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PG&FE’s Comments on Draft Water Quality Certification

Dear Ms. Villalobos:

Pacific Gas and Electric Company (“PG&E”) hereby respectfully submits comments on
the April 12, 2013 Draft Water Quality Certification issued by the State Water Resources
Control Board (“State Water Board”) for PG&E’s DeSabla-Centerville Hydroeleciric Project,

FERC Project No. 803 (“Project”).

As discussed herein, PG&E has concerns with several of the conditions set forth in the
Draft Water Quality Certification (“Draft Conditions”).

A. Draft Condition 1: Minimum Instream Flows

Butte Creek: As set forth in Table 1, the magnitude and duration of minimum instream
flows at Lower Centerville Diversion Dam from September 1 to March 14™ in normal water
years and from September 1 to April 30™ in dry water years exceeds the storage resources in
Philbrook Reservoir (see Attachment 1 for results of the operations model analysis). PG&E ran
the operations model developed during relicensing and determined that in the 20-year period
from 1986-2005, there would have been insufficient water resources to provide these proposed
fall and winter minimum instream flows in Butte Creek in as many as nine years during the
period, depending upon the operation of Philbrook Reservoir. Generally, every dry year
produced a water shortage the following year. In addition, this time period (1986-2005) did not-
include a critically dry year (e.g., 1976-1977) where region-wide water resources were extremely
low. When Philbrook Reservoir was modeled to operate to provide supplemental water during
the spawning season, there was still insufficient water resources to meet the minimum . instream
flows specified in Table 1 in three of those 20 years (15% of the time). Philbrook Reservoir is
relatively small (5,000 acre-ft) and there is insufficient storage to provide the proposed volume
of cold water during the hot surhmer (June through August) while also maintaining high flows in
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Butte Creek during the salmon spawning and incubation period. The proposed flows are likely
to have a negative impact on spawning in such years. PG&E requests that the State Water Board
adopt the flows stated in the draft License Article listed on page A-2 of Appendix A of the Final
FERC Environmental Assessment (“EA”). These minimum flows are more conservatlve and are
compatible with the limited storage at Philbrook.

In addition, PG&E’s compliance with the flows stipulated in Table 1 depends upon the
combined operation of Hendricks and Butte canals. If either canal goes out of service for any
reason, including an emergency outage, it will not be possible to meet the minimum flows at
Lower Centerville Diversion Dam from September 1 to March 14™, except possibly during very
wet years. Therefore, PG&E requests that the State Water Board add the following footnote to
this requirement: “In the case of an emergency outage of either Hendricks or Butte canals, the
minimum instream flows will be the total canal inflow into DeSabla Forebay.”

Draft Condition 1.A. states: “The effects of the increased Butte Creek flows on
temperature, anadromous fish and cold water habitat shall be monitored in accordance with
Conditions 10, 16, and 17.” With the initiation of full flows in Butte Creck below Centerville
Diversion, it will not be possible to meet the monitoring requirements stated in Draft Conditions -
16 and 17 (see discussion below under those draft conditions, respectively).

- Lower West Branch Feather River below Hendricks Diversion Dam: Draft
Condition 1.B. states that the “Deputy Director may increase minimum mean daily flows in Table
2 if the design, testing of the fish ladder required in Condition 12 demonstrates that higher flows
than listed in Table 2 are required for the atiraction and passage of fish over Hendricks
Diversion Dam.” PG&E requests that this paragraph be removed from Draft Condition 1.B.
Water temperature modeling conducted during relicensing studies clearly showed that increases
in instream flow below Hendricks Diversion Dam increased water temperatures in Butte Creek.
Therefore, this condition threatens listed spring-run Chinook salmon holding in Butte Creek and
potentially conflicts with-Draft Condition 43 which states: “This WQC does not authorize any
act which results in the taking of a threatened, endangered or candidate species or any act,
which is now prohibited, or becomes prohibited in the future, under either the California ESA
(Fish & Game Code §§ 2050-2097) or the federal ESA (16 US.C. §§ 1531 - 1544). If a “take”
will result from any act authorized under this WQC or water rights held by the Licensee, the
Licensee must obtain authorization for the take prior to any construction or operation of the
portion of the Project that may result in a take. The Licensee is responsible for meeting all
requirements of the applicable FSAs for the Project authorized under this W(QC.” As explained
further below with respect to Draft Condition 12, natural barriers downstream of Hendricks
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Diversion Dam will prevent upstream migrating fish from reaching a fish ladder at that location.
Consequently, the aforementioned paragraph in Draft Condition 1.B should be deleted.

Draft Condition 1.B. also states “Table 2 flows may be increased by the Deputy Director
following a recommendation from the Licensee or a resource agency and submission of siudy
data and analysis of the relationship of flow releases at Hendricks Diversion Dam and water
temperature in Butte Creek, as required in Condition 10.” The relationship between flow
releases at Hendricks Diversion Dam and water temperature in Butte Creck was well established
during the relicensing study using water temperature models and is not improved - by
implementation of Draft Condition 10 (see comments below); thus, this paragraph is not
necessary and should be removed.

Upper West Branch Feather River (Downstream of Round Valley Dam): Drafi
Condition 1.C. states: “The Licensee shall release mean daily flows of 0.5 c¢fs in normal water
year types and 0.1 ¢fs in dry water year types year-round to the Upper West Branch Feather
River reach as measured at USGS gage 11405100: This reservoir dries up annually and it is not
possible to release the year-round mean daily flows stipulated in this condition. The West
Branch Feather River from Round Valley Dam to Coon Hollow Springs is naturally ephemeral.
Permanent flow does not occur in this river until it reaches Coon Hollow Springs. The State
Water Board should therefore make the following change to this condition to make it consistent
with the system: “The Licensee shall release mean daily flows of 0.5 cfs in normal water year
types and 0.1 cfs in dry water years, or natural inflow, whichever is less, to the Upper West
Branch Feather River reach as measured at USGS gage 11405100.”

Philbrook Creek (below Philbrook Dam to confluence with West Branch Feather
River): Draft Condition 1.D. states: “In years when the snow water equivalent at the Humbug
snow pillow sensor (HMB #823) is at least 40 inches on April 1, minimum instream flow releases
to Philbrook Creek below Philbrook Dam shall be 10 cfs between April 1 and May 15.” PG&E
evalvuated this sensor in relation to the water year type as defined by the Sacramento Valley
index. In the 30-year period from 1983 to 2012 there were 10 occurrences of the Humbug sensor
being at least 40 inches on April 1. Two of those years were below normal, three were above
normal, and only five were wet years. Reliance on only the Humbug snow pillow sensor to
determine spring flows may result in conditions where Philbrook Reservoir will not fill and will
thereby jeopardize the cold-water pool that protects spring-run Chinook salmon. PG&E notes
that it can request lower releases if the reservoir is not filling as expected; however, by the time
actual runoff is reliably predicted, it could be too late in the snowmelt season to capture enough
water. To avoid such risk, PG&E recommends the State Water Board adopt the following
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modification: “In years when the snow water equivalent at the Humbug snow pillow sensor
(HMB #823) is at least 40 inches on April 1 and the forecast of unimpaired Feather River
runoff at Oroville is indicative of a wet year, minimum instream flow releases to Philbrook
Creek below Philbrook Dam shall be 10 cfs between April 1 and May 15.”

B. Draft Condition 6: Canal and Powerhouse Operation Water Quality Monitoring

Number 4 of Draft Condition 6 stipulates that “Monitoring parameters shall include
water temperature, dissolved oxygen, and turbidity, with sampling at defined intervals.” PG&E
requests that the requirement for dissolved oxygen (DO) be clarified. During the relicensing
studies, all DO measurements taken over a two year monitoring program met Basin Plan
objectives; thus, there has been no indication that the Project impacts DO. PG&E requests that
clarifying language be inserted stipulating that “D(O measurements are to be taken during water
temperature and turbidity monitoring calibration checks.”

L

Number 6 of Draft Condition 6 requires inclusion of “monitoring protocol(s) for
sampling and analyzing water for herbicides in receiving streams, during or immediately afier
scheduled herbicide treatments. . . .” PG&E requests clarification as to whether the State Water
Board’s concern is related to run-off during a storm event or to- drift during herbicide
applications. If the intent is to determine if herbicides are entering the waterway during a run-off
producing rain event, it would be more appropriate to sample during a rain event within a certain
timeframe of the treatments (i.c. within 90 days of herbicide application). If the intention is to
document whether herbicides are entering receiving waters due to drift, the samples would need
to be taken immediately after or during treatments at pre-designated points downstream of
treatments.

PG&E currently employs best management practices (BMPs) to prevent herbicides from
entering waterways, including implementing no-spray buffers where treatments occur adjacent to
streams and using backpack sprayers set to create large sized droplets. With these and other
BMPs implemented, it is very unlikely that any herbicides will enter receiving streams from
drift. Implementing sampling “during or immediately after” treatment would be logistically
difficult because treatment crews would be moving through the system visiting several locations
throughout a given treatment day. Therefore, it would be extremely difficult to define a
sampling location immediately downstream of a treatment area that also allows for taking
samples at the appropriate time to detect herbicides. Furthermore, any samples collected are
very unlikely to capture any herbicide that may be entering the waterway due to drift because of
the speed with which the waterway will move chemicals downstream.
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Consequently, PG&E recommends the State Water Board require water quality sampling
for herbicides during run-off producing storm events to verify that the streamside buffers and
other BMPs are functioning properly. Specifically, PG&E proposes taking samples before
treatments to determine a baseline level of chemicals in the water that are not due to PG&E’s
applications (e.g., from illegal marijuana growing), and again after treatments if there is a run-off
producing storm event within a mutually agreed upon timeframe (i.e. 90 days after treatment). In
addition, PG&E recommends that water quality sampling for herbicide runoff be performed for
the first three years after herbicide treatments are initiated. If there are no herbicide detections
within that timeframe, PG&E proposes to stop sampling. If any herbicides are detected within
that timeframe, PG&E will re-evaluate and/or modify streamside buffers and other BMPs and
continue sampling until there have been three consecutive years of no post-herbicide treatment

detections.

Number 7 of Draft Condition 6 requires that the plan include “Identification of the known
locations of California red-legged frog, mountain yellow-legged frog, foothill yellow-legged
frog, and Yosemite toad.” PG&E notes that of the species listed in this requirement, only foothill
yellow-legged frogs were detected in the Project Area during relicensing. PG&E further notes
that foothill yellow-legged frog monitoring is addressed in Draft Condition 20, Foothill Yellow-
Legged Frog monitoring. Consequently, PG&E requests the removal of this requirement.
Furthermore, PG&E request that the reference to species other than foothill yellow-legged frog
be removed from all other requirements associated with herpetofauna.

In addition, Number 9 of Draft Condition 6 requires that the required water quality
monitoring plan include “installation and operation of turbidity monitors upsiream of Centerville
Powerhouse in the Lower Centerville Canal spill channel and downstream of the Centerville
Powerhouse. . . .” PG&E requests the removal of the requirement to install turbidity monitors in
the Lower Centerville Canal spill channel because this is a turbulent environment and monitoring
equipment cannot reliably measure turbidity in such conditions. In addition, the turbidity sensor
would not likely survive the high-energy environment present at this location. Finally, this
measure should apply, if at all, only when the lower Centerville canal is in operation, and should
be suspended when “full flow” conditions in Butte Creek take effect. |

Number 10 of Draft Condition 6 requires that the water quality monitoring plan include
“Specific, measureable criteria to be used in combination with monitoring data and the list of
drivers to objectively evaluate if the goals and objectives of the Water Quality Plan are being
met or if the Project may be adversely affecting water quality, California red-legged frog,
mountain yellow-legged frog, foothill yellow-legged frog, and Yosemite toad.” PG&E notes that
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of the species listed in this requirement, only foothill yellow-legged frogs were detected in the
Project Area during relicensing. And again, PG&E notes that foothill yellow-legged frogs are
addressed in Draft Condition 20. Pursuant to that Draft Condition, foothill yellow-legged frog
monitoring, details of methods, monitoring schedules, and reporting will be submitted to the
resource agencies (which includes the State Water Board) for review and comment.
Consequently, PG&E requests that this requirement be removed.

Within the body of Draft Condition 6 there is also the following requitement; “surveys
Jfor California red-legged frog, mountain yellow-legged frog, foothill yellow-legged frog and
Yosemite toad shall be on-going and data shall be recorded and provided to the Deputy Director
annually by the end of January for the preceding year and to participants at the annual
meeting.” As noted above, no California red-legged frog, mountain yellow-legged frog, or
Yosemite toad were detected during relicensing surveys and none would be expected to occur in
future surveys. Thus, there is no project nexus for such surveys with respect to these species and
PG&E requests that the requirement to perform such surveys be deleted. Furthermore, PG&E
requests that any requirement to perform surveys for foothill yellow-legged frog be consistent
with the U. 8. Torest Service (“USFS”) modified 4(e} Condition 20 Part 2 Foothill Yellow-
Legged Monitoring Plan (as referenced in the State Water Board’s Draft Condition 20, Foothill
Yellow-Legged Frog Monitoring) which requires monitoring for this species “for the first four
consecutive years afier License issuance and every three years thereafier”.

C. Draft Condition 9: DeSabla Forebay Water Temperature Improvements

Number 3 of the Construction section réquires PG&E to provide “A description of how
the Project will be operated to continue to provide cold water to lower Butte creek during
construction and when the Buite canal or pipeline is in or out of service.” Tt is not feasible to
continue to provide cold water to lower Butte Creek during construction of the DeSabla Forebay
water temperature reduction structure because the distance (approximately 1 mile), elevation
difference (1,530 feet), and slope (29%) between the forebay and Butte Creek would make
construction of a temporary bypass more difficult to construct and more disturbing to the
environment than the temperature control structure itself. Construction of this structure is a
major undertaking and will require DeSabla Forebay to be drained, dredged, and the work to be
completed under dry reservoir bed conditions. There is no feasible way to divert the canal water
around the forebay during construction, nor is there a spillway that can accommodate the 50-100
cfs that is normally diverted from the West Branch Feather River. The construction will require
4-6 months and should occur during the late spring to fall period (i.e., during the summer holding
period of spring-run Chinook salmon). It will not be possible to construct this structure during
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the winter, since rain and snow events will compromise the work s1te increase environmental

- and safety risks, and require a longer construction period.

The condition also requires that “The Temperature Improvement Plan shall also contain
a provision for continued diversions to Upper Centerville Canal during construction.”
Similarly, it will not be possible to continue diversions to Upper Centerville Canal during
construction as the reservoir will need fo be drained and dry. In addition, this condition is not
consistent with the 1942 Butte Creek Adjudication, paragraph 57, which allows PG&E to use the
Upper Centerville Canal as a conduit for conveying water at its discretion.

Model CE-QUAL-W2 Validation and Validated Model Application: The Licensee does
not support the described validation and application of the CE-QUAL-W2 (W2) water
temperature model. Draft Condition 1.A. requires implementation of the existing minimum
instream flows (see Table 1) for one year following completion of the DeSabla Forebay water
reduction structure. Therefore, direct monitoring of the “realized” water temperature reduction
within the forebay and the resulting water temperature changes downstream will be the best
measure as to whether the device is achieving the intended results. The existing W2 model does
not explicitly model the thermal reduction device within DeSabla Forebay. In the W2 modeling

- analysis, performed during relicensing, the percent of temperature reduction in DeSabla Forebay

was simulated by reducing the difference between the outflow and inflow temperature by the
target percentage (i.c., 50% or 80%). The actual temperature reduction achieved after
construction of the structure can be directly determined through the monitoring program
identified in Draft Condition 10. An evaluation of the resulting “reduction” in stream
temperatures can be achieved by using the long water temperature monitoring record (available
at the Butte Creek stations listed in Draft Condition 10 since 2004). This will give the actual
temperature reduction, whereas the W2 model is just an estimate and is subject to error.
Comparisons between model predictions and actual observed changes will not distinguish
between model error and implementation issues.

D. Draft Condition 12: Hendricks Diversion Fish Screen and Passage

PG&E requests that the requirement for a fish ladder at Hendricks Diversion Dam be
removed from Draft Condition 12. PG&E has already conducted an assessment of the migration
corridor between Hendricks Diversion Dam and Big Kimshew Creek (Attachment 2). This
assessment confirmed three natural barriers within this reach comprised of both large physical
(vertical) barriers and high-velocity (flow) barriers, and three additional probable velocity

. barriers, The construction of the ladder is not justified because (1) natural barriers downstream

of Hendricks Diversion Dam will prevent upstream migrating fish (resident rainbow trout and
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brown trout) from reaching such a fish ladder, and (2) there are potential adverse impacts to
spring-run Chinook salmon from an increase in water temperature in Butte Creek if higher
instream flows are required in the West Branch Feather River to operate the ladder.

Numbers 4 and 5 of Draft Condition 12 call for development of drivers and criteria that
will address the success of a fish screen and ladder at Hendricks Diversion Dam; number 6 calls
for a plan of corrective action ‘in cases when the Hendricks Fish Plan’s goals and objectives are
not being achieved”. Because natural barriers to fish migration, located on private property
downstream of Hendricks Diversion Dam, will prevent fish in the designated reach from utilizing
such a fish ladder, defining meaningful standards for ladder “success” is not possible. PG&E
requests that references to a fish ladder be removed.

