra utahensis F 4 I 45i SS 36

· !Pblycentropodidae Po/ycentropl/s sp. p. 4 !! 1

· ., jP~ychomyiidae- Tinodes sp. SC . 4 i 1i r
...........................................1 61 .

!Rhyacophilidae Rhyacophila coloradensis P 1! 1!
I--------II!-.""""'i~-'---- R. ma/kini (pupa) NF 1 2"';!~---4-+--~---I4

I-L_e:...pi_d-;-op:...t_e""ra........,._....,I....Py~,_ra_li_d_ae__._ Petrophila sp. .~__. __~ SC__ f---. 5 . 31 1 10

Coleoptera !Elinidae MicrocylloeplJs similis C 4 i i 1
~;';';:"~";:';";';"""~~F~~~~_u-~ .-,..._.. • .-f--.-----.---.~--~---.;.....I-------1

: . I i Optioservus quadrimaclJ/aills C . 4 ! ! 1. 3············..;· ·· ·..· ·..·t..··i : : .

I . Ordobrevia nubifera· C· 4 ! 1! 2
-'------'-------'



PG&E
~------,------ -.....,..-------,...-----.--- ..--------r------ ---,. ~----

I NORTH FORK FEATHER RIVER BENTHOS POE PROJECTi 2000
I • ; + __~~}-----I

1-- ........;.1 , PULGA REACH ! I

PHYLUM/CLASS/ iFAMILY - GENUS SPECIES TROPHIC TOLERANCE--ili-S-A-M-PI·_-E-1....,ii-s-A-M-PL-E-2-+S~-A-M-PL·-E-3-
..........................................!, , , .
ORDER i CATEGORY VALUE I I

i i
I~ ........;.i_____ ..----. -----·--·-·...+--·_.........,;-. I ~I

Coleoptera iElmidae Zaitzevia parvula C 5 i 1i 5 4
Diptera . i Chironomidae ---t-----'Ii------I------I

p!:..:.:::.;:..-~-....:..+...:::.:.::..::.:.~:.;;..;;,;;:..:...... .... ---_. , ..............-'----~------I

!Tanypodinae Pentaneura . sp. P 4!! 1..........................................................................................................................................................................................................................................................: : .
iTanypodinae Thienemannimyia sp. (pupa) NF 4! i 1

iChironomlnae : i...........................................: ··········oJ··········· ··· · .
!Tanytarslni Rheotanytarslis sp. A F 6! ! 4 2, ,
I Rheotanytarsus sp. B .....£.__. ~_.__-! 61 1 1

IChironomini Microtendipes sp. C C 6 i 1
!Orthocladinae Cardioc/adius sp. P 4! - 17i 11 1
! Cricotopus bicinctus C 8 _! 5! 1 4..........................................................................................................................................................................................................................................................: : .
i C. tremulus SI-I 6! 61.~ 3

C. trifascia SH 6 2, 1
Eukiefferieffa sp. B C 4 J 4l: +- 1_

1
I EukJefferieffa sp. C C 4! 41 -1I----.........--+-.------ ..---- ..i Orthocfadius (Orthocfadius) sp. C 4 i 1i 1

...........................................1 , .

! Orthocladius sp. B (pupa) NF 4 i ! 1

! Tvetenia sp. C 4 i! 2·· ··..· · ·· · · rDi~~·~;·i~·~~..· · p~tth~;ti~·.. ··..··· ···· ..·.~p: ············C····· ·· ······..·· ···4 ·· ..·..·..·T ··..··· ·· ..·..7T · ··· 2·· · ·..·4
iSimulildae Simulium arcticum F 5 i. 1

I-------+=-:.:.:.:.;;:.:;.;..:::;:.;;.---+:.:.;.;;~:.:.:.;..:------If------_._-------- ------...,>...--..--......
S. tuberosum F 5 J 32! 14 7
S. virgatum F 5 i 3

i Tipulidae - Antocha sp. C 5 ---r- 1! 5 4...........................................: , ···..····· ·..·····················t·························t····················· · .
i Dicranota sp. A P 3 i i 2,

! 1------+------1...........----_.-TOTAL NUMBER--l--'3201 331 305
I--~~_~__.~~_~__ ---I~._-----+--------~-~..:.;...;;;;......_-_.- , -_---~.;;..;.._l_-......;,;........~I

PA=parasite TOTAL SPECIES i 401 38 58J.-.------ ----~,-J-.o-~-------}-----_-..-- _-._..--..-- --.----.-..-.------.....---... .
i TOTAL SPECIES i !..........................................i \ -1- ..
I (REACt'l)! i 69



PG&E" NORTH FORI< FEATHER RIVER BENTHOS POE PROJECT! 2000
1--......,..----+.....,..----· -......;--------t--S-A-R-D-E-E'-S-B-A-R--- R-EA-C-H-·I---·--- i ·--!---:...:.......-I--·-·-

, ,i.: TAXON (NON-INSECTS) .v !:NUMBER'
"pi~yi::UM/CL'ASSj"'rFAM'iLY"""""""'''''''''''''' 'GE'NUS"~''''''''''''''''''''''':: ·sPEciE·s..·..··........··........·....·.... "'TRO'PH'IC''' ......TO·LERANC'E···.. t·SAMPL·[··,..l·s·AMPLE..Z.. 'SAMPLE"3"-------,...,.... . .
ORDER, I ..CAI_EG(~Y· VALUE j

i. !

Platyht<;lmintMs !Plahariidae Dugesia tigrina ._... C 4 I 7i 10 13
Nemertea l ITetrastemmatidae Prostoma graecense P 4 i 8i 18 2·..··· · • t ·~ ····..··· · ·..· · · j ..· ·..· •..l..· ·· · .
Annelida . i . ! ! .
Tubificida !Nai.didae Nais '. communis/variabilis C . 5 j i 4
......., , , ••••• , 11 , ••••• , .

! I" Nais sp. C 4 J! 1

1 :"""_"""":'_"'ii_T_u..,..b_if_ic_id_a_e__ Spirosperma ferox "~"~~ .~_~~ _.__. ~_8 J 1
ILumbricidae unidentified species C 5 I 1

Lumbriculida iLuinbriculidae Rhynchelmis rostrata C 6 1 I 4 5
Crustacea . l. i ..' iIi
......·..· i ·..· ~ ··t i ·..·..·..· ·.. •· ! I ·..·..·..· ·..· .
Arachnida • !Torrenticolidae Torrenticola sp. . P 5 i ! 1

Mollusca iii'. .-------.---- ._---------l-----J.---_-1 _
Pelecypoda iCorbiculidae Corb/cula f/uminea F . 8 i 1!

I . -·----·--!----I-----I-----I
: ! .

1---:-.--.,.-• .......-.jl·--::-T-A~X-O-N-- . (INSECTS) -- .------.-----r-·.,.-·--+l----\·---~-
.: .
ORDER' !FAMILY GENUS SPECIES ! i

• \. I, i I................, + , ~ ! , ..
Ephemeroptera !Baetldae Acentrella insign/ficans C 6 i 11\ 20 1

, .. ..---- r-----·---f------.......f-----I
1-_~__.....,.-+~------I_B_a_e_tl_s ._+-m_a.:::g;...n_u_s--..- __- .__~ ..__ 4 ! 2i 12

B. tricaudatus C 6 I 86\ 84 541-----'--........,..-+--;-----. -..;--------+-----.------ --- .,. -1-----1, iHeptageniidae Epeorus (Iron) sp. SC 4! 31 6 2

· ! ! Rhithrogena sp. SC 4· I 17! 2 3............................................................................................................................................................................................................................................................................................................................................
. i Isqnychiidae Isonych/a velma F 3 I 3i 5 3

Plecoptera !Nemouridae Zapada cinctipes C 1 1iIChloroperlidae Sweltsa sp. "'--'-'- '''-~p'-'''-_·_~·..1·_-_..41----1~;i:------'---_·-
· jPerlidae Cal/neuria cal/fornica ,,__, p_.__ ._.. 1 ..L-_ 21 1 "_

· .!. Hesperoperla pacifica P 2! 1i 2 1..............., , +, · •· •..· •• 1· · ,· ..·· · ..
iPeHodidae Isoperla sp. P 1 I 6j 3 11I-_-:.-__...:---l.--;. .__....I---'- -'--'-- --''-- .L- .-'- _'_ -L --I

----- -_.__....



PG&E
..-------....--------r--------,--------,.------,-..:.-------.------.-----..-- ----,

j NORTH FORK FEATHER RIVER BENTHOS POE PROJECT! 2000
f - .i.----!-------+-..----II SARDEE'S BAR REACH I.

PHYLUM/CLASS/ !FAMILY GENUS . SPECIES TROPHIC TOLERANCE iSAMPLE 1 iSAMPLE 2 SAMPLE '3-...........................................! ~ ~ .
ORDER i ~~TEGORY VALUE i! '

:

I----~--t-------+---------ll--------_.- I----··-I------·-+--__......! +- I
Plecoptera !Perlodidae Skwala parallela P 1

39

2

Trichoptera IHydropsychidae Ceratopsyehe eoekerel/i F 4 -1 2 3- ... --~l----+·_--~-}----:..J! Cheumatopsyehe eampyla F 5 i 161 11 38..........................................+ 11 11 •• 11 •••••••••• , , , .

I Hydropsyehe ealiforniea F 6 i 18i 3 8
. = .I H. oeeidentalis F 6 I 30! 23 72.....................................................................................................................................................................................................................................................................................+ .

1~_~_~_......;.!_H~yd_r_o.:...p_ti_"d_a_e_ Hydroptila sp.B H 6 i ! 1
, ......4I --"I~ Leucotriehia pietipes .__._~~~. __. SC 6 i 2

!Philopotamidae Chimarra utahensis F 4! 781 47• . .- . +;
IPolycentropodidae Polycentropus sp. P 4 i! 1
!Rhyacophilidae Rhyacophi/a rna/kin; (pupa) NF 1 I: 2\ 1 . 2

..........................................+ .
Lepidoptera !Pyralidae Petrophila sp. SC 5 I ill
Coleoptera jElmldae Optioservus quaarlmacu/atu~~~ ~___ 4 I 3L~. 3 1

i Ordobrevia nubifera C 4 i 31 2 3

i Zaitzevla parvula C 5 I 21 2 6, ................_ ............_-, ..----i---·
Diptera !Chironomldae I i...........................................1 • t ~ .

!Chironomlnae I !
......·..· ·..· · ·..·..·· ·t·T.~!:!y.·~·~r.7.!~!· ..· ·..·..···~~~~i:~i:~~·~;..· ·.~~:..~ ~ ··..·..· · ~..·..· ·..·..I·..·..···· ..· l·I · ·..·· ·f· ..

: ..,---.......:..;.,---·-4-----1
!OrthocJadinae Cardloc/adius sp. .... ~ __~."_.,,... ~ ! .......3L 1 2

Crieotopus bielneWs C 8 j i ~ 1----- 1

C. tremulus SH 6 i 1 2
! .. Euklefferiella sp. A .. C 4! i . 1

...........................................: +••••.••••••.•••••••••••••+ ..

i Eukiefferiella sp. B C 4! 1!
Eukiefferlella sp. C C 4 i

1---~-~--f.-------=:~T=v~e~t-e=n=i~a=======~I~S~p=.======.-__.,,_.-_--_-_-_-_f·.=::-....:.C_-~::_I---·----~~4-_·-·_·-- ..-l-·----1~i--
........ ---........~. ;

I--------'i-=:D:.:.ia=m..:.:..:.e=si,;.;n~ae:.....__ Potthastia sp. .._. .__ .....£__ :............__1 __.1.._ __.__ 1 +- -1

...........................; l.~!~.~!!.i.~.~~ ~!~.'!.!!.'!.~ ~!.E~!~I;!!!:! E , ~ i I ~.
i Simulium eanadense F S! ! 1'--------'-------



I\ \
~.

Diptera

o

. ! ---...;j-----l-........---I
I . . ,!..........................................j · • · ····· ······r · i· ~·..· ~ · ..

I------__.:.-.._~I ....:......__ : .

i , I I
..............................w + , '!' ..

. I --l~ l +- I
1--...,---"'--',-i i I

, I >---. : . -.+.----+-.--.--1

. .
I Ii' 1 i. . ..............I'f·· ·•·· ·····lu ~ : ·..···..·..· ·.. ·..······..······r····..·· ···..········j·· .

! : I

i I, I

1----\----!-j-~"---.~'- ..--. ------:-- -------....-4
i
-----f-

I
----I------I

............... ~ I.I t-'.I I.. I.1 , ••••••••••••••••• ..····················1··············· .
; I' . .. I I



0l.LlFORNIA DEPARTMENT OF FISH AND GAME
AQUA1TC BIOASSESSMENTLABORATORy""

" WATER PO.tLUTION CONTROL LABORATORY
. ' ... ', .' .. R$VISION DATE -MAY. 1999

CALIFORNIA BIOASSESSMENT WORKSHEET

WATERSHED/STREAM:~ !QvE:.1Z !AJ'FAL DATEfI'Ilv.fE: /iJZ5J3 booO
COMPANY/AGENCY: /-{Yl)I&J:coat...OGY SAMPLE ID NO:(S): Poe. 1/2, .3
SITE DESCRIPTION: tJ./)..l.i./e A.SOIJE. 1-lI1JY 7&J BR,/.j;(;E. AT Wl.6A -;z:, AIZ$T ~F!=(.e 'Upi7'z.et'<J4

t)r t=t.eA. VAe.t..€ Y r:.~et::.

riffle 3
qa '
7/ '

1m'
8 "
2F/~

5%
1.9

13
z.q%

./.9
200%

~
/O~

~,%

30%
.¢

PhysicaIJHabitat Characteristics

fuies «0.1 t1)< '...
. grave1.(0.b2tl

)

'. cobbi~· (2~tob ..
.-. D~tii~~~ (;ib~') ..
.b'6&~'~k'(s;~rfd) '..
S~b~~~' .: .~::?>;.

Consolidation:
% Gradient: ,:~:'. '

:~: - riffle 1 . riffle 2
Riffle Len~Lh: 12 I 0.3/

T~~~tLocatiori: .:;>/. h"S I

Av'~~rllilIe Width: ~ 0 %
A~i~~~~ih:' >~ol/ /'0'

Rifile vefociti::. L.:· .2. '=;/$ IS 7§
"o/:(j1ri~~y Cci~i-::''- :.' p'J1." ", ¢%
·S~b~~t&~~;~iiti:·'.' i6"':' : .. /9:. _. ..._.. -"e. "..~
~b'~d~~~t :"'(.-: ./-5 %" /~~
.%srib~~~t~:tii., ::---..:.:

". RIFFLE/REACH CHARACTERISTICS
· ~ :.:~£~' ..:" ~~;! ·.:.~:'l':'~f~~:: ~., .~:~:.:~:

~ro~t"SO~!Ce.SamPling Design
f/~'7fi~::~:.;~~t·:::1:;~~I~~,:. ;....? ...
,Riffle Length: ::.:: '.. - .

TranseCt l:·i.~· .. '.
Transect 2: ,.

· ....:.Tnmsect 3::,':;:':' .... ..
: (Record PhysicallHabitat Cbara...-te:risti.c. ,,-alues in riffie 1 column)

.:';:tt;::~.~,,~~~ :;-i~tt·,/,·:::·:·t~·:i '.) . .... ..
·Non:-Pomt Source SamplingUesign

'~~2~k~i~tP.::'.'~ .;'. '::.;.' :".' :~'

Physical/habitai QualitY Score:

. ,.: " .. ' e":··. "c:::-.-" ."
.' N: ........~ :

',' , _.;.:. 98.::J-x S
.;:··CCi~~· r;o.r~r.:'.:

~<:i:·~~t/j·" ..97% .. ~.

CHEMICAL CHARACTERISTICS.- . '.... '.::.'.:

Water Temperature:
Specific Conducta.z.'ice:
pH:
Dissolved Oxygen:

SEND A COpy OF TmS FORiVI TO: DFG - WPCL

WOS Nimbus Rd. Rancho Cordova, Ca. 95670
(916) 358-2858 FAX (916) 985-4301
Web Site: VIWW.dfg.ca.gov/cabw/cabwhome.html

Bioassessment Laboratory Information:

Ecoregion: .. :. ':'~ '.::,:..:,.. <><. :.
CO:M:MENTS: L6WERR.I/::~· :·.;siiotZT;· oJl
da,7?o.erou.~ a..ec.{!!s~ ~f4JH N0Je..fI/ AT

I tI/(1';;;::;Jt... F{.OaJs. I¥tt 7J{E.jq~~ tV,l.<..

I/?;Q');~ (djI.lTJdiV AT illGl§CA'%ol



:
CA:£.lFORNIA. DEPARTMENT OF FISH AND G..4.J,{E
AQUATICBIOASSESSMENTLABORATORY - .,

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY. 1999

: i":'.. '...,
I

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STRE.A.!\1: ~ATl-ER.. RJlJrclL I NFt:"1?. DATEITIME: /L'Z,py hOD
COlYfPANYIAGENCY: t..lY))lC€Jz-bot.,OGY SA.i\1PLEID NO.(S): -;:6£ /,'2, "3
SITE DESCRIPTION: o. J f)tt.~ ,l.13C'11E HWY 76 ~!)6€ AI P"?t.(;.A -rc ;:=;If.i'r Rlk(::~-'OPS77i:::£AM·:

0;:: R.£A vAU-E.,,/~

(Circle the appropriate score for all 20 habitat parameters. Record the total $core on front page of the CBW)

C)

( )'
\
~

I H:tbitat I Condition C:ttegory ,I
P:tnmeter I Optimai

I,
Suboptim:ti ,I M:trgiII:tI I PoorI I I

Greater th:m 70% of /40-70% mix ofsubie 20-40% mix of suole Less th::tn :2('% suble
1. Eoifaunal suosU'&.te favonble for . r~bitz:; wd1-suited for habit:l!; h:lbiut habit::.t: lack ofh::tbiut is
Substr:ltel ~if:J.:mal co10niz:tIion full coloniZ:!.tion av::ilabiliry less th:m obvious: subsrr:te
Available Cover a.;d fish cove~ mix of potential: ::tdequ::ttc: desir-ble: subs~te unsuble or l:lcking.

snags. submerged logs. habitat for mainten:lnce freque:l~Iy disturbed or
undercut c:mks'. cobble oipopulations; presence removeo.
or other stzble habitat of :ldditional substrate in

. :lnd at st:lge to allow fun the form of newf:l.ll. but
coloniution potenti:ll not yet prep:lred for
(i.e.. logs/snags that :l.re colonization (may nte at
not new fall :lnd not high end of scle).
rnsient). -

SCORE /9 :20 (i9), 18 17 161 15 14 13 12 II I 10 9 8 7 61 5 . 3 :; , 1 0..
-;;
<: Gr:lvel. cobble. and Gr-ve!, cobble, and Gnvel. cobble. :md Gr-vel. cobble. :lndt 2. Embeddedness boulder particles are 0- boulder panicles are 15- boulder o:micles are 50- boylder particles :!r:~
== 25% surrot.'tlded by fine 50% surrounded bv fine 75% sU:7ounded by fine more'tn::tn 75%

sedime:n. Layering of sediment. • sedime:lt. su~ounded by fine
- cc:b~i7 provicies ciive:-sity se::llment.
<::

'" or mcne space.

- SCORE /3 20 @ IS ' 17 161 15· I': 13 12 II I 10 9 8 i 6 J 5 ~ 3 2 I 0.....
c

All four velociry/depth Only 3 of the 4 regimes Only 2 9f the 4 habitat DomInated bv I"-~ 3. VelocitylDepth regimes presC:lt (slow- present (if fast-slmllow is regimes present (iff:l.St- velociry! depth regime
~ Regime deep. slow-shallow, fast- missin~. score lower shallow or slow-shallow (usu:llly slo\\:-o:ep)...,

deep. fast-shallow). than ifTnissing other are missi~g. score low).
.= (Sow is < 03 mis, deep regimes).
~ is> 0.5 m.)

"" /3 @ 161 I 61 I"" SCORE 20 18 17 IS 14 13 12 1l 10 9 8 7 5 4 3 2 1 0

E -c Little or no enlargeme:lt Some new inc:re:lSe in Moder.l.te deposition of He:lVY deposits offine
4. Sediment of islands or point bars bar formation. mostly new gravel. sand or fine I'l".:neri:ll. increased o:lr
Deposition :lno less than 5% «20% from gravel. sand or fine sediment on old and new developl':1ern: more than

io..r !o\~-graciie:l!..st:'e:l~) .sediment: bars: 30-50% (50-80% 50% (80% for low-
or me oottom ane::tea 0)' 5-30% (20-50% for low- for low-graciient) of the g:':ldient) of the bottom
sediment deposition. g"-ldient) of the bonom bottom affected; changing frequently:

affected; slight sedime:lt depositS :l.t pools all':1ost absent due
deposition in pools. obs:ructions, to substantial sedimem

constrictions. and bends: Ideposition.
modente dCl'osition of
pools prevalent.

--- - ---J9 2o-~i8 -15- --
13

-- - - -

110 15SCORE 17 16 l~ 12 II -9- -8 7--~6 A - 3 2 1- 0..
Water re:lches base of W:J.ter fills >75% oithe Water fills 25-75% of Very little \v:lterin

5; Channel Flow both lower banks, and 4vailable-channel:or -theO!vai1ablechannel.~ channel and mostly , .-

Status minirr-.al amount of <25% of channel and/or riffle substrates present as st:J.nding
channel substrate is substrate is e:tposed. are mostly exposed. pools.
e:qJosed.

SCORE 1.3 20 ® 18 17 161 IS I~ 13 12 11 I 10 9 8 7 6 I 5 ~ 3 :: I 0..

...... -".

-"-----~-_._------ ---------_.'-'--'---'-'-----------.



CAliFORNIA DEPARTMENT OF FISH AND GAME
AQUATICBIOASSESSMENTLABORATORY

.. .
WATER POLLUTION CONTROLV..BORATORY

REVISION DATE -.MAy, 1999

H:abitat
Condition Category

Parameter Optimal I Suboptica1 Marginal I Poor

6. Channel
Channeiization or Some channelization Cha.'"melizztion Ir.ay be Banks shored with
dredging absent or present, usually in areas extensive; emba.'"1kments gabion or cement; over

Alteration minimal; stream with ofbridge abutments; . or shoring structures 80% of the stream reach
~~rma1 pattem. evidence ofpast present on bom ba.'"1ks; channelized and

'cha.'"1nelizztion. i.e., and 40 to 80% of stream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. re~oved entirely.
present, but recent
channeiization is not
present.

SCORl: /9 20 ® 18 17 161 15 14 13 12 11 I 10 9 8 7 6 ;5 . 3 :2 1 0..
Occun-ence ofriffles Occurrence ofriffies Occasional rime or Gencraliy an fiat water

7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles: poor
Riffles (or bends) . ofdistance between between riffles divided provide some habitat; habitat; distance between

riffles divided by width by the width of the distance between rimes riines divided by the .
of the stream <7:1 stream is bet\\'een i to divided by the width of width of the stream is a
(generally 5 to 7); IS. the sr..am is between 15 ratio of>25.

-e. variety of habitat is key. to 25.
In Streams where riffles..
are continuous,t

~ placement ofboulders or
other large. natural
obstructionisimpor~t... SCORE 2-. 20 19 18 17 161 IS g 13 12 1I 10 9 8 7 61 5 4 3 (2) ·1 0or...

IBanks S"'1201e; eVidence Moderately S"'12ble; Moderately unstable; 30- Unstable; many eroded.. 8. B:mk SUbiIin· of erosion or bank infrequent, small areas of 60% ofcank in reach has areas: "raw" areas.. (score e:acn bank) failure absent or erosion mostly healed areas of e:'Osion; high frequent along straight
f: minirnzl; linl: pot~tial over. 5-30% of bank in erosion pote:nial during sections and bends:.=

N.ote: determine left for futl..'re problems. reach has areas of fioods. oo\·ious bank sloughing;
0:;- or ri!l:ht side bv <5% ofbank affected. erosion. 60-100% ofbank has.. facing dov.• .5.rearn. erosional scars...

SCORE/O (LB) LdtBank @ 9 I .. I:> 8 7 6 5 3 .2 1 0.. -
~ SCORE /0 eRB) RightBank@ 9 I 8 7 6 I 5 4 3 I 2· 1 0-
~ More tr.an 90% of the 70-90% ofthc: 50-70% of the Less than 50% of the'"c:; 9. Vegetative strearnba."1k surfaces and strcambank surfaces stre:ambank surfaces srrearnbank surfaces- Protection (score immediate riparia.'"1 zone covered by native covered by vegetation; covered by vegetation;
E each ba.,k) covered by native vegetation, out one class disnlption obvious; disruption of strearnbank:: vegetation, including ofplants is not well- patches ofba.-e soil or vegetation is very high;

trecs. understory shr.Jbs, represented; disruption closely cropped vegetation has been
ornonwoody evident but not affecting vegetation common; less removed to
~.acrop.hyte:s;ve~etative fun plant growth than one-haIf of the 5 centimeters or less in
als;o~pt1on tnrou,gn potential to any great pote."1oal pla."1t stubble average stubble height.
g:-a.z:ng or mowmg extent; more than one- height remaining.
minimal or not eVldent: half of the potential plant -
almost all plantS allowed stubble height
to grow naturally. remaining.

SCORE ·Z (LB) Lefl.3ank 10 9 I 8 7 6 5 .. 3 I (j) 1 0..
ISCORE -z.. (RB) IRi:;ht Bank 10 9 I 8 7. 6 I 5 4 3 I (2) l 0

Width of riparian zone Width of riparian zone Width of riparian zone Width of riparian zone
10. Riparian > 18 meters; hurr.aIl 12-18 me:ers; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e.• parking a.ctivities have impacted activities have impacted riparian vegetation due
'Width (score each lots. roadbeds. clcar- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts. laWns, or crops)

have not impacted zone.

SCORE .L (LB) Left Bank 10 9 8 7 6 5 4 3 2 CD 0

SCORE / (RB) RightB:nk 10 9 I 8 i 6 5 A 3 I 2 <D 0

Total Score /4-2



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATICBIOASSESSMENTLABORATORY ., .,.c"

WATER POLLUTION CONTROL LABORATO~Y
REVISION DATE -MAY, 1999
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Bioassessment Laboratory Information:

£ND A COPYOF TillS FORM TO: DFG - WPCL
2005 Nimbus Rd. Rancho Cordova, Ca. 95670
(916) 358-2858 FAX (916) 985-4301
Web'Sjte: www.dfg.ca.gov/cabw/cabwhome.html
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CALIFORNIA DEPARTMENT OF FISHAND GAME
AQUATICBIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE - MAy' 1999

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: AJ,cple.
-~=--:..--:..-!-~--...;....----

COMPANY/AGENCY: ~!L, tlxa~c>ta:;Wf
SITE DESCRIPTION: :' Bet6mlJ/~c- Gl.' MIlL. A80v,f:;:

- ... ~ .. _..-? .

(Circle the appropriate score for ail 20 habitat parameters.

DATEITIME: CJ::J2$a:::, /09/0
SAMPLE ill NO.(S): R::>£ Pt/, I} 2. I '7

R5~ .ph-! 120J0 Bt2.J t> (j'€- A,J:;Pd.r
t) •~ f.-iiitt.. l(fsfre.~

Record the totalscore on front page of the CBW)

( \
\ .!
.~

Habitat I Condition C:r.tegory

P:r.rameter I Optimal I Suboptimal Marginal Poor

Greater than iO% of /40-70% mix ofst:lble 20-40% mix ofsUble Less than 2('% stable
1. Epifaunal substrate favomble for habitat; well-suited for habitat; habiut habitat: lack of habitat is
Substr:ltel epifaunal colonization full colonization availability less than obvious: subsrr:lte
Av:r.ilable Cover and fish cover; mix of potential; adequate desimole; substrate unstable or lacking.

snags. submerged logs. habitat for maintenance frequently disturped or
undercut banks. cobble of populations; presence removed. .
or other stable habitat of additional substrate in

. and at SU2e to allow full the form ofnewfalJ. but
colonization potential not yet prepared for
(i.e.• logslsnags that are coloniz:uioyj (may mteat
not new fall and not high end of-scale).
transient). -

SCORE /5 20 19 18 Ii 16 @14 13 12 I I 10 9 8 7 6 5 4 3 1 I 0
::;.. Gravel. cobble. and Gravel, cobble, and Gravel. cobble. and Gravel•. cobble. and

2. Embeddedness boulder panicles are 0- boulder particles are 25- boulder partich;s are 50- boulderparticles :ire
25% surrounded by fine 50% surrounded by fine 75% surrounded by fint: more than 75%
seqiment. Layering of sediment. sediment. surrounded by fine

- cobble provides diversity sediment.
c: of niche space...,

- SCORE /7 20 19 18 @ 16 IS' l~ 13 12 11 10 9 8 7 6 5 4 3 2 I 0
E
c:

All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by I
c: 3. Velocit)"lDepth regimes present (slow- present (if fast-shallow is regimes present (if fast- velocityl depth regime;.
OJ Regime deep, slow-shallow, fast- missing, score lower shallow or slow-shallow (usually slow-deep).
OJ deep, fast-shallow). than if missing other are missing, score low).
.= (Sow is < 0.3 mis, deep regimes).
!" is> 0.5 m.)
c:; 20 ®~ SCORE 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0

f: Little or no enlargement Some new increase in Moderate deposition of . Heavy deposits of finec:
4. Sediment of islands or point bars bar formation. mostly new gravel. sand or fine material, increased bar
Deposition and less than 5% «20% from gravel, sand or fine sediment on old and new development; more than

for low-gradient streams) sediment; bars; 30-50% (50-80% 50% (80% for low-
of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom
sediment deposition. gradient) of the bottom bottom affected; changing frequently:

affected; slight sediment deposits at pools almost absent due
d=positi~n in peels. obstn:ctions, to substanti:ll sediment

constrictions, and bends; deposition.
moderate deposition of

--~ - --- - - - --
pools prevalent.

SCORE 20 @ 19 1& 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0

Water reaches base of Water fills >75% of the Water fills 25-75% of Very little water in
5, Channel Flow both lower banks, and available channel; or tneavailable cnariric:l; tnanneland mostly
Status minimal amount of <25% of channel and/or riffle substrates present as standing

channel substrate is substrate is exposed. are mostly exposed. pools.. - - exposed. -- I· ' . •..- _._- -- - - _ .... _ .. _.._. -

ISCORE /7 20 19 18 (IY 1.6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0



CALIFORNIA DEPARTMENTOFFISHAND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
. REVISION DATE -MAY, 1999

Habitat
Condition Category

Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usually in areas extensive; embankments gabion or cement; over
Alteration minimal; stream with ofbridgeabutrnents; or shoring strUctures 80% of the stream reach

normal pane~. , evidence ofpast present on both banks; channelized and
channelization. i.e., and 40 to 80% of stream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE ZO I~o) 19 18 17 16 IS 14. 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Occurrence ofrimes Occurrence ofrimes Occasional rime or Generally all flat Y,rater
7. Frequencv of relatively frequent; ratio infrequent; distance bend; bonom contours or shallow riffles; poor
Rimes (or bends) ofdistance between between rimes divided provide some habitat; habitat; distance between

rimes divided by width by the width of the distance between rimes riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream is a
(generally 5 to 7); 15. the stream is between 15 ratio of>25.
variety of habitat is key. to 25.

<:i In streams where rimes= are continuous,c:...
placement ofboulders orCII)

other large, natural- obstrUction is important.

= SCORE h 20 19 18 17 16 15 14 13 12 11 10 9 8 7 CI 5 4 3 2 1 0v.

C

~
Banks stable; evidence Moderately stable; Moderately unstable; 30- Unstable; many eroded

8. Bank Stabilitv of erosion or bank infrequent. small areas of 60% ofbank in reach has areas; "raw" areas
c (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along straight
E minimal; linle potential over. 5:-30% of bank in erosion potential during sections and bends; I.:;,

"':l Note: determine left for future problems. reach has areas of floods. obvious bank sloughing;
c:. or right side by <5% of bank affected. erosion. 60-100% ofbank has= facing downsrream. erosionai scars.

C
SCORE/ D (LB) Left Bank 6§)> 9 8 7 6 5 4 3 2 1 0...

~ SCORE!..E. (RB) RightBank@ 9 8 7 6 5 4 3 2· 1 0
~
or.

More than 900/0 of the 70-90% of the 50-70% of the Less than 50% of the~...
~

9. Vegetative strearnbank surfaces and streambank surfaces streambank surfaces srreambank surfaces
Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;

E each bank) covered by native vegetation, but one class disruption obvious; disruption of srreambankc
c. vegetation, including p{plants is not well- patches of bare sailor vegetation is very high;

trees, understory shrubs, represented; disruption closely cropped vegetation has been
ornonwoody evident but not affecting vegetation common; less removed to
macrophytes; vegetative full plant gro.....1h than One-half of the S centimeters or less in
diSl'l.!ption throu.gh potential to any great potential plant stubble average stubble height.
g:azmg or mowIng extent: more than one- height remammg.
minimal or not evident; half of the potential plant
almost all plants allowed stubble height
to grow naturally. remaining.

SCORE Z (LB) Left Bank 10 9 8 7 6 5 4 3 <D ! 0

SCORE 2 (RB) Right Bank 10 9 8 7. 6 5 4 3 (1) 1 0

Width ofriparian zone Width of riparian zone Width of riparian zone Width of riparian zone
10. Riparian > 18 meters; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
·Width (score each lots, roadbeds, clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts, lawns, or crops)

SCORE :2.. (LB)

have not impacted zOne.

Left Bank 10 . 9 8 7 6 5 4 3 (%) 1 0

SCORE t-(RB) Right B:mk 10 9 8 7 6 5 4 3 (i) 1 0

Total Score /43



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATICBIOASSESSMENTLABORATORY

WATER·POLLUTION. CONTROL LABORATORY
REVISION DATE -MAY, 1999

o CALIFORNIA BIOASSESSMENT WORKSHEET

WATERSHED/STREAM: A/':Ft2-. DATEITIME: ~92s 131ft":
COMPANY/AGENCY: Pc; ~ (: I;";YlJ~~'" SA}1;PLEIDNO.(S): f3Af2,J,2,3
SITE DESCRIPTION: /4/@I-/. Gl!A1>IraJr R/~EL.E IJT ;BA@U"'S Bg 12 l.a:o~M O. S" ~/~e

" ..··0<

:....

.,: ..

:::~~"t:,~':~FLEIREACHCHARACTERISTICS

: ;.....:~.

'l~@~!4~li~¥L'H.~~~ ~~c.y~u~ m:riffle)"column)

riffle 3
20'

Ii

,:~.'..~:\:.( ': ::PhysicaIIHabi&t:<:;haracteristics
,.' :...... .'. . " " . "......

;1'~bii&r~~:':d"!;2

)k', Leo2t '7KHFT
Yc>.GraClien~. :"".:"~:~~ "~~<>·Z..~:} .... /0/,,"\ 396
.' -' ~:"':' ..:::~~. ~:~:'. ·::-:~;1.: ... ..- : ~. . '. .

~ - 6H-AU: ·~"(;f:''''H"
J< InUl /kl'81tH\7: " .

» , • :. . '. '" .....~ .
. '-~" ~:'''.:', ';; .

Bioassessment Laboratory Information:

_ _ J3:ND A COfY OFTgISF()RM TO: DFG - WPCL
( ) , 2005 Nimbus Rd. Rancho Cordova, Ca. 95670
'-----/ (916) 358-2858 FAX (916) 985-4301

Web Site: www.dfg.ca.gov/cabw/cabwhome.html

-------------- -- .._-_._----
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CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE - MAY. 1999

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: NFER... . . ~ATErrllv.1E: CJ..92S0¥/3<IS-
COMPANY/AGENCY: ft;~f:i4-,.IN.~GY '. . SAMP~EIDNO.(S): BAR.. /;2.;S .
SITE DESCRlPTION: )./JGU 6:. .2¥&..lT lOmE Ar t3AJ!../)tf;f% -BAL l;vtO~M6,>: ;..1 ('

(Circle the appropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

Habitat I Condition C:r.tegor)'

P:r.rameter I Optimal I Suboptimal i\-I:1rginal Poor

Great:r than 70% of 140-70% mix of stable 20-40% mix of stable Less than 2('% st:l.ble
1. Epifaunal substrate favorable for h:l.bitat; well-suited for habitat; habitat habitat: I:l.ck ofhabit:lt is
Substrate! epifaunal colonization full colonization .: availability less than . obvious: subsrr:ne
Available Cover and fish cover; mix of potential; adequate desirable; substrate ... unstable or lacking.

snags. submerged logs. habitat for maintenance frequently disturbed or
undercut banks. cobble of populations; presence removed.
or other stable habitat of additional substrate in. and at sta!Ze to allow full the form of newfaIl,but
colonization potential not yet prepared for
(i.e.. logs/snags that are colonization (may rate at
not new fall and not high end ofscale).
tr.i'nsient). -

SCORE /7 20 19 18 @ 16 15 14 13 12 11 10 9 8 7 6 5 4 3 ."') . I 0
;;
c: Gravel. cobble. and Gravel, cobble, and Gravel. cobble. and Gravel. cobble. and"

2. Embeddedness boulder panicles are 0- boulder'Darticles are 25- boulder particles are 50- boulder particles are
25% surrounded by fine 50% surrounded by fine 75% surrounded by fine more'th:i.n 75%
sediment. Layering of sediment. sediment. surrounded by fine
cobble provides diversity sediment.

c: ofniche space.."

- SCORE /7 20 19 18 (17) 16 15 l~ 13 12 11 10 9 8 7 6 5 4 3 2 I 0
<:;
c:

All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Domiriated by I
c: 3. Velocit)"lDepth regimes present (slow- present (if fast-shallow is regimes present (iff~t- velocity/ depth regime:-
~ Regime deep, slow-shallow, fast- missing, score lower shallow or slow-shallow (usually slo\v-deep).
~ deep, fast-shallow). than ifmissing other are missing, score low).
~ (Sow is < 0.3 mis, deep regimes).
!" is> 0.5 m.)
c;

ZO ~O)19¥ SCORE 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0

E .Little er no enlargement Some new incre~e in Moderate deposition of Heavy deposits of fineco
4. Sediment of islands or point bars bar formation, mostly new gravel. sand or fine material. increased bar
Deposition :md less than 5% «20% from gravel, sand or fine sediment on old and new development; more than

for 10w-!!1<idient srreams) sediment; bars; 30-50% (50-80% 50% (80% for low·
of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom
sediment deposition. gradic;nt) of the bonom bottom affected; changing frequently:

affected; slight , sediment deposits at pools almost absent due
deposition in pools. obstrUctions, to substantial sediment

consoictions, and bends; deposition.
moderate deposition of

--- -- ----- - -- - - -
pools prevalent.

SCORE 20 V20') 19 18 17 16 15 14 13 12 11 10 9 8 i - - 6- 5 4 3 2- I 0

Water reaches base of Water fills >75% of the Water fills 25-75% of Very little Water in
5. Channel Flow both lower bankS, and- - availablcchannel; or -the available channel, channeLand mostly
Status minimal amount of <25% of channel and/or riffle substrates present as standing

channel substrate is substrate is exposed. are mostly exposed. pools.

I
- - exposed. - ..

SCORE /<'> 20 19 18 17 16 (15')14 13 12 II 10 9 8 7 6 5 4 3 2 1 - ()

.~------ --------_.

- --_.__._--- ------.-



CALIFORNIA DEPARTMENTOF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY; 1999

Habitat
Condition Category

Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usually in areas extensive; embankrnents gabion Or cement; over
Alteration minimal; stream with ofbridgeabunnents; or shoring structures - 80% of the stream reach

normal pattem. evidence ofpast present on both banks; channelized and
channelization, i.e., and 40 to 80% ofstream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE ~ I®) 19 18 17 16 15 14. 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Occurrence ofriffies Occurrence ofriffies Occasional riffie or Generally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Riffles (or bends) ofdistance between between riffles divided provide some habitat; habitat; distance between

riffles divided by width by the width of the distance between riffles riffles divided by the _
of the stream <7:1 stream is between 7 to divided by the width of width of the stream is a
(generally 5 to 7); IS. the stream is between IS ratio of>25.
variety ofhabitat is key. to 25.

c:; In streams where rifflesc::
are continuous,f:

~
placement of boulders or
other large. natural
obstruction is important.

0:: SCORE / 20 19 18 17 16 15 14 13 12 11 10 ,9 8 7 6 5 A 3 2 CD 0'" ..
.a.. Banks stable; evidence Moderately stable; Moderately unstable; 30- Unstable; many eroded
~ 8. Bank Stability of erosion or bank infrequent, small areas of 60% ofbank in reach has areas: "raw" areas
0:: (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along straighte minimal; little potential over. 5-30% ofbank in erosion potential during sections and bends;

.::I
":l Note: determine left for future problems. reach has areas of floods. obvious bank sloughing;
~ or right side by <5% of bank affected. erosion. 60-100% ofbank has
c:: facing downstream. erosional scars.
0::

SCORE/O (LB) LeftBankC@)>- 9 8 7 6 5 4 3 2 I 0~

~ SCORE/O(RB) Right Ban1(1O) 9 8 7 6 5 4 3 2· 1 0

=."
More than 90% of the 70-90% of the 50-70% of the Less than 50% of the.....

c:; 9. Vegetative strearnbanksurfacesand streambank surfaces streambank surfaces streambank surfaces

= Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;.. each bank) covered by native ve2etation, but one class disruption obvious; disruption of streambank
0::
:. vegetation. including ofplants is not welJ- patches ofbare soil or vegetation is very high;

trees. understory shrubs. represented; disruption closely cropped vegetation has been
ornonwoody evident but not affecting vegetation common; less removed to .
macr~phytes; vegetative full plant gro.....1h than one-half of the 5 centimeters or less in
disn:ption throu$h potential to any great potential plant stubble average stubble height.
g:azmg or -mowmg extent; more than one- height remaining.
rninin-.al or not evident; half of the potential plant
almost all plants allowed stubb.le. height

SC~RE I (LB)

to grow naturally. remammg.

Left Bank 10 9 8 i 6 5 4 3 2 CD 0

SCORE I (RB) Right Bank 10 9 8 7. 6 5 4 3 2 (i) 0

Width of riparian zone Width of riparian zone Width ofriparian zone Width of riparian zone
10. Riparian > 18 meters; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots. roadbeds. clear- zone only minimally. zone a great-deal. to human activities.
bank riparian zone) cuts. lawns. or crops)

have not impacted zone.

SCORE~(LB) Left Bank 10 . 9 8 7 6 5 4 3 2 Q) 0

SCOREL(RB) Right B:mk 10 9 8 7 6 5 4 3 2 (iJ 0

Total Score /U
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CALIFORNIA DEPARTMENT OFFISHAND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE - MAY, 1999

WATERSHED/STREAM: --:-...;.N~n~M...;.r.<...;;'·;....''_'_~=--__
COMPANY/AGENCY: ~~~ (fJl/.})/Z.6~''1

SITE DESCRIPTION: o./1dI& r4kv~ j{WY '7t:J ,8;~

()
',-- ~. /

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

o
DATErrrME: 63zrf!O~/SHe~.

SAM:PLE ill NO.(S): ~ 1/ 2. J 3 pvJ6.4.

10 131tE' KJ(f.U. Af3or/~ fi.uGA .(0 ,-$'Ml~)

(Circle the appropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

,
Condition C:ltegory

Habitat
Parameter Optimal . I ' ..Subop~im:ll '.' 1\"1:1rgi~a [ Poor

Greater than 70% of /40-70% mix ofstable 20-40% mix ofsuble Less thon 1('% stable·
1. Epifaunal substrate favoroble for hobitat; well-suited for habitat; habit:lt habitat: lack of habitat is
Substrate! epifaunal colonization full colonization . aV3,ilability less than obvious: substr:J.te .
Available Cover and fish cover, mix of potential: ':ldequate desir:lble; substr:lte unst:lble or bcking.

snags. submerged logs. habitat for maintenance frequently disturbed or
undercut banks. cobble of populations; preSence removed,
or other stable habitat of additional substrate in

. :lnd at st:l!!:e to allow full the fonn of newfall. but
colonization potential not yet prepared for
(i,e.. logs/snags that are colonization.(may rote at
not new fall and not high end ofscale).
tr:lnsient). -

SCORE \q 20 ® 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3. :: I 0
::;

Gr:lvel•.cobble. :indGravel. cobble. and Grovel, cobble. and Gravel. cobble. :md
2. Embeddedness boulder particles are 0- 'boulder particles are 25- boulder particles are 50- boulder particles :m:

=
.

25% surrounded by fine 50% surrounded by fine 75% surrounded by fine more than'75%
sediment. Layering of sediment. sediment. surrounded by fine
cobble provides diversity / sediment.-c:: of niche space.'"- SCORE zO I~ 1.9 18 17 16 15 1~ 13 12 11 10 9 8 7 6 5 4 3 2 I 0...

c::
All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated bv I

e:: 3. VelocityJDepth regimes present (slow- present (if fast-shallow is regimes present (iff:lSl- yelocity/ depth regime:-
"- Regime deep, slow-shallow, fast- missing. score lower shallow or slow-shallow (usu:llly slow-deep).
'" deep, fast-shallow). than ifmissing other ,are missing, score low).
~ (Sow is < 0.3 mis, deep regimes).
!" is> 0.5 m.)
~

®c:: SCORE 13 20 18 17 16 15 14 13 12 II 10 9 8 7 6 5 4 3 :: I 0

E Little or no enlargement Some new increase in Moderate deposition of He:Jvy deposits of fine£. 4.Sedimel'lt of islands or point bars bar formation. mostly new gravel. sand or fine m:llerial. incre:Jsed bar
Deposition :1nd less than 5% «20% from gravel, sand or fine sediment on old and new development; more thail

for iow-gradient streams) sediment; bars; 30-50% (50-80% 50% (80% for low-
of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom
sediment deposition. gradient) of the bottom boltom affected; changing frequently;

affected; slight sediment deposits :1t pools almost absent due
deposition in pools. obstl'Uctions, to substantial sediment

consoictions. and bends; deposition.
moderate deposition of

-
~----- ~ -pools prevalc:nt.- --~ ----- ---.---' --- -

SCORE 2..0 @ 19 18 17 16 15 14 13 12 11 10 9 8 7-' 6 5 4" 3 2 1 0

Water reaches base of- Water fills >75% of-the Water fins 25-75% of Very littJewater-in
5. Channel Flow both lower banks, and Clyailable channel: or the Clyailable channel, channel and mostly
Status minimal amount of <25% ofchannel and/or riffle substrates present as standing

. - channel substrate is sub,strate is e:l:posed. _are mo~tJy e~pos~d. pools.

) ISCORE

exposed. - .

'LO 1'iQ) 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 :: I 0
I

.---._--- -------- ------ - ..--- ------- ..... -_ .. _- . -- .-~_.. -------------

-, _.. _-- - - -
- - -'-"-'--~-----"--'----"- - - ---'-'-~---"---'-------~--"----"



CALIFORNIA DEPARTMENT OFFISH AND GAME
AQUATICBIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY, 1999

Habitat
Condition Category

Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usually in areas extensive; embankments gabion or cement; over
Alteration minimal; stream with of bridge abutments; .':;, ·'or.-snoring structures 80% of the stream reach

normalpattem. evidence ofpast present on both banks; channelized and
channelization, i.e., and 40 to 80%'ofstream disrupted.. Instream
dredging,.(greater than reach channelized and habitat greatly altered or
past 20 yr) may be ' :disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE 2.0 ICW 19 18 17 16 15 14. 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Occurrence of riffles Occurrence ofriffles Occasional riffle or Genefally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Rimes (or bends) ofdistance between between riffles divided provide some habitat; habitat; distance between

riffles divided by width by the width of the distance between riffles riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream is a
(generally 5 to 7); IS. the stream is between IS ratio of>25.
variety of habitat is key. to 25.

Cj In streams where riffles
0:

~ are continuous,

~
placement ofboulders or
other large. natural

E' obstruction is important
;;:

SCORE 2- 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5' 4 3@ I 0'"
~ Banks stable; eVidence Moderately stable; Moderately unstable; 30- Unstable; many erodedc:; 8. Bank Stabilitv of erosion or bank infrequent. small areas of 60% ofbank in reach has areas: "raw" areas
<: (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along straight
!='
.:; minimal; little potential over. 5-30% of bank in erosion potential during sections and bends;
":l Note: determine left for future problems. reach has areas of floods. obvious bank sloughing;
~ or right side by <5% ofbank affected. erosion. 60-100% ofbank has
~ facing downstream. '. .. erosional scars...
<:

SCORE /6 (LB) Left Bank (10) ~... <) 8 7 6 5 3 2 1 0... ..
~ SCORE / 0 (RB) RightBank<@) 9 8 7 6 5 4 3 2· 1 0
~

'" More than 90% of the 70·90% of the 50-70% of the Less than 50% of the...,
c:; 9. Vegetath'e streambank surfaces and streambank surfaces srreambank surfaces streambank surfaces

E
Protection (score immediate riDarian zone coveted by native covered by vegetation; covered by vegetation;

0:
each bank) covered by native vegetation, but one class disruption obvious; disruption of streambank

:. vegetation, including ofplants is not well- patches ofbare soil or vegetation is very high;
trees. understory shrubs, represented; disruption closely cropped vegetation has been
ornonwoody evident but not affecting vegetation common; less removed to
macr~phytes:vegetative full plant grov.-1h than one-half of the 5 centimeters or less in
di~ption throu,gh potential to any great potential plant stubble average stubble height.
g:oazmg or mowmg extent; more than one- height remaining.
minimal or not evident; halfof the potential plant
almost all plants allowed stub~le. height
to grow naturally. remammg.

SCORE~(LB) Left Bank 10 9 8 i 6 5 4 3 ,Q:, I 0

SCORE 2,... (RB) Right Bank 10 9 8 7. 6 5 4 3 CD 1 0

Width ofriparian zone Width of riparian zone Width ofriparian zone Width ofriparian zone
10. Riparian > 18 meters; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e-., parking activities have impacted activities have impacted riparian vegetation due
"'idth (score each lots. roadbeds, clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cutS. lawns. or crops)

have not impacted zone.

SCOREL(LB) Left Bank 10 9 ,8 7 6 5 4 3 Q) 1 0

SCORE L.(RB) Right Bank 10 9 8 7 6 5 4 3 (2\ 1 0

,.~ 4$
Total Score 1%
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Poe Hydroelectric Project - Macroinvertebrate Sampling - Bardee's Bar (2000)

gardee's 1 gardee's 2 gardee's 3 M.e.an ~ QL

Taxanomic Richness 23 31 26 26.7 4.0 15.2
EPT Taxa 14 16 14 14.7 1.2 7.9
Ephemeroptera Taxa '5 5 5 5.0 0.0 0.0
Plecoptera Taxa 5 4 3 4.0 1.0 25.0
Trichoptera Taxa 4 7 6 5.7 1.5 27.0

EPT Index 86.4 76.2 77.3 80.0 5.6 7.0
Sensitive EPT Index 3.9 2.7 4.8 3.8 1.1 27.7
Diversity Index 3.06 3.34 3.16 3.2 0.1 4.5

% Intolerant Taxa 3.9 2.7 4.8 3.8 1.1 27.7
% Tolerant taxa 0 2 0 0.7 1.2 173.2
% Hydropsychidae Taxa 19.3 13 39.2 23.8 13.7 57.4
% Baetidae 29.8 38.8 17.8 28.8 10.5 36.6
% Dominant Taxon 26.5 32.1 25.9 28.2 3.4 12.1

% Collectors 35.2 50.5 27.8 37.8 11.6 30.6
% Filterers 52.1 35.8 61.2 49.7 12.9 25.9
% Shredders 0 0.3 0.6 0.3 0.3 100.0

Poe Hydroelectric Project - Macroinvertebrate Sampling - Poe Powerhouse (2000)

Poe PH 1 Poe PH 2 Poe PH 3 M.e.an ~ Qf.

Taxanomic Richness '33 21 34 29.3 7.2 24.7
EPT Taxa 17 11 16 14.7 3.2 21.9
Ephemeroptera Taxa 6 5 6 5.7 0.6 10.2
Plecoptera Taxa 3 2 2 2.3 0.6 24.7
Trichoptera Taxa 8 4 8 6.7 2.3 34.6

EPT Index 61.6 50 70.5 60.7 10.3 16.9
Sensitive EPT Index 2 1.4 2.5 2.0 0.6 28.0
Diversity Index 3.74 3.19 3.54 3.5 0.3 8.0

% Intolerant Taxa 2.4 1.4 2.5 2.1 0.6 29.0
% Tolerant taxa 2 1 1.8 1.6 0.5 33.1
% Hydropsychidae Taxa 25 7 29.9 20.6 12.1 58.4
% Baetidae 20.2 23.1 24.5 22.6 2.2 9.7
% Dominant Taxon 19.9 21.7 24.6 22.1 2.4 10.7

% Collectors 39 55.9 36.6 43.8 10.5 24.0
% Filterers 36.6 40.9 35.2 37.6 3.0 7.9
% Shredders 2 0 0 0.7 1.2 173.2
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INTRODUCTION

Part of the Federal Energy Regulatory Commission (FERC) relicensing procedure of the
Poe Project on the North Fork of the Feather River (NFFR) seeks to alleviate the impact of
power production on natural resources. Changes in the flow regime (Le., higher minimum flows,
stabilized flows) may result in improved and/or additional habitat. This report focuses on the
quality of macroinvertebrate habitat by studying the organisms collected from that habitat.
The California Stream Bioassessment Protocol (CSBP) was employed as the framework for
establishing collection sites, sampling, conducting laboratory work, and providing selected
metrics used to determine the nature of the fauna.

MATERIALS AND METHODS

1. SAMPLING

The Poe Reach of the NFFR is between Poe Dam, which controls releases, and Poe
Powerhouse, about eight miles downstream. Within the reach, three macroinvertebrate
sampling reaches have been established, each containing five riffles, patches of riffle habitat or
combinations thereof. These reaches were selected based on the availability of riffles and of
access, both of which are scarce on the NFFR. The sampling reaches are:

• The Poe Powerhouse reach, extending from 0.1 to 0.6 miles upstream of the Poe
Powerhouse Bridge. All but one of the riffles is on the edges of other habitat types.
This reach was sampled for the first time in 2000.

• The Bardee's Bar reach is about 0.5 miles long and consists of patches of riffle
habitat along the edge of ,~the large bend at Bardee's Bar. This reach was also sampled in
2000.

• The Pulga reach begins 0.1 miles above Highway 70 and ends at the top of the large
riffle upstream of Flea Valley Creek, about 0.5 miles. It consists of both true riffles and
patches of riffle habitat. This reach was sampled in 1999 and 2000.

Sampling was conducted on October 4 and 5, 2001. Three riffles were chosen
randomly from the five available in the reach. At each sampling site a total of six square feet
of stream bottom was sampled using a Wildco stream bottom sampling net with 0.5mm netting
and a detachable bucket. Samples were collected from the available variety of velocity/depth
regimes within the riffle and combined as a single sample. The sample was then field elutriated
to remove sand, gravel and large detritus, placed in eight ounce plastic jars, and preserved. Ten
percent formalin dyed with rose bengal was used for preservation/fixation, using an amount
equal to the volume of the sample for a final solution of approximately five percent. Lids with
polyethylene closures were used on the jars to prevent leakage. Three such combination
samples were collected from each sampling reach, one from each riffle chosen. Nine samples
were thus collected from the three sampling reaches to represent the benthic fauna of the Poe
Reach. California Bioassessment Worksheets and Physical Habitat Quality forms were filled out
for each sampling reach, describing them in physical terms. Copies of the Worksheets and
forms are appended to this report.
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2. LABORATORY PROCEDURES

In the laboratory the formalin was poured off, and the sample rinsed and spread evenly
in water on a gridded 8" X 12" Plexiglas tray with 24 equal, numbered 2" square bottom
divisions. Individual squares were chosen randomly and isolated from other squares using one of
three Plexiglas dams designed for the purpose. The contents of each selected square were
placed in a glass dish, and the macroinvertebrates picked out under a dissecting microscope,
counted, and placed in 70% ethanol. This procedure was repeated until the requisite number of
organisms (300 +/- 10%) for the subsample was reached. In every case the last grid chosen
was picked in its entirety. The unpicked portion of the sample (the remainder) was then briefly
searched for obvious species that had not been removed during subsampling, and the rest
represerved in ethanol. A reference collection consisting of each species encountered thus far
has been established; the subsamples and the reference collection will be curated indefinitely.
by Hydrozoology. For QA/QC purposes, a random 20% of the subsamples will be vouchered per'
directions of the California Department of Fish and Game's (CDFG) Aquatic Sioassessment
Laboratory (ABAL) and transferred to ·them on a temporary basis for verification of
identification. The remainders will be retained as insurance until QA/QC verifications are done.

(J

Organisms in the subsample were identified to the species level, using morphotypes,
whether they could be completely named or not. This allows for the accurate calculation of the
metrics of species richness and species diversity, two important approximations of ecological
diversity. Each species in the subsample was coun~ed;. species lists for each subsample are
presented as appendices to this report. The species lists also provide the trophic categp,r;y of
each species (Merrit and Cummins 1996) and give a tolerance value for each species provided
either by the ABAL or from experience.

Species list data were used to calculate a variety of the CSSP metrics. Tables 1-4
present the richness, EPT measur~s, tolerance and feeding group metrics for each subsample
collected in 2001. Tables 5-8 compare these same metrics derived from samples collected
between 1999, 2000, and 2001 to prOVide a glimpse of variation observed so far.

3. RESULTS AND DISCUSSION (2001)

RICHNESS MEASURES

Table 1 presents richness measures calculated from the samples collected. Species
richness is the most direct way of looking at habitat quality, as it provides a representation of
the variety of ecological niches available. The more species there are, the more stable the
benthic community is likely to be (Patrick, 1970). If ·the stream environment improves,
species richness should increase. The species diversity index (H) of Brillouin (1962) was also
calculated for each sample in the reach. Species diversity is a metric which takes into account
both how many species are: present {richness} anclthe-degree -to which -those species are
represented in the sample (evenness). A sample with few species will exhibit low species
diversity. A salTlple with a single superdominant species indicates a habitat which favors just
one species. The greater the disparity between the dominant species and others, the loWer the
evenness and thus the species diversity. As with species richness, an increase in species

\ - ') diversity should accompany any -improvement in stream -habitat· quality.
'--~
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===================================================================
METRIC REACH/SAMPLE

Poe Powerhouse Bardee's Bar Pulga

Species Richness 34 29 20 25 31 26 41 39 34
(total) (mean) (42) (28) (38) (27) (54) (38)

Species Diversity 3.34 3.23 2.73 3.17 3.03 2.74 4.00 3.81 3.81
(mean) (3.10) (2.98) (3.87)
===================================================================
Table 1. Richness measures of Poe Reach benthic samples, October 2001
===================================================================

Calculations of species richness and diversity from samples collected throughout the
Feather River System between 1999 and 2001 provide a potential range of values by which
the current samples ca'n be judged. Samples have been collected on the Middle Fork and East
Branch, from Upper Butt Valley and Yellow Creeks, from the Upper North Fork between Canyon
Dam and the North Fork, and in the Rock Creek and Cresta Reaches. Mean species richness
ranges from about 20 species to about 50 species. Mean species diversity values range from
about 1.0 to almost 4.4. The following scheme is suggested as a way of categorizing species
richness and diversity in the Feather River system:

==================================================================
Mean Mean
Species Richness Species diversity Benthic Invertebrate Community Condition

<25 <1.25 extremely poor

25-30 1.25-2.5 poor

31-35 2.5-3.0 fair

36-40 3.0-3.5 moderate

41-45 3.5-4.0 good

46-50 4.0-4.25 very good

>50 >4.25 excellent
==================================================================

Using the above table, it can be seen that samples from the Poe Powerhouse and
Bardee's Bar reaches are poor in terms of species richness and fair to moderate in terms of
species diversity. The Pulga Reach is moderate in terms of species richness and good in terms
of species diversity.
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(J EPT MEASURES

EPT species are those representing the insect orders Ephemeroptera, Plecoptera, and
Trichoptera, and are presumed to be more sensitive to environmental disturbance than other

================================================~==================

types of aquatic invertebrates. Taken together, they form the majority of organisms found in
the Poe Reach (EPT Index) and usually over one third of the species (EPT species). Most of
the species collected are not particularly sensitive, having tolerance values above 3 (see
attached species lists). It should be noted that the only truly sensitive group (Plecoptera
species) is absent from four of the nine samples from the Poe Reach and at low levels in the
other samples. Three species of Plecoptera and one of Ephemeroptera make up all the
Sensitive EPT species. Their numbers should increase if habitat quality is enhanced.

TOLERANCE MEASURES

---l"hreemetrieshave-been -ealculated-in this Gategory.: % Intolerant OrganisIT;ls, -%-Tolerant
Organisms; and % Dominant Species. Two metrics calculated in the past (%Hydropsychidae
and % Baetidae)have been dropped from consideration. There are two good reasons for this:
first, some of the speCies in both families are not tolerant, andsecolld, thes-peCies
considered to be tolerant actually have tolerance values no higher than 6. These species can be
found at nearly every sampling site in the drainage, and are -probably .best· considered (to·
borrow a term from microbiology) facultative in terms of response to impairment. There were

5
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few truly tolerant organisms collected (values of 8 or higher) in the Poe Reach (see species
lists), even fewer organisms than are found in the so-called intolerant category. Intolerant
species should increase their populations and tolerant species decline in number as stream
habitat is improved. The dominant species in five of the samples was the mayfly Baetis
tricaudatus (Ephemeroptera: Baetidae). This species was subdominant in three of the remaining
samples. It is the most widespread and successful mayfly in California. Two of the samples
were dominated by the blackfly larva Simulium virgatum (Diptera: Simuliidae), and the
remaining two samples dominated by the caddisfly Hydropsyche californica (Trichoptera:
Hydropsychidae). As discussed above, the high counts of the dominant species are an
important element in the calculation of a low species diversity, since they reduce evenness.
Note the degree to which the fauna is dominated by a single species in the Poe Powerhouse
and Bardee's Bar reaches, and the reduced species richness and species diversity. In the Pulga
reach, the % Dominant Species is about half as abundant as at the other two reaches.

======~=============================================== =============

METRIC REACH/SAMPLE
Poe Powerhouse Bardee's Bar Pulga
1 2 3 1 2 3 1 2 3

% Intolerant Organisms 1.4 0.3 1.8 1.5 2.0 1.5 1.0 1.4 3.0
(mean) (1.2) (1.7) (1.8)

% Tolerant Organisms 1.1 3.2 0.3 1.2 0.3 1.2 1.8 0.7 0.6
(mean) (1.5) (0.9) (1.0)

% Dominant Species 35.2 39.8 27.6 34.4 41.1 33.8 15.1 21.0 16.4
(mean) (34.2) (36.4) (17.5)
========================~==========================================

Table 3. Tolerance/Intolerance measures of Poe Rea~h benthic samples, October 2001.
===================================================================

FUNCTIONAL FEEDING GROUP MEASURES

Ideally, the percentage of shredders (animals that feed on coarse vegetable matter)
should increase with improvements to a stream. This assumes an increase in the amount of
riparian vegetation. Poe Reservoir removes most of the coarse vegetable detritus arriving from
upstream. Much of the reach is made up of long pools which trap vegetable detritus. There is
also little in the way of a riparian zone on the Poe Reach. It is therefore to be expected that
the shredder component of the fauna is small. In contrast, the percentages of filterers and
collector/gatherer s are expected to be high since most of the available detritus exists as fine
particles, most of which is in suspension. Together, these groups make up over 80% of the
fauna. As expected, the percentage of filterers is highest closest to Poe Reservoir (at Pulga)
and lowest farther away (Poe Powerhouse), and the percentage of collector/gatherers
increases as one goes downstream. The high percentages of filterers from sample #3 at Poe
Powerhouse and sample #3 at Bardee's Bar are due to the random inclusion of large numbers
of blackfly larvae, which are notoriously patchy in their distribution.
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===================================================================
METRIC

% Collectors
(mean)

% Filterers
(mean)

% Shredders
(mean) ,

REACH/SAMPLE

Poe Powerhouse Bardee's Bar Pulga
1 2 3 1 2 3 1 2 3

60.4 68.1 39.8 55.5 53.9 40.6 50.9 37.3 29.0
(56.1) (50.1) '(39.1)

29.8· 18.9 59.3 35.0 41.4 56.3 32.6 48.8 54.9
(36.0) (44.2) (45.4)

1.1 1.5 0 0.3 0.3 0 2.8 3.4 1.2
(0.9) (0.2) (2.5)'

===================================================================
Table 4: Functional feeding group measures of Poe Reach benthic samples, October 2001.
===================================================================

4. RESULTS AND DISCUSSION (1999-2001)

RICHNESS MEASURES

===================================================================.

0 REACH YEAR/METRIC

~ ZQQQ ZQ.Q.1 ,·,.1,;

MEAN SPECIES RICHNESS

POE POWERHOUSE 35 28
BARDEE'S BAR 33 27
PULGA 36 45 38

MEAN SPECIES DIVERSITY

POE POWERHOUSE 3.88 3.10
BARDEE'S BAR 3.40 2.98
PULGA 3.59 4.18 3.87
===================================================================
Table 5. Richness measures of Poe Reach benthic samples, 1999-2001.
===================================================================

Although there are now only three years of record in one of the sampling reaches and
two in the others, a p~ttern is~eginning to emerge.. Species richness ranges from poor to fair
in the Poe Powerhouse and Bardee's Bar reaches. SpeCies diversity ranges frofnfair to good in
those reaches. In the Pulga reach, species richness fluctuates from moderate to very good,
and species diversity from good to very good; The Pulga reach consistently exhibits better
habitat quality than the other two reaches, based on the quality scheme suggested above.
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===================================================================
REACH YEAR/METRIC

1999 2000 2001
MEAN EPT SPECIES

POE POWERHOUSE 17 8
BARDEE'S BAR 16 12
PULGA 16 18 12

MEAN EPHEMEROPTERA SPECIES

POE POWERHOUSE 7 4
BARDEE'S BAR 6 3
PULGA 5 6 3

MEAN PLECOPTERA SPECIES

POE POWERHOUSE 2 0
BARDEE'S BAR 4 2
PULGA 4 4 1

MEAN TRICHOPTERA SPECIES

POE POWERHOUSE 8 4
BARDEE'S BAR 7 7
PULGA 7 9 7

MEAN EPT INDEX

POE POWERHOUSE 60.7 55.2
BARDEE'S BAR 78.8 61.7
PULGA 75.9 61.8 53.5

MEAN SENSITIVE EPT INDEX

POE POWERHOUSE 2.0 1.1
BARDEE'S BAR 3.8 1.6
PULGA 5.1 4.6 1.6
====================================================================
Table 6. EPT measures of Poe Reach benthic samples, 1999-2001
====================================================================

EPT MEASURES

A comparison of the means of EPT measures over the years of record at the three
sampling reaches does not reveal any particular pattern in terms of abundances of mayflies,
stoneflies or caddisflies. Numbers of species tend to vary in the same range throughout the
Poe Reach between sampling reaches and between years, although there were generally fewer
EPT species in 2001 than in previous years. The one exception is the mean Sensitive EPT Index,
which shows a consistently higher percentage in the Pulga reach than in the others.
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TOLERANCE MEASURES
c

===================================================================
REACH

1999
YEAR/METRIC

2000

MEAN % INTOLERANT ORGANISMS

2001

POE POWERHOUSE
BARDEE'S BAR
PULGA

POE POWERHOUSE
BARDEE'S BAR
PULGA

POE POWERHOUSE
BARDEE'S BAR
PULGA

2.1
3.8

6.0 4.6
MEAN % TOLERANT ORGANISMS

1.6
0.6

2.5 2.3
MEAN % DOMINANT SPECIES

16.3
23.8

23.2 14.2

1.2
1.7
1.8

1.5
0.9
1.0

34.2 .
36.4
17.5

CJ
===================================================================
Table 7. Tolerance/Intolerance measures of Poe Reach benthic samples, 1999-2001.
===================================================================

Both tolerant and intolerant species exist at low levels. throughout the Poe Reach. In
any given year, there have been a few more intolerant organisms in the Pulga reach than in the
other reaches. At the same time~ there have been as many or more tolerant organisms in the
same reach. There is no way to assess habitat quality using these contradictory figures. As
described above for the 2000 sampling year, however, the percentage made up of the
dominant species is consistently lowest at Pulga, reflecting a more varied and higher quality
habitat.

FUNCTIONAL FEEDING GROUP MEASURES

Essentially the same pattern that prevailed in the three sampling reaches during 2001
asserts itself for the other years ofrecord: there are usually more filtering organisms in
samples collected near Poe Dam and more collector/gatherers in samples from downstream.
Also, the mean number of shredders is low throughout the Poe Reach, but highest at Pulga.
This is probably due to two factors: the presence of a modest amount of riparian vegetation in
the Pulga sampling reach that is for practical purposes absent elsewhere, and the slightly wider,

. more depositional nature .of the stream channel upstream of Flea Valley Creek when compared
to the rest of the Poe Reach.
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===================================================================
REACH YEAR/METRIC

1999 2000 2001

MEAN % COLLECTORS

POE POWERHOUSE 42.4 55.8
BARDEE'S BAR 37.9 45.3
PULGA 22.1 33.7 39.1

MEAN % FILTERERS

POE POWERHOUSE 37.6 36.2
BARDEE'S BAR 49.7 42.9
PULGA 62.3 47.0 45.2

MEAN % SHREDDERS

POE POWERHOUSE 0.6 0.9
BARDEE'S BAR 0.3 0.2
PULGA 4.3 1.8 2.5
===================================================================
Table 8. Functional Feeding Group measures of Poe Reach benthic samples, 1999-2001.
===================================================================

We are only beginning to appreciate the nature of year to year variation in the metrics
used to describe the fauna of the Poe Reach. As minimum flows increase, it mayor may not be
possible to separate the effects of changes in operations from natural variability.
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. PG&E i NORTH FORK FEATHER RIVER BENTHOS POE PROJECT 2001

r---'--'------+--------t-------+----------+----......,I---------el----.--!------~---~-
. POE POWERHOUSE REACH 100401

! !! TAXON (NON-INSECTS) ! ! .
........................................................................................ + .

PHYLUM/C1,.ASSI i FAMILY . GENUS i SPECIES . TROPHIC TOLERANCE SAMPLE 1 !SAMPLE 2 SAMPLE 3

ORDER CATEGORY VALUE
Platyhelminthes !Planariidae Dugesia ! tigrina C 4 23j 43 27
Nemertea !Tetrastemmatidae Prostoma !graecense P 4 71 19 1
Nerri.atoda .~Mermithidae unidentified lspecies PA 4 1i
......................................I +~ : : .
Annelida !.. i I
Tubificida INaididae Nais 1communis/variabilis C 6 21 3
...........................................:.: OW ••••~ 'l .

1tClmbricidae Eisenella i tetraedra C s. 2i 4 3

, iPcnerodrilidae cf. Eukerria isaltensis C 5 2

Lumbriculida ~ Lumbriculidae Rhynchelmis~ rostrata C 6 1i 1

Arthropoda' i .

Arachnida. !Hygrobatidae Hygrobates !sp. .. P S· 4~ 3 I··
..............10 , : : .

