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April 22, 2015

Honorable Kimberly D. Bose, Secretary, and VIA ELECTRONIC MAILING
Nathaniel I. Davis, Sr., Deputy Secretary
FEDERAL ENERGY REGULATORY COMMISSION
888 First Street, NE
Washington, DC 20426

Re: Lake Chelan Hydroelectric Project No. 637
Article 405 and Article 408 — 2014 Annual Flow and Water Temperature Report including
the Water Quality Assessment

Dear Secretary Bose and Deputy Secretary Davis:

On September 10, 2013, the Federal Energy Regulatory Commission (Commission) issued its order’
revising the reporting date to April 30 of each year for the Annual Flow and Water Temperature pursuant
to Articles 405 and 408 of the license, and the Water Quality Certificate Condition V.A.(iii) for the Lake
Chelan Hydroelectric Project (Project).

Chelan PUD hereby files the 2014 Annual F low and Water Temperature Report, including the water
quality assessment data collected in 2013 and 2014. On March 16, 2015, a final draft of this report was
provided to the resource agencies, Tribes and non-governmental organizations specified for 30-day
review, which ended April 16.2 Please refer to Appendix D for the consultation documentation.

Please contact me or Steve Hays at (509) 661-4181 of my office regarding any questions or comments
regarding this request.

Sincerely

f ey . Osbom
Compliance Program Supervisor
jeff.osbornchelanpud.org
(509) 661-4176

cc: Erich Gaedeke, FERC Portland Regional Office
Chris Coffin, Washington Department of Ecology
Chelan River Fish Forum

Enclosure: 2014 Annual Flow and Water Temperature Report

1 144 FERCJ 62,221
2$ee http://www.chetanpud.org/departments/licensingCompliance/LC implementation/corres/4468Lp%f

COMMISSIONERS: GanyArseneault, Carnan Bergren, Dennis S. Bela, Ann Congdon, Randy Smith GENERAL MANAGER: Steve Wright
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EXECUTIVE SUMMARY 
 
Chelan PUD received a new license (License) from the Federal Energy Regulatory Commission 
(FERC) on November 6, 2006, authorizing Chelan PUD to operate the Lake Chelan dam and 
powerhouse for a period of 50 years. The License conditions require that Chelan PUD provide 
minimum flows to the Chelan River and monitor those flows and water temperatures at various 
locations. The License required the construction of a Low Level Outlet at Chelan Dam, a Reach 
4 habitat channel and spawning areas in the tailrace, and operations to protect aquatic life 
through flow ramping rates and powerhouse operations. The License also requires that Chelan 
PUD file an Annual Flow and Temperature Report with the FERC documenting compliance with 
these License requirements.  
 
Flow releases were provided throughout the year from the Low Level Outlet for minimum flows 
of at least 80 cfs in Reaches 1-3. The runoff forecast for 2014 indicated an average water year, 
thus minimum flow releases to Reaches 1-3 were at least 200 cfs from May 15 – July 15. 
Additional flow was provided from the Pump Station to the Reach 4 habitat channel for salmon 
and steelhead spawning during their respective spawning periods (October 15 – November 30 
and March 15 – May 14). During both the steelhead and the Chinook spawning period, the 
Chelan River Fishery Forum approved testing an alternative spawning flow using four instead of 
five pumps.1 The spawning flow levels during these tests ranged from 277 cfs – 292 cfs, with the 
exception of a 14 hour period with five pumps for habitat velocity transect measurements on 
November 5.  
 
Flows were released from the spillway, as needed for lake level control, from May 23 – June 10 
and June 23 – July 26. Daily average flow releases for lake level control peaked at 4,322 cfs on 
July 15, whereas the highest hourly flows of 5,656 occurred on July 23. Flow releases from the 
Low Level Outlet were also managed to provide whitewater boating flows on September 20-21. 
Flows were ramped back down to minimum flows following the event, with ramping concluded 
on September 22. 
 
In 2014, Chelan PUD implemented operating criteria for compliance with the two inches per 
hour ramping rates that were refined in 2011. The refined criteria performed well in 2012 and 
2013 during the adjustments of spill flows and when ramping down from flows provided for 
whitewater boating in September. However, following a ramping rate deviation on June 10, 
2014, the criteria were temporarily adjusted on June 24, 2014, to be more conservative to prevent 
deviations that might result if the criteria were interpreted differently than anticipated. On July 
25, ramping rates returned to previous levels following snorkel surveys documenting absence of 
fry along the river banks. Improved instructions were instituted, tested, revised and incorporated 
into the ramping rate table on December 16. 
 
There were 319 salmon redds with eggs incubating in the tailrace from spawning that occurred in 
2013. Powerhouse operations for Chinook redd protection, based on results from the previous 

                                                 
1 See Chelan PUD’s notification filed March 13, 2015, to the FERC regarding temporary changes to reduce pumped 

flow to the Chelan River habitat channel for 2014 and 2015.  
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year’s tests, were implemented and monitored to determine if adequate oxygen levels were 
maintained in Chinook salmon redds. During this study, the tests were designed to maintain 
minimum generation flows of over 800 cfs. During dive operations to install oxygen probes and 
sample redds for egg-fry survival measurements, the period of time with no powerhouse flow 
was limited to a maximum of three hours. The 2013 results indicated that dissolved oxygen 
levels above 6.0 mg/l can be maintained in most redds, even over repeating cycles of three hours 
with no flow followed by one hour at minimum generation, producing over 800 cfs flow. After 
these studies concluded on March 27, the powerhouse operated with one turbine at full capacity 
until April 14, by which time emergence of Chinook salmon had concluded. 
 
The powerhouse was intermittently taken out of operation from April 14 – April 22 for penstock 
inspection, and then operated with one turbine through May 16, with no operation May 12-13 for 
equipment testing. Steelhead spawning surveys were conducted from March – May, but no 
steelhead spawning was observed in 2014.  
 
During the Chinook spawning period, powerhouse daily average flows were maintained above 
2000 cfs from October 15 –November 30, with the exception of operations with one turbine 
through mid day on October 15 and during a few hours on November 5 due to exciter 
maintenance. A total count of 400 Chinook redds were estimated to have been deposited in the 
Chelan River Reach 4 (78), tailrace (246), and downstream in the Chelan/Columbia River 
confluence and Columbia River (76). 
 
Water temperatures were monitored at seven locations in the Chelan River and tailrace. Water 
temperatures neither increased nor decreased during transit through the Reach 4 habitat channel. 
The maximum daily average water temperatures measured from upstream to downstream 
locations were 23.4 °C at the Low Level Outlet, 23.4 °C at the top of Reach 1, 23.0 °C at the end 
of Reach 1, 23.4 °C at the end of Reach 3, 23.5 °C at the bottom of Reach 4, and 23.5 °C in the 
tailrace. The highest hourly temperatures recorded at these locations were 23.7 °C, 23.7 °C, 
25.8 °C, 25.5 °C , 25.7 °C and 24.2 °C, respectively. The highest 7-DADMax temperatures 
recorded were 23.2 °C at the top of Reach 1, 25.1 °C and 25.0 °C at the ends of Reaches 1 and 3, 
25.1 °C at the bottom of Reach 4 and 23.5 °C in the tailrace. 
 
Water quality assessments for dissolved oxygen and pH were made in Reach 4 during May – 
June of 2013 and October – November of 2014. Water quality standards were met for these 
parameters during these monitoring periods. 
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SECTION 1: INTRODUCTION 
 
The Lake Chelan Hydroelectric Project (Project) is owned and operated by the Public Utility 
District No. 1 of Chelan County (Chelan PUD). The Federal Energy Regulatory Commission 
(FERC) license for operation of this project, issued on November 6, 2006, authorizes Chelan 
PUD to operate the Lake Chelan dam and powerhouse for a period of 50 years. As part of the 
normal operation of the Project, Chelan PUD withdraws water from Lake Chelan for power 
generation and discharges that water through the powerhouse into an excavated tailrace, which 
leads to the confluence of the Chelan River and the Columbia River. Flows released from the 
Chelan Dam follow the natural channel of the Chelan River, joining with the powerhouse tailrace 
flows and discharging to the Columbia River. As a requirement of the new License, minimum 
flows were established for the Chelan River and that flow was initiated on October 14, 2009. 
 
Chelan PUD filed an Operations Compliance Monitoring Plan (OCMP), as required in License 
Article 405, which describes how Chelan PUD operates to meet: (1) the instream flows, ramping 
rates, and tailrace flows as set forth in Article 7 of the Lake Chelan Settlement Agreement and 
Chapter 7 of the Comprehensive Plan attached to the Settlement Agreement; (2) and the lake 
levels as set forth in Article 8 of the Settlement Agreement and Chapter 8 of the Comprehensive 
Plan. The OCMP includes the specifics of flow measurement techniques, electronic flow data 
posting, quarterly and annual reporting requirements, and an implementation schedule. 
 
Chelan PUD filed a Threatened and Endangered Species Protection Plan (TESPP), as required in 
License Article 408, which describes: (1) how Chelan PUD implemented provisions for timely 
development of a system to release water at the Lake Chelan Dam or pump water from the 
project powerhouse tailrace to the Chelan River, and subsequent operation of that system to 
continuously maintain flows equal to or greater than the flows required for Chelan River Reach 
4; and (2) methods and schedules for monitoring of flows in the project tailrace and in Reach 4 
of the Chelan River and annual reporting of the monitoring results, as set forth in Article 7 of the 
Lake Chelan Settlement Agreement and Chapter 7 of the Comprehensive Plan attached to the 
Settlement Agreement, and (3) methods for timely determination of the need to take actions to 
improve water quality characteristics adversely affecting anadromous fish, and identification and 
implementation of appropriate actions. 
 
The OCMP and TESPP were submitted to the FERC on May 4, 2007 and the FERC issued an 
order approving the TESPP on November 28, 2007 and an order modifying and approving the 
OCMP on November 30, 2007. Both the OCMP and TESPP require the recording and reporting 
of flows in the Chelan River, to evaluate meeting minimum flow requirements, protection of fish 
habitat and protection of salmon and steelhead eggs incubating in the tailrace. The TESPP also 
includes annual reporting of water temperature monitoring required in the Lake Chelan 
Settlement Agreement. The order approving the OCMP requires that Chelan PUD shall file an 
Annual Flow Report with the FERC by February 28 of each year. Due to weather and snow 
conditions that frequently prevented retrieval of temperature loggers in January and February, 
the FERC granted a request from Chelan PUD to change the filing date of these annual reports to 
April 30. This Annual Flow and Temperature Report meet the flow and temperature reporting 
requirements of License Articles 405 and 408.  
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Chelan PUD manages the level of Lake Chelan and flow releases through the powerhouse and 
into the Chelan River channel at the dam for power generation and other purposes. License 
Article 405 requires management of lake levels with priority given to maintaining minimum 
flows in the Chelan River (initiated in 2009) and reducing high spillway flows into the Chelan 
River to protect fish habitat. This report includes two sections that correspond to the flow 
reporting requirements of the FERC order: Section 2, Chelan River Instream Flows and Section 
3, Powerhouse Tailrace Security Flows. Section 4 of this report contains the water temperature 
monitoring that was conducted in 2014. In addition, the FERC order requires that Chelan PUD 
conduct general water quality assessments in years 6 (2012) and 8 (2014) sufficient to 
demonstrate that the Chelan River meets water quality standards for dissolved oxygen, total 
dissolved gas, turbidity and pH. Section 5 of this report documents water quality assessments 
that address this requirement. 
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SECTION 2: CHELAN RIVER INSTREAM FLOWS 

2.1 Chelan River Instream Flows 

Flow releases were provided throughout the year from the Low Level Outlet for minimum flows 
of at least 80 cfs in Reaches 1-3 (Figure 2-1). The runoff forecast for 2014 was 105 percent of 
average, which is classified as an “average year” for setting minimum flows during the annual 
runoff cycle. The 2014 minimum flow releases to Reaches 1-3 were at least 200 cfs from May 15 
– July 15. Additional flow was provided from the Pump Station to the Reach 4 habitat channel 
for salmon and steelhead spawning during their respective spawning periods (Figure 2-2). There 
were no minimum flow deviations in 2014. 
 