_ Number 8 of Draft Condition 12 requires that the plan make a “recommendation for the
minimum flow required for operation of the fish ladder (to provide both attraction and passage).
The fish screen shall be designed to comply with NMES and CDEFW fish screen criteria.” This
provision for increased flows in the West Branch Feather River for a fish ladder creates the.
potential for adverse impacts to spring-run Chinook salmon. Water temperature modeling done

~ during relicensing clearly showed that increases in instream flow below Hendricks Diversion

Dam directly increased the water temperatures in Butte Creek. Therefore, increased minimum
flows to supply a fish ladder could adversely impact a threatened species. Moreover, natural
migration barriers would severely undermine the efficacy of a fish ladder at Hendricks Diversion
Dam. For these reasons, this requirement should be deleted.

E. Draft Condition 14: Resident Fish Population Monitoring

Language in Number 2 of Draft Condition 14 states that the Resident Fish Population
Monitoring Plan shall include “A description of the proposed monitoring and moniforing
protocol(s) consistent with those prescribed by the USFS in its modified 4(¢) Condition 20;”
Number 5 of Draft Condition 14 adds, “Af a minimum, the schedule for monitoring shall include
monitoring during the third year after the license issuance and every five years thereafier for the
term of the license and any annual extensions”. PG&E requests that the State Water Board
adopt the language of the USFS modified 4(e) Condition 20 exactly, or delete the second
statement (Number 5 of Draft Condition 14) referring to schedule, because it conflicts with the
USFS modified 4(e) Condition 20 which reads: “Fish surveys will be conducted beginning in
year 3 after license issuance, and then every 5 years thereafier for the life of the license. If
sampling is scheduled in wel water years, it will be posiponed to the next year to avoid the
potential confounding effect of high flows on fish recruitment and populations.”(emphasis added)
Number 5 of the Board’s Draft Condition 14 contradicts the USFS 4(e) requirement that
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sampling only occur during non-wet years. PG&E notes that during high flows the reliability of
sampling methods used (snorkeling and backpack electrofishing) will decrease. The additional
error introduced in wet years, makes comparing data from multiple types of water years difficult
and misleading. '

The minimum monitoring requirement of Draft Condition 14 states: “Sampling at the
Jollowing locations (not limited to): the West Branch Feather River below Philbrook Creek;
West Branch Feather River upstream of Hendricks Diversion;, West Branch Feather River
downstream of Hendricks Diversion; Butte Creek upstream of Butte Dam; Butte Creek
downstream of Butte Dam; and Butte Creek upstream of DeSabla Powerhouse.” PG&E requests
that the “not limited to” statement be removed from this paragraph, as it implies additional sites
may be required, thereby adding uncertainty.

F. Draft Condition 15: Fish Stocking

The purpose of planting fish is to mitigate for project canal impacts on fish and
recreational opportunities. Measures such as Draft Condition 13 (two required fish rescues) and
Draft Condition 12 (installation of the fish screen at Hendricks, if implemented) already reduce
fish entrainment and mortality to fish within the Project area while increasing the opportunity of
natural recruitment of fish within the system. Since the number of fish being diverted out of the
stream will be reduced by the previously mentioned measures, the proposed requirement to
mcrease trout stocking to 8,000 pounds annually is excessive. PG&E requests that the State
Water Board revise Draft Condition 15 to read “The Licensee shall stock 4,130 pounds of trout
annually in years in which CDFW stocks trout within the Project”. This language is consistent
with the 1985 Fish Stocking Agreement between PG&E and the California Department of Fish
and Wildlife, in which CDFW states, “Licensee will reimburse Fish and Game for annually
‘stocking 14,435 fish, with an approximate minimum catchable size of 3.5 trout per pound” (i.e.,
4,124 pounds).

G. Draft Condition 16: Federally-and State-Listed Anadromous Fish Monitoring

. Draft Conditions 16 and 17 are generally duplicative and create confusion as to how they
should be implemented. As a general comment, PG&E requests that the State Water Board
combine the two conditions into one condition, and permit two years to develop a plan. Due to
the detail and complexity of the plans required, the two-year time frame for plan development
proposed in Draft Condition 17 will be necessary. Comments on specific details of Draft
Condition 16 are provided below.
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Draft Condition 16 requires that PG&E create a Federally- and State-Listed Anadromous
Fish Monitoring Plan for lower Butte Creek that ensures “funding for CDFW to continue annual
monitoring” without specifying a nexus to the Project. CDFW activities on lower Butte Creck
extend far beyond the bounds of the Project, and PG&E should not be required to fund activities
not directly related to the Project. PG&E requests that this requirement read “...funding for
CDFW adult Spring-run Chinook monitoring on Butte Creek between the Quartz Bowl barrier
and the Covered Bridge...” This language reflects the scope of feasible monitoring with a nexus
to the Project. '

Draft Condition 16 specifies as one minimum requirement “Annual snorkel surveys to

- monitor adult distribution and abundance, pre-spawn mortality surveys, and carcass surveys.”

As written, this condition is unacceptable to PG&E since under the flow requirements imposed
by this draft water quality certification, snorkel surveys will not be feasible. The full flow
requirements at Lower Centerville Diversion Dam under Draft Condition 1 will result in flows
between 185 cfs and 300 cfs (Clint Garman, CDFW, personal communication 5/16/13). It would
be unsafe to conduct snorkel surveys within the Butte Creek canyon from Quartz Bowl to the
Centerville Powerhouse at these flow rates. This section of the canyon/river exhibits a very high
gradient with large boulders. At full flow, surveyors could be subject to severe, even fatal,
injuries. Obviously, PG&E will not expose its employees or contractors to such conditions.
Secondly, even if snorkel surveys could be safely conducted, any pre-spawning data collected
above the Centerville Powerhouse after the implementation of full flows would not be.
comparable to those data collected in that section during current conditions. Increased flows will
result in faster {raveling time of surveyors, increased bubble curtains that decrease visibility, and
other changes in sampling methods related to the higher velocities (such as ability to dive into
deeper areas). Because carcass surveys occur in the fall, when available flow is lower due to the -
natural hydrograph, these surveys won’t be as affected by the full flow requirement. For all
these reasons, the annual snorkel survey requirement should be deleted from the certification.

- The second minimum requirement under Draft Condition 16 requires “juvenile
emergence and outmigration monitoring”. PG&E requests the State Water Board remove this
requirement because such monitoring will be ineffective in assessing the effect of Project
conditions. CDFW has found that downstream migrant {rapping on Butte Creek is too prone to
error to permit accurate estimates of downstream migrants. It is very difficult to calibrate trap
efficiency (a key factor in determining total numbers of downstream migrants). In addition, the
accuracy of trapping data in Butte Creek is compromised by high flows during the juvenile out-
migration period (January through February), when the traps have to be taken out of service for
the safety of personnel and to decrease mortality of juvenile spring-run Chinook salmon (Clint
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Garman, CDFW, personal communication 5/16/13). The poor data quality inevitably resulting
from this monitoring requirement does not justify the significant cost of conducting the study.

The third minimum requirement under Draft Condition 16 requires “Monitoring and
mapping the changes in adult SR Chinook and steelhead habitats (e.g., undercut banks,
spawning gravel locations and quantity) as a result of a change in Project operation (e.g.,
minimum instream flows) downstream of the Lower Centerville Diversion Dam.” PG&E
requests that this monitoring condition be removed because of a lack of nexus to the Project.
The availability of spawning gravel as a function of minimum instream flow was assessed during
relicensing. Annual variation in the quantity of gravel observed in Butie Creek is mainly due to
the pattern and frequency of high storm flows with a return frequency of 1.5 years or greater, and
local canyon hydraulic and geological conditions controlling scour and deposition. It is highly
unlikely that changes in minimum instream flows will have a detectable influence on this annual
variation. Similarly, the location of spawning riffles is not determined by instream flows, but by
the shape, gradient, and geology of the Butte Creek Canyon which control the location of gravel
deposition during channel forming flows. Undercut banks in this area will not change as a

- function of minimum instream flow because they are mainly formed by bedrock and large

boulders that are resistant to change even at very high flows.

H. Draft Condition 17: Spring-Run Chinook Salmon Monitoring

As noted above, PG&E requests that the State Water Board consolidate Draft Conditions
16 and 17 and use the two-year time frame for plan development proposed in Draft Condition 17
in the combined condition. ,

Because Draft Condition 17 specifies many of the same technical requirements as Draft
Condition 16, the comments provided regarding Draft Condition 16 also apply here.
Specifically, poor visibility and unsafe conditions with full flow below Lower Centerville
Diversion Dam will make it unsafe and infeasible to monitor effectively the change in
distribution, abundance, and summer mortality above and below Centerville Powerhouse and to
compare the results to pre-full flow conditions.

I. Draft Condition 18: Long-term and Annual Operations and Maintenance Plans,
and Annaal Meefing :

Draft Condition 18 requires that “The Long-Term Operation Plan shall include the
Licensee’s requirement to hold an annual meeting in April of each year.” and “During the
annual meeting, the Licensee shall present the results of any monitoring conducted in the
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previous year (emphasis added), a summary of the past year’s operation and maintenance
activities, and the draft Annual Operations and Muaintenance Plan for the next twelve months.”
Later Draft Condition 19 states “The Licensee shall provide results of benthic macroinvertebrate
monitoring to the Deputy Director in a technical report following completion of each sampling
effort and at least 30 days prior to the annual meeting required in Condition 18”. PG&E
requests that this condition be modified to delete the requirement to report on monitoring results
of the benthic macroinvertebrate monitoring and other such studies at the Annual Operations
Meetings. Presenting the results of approximately 9 monitoring studies (studies required by the
USES 4(e) Conditions, the draft EA, and the water quality certification will interfere with the
purpose of the Annual Operations Meetings which is to focus on how the Operations Group® will
meet the delivery of cold water during the critical holding period of the spring-run Chinook
salmon. PG&E requests that water quality temperature and anadromous fish monitoring results
from previous monitoring years continue to be the focus at the Annual Operations Meeting.

PG&E also recommends that all other monitoring data be presented at the Annual
Consultation Meeting which is required by the Final USFS 4(e) Condition 1 which reads “The
date of the consultation meeting will be mutually agreed to by the Licensee and the Forest
Service but in general will be held 60 days prior to the beginning of the recreation season to

facilitate implementation of flow management requirements and recreational management

activities. Representatives from the U.S. Fish and Wildlife Service, California Department of
Fish and Game, or other interested agency representatives concerned with operation of the

project may request to attend the meeting.” This would also be consistent with the draft License

Article listed on page A-9 of Appendix A of the Final FERC EA. That Draft Article states
“Consistent with Forest Service 4(e) condition 1, the licensee shall also annually consult with:

the California Department of Fish and Game; the California State Water Resources Control

Board; the National Marine Fisheries Service, the U.S. Fish and Wildlife Service, and the U.S.

Geological Survey.”

J. Draft Condition 19; Benthic Macroinvertebrate Monitoring

‘This condition requires PG&E to submit a Benthic Macroinvertebrate Monitoring Plan
within 180 days of license issuance. PG&E requests that the submittal of the Plan be extended to
“within one year of License issuance” to make it consistent the USES 4(e) Condition 20, Part 3
which also requires a Benthic Macroinvertebrate Monitoring Plan,

' “Operations Group” is defined in a draft License Article on page A-9 of Appendix A of the Final FERC
Environmental Assessment)
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In addition, Number 5 of Draft Condition 19 requires that, “A¢ a minimum, monitoring
shall be conducted during the third year of the license and every five years thereafter for the
term of the license. . . . . ” PG&E recommends that the State Water Board use the same language
as USFES 4(e) Condition 20, Part 3 which states that “Surveys shall be coincident with the fish
monitoring in Part 1 (unless an alternative monitoring schedule is approved in consultation with
interested governmental agencies).” This language will keep the schedule consistent with the
fish monitoring required by USFS 4(e) Condition 20, which delays. sampling events to the
following year if sampling is scheduled during a wet year. As is the case with fish, sampling
benthic macro-invertebrates during wet water years introduces error and makes annual
comparisons difficult and/or misleading. The California Stream Bioassessment Protocol is
designed for wadeable streams; however high flows during wet years make much, if not all, of
the project streams unwadeable.

K. Draft Condition 21: Bald Eagle Monitoring

Draft Condition 21 requires that the Bald Eagle Plan monitoring, at a minimum, shall
include “One breeding and one wintering survey every three years beginning within three years
of license issuance”. This is confradictory to the language of Number 6 of Draft Condition 21
which reads, “At a minimum, reports shall be provided to the Deputy Director each year”. If
surveys occur every three years then there won’t be a report to submit every year. PG&E
requests that the State Water Board change the language of Number 6 of Draft Condition 21 to
read: “Af a minimum, reports shall be provided to the Deputy Director in the year following any
year in which surveys are conducted.”

L. Draft Condition 24: Wet Meadow

PG&E requests that this condition be deleted as not relevant to the water quality
certification. The parcel that relates to this condition, Butte Creek House Ecological Reserve, is
well outside of the Project boundary, is not related to the operation of the Project, and is the
subject of a comprehensive agreement between PG&E and CDFW which will expire when a new

license is issued.

M. Draft Condition 25: Transportation System Management

Under Number 4 of Draft Condition 25 a sentence reads “Develop a design for
reconstruction of the North Fork Feather River road crossing, below Round Valley Reservoir to
the Licensee’s BW45 gage.” PG&E believes that the reference to North Fork Feather River was
meant to refer to West Branch Feather River.
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N. Draft Condition 26: Long-Term Operations of Centerville Development

Draft Condition 26 requires development of a plan to “allow both upstream and
downstream fish passage at Lower Centerville Diversion Dam.” PG&E requests that this
objective be deleted. because it is not supported by the facts. Upstream fish passage is not
supported because natural barriers upstream, downstream, and undemeath the Lower Centerville
Diversion Dam (“LCDD”) will prevent upstream migration even if LCDD were removed.
Measures for downstream migration of resident fish are not supported because there will not be
any entrainment into the Lower Centerville canal with full flows below LCDD.

A 2005 review of measurements of natural barriers above and below Lower Centerville
Diversion Dam (Attachment 3) suggests that even prior to the construction of LCDD, this site
was a total barrier to anadromous fish in most years. The falls at Quartz Bowl (1 mile
downstream) is 11.1 feet high, while a slightly higher pre-project natural barrier (11.4 feet) forms
the foundation of LCDD (Watanabe 20002). Powers and Orsborn (19853) identified 11 feetas a
criterion for a total barrier for all species of Pacific salmon and steethead. Observations of
spring-run Chinook salmon above the Quartz Bowl barrier have confirmed this site to be a
barrier to salmon migration for all but a few fish in only the wettest years.

Further, even if passage above Quartz Bowl and LCDD were available, the spawning
habitat between LCDD and the impassible natural barriers upstream is only adequate to support
two pairs of spawning salmon and eight pairs of spawning steelhead. Therefore, a requirement
for upstream passage for anadromous fish at LCDD does not have a reasonable nexus with the
Project, nor would there be a significant biological benefit in providing such passage.

Similarly a nexus for providing formal downstream fish passage is also potentially
lacking. It is possible that Centerville Powerhouse will remain out of operation; if that is the
case, no turbine mortality would occur for any downstream migrant resident trout entering the

- canal. The draft certification calls for ceasing diversion at LCDD as soon as a temperature

control structure can be completed in DeSabla Forebay. Thus, all downstream migrant resident

2 powers, P.D. and J.F. Orsborn. 1985. Analysis of barriers to upstream fish migration. An investigation of the
physical and biological conditions affecting fish passage success at culverts and waterfalls. Part 4 of 4 of a BPA
fisheries project on the development of new concepts in fish ladder design. Contract DE-A179-82BP36523. Project

No. 82-14

*  Watanabe, C. 2000. Preliminary engineering requirements for fish passage on Upper Butte Creek: An
assessment of the natural bartiers-DRAFT. California Department of Fish and Game.
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fish would pass directly downstream from LCDD, making construction of a fish screen and
bypass unnecessary. Further discussion of the possible retirement of the powerhouse with the
various stakeholders will be conducted before the final water quality certification is issued and
we ask the State Water Board to be open to revision of this requirement based on the conclusions

reached.

In a related comment, PG&E requests that the Butte Creek barrier discussion on page 46
of the drafti Mitigated Negative Declaration be revised to reflect the data in Watanabe (2000),
including the fact that even if LCDD were removed, the 11.4-foot natural barrier at its
foundation would still block upstream migration.

0. Draft Condition 28: Philbrook Reservoir Instream Flow Releases

Draft Condition 28 states: “The Licensee shall make any adjusiments to the minimum
instream flow release valve as quickly as possible, in response to heat-related events. In any
case, these adjustments should be made in less than two hours. The Licensee shall submil a
Philbrook Reservoir summary of valve adiustments report that includes response times every
three years to the Deputy Director, by December 31. In the event that the Licensee fails to
respond within two hours for any reason including unsafe conditions, the Licensee shall submit a
report to the Deputy Director within 10 days of the incident. The report will include response
time, reason for the delay in response, unsafe conditions and remediation to delay and/or unsafe
conditions that will prevent a delay in response time in the future.”(emphasis added)

The procedures identified in the annual operation plan provide for extensive interaction
with, and report out to, several agencies (including the State Water Board). Overall guidelines
for operation of Round Valley and Philbrook reservoirs contain detailed contingency procedures
to be followed in the case of an extreme heat event, including: '

o Biweekly (Monday and Thursday) weather forecasts to the resource
agencies to anticipate heat events; :

» Alerting the agencies if air temperatures are forecast to exceed 105
degrees at Cohasset, with the potential for compression heating;

e Adjusting flow in consultation with the agencies;

e After temperature forecasts have returned to normal levels, reduction
of releases at Philbrook Reservoir to pre-event levels (or other levels
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" as determined appropriate in consultation with CDF&G and NOAA
Fisheries); and :

e Assessment and notification of the quantity of water available for the
remainder of the season.