. iLebertiidae Lebertia !sp. P 5 1 1

!Sperchontidae Sperchon ! sp. A P 51! 1

Mollusca
Gastropoda iPhysidae Physa i gyrina SC 8 1j 2

!Lymnaeidae Fossaria !sp. SC 5 81 9........................................... :.~ ~ .
Bivalvia· i~orbiculidae Corbicula ~ fluminea F 8 21 9 1

~ : TAXON (INSECTS).., .
·;·····..·~..·ORDER..···,·..···..n· ·..FAM·iLy···..· · · ·..·..G·ENU·S·..·· ·..r..··· · Sp·ECi·ES··..······· ·····..TROPHiC" ·'TOLE'RANCE" "'SAM'P'LE","'1"S'AM'P'L'E"Z' "SAMP'L'E"3'

i: CATEGORY VALUE

Ephemerop~era iBaetidae Acentrella i turbida C 6 1i 9
! : Baetis!magnus C 4 .1



PG&E NORTH FORK FEATHER RIVER ! BENTHOS POE PROJECT 2001
POE POWERHOUSE REACH 100401

I TAXON (INSECTS) i !..........................................: 1' •..•..·•··..•..·•••··..·..·000···..··· ·..·..····..· .
ORDER i FAMILY GENUS i SPECIES TROPHIC TOLERANCE SAMPLE 1 ! SAMPLE 2 SAMPLE 3

CATEGORY VALUE

Trichoptera ! Philopotamidae Chimarra !utahensis F 4. 5! 11 53

Coleoptera ! Psephenidae Eubrianax i edwardsii SC - 4· 1i
! Elmldae Optioservus! quadrimaculatus C 4 . 1! 14 3

..........................................+ : ~I II : .

I Zaitzevia iparvula C 6 3i 4 1

! Ptilodactylidae Stenocolus ! scutellaris SH 2 11
.................................................................................................................................+ ~ .

Diptera !Chironomidae I !
i Diamesinae Potthastia !sp. C 4 . 7!

! Orthocladiinae Cardiocladius ! sp. P 4

Cricotopus !flavocinctus C 6 17! 6
. C. i tremulus SH 6 : 1 .'.................................................................................................................................: : .
! C. i trifascia SH 6 2! 4

Cricotopus !Sp. A C 4- 91 8I-------+------........--:--~--____i....!......:..;..---~
Eukiefferiella !sp. E C 4 1!
Nostococladius !sp. M 4 1! .'

! Thienemanniella ! sp C 51!
................................................................................................................................................................................... ,. -0- .

! Tvetenia !sp. C 4 1! 3 - y-
iChlronominae Rheotanytarsus !Sp. A _._ F 6 8! .v-········ ···..·······..····..·· ··rsi~-.:;ii·id~; · · ·si;;;,i~; ·..· ··..I·;~;;;:;;.;:;·~····· ..·..·..··..· · ·..· j:" •..• ··5·..····..···,· ·····..·······..········1·····..·..···..· ·· ,. I

S. !piperi F 5" 1O~ 16 6

s. ! tuberosum F 5 2

s. ! virgatum F (~.r( 5! 10 91
i l C=coJlector/gatherer TOTAL . NUMBER 278l 339 329

.................................................................................................................................-0- •..•••..•••••• ••••• ..•••.. ••• ••••• ..•• ..··ot· ·..·· · .
!F=filterer TOTAL SPECIES 34! 29 20

1M=miner TOTAL SPECIES (REACH) 42

IP=predator TOTAL "TAXA" 26\- 23 15

''TAXA'' iPA=parasite TOTAL "TAXA" (REACH) 29

H=3.03 I 3.03 2.S41SC=scraper H 3.34j 3.23 2.73
......................................... + ..

H'=3.23 ! 3.19 2.65! SH=shredder H' 3.59! 3.42 2.86



PG&E ~ORTH ~ORK FEATHER RIVER i BENTHOS POE PROJECT 2001
BARDEE'S BAR REACH 100401

..........------'-.,-'. --llc--'--T-A-X-O"':"'N--t--(N-O-N--I-N-SE-C-T-S)-+'i----.-.---I-~----!---, j .
•·••..•..• ••· ••••••• •..~ ·:····..•..••• •••••..•..·i 1' '0' .

PHYLUM/CLAS~/ i FAMILY GENUS! SPECIES . TROPHIC TOLERANCE SAMPLE 1 ISAMPLE 2 SAMPLE 3

ORDER CATEGORY VALUE.

\...~.; ...,...
Decapoda 1Astacidae ! Pacifastacus 1!eniusculus C 6· 1

Platyhelminthes iPlan~riidae Dugesia i tigrina C 4 48i 14 24 ~.
" ,. " ."-

Nemertea : i Tet~astemmatidae Prostoma . igraecense P , 4 ,20i 5 1 ,,/······· ··..······ ·· ·····t..· ·~····~· ..···..·· ~ ~... '.
Nematoda ! 1Mermithidae unidentified ispecies PA 4 i 3 t/'

.~.~!:!~!.i.~~.., _ ; I : ; ~ 1. ..
Tubificida iLumbricidae' Eisenella j tetraedra C 5 si 2 3 v/
Lumbriculida iLumpriculidae Rhynchelmis irostrata C 6 2i 3 1 v ....-..
Arthropoda

Arachnida ' j Sperchontidae Sperchon isp. A P 5 . i .1
.........................................., ~ _ : n .

Mollusca i i
1

ORDER 'I FAMILY GENUS SPECIES TROPHIC TOLERANCE SAMPLE 1 i SAMPLE 2 SAMPLE 3

Plecoptera

i ' i . CATEGORY VALUE !
.......................................................; ~ ~••.....................................................t- t-......................... .. .
Ephemeroptera ; iBaeti.dae· Acentrella i turbida C 6 4\ 16 4 V

......................................;...1 ; ' !?!!.~.~!.!!. ..l.~~!.9.~':!.r;!.~~':!.!!. ~ :~: ? ~..~..§.i ~..~.~ ~.~ I""

. iHept~geniidae Rhithrogena imorrisoni SC 4· ilL

. iIsonychlidae' Isonychia i velma F 3 31 3 1 ,/

iPerlidae Calineurla i c::alifornica P 1 1 1 )</

, 1 Hesperoperla.. ipacifica P 2 1
, i Perlodidae! Isoperla isp. P 1. 1 j 1 1 ..../'

...........................................: ' , .0. .

. Trichoptera : i Hydropsychidae Cheumatopsyche campyla F 5 81 16 7 .;.-.,
, " Ceratopsyche cockerelfl F 4 1 /

:!. Hydropsyche californica F 6. 241 23 29 {/

• i H. occidentafls ~F 6. 161 26 11
. 'iHydroptilida~, Hydroptila . : sp. A H.6 31 . (!;;...........................................,..1' , '\' L·;~~~t~j~hi·; ..· Tpi~tij;;;;··· ..···..·· · ··..· $(;............ ·····..·..····6..·..·· · ·..··..··..·..· ··,·!..·..· ·..·· ····3· '. .



PG&E NORTH FORK FEATHER RIVER ! BENTHOS
BARDEE'S BAR

POE

REACH
PROJECT 2001

100401

Trlchoptera

! TAXON (INSECTS) 1 i
..................................., : 1' .

ORDER i FAMILY GENUS 1 SPECIES TROPHIC TOLERANCE SAMPLE 1 ISAMPLE 2 SAMPLE 3

CATEGORY VALUE
j Hydroptilidae Ochrotrichia 1sp. C 4 1 ~/

j Philopotamldae Chimarra 1utahensis F 4 27! 20 12 l/

..........................................l.~.~~~.~~p..~!!!.~.~~ ~~1.~E.9P.~!!.f!. ..!.'!!.~!.~!.'!.!JP..':!p..f!.!.. ~.~ ~.: ~.J ~ }. V·/
Coleoptera i Elmldae Optioservus! quadrimaculat"Us C 4 3! 1 .-'

..........................................j............................................. •g,r.g,9.~r..<;''!..~f!'. !.'!.!!.~~f.~r.!'!. ~ ~ 21. .1. ..
i Zaitzevia lparvula C 6 3! 2 1
j Ptilodactylidae Stenocolus i scutellaris SH 2 1

Diptera i Chironomidae

2

1Diamesinae Potthastia j sp. C 4 1. . . ./
jOrthociadiinae Cardiocladius lsp. P 4 5! 1 2 ~/................................................................................................................................: :.......................... ."

Cricotopus i flavocinctus C 6 i 1 }-/
C. i tremulus SH 6 1i
Cricotopus !sp. A (pupa) NF 4

Eukiefferiella lsp. B C 4

Chironominae I : ..................................................................................................................................~ ~--

!Tanytarslnl Rheotanytarsus Isp. A F 6 ! 3 3 r.

ISimuliidae Simulium ipiperi F 5. 7l 4 6 L--,·········..·· ··..··..· · ·t..·· ·· ·..·· ·· · ·s: · ·· · ·..·..·l~i~g~t;:;;;;·· ···..··· · ·..· ;· ·..·..F..· · · {'6)';.';7 · ·······..··..····29l··..·..· ··..··45 · ··..·..·,·,·0 .._.' 'f-.
iTipulldae Antocha isp. C 5 1i 3 2 L--

! C=collector/gatherer TOTAL NUMBER 337i 9'15343 325

. IF=filterer TOTAL SPECIES 251 31 26.........................................../" · ·..·· ·· · ·t·N·F;;;,~~~·f~~di~g · ·..·· ··TOTAi~ · ····..··sPE·EiES ·..·· (·REACH·j·..·····t··..···· ·..··~ii: >·ij~i(;· · ·..

!P=predator TOTAL "TAXA" 21 i (?.J.. 22 ),

!PA=parasite TOTAL "TAXA" (REACH) ~.~1,/-':?"V f"
I"TAXA" iSC=scraper H 3.171 3.03 2.74

H=2.97 . 2.82 2.53iSH=shredder H' 3.34i 3.21 2.9................................................................................................................................: : ..
H'=3.12 1 2.99 2.67i i
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PG&E ,i' NORTH FORK FEATHER RIVER I BENTHOS rOE PROJECT 2001

, j: i PULGA REACH . 100501

i TAXON (NON-INSECTS) i ~
...........................~ :~ •..••••••• ·~..••••••••••.. •.._.·· 4· •• •• •• ............................... • ~......................... • .

PHYLUM/CLASS/ i FAMILY GENUS SPECIES TROPHIC TOLERANCE SAMPLE 1 !SAMPLE 2 SAMPLE 3

ORDER !: CATEGORY VALUE
!

Platyhelmin~hes !Planariidae Dugesia tigrina C 4 21

, , .!I Phagocata ,sp. C 4 1l 1
·~j~·;n·;;t;;~···..,· ·..··l·T~t~~~·t·~;:;;·;n·~tid;~·· ·p;~;t~;,;··········· ..· !·g;;·~~~;,~~ ..·..·..······..······ p ·· ··4..·..·· ·..· ·· ·· 4'..· ·..· ··..·;..4· · ·..·..··2·0

~.~r.!~~.~~~ ' !., !......................................................... . 1......................... .. ..
Tubificida ' iNaididae Nais ibicuspidalis C 4 32! 6 5 k

i : N. ! communis/variabilis C 6 4! 1 (>.

N. lpardalis C 5 12! 13 "
. N.!simplex C 6 2! ~/./

: ' iTubificidae Spirosperma! nikolskyi C 6 !.. 2 3 ~:
.......................................... 00> : uu•• u ••••••••••••••••••••••••u u u u •••! .

! unidentified ispecies B C 5 i 1
ILumbricidae Eisenelfa i tetraedra C 5 1j 13 '

Lumbriculida !Il.umbriculidae Eclipidrilus ! frigidus C 4 1! 1 1 .
ii' Rhynchelmis irostrata C 6 21 3 2 ~.,

. 1: unidentified 1species - . C 4 l 2 ,,:,'
.............................................., + 10 -0- .

Arthropoda !! !
Arachnida. ! I-:Iygrobatidae Hygrobates j sp. .. P 5 21 2 6 ,.'
............~ -o- •• ~ : : .

!Uebertiidae Lebertia isp. P 51!
!~perchontidae Sperchon lsp. A P 5 3i

Mollusca ! "
Gastrc:>poda !Lymnaeidae Fossaria !sp. SC 5 1

.~!~~J.~!.~ :.!.9~~~!.~~~~~~.~ £9.~~!E'!.!~ l.:!.L.!~!.'2!:.~ ~ ~............. .. ~ ~l ~ ~.
I TAXON (INSECTS)! !.

.ORDER" 'FAMILY GENUS SPECIES TROPHIC TOLERANCE SAMPLE 1 ! SAMPLE 2 SAMPLE 3

CATEGORY VALUE

Baetidae



PG&E NORTH FORK FEATHER RIVER 1 BENTHOS

PULGA

POE

REACH

PROJECT 2001

100501

.....

i TAXON (INSECTS) 1 i
..................................................01 ~ ..

ORDER FAMILY . GENUS i SPECIES TROPHIC TOLERANCE SAMPl.E 1 \ SAMPLE 2 SAMPLE 3

CATEGORY VALUE

Ephemeroptera Trlcorythldae Tricorythodes 1minutus C 6 11 :;/'
---Odonata Coenagrionidae Argia !emma P 7 41 3 2 -.../

Plecoptera : Perlidae Hesperoperla ipacifica P 2 1 1 1 .-.,-~
••M·..••••••••••••••..• .. • ..••.. • ..• ..···t· ··..····· ·..· : ;.................................................... _'

!Perlodidae Isoperla !sp. P 1 ! 1 4 ",---
Trichoptera 1Hydropsychidae Cheumatopsyche Icampyla F 5 281 19 21 L" .--...........................................: · · · ···..·..···· ..···t ..·· ········· · · ·· oQo .

Ceratopsyche i cockerel/i F 4 11 v
Hydropsyche icalifornica F 6 32i 62 55 .,
H. ioccidenta/is F 6 231 6 24 ,_.

Hydroptilidae HydroptiJa 1sp. A H 6 1
Hydroptila Isp. B H 6 71 1·

......................................... -0- : : ..

i Leucotrichia 1pictipes SC 6 4! 2 4 .
!Philopotamidae Chimarra iutahensis F 4 2! 13 26/._,
1Psychomyiidae Psychomyia Isp. C 2 11 !.---.

1Rhyacophllidae Rhyacophila 1ma/kini (pupa) NF 1 1 1 v-..->

Coleoptera iElmldae Optioservus! quadrimacu/atus. C 4 ! 2 2 .'..........................................: ···..·..··· ·· · ·..·..· ·1 ···..· ·····..·..······ '!' .
I Zaitzevia lparvu/a C 6 21 2 14

1Ptilodactylldae Stenocolus 1scutellaris _. SH 2 1! ' -.
.....................................................................................................................................t .

Diptera !Chlronomldae 1 1
IDiamesinae Potthastia Isp. C 4 61 3 1 J

~-----+--~----li-~---~~-------~+-~---t-.,....,.---+-----+----+-~--1
1-- .....-fl.;;.O.:..rt;;.h;.;:o...;.c1;.,;;;a.;,;d·;,;.;,lin.;..;a~e_........j~c;;.a;;.rdJ...;.i.;;.oc...;,la;;.dJ...:.i_us;...........-.1i.:...sp!.... -; P__+ __4 + 1;..;3~i--_.....;;.5t--_.....;1~01 y

Cricotopus ! ffavocinctus C 6 6j ,/
1------"""""!--------l!"--.....:..---+--""""'::'------+-~~--+-""""""::_"-+---........-!----t-----1./-

: C. I tremulus SH 6 5i 6 3 <
...........................................: -0- ~ .

! c. i trifascia SH 6 2\ 4 1 v
_./

Cricotopus 1sp. A C 4 171 2 5 <-f

Eukiefferlel/a isp. A C 4 1i i-- .
Eukiefferie/la isp. B C 4 2 1 1--"

! Eukiefferiella Isp. E C 4 1i 1 - ..·• ·•·..·..·..···· ·..·..·····ot·..·· · ·..· ·..•· : : .
! Orthocladius !obumbratus C 4 21 <./'
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PG&E :~ NORTH FORK FEATHER RIVER 1 BENTHOS POE PROJECT 2001

PULGA REACH 100501

. .1 TAXON (INSECTS)! i- , : ···..····..······..······..·..·····..···t··..····..··· ·..·..·· ~ .
. ORDER i FAMILY GENUS I SPECIES TROPHIC TOLERANCE SAMPLE 1 !SAMPLE 2 SAMPLE 3

CATEGORY VALUE

Diptera !Chironomidae
!Orthocladiinae Tvetenia lsp. C 4 11

, IChironominae I . I·............................................;. : ,; ' ; .
1- -+iT;..;a:.:..n~y_tars_in:..;i__-l_R_h_eo_t_a-'ny:;..t_a_rs_u_s-t-ls..:.,p_._A -+ F__+-__6_--II-- 1-fl -l'--__-l 1.__. ... '.

ISimuliidae Simulium !piperi F 5 i 10 1........; : , ·s~..·..· ···..·· ··· ·r:~j;g;t~;;;·~· ··..·..· · ··..···..· ·F •·..··· l~)·1· ..·.. ··..·..··· ··'·· r·· · · 3·;· ..·· ····..··..·5·;··
ITipulidae Antocha i sp. C 5 4j 1
!;Empididae Hemerodromia isp. A P 6 1!

'I iC=collector/gatherer TOTAL NUMBER 285! 295 335 .
..........~ + : : _.

IF=filterer TOTAL SPECIES 411 39 34 .'
iH=herbivore TOTAL SPECIES (REACH) "i 54

1-------+--------I-----4~----:-~:-----
jNF=nonfeeding TOTAL "TAXA" 1-0tZ:tj .._ 27 26
IP=predator TOTAL "TAXA" (REACI:I)'---'.7j f>~ ~4

I-.......;.--.,......-+-------I:--------I~!...-.._~·
~'TAXA" iPA=paraslte. H 4! ',.P' 3.81 3.81....................................................................................................................................................................................................................................................... ·..···..·..·· ·······.. ·000····· ·•..•..··.. ·•..• .

H=322' i 3.39 3.49!SC=scraper H' 4.311 4.09 4.04
H'=3.42 3.59 3.68jSH=shredder
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WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY. 1999

CALIFORNIA BIOASSESSMENT WORKSHEET
() . . .

WATERSHED/STREAM: AlFFe DATE/TTh1E: /mszvla.93-0
CO!v1PANY/AGENCY: ~ f £ SA!v1PLEIDNO.(S): 'Pt.Jt.dA I, Z, ?
SITE DESCRIPTION: Rf?pt, O.2.~ 4-"()V~ f.-{wy 'J(J efi;J;~ *:s a¥?~.,tl';;e;. ~6"t,/~. bY'/~

u

Bioassessment Laboratory Information:

SEND A COPY OF TInS FORM TO: DFG - WPCL
(~') 2005 Niriibus RcLRanch6Cordova, Ca. ~}567()

<~/ (916) 358-2858 FAX (916) 985-4301
Web Site: www.dfg.ca.gov/cabw/cabwhome.html

.:..: .: .. ' ..'''' " .. ,:':.... :.

'. CHE:MICAL CHARAcrERiSTICS~'"

Water Temperaiure:'>W~~~riI!i!;
Specific Conductance: ··:':)~'~;7··· ..

~~:s~tl~~;1~t(_

---'---'--'--'--'----'---'----'----'---'--'-. ._._-_ _---_ .



CALl-""'O.RNIA DEPARTMENT OFFISH AND GAME
AQUATic BIOASSESSMENTLABORATORY

WATER POllUTION CONTROL LABORATORY
REVISION DATE -MAY. 1999

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

"

WATERSHED/STREAM: Al~ DATEI1Th1E: /~1/()93".o
COMP~/AGENCY: PG i ~ , . SAMPLE In NO.(S): 7-=tJUH4 'I;ZJ 3
SITEn7SCRIPTIO~f)I."0... 2- /..li; "MOVtL A'tAJ.Y-70 J?r!Jr..1 7iJ~ • ? Hi.. LbotkBif.£jf: ~ .;

(CircIe:th:e app~opriate score for'aIl20 habitat parameters. Record the total score on front page oftbe"'CBW)

,
: '

~ , Habitat
Condition Category

,
I,.' Parameter Optimal Suboptimal Marginal Poor

.. Greater than 70% of' 140-70% mix of stable 20-40% mix ofstable Less than 2('% st:.lble
.•.-;.~

l' I'-Epifaunal substrate favorable for habitat; weil-suited for habitat; habitat habitat: lack ofhabiw,is
:

~: Substrate! epifaunal colonization full colonization availabilitY Jess than obvious; substr:lte

" Ava-Hable Cover and fish cover, mix of potential; adequate desirable; substrate unstable or lacking..,
snags. submerged logs. habitat for maintenance frequently disturbed or
undercut banks. cobble of populations; presence removed.,
or other stable habitat of additional substrate in;
and at sta!!e to allow full the form of newfall. but.

: colonization potential not yet prepared for:

(i.e.• logs/snags that are colonization (may rate at -'"-; not new fall and not high end ofscale).
transient). - ....

, stORE 20 @) 19 18 Ii 16 IS 14 13 12 11 10 9 8 7 6 5 4 3 2 'I 0- '"ti 0;
"

Gravel; cobble. and Gravel, cobbie, and Gravel. cobble. and Gravel.,cobble. and=
2~~Embeddedness~. boulder panicles are 0- boulder panicles are 25- boulder particles are 50- boulder particles areco "

25% surrounded by fine 50% surrounded by fine 75% surrounded by fine more than 75%.
, sediment. Layering of sediment. sediment surrounded by fine
" cobble provides diversity sediment.

,
~-:.

c: of niche space.m ,

/!J:, @ IS'
._.- SCORE 20 18 17 16 I~ 13 12 II 10 9 8 7 6 5 4 3 2 I 0

~. "

] All four velocity/depth' Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by I
<= 3. N elocitylDepth regimes present (slow- present (if fast-shallow is regimes present (if fast- velocity/ depth regime..... Regime deep, slow-shallow, 'fast- missing, score lower shaIJow or slow-shallow (usually slow-deep),
~ deep, fast-shallow). than if missing other are missing, score low);
~ (Sow is < 0.3 m1.s, deep regimes). "

!" , " is> 0.5 m.) .t'
eI .~'

)t::, @~
SCORE 20 19 18 17 IS 14 13 12 11 10 9 8 7 6 5 .4 3 2 I O. :

f 2- ,: Little or no enlargement Some new increase in Moderate deposition 'of Heavy deposits of fine=:.. . A.Sediment of islands or point bars bar formiltion, mostly new gravel. sand or fine material, increased bar
D~position and less than 5% «20% from gravel, sand or fine sediment on old and new development; more than

for low-gradient streams) sediment; bars; 30-50% (50-80% 50% (80% for low-

:
of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom
sediment deposition. !!rlldient) of the bottom bottom affected; changing frequently;

':, affected; slight sediment deposits at pools almo"St absent due

.~. ~.
deposition in pools. obstructions, to substantial sediment

constrictions, and bends; deposition. ,-
"I

moderate deposition of
'" -- pools prevalent - - - " 'c

- - --- ---

S:qORE 20 ~ 19 IS 17 16 15 14- 13 12 11 10 9 '8 7 6 5 4 3 2 I 0

.'!

Water reaches base of- Water fills~75%ofthe -Water-fills25-'75% of -- -vcry little water in.',S:Channei Flow both lower banks, and available channel; or the available channel, channel and mostly '.j,'
,Status minimaillmount of <25% of channel and/or riffle substrates present as standing

~' channel substrate is substrate is exposed. are mostly expo~c:d. ,pools, .'.....-.. ."' ,- 'exposed. - - -

} ......
j'S:ScpRE 20 19 18 17 16 <LV 14 13 12 II 10 9 8 7 6 5 ·4 3 2 I, 0

o

..-------' _.__.------



CAliFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

, . ,

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY, 1999

Condition Category J
Habitat

Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usually in areas extensive; embanIonents gabion or cement; over
Alteration minimal; stream with ofbridge abutments; or shoring structures 80% of the stream reach

nonnal pattern. evidence ofpast present on both banks; channelized and
channelization, i.e., and 40 to 80% ofstream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed' entirely.
present, but recent
channelization is not
present.

SCORE /5 20 19 18 17 16 @ 14. 13 12 11 10 9 8 7 6 S 4 3, 2 1 0

OccuTrence ofriffles Occurrence ofriffles Occasional riffle or Generally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Rimes (or bends) . of distance between between riffles divided provide some habitat; habitat; distance between

riffles divided by width by the width of the distance between riffles riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream' is a
(generally 5 to 7); 15. the stream is between 15 ratio of>25.
variety ofhabitat is key. to 25.

c; In streams where riffles.:
~ are continuous,
Cl.ll placement ofboulders or :,.

other large. natural ;

::. obstruction is important.:: b @.: SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 7 5 4 3 2 t 0...
~

Banks stable; eVidence Moderately stable; Moderately unstable; 30- Unstable; many eroded..
g 8. Bank Stability of erosion or bank infrequent, small areas of 60% ofbank in reach has areas; "raw" areas-=.: (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along straightQ

l:i minimal; little potential over. 5-30% ofbank in erosion potential during sections and bends;.

-= Note: determine .left for future problems: reach has areas of floods. obvious bank sloughing;... or right side by <5% of bank affected. erosion. 60-100% ofbank hasg facing downstream erosional scars.
0:

SCORE /O(LB) LeftBank @.
,... 9 8 7 6 5 4 3 2 1 0g

g

SCORE 10 (RE) RightB~k.@-= 9 8 7 6 5 4 3 2· 1 0
-=..,

70-90% of the.. More than 90% of the 50-70% of the Less than 50% of the..
~

9. Vegetative streambank surfaces and streambank surfaces streambank surfaces streambank surfaces

= Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;.. each bank) covered by native vegetation, but one class disruption obvious; disruption ofstreambank" ==- vegetation, including or'plants is not weII- p;1tches ofbare soil or vegetation is very high; ,
trees, understory shrubs, represented; disruption closely cropped vegetatIon has been
or nonwoody , evident but not affecting vegetation common; less removed to
macrophytes: vegetative full plant growth than one-half of the 5 centimeters or less in
disruption through ' potential to any great potential plant stubble average stubble height.'
grazing or mowing extent; more than one- height remaining.
minimal or not evident; halfof the potential plant
almost all plants allowed stubble height
to grow naturally. remaining.

SCORE£" (LB) LefiBanlc 10 9 8 7 6 5 4 3 G) 1 0,

SCORE.:i. (RE) Right Bank to 9 8 7. 6 S 4 <D 2 ) 0

Width of riparian zone Width ofriparian zone Width ofriparian zone Width ofriparian zone
10. Riparian >18 meters; human 12-18 meters; human' 6-I2 meters; human <6 meters: little or no
Vegetative Zone activities (Le., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots, roadbeds, clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts, lawns, or crops)

SCORE 'Z (LB)

have not impacted zone.

LefiBank 10 . 9 8 7 6 5 4 3 a; 1 0

SCORE 3 (RE) 9 8 7 6. 5 (f) '" 0Right B:mk 10 4 1 I .

90
~I

/efl
Total Score-----



: :..;j,.:.;

CA.:IF;.o.RNIA DEPARTMENTDFFISHAND GAME
AtJUA'TICBI0ASSESSMENTLABORATORY

. " . -~ .....:. '7~:. ,. ,"-. f/ii - -.-- ~...;:.,~.:;;:.~. "... ~..

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY, 1999

~ATEITIME: /~1J4<J1 /lSi!""
SAMPLE In NO.(S): eA~ ht/2 I, ~t ~

.2.5;- Hi4r~~ trb~c1~ l2o~fI=

'f, CALIFORNIA BIOASSESSMENT WORKSHEETn "/' .
".~ WAJ;:ERSHED/STREAM: /lI.......;~~Hz-~ _

COMPANY/AGENCY: pG i f
SITE'DESCRIPTION: .~~M..t be../fjuj (i

..........

Bioassessment Laboratory Information:

SEND A COpy OF THIS FORM TO: DFG - WPCL
i·~·2005Nimbus Rd.. Rancho Cordova, Ca. 95670
0,..=) (916) 358-2858 FAX (916) 985-4301

Web Site: www.dfg.ca.gov/cabw/cabwhome.html

l"·,
.?\l.;';" .l

riffle 3
2.~f

spor~

7'

... -,.._-_." - ----'------'._--'-----



CALiFORNIA DEPARTMENT OF FISHAND GAME
AQUATICBIOASSESSMENTLABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE - MAY, 1999

n
'-- /

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: __AJPFrL....;...;-....;...;.;:=-- _

COMPANY/AGENCY: PGi £
SITEl?ESCRIPTION: .U-J.,(i'~ J!?z;;,

(CirCle the appropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

Condition Category
...... Habitat

Parameter Optimal I Suboptimal Marginal Poor

. ~l. Epifaunal
'. Substrate! .

..~Available Cover

Greater than 10% of
substrate favorable for
epifaunal colonization
and fish cover; mix of
snags. submerged logs.
undercut banks. cobble
or other stable habitat
:lnd at stage to allow full
colonization potential
(i.e.• logs/snags that are
not new falI and not
transient). -

I

40-70% mix ofstable
habitat; wen-suited for
fulI colonization
potential; :ldequate
habitat for maintenance
of populations; presence
of additionaJ substrate in
the form of newfaIl, but
not yet prepared for
colonization (may rate at
high end of scal~).

20-40% mix of stable
habitat; habitat
availability less than
desimble; substrate
frequently disturbed or
removed.

Less than 2('% stable
habitat: lack of habitat is
obvious; substrate
unstable or1acking.

5 .; 3 2'1 0

5·4 3 2 I 0

5 4 3 2 I 0

Dominated by I .
velocity/ depth regime
(usually slow-deep).

Heavy deposits of fine
material, increased bar
development; more than
50% (80% for low
gradient) of the bottom
changing frequently~

pools almost absent due
. to substantial sediment
deposition•

6

6

6 5 4 3· 2 1 0

Very little water in ._. -

channel and mostly
present as standing
pools._

6 5 ·4 3 2 1 0

7 6

7

7

8

8

& 7

8

10 9

10 9

10 9

10 9

Moderate deposition of
new gravel. sand or fine
sediment on old and new
bars; 30-50% (50-80%
for low-gradient) of the
bottom affected;
sediment deposits at
obstructions,

.constrictions, and bends;
moderate deposition of
pools prevalent - .-

IS 14 13 1-2 11

15 14 13 @ 11

Some new increase in
bar formation, mostly
from gravel, sand or fine
sediment;
5~30% (20-50% for low
gradient) Of the bottom
affected; slIght
deposition inpools_

20 19 18 17 16

Little or no enlargement
of islands or point bars
:lnd less than 5% (<20%
for low-gradient streams)
of the bottom affected by
sediment deposition.

S€ORE

---_._-.~_.._- ~~- --- ----- . -- .--_. ._-- --..
@SCORE .-:J.o 19 18 Ii 16 15 14 13 12 11

,W! -,

t --
~ : SCORE /2

. E., ..
~:" 4.:Sediment

Deposition

20 19'4i/ Ii 16

~ ..~---...- ....._-~---~---- .....----~~ . Gravel, cobble. and Gravel, cobble, and Gravel, cobble. :lnd Gravehcobble. :lnd
2. Embeddedness boulder particles are 0- boulder particles are 25- boulder particles are 50- boulder particles :lre

~ , 25% surrounded by fine 50% surrounded by fine 75% surrounded oy fine more than 75%
.- sediment. Layering of sediment. sediment. surrounded by fine

cobble provides diversity sediment.
~ ~of;..;n;,;,;i.;;,ch;,;;e~sp;;::.:a:.ce;;;' ~r-.- +- -+ ---i'

SCORE 13 20 @ 18 17 16 15' 14 1.3 12 Il

, ~ ~---......_--.....----...----....---~0: . All four velocity/depth Only 3 of the 4 regimes Only 2 oCthe 4 h~bitat
~ . 3. VelocitvlDeptb regimes present (slow. present (if fast-shallow is regimes present (if fast-
... Regime' deep, slow-sha.Jlow, fast- missing, score lower shallow or slow-shallow
~ deep, fast-shallow). than if-missing other are missing, score low).

(Sow is < 0.3 mis, deep regimes).
is> 0.5 m.) .

- .--.Water reaches base of . -- -Water fills >75%·ofthe -Water fills 25-75% of
5. Cbannel Flow both lower banks, and available channel; or the available channel,
Status minimal amount of <25% of channel and/or riffle substrates

channel substrate is substrate is exposed. are.rt10~t1y e~l'o.sc:~.
( ) exposed: ... .

"=7J.-j S.C.O.RE__./.S:_.2.0_1.9_1.8_1.7_1.6..@.5..I.4-1.3_I.2_1l...I.O_9__S_.7 __

(j
.~

--~~-----

- -- - - ------------- -------------~-



CALIFORNIA DEPARTMENT OFFISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

.
WATER POLLUTION CONTROL LABORATORY

REVISION DATE -MAY, 1999

Habitat
Condition Oltegory

Parameter Optimal Suboptimal Marginal Poor "

Channelization or Some channelization Cbannelization may be Banks shored with
6. Channel dredging absent or present, usualIy in areas extensive; embankments gabion or cement; over
Alteration minimal; stream with ofbridge abutments; or shoring structures 80% of the stream reach

normal pattern. evidence ofpast ' present on both banks; channelized and
channelization~i.e., and 40 tb 80% ofstream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent

fchannelization is not
present.

SCORE 20 @) 19 18 ' 17 16 IS 14. 13 12 11 10 9 8 7 6 5 4 .3 2 1 0

Occurrence ofriffles Occurrence ofriffles Occasional riffle or GeneralIy alI flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Riffles (or bends) . ofdistance between between riffles divided provide some habitat; habitat; distance.between

riffles divided by width by the width of the distance between riffles riffles divided by the,
of the stream <7:1 , stream is between 7 to divided by the width of width of the stream'1s a 1
(generally 5 to 7); 15. the Stream is between IS ratio of>25. •
variety ofhabitat is·key. to 25.

" In streams where riffles=
" are continuous,...
~

placement ofboulders or
other large, natural- obstruction is important.

= SCORE I 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 (i) 0'"
.a- Banks stable; eVidence Moderately stable; Moderately unstable; 30- Unstable; many eroded:..

" '8. Bank Stabilin' of erosion or bank infrequent, small areas. of 60% ofbank in reach has areas; "raw" areas-=c: (score each bank) failure absent or erosion mostly healed areas oferosion; high frequent along straight
!'
.E minimal; little potential over. 5-30% ofbank in erosion potential during sections and bends;

-= Note: determine left for future problems: reach has areas of floods. obvious bank sloughing;
~ or ryght side by <5% ofbank affected. erosion. 60-100% ofbank has '
; facmg downstream. erosional scars.

-= SCORE}t:J (LB) L~ft Bank' <Ui" '.0> 9 8 7 6 5 4 3 2 1 ,
"" SCORE III (RB) RightBan~

.~

..:~ 9 8 7 6 5 4 3 2· 1 0,

.:
"-

More than 90% of the 70-90% of the Less than 50% of the.. 50-70% of the::.

~ 9. Vegetath"e streambank surfaces and streambank surfaces streambank surfaces streambank surfaces

E Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;

= each bank) covered by native vee:etation, but one class disruption obvious; disruption of streambank
=- vegetation, including " ofplants is not well- patches ofbare soil or vegetat!on is very' high;

trees, understory shrubs, represented; disruption closely croppe9 vegetation has been
ornonwoody evident but not affecting vegetation common; less removed to
macrophytes; vegetative full plant growth than one-halfof the 5 centimeters or less in
diSTL!ption throu.gh potential to any great potential- plantstubble average stubble height.
g:azmg or mowmg extent; more than one- height remaining.
minimal or not evident; .halfof the potential plant
almost all plants allowed stub~le.height

SC~RE..{ (LB)

to grow naturally. remammg.

Lc:ftBank 10 9 8 7 6 5 4 3 2 CD' 0

SCORE'~ (RB) Right Bank 10 9 8 7. 6 5 4 CD 2 1 0

Width ofriparian zone Width ofriparian zone Width ofriparian zone Width ofriparian zone
10. Riparian > 18 meters; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation d~e
Width (score each lots, roadbeds, c1ear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts. lawns. or crOps) .

!lave not impacted zone. ".

SCORE..!.. (LB) Lc:ft Bank 10 . 9 8 7 6 5· 4 3 2 CO 0

SCORE 2. (RE) Right B:mk 10 9 8 7 6 5 4 3 6'J 1 0

8¥-
Total Score _4e...;.x:~__

/!JV
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CALIFORN::'4 DEPARTMENTOFFISHAND GAME
AQUATICBIOASSESSMENTLABORATORY -

'-
WATER POLLUTION CONTROL LABORATORY

REVISION DATE -MAY, 1999

LCALIFORNIA BIOA8SE,SSMENT WORKSHEET

WATERSHED/STREAM: _/'J~;t::;::j_1Z--;- _

COIvIPANY/AGENCY: _~~~-:;~"""(.:f=--_~=--~
SITE DESCRIPTION: C)'~H(,: a./;a~e Fett, PI"' B(I+

DATEITIME:/a.::1¥'Y<::J;91.f

SAIvIPLE ill NO.(S): Pt'effl/! 2/3
/$ 0,8 Milt.. Q.b~ V~ E3Y"idffL

, ,, ,

nTYirr.n"":E!REArnCHARACTERISTICS
.~. . .

'::~x£t::~~Y~~~~;<: ... ' .

.~ '~"'. ;

t/,S"/-ll.
':Physicallhabitat~QuaIitY;Score:'· '•.:.•.... '"f' ' /3 ~
·:::~·<·;~:;:j:·;'Y.·':~,.~":~?»':'..'; .~';}:;:.:: '~:' .. '...-',~{l!'~.,

._.: : :p~y'Sica~abi~~fharaC~Jtics @)
...... ~.':'~::";','';~:'' ~; .. ~ .,: " '~"':"':':"":., .: '"

:·.\<~t+·;··· ....:..,,,' ·..riffle 1 .. riffle 2 riffle 3
,Rift1~_~~~~:. ':"~::·:~1'.;:... ' ....l8~·o~ . 52.1

' 7/4 I

'T~~6ti~~ati6ri:~·::;:.:!:.:.Sf>bT~ 'SP6i! . 38'

P

•J;<:'Cobble'(2~10't . "'6,,.,.:.-.,... _. "';'_~

Bioassessment Laboratory Information:

. ,~ ... ' '.' ..:'

SEND A COpy OF TIllS FORM TO: DFG - WPCL
2005 Ni:rribtis Rd." RandioCordova, Ca. 95610
(916) 358-2858 FAX (916) 985-4301
Web Site: www.dfg.ca.gov/cabw/cabwhome.html



.CALIFORNIA VEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POllUTION CONTROL LABORATORY
REVISION DATE - MAY, 1999

PHYSICALIHABITAT QUALITY
California Stream Bioassessment ·Procedure

fi

WATERSkED/STREAM: N PI=/<
CO:MP~/AGENCY: -.~~..",~:-.£~------

SITE DESCRlPTION: t:l;,~~i"ez-b6v~ "fb~ 1'U Bcek "*
. p"

(Circle the *ppropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

. Habitat
!. Parameter _. Optimal

Condition Category

I Suboptimal Marginal Poor

- -- - - :~ - - ---

f
40·70% mix of stable 20-40% mix ofstable
habitat; wetl-suited for habitat; habitat
full colonization availability less than
potential; adequate desirable; substr:lte
habitat for maintenance frequently disturbed or
of populations; presence removed.
of additional substrate in
the form of newfall. but
noC yet prepared for
colonization (may rate at
high end ofscale).

@ 19 18 17· 16 IS 14. 13 12 11

543 2 I 0

Less than 2('% stable
habitat: lack ofhabitat is
obvious: substr.lte
unstable or lacking.

5 4 3 2 01 0

Dominated bv I
velocity/ depth regime
(usually slow-deep).

Gmvel.cobble. and
boulder particles are
more than 75%
surrounded by fine
sediment;

543 2 I 0

Heavy deposits offine
material, increased bar
development; more than
50% (80% for low
gradient) of the bottom
changing frequently;
pools almo~t absent due
to substantial sediment .
deposition.

6

6

6

6 5 4· 3 2 J. 0

7

7

7

8

8

8 7

8

910

10 9

10 9

10 9

Only 2 of the 4 habitat
regimes present (iffast
shallow.or slow-shallow
are missing, score low).

Gravel. cobble. :lnd
boulder particles are 50
75%,surrounded by fine
sediment.

Moderate deposition of
new gravel. sand or fine
sediment on old and new
bars; 30-50% (50-80%
for low-gradient) of the
bottom affected;
sediment deposits at
.obstructions,
constrictions, and bends;
moderate deposition of
pooJsprevalc:nt

12 1113

Gravel. cobble, and
boulder particles are 25
50% surrounded by fine
sediment.

IS 14 . 13 12 11

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower
than ifmissing other
regimes)..

IS' 14 13 12 11

Some new increase in
bar formation. mostly
from gravel. sand or fine
sediment;
5-30% (20-500/0 for low
!mldient) of the bottom
affected; slight
deposition in pools.

20 19 18 1.i 16 0 14

Gravel, cobble. and
boulder particles are 0
25% surrounded by fine
sediment. Layering of
cobble provides diversity
ofniche space.

20 ® 18 17 '1 16

20 19 18· 17 <16~

All four velocity/depth
regimes present (slow
deep, slow-shallow, fast
deep, fast-shallow).
(Sow is < 0.3 mis, deep
is> 0.5 m.)

Greater than 70% of
substrate favorable for
epifaunal colonization
and fish cover; mix of
snags. submerged logs.
undercut banks. cobble
or other stable habitat
and at.stage to allow full
colonization potential
(i.e.• logs/snags that are

.not new fall and not
iTiinsient). -

Little or no enlargement
of islands or point bars
:lnd less than 5% (<20%
for low-gradient streams)
of the bottom affected by
sediment deposition.

'0 "

.,

" .
.'

:
,

<to, ~
"

f.

~C~RE IS

: .....---/
;. .-/'
1. Epifaunal
Su~tr:lte/
;j\va,1lable Cover

: ,
i,. E~beddedness.

::.,
"

:

~
r
;

SCORE /.:7

3. V~loc:itylDepth
~eg!me

4. S~diment
Dep'!sition

SCqRE Ie,

SCORE 2<;

';j
c:

U
,....--... ~

~

<=
III

.Very little Water in -
channel and mostly
present as standing
pools.

-Watctfil1s2S..;75%6f _.
the available channel,
and/or riffle substrates
are_mostly exposed.

-W:lterfills >75% of the
available channel; or
<25% of channel

__ substrate is exposed.

5. Channel Flow
Status

Water reaches base-of 
both lower banks, and
minimal amount of
channel substrate is

\ .. exposed.

\"-'~L;_..SC.O.~RE t.O__20_.19_..1.8_1.7_1.6_.15_1.4_1.3_1.2_1.I.
i a:9J__9_.8_.7_.6....5_'.4.3_.2.-.1...0..

80

-----------_.--------------



CAliFORNIA DEPARTMENTOFFISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

WATER POLLUrrON CONTROL UBORA:ORf
REVISION DATE -M4Y, 1999

Condition Category
1

Habitat
Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usually in areas extensive; embankments gabion or' cement; over
Alteration minimal; stream with ofbridge abutments; or shoring structures 80% of the stream reach

normalpattem. evidence ofpast present on both banks; channelized and
channelization, i.e., and 40 to 80% ofstream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE ze:; <20' 19 18 17 16 15 14. 13 12 11 10 9, 8 7 6 5 4 3 2 1 0

Occurrence ofriffles Occurrence ofriffles Occasional riffle or Generally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow rimes; poor
Rimes (or bends) . ofdistance between between rifiles divided provide some habitat; habitat; distance between

riffles divided by width by the width of the distance between riffles riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream' is a
(generally 5 to 7); 15. the stream is between 15 ratio of>25.
variety ofhabitat is key. to 25.

"Cj In streams where rifilesc:
c:. are continuous,:..

~
placement ofboulders or
other large. natural

~ Z
obstruction is important

;:
SCORE 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 5" 4 3 (i) I 0en

~
Banks stable; eVidence Moderately stable; Moderately unstable; 30- Unstable; many erodedt-= 8. Bank Stability of erosion or bank infrequent, small areas of 60% ofbank in reach has areas; "raw" areas

c: (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along straight
?
.E minimal; little potential over. 5-30% ofbank in erosion potential during sections and bends;

-= Note: determine left for future problems: reach has areas of floods. obvious bank sloughing;
c:. or right side by <5% ofbank affected. erosion. 60-100% ofbank has
-= facing downstream. erosional scars.
c:

SCORE /0 (LB) Left Bank @'>- 9 8 7 6 5 4 3 2 1 0c:.

~ SCORE 10 (Ra) Right Bank@) 9 8 7 6 5 4 3 2- I 0.::
'" More than 90% of the 70-90% of the Less than 50% of the'- 50-70% of the...
~

9. Vegetative streambanksurfacesand streambank surfaces streambank surfaces streambank surfaces
Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;

~ each bank) covered by native ve2etation, but one class disruption obvious; disruption ofstreambank;;
=- vegetation, including ofplants is not well- patches ofbare soil or vegetation is very high;

trees, understory shrubs, represented; disruption closely cropped vegetaoon has been
or nonwoody , evident but not affecting vegetation common; less removed to
macrophytes; vegetative full plant growth than one-halfof the 5 centimeters or less in
di~ption throu$h potential to any great potential plant stubble average stubble height.
grazmg or mOWIng extent; more than one- height remaining.
minimal or not evident; halfof the potential plant
almost all plants allowed stub~le.height
to grow naturally. remaInIng.

SCORE to. (LB) Left Bank 10 9 8 7 6 5 4 3 (1) I 0

SCORES (RB) Right Bank 10 9 8 7.. 6 U> 4 3 2 I 0

Width ofriparian zone Width ofriparian zone Width ofriparian zone Width of riparian zone
10. Riparian > 18 meters; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone' activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots, roadbeds, clear- zone only minimally. zone a great deal. to buman activities.
bank riparian zone) cuts, lawns, or crops)

have not impacted zone. ,-~

SCORE S (LB) Left Bank 10 " 9 8 7 6 0 4 3 2 I 0

SCORE S" (RB) Right B:mk 10 9 8 7 6 ,'CD· 4 3 2 1 0

go
Total Score~
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i--' 1.0 Introduction, 1
\,,--j

As part of ongoing relicensing efforts for Pacific Gas and Electric Company's (PG&E) Poe
Hydroelectric Project facilities (FERC No. 2107), annual benthic macroinvertebrate sampling
has been conducted since 1999 in sections of the North Fork Feather River (NFFR, Butte
County, CA) regulated by Poe Reservoir. During the fourth year of annual sampling in 2002,

. benthic samples were collected at three sites along the Poe Re~ch following a modified version
of the California Stream Bioassessment Procedure (CSBP). Characterizations of the quality of
benthic communities as indicators of overall water and habitat quality in reaches affected by
hydroelectric operations are part of larger stream ecology investigations required for FERC
relicensing. Results from the fourth year of benthic macroinvertebrate sampling conducted in
September and October 2002 are reported herein, including comparisons with previous study
years as well as with other NFFR reaches.

2.0 Methods

2.1 Site Selection

()
Sites for 2002 benthic sampling in the Poe Reach corresponded with those chosen in previol,ls
years (1999-2001). Sites were chosen based on the availability of riffles and adequate:taccess
(both ofwhich are uncommon on the North Fork Feather River). The three sites are as follows
(see Figure 1):

• . Poe Powerhouse - from 0.1 to 0.6 mile upstream of the Powerhouse Bridge
• Bardee's Bar - approximately 0.5 mile of riffle edgewater along the large bend below

Old Bardee's Bar Bridge
• Pulga - from 0.1 miles upstream of Pulga Bridge to just upstream of the Flea Valley

Creek confluence (approximately 0.5 mile)

2.2 Benthic Macroinvertebrate Sampling

Benthic macroinvertebrate sampling occurred between September 23 and 25, 2002. Per the
CSBP protocols, five riffle areas were identified at each site, of which three were selected at
random for sampling. Three composite samples were collected within each riffle area using a
Wildco 11.:by-20 inch stream bottom sampler with a 0.5 mmmesh and detachable bucket. Each
composite sample was collected over six square feet of substrate including the widest variety of
depths, velocities, and substrate sizes possible. Samples were elutriated and cleaned in the field,
placed in- jars, labeled, and preserved in-10-percentformalin{with rose-bengal dye). Three
replicate samples were collected at each site (i.e., three riffles per site) for a total of nine samples
in the Poe Reach.
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PERC No. 2107

1 Garcia and Associates
November 2003



0..5Figurel.
Project Area
Poe Reach Macroinvertebrates
Butte and Plumas counties, California
November 2003

o t

N

t\ CANDA



/\
I,) 2.3 Physical HabitatIWater Quality Sampling

Physical habitat and water quality at each site were described using the CSBP California
Bioassessment Worksheet. Physical/chemical parameters included riffle length, width, depth,
velocity, canopy cover, substrate complexity, embeddediless, substrate composition,substrate
consolidation, gradient, water temperature, and dissolved oxygen.

Physical habitat for each sampling reach also was assessed using the CSBP Physical Habitat
Quality Form. Habitat parameters included epifaunal substrate/available cover, embeddedness,
velocity/depth regimes, present, sediment deposition, channel flow status, channel alteration,
bank stability, vegetative protection, and riparian vegetative zone width. Copies of the CSBP
field worksheets and data forms are provided in Appendix A.

2.4 Data Analysis

All samples were processed and identified by Wayne Fields, Principal of HydrozQ,ology.
Standard CSBP laboratory methods for subsampling were used (e.g., grid trays). However, all
organisms were identified to the species level (beyond the CDFG Standard Effort). Morphotype
designations were used when exact species epithets could not be determined so that true species
richness and diversity could be calculated. A reference collection consisting of each species
encountered thus far on the Feather River has been established and will be curated indefinitely(:J by Hydrozoology. '

A 20 percent QAlQC check was completed by CDFG~s Aquatic Bioassessment Laboratory.

Taxonomic data were entered into a MS Access database and summary metrics for each replicate
sample were calculated. These metrics included standard CSBP metrics (richness, composition,
tolerance/intolerance, and functional feeding group measures), plus several others as defined in
Table 1. Tolerilllce values and functional feeding group classifications for benthic
macroinvertebrates were assigned using current CDFG designations.

Species diversity was calculated using the Shannon Index (the CSBP standard) as well a,s the
Brillouin Index (Brillouin 1962). The Brillouin/Index has been used to calculate diversity for this
project since 1999.

All metrics were calculated for each of the three replicate samples collected at each site as well
as averaged to obtain 'a mean metric value for each site. Statistical tests CANOVA, MANOVA,
etc.) were performed using the Minitab software package.
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Table 1. Biological metrics used to describe macroinvertebrate samples collected from the
Feather River following the California Stream Bioassessment Procedure (CSBP).

*Addluonal metrlcs calculated but not Included In the CSBP.

Biological Metrics Description ofMetrics Response to
Impairment

Richness Measures
Species Richness Total number of species Decrease
EPT Species Number of species in the orders Ephemeroptera (mayflies), Decrease

Plecoptera (stoneflies), and Trichoptera (caddisflies)
Ephemeroptera Number of mayfly species Decrease
Species
Plecoptera Species Number of stonefly species Decrease
Trichoptera Species Number of caddisfly species Decrease
Diptera Species Number of species in the order Diptera (true flies) Variable
Chironomid Species Number of species in the dipteran family Chironomidae Increase
Shannon Diversity General measure of sample diversity that incorporates Decrease

richness and evenness (In-based)
Shannon Evenness* Measure of how evenly species abundances are distributed Decrease
Brillouin Diversity* General measure of sample diversity that incorporates Decrease

richness and evenness (log2-based)
Est. Total # Indiv.* Estimated total number of individuals collected per sample Variable
Composition Measures
EPTIndex Percent composition of EPT species Decrease
Sensitive EPT Index Percent composition of EPT species with tolerance values 0- Decrease

3
% Baetidae Percent of organisms in the mayfly family Baetidae Increase
% Hydropsychidae Percent of organisms in the caddisfly family Hydropsychidae Increase
% Dominant taxon Percent of sample comprised of the most common taxon Increase
% Sub-dominant Percent of sample comprised of the second most common Increase
taxon taxon
Tolerance / Intolerance Measures
% Tolerant Percent of organisms that are highly tolerant of impairment Increase
Organisms as indicated by tolerance values of 8, 9, or 10
% Intolerant Percent of organisms that are highly intolerant of impairment Decrease
Organisms as indicated by tolerance values of 0, I, or 2
Weighted tolerance . Value between 0 and 10, weighted by abundances of Increase
value individuals designated as tolerant (higher values) or

intolerant (lower values) of impairment/pollution
Functional Feeding Groups
% Filterers Percent of macrobenthos that filters fine particulate matter Increase
% Scrapers Percent of macrobenthos that grazes upon periphyton Variable
% Collectors Percent of macrobenthos that collects or gathers fine Increase

particulate matter
% Shredders Percent of macrobenthos that shreds coarse particulate Decrease

matter
% Predators Percent of macrobenthos that feeds on other organisms Variable

..
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3.0 RESULTS

3.1 Benthic Macroinvertebrate Summary

Over 37,000_benthic macroinvertebrates were collected from the three sample sites in 2002. Of
these, 2,810 individuals were identified representing 42 families and 19 taxonomic orders.
Common taxa included the ubiquitous mayfly Baetis tricaudatus, blackfly larvae (Prosimulium
sp.), net-spinning caddisfly larvae (Hydropsyche californica, Chimarra utahensis,
Cheumatopsyche campyla, and Hydropsyche occidentalis), and the flatworm Dugesia tigrina. A
complete taxa list for all nine replicate samples is presented in Appendix B.

The results of the 20 percent QAJQC check completed by CDFG's Aquatic Bioassessment
Laboratory were consistent with Hydrozoology's taxonomy (Appendix C).

The average number of species for all samples was 37, including an average of 13 EPT* species.
Shannon Diversity averaged 2.57 and Brillouin Diversity averaged 3.46. The EPT index
averaged 63 percent (2% of which were sensitive EPT) and the dominant taxon comprised 30
percent of the average sample. Tolerant and intolerant organisms.comprised six and three percent.
of the average sample, respectively. The mean weighted tolerance value was 4.9 (indicating
IJ?oderate water quality). On average, filterers were the dominant functional feeding group
(51 %), followed by collectors (30%), predators (13%), scrapers (4%), and shredders (1 %).:

A summary of biological metrics for each site in 2002 is presented in Table 2. The dominant and
subdominant species for each replicate sample is listed in Appendix D. A summary of biological
lfletrics for each site based on the CDFG standard level of taxonomic effort (i.e., lessyr effort
than reported on here) is included in Appendix E for additional reference.

3.2 Physical HabitatIWater Quality Summary

Substrate was predominantly cobble and boulder at each site. Substrate complexity and
consolidation were variable (low-medium and loose-tight, respectively) but were generally
moderate. Average substrate composition was 44 percent cobble, 29 percent boulder, 22 percent
gravel, 3" percent fines, and zero percent bedrock. Stream gradient averaged 1.4 percent (range
0.5% - 3.0%). Average riffle width was 6.2 m (range 1.8 m - 24.4 m). Depth averaged 0.25 m
(range 0.15 m - 0.36 m) and velocity averaged· 0.44 rn/s (range 0.30 rn/s - > 1.0 rn/s). The mean
Physical Habitat Score was 147 out of a possible 200, and ranged from 132 to 156. Recorded
stream temperatures ranged from 16.5 to 19.5 0c. DissolVed oxygen ranged from 8.0 to 9.0
mg/L.

Asuriunafy of physicalhabitafano water quality parameters is presented i.nTable 3. Summary
data are based on the mean values for the three replicates collected at each site.

- -._- - _.-_.
) * EPT species includes those species in the orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and

--/ Trichoptera (caddisflies).
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Table 2. Summary of Biological Metrics from Annual CSBP Sampling: Poq Reach 2002

Richness Measures
Taxa Richness 45 42 33 34 33 34 40 34 35 40 34 36
EPTTaxa 17 14 12 16 11 14 14 11 12 14 14 12
Ephemeroptera Taxa 7 5 5 5 4 5 3 3 4 6 5 3
Plecoptera Taxa 2 1 1 1 2 1 1 2 2 1 1 2
Trichoptera Taxa 8 8 6 10 5 8 10 6 6 7 8 7
Diptera Taxa 9 14 II 10 11 9 12 15 11 11 10 13
Chironomid Taxa 5 9 5 5 7 4 7 10 6 6 5 8
Shannon Diversity 2.70 2.78 2.60 2.48 2.41 2.32 2,74 2.65 2.45 2.70 2.40 2.61
Brillouin Diversity 3.61 3.73 3.53 3.37 3.25 3.14 3.69 3.56 3.30 3.62 3.25 3.52
Shannon Evenness 0.71 0.74 0.74 0.70 0.69 0;66 0.74 0.75 0.69 0.73 0.68 0.73
Est-Total # Indiv. 3780 3780 7704 2696 7296 2696 2432 3264 3672 5088 4229 3123
Com osition Measures
EPT Index (%) 69.2 63.1 45.2 81.3 74.3 71.5 41.1 43.8 74.2 59.1 75.7 53.0
Sensitive EPT Index (%) 2.9 2.5 2.2 2.1 2.3 1.8 2.6 1.8 2.6 2.5 2.1 2.4
% Baetidae 35.9 27.7- 20.9 31.8 34.2 40.7 9.2 12.9 10.8 28.2 35.5 11.0
% Hydropsychidae 19.4 21.7 7.5 37.4 27.6 22.3 12.5 23.2 55.2 16.2 29.1 30.3
% Dominant taxon 34.0 26.8 20.2 27.6 32.6 38.9 25.3 28.3 33.0 27.0 33.0 28.9
% Sub-dominant taxon 13.0 14.3 19.6 19.9 16.1 13.9 14.8 12.5 18.6 15.7 16.6 15.3
% Insects 85.4 90.1 89.4 90.2 86.5 87.8 56.6 95.6 90.5 88.3 88.2 80.9
Tolerance / Intolerance Measures
% Tolerant Organisms 8.3 7.0 6.5 3.6 3.0 2.7 13.5 4.4 2.0 7.3 3.1 6.6

tolerant Organisms 4.1 3.2 3.1 3.0 2.6 2.1 2.6 2.6 2.6 3.5 2.6 2.6
eighted Tolerance value 5.2 5.1 4.8 4.9 4.9 5.0 4.9 4.5 4.6 5.0 4.9 4.7

Functional Feeding Groll S

% Filterers 37.5 50.0 62.3 49.3 45.7 40.9 36.5 67.6 65.0 49.9 45.3 56.4
% Scrapers 6.7 4.1 6.9 2.7 2.0 1.2 3.3 4.4 5.6 5.9 1.9 4.4
% Collectors 43.8 33.4 22.4 37.1 39.8 43.6 17.4 18.8 16.3 33.2 40.2 17.5
% Shredders 0.6 0.6 0.3 0.3 0.3 1.5 0.0 0.0 1.0 0.5 0.7 0.3
% Predators 9.2 8.6 7.5 8.9 10.9 12.2 40.1 7.4 11.8 8.4 10.6 19.7
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CJ Table 3. Summary of CSBP California Bioassessment Worksheet Physical Habitat / Water
Quality Measures: Poe Reach 2002

lPOEPH . BARDEE'S BAR PULGA
PHYSICAL HABITAT
elevation (m) 293 347 451

riffle length (m) 10.1 7.5 12.2

width (m) 7.7 2.6 8.4

depth (m) 0.26 0.25 0.24

velocity (mls) 0.66 0.20 0.46

%canopy 0.0 0.0 1.7

substrate complexity medium medium low

embeddedness (%) 6.7 5.0 10.0

substrate cOIiso1idation loose loose loose

fines (%) 3.3 3.3 3.3
gravel (%) 23.3 8.3 33.3

cobble (%) 483 45.0 40.0

boulder (%) 25.0 43.3 20.0
bedrock (%) , 0.0 0.0 0.0

percent gradient 1.7 1.8 0.8
physical hab qual score 154 132 156

WATER QUALITY
date 9/25/02 9/25/02 9/23/02

time 915 1200 1445
> '-" water temp (C) 16.5 16.5 19.5(,-)

DO (mg/l) 8.0 8.0 9.0

( )
"_.>"
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4.0 Discussion

The use of rapid bioassessment to evaluate macroinvertebrate communities can provide a
snapshot of biological, physical, and chemical conditions in a stream reach. However, it is
important to understand the spatial and temporal limitations of the methods and, ultimately, the
conclusions drawn from their results. This is especially true for the Feather River system where
sampleable riffle habitat is rare overall and the riffle areas· (or patches thereof) that are sampled
may be highly variable in tenns of habitat quality or substrate composition. Samples from these
reaches may encompass numerous uncontrolled sources of variation including those attributable
to influences of hydroelectric operations.

4.1 Rating Benthic Community Condition

Species richness and diversity are considered the most important measures of ecological
diversity because they describe the number of ecological niches available at a particular site as
well as how they are occupied (i.e., the distribution of species abundances or evenness). Based
on samples collected from various reaches of the Feather River between 1999 and 2001 (over
170 $amples), Fields (2001) suggests a scheme for classifying benthic invertebrate community
conditions in the Feather River system based on species richness and Brillouin diversity:

Table 4. Suggested Benthic Invertebrate Community Conditions Classification Scheme for the
Feather River (after Fields 2001)

Mean Species Richness Mean Brillouin Diversity Benthic Community Condition

<25 < 1.25 extremely poor

25 - 30 1.25 - 2.50 poor

31 - 35 2.51 - 3.00 fair

36 -40 3.01 - 3.50 moderate

41- 45 3.51 - 4.00 good

46 -50 4.01 -4.25 very good

>50 >4.25 excellent

This scheme provides a range of values by which current samples can be judged. Thus, mean
richness (37) and diversity (3.46) for 2002 Poe samples rate "moderate" overall.

4.2 Longitudinal Trends Within Regulated Reaches

Studies of regulated reaches of the NFFR upstream of the Poe Reach (GANDA 2003, Fields
2001) as well as other hydroelectric projects in California (see GANDA 2002) have
demonstrated that spatial variability tends to follow a distinct longitudinal pattern along
regulated reaches from dam to reservoir. Specifically, there is an overall increase in the
robustness of the benthic macroinvertebrate community as the heterogeneity of the stream
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(J environment increases with distance downstream of a dam. Increases in heterogeneity are
attributed to inputs from tributaries and groundwater along these reaches that provide cool water,
sediment, and allochthonous material.

Such increases in the Poe Reach were apparent in 2002, as richness and diversity generally
improved from "fair" to "moderate," and from "moderate" to "good," respectively (sensu Fields
'2001). However, these trends were somewhat obscured by anomalies at the Bardee's Bar site in
the middle of the reach. As expected, species richness and diversity averaged highest at the Poe
Powerhouse site at the bottom of the Poe Reach (see Figures 2 and 3). The Bardee's Bar site
followed this trend only for Taxa Richness, EPT Taxa, and the estimated number of individuals.
The Bardee's Bar site is comprised of patchy edgewater areas along the right bank of the large,
un-sampleable main channel. Richness and diversity have been consistently lowest at this site in
previous sampling years (2000-2001) as well. It is therefore not surprising that benthic
communities sampled at this site in 2002 were characterized by both lower richness measures
and higher variability as compared to other sites in the Poe Reach. It is likely that this variability
has masked other expected trends in richness, composition, tolerance/intolerance, and functional
feeding group measures within the Poe Reach for 2002 as well as for prior years.

One expected trend that was apparent within the Poe Reach was a steady increase in the mean
estimated density of macroinvertebrates per sample (Figure 4). Similar downstream increases in
macroinvertebrate density have been documented in other regulated systems (see GANDA
2002). ., .

(-j Upstream to downstream· differences within the Poe Reach were examined using anaJ,yses of
"-/ variance for species richness, Brillouin diversity, and estimated density of replicate samples from

the Pulga and Poe Powerhouse sites. Although differences between sites were greatest for
Brillouin diversity, species richness, and estimated density means, respectively, differences were
not significant in either univariate (ANOVA, P <0.05) or multivariate tests (MANGVA,.p <0.05)
using these response variables (see Appendix F).

Coefficients of Variation (CVs) for within-site and among-site comparisons are presented in
Appendix G.

4.3 Longitudinal Trends Among Regulated Reaches

While longitudinal' trends have been documented within various reaches of the NFFR, trends are
also evident among consecutive regulated reaches. The NFFR flows through the Rock Creek
Cresta Hydroelectric Project (PERC No. 1962) immediately upstream of the Poe Hydroelectric
Project. Bioassessment data collected from the Rock Creek and Cresta reaches during 2002 (see
GANDA 2003) reveal similar increases in benthic community robustness d()'I,\/nstreaIIl' It is

.interesting to note that consistent increa.ses are evident alnong these three consecutive reaches
(i.e., Rock Creek, Cresta, and Poe). Mean species richness, for example, increased consistently

.·from-Rock Creekto Cresta to -Poe, alongwithuEPTrichness-(Figure 5). Likewise,· mean diversity
in each reach increased successively (Figure 6). The mean percent dominant taxon also
improved (i.e., decreased} downstream. among these three reaches in 2002 (Figure 7), as did the
overall mean Weighted Tolerance Value (Figure 8). The mean number of intolerant organisms

Poe Reach (NFFR) 2002 Annual Benthic Sampling
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Figure 2. Richness Trends in the Poe Reach: 2002
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Figure 3. Diversity Trends in the Poe Reach: 2002
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Figure 4. Density Trends in the Poe Reach: 2002
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Figme 5. Ipcreasiilg Species Richness in Downstream Reaches of the North Fork Feather River: 2002
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Figure 6. Increasing Diversity in Downstream Reaches of the North Fork Feather River: 2002

2.70 ./

2.30

2.10 /

POE REACH
CRESTA
REACH

ROCI< CREEl<
REACH

2.50- .

3.10- /

3.50

1.90-

3.30- -

1.70-

ttl
'ii 2.90
E
ltl
l/}>.

:!::
l/}
"
CD
>:a
t:
ltl
CD
E

1.50

III Brillouin diversity D Shannon diversity.

Poe Reach (NFFR) 2002 Annual Benlhic Sampling
FERCNo.2107

14 Garcia and Associales
November 2003



o
,

Figure 7. Decreasing Dominance in Downstream Reaches of the North Fork Feather River: 2002
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·Figure 8. Improvement in Weighted Tolerance Values in Downstream Reaches of the North Fork Feather River: 2002
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also increased among these reaches (!figure 9). Additionally, the percent composition of
predators was higher in the Poe Reach than in the Rock Creek or Cresta reaches (Figure 10),
which generally indicates a more complex and robust benthic community in the downstream
reaches.

GANDA (2002) documented similar trends among consecutive reaches of the Pit River. These
trends were reset below each consecutive dam such that increases in the robustness of the benthic
community were evident both from top to bottom within a given reach, and from upstream to
downstream among various reaches. Based on 2002 bioassessment data, similar trends appear to
hold true for these reaches of the Feather River as well.

Upstream to downstream differences among the Rock Creek, Cresta, and Poe reaches were
examined using analyses of variance for species richness, Brillouin diversity, estimated density,
percent dominant taxon, weighted tolerance valu~e, and percent predators in replicate samples
collected from these reaches during 2002. In univariate tests, differences among reaches were
significant for Brillouin diversity, estimated density, and weighted tolerance value (ANOVA,
p<0.05). Differences among reaches were greatest for Brillouin diversity, weighted tolerance
value, and estimated density means, respectively. In multivariate tests, differences among
reaches were significant for species richness, Brillouin diversity, estimated density, percent
dominant taxon, weighted tolerance, and percent predators (MANOVA, P <0.05) using these
response variables (see Appendix F).

o 4.4 Comparisons with Previous Years (2002 vs. 1999-2001)

The Poe Reach has been sampled since 1999, although only one site, Pulga, was sampled that
year. Beginning in 2000, all three sites were sampled consistently in the Poe Reach.
Comparisons among sampling years, reveal rather variable metric values. No distinct trends
between years (either increasing or decreasing) were discemable in richness, composition,
tolerance/intolerance, or functional feeding group measures. Mean species richness and diversity
at the Pulga site are presented for all four sampling years in Figures 11 and 12. Richness and
diversity at the Poe Powerhouse and Bardee's Bar sites are presented for 2000-2002 in Figures
13 through 16. Complete summaries of biological metrics for the Poe Reach from previous
sampling years (1999-2001) are included in Appendix H for reference.

Differences among the four sampling years (1999-2002) were examined using analyses of
variance for species richness, Brillouin diversity, and estimated density of replicate samples
collected from the Pulga site (the only site sampled in all four years). In univariate tests,
differences among years were significant for only Brillouin diversity (ANOVA, p<0.05);
however, as discussed above, no distinct trend among years was discemable. In multivariate
tests~ no significaritdifferences among years were fouild(MANOVA,p<O.05) using these
response variables (see Appendix F).

Coefficients of Variation (CVs) for among-year comparisons are presented in Appendix G.
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Figure 9. Increasing Numbers of Intolerant Organisms in Downstream Reaches of the North Fork Feather River: 2002
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Figure 10. Increases in Predators in Downstream Reaches of the North Fork Feather River: 2002
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Figure 11. Variable Species Richness between Years in the Poe Reach: Pulga 1999-2002
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Figure 12.Vadable Diversity between Years in the Poe Reach Pulga 1999-2002
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Figure 13. Variable Species Richness between Years in the Poe Reach: Poe PH 2000-2002
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Figure 14.· Variable Dive~'sity between Years in the Poe Reach: Poe PH 2000-2002
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Figure 15. Variable Species Richness between Years in the Poe Reach: Bardee's Bar 2000-2002
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Figure 16. Variable Diversity between Years in the Poe Reach: Bardee's Bar 2000-2002
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5.0 Conclusions

The Poe Reach of the North Fork Feather River supports a diverse macroinvertebrate fauna
encompassing a variety. of biological conditions that rate between "fair" and "good" (sensu
Fields 2001). Although a general lack of sampleable riffle habitat constrains the standard
sampling approach to an extent, differences in the benthic communities within the Poe Reach, as
well as between the Poe Reach and the Cresta and Rock Creek reaches immediately upstream
were discernable using CSBP rapid bioassessment techniques as part of a fourth year of annual
benthic sampling in 2002. As in other regulated rivers managed for hydroelectricity in
California, this portion of the Feather River exhibits a trend toward increasing robustness of the
invertebrate community with increasing distance downstream of the dam. This general
improvement in benthic community conditions may be attributed to an overall increase in the
heterogeneity of the stream environment downstream, as unregulated tributaries provide
additional inputs of water; sediment, and allochthonous material to the main stem reach. fu
univariate and multivariate analyses of variance, upstream to downstream differences within the
Poe Reach were not significant, whereas upstream to downstream differences among the Rock
Creek, Cresta, and Poe reaches were significant. There were also no major differences among the
four sampling years (1999-2002) within the Poe Reach. '
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AQUATIC BIOASSESSMENTLABORATORY REVISION DATE -MAY, 1999

CALIFORNIA BIOASSESSMENT WORKSHEET()
WATERSHED/STREAM: __itJ-=-hl-;:-~_fZ______ DATEITIME: 092B02- //~I.f-
COMPANY/AGENCY: PG~e.- .' SA]vfPLEIDNO.(S): 1b~{;,
SITE DESCRIPTION: 0,:& HI a.6fWJ t-{lIJY 'M B("t~8"@' Prd5~ ~ o. 7 M, A~,

Bioassessment Laboratory Information:

·~.