Flows were released from the spillway, as needed for lake level control, from May 23 – June 10 
and June 23 – July 26. These flow releases were managed to meet lake level target elevations and 
to avoid high spill levels that could damage the Reach 4 habitat channel. Daily average flow 
releases for lake level control peaked at 4,322 cfs on July 15, whereas the highest hourly flows of 
5,656 occurred on July 23. Flow releases from the Low Level Outlet were also managed to 
provide whitewater boating flows on September 20-21. Flows were ramped back down to 
minimum flows following the event, with ramping concluded on September 22. 
 
Spawning flows were provided for steelhead trout from March 15 – May 14 and for Chinook 
salmon from October 15-November 30. The Chelan River Fisheries Forum approved testing an 
alternative spawning flow using four instead of five pumps for both the steelhead and Chinook 
spawning periods. The spawning flows were provided through the combination of the Low Level 
Outlet flows and Pump Station flows, maintaining flow levels of at least 277 cfs during the 
spring steelhead spawning period. On the final day of the steelhead spawning period, flows were 
increased to 348 cfs overnight, then ramped down one pump at a time on March 14 to a flow of 
210 cfs while observers monitored to determine if Chinook fry became stranded during the 
reduction in flows as each pump was turned off. The flow effects of shutting off the pumps were 
buffered by increasing the flow from the Low Level Outlet to 210 cfs at the time the pump 
station shut down began. During the Chinook spawning period, the flow ranged from 279 cfs – 
292 cfs. At the end of the Chinook spawning period, flows from the Pump Station were ramped 
down one pump at a time to avoid fish stranding. Steelhead spawning surveys were conducted 
from March through May, but no steelhead spawning was observed in 2014. Chinook fry were 
observed rearing in the Reach 4 habitat channel from mid April through May. Chinook spawning 
began on October 4 and was completed prior to November 29. There were a total of 400 redds 
counted in the Chelan River Reach 4, the tailrace and Columbia River at the confluence. There 
were 78 redds in the Reach 4 habitat channel and upstream pool, 246 in the tailrace and 76 in the 
Columbia River in Chelan River currents below the confluence. 
 
A tabulation of average daily flows from the Low Level Outlet, Pump Station, combined flows 
into Reaches 1-3 and Reach 4, powerhouse discharge, spill discharge and hourly lake levels and 
powerhouse tailwater levels are presented in Appendix A. Hourly data reported quarterly is 
available at the internet site: http://www.chelanpud.org/lc-Resource-Documents.cfm.  
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Figure 2-1. Flow Releases to Reaches 1-3 of the Chelan River, 2014. 
 

 
 
Figure 2-2. Flow Releases to Chelan River Reach 4, 2014. 
 
 

 

2.2 Chelan River Ramping Rates 

The Lake Chelan Settlement Agreement requires that ramping rates are to be established for the 
Chelan River to protect aquatic organisms from rapid fluctuations in water levels. The ramping 
rates for decreases in water levels were initially set at approximately two inches per hour during 
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the period when juvenile salmon and steelhead fry may be present. The OCMP states that the 
two inches per hour ramping rates will remain in effect until biological evaluations have 
determined the actual ramping rates necessary to prevent stranding of fish in the Chelan River. 
The locations in the Chelan River where water level changes will be measured to determine 
operating criteria for compliance with ramping rates will be determined in consultation with the 
Chelan River Fishery Forum. 
 
The year 2014 was the fifth full year of minimum flow operations for the Chelan River since 
completion of the Low Level Outlet, Reach 4 habitat channel, and Pump Station. Biological 
evaluations of fish populations with snorkel surveys in the Chelan River Reaches 1-3 and Reach 
4 began in 2012. Results of those surveys have been provided to the Chelan River Fisheries 
Forum and were included in the 2015 Biological Objectives Status Report. Observations during 
the snorkel surveys, steelhead spawning surveys (weekly March 15-June 1), summer 
observations during temperature logger replacement (monthly July, August, September) and fall 
during Chinook spawning surveys (weekly October – November) determined that Chinook 
salmon fry are only present in the Reach 4 habitat channel during the months of April, May and 
June. No Chinook or steelhead fry were observed prior to mid April and after July. However, 
ramping rate operations for juvenile fish were followed throughout the year since refinement of 
ramping rates has not yet concluded. 
 
In 2014, Chelan PUD implemented operating criteria for compliance with the two inches per 
hour ramping rates that were refined in 2011 and managed flow releases using those operating 
criteria in conjunction with onsite monitoring of actual water level changes. Implementation of 
the refined criteria was successful in 2012 and 2013 during the adjustments of spill flows and 
when ramping down from flows provided for whitewater boating in September. However, there 
was a ramping rate deviation on June 10, 2014 (Appendix C). Ramping rate criteria were 
temporarily adjusted on June 24, 2014, to be more conservative to prevent deviations that might 
result if the criteria were interpreted differently than anticipated. The temporary change to more 
conservative criteria is shown in Table 2-1 in red text next to the values in the table. On 7-25-14, 
due to the absence of fry along the riverbanks verified by snorkel surveys, ramping rates returned 
to previous levels which remained in effect through the remainder of 2014. Also, in response to 
the FERC finding (Appendix C) that the June 10, 2014, ramping rate deviation was “the result of 
an unclear or inaccurate spill reduction ramping rate table”, improved instructions were 
instituted. These instructions were tested and revised, then incorporated into the ramping rate 
table on December 16, 2014. These improved instructions are shown in Table 2-1. 
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Table 2-1. Final Ramping Criteria (2014). 
 

Chelan Hydro License Compliance 

Maximum Allowable Spill Reduction Ramping Rate 

Revised 12-16-14 
Whenever making a change in total spill, enter the table below at the “Total Current Spill” on the left, 

read “Maximum Allowable Spill Reduction Ramping Rate” on the right. 

Total Current Spill* 
cfs  

Maximum Allowable Spill Reduction Ramp Rate 
                                   cfs/hr Temporary 6/24-7/25 

1000 < Total Current Spill                                      250                  200 

500 < Total Current Spill  <= 1000                                      100                   50 

400 < Total Current Spill <= 500                                       50                    25 

220 < Total Current Spill <= 400                                       30                    25 

80 < Total Current Spill <= 220                                       20                    20 

* Total Current Spill = Low Level Outlet + Spill Gates 
 



2014 Annual Flow and Water Temperature Report 

Final  Lake Chelan Project No. 637 
April 22, 2015 Page 9 FN: #44681  

 

SECTION 3: POWERHOUSE TAILRACE SECURITY FLOWS 

3.1 Powerhouse Operations 

There were 319 salmon redds with eggs incubating in the tailrace from spawning that occurred in 
2013. Powerhouse operations for Chinook redd protection, based on results from the previous 
year’s tests, were implemented and monitored to determine if adequate oxygen levels were 
maintained in Chinook salmon redds. During this study, the tests were designed to maintain 
minimum generation flows of over 800 cfs. During dive operations to install oxygen probes and 
sample redds for egg-fry survival measurements, the period of time with no powerhouse flow 
was limited to a maximum of three hours. The 2013 results indicated that dissolved oxygen 
levels above 6.0 mg/l can be maintained in most redds, even over repeating cycles of three hours 
with no flow followed by one hour at minimum generation, producing over 800 cfs flow. After 
these studies concluded on March 27, the powerhouse operated with one turbine at full capacity 
until April 14, by which time emergence of Chinook salmon had concluded. 
 
The powerhouse was intermittently taken out of operation from April 14 – April 22 for penstock 
inspection, and then operated with one turbine through May 16, with no operation May 12-13 for 
equipment testing. Steelhead spawning surveys were conducted from March – May, but no 
steelhead spawning was observed in 2014.  
 
During the Chinook spawning period, powerhouse daily average flows were maintained above 
2,000 cfs from October 15 –November 30, with the exception of operations with one turbine 
through mid day on October 15 and during a few hours on November 5 for exciter maintenance. 
A total count of 400 Chinook redds were estimated to have been deposited in the Chelan River 
Reach 4 (78), tailrace (246), and downstream in the Chelan/Columbia River confluence and 
Columbia River (76). 
 
Powerhouse flows were above 2,000 cfs from December 1 – 31, with the exception of two daily 
periods of no flow (less than 3 hours each) from December 8 – 12 for installation of oxygen 
monitoring equipment in Chinook redds and to sample redds for egg-fry survival measurements. 
 
Water surface elevations in the tailrace can fluctuate by several feet over the course of a day due 
to changes in Columbia River flows that affect the backwater curve of the Rocky Reach 
reservoir. The water level fluctuations in the tailrace are reduced when the Chelan Powerhouse is 
operating. In past years, temporary dewatering of a few Chinook redds in shallow areas had been 
observed when the powerhouse was not operating and Columbia River flows were low. During 
tailrace spawning habitat construction in 2008 these areas were graded to prevent dewatering.   
The water levels in the tailrace remained above 707.5 feet most of the time and never dropped 
below 707.0 feet from January 1 – May 31 and October 15 – December 31. Some minor 
dewatering of redds at this location was observed in spring 2014, concurrent with lower than 
typical forebay levels at Rocky Reach Dam that were necessary to accommodate extreme 
operations at Wanapum and Rock Island dams due to the Wanapum Spillway Response. In 
summer of 2014, this area was again excavated and graded to remove river gravels that had 
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accumulated since 2008. This work was completed prior to the October Chinook spawning 
period. The daily average tailwater levels measured at the powerhouse are shown in Figure 3-2. 
 
Figure 3-1. Chelan Powerhouse Daily Average Flows, 2014. 
 

 
 

 
 

Figure 3-2. Chelan Powerhouse Daily Average Tailwater Elevations, 2013. 
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SECTION 4: WATER TEMPERATURE MONITORING 

4.1 Water Temperatures Released to Chelan River and Tailrace 

Automated water temperature monitoring equipment is installed at two locations, within the pipe 
that draws water from the base of the Chelan Dam and discharges to the Chelan River through 
the Low Level Outlet and in the Chelan Powerhouse Tailrace from a sensor mounted on the 
Pump Station intake screens. These monitoring locations measure water temperatures that reflect 
the coolest water available for the Chelan River (Low Level Outlet temperature) and the average 
of water temperatures arriving at the face of Chelan Dam as drawn through the powerhouse 
intakes (Chelan Powerhouse Tailrace). Water temperatures measured in the tailrace also 
represent the temperature of water that is being discharged to the Reach 4 habitat channel when 
the Pump Station is in operation. Each of these devices was out of service at times in 2014. 
 