This type of forecast-based collaborative management has proven to be an effective
means of providing timely releases of additional cool water to Butte Creek and managing the
limited amount of cool water available in Philbrook Reservoir.

PG&E requests that the part of the draft condition underlined above be removed since it
requires redundant reporting. Details regarding releases from Philbrook Reservoir are part of the
operations plans required under Draft Condition 18. PG&E originally proposed the two-hour
response time as a general guideline, which it already follows. Strict reporting of literal
adherence to this guideline is unnecessary, as decisions to increase flow at Philbrook Reservoir
are made days in advance. Because there is a 23-hour travel time for water released from
Philbrook Reservoir to reach DeSabla Forebay, the effective use of cool water from Philbrook
Reservoir to moderate water temperatures in Lower Butte Creek requires anticipation of heat
evenis. Tracking and reporting on whether the two-hour requirement on a specific flow
adjustment is met increases the difficulty of implementing the license, without significantly
improving the response to extreme heat events. '

P. Drafi Condition 30

Draft Condition 30 states: “Project activities shall not cause an increase in turbidity
downstream of the Project area greater than those identified in the SR/SJR Basin Plan.
Waters shall be free of changes in turbidity that cause nuisance or adversely affect beneficial
uses, and shall comply with the turbidity requirements defined in the SR/SJR Basin Plan. If
monitoring shows that turbidity has exceeded the water qualily objective, construction will
cease and the violation will be reported immediately to the State Water Board’s Deputy
Director for the Division of Water Rights (Deputy Director} and the Executive Officer for the
Central Valley Water Board (Executive Officer). Construction may not re-commence without

_ the permission of the Deputy Director.”

This condition is unnecessary and does not take into consideration the major efforts ~
PG&E has undertaken to control turbidity releases in the project area. The requirements in
Draft Condition 30 are already covered by Draft Condition 6 which requires that “the
Licensee shall file a Canal and Powerhouse Operation Water Quality Monitoring Plan” that
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requires extensive monitoring throughout the life of the license, including the development of
corrective measures and a timetable for action. In addition, Draft Condition 7 requires that
“the Licensee shall file a Project Canal Maintenance, Inspection, and Hazard Prevention
Plan”. PG&E has worked closely with the RWQCB to develop BMP’s and operational
protocols to prevent turbidity releases from the project.

Review of turbidity data from previous studies show that the turbidity standards in the
SR/SJR Basin Plan are not biologically based and PG&E’s concern is that these standards do not
allow for reasonable, less than significant alterations in turbidity associated with normal hydro
project operations (e.g., bringing canals back on-line after an outage). The effects of turbidity on
salmonids have been studied in detail (see Newcombe 2003; Attachment 4) and have been found
to be a function of the magnitude and duration of the elevated turbidity. PG&E commissioned a
white paper in 2010 (Attachment 4) which indicates that short term (one day) low magnitude
(+15 NTU) deviations from background levels have little to no effect on resident salmonids in
cold water streams. The Basin Plan allows for a mixing zone in which turbidities can exceed
criteria and allows for the establishment of averaging periods as long as beneficial uses are
protected. At a minimum, Draft Condition 30 should be modified to allow a -+15 NTU above
background buffer based on a daily average. But again, as demonstrated in the white paper, a
short-term elevation in turbidity does not impair cold water habitat beneficial uses. Furthermore,
the limitations on construction, embedded within this condition, are unnecessary, duplicative,
and potentially contradictory as construction projects require multiple permits that specifically
identify appropriate conditions (including project specific water quality certification conditions).

Q. Draft Condition 31

Draft Condition 31 reads “All imported riprap, rocks, and gravels used for construction
shall be pre- washed.” PG&E requests clarification: is the Water Board proposing that these
materials be pre-washed specifically when used within a water course? If so, PG&E requests the
State Water Board change this condition to read “All imported riprap, rocks, and gravels used
Jfor construction within a water course shall be pre- washed. ” If not, please clarify when pre-

washing should occur.

R. Draft Condition 38

Draft Condition 38 includes a purported reservation of authority “fo modify the conditions
of this water quality certification to incorporate load allocations developed in a total maximum
daily load developed by the State Water Board or a Regional Water Quality Control Board.”
However, Draft Condition 38 does not reference any statute authorizing this reserved authority.
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The State's effort to retain jurisdiction as stated in this Draft Condition would allow the State
Water Board to unilaterally change the requirements of PG&E's FERC license, in violation of the
Federal Power Act. Such reservation of authority appears to contravene the express terms of the
Federal Power Act, which provides in relevant part that “Licenses . . . may be altered . . . only
upon mutual agreement between the Licensee and the Commission. . . .” 16 U.S.C. § 799.
Therefore, PG&E recommends that this Draft Condition be removed or substantially re-drafted
to conform to the State Water Board's statutory authorities in connection with the issuance of a
water quality certification under the Clean Water Act. '

S. Draft Condition 39

Draft Condition 39 includes a purported reservation of authority to add to or modify this
water quality certification under certain stated circumstances in the future. However, Draft
Condition 39 does not reference any statute authorizing this reserved authority. The State's effort
to retain jurisdiction as stated in this Draft Condition would allow the State Water Board to
unilaterally change the requirements of PG&E's FERC license, in violation of the Federal Power
Act. Such reservation of authority appears to contravene the express terms of the Federal Power
Act, which provides in relevant part that “Licenses . . . may be altered . . . only upon mutual
agreement between the Licensee and the Commission. . ..” 16 U.S.C. § 799. Therefore, PG&E
recommends that this Draft Condition be removed or substantially re-drafted to conform to the
State Water Board's statutory aunthorities in connection with the issuance of a water quality
certification under the Clean Water Act.

T. Draft Condition 40

Draft Condition 40 includes a purported reservation of authority to modify this water
quality certification as a resulf in the change in baseline assumptions caused by future climate
change. However, drafl Condition 40 does not reference any statute authorizing this reserved
authority. The State's effort to retain jurisdiction as stated in this Draft Condition would allow
the State Water Board to unilaterally change the requirements of PG&E's FERC license, in
violation of the Federal Power Act. Such reservation of authority appears to contravene the
express terms of the Federal Power Act, which provides in relevant part that “Licenses . . . may
be altered . . . only upon mutual agreement between the Licensee and the Commission. . . .” 16
US.C. § 799. Furthermore, it is not appropriate potentially to require PG&E to mitigate for a
harm to which the Project is not contributing. There must be some nexus between this Draft
Condition and a project effect that is confributing to the identified harm. The required nexus is
lacking since the Project is not a cause of climate change. Therefore, PG&E recommends that
this Draft Condition be removed or substantially re-drafted to conform to the State Water Board's
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statutory authorltles in connection with the issuance of a water quality certlﬁcatlon under the
Clean Water Act.

U. Draft Condition 41

Draft Condition 41 requires compliance with all applicable requirements of the SR/SJIR
Basin Plan. It is unfair and inappropriate for a future compliance determination to hinge on the
opinion of future regulators as to what may or may not have been intended as an "applicable
requirement” of such a lengthy document, particularly one that may be changed from time to

time.

Furthermore, in East Bay Municipal Utility District et al. v. State Water Resources
Control Board et al., Alameda County Case No. RG 10512151, the State Water Board argued —
and the court agreed — that Basin Plan provisions assigning mass-based numerical waste load
allocations to named dischargers “do not by themselves prohibit. any conduct or require any
actions on the part of dischargers. They merely set goals. What dischargers are required to do is
specified in the waste discharge permits (NPDES permits) that they are required to obtain from
Regional Water Boards.” State Water Board’s December 22, 2010 Brief on the Merits, 7:11-13
(emphasis added).

Thus, the State Water Board took the position that there could be no enforcement
jeopardy associated with the Basin Plan unless and until specific requirements were articulated in
a future approval issued to the discharger. Here, the “future approval” — a 401 certification —
does not have the requisite specificity to put PG&E on notice of “[w]hat dischargers are required
to do.”

It is PG&E’s understanding, then, that the Basin Plan’s primary purpose is to provide
guidance to permit writers as to what measures to incorporate into a permit; it is not itself
intended primarily as a compliance document. Consequently, PG&E questions the propriety of
purporting fo incorporate wholesale “all applicable requirements™ of the Basin Plan.

The State Water Board agreed to delete this type of draft condition from other
certifications for PG&E’s hydroelectric projects. PG&E requests that Draft Condition 41 be
deleted here as well.

Y. Draft Condition 42

Draft Condition 42 requires PG&E to comply with all water quality standards and
implementation plans applicable in the future under the Porter-Cologne Water Quality Control
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Act or section 303 of the CWA, and to take all reasonable measures to protect beneficial uses of
Butte Creek and the West Branch of the Feather River and their tributaries. It is unfair and
inappropriate for a future compliance determination to hinge on such broad and undefined
requirements. PG&E requests that Draft Condition 42 be deleted or more specifically clarified.

W. Draft Condition 45

Draft Condition 45 includes a purported reservation of authority to add to or modify this
water quality certification in response to a suspected violation of any condition of the water
quality certification. However, Draft Condition 45 does not reference any statute authorizing
this reserved authority. The State's effort to retain jurisdiction as stated in this Draft Condition
would allow the State Water Board to unilaterally change the requirements of PG&E's FERC
license based on a suspected violation of the water quality certification. This kind of reserved
authority is in violation of the Federal Power Act. Such reservation of authority appears to
coniravene the express terms of the Federal Power Act, which provides in relevant part that
“Licenses . . . may be altered . . . only upon mutual agreement between the Licensee and the
Commission. . . .” 16 U.S.C. § 799. Therefore, PG&E recommends that this Draft Conditions
be removed or substantially re-drafted to conform to the State Water Board's statutory authorities
in connection with the issuance of a water quality certificate under the Clean Water Act.

X. Draft Condition 49

Draft Condition 49 states “The Deputy Director and the FExecutive Officer shall be
notified one week prior to the commencement of ground disturbing activities.” PG&E requests
that the State Water Board clarify this requirement since “ground disturbing activities” can range
from very minor activities to those that require permits. A sweeping notification condition can
hinder the scheduling and performance of minor project activities and put PG&E at risk of non-
compliance. PG&E suggests limiting the notification requirement to activities for which a
permit pertaining to water quality is required.

Y. Draft Condition 50

Draft Condition 50 purports to make this water quality certification subject to
modification or revocation upon judicial or administrative review. -Section 401 of the federal
Clean Water Act, 33 U.S.C. § 1341, does not allow a water quality certification to be withdrawn
once it is issued. Therefore, this Draft Condition should be removed from the water quality

certification for this Project.

i
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CONCLUSION

PG&E would like to thank the State Water Board for the opportunity to submit these
comments and welcomes the opportunity to discuss them with the State Water Board. It is
PG&E’s hope that it can continue to work cooperatively with the State Water Board to achieve
reasonable solutions that fulfill all necessary water quality requirements while protecting existing
beneficial uses, including the continuation of a clean, reliable, and economic energy source for

California.

If you have any questions regarding these comments and/or would like to schedule a
meeting to discuss them, please contact me at the e-mail or phone number listed above. You

may also contact Tom Jereb at (415) 973-9320.

Very truly yours,

Matthew A. Fogelson

cc: Gail Cismowski, Division Chief — State Water Board
-. Tom Jereb, Project Manager, Power Generation — PG&E
Kimberly D. Bose, Secretary, Federal Energy Regulatory Commission
Service List for DeSabla-Centerville Hydroelectric Project, FERC Project No. 803
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CC: Rick Jones, Megan Lionberger

Date: 6/10/2013 JobNo: 00394.177880

RE: Assessment of Operational Impacts to the Proposed Project for DeSabla-Centerville based

on Flow Requirements of SWRCB’s Draft 401 Water Quality Certification

1.

Executive Summary

A numerical modeling assessment was performed by HDR to evaluate the impacts to PG&E’s
DeSabla-Centerville Hydroelectric Project (FERC No. 803) as a result of the California State
Water Regional Control Board’s draft 401 Water Quality Certification (SWRCB 401). The
primary metrics evaluated in this study were: minimum instream flow violations (i.e., inability
to meet minimum flow requirements); Philbrook Reservoir storage and cold water pool
impacts; and power generation. An existing operations model, developed and used during the
FERC relicensing process for the Project, was utilized in the assessment.

Results Summary

Minimum instream flow violations occurred in at least three years, or in as many as nine years,
under the relicensing period of record (Water Years 1986 — 2005) at Butte Creek below Lower
Centerville Diversion Dam, depending upon whether flows were augmented by release from
storage at Philbrook Reservoir to help meet the minimum instream flow requirements under
Condition 1 of the draft SWRCB 401. Flow violations occurred primarily during the fall spawning
period for spring-run Chinook (SRC) salmon and sometimes extend into the early winter (i.e.,
September to early February). Flow violations generally occurred in water years classified as
Normal following a water year classified as Dry.

Philbrook Reservoir cold water pool conditions were similar under SWRCB Condition 1 in
summer as under the Base Case (Existing Operations) and PG&E’s Proposed Project (License
Application). Reservoir storage impacts, due to implementation of SWRCB Condition 1, were
greatest in late summer (September) through early spring, under dry to near-normal water
years, owing to increased releases from Philbrook Reservoir to meet minimum flows below
Lower Centerville Dam. Generally, this is the period of time when the cold water pool in
Philbrook runs out due to releases during July and August to benefit SRC holding in Butte Creek.
In Dry years, when Philbrook Reservoir does not completely fill, this cold water pool is reduced
in volume. No cold water pool impacts are expected to occur in above-normal to wet water
years.

HDR Engineering, Inc. 2379 Gateway Oaks Drive Phone (916) 679-8700 Page 1 0f 15

Suite 200 Fax (916) 679-8701
Sacramento, CA 95833 www.hdrinc.com



Relative to PG&E’s Proposed Project, the average annual generation from the Project is reduced
by approximately 20 percent under the SWRCB 401 Condition 1, or approximately 30 gigawatt-
hours per year (GWh/yr). The primary driver for the generation loss is SWRCB’s proposed
cessation of diversions from Butte Creek into Lower Centerville Canal, resulting in a significant
change in water available for power generation when compared to both historic (Base Case)
Project operation and PG&E’s Proposed Project.

2. Introduction and Background

The DeSabla-Centerville Hydroelectric Project (Project) is divided into three developments:
Toadtown, DeSabla and Centerville. The Toadtown development diverts water from the West
Branch of the Feather River (WBFR); the DeSabla development diverts water from upper Butte
Creek as well as utilizes the outflow of the Toadtown development; and the Centerville
development diverts a portion of the flow of Butte Creek downstream of the DeSabla
development.

The Project recently went through the FERC relicensing process, resulting in several operating
proposals from PG&E, various resource agencies, and FERC itself. FERC issued its “Staff
Alternative with Mandatory Conditions” as part of its issuance of the Final Environmental
Assessment for the Project on July 24, 2009. The final step in the relicensing process for the
Project is the issuance of the final 401 Water Quality Certification from the SWRCB. On April
12, 2013, SWRCB issued its draft 401 Water Quality Certification for the Project. The sections
below provide pertinent details of the draft SWRCB 401 with respect to operation of the
Project. For the purposes of this assessment, HDR assumed the release of full flow into Butte
Creek at Lower Centerville Diversion Dam (i.e., no diversions into the Lower Centerville Canal).
Other assumptions, where necessary, are described below.

Minimum-Instream Flows

Minimum-instream flows under SWRCB 401 Condition 1 are summarized below:
A. Butte Creek

Within approximately five years following issuance of the FERC License, PG&E shall cease
diverting water into the Lower Centerville Canal at the Lower Centerville Diversion Dam,
thereby allowing full flow below Lower Centerville Diversion Dam into Butte Creek (Condition
1(A)). For modeling purposes, release of full flows in Butte Creek below Lower Centerville
Diversion Dam (i.e., no diversions to the Lower Centerville Canal) was simulated for the full 20-
year period of record (Water Years 1986-2005) while attempting to honor the SWRCB 401
minimum instream flow requirements below.
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Butte Creek below
Lower Centerville

Mean Daily Flow (cfs)

Diversion Dam by Water Year
Month Normal* Dry*
Sep 1-Mar 14 100 75
Mar 15— Apr 30 80 75
May 80 65
Jun —Aug 40 40

* Water year types defined per SWRCB 401 Condition 2

Butte Creek below Mean Daily Flow (cfs)
Butte Creek by Water Year
Diversion Dam
Month Normal* Dry*
Mar 1 -May 30 30 20
Jun 1-Feb 28/29 16 10

* Water year types defined per SWRCB 401 Condition 2

Inskip Creek below
Inskip Creek

Mean Daily Flow (cfs)

Diversion Dam by Water Year
Month Normal* Dry*
Year Round 0.25 0.2

* Water year types defined per SWRCB 401 Condition 2

Kelsey Creek below Mean Daily Flow (cfs)
Kelsey Creek by Water Year
Diversion Dam
Month Normal* Dry*
Year Round 0.25 0.2

* Water year types defined per Condition 2

Clear Creek below Mean Daily Flow (cfs)
Clear Creek by Water Year
Diversion Dam
Month Normal* Dry*
Year Round 0.5 0.25

* Water year types defined per SWRCB 401 Condition 2

HDR Engineering, Inc.