SEND;A COpy OF THIS FORM TO: DFG - WPCL
(~-")"05 rimbus Rd. Rancho Cordova, Ca. 95670
\~,... 16):i~58-2858 FAX (916) 985-4301

Web Site: www.dfg.ca.gov/cabw/cabwhome.html
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---·"""".1.\,1

REVISION DATE.-.MA-Y,1999

PHYSICALIHABITAT QUALITY
California Stream Bioassessrnent Procedure

WATERSHED/STREAM: N P~R DATEITIME: 092302 )Nlt/S
COMPANY/AGENCY: JZ?€ i E SAl\t1PLEIDNO.(S):PoX4 //2.. 3>
SITE DESCRIPTION: ~I<T 0, '3 Mi dbtN€..HbJY '1f) 8fltJ.>t;£ @, Pul.6A. J'b ~!i ";';k:..d1J~

Circle the appropriate/score for all 20 habitat parameters. Record the total sCOre on front page of the CBW)

Habitat
Condition Category

Parameter Optimal I Suboptimnl Marginal Poor

.. Greater than 70% of 140-70% mix ofsoble 20-40% mix ofsoble Less th:m 2('% soble
..1. Epifaunal substrate favorable for habitat; wen-suited for habitat; habitat habitat: lack of habitat is
, Substrate! epifaunal colonization full colonization availability less than obvious: substr:lle
:AvaHabJe Cover and fish cover; mix of potential; adequate desirable; substrate unstable or lacking.

snags. submerged logs. habitat for maintenance frequently disturbed or .
undercut banks. cobble ofpopulations; presence removed.
or other stable habitat of additional substrate in

. and at sta!1:e to allow full the form of newfall. but
colonization potential nOl yet prepared for
(i.e.• logs/snags that are colonization (may rate at

"
not new fall and not high end ofscale). ~

transient). - ~....~.,

'SCORE /7 20 19 18 <i.V 16 15 14 13 12 II 10 9 8 7 6, <'5-':'~: 4 3 2 ' I 0
;;

Gravel. cobble. and Gravel, cobble, and Gravel. cobble. and Gravel, cobble. andc:
~ 2. Embeddedness boulder particles are 0- boulder.particles are 25- boulder particles are 50- boulder particles are
~ 25% surrounded by fine 50% surrounded by fine 75% surrounded by fine more than 75%

sediment. Layering of sediment. sediment. surrounded by fine
cobble provides diversity sediment.

co ofniche space. ,
'".- SCORE /(p 20 1.9 18 17 ® IS" 14- 13 12 II 10 9 8 7 6 5 4 3 2 I 0
0;

] All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated bv I -.. 3. Velocit)'lDeptb regimes present (slow- present (if fast-shallow is regimes present (if f:lSt- velocityl depth regime:.
~ Regime deep, slow-shallow, fast- missin5!, score lower shallow or slow-shallow (usually slow-deep).
~ deep, fast-shallow). than ifmissing other are missing, score low).
.E (Sow is < 03 mis, deep regimes).
!" , is>O.5m)
c;

20 @) '13 11~ 'SCORE J9 18 17 16 IS 14 12 10 9 & 7 6 5 4 3 2 1 0

f Little or no enlargement Some, new increase in Moderate deposition of Heavy deposits of fine..
4.'Sediment

.:.. of islands or point bars bar formation, mostly new gravel. sand or fine material, increased bar
Deposition and less than 5% «20% from gravel, sand or fine sediment on old and new development; more than

for low-gradient streams) sediment; bars; 30-50% (50-80% 50% (80% for low-
of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom
sediment deposition. 5!nldient) of the bottom bottom affected; changing frequently;

" affected; slight sediment deposits at pools almost absent due
deposition in pools.. obstructions, to substantial sediment

, " , - constrictions, and bends; deposition.
moderate deposition of
pools prevalent. >

I

/8 .i:9@SCORE 20 17 16 15 14 13 12 11 Jo. -
9_8~ _1_6_ ,5.. 4 3- 2 -1- -0-

------ -~ ------ .,-
Water reaches base of Water fills >75% bfthe Water fills 25-75% of Very little water in

'5. Channel Flow both lower banks, and available channel; or the available channel; channel and mostly
Status minimal amount of <25% of channel • and/or riffle substrates'·' . present asstan'ding ,.

- ; ,- ...

chanriel suostrate is substrate is exposed. are mostly exposed. pools.

, ,- exposed.

SCORE 1$ 20 19 18 17 16 .@ 14 . .13_ J2 - II 10 9--· ·8··· 7 6- 5- --·4 3 2' I 00 ,"

( )
'----/ '${o

- _._", . . _._'0_---·



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

f'vi-b,I_ a

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY, 1999

Habitat
Condition Category

Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usuaIly in areas extensive; embankments gabion or cement; over
Alteration ~inimal;stream with ofbridge abutments; or shoring structures 80% of the stream reach

normal pattern. evidence ofpast present on both banks; channelized and
channelization. i.e., and 40 to 80% ofstream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE /5 20 19 18 17 16 @ 14. 13 12 11 10 9· 8 7 6 5 4 3. 2 1 0

Occurrence ofriffles Occurrence ofriffIes Occasional riffle or Generally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shatlow riffles; poor
Riffles (or bends) ofdistance between between riffles divided provide some habitat; habitat; distance between

.riffles divided by width by the width of the distance between riffles riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream is a
(generally 5 to 7); IS. the stream is between IS ratio of>25.
variety ofhabitat is key. to 25.

"<i In streams where rimes= are continuous,~...

i
placement ofboulders or
other large. natural
obstruction is important

= SCORE /5 20 19 18 17 16 @)14 13 12 11 10 9 8 7 6 5 4 3 2 I 0' . ."

~ Banks stable; evidence Moderately stabl~; Moderately unstable; 30- Unstable; many eroded
0; 8. Bank StabiIin' oferosion or bank infrequent, small areas of 60% ofbank iri reach has' "areas; "raw" areas";l
0: (score each bank) failure absent or erosion mostly healed areCi$ oferosion; high frequent along straight;>
E minimal; little potential over. 5-30% ofbank in erosion'potential during sections and bends;
";l Note: determine left for future problems; reach has areas of floods. obvious bank sloughing;
~ or right side bv <5% of bank affected. erosion. 60-100% ofbank has
.E facing downstream erosional scars.
0:

scoRE/O (LB) Left Bank ® 0>- 9 8 7 6 5 4 3 2 1OJ

~ SCORE If) (RB) Right Bank@ . 9 8 7 6 5 4 3 2· 1 0.:
'" 70-90% of the 50-70% of the Less than 50% of the... More than 90% of theOJ

~
9. Vegetath'e streambank surfaces and streambank surfaces streambank surfaces streambank surfaces
Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;

f each bank) covered by native vegetatioI). but one class disruption obvious; disruption ofstreambank=.=- vegetation, including ofplants IS not well-·· patches ofbare soil or vegetation is very high;
trees, understory shrubs, represented; disruption closely.croppe~ vegetation has been
ornonwoody evident but nQt affecting vegetatlon COJ:1'ttl1On; less removed to
macrophytes; vegetative full plant gt'O",1h than one-half of the 5 centimeters or less in
disTt!ption throu.gh potential to any great . potential plant stubble average stubble height
grazmg or moWing extent; more than one- height remaining.
minimal or not evident; halfof the potential plant
almost all plants allowed stub~le.height
to grow naturally. remaInIng.

SCORE C? (LB) Left Bank 19 9 8 7 @ 5 4 3 2 I 0

SCORE ~ (RB) Right Bank 10 9 8 7. (6) 5 4 3 2 ] 0

Width of riparian zone Width ofriparian zone Width ofriparianione Width ofriparian zone
10. RipaJ;"ian >18 meters; ~l!man 12-18 meters; human . 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots, roadbeds, clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts, lawns, or crops)

SCORE£/. (LB)

have not impacted zone.

Left Bank 10 . 9 8 7 6 5 &! 3 2 I 0

I
SCORE 4 (RB). Right Bank 10. 9 8 7 6 5 (if) 3 2 I 0

8,6
Total Score 70
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CALIFORNIA DEPARTMENT OF FISHAND GAME
AQUATICBIOASSESS,MENT LABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION 15A.tE - MA Y,1999

()

PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WA,TERSHED/STREAM:: , /VPFR. , DATEITIME: 09ZS""'CJ2 i?'JO
COMPANY/AGENCY: 7:''; '( p SAMPLE ID NO.(S): BAR.l:eE. I; /3
SITE DESCRIPTION: I)£M i $..{f&,) -ro -29i( c(130t/~ (JL!j. BlQjx;:JE @ e..9Rl1££S BAR.. -/

Circle the appropriate score for all 20 habitat parameters. Record the total score on front page of tbe CBW)

Habitat
Condition Category

Parameter Optimal I Suboptimal Marginal Poor

Greater than 70% of 140-70% mix ofstable 20-40% mix ofstable Less th:m 2('% stable
1. Epifaunal substrate favorable for habitat; werI-suited for habirat; habitat habitat; lack of habitat is
Substrate! epifaunal colonization full colonization availability less than obvious; substr:lte
Available Cover and fish cover; mix of potential; adequate desirable; substrate unstable or lacking.

snags. submerged logs. habitat for maintenance frequently disturbed or
undercut b,mks. cobble of populations; presence removed.
or other stable habitat of additional substrate in

. and at stage to allow full the form of newfall, but
colonization pOtential not yet prepared for
(i.e.• logs/snags that are colonization (may rate at
not new fall and not high end of scale).
transient). -

SCORE 18 20 19 @ 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 " I 0
;:;
0: Gravel. cobble. and Gravel, cobble, and Gravel. cobble. and Gmvei';.cobble. and
~ 2. Embeddedness boufder panicles are 0- boulder particles are 25- boulder particles are 50- boulder particles are
~.Il

25% surrounded by fine 50% surrounded by fine 75% surrounded ,by fine more than 75%
sediment. Layering of sediment. sediment. surrounded by fine

- cobble provides diversity sediment.
0: ofniche space.'"

.,

/',/ 18 (i1- , .SCORE ", I 20 19 16 15' 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0..
]

3~ VelocitylDepth
All four velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by I

e; regimes present (slow- present (iffast-shallow is regimes present (if fast- velocity/ depth regime;... Regime deep, slow-shaJlow, fast- missing, score lower shallow or slow-shallow (usually slOW-deep).
j; deep, fast-shallow). than ifmissing other are missing, score low).
2 (Sow is < 0.3 nVs, deep regimes).
!" '. is>0.5m).. 1

@J 14C; SCORE 15 20 19 J8 17 16 J3 12 Jl 10 9 & 7 6 5 4 3 2 1 0

=;.
Little or no enlargement Some new increase in Moderate deposition of Heavy deposits of fine:. 4. Sediment of islands or point bars bar formation. mostly new gravel. sand or fine material, increased bar

Deposition and less than 5% «20% from gravel, sand or fini: sediment on old and new development; more than
for low-gradient streams) sediment; bars; 30-50% (50-80% 50% (80% for low-
of the bottom affected by 5-30% (20-50% for low- for low-gradient) of the gradient) of the bottom
sediment deposition. gradient) of the bottom bottom affected; changing frequently;

affected; sltght sediment deposits at pools almost absent due
deposition in pools. obstructions, to substantial sediment

. consoictions, and bends; deposition.
',.

moderate deposition of

~
pools prevalent.

I SCORE -29) - -fb --

4' 01:9- 18 17 16 15-14 -13-12 11 9 8 7 6 5 3 2 I

Water reaches base of Water fills >75% of the Water fills 25-75% of Very little water in
5. Channel Flow both lower banks, and available channel; or the available channel, . channel and mostly :

Status minimal amount of <25% of channel and/or riffle substrates present as standing
channel substrate is" substrate is exposed. are mostly exposed. pools.

a>
exposed.

SCORE 20 19 18 17 16 15 14 ···13 Ii 11 \I..§} 9 8 7 6 5 ,4 3 2 I 0
"

-------_..------_.-

- -- .-.-- - . -_.--_ ..---_ ..._--_.._---- ..



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENTLABORATORY

~I\IZ!iC~ 5' ?f..!L

WATER POLLUTION CONTROL LABORATORY
REVISION DATE -MAY,1999

Habitat
Condition Category

Parameter Optimal Suboptimal Marginal Poor

Channelization or Some channelization Channelization may be Banks shored with
6. Channel dredging absent or present, usually in areas extensive; embankments gabion or cement; over
Alteration minimal; stream with

~
ofbridge abutments; or shoring structures 80% of the stream reach

normal pattern. evidence ofpast present on both banks; channelized and
channelization, i.e., and 40 to 80% of stream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not

ZO
present.

SCORE 0019 18 17 16 IS 14. 13 12 11 10 9 . 8 7 6 5 4 3 2 1 0

Occurrence ofriffies Occurrence ofrifiles Occasional riffie or Generally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Rimes (or bends) . of distance 'between between riffles divided provide some habitat; habitat; distance between

riffies divided by width by the width of the distance between riffles riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream is a
(generally 5 to 7); 15. the stream is between IS ratio of>25.
variety ofhabitat is key. to 25.

1; In streams where riffles= are continuous,f:

i
placement ofboulders or
other large. natural
obstruction is important

= SCORE '8 20 19 18 17 16 15 14 13 12 11 10 9 ® 7 6 5 4 3 2 I 0'"
.E
~

Banks stable; evidence Moderately stable; Moderately unstable; 30- Unstable; many eroded

-= 8. Bank Stabilitv of erosion or bank infrequent, sma)) areas of 60% ofbank in reach has areas; "raw" areas
0: (score each bank) failure absent or erosion' mostly healed areas oferosion; high frequent along straight

.S:> minimal; little potential over. 5-30% ofbank in erosion potential during sections and bends;.=;
~

Note: determine left for future problems: reach has areas of floods. obvious bank sloughing;.. or right side by <5% ofbank affected. erosion. 60-100% ofbank has
¥ facing downstream. erosional scars...

SCORElo (LB) Left Bank (10 &> J 9 7 6 5 4 3 2 1 0......
SCORE.(Q(RB) Right Baqr(lO.::: 9 8 7 6 5 4 3 2· 1 0..=

'" More than 90% of the 70-90% of the 50-70% of the Less than 50% of the.....
~

9. Vegetative streambank sunaces and streambank surfaces streambank surfaces streambank surfaces.. Protection (score immediate riparian zone covered by native covered by vegetation; covered by Y.egetation;
:.. each bank) covered by native ve2etation, but one class disruption obvious; disruption,oi streambank= vegetation, including or'plants is not well- patches ofbare soil or vegetation is very high;=-

trees, understory shrubs, represented; disruption closely cropped vegetation has been
.or nonwoody evident but not affecting vegetation common; less removed to
macrophytes; vegetative full plant growth than one-half of the 5 centimeters or less in
disTt!ption throu,gh potential to any great potential plant stubble average stubble height.
grazmg or mowmg extent; more than one- height remaining.
minimal or not evident; half of the potential plant
almost all plants allowed stub~]e.height .'

SC~RE~ (L.B)

to grow naturally. remammg. ., ..,

Left Bank ]0 9 8 7 6 5 4 <..:Y'" 2 1 0

SCORE t:; (RB) RightBank 10 9 8 7. 6 (S) 4 3 2 1 0

Width ofriparian zone Width 'ofriparian zone Width ofriparian zone Width of riparian zone
10. Riparian > 18 meters; human 12·18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots, roadbeds, clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts, lawns, or crops)

have not impacted zone.

SCORE~(LB) Left Bank 10· 9 8 7 6 5 4 a 2 1 0

SCORE'> (RE) Right B:mk 10 <) 8 7 6 S 4 (3) 2 I 0

Total Score-----
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CIfLIFORNIA DEPARTMENTOF FISHAND GAME.
AQUATICBIQASSESSMENTLABORATORY~

WATER POLLUTION CONTROL LABORATORY
REVISION bATE ~MAY, 1999

(j PHYSICALIHABITAT QUALITY
California Stream Bioassessment Procedure

WATERSHED/STREAM: NF;::R... DATEITTh1E: CJ92roz/..9:I,J
COMPANY~AGENCY: '?@~ SAMPLE ID NO.(S): POE:.PI-i I I ~ 3:
SITE DESCRIPTION: Jp. 3'Mi .'()v(... f?be.:.R6 &~ to 0.'& ~t cJP~!1 •

Circle the appropriate score for all 20 habitat parameters. Record the total score on front page of the CBW)

Habitat
Parameter Optimal

Condition Category

I Suboptimal Marginal Poor

(i~ 14 13 12 II 10 9 8 7 6 5 4- 3 2 . 1 0

Gravel, cobble, -and Gravei, cobble. and Gravel. cobble. and
boulder particles are 25- boulder particles are 50- boulder particles :lre
50% surrounded by fine 75% surrounded by fine more than 75%
sediment. sediment. surrounded by fine

sediment,
,

15' 14 U 12 II 10 9 8 7' 6 5 4 3 2 I 0

20 19 18 17 (0.. 15 14 lJ 12 II

1
40-70% mix ofstable 20-40% mix ofstable
·habitat; wen-suited for habitat; habitat
full colonization availability less than
potential; adequate desil':lble; substr:lle
habitat for maintenance frequently disturbed or
ofpopulations; presence removed.
of additional substrate in
the form of newfall, but
nol yet prepared for
colonization (may rate at
high end of scale).

Less th:m 2('% stable
habitat: lack of habitat is
obvious; substrate
unst:lble or lacking.

5 4 3 2 I 0

Heavy deposits of fine
m:lterial, increased bar
development; more than
50% (80% for low
gradient) of the bottom
changing frequently;
pools almo'st absent due
to substantial sediment
deposition.

Dominated by 1
.velocity/ depth regime
(usually slow-deep).

7 . 6810 9

Only 2 .Qfthe 4 habitat·
regimes present (if fast
shallow or slow-shallow
are missing, score low).

Moderate deposition of
new gravel. sand or fine
sediment on old and new
bars; 30-50% (50-80%
for low-gradient) of the
bottom affected;
sediment deposits at
obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower
than ifmissing other
regimes).

Some new increase in
bar formation, mostly
from gravel, sand or fine
sediment;
5-30% (20-50"/0 for low
gradient) of the bottom
affected; slight
deposition in pools.

20 19 18 Ii 16

Greater than 70% of
substrate favorable for
epifaunal colonization
and fish cover; mix of
snags. submerged logs.
undercut banks. cobble
or other stable habitat
and at sta~e to allow full
colonization potenti:ll
(i.e., logs/snags that are
not new faIl and not
transient). -

Gravel. cobble. and
boulder particles are 0
25% surrounded by fine
sediment. Layering of
cobble provides diversity
ofniche space.

20 19 18 @ 16

All four velocity/depth
regimes present (slow
deep, slow-shallow, fast
deep, fast-shallow).
(Sow is < 0.3 mis, deep
is> 0.5 m.)

Little or no enlargement
of islands or point bars
and less than 5% (<20%
for low-gradient streams)
of the bottom affected by
sediment deposition.

SCORE Is

2. Embeddedness

SCORE It?

3. Velocit)"lDepth
Regime

). Epifaunal
·:Substratel
:Available Cover

SCORE IC,

4. Sediment
Deposition

0:..,

SGORE~~k- - ~O) 19 ~ 18 -IT-16-15 14 13 12 II 10 9 -.. 8 7 6 5 4/.'3 2 I 0

Water fills 25-75% of
thC available channel,
and/or rime substrates
are mos.tly exposed.

5; Channel Flow
Status - -~ L. -

~ SCORE /(j

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

20 . ·19 18 11

Water fills >15% of the
~ ..availablechannel;or

<25% of channel
substrate is exposed.

T6 IS 14 13 12 1I I@ 9 8 7 6

. Very little water in
-channel-and mostly

present as standing
pools. .-

5 ,4' '., 3 :2 1

. -

o

'78



CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATICBIOASSESSMENTLABORATORY

. \?o.;.. [:I(-/.
WATER POLLU110N CONTROL LABORATORY

REVISION DATE -MAY, 1999

Habitat
Condition Category

Parameter Optimal Suboptimal Marginlll Poor

Channelization or Some channelization Channelization may be Banks shored with.
6. Channel dredging absent or present, usually in areas extensive; embankments gabion or cement; over
Alteration minimal; strea~ with ofbridge abutments; or shoring structures 80% of the stream reach

normal pattern,.. evidence ofpast present on both banks; channelized and
channelization, i.e., and 40 to 80% ofstream disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.

SCORE :;& ;JOJ 19 18 17 16 15 14. 13 12 11 10 9 . 8 7 6 5 4 3 2 1 0

Occurrence ofriffles Occurrence ofriffles Occasional riffle or Generally all flat water
7. Frequency of relatively frequent; ratio infrequent; distance bend; bottom contours or shallow riffles; poor
Rimes (or bends) , ofdistance between between riffles divided provide some habitat; habitat; distance between

riffles divided by width by the width of the distance between rimes riffles divided by the
of the stream <7:1 stream is between 7 to divided by the width of width of the stream'is a
(generally 5 to 7); IS. the stream is between 15 ratio of>25.
variety ofhabitat is key. to 25.

" In streams where riffles
0:

are continuous,~

: placement ofboulders or
other large, natural

=: It
obstruction is important.

eo SCORE 20 19 18 17 16 15 14 13 12 <fi) 10 9 8 7 6 5 4 3 2 1 0II>

]
~

Banks stable; eVidence Moderately stable; Moderately unstable; 3D- Unstable; many eroded
"'::I 8. Bank Stabilitv of erosion or bank infrequent, small areas of 60% ofbank in reach has areas; "raw" areas
<': (score each bank) failure absent or erosion mostly healed areas of erosion; high frequent along straight
~

..Ei minimal; little potential over. 5-30% of bank in erosion potential during sections and bends;
"'::I Note: determine left for future problems: reach has areas of floods. obvious bank sloughing;
'" or right side by <5% of bank affected. erosion. 60-100% ofbank has'g facing downstream. erosional scars.
;:

SCORE It; (LB)~ Left Bank 10 9 8 7 6 5 4 3 2 1 0'"15 SCORE If) (RE) Right Bank 10 9 8 7 6 5 4 3 2· 1 0.:
'" More than 90% ofthe.. 70-90% ofthe 50-70% of the Less than 50% of the'"
~ 9. Vegetatin streambank surfaces and streambank surfaces streambank surfaces streambank surfaces
;: Protection (score immediate riparian zone covered by native covered by vegetation; covered by vegetation;.. each bank) covered by native vegetation, but one class disruption obvious; disruption ofstrearnbank
0:

=- vegetation, including ofplants is not well- patches ofbare soil or ve2etation is very high;
trees, understory shrubs, represented; disruption closely cropped vegetation has been
ornonwoody evident but not affecting vegetation common; less removed to
macrophytes: vegetative full plant growth than one-halfof the 5 centimeters or less in
diST1.!ption throu.gh potential to any great potential plant stubble average stubble height.
grazmg or mowtng extent; more than one- height remaining.
minimal or not evident; half of the potential plant
almost all plants allowed stub~le. height

SC~RE!.- (LB)

to grow naturally. remammg.

LefiBank 10 9 .. 8
..

(j) 6 05 4 3 2 I

SCORE 8 (RE) Right Bank 10 9 ® 7. 6 S 4 3 2 1 0

Width ofriparian zone Width ofriparian zone Width ofriparian zone Width of riparian zone
10. Riparian > 18 meters; human 12-18 meters; human 6-12 meters; human <6 meters: little or no
Vegetative Zone activities (i.e., parking activities have impacted activities have impacted riparian vegetation due
Width (score each lots, roadbeds, clear- zone only minimally. zone a great deal. to human activities.
bank riparian zone) cuts, lawns, or crops)

SCORE 5: (LB)

have not impacted zone.

LefiBank 10 . 9 8 7 6 (!) 4 3 2 I 0

I SCORE 5 (RE) Right B:mk 10 9 8 7 {; m 4 3 2 I 0

r:;8
Total Score 'ItA
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AppendixB:

. Poe Reach (NFFR) 2002 Species List
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POE REACH 2002 ANNUAL CSBP POE BARDEE'S BAR· PULGA TOTAL
PHYLUM CLASS, ORDER FAMILY GENUS SPECIES 1 2 3 1 2 3 1 2 3
Annelida Ollgochaeta Haplotaxida Haplolaxidae Haplo/axis gordioides 1 1
Annelida Ollgochaeta Tubificida Naididae Nais bicuspidalis 4 2 6
Annelida Oligochaeta Tubificlda Naididae Nais communislvariabilis 1 1
Annelida Oligochaeta Tubificlda Naididae Nais pardalis 1 1 2
Annelida Oligochaeta Tublficida Tublficidae Aulodrilus plurise/a 1 1
Annelida Oligochaeta Tublficida Tubificidae Spirosperma niko/skyi 3 3
Annelida Oligochaeta Lumbricina Lumbricidae Eisene//a /e/raedra 5 2 2 10 3 1 6 1 1 31
Annelida Oligochaeta Lumbriculida Lumbriculidae Ec/ipidri/us frigidus 3 1 1 1 6
Mollusca Gastropoda Basommatophora Ancylidae Ferrissia californica 1 1
Mollusca Gaslropoda Basommatophora Lymnaeidae Fossaria sp. 4 2 1 7
Mollusca Gastropoda Basommalophora Physidae Physa gyrina 1 6 1 8
Mollusca Gastropoda Basommatophora Planorbidae Mene/us sp. 1 1
Mollusca Gaslropoda Basommatophora Planorbidae Rhynchelmis ros/ra/a 3 7 4 6 1 3 24
Mollusca Pelecypoda Ven'eroida Corbiculidae Corbicula /Iuminea' 6 4 13 3 1 1 6 1 1 36
Mollusca Pelecypoda Venerolda Sphaeriidae Pisidium casertanum 1 1
Nematoda Rhabditia Cephalobidae Panagrolaimus sp. .1 1 2
Nematodmorpha Mermilhidae unidentified species 2 2 4
Nemertea Enopla Hoplonemertea Telraslemmatidae Pros/oma graecense 10 11 2 5 4 4 28 6 2 72
Platyhelminthes Turbellaria Tricladida Planarildae Dugesia Iigrina 9 5 11 10 22 27 '77 1 15 177
Arthropoda Arachnida Acari Hygrobatidae Hygroba/es sp. 2 3 3 8
Arthropoda Arachnida Acari Lebertiidae Lebertia sp. 1 1 2
Arthropoda Arachnida Acar; Sperchontidae Sperchon sp.A .1 1 1 2 5
Arthropoda Insecla: Ephemeroplera Baelldae Acen/rella insignificans 5 3 1 5 5 5 24
Arthropoda Insecla: Eph'emeroplera Baetidae Acen/rella /urbida 9 1 1 1 2 . 14

Arthropoda Insecta' Ephemeroplera Baetidae Baelis magnus 1 1 2
Arthropoda , Insecla Eph'emeroplera Baetidae Baelis /ricauda/us 107 84 65 93 99 131 27 34 31 671
Arthropoda Insecla' Eph'emeroplera EphemerelJldae Serra/ella m/cheneri 1 1
Arthropoda Insecla: Eph'emeroplera Heplagenlldae Epeorus albertae 2 1 1 1 1 1 7
Arthropoda Insecla' Eph'emeroplera Isonychlldae /sonychia velma 4 5 3 1 3 5 4 3 1 29
Arthropoda Insecta Eph'emeroplera Leplohyphidae Asioplax edmundsi 2 1 3
Arthropoda Insecla Eph'emeroplera Leptophlebildae Paralep/ophlebia sp. B 1 1
Arthropoda Insecta, Odonata Coenagrionidae Argia lugens 1 1
Arthropoda Insecla Odonala Coenagrionidae Argia vivida 2 2 2 2 8
Arthropoda , Insecla' Plecoptera Perlidae Hesperoperla pacifica 1 1 1 1 1 1 6
Arthropoda Insecta' Plecoptera Perlodldae Isoperla sp. 1 3 2 1 4 11
Arthropoda Insecla l Plecoptera Perlodidae Skwa/a parallela 1 1 2
Arthropoda Insecta Megaloptera Corydalidae Coryda/us cognatus 1 1
Arthropoda Insecta Trichoplera Hydropsychidae Cheuma/opsyche campyla 12 10 10 32 16 12 14 22 57 185
Arthropoda Insecta: Trichoptera Hydropsychidae Cera/opsyche cockerelli 1 3 2 6
Arthiopoda Insecla' Trichoptera Hydropsychidae Hydropsyche californica 41 45 13 67 49 47 19 18 101 400---_.
Arthropoda Insecla' Trichoplera Hydropsychldae Hydropsyche occiden/a/is _8 13 1 26 19 13 5 21 11 117
Arthropoda Insecla; Trlchoplera Hydropllildae Hydroplila sp. A 3 1 1 5
Arthropoda Insecta', Trichoptera Hydroplilidae Hydrop/ila sp. B 2 1 3
Arthropoda Insecla, TricllOplera Hydroplilidae Hydroplila sp. C 1 1

Trichoptera
----

Arthropoda I Insecla Hydroplilidae Leuco/richia pic/ipes 5 2 6 2 1 1 6 4 27
Arthropoda Insecla, Trichoptera Hydroptilidae Ochro/richia sp. A 2 3 5
Arthropoda Insecla' Trlchoplera Hydroptilidae Ochro/richia sp. B 1 4 2 1 1 9
Arthropoda Insecla Trlchoptera Philopolamldae Chimarra u/ahensis 23 26 45 25 29 19 ~ 10 13 235
Arthropoda Insecla: Trlchoplera Rhyacophilidae Rhyacophila coloradensis - 1 1----
Arthropoda Insecla: Trichoplera Rhyacophilidae Rhyacophila hyalina/a group ---- 1 1
Arthropoda Insecla' Trichoplera Rhyacophilidae Rhyacophila malkini 1 2 1 2 1 7



Arthropoda Insecla Lepidoptera Pyralidae Pe/rophila sp. 1 1 3 5
Arthropoda Insecla Coleoplera Elmldae Oplioservus quadrimaculatus 2 2 1 1 2 2 10
Arthropoda Insecla Coleoptera Elmidae Ordobrevia nubifera 1 1 2
Arthropoda Insecla Coleoplera Elmldae Zaitzevia parvula 3 2 11 1 1 6 4 7 35
Arthropoda Insecla Coleoptera Psephenidae psephenus (alii 1 2 3
Arthropoda Insecla Coleoplera Pli/odaclylidae Slenocalus scu/el/aris 1 1 1 1 4
Arthropoda Insecla Diplera Blephariceridae Blepharicera sp. 2 1 2 1 1 7
Arthropoda Insecla Dlplera Chironomidae Rheo/any/aTllus sp.A 17 24 20 1 1 6 1 9 1 80
Arlhropoda Insecla Diplera Chironomldae Pol/has/ia sp. 1 2 3
Arthropoda Insecla Diplera Chlronomidae Cardiocladius sp. 1 4 5 9 2 a 5 11 9 54
Arthropoda Insecta Diplera Chlronomidae Cric%pus (Iavocinc/us 2 1 2 2 3 10
Arthropoda Insecla Diplera Chironomidae Cricotopus tremulus group sp. A 1 2 1 4 3 11
Arthropoda Insecla Diplera Chironomidae Crica/opus /remulus group sp. B 1 2 2 2 1 8
Arthropoda Insecla Dlplera Chironomidae Cricotopus /rifascia group sp. A 1 4 1 6
Arthropoda Insecla Diplera Chironomidae EukieHeriella sp. A 1 1 2 1 2 1 8
Arthropoda Insecla Diplera Chironomidae EukieHeriella sp. B 1 2 1 4
Arthropoda Insecla Diplera Chironomldae EukieHerlel/a sp. C 2 2 2 6
Arthropoda Insecla Diptera Chironomldae Thienemanniella sp. 1 1
Arthropoda Insecla Diplera Chironomidae Tve/enia sp. a 7 1 2 1 2 21
Arthropoda Insecta Dlplera Chlronomldae Tany/arsus sp.A 1 1
Arthropoda Insecta Diplera Empididae Hemerodromia sp. 2 1 3
Arthropoda Insecla Diplera Simuliidae Prosimulium sp. 5 14 63 2 15 25 11 77 6 218
Arthropoda Insecta Diptera Simuliidae Simulium arcticum 1 4 5
Arthropoda Insecta Dlplera Simuliidae Simulium piperi 4 1 2 7
Arthropoda Insecla Dlplera Simuliidae Simulium tuberosum 2 1 3
Arthropoda Insecla Diplera Simuliidae Simulium virga/um 7 6 5 1 17 4 40
Arthropoda Insecla Dlplera Simuliidae Simulium villa/um 14 20 a 1 2 4 49
Arthropoda Insecta Diptera Psychoclidae MaTUina lanceola/a 1 1
Arthropoda Insecla Diplera Tlpulldae An/ocha sp. 5 3 1 2 2 1 3 6 23
TOTAL 315 314 321 337 304 337 304 272 306 2810
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Results of 20 % QAlQC Check of Taxonomy by CDFG Aquatic BioaSsessment
Laboratory
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Comparative Taxonomic Listing of all Submitted Samples

Samples submitted by Wayne Fields for Project: Wayne Fields-NFFR Fall 2002, reference date:
10/1/2002

Report prepared by Andrew Rehn, WPCL, 2/5/2003
Taxonomist Sample no. Vial no. Original ill Original Stage ABL ABL ID

Count Count
BB 1

1 Planariidae 10 10 Planariidae

2 Prostoma 5 5 Prostoma

3 Naididae 1 1 Naididae

4 Lumbricidae 10 10 Lumbricidae

5 Lumbriculidae 3 3 Lumbriculidae

6 Sperchon 1 1 Sperchon

7 Corbicula 3 3 Corbicula

8 AcentreIIa 14 14 AcentreIIa

9 Baetis 93 93 Baetis

10 Epeorus 1 1 Epeorus

11 Isonychia velma 1 1 Isonychia velma

12 Isoperla 3 3 Isoperla

13 .Cheumatopsyche 32 M l s-PLAC-a:>

13 Cheumatopsyche 32 31 Cheumatopsyche

14 Hydropsyche 94 r~.£~1Pih~~~ I-'t~~pu.~
':'Er.=~c::.':;:~:~':~.":"~.710 '. ::,.~...

14 Hydropsyche 94 94 Hydropsyche

15 Hydroptila 3 3 Hydroptila

16 Leucotrichia 6 6 Leucotrichia pictipes
pictipes

17 Chimarra 25 25 Chimarra

18 RhyacophiIa 2 2 Rhyacophila

19 Stenocolus 1 Stenocolus scutellaris
scutellaris

20 BIepharicera 1 1 BIepharicera

21 Orthocladiinae ·14 14 Orthocladiinae

22 Tanytarsini 1 1 Tanytarsini

23 I~f.f!·j~~~ii.~~:f' I-{ t'Eo tJ) W'Y1 ~,ta

24 Simulium 8 8 SiffiuIilim
25 Maruina lanceolata 1 1 Maruina lanceolata

Page 1 of 10



Taxonomist Sample no. Vial no. Original ill Original Stage ABL ABL In
Count Count

BB 1

26 Antocha 2 2 Antocha

Page 2 of 10
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Taxonomist Sample no. Vial no. Original ID Original Stage ABL ABLID
Count Count

LRC2

1 Planariidae 2 2 Planariidae

2 Prostoma 16 16 Prostoma

3 Haplotaxis 1 1 Haplotaxis

4 Naididae 11 11 Naididae

5 Lumbricidae 5 5 Lumbricidae

6 OcnerodriIidae 1 1 OIigochaeta

7 Lumbriculidae 1 1 LumbricuIidae

8 Hygrobates 1 1 Hygrobates .

9 Lebertia 2 2 Lebertia

10 Sperchon 2 2 Sperchon

-ll Torrenticola 2 2 Torrenticola

12 Ferrissia 3 3 Ferrissia

13 Corbicula 16 16 CorbicuIa

14 Acentrella 29 29 Acentrella

15 Baetis 52 52 Baetis

16 Camelobaetidius 1 Camelobaetidius

17 Epeorus 1 1 Epeorus

18 Argia 1 1 Argia

19 Calineuria 1 1 Calineuria caIifornica
caIifornica

20 Isoperla 3 3 Isoperla

21 Cheumatopsyche 59 59 Cheumatopsyche

22 Hydropsyche 41 41 Hydropsyche

23 Hydroptila 3 3 HydroptiIa

24 Chimarra 7 7 Chimarra

25 Petrophila 1 1 PetrophiIa

26 Diamesinae 2 2 Diamesinae

27 OrthocIadiinae 11 11 Orthocladiinae

28 Tanytarsini 5 5 Tanytarsini

29 Simulium 2 2 Simulium

30 Antocha 1 1 Antocha
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Taxonomist Sample no. Vial no. Original ID

Page 5 of 10

a
2 Planariidae

4 Prestoma

1 Nematoda

4 Naididae

2 Lumbricidae

2 Lumbriculidae

1 Acentrella

62 Baetis

1 Isonychia velma

1 HesperoperIa

3 Isoperla

7 Cheumatopsyche

50' Hydropsyche

1 Hydroptila

1 Ochrotrichia

10 Chimarra

1 Rhyacophila

2 Ordobrevia nubifera

1 Zaitzevia

1 Stenocolus scutellaris

1 Diamesinae

9 Orthocladiinae

2 Tanytarsini

1 Hemerodromia

107 Simulium

3 Antocha

a x

2

4

1

4

2

2

1

62

1

1

3

7

49

1

1

10

1

2

1

1

1

9

107

3

1

Original Stage ABL ABL ill
Count Count

Simulium

Antocha

Hemerodromia

25

26

27

MC1

1 Planariidae

2 Prostoma

3. Nematoda

4 Naididae

5 Lumbricidae

6 Lumbriculidae

7 Acentrella

8 Baetis

9 Isonychia velma

10 Hesperoperla

11 IsoperIa

12 Cheumatopsyche

13 Hydropsyche

14 Hydroptila

() 15 Ochrotrichia

16 Chimarra"----/

17 Rhyacophila

18 Ordobrevia
nubifera

19 Zaitzevia

20 Stenocolus
scutellaris

21 Diamesinae

22 Orthocladiinae

23 Tanytarsini



Taxonomist Sample no. Vial no. Original ID

NF2

Original Stage ABL ABL ID
Count Count

1 Planariidae 5

2 Prostoma 1

3 Nematoda 3

4 Lumbricidae 3

5 Sperchon 2

6 Acentrella 6

7 Baetis 43

8 Serratella 2

9 Epeorus 1

10 Isonychia velma 1

11 Calineuria 1
californica

12 Hesperoperla 1

13 Isoperla 1

14 Cheumatopsyche 19

15 Hydropsyche 63

15 Hydropsyche 63

16 Chimarra 16

17 Rhyacophila 1

18 Microcylloepus 1

19 Ordobrevia 1
nubifera

20 Zaitzevia 10

21 Blepharicera 1

22 Orthocladiinae 5

5 Planariidae

1 Prostoma

3 Nematoda

3 Lumbricidae

2 Sperchon

6 Acentrella

43 Baetis

2 Serratella

1 Epeorus

1 Isonychia velma

1 CaIineuria californica

1 Hesperoperla

1 Isoperla

19 Cheumatopsyche

58 Hydropsyche

16 Chimarra

1 Rhyacophila

1 Microcylloepus

1 Ordobrevia nubifera

10 Zaitzevia

1 Blepharicera

5 Orthocladiinae

24

25

Siinulium

Hemerodrornia

110

1

110 Simulium

1 Hemerodrornia
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Taxonomist Sample no. Vial no. Original ID Original Stage ABL ABLID(:J Count Count
POE PH 2

1 Planariidae 5 5 Planariidae

2 Prostorna 11 II Prostorna

3 Nematoda 2 2 Nematoda

4 Lumbricidae 2 2 Lumbricidae

5 Lumbriculidae 1 1 Lumbriculidae

6 Hygrobates 3 3 Hygrobates

7 Fossaria 2 2 Fossaria

8 Corbicula 4 4 Corbicula

9 Pisidium 1 1 Pisidium

10 Acentrella 3 3 Acentrella

II Baetis 84 84 Baetis

12 Epeorus 1 Epeorus

13 Isonychia velma 5 5 Isonychia velma

14 Asioplax 1 Asioplax

15 Argia 2 2 Argia

0 16 Hesperoperla 1 1 Hesperoperla

17 Cheumatopsyche 9 9 Cheumatopsyche

18 Hydropsyche 58 55 Hydropsyche

19 Leucotrichia 2 2 Leucotrichia pictipes
>Ri~tipes

20 Ochrotrichia 6 6 Ochrotrichia

21 Chimarra 26 26 Chimarra

22 Rhyacophila \ 1 1 Rhyacophila

23 Psephenus falli 2 2 Psephenus falli

24 Optioservus 2 2 Optioservus

25 Ordobrevia 1 1 Ordobrevia nubifera
nubifera

26 Zaitzevia 2 2 Zaitzevia

27 Blepharicera 1 1 Blepharicera .

28 Diamesinae 1 1 Diamesinae

29 OrthocIadiinae 18 18 OrthocIadiinae

30 Tanytarsini 24 24 Tanytatsini
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Taxonomist Sample no. Vial no. Original ill Original Stage ABL ABL ill
Count Count

POEPH2

32

33

Simulium

Antocha

15

3

15 Simulium

3 Antocha
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280 Simulium

1 Antocha

280

1Antocha

Simulium16

17

Taxonomist Sample no. Vial no. OriginalID Origiilal Stage ABL ABLID() Count Count
URC3

1 Prostoma 1 1 Prostoma

2 Tubificidae 2 2 Tubificidae

3 Lumbricidae 1 1 Lumbricidae

4 Lumbriculidae 1 1 Lumbriculidae

5 Corbicula 1 1 Corbicula

6 Acentrella 2 2 Acentrella

7 Baetis 26 26 Baetis

8 Argia 1 1 Argia

9 Cheumatopsyche 5 5 Cheumatopsyche

10 Hydropsyche 28 28 Hydropsyche

11 Leucotrichia 2 2 Leucotrichia pictipes
pictipes

12 Chimarra 3 3 Chimarra

13 Orthocladiinae 7 7 Orthocladiinae

14 Tanytarsini 1 1 Tanytarsini

o

)
'~
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Taxonomist Sample no. Vial no. Original ID Original Stage ABL ABL ID
Count Count

URC3
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Samples submitted by Wayne Fields for Project: Wayne Fields-NFFR Fall 2002, reference date: 10/1/2002
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L·t· fE t· D· U.IS mg 0 numera IOn Iscrepancles

Samples submitted by Wayne Fields for Project: Wayne Fields-NFFR Fa112002, reference date: 10/112002

Report prepared by Andrew Rehn, WPCL, 2/512003

# Counted DifferenceSample # Vial # Original In Original QC (Original- QC)
MiJ;lor Counting Discrepancies

BBI 14 Hydropsyche 94 96 -2
EB2 13 Cheumatopsyche 113 110 3
MCl 13 Hydropsyche 49 50 -1
NF2 15 Hydropsyche 63 61 2

23 Prosimulium 34 33 1
POEPH2 18 Hydropsyche 58 55 3

o

Page 1 of 1



( \ Summary of Taxonomic and Enumeration Discrepancies

____)amPles submitted by Wayne Fields for Project: Wayne Fields-NFFR Fall 2002, reference date: 10/1/2002

Report prepared by Andrew Rehn, WPCL, 2/5/2003

Taxonomic Discrepancies Counting Discrepancies

Taxonomic Precision
Relative to QC

Sample # Total Taxa DisputedID More precise Less Precise Maior Minor

f* n** f n f n f d*** f d

BB 1 25 1 2 1 2

EB2 27 1 1 1 3

LRC2 30 1 1

MC1 27 1 1

NF2 24 1 33 2 3

POEPH2 32 1 14 1 3

6JRC3 16 1 3

* t =the frequency of occurrence of the discrepancy, in number of samples

./*~~ n = the number of organisms affected (by QC Lab counts) .

( ) d =the sum total of (absolute value of) differences in counts
,~

"" .. "
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· Appendix D:

Dominant and Subdominant Species of Site Samples
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Dominant and Subdominant Species of Replicate Samples: Poe Reach 2002 Annual CSBP
SAMPLE Dominant Taxon Subdominant Taxon

species % composition species % composition
Poe PH 1 Baetis tricaudatus 34.0 Hydropsyche californica 13.0
Poe PH 2 Baetis tricaudatus 26.8 Hydropsyche californica 14.3
Poe PH 3 Baetis tricaudatus 20.2 Prosimulium sp. 19.6
Bardee's Bar 1 Baetis tricaudatus 27.6 Hydropsyche californica 19.9
Bardee's Bar 2 Baetis tricaudatus 32.6 Hvdropsvche californica 16.1
Bardee's Bar 3 Baetis tricaudatus 38.9 Hydropsvche californica 13.9
Pulga 1 Duaesia tiarina 25.3 Chimarra utahensis 14.8
Pulga 2 Prosimulium sp. 28.3 BaeUs tricaudatus 12.5 .
Pulga 3 Hvdropsvche californica 33.0 Cheumatopsvche campvIa 18.6
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AppendixE:

Summary of 2002 Biological Metrics based on CDFG Standard Effort: Poe
Reach (NFFR)
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Bardee's Bardee's Bardee's Bardee's

~2002 CSBP: Poe (SId Eft) Poe PH 1 Poe PH 2 Poe PH 3 Bar 1 Bar2 Bar 3 Pulga 1 Pulga 2 Pulga 3 Poe PH Bar Pulga
Richness Measures
Taxa Richness 38 34 28 29 26 27 32 26 29 33 27 29
EPTTaxa 14 11 11 14 10 12 12 10 11 12 12 11
Ephemerootera Taxa 6 4 5 5 4 4 3 3 4 5 4 3
Plecootera Taxa 2 1 1 1 2 1 1 2 2 1 1 2
Trichoptera Taxa 6 6 5 8 4 7 8 5 5 6 6 6
Diptera Taxa 8 11 8 9 9 6 9 10 9 9 8 9
Chironomid:Taxa 4 7 4 4 5 3 6 7 5 5 4 6
Shannon Diversitv

,
2.55 2.61 2.48 2.27 2.20 2.17 2.60 2.45 2.28 2.55 2.21 2.44

Brillouin Diversity n/a n1a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Shannon Evenness 0.70 0.74 0.74 0.68 0.68 0.66 0.75 0.75 0.68 0.73 0.67 0.73
Est. Total #'Indiv. , 3780 3780 7704 2696 7296 2696 2432 3264 3672 5088 4229 3123
Composition Measures
EPT Index (%) 69.4 63.1 45.5 81.3 74.3 71.4 41.1 43.8 74.2 59.3 75.7 53.0 Fi!lFi.",,62.
Sensitive EpT Index (%) 10.3 10.9 16.3 9.5 11.8 7.4 17.4 5.5 6.9 12.5 9.6 9.9 ;;i!~:;;~10.

% Baetidae 36.5 27.9 21.0 31.8 34.2 40.8 9.2 12.9 10.8 28.4 35.6 11.0 .···~25.

% Hvdroosvchidae 19.7 21.8 7.5 37.4 27.6 22.3 12.5 23.2 55.2 16.3 29.1 30.3 ,,,,'(JJI!X25.
% Dominant taxon 34.5 26.9 20.4 27.6 32.6 39.0 25.3 28.3 36.6 27.3 33.1 30.1 30.
% Sub-dominant taxon 15.8 18.6 19.7 27.6 22.4 17.9 14.8 14.3 18.6 18.0 22.6 15.9 - 18.
% Insects 85.5 90.4 89.3 90.2 86.5 87.8 56.6 95.6 90.5 88.4 88.2 80.9 %""" 85
Tolerance / Intolerance Measures
% Tolerant Organisms 7.4 4.5 6.6 6.2 5.9 3.0 9.9 3.7 3.9 6.2 5.0 5.8 •% Intolerant Organisms 3.9 3.2 3.1 3.0 2.6 2.1 2.6 2.6 2.6 3.4 2.6 2.6 2.
Weighted Tolerance value 5.0 4.7 4.6 4.9 4.8 4.9 4.3 4.4 4.6 4.8 4.9 4.4 ".<::t~/;61r4~ i~~>_i_:;~;:

Functiona/Feeding Groups ' I
% Filterers 38.1 50.0 62.4 49.3 45.7 41.1 36.5 67.6 65.0 50.1 45.4 56.4

Ii% Scrapers 6.5 4.2 6.9 2.7 2.0 1.2 3.3 4.4 5.6 5.8 1.9 4.4
% Collectors 44.2 34.0 22.6 37.1 40.5 44.6 17.4 18.8 17.3 33.6 40.7 17.8
% Shredders

,
0.3 0.0 0.3' 0.3 0.0 0.3 0.0 0.0 0.0 0.3 0.3 0.0

% Predators . 6.5 '5.8 6.6 7.4 9.2 11.0 30.9 5.1 11.1 6.3 9.2 15.7
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AppendixF:

Statistical Analyses of 2002 Biological Metrics:
Poe Reach (NFFR)



<J WITIDN Poe Reach Analysis:

The "WITHIN Poe Reach" analysis was performed to determine if there are significant differences between the
Pulga and Poe PH sites with regards to their taxa richness, Brillouin diversity, and estimated totals. First, a separate
analysis was run for each of the three response variables (taxa richness, Brillouin diversity, and estimated totals).
Please note there were not enough degrees of freedom to include the interaction term (Site x Sample) in the model.
Pulga and Poe PH were the only sites included in this analysis, so the p-value for "Site" is actually testing for any
difference between the two sites (Pulga and Poe PH). The factor "Sample" was included in the model to potentially
reduce the error variability, which in turn allows for easier detection of site differences.

By looking at the following output, you can see the p-value for 'Site' is greater than the significance level of 0.05 in
each analysis. Using taxa richness as the response variable generated a 'Site' p-value of 0.341, which indicates there
is no significant difference between the Pulga and Poe PH sites in regards to their taxa richness. Using Brillouin
diversity as the response variable generated a "Site" p-value of 0.378, which indicates there is no significant
difference between the Pulga and Poe PH sites in regards to their Brillouin diversity. Using estimated totals as the
response variable generated a 'Site' p-value of 0.205, which indicates there is no significant difference between the
Pulga and Poe PH sites in regards to their estimated totals.

General Linear Model: Taxa Richness versus Site, Sample

Analysis of Variance for Taxa Richness, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Site 1 20.17 20.17 20.17 1.53 0.341
Sample 2 72.33 72.33 36.17 2.75 0.267
Error 2 26.33 26.33 13.17
Total 5 118.83

General Linear Model: Brillouin Diversity versus Site, Sample

Analysis of Variance for Diversity, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Site 1 0.01707 0.01707 0.01707 1.26 0.378
Sample 2 0.07210 0.07210 0.03605 2.67 0.273
Error 2 0.02703 0.02703 0.01352
Total 5 0.11620

General Linear Model: Estimated Totals versus Site~ Sample

Analysis of Variance for Est. Totals, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Site 1 5793803 5793803 5793803 3.43 0.205
Sample 2 7687557 7687557 3843779 2.28 0.305
Error 2 3376389 3376389 1688195
Total 5 16857749

There is a school of thought that would suggest the inclusion of all response variables in one multivariate analysis to
accolliltfot potential correlafions aIIlong the-response variables, wilicn ca.Ilnofbe revealedoythe univaria.te analyses
given above. The following output was generated using taxa richness, Brillouin diversity, and estimated totals as the
response variables (dependent variables) and Site asthe factor (independentvariable). There werenot enough
degrees-offreedoni to i.nClude Sample or tne interaction term (Site x. Sample) in the-model. Again, Pulga and. Poe
PH were the only sites included in this analysis, so the p-values are actually testing for any difference between the
two sites (Pulg!l andPoe PH). Tl1,e p-vahles of Q,J05 indicate thereis 110 significant difference between the Pulga
and Poe PH sites in regards to their taxa richness, Brillouin diversity, and estimated totals. The output labeled
"Partial Correlations for the Error SSCP Matrix" can be used to assess how related the response variables are. These



are the correlations among the residuals or, equivalently, the correlations among the responses conditioned on the
model. Examine the off-diagonal elements (bold). The partial correlations between taxa richness and Brillouin
diversity of 0.51905 and between taxa richness and estimated totals of -0.94015 and between Brillouin diversity and
estimated totals of -0.57182 are relatively large. Because the correlation structure is moderate to strong, the
multivariate analysis does seem more appropriate than the univariate analyses, although the final conclusion was the
same either way (univariate or multivariate).

The output labeled "EIGEN Analysis for Site" can be used to assess how the response means differ between the
Pulga and Poe PH sites. Place the highest importance on the eigenvectors that correspond to high eigenvalues.
Eigenvectors corresponding to zero eigenvalues are meaningless. The highest absolute value (bold) within the
eigenvector is for the response Brillouin diversity. This implies that the Brillouin diversity means has the largest
difference between the Pulga and Poe PH sites. Taxa richness have the next largest difference between the Pulga
and Poe PH sites and the estimated totals means have very small differences between the Pulga and Poe PH sites.
This is found by looking at Eigenvector 1 corresponding to the only non-zero eigenvalue.

ANOVA: Taxa Richness, Brillouin Diversity, Estimated Totals versus Site

mMANOVA for Site

Criterion Test
Wilk's
Lawley-Hotelling
Pillai's
Roy's

Statistic
0.07098

13.08917
0.92902

13.08917

s = 1

F
8.726
8.726
8.726

0.5 n = 0.0

DF P
3, 2) 0.105
3, 2) 0.105
3, 2) 0.105

Partial Correlations for the Error SSCP Matrix

Taxa Ric Diversit Est. Tot
Taxa Ric 1. 00000 0.51905 -0.94015
Diversit 0.51905 1. 00000 -0.57182
Est. Tot -0.94015 -0.57182 1. 00000

EIGEN Analysis for Site

Eigenvalue 13.089 0.0000 0.0000
Proportion 1.000 0.0000 0.0000
Cumulative 1.000 1. 0000 1. 0000

Eigenvector 1 2 3
Taxa Ric 0.27808 0.098 O. 027
Diversit 1.32261 -3.367 1.402
Est. Tot 0.00091 0.000 -0.000



AMONG Reaches Analysis:

The "AMONG Reaches" analysis was performed to determine if there are significant differences among the Rock
Creek, Cresta, and Poe reaches with regards to their taxa richness, Br~llouin diversity, estimated totals, % dominant
taxon, weighted tolerance, and % predator. First, a separate analysis was r.un for each of the six response variables
(taxa richness, Brillouin diversity, estimated totals, % dominant taxon', weighted tolerance, and % predator). There
are three sites in the Rock Creek and Poe reaches and two sites in the Ci.·esta reach, which were used in this analysis.
The factors "Site within Reach" and "Sample" were included in the model to potentially reduce the error variability,
which in turn allows' for easier detection of reach differences.. The factor "Sample" was found to not contribute
significantly to the model and was therefore removed.

By looking at the following output, you can see the p-value for Reach is greater than the significance level of 0.05 in
the analyses using taxa richness, % dominant taxon, and % predator as the response variable. The p-value for Reach
is less than the significance level of 0.05 in the analyses using Brillouin diversity, estimated totals, and weighted
tolerance. Using taxa richness as the response variable generated a p-value of 0.517, which indicates there is no
significant difference among the reaches (Rock Creek, Cresta, and Poe) in regards to their taxa richness. Using
Brillouin diversity as the response variable generated a p-value of 0.041, which indicates there are significant
differences among the reaches in regards to their Brillouin diversity. The Tukey's multiple comparison test (MCT)
results ~how that the Poe reach has significantly higher Brillouin diversity compared to the Rock Creek reach.
Using estimated totals as the response variable generated a p-value of 0.023, which indicates there are significant
differences among the reaches in regards to their estimated totals. The Tukey's MCT results show that the Cresta
reach has significantly higher estimated totals compared to the Poe reach. Using % dominant taxon as the response
variable generated a p-value of 0.233, which indicates there is no significant difference among the reaches in regards
to their % dominant taxon. Using weighted tolerance as the response variable generated a p-value of 0.000, which
indicates there are significant differences among reaches in regards to their weighted tolerance. The Tukey's MCT
results show that the Rock Creek and Cresta reaches have significantly higher weighted tolerance compared. to the
Poe reach. Using % predators as the response variable generated a p-value of 0.120, which indicates there is no
significant difference among reaches in regards to their % predators.

General Linear'Model: Taxa Richness versus Reach, Site

Analysis of Variance for T~xa Richness, using Adjusted SS for Tests

Source DF Seq SS Ad' SS Adj MS F P. J
Reach 2 34.74 34.74 17.37 0.69 0.517
Site (Reach) 5 452.22 452.22 90.44 3.58 0.023
Error 16 404.00 404.00 25.25
Total 23 890.96

General Linear Model: Brillouin Diversity versus Reach, Site

Analysis of Variance for Diversity, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Reach 2 0.8842 0.8842 0.4421 3.91 0.041
Site (Reach) 5 3.3672 3.3672 0.6734 5.96 0.003
Error 16 1.8094 1.8094 0.1131
Total 23 6.0609

TUkey Simultaneous Tests
Response Variable Brillouin Diversity
All Pairwise Comparisons among Levels of Reach

Reach Cresta subtracted from:

Level
Reach

Difference
of Means

SE of
Difference T-Value

Adjusted
P-Value

~ - -~----~-~----~~~-~-~-~_._-----



Poe 0.35444 0.1772 1. 9998 0.1444
Rock Cre -0.06444 0.1772 -0.3636 0.9300

Reach = Poe subtracted from:

Level Difference SE of Adjusted
Reach of Means Difference T-Value P-Value
Rock Cre -0.4189 0.1585 -2.642 0.0444

General Linear Model: Estimated Totals versus Reach, Site

Analysis of Variance for Est. Tot, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Reach 2 33603195 33603195 16801597 4.84 0.023
Site (Reach) 5 46638163 46638163 9327633 2.69 0.060
Error 16 55580493 55580493 3473781
Total 23 135821851

Tukey Simultaneous Tests
Response Variable Estimated Totals
All Pairwise comparisons among Levels of Reach

Reach Cresta subtracted from:

Level
Reach
Poe
Rock Cre

Difference
of Means

-3017
-2194

SE of
Difference

982.3
982.3

T-Value
-3.072
-2.234

Adjusted
P-Value

0.0189
0.0957

Reach = Poe subtracted from:

Level
Reach
Rock Cre

Difference
of Means

823.3

SE of
Difference

878.6
T-Value

0.9371

Adjusted
P-Value

0.6255

General Linear Model: % Dominant Taxon versus Reach, Site

Analysis of Variance for Dam. Tax, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Reach 2 229.18 229.18 114.59 1. 60 0.233
Site (Reach) 5 1654.34 1654.34 330.87 4.61 0.009
Error 16 1148.47 1148.47 71.78
Total 23 3031. 99

General Linear Model: Weighted Tolerance versus Reach, Site

Analysis of Variance for Wgt. Tol, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Reach 2 1.61611 1.61611 0.80806 24.55 0.000
Site (Reach) 5 0.45722 0.45722 0.09144 2.78 0.054
Error 16 0.52667 0.52667 0.03292
Total 23 2.60000

Tukey Simultaneous Tests
Response Variable Weighted Tolerance
All Pairwise Comparisons among Levels of Reach

Reach = Cresta subtracted from:



"(~ Level Difference SE of Adjusted
Reach of Means Difference T-Value P-Value
Poe -0.4056 0.09562 -4.241 0.0017
Rock Cre 0.1833 0.09562 1.917 0.1660

Reach = Poe subtracted from:

Level Difference SE of Adjusted
Reach of .Means Difference T-Value P-Value
Rock Cre 0.5889 0.08553 6.885 0.0000

General Linear Model: % Predators versus Reach, Site

Analysis of Variance for % Predat, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Reach 2 202.38 202.38 101.19 2.43 0.120
Site (Reach) 5 360.73 360.73 72.15 1. 73 0.184
Error 16 666.22 666.22 41.64
Total 23 1229.33

. ,.-'",
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There is a school of thought that would suggest the inclusion of all response variables in one multivariate an~ysis to
account for potential correlations among the response variables, which cannot be revealed by the univariate analyses
given above. The following output was generated using taxa richness, Brillouin diversity, estimated totals, %
dominant taxon, weighted tolerance, and % predator as the response variables (dependent variables) and Reach and
Site(Reach) as the factors (independent variables). The p-values of 0.000 indicate there are significant differences
among the reaches in regards to their taxa richness, Brillouin diversity, estimated totals, % dominant-taxon,
weighted tolerance, and % predator. The output labeled "Partial Correlations for the Error SSCP Matrix" can be
used to assess how related the response variables are. These are the correlations among the residuals or,
equivalently, the correlations among the responses conditioned on the model. Examine the off-diagonal elements
(bold). The partial correlations vary between weak and strong. Because the correlation structure has at least one
strong correlation component, the multivariate analysis does seem more appropriate than the univariate analyses.
Although, there are always trade-offs, namely that the power of the test decreases as the number of response
variables increase. This does not seem to be a problem here though.

The output labeled "EIGEN Analysis for Reach" can be used to assess how the response means differ among the
reaches. The highest absolute values (bold) within these eigenvectors is for the response weighted tolerance. 'rhis
implies that the weighted tolerance means has the largest differences among the reaches. Brillouin diversity have
the next largest differences among the reaches and so on.

General Linear Model: Taxa Richness, Diversity, ... versus Reach, Site

MANOVA for Reach s = 2 m 1.5 n = 4.5

Criterion Test Statistic F DF P
Wilk's 0.05036 6.336 12, 22) 0.000
Lawley-Hotelling 9.34496 7.787 12, 20) 0.000
Pillai's 1. 42862 5.001 12, 24) 0.000
Roy's 8.18273

Partial Correlations for the Error SSCP Matrix

Taxa Ric Diversit Est. Tot Dam. Tax Wgt. Tal % Predat
Taxa Ric 1. 0-0000 0.59536 -Q.71890 ~().()2114 0.17139 0.35511
Diversit 0.59536 1. 00000 -0.56346 -0.72755 -0.28580 0.22493
Est. Tot -0.71890 -0.56346 1. 00000 0.08112 -0.07590 -0.17301
Dam. Tax -0.02114 -0.72755 0.08112' 1;00000 0.52615 -0;10323
Wgt. Tal 0.17139 -0.28580 -0.07590 0.52615 1.00000 0.45965



% Predat 0.35511 0.22493 -0.17301 -0.10323 0.45965 1.00000

EIGEN Analysis for Reach

Eigenvalue 8.1827 1.1622 0.00000 0.00000 0.00000 0.00000
Proportion 0.8756 0.1244 0.00000 0.00000 0.00000 0.00000
Cumulative 0.8756 1.0000 1. 00000 1.00000 1.00000 1. 00000

Eigenvector 1 2 3 4 5 6
Taxa Ric -0.028 0.061 -0.020 0.050 -0.043 0.036
Diversit 0.579 -0.032 0.274 -1.791 1. 050 0.240
Est. Tot -0.000 0.000 0.000 -0.000 0.000 -0.000
Dom. Tax . 0.037 -0.003 0.011 -0.063 -0.000 -0.000
Wgt. Tol -1.922 -0.317 0.253 -0.114 0.459 0.340
% Predat 0.037 -0.007 0.035 0.007 -0.004 -0.001



AMONG Years Analysis:

The "AMONG Years" analysis was performed to determine if there are significant differences among the years
1999, 2000, 2001, and 2002 at the Pulga site with regards to their taxa richness, Brillouin diversity, and estimated
totals. First, a separate analysis was run for each of the three response variables (taxa richness, Brillouin diversity,
and estimated totals). Again, the factor "Sample" was found to not contribute significantly to the model and was
therefore not included in the model.

By looking at the following output, you can see the p-value for Year is greater than the significance level of 0.05 .
when using taxa richness or estimated totals as the response variable, whereas the p-value for Year is less than the
significapce level of 0.05 when using Brillouin diversity. as the response variable. Using taxa richness as the
response variable generated a p-value of 0.271, which indicates there is no significant difference among the years
(1999 through 2002) in regards to their taxa richness. Using Brillouin diversity as the response variable generated a
p-value of 0.019, which indicates there are significant differences among the years in regards to their Brillouin
diversity. The Tukey's MeT results showed the year 2000 having significantly greater Brillouin diversity compared
to the years 1999 and 2002 at the Pulga site. Using estimated totals as the response variable generated a p-value of
0.170, which indicates there is no significant difference among the years in regards to their estimated totals.

General Linear Model: Taxa Richness versus Year

Analysis of Variance for Taxa Richness, using Adjusted SS for Tests

Source
Year
Error
Total

DF
3
8

11

seg SS
177.67
302.00
479.67

Adj SS
177.67
302.00

Adj MS
59.22
37.75

F P
1.57 0.271

General Linear Model: Brillouin Diversity versus Year

Analysis of , Variance for Diversit, using Adjusted SSfor Tests

Source
Year
Error
Total

DF
3
8

11

Seq SS
0.83313
0.36847
1.20160

Adj SS
0.83313
0.36847

Adj MS
0.27771
0.04606

F P
6.03 0.019

o

Tukey Simultaneous Tests
Response Variable Brillouin Diversity
All Pairwise comparisons among Levels of Year

Year = 1999 subtracted from:

T-Value
3.·4050
1. 6359

-0.3995

T-Value
-1. 769
-3.805

T-Value

Adjusted
P-Value

0.0376
0.4127
0.9770

Adjusted
'P-Value

0.3527
0.0217

Adjusted
P-Value



2002 -0.3567 0.1752 -2.035 0.2522

General Linear Model: Estimated Totals versus Year

Analysis of Variance for Estimated Totals, using Adjusted SS for Tests

Source
Year
Error
Total

DF
3
8

11

Seq SS
9198532

11309376
20507908

Adj SS
9198532

11309376

Adj MS
3066177
1413672

F P
2.17 0.170

There is a school of thought that would suggest the inclusion of all response variables in one multivariate analysis to
account for potential correlations among the response variables, which cannot be revealed by the univariate analyses
given above. The following output was generated using taxa richness, Brillouin diversity, and estimated totals as the
response variables (dependent variables) and Year as the factor (independent variable). Again, the Pulga site is the
only site included in this analysis. The p-values of 0.096, 0.123, and 0.087 indicate there are no significant
differences among the years (1999 through 2002) in regards to their taxa richness, Brillouin diversity, and estimated
totals. The output labeled "Partial Correlations for the Error SSCP Matrix" can be used to assess how related the
response variables are. These are the correlations among the residuals or, equivalently, the correlations among the
responses conditioned on the model. .Examine the off-diagonal elements (bold). The partial correlations between
taxa richness and Brillouin diversity of 0.78745 and between taxa richness and estimated totals of -0.21261 and
between Brillouin diversity and estimated totals of -0.35983 vary between weak and strong. Because the correlation
structure has at least one strong correlation component, the multivariate analysis does seem more appropriate than
the univariate analyses. The final conclusions based on the univariate analyses and the multivariate analysis are not
the same. The univariate analyses using taxa richness and estimated totals showed no significant differences among
the years, but the univariate analysis using Brillouin diversity did show significant differences among the years.
Now the multivariate analysis including all three responses shows no significant differences among the years. These
opposing conclusions can occur when the correlation of variables differs in its sign within and among groups. Thus,
more faith should be placed in the results of the multivariate analysis.

The output labeled "EIGEN Analysis for Year" can be used to assess how the response means differ among the
years. The highest absolute values (bold) within these eigenvectors is for the response Brillouin diversity. This
implies that the Brillouin diversity means have the largest differences among the years. Taxa richness have the next
largest differences among the years and the estimated totals means have very small differences among the years.

General Linear. Model: Taxa Richness, Diversity, Est. Totals versus Year

MANOVA for Year s 3 m = -0.5 n = 2.0

Criterion Test Statistic Approx F DF P
Wilk's 0.13020 2.149 9, 14) 0.096
Lawley-Hotelling 3.79723 1. 969 9, 14) 0.123
Pillai I s 1.27991 1. 984 9, 24) 0.087
Roy's 2.93741

Partial Correlations for the Error SSCP Matrix

Taxa Ric Diversit Est. Tot
Taxa Ric 1. 00000 0.78745 -0.21261
Diversit 0.78745 1.00000 -0.35983
Est. Tot -0.21261 -0.35983 1. 00000

EIGEN Analysis for Year

Eigenvalue
Proportion
Cumulative

2.9374
0.7736
0.7736

0.7366
0.1940
0.9675

0.12326
0.03246
1. 00000



'7) Eigenvector 1 2 3
Taxa Ric -0.04582 -0.01717 0.0803
Diversit 2.57496 0.60946 -0.9765
Est. Tot 0.00006 0.00031 0.0001

(J
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Appendix G:

Coefficients of Variation (CVs) for Within-Site, Among-Site, and Among
Year Comparisons





AppendixH:

Summary of 1999-2001 CSBP Metrics for the Poe Reach·



1999 CSB~: Poe Pulga 1 Pulga 2 Pulga 3 Pulga
Richness Measures I '-'.

Taxa Richness ' 38 33 36 35.7
EPTTaxa I 17 15 16 16.0
Ephemeroptera Taxa 5 5 5 5.0
Plecoptera Taxa 3 4 4 3.7
Trichoptera Taxa 9 6 7 7.3
Diptera Taxa i 11 11 12 11.3
Chironomid Taxa 7 8 8 7.7
Shannon Diversity 2.67 2.46 2.81 2.65
Brillouin Diversity 3.60 3.36 3.80 3.59
Shannon Evenness 0.74 0.70 0.79 0.74
Est. Total # Indiv.

•
7344 4440 3624 5136

Composition Measures
EPT Ind~x (%) , 79.7 79.7 68.9 76.1
Sensitive EPT Index (%) 9.2 4.9 4.6 6.2
%'Baetidae , 8.5 13.0 10.3 . 10.6 .
% Hydropsychidae 51.3 53.5 34.1 46.3
% Dominant taxon : 24.2 27.8 17.5 23.2
% Sub-dominant taxon 19.6 16.5 15.9 17.3
%,Insects 92.8 95.4 93.4 93.9
Tqlerance I Intolerance Measures
%Tolerant Organisms 5.2 A.3 6.3 5.3
%, Intolerant Organisms 8.8 4.6 5.0 6.1
Weighted Tolerance value 4.4 4.7 4.8 4.7
Functional Fee'ding Groups
%lFilterers 62.7 65.9 59.3 62.7
%:Scrapers 8.2 3.8 5.0 5.6
% Collectors I 1.8.0 23.0 21.2 20.7
% Shredders 0.0 0.0 0.0 0.0
% Predators 5.9 5.1 7.9 6.3

:

(J



Bardee's Bardee's Bardee's Bardee's
I;i;~2000 CSBP: Poe Poe PH 1 PoePH2 Poe PH 3 Bar1 Bar2 Bar3 Pulga 1
.,,,j

Pulga 2 Pulga 3 Poe PH Bar Pulga Ii.
Richness Measures
Taxa Richness 38 25 41 28 39 31 40 38 58 35 33 45
EPTTaxa 20 13 19 16 18 15 17 17 22 17 16 19
Ephemerootera Taxa 7 6 7 6 6 5 5 6 . 7 7 6 6
Plecoptera Taxa 3 2 2 5 4 3 2 4 5 2 4 4
Trichoptera Taxa 10 5 10 5 8 7 10 7 10 8 7 9
Diptera Taxa 6 4 9 6 10 8 11 10 18 6 8 13
Chironomid Taxa 5 1 6 4 7 4 9 7 14 4 5 10
Shannon Diversity 3.04 2.63 2.94 2.39 2.68 2.46 3.05 2.90 3.39 2.87 2.51 3.11
Brillouin Diversity 4.10 3.59 3.94 3.26 3.60 3.34 4.12 3.93 4.50 3.88 3.40 4.18
Shannon Evenness 0.84 0.82 0.79 0.72 0.73 0.72 0.83 0.80 0.83 0.82 0.72 0.82
Est. Total # Indiv. 1402 3432 2248 7968 1025 7416 2560 3972 2440 2361 5470 2991 l\ i:<360'7' ~;

Composition Measures
EPT Index (%) 61.6 50.0 70.5 83.4 75.6 77.3 55.6 66.2 63.6 60.7 78.8 61.8
Sensitive EPT Index (%) 3.8 8.4 3.6 9.9 5.0 6.8 4.1 8.8 7.2 5.2 7.3 6.7
% Baetidae 20.2 23.1 24.6 29.8 38.8 17.8 17.2 11.8 10.2 22.6 28.8 13.0
% Hvdropsvchidae 25.0 7.0 29.9 19.3 13.0 39.2 16.3 27.2 29.5 20.6 23.8 24.3
% Dominant taxon 13.4 18.2 17.4 25.9 28.1 23.3 14.1 16.6 11.8 16.3 25.8 14.2
% Sub-dominant taxon 11.0 15.0 15.7 23.5 15.7 17.5 13.1 12.4 10.2 13.9 18.9 11.9
% Insects 79.8 71.7 86.1 95.2 87.0 93.2 83.8 82.8 82.0 79.2 91.8 82.8
Tolerance / Ii/tolerance Measures
% Tolerant Oraanisms 11.0 6.3 9.6 3.0 7.0 1.0 6.6 2.4 7.9 9.0 3.7 5.6

In"... lY<:·~~

% Intolerant Organisms 6.5 8.4 6.0 9.9 5.4 6.8 6.3 9.4 8.5 7.0 7.4 8.0
WelQhted Tolerance value 4.9 4.7 4.8 4.5 5.0 4.6 5.1 4.5 4.7 4.8 4.7 4.7 .8 ~._

Functional Feedina Groups
% Filterers 36.6 41.3 43.8 52.1 35.8 62.5 43.4 51.7 47.2 40.6 50.1 47.4 r,AG- ~% Scrapers 11.3 6.3 9.6 8.4 6.0 5.2 5.0 4.5 10.2 9.1 6.5 6.6
%Col/ectors 30.5 26.9 32.0 30.1 44.5 21.0 35.3 22.7 27.5 29.8 31.9 28.5 0
% Shredders 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.3 0.0 0.1 0.2
% Predators 19.9 25.5 13.5 8.7 12.7 11.0 11.9 19.9 14.1 19.6 10.8 15.3 5
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1.0 INTRODUCTION

Pacific Gas and Electric Company's Poe Project (FERC License No. 2107) is located on the
North Fork Feather River (NFFR), near Pulga, California~ Water is diverted from the NFFR
at Poe Reservoir and transported through a tunnel and penstocks to Poe Powerhouse (PH),
approximately 7.6 miles downstream. The Poe Project is an integral part of the Licensee's
hydroelectric development in the NFFR drainage and is hydraulically coordinated with flow
from the Licensee's Upper NFFR Project (PERC 2105), Bucks Creek Project (FERC 619),
and the Rock Creek-Cresta Project (FERC 1962), as well as with flow from the NFFR and its
tributaries. During normal operations, the NFFR powerhouses are typically scheduled to. meet
load during peak periods when energy values are highest. During wet months, the
powerhouses are operated at full capacity to utilize available water and minimize spilling.
During periods with decreased flows, the powerhouses are operated primarily with water from
Licensee's main upstream storage reservoir, Lake Almanor.