Water temperatures from these sources (Figure 4-1) generally show little stratification in water 
temperatures at the face of Chelan Dam. The maximum daily average water temperature 
measured in the Low Level Outlet pipe was 23.4 °C. Hourly water temperatures peaked at 
23.7 °C on July 17 and again on August 20. Tailrace maximum daily average temperature was 
23.5 °C, while hourly temperatures peaked at 24.2 °C on August 17. 
 
Figure 4-1. Low Level Outlet and Tailrace Daily Average Water Temperatures. 
 

 
 

4.2 Water Temperatures in Chelan River Reaches 1-3. 
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entering the Chelan River from the Low Level Outlet and the spillway. The location of this 
temperature logger is set below the mixing zone for these sources of water. The second location 
is at the end of Reach 1, which is the reach of the Chelan River that has the lowest gradient and 
least profile shading, thus the greatest potential for water temperature heating during the spring 
and summer. The third location is at the end of Reach 3, where the Chelan River exits the series 
of cascades and falls that are the upstream barrier to anadromous fish. The temperature loggers at 
each location are exchanged several times during the year to retrieve the data. These data are 
reported quarterly during most of the year, with monthly reporting for July, August and 
September. These data reports are available at http://www.chelanpud.org/lc-Resource-
Documents-WaterQuality.cfm.  
 
The water temperatures recorded at the monitored Reaches in 2014 demonstrated small 
differences in daily average water temperature between Reaches (Figure 4-2). However, the daily 
maximum water temperature increased above the temperature at the Low Level Outlet during 
summer and decreased during the fall. This is not unexpected because the water exiting Lake 
Chelan is affected by the heat sink effect of the lake’s large volume. Water in Lake Chelan is still 
warming from March – August, but then retains this heat through the late summer and fall, thus 
water exiting the lake is cooler than sustainable at equilibrium with ambient solar and air 
temperature conditions through the summer, then tends to be warmer than sustainable through 
fall and early winter. The maximum daily average water temperatures recorded in 2014 were 
23.4 °C at the top of Reach 1, 23.0 °C at the end of Reach 1, and 23.4 °C at the end of Reach 3. 
The data logger at the end of Reach 1 was lost during summer spill and replaced in August. The 
highest hourly temperatures recorded were 23.7 °C, 25.8 °C, and 25.5 °C, respectively for the top 
of Reach 1, end of Reach 1 and end of Reach 3. The highest temperature recorded was at the end 
of Reach 1 on August 18. 
 
Figure 4-2. Chelan River Reaches 1-3 Daily Average Water Temperatures. 
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4.3 Water Temperatures in Chelan River Reach 4 Habitat Channel. 

Water temperatures are monitored at hourly intervals at two locations (Onset HOBO Water 
Temp Pro v2), at the upper and lower end of the habitat channel. The upper location records 
either the water temperature exiting from the pool below the end of Reach 3 or the mixed flows 
from that source and the Pump Station canal outlet, when the pumps are in operation. The 
monitoring location at the end of the habitat channel is at the point where habitat channel flows 
enter into the tailrace, just upstream from where mixing of these flows is expected. 
 
The daily average water temperature data from these locations did not show any evidence of 
heating  as water passed through the habitat channel, despite the lack of significant shade from 
vegetation under current conditions (Figure 4-3). The maximum daily average temperatures 
recorded were 23.4 °C at the top and 23.5 °C at the end of the habitat channel. The maximum 
hourly temperatures were 25.5 °C and 25.7 °C at the upper and lower ends of the habitat channel. 
These peak temperatures were recorded on August 4. 
 
Figure 4-3. Reach 4 Habitat Channel Daily Average Water Temperatures. 
 

  

4.4 Chelan River 7-DADMax Water Temperatures Top Reach 1 to Bottom Reach 4. 

Washington State water quality standards for temperature establish criteria based on the 
7-DADMax (seven day average of daily maximum temperature). The 7-DADMax criterion for 
the Chelan River is currently 17.5 °C (see Section 5, Table 5-1), with an allowable human effect 
of 0.3 °C above natural conditions. Natural conditions have not been defined for the Chelan 
River due to its current status of a river in the initial stages of restoration. However, the 
temperature of water exiting Lake Chelan is the initial water temperature at the beginning of the 
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Chelan River. This water is either provided exclusively from the Low Level Outlet, which draws 
the coolest water available at the face of the Chelan Dam, or is from a mix of water from the 
spillway and the Low Level Outlet. As water flows through the Chelan River, it either heats or 
cools, depending on the time of year, since water exiting Lake Chelan is thermally buffered from 
daily and seasonal environmental influences. The 7-DADMax from the fall through early spring 
may be warmer at the upper Chelan River (top of Reach 1) than at the lower end where it merges 
with the tailrace (end of Reach 4). As solar radiation and warmer air temperatures increase from 
spring through summer, the 7-DADMax will increase as water flows down the Chelan River. 
The 7-DADMax may be nearly identical at different locations, indicating that the water 
temperature had reach equilibrium with the external sources of heat gain or loss prior to reaching 
the downstream monitoring locations. 
 
The 7-DADMax water temperatures from four locations, top of Reach 1, end of Reach 1, end of 
Reach 3 and end of the Reach 4 Habitat Channel are shown in Figure 4-4. During the periods 
when flows in Reach 4 are increased for Chinook and steelhead spawning, the water 
temperatures measured at the end of the Reach 4 Habitat Channel reflects the mix of water from 
the tailrace and water exiting Reach 3. The difference in temperature is pronounced during the 
spring when steelhead spawning flows are provided by the pumping station (March 15 – 
May 15). Prior to and after the spring pumping period, the 7-DADMax at the end of Reach 3 and 
at the end of the Reach 4 Habitat Channel are nearly identical (Figure 4-4). The 7-DADMax at 
the top of Reach 1 exceeded the 17.5 °C criterion on May 20, with exceedances extending to 
October 14, reaching a peak of 23.2  C on July 20. The 7-DADMax at the end of Reach 4 
exceeded the criterion from May 16, with exceedances continuing thorough October 15. The 
highest 7-DADMax reached 25.1 °C on August 4. The highest 7-DADMax at the ends of Reach 
1 and Reach 3 were 25.1 °C and 25.0 °C, respectively. 
 
Figure 4-4. The 7-DADMax Water Temperatures for Reaches 1 – 4. 
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SECTION 5: WATER QUALITY ASSESSMENT 
 
General water quality assessment data was collected in 2014. The requirement for general water 
quality assessment is that Chelan PUD conduct general water quality assessments in years 6 
(2012) and 8 (2014) sufficient to demonstrate that the Chelan River meets water quality 
standards for dissolved oxygen, total dissolved gas, turbidity and pH. The 401 Certification 
specifies that this information is to be collected in Reach 4 for dissolved oxygen, turbidity and 
pH, whereas the total dissolved gas measurements are to be made in Reach 1 below the spillway 
of the Chelan Dam. Water quality criteria currently applicable to the Chelan River, which has a 
designated aquatic life use of salmonid spawning, rearing and migration, are shown in Table 5-1. 
 
Table 5-1. Water Quality Criteria for Salmonid Spawning, Rearing and Migration. 
 

 
Water 

Temperature 
Dissolved 
Oxygen 

pH Turbidity 
Total 

Dissolved 
Gas 

Criteria 
7-DADMax 
<=17.5 °C 

1 Day Min. 
8.0 mg/l 

6.5-8.5 Units 
 

- 
110 % 

Saturation 

Allowable 
Human Effect 

0.3 °C above 
natural 

conditions 
0.2 mg/l < 0.5 Units 

5 NTU when 
Background 
<= 50 NTU 

None 

 

5.1 Assessment of Dissolved Oxygen, pH and Turbidity in Reach 4 Habitat Channel. 

Measurements of water temperature, dissolved oxygen and pH were obtained from two locations 
in the Reach 4 Habitat Channel from October 1 to November 25, 2014. Measurements were 
obtained using Hydrolab MS5 Minisondes that were programmed to record data every hour. One 
Minisonde was attached to the same anchor post that is used for the temperature recording data 
logger at the upper end of the Habitat Channel. The other Minisonde was attached to the anchor 
post that is used for the temperature logger at the downstream end of the habitat channel. 
 
The dissolved oxygen and pH data collected were within the criteria specified for the current 
designated uses for the Chelan River (Table 5-1).The temperature, dissolved oxygen and pH data 
collected with the Minisondes are shown in Figure 5-1. The hourly temperature data regularly 
collected from the upper and lower end of the Reach 4 Habitat Channel are also shown in these 
figures, demonstrating the close agreement between these four independent measurements of 
water temperature. The water temperatures in the Chelan River do not meet the criteria for 
salmonid spawning, rearing and migration during the summer and the warmest temperatures are 
usually present during July and August. Water temperature did not fall below the 17.5 °C until 
October 12. Daily swings in temperature were attenuated after the spawning flows from the 
pumping station were initiated on October 15. The dissolved oxygen levels in Figure 5-1 
demonstrate that despite water temperatures exceeding 17.5 °C the dissolved oxygen level still 
met the water quality criterion of 8.0 mg/l. 
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A week of water quality data was also collected at the end of May and early June in 2013 (Figure 
5-2). Water quality monitoring in August and October of 2012, which was reported in the 2012 
Annual Flow and Water Temperature Report. For each of these monitoring periods, the only 
water quality criteria that has not been met has been water temperature. The dissolved oxygen 
and pH levels have met the water quality criteria throughout these monitoring periods. 
Additional monitoring is scheduled for 2015, with the intent to install instruments as soon as 
high spill flows subside in the summer and to monitor through September. 
 
The water clarity in the Chelan River is very high throughout the year, except during high spill 
levels. A single turbidity measurement was taken on October 12, 2013, and the turbidity was 
0.04 NTU. The water clarity in August was not visibly any less clear than in October. There is no 
background turbidity against which to compare the turbidity in the Reach 4 Habitat Channel 
since there is no construction activity and there are no active erosion sites within the Habitat 
Channel. 

5.2 Assessment of Total Dissolved Gas in Reach 1 Below Chelan Dam Spillway. 

There were no measurements for total dissolved gas taken below the Chelan Dam spillway in 
2014. When spill was initiated, no safe location could be found for placing an instrument. A 
secure and representative method for placing an instrument for measuring TDG was installed in 
2014 and monitoring is planned to occur in 2015. 
 
 
Figure 5-1. October – November 2014, Water Quality Data in Reach 4 Habitat Channel. 
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Figure 5-2. May – June  2013,  Water Quality Data in Reach 4 Habitat Channel. 
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SECTION 6: SUMMARY 
 
Flow releases were provided throughout the year from the Low Level Outlet for minimum flows 
of at least 80 cfs in Reaches 1-3. The runoff forecast for 2014 indicated an average water year, 
thus minimum flow releases to Reaches 1-3 were at least 200 cfs from May 15 – July 15. 
Additional flow was provided from the Pump Station to the Reach 4 habitat channel for salmon 
and steelhead spawning during their respective spawning periods (October 15 – November 30 
and March 15 – May 14. During both the steelhead and the Chinook spawning period, the Chelan 
River Fishery Forum approved testing an alternative spawning flow using four instead of five 
pumps, with the goal of providing at least 270 cfs flow. The spawning flow levels during these 
tests ranged from 277 cfs – 292 cfs, with the exception of a 14 hour period with five pumps for 
habitat velocity transect measurements on November 5. There were no minimum flow deviations 
in 2014. 
 