2379 Gateway Oaks Drive
Suite 200
Sacramento, CA 95833
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B. Lower West Branch Feather River below Hendricks Diversion Dam

Lower West Branch Mean Daily Flow (cfs)
Feather River by Water Year
Month Normal* Dry*
Sep - Feb 15 7
Mar - Aug 15 15

* Water year types defined per SWRCB 401 Condition 2

C. Upper West Branch Feather River below of Round Valley Dam

Upper West Branch Mean Daily Flow (cfs)
Feather River by Water Year
Month Normal* Dry*
Year Round 0.5 0.1

* Water year types defined per SWRCB 401 Condition 2

D. Philbrook Creek below Philbrook Dam

Philbrook Creek WY Type
Month Dry** Normal** Wet*
Jan - Mar 2 2 N/A
Apr 1-May 15 2 2 10
May 16 - Dec 31 2 2 N/A

* If Humbug snow pillow reports a Snow Water Equivalent of 40 inches or
more on April 1, a "Wet year" instream flow will be implemented from April

1 through May 15.

** When instantaneous flows into Philbrook Reservoir are less than 0.5 cfs,
minimume-instream flow shall be reduced to 1 cfs.

E. Hendricks Canal Feeder Creeks

PG&E shall be required to install three 4-inch pipes, one at each diversion point, to convey

minimum flows. For modeling purposes, the following minimum flows were simulated:

_ Mean Daily Flow (cfs)

Long Ravine by Water Year
Month Normal* Dry*
Year Round 1.0** 1.0**

* Water year types defined per SWRCB 401 Condition 2
**Or natural flow, whichever is less

HDR Engineering, Inc.
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. . Mean Daily Flow (cfs)
hamR
Cunningham Ravine by Water Year
Month Normal* Dry*
Year Round 1.0%* 1.0%*

* Water year types defined per SWRCB 401 Condition 2
** Or natural flow, whichever is less

Little West Fork Mean Daily Flow (cfs)
Creek by Water Year

Month Normal* Dry*

Year Round 1.0** 1.0**

* Water year types defined per SWRCB 401 Condition 2
**Or natural flow, whichever is less

F. Helltown Ravine

No minimume-instream flow requirement, assuming no diversions at Lower Centerville Diversion
Dam to Lower Centerville Canal (Condition 1(F)). The cessation of diversions at Lower
Centerville Diversion Dam is expected to occur within the first five years of new License
issuance, based on other conditions proposed by SWRCB.

Water Year Types

Water Year Types under SWRCB 401 Condition 2 are summarized below:

Fifty percent or less of the average April though July
unimpaired runoff of the Feather River at Oroville.*
Greater than fifty percent of the average April though
Normal | July unimpaired runoff of the Feather River at

Oroville.*

* Based on DWR Bulletin 120 April-July Forecast.

Bulletin 120 is tracked monthly from February through May and the model’s flow
requirements are adjusted as needed if water year type changes during those
months.

Dry

3. Methods

The HEC-ResSim operations model, developed in collaboration with the agencies to support the
DeSabla-Centerville Hydroelectric Project relicensing, was used to simulate system-wide water
and power impacts under the draft SWRCB 401 Conditions. The ability to meet minimum-
instream flow requirements, impacts to Philbrook Reservoir overall storage and cold water
pool, and impacts to power generation were assessed.
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The operations model was previously set up to simulate two system operating scenarios: the
Existing Project (existing License conditions; model run code “Base Case”), and PG&E’s
Proposed Project (PG&E’s proposed future License conditions; model run code “Run 6”). Both
runs include minimum-instream flow releases below Project dams.

Model run SWRCB 401 was developed as two scenarios. In the first Scenario, Project
operations were simulated using current operations whereby Philbrook Reservoir releases are
managed primarily for downstream temperature control in Butte Creek during the summer and
fall. In the second scenario, Philbrook Reservoir releases were managed for temperature
control through August, as under Scenario 1, then starting on September 1 managed to meet
the SWRCB 401 minimum instream flow requirements in Butte Creek below Centerville
Diversion Dam for spring-run Chinook (SRC) spawning. The following summarizes the
assumption for these two scenarios.

Scenario 1 — Reservoir Management for Temperature Control

e Perform a Period of Record Simulation (Water Years 1986 — 2005)

e Minimum instream flow requirements below Project impoundments, as specified under
SWRCB 401 Condition 1

e Cessation of diverted flow to Lower Centerville Canal (i.e. full flows to Butte Creek
below Lower Centerville Diversion Dam)

e Abandonment of Centerville Powerhouse

e Periodic releases of 35 cfs below Philbrook Reservoir during heat storm events

e Typical Philbrook Reservoir (guide curve) operation, comparable to the Licensee’s
Proposed Project

Scenario 2 — Reservoir Management for Temperature Control with Flow Augmentation for SRC
Spawning

e Perform a Period of Record Simulation (Water Years 1986 — 2005)

e Minimum instream flow requirements below Project impoundments, as specified under
SWRCB 401 Condition 1

e Cessation of diverted flow to Lower Centerville Canal (i.e. full flows to Butte Creek
below Lower Centerville Diversion Dam)

e Abandonment of Centerville Powerhouse

e Periodic releases of 35 cfs below Philbrook Reservoir during heat storm events

e Beginning September 1, modified Philbrook Reservoir (guide curve) operation to
conserve storage for potential release later as needed to meet increased minimum
instream flow requirements in Butte Creek below Centerville Diversion Dam

e A new reservoir release rule at Philbrook Reservoir to release additional water from
storage, as needed starting September 1, to meet increased minimum instream flow
requirements in Butte Creek below Centerville Diversion Dam
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Results from the SWRCB 401 Scenarios were analyzed to identify any minimum instream flow
violations, with particular focus on instream flow violations below Lower Centerville Diversion
Dam. Results were also assessed for impacts to the cold water pool at Philbrook Reservoir, and
compared against power generation for the Base Case and the Proposed Project.

4. Results
Results of the SWRCB 401 Scenarios are summarized below:

Minimum instream Flow Violations — Minimum instream flow violations occurred at Butte Creek
below Lower Centerville Diversion Dam in nine years under Scenario 1 and in three years under
Scenario 2, as a result of proposed SWRCB 401 instream flow requirements in Butte Creek
below Lower Centerville Diversion Dam. Violations occurred in both Dry and Normal Water
Years. Flow violations occur primarily during the fall and sometimes extend into the early
winter (i.e., September to early February). The number of daily average flow violations in each
"Release Year”' under the relicensing period of record (Water Years 1986 — 2005) is
summarized in Table 1 along with the Water Year type (Dry or Normal) and May-1 Bulletin 120
(B120) percent of average runoff at Oroville that dictates the September 1 release.

Under both Scenarios 1 and 2, fall and winter minimum instream flow violations are most
pronounced in Release Years 1990 and 1992, each of which represents a “Normal” water year
that was preceded by a “Dry” water year. It is also worth noting that minimum instream flow
violations projected in HEC-ResSim assume a fully-operational canal system for the Period of
Record, i.e., no unplanned outages (the model does, however, incorporate a typical annual
outage for Hendricks Canal from April 16— May 9). Any unplanned canal outages may lead to
additional and more severe minimum instream flow violations in Butte Creek below Lower
Centerville Diversion Dam due to the frequent need to rely upon flow augmentation from
Philbrook Reservoir to meet minimum flow requirements under the SWRCB 401 proposal.

Note the first column in Table 1 is characterized as “Release Year (Sept 1-Aug 31)” which coincides with the onset
of increased instream flows on September 1 for SRC spawning. This convention allows the spawning-flow period
violations to be grouped into the “flow release year” that the spawning flows occurred. For example, Release Year
1990 is September 1, 1989 — August 31, 1990.
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Table 1. Summary of minimum instream flow violations, in days per Release Year (September 1-
August 31), over the full relicensing period of record (Water Years 1986-2005) for Scenarios 1 and
2. The September-1 Water Year type and May-1 B120 value controlling the September-1 minimum
instream flow requirement is also summarized.

Number of Daily Flow Violations | september-1
Condition 2 May-1
Release Year Water Year | B120 Percent
(Sept 1-Aug 31) Scenario 1 Scenario 2 Type of average
1986 0 0 65
1987 0 0 78
1988 0 0 36
1989 5 0 35
1990 65 33 70
1991 0 0 35
1992 138 118 61
1993 27 0 46
1994 14 0 137
1995 0 0 40
1996 0 0 203
1997 0 0 111
1998 0 0 67
1999 0 0 149
2000 0 0 115
2001 3 0 99
2002 0 0 46
2003 23 4 70
2004 28 0 97
2005 7 0 70

HDR Engineering, Inc.

Philbrook Reservoir Cold Water Pool — Implementation of SWRCB 401 instream flows under
Scenario 1 does not greatly impact Philbrook Reservoir levels, and only marginally so from mid-
November to late spring. Summer water levels, and thus the cold water pool, would be similar
to PG&E’s Proposed Project when compared to the SWRCB 401 Conditions. However, under
Scenario 2, with the assumption that WBFR diversions are necessary to support the SRC-
spawning minimum instream flow requirements in Butte Creek below Lower Centerville
Diversion Dam, the SWRCB 401 proposed conditions have a much more significant impact on
Philbrook Reservoir operations. The difference in operations occurs in late summer and early
fall. This is generally when the cold water pool has been fully utilized by releases during July
and August. Under Scenario 2, Philbrook Reservoir storage would be reserved starting on
September 1 until needed in order to provide flow augmentation into Hendricks Canal in
support of minimum flow criteria in Butte Creek to support SRC spawning. This change to
operation at Philbrook Reservoir would also impact late summer hydropower generation for
the overall project; this is addressed in greater detail within the “Power Generation” impacts
section below.
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Figure 1 provides simulated Philbrook Reservoir elevations for a representative sub-set of water
years in the period of record (i.e., Water Years 1991-1995).
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Figure 1. Time series of simulated Philbrook Reservoir water-surface elevations under PG&E's
Proposed Project (Blue), Scenario 1 (Red), and Scenario 2 (Green). While not shown here, results
of the Base Case simulation of Philbrook Reservoir are identical to PG&E’s Proposed Project.

An analysis was performed to describe the frequency, duration and magnitude of exceedances
of Philbrook Reservoir water-surface elevation over the 20-year relicensing Period of Record
(Water Years 1986-2005), provided as Figures 2 through 4.

The analysis shows that in the wettest 10 percent of seasonal hydrologic conditions (i.e., 10%
exceedance) over the 20-year period of record (Figure 2), there is no difference between
PG&E’s Proposed Project reservoir elevations and reservoir elevations under Scenario 1. Under
Scenario 2 during wet hydrologic conditions, storage reserved to augment downstream
minimum instream flows is generally not needed (shown in Figure 2 as unused late-year
storage).

The median seasonal hydrologic condition (50% exceedance) for reservoir elevations during the
period of record, shown in Figure 3, shows small variations between scenarios during mid
November to early March. Under Scenario 2 (green line), the reservoir is drawn down as
needed between September 1 and November 30 to augment downstream minimum instream
flow requirements, but unused late-year storage remains.
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In the driest 10 percent of years (Figure 4), variations between scenarios occur between mid
September and early May and reservoir elevations vary by as much as 10 feet. Figures 2
through 4 all show that the cold water pool would be relatively unchanged in summer months.
However, in dry year conditions, the reduced storage that occurs under all scenarios (Figure 4)
would reduce the cold water pool.
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Figure 2. Wet Hydrological Conditions: 10% Exceedance water-surface elevations at Philbrook
Reservoir for PG&E’s Proposed Project (Blue), Scenario 1 (Red), and Scenario 2 (Green) over the
Period of Record (Water Year 1986-2005). The blue line is hidden by the red where the blue line
isn’'t visible. While not shown here, results of the Base Case simulation of Philbrook Reservoir
are identical to PG&E’s Proposed Project.
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Figure 3. Median Hydrological Conditions: 50% Exceedance (median) water-surface elevations at
Philbrook Reservoir for PG&E's Proposed Project (Blue), Scenario 1 (Red), and Scenario 2 (Green)
over the Period of Record (Water Year 1986-2005). While not shown here, results of the Base Case
simulation of Philbrook Reservoir are identical to PG&E’s Proposed Project.
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Figure 4. Dry Hydrological Conditions: 90% Exceedance water-surface elevations at Philbrook
Reservoir for PG&E’s Proposed Project (Blue), Scenario 1 (Red), and Scenario 2 (Green) over the
Period of Record (Water Year 1986-2005). While not shown here, results of the Base Case
simulation of Philbrook Reservoir are identical to PG&E’s Proposed Project.

Power Generation — The following tables summarize generation results for the Base Case,
PG&E’s Proposed Project, and SWRCB 401 Scenarios 1 and 2. Table 2 reports results for
Scenario 1 and Table 3 reports results for Scenario 2. Average generation per year for the
period of record is given in the left hand side. Relative percent difference between scenarios is
given in the right hand side.
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Table 2.

Comparison of average annual Project generation under the Base Case, PG&E’s

Proposed Project and Scenario 1 over the full relicensing period of record (Water Years 1986-

2005).
PG&E DeSabIg;f;;\t;:rwlle Project Percent Difference
Scenario 1
Powerhouse PG&E’s Scenario 1 Vs.
Base Case Proposed | Scenario 1l Vs. PG&E’s
Project Base Case | Proposed
Project
Toadtown 7.6 7.3 7.5 -1.9% 2.0%
DeSabla 109.3 107.2 108.1 -1.1% 0.8%
Centerville 34.6 31.6 0 -100% -100%
PROJECT TOTAL 151.5 146.1 115.6 -23.7% -20.9%
Table 3. Comparison of average annual Project generation under the Base Case, PG&E’s

Proposed Project and Scenario 2 over the full relicensing period of record (Water Years 1986-

2005).
PG&E DeSabE;:’i7;$rV|Ile Project Percent Difference
Scenario 2
Powerhouse PG&E’s Scenario 2 vs.
Base Case Proposed | Scenario 2 vs. PG&E’s
Project Base Case Proposed
Project
Toadtown 7.6 7.3 7.5 -1.9% 2.0%
DeSabla 109.3 107.2 108.3 -0.9% 1.0%
Centerville 34.6 31.6 0 -100% -100%
PROIJECT TOTAL 151.5 146.1 115.7 -23.6% -20.8%

Generation loss for Scenarios 1 and 2, as compared to the Base Case or PG&E’s Proposed

Project, is similar.

representative period, calendar years 1994 and 1995.

HDR Engineering, Inc.
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Figure 5. Time series of simulated daily average DeSabla Powerhouse flow under Scenario 1
(Blue), and Scenario 2 (Red).

5. Discussion and Conclusions

SWRCB 401 was modeled two ways: under normal operating conditions managed for
temperature control (Scenario 1); and with modified operation of Philbrook Reservoir to
manage for temperature control and SRC spawning flows (Scenario 2). Minimum flow
violations during the fall and winter occur under both scenarios, but to a lesser degree under
Scenario 2 with on-demand releases from storage starting in September to meet minimum
instream flows in Butte Creek below Lower Centerville Diversion Dam (Table 1). Violations
were most likely to occur in fall and early winter under slightly above-Normal Water Years that
follow a Dry Water Year, such as in Release Years 1990, 1992 and 2003 (Table 1).

It is also important to consider that this modeling assessment was based on the use of the
relicensing Period of Record, Water Years 1986-2005, which does not include a critically dry
period, such as Water Years 1976-1977, which would further limit the availability of water
resources for flow and temperature control.

Increased minimum-instream flow below Philbrook Dam in April and May, when the Humbug
snow pillow sensor is at least 40 inches on April 1, had very little impact on Philbrook Reservoir
water levels or the cold water pool, as reservoir releases usually exceed the 10 cfs minimum in
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wetter years during this period. Increased minimum-instream flow in dry months (fall and early
winter) had a much greater impact on reservoir levels, especially in moderate to dry years. But,
impacts were limited to times during the year when cold water is less critical downstream. The
Reservoir was always able to recover to Base Case reservoir levels by mid-May, if not sooner,
under both SWRCB 401 Scenarios.

Under the draft SWRCB 401, diversions from Butte Creek into Lower Centerville Canal are
assumed to be eliminated for the life of the new License (Condition 1(A)). This is a significant
deviation from both historical and PG&E’s Proposed Project operations. As such, the impacts to
Project generation are on the order of 20 percent relative to both the Base Case and PG&E’s
Proposed Project. Median flows over the period of record in Butte Creek below Lower
Centerville Diversion Dam increased from 46 cfs under the Base Case and PG&E’s Proposed
Project to 184 or 186 cfs under Scenario 1 and Scenario 2, respectively. Minimum and
maximum flows over the period of record were relatively unchanged under SWRCB 401.
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SECTION 1.0
Introduction and Background

As part of Pacific Gas & Electric’s (PG&E’s) DeSabla-Centerville Hydroelectric Project
(Project), PG&E operates Hendricks Diversion on the West Branch Feather River (WBFR) in
Butte County, California to route water to Hendricks and Toadtown canals and then to DeSabla
Powerhouse on Butte Creek. The diversion currently contains no passage facilities for resident
fishes. As directed in FERC Draft License Article 415 and Forest Service 4(e) condition 19,
PG&E is required to retrofit the diversion dam to include fishway structures for upstream and
downstream passage of brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss).*
The primary purpose of adding a fish ladder at the diversion dam would be to provide resident
fish access to thermal refuge in the upper watershed during dry years when water temperatures
may be elevated in downstream areas.”? However, resource agencies had additional concerns
about passage within the river, downstream of the diversion dam. Specifically, the United States
Forest Service (USFS) noted that the PHABSIM-calibration® flows at the Retson Camp site
(approximately 1.5 miles downstream of Hendricks Diversion) indicated that 7 cubic feet per
second (cfs) may not support passage through shallow sections of the stream reach between
Hendricks Diversion and the first major tributary, Big Kimshew Creek (FERC 2009). To ensure
passage connectivity within the river, the prescribed minimum instream flow releases below
Hendricks Diversion under the new License, pursuant to USFS 4(e) Condition No. 18,*
Streamflow, is 15 cfs year-round, with the exception of dry water-type years, where releases may
be lowered to 7 cfs® between September and February. Flows downstream of the reach increase
with perennial input from Big Kimshew Creek.