The Poe Project is located on the west slope of the Sierra Nevada in northern California. The
Project area is entirely within Butte County, with Plumas County to the east and Tehama
County to the west. Portions of Plumas National Forest and Lassen National Forest occur
adjacent to or within the Poe Project area. Elevations in the Project range from approximately
900 ft (290 meters) at Big Bend Dam up to approximately 1,400 ft (450 meters) at Poe Dam.

1.1 Background

This report addresses the results of preliminary surveys for amphibians within the Poe Project
area, and an evaluation of the effects of test flows on foothill yellow-legged frogs (Rana
boylii) (pYLF) occurring along the NFFR. The initial survey efforts were directed towards
determining presence of amphibians in the Project area, and were not species-specific for
FYLF. However, based on the observed presence of FYLF along the NFFR. and in selected
tributaries, subsequent surveys and monitoring efforts were focused on FYLF. The FYLF is a
federal and state species of concern and is designated as sensitive by the U.S. Forest Service

. for Region 5.

Specific locations within the Project area included in this study were:

• NFFR in the vicinity of Flea Valley Creek (PVC),
• NFFR at Bardee's Bar,
• NFFR approximately %-mile upstream of Poe PH,
• NFFR at Poe PH,
• PVC,
• . MillCreek; and . -- .-

• Perennial UDDaIIled tributary tothe NFFR, downstream of Bardee's Bar.

( )
~ Pacific Gas & Electric Company

Poe Project Amphibmn study .
1 EA Engineering Science & Technology
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2.0 SPECIAL-STATUS SPECIES

2.1 Foothill Yellow-Legged Frog (Rana boylii)

Status: Federal
State
Forest Service

Species ofConcern
Protected/Species of Special Concern
Sensitive

Distribution: The FYLF occurs in the Coast Ranges from the Oregon border south to the
Transverse Mts. in Los Angeles Co., in most ofnorthern California west of the Sierra Cascade
crest, and'along the Coast Ranges north of Monterey. Livezey (1963) reported an isolated
population in San Joaquin Co. on the floor of the Central Valley. Its elevation range extends
from sea level to 5,000 ft or higher (1,548 m +) in the Sierras.

Habitat Requirements: The FYLF is found in or near rocky streams in a variety of habitats,
including valley-foothill hardwood, valley-foothill hardwood-conifer, valley-foothill riparian,
ponderosa pine, mixed conifer, coastal scrub, mixed chaparral, and wet meadow types. FYLF
require shallow, flowing water in small to moderate streams with some cobble-sized substrate.
This species has also been found in streams lacking a cobble or larger sized substrate (Fitch,
1938; Zweifel, 1955), but it is unknown if these habitats are regularly used (Hayes and
Jennings, 1988). FYLF require sunny and partly shaded banks for basking. Adults are
usually found in close proximity to water and prefer rime or cascade/pool areas with rocky
banks.

Adults often bask on exposed rock surfaces near streams. When disturbed, they dive into the
water and take refuge among stones, silt, or vegetation (Stebbins, 1985). During periods of
inactivity, especially during cold weather, individuals seek cover under rocks in streams or on
shore within a few meters of water. FYLF are infrequent or absent in habitats where
introduced aquatic predators (i.e., Centrarchid fish species, and bullfrogs) are present
(Jennings and Hayes, 1994).

Life History: Adult frogs are primarily diurnal and occupy horne ranges ofless than 33 ft (10
m) in diameter; however, adult frogs may move greater distances to breed. Frogs may be
active all year in the warmest localities, but may become inactive or hibernate in colder areas.
Significant seasonal movements or migrations from breeding areas have not been reported.
Nussbaum et aI. (1983) found frogs underground and beneath surface objects more than 50 m
(155 ft) from water in April. These frogs probably spend most of their time in or near streams
at all seasons.

Egg laying follows the period of high-flow discharge associated with winter rainfall and
snowmelt, usually between late March and early June (Storer, 1925; Grinnell et al., 1930;
Wright and Wright, 1949; unpubl. data). Females deposit eggs in clusters of 300-1,200
attached on the downstream side of cobbles and boulders over which a gentle flow of water
exists (Storer, 1925; Fitch, 1936; Zweifel, 1955). Eggs hatch in about 5-30 days (depending
on water temperature), and tadpoles metamorphose in 3 to 4 months. Tadpoles are
infrequently observed because they are cryptic against the substrates of rocky pools in which

Pacific Gas & Electric Company
Poe Project Amphibian Study

2 EA Engineering Science & Technology

04/02101
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they occur. Like all frogs, tadpoles are 'herbivorous (probably feeding on algae and diatoms)
and sWitch to carnivory after metamorpho'sis, Although no data are available regarding
longevity, two years are thought to be required to reach adult size (Storer, 1925). Adults prey
on terrestrial and aquatic insects, crustaceans and molluscs. The daily and seasonal movement
ecology and behavior of adult FYLF is essentially unknoWn.

The FYLF coexists with the Cascades frog and the red-legged frog at some localities, but
different microhabitat preferences likely diminish competition. Moyle (1973) implicated the
bullfrog in the observed reduction of FYLF populations in the Sierra. Centrarchid fishes
readily eat Ranid eggs (Werschkul and Christensen, 1977), and, where introduced into foothill
streams, may also contribute to the elimination ofFYLF.

2.1.1 Occurrence in the Project Area

In the Poe Project area, FYLF were initially observed on both Mill Creek and FVC during
electrofishing surveys in August 1999 (pacific Gas and Electric Company, 1999). Tadpoles,
juveniles, and adults were documented in both creeks. FYLF were also documented during
the spring and summer of 2000 at multiple locations along the NFFR within the Project area
(pers. Com., Stuart Moock, 2000; Craig Seltenrich, 2000). These locations are: 1) at the
mouth of Mill Creek, and downstream of the mouth of Mill Creek; 2) in the vicinity of the
mouth ofFVC, and downstream of the mouth ofFVC; 3) Bardee's Bar; 4) approximately ~
mile upstream of the Poe PH; and 5) adjacent to the Poe PH. Sightings at these locations
included tadpoles, metamorphs (transforming tadpoles), juveniles, subadults, and adults.

In April 2000, Ron Jackman of Garcia and Associates observed an adult FYLF at a stream
crossing along Bardee's Bar Road. During whitewater test flows in May 2000, Pacific Gas
and Electric Company biologists and kayakers observed FYLF tadpoles and adults along
portions of the NFFR. Surveys conducted by Craig Seltenrich of Pacific Gas and Electric
Company in June 2000 confirmed presence of adult and subadult FYLF on FVC. Additional
occurrences of FYLF have been reported on FVC (paul Kubicek, Pacific Gas and Electric
Company, 2000, personal communication; Stuart Moock, Pacific Gas and Electric Company,
2000, personal communication). These sightings were documented during fisheries surveys
on FVC, and included subadult and adult frogs. Juvenile, subadult, and adult FYLF were
observed again along the NFFR in October 2000. Surveys conducted pn December 8, 2000,
documented very few juvenile or subadult FYLF at sites along the NFFR. During the
December 2000 surveys, frogs were not observed anywhere on FVC. Both of these later
surveys were conducted by Craig Seltenrich (Senior'Aquatic Biologist, Pacific Gas and
Electric Company) and Alicia Pool (Wildlife Ecologist, EA Engineering).

Pacific Gas&Electric.Company.
Poe Project Amphibian Study
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3.0 METHODS

Preliminary surveys were conducted in August and September 2000 to detennine: presence,
general distribution, and approximate numbers and life stage of amphibians (especially
FYLF), at selected locations along the NFFR between Poe Dam and Poe Powerhouse; and in
several perennial tributaries. Survey sites and monitoring stations were chosen primarily
based on recent FYLF sightings along the NFFR, including observations obtained during
whitewater test flows conducted in May 2000. Additionally, some sites were included
because they were representative of the range and distribution of suitable habitat for FYLF
present within the Project area.

Tributaries surveyed within the Project area were not used for monitoring and evaluating the
potential effects oftest flows on amphibians along the NFFR.

3.1 NFFR Surveys

Initial amphibian surveys were conducted at several different locations along the NFFR where
FYLF had been observed during the summer of 2000. Visual encounter surveys were
conducted following basic survey techniques as described in Lind (1997). These surveys
were performed on August 30 and 31, and on September 1, 2000, by Craig Seltenrich and
Alicia Pool. The species targeted for this study was FYLF because of known occurrences
along the NFFR within the Project area. Based on the results of the initial surveys, the
following sites on the NFFR were chosen for monitoring the effects oftest flows on FYLF:

• Site 1 - the area around the mouth ofFVC,
• Site 2 - Bardee's Bar area,
• Site 3 - the swimmer's beach area approximately liz mile upstream ofPoe PH, and
• Site 4 - the side channel adjacent to Poe PH.

Aquatic habitat features, approximate numbers and distribution of FYLF observed, upland
habitat, and other important habitat parameters were collected at all sites along the NFFR.
During the initial site surveys along the NFFR, discreet stations (transects) were selected for
monitoring the effects of test flows based on presence of FYLF and habitat type. These
stations were selected for monitoring primarily because tadpoles, metamorphs, juveniles, and
adult FYLF had recently been observed at these locations. In addition, an attempt was made
to choose stations that represented the range of habitat types (Le., sand/gravel bar, cobble bar,
cobble/boulder bars, side channels and isolated pools, spring-fed pools, etc.) along the NFFR
that were occupied by FYLF tadpoles, juveniles, or adults. At least two monitoring stations
were chosen at each of the four sites. Habitat features and species information collected
during the initial surveys at the four river sites (all stations) was used as baseline for
monitoring and evaluating the potential effects oftest flows on amphibians along the NFFR.

Surveys were conducted by two surveyors walking in tandem through the habitat beginning at
either the upstream or downstream end of a transect. One surveyor walked along the edge of
the river and the other walked through the upper portion of the habitat. Surveyors visually
examined all available habitat along each transect, and randomly turned over cobble and
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boulders along the shoreline. Shallow water edge habitat was randomly searched for presence
of tadpoles, by moving cobble and boulders and algal mats. Infonnation obtained at each
station included: the shoreline location and linear distance surveyed; a description of the key
habitat features; and numbers ofFYLF observed .including life stage, and distribution (micro
habitat).

Monitoring the effects of test flows on FYLF, and on amphibian habitat along the NFFR, was
associated with Instream Flow Incremental Methodology (IFIM) studies conducted on
September 8, 9, and 10, 2000 (500 cfs for two days, and 250 cfs for one day). Monitoring
efforts were focused on evaluating the effects of test flows on tadpole, metamorph, and
juvenile FYLF and their habitat, since these life stages were present and the most likely to be
affected. Visual encounter surveys (including numbers of frogs observed and descriptions of
macro- and micro- habitat conditions) were conducted, and photographs were taken at each
station to document pre- test flow (baseline/existing) conditions, test flow conditions
(maximum 500 cubic feet/second [cfs]), and post- test flow conditions associated with
instream and side' channel amphibian habitat. Changes in FYLF habitat conditions and in the
numbers of frogs observed were documented at each station. One to two staff gauges were
installed at each of the four sites, depending on habitat variability, to evaluate changes in
water depth associated with the IFIM test flow.

3.2 Tributary Surveys

Preliminary amphibian surveys were also conducted in several tributary streams in the;Pmject
area where FYLF had been observed during the summer of 2000, or during previous
amphibian surveys (pacific Gas and Electric Company, 1999). Visual encounter surveys were
conducted following basic survey techniques as described in Crump and Scott (1994).. These
surveys were perfonned on August 30 and 31, and on September 7, 2000, by Craig Seltenrich
(Senior Aquatic Biologist, Pacific Gas and Electric Company), and Alicia Pool and Regina
Argo (Wildlife Ecologists, EA Engineering). FYLF" was the target species because of
documented previous occurrences; however, the surveys were not species-specific. The three
largest perennial tributaries within the Project area were selected to be surveyed: FVC, Mill
Creek, and an unnamed tributary located approximately II2-mile downstream ofBardee's Bar.

Visual encounter surveys were conducted along these three tributaries. Aquatic habitat
features, approximate numbers and distribution of frogs observed, upland habitat, and other
important parameters were collected. Surveys along FVC and Mill Creek began at the
confluence with the NFFR and extended approximately Yz-mile upstream. The survey along
the unnamed creek began at the railroad crossing above the NFFR and extended upstream
approximately ~ mile. Tributaries were surveyed by two surveyors walking slowly upstream
on opposite banks, using binoculars to scan at least 50-75 feet upstream for presence of adults,
subadults, and juveniles. While moving upstream, surveyors also examined appropriate
aquatic habitat for presence of tadpoles. All three tributaries were surveyed to document
occurrence and obtain macro- and microhabitat infonnation associated with juveniles,
subadults, and adults. During these surveys, data were collected on the following parameters
along the entire length of stream surveyed, as well as at locations where frogs were observed:
microhabitat features -such as stream gradient, substrate, and .flow; .instream aquatic habitat
type; percent overhanging vegetation and canopy cover; water temperature and turbidity;
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presence of fish; and upland habitat type. Photographs were taken along the tributaries where
there were distinct changes in habitat and at locations that exhibited representative habitat
features. In addition, photographs of captured frogs, and descriptions of dorsal and ventral
coloration were documented. When possible, frogs were captured and snout-vent lengths
(SVL) were recorded. Frogs were handled carefully, and precautions were taken to avoid
potential transference ofamphibian fungal infections between captured individuals.
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4.0 RESULTS

The following section describes amphibian habitats and numbers of FYLF observed in
selected tributaries, and at all monitoring stations along the NFFR prior to the test flow event.
Habitat changes observed at NFFR monitoring stations during and after the test flows are
described, including changes in the numbers ofFYLF observed. FYLF habitat as described in
this document pertains to all of the different types of habitat where FYLF were observed at
the nine monitoring stations along the NFFR.

At the time of year that the IFIM test flow and amphibian monitoring was conducted, three
life stages (metamorphs, juveniles, and subadults) of FYLF were observed along the NFFR.
Frogs were arbitrarily classified according to size (SVL); juveniles (up to 35 nun), subadults
(35-50 nun), and adults (50-70 nun). Juvenile frogs were the most abundant life stage present
at all of the stations, with far fewer metamorphs, and subadults. As a result, data collection
was focused towards evaluating the effects of the test flows on juveniles. However, when
metamorphs or subadults were observed, information on microhabitat use, distribution, and
approximate numbers was collected.

4.1 NFFR Habitat Descriptions and Monitoring Results Associated with the Test Flows

4.1.1 Site 1

Site 1 is located in the vicinity of the mouth of FVC, and includes three monitoring stations.
Station locations are shown in Figure 1.

4.1.1.1 Habitat Description and FYLF Occurrence Prior to the Test Flow

The following descriptions reflect habitat conditions observed during minimum instream
flows of 110 cfs, prior to the test flows.

• Station lA. Located along the right bank of the NFFR from the mouth of FVC upstream
approximately 500 ft.

Station lA includes several microhabitats. The bottom 60 ft consists primarily of cobble
deposited around the mouth of FVC. The moderately sloping cobble bar is sparsely vegetated·
with small clumps of herbaceous cover and scattered clumps of sedges along the shoreline.

Upstream of the cobble bar is a boulder/cobble shoreline approximately 110 ft long. The
riverbank is moderately sloping with some herbaceous riparian plants, sedges, and
overhanging willow and alder. There is also a permanent seep above the shoreline,
immediately up-river of FVC. Adjacent NFFR habitat along this section was primarily a
moderately deep, slow moving run. At the upper end of the boulder/cobble shoreline was a
backwater pool with a sand and boulder shoreline and some sedge clumps.

The area upstream of the backwater pool consisted of a low-relief cobble/boulder bar 330 ft
long ranging from' 10 ft wide at the downstream end to 125ft wide at the up stream end.o
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F·gure 1. Site 1: Flea Valley Creek Area



The middle and lower portions of the b~' had multiple flowing side channels. These.side
channels were shallow (4 - 6" deep) and narrow, and partially isolated from the main river
flow. The willow/side channel habitat extended from the backwater pool upstream to the top
of the adjacent NFFR high gradient riffle. Willow and sedge clumps provided dense canopy
and overhanging cover in the willow/side channel area. A staff gauge was installed at the top
ofthe willow/side channel habitat in about 4 inches ofwater.

The uppermost portion of Station IA, above the willow/side channel habitat, consisted of a
sparsely vegetated cobble/boulder area with interconnecting small channels and pools that
were isolated or partially isolated from the NFFR. There was little or no flow in this area, and
there were abundant exposed cobbles and boulders. Vegetation in this section consisted of
scattered sedge clumps. The adjacent mainstream habitat along the cobble/boulder area was
low gradient riffle.

Occurrence of FYLF within Station IA: Juvenile FYLF were found on dry and wet rocks,
wet soil, and in the water. When disturbed, FYLF escaped under vegetative cover or into
small pools taking refuge in crevices or in silt. The highest density of frogs occurred in the
willow/side channel habitat adjacent to the high gradient riflle. No fish were observed in
these side channels.

• Station IB. Located along the right bank of the NFFR from the mouth of FVC
downstream approximately 75 ft.

Station IB includes the lower portion of the cobble deposit (bar) at the mouth of fVC,
downstream approximately 75 ft to several large boulders. The primary substrate ofthe~bar is
cobble with scattered small boulders. There was a sparse vegetative cover of herbaceous
riparian plants along the edge of the NFFR. Adjacent NFFR habitat was a slow-moving run,
including a side pool at the base ofthe station.

Occurrence of FYLF within Station IB: Juvenile FYLF were found on and under cobble
along the shoreline.

• Station 1C. Located along the right bank of the NFFR from the downstream end of Site
IB to approximately 220 ft downstream.

Station 1C consisted of a cobble/boulder area approximately 220 ft long and 30 to 50ft wide.
A staff gauge was placed at the top of the station. Isolated and partially isolated pools and
side channels similar to the uppermost section of Station IA characterized this station. There
were abundant exposed rocks and dense patches of sedges with few willow saplings. This
station also included several elevated spring-fed pools isolated from the NFFR. One large
pool (about 7 ft long and lOft wide) and one small pool (about 3 ft long and 6 ft wide)
contained abundant algae. The _aver~ge depth of these elevated pools was approximately 4
inches. A small amount of vegetative cover, consisting of blackberry vines and overnangmg
willow, occurred around the pools. Adjacent NFFR habitat was a slow-moving run, including
a side pool atthe base ofthe station.

,

Occurrence of FYLF within Station IC: . Ihemajority of juvenile FYLF were observed in
isolated or partially isolated small pools basking on wet/moist surfaces such as wet or algae--(J
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covered rocks, moist soil at the base of sedge clumps, and in algal mats. FYLF metamorphs
and juveniles were also observed in the elevated spring-fed pools.

Life stage and numbers ofFYLF recorded at each station prior to the test flow are provided in
Table 1.

TABLE 1 SUM:MARY OF SURVEY RESULTS AT SITE 1 PRIOR TO THE TEST FLOWS

Date of
Station Survey FYLF Observations Location

lA 8/30/00 46 Juveniles (21-25 mm SVL) In willow side-ehannel habitat and along high gradient
rifile

lA 8/30/00 4 Metamolphs (hind legs only) Right bank NFFR in stranded pools, and along low
gradient riffle

Total Juveniles: 46 Total Metamorphs: 4 Total Adults: 0
1B 8/31/00 17 Juveniles (21-25 mm SVL) Found under cobble along wetted bank ofNFFR.
1B 8/31/00 8 Metamorohs (hind legs only) Found under cobble along wetted bank ofNFFR.

Total Juveniles: 17 Total Metamorphs: 8 Total Adults: 0
lC 8/31/00 6 Juveniles (23-25 nun SVL) Elevated spring-fed pool-80 it downstream of 2mvel bar
1C 8/31/00 2 Metamorohs Elevated soring-fed pool -80 it downstream ofgravel bar
1C 8/31/00 88 Juveniles (23-25 nun SVL) Boulder sedge habitat downstream ofelevated pool
1C 8/31/00 6 Metamorphs Boulder sedge habitat downstream ofelevated pool

Total Juveniles: 94 Total Metamorphs: 8 Total Adults: 0

4.1.1.2 Habitat Description and FYLF Occurrence During the Test Flows

During the highest test flow, visual encounter surveys were repeated and changes in habitat
were documented. The following station descriptions reflect changes in habitat conditions
observed during the SOO-cfs test flow.

• Station lA

The test flow inundated some of the herbaceous cover and sedge clumps along the shoreline in
the bottom 60 ft of the station and along the upstream cobble/boulder bar. Adjacent NFFR
habitat under test flow became a moderate- to fast-flowing deep run. The backwater pool at
the top of the boulder/cobble shoreline now had flowing water, and the sedge clumps around
the pool margin were inundated.

The willow/side channel habitat above the backwater pool was flooded. At 500 cfs, fonnerly
dry areas had isolated pools, and the willow/side channel habitat that previously had little flow
was completely inundated with a moderate to fast current. A few isolated side channel pools
were created. The staff gauge showed an increase in depth of 12 inches. Young willow
sprouts provided a relatively dense cover and partial canopy. The willow/side channel habitat
changed to primarily fast flowing water (1-1 'l"2 fls) with willow branches and scattered
boulders remaining as habitat.

The cobble/boulder area in the upper portion of the station had scattered boulders remaining
that were still above the water, but the total number of exposed boulders was significantly
reduced (70-80%). The area characterized previously by isolated pools and small channels
was reduced, and there was water flowing through the pools and channels.
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Occurrence ofFYLF within Station lA: No frogs were observed under cobble along the right
bank at the mouth ofFVC; only one large aquatic garter snake was observed along the NFFR..
The majority of frogs observed were in the uppermost portion of the station associated with
the cobble/boulder bar. Frogs in this area were found on exposed wet and dry rocks isolated
from shore, some up to 50 ft away from shore.

• Station IB

The ,primary change in this habitat during the test flow was higher water levels that inundated
the cobble deposit and some of the vegetation _on the bar. Water along the s,hore was
relatively calm. The side pool at the base of the station was slightly larger and had some flow,
but o-yerall was similar to conditions prior to the test flow.

Occurrence ofFYLF within Station IB: Frogs were observed along the edge of the water on
wet boulders and sand.

• Station Ie

The most prominent change in habitat at this station was associated with the shallow pools
that had little or no flow at 110 cfs. These previously calm or isolated pools were now
flowing channels, and the isolated pools became connected to the main river. Sedges
throughout much of the upper portion of boulder habitat were at or below the water line and
were laying flat. Water velocities through the boulder/sedge habitat were visually estimated
at -14 fls near the shoreline and 2~ fls at the outside edge of the habitat, which waslhow
closer to the center ofthe river. Very few exposed boulders remained at 500 cfs.

The bottom portion of Station 1C consisted of calm water along the shore and slow-moving
water through sedge Clumps, up to 15-20 ft from shore. Changes in this area were similar to
the upper section except the area influenced was not as wide. At 500 cfs, there were few
exposed boulders since most were now under water.

The staffgauge at the top of this station showed an increase of about 12 'inches in water depth.
The elevated spring-fed pools at the upper portion of the station were not inundated at 500 cfs.

Occurrence of FYLF within Station 1C: Some FYLF juveniles and metamorphs were
observed in the elevated spring-fed pools, but most frogs were found in the boulder/sedge
habitat. FYLF juveniles in the boulder/sedge habitat were found on vegetation (sedges and
willow saplings) that was inundated and laying flat. All FYLF obserVations were within 15 to
20 ft from shore. Frogs were observed on both wet and dry boulders as well as on sedges. No
frogs were foundin higher velocity areas away from shore. Chorus frogs (Pseudacris regil/a)
were more commonly observed during this survey (at this station), than on previous
occasions. Chorus frogs were found in sedges and at the top ofwillow saplings.

Life stage and numbers of FYLF recorded at each station during the 500-cfs test flow are
provided in Table 2.

(')
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TABLE 2 SUMMARY OF SURVEY RESULTS AT SITE 1DURING TIIE 500-CPS TEST FLOW
Date of

Station Survey FYLF Observations Location
lA 9/8/00 10 Juveniles (21-25 mm SVL) Right bank NFFR. along high gradient riffle
lA 9/8/00 12 Juveniles (21-25 m.m SVL) Right bank NFFR in stranded pools, and along low

gradient riffle
Total Juveniles: 22 Total Metamorphs: 0 Total Adults: 0

IB 9/8/00 8 Juveniles (21-25 m.m SVL) Along shoreline
Total Juveniles: 8 Total Metamorphs: 0 Total Adults: 0

lC 9/8/00 17 Juveniles (21-25 m.m SVL) Elevated sPring-fea pool -80 ft downstream of gravel bar
lC 9/8/00 1 Metamorph Elevated sPring-fed pool--80 ft downstream of gravel bar
lC 9/8/00 30 Juveniles (21-25 mm SVL) Boulder sedge habitat downstream of elevated pool,

habitat ranged from slow water along shore with
moderate to fast water offshore within the boulder/sedge
habitat.

Total Juveniles: 47 Total Metamorphs: 1 Total Adults: 0

4.1.1.3 Habitat Description and FYLF Occurrence Following the Test Flows

Following the test flows, instream flow releases were returned to pre-test flow conditions of
approximately 110 cfs. Visual encounter surveys were repeated and changes in habitat were
documented. The following station descriptions reflect changes in habitat conditions
observed following the test flows.

• Station lA

Habitat conditions were similar to those observed prior to the test flows. Some vegetation
along shore and in the willow/side channel habitat was flattened from test flow. The
backwater pool at the base of the willow/side channel habitat was calm, and the underwater
branches were still present. In the cobble/boulder habitat at the top of the station, numerous
exposed rocks were present along the shore wjth shallow pools, as observed prior to the test
flow.

Occurrence of FYLF within Station IA: From FVC upstream along the boulder/cobble
shoreline, frogs were found primarily on wet boulders and sediment (in the sun). In the
willow/side channel habitat, frogs were observed on wet rocks and earth, generally back from
the edge of the main river. In the cobble/boulder habitat at the top of the station, frogs were
observed in shallow areas along shore on boulders and sedges, and on other wet surfaces.
Most frogs were within 5 ft ofthe shore with few observed more than 10-12 ft from shore.

• Station IB

Habitat conditions were similar to those observed prior to the test flows. The deposits of silt
and algae were still present in the backwater pool at the bottom ofthe station.

Occurrence of FYLF within Station IB: Metamorphs were observed in the main channel.
backwater pool at the top of the habitat. Juvenile frogs were observed along the shoreline on
wet cobble or gravel substrate.
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• Station Ie
The cobble/boulder habitat returned to pre-test flow conditions of isolated and partially
isolated pools (with a slow current) and numerous exposed rocks. The sedges and willows
that had been inundated were still bent over, but there were no significant changes to
vegetation.

Occurrence of FYLF within Station 1C:. Numerous juveniles were found in the elevated
spring-fed pool. Juveniles were also observed in isolated pools in the boulder/sedge habitat
primarily within 15 ft ofthe shoreline. Most frogs were basking on wet rocks or mud.

Life stage and numbers ofFYLF recorded at each station following the test flows are provided
in Table 3.

TABLE 3 SUMMARY OF SURVEY RESULTS AT SITE 1 FOLLOWING THE lEST FLOWS.

Date of
Station Sunrey FYLF Obsenrations Location

IA 09/12/00 18 Juveniles (21-25 mm SVL) Cobble shoreline from FVC upstream to high gradient
riffle

IA 09/12/00 62 Juveniles (21-25 mm SVL) Right bank NFFR along high gradient riffle
IA 09/12/00 33 Juveniles (21-25 mm SVL) Right bank NFFR in stranded pools, and along low

gradient riffle
Total Juveniles: 113 Total Metamorphs: 0 Total Adults: 0

lB. 09/12/00 12 Juveniles (21-25 mm SVL) Along shoreline
lB 09/12/00 8 Metamorphs In backwater pool at bottom of station

Total Juveniles: 12 Total Metamorphs: 8 Total Adults: 0
IC 09/12/00 30 Juveniles (21-25 mm SVL) Elevated spring-fed pool-80 ft downstreantof gravel bar
IC 09/12/00 68 Juveniles (21-25 mm SVL) Boulder sedge habitat downstream of elevated pool
IC 09/12/00 9 Metamorphs Boulder sedge habitat downstream of elevated pool

Total Juveniles: 98 Total Metamorphs: 9 Total Adults: 0

4.1.2 Site 2

Site 2 is located in the vicinity ofBardee's Bar, and includes two monitoring stations. Station
locations are shown in Figure 2.

4.1.2.1 Habitat Description and FYLF Occurrence Prior to the Test Flows

The following descriptions reflect habitat conditions observed during minimum instream
flows of 110 cfs, prior to the test flows..

• Station 2A. Located on the cobble bar along the right bank of the NFFR from under the
railroad bridge to approximately 175 ft downstream.

Station 2A consists of the downstream portion of a large cobble/gravel bar. The bar is
approximately 200 ft wide and steeply sloping with sparse herbaceous vegetation. The
adjacent mainstream habitat consists of a large pool greater than 10 ft deep. The downstream
end of Station 2A was at the top ofa section oflarge boulders.
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Figure 2. Site 2: Bardee's Bar Area
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Occurrence ofFYLF withinStation 2A:'Juvenile FYLF were found alongJhe_shorelinegnor _
under wet cobble.

;:i , .. '

• Station 2B. Backwater pool and tail-out, and downstream. boulder/sedge habitat
(approximately 215 linear ft) located on the right bank ofthe NFFR approximately 200 ft
downstream. of Site 2A. .

Station 2B included a large right bank backwater pool surrounded primarily by boulders and
bedrock with some areas of exposed cobble and gravel. Herbaceous riparian plants,. sedge
clumps, and some willow surrounded the pool margin. The pool contained a moderate
amount of floating algae and numerous bass and several trout were observed. Water
temperature in the pool near the surface was 22° C. The pool was connected to the mam nver
by a narrow boulder/cobble tail-out. The pool tail-out was characterized by shallow (4-6
inches deep), standing water
with numerous exposed rocks. Downstream. ofthe pool tail-out, was a boulder/sedge habitat
with isolated and partially isolated pools. This area had abundant vegetative cover consisting
of sedges, willow, and grass.· There was no flowing water through the boulder/sedge habitat.
A staffgauge was installed in the boulder/sedge habitat just downstream ofthe pool tail-out.

Occurrence of FYLF within Station 2B: No frogs were found around the margin of the right
bank backwater pool. One juvenile and one subadult were observed in shallow water near the
tail-out ofthe pool.

Life stage and numbers ofFYLF recorded at each station prior to the test flows is proyided in
Table 4. ,';'/.'tr' -

TABLE 4. SUMMARY OF SURVEY RESULTS AT SITE 2 PRIOR TO '!'HE TEST FLOWS.
Date of

Station Sunre FYLF Obsenrations . . Location
2A 9/07/00 8 Juveniles (-23 mm SVL) Alon water's ed e on wet rocks

~~---i

Total Juveniles: ~ .Total Metamorphs: Q Total Adults: Q
2B 9/07/00 1 Juvenile Found near tail-out of the backwater pool in

boulder/sed e habitat
-----:-:-----1

2B. 9/07/00 I Subadult Found near tail-out of the backwater pool in
boulder/sed e habitat ---I

Total Juveniles: 1 Total Metamo hs: Q Total Subadults: 1

4.1.2.2 Habitat Description and FYLF Occurrence During the Test Flows

During the highest test flow, visual encounter surveys were repeated and changes in habitat
were documented. The following station descriptions reflect changes in habitat conditions
observed during the SOO-cfs test flow.

• Station 2A

The river level along the cobble bar was slightly higher at 500 cfs. There were no significant
changes in habitat at this station.

( ')
~
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Occurrence of FYLF at Station 2A: One juvenile FYLF was observed on cobble along the
shore.

• Station 2B

The water level in the backwater pool was slightly higher, inundating the vegetation around
the perimeter. Most of the algae present in the pool prior to the test flow was gone. Depth at
the pool tail-out increased to the same level of the main river, and there was a slight flow of
water out of pool. Most of the bedrock in the boulder/sedge habitat immediately downstream
of the tail-out was under water. There were few exposed rocks remaining, and the majority of
the vegetation was partially or completely inundat~d. The staffgauge showed a total increase
of23 inches in river height.

Occurrence ofFYLF within Station 2B: No frogs were observed at Station 2B during the test
flow.

Life stage and numbers of FYLF recorded at each station during the SOO-cfs test flow is
provided in Table 5.

TABLE 5 SUMMARY OF SURVEY RESULTS AT SITE 2 DURING THE SOO-CFS TEST FLOW
Date of

Station Survey FYLF Observations Location
2A 9/08/00 1 Juvenile Immediately downstream ofbridge - frog on cobble at

waterline
Total Juveniles: 1 Total Metamorphs: 0 Total Subadults/adults: 0

2B 9/08/00 0 No frogs found
Total Juveniles: 0 Total Metamorphs: 0 Total Subadults/adults: 0

4.1.2.3 Habitat Description and FYLF Occurrence Following the Test Flows

Following the test flows, instream flow releases were returned to pre-test flow conditions of
approximately 110 cfs. Visual encounter surveys were repeated and changes in habitat were
documented. The following station descriptions reflect changes in habitat conditions
observed following the test flows.

• Station 2A

Habitat conditions were similar to those observed prior to the test flows.

Occurrence of FYLF within Station 2A: Juvenile FYLF were found along the water on wet
sand, gravel, and rocks.

• Station 2B

Habitat conditions were similar to those observed prior to the test flows. Several bass were
again observed in the backwater pool. The pool tail-out and the boulder/sedge habitat
downstream of the tail-out were similar to pre-test flow conditions. Some vegetation was
flattened, but the majority was still erect. The staff gauge was missing and assumed washed
out during the test flow.
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Occurrence ofFYLF within Station 2B: One juvenile FYLF was observed along the margin of
the backwater pool. No other frogs were observed.

Life stage and numbers ofFYLF recorded at each station following the test flows are provided
in Table 6.

TABLE 6 SUMMARY OF SURVEY RESULTS AT SITE 2 FOLLOWlNG THE TEST FLOWS.
Date of

Station Survey FYLF Observations Location
2A . 9/12/00 8 Juveniles On wet sand, gravel and rocks along shoreline

Total Juveniles: 8 Total Subadults: 0 Total Adults: 0
2B 9/12/00 1 Juvenile Along sandy, vegetated shore around backwater pool

Total Juveniles: 1 Total Subadults: 1 Total Adults: 0

4.1.3 Site 3

Site 3 is located in the vicinity of the swimmer's beach, approximately ~ mile above Poe PH,
and includes two monitoring stations. Station locations are shown in Figure 3.

4.1.3.1 Habitat Description and FYLF Occurrence Prior to the Test Flows

The following station descriptions reflect ~abitat conditions observed during mmunum
instream flows of 110 cfs, prior to the test flows.

• Station 3A. Located on the right bank ofthe NFFR beginning at the small bacbyf!t~r pool
at the upstream end of the swimmer's beach to approximately 390 ft upstream along
cobble bar.

Station 3A consists of a low-relief cobble bar ranging from 10 to 70 ft wide. This station
included a small backwater pool at the top of the swimmer's beach. The shallow, narrow
backwater pool had one exposed sand bank and one heavily vegetated sand bank. The
vegetation along the shoreline was primarily willow and riparian herbaceous plants. Above
the backwater pool, the cobble bar extended upstream approximately 370 ft to a bedrock wall.
The cobble bar is sparsely vegetated, and had numerous small, shallow pools along the
margin. Mainstream habitat adjacent to the cobble bar was primarily low gradient riffle.

Occurrence ofFYLF within Station 3A: Juvenile frogs were observed at the small backwater
pool at the bottom of the station along the exposed sand bank, and along the heavily vegetated
sand bank. All frogs were observed along the shoreline. Juvenile frogs were also found along
the shoreline of the cobble bar on wet rocks.

• Station 3B. Located on the right bank of the NFFR from the lower end of the swimmer's
beach, across the tail-out of the pool and up the left bank approximately 200 ft, for a total
length of390 ft.

Station 3B is located at the bottom portion of a large, deep.pool at the 'swimmer' s beach. The
station included about 30 ft of the lower portion of the right bank gravel/sand beach. A small
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Figure 3. Site 3: Swimmer's Beach Area
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backwater pool was located along a shallow"low gradient riffie at the lower portion of the
beach. At the tail-out of the large pool, there was one low-relief gravel/cobble island that
created a split riffle. The right bank; channel changed from a low gradient riffle into a narrow
run adjacent to a bedrock waIl. A staff gauge was placed in the run adjacent to the gravel
island on the right side of the river. The water depth at the staff gauge was about 6 inches at
11a cfs. The gravel island was approximately 20 ft wide by 25 ft long, with a moderate
herbaceous cover. Cobble habitat (with some sand) occurred along the lower left bank portion
of the large pool. This area had minimal vegetation along the shore with some algae on the
underwater cobble. '

Occurrence of FYLF within Station 3B: The majority ofjuvenile FYLF were observed along "
the right bank gravel/sand shoreline at the bottom of the swimmer's beach, and on the
gravel/cobble island. The frogs were concentrated in the wet gravel areas closest to the riffies
and also seemed to prefer the vegetated portions of the island. Some frogs were observed up
to 8 ft from water: When disturbed, frogs escaped into the rifileat the pool tail-out and took
cover in crevices in the gravel substrate. Fewer frogs were observed along the left bank
cobble and sand portion of the large pool where there was minimal vegetation and calm water.

Life stage and numbers ofFYLF recorded at each station prior to the test flows is provided in
Table 7.

TABLE 7 SUMMARY OF SURVEY RESULTS AT SITE 3 PRIOR TO THE TEST FLOWS. ,

Date of
Station Survey FYLF Observations Location

3A 9/01/00 9 Juveniles (23-25 mm SVL) Frogs on sandy bank in backwater area and;lm·cobbl~

along shoreline
Total Juveniles: 9 Total Subadults: 0 Total Adults: 0

3B 9/01/00 34 Juveniles (23-28 mm SVL) Frogs on wet gravel/cobble concentrated at tail-out of
pool adjacent to fast water

Total Juveniles: 34 Total Subadults: 0 Total Adults: 0
3A 9/07/00 5 Juveniles (20-30 mm SVL) Frogs on cobble and rocks along shoreline

Total Juveniles: 5 Total Metamorphs: 0 Total Adults: 0
3B 9/07/00 6 Juveniles Frogs on wet rocks, gravel. and sand along shoreline, and

small backwater area along-left bank bedrock wall
Total Juveniles: 6 Total Subadults: 0 Total Adults: 0

o

4.1.3.2 Habitat Description and FYLF Occurrence During the Test Flows

During the test flow, visual encounter surveys were repeated and changes in habitat were
documented. The following descriptions reflect changes in habitat conditions observed during
the 500 cfs test flow.

• Station 3A

The water level at the smaIl backwater pool at the top of the swimmer's beach increased by
about 10 inches, inundating the vegetation that was previously along the shoreline. The
cobble bar in the upper portion of the station maintained similar habitat conditions as those
documented at 110 cfs. During the test flow, smaIl, shaIlow pools were still present along the
margin of the cobble bar, and the sparse vegetation along the shorelinewas inundated. ~

( )
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Occurrence ofFYLF within Station 3A: No frogs were observed at the smaIl backwater pool
at the top of the swimmer's beach, but two dogs had disturbed the area prior to the survey.
Juvenile FYLF were observed along the margin of the cobble bar, and one metamorph was
found in an isolated pool at the top ofthe cobble bar.

• Station 3B

The water level along the right bank at the bottom of the swimmer's beach increased
inundating the vegetation along the shoreline. The majority of the gravel/cobble island was
inundated and only a smaIl amount of exposed substrate remained. The vegetation on the
island was also inundated. The staffgauge showed an increase in depth ofabout 16 inches.

Occurrence ofFYLF within Station 3B: Two FYLF juveniles were found on the right bank
gravel shoreline at the bottom of the swimmer's beach. Two additional frogs were observed:
one was located on the remaining substrate on the gravel/cobble island, and one was along the
left bank cobble area at the bottom ofthe large pool.

Life stage and numbers of FYLF recorded at each station during the 500-cfs test flow are
provided in Table 8.

TABLE 8. SUMMARY OF SURVEY RESULTS AT sm 3 DURING THE 500 CFS TEST FLOW.
Date of

Station Sunrey FYLF Obsenrations Location
3A 9/08/00 2 Juveniles Frogs found at waterline
3A 9/08/00 1 Subadult (50 mm) Fro~ found at waterline
3A 9/08/00 1 Metamorph Isolated pool at upper end of the right bank cobble bar

Total Juveniles: 2 Total Metamorphs: I Total Subadults: 1
3B 9/08/00 6 Juveniles Frogs along sand bank, on gravel island, and wet gravel

at the tail-out of the large pool
Total Juveniles: 6 Total Metamorphs: 0 Total Adults: 0

4.1.3.3 Habitat Description and FYLF Occurrence Following Test Flows

Following the test flows, instream flow releases were returned to pre-test flow conditions of
approximately 110 cfs. Visual encounter surveys were repeated and changes in habitat were
documented. The following station descriptions reflect changes in habitat conditions
observed following the test flows.

• Station 3A

Habitat conditions were similar to those observed prior to the test flow.

Occurrence ofFYLF within Station 3A: Eight FYLF juveniles were observed at this station
along the right bank cobble bar upstream ofthe swimmer's beach.

• Station 3B

Habitat conditions were similar to those observed prior to the test flow. The vegetation on the
gravel/cobble island remained flattened as the result ofinundation during the test flow.
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Occurrence of FYLF within Station 3B: All juvenile FYLF observed at Station 3B were
associated with the riffie area at the tail-out of the large pool, and on the gravel/cobble island.

/~ One subadult was found in the small backwater, pool at the lower right bank portion of the
,) swimnier's beach. .

Life stage and numbers ofFYLF recorded at each station following the test flows are provided
in Table 9 below:

TABLE 9 SUMMARY OF SURVEY RESULTS AT SITE 3 FOLLOWING THE TEST FLOWS
Date of

Station Survey FYLF Observations Location
3A 9/12/00 8 Juveniles Frogs along shoreline, many on dry rocks

Total Juveniles: 8 Total Subadults: 0 Total Adults: 0
3B \ 9/12/00 29 Juveniles Frogs along shoreline
3B 9/12/00 1 Subadult (40 mm SVL) At the lower right bank portion of the beach in a small

backwater pool
Total Juveniles: 29 Total Subadults: 1 Total Adults: 0

4.1.4 Site 4

Site 4 is located adjacent to Poe PH, and includes two separate monitoring stations. Station
locations are shown in Figure 4.

4.1.4.1 Habitat Description and FYLF Occurrence Prior to the Test Flows

The following descriptions reflect habitat conditions observed during minimum ;;l~stream
flo:ws of 110 cfs, prior to the test flows.

• Station 4A. Located along the right bank of side the channel along the margin. of the·
boulder/cobble island extending from the low gradient riffle at the bottom of the side
channel approximately 640 ft upstream to low gradient riffle at the top of the side channel.
Station 4A also includes a small side pool adjacent to the low gradient riffle at the top of
the side channel.

Station 4A is associated with a left bank side channel created by a large boulder/cobble island
in the NFFR adjacent to the Poe Powerhouse. The station is located along the cobble/boulder
shoreline on the right bank of the side channel.' The low gradient riffle habitats at both the
upper and lower portions of the side channel have numerous exposed boulders/cobble with an
average depth less than I-foot. The low gradient riffle at the top of the side channel has
sparse vegetation along the margins consisting of scattered clumps of sedges and small willow
saplings. The right bank is moderately sloping with patchy vegetative cover along the
shoreline. At the top of the station,. there is a shallow side pool (located.on the island) that had
a trickle of water flowing in from the low gradient riffle. The pool was approximately 6 ft in
diamefefaIid '1Omclies' oeepWith relatively calm' water. There Was sparse' herbaceous
vegetation along the margin of the pool. At 110 cfs, the side channel had slow moving to
standing wat~r with an average depth of about 3 ft. Large patches of green algae and a small
amount ofsilt covered the bottom substrate throughout the side channel.
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Occurrence ofFYLF within Station 4A: All juvenile frogs observed at this station were in the
side pool located at the top ofthe side channel adjacent to the low gradient riffle.

• Station 4B. Located along the left bank of the side channel from the low gradient
riffle at the bottom of the side channel about 640 ft upstream to the low gradient riftle
at the top ofthe side channel.

Station 4B is located along the left bank of the side channel described above. The left bank is
steeply sloping with boulder and cobble along the shore. Vegetation along the left bank is
nearly continuous from the low gradient riftle at the bottom to the low.gradient riftle at the top
ofthe station. Because of the steeply sloping bank, the vegetation is restricted to a narrow
band of sedges and willows along the shore. Two staffgauges were placed along the left bank
of the side channel: one located in the side channel above the low gradient riffle at the bottom
ofthe side ~hannel) and one located in the low gradient riftle at the top ofthe side channel.

Occurrence of FYLF within Station 4B: The subadults observed at the bottom of the station
were on rocks along the shore.

Life stage and numbers of FYLF recorded at each station prior to the test flows are provided
in Table 10.

TABLE 10 SUMMARY OF SURVEY RESULTS AT SITE 4 PRIOR TO THE TEST FLOWS
Date of

Station Survey FYLF Observations Location
4A 9/01/00 5 Juveniles (20-25 mm SVL) All found in side pool adjacent to low gradient riffle at

top
Total Juveniles: 5 Total Subadults: 0 Total Adults: 0

4B 9/()1/00 6 Juveniles (20-25 mm SVL) On gravel, rocks, and wet soil associated with sedge
clumps

4B 9/01/00 2 Subadults (- 50 nun SVL) On rocks along shore - dove into water and took cover in
algae

Total Juveniles: 6 Total Subadults: 2 Total Adults: 0

4.1.4.2 Habitat Description and FYLF Occurrence During the Test Flows

During the highest test flow) visual encounter surveys were repeated and changes in habitat
were documented. The following station descriptions reflect changes in habitat conditions
observed during the SOO-cfs test'flow.

• Station 4A

During the highest test flow) conditions in the side channel remained fairly consistent with
pre-test flow observations. There was now visible movement of water through the channel,
and some vegetation along the shoreline was inundated. The water velocity through the
channel was not high enough to remove the algae and silt observed prior to the test flow. The
most noticeable change in habitat was associated with low gradient riftle habitats at both the
upper and lower portions of side channel. These areas had more whitewater and nearly all
previously exposed rocks were under water. In additio~ the small pool at the top of the
station was slightly larger and had a steady inflow that moved through the pool.

Pacific Gas & Electric Company
Poe Project Amphibian Study

22 EA Engineering Science & Technology

04/02/01



N
u.>

Figure 4. Site4: Poe Powerhouse Area 100~~iiiiiiiiiiiilO~~~100~iiiiiiiiiiiiiiiii2~OO Feet



Cj

()

Occurrence of FYLF within Station 4A: Juvenile FYLF were found along the cobble
shoreline, and one subadult was observed below the pool at the top ofthe station.

• Station 4B

.Habitat conditions for Station 4B were similar to those described for 4A. The staff gauge at
the bottom of the station showed an increase in depth of about 11 inches. The staff gauge at
the top of the station (at the head of the low gradient rifile) only read about 4 inches above the
pre-test flow mark.

Occurrence ofFYLF within Station 4B: All juvenile FYLF were observed at the top of the
side channel at the low gradient rifile. Two were on wet rocks along the shqre, and one was
on a rock in the low gradient rifile.

Life stage and numbers ofFYLF recorded at each station during the SOO-cfs test flow are
provided in Table 11.

TABLE 11. SUM:MARY OF SURVEY RESULTS AT SITE 4 DURING THE 500-CFS TEST FLOW.
Date of

Station Sunrey FYLF Obsenrations Location
4A 9/08/00 3 Juveniles Frogs on wet cobble along shoreline
4A 9/08/00 1 Subadult Frog along shore below side pool adjacent to low

gradient riffle at top of channel
Total Juveniles: 3 Total Subadults: 1 Total Adults: 0

4B 9/08/00 3 Juveniles All associated with low gradient riffle at top ofc~el
Total Juveniles: 3 Total: Subadults: 0 Total Adults: 0

4.1.4.3 Habitat Description and FYLF Occurrence Following the Test Flows

Following the test flow, instream flow releases were returned to pre- test flow conditions of
approximately 110 cfs. Visual encounter surveys were repeated and changes in habitat were
documented. The following station descriptions reflect changes in habitat conditions
observed following the test flow.

• Station 4A.

Habitat conditions were similar to those observed prior to the test flows.

Occurrence of FYLF within Station 4A: One juvenile FYLF was observed along the
cobble/boulder shoreline, and two subadults were at the pool at the top of the side channel
adjacent to the low gradient rifile. All frogs were on wet rocks or sand along the shoreline.

• Station 4B

Habitat conditions were similar to those observed prior to the test flows.

Occurrence of FYLF within Station 4B: Three juvenile and two subadult FYLF were
()bserved along th~ b()ulder/cobbleshorelin,e, and one juvenile and Qnesub~dult FYLF were
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observed at the low gradient riffle at the top of the side channel. All frogs were found along
the shoreline in the water or on wet rocks.

Life stage and numbers ofFYLF recorded at each station following the test flows are provided
in Table 12.

TABLE 12 SUMMARY OF SURVEY RESULTS AT SITE 4 FOLLOWThlG lEE TEST FLOWS
Date of

Station Survey FYLF Observations Location
4A 9/12/00 1 Juvenile Frog along shoreline
4A 9/12/00 2 Subadults Frogs in side pool adjacent to low gradient riffle at top of

channel
Total Juveniles: 1 Total Subadults: 2 Total Adults: 0

4B 9/12/00 4 Juveniles Frogs along shore and adjacent to low gradient riffle at
top ofchannel

4B 9/12/00 3 Subadults Frogs along shore and adjacent to low gradient riffle at
top ofchannel

Total J~eniles: 4 Total: Subadults: 3 Total Adults: 0

4.2 Tributary Habitat Descriptions and Results of Visual Encounter Surveys

Tributary surveys were conducted primarily to determine occurrence of FYLF and to obtain
information on microhabitat preferences in tributary streams.

4.2.1 Site TRl: Mill Creek

Mill Creek is a left bank tributary to the NFFR located approximately Y2 mile downstream of
Poe Dam (Figure 5). This tributary was surveyed from the mouth upstream approximately
2,000 ft. The lower portion ofJ\.1ill Creek from the mouth ofthe creek up to a pool below the
Highway (Hwy) 70 culvert was split into two main channels that flow into the NFFR. These
channels were charactenzed by small boulder and cobble substrate associated with
cascade/pool habitat. Just downstream of the mouth ofJ\.1ill Creek (along the NFFR) was a
perennial spring characterized by trickling water over cobble and gravel substrate. The area
along the bank of the NFFR influenced by the spring was approximately 40 ft long and had
abundant herbaceous cover including blackberry and tall grasses. Trout were observed in the
pool below the Hwy 70 culvert.

Boulder, bedrock, and cobble substrates, associated with cascade/pool habitat characterize
much of Mill Creek above the Hwy 70 culvert. Total channel width above the culvert was
about 15 to 20 ft. The riparian canopy above the culvert included alder, bay, maple, and
dogwood. Canopy cover ranged from 5 to 30 percent. Several small, shallow, slow-moving
side channels with gravel substrate occurred in this reach. Abundant caddis larvae and trout
were observed in deeper (> 5 ft deep) pools.

Approximately 400 ft upstream of the NFFR, the gradient increased and the habitat changed
to predominantly boulder substrate with cascades and pocket water. This type of habitat
extended about 100-150 ft. There was abundant large woody debris through this section of
the creek. Three additional changes in creek gradient were observed above this reach: a lower
gradient section approximately 350 ft long, a higher gradient section characterized by

Pacific Gas & Electric Company
Poe Project Amphibian Study

25 EA Engineering Science & Technology

04/02101



o

TABLE 13. LOCATION AND MICROHABITAT OBSERVATIONS OF FYLF AT SITE TRl: MILL
CREEK

Stream Reach FYLF Obsen'ations Location and Microhabitat
From confluence with 3 Juveniles (23, 25, 25 One juvenile observed on bank ofNFFR associated with a
NFFRto Highway 70 mmSVL) trickle ofwater from spring, and two juveniles were
culvert (approxiIriately 1 Adult (65 mm SVL) observed adjacent to main flow of creek near a small pool.
200.ft) Adult on cobble bank about 1ft from the water, at the base

of a boulder/cobble cascade/pool.
From the Highway 70 1 Adult (no SVL) Adult on dry boulder along rifile/cascade.
culvert upstream 1 Adult (68 mm SVL) Adult on boulder next to cascade in cascade/pool area.
approximately 2,000 ft 1 Subadult (40-50 mm Subadult on dry boulder nextto deep pool (4 ft).

SVL)
Total Juveniles: 3 Total Subadults: I Total Adults: 3

4.2.2 Site TR2: Flea Valley Creek

FVC is a right bank NFFR tributary located approximately 1 mile downstream of Poe Dam
(Figure 5). FVC was surveyed from the mouth upstream over ~ mile. A cobble deposit with
little vegetative cover was located at the mouth ofFVC.· At the time ofthe survey, flow in the
lower portion ofFVC was dispersed over the cobble substrate. The habitat from the mouth of
FVC approximately 250 ft upstream to the railroad bridge was primarily low gradient pocket
water with cobble, boulder, and gravel substrate.. Riparian cover in this section consisted of
willow, blackberry, and alder overhanging the creek. Vegetative cover ranged from fairly
open to dense.

Through the town of Pulga, human disturbance and channel modification consisting of riprap
banks considerably reduced riparian canopy. In this section, overhanging blackberry vines
provided most of the vegetative cover. In the upper portion of the Pulga housing area, the
habitat changed to step-pools with boulder/cobble substrate. Additional habitat changes
above Pulga included a section of pocket water and shallow rifile that transitioned back to
step-pool. Trout up to 8 inches long were observed in deeper pools throughout FVC.

Habitat upstream of the town of Pulga alternated between moderate gradient boulder, cobble,
and gravel pocket water with dense riparian cover, to low gradient cascade/pool or riffle
habitat with riparian and overhanging cover from 30 to 85 percent. Approximately ~ mile
upstream ofthe NFFR, the creek levels-out into long, shallow rifiles.

FYLF observations recorded during the visual encounter survey conducted on Flea Valley
Creek, including location and microhabitat, are presented in Table 14.
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Figure 5. Site TR1 & TR2: ill Creek & Flea Valley Creek
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TABLE 14 LOCATION AND MICROHABITAT OBSERVATIONS OFFYLF AT SITE TR2' PVC
FYLF

Stream Reach Observations Location and Microhabitat
Along Flea Valley Creek' 6 Juveniles All frogs observed on wet rocks (cobble and boulder)
within 50 ft ofNFFR (23 to 25 mm SVL) in area with open banks with little riparian cover.
Approx. 30 ft downstream Adult(60mm Frog on wet gravel bank with willow cover.
of railroad crossing SVL)
Immediately upstream of Subadult Frog observed on wet boulder in middle of channel.
railroad culvert. (-50'mm SVL)
Approx. 60 ft upstream of Juvenile Juvenile along stream bank.
railroad culvert
Upper portion ofPulga Adult (-50 mIn Adult on dry boulder adjacent to pool about 30 inches
housing area SVL) deep. Juvenile observed on wet gravel on stream bank.

Juvenile
About 30 ft upstream of Adult Adult observed on rock in middle ofchannel.
PVC water pipe crossing (60 mm SVL)
Immediately upstream of Subadult (?) Frog seen along small riffle.
power line crossing (-50 mmSVL)
About 80 ft downstream of Juvenile Frog observed in shallow rifile area along side of
uppermost house in Pulga (-25 mmSVL) channel.
(on left bank)
Adjacent to uppermost Adult Frog found on wet, shady rock next to pool.
house in Pulga (right bank) (-60 mm SVL) .
About 15 ft downstream of JllV'enile Juvenile on wet gravel basking in sun.
footbridge (-23 mID SVL)
Loilg'stream,reacli'{xooghIY;5.00)ft):,stiiYeycii::With:;tio"obser.vations.;offrogS.:·· .':.:":., .>: . ... :.::,- •.....::.:...: ..•.. : ...:...::.:: ... :::.:. ,:

Adjacent to last right bank 3 Adults Adult on dry boulder in sun adjacent to small pool, and
house in Pulga;just (58, 60, & 60 nun a second adult on dry boulder in middle of channel in
upstream offootbridge SVL) riffle area just downstream of small pooL The other.'

adult was observed on dry rock along the bank.
.About 925 ft upstream of . Adult Adult frog observed diving into pool.
footbridge (-60 mmSVL)
Total Juveniles: 10 Total Subadults: 2 Total Adults: 8

4.2.3 Site TR3: Unnamed Tributary

This left bank unnamed tributary is located just over ~ mile downstream of Bardee's Bar
(Figure 6). The stream was surveyed from the upper end of the railroad culvert upstream
approximately 1,000 ft. A steep gradient, cascade/pool channel with pools 12 to 18 inches
deep characterized the habitat in the drainage. The substrate consiste~ primarily of cobble and
boulder with evidence (cobble piles) of historical mining. At approximately 300 ft upstream
of the culvert, the creek became intermittent in short sections with water flowing under.
boulder and cobble piles in the creek channel. This was likely due to the modification of the
stream bottom by past.mining activities. The upper canopy in the drainage ranged from 0 to .
100 percent, with an average of between 40 and 50 percent. The canopy consisted primarily
of taIl bay, oak, maple, and sycamore trees. The average overhanging cover was between 70
and 90 percent and consisted of-bay, maple, and herbaceous plants.

FYLF observations recorded during the visual encounter survey conducted on the unnamed
tributary, including location and microhabitat, are presented in Table 15. . .
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Figure 6. Site TR3: Unnamed Tributary
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TABLE IS. LOCATION AND MICROHABITAT OBSERVATIONS OF FYLF AT SITE 1R3: UNNAMED

TRlBUTARY
Stream Reach FYLF Observations Location and Microhabitat
At upstream base of 2 Subadults/adults Both frogs on wet rocks within 15 feet of each other.
railroad culvert (-40- SO mm SVL)
Approximately 250 to 300 1 Subadult/adult Frog seen on wet rock adjacent to cascade/pool.
ft upstream of railroad (-50mmSVL)
culvert
Total Juveniles: 0 Total Subadults/adults: 3

o
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5.0 DISCUSSION

5.1 Evaluation of Effects of the Test Flow on FYLF and Associated Habitat at Four
SnesAJongthe~

The following discussion provides a preliminary assessment of the effects of the test flows (an
increase from 110 cfs to 500 cfs) on FYLF and its habitat, at four sites along the NFFR. The
potential effects of the intermediate 2S0-cfs release on amphibians and amphibian habitat
were not evaluated, because the effects of the' preceding 500 cfs flow would have masked any
flow-specific effects at 250 cfs.

5.1.1 Evaluation of Effects on FYLF

As demonstrated by the results presented in Section 4.1, there was a noticeable change in the
numbers offrogs observed at most of the stations prior to, during, and following the test flow.
Except for Station 4A, the numbers of FYLF observed at each station decreased during the
SOO-cfs test flow, but returned to approximately the same pre-test flow numbers following the
test flows. At Station 4A, the numbers ofFYLF observed decreased during the test flow, and
decreased again following the test flow. However, because only a small number ofjuveniles
were observed at this site, this reverse trend is likely an anomaly.

At those stations where FYLF habitat was characterized as low-relief cobble/boulder bars,
moderately to steeply sloping cobble/gravel bars, or boulder/cobble shorelines, increased
water depth and water velocities created by the SOO-cfs test flow did not appreciably change
the nature or extent of the habitat. The frogs appeared to migrate up the shoreline to similar
microhabitat as flows increased. At those stations where FYLF habitat was comprised of
cobble bar side channels or boulder/sedge habitat, there was a substantial increase in water
depth and velocity during the SOO-cfs test flow that either reduced or eliminated available
habitat.

Based on the limited data obtained during this monitoring effort, the three days of test flows
(500 cfs for two days, and 250 cfs for one day) did not appear to have a noticeable negative
effect on FYLF metamorphs, juveniles, or subadults at the statlons monitored. In general, the
numbers of FYLF juveniles and/or metamorphs observed at each station following the test
flow were similar to numbers obtained prior to the test flow. Observations made during this
monitoring study indicate that metamorphs are able to withstand higher flows by seeking
cover in the cracks between boulders and cobble along the shoreline where velocities are
lower. However, it is unclear where many of the juvenile and subadult frogs found cover
during the SOO-cfs test flow, since the number offrogs observed at most of the sites during the
test flow was substantially lower than either before or after the test flow. Based on the
observed response (noted above) of metamorphs to the test flows on the NFFR, it appears
likely that many of the juvenile frogs also found shelter underwater in cracks between
boulders and cobble.

During the SOO-cfs test flow, stranding ofjuvenile frogs on isolated boulders up to 50 ft from
shore was observed at stations IA, Ie, 4A, and 4B. It is unknown whether these frogs
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survived, since they were not observed that far from shore at any of the. sites prior to the test
flow. Based on observations obtained at all of the sites prior to the test flow, juvenile frogs
appear to remain close to shore in shallow water areas. These shallow water areas provide
safe habitat from potential predation by fish, and other aquatic predators. Additionally,
shallow water areas along the shoreline tend to have slower velocities and are more conducive
to young frogs with limited swimming abilities. Juvenile frogs are preyed upon by many
aquatic and terrestrial species, and being stranded in mid-river makes them more susceptible
to predation.

Since the original site surveys were not conducted at exactly the same time of day, under the
same weather' and temperature conditions; the numbers of frogs observed at each station
throughout the monitoring period may not have been representative of the total numbers of
frogs present at each station. In the early evening, after the sun went down, most FYLF
tended to seek cover and were often difficult to find. Surveys conducted in the late afternoon
when air temperatures were lower than during mid-day, had lower frog counts than surveys
conducted at the same location during the middle of the day. In addition, the presence of
people and pets (which occurred at several of the stations) prior to and during surveys could
have had an effect on the ability of 'surveyors to detect FYLF.

At Station IA, the numbers ofFYLF observed priorto the test flow was substantially less than
the numbers of FYLF observed following the test flow. The lower numbers of FYLF

, observed at Station IA prior to the test flow may have been due to the cooler air temperatures
and lack of sunshine during the survey, which was conducted in the early evening (between
6:40 and 7:50 pm). In addition, Station IA was the first survey conducted as par1tofthe
NFFR monitoring effort, and surveyors were likely not as proficient at detecting FYBF;::as in
subsequent surveys. Information obtained during the initial surveys on microhabitat:use by
FYLF along the NFFR, increased the ability of surveyors to detect their presence at all
stations surveyed and monitored as part ofthis study.

5.1.2 Evaluation ofEfTects on FYLF Habitat

At stations IA, IC, 2B, all:d 3B, significant changes in FYLF habitat were documented during
the test flow, in comparison to pre-test flow conditions. At these stations, FYLF habitat
present prior to the test flow was either significantly reduced or elimipated during the highest
test flow (500 cfs). Habitat conditions observed at each station following the test flows were
similar to conditions documented prior' to the test flows, except that vegetation (primarily
sedges and other herbaceous plants) remained flattened for an extended period. Figure 7
sh,ows the significant changes in habitat conditions documented at Station IC prior to, during,
and following the test flow.

At stations IB, 2A, 3A, 4A, and 4B the only significant change in the habitat was associated
with the depth.and velpcity ofwater within or.adjacent to the habitat. At these stations, FYLF
habitat' was characterized as moderately to steeply sloping cobble/gravel bars or
boulder/cobble shorelines, where increasing water depth and water velocities did not
appteciably change the nature or extent of the habitat. Frogs appeared to migrate up the
shoreline to similar microhabitat as flows increased. Figure 8 shows the minimal changes in
habitat conditions documented at Site 3A prior to, during,andfollowing the test flows..

( )
'~

Pacific Gas & Electric Company
Poe Project Amphibian Study

32 EA Engineering Science & Technology

04/02/01



•

Figure 7. Station 1 ,Te t low Monitoring (photograph of FYLF Habitat)



e t Flow (110 cf: )

Figure 8. tatioD 3 ,Te t low onitoring (photogr ph of FYLF bit t)



o
'" )

o

" ;···:t."

A summary ofthe monitoring results for each site' and station are provided below.

• Site 1. Numbers ofFYLF subadults, juveniles, and metamorphs observed

Station Prior to test flows Durin2 500-cfs test flow Followin2 test flows

IA
46 Juveniles 22 Juveniles 113 Juveniles

4 metamorphs . 0 metamorphs ometamorphs

IB
17 Juveniles 8 Juveniles 12 Juveniles

8 metamorphs ometamorphs 8 metamorphs

Ie
94 Juveniles 47 Juveniles 98 Juveniles

8 metamorphs 1 metamorph 9 metamorphs

• Site 2. Numbers ofFYLF subadults, juveniles, and metamorphs observed

Station Prior to test flows Durin2 500-cfs test flow Followin2 test flows. '
2A 8 Juveniles 1 Juvenile 8 Juveniles.

2B
1 Juvenile . 0 Juveniles 1 Juvenile
1 Subadult oSubadults 1 Subadult

• Site 3. Numbers ofFYLF subadults, juveniles, and metamorphs observed

StatiQn Prior to test flows Durin2 500-cfs test flow Following test flows
2 Juveniles ,";,;!~;

3A 9 Juveniles 1 Silbadult 8 Juveniles
1 Metamorph

3B 34 Juveniles 6 Juveniles
29 Juveniles
1 Subadult -

• Site 4. Numbers ofFYLF subadults, juveniles, and metamorphsobserved

Station Prior to test flows During 500-cfs test flow . FollpwiIlg test flows

4A
5 Juveniles 3 Juveniles l' Juveniles
oSubadults . 1 Subadult 2 Subadults

4B
6 Juveniles 3 Juveniles 4 Juvenile
2 Subadults oSubadults Subadults

u
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6.0 CONCLUSIONS

Amphibian surveys conducted in August and September 2000 at four sites along the NFFR,
and in three selected tributaries to the NFFR, indicate that FYLF are present throughout much
of the Poe Project area. FYLF were found at four.separate locations along the NFFR and are
likely present at additional sites with suitable habitat. FYLF were also observed in all three
perennial tributaries.

Pre1imi.nary results of the FYLF monitoring studies conducted along the NFFR during the
IFIM test flows, indicate that the high flow of 500 cfs did not appear to have a noticeable
negative effect on FYLF metamorphs, juveniles, or subadults at the stations monitored in this
study.

Based on the limited amount of data collected on amphibians along the NFFR below Poe Dam
during the summer and fall of 2000, no definitive conclusions can be made about FYLF
population numbers and approximate age structure, or species distribution within the Poe
Project area. In addition, the monitoring results obtained on the NFFR. during the IFIM test
flows only apply to effects associated with an increase in flow from 110 cfs to 500 cfs during
late summer. Similar increases in flow on the NFFR at another time ofyear (Le., April- July)
may have deleterious effects on FYLF eggs and tadpoles.

The following sections provide general statements that can be made regarding information
collected in 2000 on FYLF along the NFFR, and in the three perennial tributaries surveyed.

6.1 FYLF Surveys

• Breeding activities appear to be focused along the NFFR. Tadpoles and metamorphs
were observed at numerous locations along the .river, and in some isolated side pools
and spring-fed pools:

• Except for several juveniles observed in a side spring along FVC, only subadult and
adult FYLF were obs,erved in the three tributaries. Of the three tributaries surveyed,
the largest numbers ofadult and subadult FYLF were found in FVC.

• The largest number of juvenile FYLF observed in the Poe Project area in late August
and early September 2000 occurred along the NFFR.

• The habitat types along the NFFR where the highest density of FYLF were observed
included: cobble/gravel bars, boulder/sedge habitat, side-channels and isolated pools,
and elevated spring-fed pools.
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6.2 Effects of Test Flows on FYLF

• The numbers of metamorphs, juveniles,· and subadults present at the four NFFR ..
monitoring stations following the test flows were similar to the numbers recorded prior
to the test flows.

• Based on the results, it appears that metamorphs (and likely older tadpoles), juveniles,
and subadults are capable of tolerating short-term high flow events (500 cfs and
possibly higher) without apparent negative effect.

• At 500 cfs, the amount of available FYLF habitat associated with most cobble/gravel
bars, larger side-channels, and elevated pools did not change significantly. from the
110-cfs minimum flow release. However, boulder/sedge habitat, and small side
channels and isolated pools along cobble/gravel bars present at 110 cfs were either
substantially reduced or eliminated at 500 cfs.
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() 1.0 Introduction
'--._/

Pacific Gas and Electric Company (pG&E) owns and operates the Poe Powerhouse
Hydroelectric Project (poe Project) in northeastern California. The Poe Project (FERC
2107) is in the process ofbeing relicensed by the Federal Energy Regulatory Commission
(FERC). As part of this relicensing' process, PG&E contracted Garcia and Associates
(GANDA) to complete a fonnal report based on the 2000/2001/2002 foothill yellow
legged frog (Rana boylii) surveys in the Poe Project area. The foothill yellow-legged frog
(FYLF) is designated as a federal Species of Concern, a Forest Service Sensitive species,
a California Species of Special Concern, and is fully protected by the state.