Flows were released from the spillway, as needed for lake level control, from May 23 – June 10 
and June 23 – July 26. Daily average flow releases for lake level control peaked at 4,322 cfs on 
July 15, whereas the highest hourly flows of 5,656 occurred on July 23. Flow releases from the 
Low Level Outlet were also managed to provide whitewater boating flows on September 20-21. 
Flows were ramped back down to minimum flows following the event, with ramping concluded 
on September 22. 
 
In 2014, Chelan PUD implemented operating criteria for compliance with the two inches per 
hour ramping rates that were refined in 2011. The refined criteria performed well in 2012 and 
2013 during the adjustments of spill flows and when ramping down from flows provided for 
whitewater boating in September. However, following a ramping rate deviation on June 10, 
2014, the criteria were temporarily adjusted on June 24, 2014, to be more conservative to prevent 
deviations that might result if the criteria were interpreted differently than anticipated. On July 
25, ramping rates returned to previous levels following snorkel surveys documenting absence of 
fry along the river banks. Improved instructions were instituted, tested, revised and incorporated 
into the ramping rate table on December 16. 
 
There were 319 salmon redds with eggs incubating in the tailrace from spawning that occurred in 
2013. Powerhouse operations for Chinook redd protection, based on results from the previous 
year’s tests, were implemented and monitored to determine if adequate oxygen levels were 
maintained in Chinook salmon redds. During this study, the tests were designed to maintain 
minimum generation flows of over 800 cfs. During dive operations to install oxygen probes and 
sample redds for egg-fry survival measurements, the period of time with no powerhouse flow 
was limited to a maximum of three hours. The 2013 results indicated that dissolved oxygen 
levels above 6.0 mg/l can be maintained in most redds, even over repeating cycles of three hours 
with no flow followed by one hour at minimum generation, producing over 800 cfs flow. After 
these studies concluded on March 27, the powerhouse operated with one turbine at full capacity 
until April 14, by which time emergence of Chinook salmon had concluded. 
 
The powerhouse was intermittently taken out of operation from April 14 – April 22 for penstock 
inspection, and then operated with one turbine through May 16, with no operation May 12-13 for 
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equipment testing. Steelhead spawning surveys were conducted from March – May, but no 
steelhead spawning was observed in 2014.  
 
During the Chinook spawning period, powerhouse daily average flows were maintained above 
2000 cfs from October 15 –November 30, with the exception of operations with one turbine 
through mid day on October 15 and during a few hours on November 5 due to exciter 
maintenance. A total count of 400 Chinook redds were estimated to have been deposited in the 
Chelan River Reach 4 (78), tailrace (246), and downstream in the Chelan/Columbia River 
confluence and Columbia River (76). 
 
Water temperatures were monitored at seven locations in the Chelan River and tailrace. Water 
temperatures neither increased nor decreased during transit through the Reach 4 habitat channel. 
The maximum daily average water temperatures measured from upstream to downstream 
locations were 23.4 °C at the Low Level Outlet, 23.4 °C at the top of Reach 1, 23.0 °C at the end 
of Reach 1, 23.4 °C at the end of Reach 3, 23.5 °C at the bottom of Reach 4, and 23.5 °C in the 
tailrace. The highest hourly temperatures recorded at these locations were 23.7 °C, 23.7 °C, 
25.8 °C, 25.5 °C , 25.7 °C and 24.2 °C, respectively. The highest 7-DADMax temperatures 
recorded were 23.2 °C at the top of Reach 1, 25.1 °C and 25.0 °C at the ends of Reaches 1 and 3, 
25.1 °C at the bottom of Reach 4 and 23.5 °C in the tailrace. 
 
Water quality assessments for dissolved oxygen and pH were made in Reach 4 during May – 
June of 2013 and October – November of 2014. Water quality standards were met for these 
parameters during these monitoring periods. 
 





 

 

APPENDIX A: DAILY AVERAGE LAKE CHELAN ELEVATIONS, 
POWERHOUSE FLOWS, TAILWATER ELEVATIONS AND CHELAN 
RIVER FLOWS FROM SPILL, LOW LEVEL OUTLET AND PUMPING 

STATION





 

 

 
 
 
 
 

Date 

 
 

Lake 
Chelan 

Elevation 
(ft) 

 
 

Powerhouse 
Tailrace 

Flow 
(cfs) 

 
 

Powerhouse 
Tailwater 
Elevation 

(ft) 

 
 

Low Level
Outlet 
Flow 
(cfs) 

 
 
 

Spill  
Flow 
(cfs) 

Chelan 
River 
Flow 

Reaches 
1-3 

(cfs) 

 
 

Pump 
Station 
Flow 
(cfs) 

 
Chelan 
River 
Flow 

Reach 4 
(cfs) 

1/1/2014 1089.2 842 708.1 84 0 84 0 84 
1/2/2014 1089.2 1848 708.9 84 0 84 0 84 
1/3/2014 1089.2 1855 709.2 84 0 84 0 84 
1/4/2014 1089.0 1850 709.2 84 0 84 0 84 
1/5/2014 1089.0 844 708.5 84 0 84 0 84 
1/6/2014 1088.9 1121 708.8 84 0 84 0 84 
1/7/2014 1088.9 1128 709.3 83 0 83 0 83 
1/8/2014 1088.8 1853 709.0 83 0 83 0 83 
1/9/2014 1088.7 2335 709.1 83 0 83 0 83 

1/10/2014 1088.6 2350 709.3 83 0 83 0 83 
1/11/2014 1088.5 2341 709.6 84 0 84 0 84 
1/12/2014 1088.5 852 708.3 84 0 84 0 84 
1/13/2014 1088.5 1861 709.1 84 0 84 0 84 
1/14/2014 1088.4 1855 709.1 84 0 84 0 84 
1/15/2014 1088.4 659 708.4 84 0 84 0 84 
1/16/2014 1088.3 660 708.7 84 0 84 0 84 
1/17/2014 1088.3 858 708.9 84 0 84 0 84 
1/18/2014 1088.3 2153 709.2 84 0 84 0 84 
1/19/2014 1088.2 2351 709.4 83 0 83 0 83 
1/20/2014 1088.1 2351 709.6 83 0 83 0 83 
1/21/2014 1088.0 2354 709.4 82 0 82 0 82 
1/22/2014 1087.9 1863 709.1 82 0 82 0 82 
1/23/2014 1087.8 1866 709.1 82 0 82 0 82 
1/24/2014 1087.7 1900 709.1 82 0 82 0 82 
1/25/2014 1087.6 1871 709.0 82 0 82 0 82 
1/26/2014 1087.5 847 708.7 82 0 82 0 82 
1/27/2014 1087.5 1866 709.6 82 0 82 0 82 
1/28/2014 1087.5 1865 709.2 82 0 82 0 82 
1/29/2014 1087.4 1866 709.0 81 0 81 0 81 
1/30/2014 1087.3 1860 709.1 82 0 82 0 82 
1/31/2014 1087.3 1828 708.9 83 0 83 0 83 
2/1/2014 1087.2 1829 708.7 83 0 83 0 83 
2/2/2014 1087.1 845 708.1 83 0 83 0 83 
2/3/2014 1087.0 858 708.5 83 0 83 0 83 
2/4/2014 1087.0 663 708.2 83 0 83 0 83 
2/5/2014 1087.0 445 708.9 83 0 83 0 83 
2/6/2014 1086.9 753 709.0 83 0 83 0 83 
2/7/2014 1086.9 854 708.2 82 0 82 0 82 
2/8/2014 1086.9 856 707.9 82 0 82 0 82 
2/9/2014 1086.9 854 708.2 82 0 82 0 82 

2/10/2014 1086.8 856 708.4 82 0 82 0 82 
2/11/2014 1086.8 270 708.2 83 0 83 0 83 
2/12/2014 1086.9 272 708.7 83 0 83 0 83 
2/13/2014 1086.9 1868 709.0 82 0 82 0 82 
2/14/2014 1086.9 1807 708.8 82 0 82 2 84 
2/15/2014 1086.8 1868 708.8 82 0 82 0 82 
2/16/2014 1086.7 857 708.6 82 0 82 0 82 
2/17/2014 1086.7 260 708.4 83 0 83 0 83 
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Lake 
Chelan 

Elevation 
(ft) 

 
 

Powerhouse 
Tailrace 

Flow 
(cfs) 

 
 

Powerhouse 
Tailwater 
Elevation 

(ft) 

 
 

Low Level
Outlet 
Flow 
(cfs) 

 
 
 

Spill  
Flow 
(cfs) 

Chelan 
River 
Flow 

Reaches 
1-3 

(cfs) 

 
 

Pump 
Station 
Flow 
(cfs) 

 
Chelan 
River 
Flow 

Reach 4 
(cfs) 

2/18/2014 1086.8 274 708.9 83 0 83 0 83 
2/19/2014 1086.8 266 709.1 83 0 83 0 83 
2/20/2014 1086.9 1863 709.0 82 0 82 0 82 
2/21/2014 1086.8 1839 708.7 82 0 82 0 82 
2/22/2014 1086.7 1866 708.6 81 0 81 0 81 
2/23/2014 1086.6 859 707.6 81 0 81 0 81 
2/24/2014 1086.5 2360 708.9 82 0 82 0 82 
2/25/2014 1086.5 1757 709.1 82 0 82 0 82 
2/26/2014 1086.4 1729 709.1 82 0 82 0 82 
2/27/2014 1086.3 2367 709.3 82 0 82 0 82 
2/28/2014 1086.2 2372 709.1 82 0 82 0 82 
3/1/2014 1086.1 1848 708.7 82 0 82 0 82 
3/2/2014 1086.0 857 708.4 82 0 82 0 82 
3/3/2014 1085.9 1879 708.5 82 0 82 0 82 
3/4/2014 1085.9 1830 708.3 82 0 82 0 82 
3/5/2014 1085.8 1247 707.9 82 0 82 0 82 
3/6/2014 1085.8 915 707.6 82 0 82 0 82 
3/7/2014 1085.8 921 707.8 82 0 82 2 83 
3/8/2014 1085.8 1878 709.3 82 0 82 0 82 
3/9/2014 1085.8 856 708.2 82 0 82 0 82 