As an alternative to increasing minimum instream-flow releases above 7 cfs at Hendricks
Diversion during dry water-type years, FERC recommended that a fish passage and screen plan
be developed that specifies how migration connectivity through the stream reach would be
provided using fish habitat structures or other such means to increase connectivity in dry years.

This technical memorandum summarizes an assessment of fish passage barriers on the WBFR
between Hendricks Diversion and Big Kimshew Creek, near the town of Stirling City (Figure 1).

! The Draft License Articles are preliminary and the number was assigned based on the order listed in the FERC
EA (2009). License conditions may change when the Final FERC License is accepted.

? FERC EA Section 5.4 referencing the June 29, 2009, section 10(j) meeting discussion

® PHABSIM: Physical Habitat Simulation software developed by the U.S. Geological Survey

* As modified April 16, 2010

> Flows may increase above 7 cfs if higher streamflows are needed for proper functioning of the Hendricks Dam
fish passage facility.
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Figure 1. Overview map showing the assessment reach extent and potential fish

migration barriers identified during this assessment
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SECTION 2.0

Field Survey and GIS Processing Methods

This section describes the activities conducted and methods followed in the identification and
characterization of potential fish-migration barriers in the assessment reach. All initial screening
and field surveys were conducted in October 2011 and digital data compilation and map
production using a geographical information system (GIS) was conducted during November—
December 2011.

2.1 Initial Screening of Potential Fish-Migration Barriers

To initially screen the assessment reach for potential fish-migration barriers, available spatial-
data sources were reviewed. These data sources included:

e California Fish Passage Assessment Database (CFPAD);®
e High-resolution aerial imagery collected in September 2005 by PG&E; and
e Lowe-elevation flyover video collected in June 2005 by PG&E.

2.1.1 California Fish Passage Assessment Database

The CFPAD is a spatial data layer that contains locations and attributes of known and potential
barriers to salmonid migration in California streams. Queries of the CFPAD made within and
near the assessment reach revealed three potential barriers, which are summarized in Table 1.

While the CFPAD is spatially comprehensive, its authors (CalFish, a California cooperative
anadromous fish and habitat data program) stress that it is not error-proof and should only be
used as an initial screening tool. Only CFPAD ID No. 715749 (Hendricks Dam) was verified
during our field surveys, which did not include the middle section of the assessment reach where
CFPAD ID Nos. 737357 and 736834 were reported to occur; these two barriers were not
observed during initial screening of the barriers using the high-resolution aerial imagery or low-
elevation flyover video.

® Available at: http://www.calfish.org
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Table 1. Potential fish passage barriers in the assessment reach from the California
Fish Passage Assessment Database (CFPAD)

CFPAD
. ba.r.”er. Ap.proxu”pate Barrier description Barrier Assessed by
identification river mile status
No.

Falls below Big Kimshew Creek California D
A . alifornia Department
731357 232 (16-19 ft in height with a 16— Total of Water Resources

23 ft deep base pool)

Historical upstream limit to California Department

736834 26.2 C_hlnook salmon runs at Stirling | Total of Eish and Game
City
715749 29.2 Hendricks Diversion Dam Unknown California Department
of Water Resources
2.1.2 High-resolution aerial imagery

High-resolution aerial imagery was reviewed to help identify potential barriers in the assessment
reach. This imagery was collected in 2005 to support various studies conducted during the
Project’s license application process, and was produced in a digital, georectified format with a
resolution of 1 ft per pixel. Using a GIS application to view the imagery, no potential barriers
were directly identified because the relief of various geomorphic features, such as bedrock
outcrops and boulder riffles, could not be ascertained in this perspective. However, the aerial
photos were revisited later following field survey efforts to help delineate areal dimensions of the
potential barriers and associated features identified in the field.

2.1.3 Low-elevation flyover video

A preliminary assessment of the reach was made using low-elevation, oblique-perspective
videography, flown in support of Project relicensing studies on June 29, 2005. The video was
reviewed in support of this assessment, to locate potential migration barriers. Both potential
physical (vertical drop) barriers and shallow-water locations potentially resulting from low-flow
releases were noted throughout the assessment reach, and are summarized in Table 2 and shown
in Figure 1. Many of the noted potential vertical barriers were field-verified during the
subsequent survey effort. The shallow-water locations were assessed for passability by adult
trout at 15 cfs (the flow at the time of the flyover survey), and were noted whether or not the
locations would likely be passable at 7 cfs. The preliminary low-flow barrier assessment was
revisited after field verification of habitat conditions and many sites were eliminated from further
consideration.
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2.2 Field Surveys in the Assessment Reach

Building on the results generated during the initial screening process, a field survey of most of
the assessment reach was conducted from October18-20, 2011. The field team consisted of two
fisheries biologists and one fluvial geomorphologist, all having experience in fish passage
evaluations in similar mountain stream systems. Only the upper and lower sections of the reach
were visited in the field (see Figure 1), while the remote, middle section of the reach could not be
visited due to access and time constraints. Field methods entailed walking along the river bed in
search of features that appeared to be potential barriers, including potential physical and
hydraulic barriers.

Physical barriers were formed by the channel morphology and included vertical barriers.
Features considered to be potential physical barriers were features formed by large boulders or
bedrock outcrops in the river channel that created a distinct vertical step in the river’s
longitudinal profile (e.g., falls). Vertical barriers included a channel morphology that lacked a
jump pool 1.25 times deeper than the jump height at the base of the vertical step (Flosi et al.
1998), or a resting pool at the top, thus having the potential to impede passage.

Hydraulic barriers consisted of two categories, either low-flow barriers (at flows between 7 and
15 cfs), or high-velocity barriers (such as chutes or high gradient cascades). Low-flow barriers
occurred where seasonal low flows might cause a discontinuity in surface flows across a
particular channel feature such as a coarse riffle, where flows may go subsurface through
substrate interstices. Low-flow barriers were estimated to have water depths less than 0.4 ft
and/or disconnected surface flow (Thomson 1972) at flows less than 15 cfs. High-velocity
barriers generally occurred when a combination of steep slope and confined channel width
created velocities in excess of 5 feet per second (fps)—the minimum adult trout burst swim
speed from Alexander (1967) and Clay (1961), in combination with the range of fish lengths
previously observed within the reach in 2006-2007 (PG&E 2007). General swim speeds, given
in mean fish lengths per second, can be multiplied by the length of fish observed to obtain speeds
in feet per second (fps). A general rule of thumb is that a fish can sustain a speed equal to about
four fish-lengths per second for long periods, and a speed of about ten fish-lengths per second for
short bursts (Alexander 1967 and Clay 1961). For example, a fish 3-in. long (total length)
would be capable of a sustained speed of about 1 fps and a burst speed of about 2.5 fps, while a
6-in. fish could sustain a speed of 2 fps and a burst speed of 5 fps. Water velocities were
considered a potential barrier if greater than 5 fps over the entire channel width with no resting
locations (e.g., a cascade over a bedrock sheet).’

Locations within the assessment reach where the PHABSIM results (PG&E 2007 [Vol. 1l Sec.
E6.3.2.8]) indicated potential shallow-water conditions at 7 cfs were carefully assessed to

" Rainbow trout observed in the WBFR downstream of Hendricks Diversion ranged from 55-250 mm (2-10 in.),
which equates to a sustained swim speed of 0.7 to 3.3 fps and a burst speed of 1.8 to 8.2 fps. There was one
brown trout observed at 450 mm (18 in.), which equates to a sustained swim speed of 5.9 fps and a burst speed
of 14.7 feet per second; however, the remaining brown trout were within the size range of the rainbow trout.
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determine if shallow areas would present a barrier during flow releases less than 15 cfs. When a
potential barrier was encountered, several data types were recorded, including a GPS waypoint,
photos, and detailed notes. The barrier coordinates were collected using a mapping-grade,
handheld GPS unit (Garmin® eTrex Venture HC) that recorded horizontal position with
approximately +20-ft accuracy. Digital photographs were taken using photographic equipment
with at least 5-megapixel resolution.

Topographic surveys were made at two features that were considered to have the highest
potential to impede upstream migration. These potential barriers were classified as high-velocity
(WBFR-X 24.4) and vertical (WBFR-X 27.5) barriers during the field surveys (Table 2). The
topographic surveys utilized total station survey equipment to capture detailed profiles of the
river-channel form at and adjacent to the barriers. A Trimble® S8 robotic total station with
angular accuracies up to 0.5-in. was used in combination with a Trimble Ranger controller to
collect profile data. The survey methodology entailed taking a ‘shot’ at select locations along the
river’s longitudinal profile and cross-sections. A survey crew member waded in the river
holding a stadia rod with attached survey prism at each survey point. Typically, these points
were taken at profile inflections (i.e., ‘break in slope’) and at the water’s edge (to estimate water
surface elevation). Every data point logged by the total station controller contained a unique ID
and a basic descriptor.

Geo-positioning of the survey equipment was accomplished by establishing benchmarks at each
of the two survey sites. Accurate GPS measurements were taken at the benchmarks and survey
instrument locations using a handheld Trimble GeoExplorer XT unit (differential GPS).

Stream releases at Hendricks Diversion were approximately 17 cfs during the surveys; however,
tributary accretion raised the discharge measurements at the surveyed sites to 24 cfs. The field
measurements were made by establishing a transect perpendicularly across a section of the river
that appeared to have uniform, steady flow (i.e., non-accelerating). The flow measurement
entailed gauging velocity and depth incrementally across the transect using a Marsh-McBirney®
Flo-Mate 2000 flow meter and top-setting wading rod, respectively. The field-measured
discharge is generally consistent with typical autumn flow conditions in this section of the river.
At the inactive USGS river gage® just downstream of Hendricks Dam at the Retson Road Bridge,
mean monthly flows for September, October, and November through the period of water years
1987-1998 were calculated to be 20, 16, and 14 cfs, respectively. The slightly higher-than
‘normal’” flow encountered in October 2011 is likely an artifact of the wet spring in 2011 that
contributed to the persistent snow pack and late runoff occurring well into the summer and fall.

2.3 Data Reduction and GIS Processing

Upon completion of the field survey, all digitally recorded and hand-written data were promptly
transferred to a common electronic project folder. All photographs were initially inventoried in a

8 USGS 11405200 WB FEATHER R BL HENDRICKS DIV DAM CA; data available at:
http://waterdata.usgs.gov/ca/nwis/inventory/?site no=11405200&agency cd=USGS&amp.
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Microsoft® Excel spreadsheet along with narrative descriptions, then georeferenced and
imported into a GIS (ESRI® ArcGIS 10) geodatabase. Quality control and quality assurance
measures were applied to check for positional and attribute errors in each photo point within
shapefiles.

The topographic survey data was differentially corrected to absolute global positioning using
Trimble Pathfinder Office version 5.0. All data were output in English units; the horizontal
system is State Plane CA Zone Il, North American Datum 1983 (NAD83); the vertical data are
reported as height above ellipsoid (HAE) based on the GPS positions.

The total-station survey data were geometrically transformed (coordinate axis rotation and
translation) based on the survey control points (i.e., the benchmarks and instrument locations).
Plot diagrams of the surveyed data in planform, longitudinal profile, and cross-section views
were generated using Microsoft Excel (see below). These plots along with the survey data points
were then brought into the geodatabase using ArcGIS 10. Once completed in the GIS, the
geodatabase was subsequently used to create a user-friendly spatial dataset for use in Google
Earth. These spatial data are included on the DVD that accompanies this technical memorandum.

2.4 Passage Assessment

In order to quantitatively assess adult rainbow trout and adult brown trout passage conditions at
the two potential barriers that were believed to be complete impediments to upstream migration
based on the field surveys (WBFR-X 24.4 and WBFR-X 27.5), the topographic survey data was
evaluated based on methodology developed by Powers and Orsborn (1985), which uses burst
swimming speed to estimate fish jumping capabilities. Fish leaping profiles were developed
assuming ideal leaping conditions in the jump pool at angles of 80, 60, and 40 degrees. Burst
swimming speeds were determined using Alexander (1967) and Clay (1961) based on the upper
size limits of rainbow trout and brown trout observed in the WBFR downstream of Hendricks
Diversion during relicensing studies (PG&E 2007).

Additionally, passage conditions at the surveyed velocity barriers (WBFR-X 24.4) were assessed
using FishXing software (USFS 2012) to determine if fish could swim up the barrier.
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SECTION 3.0
Results

3.1 Potential Fish-Migration Barrier Inventory

The potential fish-migration barriers identified during this assessment are summarized in Table 2
and shown in Figure 1. The table and figure do not, however, include the CFPAD-identified
barriers because they include one that is downstream of the assessment reach (#737357), one that
is not identified as a physical barrier (#736834), and Hendricks Diversion Dam at river mile
(RM) 29.2, which is an acknowledged, but non-natural barrier structure. From the 14 potential
barriers identified during the initial assessment, 7 barriers were confirmed following field
surveys, including: 3 velocity barriers, 1 vertical barrier, 1 combination vertical and velocity
barrier, and 2 potential low-flow barriers at flows between 7 and 15 cfs.

All of the potential barriers initially identified are summarized in Table 2 and described below in
Section 3.2. Two of the barriers having the greatest potential for preventing migration were
topographically surveyed for further analysis: WBFR-X 24.4 (a combination vertical and
velocity barrier, located approximately 4.8 miles downstream from Hendricks Diversion Dam)
and 27.5 (a vertical barrier located 1.7 miles downstream from Hendricks Diversion). The
topographic survey results and detailed passage assessments are included in Section 3.3 and
Appendix A. All spatial data compiled for this assessment are included on the attached DVD,
included in Appendix B.

Table 2. Migration barriers in the assessment reach based on the initial review of
the low-elevation flyover video and field surveys
Potential . . . . .
migration Barrier Initial barrier . Method of Final barrier
barrier (listed coordinates type Description of barrier classification
d (lat, long) ] feature - (based on field
ownstream to [WGS 84] (based on video) observation survey)
upstream)
39.879279, . . Bedrock . . .
WBFR-X 24.2 Velocity/Vertical Video and field | Not a barrier
-121.511537 cascades
30.885588 Confirmed
WBFR-X 24.4 ' ’ Velocity Bedrock Video and field com_blnatlon
-121.509125 cascades vertical and
velocity barrier
39.898553, .
WBFR-X 25.9 Low-flow E_Soulder cobble Video Not a barrier
-121.512352 riffle
39.900784,
WBER-X 26.1 Velocity Bedrock Video Probable
-121.512176 cascades velocity barrier
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Potential Barrier iti i Final barrier
migration : Initial barrier - Method of o
2 coordinates type Description of . classification
barrier (listed lat. | yp f barrier based on field
downstream to (lat, long) ; eature observation (based on fie
[WGS 84] (based on video) survey)
upstream)
39.905058,
WBFR-X 26.3 Velocity Bedrock cascade | Video Probqble .
-121.511493 velocity barrier
39.907747, .
WBFR-X 26.6 Low-flow B_:oulder cobble Video Not a barrier
-121.51365 riffle
39.908627, .
WBFR-X 26.7 Low-flow B_:oulder cobble Video Not a barrier
-121.514593 riffle
39.913529, ;
WBFR-X 27.1 Velocity Bedrock cascade | Video and field Confl_rmed .
-121.514111 velocity barrier
39.917146 Potential
WBFR-X 27.4 ' ’ Vertical Bedrock cascade | Field velocity barrier
-121.513961 between 7 and
15 cfs®
39.918696, ;
WBFR-X 27.5 Vertical Bedrock fall Video and field Con_flrmed .
-121.516288 vertical barrier
39.918996, .
WBFR-X 27.6 Low-flow B_oulder cobble Video and field Not a barrier
-121.516484 riffle
39.919732, g
WBFR-X 27.7 Vertical E_Soulder cobble Video and field Not a barrier
-121.517644 riffle
30.927876 Potential low-
WBFR-X 28.4 ' ’ Low-flow Boulder-cobble | \ /100 and fielg | flow barrier
-121.528280 riffle between 7 and
15 cfs P
39.931241, .
WBFR-X 28.7 Low-flow B_:oulder cobble Video and field Not a barrier
-121.530214 riffle

WBFR-X = West Branch Feather River potential barrier; number that follows is the closest river-mile station.

2 Barriers identified as “probable” were classified based on review of the low-elevation flyover video and follow-up
field validation surveys of other potential barrier sites with comparable features within the assessment reach.

® Hydraulic barriers (i.e., low-flow or velocity) were assessed at surveyed flows of 24 cfs; at flows less than 24 cfs,
passable portions of the channel may be dewatered, or flow could go subsurface through coarse-grained
substrates, creating a discontinuity in surface flow.
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3.2 Descriptions of Observed Potential Barriers

This section presents narrative and photographic descriptions of the potential barriers visited
during surveys of the assessment reach. Potential passage barriers WBFR-X 24.4 and 27.5 had
topographic surveys performed at each and are described in more detail in Section 3.3 below.
See Figure 1 for the locations of all potential barriers discussed below.