The study area includes the North Fork Feather River (NFFR), and up to 0.5 mile (0.8
Ian) of its tributarie$, from Poe Reservoir to Big Bend Dam at the top of Lake Oroville.
During 2000, FYLF surveys were conducted in three tributary sites. In 2001, FYLF
Visual Encounter Surveys (YES) were conducted at: four main stem river sites and
associated subsites, along with eight tributary survey sites (Figure 1.1-1)~ In 2002, FYLF
VESs were conducted in the same four main stem river sites and associated subsites. No
tributary sites were surveyed in 2002. Detailed figures depicting each site on aerial
photos are provided in Appendix A. Site habitat photographs appear in Appendix B in
numerical order, by survey site.
. ,

2.0 FYLF Species Description, Distribution, Life
History, and Habitat Preferences

This section was written by Pacific Gas and Electric Company biologists, Craig
Seltenrich and Alicia Pool, and last updated in early 2003.

2.1 Species Description

Juveniles and Adults ... The foothill yellow-legged frog is a moderate-sized frog, with
juveniles ranging from 22 to 40 mm snout to vent length (SVL), and adults measuring
from 40 to 65 mm SVL (Nussbaum etal. 1983). When they reach their maximum adult
size, females are larger than males, and may measure up to 20 - 25 mm longer in SVL.
The dorsal coloration of FYLFs is highly variable and in many situations blends closely
with the predominant color of th~ surrounding substrate, making the frogs cryptic and
difficult to spot. Dorsal color also appears to reflect the amount of sun exposure, with
unifonn dark gray or olive colored individuals typically observed in heavily shaded
streams, and lighter gray, broWIl;, tan, and yellow frogs with varying amounts of spottii.tg
found in areas that lack heavy shading (personal observations). Bothjuveniles and adults
may have dark red coloration, often along the poorly developed dorsal lateral folds.

Many juvenile and adult FYLFs are spotted, and their skin may appear rough dueto the
presence ofsmall tuberCles. The tynipanum is relatively small,about half the size of the
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Figure 1. 1-1. FYLF survey locations in the Poe Powerhouse Project area
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eye, and is colored and roughened like the surrounding skin, often making it difficult to
see (Leonard et aL 1993; Nussbaum et aL 1983). The dorsal surfaces of the rear legs are
often distinctly barred, and the ventral surfaces are pale to brilliant yellow; however, the
yellow coloration may be faint or lacking in younger frogs. The posterior portion of the
abdomen also may be yellow or light orange in color with the remainder" of the abdomen
white. Dark mottling on the chin and throat is common but not always present. The
webbing of the hind toes is full, slightly concave, and extends to the tip of the longest toe
(Leonard et al. 1993).

During the breeding period, males may' be identified (without the need to capture them)
by their enlarged foreanns. In addition, they develop enlarged nuptial pads on the medial
surfaces of the thumbs for gripping the female during amplexus, but this characteristic
can only be observed if the frog is captured. Male frogs may be found in small groups in
areas used for breeding, and young males may be observed in amplexus with each other.
On the North Fork Feather River, male frogs have been observed on exposed substrates at
mid-day calling from known oviposition sites (personal observations). The call consists
of short coarse or guttural sounds with a slightly descending or ascending tone at the end
of the call. These low volume calls. are repeated in succession separated by silence of
various lengths (personal observations). Because FYLFs are known to call primarily
underwater (MacTeague and Northern 1993), this type of vocalization would presumably
generate vibrations necessary to carry underwater, particularly in stream habitats.

Egg Masses - In coastal streams, Lind et al. (1996) found that egg masses are laid along
stream margins in shallow water that is usually <1.0 m deep and in flows less than 21
cmlsec. In the Sierra Nevada Mountains, recent studies have indicated that FYLFs
typically deposit egg masses in shallow edgewater habitat <40 cm deep with velocities
<10 cmlsec (pacific Gas and Electric Company 2001, 2002a, 2002b). ,FYLF egg masses
are generally deposited in open, sunny areas and typically have a dark bluish tint for
several days following oviposition (Ashton et aL 1998; personal observations). When
first deposited, the egg mass is compact and expands as it absorbs water into a medium
to-large fist-sized cluster (Ashton et al. 1998), although smaller egg masses have been
observed at some locations on the Middle Fork Stanislaus River (personal. observations).
Females normally deposit eggs in clusters of200-300, but clusters may range from 100 to
1,000 eggs (Storer 1925; Nussbaum et a:!. 1983; Zeiner et al. 1988). After absorbing
water, the egg mass loses its bluish color and resembles ~ bunch of small grapes.
Individual eggs are distinctly black and are encased by clear gelatinous envelopes
(Ashton et al. 1998), and as the ova develop, they can be seen elongating within the
envelope (persona:! observations). Eggs on the outside of the mass that receive the most
sunlight have been observed developing and hatching first, with the interior eggs
hatching at a later date (personal observations). ,. Depending on stream water quality and
water velocity at the location of the egg mass, sediment and algae may accumulate on the
mass making,it very difficult to find. Within a week or two after eggs have hatched, the
egg mass breaks down and the tadpoles begin to disperse (Ashton et a:!. 1998). This may
be highly dependent on the location of the egg mass and stream conditions, such as water
temperature,water'depth, cover, and flows.
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Tadpoles - When tadpoles emerge, they are totally black and measure less than 8 mm
total length (Nussbaum et al. 1983). As tadpoles grow, they begin to turn light brown,
tan, or olive, with gold flecks or dark spots scattered on the dorsal surface' and tail
musculature. At this stage, their cryptic coloration blends with the algae and flocculent
material in shallow edgewater habitat, making them very difficult to find. Depending on
the stage of development, their eyes may appear on the top of the head or slightly inset
from the outline of the head when viewed from above (personal observations). Rear legs
begin to develop first and become fully developed before front legs start to appear.
Tadpoles retain their tail during metamorphosis, providing them with excellent
propulsion and making them difficult to capture when combined with the cryptic
coloration (personal observations). Tadpoles reach a maximum total length of around 55
mm, and once metamorphosed into young frogs, they measure between 22 and 27 mm
total length (Nussbaum et al. 1983; Zeiner et al. 1988), with the majority of newly
metamorphosed frogs measuring from 22 to 24 mm (pacific Gas and Electric Company
2001, 2002a, 2002b).

2.2 Distribution

Historically, FYLFs were found in the Coast Ranges from the Santiam River drainage in
Oregon (Mehama and Marion counties) to the San.Gabriel River drainage in California
(Los Angeles County), and along the west slopes of the Sierra Nevada/Cascade crest in
most of central and northern California (Storer 1925; Fitch 1938; Zweifel 1955). The
elevational range of the FYLF extends from near sea level to about 5,000 ft. However,
specimens catalogued at the University of California Museum of Vertebrate Zoology
(MVZ 35914-18) show that this species has been recorded at elevations as high as 6,000
ft in Plumas County (Zweifel 1955). Jennings and Hayes (1994) indicate that FYLFs
have disappeared from about 45 percent of their historic range in California and 66
percent of their historic range in the Sierra Nevada Mountains. Based on the results of
recent surveys conducted on the Pit, North Fork Feather, North Fork Mokelumne, and
Middle Fork Stanislaus rivers, breeding populations of FYLFs documented on these
regulated rivers have all been below 3,000 ft in elevation, with the majority of the frogs
occurring at elevations below 2,500 ft (pacific Gas and Electric Company 2001, 2002a,
2002b; Spring Rivers 2001; Ibis Environmental, Inc. 2002).

FYLF have been recorded in severallocafions within and adjacent to the Poe Powerhouse
Project area along the lower reaches of the North Fork Feather River (NFFR) above Lake
Oroville (ECORP 2000; this study). Other records from Plumas County include
observations in Slate Creek, Onion Creek, and Slate Creek Reservoir, three miles
southeast of Little Grass Valley Reservoir; South Fork Feather River near Forest Road
22N24; and Spanish Creek, 200 m north of Forest Road 24N30 (CDFG 2002). Koo and
Vindum (1999) found FYLF in September 1998 on Spanish Creek near Greens Flat,
approximately seven miles east of Three Lakes at an elevation of 4,000 ft (1311 m).
Another recent (2002) survey along the Spanish Creek drainage northeast of the Project
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2.3 Life History

FYLFs are a highly aquatic amphibian, spending most or all of their life in or near
streams. In addition, frogs have been documented underground and beneath surface
objects more than 50 m from water (Nussbaum et al. 1983). Adult FYLFs are primarily
diurnal with strong site fidelity and typically occupy small home ranges. However, from
April through June, adults and subadults may move several hundred meters or more, to
congregate at breeding sites. FYLFs may be active all year in the warmest localities, but
may become inactive or hibernate in colder areas.

Garcia andAssociates
April 20035

Seasonal movements ofadult and recently metamorphosed FYLFs indicate a preference
for different habitat types depending on seasonal requirements. Adult frogs, prinAarily
males, will congregate along main stem rivers during spring to breed. However,:;:adllits
do not typically remain in these. areas during summer, returning instead to basking'and
foraging sites on tributaries, or retreating to cooler microhabitats along shaded river
sections. They also may decrease diurnal activity during the hottest part of the suminer.
Zweifel (1955) noted that younger individuals typically remained by the stream until late .
fall and appeared earlier in the spring than adults. Observations of juvenile FYLFs· have
shown a strong tendency to initiate upstream migrations in late summer and early fall
(Ashton et al. 1998; Twitty et al. 1967) similar to the compensating mechanism displayed
by stream insects subject to downstream drift (Jennings and Hayes 1994). These
movements are often correlated with the presence of upstream tributaries containing
suitable habitat for FYLFs, and it is speculated that this may be an evolutionarily
mechanism this species has developed to repatriate larvae that may have been washed
downstream (Ashton et al. 1998).

Poe Project FYLF Surveys
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area found adult FYLF occurring less than one mile from adult mountain yellow-legged
frogs (Rana muscosa; MYLF) on Bean Creek (GANDA 2002). MYLFs occurred at an
elevation of 4,500 feet (1,475 m) and FYLFs were observed at 4,400 feet (1,440 m). The
highest elevational record for FYLF from nearby Lassen National Forest also occurred at
4,400 ft. (1,440 m) along Round Valley Creek, approximately 22 Ian west of Lake
Almanor in Tehama County (1999; M. McFarland, USFS Biologist, Jan. 2001,
unpublished Lassen National Forest data).

Egg laying normally follows the period of high-flow discharge associated with winter
rainfall and snowmelt, usually between late March and early June (Storer 1925; Grinnell
et al. 1930; Wright and Wright 1949). Prior to the onset ofbreeding, adult frogs begin to
appear along stream margins, especially on warm sunny days. As flows diminish and
water temperatures begin to .in.C:fease, males ate usually the first to beginlilbVilig back to
breeding areas to establish calling stations. Females arrive .later wnen average air
temperatures increase, stream flowsdecrease,and water temperatures reach 12 to 15°C.
Breeding tends to take place in the same general area each year, unless stream conditions

. change and the. habitat is no long~r sui!able_J()r1?r~ed.irlg. _rY"LFpvipositi~n has
previously been thought to be completed within a two-week period (Storer 1925; Zweifel
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1955; Nussbaum et al. 1983; Stebbins 1985; Jennings 1988); however, studies on coastal
streams (Kupferberg 1996; Lind et al. 1996) and Sierra Nevada streams (Pacific Gas and
Electric Company 2001, 2002a, 2002b) have revealed that breeding may extend over a
longer period of time. Kupferberg (1996) suggests this might be the result oflate season
rains or drought condition~.

Females may deposit from 100 to 1,000 eggs (Storer 1925), but more typically deposit
200 to 300 eggs in clusters attached to the sides or undersides of cobbles and boulders, or
less commonly to gravel, vegetation, or submerged logs or root wads. Egg masses
(clusters) are most often deposited in shallow edgewater areas <40 em deep with little or
no water flow «10 cm/sec), and eggs generally hatch in about 15 to 30 days depending
on water temperature. Nussbaum et al. (1983) reported eggs hatching in about five days
at a temperature of 20° C. FYLF tadpoles metamorphose into juvenile frogs in three to
four months. During the early stages of development, tadpoles are herbivorous, feeding
on diatoms and other algae (Kupferberg 1996), and as they mature will opportunistically
feed on the necrotic tissue of dead tadpoles or macrofauna, if available (Ashton et al.
1998).

After metamorphosis, the diet of juvenile frogs is similar to that of adults and includes
terrestrial and aquatic invertebrates such as spiders, moths, flies, beetles, water striders,
snails, and grasshoppers, as well as crustaceans and molluscs. Two years are thought to
be reqUIred to reach adult SlZe (Storer 1925), with sexual maturity at 1-2 years for males
and two years for females (Zweifel 1955; Nussbaum et al. 1983), although some
individuals may reproduce as early as six months after metamorphosis (Jennings 1988).
During studies on a tributary to the Yuba River, Van Wagner (1996) documented one
year-old males with enlarged forearms and nuptial pads that had a strong clasping reflex.
He also noted that larger young-of-the-year males displayed these breeding
characteristics during the fall, when both male and female adult frogs displayed breeding
readiness. Of particular note, some of the larger females displayed distended abdomens
and appeared gravid. Although little data are available regarding longevity of FYLFs in
the wild, Van Wagner (1996) reported a female at least three years old, and based on
studies of other ranids, the life span of FYLFs may be more than three years (Duellman
and Trueb 1986).

Garter snakes (Thamnophis spp.) are the principal natural predator of tadpoles, juvenile
and adult frogs. Other natural predators that FYLFs evolved with may include aquatic
insects, various fish species, birds, and mammals (Ashton et al. 1998). 'Moyle (1973)
implicated introduced bullfrogs (Rana catesbeiana) in the observed reduction of FYLF
populations in the Central Valley and Sierra foothills. The introduction of non-native
fishes, including centrarchids (bass, sunfish, etc.), known to readily eat Rana eggs
(Werschkul and Chrsitensen 1977), and stocking of salmonids (trout) in streams where
they historically did not· exist, also may contribute to the disappearance or reduction of
FYLF populations in Sierra streams. Additional human-caused impacts to FYLFs and
their habitat include, but are not limited to, construction and maintenance of dams and
reservoirs, controlled stream flows, recreation, mining, logging, and livestock grazing
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(~ (Jennings and Hayes 1994; Lindet al. 1996). In addition to these factors, there is
\~/ increasing evidence reported by The Declining Amphibian Population Task Force

(DAPTF) that the occurrence of disease, specifically the chytrid fungus, is increasing in
the Sierra Nevada (Speare et al. 1998). With the increasing number of amphibian surveys
in the Sierra Nevada mountains, there is a high risk of surveyors spreading diseases
among and between amphibian populations. The DAPTF has compiled procedures to
minimize the spread of disease agents and parasites between study sites, which can be
found in the DAPTF Fieldwork Code of Practice website at
(http://www.mpm.edu/collectivertzo/herplDaptflfcode e.html).

2.4 Habitat Preferences

o

FYLFs are characteristically found close to water in association with perennial streams
and ephemeral creeks that retain perennial pools through the end of summer. In general,
FYLFs appear to prefer low-to-moderate gradient (0 to 4%) streams, particularly for
breeding; however, juvenile and adult frogs also may utilize moderate-to-steep gradient
(4 to 2:10%) creeks during the summer and early fall (personal observations). FYLFs
utilize or are associated with a variety of aquatic habitat types, including: pools, riffles,
runs, cascade pools, and step-pools, depending on life stage and the time of year. In
California, specific habitat preferences for each life stage have been document~g." for
streams in the Coast Ranges(Kupferberg 1996; Lind et al. 1996), and in several~1arge

river systems in the Sierra Nevada (Pacific Gas and Electric Company 2001, 2002a,
2002b; Spring Rivers 2001; Ibis Environmental, Inc. 2002). Adults preferentially utilize
shallow edgewater areas with low water velocities «10 cm/sec) for breeding and- egg
laying, and juvenile and adult frogs may be found adjacent to riffles, cascades,main
channel pools, and plunge-pools'that provide escape cover.

FYLFs are found in or near streams associated with a variety ofupland habitats including
foothill hardwood, foothill hardwood-conifer, mixed conifer, chaparral, and coastal scrub.
FYLFs have been documented on streams with both low and moderate amounts of
riparian and overhanging canopy cover. Occurrence and distributibn relative to stream
canopy or shade may be somewhat tied to life stage (Ashton et al. 1998), but there is an
observed preference for streams that offer a combination of exposed basking sites and
shade (personal observations). .

Little is known of the habits or habitat preferences of FYLFs during winter months at
higher elevations (elevations where freezing conditions are common). FYLFs likely
hibernate in nearby burrows or under cover objects such as woody debris and vegetation,
or they -inay- remain in.t1ie water where they hii"vebee1'l.foundm streams with water
temperatures as low as 7.5 0 C (personal observations).

Breeding and Egg-Laying Habitats - In rivers, breeding areas are often located within
relatively close proxi;m:ityJo :the. confluences. of tributary streams (KJJpferberg 1996),. liIld
in both perennial and ephemeral streams with permanent pools (personal observations).
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Macro- and microhabitats utilized by FYLFs for breeding and oviposition depend largely
on the availability of suitable habitat. Breeding areas are typically located in shallow
edgewater areas along low gradient cobble and small boulder dominated point or lateral
bars, in side channels, pool tail-outs, and side pools along river margins. In many
streams, FYLF breeding habitat is often associated with main channel pools, runs, glides,
or very low-gradient riffles in areas with predominantly cobble, boulder, and gravel
substrates.

FYLF egg masses are often attached to the sides or undersides of large cobble and
boulders, although they also may be attached to small cobble, gravel/pebble substrates,
vegetation, or underwater woody debris. In rivers, egg masses are typically located in
relatively shallow, calm edgewater areas within 3 m of shore, and are more commonly
found closer to the bottom than the water surface. Data obtained during studies
conducted on the Pit, North Fork Feather, North Fork Mokelumne, and Middle Fork
Stanislaus rivers (pacific Gas and Electric Company 2001, 2002a, 2002b; Spring Rivers
2001; Ibis Environmental, me. 2002) indicate that these shallow breeding areas are
typically <40 em deep with velocities <10 cm/sec. However, depending on the habitat
type and presence of aquatic predators, oviposition also may occur in deeper water and in
slightly faster currents up to 20 cm/sec. Several studies have documented partial
scouring of egg masses at velocities ~ 20 em/sec (Kupferberg 1996; Pacific Gas and
Electric Company 2002a). Egg masses usually are located in open sunnv areas with little
Shad.e trom nparian vegetation. Field observations have documented that eggs exposed
to the sun mature more quickly than those in shade or partial shade, regardless of water
temperature. In addition, eggs on the perimeter of the mass have been found to develop
and hatch first, with eggs located in the center hatching several days later (personal
observations).

Tadpole Habitats - Tadpoles generally occur in the same locations and habitat as that
used for breeding and egg deposition, and young tadpoles appear to have some fidelity to
the original egg mass site (Ashton et al. 1998). In the absence of disturbance (e.g.,
substantial increase in water velocity, significant drop in water level, recreation, etc.),
tadpoles usually remain in the vicinity of the egg mass for several days, slowly dispersing
into adjacent areas as they grow. Young tadpoles forage on diatoms or other algae on the
surface of the surrounding substrate (Kupferberg 1996; Ashton et al. 1998). However, as
they develop, tadpoles lose the black coloration and become more camouflaged, blending
with the background. From this stage of development (approximately four weeks after
hatching) until they reach metamorphosis, tadpoles are cryptic and often match the color
of bottom substrates and detritus. FYLF tadpoles appear to prefer edgewater habitat
where water temperatures are generally wanner (usually by at least 2 - 4· C) than the
mainstream temperature. Tadpoles appear to prefer calm shallow water and will utilize

. substrate interstices, detritus, and aquatic vegetation for cover.

Juvenile Habitats - Following metamorphosis, juvenile frogs may be observed in groups
and, where numerous, may be conspicuous along rocky stream margins (personal
observations). Juveniles typically remain in the vicinity of breeding locations for the
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remainder of the summer and fall. However, juvenile frogs have been observed on the
Middle Fork Stanislaus River migrating upriver or up nearby tributaries in September
(personal observations).. When associated with river cobble bars, some juveniles may
disperse to nearby isolated pools or side channels (personal observations). By November
or December, and through the remainder of winter, juvenile frogs are typically absent
from stream margins. However, depending' on elevation and local weather conditions,
juvenile and adult frogs occasionally may be observed on warmer winter days along
streams, even when water temperatures are as low as 7.5 0 C (personal observations). In
some streams, adult frogs may remain close to the water all winter, spending a portion of
the time underwater (VanWagner 1996).

As with adult FYLFs, juveniles are strongly associated with cobble bars and slow
moving portions of streams. On the South Yuba River, Yarnell (2000) found juvenile
FYLFs in wider portions ofstream channels with low-reliefbanks. These stream sections
provided protected overflow areas during winter and spring months. Second-year
juveniles' begin to depend upon streamside shading (shading >20%) and the cover
afforded by overhanging streamside vegetation (Ashton et al. 1998), much the same· as
adults.

Adult Habitats - During the summer and fall, adult FYLFs appear to prefer stream
channels that provide exposed basking sites and cool shady areas immediately adjacept to
the water's edge. When disturbed; they typically dive into the water and take refitg~;::pn

the bottom in cobble, boulder, gravel, silt, or vegetation (Stebbins 1985). Recent
observations (Kupferberg 1996; Lind et al. 1996; Pacific Gas and Electric Company
2001, 2002a, 2002b) have corroborated information from Moyle (1973) that adults tend
to prefer channel margins .that provide some vegetative shading, either from the riparian
canopy or occasionally understory vegetation bordering the water's edge. In contrast,
studies on the South Yuba River found that adults appear to prefer deep, channelized
stream types and pool-type habitats on a year-round basis (Yarnell 2000). These
differences are likely due to the availability of preferred habitat types on different river
systems. FYLFs· appear to be very adaptable to varying conditions and may utilize
alternate habitat types when necessary. Recent studies conducted on several river
dIainages in the Sierra Nevada have documented significant differences in habitat types
between drainages occupied by FYLFs (personal observations).

Recent investigations into the presence and distribution of FYLFs on the North Fork
Feather, North Fork Mokelumne, Middle Fork Stanislaus (Pacific Gas and Electric
Company 2001, 2002a, 2002b; Ibis Environmental, Iric. 2002), and Trinity (Lind et al.
1996) rivers have noted that, except during the breeding season, adults are seldom found
in stream reaches that do not provide.at .least a moderate amount of riparian. or margin
vegetative shading. Though potentially abundant during the breeding .season, adults
typically are observed at a reduced frequency on main stem river areas during the
remainder of the year. Ashton et al. (1998) speculated that' adults either are dispersing
into streamside vegetation or adjacent tributaries, or possibly reducing diurnal activity.
During the summer, .some·adults may remain in- the· vicinity of breeding' sites on main
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stem rivers if there are cool, partly shady areas with adequate cover (Pacific Gas and
Electric Company 2002a, 2002b; personal observations). However, adults seem to prefer
nearby tributary streams where overhead riparian canopy provides areas of partial sun
and shade throughout the day, and air temperatures are cooler than on the main river.
Perennial streams appear to be the preferred summer habitat of adults; however,
ephemeral streams with perennial pools also provide suitable habitat (Pacific Gas and
Electric Company 2002a, 2002b; Ibis Environmental, Inc. 2002). Adult frogs are not
usually found in sections of creek that have moderately high to high amounts of low
overhanging cover (shade).

As with juvenile FYLFs, adults are typically absent from stream margins by November or
December through the remainder of winter. However, depending on elevation and local
weather conditions, adult frogs occasionally may be observed on warmer winter days
along streams (personal observations). In some streams, adult frogs may remain close to
the water all winter, spending a portion. of the time underwater (Van Wagner 1996).

3.0 Methodologies

3.1 Site Habitat Assessments

Detailed habitat assessments were conducted according to "A Standardized Approach for
Habitat Assessments and Visual Encounter Surveys for the Foothill Yellow-Legged Frog
(Rana boylii)" (Survey Protocol) (Seltenrich and Pool 2002) (Appendix C) by PG&E
biologists Craig Seltenrich and Alicia Pool from May to September 2001. Habitat
assessment standard operating procedures (SOPs) and data forms included in the Survey
Protocol were used for all site habitat assessments. For all Habitat Assessment and
Visual Encounter Survey forms, left bank and right bank notation refers to side of stream
seen facing downstream. Habitat assessements were not repeated at subsites during 2002;
however, significant habitat changes were noted onto field forms and this information is
provided along with the 2001 results.

All survey sites contained two or more areas of distinct habitat (e.g., boulder/sedge
margin, cobble bar, side pool) and the sites were divided into subsites based on these
dissimilar habitat conditions. A separate habitat assessment form was completed for each
subsite. Habitat assessments were conducted prior to Visual Encounter Surveys (Section
3.2) on the initial site visit. Additional habitat assessments were conducted during the
season if habitat conditions changed significantly, and during a high flow period
associated with the suspended operation ofPoe Powerhouse during a wild fire adjacent to
the Project area (12-13 September 2001).

Key habitat parameters recorded during habitat assessments included: water temperature;
general habitat type; gradient; percent aquatic and terrestrial cover; percent riparian
canopy; terrestrial and aquatic substrate; and water velocity. Stream measurements were
determined using a 100 m tape and a rangefinder. Habitat photographs (Appendix B)
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were taken at all survey locations, usually during the habitat assessment procedure. An
attempt was made to take photographs ofupper (upstream), middle, and lower portions of
all sites and subsites. Each photograph caption contains the date and time the picture was
taken; site and location; subsite; and photograph number (initials of photographer/roll # 
picture #).

3.2 Visual Encounter Surveys

Visual Encounter Surveys were conducted during the summer of 2000, spring and
summer of 2001, and spring and summer of 2002 by PG&E biologists Craig Seltenrich
and Alicia Pool. The timing and number of VES followed the schedule particular to
habitat (Le., mainstem river, tributary) as specified in the Survey Protocol. For the main
river sites, one or two initial surveys were conducted in May and early June to search for
egg masses and adults. A follow-up survey was conducted at all sites four to· eight weeks
later to search for larvae, metamorphs, and adults frogs. If tadpoles were found during
earlier surveys, a final. visit targeting juveniles and· adults was conducted in late summer
or early fall. As specified in the Survey Protocol, all tributary sites were searched once in
late summer. YES were conducted on warm, sunny days with light or no winds, unless
the site was protected from stronger prevailing winds, between 0900 and 1800 hours.
Whenever possible, YES surveys were conducted from the downstream end to the
upstream end of the site. Polarized sunglasses were used to reduce glare and increase
visibility into aquatic habitats" and care was taken to minimize disturbanc~;_ .. to
herpetofaunaand aquatic habitats. "c

The detailed YES Survey Protocol (Appendix C; Seltenrich and Pool 2002) was followed
when conducting all YES. The two PG&E surveyors typically worked in tandem dlf.ring
surveys. One bioiogist searched the shoreline ahead for adult and juvenile frogs,· using
binoculars when feasible, while the second biologist searched appropriate microhabitats
for egg masses and tadpoles using a dip net to sample areas of low visibility (e.g.,
undercut banks) and a Plexiglas frame to peer into areas with surface turbulence (e.g.,
pocket water behind boulders).

Data from YES were recorded onto Visual Encounter Survey Data Sheets in the survey
protocol specific to either: (1) FYLF River Sites, or (2) FYLF Tributary Sites. Separate
data sheets were provided for juveniles and adults, tadpoles, and egg masses (Appendix
E). The data parameters collected for egg masses included: location; attachment
substrate; percent silt on eggs; orientation and flow direction; stream velocity at egg
mass; depth; distance to shore; aquatic habitat; and water temperature.·· The data
parameters collected for tadpoles included: location; number of tadpoles; stage of
deveI6pment;aquatic. habitat; -substrate; .distance·. t(f shore; .stream velocitY; depth;· and
water temperature. The data parameters collected for juvenile, subadult, and adult frogs
included: number of frogs observed; frog location in site; sex; age; snout-vent length;
habitat type; activity; and substrate. Search area lengths were measured with a 100 m tape
and a rangefinder and incltlded .the lengths of all linear site and subsitetrap.sects, plus the

. lengths of additional transects searched (e.g., side pools).o
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For the analysis of Project-wide (pooled) data, egg mass flow velocities were entered
onto data forms in the field in the following manner: (a) for a range (e.g. 5-7 cm/sec),
values were entered as that mean (e.g., 6); (b) for less than a value (e.g. <2), values were
entered as the maximum (Le., 2 in example), or (c) for an estimate (-), values were
entered as the estimated value. Also for this analysis, if tadpole distance to shore (em)
values were entered onto data forms in the field as: (a) a range (e.g. 15-20 em), then
values were entered as the maximum (e.g., 20); or (b) less than a value (e.g. <100 em),
then values were also entered as the maximum (i.e., 100 in example). This assumption
was made to conservatively represent tadpole groups' exposure to predatory fish.
However, if tadpole depth measurements were entered as a range (e.g., tadpoles were in
6-30 em deep water), then values were entered as the mean (e.g., 18 em). This
assumption was made to give as much parity as possible to data representing tadpole
depth requirements and habitat use tendencies.

4.0 Results

4.1 Site Habitat Assessments

ill WIS secuon, a oescnpuon IS proVlOeo or perunem naDltat reatures at eacn or me rour
river survey sites (11 subsites) and eight tributary sites based on the information gathered
during the 2001 site habitat assessments. Notes of significant changes to habitats
observed in 2002 also are included. In general; many sites had more dense shoreline
vegetation in 2002 compared to 2001 because of the absence of high, scouring flows
during the winter/spring period between the two years. Completed Site Habitat
Assessment Data Sheets for each site are located in Appendix D. Incidental sightings of
non-target amphibians and other aquatic species are also included in site descriptions.
Figure 1.1-1 above shows the location of all Poe Project FYLF survey locations.

4.1.1 Site 1 - Poe Powerhouse Area

Site 1 is located at the tail-out of a long riverine pool where a large cobble island forms a
low-gradient side channel in a braided section of the NFFR flowing into Big Bend
Reservoir adjacep.t to Poe Powerhouse. The powerhouse is located at the top of Big Bend
Reservoir (functionally, Poe Powerhouse afterbay), impounded by the Big Bend Dam
which is located about 1.3lan downstream from Poe Powerhouse. Built in 1911, this dam
diverted water to the old Big Bend Powerhouse, now under Lake Oroville. At full pool
(274 m, 899 ft elevation), Lake Oroville reservoir extends all the way up the NFFR
channel to Big Bend Dam. Site 1 is 431 m in overall length and consists of two subsites.
Stream flows were 3.7 cm/sec (pulga gauge) on 12 May 2001, the date of the Site 1
habitat assessment. Two subsites were surveyed in both 2001 and 2002.
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4.1.1.1 Subsite 1a

Subsite 1a is a low-gradient side channel along the left bank of the NFFR that drains the
long pool upstream of Poe Powerhouse. The survey section includes both banks of a 160
m portion of the channel and the entire 8 m wetted channel width. Lotic habitat of the
channel was mostly pool, with a high-gradient riffle at the head and a low-gradient riffle
at the tail. Cobble bars formed both banks of this side channel with moderate- and high
gradients on the right and left banks, respectively, with no riparian cover. Vegetation
(mostly sedge) was 30 percent for the right bank and 70 percent on the left, and terrestrial
amphibian cover was estimated at 30 and 40 percent for the respective channel banks
(mostly boulder on the right bank, and vegetation on the left bank). Aquatic cover was
greatest along the right bank (50%) and consisted mostly of boulders. The aquatic
substrate was mostly cobbles (50%) and boulders (20%). No algae was found on stream
substrate on 29 September, 2001 (it had provided up to 30% aquatic cover prior),
indicating that the channel was flushed out during peak flows when the powerhouse was
off-line (11-13 September 2001; see Section 4.2). In 2002, heaVy growth of herbaceous
vegetation and willow carpeted most of the stream margin leav},ng very little exposed
bank area. Three juvenile western terrestrial garter snakes (Thamnophis elegans), Pacific
treefrog (Hyla regilla) tadpoles, and crayfish were observed at this subsite in 2001.
Garter snakes (N = 5), treefrog tadpoles, and crayfish also were observed in 2002. Fish
observed included centrarchids and cyprinids in both years.

4.1.1.2 Subsite 1b

Subsite 1b is a low-gradient cobble bar located at the tail-out of the long pool OIi_the _
NFFR upstream of Poe Powerhouse and at the top of the large cobble island that forms
two channels adjacent to the powerhouse. The subsite included 101 m along the base of
the tail-out and was 4 m wide. The cobble bar gradient was low; the inundated cobble bar
depth averaged 20 em, with flows between 0 and 2 cm/sec. Lotic habitat was 90 percent
pool and 10 percent low-gradient riffle. Aquatic substrate was mostly cobble (50%) and
gravel (40%). While there was no riparian canopy cover, vegetation at the margin was 80
percent (mostly sedge) and contributed to most of the available terrestrial cover (60%).
Emergent vegetation (10%),.submerged vegetation (10%), and aquatic cover (30%) were
all relatively sparse. In April 2002, habitat conditions were similar to those described in
2001; however, byAugust 2002, the shoreline vegetation growth was dense, up to three
feet tall and offered very little open shoreline for frogs. One adult western aquatic garter
snake (Thamnophis couchii), cyprinids, and crayfish were observed at Subsite 1b in 2001.
Nine garter snakes, treefrog adults and egg masses, crayfish, and cyprinids were recorded
during 2002 YES.

4.1.2 Site 2 - Swimmer's Beach Area

The Swimmer's Beach area (Site 2) is located about one river Ian upstream from Poe
Powerhouse, and about 400m-upstream of-the PoePowerhous-e Road-bridge: From the

Poe Project FYLF Surveys
Pacific_Gas and Electric Company 13

Garcia and Associates
April 2003

-~--'-----'---- --------------------------------------------- ---------



top, the entire site extends for 435 m downstream along a n:m., through a low-gradient
riffle, into a long riverine pool, and down to the pool tail-out at another low-gradient
riffle. There were three subsites surveyed in 2001 and 2002 (see below); the initial site
habitat assessments for all subsites were conducted on 11 May 2001, when stream flow at
the Pulga gauge was measured at 3.7 cmJsec.

4.1.2.1 Subsite 2a

Subsite 2a is a low-gradient cobble bar and backwater pool area at the tail-out of the long
pool at Swimmer's Beach. The subsite extends for 88 m through these habitats at the tail
of the pool and was 4 m wide. The maximum depth of the backwater area was
approximately 90 em and averaged about 35 em deep. The primary aquatic substrate was
cobble (70%). No data were recorded for vegetative cover in 2001. By 17 May 2002,
vegetation, mostly razor grass, covered almost 100 percent of the shoreline. Two garter
snakes and cyprinids were observed at this subsite in 2002. Centrarchids, Sacramento
pikeminnow (Ptychocheilus grandis), Sacramento suckers (Catostomus occidentalis),
crayfish, treefrog adults and tadpoles, and three garter snakes were observed during 2002
YES at Subsite 2a.

4.1.2.2 Subsite 2b

;:suostte 20 IS a low-to-moderate gradient cobblelboulder bar along the right bank in the
. middle portion of the main channel pool at the Swimmer's Beach area. The subsite was
96 m long and 3 m wide. A backwater area at the top of the site was 30 em deep at its
maximum and averaged 15 em deep overall. Forb and sedge vegetation covered only 40
percent of the margin, and both terrestrial and aquatic cover was estimated at 50 percent,
primarily boulders. In July, the habitat along the edgewater appeared suitable for FYLF
juveniles and tadpoles, i.e., shallows with flocculent material and abundant aquatic
insects. The principal aquatic substrates were cobble (50%) and boulder (30%), and lotic
habitat was mostly pool (80%) with some run (20%). There was no riparian canopy
cover. The inundated portion of the cobble bar averaged 20 em deep. One adult treefrog,
cyprinids, and crayfish were seen at Subsite 2b in 2001. Juvenile centrarchids, cyprinids,
an adult treefrog, and one garter snake were recorded in 2002.

4.1.2.3 Subsite 2c

Subsite 2c is a low-gradient cobblelboulder lateral bar on the left bank along the run and
riffle portion at the top of Site 2 at Swimmer's Beach. The lower end of this subsite is at
the head of a low-gradient riffle at the base of the run. The subsite is 122 m long and 3.5
m wide. A backwater area at the bottom of the site averaged 20 em deep and was 35 em
deep at its maximum. Vegetation cover at the margin was only 40 percent (forb, sedge,
and willow), and emergent and submergent vegetation cover was sparse (20% and 10%,
respectively). Terrestrial and aquatic amphibian cover was moderate (50% and 60%,
respectively), with mostly boulders and cobbles. The inundated portion of the cobble bar
averaged 25 em deep, with flow velocities between 1-3 cmJsec. Four garter snakes,
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4.1.3.1 Subsite 3a

4.1.3 Site 3 - Bardees Bar Area
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including adult and juvenile western aquatic and western terrestrial speCies, and tieefrog
tadpoles were recorded at this subsite in 2001. Two garter snakes, treefrog tadpoles,
cyprinids, centrarchids, and crayfish were recorded in 2002.

Subsite 3b is a 78 m length of 3 m wide moderate-to-steep gradient cobble/boulder lateral
bar located along the right bank: of the main channel pool at the Bardees Bar old bridge
crossing. There were no backwater areas present and the main cha.n.nel pool comprised
100 percent of the lotic habitat in the subsite. Mostly grass and sedge vegetation covered
50 percent of the shoreline margin, but emergent and. submerged vegetation cover was
low (20% and <10%, respectively). Aquatic and terrestrial amphibian cover; principally
cobble and boulders, were estimated at 30 percent each: Aquatic substrate at the subsite
was comprised ofpredominantly cobble (50%) and gravel (30%). In 2002, edgewater
habitats were disturbed by recreational and mining activities, and substrates were highly
compacted which mostly eliminated potential aquatic cover for tadpoles. In ·addition, very
little algae or detritus wasa.vaila.ble for tadpoles where· mining . occurred. Bass

Subsite 3a is a 103 m long and 4 m wide section of boulder/sedge margin along a right
bank side pool and at the tail-out riffle on the main channel pool in Site 3. Lotic habitat
was 80 percent pool and 20 percent riffle. Depths in backwater habitats averaged 100 em
with a maximum of200 em. Potential amphibian habitat conditions were similar for both
side pool and river channel portions of this subsite, except that submerged vegetation
(algae, aquatic plants) was denser in the side pool (50%) than out on the river «10%).
Sedge, forb, and willow vegetation coverage at the margin was 50 percent overaU;i.and
terrestrial cover (boulder, vegetation) was 50 and 40 percent for the river and side: pool
portions, respectively. Shoreline vegetation along the margin has increased since 2001;
however, the difference was less that at some of the other subsites, due primarily t6 the
abundance of rocky substrates. Boulders made up most of the aquatic substrate (60%),
and there w.as less than 10 percent riparian cover, in the form ofwillows. In general, there
was very little habitat for tadpoles in the side pool with predators occurring up to the
shoreline and small crayfish occupying areas of potential habitat. Cyprinids, centrarchids
Oarge bass), and large and small crayfish were observed in Subsite 3a waters in 2001.
Centrarchid, crayfish, and six garter snakes were recorded during 2002 YES.

4.1.3.2 Subsite 3b

Site 3 is located in the NFFR Bardees Bar area, approximately 6 Ian upstream of Poe
Powerhouse. The overall site is 181 m long and includes the lower portion· of a large
main channel pool and a side pool near its tail-out. There were two subsites surveyed in
2001 and 2002; initial habitat assessments for these subsites were conducted on 31 May
2001, when river flows at the Pulga gauge upstream measured 3 cm/sec.

(J

/ \

\J

()
/

.~- --



(Micropterus sp.), pikeminnow, and a juvenile western aquatic garter snake were
observed at the subsite in 2001, whereas crayfish, centrarchids, and cyprinids were
observed during the 2002 YES.

4.1.4 Site 4 - Flea Valley Creek Area

The Flea Valley Creek survey area (Site 4) is located on the NFFR at the confluence with
Flea Valley Creek and adjacent to the Pulga railroad siding and town site, about 1 Ian
downstream of Poe Dam. The overall site length is 419 m. The top half is low-gradient
run and riffle, and the bottom half is low~gradient run. There were four subsites surveyed
in 2001 and 2002 (see below); the initial site habitat assessments for all subsites were
conducted on 10 May 2001, when stream flow at the Pulga gauge just downstream
measured 3.6 cm/sec.

4.1.4.1 Subsite 4a

Subsite 4a is a 72 m long by 6 m wide section of boulder/sedge margin along the right
bank of the NFFR approximately 10m downstream from the confluence with Flea Valley
Creek. The area contained backwater areas (30 em average depth, 50 em maximum), with
two contiguous side pools, three isolated side pools, and a spring pool pothole at the top
of the site. Sedge growth covered 60 percent along the margin and accounted for 30
percent emergent cover on the initial visit; however, by 30 May 2001, vegetation
(predominately sedge) on the margin and emergent vegetation. for both increased to 80
percent cover. Terrestrial cover estimates also increased from 60 percent to 90 percent
between the two visits, due to increased sedge growth. Sedge growth density was even
greater during visits in 2002. Boulders provided most of the estimated 20 percent aquatic
amphibian cover. Willow leaf emergent growth increased riparian canopy from <2
percent on 10 May to about 15 percent on 30 May. Aquatic substrate was primarily
boulders (50%) and cobble (40%). There was a high amount of detritus covering all
substrate that was easily suspended. Lotic habitat was run. Fish species observed in 2001
included salmonids and cyprinids, along with one juvenile garter snake and treefrog
tadpoles. Other species observed during YES in 2002 included sucker, cyprinids,
salmonids, treefrog tadpoles and adults, crayfish, and six garter snakes.

4.1.4.2 Subsite 4b

Subsite 4b is a moderate~gradient cobblelboulder lateral bar (50 m x 3 m) along the right
bank, formed by the alluvial outflow of Flea Valley Creek into the NFFR. Aquatic
substrate was primarily cobble (70%), with 30 percent grave1. Margin, emergent, and
submerged vegetation coverage were all <10 percent, as was the available aquatic and
terrestrial amphibian cover. Lotic habitat was run, and there was no riparian canopy.
Salmonids and cyprinids were observed in this subsite in 2001. Other species observed
during YES in 2002 included cyprinids, salmonids, treefrog tadpoles and adults, crayfish,
and six garter snakes.
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() 4.1.4.3 Subsite 4c',_/

Subsite 4c is a broad, low-gradient lateral cobble/boulder bar on the right bank NFFR
along riffle/run habitat just upstream of the confluence of Flea Valley Creek. There were
no backwater areas, although there was one isolated and three contiguous side pools in
the subsite. Emergent and submerged vegetation were sparse (10%), as was the riparian
canopy «10%). Overall available terrestrial and aquatic amphibian cover values were
only moderate (30% and 40%, respectively). In 2002, the amount of detritus was up to 6
em thick in some places. Aquatic substrate was mostly cobble (50%) and boulder (40%).
The inundated portion of the cobble bar averaged 15-20 em deep with flow velocities
between 3-4 cmlsec. Lotic habitat at this subsite was mostly run (80%) with some ri'ffle
(20%). Male FYLF were calling during the initial site habitat assessment on 10 May
2001, and fish observed included salmonids and cyprinids. Other species observed during
YES in 2002 included centrarchids, cyprinids, treefrogs (egg masses, tadpoles, juveniles,
and adults) and crayfish.

4.1.4.4 Subsite 4d

o
Subsite 4d is a low-to-moderate gradient lateral cobble/boulder bar located on the right
bank NFFR opposite the confluence of Flea Valley Creek. There were no bac~~t~r

areas, although there was one' isolated and two contiguous side pools in the sub~ite.

Vegetation at the margin was moderately-dense (60%), with less emergent (30%):and
submerged «10%) vegetation. Terrestrial cover was also moderately dense (60%),and
aquatic cover somewhat sparse (20%); however, by 26 July, edgewater habitat had 80
percent flocculent material. In August 2002, brown algae and diatoms covered almost
100 percent of the edgewater substrate. The inundated portion of the cobble bar averaged

, 15 em deep with flow velocities between 1-5 cm/sec. Lotic habitat at this subsite was
primarily run (75%) with some riffle (25%). Aquatic substrate was cobble (50%), gravel
(30%), and boulder (20%), Cyprinids, salmonids, and an adult treefrog were recorded at
the subsite in 2001. Other species observed during YES in 2002.~.,included cyprinids,
treefrog tadpoles and juveniles, crayfish, and two garter snakes.

4.1.5 Tributaries

4.1.5.1 Mill Creek-TRI

The confluence of Mill Creek (TR1)and the NFFR is approximately800m~downstream

ofPoe Dam on the left bank. A habitat assessment was conducted on 30 August 2000 and
the overall survey length along the creek was 500 m. The average wetted channel length
was 5 m, and the discharge was approximately 0.01 cmlsec. There were numerous main
channel pools (10+) and side pools (5+) along the survey reach. Vegetation at the margin

, was sparse (10-15%), but terrestrial and aquatic-cover values were relatively good (60-
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70%), with many logs and boulders. Riparian canopy cover ranged from 10 to 30 percent,
bank gradient was low to moderate, and stream gradient moderate to high. The stream
gradient became steeper about 270 m from the NFFR confluence; and aquatic habitat
changed from cascade/pool/riffle to cascade/plunge pool/waterfall habitat. Lotic habitat
was rated at 20 percent riffle, 20 percent pool, 30 percent cascade, and 30 percent plunge
pool. Salmonids were observed in this tributary. Overall, the creek had suitable habitat
for FYLF, but breeding sites during higher flows appeared to be limited.

4.1.5.2 Flea Valley Creek - TR2

The confluence of Flea Valley Creek (TR2) with the NFFR is approximately 1.5 km
downstream of Poe Dam on the right bank. A habitat assessment was conducted on 31
August 2000 and the overall survey length along the creek was 750 m. The average
wetted channel length was 3 m, and the discharge was approximately 0.03 cm/sec. There
were numerous main channel pools (15-20) along the survey reach. Vegetation at the
margin was relatively dense (70%), and terrestrial and aquatic cover values were also
high (about 95% and 65%, respectively), with mostly vegetation, boulders, and undercut
banks. Riparian canopy cover ranged from 40 t9 90 percent, bank gradient was moderate,
and stream gradient was low-to-moderate. The stream aquatic habitat changed several
times, alternating between riffle/pocket water and pocket water/cascade habitats. Lotic
habitat was rated at 30 percent riffle, 20 percent pool, 20 percent cascade, and 30 percent
pOCKet water. ::Salmomds and. one adult garter snake were observed in this tributary.
Overall, Flea Valley Creek provides excellent habitat for FYLF, primarily because of
habitat features presentand a relatively constant, spring-fed flow through the summer.

4.1.5.3 Unnamed Tributary #1 to NFFR - TR3

The confluence of the unnamed tributary #1 (TR3) with the NFFR is approximately 700
m downstream ofBardees Bar on the left bank. A habitat assessment was conducted on 7
September 2000 and the overall survey length along the creek was 100 m. The average
wetted channel length was approximately 2 m, and the discharge was approximately 0.01
cm/sec. Vegetation at the margin was dense (80%), terrestrial cover was 90 percent
(mostly boulders and vegetation), and aquatic cover values were moderate (40%, mostly
boulders). Riparian canopy cover was 50 percent, bank gradient was moderate, and
stream gradient high. However, overhanging cover ranged from 0 to 100 percent,
averaging 80 percent. The stream gradient did not change within the survey reach. Lotic
habitat was rated at 20 percent riffle, 10 percent run, 20 percent pool, and 50 percent
shallow (30-45 em deep) plunge pool. No fish were observed in this tributary. The
stream was intermittent in places, flowing beneath piles of boulder and cobble, and the
area was historically mined.

4.1.5.4 Unnamed Tributary #2 to NFFR - TR4

The confluence of the intermittent unnamed tributary #2 (TR4) with the NFFR is located
approximately mid-way between Bardees Bar and Swimmer's Beach on the right bank. A
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habitat assessment was conducted on 14 September 2001 and the overall survey length
along the creek was 305 m (portions upstream and downstream of Bardees Bar Road
combined). The average wetted channel length was 1 to 3 m wide and the- creek was dry
in places. Discharge was less than 0.01 cm/sec. Overhanging cover was 30 percent.
Terrestrial cover was 100 percent and varied, including rootwad, vegetation, logs,
boulders, burrows, woody debris, and leaf litter. Aquatic cover value was moderate
(50%) in the pool, and mostly composed ofboulders. Riparian canopy cover was 70 to 80
percent, bank gradient was high, and stream gradient was moderate to high. The stream
gradient did not change within the survey reach. Lotic habitat was intermittent and 100
percent cascade/pool. No fish were observed in this tributary. Several FYLF were
observed in the survey reach (see Section 4.3.3), occupying isolated, apparently
perennial, shallow (average 15-35 em deep, maximum 60 em) pools. -

4.1.5.5 Camp Creek - TR5

The confluence of Camp Creek (TR5) with Poe Reservoir. is approximately 1.7 km
upstream of Poe Dam on the right banle Habitat assessment occurred on 6 August 2001
and the overall survey length along the creek was about 470 m. The average wetted

-channel length was 15 m. There were numerous main channel pools along the survey
reach. Vegetation at the margin was relatively sparse (30%), and terrestrial and aquatic
cover values were moderate (40%), mostly composed of vegetation and boulders.
Riparian canopy cover was 25 percent, bank gradient was high, and stream gradient
moderate. The stream gradient and aquatic habitat did not change within the survey
reach. Lotic habitat was rated at 60 percent riffle, 20 percent run, and 20 percent pool.
Large salmonids and a California newt (Taricha torosa) larvae were observed in this
tributary. Overall, the creek had good habitat for FYLF.

4.1.5.6 Heinz Creek - TR6

The confluence of Heinz Creek (TR6) with Poe Reservoir is approximately 800 m
upstream of Poe Dam on the left bank and the habitat assessment occurred on 17 August
2001. The overall survey length along the creek was 305 m. The average wetted channel
length was 2-3 m, and the discharge was approximately 0.03 cm/sec. Vegetation at the
margin was moderate (30-40%), as were terrestrial and aquatic cover values (about 35%
and 25%, respectively), with logs and boulders being the most frequent components.
Riparian canopy cover ranged from 0 to 40-percent, bank gradient was moderate to high,
and stream gradient high. The lower, unsurveyed portion of the reach near the Highway
70 bridge has been altered for stream stabilization. Most of the banks along the drainage
were actively eroding. Lotic habitat was rated at 20 percent riffle, 10 percent run, 20
percent pool (to 60 em deep), and 50 percent cascade/plunge pool. No fish-were observed
in this tributary. This tributary contained suitable adult FYLF habitat with pools,
edgewater, and flocculent material suitable for tadpoles.

.-,:"
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4.1.5.7 Dogwood Creek - TR7

The confluence of Dogwood Creek (TR7) with Poe Reservoir is approximately 800 m
upstream of Poe Dam on the right bank. Habitat assessment occurred on 17 August 2001
and the overall survey length along the creek was 200 m. The average wetted .channel
length was 4-5 m, and the discharge was approximately 0.06 cm/sec. Vegetation at the
margin was sparse (10%), but terrestrial and aquatic cover values were relatively high
(75% and 35%, respectively), with boulders, logs, and other woody debris as the primary
components. Riparian canopy cover was 50 percent, bank gradient was moderate to high,
and stream gradient was low at the top, moderate in the middle, and high in the bottom
portion, which included most of the survey section. The stream gradient changed
approximately 90 m from the railroad bridge, and aquatic habitat changed from
riffle/runJpocket water to bedrock cascade/pool. Lotic habitat was rated at 20 percent
riffle, 20 percent run, 20 percent pool, and 40 percent bedrock cascade/pool. Salmonids
were observed in this tributary. Habitat was unsuitable for FYLF from about 90 m below
the bridge downstream in cascade/pool habitat. From the bridge upstream, habitat
improved. Water temperatures were cool for August; however, the creek appeared sterile
with very few aquatic insects.

4.1.5.8 Unnamed Tributary # 3 to NFFR - TR8

The contluence ot Unnamed Tributary #3· (TR8) with the NFFR is approximately 300 m
upstream of Poe Dam on the left bank. Habitat assessment occurred on 16 August 200I
and the overall survey length along the creek was 230 m. The average wetted channel
length was 2 m, and the discharge was <0.01 cm/sec. Vegetation at the margin was
moderate (60%), as was the terrestrial cover value (60-70%), composed ofboulders, logs,
and organic debris. Aquatic cover was less than 20 percent. Riparian canopy cover
ranged from 70 to 80 percent, and bank gradient and stream gradient were both moderate
to high. The stream gradient and aquatic habitat did not change in the survey reach. Lotic
habitat was rated at 60 percent riffle, 10 percent run, 10 percent pool, and 20 percent
cascade/plunge pool. No fish were observed in this tributary. Both banks of the drainage
were actively eroding; potential pools were filled with sediment (none >10-12 em deep),
and many trees had fallen into the channel.

4.2 Increased Flow Evaluation

On 12 and 13 September, 2001, an evaluation of the effects of increased flows on FYLF
habitat was conducted in the Poe Reach. These increased flows, which fluctuated
between 5 and 7.4 cm/sec, were the result of the Poe fire that damaged transmission lines
and required the temporary shutdown of Poe Powerhouse. Habitat assessments were
conducted at all four study sites along the NFFR during this two-day period. These data
were collected to compare the distribution and extent of habitat, as well as specific
habitat parameters (e.g., depth, velocity, habitat structure, etc.), at these elevated flows
with previous data obtained at the existing flow condition (approximately 2.8 cm/sec).
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The site-specific flow evaluation provided below is focused primarily on the effects of
these higher flows on FYLF breeding,. tadpole development, and juvenile habitat and,
secondarily, on subadult and adult habitat. Habitat assessment forms from this evaluation
are presented in Appendix D.

A separate, intensive study conducted in September 2002 evaluated the effects of five
flow releases (baseline to 310 cfs) on FYLF suitable habitats in the Poe reach (see
GANDA 2003). Areas of preferred and marginal habitat were calculated at 13 subsites
and compared for each flow level in the Poe reach during this study.

4.2.1 Poe Powerhouse Area (Site 1)

At Subsite la (side channel), the higher flows resulted primarily in an increase in depth,
with little or no increase in edgewater habitat, and only a slight increase in flow velocity.
The increased depth (increase of 11- 12 em), which allows predators to move closer to
the banks, decreased the overall value of this habitat for juveniles and, possibly, subadults
and adults.

. At Subsite lb (tail-out of large pool/top of center channel island), edgewater habitat
increased at the higher flows; however, habitat complexity decreased slightly, due to the
loss of emergent cobble and boulders in the breeding area that were present at flows
around 2.8 cmJsec. Due to a lack of information regarding the importance of edgewater
habitat relative to habitat complexity, the overall effects ofhigher flows at this subsite are
unknown.

4.2.2 Swimmer's Beach Area (Site 2)

At Subsite 2a (low-relief tail-out of large pool), the higher flows and increased depth
(increase of 11-12 em) resulted in an increase in edgewater habitat; however, habitat
complexity decreased slightly, due to the loss of emergent cobble and boulders in the
breeding area that were present at flows around 2.8 cmJsec. Similar to Subsite lb, the
overall effects of higher flows at this subsite are unknown, due to the lack of information
regarding·the importance of edgewater habitat relative to habitat complexity.

At Subsite 2b (low-relief lateral bar), the higher flows and increased depth (increase of
11-12· em) resulted in an increase in edgewater habitat and overall habitat. The average
flow velocity increase was not noticeable (range = 0-0.08 cm/sec).

At Subsite 2c (low-relief lateral bar), edgewater habitat increased slightly at the higher
flows. However, the increased depth (increase of 10-11 em) both removed and added
habitat, 'depending oli"location. Overall, 'the "amount of habitat rerriai11ed- approximately
the same.' " .
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4.2.3 Bardees Bar Area (Site 3)

At Subsite 3a (low-reliefboulder/sedge habitat), the higher flows resulted primarily in an
increase in depth, with little or no increase in edgewater habitat. The increased depth
(increase of 14-19 em), which allows predators to move closer to the banks, decreased the
value of this habitat for juveniles and, possibly, subadults and adults.

At Subsite 3b (high-relief lateral bar), edgewater habitat was significantly reduced at the
higher flows. The increased depth (increase of 12-15 em), which allows predators to
move closer to the banks, and the reduction in edgewater habitat, decreased the overall
value ofthis habitat.

4.2.4 Flea Valley Creek Area (Site 4)

At Subsite 4a (boulder/sedge habitat), the higher flows and increased depth (increase of
10-12 em) resulted in an increase in edgewater habitat in some locations and a loss in
others. Overall, the amount ofhabitat remained approximately the same.

At Subsite 4b (moderate-relieflateral bar), the higher flows and increased depth (increase
of 12-1::; em) re~111tpil in ~ ~liO"ht inM'P~~p in prlO"P~17l'lt...1' hl'lh';t",t .,.... ,.1 "'''''.....,11 1.,,1-.~+,,+
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At Subsite 4c (low-relief willow side channelllateral bar), the higher flows and increased
depth (increase of 12-13 em) resulted in a small increase in edgewater habitat; however,
habitat complexity decreased slightly and velocities generally increased. The increased
depth (which allows predators to move closer to the banks), in addition to the increase in
velocities decreased the overall value of this habitat.

At Subsite 4d (moderate-relief lateral bar), the higher flows and increased depth resulted
primarily in an increase in depth (increase of 16-18 em), with little or no increase in
edgewater habitat. Additionally, habitat complexity decreased slightly and velocities
increased slightly. The increased depth (which allows predators to move closer to the
banks), and the increase in velocities, decreased the overall value of this habitat.

4.3 Visual Encounter Survey Results

A summary of pooled data showing overall trends in egg mass attachment site, tadpole
group, and frog (adult, subadult, juvenile) distribution and habitat use found throughout
Project area NFFR sites is presented in this section. In addition, site-specific results are
presented for both the NFFR and tributary sites. Data forms completed for YES for 2001
and 2002 are included in Appendix E.
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4.3.1 Project Area Comprehensive Analysis

4.3 .1.1 Egg Masses

A total of 26 FYLF egg masses were found during YES at all four Poe Project area main
stem survey sites (11 subsites) in May 2001. Of these, one detached egg mass was found
floating at Subsite 4c and was not included in the habitat analysis. Data from a revisit to
anollier egg mass at Subsite 4b, apparently covered by a drifting algal mat that delayed
maturation, also was not included in this analysis. Flow velocity at the attachment site of
this egg mass on 10 May was the highest recorded in the Project area in 2001 (i.e., 20
cm/sec, included in data analysis), and the algal mat apparently acted to retard flow
substantially as recorded during the second visit «2 cm/sec on 30 May). 1bis egg was
partially detached when found on 10 May, and observers estimated that the eggs on the
outside of the mass probably would be tom off shortly. All egg masses were apparently
laid by the end of May 2001; three found in Subsite 4d on 30 May were not present

. during the 10 May VES (see also Section 4.3.2).

During 2002, data were collected from a total of 28 egg masses found in the 11 subsites.
No data were collected from two additional egg masses found at Subsites 3b, apparently
dislodged by adjacent dredge mining activity. Eggs from another egg mass at Subsite 4b
were being scoured from 14-20 cm/sec flow velocities; this egg mass was relocated in!'? a
more protected area after microhabitat data were collected from the original oviposition
site. Most egg masses in 2002 were apparently deposited in May; however one fresh ,egg
mass was found at Subsite 2a on 12 April 2002 (water temperature = 15° C), while
another egg mass was deposited around 2 June at Subsite 4b (water temperature = 159 C).
Egg masses appeared to break down rapidly after hatching.

Despite the two relatively high-flow velocity values mentioned above, the average flow
velocity at egg mass attachment sites was 1.4 cm/sec in 2001 (N = 25) and 2.2 cm/sec in
2002 (N =28), and these values were similar between years (Table 4.3-1).

Figures 4.3-1a and 4.3-1b graphically depict the distance to shore and corresponding
depths of egg masses and depths of the associated stream bottom at the 25 and 28
attachment sites for 2001 and 2002, respectively. Most egg masses were laid within about
3 m of shore for both years, although two were found over 5 m from shore in the wide,
shallow pool tail out Subsite 1b in 2002. In addition, all egg masses were deposited at
depths <50 em. There also were no significant differences between years for mean values
of distance. to shore, depth of egg masses, and depth to the bottom at egg mass sites
(Table 4.3-1). Mean water temperatures at egg mass sites during surveys were
significantly different between years (2001 = 18.5° C, 2002 = 15° C;Table4.3-1);
however, since these data were not recorded at the time of oviposition, little can be
concluded from these differences.
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Table 4.3-1. Summary of mean habitat parameters for FYLF egg masses found in the
NFFR, Poe Powerhouse Project area, 2001-2002.

VELOCITY DIST. TO DEPTH TO DEPTH OF WATER TEMP

~001 em/sec SHORE em BOTTOM em EGG MASS em °C

Average 1.4 166.4 24.5 18.0 18.5

Standard Dev. 3.9 83.7 8.8 9.4 1.8

Range 0-20 50-310 13-45 5 -43 15-22

Number 25 25 25 25 25
VELOCITY DIST. TO DEPTH TO DEPTH OF WATER TEMP

12002 em/sec SHORE em BOTTOM em EGG MASS em °C

Average 2.2 156.2 24.8 20.0 15.0

Standard Dev. 3.8 136.4 7.5 7.1 1.8

Range 0-17 30-520 13-42 9-37 12-19

Number 28 28 28 28 28

COMPARISONS BETWEEN 2001 AND 2002

~ ..... ~ I I I I I
.-...."""'_.A. ....~__ • .....v .....v llV llU yt:~

t 0.766 0.324 0.152 0.866 7.052

df 51 51 51 51 51

P 0.44 0.75 0.88 0.39 <0.01

Tables 4.3-2a and 4.3-2b compile data from other various habitat parameters recorded at
the 53 total egg mass attachment sites found in the Project area during 2001 and 2002.
Attachment substrate was either cobble, boulder, or bedrock, and cobble was the
dominate aquatic substrate at the majority of sites. Egg masses were found predominately
in main channel pool and run main stream habitats both years. Edgewater was the
dominant microhabitat type in 2001 and 2002 (100% in 2002), with SOme use of
backwater (20%) and channel (4%) pools in 2001. Other habitat parameters reflected the
generally low-flow velocities found: over one-half of the egg masses were in areas of no
flow considering both years combined, with 40 percent receiving shear (along the side of
egg mass) flow in 2001; 50 percent were oriented into the flow in 2002. Also, about 90
percent of egg masses had silt deposits, although none were covered on greater than 50
percent of the exposed surface.
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o Figure 4.3-1a. Distance from shore and corresponding depths of egg mass and stream
bottom for 25 FYLF egg masses observed in the NFFR, Poe Powerhouse Project area,
2001.
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() Figure 4.3-1b. Distance from shore and corresponding depths of egg mass and stream
bottom for 28 FYLF egg masses observed in the NFFR, Poe Powerhouse Project area,
2002. ..
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Table 4.3-2a. Aquatic habitat characteristics of25 FYLF egg mass attachrr ent sites in the NFFR, Poe Powerhouse Project area, 2001.
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(J)
Q)
(J)
(J)

0 ro
::a: E Q) .cZ
C> ro Q) "'C 1iiQ) E ~ "'C 0(i)..... C> ... ro 0(i) Q)

fOw w Q) Q) .....
E r:::

0 ~
(J)

Q) ...
.Q 15 :0 "'C Q) r::: ro Q) :;:
::J :; LO .....

~
...

.Q r::: to I en 0 ~ "'C .Een =II: Date 0 0 0 C\I LO a. .c ..... c: .£0 .Q r::: V C\I ::J "'C en (J) ::J

1a 0 5/12/01

1b 2 5/12/01 1 1 1 1 2

2a 3 5/11/01 3 3 2 1

2b 0 5/11/01

2c 2 5/11/01 2 1 1 2

3a 0 5/31/01

3b 8 5/31/01 6 2 6 2 1 2 1 3 1

4a 3 5/10/01 3 2 1 2 1 1

4b 1 5/10/01 1 1 1

4c 3 5/10/01 1 2 3 1 2

4d 0 5/10/01

4d 3 5/30/01 3 1 2 2 1

25 TOTALS 14 11 2 14 9 2 2 7 11 3 1

% of TOTAL 56 44 8 56 36 8 8 28 44 12 4
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Table ~.3-2b. Aquatic habitat characteristics of30 FYLF egg mass attachment sites in the NFFR, Poe Powerhouse Project area, 2002.
Two egg massesatSubsite 3b had incomplete data. .
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1b 6 5/9/02 3 3 1 4 1 4 2 1 5 1 6 5 1 6
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20 2 5/17/02 2 2 2 2 2 2

3b 6 5/16/02 5 1 6 1 3 2 2 6 1 5 6

4a 6 5/21/02 1 5 1 5 1 1 2 1 3 3 6 3 3 6

4b 2 5/22/02 2 1 1 2 2 2 1 1 2

40 1 5/22/02 1 1 1 1 1 1 1

4d g 5/22/02 2 1 1 1 .1 1 1 2 1 1 2

4d 2 5/22/02 2 2 2 2 2 2 2
.,

30 TOTALS 14 13 3 3 8 19 6 4 4 12 2 15 0 13 0 30 0 1 14 1 8 4 0 13 2 15
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4.3.1.2 Tadpoles

Habitat parameters from a total of 32 tadpole groups from all four Poe Project area
survey sites (11 subsites) combined were assessed during YES in 2001; 35 tadpole
groups from these sites we~e assessed in 2002. Tadpole hatching began in early May
2001 at the more downstream subsites (i.e., sites 1 and 2) where water temperatures were
19-22°C, but had not begun at the upstream-most Site 4 in early May when water
temperatures at egg masses ranged from 15-17°C. Tadpoles were hatched or hatching at
all sites by the end of May 2001. Hatching was observed in mid-May at Site 2 during
2002.

Table 4.3-3 provides microhabitat data collected at tadpole group sites during 2001 and
2002. Distance to shore mean values were significantly higher in 2002 compared to 2001
(158 em vs. 94 em) due, in part, to the relationship of certain tadpole groups to egg mass
sites found at greater than 5 m from shore at Subsite 1b. Other habitat variables, namely
depth to bottom, water temperatures, and flow velocities, were statistically similar
between years. Figures 4.3-2a and 4.3-2b show the distance to shore and corresponding
depths of tadpole groups at 31 and 35 locations in the Project area for 2001 and 2002,
respectively. All tadpoles were found at depths :S45 em, and most were within 200 em of
shore. Average water temperature at tadpole groups was 22°C in 2001 and 21°C in 2002.

1able 4.3-3. Summary ofmean habitat parameters for FYLF tadpole groups found in the
NFFR, Poe Powerhouse Project area, 2001-2002.

VELOCITY em/sec
DIST. TO SHORE DEPTH TO WATER TEMP °C

2001 em BOTTOM em

Average 0.6 94.0 19.0 22.2

Standard Dev. 0.7 74.7 10.7 3.4

Range 32 31 32 32

Number 0-2 15-280 3-45 18-29

~OO2

Average 0.6 157.5 21.3 21.4

Standard Dev. 0.7 100.1 9.7 3.2

Range 35 35 35 35

Number 0-2.5 44-450 5-42 12-28

COMPARISON BETWEEN 2001 AND 2002

DIFFERENCE? no yes no no

t 0.128 2.941 0.940 1.013

df 65 62 65 65

P 0.90 0.005 0.35 0.31
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For both years combined, flow velocities at tadpole group locations (mean = 0.6 cm/sec,
N = 67, SD = 0.7, range = 0-2.5 cm/sec) averaged significantly less (t = 2.36, 55 df, P =

0.02) than at egg mass oviposition sites (mean = 1.8 cm/sec, N =53, SD = 3.8, range = 0
20 em/sec). Average depth of tadpole groups (20 em, N = 67, SD = 10, range = 3-45) was
also less than (t = 2.66, 118.df, P = 0.01) depths at egg mass attachment sites (24 em, N =
53, SD = 8, range = 13-45); and, once hatched and mobile, tadpoles also moved closer to
shore (N = 66, mean = 127 em, SD = 94, range = 10-450) than egg mass oviposition sites
(N = 53, mean = 161' em, SD = 114, range =20-520), though not significantly (t = 1.71,
101 df, P =0.09).

Tables 4.3-4a and 4.3-4b compile data from other various habitat variables recorded at
the 67 tadpole group locations found in the Project area during 2001 and 2002. Substrate
varied more at tadpole group sites than at egg mass attachment sites and included some
sand- and gravel-dominated substrates; however, most tadpoles (82%, both years) were
found in cobble-dominated substrates. Tadpole microhabitat was either edgewater or pool .
(including backwater, edgewater, and side channel pool) habitat. In both years, percent
algal cover on adjacent rocks varied widely, and 60 percent of tadpole groups were in
habitats with <50 percent algal cover; however, 24 percent were found in areas with >80
percent algae. Detritus mixed with algae at many locations.
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Figure 4.3-2a. Distance from shore and corresponding depth of 31 FYLF tadpole groups
observed in the NFFR, Poe Powerhouse Project Area, 2001.
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Figure 4.3-2b. Distance from shore and corresponding depth of 35 FYLF tadpole groups
observed in the NFFR, Poe Powerhouse Project Area, 2002.
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Table 4.3-4a. Aquatic habitat characteristics of32 FYLF tadpole groups observed in the NFFR, Poe Powerhouse Project area, 2001.

" TADPOLE MAINSTREAM MICROHABITAT SUBSTRATE % ALGAL COVER
STAGE HABITAT
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1a 1 5/12/01 1 1 1 1 1

2a 1 7/27/01 1 1 1 1 1

2c 3 7/27/01 3 3 3 3 3
;

5/31/013b 7 7 7 7 1 5 1 5 2

4a 3 5/30/01 3 3 2 1 1 2 3

4b 1 5/30/01 1 1 1 1 1
.'

4c 3 5/30/01 3 2 1 3 3 3
,

4a 2 7/26/01 1 1 2 1 1 2 2

4b 3 7/26/01 1 1 1 3 1 2 3 2 1

4c 2 7/27/01 1 1 2 2 2 2

4d 6 7/26/01 2 3 1 4 2 4 1 1 3 2 1 2 1 2 1

32 TOTALS 22 6 4 7 17 8 1 4 4 20 3 1 1 2 16 1 9 2 6 6 4 4 3 1 1 7

0/0 OF TOTAL 69 19 13 22 53 25 3 13 13 63 9 3 3 6 50 3 28 6 19 19 13 13 9 3 3 0 22
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Table 4.3-4b. Aquatic habitat characteristics of35 FYLF tadpole groups, ,bserved in the NFFR, Poe Powerhouse Project area, 2002.

TADPOLE MAINSTREAM MICROHABITAT
STAGE HABITAT
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2a 2 5/10/02. 2 2 2

2a 6 6/6/02 6 2 6 6

2c 2 5/17/02 2 2 2

2c 1 8/14/02 1 1 1

4a 1 5/22/02 1 1 1

4b 1 6/6/02 1 1 1

4c 4 6/7/02 3 3 2 4 1 3

4a 4 6/6/02 4 4 2 2

4a 3 8/16/02· 3 3 3

4b 3 8/16/02 3 3 3

4c 1 8/16/02 1 1

4d 2 6/7/02 2 2 2

35 TOTALS 23 12 0 5 3 16 13 2 0 2 7 21

% OF TOTAL 66 34 0 14 8 43 35 6 0 6 22 66
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4.3.1.3 Juveniles and Adults

A total of 90 and 93 FYLF of all age classes. were found during YES in and adjacent to
the eleven subsites in the Poe Project area in 2001 and 2002, respectively. Tables 4.3-5a
and 4.3-5b provide the age classes, activities, and habitat use characteristics of FYLF
sightings in the Project area. About one-quarter of the FYLF recorded were adults, two
thirds were juveniles, and the remainder were subadults. Most adult and subadult frogs
were located on the NFFR subsites early in the season during the May/June surveys.
Later in the summer and early fall, most adults and subadults apparently had left the river
survey locations, a period when primarily juvenile FYLF were found at the sites.