3/10/2014 1085.9 1853 708.8 82 0 82 0 82 
3/11/2014 1085.9 1881 709.0 82 0 82 0 82 
3/12/2014 1085.9 958 709.1 82 0 82 0 82 
3/13/2014 1085.9 1066 709.3 82 0 82 0 82 
3/14/2014 1085.9 947 708.9 82 0 82 115 197 
3/15/2014 1085.9 962 708.7 82 0 82 201 283 
3/16/2014 1086.0 880 709.7 82 0 82 204 286 
3/17/2014 1086.0 936 709.6 83 0 83 203 286 
3/18/2014 1086.1 937 709.8 82 0 82 204 286 
3/19/2014 1086.1 873 709.4 82 0 82 202 284 
3/20/2014 1086.1 869 708.7 82 0 82 200 282 
3/21/2014 1086.2 1139 708.0 82 0 82 200 282 
3/22/2014 1086.2 1169 708.2 83 0 83 200 282 
3/23/2014 1086.2 1268 708.6 83 0 83 201 284 
3/24/2014 1086.2 1280 709.0 83 0 83 202 285 
3/25/2014 1086.2 963 709.0 83 0 83 201 284 
3/26/2014 1086.2 959 708.9 82 0 82 200 282 
3/27/2014 1086.2 958 708.3 82 0 82 201 283 
3/28/2014 1086.2 1270 708.5 82 0 82 201 283 
3/29/2014 1086.2 1273 709.2 82 0 82 201 283 
3/30/2014 1086.2 1278 709.2 82 0 82 200 282 
3/31/2014 1086.2 1274 709.0 82 0 82 202 284 
4/1/2014 1086.2 1274 709.1 82 0 82 202 284 
4/2/2014 1086.2 1271 708.6 82 0 82 199 281 
4/3/2014 1086.1 1273 708.9 82 0 82 200 283 
4/4/2014 1086.1 1283 709.5 83 0 83 200 283 
4/5/2014 1086.1 1275 709.1 83 0 83 200 283 
4/6/2014 1086.1 1263 708.2 83 0 83 198 281 
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4/7/2014 1086.2 1277 708.9 83 0 83 201 284 
4/8/2014 1086.2 1272 708.8 84 0 84 200 283 
4/9/2014 1086.3 1270 708.6 84 0 84 198 282 

4/10/2014 1086.3 1267 708.2 84 0 84 199 283 
4/11/2014 1086.4 1265 708.1 85 0 85 197 282 
4/12/2014 1086.5 1272 708.5 85 0 85 201 286 
4/13/2014 1086.5 1273 708.8 85 0 85 201 286 
4/14/2014 1086.6 392 709.6 86 0 86 201 287 
4/15/2014 1086.7 22 709.9 87 0 87 201 288 
4/16/2014 1086.8 0 709.9 87 0 87 202 289 
4/17/2014 1086.9 0 709.7 87 0 87 203 291 
4/18/2014 1087.1 0 709.8 88 0 88 201 289 
4/19/2014 1087.2 0 709.7 89 0 89 203 291 
4/20/2014 1087.4 0 709.2 89 0 89 201 290 
4/21/2014 1087.5 10 708.9 90 0 90 202 292 
4/22/2014 1087.6 28 709.2 89 0 89 199 289 
4/23/2014 1087.7 1281 709.0 88 0 88 200 288 
4/24/2014 1087.8 1272 708.5 86 0 86 199 285 
4/25/2014 1087.9 1280 709.3 84 0 84 203 287 
4/26/2014 1088.0 1300 710.2 84 0 84 203 287 
4/27/2014 1088.0 1193 709.9 84 0 84 201 286 
4/28/2014 1088.0 1293 709.7 84 0 84 202 286 
4/29/2014 1088.1 1293 709.4 83 0 83 202 285 
4/30/2014 1088.1 1196 709.4 83 0 83 202 285 
5/1/2014 1088.2 1283 709.3 83 0 83 202 285 
5/2/2014 1088.3 1253 709.2 84 0 84 201 285 
5/3/2014 1088.5 1295 710.5 84 0 84 203 287 
5/4/2014 1088.8 1291 710.6 85 0 85 205 291 
5/5/2014 1089.0 1292 710.6 86 0 86 206 292 
5/6/2014 1089.2 1286 709.4 86 0 86 203 289 
5/7/2014 1089.4 1187 710.1 85 0 85 204 289 
5/8/2014 1089.6 1119 710.7 85 0 85 206 290 
5/9/2014 1089.8 1154 709.8 85 0 85 201 287 

5/10/2014 1090.1 1162 710.3 86 0 86 205 291 
5/11/2014 1090.2 876 710.1 86 0 86 206 292 
5/12/2014 1090.4 23 710.3 89 0 89 205 293 
5/13/2014 1090.6 29 710.1 89 0 89 237 326 
5/14/2014 1090.9 1091 710.4 149 0 149 125 275 
5/15/2014 1091.2 1144 710.6 211 0 211 0 211 
5/16/2014 1091.7 1153 711.1 213 0 213 0 213 
5/17/2014 1092.2 2031 710.8 215 0 215 0 215 
5/18/2014 1092.5 2499 711.0 216 0 216 0 216 
5/19/2014 1092.8 2485 710.7 214 0 214 0 214 
5/20/2014 1093.0 2479 710.8 208 0 208 0 208 
5/21/2014 1093.3 2502 711.2 206 0 206 0 206 
5/22/2014 1093.6 2474 711.1 207 0 207 0 207 
5/23/2014 1093.9 2475 711.2 209 373 582 0 582 
5/24/2014 1094.3 2469 710.9 211 806 1017 0 1017 
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5/25/2014 1094.6 2467 711.1 212 822 1035 0 1035 
5/26/2014 1094.8 2465 711.1 213 836 1049 0 1049 
5/27/2014 1095.0 2467 711.2 214 1283 1497 0 1497 
5/28/2014 1095.1 2463 711.0 211 2448 2659 0 2659 
5/29/2014 1095.1 2451 711.0 207 2804 3011 0 3011 
5/30/2014 1095.1 2458 710.8 207 3082 3289 1 3290 
5/31/2014 1095.0 2458 711.5 206 3284 3490 0 3490 
6/1/2014 1095.0 2465 712.0 207 3282 3488 0 3488 
6/2/2014 1095.0 2454 711.0 207 3293 3500 0 3501 
6/3/2014 1095.2 2455 711.6 207 3117 3325 0 3325 
6/4/2014 1095.3 2446 711.3 207 2461 2668 0 2668 
6/5/2014 1095.5 2450 711.1 208 1221 1428 0 1428 
6/6/2014 1095.7 2495 710.2 208 297 505 0 505 
6/7/2014 1095.9 2505 710.2 209 299 508 0 508 
6/8/2014 1096.1 2495 710.4 209 302 511 0 511 
6/9/2014 1096.3 2502 710.6 210 303 514 0 514 

6/10/2014 1096.5 2491 710.0 232 160 392 0 392 
6/11/2014 1096.6 2500 709.9 222 0 222 0 222 
6/12/2014 1096.8 2493 709.4 203 0 203 0 203 
6/13/2014 1097.0 2489 709.3 204 0 204 0 204 
6/14/2014 1097.2 2491 709.0 205 0 205 0 205 
6/15/2014 1097.3 2490 709.2 206 0 206 0 206 
6/16/2014 1097.4 2494 709.9 206 0 206 0 206 
6/17/2014 1097.5 2494 710.0 206 0 206 0 206 
6/18/2014 1097.7 2485 710.5 207 0 207 0 207 
6/19/2014 1097.8 2462 711.1 207 0 207 0 207 
6/20/2014 1097.9 2463 711.0 207 0 207 0 207 
6/21/2014 1098.0 2497 711.1 208 0 208 0 208 
6/22/2014 1098.1 2498 711.3 208 0 208 0 208 
6/23/2014 1098.2 2494 711.3 208 827 1035 0 1035 
6/24/2014 1098.4 2491 710.9 209 1511 1720 0 1720 
6/25/2014 1098.5 2110 711.0 210 678 887 0 887 
6/26/2014 1098.6 2485 711.2 210 227 437 0 437 
6/27/2014 1098.8 2483 711.1 210 206 417 0 417 
6/28/2014 1098.9 2479 711.2 211 206 417 0 417 
6/29/2014 1099.1 2485 711.2 211 206 417 0 417 
6/30/2014 1099.1 2476 711.1 212 1395 1608 0 1608 
7/1/2014 1099.1 2493 711.8 212 1811 2023 0 2023 
7/2/2014 1099.2 2478 711.3 212 1307 1519 0 1519 
7/3/2014 1099.3 2479 711.4 213 1315 1527 0 1527 
7/4/2014 1099.4 2474 710.6 212 1319 1531 0 1531 
7/5/2014 1099.3 2473 710.7 212 925 1138 0 1138 
7/6/2014 1099.4 2470 710.5 213 208 420 0 420 
7/7/2014 1099.5 2457 710.4 213 183 396 0 396 
7/8/2014 1099.6 2453 710.2 214 512 725 0 725 
7/9/2014 1099.7 2443 710.4 214 597 811 0 811 

7/10/2014 1099.8 2173 710.3 214 393 607 0 607 
7/11/2014 1099.8 2217 710.4 215 298 513 0 513 
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7/12/2014 1099.9 2450 710.3 215 191 406 0 406 
7/13/2014 1100.0 2453 709.8 216 517 732 0 732 
7/14/2014 1100.0 2464 710.8 214 3110 3325 0 3325 
7/15/2014 1099.8 2478 711.5 213 4108 4322 0 4322 
7/16/2014 1099.8 2468 710.7 213 1689 1902 0 1902 
7/17/2014 1099.9 2455 710.2 213 374 587 0 587 
7/18/2014 1099.9 2453 709.9 161 192 354 0 354 
7/19/2014 1099.9 2453 710.0 89 331 420 0 420 
7/20/2014 1099.9 2452 710.0 90 699 789 0 789 
7/21/2014 1099.9 2455 709.9 87 817 904 0 904 
7/22/2014 1099.8 2458 710.1 85 709 794 0 794 
7/23/2014 1099.8 2460 710.6 85 1646 1731 0 1731 
7/24/2014 1099.6 2484 711.6 84 4149 4233 0 4233 
7/25/2014 1099.5 2482 710.8 84 1333 1417 0 1417 
7/26/2014 1099.4 2469 710.1 85 142 226 0 226 
7/27/2014 1099.4 740 709.4 85 0 85 0 85 
7/28/2014 1099.4 1920 709.5 85 0 85 0 85 
7/29/2014 1099.4 1918 709.1 85 0 85 0 85 
7/30/2014 1099.5 1722 709.1 85 0 85 0 85 
7/31/2014 1099.5 1737 710.0 85 0 85 0 85 
8/1/2014 1099.5 1678 709.7 85 0 85 0 85 
8/2/2014 1099.5 1647 709.3 85 0 85 0 85 
8/3/2014 1099.5 1108 708.8 84 0 84 0 84 
8/4/2014 1099.5 1656 709.1 85 0 85 0 85 
8/5/2014 1099.5 1788 709.7 85 0 85 0 85 
8/6/2014 1099.5 1660 709.9 85 0 85 0 85 
8/7/2014 1099.5 1118 709.6 84 0 84 0 84 
8/8/2014 1099.5 1115 709.1 84 0 84 30 115 
8/9/2014 1099.5 1116 709.1 84 0 84 52 136 