3.21 Potential barrier WBFR-X 24.2

Potential barrier WBFR-X 24.2 consists of a high-velocity, bedrock cascade situated within a
bedrock-confined section of the river (Figure 2). The height of the cascade as measured between
the water surface below and above is approximately 6 feet. The entire feature spans the width of
the channel and consists of four sub-parallel, narrow cascades. Within each cascade there are
intermittent steps that could support small, temporary holding places for fish as they ascend
upstream. Large calm, holding pools are present below and above the cascades. Through
qualitative assessment of the feature’s physical and hydraulic characteristics, it was determined
that this site is not considered a barrier to fish passage.

Image: IMGP1929.jpg

Figure 2. Photograph of WBFR-X 24.2, taken from below the barrier and looking
upstream
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3.2.2 Potential barrier WBFR-X 24.4

Potential barrier WBFR-X 24.4 consists of a series of three cascades formed by bedrock
constrictions protruding from the valley walls and channel bed (Figure 3). Deep holding pools
are present above and below each cascade. However, the steep gradient and constricted
morphology of the cascades creates potential high-velocity barriers to upstream passage. Because
this barrier was considered to have a higher potential to prevent passage to trout, it was surveyed
in more detail, as described in Section 3.3, Detailed Survey Data from Barriers WBFR-X 24.4
and 27.5.

Figure 3. Obllque aerial photograph of WBFR X244, taken from below the site and
looking upstream, as viewed from helicopter
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3.2.3 Potential barrier WBFR-X 25.9

Potential barrier WBFR-X 25.9 is a coarse-grained riffle that spans the river channel and is
composed of cobbles and boulders. This site was identified during review of the low-elevation
flyover video and was described as a potential low-flow barrier (Figure 4). Although this site
was not visited in the field, after ground truthing at similar potential low-flow barrier sites, like
WBFR-X 28.7, it was determined that there are likely no low-flow impediments that would be
anticipated to restrict passage at 7 cfs. Therefore, this site is not considered a barrier to fish
passage.

Figure 4. Oblique aerial phbtograph of WBFR-X 25.9, taken from below the site and
looking upstream, as viewed from helicopter
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3.24 Potential barrier WBFG-X 26.1

Potential barrier WBFR-X 26.1 consists of two in-line, high-velocity, bedrock cascades situated
within a bedrock-confined section of the river. This site was identified during review of the low-
elevation flyover video and was described as a potential velocity or vertical barrier (Figure 5).
Although this site was not visited in the field, its appearance in the video exhibits physical and
hydraulic characteristics similar to those observed at potential velocity barrier sites visited in the
field, such as WBFR-X 27.1. The similar features include narrow and presumably steep
cascades with high velocity flow, as evidenced from whitewater constrained by bedrock and
boulders in the wetted channel (see Figure 5). Therefore, this site is classified as a probable
velocity barrier to fish passage.

Figure 5. Obllque aerlal photograph of WBFR X 26 1, taken from below the barrier
and looking upstream, as viewed from helicopter
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3.25 Potential barrier WBFR-X 26.3

Potential barrier WBFR-X 26.3 consists of a high-velocity, bedrock cascade situated within a
highly confined section of the river with prominent bedrock and boulder constrictions. This site
was identified during review of the low-elevation flyover video and was described as a potential
velocity or vertical barrier (Figure 6). Although this site was not visited in the field, its
appearance in the video exhibits physical and hydraulic characteristics similar to those observed
at potential velocity barrier sites visited in the field, such as WBFR-X 27.1. The similar features
include narrow and presumably steep cascades with high velocity flow, as evidenced from
whitewater very narrowly constrained by bedrock and boulders in the wetted channel.
Therefore, this site is considered a probable velocity barrier to fish passage.

121 30LE896
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Figure 6. Oblique aerial photograph of WBFR-X 26.3, taken from below the barrier
and looking upstream, as viewed from helicopter
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3.2.6 Potential barrier WBFR-X 26.6

Potential barrier WBFR-X 26.6 is a coarse-grained riffle that spans the river channel and is
composed of cobbles and boulders. This site was identified during review of the low-elevation
flyover video and was described as a potential low-flow barrier (Figure 7). Although this site
was not visited in the field, ground truthing at similar potential low-flow barrier sites, like
WBFR-X 28.7, it was determined that there are likely no low-flow impediments that would be
anticipated to restrict passage at 7 cfs. Therefore, this site is not considered a barrier to fish
passage.

-

ZOLIS 190
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Image: vicsnap-201% 25-12_ 114s: , g _w_ 2! . __
Figure 7. Oblique aerial photograph of WBFR-X 26.6, taken from below the barrier
and looking upstream, as viewed from helicopter
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3.2.7 Potential barrier WBFR-X 26.7

Potential barrier WBFR-X 26.7 is a coarse-grained riffle that spans the river channel and is
composed of cobbles and boulders. This site was identified during review of the low-elevation
flyover video and was described as a potential low-flow barrier with a long, deep pool situated
immediately downstream (Figure 8). Although this site was not visited in the field, ground
truthing at similar potential low-flow barrier sites, like WBFR-X 28.7, it was determined that
there are likely no low-flow impediments that would be anticipated to restrict passage at 7 cfs.
Therefore, this site is not considered a barrier to fish passage.

\Ql 25-16h07nfe Bl e

Figure 8. Oblique aerial photograph of WBFR-X 26.7, taken from below the barrier
and looking upstream, as viewed from helicopter
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3.2.8 Potential barrier WBFR-X 27.1

Potential barrier WBFR-X 27.1 consists of a high-velocity, bedrock cascade situated within a
bedrock-confined section of the river (Figure 9). The height of the cascade, as measured
between the water surface below and above, is approximately 7.5 feet. Calm, holding pools are
present below and above the cascade. There are at least two distinct ‘steps’ along the cascade’s
profile that could aid fish passage; however, the upper section of the cascade has a total height of
6.5 feet over a length of 5.5 feet (as measured at the base of the stadia rod in Figure 9), resulting
in a high slope, and high velocity. There is a side channel associated with the location; however,
at a total flow of 24 cfs, the side channel contained approximately 0.25 cfs and would be
impassible by adult trout. Therefore, this site is considered a velocity barrier to fish passage.

ge: IMGP0043.jpg -
Figure 9. Photograph of WBFR-X 27.1, taken from below the barrier and looking
upstream, with a 10-ft stadia rod shown for scale
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3.2.9 Potential barrier WBFR-X 27.4

Potential barrier WBFR-X 27.4 is a suite of high-velocity, sub-parallel cascades at a relatively
broad bedrock ‘step’ along the river bed (Figure 10). The bed morphology and hydraulics here
are accordingly complex, exhibiting a nearly random pattern of bedrock and boulders and, thus,
turbulent and quiescent flow. At the distinguishable cascade features, flows are fast as they spill
down the steep, 6 to 10-ft high cascades with scattered high velocity chutes and 2-3 foot vertical
drops. Holding pools with slow water are present above and below the cascades. Within the
cascades, short bedrock steps are interspersed that could aid in fish passage. At flows less than
24 cfs, portions of the channel containing the smaller vertical steps may be dewatered.
Therefore, this site is considered a potential velocity barrier at flows less than 24 cfs.

MGP1895.jpg o g
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Figure 10.  Photograph of WBFR-X 27.4, taken from below the barrier and looking
upstream, with a 6-ft person standing on top for scale
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3.2.10 Potential barrier WBFR-X 27.5

Potential barrier WBFR-X 27.5 consists of a 5-ft high vertical drop, or waterfall, along the river
bed composed of resistant bedrock (Figure 11). Deep holding pools are present above and below
the barrier, which lies in a constrained gorge-like canyon with high bedrock outcrops on either
side. Because this was the first significant migration barrier encountered downstream of
Hendricks Diversion, it was surveyed in more detail, which is described in Section 3.3, Detailed
Survey Data from Barriers WBFR-X 24.4 and 27.5.

Downstream of the jump pool was boulder riffle that, based on the aerial video, warranted a field
visit. During the site visit, it was determined that the boulder riffle did not present any passage
concerns and was not inventoried as a potential barrier; however, photos were taken and are
included as part of the WBFR-X 27.5 site within the GIS files.

+00:38:40;24 .
Image: viesnap-2012°01-25:16

Figure 11.  Oblique aerial photograph of WBFR-X 27.5, taken from below the barrier
and looking upstream, as viewed from helicopter
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3.2.11 Potential barrier WBFR-X 27.6

Potential barrier WBFR-X 27.6 is a coarse-grained, low gradient riffle at the lower end of the
relicensing PHABSIM site located near Retson Camp. The riffle spans the river channel and is
composed of cobbles and boulders (Figure 12). The PHABSIM study conducted during
relicensing indicated that the coarse nature of this site had the potential for limited surface flow
at 7 cfs; however, the survey crew determined that passage would be provided at 7 cfs given the
low channel gradient and sufficient depths between large substrate particles. Therefore, this site
is not considered a barrier to fish passage.

Image: IMGPOO;Zf.jpg

Figure 12.  Photograph of WBFR-X 27.6, view looking upstream toward coarse riffle
with standing person in center for scale
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3.2.12 Potential barrier WBFR-X 27.7

Potential barrier WBFR-X 27.7 was identified during review of the low-elevation flyover video
and was initially described as a vertical, bedrock-controlled feature along the river bed and left
bank (Figure 13). It was later determined in the field, however, that this feature does not present
a continuous barrier across the river’s wetted width. While bedrock impinges on the left and
right banks of the channel, it does not form a continuous outcrop across the channel bed.
Instead, the bedrock forms a deep, long pool just below a short, cobble-boulder riffle. It was
determined that the riffle does not present a potential impediment to migrating fish and,
therefore, this site is not considered a barrier to fish passage.

Image: IMGP1881.jpg

Figure 13.  Photograph of WBFR-X 27.7, view looking upstream from the deep pool
adjacent to the bedrock outcrop and towards the short, coarse riffle in the
distance
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3.2.13 Potential barrier WBFR-X 28.4

Potential barrier WBFR-X 28.4 is an abrupt, coarse-grained riffle composed of cobbles and
boulders that spans the majority of the river channel, with a small side channel along the right
bank (Figure 14). The riffle and the side channel are perched above the long, wide pool
immediately downstream. The height of the riffle, as measured between the water surface below
and above, it is approximately 6 feet. This feature was determined to be a potential low-flow
barrier, due to its coarseness, that may contain limited surface flow at a dry-year flow release of
7 cfs. At 7 cfs, flow through this feature could go subsurface through the coarse-grained
substrates and create a discontinuity in surface flow. The side channel also appears to be a
potential low-flow barrier at 7 cfs due to low water volume and depth. Therefore, this site is a
potential low-flow barrier between flows of 7 and 15 cfs.

Panoramic Image: DeSapIa_Upperjl;:owWate'rBérrier_180ct2011_pan_lowres.jpg

Figure 14.  Photograph of WBFR-X 28.4, view looking upstream toward tall, coarse
riffle with surveyor on right side (left bank) for scale
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3.2.14 Potential barrier WBFR-X 28.7

Review of the low-elevation flyover video identified potential barrier WBFR-X 28.7; however,
similar to potential barrier WBFR-X 27.7, it was determined during the field survey that no
barrier spanning the width of the river is present here (Figure 15). The river morphology is
plane-bedded with very little topographic expression that could interrupt fish migration. There
were no low-flow impediments identified (e.g., cobbles or boulders) that would be anticipated to
restrict passage at 7 cfs and, therefore, this site is not considered a barrier to fish passage.

Figure 15.  Oblique aerial photograph of WBFR-X 28 7, taken from below the site and
looking upstream, as viewed from helicopter
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3.3 Detailed Survey Data and Quantitative Passage Assessment for Barriers
WBFR-X 24.4 and 27.5

This section presents images, profile plots, and narrative descriptions of the two migration
barriers considered to have the greatest potential to prevent passage to trout. These sites are
located at vertical bedrock drops and/or swift-water cascades along the river bed. Their locations
are shown in Figure 1 relative to the other potential barriers identified in the assessment reach.
The leaping abilities of rainbow trout and brown trout used in the assessment, based on upper
size limits observed in the WBFR downstream of Hendricks Diversion during relicensing
studies, are summarized in Table 3.

Table 3. Leap height and distance ability of rainbow trout and brown trout in the
WBFR
Species
(upper size-limit Leaping angle Burst speed Distance at high
length) (degrees) (fps)* Height of leap (ft)? point (ft) 2
Rainb 40° 8.2 1.01 0.36
ainbow trout .
(10 in) 60 8.2 0.78 0.90
80° 8.2 0.43 1.03
. 40° 14.7 3.25 1.15
rown trout .
(18 in) 60 14.7 2.52 2.91
80° 14.7 1.39 3.30

! Based on Alexander (1967) and Clay (1961): Rainbow trout observed in the WBFR downstream of Hendricks
Diversion ranged from 55-250 mm (2-10 in.), which equates to a sustained swim speed of 0.7-3.3 fps and a burst
speed of 1.8-8.2 fps. One brown trout was observed at 450 mm (18 in.), which equates to a sustained swim speed
of 5.9 fps and a burst speed of 14.7 fps; the remaining brown trout were within the size range of the rainbow trout.

2 Based on Powers and Osborn (1985)
331 Potential barrier WBFR-X 24.4

The lowermost classified barrier in the assessment reach is site WBFR-X 24.4, approximately
4.8 miles downstream of Hendricks Diversion and 0.5 miles upstream of Big Kimshew Creek.
The barrier consists of a series of three cascades formed by bedrock constrictions protruding
from the valley walls and channel bed. Flow was fast at these cascades due to the steep gradient
(near-vertical) and constricted wetted widths (~6 feet). Deep holding pools are present above
and below each cascade. Due to the constricted morphology of the cascades, it is assumed that
they convey flow even during much lower flows; however, this has not been verified. Within the
pools, a mixture of sand, gravel, and cobble mantled the underlying bedrock.

An aerial perspective of the site is shown in Figure 16, along with the locations of the surveyed
longitudinal profile and cross-sections. A representative field photo of the potential barrier and
longitudinal profile is presented in Figures 17 and 18. The planform map of the surveyed data
points and 11 cross-sectional profiles are included in Appendix A.
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The three cascades surveyed at WBFR-X 24.4 were all classified as vertical migration barriers to
species and size ranges of fish expected to occur within the study reach, based on fish observed
during relicensing studies. Leaping abilities of both rainbow trout and brown trout limit passage
at three locations at the flows measured (24 cfs) (Table 3 and Figures 19-21). It is expected that
passage ability would not improve with lower flows; however, as flows increase, the vertical
drop (i.e., fish jJumping height) has the potential for reduction, which may allow passage.

Additional analysis using FishXing software (USFS 2012) was conducted at each of the cascades
located at WBFR-X 24.4 in order to assess the ability of rainbow trout and brown trout to swim
up the cascades between flows of 7 cfs and 15 cfs. Both depth and velocity were found to limit
upstream passage at each of the individual cascades. Therefore, each of the cascades surveyed at
WBFR-X 24.4 are both vertical and velocity barriers between 7 cfs and 24 cfs.
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Figure 19.  WBFR-X 24.4 upper cascade showing fish leaping capabilities at 80, 60, and
40 degree angles for rainbow trout and brown trout
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3.3.2 Potential barrier WBFR-X 27.5

The uppermost potential vertical barrier in the assessment reach is site WBFR-X 27.5, consisting
of a 5-ft high vertical drop, or waterfall, along the river bed composed of resistant bedrock. The
entire river segment here runs through a constrained gorge-like canyon with high bedrock
outcrops on either side, and underlying the river channel itself. Deep holding pools are present
above and below the barrier, but the downstream pool is substantially longer, measuring about
300 feet in length from the base of the barrier and on through the pool to its downstream grade-
control (coarse-grained riffle). This barrier likely always conveys flow even during low-flow
conditions, although this condition has not been verified.

An aerial perspective of the site is shown in Figure 22, along with the locations of the surveyed
longitudinal profile and cross-sections. A representative photo of the potential barrier and
longitudinal profile is shown in Figures 23 and 24.
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The waterfall surveyed at WBFR-X 27.5 was classified as migration barrier to both rainbow and
brown trout, based on sizes, and therefore leaping ability, of fish observed during relicensing
studies. Leaping abilities of both rainbow trout and brown trout limit passage at this location
under the flows at which the survey was conducted (Table 3 and Figure 25). It is expected that
passage ability would not improve with lower flows; however, as flows increase, the vertical
drop (i.e., fish jJumping height) has the potential for reduction, which may allow passage.