Overall, most FYLF were observed while either sitting (52%) or basking (34%). While
frogs occurred in more diverse substrates than either tadpoles or egg masses, most were
found in .cobbl~,:,dominated substrates (70%), followed by boulder substrates (18%), and
sand- or gravel-dominated substrates (8%). The list of microhabitats utilized both years
by adults, subadults; and juveniles (Tables 4.3-5a and 4.3-5b) is also more diverse than
for the less-developed life stages. However, edgewater habitats were still dominant. Main
stem aquatic habitats for frog locations were classified as mostly run (60%), main
channel pool (22%), and low-gradient riffle (9%).

__ II.'
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Table 4.3-5a. Age class, activity, and aquatic habitat use of 90 FYLF fm nd during YES in the NFFR, Poe Powerhouse Project area,
2001.

AGE ACTIVITY SUBSTRATE
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1b 1 5/12101 1 1 1
1b 1 7/27/01 1 1 1
1a 2 9/27/01 2 2 1
1b 2 9/27/01 2 2 2
2a 2 5/11/01 1 1 2
2c 1 5/11/01 1 1
2a 2 7/27/01 2 2 1 1
2b 2 7/27/01 1 1
2c 5 7/27/01 5 5 1
2a 3 9/28/01 2 1 1 2 2
2b 1 9/28/01 1 1 1
2c 2 9/28/01 2 2 2

3a 3 5/31/01 3 3
3b 4 5/31/01 4 1 3 3 1
3b 1 7/27101 1 1 1
3b 1 9/28/01 1 1
4b 7 5/9101 3 4 7 7
4c 4 5/9/01 1 3 1 3 4
4c 1 5/30/01 1 1 1
4c 4 7/27/01 3 1 4 4
4d 5 7/26/01 5 5 5
4a 6 9/26/01 5 1 6
4b 10 9/26/01 10 10 10
4c 7 9/27/01 7 7 1 4
4d 11 9/27/01 11 4 3 4 4 6

90 TOTALS 60 6 24 49 31 1 4 1 1 1 3 7 18 7 31
% OF TOTAL 67 7 27 58 36 1 5 1 1 1 4 8 21 8 37

BEntries in parenthesis were side Dools not isolated from main channel
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Table 4.3-5b. Age class, activity, and aquatic habitat use of 93 FYLF found during YES in the NFFR, Poe Powerhouse Project area,
2002. . I
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4.3.2 Site-specific Results

4.3.2.1 Poe Powerhouse Area (Site 1)

Data from. FYLF surveys in the Poe Powerhouse area (Site 1) are summarized in tables
4.3-6a and 4.3-6b for 2001 and 2002 survey years, respectively. No egg masses were
found in the side channel (Subsite 1a), although two adult frogs were located there in the
spring ofboth years. Two egg masses hatched successfully from the low-gradient cobble
bar atthe top of the island (Subsite 1b) in 2001, and a small number of juveniles (1-2)
were also found throughout the season. Although six egg masses were located in 2002,
there was apparently no recruitment ofjuveniles that year.

Table 4.3-6a. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2001 Visual Encounter Surveys at the Poe Powerhouse area, Site 1,
NFFR Poe Powerhouse Project area.

Site/
Search Average Egg Tadpole Juveniles

Adults/

Subsite Date Area Discharge Masses Groupsa Observed
Subadults

(m2) (cfs) Observed
1a 5-12-01 495 132 0 15 none 2A
1a 7-27-01 1,005 122 0 none none none

'-.t./-Vl 'l-~;) ilb U n~>ne .2.

5-12-01 404 132 2 hatchin 1
7-27-01 404 122 hatched none 1
9-27-01 404 116 hatched none 2

Oll numbers:L =>100 tad oles! m, M = 11-100, S=5-10, s = <5

none
none
none
none

Table 4.3-6b. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2002 Visual Encounter Surveys at the Poe Powerhouse area, Site 1,
NFFR Poe Powerhouse Project area.

Site! Search Average Egg Tadpole Juveniles
Adults/

Subsite Date Area Discharge
Masses Groupsa Observed

Subadults
(m2) (cfs) Observed

1a 4/12/02 495 115 0 none none 2A

1b 4/12/02 455 115 0 none none lA
1b 5/9/02 404 115 6 none none lA
1b 6/6/02 404 115 0 M none none
1b 8/15/02 404 115 0 none none none
1b 9/9/02 404 115 0 none none none

aradpole group numbers: L = >100 m.<ipoles/ Il1"", M = 11~100,S =5-10, s = <5
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4.3.2.2 Swimmer's Beach Area (Site 2)

Data from FYLF surveys in the Swimmer's Beach area (Site 2) are summarized in tables
4.3-7a and 4.3-7b. In 2001, three egg masses were found in the low-gradient cobble bar,
pool tail-out Subsite 2a; no egg masses occurred in Subsite 2b, a low-to-moderate
gradient cobblelboulder bar; and, two egg masses were located along the low-gradient
cobblelboulder bar at Subsite 2c. Three, none, and two egg masses were also found in
these subsites, respectively, in 2002. Relatively small numbers of tadpoles were observed
dUring Visit #2 (27 July 2001) at subsites 2a and 2c, and juvenile frogs were found at all
three subsites by late season 2001. Numerous small tadpoles were present at subsites 2a
and 2c following hatching, and abundant numbers ofjuveniles were present at Subsite 2a
late summer. Adult frogs occurred at all subsites in both years, some occurring in late
summer and fall.

Table 4.3-7a. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2001 Visual Encounter Surveys at the Swimmer's Beach area, Site 2,
NFFR Poe Powerhouse Project area.

Site/
Search Average

Egg Tadpole Juveniles
Adults/

Date Area Discharge - Subadults
Subsite (J . 2) (cfs)

Masses Groupsa Observed Observedbm -
2a 5-11-01 352 132 3 hatching none 1 SA, 1 A
2a 7-27-01 352 122 hatched 1M none 2''A.'
2a 9-28-01 352 113 hatched none 2 f';~""-

2b 5-11-01 288 132 0 none none none
2b 7-27-01 288 122 0 none 1 lA
2b 9-28-01 288 113 0

,
1 (2 SA)none

2c 5-11-01 488 132 2 hatching none lA
2c 7-27-01 488 122 hatched 3s 5 none
2c 9-28-01 488 113 hatched none 2 none

"Tadnole group numbers: L= >100 tadpoles/ m', M= 11-100, S = 5-10, s = <5

bprog numbers in parenthesis were found adjacent to subsite

',·",i
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Table 4.3-7b. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2002 Visual Encounter Surveys at the Swimmer's Beach area, Site 2,
NFFR Poe Powerhouse Project area.

Site/ Search Average
Egg Tadpole Juveniles

Adults/
Date Area Discharge SubadultsSubsite (m2) (cfs) Masses Groupsa Observed Observedb

2a 4/12/02 308 115 1 1A
2a 5/10/02 308 115 2 2L 1A,lSA
2a 6/6/02 308 115 6L 1A
2a 8/14/02 440 115 15·
2a 9/9/02 352 115 18
2b 8/14/02 336 115 2
2b 9/9/02 288 115 4 1A

2c 4/12/02 732 115 1A,lSA
2c 5/17/02 549 115 2 2L 1A
2c 8/14/02 732 115 Is

aradpole group numbers: L =>100 tadpoles/ m~, M =11-100, S =5-10, s = <5

b Frog numbers in parenthesis were found adjacent tosubsite
,

4.3.2.3 Bardees Bar Area (Site 3)

Data from FYLF surveys in the Bardees Bar area (Site 3) for 2001 and· 2002 are
summarized in tables 4.3-8a and 4.3-8b. No egg masses were found at the Subsite 3a side
pool, and the subsite was not searched for egg masses in Mayor June, 2002. However,
eight egg masses were located along Subsite 3b, a moderate-to-steep gradient
cobble/boulder bar in 2001, and six were located there in 2002. At least one of the egg
masses in 2001 appeared to have been partially eaten, while development in others was
retarded and portions possibly unfertilized. Tadpoles were hatching around egg masses in
late May 2001; however, none were seen on subsequent visits. Many fish, including bass,
were present near egg masses in late May 2001, and tadpoles were dispersed and hidden
in cracks. At least two of the egg masses· at. Subsite 3b had been disturbed by adjacent
dredge mining activity in 2002.

Adult frogs occurred at both subsites in May 2001 (N = 3 and 4 at subsites 3a and 3b,
respectively), and four adults were found in Subsite 3b in May 2002. One adult frog was
in very close proximity to a garter snake, flushed by observers. Only one juvenile FYLF
was seen at Subsite 3b during visits #2 and #3 for 2001, which occurred later in the
summer and early fall. No juveniles were found during late summer in 2002.
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Table 4.3-8a. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2001 Visual Encounter Surveys at the Bardees Bar area, Site 3,
NFFR Poe Powerhouse Project area.

Site/ Search
Average

Egg Tadpole Juveniles
Adults/

Subsite
Date

Aream2 Discharge
Masses Groupsa Observed

Subadults
cis Observed

3a 5-31-01 412 116 0 none none 3A
3a 7-27-01 412 122 0 none none none
3a 9-28-01 412 113 0 none none none

3b 5-31-01 234 116 8 4S,3M none 4A
3b 7-27-01 234 . 122 hatched none 1 none
3b 9-28-01 304 113 hatched none 1 none

"Tadpole group numbers: L = >100 tadpo1es/ m-, M = 11-100, S = 5-10, s = <5

Table 4.3-8b. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2002 Visual Encounter Surveys at the Bardees Bar area, Site 3,
NFFR Poe Powerhouse Project area.

Site/ Search
Average

Egg Tadpole Juveniles
Adults/

Subsite
Date

Aream2 Discharge
Masses Groupsa Observed

Subadults
cfs Observed

3a 8/17/02 412 115 0 none none none
3a 9/11/02 206 115 0 none none none

3b 5/16/02 195 115 6 none none 4A.
3b 8/17/02 117 115 0 none none nofie
3b 9/11/02 117 115 0 none none none

"Tadpole group numbers: L = >100 tadpo1es/ m2
, M = 11-100, S = 5-10, s = <5

4.3.2.4 Flea Valley Creek Area (Site 4)

Data from 2001 and 2002 FYLF surveys in the Flea Valley Creek area (Site 4) are
summarized in tables 4.3-9a and 4.3-9b. Egg masses were found at each of the four
subsites in 2001, including three at Subsite 4a (low-gradient boulder sedge habitat), two
at Subsite 4b (moderate-gradient cobble/boulder bar), four at Subsite 4c (low-gradient
cobble/boulder bar), and three at Subsite 4d (low-to-moderate gradient cobble/boulder
bar). A portion of one egg mass appeared to have been infected with fungus under
attached algae, and affected eggs did not hatch. Numerous egg masses also. were found in
2002, six at Subsite 4a, four at Subsite 4b, one at Subsite 4c, and two at Subsite 4d.

Tadpole groups were found at all subsites during YES for both 2001 and 2002, .and
relatively high numbers ofjuveniles (N = 5-11 in 2001, and N =3-10 in 2002) were also
recorded at each subsite during the early fall visit. Post-hatch, all tadpoles at Subsite 4c in
2001 were found on the bottom in thick layers of algae anddetrltlis.·Some- tadpoles were
located in deeper areas in Subsite 4a; these tended to be under cobble, probably to avoid
predation, since algae and flocculent material were sparse in deeper areas. Adult FYLF
were only seen at subsites 4b and 4c, primarily early in the season in 2001; however,
adults were present in the early breeding season at alLsubsites in 2002.

'-;,
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Table 4.3-9a. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2001 Visual Encounter Surveys at the Flea Valley Creek area, Site 4,
NFFR Poe Powerhouse Project area.

Sitel Search
Average

Egg Tadpole Juveniles
Adultsl

Subsite
Date

Aream2 Discharge
Masses Groupsa,b Observedb Subadults

cfs Observedb

4a 5-10-01 432 130 3 none none none
4a 5-30-01 432 115 hatched 3L none none
4a 7-26-01 432 123 hatched 2S none none
4a 9-26-01 432 III hatched none 5 1 SA

4b 5-10-01 150 130 1 none none 4 SA, 3 A
4b 5-30-01 150 115 1 1M none none
4b 7-26-01 18 123 hatched 3s none none
4b 9-26-01 96 III hatched none 10 none

4c 5-10-01 882 130 4 none none 1 SA, 3 A

4c 5-30-01 378 115 hatched 2L,lM none 1A
4c 7-27-01 504 122 hatched (2s) (3) (l SA)
4c 9-27-01 504 116 hatched none 7 none

4d 5-10-01 685 130 0 none none none
4d 5-30-01 685 115 3 hatching none none
4d 7-26-01 685 123 hatched 6s 5 none
4d 9-27-01 685 116 hatched none 11 none

aradpole group numbers: L = >100 tadpoles! m ,M = 11-100, S = 5-10, s = <5
"i r 1UR' Laupo!e numoers m parentneslS were J9UOcl, aclJac;ep.t t9 subslte

Table 4.3-9b. Number of FYLF egg masses, tadpoles, juveniles, subadults and adults
observed during the 2002 Visual Encounter Surveys at the Flea Valley Creek are~ Site 4,
NFFR Poe Powerhouse Project area

Sitel Search
Average Egg Tadpole Juveniles

Adultsl

Subsite
Date

Aream2 Discharge
Masses Groupsa,b Observedb Subadults

efs Observedb

4a 5122/02 288 115 6 1M 4A
4a 6/06/02 216 115 4L 1A
4a 8/16102 216 115 3S
4a 9/27/02 315 115 5

4b 5/22/02 100 115 2 2A
4b 6106/02 125 115 2 1M 5A
4b 8/16/02 120 115 3S
4b 9/27/02 90 115 10

4c 5/22/02 567 115 1 1A
4c 6/06102 480 115 4L 1
4c 8/16/02 508 115 Is
4c 9/27/02 635 115 3

4d 5/22/02 411 115 2 1 lA
4d 6106/02 548 115 2L lA
4d 8/16/02 532 115 1
4d 9/27/02 399 115 3

a-radpole group numbers: L = >100 tadpoles! m2
, M = 11-100, S = 5-10, S = <5

DFrog/tadpole numbers. in parenthesis were found adjacent to subsite
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4.3.3 Tributary VES Results

. FYLF were found in five of the eight tributary reaches surveyed in either 2000 and 2001.
Four adults and three juvenile FYLF were recorded in a 500 m section of Mill Creek
(TRl) on 30 August 2000. The adults were generally large, but were not as numerous as
on Flea Valley Creek (Table 4.3-10). The three juveniles were found within 3-6 m
(hipchain distance) of the confluence with the NFFR, and no sign of breeding was

. observed in the upstream portion of TRI. The frogs were found in a variety of stream
habitats, including high-gradient riffle, pool, step pool, and cascade. .

Flea Valley Creek (TR2) was surveyed three times durlng 2000 and 2001. On 31 August
2000, observers found 10 adults and 10 juveniles in the 750 m surveyed reach (Table 4.3
10). Six juveniles were sighted within 15 m of the confluence with the NFFR and the
remaining 14 frogs were found as far as 46 m upstream from the railroad crossing. Their
size (-23-25 mm) indicated they may have hatched from egg masses laid in Flea Valley
Creek, although no other evidence of breeding was discovered. On 26 July 2001, three
FYLF (2 subadults, 1 juvenile) were found in a 1,000 m survey of the tributary. On 26
September 2001, surveyors found 16 FYLF within the same 1,000 m portion ofTR2: one
adult, two subadults, and 13 juveniles. All juveniles were located within approximately
150 m of the confluence with the NFFR. Most of the frogs were found in cascade/pool
and pocket water stream habitats, though there was some use of low-gradient riffle and
main channel pool habitats as well.

In 2001, two unnamed tributaries (TR3, TR4) apparently provided late season refugia: for
adult FYLF. Three adults were recorded (in step pools) along the 100 m survey portion of
TR3 on 7 September 2001, a creek that received at least partial sunlight during the middle
of the day. Surveyors found 10 adult FYLF in a 305 m survey section of TR4 on 14
September 2001. All were located in step-pool or cascade/pool habitats.

One adult FYLF was found in the 470 m survey portion of Camp Creek (TR5) on 6
August 2001. This frog was located near the bottom of the tributary in low-gradient riffle
habitat, just above the confluence with Poe Reservoir.

No FYLF were found during surveys at the remaining three tributary sites: 305 m of
Heinz Creek (TR6) on 17 August 2001; 200 m of Dogwood Creek on 17 August 2001;
and 230 m ofHibbard Creek on 16 August 2001.
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Table 4.3-10. Number of FYLF juveniles, subadults and adults observed during the
2000 and 2001 Visual Encounter Surveys in the tributaries of NFFR Poe
Powerhouse Project area.

Search
Adults/ Juveniles

Tributary Date Location
Length (m)

Subadults
Observed

Observed
2000
TR1 8/30/2000 Mill Creek, NFFR -500 4 Adults 3
TR2 8/31/2000 Flea Valley Creek, NFFR -750 10 Adults 10

Unnamed tributary #1,
TR3 9/7/2000 NFFR -100 3 Adults 0
2001
TR2 7/26/2001 Flea Valley Creek, NFFR -1000 2 Subadults 1

1 Adult,
TR2 9/26/2001 Flea Vallev Creek, NFFR -1000 2 Subadults 13

Unnamed tributary #2,
TR4 9/14/2001 Bardees Bar Rd. 305 10 Adults 0
TR5 8/6/2001 Camp Creek, NFFR nd 1 Adult 0

Heinz Creek, Poe
TR6 8/17/2001 Reservoir 305 None 0

Dogwood Creek, Poe
TR7 8/17/2001 Reservoir 200 None 0-- . .. ..-

Poe Reservoir 230 None o

5.0 Discussion

In general, FYLF reproduction in the Poe Project area in 2001 and 2002 appeared
successful, with adequate hatching success and some juvenile recruitment evident in most
of the subsites. Initiation of egg laying in the Project area occurred in the downstream
sites first (probably late April/early May in 2001), and were likely influenced by greater
thermal wanning in the lower reaches of the broad, open NFFR. The most successful
reproductive effort occurred in the Flea Valley Creek area (Site 4), where two large
tributaries enter the NFFR, one just upstream of the survey area (Mill Creek), and the
other in the middle ofSite 4 (Flea Valley Creek).

Perhaps the most disappointing reproductive results occurred at Subsite 3b, where eight
egg masses were found in 2001 and six in 2002, but predatory fish were common (i.e.,
bass) and there was evidence of egg predation, and ultimately very little evidence oflater
season tadpole survival or juvenile recruitment. Centrarchids have been identified as
predators on ranids, and can substantially impact frog populations (Jennings and Hayes
1994). Many rivers in California, such as the NFFR, now support substantial populations
of introduced aquatic predators, including smallmouth bass and crayfish, which are a
significant obstacle to FYLF population maintenance in large riverine systems. The steep
gradient banks at this subsite predispose early FYLF life stages for such piscivorous

Poe Project FYLF Surveys
Pacific Gas and Electric Company 42

Garcia and Associates
Apri12003



predation. Also, dredge mining appeared to impact FYLF breeding activity at Subsite 3b,
a relatively popular recreation area, in 2002.

Most egg masses and tadpole groups found in the Project area were in relatively shallow
water close to shore. This is likely a response to predation (i.e., to occupy habitats too
shallow for large piscivorous predators), or a by-product of predation where only egg
masses and tadpoles occupying these habitats survived (C. Seltenrich, PG&E biologist,
pers. comm. 2002). These shallow edgewaters also contained abundant organic
.sediments, flocculent materials, and aquatic insects as food sources for tadpoles and
juveniles.
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Appendix A: Aerial Photographs of Survey Sites and Transect
Locations
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Appendix B: Site, Microhabitat, and FYLF Photographs
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Appendix C: A Standardized Approach For Habitat Assessments and
Visual Encounter Surveys for the Foothill Yellow-Legged Frog
(Rana boylii) (Seltenrich and Pool 2002).

( )
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Appendix D: Site Habitat Assessment Forms

o
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Appendix E: Visual Encounter Survey Data Forms
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1.0 Introduction

Pacific. Gas and Electric Company (PG&E) owns and operates the Poe Hydroelectric
Project (Poe Project) in northeastern California. The Poe Project is located on the Poe
Reach of the North Fork Feather River (NFFR) above Lake Oroville and downstream of
the Cresta Reach of the NFFR (Figure 1.1.1). In response to concerns over foothill
yellow-legged frog (Rana boylii, FYLF) breeding habitat area, PG&E designed this
study. The primary purpose of this study is to evaluate changes in the availability,
quality, and extent ofbreeding, tadpole rearing, and juvenile frog habitats for FYLF from
the current flow regime (110 cfs) to four higher flow levels within the Poe Reach of the
NFFR. PG&E contracted Garcia and Associates (GANDA) to assist in data collection to
complete a formal report. The foothill yellow-legged frog (FYLF) is designated as a
Federal Species of Concern, a Forest Service Sensitive Species, and a California Species
of Special Concem, and is fully protected by the state.

This study was designed to document key habitat parameters at FYLF breeding sites
along the Poe Reach of the NFFR (Figure 1.1.1). In addition, potentially suitable habitat
sites located within 300 m upstream or downstream of each site were also assessed
(Appendix 1). Data collection was based on a combination of quantitative and qualitative

. methods. Most surveys were conducted from September 16 to September 20, 2002;
additional data were collected for base flow levels on September 26-27,2002.
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Figure 1.1.1. FYLF habitat monitoring locations in the Poe Reach Study area
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1.1 Background and Previous Studies

Within the Poe Project area (Project area), FYLFs occur in several areas along the main
stem of the NFFR in a variety of habitats, as well as in several perennial and. ephemeral
tributaries. The results of three years of sUrvey data (pacific Gas and Electric Company
file data, 2000-2003) within the Project area indicate that the majority of FYLFbreeding
habitats occurs in the NFFR at locations within close proximity to tributaries. Breeding
activities have not been observed in any of the tributaries surveyed; .however, these
tributaries provide high. quality summer habitat for adult and subadult frogs.

During initial surveys conducted in 2000 (pacific Gas and Electric Company file data),
four primary FYLF breeding locations were documented on the NFFR between Mill
Creek in the upper portion of the Project area and Poe Powerhouse at the bottom of the
Project area. Monitoring surveys conducted in 2001 and 2002 (pacific Gas and Electric
Company file data) verified the importance of these areas as breeding habitat for this
species. Subsites were established at each of the four primary breeding sites based on
differences in habitat, resulting in a total ofnine subsites or breeding locations. In 2001
and 2002, surveys were conducted along other stretches of the main stem in the Project
area to identify any additional areas that may provide suitable FYLF breeding habitat.
During these surveys, two additional breeding areas were identified. Site 5 is located
about midway between Bardee's Bar and Swimmer's Beach, and Site 6 is lo.cated
between Site 5 and the Swimmer's Beach area subsites. These locations (sites 5 and 6)
are representative of the remaining potential moderate to high. quality habitat within the
Poe reach. The habitat types and approximate locations of these subsites are provided in
Table 1.1.

Table 1.1. General location and habitat types at 13 monitoring subsites included in the flow
~valuations.

Survey Site Nos.
Monitoring subsite Nos. Habitat Type and General

Location

Pool tail-out oflarge main
1 lb channel pool just upstream ofPoe

Powerhouse

Pool tail-out of large main
2 2a channel pool at Swimmer's

Beach
Low-to-moderate gradient right

2b bank boulder/cobble bar about 50
_. mUDstream ofSwimmer's Beach

Low gradient right bank
2c~RB cobble/bolilder bars about 150 m

- upstrealiJ. ofSwiInmer's Beach
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Survey Site Nos.
Monitoring subsite Nos. Habitat Type and General

Location
Low-gradient left bank

2c-LB cobblelboulder bars about 160 m
upstream of Swimmer's Beach
Moderate-to-high gradient right

3 3b bank cobblelboulder bar at
BardeesBar
Low-gradient right bank

4a
boulder/sedge habitat about 25 m
downstream ofthe mouth ofFlea
Valley Creek
Low-to-moderate right bank

4b cobblelboulder bar at the mouth
ofFlea Valley Creek
Low-gradient right bank

4 cobblelboulder bar and willow
4c side channel habitat about 40 m

upstream of the mouth ofFlea
Valley Creek
Low-to-moderate gradient left
bank side channel area and

4d cobblelboulder bar across the
river from the mouth ofFlea
Valley Creek
Low-gradient right bank
boulder/cobble bar and braided

Sa channel area between Bardees
Bar and Swimmer's Beach at

5 unnamed right bank tributary
Low-gradient right bank

5b-e
boulder/cobble bar and wide
channel area between Bardees
Bar and Swimmer's Beach
Low-gradient left bank

6 6a
boulder/cobble bar located
between Site 5 and the
Swimmer's Beach area.

Eight subsites within the Project area were monitored during Instream Flow Incremental
Methodology (IFIM) flow tests conducted in September 2000 (Pacific Gas and Electric
Company file data). The potential effects of elevated IFIM flows of 250 and 500 cfs on
FYLFs and their habitat were evaluated as part of the study. The overall results of the
data collected on changes in FYLF habitat during the elevated IFIM flows showed that
the amount and quality of suitable breeding, tadpole rearing, and juvenile frog habitat at
the eight subsites was either reduced or eliminated at both 250 and 500 cfs. In September
2001, an additional flow evaluation was conducted within the Project area as a result of
the Poe fire and the corresponding emergency outage that occurred at Poe Powerhouse.
Again, the results showed an overall reduction in the amount and quality of breeding,
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tadpole rearing, and juvenile frog habitat at most subsites (Pacific Gas and Electric
Company file data).

2.0 Methodology

Habitat parameters (depth, velocity, and area) and characteristics suitable for FYLF
oviposition and tadpole rearing (e.g., aquatic cover and substrate composition) were
evaluated at 13 monitoring subsites at the base river flow of approximately 110 cubic feet
per second (cfs) and at four higher flow levels (150, 200, 250, and 310 cfs). In addition,
suitable edgewater habitats within 300 m (upstream and downstream) from each subsite
location were evaluated. These are referred to as additional habitats 300(+) for upstream
and 300(-) for downstream sites. The same habitat parameters and characteristics
measured at the 13 subsites were also measured at these additional habitats, if suitable
habitat was present.

Preferred and marginal edgewater habitats for FYLF egg laying and larval rearing
generally encompass characteristics presented in available literature concerning FYLF
and recent data collected by PG&E on the NFFR and several other Sierra rivers. These
characteristics are outlined further in Appendix A in a summary ofknown information on
FYLF distribution, habitat, and life history. Subsite length, habitat width (area), mean.
water depth, and mean water velocity measurements were collected separate!:'Y:· for
preferred edgewater habitats and for marginal edgewater habitats using the cHieria
provided in the study plan (pG&E 2002a, Appendix. B). These measurements allowed
for a more refined analysis of the changes in both quantity and quality ofhabitats at each
ofthe flows. . .

The methods that were used for measuring and documenting many of these parameters
are provided in "A Standardized Approach for Habitat Assessments and Visual
Encounter Surveys for the Foothill Yellow-Legged Frog (Rana boylii)" (pG&E 2002b).
All of the habitat parameters and characteristics measured during this study were
recorded on aerial photographs (Appendix C)and field data forms (Appendix D).

2.1 Data Collection

During the base flow analysis and each of the four test flows, PG&E biologists, Craig
Seltenrich and Alicia Pool, and GANDA biologists, Ron Jaclanan, Ian Chan, Kevin
Wiseman and Karla Marlow, made up the three two-person crews that measured the
selected habitat parameters and characteristics at, and adjacent to,· each of the 13
monitoring locations (Table 2.1). To ensure continuity in data collection efforts, the
same two-person crews conducted all five habitat/flow evaluations (i.e., existing flow and
the four higher test flows) at a given site/subsite.

Pacific Gas arid Electric Company
Poe FYLF Flow Study

--_..- ....- -------

Garcia and Associates
Jll1y 2003

5

_--'.---'._'-----'.-----_--'.-_._~_.._-_._--'.--'-



I t dfl P R hFYLFH b·t tFl Stud"tb /a e . . rew mem ers survey SI es eva ua e or oe eac a 1 a ow l'
Survey Sites Two-person Crew

Site 1 - Poe Powerhouse subsites Kevin Wiseman/Kar1a Marlow
Site 2 - Swimmer's Beach subsites Kevin Wiseman/Karla Marlow
Site 3 - Bardees Bar subsite Ron JackmanlIan Chan
Site 4 - Flea Valley subsites Alicia Pool/Craig Seltenrich
Site 5 - Bardees Bar to top of Site 6 subsites Ron JackmanlIan Chan
Site 6 - Bottom of Site 5 to top of Swimmer's Beach subsites Ron JackmanlIan Chan

T bl 21 C

The flow levels used for this study were selected to cover a range of flows under which
habitat changes were observed in 2000 (IFIM study) and 2001 (outage at Poe
Powerhouse) at FYLF breeding sites. The flow release schedule is shown in Table 2.2.

ti P H b· Fl S dfdi ha e . . ow eve San ates 0 sc ar2e or oe a Itat ow tu IV
Discharge Levels Date
110 cfs (Base flow) Mondav, Seotember 16, 2002
150 cfs Tuesday, September 17, 2002
200 cfs Wednesday, September 18, 2002
250 cfs Thursday, September 19,2002
310 cfs Friday, September 20, 2002
110 Cfs (Base flow) Thursday, September 26, 2002

T bl 2 2 Fill d d

FYLF habitat was divided into two groups during field data collection. Preferred habitat
was edgewater habitat <30 em deep with flow velocity ::::;S cm/s. Marginal habitat was
edgewater areas between 30 and SO em deep with flow velocity <20 and >S cm/s.
Preferred and marginal habitats combined are considered total habitat.

In addition, two depth measurements were recorded for preferred and marginal habitats:
maximum depth and average depth. On the data fonns (Appendix D), maximum depth
refers to the depth at the outer edge of habitat (preferred or marginal) at a specific
transect, detennined by anyone of the limiting factors: depth, velocity, or width. For
clarification, the tenn ''maximum depth" has been changed to "habitat edge depth" within
this report.

Three velocity measurements were recorded for preferred and marginal habitats. These
measurements were: bottom velocity, average velocity at 66% depth, and maximum
velocity. As with the maximum depth measurement, maximum velocity refers to the
velocity at the outer edge of the habitat (preferred or marginal) at a specific transect. For
clarification, the tenn "maximum velocity" has been changed to "habitat edge velocity"
within this report.

Stage height measurements were taken at each subsite during each flow level.
Measurements were recorded in centimeters from the top of the water column to the top
of the rebar stakes placed as markers at the bottom and top of each subsite.
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Habitat complexity and substrate composition were recorded during each flow level.
Habitat complexity was the amount of exposed (i.e. above the water line) boulder and
cobble substrate within suitable habitat and was recorded as a percentage to the nearest
10%. Substrate estimatio:q.s were also estimated to the nearest 10%. Water temperatures
(Oe) were measured at each subsite during each flow level. Photographs were recorded
for each subsite at both base and 310 cfs flow levels (Appendix E).

r

2.2 Data Analysis

All quantitative data for each subsite were entered into an Excel spreadsheet using the
parameters provided on the data forms. For depth and velocity parameters, the mean
values for each subsite were computed at each flow level (110, 150, 200, 250, and 310
cfs). Total area of FYLF habitat was pooled from subsite transects for between flow
comparisons within subsites and among sites. Formulas used for area calculations and to
extrapolate data, where needed, to fill data gaps are outlined in Appendix H.

For statistical analysis, a two factor ANaVA was used to test the null hypothesis: there is
no difference in FYLF habitat area among the five flow levels. Site (n = 6) and Flow
Level (n = 5) were input as independent variables and Habitat Area was the dependent
variable. We also used this same model to test stage height, water temperature;. and
habitat complexity, substituting these into the model as a dependent variable:-' For
ANaVA results with significant effects of site, flow or both, Tukey's multiple
comparison tests were computed.. For additional habitat sites only descriptive statistical
summaries, were conducted. Additional habitat sites were not included as sites for
inferential statistical analyses because these sites were not known breeding sites for
FYLF and are therefore considered a different population from the FYLF sites.

Prior to conducting. statistical testing,. the data were evaluated to determine if required
assumptions were met. Normality and constant variance were violated for several
significance tests using the raw data. To alleviate these violations, the data· were
transformed using a square root (SQRT) or logarithmic transformation. After
transformation, the data satisfied all required assumptions. Throughout the analysis, a
family significance level of 0.10 (10%) was used. This 10% error rate applies to the
entire set of comparisons and not to each individual comparison. The statistical software
adjusted the p-values such that each can be compared to the significance level 0.10. The
10% level is appropriate for this study because is provides a balance between Type 1 and
Type 2 errors associated with inferential statistical analysis.

To compute the SQRT values, the SQRT of the area at each transect interval was taken
for each subsite/flow level combination. There were a total of 805 area measurements for
the entire study. The SQRT of all the area measurements (at each transect interval) were
taken and used as the response in the statistical analysis (i.e., to compute the p-values).
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All graphs and numerical summaries are the original area scale (not the SQRT values).
For the overall flow level comparisons, the statistics program (Minitab) captured all
measurements (from all subsites) at a particular flow level and computed the averages.
This process was repeated for each flow level. For the flow level comparisons within
each subsite, the statistics program used all measurements at a particular flow level at that
one subsite and computed the average. This process was repeated for each flow level at
the one subsite and repeated for all other subsites and flow levels. For all statistical tests,
subsite data were considered subsamples of each site (1-6).

3.0 Results

3.1 Subsite Habitat Descriptions

A description ofpertinent habitat features for each of 13 monitoring subsites based on the
information gathered during the initial base flow habitat measurements is provided in this
section. More detailed habitat descriptions and site habitat assessment data forms for
most subsites in this study can be found in the Poe Powerhouse Project 2000/200112002
FYLF Survey Results report (GANDA 2003). Habitat descriptions of additional habitats
are provided in Appendix I. Figure 1.1.1 shows the location of all Poe FYLF Flow Study
survey subsites.

3.1.1 Site 1 - Poe Powerhouse Area

Site 1 is located at the tail-out of a long riverine pool where a large cobble island forms a
low-gradient side channel in a braided section of the NFFR that flows into Big Bend
Reservoir adjacent to Poe Powerhouse. The powerhouse is located at the top of Big Bend
Reservoir (functionally, Poe Powerhouse afterbay), impounded by the Big Bend Dam
which is located about 1.3 Ian downstream from Poe Powerhouse. Site 1 is 431 m in
overall length and consists of two subsites, one of which was evaluated during this flow
study (Subsite Ib). Areas within 300 m upstream or downstream of the Poe Powerhouse
Site contained no suitable habitat for FYLF, according to parameters outlined in the study
plan (pG&E 2002a; Appendix B).

3.1.1.1 Subsite 1b - Poe Powerhouse

Subsite Ibis a low-gradient cobble bar located at the tail-out of the long pool and at the
top of the large cobble island that forms two channels adjacent to the powerhouse. The
subsite length included 70 m along the base of the pool tail-out. Substrate composition
for Subsite Ib was mostly cobble (40%) and boulder (20%). Aquatic cover consisted of
90 percent algae/detritus, 30 percent gaps in substrate, and approximately 10 percent
vegetation (mostly sedge). Bankfull width measured 104 m. Wetted channel width
remained constant at 92 m.

3.1.2 Site 2 - Swimmer's Beach Area
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The Swimmer's Beach area (Site 2) is located about one river kilometer upstream from
Poe Powerhouse, and about 400 m upstream of the Poe Powerhouse Road bridge crossfug
over the NFFR. From the top, the entire site extends for 435 m downstream along a run,
through a low-gradient riffle, into a long main channel pool, and down to the pool tail-out
at another low-gradient riffle. There are three subsites in this area and. all three were
included in this study. Thee additional habitat areas adjacent to the Swimmer's Beach
Site were included in the study and evaluated as outlined in the study plan (pG&E 2002a;
Appendix B).

3.1.2.1 Subsite 2a

Subsite 2a is a low-gradient cobble bar and backwater pool area at the tail-out of the long
pool at Swimmer's Beach. The subsite length included 67 m along the base of the tail
out. Substrate composition for Subsite 2a was mostly cobble (80%) with a few boulders
(10%) and gravel/pebble (10%). Aquatic cover consisted of90 percent algae/detritus, 60
percent gaps in substrate, and about 20 percent vegetation. Bankfull width measured 58
m. Wetted channel width remained .constant at 52 m.

3.1.2.2 Subsite 2b

Subsite 2b is a low-to-moderate gradient cobblelboulder bar along the right bank in the
middle portion of the main channel pool at the Swimmer's Beach area. Subsite 2b was
93 m in length and· composed of 50 percent boulder, 40 percent cobble, and 10 percent
gravel/pebble. Aquatic cover consisted of 80 percent algae/detritus, 70 percent gaps in
substrate, and little or no aquatic vegetation. Bankfull width measured 44 m. Wetted
channel width remained constant at 37m.

3.1.2.3 Subsite 2c (Right Bank)

Subsite 2c RB (Right Bank) is a low-gradient cobblelboulder lateral bar on the right bank
along the run and riffle portion at the top of Site 2 at Swimmer's Beach. The downstream
end ofthis subsite is at the head of a low-gradient riffle at the base of the run. The subsite
length was 37 m and was .estimated at 30 percent boulder, 50 percent cobble, and 20
percent gravel/pebble. Aquatic cover consisted of 70 percent algae/detritus, 60 percent
gaps in substrate, and 30 percent aquatic vegetation. Bankfull width measured 49 m.
Wetted channel width remained constant at 28 m.

3.1.2.4 Subsite 2c (Left Bank)

Subsite 2c LB (Left Bank) is a low-gradient cobblelboulder lateral bar on the left bank
along the run and riffle portion at the top of Site 2 at Swimmer's Beach. The lower end
of this subsite is at the head of a low-gradient riffle at the base of the run/glide. Subsite .

-length was 126 in long'arid Was e'stimateda.t 50 percent boulder, 40petcentcobble, and
10 percent gravel/pebble. Aquatic cover consisted of 70 percent algae/detritus, 80
percent gaps in substrate, and 60 percent vegetation. Bankfull width measured-55 m.
Wetted channel width measured 47 m at the bottom ofthe subsite.
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3.1.3 Site 3 - Bardees Bar Area

Site 3 is located in the NFFR Bardees Bar area, approximately 6 km upstream of Poe
Powerhouse. The overall site is 181 m long and includes the lower portion: of a large
main channel pool and a .side pool near its tail-out. There are two subsites in Site 3,
however, only Subsite 3b was selected for this study.

3.1.3.1 Subsite 3b

Subsite 3b is a moderate-to-steep gradient cobble/boulder lateral bar located along the
right bank of the main channel pool at the Bardees Bar old bridge crossing. The length
was 64 m and substrate composition was estimated as 50 percent cobble, 20 percent
boulder, 20 percent graveVpebble, and 10 percent sand. Aquatic cover consisted of 10
percent algae/detritus, 60 percent gaps in substrate, and 10 percent aquatic vegetation.
Bankfull width measured 48 m. Wetted channel width measured 40 m at the bottom of
the subsite.

3.1.4 Site 4 - Flea Valley Creek Area

The Flea Valley Creek survey area (Site 4) is located on the NFFR at its confluence with
Flea Valley Creek and adjacent to the Pulga railroad siding and town site, about 1 Ian
downstream of Poe Dam. The overall site length is419 m. The top half is low-gradient
run and riffle, and the bottom half is low-gradient run. Site 4 includes four subsites that
were selected for this study. One additional habitat area along the Flea Valley Creek Site
was included in the study and evaluated.

3.1.4.1 Subsite 4a

Subsite 4a is a 72 m long by 6 m wide section of low-gradient boulder/sedge margin
along the right bank of the NFFR approximately 10m downstream from the confluence
with Flea Valley Creek. The length of habitat evaluated for this study was 48 m.
Substrate composition for Subsite 4a was estimated as 40 percent cobble, 40 percent
boulder, and 20 percent graveVpebble. Aquatic cover consisted of 60 percent
algae/detritus, 40 percent gaps in substrate, and 10 percent woody debris. Bankfull width
measured 55 m. Wetted channel width measured 24 m to 32 m during the flow study.

3.1.4.2 Subsite 4b

Subsite 4b is a moderate-gradient cobble/boulder lateral bar along the right bank of a
run/glide, formed by the alluvial outflow of Flea Valley Creek into the NFFR. The length
of habitat was 48 m and substrate composition was estimated as 60 percent cobble, 20
percent boulder, and 20 percent graveVpebble. Aquatic cover consisted of 70 percent
algae/detritus, 70 percent gaps in substrate, 10 percent aquatic vegetation, and 30 percent
woody debris. Bankfull width measured 53 m. Wetted channel width ranged from 21 m
to 26 m over the course of the flow study.
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3.1.4.4 Subsite 4d

Subsite 4d is a low-to-moderate gradient lateral cobblelboulder bar located on the right
. bank NFFR opposite the confluence ofFlea Valley Creek. The length ofhabitat evaluated
for this study was an 86.5 m subsite. Substrate composition for Subsite 4d was estimated
as 30 percent cobble, 20 percent boulder, 30 percent gravel/pebble, and 20 percent sand.

.Aquatic cover consisted of 70 percent algae/detritus, 40 percent gaps in substrate, and
<10 percent woody debris. Bankfull width measured 54 m. Wetted 'channel width
ranged from 23 m to 26.5 m over the course of the flow study.

3.1.5 Site 5 - Bardees Bar to Top of Site 6 Area .,

Site 5 is located upstream of the Swimmer's Beach and Site 6 subsites. It is.~,i,JOW

gradient right-bank boulder/cobble bar and braided channel area almost midway between
Bardees Bar and the top of the Swimmer's Beach site near an unnamed nght;bank
tributary. This area was identified during 2001 and 2002 FYLF breeding habitat surveys
and consists of five subsites, only one of which (Subsite 5a) was evaluated for this study
as outlined in the study plan (pG&E 2002a; Appendix B). It should be noted that
Subsites b,c,d,e (Section 3.1.7) were atypical and evaluated as four transects spaced along
a wide, extensive side channel area and treated in the data as one subsite. Only depths c

and velocities were monitored, and no width or area measurements were recorded for this
composite subsite. Two additional habitat areas were evaluated adjacent to this site.

3.1.5.1 Subsite 5a

Subsite 5a is alow-gradient right bank boulder/cobble bar near a wide, braidbd channel
area located below Bardees Bar. The subsite length was 88 m and substrate composition
was estimated as 40 percent gravel/pebble, 40 percent cobble, 10 percent boulder, and 10
percent sand. Aquatic cover consisted of 90 percent algae/detritus, 30 percent gaps in
substrate, 10 percent aquatic vegetation, and 10 percent woody debris. Bankfull width
measured 79 m. Wetted channel width measured 62 m.

3.1.5.2 Subsite 5b, c, d, e

Subsites Sb-e were evaluated as four combined subsite transects within a wide side
channel area of Site 5. Subsite 5b measured 36 m; Subsite 5c measured 29 m; Subsite 5d
measured31m; andSubsite5e measured 33 min leIlgth. Qverall substratf: composition
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for this area was estimated as 60 percent boulder, 20 percent cobble, 10 percent
graveVpebble, and 10 percent silt/clay. Aquatic cover consisted of 60 percent
algae/detritus, 60 percent gaps in substrate, 10 percent vegetation, and 20 percent woody
debris. Bankfull width measured 96 m. Wetted channel width measured 62 m.

3.1.6 Site 6 - Bottom of Site 5 to Swimmer's Beach Area

Site 6 is located upstream of Swimmer's Beach and downstream of the Site 5 subsites. It
is a low-gradient left bank boulder/cobble bar. This area was identified during 2001 and
2002 FYLF breeding habitat surveys and consists of only one subsite. One additional
habitat area was considered suitable FYLF habitat and was evaluated.

3.1.6.1 Subsite 6a

Subsite 6a is a low-gradient, left bank boulder/cobble bar along a glide. The subsite
length was 157 m and substrate composition was estimated as 60 percent boulder, 20
percent cobble, 10 percent graveVpebble, and 10 percent sand. Aquatic cover consisted
of 10 percent vegetation, 80 percent algae/detritus, and 50 percent gaps in substrate.
Bankfull width measured 55 m. Wetted channel width measured 21 m.
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Table 3.2. Subsite Descriptions at Base Flow
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3.2 Site-Specific Results

3.2.1 Site 1 - Poe Powerhouse Area

3.2.1.1. Subsite 1b FYLF Habitat Area

Across the five discharge levels, total habitat area decreased (-9.1 %) from 337 m2 at base
flow to 306 m2 during the 310 cfs discharge (Figure 3.2.1, Table 3.2.1.) Specifically,
preferred habitat, 285 m2 at base flow, decreased by 11 m2 (-4%) at the 310 cfs flow.
Marginal habitat, 52 m2 at base flow, decreased by 19 m2 (-37%) at the 310-flow level.

Figure 3.2.1. FYLF habitat area at 5 discharge levels, Subsite lb.
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Table 3.2.1. FYLF habitat area and (%) chan2e from base flow. Subsite Ib
Dischar2e Levels (cfs)

Habitat Area Measurements (mz) 110 150 200 250 310
Preferred Habitat Area 285 258 (-9.4 243 (-14.9) 187 (-34.5) 274 (-4.0
Marginal Habitat Area 52 83 (+60.4 59 (+13.3) 124 (+139.0) 33 (-37.0
Total Habitat Area 337 342 (+1.41 302 (-10.5) 311 (-7.8) 306 (-9.11

3.2.1.2 Subsite Ib Mean Habitat Depths

At base flow (110 cfs), the cobble bar bank gradient was low; the mean preferred habitat
depth was 11 em, and the mean marginal habitat depth was 19 em. At the highest flow
(310 cfs), mean preferred habitat depth was 16 em and mean marginal habitat depth was
18 em (Table 3.2.2). Stage height measurements at base flow were 57 em and changed to
44 em at the 310 cfs flow, a depth increase of 13 cm at the marker (Figure 3.3.10).

Table 3.2.2. Mean depths at 5 discharge levels, Subsite Ib
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Discharge Level (cfs)
Depth Measurements (cm) 110 150 200 250 310

Preferred Average Depth 10.97 12.95 15.06 13.58 16.48
Preferred Habitat Edge Depth 17.15 16.69 18.69 16.92 19.23
Marginal Average Depth 18.60 21.57 22.00 21.77 18.43
Marginal Habitat Edge Depth 23.20 23.71 23.33 24.69 22.00

3.2.1.3 Subsite 1b Mean Habitat Flow Velocities

At base flow (110 cfs), Subsite Ib showed mean preferred habitat flow velocities
betWeen 2 (bottom velocity) and 3 cm/s (habitat edge velocity). Mean marginal habitat
flow velocities were between 10 (bottom· velocity) and 15 cm/s (habitat edge velocity).
At the highest flow (310 cfs), mean preferred habitat velocities were <1 (bottom velocity)
and >2 cm/s (habitat edge velocity). Mean marginal habitat flow velocities ranged
between 7 (bottom velocity) and 15 cm/s (habitat edge velocity) (Table 3.2.3).

I I S b 't IbI·ti t 5 <Ii hT bi 32.3 Ma e . . ean ve OCI es a SC arge eve s, U SI e
Discharge Level (cfs)

Velocity Measurements (cmls) 110 150 200 250 310
Preferred Habitat Edge Velocity 2.54 2.92 2.77 2.77 2.46
Preferred Average Velocity~ 66% 2.45 1.78 2.14 1.25 1.04
Preferred BottomVelocitv 1.62 1.58 2.09 1.17 0.50
Marginal Habitat Edge Velocity 14.60 12.43 15.17 9.08 .15.00
Marginal Average Velocity~ 66% 14.60 10.14 11.67 7.31 8.71
Marginal Bottom Velocity 10.00 9.71 9.17 6.92 6.86

·3.2.1.4 Subsite 1b - Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was rated at 20 percent at base flows and
increased slightly to 30 percent at the highest flow (310 cfs) where inundation onto the
cobble bar created additional exposed boulder/cobble substrate. Preferred habitat within
Subsite Ib was concentrated in the central pool tail-out region (found roughly between
transects at 15 m and 52 m), with the amount of preferred habitat decreasing at the top
and bottom of the subsite where the two channels are located. The maximum amount of
inundation of the cobble bar extended approximately 5 m from. the baseline flow
edgewater line at 310 cfs, at the 47 m transect interval. The majority of the backwater
inundation was concentrated within the first 52 m of the subsite, where water velocities
were minimal or nonexistent in the pool tail-out river habitat. Inundation of the cobble
bar into suitable edgewater habitats generally decreased in areas near the channel margins
where water velocities increased steadily with increased flows. No suitable FYLF
breeding habitat occurred within 300 m downstream of the subsite, which consisted
mainly of high-velocity run habitat, similar to that found in the two adjacent channels.
Habitat 300 m above Subsitelb consisted of deep pool habitat, with steep bank gradients
unsuitable for FYLF breeding or tadpole rearing. Crayfish (Pacifastacus·· leniusculus)
were observed at Subsite 1b at all flow levels.

o
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3.2.2 Site 2 - Swimmer's Beach Area

3.2.2.1 Subsite 2a FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased (-25%) from 321
m2 at base flow to 240 m2 during the 310 cfs discharge. Specifically, preferred habitat
decreased by 73 m2 and marginal habitat decreased by 8 m2 (Figure 3.2.2, Table 3.2.4).

Figure 3.2.2. FYLF habitat area at 5 discharge levels, Subsite 2a
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Table 3.2.4. FYLF habitat area and (%) change from base flow, Subsite 2a
Diseharl!e Levels (efs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 204 186 -8.7) 133 -34.8) 121 -40.9) 131 (-35.6)
Marginal Habitat Area 117 130 +11) 147 (+25.7) 150 (+28.2) 109 (-7)
Total Habitat Area 321 316 -1.5) 280 -12.8) 270 -15.8) 240 (-25.2)

3.2.2.2 Subsite 2a Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 14 em, and mean marginal
habitat depth was 35 em. At the highest flow (310 cfs), mean preferred habitat depth was
23 em and mean marginal habitat depth was 38 em (Table 3.2.5). Stage height
measurements at base flow were 60 em and decreased to 42 em at the 310 cfs flow, a
depth increase of 18 em at the marker (Figure 3.3.10).

I I S b 't 2T bl 3 25M d th t 5 di ha e . . . ean eDl sa sc arge eve s, u Sl e a
Diseharee Level (efs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 14.15 17.62 22.29 20.18 23.38
Preferred Habitat Edge Depth 26.50 26.00 28.25 25.45 26.20
Marginal Average Depth 34.60 39.67 38.27 38.33 38.30
Marginal Habitat Edge Depth 41.70 42.22 45.45 44.50 44.60
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(-) 3.2.2.3 Subsite 2a Mean Habitat Velocity

At base flow (110 cfs), the preferred habitat flow velocities were between <1 (bottom
velocity) and >1 cm/s (habitat edge velocity). Marginal habitat flow velocities were
between <1 (bottom velocity) and <2 cm/s (habitat edge velocity). At the highest flow-
(310 cfs), mean preferred habitat velocities were recorded at <1 cmIs for both bottom

and habitat edge velocities. Marginal flows were between <1 (bottom velocity) and 3
cm/s (habitat edge velocity) (Table 3.2.6).

I I S b ·t 2I·ti t 5 di hT bI 326Ma e . . . ean ve OCI es a sc arge eve s, U SI e . a
Discharg:e Level (cfs

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 1.15 0.75 0.83 1.27 0.70
Preferred Average Velocity (aJ 66% 0.47 0.28 0.55 1.00 0.70
Preferred Bottom Velocity 0.48 0.10 0.18 0.36 0.10
Marginal Habitat Edge Velocity 1.70 2.00 3.55 4.25 3.10
Marginal Average Velocity (aJ 66% 1.50 1.11 2.73 2.75 0.90
Marginal Bottom Velocity 0.90 0.78 1.18 1.08 0.30

o

3.2.2.4 Subsite 2a Habitat Complexity and Qualitative Observations

Complexity ofhabitat (exposed boulder/cobble) was rated low at 10 percent at base flow.
As water levels came up, complexity at this subsite diminished. However, at higher
flows (250 and 310 cfs), water inundated the cobble bar and created more exposed
boulder/cobble bringing the complexity rating back to 10 percent. Preferred FYLF
habitat within Subsite 2a was concentrated in the shallow area near the top of the subsite,
roughly between transects at 13 m and 43 m, linear distance. Preferred habitat decreased
near the top of the subsite (at 0 m) due to the presence of a swift flowing channel that
drained the pool tail-out. At approximately 43 m,the bank gradient gradually increased
and the amount ofpreferred habitat decreased as water levels rose. As discharge levels
increased, the cobble bar became increasingly inundated, particularly between 0 m and
approximately 30 m linear distance along the subsite. At 310 cfs,a second channel was
created through the cobble bar, connecting it to the main channel of the river just
upstream of Subsite 2a (300-). Inundation of the cobble bar, which created backwater
shallows, continued at moderate levels to approximately 43 m linear distance. Beyond
this area, little or no inundation occurred due to the steep bank gradient, resulting in an
overall increase in depth without an increase in water velocity. No additional FYLF
breeding habitat occurred 300 m upstream of Subsite 2a. This was due to the presence of
a sandy beach (Swimmer's Beach) as well as a low-gradient, but swift running channel
that separates subsites 2a and 2b. Additional potential FYLF breeding habitat was
identified 69 m downstream of Subsite 2a. One adult FYLF and several juveniles were
observed during the first two flows, but not observed during or after the 200cfs
discharge. Several terrestrial and aquatic gaiter snakes and cyprinids were also present.
Crayfish were observed at Subsite 2a at all flow levels.
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3.2.2.5 Subsite 2b FYLF Habitat Area

Across the five discharge levels, total habitat decreased (-12%) from 347 m2 at base flow
to 306 m2 during the 310 cfs discharge. Preferred habitat decreased by 64 m2

, but
marginal habitat increased by 23 m2 (Figure 3.2.3, Table 3.2.7).

Figure 3.2.3. FYLF habitat area at 5 discharge levels, Subsite 2b
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Table 3.2.7. FYLF habitat area and (%) change from base t1()w. Subsite 2b
Disehare:e Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

PreferredHabitat Area 245 233 (4.9 169 -30.9) 191 (-21.8) 181 -26.1)
Marginal Habitat Area 102 91 (-10.3 120 (+17.6) 117 (+14.5) 125 (+22.3)
Total Habitat Area 347 325 (-6.5 289 -16.7) 308 (-11.1) 306 -11.9)

3.2.2.6 Subsite 2b Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 17 em and mean marginal
habitat depth was 39 em. At the highest flow (310 cfs), mean preferred habitat depth was
23 em, and mean marginal habitat depth was 40 em (Table 32.8). Stage height
measurements at base flow were 60 em and decreased to 37 em at the 310 cfs flow, a
depth increase of23 em at the marker.

I I S b 't 2ba e . . . ean ep1 sa sc arge eve s. u Sl e .
Disehare:e Level (efs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 17.44 21.18 22.94 23.00 23.19
Preferred Habitat Edge Depth 29.00 28.50 29.88 28.35 28.94
Marginal Average Depth 38.63 37.73 40.12 39.06 39.71
Marginal Habitat Edge Depth 47.81 47.27 49.00 47.53 47.71

T bl 3 28M d th t 5 di h
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Cj
3.2.2.7 Subsite 2b Mean Habitat Velocities

At base flow (110 cfs), the preferred habitat flow velocities were between 0 (bottom
velocity) and 2 cm/s (habitat edge velocity). Marginal habitat flow velocities were
between 0 (bottom velocity) and 1 cm/s (habitat edge velocity). At the highest flow (310
cfs), mean preferred habitat velocities were <1 cm/s for both bottom and habitat edge
velocities. Mean marginal flows were <1 (bottom velocity) and <2 cm/s (habitat edge
velocity) (Table 3.2.9).

I I S b' 2b5 di hI ..T bi 329 Ma e . . . ean ve oCIties at sc arl!e eve S. U SIte
Discharge Level (cfs

Velocity Measurements (cmls) 110 150 200 250 310
Preferred Habitat Edge Velocitv 2.00 0.81 0.82 1.53 0.94
Preferred Average Velocity (a) 66% 0.47 0.28 0.35 0.94 0.31
Preferred Bottom Velocity 0.00 0.40 0.06 0.53 0.31
Marginal Habitat Edge Velocity 0.56 1.27 3.76 4.47 1.53
Marginal Average Velocity (a) 66% 0.56 0.80 2.41 3.06 0.82
Marginal Bottom Velocity 0.00 0.40 1.24 2.71 0.59

3.2.2.8 Subsite 2b Habitat Complexity and Qualitative Observations

Complexity ofhabitat (exposed boulder/cobble) was estimated at 50 percent at base flows
and increased slightly to 60 percent at the highest flow, particularly at the upper portion
of the subsite. Preferred FYLF breeding habitat within Subsite 2b was concentrated
towards the top of the subsite, approximately between linear distances 33 m and §'3'm. In
this area, the cobble bar gradient decreased relative to the downstream portion of the
subsite. The lower bank gradient allowed for an increase in backwater pools and
shallows of the cobble bar as discharge levels increased. The bottom one-third of the
subsite had a steeper bank gradient that resulted in less inundation of the bar and, as
flows increased, depths tended to increase without a corresponding increase in water
velocity. Two adult FYLF and several juveniles were observed during' the base flow
events, but were not observed after the 200 cfs discharge. Crayfish and cyprinids were
observed at Subsite 2b at all flow levels. Additional potential FYLF breeding habitat was
identified 16 m upstream of Subsite 2b.

3.2.2.9 Subsite 2c RB FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased (-22%) from 135
m2 at base flow to 106 m2 during the 310 cfs discharge. Specifically, preferred habitat
decreased by 4 m2 and marginal habitat decreased by 25 m2 (Figure 3.2.4, Table 3.2.10).
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Figure 3.2.4. FYLF habitat area at 5 discharge levels, Subsite 2c RB
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Table 3.2.10. FYLF habitat area and (%) chan2e from base flow. Subsite 2c RB
Discharlle Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 58 73 (+25.3) 55 (-4.2) 73 (+26.7) 54 (-6.5)
Marginal Habitat Area 77 68 (-11.9 62 (-19.1) 42 (-45) 52 (-33.2)
Total Habitat Area 135 141 (+4.1) 118 (-12.7) 116 (-14.3) 106 (-21.7)

3.2.2.10 Subsite 2c RB Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 14 em and mean marginal
habitat depth was 25 em. At the highest flow (310 cfs), mean preferred habitat depth was
17 em and mean marginal habitat depth was 27 em (Table 3.2.11). Stage height
measurements at base flow were 74 em and decreased to 63 em at the 310 cfs flow, a
depth increase of 11 em at the marker.

I ISb' 2RBT bl 3 211M d h 5 d' ha e • • . ean eDt sat ISC ar2e eve S. U site c
Discharlle Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 13.63 14.80 13.29 14.25 16.67
Preferred Habitat Edge Depth 16.75 19.63 14.57 18.00 20.00
Marginal Average Depth 24.63 23.50 21.88 26.86 27.29
Marginal Habitat Edge Depth 26.25 28.00 24.63 29.86 27.71

3.2.2.11 Subsite 2c RB Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat flow velocities were 1 (bottom
velocity) and 4 cm/s (habitat edge velocity). Marginal habitat flow velocity means were
between 10 (bottom velocity) and 18 cm/s (habitat edge velocity). At the highest flow
(310 cfs), mean preferred habitat velocities were between 2 cm/s (bottom velocity) and 5
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n crn/s (habitat edge velocity). Margined habitat flow velocities were between 14 (bottom
velocity) and 17 cm/s (habitat edge velocity) (Table 3.2.12).

IISb'2RB5 di hI ..T bi 3212 Ma e . . . ean ve oClties at sc ar2e eve s. U SIte C
Disehar~e Level (efs)

Velocity Measurements (em/s) 110 150 200 250 310
Preferred Habitat Edge Velocitv 3.88 4.25 4.71 5.00 5.00
Preferred Average Velocity ~ 66% 2.38 1.60 4.00 2.00 3.17
Preferred Bottom Velocity 1.25 2.40 3.43 2.25 2.00
Marginal Habitat Edge Velocity 18.13 12.75 17.88 14.14 17.14
Marginal Average Velocity~ 66% 14.25 7.25 14.00 8.57 12.57
Marginal Bottom Velocity 10,13 5.38 8.63 9.43 14.43

o

3.2.2.12 Subsite 2c RB Habitat Complexity and Qualitative Observations

Subsite 2c RB is located just upstream of low-gradient riffle habitat on a lateral cobble
bar. Habitat complexity was estimated at 60 percent at base flows, decreasing slightly to
50 percent at the highest flow. Backwater inundation of the cobble bar increased
towards the top of the subsite, where bank gradient gradually decreased. As flow levels
increased, numerous smaller currents fonned around larger cobble and boulder substrate
near the edgewater, particularly in the downstream portion of the subsite (at 0 m).
Smaller currents caused fragmentation between preferred and marginal habitat and
created patches with higher flow velocities. At flow levels greater than 200 cfs".:both

. ends of the subsite lost suitable habitat. At the 5 m linear distance transect, increased
water velocities (avg. 25 crn/s) at the edgewater accounted for loss of suitable habitat. At
37m linear distance, increased depths contributed to the loss of suitable habitat .At
higher discharge levels, a deepening side-channel pool was created at the top of the
subsite near a large section ofbedrock, also decreasing the width of suitable habitat. No
potential FYLF breeding habitat was identified within 300 m upstream of Subsite 2c RB,
mainly due steep bank gradients as well as close proximity to other established subsites..
One adult FYLF and several juveniles were present and one southern alligator lizard
(Elgaria multicarinatus) was observed. Crayfish were abundant throughout all flow
levels.

3.2.2.13 Subsite 2c LBFYLF Habitat Area

Over the range of the five discharge levels, total habitat area remained approximately the
same «1 % increase) at 547 m2 at base flow (110 cfs) and 547 m2 duriilg the 310 cfs
discharge. However, preferred habitat decreased by 169 m2

, while marginal habitat
increased by 170 m2 (Figure 3.2.5, Table 3.2.13). .
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Figure 3.2.5. FYLF habitat area at 5 discharge levels, Subsite 2c LB.
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Table 3.2.13. FYLF habitat area and (%) chanl!e from base flow, Subsite 2c LB
DischarlZe Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 513 538 (+4.9) 405 (-21) 298 (-42) 344 (-33)
Marginal Habitat Area 34 68 (+100) 188 (+460) 297 (+783) 203 (+504)
Total Habitat Area 547 606 (+10.9) 593 (+8.5) 594 (+8.7) 547 (+0.1)

3.2.2.14 Subsite 2c LB Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 14 em, and mean marginal
habitat depth was 33 em. At the highest flow (310 efs), mean preferred habitat depth was
23 em, and mean marginal habitat depth was 26 em (Table 3.2.14). Stage height
measurements at base flow were 60 em and decreased to 42 em at the 310 cfs flow, a
depth increase of 18 em at the marker.

I I Sb' 2LBT bl 3 2 14 M d h 5 di ha e . . . ean ellt sat sc arl!e eve s. u. SIte c
Discharge Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 13.62 15.73 19.22 21.23 22.64
Preferred Habitat Edge Depth 21.08 22.42 23.50 26.17 26.18
Mar2inal Averag~ Depth 33.33 25.29 27.00 29.69 26.23
Mar!rinal Habitat Edge Depth 42.33 32.00 30.30 31.92 34.70

3.2.2.15 Subsite 2c LB Mean Habitat Velocity

At base flow (110 cfs), the preferred habitat flow velocities were <1 (bottom velocity)
and 1 cm/s at the habitat edge. Marginal habitat flow velocities were between 0 (bottom
velocity) and <1 cm/s (habitat edge velocity). At the highest flow (310 cfs), mean
preferred habitat velocities were <1 cm/s (bottom velocity) and >2 cm/s (habitat edge
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velocity). Marginal habitat flow velocities were between 2 (bottom velocity) and 8 cm/s
(habitat edge velocity) (Table 3.2.15).

Table 3 2 15 Mean velocities at 5 discharae levels Subsite 2c LB. . . L>< ..
Discharee Level (cfs

Velocity Measurements (cmls) 110 150 200 250 310
Preferred Habitat Edge Velocity 1.00 2.25 2.58 3.08 2.18
Preferred Average Velocity (a), 66% 0.78 0.91 1.34 1.90 1.2
Preferred Bottom Velocity 0.09 0.42 0.68 0.92 0.50
Marginal Habitat Edge Velocity 0.33 4.57 7.20 8.69 7.60
Mar,ginal Average Velocity (a), 66% 0.33 2.86 5.60 . 5.85 4.80
Marginal Bottom Velocity 0.00 2.86 3.10 4.85 2.31

o

3.2.2.16 Subsite 2c LB Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at Subsite 2c LB was estimated at 80
percent during base flow and increased to 90 percent at the highest flow when the cobble
bar became inundated creating additional exposed boulder/cobble. Inundation of the
cobble bar at this subsite was fairly extensive due mainly to a low bank gradient located
laterally along glide river habitat. Approximately 60 percent of the cobble bar became
partially, inundated at the 250 cfs release. No qualitative net loss or gain of suitable
habitat was observed at Subsite 2c LB during the study. Near the wetted channel edge, at
approximately the 20 m linear distance transec~, was an isolated side pool, which became
connected to the main channel of the river at the 250 and 310 cfs flows. At these ]$igher
flows, preferred habitat disappeared due to increased water velocities at the bottom ofthe
subsite between linear distances 0 m and 20 m. Additional potential FYLF breeding
habitat was located 32 m upstream of Subsite 2c LB. Juvenile frogs were observed
during the· first three flow events. Crayfish were abundant throughout all flow levels.

3.2.3 Site 3 - Bardees Bar Area

3.2.3.1 Subsite 3b FYLF Habitat Area

Over the range of the five discharge levels, total habitat area showed a decrease (-4%)
with 101 m2 at base flow to 97 m2 during the 310 cfs discharge. Specifically, preferred
habitat decreased slightly by 9 m2

, and marginal habitat increased slightly by 5.5 m2

(Figure 3.2.6, Table 3.2.16).
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Figure 3.2.6. FYLF habitat area at 5 discharge levels, Subsite 3b•
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Table 3.2.16. FYLF habitat area and (%) chan2e from base flow. Subsite 3b
Discharge Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 68 65 (-4.7) 56 (-16.6) 58 (-14.5) 59 (-13.5)
Marginal Habitat Area 33 37 (+11.7) 38 (+16.6) 39 (+17.4) 38 (+16.7)
Total Habitat Area 101 101 (+0.7) 95 (-5.8) 96 (-4.1) 97 (-3.6)

3.2.3.2 Subsite 3b Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 20 em and mean marginal
habitat depth was 42 em. At the highest flow (310 cfs), mean preferred habitat depth was
20 em, and mean marginal habitat depth was 42 em (Table 3.2.17). Stage height
measurements at base flow were 53.5 em and decreased to 28 em at the 310 efs flow, a
depth increase of25.5 em at the marker.

I I S b' 3bT bl 3 2 17 M d h 5 di ha e . . . ean eot sat sc arl!e eve s, u site
Discharge Level (cfs)

Depth Measurements (cm) 110 150 200 250 310
Preferred Average Depth 19.90 18.60 19.40 17.90 19.80
Preferred Habitat Edge Depth 30.00 30.00 30.00 30.00 30.00
Marginal Average Depth 42.40 41.20 41.30 40.90 41.50
Marginal Habitat Edge Depth 50.00 50.00 50.00 50.00 50.00

3.2.3.3 Subsite 3b Mean Habitat Velocities

At base flow (110 efs), the mean preferred habitat velocities were 1 cm/s at both the
bottom and the habitat edge velocities. Mean marginal habitat velocities were between 1
(bottom velocity) and 2 cm/s (habitat edge velocity). At the highest flow (310 cfs), mean
preferred habitat velocities were>1 cm/s at both the bottom and the habitat edge. Mean
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--.o marginal habitat velocities were between 1 (bottom velocity) and 4 cm/s (habitat edge
velocity) (Table 3.2.18).

I I S b 't 3bI 'ti t 5 d' hT bl 3218 Ma e , . . ean ve OCI es a ISC arge eve s, U Sl e
Discharl!:e Level (cfs

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 1.00 1.46 1.00 1.43 1.29
Preferred Average Velocity @ 66% 1.00 1.00 1.00 1.00 1.00
Preferred Bottom Velocity 1.00 1.00 1.00 1.00 1.00
Marginal Habitat Edge Velocity 2.07 2.00 1.71 - 3.79 3.71
Marginal Average Velocity@ 66% 1.64 1.71 1.50 2.43 2.86
Marginal Bottom Velocity 1.00 1.00 1.00 1.00 1.29

3.2.3.4 Subsite 3b Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at Subsite 3b was estimated at 10 percent
during base flow and remained near 10 percent at the highest flow. At 250 cfs, the
wetted edge of the moderate-to-steep gradient cobble/boulder bar had moved up
noticeably from base flows, but suitable habitat did not appear to change much, although
flow velocities appeared slightly higher. At 310 cfs, it appeared that the flow in the deep
main channel pool adjacent to the subsite may have started to eddy, and flow velocities in
the suitable habitat areas may have decreased somewhat.

o 3.2.4 Site 4 - Flea Valley Creek Area

3.2.4.1 Subsite 4a FYLF Habitat Area

Over the range of the five discharge levels, total habitat area increased by 99 m2 (+45%).
Specifically, preferred -habitat increased approximately 69 ni2, and marginal habitat
increased approximately 30 m2 (Figure 3.2.7, Table 3.2,19).

Figure 3.2.7. FYLF habitat area at 5 discharge levels, Subsite 4a
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Table 3.2.19. FYLF habitat area and (%) chan2e from base flow. Subsite 4a
Dischare:e Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 73 51 (-30.9) 38 (-48) 111 (+51.2) 142 (+93.5)
Marginal Habitat Area 146 130 (-11.1) 166-(+14) 141 (-3.6) 176 (+20.61
Total Habitat Area 219 180 (-17.8) 205 (-6.8) 252 (+14.8) 318 (+45)

3.2.4.2 Subsite 4a Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 19 em and mean marginal
habitat depth was 38 em. At the highest flow (310 cfs), mean preferred habitat depth was·
19 em, and mean marginal habitat depth was 42 em (Table 3.2.20). Stage height
measurements at base flow were 61.5 em and decreased to 39 em at the 310 cfs flow, a
depth increase of22.5 em at the marker (Figure 3.3.10).

I I S b' 4T bl 3 2 20 M d h 5 di ha e . . . ean ept sat sc arge eve s. u SIte a
Discharae Level/'cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 19.09 19.56 19.67 15.71 18.88
Preferred Habitat Edge Depth 25.64 24.56 22.33 18.71 24.88
MarlZinal Average Deoth 37.64 40 36.09 41.6 41.75
Marginal Habitat Edge Depth 41.91 42.15 44.91 45.8 43.13

3.2.4.3 Subsite 4a Mean Habitat Velocities

At base flow (110 cfs), the mean preferred habitat velocities were between 0 cm/s at
bottom and 2 cm/s at the habitat edge. Mean marginal habitat velocities were between 2
(bottom velocity) and 6 cm/s (habitat edge velocity). At the highest flow (310 cfs), mean
preferred habitat velocities were 2 cmJs at the bottom and 3 cm/s at the habitat edge.
Mean marginal habitat velocities were near 3 for both the bottom and habitat edge (Table
3.2.21).