8/10/2014 1099.5 1114 708.8 84 0 84 52 136 
8/11/2014 1099.5 1121 708.5 85 0 85 52 137 
8/12/2014 1099.5 1120 708.5 85 0 85 52 137 
8/13/2014 1099.6 1776 708.5 85 0 85 52 137 
8/14/2014 1099.6 2473 709.1 85 0 85 52 137 
8/15/2014 1099.6 2466 709.0 85 0 85 52 136 
8/16/2014 1099.6 1706 708.4 85 0 85 51 136 
8/17/2014 1099.6 20 707.5 86 0 86 51 137 
8/18/2014 1099.7 1675 709.2 85 0 85 52 137 
8/19/2014 1099.7 1671 709.3 85 0 85 52 137 
8/20/2014 1099.7 1866 708.8 85 0 85 52 136 
8/21/2014 1099.6 2473 709.0 85 0 85 52 137 
8/22/2014 1099.5 957 708.8 85 0 85 0 85 
8/23/2014 1099.5 1658 708.8 85 0 85 0 85 
8/24/2014 1099.5 20 707.7 85 0 85 0 85 
8/25/2014 1099.5 1663 708.6 85 0 85 0 85 
8/26/2014 1099.5 1671 708.5 85 0 85 0 85 
8/27/2014 1099.4 1665 708.3 85 0 85 0 85 
8/28/2014 1099.4 1674 708.3 84 0 84 0 84 
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8/29/2014 1099.3 1680 708.2 84 0 84 0 84 
8/30/2014 1099.3 1665 709.0 84 0 84 0 84 
8/31/2014 1099.3 20 708.6 85 0 85 0 85 
9/1/2014 1099.3 20 707.7 85 0 85 0 85 
9/2/2014 1099.3 1661 708.2 84 0 84 0 84 
9/3/2014 1099.2 1656 708.1 84 0 84 0 84 
9/4/2014 1099.1 1695 708.3 84 0 84 0 84 
9/5/2014 1099.0 1628 708.0 84 0 84 0 84 
9/6/2014 1099.0 1677 708.1 84 0 84 0 84 
9/7/2014 1099.0 20 706.9 85 0 85 0 85 
9/8/2014 1099.0 1673 708.1 84 0 84 0 84 
9/9/2014 1098.9 1679 708.1 83 0 83 0 83 

9/10/2014 1098.7 1704 708.5 83 0 83 0 83 
9/11/2014 1098.7 1678 708.1 83 0 83 0 83 
9/12/2014 1098.6 1683 707.9 83 0 83 0 83 
9/13/2014 1098.5 1678 708.0 83 0 83 0 83 
9/14/2014 1098.5 20 706.7 83 0 83 0 83 
9/15/2014 1098.4 1679 708.5 83 0 83 0 83 
9/16/2014 1098.4 1662 708.4 82 0 82 0 82 
9/17/2014 1098.3 1773 708.2 82 0 82 0 82 
9/18/2014 1098.2 1661 708.2 82 0 82 0 82 
9/19/2014 1098.2 578 707.4 82 0 82 0 82 
9/20/2014 1098.2 572 707.6 224 0 224 0 224 
9/21/2014 1098.2 20 707.1 284 0 284 0 284 
9/22/2014 1098.1 1676 708.2 153 0 153 0 153 
9/23/2014 1098.1 1670 708.0 88 0 88 0 88 
9/24/2014 1098.0 1708 708.0 87 0 87 0 87 
9/25/2014 1098.0 2188 708.7 86 0 86 0 86 
9/26/2014 1097.9 2193 708.7 86 0 86 0 86 
9/27/2014 1097.9 2186 708.7 86 0 86 0 86 
9/28/2014 1097.8 2047 708.5 86 0 86 0 86 
9/29/2014 1097.7 2475 708.8 86 0 86 0 86 
9/30/2014 1097.6 2484 708.8 86 0 86 0 86 
10/1/2014 1097.4 2489 708.9 85 0 85 0 85 
10/2/2014 1097.3 2483 708.9 85 0 85 0 85 
10/3/2014 1097.2 2479 708.9 85 0 85 0 85 
10/4/2014 1097.0 2490 709.0 84 0 84 0 84 
10/5/2014 1096.9 2497 709.2 84 0 84 0 84 
10/6/2014 1096.8 2493 708.9 84 0 84 0 84 
10/7/2014 1096.7 2481 708.8 84 0 84 0 84 
10/8/2014 1096.6 2491 708.8 83 0 83 0 83 
10/9/2014 1096.5 2504 708.8 83 0 83 0 83 

10/10/2014 1096.3 2504 708.8 83 0 83 0 83 
10/11/2014 1096.2 2498 708.9 83 0 83 0 83 
10/12/2014 1096.1 2505 709.0 82 0 82 0 82 
10/13/2014 1096.0 1251 708.5 82 0 82 0 82 
10/14/2014 1096.0 1247 708.0 82 0 82 104 186 
10/15/2014 1095.9 1792 708.3 82 0 82 200 282 
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10/16/2014 1095.8 2495 708.7 82 0 82 203 284 
10/17/2014 1095.7 2492 708.7 83 0 83 202 286 
10/18/2014 1095.6 2492 708.8 85 0 85 203 288 
10/19/2014 1095.5 2493 709.0 85 0 85 203 288 
10/20/2014 1095.5 2493 708.8 85 0 85 203 287 
10/21/2014 1095.4 2494 708.8 85 0 85 202 287 
10/22/2014 1095.3 2492 708.9 84 0 84 203 287 
10/23/2014 1095.3 2495 708.9 84 0 84 202 286 
10/24/2014 1095.2 2498 709.0 84 0 84 204 288 
10/25/2014 1095.1 2489 708.8 84 0 84 203 287 
10/26/2014 1095.1 2492 708.8 84 0 84 201 285 
10/27/2014 1095.0 2502 709.1 83 0 83 203 287 
10/28/2014 1095.0 2497 709.1 83 0 83 203 286 
10/29/2014 1094.9 2499 709.1 83 0 83 204 287 
10/30/2014 1094.9 2491 709.0 83 0 83 203 286 
10/31/2014 1095.0 2274 709.0 83 0 83 203 286 
11/1/2014 1095.0 2465 708.9 83 0 83 203 286 
11/2/2014 1095.0 2465 708.9 83 0 83 203 286 
11/3/2014 1094.9 2488 709.3 83 0 83 205 287 
11/4/2014 1094.9 2398 709.2 83 0 83 204 286 
11/5/2014 1094.9 2322 708.8 83 0 83 233 316 
11/6/2014 1094.9 2380 709.2 83 0 83 203 286 
11/7/2014 1095.1 2388 708.9 83 0 83 202 285 
11/8/2014 1095.1 2375 709.2 83 0 83 204 287 
11/9/2014 1095.1 2354 709.1 83 0 83 204 287 

11/10/2014 1095.1 2394 709.0 83 0 83 204 287 
11/11/2014 1095.0 2370 709.2 83 0 83 205 287 
11/12/2014 1094.9 2383 709.6 83 0 83 206 288 
11/13/2014 1094.9 2368 709.6 82 0 82 203 285 
11/14/2014 1094.8 2385 709.3 82 0 82 202 284 
11/15/2014 1094.7 2384 709.4 82 0 82 202 284 
11/16/2014 1094.6 2383 709.5 82 0 82 203 285 
11/17/2014 1094.5 2378 709.2 83 0 83 204 287 
11/18/2014 1094.4 2383 709.6 84 0 84 206 290 
11/19/2014 1094.3 2394 709.4 84 0 84 204 288 
11/20/2014 1094.2 2377 709.1 83 0 83 203 286 
11/21/2014 1094.1 2380 709.3 83 0 83 203 287 
11/22/2014 1094.1 2381 708.9 83 0 83 203 286 
11/23/2014 1094.0 2379 708.9 83 0 83 203 286 
11/24/2014 1093.9 2383 709.3 83 0 83 204 287 
11/25/2014 1093.9 2366 709.3 83 0 83 204 287 
11/26/2014 1093.9 2382 709.0 83 0 83 203 286 
11/27/2014 1093.9 2385 708.8 83 0 83 202 284 
11/28/2014 1094.1 2378 708.8 84 0 84 203 287 
11/29/2014 1094.2 2376 709.2 86 0 86 206 292 
11/30/2014 1094.3 2370 708.8 86 0 86 205 291 
12/1/2014 1094.3 2357 708.8 86 0 86 75 162 
12/2/2014 1094.3 2338 708.9 86 0 86 0 86 
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12/3/2014 1094.3 2350 709.4 86 0 86 0 86 
12/4/2014 1094.2 2383 709.7 86 0 86 0 86 
12/5/2014 1094.2 2397 709.3 86 0 86 0 86 
12/6/2014 1094.1 2356 709.3 86 0 86 0 86 
12/7/2014 1094.1 2359 709.2 86 0 86 0 86 
12/8/2014 1094.0 1760 709.2 86 0 86 0 86 
12/9/2014 1094.0 1752 709.2 86 0 86 0 86 

12/10/2014 1094.0 1758 708.9 86 0 86 0 86 
12/11/2014 1094.1 1726 708.8 86 0 86 0 86 
12/12/2014 1094.2 1745 709.0 86 0 86 0 86 
12/13/2014 1094.2 2345 709.2 86 0 86 0 86 
12/14/2014 1094.2 2349 709.3 86 0 86 0 86 
12/15/2014 1094.2 2350 709.3 86 0 86 0 86 
12/16/2014 1094.1 2353 709.5 86 0 86 0 86 
12/17/2014 1094.1 2352 709.7 86 0 86 0 86 
12/18/2014 1094.0 2354 709.8 150 0 150 0 150 
12/19/2014 1094.0 2360 710.0 125 0 125 0 125 
12/20/2014 1094.0 2353 709.5 83 0 83 0 83 
12/21/2014 1094.0 2350 709.4 83 0 83 0 83 
12/22/2014 1094.0 2350 709.3 234 0 234 0 234 
12/23/2014 1093.9 2347 709.4 199 0 199 0 199 
12/24/2014 1093.9 2353 709.4 98 0 98 0 98 
12/25/2014 1093.8 2348 709.0 84 0 84 0 84 
12/26/2014 1093.7 2344 709.2 84 0 84 0 84 
12/27/2014 1093.7 2348 709.3 84 0 84 0 84 
12/28/2014 1093.6 2358 709.6 83 0 83 0 83 
12/29/2014 1093.5 2360 709.7 83 0 83 0 83 
12/30/2014 1093.4 2360 709.6 83 0 83 0 83 
12/31/2014 1093.3 2358 709.5 83 0 83 0 83 



 

 

APPENDIX B: DAILY AVERAGE WATER TEMPERATURES
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Low 
Level 
Outlet 
Pipe       

-Auto-   
(Deg. C) 

 
 

Top of   
Reach 1      
-Logger-  
(Deg. C)) 

 
 

End of   
Reach 1    
-Logger-  
(Deg. C) 

 
 

End of   
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-Logger-  
(Deg. C) 

 
Top of R4 
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-Logger-  
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Tailrace 
at Pump 
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-Auto-   

(Deg. C) 

 
Tailrace 
at Pump 
Intake      

-Logger-   
(Deg. C) 

1/1/2014 N/A 4.6 4.7 4.6 4.5 4.4 5.8 4.9 
1/2/2014 N/A 4.9 5.0 4.9 4.9 4.8 5.9 5.0 
1/3/2014 N/A 4.9 4.8 4.9 4.8 4.7 6.0 5.1 
1/4/2014 N/A 4.6 4.3 4.2 4.1 4.0 5.9 5.0 
1/5/2014 N/A 4.2 4.1 3.9 3.8 3.7 5.7 4.7 
1/6/2014 N/A 4.1 3.9 3.7 3.7 3.5 5.3 4.5 
1/7/2014 N/A 4.3 4.2 4.1 4.1 4.0 5.4 4.5 
1/8/2014 N/A 4.3 4.2 4.0 4.0 3.9 5.5 4.6 
1/9/2014 N/A 4.4 4.3 4.2 4.1 4.0 5.4 4.6 