No analysis using FishXing software (USFS 2012) was conducted for this location due to the
channel characteristics, which limit fish passage here strictly to leaping abilities.
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Figure 25.  WBFR-X 27.5 migration barrier showing fish leaping capabilities at 80, 60,
and 40 degree angles for rainbow trout and brown trout.
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SECTION 4.0
Discussion

To help ensure fish passage connectivity within the river, the prescribed minimum instream flow
releases below Hendricks Diversion (under the new License pursuant to USFS 4(e) Condition
No. 18, Part 1, Streamflow) is 15 cfs year-round, with the exception of dry water-type years,
where the minimum instream flow is 7 cfs between September and February. The primary
purpose of adding a fish ladder at Hendricks Diversion Dam would be to provide resident fish
access to thermal refuge in the upper watershed during dry years when water temperatures may
be elevated in downstream areas as a result of decreased flows.® Additionally, FERC Draft
License Article 415 and Forest Service 4(e) condition 19 (Hendricks Diversion Fish Screen and
Passage Plan) includes measures for the successful year-round migration of trout between
Hendricks Diversion Dam and Big Kimshew Creek in all water years, including dry years.*
These measures may include the requirement for increased stream flows above those specified
by Condition 18 Part 1 for the Lower West Branch Feather River below Hendricks Diversion
Dam, and/or the installation of stream habitat enhancement structures. **

This barrier assessment was initially conducted to address USFS concerns that 7 cfs may not
support passage through shallow sections of the stream reach between Hendricks Diversion and
Big Kimshew Creek (FERC 2009).** Potential low-flow fish passage impediments downstream
of the diversion were identified at two locations during this survey, which could limit access to
Hendricks Diversion at flows between 7 cfs and 15 cfs. Field surveyors did not identify any low-
flow passage impediments near, or along, PHABSIM transects in the assessment reach. The
PHABSIM results for the site located near Retson Camp showed shallow-water conditions
(depths of 4 inches or less) at 7 cfs; however, because no low-flow passage impediments were
identified at these transects, it is presumed that the PHABSIM cross-section verticals did not
capture the deepest pathways in spaces between large substrate particles (e.g., large cobble or
boulders).

Of the two potential low-flow barriers identified, the first (WBFR-X 28.4) is located 0.8 miles
downstream of Hendricks Diversion; the second (WBFR-X 27.4) is located 1.8 miles
downstream of Hendricks Diversion and 0.1 miles downstream of the vertical barrier (WBFR-X
27.5). Both locations could potentially impede passage of trout within this corridor during
releases of 7 cfs at Hendricks Diversion Dam; however, field verification during low flows (~7

’ FERC EA Section 5.4 referencing the June 29, 2009, section 10(j) meeting discussion

The Draft License Articles are preliminary and the number was assigned based on the order listed in the FERC
EA (2009). License conditions may change when the Final FERC License is accepted

1 FERC EA Section 5.4 referencing the June 29, 2009, section 10(j) meeting discussion
12 Flows downstream of the reach increase with perennial input from Big Kimshew Creek, which established the
lower extent of the assessment reach
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cfs) would be needed to confirm whether dry conditions would make these two potential barriers
impassable to trout.

Minor modification of the stream channel to improve passage during dry water years is possible
at potential low-flow barrier site WBFR-X 28.4; this abrupt high-gradient riffle is composed of
large cobbles and small boulders, which may be manipulated by hand (or large pry bars) to
provide continuous surface flow between 7 cfs and 15 cfs. If confirmed to be a passage barrier at
7 cfs, channel modifications at this site could increase the migration corridor by 0.9 miles during
dry water years. In order to improve passage at the potential low-flow barrier site WBFR-X
27.4, mechanical work, such as the use of heavy machinery, explosives, or the construction of a
fish ladder would be necessary; the channel is formed by a broad bedrock step, containing
several large boulders, which cannot easily be manipulated. Also, because WBFR-X 27.4 is
located downstream of vertical barrier WBFR-X 27.5, channel modifications to allow passage
would not improve passage for fish to Hendricks Diversion Dam without additional significant
channel modifications at site WBFR-X 27.5. The locations of both sites are inaccessible by
heavy machinery and are located on privately owned lands.

Again, FERC Draft License Article 415 and USFS 4(e) Condition 19 require that the plan
recommend measures to increase connectivity and year-round migration of trout, and include
potentially increasing minimum instream stream flows below Hendricks Dam above those
specified by Condition 18, Part 1.* Although the entire study reach was not assessed during the
field visit, this assessment identified five barriers located between 1.7 and 4.8 miles downstream
of Hendricks Diversion that would impede migration within the reach downstream of Hendricks
Diversion at a wide range of velocities (including flows greater than 15 cfs). The first complete
migration barrier (located 1.7 miles downstream of the diversion) consists of a 5-ft vertical drop
that is not passable by rainbow or brown trout in the WBFR at flows less than 24 cfs; this barrier
IS expected to remain impassible at higher flows as well. The lowermost migration barrier
(located 4.8 miles downstream of Hendricks diversion and 0.5 miles upstream of Big Kimshew
Creek) contained three separate cascades, all of which were documented as passage barriers to
rainbow and brown trout in the WBFR at flows equal to, or less than, 24 cfs (this barrier is also
expected to remain impassible at higher flows).

With the exceptions of potential low-flow barriers WBFR-X 27.4 and WBFR-X 28.4, all of the
barriers identified were formed from the natural morphology of the WBFR, and would impede
passage at or above normal base flow. In order to increase fish passage throughout the entire
assessment reach, mechanical work, such as the use of heavy machinery or explosives, would be
necessary. In addition, this remote section of stream is located entirely within privately held
lands, and access to the vertical or velocity barriers is very limited.

3 The Draft License Articles are preliminary and the number was assigned based on the order listed in the FERC
EA (2009). License conditions may change when the Final FERC License is accepted.
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Figure A-1. Planform view of the longitudinal profile and cross-sections (XS) at locations
A-K at WBFR-X 24.4, showing three cascade barriers
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Figure A-2. Cross-section A of WBFR-X 24.4, located upstream of the upper cascade
barrier
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Figure A-3. Cross-section B of WBFR-X 24.4, located at the top of the upper cascade
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Figure A-4. Cross-section C of WBFR-X 24.4, located at the base of the upper cascade
barrier
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Figure A-5. Cross-section D of WBFR-X 24.4, located in the plunge pool below the upper
cascade barrier
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Figure A-6. Cross-section E of WBFR-X 24.4, located upstream of the middle cascade
barrier
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Figure A-7. Cross-section F of WBFR-X 24.4, located upstream of the middle cascade
barrier and along the discharge-measurement transect
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Figure A-8. Cross-section G of WBFR-X 24.4, located at the top of the middle cascade
barrier

Cross Sectional Profiles Page A-4 October 2012
DeSabla-Centerville Project, FERC No. 803
©2012, Pacific Gas and Electric Company



m DeSabla-Centerville Project, FERC No. 803
ursl1 Assessment of Fish Migration Barriers on the WBFR:
Field Survey and Data Compilation — Draft Report

Leftbank

2,446

2,442

2,438

2,434

Elevation (feet, NAVD88)
[2x vertical exaggeration]

2,430

2,426

View looking downstream

Rightbank

== Cross section

Water surface elevation

10

T

20

30

T T

40 50

Horizontal distance (feet)
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Figure A-10. Cross-section | of WBFR-X 24.4, located in the plunge pool below the middle
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Figure A-11. Cross-section J of WBFR-X 24.4, located upstream of the lower cascade
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Figure A-12. Cross-section K of WBFR-X 24.4, located at the top of the lower cascade
barrier
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Figure A-13. Planform view of the longitudinal profile and cross-sections (XS) at locations
A-G at WBFR-X 27.5, showing the barrier location
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Figure A-14. Cross-section A of WBFR-X 27.5, located in the holding pool upstream of the
waterfall barrier

Cross Sectional Profiles Page A-7 October 2012
DeSabla-Centerville Project, FERC No. 803
©2012, Pacific Gas and Electric Company



m DeSabla-Centerville Project, FERC No. 803
ursl1 Assessment of Fish Migration Barriers on the WBFR:
Field Survey and Data Compilation — Draft Report

Leftbank View looking downstream Rightbank
3,030

== Cross section

Water surface elevation

3,026 A

3,022 4

3,018 4

Elevation (feet, NAVD88)
[2x vertical exaggeration]

3,014 -

3,010 \ T ‘ ‘ T
0 10 20 30 40 50 60

Horizontal distance (feet)
Figure A-15. Cross-section B of WBFR-X 27.5, located immediately upstream of the
waterfall barrier
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Figure A-16. Cross-section C of WBFR-X 27.5, located at the top of the waterfall barrier
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Figure A-17. Cross-section D of WBFR-X 27.5, located at the base of the waterfall barrier
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Figure A-18. Cross-section E of WBFR-X 27.5, located in the plunge pool immediately
below the waterfall barrier
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Figure A-19. Cross-section F of WBFR-X 27.5, located in the plunge pool below the
waterfall barrier

Leftbank View looking downstream Rightbank
3,026

== Cross section

Water surface elevation

3,022 A

3,018

3,014

Elevation (feet, NAVD88)
[2x vertical exaggeration]

3,010

3,006 \ T T T T
0 10 20 30 40 50 60

Horizontal distance (feet)

Figure A-20. Cross-section G of WBFR-X 27.5, located in the long pool far below the
waterfall barrier
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DVD CONTENTS

Contents

Description

File
size
(MB)

File type

Root folder

BarriersSurvey DataViewer.mxd

ArcGIS 10.0 ArcMap Document
displaying the results of the October
2011 barriers survey.

2.5

ArcGIS
ArcMap
Document

SurveyData_Oct2011 v2.gdb

ESRI File Geodatabase housing all data
collected in the field and displayed in
the "BarriersSurvey_DataViewer.mxd"
file and in the "DeSabla WBFR Barrier
Survey 2011.kmz" file. In addition,
this GeoDatabase contains several
relationship tables used by the
GeoDatabase to display the barrier
photos and related information. Do not
alter or delete the contents of this
GeoDatabase.

914

ESRI File
Geodatabase

basedata folder

Barriers_Photo_Catalog.lyr

ArcGIS Layer showing the Barrier
Photo Catalog data using the MXD's
symbology.

ArcGIS
Layer

Rivers.shp

ESRI Shapefile showing selected
rivers\streams around the Project area.

<1.0

ESRI
Shapefile

World_Imagery.lyr

Dynamic ArcGIS Layer/Map Service.
This map service presents high-
resolution imagery for the United
States. Use requires an internet
connection and ESRI ArcMap
software.

<1.0

ArcGIS
Layer

graphs folder

"upper" and "lower" folders

These folders contain a collection of
graphs representing the topographic
cross-sections and longitudinal profiles
surveyed at each topographic survey
sites: WBFR-X 24.4 and 27.5.

<1.0

GIF images

graphsGE folder

"upper" and "lower" folders

These are the same graphs as above at
a lower resolution. Created for the
GeoDatabase and Google Earth file
(.kmz).

GIF images
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File
size
Contents Description (MB) File type

imagery folder

1-ft resolution imagery of the barrier GeoTiffs

sites (2005 GeoTiffs) provided by (and

PG&E. Do not alter the contents of ancillary
2005 GeoTiffs this folder. 981.0 | files)
info folder

Geo
Database

GeoDatabase dependent files. Do not dependent
GeoDatabase dependent files delete this folder or modify its contents. | <1.0 files
kml folder

Google Earth version of the

"BarriersSurvey_DataViewer.mxd"

file. This file was created to allow

access to the GeoDatabase content

outside ESRI ArcGIS software. It

requires the latest version of Google

Earth to be installed in your computer;
DeSabla WBFR Barrier Survey available for download Google
2011.kmz www.google.com/earth/index.html 28.1 Earth File
layers folder

ArcGIS Layer showing the Barrier

Photo Catalog data using the MXD's

symbology. Note: layers have absolute

paths to their sources. User will need

to update the source to match local ArcGIS
Barriers_Photo_Catalog.lyr directory settings <1.0 Layer

ArcGIS Layer showing the "lower"

Cross Sections Data Points (WBFR-X

24.4) using the MXD's symbology.

Note: layers have absolute paths to

their sources. User will need to update
Cross Sections Data Points the source to match local directory ArcGIS
(lower).lyr settings <1.0 Layer

ArcGIS Layer showing the "upper"

Cross Sections Data Points (WBFR-X

27.5) using the MXD's symbology.

Note: layers have absolute paths to

their sources. User will need to update
Cross Sections Data Points the source to match local directory ArcGIS
(upper).lyr settings <1.0 Layer
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File
size
Contents Description (MB) File type
photos folder
Original full resolution barrier Original photographs showing the
photos surveyed barriers. 93.8 JPG images
photosGE folder
Barrier photos (lower resolution Lower resolution versions of the barrier
version) photographs. 22.4 JPG images
survey shapefiles folder
An ESRI Shapefile showing the
location of all the surveyed barrier ESRI
BarrierSurveyPhotos_vAll.shp photographs. <1.0 Shapefile
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Summary of Butte Creek Fish Barriers near
Lower Centerville Diversion Dam (DeSabla-Centerville Project, FERC 803)

Gene Geary
Senior Aquatic Biologist Pacific Gas and Electric Company
May 10, 2005

BACKGROUND

This summary has been prepared in response to a request by NOAA Fisheries Service
during a conference call on April 27, 2005. At that time, representatives of NOAA
Fisheries Service requested that Pacific Gas and Electric Company (PG&E) summarize
the information that has been developed regarding natural barriers immediately upstream
of the Lower Centerville Diversion Dam (LCDD), to help them understand why both the
California Department of Fish and Game (CDFG) and PG&E are convinced that
anadromous fish never were able to pass upstream of the vicinity of LCDD. This
question arose in the context of determining if anadromous fish needed to be considered
as target species by any instream flow study conducted for Butte Creek upstream of
LCDD as part of the DeSabla-Centerville Project relicensing effort.

SUMMARY OF EXISTING REPORTS

The highest stream gradient in Butte Creek is found in the 1.4 miles immediately
upstream of LCDD; in this section, Butte Creek has a gradient of 7.3 % (386 feet per
mile) (USGS Paradise West and Cohasset 7.5’ Quadrangles). Multiple natural barriers to
fish passage have been documented in and above this section. Holtgrieve and Holtgrieve
(1995) were unable to find any historical information suggesting that salmon were ever
present in Butte Creek above LCDD, and they identified 35 potential barriers to fish
passage between LCDD and Butte Creek Diversion Dam, eight of which were mapped
within 0.8 miles of LCDD. They noted that the most difficult barriers occurred in the 3.5
miles upstream of LCDD, and recommended that “Persons particularly expert in the
capabilities of migrating salmon should evaluate barriers in this segment.” A second
barrier survey was conducted in 1996 by Johnson and Kier (1998) to explore the potential
for expanding spring-run Chinook habitat opportunities. Johnson and Kier identified 77
natural barriers between LCDD and Butte Creek Diversion Dam, with 22 barriers
identified in the 1.4 miles upstream of LCDD. The largest barrier identified by Johnson
and Kier was 35 high and occurred 0.58 miles upstream of LCDD. Johnson and Kier also
identified five other barriers downstream of this point. Two were major barriers nearer to
LCDD (a 16.5-foot compound barrier 0.54 miles above LCDD, and a 17-foot barrier 0.45
miles above LCDD), while the other 3 were smaller, between 6 and 7.4 feet high.

Both Holtgrieve and Holtgrieve (1995) and Johnson and Kier (1998) suggested that the
natural barriers in Butte Creek could be modified to allow upstream access by salmon. In
April, 1997 a proposal was initiated by the Institute for Fisheries Resources to open Butte
Creek Canyon to salmon and steelhead production. According to Watanabe (2000), an
analysis was performed and revisions to the project proposal were suggested in a paper
prepared by a CDFG biologist. This analysis stated that there were significant



environmental and engineering issues that needed to be addressed before developing a
restoration plan for Upper Butte Creek. Subsequently, five barriers (Quartz Bowl,
LCDD, and three major barriers upstream of LCDD) were briefly examined on July 12,
1999 by representatives from CDFG, NOAA Fisheries Service, the Bureau of
Reclamation (BOR), and PG&E. The goal of the group was to see several barriers on
Butte Creek to get an idea of the fish passage problems that exist and to begin doing a
technical assessment of fish passage conditions. The data collected by this team were
evaluated by Watanabe (2000). Watanabe’s conclusions about the ease of modifying
natural barriers to allow fish passage contradicted those of Holtgrieve and Holtgrieve
(1995) and Johnson and Kier (1998). She concluded that while fish passage design
criteria are frequently “stretched” in designing passage over natural barriers, this is
usually in the context of a single barrier. However, she concluded that “The significant
difference at Butte Creek is that there is not just one barrier where the standards could
be stretched, but 11 or more miles of potentially up to 77+ barriers. The goal should be
to provide unimpeded passage at each barrier to allow the spring-run salmon to reach
the Upper Butte Creek holding area in good condition so they can successfully hold over
the summer and spawn in the fall. A second goal should be to avoid stranding salmon
and steelhead in this stretch of river when the flow changes, where they may not be able
access suitable holding pools or spawning sites. If passage were provided through this
11+ mile reach, adherence to the criteria listed for manmade structures in an effort to
provide unimpeded upstream passage is required.” Watanabe identified a series of
detailed information requirements that would have to be met in order to design and
estimate costs for a passage project such as was proposed by the Institute for Fisheries
Resources in 1997. No further studies have been undertaken by the resource agencies
after the initial survey in 1999 (Paul Ward, CDFG personal communication). At a Butte
Creek Science Workshop in Chico on April 8, 2004, George Heise (CDFG’s senior
engineer) concluded that upper Butte Creek above LCCD did not make a good candidate
for fish passage improvement because of the number of migration barriers and the overall
high gradient of the channel.