I I S b' 45 di hI ..T bI 3221 Ma e . . . ean ve oCIties at sc ar2e eve S. u SIte a
Discharge Level (cfs

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 1.91 2 2.67 1.14 2.63
Preferred Average Ve10citv @ 66% 1 0.78 2 0.86 2.25
Preferred Bottom Velocity .45 4.44 4.4 0.86 1.88
Marginal Habitat Edge Velocity 6.09 6.46 5.73 2 2.88
Marginal Average Velocity @ 66% 3.36 3.62 5.27 2.6 2.5
MarlZinal Bottom Velocity 1.73 3.15 3.82 2.2 3.13

3.2.4.4 Subsite 4a Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was estimated at 10 percent during base
flow and increased slightly to 20 percent at the highest flow. During base and 150 cfs
flow levels, conditions remained relatively similar. At the 200 cfs flow some new pools
were formed further in from the margin, and bottom velocities increased. At the top of
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o the subsite, a few isolated pools were fonned, but were not suitable for FYLF habitat. At
the 250 cfs flow, boulder exposure increased and complexity was reassessed at 20
percent. Between the 250 cfs and 310 cfs flows, there was deeper water (>50 em) along
the edge of the boulder/sedge habitat and extensive sedges lowered velocities within the
preferred areas. Total habitat increased overall by nearly 100 m2

•

3.2.4.5 Subsite 4b FYLF Habitat Area

Over the range of the five discharge levels, total habitat area increased by 23 m2

(+11.5%). Specifically, preferred habitat increased approximately 17 m2
, and marginal

habitat increased approximately 6 m2 (Figure 3.2.8, Table 3.2.22).

Figure 3.2.8•. FYLF habitat area at 5 discharge levels, Subsite 4b
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Table 3.2.22. FYLF habitat area and (%) chang:e from base flow, Subsite 4b
Discharge Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 69 69 (-1.2) 48 (-30.8) 73 (+5.3) 86 (+24.3)
Mare:inal Habitat Area 132 112 (-15.2) 124 (-6.2) 128 (-3.4) 138 (+4.7)
Total Habitat Area 202 181 (-10.4) 172 (-14.7) 201 (-0.4) 225 (+11.5)

3.2.4.6 Subsite 4b Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 15 em, and mean marginal
habitat depth was 35 em. At the highest flow (310 cfs), mean preferred habitat depth
was 19 em, and mean marginal habitat depth was 39 em (Table 3.2.23). Stage height
measurements at base flow were 50.5 em and decreased to 24 em at the 310 cfs flow, a
depth increase of 26.5 cm at the marker. Subsite 4b had a larger increase in depth at the
marker than any other subsite.
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1 I S b 't 4bT bi 3 2 23 M d h 5 di ha e . . . ean eDt sat sc are:e eve s. U SI e
Discharl!e Level (cfs)

Depth Measurements (cm) 110 150 200 250 310
Preferred Habitat Edge Depth 21.79 25.29 24.6 24.5 24
Preferred Average Depth 14.5 13.29 16 17.83 18.5
Marmnal Habitat Edge Depth 43.43 38.25 41.43 47.75 46.4
Marginal Average Depth 34.57 31.38 34.14 32 39

3.2.4.7 Subsite 4b Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were between 0 cm/s at
bottom and 2 cm/s at the habitat edge. Mean marginal habitat velocities were between 4
(bottom velocity) and 11 cm/s (habitat edge velocity). At the highest flow (310 cfs),
mean preferred habitat velocities were 3 cm/s at bottom and 3 cm/s at habitat edge
velocities. Mean marginal habitat velocities were 3 cm/s for bottom and 7 cm/s for
habitat edge velocity (Table 3.2.24).

I I S b 't 4bI·ti t 5 di hT bi 3224 Ma e . . . ean ve OCI es a sc are:e eve s. u 81 e
Dischar2e Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 2 4.71 3.2 3.83 2.83
Preferred Average Velocity @ 66% 1 1.71 2.6 2.67 3.33
Preferred Bottom Velocity 0.21 1.29 2 2.83 3.33
Marginal Habitat Edge Velocity 10.57 11 10.43 9.25 7
Marginal Average Velocity ~ 66% 9.86 7.38 9.71 5 3.2
Marginal Bottom Velocity 3.79 3.38 6.71 7 3

3.2.4.8 Subsite 4b Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was estimated at 10 percent during base
flow and decreased only slightly at the highest flow, mostly in the lower portion of the
subsite. During base flow, a juvenile FYLF was observed. At 150 cfs, flow velocities
and depths beyond the 32 m linear distance transect were unsuitable, reducing the total
length of the subsite by nearly 16 m. At the 310 cfs flow level, 2 m was regained at the
top ofthe subsite. Total habitat increased overall.

3.2.4.9 Subsite 4c FYLF Habitat Area

Over the range of the five discharge levels, total habitat area increased by 23 m2 (+4%).
Specifically, preferred habitat decreased approximately 6 m2

, and marginal habitat
increased approximately 30 m2 (Figure 3.2.9, Table 3.2.25).
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Figure 3.2.9. FYLF habitat area at 5 discharge levels, Subsite 4c

Table 3.2.25. FYLF habitat area and (%) chaDf!e from base floW, SuJ)site 4c
Discharge Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 226 233 +3.2) 248 (+9.9) 216 (-4.3) 220 (-2.7)
Marginal Habitat Area 331 356 +7.6) 341 (+3.3) 352 (+6.7) 360 (+9)
Total Habitat Area 556 589l+5.8) 590 (+6) 578 (+4) 580 (+4.3)

3.2.4.10 Subsite 4c Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 18 em, and mean marginal
habitat depth was 29 em. At the highest flow (310 cfs), mean preferred habitat depth was
17 em, and mean marginal habitat depth was 26 em (Table 3.2.26). Stage height
measUrements at base flow were 56 em and decreased to 39.7 em at the 310 cfs flow, a
depth increase of 16.3 em.

Garcia arid Associates
July 2003

29

I I S b 't 4

.
~Preferred Area I

700

1
_ Marginal Area

-'-Total Area
600· .. .. .. AI&-
500

:Ar
ea 400
(m • • • • •

300

• • • •200 •
100

o ,
110 150 200 250 310

Discharge (cfs)

T bl 3 2 26 M d h 5 di ha e . . . ean ent sat sc ar2e eve s, u SI e c
Diseharl!e Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Habitat Edge Depth 20.61 22.73 22.38 19.83 21.08
Preferred Average Depth 17.78 20.82 17.62 18.25 17.23
Marl!inal. Habitat Edge Depth 30.53 29.22 26.89 29.9 25
Marginal Average Depth 28.53 26.56 28.56 29.8 26.25

Pacific Gas and Electric Company
Poe FYLF Flow Study

3.2.4.11 Subsite 4c Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were between 1 cm/s at the
bottom and 3 cm/s at the habitat edge. Mean marginalhabitat velocities were between 3
(bottom velocity) and 9 cm/s (habitat edge velocity); At the highest flow (310 cfs), mean
preferred habitat velocities were 2 cm/s at the bottom and 3 cm/s at the habitat edge.
Mean marginal habitat velocities were 6 cmJs for the bottom and 14 cm/s for the habitat
edge (Table 3.2.27).
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I I S b' 45 di hI ..T bI 3227 Ma e . . . ean ve oCIties at sc arge eve s. u sIte C
Discharge Level (cfs

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 3.06 2.45 3.08 3.33 3.08
Preferred Average Velocity @ 66% 2.22 2.09 1.92 2.17 2.23
Preferred Bottom Velocity 1.28 1.36 1.54 1.58 1.62
Marginal Habitat Edge Velocity 8.73 9.33 14.33 13.4 14.08
Marginal Average Velocity@ 66% 8.13 8.67 9.89 11.8 10.17
Marginal Bottom Velocity 3.13 3.89 3.67 6.4 5.67

3.2.4.12 Subsite 4c Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was estimated at 40 percent during base
flow, but increased to approximately 70 percent at the 150 cfs flow. Exposed
boulder/cobble (i.e., complexity) declined over the remaining flow levels and returned to
approximately 40 percent at the 31.0 cfs flow. Exposed boulder increased during the 200
cfs flow; changes were most noticeable during the 250 cfs flow level when waters began
to inundate the cobble bar. As flows increased, several treefrogs (Hyla regilla) and
FYLFs were observed in newer edgewater areas. Total habitat increased slightly over the
course ofthe flow study.

3.2.4.13 Subsite 4d FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased by approximately
123 m2 (-28%). Specifically, preferred habitat decreased 55 m2

, and marginal habitat
decreased approximately 69 m2 (Figure 3.2.10, Table 3.2.28).

Figure 3.2.10. FYLF habitat area at 5 discharge levels, Subsite 4d
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o
Table 3.2.28. FYLF habitat area and (%) change from base flow. Subsite 4d

Dischar2e Levels (cfs)
Habitat Area Measurements (m2

) 110 150 200 250 310
Preferred Habitat Area 171 157 (-8.l) 159 -6.6) 142 (-16.7) 116 (-32)
Marginal Habitat Area 274 251 (-8.4) 266 -2.8) 252 (-7.9) 205 (-25.2)
Total Habitat Area 444 407 (-8.3) 425 -4.3) 394 (-11.3) 321 (-27.8)

3.2.4.14 Subsite 4d Mean Habitat Depth

At base flow (110 cfs);' the mean preferred habitat depth was 16 em and mean marginal
habitat depth was 32 em. At the highest flow (310 cfs), mean preferred habitat depth was
16 em and mean marginal habitat depth was 31 cm (Table 3.2.29). Stage height
measurements at base flow were 58 em and decreased to 35.4 cm at the 310 cfs flow, a
depth increase of22.6 ,em at the marker.

I I S b 't 4dT bl 3 2 29 M d h 5 di ha e . . . ean eot sat sc arge eve s. u Sl e
Discharl!e Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Habitat Edge Depth 18.93 21.92 22 21.91 22.42
Preferred Average Depth 15.73 16.77 15.94 19.91 16.33
Marlrinal Habitat Edge Depth 36.73 37.82 33.86 31.92 34.38
Marginal Average Depth 32.09 32.82 26.79 29.33 30.77

3.2.4.15 Subsite 4d Mean Habitat Velocities

At base flow (110 cfs), the mean preferred habitat velocities were between 2 cm/s at the
bottom and 4 cm/s at the habitat edge. Marginal habitat flow velocities were between 5
(bottom velocity) and 13 cm/s (habitat edge velocity). At the highest flow (310 cfs),
velocities remained about the same as during the base flow. Mean preferred habitat
velocities were 2 cmJs at the bottom and 4 cm/s at the habitat edge velocities. Marginal
habitat flow velocities were between 5 cm/s for the bottom and 13 cm/s for the habitat
edge (Table 3.2.30).

o

Table 3 2.30 Mean velocities at 5 discharoe levels Subsite 4d. . ' ...' '.
Discharae Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 .310
Preferred Habitat Edge Velocity 3.6 3.46 3.31 3.55 3.5
Preferred Average Velocity ~ 66% 2.33 2.38 2.19 2.09 2.08
Preferred Bottom Velocity 2 1.38 2.06 1.64 1.92
Marginal Habitat Edge Velocity 12.64 15.45 14.5 12.33 12.92
Marginal Average Velocity~ 66% 10.36 11.09 7.93 9 9.15
MatlrinalBottomVelocity 4.73 4.45 5:07 5.42 5.31

..
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3.2.4.16 Subsite 4d Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was estimated at 20 percent during base
flow, decreased to less than 10 percent during the 150 cfs flow, and did not change
through the highest flow. At the 150 and 200 cfs flows, there was an increase in braided
channels, reducing measurable transects when velocities were too high. Total habitat
decreased over the course of the flow study.

3.2.5 Site S - Bardees Bar to Top of Site 6 Area

3.2.5.1 Subsite Sa FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased (-38%) by
approximately 142 m2

• Specifically, preferred habitat decreased 73 m2
, and marginal

habitat decreased approximately 70 m2 (Figure 3.2.11, Table 3.2.31).

Figure 3.2.11. FYLF habitat area at 5 discharge levels, Subsite Sa
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Table 3.2.31. FYLF habitat area and (%) change frQm base flow. Subsite Sa
DischarlZe Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 203 182 (-lOA) 199 -2.3) 177 (-12.8) 131 (-35.7)
Marginal Habitat Area 170 179 (+5.3) 165 -2.7) 157 (-7.3) 100 (-41.1)
Total Habitat Area 373 361 (-3.3) 364 -2.5) 335 (-10.3) 231 (-38.1)

3.2.S.2 Subsite Sa Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 12 em and mean marginal
habitat depth was 28 em. At the highest flow (310 cfs), mean preferred habitat depth
was 17 em and mean marginal habitat depth was 37 em (Table 3.2.32). Stage height
measurements at base flow were 56 em and decreased to 47 em at the 310 cfs flow, a
depth increase of 9 em at the marker, the lowest increase in depth in the Poe Reach.

Pacific Gas and Electric Company
Poe FYLF Flow Study

32

Garcia and Associates
July 2003



I I S b 't SaT bl 3 2.32 M d h 5 di ha e . . ean ept sat sc arge eve s, u SI e
Discharae Level (cfs

Depth Measurements (cm) 110 150 200 250 310
Preferred Habitat Edge Depth 20.5 21.1 24.3 25.5 28.3
Preferred Average Depth 12.4 15 14.8 16.9 17.3
Marginal Habitat Edge Depth 33.3 36 40.5 37.6 42.4
Marginal Average Depth 28 28.5 32.3 31.7 37.1

(j

3.2.5.3 Subsite 5a Mean Habitat Velocities

At base flow (110 cfs), the preferred habitat flow velocities were between 1 cm/s at
bottom and 4 cm/s at the habitat edge. Marginal habitat flow velocities were between 4
(bottom velocity) and 9 cmJs (habitat edge velocity). At the highest flow (310 cfs), mean
preferred habitat velocities were 1 cm/sat the bottom and 2 cm/s at the habitat edge.
Marginal habitat flow velocities were between 2 cm/s at the bottom and 6 cm/s at the
habitat edge (Table 3.2.33).

Table 3 2.33 Mean velocities at 5 discharO'e levels Subsite Sa. . .... "
Discharl!:e Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 3.46 3.08 3.33 2.64 2.44
Preferred Average Velocity @ 66% 1.15 1.17 1 1.45 1.44
Preferred Bottom Velocity 1 1 1 1.18 1
Marginal Habitat Edge Velocity 9.46 9.23 9.83 8.36 5.56
Marginal Average Velocity @ 66% 6.85 7.54 6.67 5.09 3.56
Marginal Bottom Velocity 3.54 4.15 3.67 3.64 2.11(J

3.2.5.4 Subsite 5a Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at Subsite 5a was estimated at 10 percent
during base flow and remained at 10 percent during the highest flow. Since Subsite 5a
was located along a lateral bar on an island sandwiched between the main channel of the
NFFR and a wide side channel, there were small areas of flow-over at base flow from the
side channel over low portions of the island and into the main char,mel. Three juvenile
FYLFs were observed along the subsite at the 110 cfs base flow, and four were seen at.
150 cfs. At base flow, this flow-through did not appear to impact FYLF habitat
suitability. But beginning at the 200 cfs release, flow-through velocities were fast
enough to begin degrading habitat conditions. This effect was more pronounced during

. the 250 cfs and 310 cfs flow releases, and the island was transformed into smaller islets
with some higher ground. Shoreline vegetation at Subsite 5a was dense enough to inhibit
flow velocities through newly inundated habitats, so suitable habitats would be more
degraded (i.e., less area) at this subsite than data indicate.

3.2.5.5 Subsites 5b,c,d,eFYLF habitat area

Quantitative area measurements were not taken at
observations are outlined above at 3.1.5.2.

-

this subsite. Descriptions and
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3.2.5.6 Subsites 5b,c,d,e Mean Habitat Depth

At base flow (110 cfs), the mean total habitat average depth for these combined subsites
was 21 em. At the highest flow (310 cfs), mean total habitat average depth was 37 em.
At base flow, the mean total habitat edge (noted here as "max") depth for these combined
subsites was 34 em. At the highest flow, mean total habitat edge depth was 45 em (Table
3.2.34). Separate preferred and marginal habitat depths measurements were not taken at
this subsite. Stage height measurements at base flow were 68 em and decreased to 56 em
at the 310 cfs flow, a depth increase of 12 em at the marker.

I I S b 't 5b dT bl 3 2.34 M d th t 5 di ha e . . ean epl sa se ar2e eve s, U Sl e I,e" e
Suitable Suitable Suitable Suitable Suitable Suitable Suitable Suitable Mean Mean

Max Max Max Max Avg Avg Avg Avg Max Average
Depth Depth Depth Depth Depth Depth Depth Depth Depth Depth

Dischal1[e OJ) (c) (ei) (e) (b) (c) (el) (e) Combined Combined
110 28.71 42.83 27.33 35.29 17.71 27.1 17.67 22.43 33.54 21.23
150 29.71 47.5 31.17 39.57 21.57 31.67 20.5 23.71 36.99 24.36
200 31.86 48.83 33.5 43.14 25.14 36.17 24.83 26.71 39.33 28.21
250 33.71 51.83 35.17 45.71 27.14 38.67 28.67 32.14 41.61 31.65
310 38 55.67 37.83 49 31.43 42.67 38.67 35.29 45.13 37.01

3.2.5.7 Subsites 5b,c,d,e Mean Habitat Velocities

At base flow, mean velocity at the habitat edge ranged between 8 cm/s (Subsite 5c) and
13 cm/s (Subsite 5d). At the highest flow (310 efs), maximum velocities ranged between
15 cmJs and 18 cm/s. Mean velocities at the habitat edge were 9 cm/s at base flow and 17
cmJs at the 310 cfs flow level (Table 3.2.35). .separate preferred and marginal habitat
velocity measurements were not taken at this subsite.

Table 3.2.35. Mean depths at 5 disehar2e levels. Subsite 5b c,d,e,
Suitable Max Suitable Max Suitable Max Suitable Max Mean Max Velocity

Discharl!e Velocity (b) Velocity (c) Velocity (d) Velocity (e) All Subsites
110 9 7.6 12.8 7.86 9.32
150 11 6.8 14.5 7.3 9.9
200 13.4 9.2 15.8 11.4 12.46
250 16.8 11.8 20.5 14.7 15.9
310 18 15 18 18 17.29

3.2.5.8 Subsites 5b,c,d,e Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at subsites 5b,c,d,e was estimated at 40
percent during base flow and decreased to 30 percent during the highest flow. One
juvenile FYLF was seen within Subsite 5b and another within Subsite 5c during base
flow data collection; there were also a number of crayfish in this wide side channel. By
the 200 cfs release, flow velocities appeared slightly faster, though overall change
seemed slight, and there was some shoreline flooding, especially around the island. At
250 cfs, island flooding increased, but flows appeared to be mostly absorbed by the wide
side channel area. The edgewater along the downstream edge of Subsite 5b remained
suitable throughout all flows, since most of the increased flow, even at 310 cfs, was
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o carried in the side channel thalweg away from that shoreline. There was some noticeable
increase in flow velocity and depth in other portions of the broad side channel area at 310
cfs.

3.2.6 Site 6 - Bottom of Site 5 to Swimmer's Beach Area

3.2.6.1 Subsite 6a FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased (-20%) by
approximately 130 m2

• Specifically, preferred habitat decreased 54 m2
, and marginal

habitat decreased approximately 76 m2 (Figure 3.2.12, Table 3.2.36).

Figure 3.2.12. FYLF habitat area at 5 discharge levels, Subsite 6a
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Table 3.2.36. FYLF habitat area and (%) chang:e from base flow. Subsite 6a
Discharge Levels (cfs)

Habitat Area Measurements em:) 110 150 200 250 . 310
Preferred Habitat Area 354 506 (+43) 344 (-2.9) 314 (-11.2) 301 (-15.1)
Marginal Habitat Area 307 316 (+2.9) 287 (-6.5) 392 (+27.6) 231 (-24.8)
Total Habitat Area 661 823 (+24.4) 631 (-4.6) 706 (+6.8) 532 (-19.6)

3.2.6.2 Subsite 6a Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 9 em and mean marginal
habitat depth was 22 em. At the highest flow (310 cfs), mean preferred habitat depth was
15 em and mean marginal habitat depth was 26 em (Table 3.2.37). Stage height
measurements at base flow were 66 em and decreased to 50.5 em at the 310 efs flow, a
depth increase of 15.5 em at the marker.
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Depth Measurements (cm) 110 150 200 250 310
Preferred Habitat Edge Depth 18 26.9 20.9 24.5 21.9
Preferred Average Depth 9.3 15.2 15.8 14.8 15.4
Marginal Habitat Edge Depth 29.7 31.5 31.9 34.7 31.3
Marginal Average Depth 21.5 26 25.2 27.4 25.8

3.2.6.3 Subsite 6a Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were between 1 cm/s at
bottom and 4 cm/s at the habitat edge velocities. Mean marginal habitat velocities were
between 1 (bottom velocity) and 11 cm/s (habitat edge velocity). At the highest flow
(310 cfs), mean preferred habitat velocities were 1 cm/s at the bottom and 4 cm/s at the
habitat edge. Mean marginal habitat velocities were 5 cm/s for bottom and 15 cm/s for
habitat edge (Table 3.3.38).

I I S b't 65 di hI ..T bi 32.38 Ma e . . ean ve oClties at sc arge eve s. u SI e a
Dischar2e Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 4.14 4.9 4.62 4.27 3.88
Preferred Average Velocity (OJ 66% 1.33 1.5 2.05 1.86 2.06
Preferred Bottom Velocity 1 1 1 1 1
Marginal Habitat Edge Velocity 11.05 14 13.14 14.05 15.05
Marginal Average Velocity @ 66% 7.38 8.90 8.90 9.73 9.47
Marginal Bottom Velocity 1 3.65 3.43 3.64 5.37

3.2.6.4 Subsite 6a Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at Subsite 6a was estimated at 50 percent
during base flow and remained the same during the highest flow. Nine juvenile and two
adult FYLFs were seen within Subsite 6a during the base flow evaluation, along with
numerous crayfish. The bank gradient for most of the lower portion of the subsite was
very low and new shallows were inundated immediately at the :first flow increase of 150
cfs. A side effect of this flooding was the appearance of sections ofedgewater where flow
velocities were too fast for suitable frog habitat. These effects were enhanced and
generally increased during the subsequent higher flow releases in the lower portion of the
subsite. The bank gradient of the upper subsite was not quite so low, and it was mostly
protected from higher flow velocities by a point of land at the upstream-most part of the
subsite. At 250 cfs, extensive but shallow flooding occurred in the lower subsite, and
much of this was suitable habitat for FYLFs (i.e., ~10 em average depth), and at 310 cfs a
distinct edge to the bar was becoming re-established, though increased velocities were
also evident.
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Cj 3.3 Combined Results-All Sites

3.3.1 FYLF Habitat Area

Habitat area, depth and velocity parameters varied across flow levels. Total habitat area
decreased by -10.3% (435 m2 from a total of 4,243 m2

) from base flow to the 310 cfs
flow release. Although habitat area changed across flow levels, only the change from
base flow to the 310-flow level was significant (P = 0.01, DFE =775).

(J

Most of the habitat lost was preferred habitat, which decreased by approximately 431 m2

(18%) as flows increased from base flows to the 310-flow level. Marginal habitat
decreased by only 4.2 m2 (0.2%) from base flow to 310 cfs. Although the total habitat
area decreased from the base ;flow to 310 cfs, the changes were not consistent with each
flow level; that is, some flows yielded positive results (i.e., increased FYLF habitat),
while others were negative (i.e., decreased FYLF habitat).

Overall preferred habitat area showed a slight increase (81 m2
; +3%) from base flo:ws to

150 cfs, but began to decrease during the 200 to 250 cfs flows. The largest decrease (508
m2

, -15% from base flow) in preferred habitat occurred at, the 250 cfs flow level.
Preferred habitat increased slightly (76 m2

) as flows increased from 250 to 3,;];@cfs,
showing an overall decrease of 17.5 percent. Marginal habitat increased gradually (417
m2

; 24%) as flows went from base level to 250 cfs, but decreased sharply by 421m2
(

19%) from the 250 to the 310 cfs flow. Therefore, marginal habitat decreased by only 
0.2 percent overall. Total habitat area increased slightly as flows increased' frOIIl base
flow to 150 cfs, but decreased from the 200 to 310 cfs flow levels, showing an overall
decrease of -10 percent (Figure 3.3.1). Area measurements for each discharge level are
shown in Table 3.3.1.

Table 3.3.1. FYLF habitat area and change (%) from base flow

Discharge Levels (cfs)
Habitat Area Measurements 110 150 200 . 250 310

Preferred Habitat Area (m~) 2469.3 2550.5 (+3.3) 2098.2 -15) 1961.8(-20.6) 2038.3 (-17.5)
Marginal Habitat Area (m"') 1773.5 1820.2 (+2.6) 1964.6 +11) 2190.5 (+23.5) 1769.3 (-0.24)
Total Habitat Area (m~) 4242.7 4370.6 (+3.0) 4062.8 -4.2) 4152.3 (-2.1) 3807.6 (-10.3)
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Figure 3.3.1. FYLF habitat area at 5 discharge levels
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3.3.2 Depth

Two depth measurements were recorded for preferred and marginal habitats: habitat
edge depth and average depth. Each of these measurements increased slightly for both
preferred and marginal habitats as flow levels increased (Table 3.3.2). Mean marginal
habitat edge depth and mean marginal average depth each increased by 2-3 em. Changes
in preferred habitats depths were slightly more than that for marginal habitats, increasing
by approximately 3-4 cm from base flows to 310 cfs (Figure 3.3.2). Actual depth
measurements are shown in Table 3.3.2. Note that depth measurements were not taken in
the same spot locations during each flow, and along with velocities, actually determined
the location and extent of preferred and marginal habitat boundaries. Results of the
ANOVA showed no significant changes in depth between flow levels.
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o Figure 3.3.2. Mean depth at 5 discharge levels
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Depth Measurements (cm) 110 150 200 250 310
Preferred Habitat Edge Depth 21.78 23.74 23.45 23.77 24.65
Preferred Average Depth 14.01 16.12 16.97 16.79 18.04
Marginal Habitat Edge Depth 35.67 35.99 36.55 37.71 37.17
Marginal Average Depth 28.86 29.91 30.33 31.41 31.69o

3.3.3 Velocity

Three velocity measurements were taken within both preferred and marginal habitats:
bottom velocity, average velocity at 66% (nearest to the river bottom), and habitat edge
velocity. In general, mean velocities remained relatively constant among discharge
levels. Based on results of the ANOVA, velocities measured at 66% were significantly
higher during the I50-flow compared to the 31O-flow (p = 0;04, DFE = 837). Mean
habitat edge velocities in preferred habitats decreased <1 cmJs from base flow to 310 cfs.
Mean habitat edge velocities in marginal habitats increased from 8 cm/s at base flow to
10 cm/s at 310 cfs. Mean bottom velocity and mean average velocities changed <1 cmJs
among the discharge levels (Figure 3.3.3; Table 3.3.3).
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Figure 3.3.3. Mean velocities at 5 discharge levels
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Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 2.63 2.92 2.84 2.80 2.55
Preferred Average Velocity @ 66% 1.43 1.33 1.66 1.50 1.56
Preferred Bottom Velocity 1.01 1.13 1.45 1.18 1.07
Marginal Habitat Edge Velocity 7.91 8.05 9.56 9.14 9.98
Marlrinal Average Velocity @ 66% 6.47 5.73 6.85 5.80 5.69
Marginal Bottom Velocity 3.61 4.10 4.27 4.16 4.05

3.3.4 Stage Heights

Stage heights measurements were taken at all subsites. Measurements were taken from
the top of the water to the top of the marker (rebar stake) and recorded on data forms at
base flows and over the four subsequent higher flows. The increase in stage height
between flow levels was strongly correlated (r = 0.99) to discharge level. The largest
increase was at Subsite 4b (26.5 em) and the smallest increase was at Subsite 5a (9 em).
Figure 3.3.10, below, shows the change in stage height for each of the six sites. Although
the changes in stage height were relatively small two of the changes were statistically
significant; the change from 150 cfs to 200 cfs (P = 0.09) and the change from 150 cfs to
310 cfs (P = 0.03, DFE 24). Table 3.3.10 provides the mean stage height changes for all
sites combined at each discharge level.

Table 3.3.10. Mean Change in Stage Height

Discharge Level (cfs) 110 150 200 250 310
Mean Increase (em) from Base Flow 0 +3.1 +8.7 +12.5 +17.9
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Figure 3.3.10. Change in Stage Height (em) from base flow to 310 efs

3.3.5 Water Temperature

Water temperature measurements were taken at "all sites at base flows and at the four
higher flows. Temperature decreased slightly «1 0

C) from base flow to the 310 flow
level; however neither this change or any other temperature changes between flow levels
was statistically significant. The largest individual temperature change was at Subsite 2a,
which dropped six degrees between base flow and the 310-flow level. We caution that all
the temperature measurements were affected by the time of day that they were collected
and the ambient air temperature. Therefore these changes may not be related only to
changes iiJ. flow level. Table 3.3.11 provides the mean temperature changes for all
subsites at each discharge level.

Table 3.3.11. Mean water temperatures CC) at 5 discharn:e levels
Water Temperature in Suitable Habitat (OC)

Subsite 110 cfs 150 cfs 200 cfs 250 cfs 310 cfs
Ib 17 17 17.5 17 17
2a 24 23 17.5 18 18
2b 20 20 19 19 19
20RE··· - - -20 -- 19 19 20 19
2cLB 20 20 20 ...... 20 20
3b 17 17 17.5 17 17
4a .. 19 19 17 18 18
4b 19 19 20 19 19
40 20 19 19 17.5 20
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Water Temperature in Suitable Habitat (OC)
Subsite 110 cfs 150 cfs 200 efs 250 efs 310 efs

4d 20 19 19 19 19
Sa 19 21 19 18.5 19
5bcde 20 21.5 21 19.5 19
6a 20 20.5 20 21 20
Mean
Temperature
- All Subsites 19.6 19.6 18.9 18.7 18.8

3.3.6 Habitat Complexity

Habitat complexity was a measure of the amount of exposed (i.e. above water) boulder
and cobble substrate and was recorded as a percentage to the nearest 10% increment (if a
range ofvalues was entered on the data sheet, the average was computed and used in the
analysis). This parameter varied between flows with an overall increase from base flow
(40%) to the 310-flow level (70%). Although this increase was substantial it was not
statistically significant. Therefore, we conclude that the flow levels do not provide
significantly different amounts of exposed boulder and cobble.

F LTable 3.3.12 Habitat Complexity at ive Flow evels
Flow Level

110 I 150 I 200 I 250 I 310
Habitat Complexity (%) 40 I 46 I 50 I 61 I 70

4.0 Discussion

This study attempted to evaluate changes to FYLF habitat that would result from
increased base flow levels. At the outset of the study, it was thought that preferred
habitat area would decrease drastically or even be eliminated, as flows approached 250
cfs. In fact, changes in habitat area related to flow levels were relatively moderate.
Below, we discuss each of the main parameters that were measured or evaluated during
this study.

4.1 Habitat Area

Changes in the availability, extent and quality of FYLF habitat varied across the sites for
the flow levels evaluated during this study. For the six sites that represented known
FYLF breeding habitat, the total area of FYLF habitat area decreased moderately overall
as discharge levels reached 200 cfs, and higher (-10% loss of suitable habitat from base
flow to 310 cfs.). However, at 150 cfs, overall FYLF habitat area increased moderately
(-3%) from the base flow within all habitat types. The only statistically significant
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change in habitat area was the comparison between 110 and 310 flow levels (P = 0.01,
DFE=775).

Preferred habitat area reached the highest level at the 150 cfs discharge level. However,
this was not significantly greater than at other flow levels. For preferred habitat area,
there was more habitat area at base flow compared to 200 and 310 cfs flow levels.
Marginal habitat area was greatest at the 250 cfs flow level and was also significantly
greater than at base flow, 150 cfs and 310 cfs. Although the 250 cfs level provided the
greatest amount ofmarginal habitat, this is probably not the management goal for FYLF.

It should be noted that the changes in the amounts ofpreferred and marginal habitat may
be explained, in part, by the study design. ,Because total habitat area included both
preferred and marginal habitat area, these areas tended to offset each other (i.e., as
preferred habitat area increased, marginal area decreased and visa-versa).

'Additional sites that were measured during this study (Appendix I) exhibited a greater
overall decline in FYLF habitat area (-22%) than the six FYLF sites (-16%) as discharge
levels reached 310 cfs. This pattern, and the variability between sites, suggests that the
geomorphology of each survey location determines the response of FYLF habitat to
various flow levels. One likely explanation is that the steeper bank gradients at the
additional habitats (30% steeper than the FYLF breeding sites) resulted in deeper
edgewater habitats as flow levels increased. It appears that the site geomorphologyi(e.g.,
bank gradient), alignment of river bars to the flow and main thalweg, and adjacent lotic
habitats (e.g., run, riffle, pool) will differentially influence the effect of flow increaSes on
these habitats through the measured parameters used to calculate area (i.e., depths and
velocities).

Results of this study contrast with previous surveys conducted in the Poe Reach during
2000 and 2001. During September 2000, an Instream Flow Incremental Methodology
(IFIM) test was conducted on the reach for the 250 and 500 cfs discharge levels.
Observations recorded during this event documented a decrease in the amount and quality
of suitable breeding, tadpole rearing, and juvenile frog habitat at both discharge levels.
In 2001, an additional flow evaluation was conducted during an,emergency power outage
that forced Poe Powerhouse to shut down for two days. Discharge levels during these
two days fluctuated between 200 and 250 cfs. A qualitative assessment of FYLF habitat
that was performed during this period showed an apparent reduction in the amount and
quality of breeding, tadpole rearing, and juvenile frog habitat at all but one of nine
subsites surveyed.

4.2 Depth and Velocity

Water' depth and velocity at FYLF habitats increased slightly as discharge level
increased. At additional habitat sites measured, depths and velocity increased more than
at the FYLF subsites revealing a pattern similar to that for FYLF habitat area. It is

Pacific GaS and Electric Company
Poe FYLF Flow Study

43

Garcia and Associates
July 2003

-, ,---,,-,--,------------,--,---,--,,-,,------,----------,----,--------,_._--,--------------,-----"------",--,,---



important to note that depth and flow velocity measurements were not taken in the same
locations during each flow, since these parameters determined the boundaries of preferred
and marginal habitats as flows and conditions changed.

Velocity measurements at higher discharge levels were likely influenced by the presence
of streambank vegetation at some sites. It is assumed that this vegetation retarded or
diminished flow velocity. It is expected this shoreline vegetation would not be present if
discharge levels were maintained at any of the higher levels. The magnitude of this
influence is not known and was not measured, but should be tested during future studies.

Average water depth of FYLF habitat is an important factor in determining habitat
quality. Increased water depths result in cooler water temperatures that may delay the
onset of breeding and delay development of egg masses and tadpoles. Increased water
depths may also facilitate access to FYLF habitats by predatory fish, thereby reducing the
survivorship ofFYLF larvae and juveniles.

4.4 Stage Height

Stage height increased by approximately 18 em overall as flow levels increased from
base flows to 310 cfs. As expected, the increase in stage height between flow levels was
strongly correlated (r = 0.99) to discharge level with an approximate 3 em increase for
an increase of40 cfs and an approximate 5 em increase for a 50 cfs increase in discharge.
However, increases in stage height varied between sites with increases ranging from 9 to
26.5 em at the 310 cfs level. This variation is likely a result of differences in channel
morphology between sites.

Mean stage height increases were greatest in glide habitats (21 em at 310 cfs), followed
by pools (19 em), and runs (16 em). However, two ofthe three pool habitats were at pool
tails (mean increase = 16 em) and one was in a main channel pool (26 em increase).
Stage heights were usually measured at one location in each subsite, either at the top or
bottom of the survey area. Hence, these measurements may not necessarily be indicative
of the entire subsite survey area. However, it is apparent that adjacent lotic habitats
"absorb" flow ipcreases differentially and thereby affect depth changes in FYLF habitats.
At low-gradient cobble bar sites, increasing flows spread out across the bars resulting in
only moderate increases in stage height. At high bank gradient sites, especially near
vertical walls (e.g., Subsite 3b), increased flows were restricted and resulted in greater
stage height increases. Increased depth is also likely an important factor that influences
water temperatures, described below.

4.5 Water Temperature

Mean temperature at FYLF habitat sites decreased by 10 C from base flow to 310 cfs.
Increased flows probably enhanced circulation in edgewater habitats, introducing colder
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water from the main channel into warmer edgewater habitats. . In addition, increased
flows resulted in increased water depths overall. Although a 10 C decrease in water
temperature is a small change, if this lower temperature were maintained in perpetuity it
could have a strong influence on FYLF ecology. Reduced temperatures could delay the
onset ofbreeding for FYLF, extend the time required for egg masses to hatch, and extend
the time required for larvae to develop and metamorphose. It is assumed that prolonging
the duration of these life stages when FYLF are most vulnerable to fluctuating flows and
predation would negatively affect FYLF.

4.6 Habitat Complexity

Habitat complexity, a measure of the amount of exposed boulder and cobble in edgewater
habitat, was positively correlated with flow level. As flows increased, greater amounts of
boulder and cobble substrate was exposed. However, none of the changes were
statistically significant and they may also not be biologically significant because no
studies have documented the importance of exposed boulder and cobble in FYLF habitat.
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5.0 Recommendations

In an effort to improve future flow studies on the Poe Reach of the NFFR and other
rivers, GANDA offers the following recommendations:

1. Conduct base flow measurements during the week prior to the flow release
experiment. This will allow time for crews to spend more than one day if needed
to become familiar with site logistics and to establish photo point locations prior
to actual flow releases, etc.;

2. Based on the experience gained during the 2002 study, determine the amount of
habitat each crew can manage successfully during the course of a 10-hour work
period to avoid time-constraint and logistical problems;

3. Standardize stream measurement equipment for all crews. Marsh-McBurney flow
meters should be used for all velocity measurements because of their ease of use
and speed; "

4. Take measures to further standardize measurement protocol. Consider
establishing transect locations at fixed 5-10 m intervals at each subsite to be
replicated during each flow event (transect locations were somewhat variable in
2002 by design to measure area of FYLF habitat when conditions changed during
higher flows; however, this reduced statistical rigor). For average depth and flow
measurements within established preferred and marginal habitat delineations
(bounded by standard 30 em depth/5 cmlsec. flow velocity, 50 em depth/<20
cm/sec. flow velocity, respectively), measure each transect at standardized
increments (e.g., 25 em) to more accurately determine average depth and flow
velocities within these habitat boundaries;

5. At each transect, measure wetted channel width with a rangefinder. Use the mean
of these measurements to compare wetted channel width across discharge levels.
Also, consider marking transect locations at the base flow wetted edge to measure
wetted edge expansion during higher flows and stage" height changes throughout
the subsite;

6. Measure water temperature and air temperature from multiple, pre-established
point locations to better quantify the effects of higher flows on stream
temperatures;

7. At each transect, record substrate (boulder, gravel, cobble, sand or other) by point
intercept at 50 em to 1 m intervals. Use a stadia rod or flow meter to improve
efficiency of data collection;
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(j 8. Quantitatively, examine the influence of vegetation on velocity measurements.
One method for testing this is to measure flow velocity with streambank
vegetation intact followed by a second measurement with the vegetation removed;

9. Measure habitat complexity on plots between each transect (size of plot
detennmed by distance between transects x 5 m from shore). There, record
number ofboulders and cobbles that extend above the water surface and estimate
percent exposed above the surface, as in 2002;

10. Quantify and describe geomorphology and aquatic habitat at each transect by
measuring and recording: bank gradient, adjacent lotic habitat (i.e., run, riffle,
glide, pool, etc.), and aspect to main flow or thalweg (i.e., adjacent to, within x
meters, protected by point bar, no thalweg (glide), eddy, etc.), and

11. Consult with a statistician dUring the study design phase of the project to
determine appropriate sampling designs for the hypotheses to be tested.
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Appendix A: FYLF Distribution, Habitat, and Life History
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C] Appendix A

Foothill Yellow-Legged Frog (Rana boylii)

Life History and Habitat Information

Status: Federal
State
Forest Service

Species of Concern
California Species of Special Concern/Protected
Sensitive

o

Species Description

Juveniles and Adults - The foothill yellow-legged frog (FYLF) is a moderate-sized frog, with
juveniles ranging from 22 to 40 mm snout to vent length (SVL), and adults measuring from 40 to
65 rom SVL (Nussbaum et al. 1983). When they reach their maximum adult size, females are
larger than males, and may measure up to 20 - 25 mm longer in SVL. The dorsal coloration· of
FYLFs is highly varlable and in many situations blends closely with the predominant color 0fthe
surrounding substrate, making the frogs cryptic and difficult to spot. Dorsal color also appears to
reflect the amount of sun exposure, with uniform dark gray or olive colored individuals typically
observed in heavily shaded streams, and lighter gray,brown, tan, and yellow frogs with varying
amounts of spotting found in areas that lack heavy shading (personal observations). Both
juveniles and adults may have dark red coloration, often along the poorly developed dorsal lateral
folds.

Many juvenile and adult FYLFs are spotted, and their skin may appear rough due to the presence
of small tubercles. The tympanum is relatively small, about half the size of the eye, and is
colored and roughened like the surrounding skin, often making it difficult to see (Leonard et al.
1993; Nussbaum et al. 1983). The dorsal surfaces of the rear legs are often distinctly barred, and
the ventral surfaces are pale to brilliant yellow; however, the yellow coloration may be faint or
lacking in younger frogs. The posterior portion of the abdomen may also be yellow or light
orange in color with the remainder of the abdomen white. Dark mottling on the chin and throat is
common ,but not always present. The webbing of the hind toes is full, slightly concave, and
extends to the tip of the longest toe (Leonard etal. 1993).

During the breeding period, males may be identified by their enlarged forearms, without the need
to capture them. In addition, they develop enlarged nuptial pads on the medial surfaces of the
thumbs for gripping the female during amplexus, but this characteristic can only be observed if
the frog is captured..Male frogs maY be found. in small groups in. areas used for breeding,a,nd
young males may be observed in amplexus with each other. On the North Fork Feather River,
male frogs have been observed on exposed substrates at mid-day calling from known oviposition
sites (personal observations). The call consists of short coarse or guttural sounds with a slightly
descending or ascending tone at the end of the call. These low volume calls are repeated in
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succession separated by silence of various lengths (personal observations). Because FYLFs are
known to call primarily underwater (MacTeague and Northern 1993), this type of vocalization
would presumably generate vibrations necessary to carry underwater, particularly in stream
habitats. This call was also heard in early September on the Middle Fork Stanislaus River
(personal observations).

Egg Masses - In coastal streams, Lind et al. (1996) found that egg masses are laid along stream
margins in shallow water that is usually <1.0 m deep and in flows less than 21 cm/s. In the Sierra
Nevada Mountains, recent studies have indicated that FYLFs typically deposit egg masses in
shallow edgewater habitat <40 cm deep with velocities <10 cm/s (pacific Gas· and Electric
Company 2001, 2002a, 2002b). FYLF egg masses are generally deposited in open, sunny areas
and typically have a dark bluish tint for several days following oviposition (Ashton et aI. 1998;
personal observations). When first deposited, the egg mass is compact and expands as it absorbs
water into a medium to large fist-sized cluster (Ashton et al' 1998), although smaller egg masses
have been observed at some locations on the Middle Fork Stanislaus River (personal
observations). Females normally deposit eggs in clusters of200-300, but clusters may range from
100 to 1,000 eggs (Storer 1925; Nussbaum et al. 1983; Zeiner et al. 1988). After absorbing water,
the egg mass loses its bluish color and resembles a bunch of small grapes. Individual eggs are
distinctly black and are encased by clear gelatinous envelopes (Ashton et al. 1998), and as the ova
develop, they can be seen elongating within the envelope (personal observations). Eggs on the
outside of the mass that receive the most sunlight have been observed developing and hatching
first, with the interior eggs hatching at a later date (personal observations). Depending on stream
water quality and water velocity at the location of the egg mass, sediment and algae may
accumulate on the mass making it very difficult to find. Within a week or two after eggs have
hatched, the egg mass breaks down and the tadpoles begin to disperse (Ashton et aI. 1998). This
may be highly dependent on the location of the egg mass and stream conditions, such as water
temperature, water depth, cover, and flows.

Tadpoles - When tadpoles emerge, they are totally black and measure less than 8 mm total
length (Nussbaum et al. 1983). As tadpoles grow, they begin to tum light brown, tan, or olive,
with gold flecks or dark spots scattered on the dorsal surface and tail musculature. At this stage,
their cryptic coloration blends with the algae and flocculent material in shallow edgewater
habitat, making them very difficult to find. Depending on the stage of development, their eyes
may appear on the top of the head or slightly inset from the outline of the head when viewed from
above (personal observations). Rear legs begin to develop first and become fully developed
before front legs start to appear. Tadpoles retain their tail during metamorphosis, providing them
with excellent propulsion and making them difficult to capture when combined with the cryptic
coloration (personal observations). Tadpoles reach a maximum total length of around 55 mm,
and once metamorphosed into young frogs, they measure between 22 and 27 mm total length
(Nussbaum et aI. 1983; Zeiner et al. 1988), with the majority of newly metamorphosed frogs
measuring from 22 to 24 mm (pacific Gas and Electric Company 2001, 2002a, 2002b).

Distribution

Historically, FYLFs were found in the Coast Ranges from the Santiam River drainage in Oregon
(Mehama and Marion counties) to the San Gabriel River drainage in California (Los Angeles
County), and along the west slopes of the Sierra Nevada/Cascade crest in most of centraI and
northern California (Storer 1925; Fitch 1938; Zweifel 1955). The elevational range of the FYLF
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extends from near sea level to about 5,000 ft. However, specimens catalogued at the University
of California Museum of Vertebrate Zoology (MVZ 35914-18) show that this species has been
recorded at elevations as high as 6,000 ft in Plumas County (Zweifel 1955). Jennings and Hayes
(1994) indicate that FYLFs have disappeared from-about 45% of their historic range in.California
and 66% of their historic range in the Sierra Nevada Mountains. Based on the results of recent
surveys conducted on the Pit, North Fork Feather, North Fork Mokelumne, and Middle Fork
Stanislaus rivers, breeding populations of FYLFs documented on these regulated rivers have all
been below 3,000 ft in elevation, with the majority of the frogs occurring at elevations below
2,500 ft. (pacific Gas and Electric Company 2001, 2002a, 2002b; Spring Rivers 2001; Ibis
Environmental, Inc. 2002).

General Life History

FYLFs are a highly aquatic amphibian, spending most or all of their life in or near streams,
though frogs have been documented underground and beneath surface objects more than 50 m
from water (Nussbaum et al. 1983). Adult FYLFs are primarily diurnal with high site fidelity and
typically occupy small home ranges. However, from April through June, adults and subadults
may move several hundred meters or more, to congregate at breeding sites. FYLFs may be active
all year in the warmest localities, but may become inactive or hibernate in colder areas.

Seasonal movements of adult and recently metamorphosed FYLFs indicate a preference for
different habitat types depending on seasonal requirements. Adult frogs, primarily males, will
congregate along main stem rivers during spring to breed. However, adults do not tYP,'1§ally
remain in these areas during summer, returning instead to basking and foraging sltgs" on
tributaries, or retreating to cooler microhabitats along shaded river sections. They may also
decrease diurnal activity during the hottest part of the summer. Zweifel (1955) noted that
younger individuals typically remained by the stream until late fall and appeared earlier in the
spring than adults. Observations of juvenile FYLFs have shown a strong tendency to initiate
upstream migrations in late summer and early fall (Ashton et al. 1998; Twitty et al. 1967) similar
to the compensating mechanism displayed by stream insects subject to downstream drift
(Jennings and Hayes 1994). These movements are often correlated with the presence ofupstream
tributaries containing suitable habitat for FYLFs, and it is speculated that this may be an
evolutionarily mechanism this species has developed to repatriate larvae that may have been
washed downstream (Ashton et al. 1998).

Egg laying normally follows the period ofhigh-flow discharge associated with winter rainfall and
snowmelt, usually between late March and early June (Storer 1925; Grinnell et al. 1930; Wright
and Wright 1949). Prior to the onset of breeding, adult frogs begin to appear along stream
margins, especially on warm sunny days. As flows diminish and water temperatures begin to
increase, males are usually the first to begin moving back to breeding areas to establish calling
stations. Females arrive later when average air temperatures increase, stream flows decrease, and
water temperatures reach 12 to 15°C. Breeding tends to take place in the same general area each
year, unless stream conditions .change-and the habitat is no longer suitable for breeding. FYLF
oviposition has previously been thought to be completed within a two week period (Storer 1925;
Zweifel 1955; Nussbaum et al. 1983; Stebbins 1985; Jennings 1988); however, studies on Coastal
streams (Kupferberg 1996; Lind et al. 1996) and Sierra Nevada streams (pacific Gas and Electric
Company 2001, 2002a, 2002b) have revealed that breeding may extend over a longer period of
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time. Kupferberg (1996) suggested this might be the result of late season rains or drought
conditions.

Females ,may deposit from 100 to 1,000 eggs (Storer 1925), but more typically deposit200 to 300
eggs in clusters attached to the sides or undersides of cobbles and boulders, or less commonly to
gravel, vegetation, or submerged logs or root wads. Egg masses (clusters) are most often
deposited in shallow edgewater areas <40 cm deep with little or no water flow «10 cm/s), and
eggs generally hatch in about 15 to 30 days depending on water temperature. Nussbaum et al.
(1983) reported eggs hatching in about 5 days at a temperature of 20° C. FYLF tadpoles
metamorphose into juvenile frogs in 3 to 4 months. During the early stages of development,
tadpoles are herbivorous, feeding on diatoms and other algae (Kupferberg 1996), and as they
mature will opportunistically feed on the necrotic tissue of dead tadpoles or macrofauna, if
available (Ashton et al. 1998).

After metamorphosis, the diet ofjuvenile frogs is similar to that of adults and includes terrestrial
and aquatic invertebrates such as spiders, moths, flies, beetles, water striders, snails, and
grasshoppers, as well as crustaceans and molluscs. Two years are thought to be required to reach
adult size (Storer 1925), with sexual maturity at 1-2 years for males and two years for females
(Zweifel 1955; Nussbaum et al. 1983), although some individuals may reproduce as early as six
months after metamorphosis (Jennings 1988). During studies on a tributary to the Yuba River,
VanWagner (1996) documented one-year-old males with enlarged forearms and nuptial pads that
had a strong clasping reflex. He also noted that larger young-of-the-year males displayed these
breeding characteristics during the fall, when both male and female adult frogs displayed
breeding readiness. Ofparticular note, some of the larger females displayed distended abdomens
and appeared gravid. Although little data are available regarding longevity ofFYLFs in the wild,
Van Wagner (1996) reported a female at least three years old, and based on studies of other
ranids, the life span ofFYLFs may be more than three years (Duellman and Trueb 1986).

Garter snakes (Thamnophis spp.) are the principal natural predator of tadpoles, and juvenile and
adult frogs. Other natural predators that FYLFs evolved with may include aquatic insects,
various fish species, birds, and mammals (Ashton et al. 1998). Moyle (1973) implicated
introduced bullfrogs (Rana catesbeiana) in the observed reduction of FYLF populations in the
Central Valley and Sierra foothills. The introduction of non-native fishes, including centrarchids
(bass, sunfish, etc.), known to readily eat Rana eggs (Werscbkul and Christensen 1977), and
stocking of salmonids (trout) in streams where they historically did not exist, may also contribute
to the disappearance or reduction of FYLF populations in Sierra streams. Additional human
caused impacts to FYLFs and their habitat include, but are not limited to, construction and
maintenance of dams and reservoirs, controlled stream flows, recreation, mining, logging, and
livestock grazing (Jennings and Hayes 1994; Lind et al. 1996). In addition to these factors, there
is increasing evidence reported by The Declining Amphibian Population Task Force (DAPTF)
that the occurrence of disease, specifically the chytrid fungus, is increasing in the Sierra Nevada
(Speare et al. 1998). With the increasing number of amphibian surveys in the Sierra Nevada
Mountains, there is a high risk of surveyors spreading diseases among and between amphibian
populations. The DAPTF has compiled procedures to minimize the spread of disease agents and
parasites between study sites, which can be found in the DAPTF Fieldwork Code of Practice
(htm://www.mpm.etlu/collect/vertzolhemlDaptf/fcode e.html).
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Habitat Preferences

FYLFs are characteristically found close to water in association with perennial streams and
ephemeral creeks that retain perennial pools through the end of summer. In general, FYLFs
appear to prefer low to moderate gradient (0 to 4%) streams, particularly for breeding; however,
juvenile and adult frogs may also utilize moderate to steep gradient (4 to ~l 0%) creeks during the
summer and early fall (personal observations). FYLFs utilize or are associated with a varietyof
aquatic habitat types, inclUding: pools, riffles, runs, cascade pools, qnd step-pools, depending on
life stage and the time of year. In California, specific habitat preferences for each life stage have
been documented for streams in the Coast Ranges (Kupferberg 1996; Lind et al. 1996), and in
several large river systems in the Sierra Nevada (pacific Gas and Electric Company 2001, 2002a,
2002b; Spring Rivers 2001; Ibis Environmental, Inc. 2002). Adults preferentially utilize shallow
edgewater areas with low water velocities «10 cm/s) for breeding and egg laying, and juvenile
and adult frogs may be found adjacent to riffles, cascades, main channel pools, and plunge-pools
that provide escape cover.

FYLFs are found in or near streams associated with a variety ofupland habitats including foothill
hardwood, foothill hardwood-conifer, mixed conifer, chaparral, and coastal scrub. FYLFs have
been documented on streams with both low and moderate amounts of riparian and overhanging
canopy cover. Occurrence and distribution relative to stream canopy or shade may be somewhat
tied to life stage (Ashton et al. 1998), but there is an observed preference for streams that offer a
combination of exposed basking sites and shade (personal observations).

Little is known of the habits or habitat preferences of FYLFs during winter months atd:righer
elevations (elevations where freezing conditions are common). FYLFs likely hibernate inliearby'
burrows or under cover objects such as woody debris and vegetation, or they may remain in the
water where they have been found in streams with water temperatures as low as 7.5" C (personal
observations).

Breeding and Egg-Laying Habitats - In rivers, breeding areas are often located within
relatively close proximity to the confluences of tributary streams (Kupferberg 1996); both
perennial and ephemeral streams with permanent pools (personal observations). Macro- and 
microhabitats utilized by FYLFs for breeding and oviposition depend largely on the availability
of suitable habitat. Breeding areas are typically located in shallow edgewater areas along low
gradient cobble and small boulder dominated pointor lateral barS, in side channels, pool tail-outs,
and side pools along river margins. In many streams, FYLF breeding habitat is often associated
with main channel pools, runs, glides, or very low gradient riffles in areas with predominantly
cobble, boulder, and gravel substrates.

FYLF egg masses are often attached to the sides or undersides of large cobble and boulders,
although they may also be attached to small cobble, gravel/pebble substrates, vegetation, or
underwater woody debris. In rivers, egg masses are typically located in relatively shallow, calm
edgewater areas within 3 m of shore, and are more commonly found closer to the bottom than the
water surface. Data obtained during studies conducted on the Pit, North Fork Feather, NorthFork
Mokelumne, and Middle Fork Stanislaus rivers (pacific Gas and Electric Company 2001, 2002a,
2002b; Spring Rivers 2001; Ibis Environmental, Inc. 2002) indicate that these shallow breeding
areas are typically <40 cm deep with velocities <10 cm/s. However, depending on the habitat
type and presence of aquatic predators, oviposition may also occur in deeper water and in slightly
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faster currents up to 20 cmls. Several studies have documented partial scouring of egg masses at
velocities 2:20 cm/s (Kupferberg 1996; Pacific Gas and Electric Company 2002a). Egg masses
are usually located in open sunny areas with little shade from riparian vegetation. Field
observations have documented that eggs exposed to the suri mature more quickly than those in
shade or partial shade, regardless of water temperature. In addition, eggs on the perimeter of the
mass have been found to develop and hatch first, with eggs located in the center hatching several
days later (personal observations).

Tadpole Habitats - Tadpoles generally occur in the same locations and habitat as that used for
breeding and egg deposition, and young tadpoles appear to have some fidelity to the original egg
mass site (Ashton et al. 1998). In the absence of disturbance (e.g., substantial increase in water
velocity, significant drop in water level, recreation, etc.), tadpoles usually remain in the vicinity
of the egg mass for several days, slowly dispersing into adjacent areas as they grow. Young
tadpoles forage on diatoms or other algae on the surface of the surrounding substrate (Kupferberg
1996; Ashton et al. 1998). However, as they develop, tadpoles lose the black coloration and
become more camouflaged, blending with the background. From this stage of development
(approximately four weeks after hatching) until they reach metamorphosis, tadpoles are cryptic
and often match the color of bottom substrates and detritus.. FYLF tadpoles appear to prefer
edgewater habitat where water temperatures are generally warmer (usually by at least 2 - 40 C)
than the mainstream temperature. Tadpoles appear to prefer calm shallow water and will utilize
substrate interstices, detritus, and aquatic vegetation for cover.

Juvenile Habitats - Following metamorphosis, juvenile frogs may be observed in groups and
where numerous, may be conspicuous along rocky stream margins (personal observations).
Juveniles typically remain in the vicinity of breeding locations for the remainder of the summer
and fall. However, juvenile frogs have been observed on the Middle Fork Stanislaus River
migrating upriver or up nearby tributaries in September (personal observations). When
associated with river cobble bars, some juveniles may disperse to nearby isolated pools or side
channels (personal observations). By November or December, and through the remainder of
winter, juvenile frogs are typically absent from stream margins. However, depending on
elevation and local weather conditions, juvenile and adult frogs may be occasionally observed on
warmer winter days along streams, even when water temperatures are as low as 7S C (personal
observations). In some streams, adult frogs may remain close to the water all winter, spending a
portion ofthe time underwater (Van Wagner 1996).

As with adult FYLFs, juveniles are strongly associated with cobble bars and slow moving
portions of streams. On the South Yuba River, Yarnell (2000) found juvenile FYLFs in wider
portions of stream channels with low-relief banks. These stream sections provided protected
overflow areas during winter and spring months. Second-year juveniles begin to depend upon
streamside shading (shading >20%) and the cover afforded by overhanging streamside vegetation
(Ashton et al. 1998), much the same as adults.

Adult Habitats - During the summer and fall, adult FYLFs appear to prefer stream channels
that provide exposed basking sites and cool shady areas immediately adjacent to the water's edge.
When disturbed, they typically dive into the water and take refuge on the bottom in cobble,
boulder, gravel, silt, or vegetation (Stebbins 1985). Recent observations (Kupferberg 1996; Lind
et al. 1996; Pacific Gas and Electric Company 2001, 2002a, 2002b) have corroborated
information from Moyle (1973) .that adults tend to prefer channel margins that provide some
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vegetative shading, either from the riparian canopy or occasionally understory vegetation
bordering the water's edge. In contrast, studies on the South Yuba River found that adults appear
to prefer deep, channelized stream types and pool-type habitats on a year-round basis (Yamell
2000). These differences are likely due to the availability of preferred habitat types on different
river systems.. FYLFs appear to be very adaptable to varying conditions and may utilize alternate

. habitat types when necessary. Recent studies conducted on several river drainages in the Sierra
Nevada have documented significant differences in habitat types between drainages occupied by
FYLFs (personal observations).

Recent investigations into the presence and distribution of FYLFs on the North Fork Feather,
North Fork Mokelumne, Middle Fork Stanislaus (pacific Gas and Electric Company 2001, 2002a,
2002b; Ibis Environmental, Inc. 2002), and Trinity (Lind et al. 1996) rivers have noted that,
except during the breeding season, adults are seldom found in stream reaches that do not provide
at least a moderate amount of riparian or margin vegetative shading. Though potentially
abundant during the breeding season, adults are typically observed at a reduced frequency on
main stem rivers areas during the remainder of the year. Ashton et al. (1998) speculated that
adults are either dispersing into streamside vegetation or adjacent tributaries, or possibly reducing
diurnal activity. During the summer, some adults may remain in the vicinity of breeding sites on
main stem rivers if there are cool, partly shady areas with adequate cover (pacific Gas and
Electric Company 2002a, 2002b; personal observations). However, adults seem to prefer nearby
tributary streams, where overhead riparian canopy provides areas of partial sun and shade
throughout the day, and air temperatures are cooler than on the main river. Perennial streams
appear to be the preferred summer habitat of adults; however, ephemeral streams with perennial
pools also provide· suitable habitat (pacific Gas and Electric Company 2002a, 2002,~;\:,Ibis

Environmental, Inc. 2002). Adult frogs are not usually found in sections of creek tllll.t,;,.have
moderately high to high amounts of low overpanging cover (shade).

As with juvenile FYLFs, adults are typically absent from stream margins by November or
December through the remainder of winter. However, depending on elevation and local weather
conditions, adult frogs may occasionally be observed on warmer winter days along streams
(personal observations). In some streams, adult frogs may remain close to the water all winter,

. spending a portion ofthe time underwater 01an Wagner 1996).
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Appendix B: Study Plan (pG&E 200~)
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Appendix C: Aerial Photographs of Survey Subsites
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Appendix D: 2002 Poe FYLF Flow Study Data Forms

Pacific Gas and Electric Company
Poe FYLF Flow Study

Garcia and Associates
July 2003



o

Appendix E: Subsite Photographs at Base Flow and 310 cfs Flow Levels
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Appendix F: Graphs for Depths and Velocities - FYLF Subsites
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Appendix G: Graphs for Depths and Velocities - Additional Habitat
Subsites
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.Appendix H: Area Measurement and Missing Data Formulas
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Appendix I: Additional Habitat Sites
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0- Results of Analysis of Additional Habitats Adjacent to Subsites

Seven additional habitat areas that were within 300 m [upstream (+) or downstream (-)]
of existing subsites were evaluated as outlined in Item 11 in the Parameter and
Documentation section of the Final Study Plan (pG&E 2002a rev. 9/.2002; Appendix B).
When time and daylight allowed, general qualitative assessments were made ofupstream
and downstream additional habitats to document the presence of suitable FYLF habitat.

1. Location and General Description of Additional Habitats

1.1. Subsite 2a 300(-)

Subsite 2a 300(-) is located approximately 69 m downstream from Subsite 2a. It is a
moderate~to-high gradient cobble/boulder bl;lr along the left bank of the somewhat narrow
main channel below Swimmer's Beach area. This additional subsite is 19 m long.
Substrate composition for this subsite was 50 percent cobble, 40 percent boulder, and 10
percent gravel. Aquatic cover consisted of 80 percent algae/detritus and 80 percent gaps
in substrate, with about 30 percent vegetation. Bankfull width measured 18 m. Wetted
channel width measured 12 m at base flows and increased slightly to 16 m at the highest
flow.

o 1.2. Subsite 2b 300(+)

Subsite 2b 300(+) is a low-gradient pool tail-out with a small cobble/boulder lateral bar
on the left bank along the run portion. It is 12 m upstream from the top of Subsite 2b at
Swimmer's Beach. It is 16 m in length and consists of one deep backwater pool near the
bottom of the subsite and two shallow backwater pools near the top of the subsite.
Across from the pools is an "island" of boulder/cobble. Substrate composition was
estimated at 50 percent boulder, 20 percent cobble, 20 percent gravel/pebble and some
bedrock (10%). Aquatic cover consisted of 70 percent algae/detritus, 80 percent gaps in
substrate, and 40 percent aquatic vegetation. Bankfull width measured 50 m. Wetted
channel width remained constant at 33m.

1.3. Subsite 2c LB 300(+)

Subsite 2c LB 300(+) is located 32 m upstream of Subsite 2c LB. It is another low
gradient cobble/boulder lateral bar along the run portion at the top of Site 2 at Swimmer's
Beach. The subsite was 40 m in length and substrate composition was estimated as 60
percent cobble, 20 percent boulder and 20 percent gravel/pebble. Aquatic cover
consisted of 80 percent algae/detritus, 80 percent gaps in substrate, and 50 percent
aquatic vegetation. Bankfull width measured 49 m. Wetted-channel width measured 44
m at top of subsite.
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1.4. Subsite 4c 300(+)

Subsite 4c 300(+) is on the right bank NFFR along riffle/run habitat just upstream of the
confluence with Flea Valley Creek. This subsite was a 20 m sub-sample of a 170 m
subsite. Substrate composition for Subsite 4c(+) was estimated as 40 percent cobble, 30
percent boulder, 20 percent graveVpebble, and 10 percent sand. Aquatic cover consisted
of 80 percent algae/detritus, 60 percent gaps in substrate, and little vegetation and no
woody debris. Bankfull width measured 77 m. Wetted channel width ranged from 35 m
to 37m over the course of the flow study.

1.5. Subsite 5a 300(+)

Subsite 5a 300(+) is 240 m of potential habitat that extends from the top of Subsite 5a
along the right bank ofa moderate-gradient lateral bar. The length ofhabitat sub
sampled for this study was 37 m. Substrate composition for this subsite was 50 percent
cobble, 20 percent boulder, 20 percent graveVpebble, and 10 percent sand. Aquatic cover
consisted of 10 percent vegetation, 50 percent algae/detritus, 30 percent gaps in substrate,
and <10 percent woody debris. Bankfull width measured 79 m. Wetted channel width
measured 44 m.

1.6. Subsite 5b 300(-)

Within 300 m downstream of Subsite 5a, there were two potential FYLF habitat areas
approximately 100 m on the right bank immediately downstream of the subsite, and
approximately 100 m on the left bank at the bottom of the 300 m downstream section
along a low-gradient riffle/glide. The length of habitat (a low to- moderate bank gradient
cobble bar) sub-sampled for this study was 54 m, and was located in the left bank,
downstream section. Substrate composition for this subsite was 70 percent boulder, 20
percent cobble, and 10 percent graveVpebble. Aquatic cover consisted of 10 percent
vegetation, 40 percent algae/detritus, 60 percent gaps in substrate, and 10 percent woody
debris. Bankfull width measured 69 m. Wetted channel width measured 33 m.

1.7. Subsite 6a 300 (+)

The right bank cobble bar area from approximately 50 m to 275 m upstream ofthe top of
Subsite 6a contained suitable habitat for FYLF at base flows. It is a moderate-gradient
boulder/cobble bar. Length ofhabitat sub-sampled for this study was 40 m. Substrate
composition for this area was estimated as 60 percent boulder, 30 percent cobble, and 10
percent graveVpebble. Aquatic cover consisted of 10 percent vegetation, 70 percent
algae/detritus, 80 percent gaps in substrate, and <10 percent woody debris. Bankfull
width measured 59 m. Wetted channel width measured 22 m at the top ofthe subsite.
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2. Qualitative Assessments ofAdditional Habitats

Because of time constraints, some areas of potential additional habitat were not
quantified per the study plan. Rather, smaller areas within these additional habitats were
subsampled when time permitted (above, Section 3.1.7). When possible, qualitative
assessments were also made along these additional habitat areas during the flow series,
and those descriptio.ns are provided below. In addition, certain sites did not contain any
additional potential habitats within 300 m upstream and/or downstream, and those areas
also discussed in this section.

-2.1. 300 m Upstream of Subsite 3b

No additional FYLF habitat occurred within 300m upstream of Subsite 3b at any flow.
For approximately 150 m above the subsite, the high bank-gradient point bar along the

-right bank was composed oflarge boulders, with small sections ofgravel sediment. The
left bank was cliff. Further upstream, a high-gradient riffle contained mostly large
boulder substrate and no suitable FYLF habitat. Downstream of Subsite 3b, the NFFR
was also large boulder riffle ofvariable gradient, mostly swift, with no suitable FYLF
habitat for 300 m. We examined these areas during each of the study flow releases and
took representative photographs; however, velocities continued to increase and no
beneficial changes occurred for potential FYLF habitat.

2.2. 300 m Downstream of Subsite 4a

This downstream habitat from Subsite 4a is a low-to-high gradient riffle meeting a main
channel pool at the lower 50 m ofthe subsite. It is approximately 300 m in length and is
largely characterized by deep (>60 em) edgewater and boulders along a steep gradient
bank. Velocity iil some backwater pools is <20 cmJs, but the pools are too deep to be
considered likely habitat. There waS no suitable habitat during the base flow and
increased discharge levels showed no increase in the potential for FYLF habitat.

2.3. 300 m Upstream of Subsite 4d

This upstream habitat from Subsite 4d is a run/glide river type habitat. It is largely
characterized by boulders and bedrock habitat with abundant sedges. The bank gradient
is steep and shallow edgewater habitat is absent. Increases in river flows cannot spread
laterally along the left bank and, as a result, increases in flow will increase water depths
and possibly water velocity. There was no suitable habitat during the base flow and
increased discharge levels showed no increase in the potential for suitable FYLF habitat.

2.4. 300 m Downstream of Subsite 4d

This downstream habitat from Subsite 4d is a run/glide. It is approximately 36 m in
length and consists mainly of boulders with some cobble and relatively steep banks.
Edgewater habitat was generally narrow and moderately steep. This area was evaluated
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at each flow and showed no suitable FYLF habitat during the base flow or increased
discharge levels.

2.5. 300 m Downstream of Subsite 5a

Within 300m downstream of Subsite 5a, there was approximately 100 m of potential
FYLF habitat on the right bank immediately downstream of the subsite, and there was
another approximately 100 m ofpotential FYLF habitat on the left bank at the bottom of
the 3"OOm downstream section along a low-gradient riffle/glide. The remaining area was
too swift, edgewater areas were too narrow at all flows, and the substrate was too large
for suitable FYLF habitat.

Specifically, the right bank portion downstream of Subsite 5a was' not considered good
habitat for egg laying, as the substrates were mostly large boulder and the suitable
edgewater areas were relatively narrow. However, backwater side pools did contain
juvenile FYLFs at base flows. At 200 cfs, flow velocities appeared to increase along the
edgewater. Although backwater areas spread out, they had shallow flow-through in some
places. At 250 cfs, inundation caused these backwater edgewater areas to increase in area
and depth, along with flow velocities. At 310 cfs, most of the deeper, newly-flooded
backwater areas were too swift, and any other expansion was too shallow and isolated for
egg laying habitat. The lower-most portion of the 100 m section along the right bank
below Subsite 5a had very rapid velocities at 310 cfs.

The left bank portion downstream of Subsite 5a appeared to contain the most suitable
habitat, and 54 m of the approximately 100 m of habitat was sub-sampled during the test
flows (Section 3.1.7.6). The top of the 100m of habitat was somewhat protected from
high-flow velocities by a point of land that deflected the current. Even so, the uppermost
portion of the 100 m habitat segment saw a gradual increase in flow velocities during the
test flow period until, at 310 cfs, about one-half of the edgewater habitats appeared too
swift for FYLF.

Numerous juvenile FYLFs were observed in this area during base flow evaluations. New
backwater areas started to form at the 150 cfs release, but they were too shallow to be
considered suitable habitat. By 250 cfs, some of these backwater areas were included in
the suitable habitat designation, since depths were then greater than 10 em. By 310 cfs,
there was some narrowing of suitable habitats; however, moderate amounts of potential
edgewater habitat remained available.

2.6. 300 m Upstream of Subsite 5a

Additional suitable FYLF habitat occurs along a right bank, moderate-gradient
boulder/cobble bar that extends for 240 m upstream from the top of Subsite 5a at base
flow. Just downstream of the 37 m subsample subsite located at the top of this habitat,
was a -30 m section of fast edgewater at all flows. But, below that, a point of rock
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protected most of the rest of the bar from higher flow velocities, even at the higher
experimental flows. This lower area was a moderate-to-steep gradient boulder/cobble bar
with approximately 2-3 m of slow edgewater within suitable depths. One juvenile FYLF
was seen here during the base. flows. At 150 cfs, there was not much discernible change,
but at 200 cfs there was inundation and apparent extension of suitable habitat in the lower
gradient bank areas (bank gradient was variable). Increased flow velocities in the higher
gradient bank areas and "exposed" (i.e., closer to main channel thalweg) portions of the
bar. A subadult FYLF was seen at this flow. At 250 cfs, more of the same mix ofpositive
and negative habitat changes occurred, and another juvenile FYLF was seen. At 310 cfs,
there were ,still adequate amounts ofsuitable edgewater areas with low flow velocities.