1/10/2014 N/A 4.7 4.8 4.6 4.6 4.5 5.6 4.8 
1/11/2014 N/A 5.2 5.4 5.6 5.5 5.5 6.0 5.2 
1/12/2014 N/A 5.2 5.3 5.3 5.3 5.2 6.0 5.3 
1/13/2014 N/A 5.6 5.9 6.0 6.0 6.0 6.3 5.5 
1/14/2014 N/A 5.7 5.9 6.1 6.0 6.0 6.5 5.7 
1/15/2014 N/A 5.6 5.6 5.8 5.7 5.6 6.7 5.8 
1/16/2014 N/A 5.2 5.1 5.1 5.0 5.0 6.4 5.4 
1/17/2014 N/A 5.1 5.0 5.0 5.0 4.9 6.1 5.2 
1/18/2014 N/A 4.9 4.8 4.8 4.7 4.7 5.8 5.1 
1/19/2014 N/A 5.1 5.1 5.0 5.0 4.9 5.9 5.2 
1/20/2014 N/A 5.0 5.1 5.1 5.0 4.9 5.9 5.1 
1/21/2014 N/A 4.9 4.8 4.8 4.8 4.7 5.8 5.1 
1/22/2014 N/A 4.9 4.9 4.9 4.9 4.8 5.8 5.0 
1/23/2014 N/A 4.9 4.9 4.9 4.9 4.8 5.8 5.0 
1/24/2014 N/A 4.9 5.0 5.0 5.0 4.9 5.7 5.0 
1/25/2014 N/A 4.8 4.8 4.8 4.8 4.7 5.7 5.0 
1/26/2014 N/A 4.8 4.8 4.8 4.7 4.6 5.7 4.9 
1/27/2014 N/A 4.8 4.9 4.9 4.9 4.8 5.6 4.8 
1/28/2014 N/A 4.8 4.8 4.9 4.8 4.8 5.6 4.8 
1/29/2014 N/A 4.5 4.4 4.4 4.3 4.2 5.4 4.7 
1/30/2014 N/A 4.7 4.8 4.8 4.7 4.7 5.5 4.8 
1/31/2014 N/A 4.7 4.6 4.8 4.7 4.6 5.5 4.7 
2/1/2014 N/A 4.1 3.7 3.7 3.6 3.5 5.0 4.2 
2/2/2014 N/A 3.9 3.7 3.6 3.5 3.4 4.8 4.1 
2/3/2014 N/A 3.7 3.4 3.4 3.3 3.2 4.6 3.9 
2/4/2014 N/A 3.5 3.1 3.1 2.9 2.8 4.6 3.7 
2/5/2014 N/A 3.0 2.2 2.1 1.9 1.7 4.4 3.4 
2/6/2014 N/A 2.1 1.4 1.2 1.0 0.8 3.4 2.4 
2/7/2014 N/A 2.1 1.7 1.5 1.3 1.2 3.4 2.5 
2/8/2014 N/A 2.5 2.2 2.0 1.9 1.7 3.6 2.7 
2/9/2014 N/A 2.7 2.5 2.4 2.3 2.2 3.7 2.8 

2/10/2014 2.8 2.6 2.6 2.6 2.5 2.5 3.7 2.7 
2/11/2014 2.9 2.8 2.9 3.0 2.8 2.8 4.0 3.1 
2/12/2014 3.5 3.4 3.9 4.0 3.9 3.9 4.6 3.5 
2/13/2014 4.0 4.1 4.4 4.5 4.5 4.5 4.9 4.1 
2/14/2014 4.4 4.4 4.5 4.7 4.6 4.6 5.1 4.4 
2/15/2014 4.4 4.3 4.0 4.1 4.0 3.9 5.2 4.4 
2/16/2014 4.3 4.3 4.6 4.6 4.5 4.5 5.2 4.3 
2/17/2014 4.6 4.7 5.2 5.4 5.3 5.3 5.6 4.7 
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2/18/2014 4.7 4.8 4.5 4.6 4.5 4.4 5.7 4.8 
2/19/2014 4.4 4.4 4.7 4.9 4.8 4.7 5.4 4.4 
2/20/2014 4.7 4.7 4.8 4.8 4.7 4.7 5.4 4.7 
2/21/2014 4.8 4.8 4.8 4.9 4.8 4.8 5.6 4.8 
2/22/2014 4.9 4.8 4.6 4.6 4.5 4.5 5.7 4.9 
2/23/2014 4.8 4.8 4.8 4.9 4.8 4.8 5.6 4.8 
2/24/2014 4.5 4.4 4.3 4.4 4.3 4.2 5.2 4.5 
2/25/2014 4.3 4.2 4.4 4.4 4.3 4.3 5.2 4.3 
2/26/2014 4.5 4.4 4.7 4.7 4.7 4.6 5.3 4.5 
2/27/2014 4.6 4.6 4.8 4.9 4.8 4.8 5.4 4.7 
2/28/2014 4.9 4.9 5.5 5.6 5.5 5.5 5.6 4.9 
3/1/2014 4.6 4.4 4.1 4.2 4.1 4.1 5.4 4.6 
3/2/2014 4.2 4.1 3.9 3.7 3.7 3.6 5.1 4.2 
3/3/2014 4.1 3.9 3.9 3.8 3.7 3.6 4.9 4.1 
3/4/2014 4.3 4.2 4.4 4.4 4.3 4.3 5.2 4.3 
3/5/2014 4.7 4.7 5.2 5.3 5.2 5.2 5.5 4.7 
3/6/2014 5.2 5.3 5.8 6.1 6.0 6.0 6.0 5.2 
3/7/2014 5.3 5.4 5.7 6.0 5.9 5.9 6.2 5.3 
3/8/2014 5.4 5.4 5.5 5.7 5.6 5.6 6.3 5.4 
3/9/2014 5.8 6.0 6.6 6.9 6.8 6.9 6.8 5.8 

3/10/2014 6.4 6.6 7.2 7.5 7.4 7.5 7.3 6.5 
3/11/2014 6.5 6.5 6.9 7.1 7.0 7.1 7.4 6.6 
3/12/2014 6.8 6.8 7.2 7.4 7.3 7.3 7.8 6.9 
3/13/2014 7.1 7.1 7.4 7.5 7.5 7.5 8.0 7.1 
3/14/2014 7.4 7.4 7.8 8.1 7.6 7.6 8.4 7.4 
3/15/2014 7.5 7.5 7.8 7.9 7.7 7.7 8.5 7.5 
3/16/2014 7.6 7.7 7.9 8.2 7.8 7.8 8.6 7.7 
3/17/2014 7.3 7.3 7.5 7.8 7.5 7.5 8.3 7.4 
3/18/2014 6.9 6.8 7.3 7.4 7.0 7.0 7.9 6.9 
3/19/2014 7.5 7.4 7.7 7.9 7.6 7.6 8.5 7.5 
3/20/2014 7.0 6.9 7.1 7.2 7.1 7.0 8.0 7.0 
3/21/2014 7.0 6.8 7.1 7.2 7.1 7.1 8.0 7.0 
3/22/2014 7.0 6.9 7.0 7.1 7.1 7.1 8.0 7.0 
3/23/2014 7.1 7.1 7.6 7.8 7.3 7.4 8.1 7.2 
3/24/2014 7.6 7.6 8.0 8.2 7.8 7.8 8.6 7.7 
3/25/2014 7.7 7.8 7.9 8.1 7.9 7.9 8.7 7.8 
3/26/2014 7.8 7.9 8.2 8.5 8.0 8.0 8.8 7.9 
3/27/2014 8.2 8.3 8.8 9.1 8.5 8.6 9.2 8.3 
3/28/2014 8.0 7.9 7.7 7.8 8.0 7.9 9.0 8.0 
3/29/2014 7.7 7.8 8.2 8.5 7.9 8.0 8.7 7.8 
3/30/2014 8.0 8.0 8.5 8.6 8.2 8.2 9.0 8.0 
3/31/2014 8.2 8.2 8.6 8.8 8.4 8.4 9.3 8.3 
4/1/2014 8.5 8.6 9.1 9.3 8.8 8.8 9.5 8.6 
4/2/2014 8.9 8.9 9.2 9.3 9.1 9.1 9.9 8.9 
4/3/2014 9.1 9.2 9.2 9.4 9.3 9.2 10.1 9.2 
4/4/2014 9.4 9.4 9.9 10.1 9.6 9.6 10.4 9.4 
4/5/2014 9.4 9.5 9.8 10.0 9.6 9.6 10.4 9.5 
4/6/2014 9.6 9.7 10.3 10.5 9.9 9.9 10.6 9.6 
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4/7/2014 10.1 10.3 10.9 11.2 10.4 10.5 11.0 10.2 
4/8/2014 10.5 10.7 11.2 11.6 10.8 10.9 11.5 10.6 
4/9/2014 10.3 10.4 10.6 10.9 10.5 10.5 11.3 10.3 

4/10/2014 10.4 10.5 10.8 11.0 10.6 10.6 11.3 10.4 
4/11/2014 11.0 11.1 11.4 11.6 11.3 11.3 12.0 11.0 
4/12/2014 10.9 10.9 11.2 11.4 11.1 11.1 11.9 10.9 
4/13/2014 10.9 10.9 11.2 11.4 11.1 11.1 11.7 10.9 
4/14/2014 11.2 11.2 11.3 11.4 11.4 11.4 NA 11.0 
4/15/2014 11.5 11.6 11.8 11.9 11.7 11.7 NA 11.3 
4/16/2014 11.7 11.8 11.7 11.9 11.7 11.7 NA 11.2 
4/17/2014 11.7 11.8 11.8 12.0 11.8 11.7 NA 11.2 
4/18/2014 11.6 11.5 11.6 11.7 11.5 11.5 NA 11.1 
4/19/2014 11.5 11.4 11.3 11.4 11.4 11.4 NA 11.0 
4/20/2014 11.6 11.6 11.8 11.9 11.6 11.6 NA 11.1 
4/21/2014 11.8 11.8 11.8 11.9 11.9 11.8 NA 11.3 
4/22/2014 12.1 12.1 11.6 12.3 12.2 12.2 NA 11.7 
4/23/2014 11.9 11.8 NA 12.2 12.0 12.1 NA 11.9 
4/24/2014 11.6 11.6 NA 12.3 11.8 11.9 NA 11.7 
4/25/2014 11.6 11.6 NA 12.1 11.8 11.9 NA 11.7 
4/26/2014 11.8 11.7 NA 12.3 11.9 12.1 NA 11.9 
4/27/2014 11.9 11.8 NA 12.3 12.0 12.1 NA 11.9 
4/28/2014 11.6 11.6 NA 12.2 11.7 11.9 NA 11.7 
4/29/2014 12.2 12.2 NA 12.8 12.4 12.5 NA 12.3 
4/30/2014 12.9 12.9 NA 13.5 13.1 13.3 NA 13.0 
5/1/2014 13.8 13.9 NA 14.5 14.0 14.2 NA 13.9 
5/2/2014 14.9 15.1 NA 15.3 15.1 15.2 NA 15.0 
5/3/2014 14.5 14.6 NA 14.9 14.7 14.8 NA 14.6 
5/4/2014 14.1 14.2 NA 14.1 14.2 14.3 NA 14.2 
5/5/2014 14.2 14.2 NA 14.4 14.3 14.4 NA 14.3 
5/6/2014 14.2 14.2 NA 14.6 14.3 14.5 NA 14.3 
5/7/2014 14.5 14.4 NA 14.9 14.6 14.7 NA 14.5 
5/8/2014 14.7 14.7 NA 14.6 14.8 14.8 NA 14.8 
5/9/2014 14.7 14.7 NA 14.7 14.8 14.8 NA 14.7 