In addition to the natural migration barriers upstream of LCDD, Watanabe documented
an 11.1-foot high barrier at Quartz Bowl, approximately one mile downstream of LCDD,
and an 11.4-foot bedrock cascade/falls that forms the foundation for the LCDD.
Holtgrieve and Holtgrieve (1995) quoted one source that the Quartz bowl was a total
barrier to salmon migration until the barrier was modified by blasting in the 1930s, which
allowed some fish passage. Currently a few salmon are able to pass the Quartz Bowl
barrier in very wet springs. In 1995 and 2003, 25 and 6 spring-run Chinook salmon,
respectively, were observed between the Quartz Bowl barrier and the LCDD (P. Ward
Personal communication), which equaled 0.3% and 0.1%, respectively of the observed
population of spring-run Chinook in each year (7,500 fish in 1995 and 4,398 fish in
2003): no fish were observed in 1998, 2000 or 2004 when there were also specific
surveys of this area completed). The natural bedrock falls at the site of LCDD is also
likely to have been a significant impediment to anadromous fish migration before the
dam was constructed. Yoshiyama et al (2001) concluded that historically the upstream
limit of salmon migration on Butte Creek was the present vicinity of LCDD. NOAA
Fisheries Service (Schick et al. 2005), followed this conclusion, and identified no change



in current available habitat for Central Valley spring-run Chinook salmon in Butte Creek
compared with historical conditions, and did not identify LCDD as a “keystone dam”
restricting salmon migration. Schick et al. also developed a map inferred from
Yoshiyama et al (2001) that suggests steelhead might have ascended further into Butte
Creek. Yoshiyama et al. cites Flint and Meyer (1977), stating that steelhead are believed
to have ascended as far upstream as Butte Meadows. In turn this reference in Flint and
Meyer is based on an uncorroborated personal communication: “Both species originally
migrated far into the canyon — some steelhead probably going as far as Butte Meadows
(R. Hallock, Citizens Advisory Committee, 1971, personal communication).” No other
reference has been located that would verify this remark, despite considerable research
(Holtgrieve and Holtgrieve 1995, P. Ward, CDFG, Personal Communication). Given the
best available technical information currently available on the barriers mapped in Butte
Creek (see discussion below), the speculative remark repeated by Flint and Meyer (1977)
was almost certainly in error.

BARRIER DETAILS

Butte Creek barrier information was presented in slightly different forms by Holtgrieve
and Holtgrieve (1995), Johnson and Kier (1998), and Watanabe (2000). Holtgrieve and
Holtgrieve noted barrier locations on USGS quads, with symbols noting barriers, but
provided no information on individual barrier heights (Figure 1). Johnson and Kier
identified barrier locations and characteristics relative to distance downstream of Butte
Creek Diversion Dam (a.k.a. Butte Head Dam) (Table 1), but did not plot barrier
locations on a map. Watanabe reported barrier measurements from the Quartz Bowl
Barrier downstream of LCDD to the third major barrier upstream of LCDD (Table 2).
Watanabe’s draft report did not identify the specific locations of the barriers upstream of
LCDD, but Paul Ward (CDFG) has identified the general locations of these barriers,
which are noted on Figure 1. The distance of these barriers upstream of LCDD was
estimated to the nearest 0.1 mile by comparing stream locations to the river mile
designations in PG&E (2004) (Appendix D, map 8 of 11). Of the three Butte Creek
barrier surveys, the most accurate and detailed barrier measurements are those in
Watanabe (2000). These measurements will be used in the remainder of this discussion.

Evans and Johnston (1980) suggested that natural bedrock falls with a vertical drop of
greater than 6 feet should be considered to be a total barrier for salmon and steelhead
without further study. However, a detailed review by Powers and Orsborn (1985),
concluded that falls where the change in water surface elevation is in excess of 11 feet
can be considered a total barrier to all species of Pacific salmon and steelhead. The
validity of Powers and Orsborn’s conclusion for Butte Creek is confirmed by the fact that
the Quartz Bowl barrier height is right at the criteria (measured at 11.1 feet) and is a
confirmed barrier to salmon migration for all but a few fish in the wettest years, and that
prior to blasting in the 1930s it was reportedly not passable at all. At 11.4 feet high, the
natural barrier that forms the foundation for LCDD is also right at Powers and Orsborn
total barrier criteria. Of the barriers summarized in Table 2 that occur upstream of
LCDD, all three significantly exceed the Powers and Orsborn criteria for a total passage
barrier, ranging in height from 13 feet to 23.8 feet with the first of these barriers (14.4



feet high) located only 0.3 miles upstream of LCDD. The furthest upstream (and most
difficult) barrier reported by Watanabe is approximately 0.8 miles upstream of LCDD.

Spawning habitat is extremely limited in the vicinity of LCDD. Johnson and Kier (1998)
reported 400 square feet of gravel (37 square meters) in the 0.54-mile section upstream of
LCDD; this section extends up to the second total barrier (i.e. >11-foot) identified on that
survey (this corresponds to the second total barrier identified by Watanabe 2000).
Assuming a recommended Chinook salmon spawning area of 15.5 square meters' this
amount of gravel could be sufficient for two pairs of spawning Chinook. Assuming an
average steelhead redd size of 4.4 square meters (Bjorn and Rieser 1991), there may be
enough spawning gravel in this section for eight pairs of steelhead.

CONCLUSIONS

Key conclusions from the above compilation can be summarized as follows:

e Holtgrieve and Holtgrieve (1995) found no historical records to indicate the pre-
Project occurrence of salmon in Butte Creek upstream of the site of LCDD. One
source indicated that all salmon were blocked at the Quartz Bowl barrier one mile
downstream of LCDD until blasting modified this barrier sometime in the 1930s.

¢ The Quartz Bowl barrier was measured by resource agency engineers as 11.1 feet
high. This is just at the 11-foot criteria proposed by Powers and Orsborn (1985)
to delineate a total barrier for all species of Pacific salmon and steelhead.
Observations of spring-run Chinook salmon above the Quartz Bowl barrier have
confirmed this site to be a barrier to salmon migration for all but a few fish in
only the wettest years. A slightly higher natural barrier (11.4 feet) forms the
foundation of LCDD. Prior to the construction of LCDD, this barrier was
arguably a total barrier to anadromous fish in most years.

e There are at least three locations from 0.3 - 0.8 miles upstream of LCDD with
natural barriers significantly higher than 11 feet. Based on the Orsborn and
Powers (1985) criteria, these locations can be considered to be total barriers to
potential salmon and steelhead passage without further analysis.

® Yoshiyama et al (2001) and identified no change in current available habitat for
Central Valley spring-run Chinook salmon in Butte Creek compared with
historical conditions. Schick et al. (2005) did not identify LCDD as a “keystone
dam” restricting salmon migration. Yoshiyama et al (2001) relied on a
speculative remark repeated by Flint and Meyer (1977) to suggest that steelhead
may once have migrated as far upstream as Butte Meadows. The subsequent
surveys of barriers in Butte Creek prove that the communication cited by Flint
and Meyer (1977) was in error.

¢ The quantity of spawning gravel reported by Johnson and Kier (1998) to be
present between LCDD and the total barriers upstream, is adequate to support two
pairs of spawning salmon and eight pairs of spawning steelhead.

' An average of recommendations from Cramer and Hammack (1952), M. Gard (personal communication
as cited in Ward and Kier 1999), and Needham et al. (1941)



From this evidence, it is clear that, before the development of the DeSabla-Centerville
Project, the migration of both salmon and steelhead was blocked somewhere between one
mile below and 0.3 miles above the current site of the LCDD. Therefore, it would be
inappropriate to consider steelhead or salmon as a target species in an instream flow
study upstream of LCDD.
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Table 1. Migration Barriers within 1 Mile upstream of Lower Centerville Diversion Dam (LCDD)
from Johnson and Kier (1998)*

Distance from
. LCDD (miles)
Distance d/s of (Assuming
Butte Creek LCDD at Vertical Ht. Horizontal Plunge Pool
Barrier Type Diversion (miles) mile 11) (ft) Distance (ft) Depth (ft)
[LCDD] [117%%]
Single Wfall
(1st Barrier above

LCDD) 10.76 0.24 s 7.0 20.0 2.0
Single Waterfall 10.74 0.26 6.0 15.0 3.0
Single Waterfall 10.55 0.45 17.0 25.0 8.0
Single Waterfall 10.48 0.52 6.0 8.0 4.0
Single Waterfall 10.46 0.54 11.0 15.0 0.0
Single Waterfall 10.46 0.54 3X5.5 10.0 0.0
Single Waterfall 10.43 0.57 7.4 10.0 2.0
Single Waterfall 10.42 0.58 35.0 60.0 8.0
Single Waterfall 10.40 0.60 9.0 35.0 0.0
Single Waterfall 10.38 0.62 8.0 25.0 4.0
Single Waterfall 10.36 0.64 6.5 2.0 4.0
Single Waterfall 10.36 0.64 6.5 2.0 4.0
Single Waterfall 10.17 0.83 12.6 25.0 13.5
Single Waterfall 10.10 0.90 8.0 10.0 5.0
Single Waterfall 10.04 0.96 12.0 30.0 3.0
Single Waterfall 10.03 0.97 10.0 25.0 3.5

*Barrier Data extracted from Johnson and Kier (1998) on migration barriers within 1 mile of
LCDD
** Johnson and Kier (1998) refer to LCDD as eleven miles downstream of the Butte Creek
Diversion Dam, but did not specifically report the distance in their barrier location table.




July 12, 1999

Table 2. Summary of Upper Butte Creek Field Trip Barrier Notes from Watanabe (2000)

Flow: 47 cfs
Barrier Fall Height Downstream | Pool depth | Upstream Alternate Distance from
Location Pool length (base of Conditions | Routes LCDD
falls) around pool (P. Ward
CDFG, personal
communication)
Quartz Bowl | 11.1 feet 118 feet 16.5 feet Small None 1 mile Below
Pool Barrier cascades, evident LCDD
(Chute) steep grade
Lower 14.2 feet 28' wide No pool at No None 0
Centerville (Dam Height) 42' long base of dam | information
Diversion 7.7" deep
D
am 11.4 feet 42' wide
(Cascade) 477ong
Barrier 1 14.4 feet 141 feet No Pool Possible 0.3 miles
st Barrier information | 52'long passage (approximate)
Above LCDD 40" wide around
bedrock
outcropping
on right
bank
Barrier 2 13 feet 100 feet 11.8 feet Pool None, steep 0.6 miles
2nd Barrier 82'long bedrock (approximate)
Above LCDD walls both
sides
Barrier 3 12' Total | 99 feet 4.3 feet Cascades Possible 0.8 miles
3rd Barrier } and 3'-4' ladder route
Above LCDD 11.8" 1 538" | No defined pool, deep Pools on left bank
lots of big
boulders/bedrock '
structures 4' rise over
40'

Note - Holtgrieve reported that the Quartz Bowl barrier was dynamited in the 1930's, allowing occasional

passage up to the Lower Centerville Diversion Dam.
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1.0
INTRODUCTION

This white paper was prepared to assist decision makers in understanding and addressing
issues related to effects of turbidity and suspended sediment on fish and aquatic resources
in California’s Sierra Nevada rivers and streams. The approach used to prepare this
paper was to compile available, relevant literature into one document and summarize the
extensive amount of technical information available on this topic. An approach to
interpreting the potential effects of suspended sediment and turbidity on fish, based on
the literature, is presented in Section 8 of this paper.

There is an extensive literature on the effects of turbidity and suspended sediment on
aquatic systems. The authors have compiled and reviewed over 200 documents obtained
from biological database and Internet searches. These documents include peer-reviewed
papers, theses, agency reports, gray, and published literature. We approached this paper
without bias or any preconceived idea about how this paper would or could be used.

The effects of sedimentation or deposited sediment on physical habitat in streams are
related to the effects of suspended sediment, but this topic is outside of the scope of this
paper. A cursory review of literature related to sedimentation is provided in Appendix A.

Key questions addressed in this paper are as follows.

=  What are the impact mechanisms for suspended sediment and turbidity to affect
aquatic organisms or communities? Are effects behavioral, physical or
physiological?

=  What measures for suspended solids, turbidity, and water clarity provide the most
accurate and informative data for purposes of assessing impacts to aquatic life?
Given specific management objectives, which water quality measurement is most
appropriate?

= How severe are the biological effects (short-term, acute or chronic, sublethal or
lethal)? What potential thresholds or effect endpoints should be considered to
assess effects on aquatic invertebrates, amphibians, fish and aquatic communities?

= To what extent can existing data and literature on exposure, duration, and event
frequency relationships be used to guide impact assessment and management in
California’s Sierra Nevada streams and rivers?

This white paper is organized as follows.

Section 2 Definitions, Properties and Measurement defines the terms “turbidity,” “water
clarity” and “suspended sediment” and describes their respective properties. Methods
used to measure these parameters are described. This section brings the reader up to
current understanding of the issues associated with the measurement of water clarity.
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Section 3 Watershed Considerations summarizes watershed characteristics that influence
the erosion and transport of sediment from watershed upland into streams. These
processes characterize natural turbidity and suspended sediment formation and
movement, and provide a context for considering changes from these conditions for
regulatory purposes.

Section 4 Recent Literature Reviews summarizes several key, recent, peer-reviewed
publications considering the effects of turbidity and suspended sediment on aquatic
organisms and their habitat. The section provides a summary of literature reviews and
models developed to evaluate the level of biological responses to these water quality
parameters in the context of management objectives.

Sections 5, 6, and 7 summarize literature addressing macroinvertebrates, fish, and
amphibians, respectively.

Section 8 Summary and Recommendations briefly summarizes the available information
and provides some general recommendations to assessing effects of turbidity and
suspended sediment on aquatic species and their habitat.

Section 9 contains the bibliography.

Because many of the tables and figures from the literature reviewed are relevant to our
discussions, they were reproduced and included in this document.
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2.0
DEFINITIONS, PROPERTIES AND MEASUREMENT

Turbidity and suspended solids measurements are commonly used in assessments of
stream water quality and, along with deposited sediments, evaluated in relation to their
effects on aquatic biota. The concepts of turbidity, water clarity, and suspended sediment
concentration are related, but distinct from each other. In order to measure turbidity and
suspended solids and correctly interpret or apply the results, it is important that their
definitions and physical properties are understood. This section defines these concepts
and describes their respective properties.

Methods used to measure turbidity, water clarity, and suspended sediment also are
described in this section, and the issues associated with these measurements are
summarized. Measurements of these water quality parameters are sometimes used as
surrogates for each other. Since different properties are measured, this approach is
appropriate only in certain circumstances, and without cross-calibration can lead to
misunderstanding of conditions and processes. An additional objective of this section is
to summarize the definitions and properties of turbidity, water clarity, and suspended
sediment as they apply to measurements of these parameters.

2.1 TURBIDITY AND WATER CLARITY
2.1.1 DEFINITION AND PROPERTIES

The American Society for Testing and Materials (ASTM) definition of turbidity was
adopted during the April 30-May 2, 2002 Federal Interagency Workshop on Turbidity
and Other Sediment Surrogates (USGS 2003), as follows:

Turbidity — an expression of the optical properties of a sample that causes
light rays to be scattered and absorbed rather than transmitted in straight
lines through a sample. (Turbidity of water is caused by the presence of
suspended and dissolved matter such as clay, silt, finely divided organic
matter, plankton, other microscopic organisms, organic acids, and dyes.)

Turbidity is commonly used as a surrogate measure for either suspended sediment
concentration (SSC) or water clarity. It is essential to understand how turbidity is
measured and the limitations of its use for estimating SSC or water clarity. Davies-
Colley and Smith (2001) provide a thorough review of the relationships among turbidity,
suspended sediment, and water clarity, as well as an overview of light properties that
affect measurements. The salient points from their review are included below.

Turbidity is caused by the intense scattering of light by fine suspended matter (composed
of inorganic sediment and organic matter). Suspended solids contribute to both
absorption and scattering of light. Light attenuation in water (reduced light transmission)
by suspended particles is responsible for the “cloudiness” of turbid water and contributes
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to low visual clarity. Turbidity and water clarity, both optical properties, are inversely
related, i.e. as turbidity increases, water clarity decreases. Davies-Colley and Smith
(2001) distinguish between two main aspects of water clarity that relate to effects on the
aquatic biota; these are “light penetration” and “visual clarity.”

The photons in a light beam passing through water undergo both absorption (photon
energy is ultimately converted to heat) and scattering (Figure 2-1). The sum of these two
optical processes can be quantified as the beam attenuation coefficient. The absorption,
scattering and beam attenuation coefficients are inherent optical properties of the water
that do not depend on the incident light field. Beam attenuation can be directly measured
with a beam transmissometer.

In contrast, the attenuation of diffuse light, quantified by the irradiation attenuation
coefficient, depends not only on the inherent optical character of water, but also (weakly)
on incident light conditions (such as the position of the sun or cloud cover). The euphotic
depth, the depth at which photosynthetically available radiation (PAR) is reduced to 1
percent of its incident value, is proportional to the irradiance attenuation coefficient for
the whole PAR waveband. The relationship between irradiance attenuation and
suspended matter concentration or turbidity is generally non-linear (although it can be
linear) and depends on the optical character of suspended particles. There is no universal
relationship between light penetration and suspended sediment concentration, turbidity,
or visual clarity; the relationship must be established empirically in a given water body
(Davies-Colley and Smith 2001), which can vary with the flow and type and size of
suspended matter.

Visual clarity, when measured as the hydrologic range (the maximum sighting distance
[generally horizontal] of a perfectly black target), depends only on beam attenuation.
The hydrologic range does not depend on lighting conditions, and therefore visual clarity
measured as “black disc visibility” may have practical advantages for water quality
management (Davies-Colley and Smith 2001).

The correlation of turbidity (scatter an