2.7. 300 m Downstream of Subsite 6a

Below Subsite 6a, suitable FYLF habitat occurred from approximately 75 m to 300 m
downstream of the bottom of the subsite. The area also contained a side channel at the top
and a large moderate-gradient boulder/cobble bar along the right bank of the NFFR. The
left bank was steep-sided with large boulder substrate. Noticeable changes in habitat
conditions in the side channel area were not observed until 250 cfs, when the outlet of the
side channel flow increased. There was some spreading of shallow edgewater along the
interior side channel bar, and some increase of flow velocity, but did not appear
detrimental. By 310 cfs, flows spilled over more of the side channel bar, and edgewater
flow velocities were too fast, except in the middle portion. Downstream of the side
channel area, the main boulder/cobble lateral bar had three general areas at base flow
roughly divided into thirds: the top was protected from stream flows and contained
suitable FYLF habitat; the middle portion was most exposed to main channel currents
arid received relatively high-flow velocities along the shoreline; and the bottom portion
again was protected and appeared to contain good suitable habitat for FYLF. At 200 cfs,
the top portion of this segment showed some spreading inland of edgewater areas, but
flows along one-half were too fast. By 310 cfs, flow velocities were too fast (except on "
the more protected upstream portion). However, at the top of this site, edgewater spread
inland and flow velocities were still Within suitable ranges. The downstream-mostone
third portion ·of the bar contained potential habitat and was protected from flow increases
by bar topography. There was still potential edgewater habitat at 200 cfs, but by 250 cfs,
flow velocities noticeably increased along the steeper-banked portions of the bar. At 310
cfs, overall edgewater area narrowed and flow velocities appeared to increase.

2.8. 300 m Upstream of Subsite 6a

The right bank cobble bar area from about 50 m to 275 m upstream of the top of Subsite
6a contained suitable habitat for FYLF at base flows. The upper one-third was separated
from the lower two-thirds by a side channel area, apparently active only during very.high
flows. The left bank of the NFFRin this area was entirely too steep-sided to support
frogs. The subsample section along the right bank occurred about mid-way, along the
lower two-thirds of cobblelboulder bar habitat (Appendix C). In general, this area saw
some expansion of edgewater habitat as lower bank gradient areas became inundated; and
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some higher flow velocities occurred in steeper-banked areas. Near the side channel
mentioned above, a constriction in the river morphology caused higher flows along the
shore in this mid-section of the cobble bar, with the exception of a 10m wide pocket
protected by a large rock point that jutted into the river. Within the actual side channel
area, there was no flow or outflow even during the 310 cfs release; however, there was
some expansion ofedgewater area shallows, and depths and substrates around most of the
side channel inlet appeared beneficial for potential FYLF breeding. Upstream of this side
channel area was "an approximately 75 m moderate-gradient cobble bar where one
juvenile FYLF was observed during the 150 cfs flow release. At 250 cfs, there was some
spreading inland of the edgewater shallows, but no apparent flow velocity increases. By
250 cfs, a reverse-flow eddy appeared in the middle and upper parts of this section;
however, by 310 cfs, flow velocities increased along the outermost point of the bar and
the eddy had a flow velocity of approximately 5 cmls.

3. Quantitative Assessments ofAdditional Habitats

3.1. Subsite 2a 300(-)

FYLF Habitat Area

At base flows, total habitat area was 45 m2
, but diminished to zero by the 250 cfs

discharge level. At base flow, preferred habitat area measured 23 m2 and marginal
habitat measured 22 m2

. Preferred habitat area was lost at the 200 cfs flow, and marginal
habitat area also went to zero at the 250 cfs flow level. During the three highest flows,
preftrred habitat was lost completely and all suitable habitat at this subsite was lost at
the 250 cfs flow level (Figure 3.1.1, Table 3.1.1). Due to the steep bank gradient at this
subsite, increased flows resulted in a sharp increase in water velocity without lateral
pooling or inundation of the cobble bar. At the 200 cfs flow and higher, virtually all
suitable habitat was eliminated. Numerous smaller, fast-moving channels appeared
around larger cobble and boulder substrate, with water flow velocities increasing above
marginal limits (up to 80 cinls). Several juveniles FYLFs were observed during base and
150 cfs flows.
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Figure 3.1.1. FYLF habitat area at 5 discharge levels, Subsite 2a 300(-).
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Table 3.1.1. FYLF habitat area and (% change from base flow. Subsite 2a 300(-)
Discharge Levels cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 23 24 (+7.3)
~. ;." o(-

0(-100) 0(-100) 100)
Marginal Habitat Area 22 32 3 (-87.7) 0(-

(+47.2) 0(-100) 100)
Total Habitat Are,a 0(-

45 57 (+27) 3 (-93.9) 0(-100) 100)

Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 9 cin and mean marginal
habitat depth was 14 em. At the highest flo\y, dePths were over 50 em and not Within the
parameters of this study (Table 3.1.2).

Table 3.1.2. Mean depths at 5 discharl!e levels. Subsite 2a 300(-)
Dischan e Level (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Average Depth 8.60 12.50 - - -
Preferred Habitat Edge Depth 13.00 16.75 - - -
Marginal Average Depth 14.20 17.00 16.00 - -
Marginal Habitat Edge Depth 15;80 22.40 16.00 - -

:,;,.
"'fe"
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Mean Habitat Velocities

At base flow (110 cfs), the mean preferred habitat velocities were between 1 (bottom
velocity) and 3 cm/s (habitat edge velocity). Mean marginal habitat velocities were
between 14 (bottom velocity) and 15 cm/s (habitat edge velocity). At the highest flow,
velocities were over 20 cm/s and not within the parameters of this study (Table 3.1.3).

Table 3.1.3. Mean velocities at 5 dischar2e levels. Subsite 2a 300(-)
Dischar~ e Level (cfs)

Velocity Measurements (em/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 2.60 4.50 - - -
Preferred Average Velocity (2ij 66% 2.20 3.75 - - -
Preferred Bottom Velocity 1.40 2.75 - - -
Marginal Habitat Edge Velocity 14.80 17.40 6.00 - -
Marginal Average Velocitv (2ij 66% 14.20 10.80 18.00 - -
Marginal Bottom Velocity 13.60 8.80 6.00 - -

Habitat Complexity and Qualitative Observations

Complexity of habitat (exposed boulder/cobble) was rated at 80 percent at base flow and
fell to zero at the high flow where a steep gradient on the left bank prevented the cobble
bar from increased inundation. Several juvenile frogs seen at the 110 and 150 cfs flows
were not observed again during any higher flow levels. An aquatic garter snake (T.
couchii) was observed at the subsite.

3.2. Subsite 2b 300(+)

FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased (-34%) from 70
m2 at base flow to 46 m2 during the 310 cfs discharge. Specifically, preferred habitat
decreased by 32 m2

, but marginal habitat iI].creased by 8 m2 (Figure 3.2.1, Table 3.2.1).
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,(j Figure 3.2.1. FYLF habitat area at 5 discharge levels, Subsite 2b 300(+).
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Table 3.2.1. FYLF habitat area and (%) chanoe from base flow. Subsite 2b 300(+)
Dischanre Levels (cfs)

Habitat Area Measurements (m2
) 110 150 200 250 310

Preferred Habitat Area 44 43 (-3.6) 36l-18.4) 29 (-34.4) 12 (-73.9)
Marginal Habitat Area 26 32 (+23.1) 22l -13.8) 25 (-4.3) 34 (+335)
Total Habitat Area 70 75 (+6.2) 58l -16.7) 54 (-23.3) 46 (-34.4)

Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 23 em and mean marginal
habitat depth was 38 em. At the highest flow (310 cfs), mean preferred habitat depth was
27 em and mean marginal habitat depth 43 em (Table 3.2.2).

Table 3.2.2. Mean denths at 5 dischar2e levels. Subsite 2b300(+)
Dischanre Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 23.00 24.00 26.00 24.00 27.00
Preferred Habitat Edge Depth 30.00 29.00 29.00 29.00 30.00
Marginal Average Depth 38.00 41.00 38.00 42.00 43.00
Marginal Habitat Edge Depth 47.00 44.00 48.00 49.00 47.00

Mean Habitat Velocities

At base flow (110 cfs), the mean preferred habitat velocities were 0 for both the bottom
and the habitat edge. Mean marginal habitat velocities were between 1 (bottom velocity)
and j cmls (habitat edge velocity). At the highest flow (3 i 0 cfs), mean preferred habitat
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velocities were 1 cm/s (bottom velocity) and 2 cm/s (habitat edge velocity). Marginal
habitat flow velocities were between 6 (bottoni velocity) and 9 cm/s (habitat edge
velocity) (Table 3.2.3).

Table 3.2.3. Mean velocities at 5 dischar2:e levels. Subsite 2b 300(+)
Discharg:e Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 0.00 1.00 0;00 3.00 2.00
Preferred Average Velocity ({;ij 66% 0.00 2.00 0.00 2.00 2.00
Preferred Bottom Velocity 0.00 1.00 0.00 1.00 1.00
Marginal Habitat Edge Velocity 3.00 6.00 3.00 6.00 9.00
Marginal Average Velocity em 66% 2.00 5.00 3.00 3.00 6.00
Marginal Bottom Velocity 1.00 4.00 2.00 2.00 6.00

Habitat Complexity and Qualitative Observations

This subsite consisted of heterogeneous habitat composed of a cobblelboulder island
surrounded by several inter-connected pools. Habitat complexity (exposed
boulder/cobble) was estimated at 70 percent at base flows and decreased to 40 percent at
the highest flow when the island became completely flooded and depths at the bottom of
the subsite exceeded 50 em at the habitat edge. As experimental flows increased, this
island became more inundated; at 310 cfs the island was approximately 80 percent
submerged, compared to the base flow. Appendix E includes photographs at both
discharge levels for comparison. As the island became submerged during higher flows,
we observed an overall loss of total habitat area (Table 3.2.42). The downstream portion
of the subsite consisted of a large boulder, serving as a visual landmark to reference
increasing water levels relative to that of the cobblelboulder island. During the first three
flows, juvenile frogs were observed in both of the shallow pools and on the island.

3.3. Subsite 2c LB 300(+)

FYLF Habitat Area

Over the range of the five discharge levels, total habitat area remained the same at 200
m2

. Preferred habitat decreased by 30 m2
, while marginal habitat increased by 30 m2

(Figure 3.3.1, Table 3.3.1).
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Figure 3.3.1. FYLF habitat area at 5 discharge levels, Subsite 2c LB 300(+)
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Table 3.3.1. FYLF habitat area and (%) change from base flow, Subsite 2cLB-300(+)
Discharge Levels (cfs)

Habitat Area Measurements 110 150 200 250 310
(m2)

Preferred Habitat Area 199 186 (-6.8) 136 (- 102 (-48.6) 169.(-
31.5) 15:3)

Marginal Habitat Area 1 14 64 98 31
(+1700) (+7850) (+12100) (+3800)

Total Habitat Area 200 200 (0) 200 (0) 200 (0) 200 (0)

Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 16 em and mean marginal
habitat depth was 27 em. At the highest flow (310 cfs), mean preferred habitat depth was
16 em and mean marginal habitat depth was 27 em (Table 3.3.2).

Table 3.3.2. Mean depths at 5 discharge levels, Subsite 2c LB 300(+)
Discharge Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Average Depth 16.32 15.50 15.20 14.20 16.45
Preferred Habitat Edge Depth 26.00 22.50 20.80 22.67 22.00
Marginal Average Depth 27.00 23.00 23.25 27.17 26.67
Marwal Habitat Edge Depth 31.00 27.00 27.75 30.00 31.00
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Mean Habitat Velocities

At base flow (110 cfs), the mean preferred habitat velocities were <1 (bottom velocity)
and 3 cm/s at habitat edge velocity. Mean marginal habitat velocities were between 0
(bottom velocity) and 2 cm/s (habitat edge velocity). At the highest flow (310 cfs), mean
preferred habitat velocities were <1 cm/s (bottom velocity) and 3 cm/s (habitat edge
velocity). Mean marginal habitat velocities were between 8 (bottom velocity) and 11
cm/s (habitat edge velocity) (Table 3.3.3).

Table 3.3.3. Mean velocities at 5 discharge levels, Subsite 2c LB 300(+)
Discharge Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocitv 2.67 4.00 5.00 4.67 2.83
Preferred Average Velocity @ 66% 0.64 2.20 2.60 2.20 1.25
Preferred Bottom Velocity 0.32 1.50 2.04 1.60 0.75
Marginal Habitat Edge Velocity 2.00 6.50 10.75 9.67 10.67
Marginal Average Velocity @ 66% 1.00 5.00 9.25 8.17 5.67
Marginal Bottom Velocity 0.00 4.00 7.25 4.50 7.67

Habitat Complexity and Qualitative Observations

As flows increased, inundation of this lateral cobble bar was similar to that found at
Subsite 2c LB. However, habitat complexity, estimated at 50 percent during base flow,
decreased to 30 percent at the highest flow. Inundation and pooling of the cobble bar
decreased gradually towards the top of the site (at the 40 m linear distance transect). This
subsite exhibited a lengthwise "ridge" of higher gradient along the middle of the cobble
bar, and a small backwater channel (1-2 m) along the back of the bar also increased in
size at higher flows, creating a partial island at the 310 cfs discharge. High amounts of
marginal vegetation (50%) may have impeded water velocity measurements at this site.
Crayfish were abundant throughout all flow levels.

3.4. Subsite 4c 300(+)

FYLF Habitat Area

Between base flow and the highest 310 cfs flow, total habitat area decreased overall by
18 m2

, with a larger decrease of25 m2 at the 200 cfs flow. Preferred habitat decreased by
10 m2

, while marginal habitat decreased by 8 m2
• Preferred area experienced a sharp

decline of 57 m2 at the 250 cfs flow, but regained 47 m2 of habitat at the 310 cfs
discharge (Figure 3.4.1, Table 3.4.1).
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() Figure 3.4.1. FYLF habitat area at 5 discharge levels, Subsite 4c 300(+)
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Table 3.4.1. FYLF habitat area and (%) change from base flow, Subsite 4c 300(+)
Discharge Levels (cfs)

Habitat Area Measurements 110 150 200 250 310
(m2)

Preferred Habitat Area 64 56 (-12.1) 40 (-37.7) 7 (-89) 54 (-15.2)
.Marginal Habitat Area 97 108 96 (-0.7) 98 (+1.6) 89(-7.9)

(+11.5)
Total Habitat Area 161 164 (+2.1) 136 (- ' 168· . 143 (-

15.4) (+4.9) 10.8)

Mean Habitat Depth

At base flow (110 cfs), the preferred habitat average depth was 15 em and mean
marginal habitat depth was 20 em. At the highest flow (310 cfs), mean preferred habitat
depth was 21 em and mean marginal habitat depth was 34 em. (Table 3.4.2).

Table 3.4.2. Mean depths at 5 discharae levels. Subsite 4c 300(+)
Discharge Level (cfs I

Depth Measurements (em) 110 150 200 250 310
Marginal Habitat Edge Depth 20.2 16.5 33.75 30.5 40.4
Marginal Average Depth 19.2 30 26.75 30 33.8
Preferred Habitat Edge Depth ·18.8 28 26.75 20.6_ 25.8
Preferred Average Depth 15.4 21 ·21.5 15.6 21

Pacific Gas and Electric Company
Poe FYLF Flow Study 1-13

Garcia and Associates
July 2003



Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were 2 (bottom velocity)
and 3 cm/s (habitat edge velocity). Mean marginal habitat velocities were between 6
(bottom velocity) and 10 cm/s (habitat edge velocity). At the highest flow (310 cfs),
mean preferred habitat velocities were 1 cm/s (bottom velocity) and 2 cm/s (habitat edge
velocity). Mean marginal habitat velocities were between 3 (bottom velocity) and 11
cm/s (habitat edge velocity) (Table 3.4.3).

Table 3.4.3. Mean velocities at 5 dischar2e levels, Subsite 4c 300(+)
Dischar~e Level (cfs)

Velocity Measurements (cm/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 3.4 2 1.75 2.8 2
Preferred Average Velocity (cij 66% 1.8 3 1.25 2.8 1.8
Preferred Bottom Velocity 2.2 2.5 1 3.4 1
Marginal Habitat Edge Velocity 9.6 14.5 11.25 8.5 10.8
Marginal Average Velocity (cij 66% 9.8 7 6.25 11 9.4
Marginal Bottom Velocity 5.6 4 2.75 6.5 2.6

Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was estimated at 30 percent during base
flow and decreased to less than 10% at the highest flow.

3.5. Subsite 5a 300(+) FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased approximately 23
m2 (-15%). Specifically, preferred habitat decreased 12 m2

, and marginal habitat
decreased approximately 11.5 m2 (Figure 3.5.1, Table 3.5.1).

Figure 3.5.1. FYLF habitat area at 5 discharge levels, Subsite 5a 300(+)
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Table 3.5.1. FYLF habitat area and (%) chanj;!e from base flow, Subsite 5a 300(+)
Discharge Levels cfs)

Habitat Area Measurements ,(m2
) 110 150 200 250 310

Preferred Habitat Area 84 82 -2.9) 67 (-20.7) 73 (-13.2) 72 (-14.1)
Marginal Habitat Area 71 69 -2.4) 62 (-13) 60 (-15.1) 60 (-16.2)
Total Habitat Area 155 151 -2.6) 128 (-17.2) 133 (-14.1) 132 (-15.1)

Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 16 em and mean marginal
habitat depth was 39 em. At the highest flow (310 cfs), mean preferred habitat depth was
15 em and mean marginal habitat depth was 42 em (Table 3.5.2).,

Table 3.5.2. Mean depths at 5 diseharg:e levels. Subsite 5a 300(+)
Discharge Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Habitat Edge Depth 29.5 29.7 28.3 30 30
Preferred Average Depth 15.7 17.8 18.7 15 15.2
Marginal Habitat Edge Depth 48 48.5 50 50 50
Marginal Average Depth 39.33 39.17 41.5 41.5 42.33

Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were between 1 cmJs at the
bottom and 2 cmJs at the habitat edge. Mean marginal habitat velocities were between 2
(bottom velocity) and 4 cm/s (habitat edge velocity). At the highest flow (310 cfs), mean
preferred habitat velocities were 1 cmJs at the bottom and the habitat edge. Mean
marginal habitat velocities were 5 cmJs for bottom and 12 cmJs for habitat 'edge (Table
3.5.3). '

Table 3.5.3. Mean velocities at 5 diseharg:elevels. Subsite 5a 300(+) ,
Discharge Level (efs)

VelocitY Measurements (coos) 110 150 200 250 310
Preferred Habitat Edge Velocity 2 1.67 3;17 3 1
Preferred Average Velocity~ 66% 1 1 1 1 1
Preferred Bottom Velocity 1 1 1 1 1
Marginal Habitat Edge Velocity 3.5 4.17 8.17 8.5 11.67
Marginal Average Velocity~ 66% 3.17 3.5 ' 5.83 7.17 9
Marginal Bottom Velocity 1.5 2.17 1.67 2.33 4.5
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Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at Subsite 5a 300(+) m upstream subsample
site was estimated ·at 5 percent during base flow and increased to 10 percent during the
highest flow.

3.6. Subsite 5b 300(-)

FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased by approximately
82 m2 (-34%). Specifically, frejerred habitat decreased 58 m2

, and marginal habitat
decreased approximately 25 m (Figure 3.6.1, Table 3.6.1).

Figure 3.6.1. FYLF habitat area at 5 discharge levels, Subsite 5b 300(-)
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Table 3.6.1. FYLF habitat area and (%) chan2e from base flow. Subsite 5b 300(-)
Dischar2e Levels (cfs)

Habitat Area Measurements 110 150 200 250 310
(m2)

Preferred Habitat Area 170 131 (- 125 (- 118 (- 112 (-34)
22.8) 26.1) 30.6)

Marginal Habitat Area 73 98 (+34.9) 82 (+12.8) 79 (+8.5) 48
(+33.9)

Total Habitat Area 242 229 (-5.5) 208 (- 197 (- 160 (-34)
14.4) 18.9)
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Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 14 em and mean marginal
habitat depth was 30 em. At the highest flow (310 cfs), mean preferred habitat depth was
20 em and mean marginal habitat depth was 36 em (Table 3.6.2).

Table 3.6.2. Mean depths at 5 discharge levels, Subsite 5b 300(-)
Dischar2e Level (cfs)

Depth Measurements (cm) 110 150 200 250 310
Preferred Habitat Edge Depth 30 30 27.4 28.5 28.1
Preferred Average Depth 14.1 17.4 14.8 18.1 20.3
Marginal Habitat Edge Depth 36.6 38.9 41.5 43.4 43.6
Marginal Average Depth 29.5 31.4 34 35.3 36.3

Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were between 1 cm/s at
bottom and 2 cm/s at the habitat edge. Mean marginal habitat velocities were between 1
(bottom velocity) and 10 cm/s (habitat edge velocity). At the highest flow (310 cfs),
preferred flow velocities were 1 cm/s at the bottom and 3 cmls at the habitat edge. Mean
marginal habitat velocities were 2 cmls for the bottom and 11 cm/s for the habitat edge
(Table 3.6.3).

Table 3.6.3. Mean velocities at 5 discharge levels. Subsite 5b 300(-)
Dischar2e Level (cfs I

Velocity Measurements (cni/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 2.25 2.14 2.13 1.5 2.5
Preferred Average Velocity @ 66% 1 1.29 1 1.25 1.88
Preferred Bottom Velocity 1 1 1 1 1
Marginal Habitat Edge Velocity 10.25 10.38 7.75 7.88 10.88
Marginal Average Velocity @ 66% 5.75 5 4.5 5 5.5
Marginal Bottom Velocity 1 1.25 1 2.75 2

Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) at the subsample site was estimated at 60
percent during base flow -and remained the same during the highest flow. Numerous
juvenile FYLFs were observed alon.g thesubsample section during base flow-evaluations.
New backwater areas started to fonn at the 150 cfs release, but they were too shallow to
be considered suitable habitat. At 250cfs, some of these backwater areas were designated 
as suitable habitat where depths were greater than 10 em. At 310 cfs, there was some
narrowing of suitable habitats, but suitable edgewater habitat appeared generally
available. - - --- - - -
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3.7. Subsite 6a 300(+)

FYLF Habitat Area

Over the range of the five discharge levels, total habitat area decreased by approximately
34 m2 (-21 %). Preferred habitat decreased 35 m2

, and marginal habitat increased slightly
by approximately 2 m2 (Figure 3.7.1, Table 3.7.1).

Figure 3.7.1. FYLF habitat area at 5 discharge levels, Subsite 6a 300(+)
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Table 3.7.1. FYLF habitat area and(%) chan2e from base flow. Subsite 6a 300(+)
Disch.ar2e Levels (cfs)

Habitat Area Measurements (m2
) . 110 150 200 250 310

Preferred Habitat Area 103 77 (-24.9) 70 (-32.3 58 (-43.2) 68 34.2)
Marginal Habitat Area 55 68 (+23.2) 81 (+46.4) 73 (+31.9) 571 +2.9)
Total Habitat Area 158 145 (-8.1) 150 (-4.8 131 (-17) 124 -21.3)

Mean Habitat Depth

At base flow (110 cfs), the mean preferred habitat depth was 20 em and mean marginal
habitat depth was 38 em. At the highest flow (310 cfs), mean preferred habitat depth was
19 em and mean marginal habitat depth was 42 em (Table 3.7.2).
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Table 3.7.2. Mean depths at 5 dischar2e levels, Subsite 6a 300(+)
Discharge Level (cfs)

Depth Measurements (em) 110 150 200 250 310
Preferred Habitat Edge Depth 29.8 24.8 28.3 28.5 30
Preferred Average Depth 20 14.2 16.3 19 19.3
Marginal Habitat Edge Depth 49 49.2 48.7 44.8 50
Marginal Average Depth 37.7 32.3 35.7 39.8 41.8

Mean Habitat Velocity

At base flow (110 cfs), the mean preferred habitat velocities were between 0 cm/s
(bottom) and 3 cm/s (habitat edge). Mean marginal habitat velocities were between 3
(bottom) and 9 cm/s (hab~tat edge). At the highest flow (310 cfs), preferred habitat flow
velocities were 1 cm/s for bottom and 2 cm/s ,at habitat edge velocities. Mean marginal
habitat velocities were 4 cm/s for the bottom and 10 cm/s for the habitat edge.

Table 3.7.3. Mean velocities at 5 discharge levels, Subsite 6a 300(+)
Discharge Level (cfs)

Velocity Measurements (em/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 3.17 3.4 2.33 2.83 2.17
Preferred Average Velocity~ 66% 1.5 1.8 1.33 1.33 1.33
Preferred Bottom Velocity .33 1 1 1 1
Marginal Habitat Edge Velocity 9.17 9.5 10.5 14 10.17
Marginal Average Velocity~ 66% 6 7.33 8 9.33 7.17
Marginal Bottom Velocity 3.17 15. 1 2 4

Habitat Complexity and Qualitative Observations

Habitat complexity (exposed boulder/cobble) was estimated at 30 percent during base
flow and remained the same during the highest flow. This sub-sample area upstream of
Subsite 6a was moderate-gradient boulder/cobble bar with moderate amounts of suitable
edgewater habitat and a moderate potential for FYLF breeding at base flows. One
juvenile FYLF was observed during the 150 cfs flow and another during the 310 cfs flow.
At 200 cfs,' there was some spreading of suitable edgewater areas as the lower bank
gradient areas became inundated. This continued at 250 cfs and 310 cfs, but there were
some higher flow velocities evident in the steeper bank gradient areas at these flows.

3.8. Additional Habitat Subsites - Pooled Results

FYLF Habitat Area

The area of total habitat pooled from seven additional habitat subsites sampled in the Poe
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Reach showed an overall decrease of 225 m2 (-22%) during the study period.
Specifically, preferred habitat decreased by 200 m2 (-29%) and marginal habitat
decreased by 25 m2 (-7%). Although habitat area decreased overall from the base flow to
310 cfs, the changes were not consistent with each flow level (Figure 3.3.4).

Preferred habitat decreased gradually from base flow to 310 cfs flow, with the largest
drop occurring at the 250 cfs flow (-43.5% from bas.e flow).. Preferred habitat area
increased (by 99 m2

, +25%) between 250 and 310 cfs, but not enough to show an overall
increase in preferred habitat area. Marginal habitat area increased gradually up to the
250 cfs flow level, but dropped sharply at the 310 cfs flow showing an overall decrease in
habitat area. Total habitat area decreased gradually as flows increased from base flow to
200 cfs flow levels, but did not show any change between the 200 and 250 cfs flows.
Total habitat area decreased again at the 310 cfs flow by 78 m2 (-9% from 250 cfs).
Actual area measurements for each discharge level are shown in Table 3.3.4.

Figure 3.8.1. FYLF habitat area at 5 discharge levels, 7 additional subsites

-+- Preferred Habitat Area

1200
____ Marginal Habitat Area

.......- Total Suitable Habitat Area
1000 ...
~ *----.:- 800

.s 600lU
CD...
~ 400

200

01

Discharge (cfs)

Table 3.8.1. FYLF habitat area and (%) chan2e from base. fl9w. 7 additional sub$ites
Dischar2:e Levels (cfs)

Habitat Area 110 150 200 250 310
Measurements

Preferred Habitat Area 686.4 598.5 (- 474.0 (- 387.7 (- 486.3 (-
(m2

)
12.8)

30.9) 43.5) 29.2)

Marginal Habitat Area 344.5 422.0 409.5 432.8 319.3 (-
(m2) (+22.5) (+18.9) (+25.7) 7.3)
Total Habitat Area (m:l) 1020.5 (- 883.5 (- 883.5 (- 805.6 (-

1030.8 1.0) 14.3) 14.3) 21.9)
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Mean Habitat Depth

Mean depth measurements increased slightly for both preferred and marginal habitats as
flow levels increased (Table 3.8.2). Mean marginal habitat edge depth and mean
marginal average depth each increased by 8 em. Changes in preferred habitats depths
were less than that for marginal habitats, increasing by approximately 3 em from base
flows to 310 cfs (Figure 3.8.2). Actual depth measurements are shown in Table 3.3.5.
Note that depth measurements were not taken in the same spot locations during each
flow, and along with velocities, actually detennined the location and extent of preferred
and marginal habitat boundaries.

Figure 3.8.2. Mean depths at 5 discharge levels, 7 additional subsites
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Depth Measurements.(em) 110 150 200 250 310
Marginal Habitat Edge Depth 35.72 35.13 39.71 40.37 44.01
Marginal Average Depth 29.45 31.17 31.46 35.72 37.41
Preferred Habitat Edge Depth 25.34 26.38 26.99 26.08 27.72
Preferred Average Depth 16.60 17.54 18.78 17.60 19.98

- Mean Habitat Velocity

In general, mean velocities changed only slightly among discharge levels at additional
subsites. Mean habitat edge velocities in marginal habitats increased sharply from 8 cm/s
at base flow to 10 cm/s at 150 cfs, dropping to 8 cm/s at 200 cfs and gradually returning
to 10 cm/s by the 310 cfs flow level. Mean habitat edge velocities in preferred habitats
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decreased slightly from base flow to 310 cfs (2.6 cm/s to 2.1 cmls). Mean bottom
velocity and mean average velocities changed <1 cm/s among the discharge levels in both
preferred and marginal habitats (Figure 3.8.3). Actual velocity measurements are
provided in Table 3.8.3. Note that velocity measurements were not taken in the Salne spot
locations during each flow, and, along with depths, actually detennmed the location and
extent ofpreferred and marginal habitat boundaries.

Figure 3.8.3. Mean velocities at 5 discharge levels, 7 additional subsites
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Velocity Measurements (em/s) 110 150 200 250 310
Preferred Habitat Edge Velocity 2.62 2.62 2.34 2.96 2.13
Preferred Average Velocity @ 66% 1.31 2.19 1.26 1.90 1.62
Preferred Bottom Velocity 1.03 1.56 1.01 1.71 .93
Marginal Habitat Edge Velocity 8. 10.04 8.31 8.70 9.96
Marginal Average Velocity @ 66% 6.18 6.17 7.51 8.27 7.85
Marginal Bottom Velocity 4.63 4.09 3.45 3.80 5.02
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TABLE 2 Poe FERC 2107 Project Data (North Fork Feather Rifer)
Data Meets Policy {.

ToW ToW Copper
ToW Copper Crileria, DrinkiDg

, .Dissolved ,i Dissolved Hardness based criteria for
Copper (Cu) QuantitatiOD

Waler Stmiciards (1°,2° MCUi),
"Copper (Cu), .; Copper dissolved en

Station Date
Hardness (ugIL) .Limit (ugIL) ; Qnantitation for CTR and USEPA

(mgtL) MPSL, (Reportiog

P~IYMCLISecondary MCL

MPsL, Limit

. "CCC (lll!IL) JCMC (1Il!!L)

Department of Limit), Department of (Reportiog

Fish and Game ugIL .' (lll!IL) ; (u~L) FISh and Game Limit);ugIL
)

Data Meets *he Policy
These data all Meet the Listing Policy Section 6.1.55 because a US EPA approved analytical method with low quatitation limit (reporting limit) and clean technique
were used to analyze the data. None ofthe sample concentrations are less than the reporting limit and therefore, there are no "J" flagged values.

Poe Data Collected in 2003

Poe-lA
NFFRabove Poe March-03 33.7 1.14 0.01 1.300 1,000 0.71 om 3.54 4.82

Reservoir at May-03 38.2 1.08 0.01 l.300 1,000 0.72 0.01 3.94 5.43
entrance to Angust-G3 52.5 0.51 0.01 1;300 1,000 0.43 0.01 5.16 7.32
reservoir October-03 47.6 0.29 0.01 1.300 1,000 0.18 0.01 4.75 6.68

Poe-2A
NFFR atNF-23 Mareh-G3 33.7 0.79 om /,300 1,000 0.58 0.01 3.54 4.82

gage station "-
May-G3 36.3 0.87 0.01 1,300 1.000 0.62 0.01 3.77 5.17

August-03 52.0 0.50 0.01 1,300 1,000 0.38 0.01 .5.12 7.26
October-03 46.6 033 om 1,300 1,000 0.22 0.01 4.66 6.55

P0e-3
NFFR above Poe March-03. 32.7 0.77 0.01 1,300 1,000 0.60 O.oI 3.45 4.69

Powemouse May-G3 38.2 0.80 0.01 1,300 1,000 059 0.01 3.94 5.-13

Augost-03 562 0.52 0.01 1,300 1,000 0.50 O.oI 5.47 7.81
Oclober-03 46.6 0.32 0.01 1,300 1,000 0.29 0.01 4.66 6.55

Poe-S
NFFR below Poe March-G3 31.7 0.93 0.01 1,300 1,000 0.75 0.01 3.36 4.55

Dam May-G3 36.3 1.01 O.oI 1,300 1,000 0.70 0.01 3.77 5.17

August-03 51.4 0.64 om 1,300 1,000 0.56 . 0.01 5.07 7./8
October-03 45.2 0.34 0.01 1,300 /,000 0.33 0.01 4.54 6.36

Poe-7
NFFR npstremn of Mareh-03 30.7 1.18 0.01 1,300 1,000 0.65 0.01 3.26 4.-12

Big BeodDam May-03 37.2 0.96 0.01 /,300 1,000 0.65 0.01 3.85 5.29
Augost-G3 53.0 0.52 om 1,300 1,000 0.42 0.01 5.21 7.39

October-G3 46.6 030 0.01 1,300 1,000 0.26 0.01 4.66 6.55
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Data Meets the Policy
These data all Meet the Listing Policy Section 6.1.5.5 because a US EPA approved analytical method with low quatitation limit (reporting limit) and clean technique
were used to analyze the data. None ofthe sample concentrations are less than the reporting limit and therefure, there are no nJ" flagged values.

FOOTNOTES:
Not Sampled= Was not sampled for during project
NOTE: iliere are no J flagged values for this sample set beeause the qwmtitation IiPlit (reporting limit) was lower than the SlIJIlple conc:entrations lhatwere detected.

CJR=USEPA 40 CFRPart 131, Water Quality Stmdards; EstabIisbment onNumeric
Criteria fur Priority TOJ<icPollutmts fur the State ofCa1ifurnia,
Ca1ifurnia Toxics Rule (ClR)

USEPA= US Environmental Protection Agency National Ambient Water Quality Criteria,
FreshwaterAquatic Life ProtectionReco~ Criteria.

CCC = Continuous concentration (4-day average)
CMC = Maximwn concentration (I-hour average)

Flea Valley Creek

Flea Valley Creek March-D3 61.9 0.40 0.01 J.300 1,000 0.29 0.01 5.9+ 8.55
near mouth, Poe May-D3 61.7 0.36 0.Dl 1.300 1.000 021 0.Dl 5.93 8.53

Project August-D3 78.5 0.68 0.01 J.300 1,000 0.30 0.01 7.28 10.70
October-D3 72.4 0.32 0.Dl 1.300 1,000 0.16 0.01 6.80 9.91

MillCreek
Mill Creek near March-D3 30.7 0.16 0.01 1,300 1.000 0.13 0.01 3.26 4,42

mouth, Poe Project May-D3 29.4 0.19 0.01 1.300 1,000 0.06 0.01 3.15 4.24
A-ugust"{)3 41.5 0.20 0.Dl . 1,300 1,000 0.17 0.01 4.22 5.87
October-D3 40.0 0.04 0.01 1.300 1,000 0.05 0.Dl 4.09 5.67

2of2 :::;::
:J>

- -<:
I

C)
(.l.)

I
rv
C)
C)

--J

--3
::c:
c:::::
C)
rv
(.l.)
I"\.)

-0
::;::

lTl
-0
:J>
;::0
CD

OQ.

0
:I

co

r-
~

c-
o....,
~
C"""

0....,
'<

HardneSs based criteria for
dissolved Co

fOrCTRjdUSEPA

CCC (neIL) I CMC (1Il!1L)

Poe FERC 2107 Project Data (North Fork FeatherRiver)
Data Meets Policy

ToW ToW Copper
Total Copper Criteria, Drinking

Dissolved Dissolved
Copper (Cu) Quantitation

Water Standards (1°, 2° MCI.8),
Copper (Cu) Copper

Date
Hardness (ugIL) Limit (ugIL) Qwoititalion

(mgIL) MPSL, (Reporting MPSL, ,-Limit

Department of Limit), Primary MCLISecondaJ-y MCL DepBJ1Jneot of ' (Reporting

Fish and Game ugIL (nl!lL) (uWL) FISh and Game ,Limit), ugIL

Statiou

TABLE 2

NOTE: there were no exceedances ofany.criteria

Data Meets Policy 3/30/2007
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TABLE!

All Data

POE PERC 2107 ProjectDala(NorthForkFc:alhcrRivor)
ALL DATA

.

ToW ToW ToW
Totai Copper Criterio,DriaJOng

Difsol\"ed ,.J!issoked Hardness based criteria
Slatioo SampliJlgDale IlardDeS; Copper Copper

,
Copper C~pper Dissolved Copper Cor disso!\"ed Co

(Ca) J Total Capper Wat<r Standard> (1°,2" MCLs)
-tCn) J QDaatitiatioo CIRaodUSEPA

Qoaotitati.nUmi limit

CCCIOolLJ CMC(aolL}(moIL! 'nolL)
(!lq>ortiagLimit Primary MCL ISC.oadary MCL

(aolLl Ii'Ia2
(!lq>ortiag limit)

F1... Doli. (DolL) (mdi.) ',. aoiL

ALL DATA
This table represents all data collected over the period 1999-2003 for total and dissolved copper analysis on the Poe Project ofthe North Fork Feather River (NFFR), The subsequent
worksheets break down1he data into data tha1Meetthe Listing Policy Section6.1.5.s and data that Do Not Meet1he Listing Policy.

Poe Data Collected in 2003
All metals samples were analyzed by Marine Pollution Studies LaboratOly, Department ofFish and Game (a trace cleanmetals laboratmy inMoss Laoding)

P..,.1A
NFFR·above Poe Mm:b-63 33.7 1.14 0.01 /.300 /.000 0.11 0.01 3.54 4.B2

R1::servoir at: entrance May-ll3 38.2 1.08 0.01 1.300 /.000 0.72 .0.01 3.94 5../3
toresen"Oir Aagast-ll3 52.5 0,51 0.01 /,300 /.000 0.43 0.01 5./6 7.32

0e1Obor-ll3 47.6 0.29 o,o! /.500 /.000 0.18 0.01 4.75 6.68

P..,.1A
NFFRatNF·Z3 gage Mm:b"()3 33.7 0.79 0.01 /.300 /,000 058 0.01 ,.54 4.81

station May"()3 36.3 0.87 0.01 l.300 /.000 0.62 0.01 3.77 S.17
Augast-63 52.0 0,50 0.01 1.300 1.000 0.38 0.01 5.12 726
October.()3 46,6 0.33 0.01 l.300 /.000 0.22. 0.01 4.66 6.55

Poe-]
NFFR. abovePoe Mm:b-03. 32.7 0.77 0.01 !,SOO 1.000 0.60 0.01 3045 4.69

POWetDouse May"()3 38.2 0.80 0.01 1.300 1.000 0.59 0.01 3.94 5.43

Augast-03 56.2 0,52 0.01 1.300 /,000 0.50 0.01 SA7 7.B/
October'()3 46.6 0.32 0.01 1,300 1.000 0.29 0.01 4.66 6.55

P..,.S
NFFRbclowPoe Mm:h--03 31.7 0.93 0.01 /.300 1.000 0.75 0.01 3.36 4.55

n"" May-03 363 1.01 0.01 1.300 /.000 0.70 0.01 3,77 5./7
Au.,"USl-63 51.4 0.64 0.01 1.300 1,000 0.56 0.01 5.07 7.1B

October>03 452 034 0.01 /,300 /.000 0.33 0.01 4.54 6-36

P..,.7
NFFRupstrelllllof Mm:b-03 30.7 1.18 0.01 /,300 1.000 0.65 0.01 . 3.26 4.-12

Big BcndDmn May-03 37.2 0.96 0.01 > /,300 1.000 0.6.5 0.01 3.B3 5.29
Augast'()3 53,0 0.52 0.01 1.300 /.000 0.42 0.01 5.21 7.39
October-ll3 46.6 030 0.01 /.300 1,000 0.26 0.01 4.66 6.55

Flea Vaney Creek
FleaValley Creek - M"",h-03 61.9 0.40 0.01 /,300 /,000 0.29 0.01 5.94 8.55
Dem"m~Poe May-03 61.7 0.36 0.01 Hoo 1,000 0.21 0.01 5.93 B.s,

Project Aagust.()3 78.5 0.68 . 0.01 HOD /.000 030 0.01 7.28 JO.iO
0e1Ober'()3 72.4 032 0.01 Hoo 1.000 0.16 0.01 6.80 9.91

MillC,reek
Mill Crook near Mm:b-03 30.7 0.16 0.01 Hoo 1,000 0.13 0.01 3.26 4.42
mou~ Poe Project May-{}5 29.4 0.19 0.01 1.300 1,000 0.06 0.01 3.15 4.24

Angnst-03 41.5 0.20 0.01 1,300 /.000 0.17 0.01 4.22 5.87
Oetober-03 40.0 0.04 0.01 /,300 /.000 0.05 0.01 4.09 5.67
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TABLE!

All Data

POE FERC 2107 Pr'liccIData(NorthFoIkFeatherRivcr)
ALL DATA

ToW Tobol Tot.al
Tot.al Copper Crittrio, Drinking

DiS50ked Dissoked Ibrdncss bosed crilaia
SlJIti<l. SllIDplingDale Ibrdllcss Copper Copper Copp... Copper Dislotred Copper Cor dissolved en

(Co) J Totll1Copper WaterSlmulards (1·, 'If' MCLs)
(Co) J QaanlDDfio. CIR and llSEPA

QuantitatioaLimi Limit

CCC (a!!ILl 1CMC (a!!ILI
(ReportingLimit) PrimaryMCL ISe<••d:uyMCL (lUporling Limit)

(m!!IL1 (.!!ILI 1IIa2 •.n.. (a!!ILl r.!!IL1 (a!!IL1 1IIa2 •.n..

ALL DATA
This table represents all data collected overthe period 1999-2003 for total and dissolvedeopper anal¥sis on the Poe Projectofthe North Fork Feather River (NFFR). The subsequent
WOlksbeets break downthe data into data \hatMeet the Li5ting Policy Section 6.1.5.5 and data \hat Do Not Meet1he Listing Policy.

FOOTNOTES:
NotSampled =W1l5 nat sampled forduring project
;BIa.COIlt and.J- Estimaled vahm be1owthereporting llmitand abovcmctho.hktection limi~ oppro>:imatcly 6O%=assoc_with this estimated value
C\ll.=USEPA40 CFRPart 13t..WaterQo>lily SlalIdmds; EsUob];sbmCDlanNomene

Criteria forPJiorit)· Toxic Pottut:lnts furthc State ofCalifomia.
Calif"";.To:Ucs RnIe (CIR)

USEPA = US ElI<iromnentd Ptotcctioa Agency National Ambicat Water Quality Criteria,
F.-..h..__Aquatie Life Protcctioa Ro<omm""ded Criteria.

ecc =Continuous CQncentnWoo (4-day muage)
CMe =Mn:umum concentration (l-bouravcrage)

NOTE: there were DO exceedances ofaJlY criteria
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TABLE 1

All Data

POE FERC 2107 ProjectData (North Fork Feather River)

ALL DATA

TotU TotU Total
ToW Copper Crit<ri3, Drinldng

Dissol..d ])issQh°ed Hard.... based trit<ria
StalioD SampliogDate HudDcss Copper Copper Copper Copper Dissol«d Copper for ddmlt'cd e-

(Co) J ToW Copper W~S""dar,is (1", 2" MCLI)
(Co) J Qu""titWioo

CI'R"""USEPAQoan_o.-Limi Limit

CCC IDoIL)'l CMC (uI>iL)
(lleporiiug Limit) l'tlmary MCL ISe<ODdary MCL (lleportiug Liml,)

(m!!IL) IDI>iL) FIa2 . Deli. (DolL) (D!!IL) (D!!IL) FIaz D.n.

ALL DATA
This table represents all data collected over the period 1999-2003 fot total and dissolved copper analysis on the Poe Project ofthe North FOlk Feather River (NFFR). The subsequent
wntksheets break down the data into data that Mectthe Listing Policy Section 6.1.5.5 anddata that Do Not Meet the Listing Policy.

Poe Data collected from 1999-2000
SequoiaLaborntOIy in PleasantHill analy=i samples from Man:h 1999. all other samples ana1y=iby ScvcmTrent Laboratories (fonnaUy Chromalab) inPleasanton

Poo-lA
Aho'l.'I)Poe R¢serTcir M=h-99 4\.0 3~ 2.0 I.SOO 1.000 No'S3mplcd

June-99 39.0 <5.0 5.0 I.SOO 1.000 NotSllDlplcd
July-99 39.0 <5.0 5.0 1,500 1.000 NolS3mplcd

Aogust-99 40.0 <5.0 5.0 1.500 1,000 NolSllDlplcd
Scplember.99 56.0 <5.0 5.0 1,500 1.000 NoISampled
December-99 40.0 <5.0 5.0 1,300 1,000 NolSampled

Much-OO 43.0 <0.4 5.0 1,500 1,000 NolS3mpled

P00-2
North FOIk Feo!l= M=J>.99 35.0 3.1 2.0 1.500 1.000 NOIS_led

RiveralPalga 1..".99 39.0 <5.0 5.0 1.500 1.000 NolSamplcd
1u1y,99 43.0 <5.0 5.0 /.300 J.OOO NoIS3mpled

Aogust-99 40.0 <5.0 5.0 I,SOO 1,000 NolSamplcd
Scplember-99 59.0 <5.0 5.0 I.SOO 1,000 NOISampled
Dccember·99 41.0 <5.0 5.0 1,500 1.000 NolSampled

Mmcb-OO 36.0 <0.4 5.0 I.SOO 1.000 NOIS3mpled

Poo-3
Above Poe Matcl1-99 38.0 2.8 2.0 1,500 1,000 NolSampled
P"",.mOuse Jone-99 42.0 <5.0 5.0 I,SOO 1,000 No'Sampled

Joly-99 45.0 <5.0 5.0 1,500 1.000 NolS3mpled
August-99 46.0 <5.0 5.0 1,300 1.000 Not Sampled

Scplember-99 58.0 <5.0 5.0 1,500 1.000 NotSamplcd
Dccember.99 42.0 <5.0 5.0 1.500 /.000 NOI Sampled

~h-OO 37.0 <0.4 5.0 /.500 1.000 Not Sampled

iCJ-DO
lof5

313012007
C)

CD



TABLE 1

All Data

\

POEFERC210~ Project Data (NorthFork Fea1herRiver)

AU. DATA

Total Total Total
Total Coppu Crit<ria, Drinking

1IiJi,.1<ed Dinol-rro Hardn.., based criteria
StmOD S....p6DgDate IbrdD... Copper Copper Copper Copper

_'CdCopper
liJrdissoh'CdCIl

CCo) J Total Copper W2I<rS_dards W,r MCLs)
(Co) J QollJditialiOll erR...d USEPA

Qo8ll1itatiOIlLimi Limit

CCCCU!!IL)1 CMC(i"dLl
(ReportiugLimit) Pri""uyMCL ISecolldarj'MCL (llq>ortiug Limit)

(m1!lL) (uo/1.) FIal! u1!IL (u!!IL1 C.!!ILI (u1!IL1 FIal! uwL

ALL DATA
This table represents all data collected over the penod 1999-,2003 fortocil and dissolved copper analysis on.the Poe Project oftheNorth.Fotk Fea1herRiver (NFFR). The subsequeot
worksheets break down the dataiDto data that Meet theListiog Policy Section 6.1.55 uod data that Do Not Meet the Listing Policy.

Poe Data Collected From 2000-2001 (Spoil Pile)
All metals samples were aua1yzJedby Severn TrentLaborntories in Pleasanton

poe-sa

Culvert flow Iiotu April-liO 35 23 J 5.0 /.30() J,CNJO Nol Sampled

.AditNo. 2 Maxch-lil 35 6.0 5.0 /.300 /,o()O NolSmnplcd

PObSlB

StirfaCCi fIow into Apn1-l10 NotSomplcd Not Sampled NotSamplcd
culvert MlUCb-lll 35 5.2 5.0 /,300 /,000 NotSmnplcd

PObSZ

NFFRopstte= of April-110 35 2.6 J 5.0 /.300 /.000 NotS:unp~

cuh"CItiuflow Man:h-tll 35 <03 5.0 /,300 /.000 Not Smnplcd

P0bS3

NFFR immedialoly
Jdl1lVNot April-lIO 35 1.2 5.0 1.30() I,O()O NotSamplcd

S=pledtt=n of
cu1vertinflow MlUCb-lll 35 <03 5.0 1.30() 1.000 Not Sampled

P0e-S4
Nl:'l'lt above Poe

Powethonse.
April-liO 35 1.2 J 5.0 1,300 /,000 Not Smnplcdnpproximatcly 0.5

miles dowNol
Sampledtt=n of M=h-lll 35 <0.3 5.0 1,300 1.000 Not Sampled

P0e-S5
Poe POm::m.ODSe

April-liO Not Smnpled 5.0 1,300 1,000 Not SampledT2ihace outflow to -
NFFR M=b-O.l 35 <0.3 5.0 1,300 1,000 Not Sampled

BO - 0 I
2ot5
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TABLE 1

All Data

POEFERC2107 ProjectData(NorthFmkFeatherRiver)
ALL DATA

~I J
Total Total ToW

Total Copper Crih:ri>, Drinklug
,DlssolTed Dis50kcd Uardn... based criteria

Sution Sampm.gDate Bardo... Copper Copper COPpel' -'Copper _Copper for dissoh-eci. Cu
(Cu) . J Total Copper Water StaJldards (Io.zo MCLs)

(Cu)
" J

~-QuaDtitU:tion CfR and USEPA
QuaotitatiODlimi Limit

CCC (Ul!I.ul OlC (ul>iLl(ntl1/L) lul>iLl F!al<
(Reporm.gUmit) PrimaxyMCL ISttouduyMCL

{ul>iLl
f.Rcp0':i.Limit

ul>iL (al>iLl (al>iL) FIa2

ALL DATA
This table represents all data collected over the period 1999·2003 fortDbll and dissolved copper analysis on the Poe Project ofthe NorthFmkFeatherRiver(NFFR). The subsequent
worksheets break downthe data into data that Mecttbc Listing Policy Section6.I.S.s and data that Do Not Meet the Listing Policy.

Poe Data CollectedFrom 2001-2002 (Spoil Pile)
All metals samples were analyzed by S""emTrentLaboratories in Pleasanton

P..,.Adit
SeepO!lO lIowlinnt
lloor ofAdilNo.2 Nov.Ql (DRY) NotSmnplod NotS8D1plod NotSmnplod

twmelex:it"test Icondition Jao.Q2 (WET) 56 <U.3 5.0 1.300 1.000 <U.3 5.0 7.78

1'oc-Ll

NFFR1JP'1=mt of NovoOl{DRY) 47 1.2 J 5.0 1.300 1.000 <U.3 5.0 y6' 6.60
AditNo.l,

bacl:ground condition Jao-02 (WEI) 37 8.4 5.0 /.300 1.000 <U.3 5.0 i 5.27

1'oe-U
NFFR.upstream of

NovoOl{DRY) 47 1.1 J 5.0 1.300 1.000 0.5 J '5.0 po' 6.60AditNo.2._
condition Jao.Q2 (WEI) 38 5.4 5.0 l,300 1.000 <\1.3 5.0 r 5..10

1'..,.1.3

Snmplc:dtream of Nov.Ql (DRY) 47 1.5 J 5.0 I.300 1.000 0.4 1 5.0 I 6.60
AditNo.2,1OSl

condition J3O.Q2 (WEI) 38 S.2 5.0 1,300 1,000 <U.3 5.0 3J{ 5.~0

1'oe-L4

AditNo. 1 leakage Ic:ulvcrtbolow Nov.Ql'{DRY) 46 2.0 J 5.0 1.,00 1.000 <U.3 5.0 6.47
rai1roadgnde,_

condition Jao-02 (WEI) 55 <U.3 5.0 1,300 1.000 <U.3 5.0 5.37 7.65

1'oc-L5

)fAditN•. 2IoabJ:. NDl·.Ql (pRY) 50 1.7 J 5.0 1,300 1.000 <U.3 5.0 6.99
culvert at inflow to
~test:conditioD J3O-02 (WEI) 62 8.4 5.0 1.300 1.000 <\1.3 5.0 5.95 8.57

1'oe-L6

PoePowerhouse Nov.Ql (DRY) 47 1.6 J 5.0 1.300 1.000 <0.3 5.0 yt 6.60
Toihaco. background

c:ondition Jaa-02{WEI) 36 8.4 5.0 1,300 1.000 <0.3 5.0 y: 5.13

1'oe-Tl
Tn'butary-.m ,

IIlming into NFFR
Nov.Ql (DRY) NotSmnplod NotS_pled NotSmnplodupstxeam oflulllNo.

\, background
condition Jaoo02cWJm 87 <\1.3 5.0 l.300 1.000 <\1.3 5.0 7.95 1l.79
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MAY-03-2007 THU 02:32 PM EPA Region 9 Laboratory FAX NO, 5104122302 P. 01

Pacific Gas and
Electric Company",

Tammie Candelario
Senior Director
Environmental and
Technical & Land Services

Fax #

Apri12~2007

Fax #

o
77 Beale Street
P.O. Box 770000, MC B24A
San Francisco, CA 94177

(415) 973-4656

Mr. Peter Kozelka
TMDL Liaison, Water Division (WTR-2)
U.S. Environmental Protection Agency, Region IX
75 Hawthorne Street
San Francisco, CA 94105

Dear Mr Kozelka:

Attached you will find Pacific Gas and Electric Company's (PG&E) detailed response to the U.S.
Environmental Protection Agency's (USEPA) recommendation for CWA 303(d) listing ofthe
North Fork Feather River (NFFR) for copper as outlined in a letter to the State Water Resources
Control Board-(SWRCB) dated March 8, 2007. We are submitting a fact sheet that explains
PG&E's recommendation and includes tables of the data that are listed as evidence in the original
SWRCB fact sheet. .

PG&E recommends Do NotList for the NFFR for copperhecause the data indicate that none ofthe
total or dissolved water quality criteria were exceeded for any ofthe measured total and dissolved
sample concentrations, respectively.

Ifyou have any questions please contact Sara Everitt at 415-973-0707.

Sincerely,

cc: Craig Wi1son~ SWRCB

Attachment
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PG&E's Comments on the USEPA Proposed Listing of the

North Fork Feather River for Copper

WATER SEGMENT: North Fork Feather River (below Lake Almanor)

POLLUTANT: Copper

STATUS OF 303(d) LISTING: The water segment is not listed on the Proposed CWA Section
303(d) List ofWater Quality Limited Segments Table (Revised October 25, 2006); however, the
U. S. Environmental Protection Agency (USEPA) Region IX has suggested including this water·
segment on the 303(d) list in a letter dated March 8,2007 to the State Water Resource Control
Board (SWRCB).

SWRCB STAFF BASIS: After review ofthe available data and information,SWRCB staff
conclude that the water body-pollutant combination should not be placed on the section 303(d)
list because applicable water quality standards are being met (Final November 2006 Fact Sheet).

PG&E'S RECOMMENDATION: Do Not List

PG&E COMMENTS: Available water guality data support the conclusion of Do Not List.
None of the dissolved copper data that has been collected exceeds the applicable dissolved
criteria.

The November 2006 fact sheet for the North Fork Feather River (NFFR) below Lake Almanor
indicates that olliy 10 of124 samples exceed the recommended criteria.· However, allofthe
sample results that were considered 'exceedances' were representative of total concentrations
that were inadvertently compared to 'dissolved' concentration criteria from the California Toxics
Rule (CTR) andlorUSEPA. .

There were a total of 115 samples collected during the monitoring years 1999-2003. Ofthese
samples, 73 were analyzed for total copper and 42 were analyzed for dissolved copper (pG&E
2003). None of the 73 total copper samples exceeded the total copper criteria (i.e., drinking
water standards). None ofthe 42 dissolved copper samples exceeded the applicable criteria (i.e..
CTR and USEPA criteria for dissolved concentrations).

Furthermore, the proposed li&ting ofthe NFFR is based upon the use ofhistorical water quality
data that does not meet the SWRCB's sampling criteria of section 6.1.5.S of the Water Quality
Control Policyfor Developing California's Clean Water Act Section 303(d) List (Listing Policy).
Section 6.1.5.5 of the Listing Policy specifically states that "When the sample value is less than
the quantitation limit and the quantitatio~ limit is greater than the water quality standard,
objective, criterion or evaluation guideline, the results shall not be used in the analysis."

The data collected during 1999-2002 do not meet the Listing Policy criteria because the sample
data concentrations were less than the quantitation limit (Reporting Limit) and the quantitation
limit was greater than the water quality standard (CTR and/or USEPA criteria). Additionally
much of the data was flagged as an estimate. Data are presented in Table 1 (All data collected
between 1999-2003), Table 2 (Data that Do Meet the Listing Policy), and Table 3 (Data that Do
Not Meet the Listing Policy). .

1
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Lastly, all of the data collected in 2003 meets the SWRCB's sampling criteria of section 6,1.5.5
ofthe Listing Policy and therefore can be used to make an evaluation of the water segment
(Table 2). There were a total of7 monitoring stations in 2003, with samples collected 4 times
during the year forboth total and dissolved copper concentrations for a total of56 samples. Of
the 56 samples, 28 samples, were collected in 2003 for dissolved copper and none ofthem
exceeded the recommended criteria. Therefore, the water segment should not be listed on the
303(d) list.

References

Pacific Gas and Electric Company (PG&E) 2003. Poe Hydroelectric Project, PERC No. 2107,
Final Applicationfor License.

State Water Resource Control Board (SWRCB) 2004.· Water Quality Control Policy for
Developing California's Clean Water Act Section 303(d) List, Adopted September 2004.

2
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North Fork Feather River, Cu, Do Not List Recommendation Data Assessment

Summation: 2 out of 71 dissolved Cu samples exceed - Recommendation remains as Do Not
List '1 '

Historic Water Quality Data (ok = value is usable and did not exceed either the CTR CCC
and/or .CMC values)

Poe 1A 11,",~\ Cu . \ lui
'-1'.... ~~'S C<\ \{f€..CI ~+--S CLWt.-I,o

03/99 - ok, compared to both CCC and CMC 0 I 0 ....

06/99 -ok
07/99-ok
08/99 -ok
09/99 - ok, compared to both CCC and CMC
12/99 - ok
03/00 - ok, compared to both CCC and CMC

Poe-2
03/99 - ok, compared to both CCC and CMC
06/99 -ok
07/99 - ok
08/99 -ok
09/99 - ok, compared to both CCC and CMC
12/99 - ok
03/00.,... ok

Poe-3
03/99 - ok, compared to both cce and CMC
06/99 - ok .
07/~9 ~ ok'
08/99 -ok
09/99 - ok, compared to both CCC and CMC
12/99 - ok
03/00-ok

Spoil Pile Sampling

04/00 (f-o~1 eu) ,I
~j Poe S1~ - J flagged, RL aboveCCC, not CMC, sample did not exceed either CCC or CMC. lisso~~1
•. Poe S2 - J flagged, RL above CCC, not CMC, sample did not exceed either CCC or CMC. n ttJ LeP]
vf'oe S3 - J flagged, RLabove CCC, not CMC, sample did not exceed either CCC or CMC. cft:lo/
VPoe S4 - J flagged, RL above CCC, not CMC, sample did not exceed eitherCCC or CMC.

04/01
-; Poe S1A - RL above eee, not CMC, sample exceeds both the CCC or CMC.

Poe S1 B - RL above cce, not CMC, sample exceeds only the CCC not CMC.



2003 Water Quality Data
All samples compared to both the Gee and GMG.
Poe 1A
03/03 -ok;-
05/03 -ok /
08/03 - ok VI
10103 - ok v

/ Poe 82 - RL above GGG, not GMG, sample did not exceed either GGG or GMG.
J' Poe 83 - RL above GGC, not CMG, sample did not exceed either GGG or GMG.
V Poe 84 - RL above GGC, not CMG, sample did not exceed either GGG or GMG.
J Poe 85 - RL above GGC, not GMG, sample did not exceed either GGG or GMG.

Poe - Adit Jan 2002 was non-detect. Gould not use.

V1~.!j10W Cu

Poe2A
03/03 -okll'
05/03 -ok I
08/03 - ok J
10103 - ok J

Poe 3
03/03 -ok~
05/03 -okl
08103 -Ok~
10103 - ok

Poe 5
03/03 -Ok~
05/03 - ok
08/03 -OkV;
10103 - ok

Poe? J
03/03 - ok
05/03 -okJ
08/03 - ok J
10103 -ok J

Flea Valleyfreek
03/03 - ok J
05/03 - ok
08/03 -okJ
10103 - okJ

Mill creekJ
03/03 - ok



05/03 -okJ
08/03 - okVj
10/03 -ok \I

Table 5 - Water Quality Sampling near Poe Spoil Piles - wet conditions

1/3/02
Poe L1 - RL exceeds CCC, not CMC, sample doesn't exceed the CMC.
Poe T1 - sample does not exceed either the CCC or CMC.
Poe L2 - RL exceeds CCC, not CMC, sample doesn't exceed the CMC.
Poe L3 - sample does not exceed either the CCC or CMG.
Poe Adit - sample does not exceed either the CCC or CMC.
Poe L4 - sample does not exceed either the CCC or CMC.

11/26/01 .
Poe L1 - sample does not exceed either the CCC or CMC.
Poe L2 - J flagged, sample does not exceed either the CCC or CMC.
Poe L3 - J flagged, sample does not exceed either the CCC or CMC.
Poe L4 - sample does not exceed either the CCC or CMC.
Poe L5 - sample does not ex~eed either the CCC or CMC.
Poe L6 - sample does not exceed either the CCCor CMC.
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Region 5

Water Segment:

Pollutant:

Decision:

;-_ Weight of Evidence:

\

\ SWRCB Staff
;~mmendation:

Lines of Evidence:

~
\61;

klO

Feather River, North Fork (below Lake Almanor)

Copper

Do Not List

This pollutant is being considered for placement on the section 303(d) list
under section 3.1 of the Listing Policy. Under section 3.1 a single line of
evidence is necessary to assess listing status.

One line of evidence is available in the administrative record to assess this
pollutant. Ten measurements exceeded the water quality objective but the
minimum number of exceedances were low enough that the pollutant/water
body combination did not require listing.

Based on the readily available data and information, the weight of evidence
indicates that there is sufficient justification against placing this water
segment-pollutant combination on the section 303(d) list in the Water Quality
Limited Segments category.

This conclusion is based on the staff findings that:
1. The data used satisfies the data quality requirements of section 6.1.4 of the
Policy.
2. The data used satisfies the data quantity requirements of section 6.1.5 of
the Policy~ . . . . . .
3. T,en of 1~.samplesexceeded the CTR freshwater criteria and this does not··
exceed the allowable frequency listed in Table 3.1 of the Listing Policy.
4. Pursuant to section 3.11 of the Listing Policy, no additional data and
information are available indicating that standards are not met.

After review of the available data and information, SWRCB staff concludes
that the water body-pollutant combination should not be placed on the section
303(d) list because applicable water quality standards for the pollutant are not
exceeded.

Numeric Line of Evidence

Beneficial Use:

Matrix:

Water Quality Objective/
Water Quality Criterion:

Pollutant-Water

AG - Agricultural Supply, CM - Commercial and Sport Fishing (CA), CO 
Cold Freshwater Habitat, MI- Fish Migration, MU - Municipal & Domestic,
NA - Navigation, R1 ~ Water Contact Recreation, R2 - Non-Contact
Recreation, RA - Rare & Endangered Species, SP - Fish Spawning, WA 
Warm Freshwater Habitat, WI- Wildlife Habitat

Water

All waters shall be maintained free of toxic substances in concentrations
that produce detrimental physiological responses in human, plant,
animal, or aquatic life.

606



Data Used to Assess Water
Quality:

Spatial Representation:

Temporal Representation:

Data Quality Assessment:

J0 DF l;;rtf J O-.IAA,P l...Q,fJ

~
CTR Freshwater Criteria. ~
Exceedance of standard occurred and the were collected at Poe-S2, Poe
S-3, Poe S-4, Poe S-1A, Poe S-1 Sf Poe L-1, Poe L-2, Poe L-3, Poe L-5,
Poe L-6 (PG&E, 2003). ,

Samples were collected above the Poe Reservoir (Poe 1-a), NFFR at
Pulga (Ppe':'2), above the Poe Powerhouse (~oe-3); spoil pile samples
were collected at Poe-S1A, NFFR upstream 'Of culvert inflow (Poe-S2), t l... ~ .
NFFR above Poe Powerhouse, a~roima~5 miles downstrearn-Qf_ ....,...,....,..,." c.,o
culvert inflow (Poe S~3t, poe'S-4 RL nd ,PL.· 001-02 spoil pile ~
sampies we~~/eollected at Poe-adl, "~ L:-;' FFR downstream of Adit~d
No. 2 (Poe'~2J, POre L3, Aait No. 2 leakage culvert at inflow to NFFR d..tJ.eeh'o-!
(Poe l4)",,~,E~e L~6,.Poe T-1. In 2003, samples were coll~cted at Ur'jr~ nOt
POe 1-a, Poe 2-a, Poe 3, Poe-5, Poe-7, Flea Valley Creek and MIll Creek "" l I'L..

. 'il't., '! t:!lca,..,rJI~~\

S~~~~~J£!1:~P.! .....9.Q.9...Q&~g,M&l.r.s;h,QQ;_
sQoilpjl~.samples were collected in April 00; Nov 01 and Jan 02. In 2003,

sampres'werecollected Ii, March, May; J\ug., and Oct." ,

Data from PG&E reports are considered of adequate quality per section
6.1.4 of the Policy.

Cu rn~/L~iLPI1i4 [Oissolve.d)
l\(?-UfO\ ;
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NFFR Temperature Assessment
Studies in chronQlogicaI order

Compiled by Scott Tu
May 28, 2004

Woodward-Clyde Consultants (WCC, May and December,
1985), 1985-1986

MITEMP model was developed for Lake Almanor (LA-MITEMP) and Butt Valley
Rese'ivoFr(BVR-MITEMP) using data of.1985-1986.· Selective withdrawal using curtain
concept was tested with MITEMP.
SNTEMP model was developed for Belden (Belden-SNTEMP), Rock Creek (RC
SNI:EMP), Cresta (Cresta-SNTEMP) and Poe (Poe-SNTEMP) usirrg[,(1.~hlil:~f1985

• '~~J,.

Bureau Of Reclamation, July 1995
A 1:40 scaled hydraulic model, covering an area approximately 800 fe~t by 1400 feet
offshore Prattville Intake, was built and tested. Test scenarios included WCC curtain
(400 feet long), a modified large curtain (1250 feet), hooded pipe inlet and excavated
approachcpannel. Relative performance of cold-water withdrawal rate was compared
among the various scenarios. No conclusive recommendation was made for the absolute

,temperature reduction.

University 'of Iowa Study' (IHR 2004);'2002-2003
The hydraulic model encompassed a 3 miles by 2 miles area of lake Almanor. The most
recent surveyed bathymetry, including the cold-water channel excavated in the 1920s,
was built into the model. The model was a distorted model (horizontal scale 220 and
vertical scale 40) and was calibrated with result from a pair oftestboxes to account for
the flow adjustment by distortion effect. The model was validated with observation data.
Modification scenarios tested in the model included six sizes of curtains, long and short .
hooded pipe inlet options, additional excavation, levees removal and bottom sill. Testing
environmental condition considered a range ofwater surface elevations and strengths of
. thermal stratification for different Butt Valley Powerhouse flow rates.. Under the 'static'
condition, test data indicated the Curtain 4 with levee removal would enable Prattville
Intak:e to release water 4 to 5 °C colder during July and August than the Intake presently
can release.

UNFFR (PG&E, 2002), FERC 2105 re-licensing, 2000-
2003

Seneca-SNTEMP developed for Seneca Reach using data 2000-2001
Belden-SNTEMP fine-tuned for Belden Reach using data 2000-2001
LA-MITEMP fine.,.tuned Jor Lake Almanorusingdata2000-2001
BVR-MITEMP fine-tuned for Butt Valley Reservoir using data 2000-2001

6/8/2004 1



Jones and Stokes (Jones and Stokes, 2004), 2003-2004
A Dissolved Oxygen model (W2) developed for Lake Almanor using data 2000-2001.
Changes in Lake Almanor cold-water fishery habitat by curtain as determined with DO
and temperature were evaluated for 2000 and 2001.

Bechtel and TRPA (2004), 2003-present
LA-MITEMP was enhanced to incorporate withdrawal capability specific to Curtain 4
characteristics with and without levees that were studied in the University ofIowa
hydraulic model (IlliR, 2004). The study determined that the various cold-water
conservation measures, such as the 'fence' concept, the 'timing' of curtain deployment
and the blending of Canyon Dam from upper gates, all have little effect on temperature
release through the Prattville Intake. The enhanced LA-MITEMP was used to simulate
33 years re-operated Lake Almanor based on the terms and conditions specified in the
Settlement Agreement (PG&E, ApriI2004a). Daily average temperatures and their
statistics at the various outlet locations were compared among four Prattville Intake
scenarios - existing, modified with curtain, modified with curtain and with levees
removed, and modified with curtain, levees removed and blending at Canyon Dam
outflows. The study suggested installation of curtain at Prattville Intake, along withthe
removal of the levees as additional control measure, could result in a reduction in the,
outflow temperatures at Butt Valley Powerhouse by 2.5- 3.7°C in June-August period.
BVR-MITEMP was used to simulate the temperatures in the Butt Valley Reservoir.
There isg~nerally a ris~i!1 the te111peratur~svyhentrayelillg t1J.rough:Slltt Valley
Reservoir, and consequently reduces the effectiveness ofthe Prattville Intake curtain.
A watershed approach is adopted for the entire NFFR. All SNTEMP models for
Seneca and Belden stream reaches were thermally connected with the upstream
conditions predicted by MITEMP. Three statistic rankings were established and NFFR
stream temperature longitudinal profiles from Canyon Dam up to above Belden
Powerhouse were simulated. The 'mean' value (50% exceedance) and the 'reasonable
extreme' (25% exceedance) bracket the reasonable variation of temperatures.
Temperature level associated with 'rare' event, as defined by the 10% exceedance,
provided the 'extreme' case.
In progress: BVR-MITEMP is being further evaluated for its reasonableness of
simulating cold-water inflow condition, i.e., Prattville Intake modified with a curtain.
Various control measures to minimize the 'warming' through Butt Valley Reservoir are
under investigation. Upon completion of the study, the result will be extended to all
downstream stream reach using SNTEMP models for Belden, Rock Creek, Cresta and
Poe.

Rock Creek-Cresta (PG&E, 2003 and 2004), FERC 1962
post-license study, Condition 4C, 2002-2003

RC-SNTEMPand Cresta~SNTEMPwere improved to account for major tributaries using
data 2002-2003. Controllable factors with higher flow release versus non-controllable

6/8/2004 2



factors under the existing Prattville Intake condition was evaluated (TRPA, 2003). Both
SNTEMP models were used to continue the watershed study associated with upstream
improvement scenarios (Bechtel and TRPA, 2004). Three statistical rankings and
longitudinal profiles up to above the Cresta Powerhouse are documented (PG&E, May
2004).
Belden-SNTEMP was improved to include Rock Creek Reservoir using data 2003
(PG&E,2004). Model checked well with special Caribou 1 test in 2003.

Poe (PG&E, December 2003), PERC 2107 re-licensing,
1999-present

Poe-SNTEMP was fine-tuned for Poe Reach using data 1999-2000 and further validated
with data 2003. Temperature assessment associated with possible upstream
improvements was assessed using hypothetical assumption at the time ofthe licensing
document preparation (PG&E, December 2003a).
In progress: Watershed approach would apply to this reach and more model runs are
expected and to be determined through the Poe Collaborative. .

6/8/2004 3
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