5/10/2014 14.2 14.2 NA 14.6 14.3 14.5 NA 14.3 
5/11/2014 14.4 14.4 NA 14.9 14.5 14.7 NA 14.5 
5/12/2014 14.7 14.7 NA 15.2 14.9 15.1 NA 14.9 
5/13/2014 15.0 15.1 NA 15.7 15.4 15.5 NA 15.3 
5/14/2014 15.8 15.9 NA 16.2 16.6 16.7 NA 16.1 
5/15/2014 16.9 17.0 NA 17.3 17.3 17.4 NA 17.0 
5/16/2014 17.7 17.8 NA 18.0 18.0 18.1 NA 17.8 
5/17/2014 17.5 17.5 NA 17.5 17.5 17.5 NA 17.6 
5/18/2014 17.2 17.2 NA 17.3 17.3 17.4 NA 17.3 
5/19/2014 16.9 17.0 NA 17.0 17.0 17.1 NA 17.0 
5/20/2014 17.0 17.0 NA 17.4 17.3 17.5 NA 17.0 
5/21/2014 17.1 17.1 NA 17.4 17.4 17.5 NA 17.1 
5/22/2014 17.4 17.5 NA 17.9 17.9 18.1 NA 17.5 
5/23/2014 17.6 17.7 NA 17.7 17.7 17.7 NA 17.7 
5/24/2014 17.2 17.3 NA 17.5 17.5 17.6 NA 17.3 



 

 

 
 
 
 
 

Date 

Low 
Level 
Outlet 
Pipe       

-Auto-   
(Deg. C) 

 
 

Top of   
Reach 1      
-Logger-  
(Deg. C)) 

 
 

End of   
Reach 1    
-Logger-  
(Deg. C) 

 
 

End of   
Reach 3   
-Logger-  
(Deg. C) 

 
Top of R4 

Habitat 
Channel    
-Logger-  
(Deg. C) 

 
End of R4 

Habitat 
Channel    
-Logger-  
(Deg. C) 

 
Tailrace 
at Pump 
Intake      
-Auto-   

(Deg. C) 

 
Tailrace 
at Pump 
Intake      

-Logger-   
(Deg. C) 

5/25/2014 17.0 17.0 NA 17.1 17.1 17.2 NA 17.1 
5/26/2014 16.8 16.8 NA 17.0 17.0 17.1 NA 16.9 
5/27/2014 16.7 16.7 NA 16.9 16.9 17.0 NA 16.8 
5/28/2014 16.5 16.5 NA 16.7 16.7 16.7 NA 16.5 
5/29/2014 16.5 16.5 NA 16.7 16.7 16.8 NA 16.6 
5/30/2014 16.6 16.6 NA 16.8 16.8 16.9 NA 16.6 
5/31/2014 16.9 16.9 NA 17.1 17.1 17.2 NA 16.9 
6/1/2014 17.0 17.0 NA 17.3 17.3 17.3 NA 17.1 
6/2/2014 17.5 17.6 NA 17.8 17.9 17.9 NA 17.6 
6/3/2014 18.0 18.1 NA 18.4 18.4 18.4 NA 18.2 
6/4/2014 18.1 18.1 NA 18.3 18.3 18.4 NA 18.1 
6/5/2014 18.0 18.0 NA 18.2 18.2 18.3 NA 18.1 
6/6/2014 18.2 18.2 NA 18.4 18.4 18.4 NA 18.3 
6/7/2014 18.0 18.0 NA 18.3 18.3 18.4 NA 18.1 
6/8/2014 18.2 18.2 NA 18.5 18.5 18.6 NA 18.3 
6/9/2014 18.5 18.5 NA 18.7 18.7 18.8 NA 18.5 

6/10/2014 18.2 18.2 NA 18.4 18.5 18.5 NA 18.3 
6/11/2014 18.2 18.3 NA 18.5 18.5 18.6 NA 18.3 
6/12/2014 18.3 18.3 NA 18.5 18.5 18.6 NA 18.3 
6/13/2014 17.8 17.8 NA 17.5 17.5 17.6 NA 17.9 
6/14/2014 17.8 17.8 NA 18.1 18.1 18.2 NA 17.8 
6/15/2014 17.8 17.8 NA 17.8 17.8 17.9 NA 17.9 
6/16/2014 17.6 17.5 NA 17.1 17.1 17.1 NA 17.6 
6/17/2014 17.1 17.1 NA 17.2 17.2 17.3 NA 17.1 
6/18/2014 17.4 17.4 NA 17.9 17.9 18.0 NA 17.4 
6/19/2014 17.7 17.7 NA 18.2 18.2 18.3 NA 17.7 
6/20/2014 18.0 18.0 NA 18.3 18.2 18.3 NA 18.0 
6/21/2014 17.9 17.9 NA 17.9 17.9 18.0 NA 17.9 
6/22/2014 18.0 18.0 NA 18.6 18.6 18.7 NA 18.0 
6/23/2014 18.0 18.0 NA 18.4 18.4 18.5 NA 18.1 
6/24/2014 18.8 18.8 NA 19.0 19.0 19.0 NA 18.9 
6/25/2014 19.2 19.2 NA 19.5 19.5 19.6 NA 19.3 
6/26/2014 18.7 18.7 NA 19.0 19.0 19.1 NA 18.9 
6/27/2014 19.1 19.2 NA 19.4 19.4 19.5 NA 19.2 
6/28/2014 19.0 19.0 NA 19.2 19.2 19.2 NA 19.0 
6/29/2014 19.0 19.0 NA 19.2 19.2 19.3 NA 19.1 
6/30/2014 19.2 19.3 NA 19.3 19.3 19.4 NA 19.3 
7/1/2014 19.5 19.6 NA 19.8 19.8 19.9 NA 19.6 
7/2/2014 18.7 18.7 NA 19.6 19.6 19.7 NA 19.2 
7/3/2014 19.8 19.9 NA 20.1 20.1 20.2 NA 20.0 
7/4/2014 19.9 20.0 NA 20.2 20.2 20.2 NA 20.0 
7/5/2014 19.9 19.9 NA 20.2 20.2 20.3 NA 20.0 
7/6/2014 20.2 20.2 NA 20.7 20.7 20.8 NA 20.2 
7/7/2014 20.5 20.5 NA 21.0 21.0 21.1 NA 20.6 
7/8/2014 20.9 21.0 NA 21.4 21.4 21.5 NA 21.2 
7/9/2014 21.3 21.3 NA 21.8 21.8 21.9 NA 21.6 

7/10/2014 21.8 21.9 NA 22.0 22.0 22.1 NA 21.9 
7/11/2014 21.0 20.9 NA 21.9 21.9 22.0 NA 21.5 
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7/12/2014 19.0 18.9 NA 20.4 20.4 20.5 NA 20.1 
7/13/2014 19.0 19.0 NA 20.7 20.7 20.7 NA 20.5 
7/14/2014 21.9 22.1 NA 22.5 22.5 22.6 NA 22.2 
7/15/2014 22.6 22.6 NA 23.0 23.0 23.1 NA 22.7 
7/16/2014 22.1 22.3 NA 23.0 23.0 23.0 NA 22.6 
7/17/2014 23.4 23.4 NA 23.4 23.4 23.5 NA 23.5 
7/18/2014 23.1 23.1 NA 23.0 23.0 23.1 NA 23.2 
7/19/2014 22.8 22.8 NA 22.8 22.8 22.8 NA 22.8 
7/20/2014 22.2 22.1 NA 22.1 22.1 22.1 NA 22.2 
7/21/2014 21.5 21.4 NA 21.5 21.5 21.6 NA 21.5 
7/22/2014 21.1 21.0 NA 21.0 21.0 21.1 NA 21.1 
7/23/2014 20.7 20.6 NA 20.8 20.8 20.9 NA 20.7 
7/24/2014 20.0 19.9 NA 20.1 20.1 20.1 NA 20.0 
7/25/2014 20.0 19.9 NA 20.2 20.2 20.2 NA 20.0 
7/26/2014 20.5 20.5 NA 21.1 21.1 21.2 NA 20.5 
7/27/2014 20.5 20.5 NA 21.1 21.1 21.3 NA 21.0 
7/28/2014 20.8 20.9 NA 21.7 21.6 21.8 NA 21.3 
7/29/2014 21.5 21.6 NA 22.3 22.3 22.5 NA 22.1 
7/30/2014 22.3 22.3 NA 22.5 22.5 22.7 NA 22.8 
7/31/2014 22.8 22.9 NA 22.6 22.6 22.7 NA 23.2 
8/1/2014 21.6 21.6 NA 22.3 22.3 22.4 NA 22.3 
8/2/2014 22.3 22.3 NA 21.8 21.8 21.9 NA 22.6 
8/3/2014 22.7 22.7 NA 22.7 22.7 22.9 NA 22.8 
8/4/2014 22.3 22.4 NA 23.0 23.0 23.2 NA 22.7 
8/5/2014 22.4 22.4 NA 22.4 22.3 22.5 NA 23.0 
8/6/2014 23.1 23.0 NA 22.4 22.3 22.4 NA 23.1 
8/7/2014 23.0 22.8 NA 22.2 22.2 22.3 NA 23.0 
8/8/2014 22.9 22.7 NA 22.0 22.0 22.1 NA 22.8 
8/9/2014 22.8 22.7 NA 22.2 22.5 22.5 NA 22.8 

8/10/2014 22.6 22.6 NA 22.7 22.7 22.8 NA 22.7 
8/11/2014 21.7 21.7 NA 22.2 22.4 22.5 NA 22.5 
8/12/2014 21.2 21.3 NA 21.9 22.3 22.3 NA 22.6 
8/13/2014 20.6 20.7 21.8 21.9 21.8 21.9 NA 21.7 
8/14/2014 22.5 22.3 21.5 21.2 22.1 21.7 NA 22.6 
8/15/2014 22.4 22.3 21.9 21.7 22.2 22.0 NA 22.5 
8/16/2014 22.4 22.3 22.6 22.4 22.5 22.5 NA 22.5 
8/17/2014 22.1 22.1 22.5 22.5 22.5 22.5 NA 23.0 
8/18/2014 22.7 22.6 23.0 22.9 23.0 23.0 NA 23.1 
8/19/2014 22.8 22.7 22.9 22.9 23.1 23.0 NA 23.2 
8/20/2014 23.4 23.3 23.0 22.7 23.1 23.0 23.4 23.4 
8/21/2014 23.1 23.0 22.6 22.4 22.8 22.6 23.0 23.2 
8/22/2014 21.3 21.1 21.6 21.5 21.5 21.5 21.7 21.9 
8/23/2014 21.2 20.9 21.4 21.0 21.1 21.0 20.9 21.3 
8/24/2014 21.5 21.3 21.1 20.7 20.7 20.7 21.3 21.7 
8/25/2014 21.6 21.4 21.7 21.2 21.2 21.2 21.3 21.6 
8/26/2014 21.9 21.7 22.1 21.7 21.7 21.7 21.7 22.0 
8/27/2014 22.4 22.3 22.7 22.3 22.4 22.4 22.3 22.4 
8/28/2014 22.9 22.8 22.6 22.2 22.2 22.2 22.8 22.9 
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8/29/2014 22.7 22.5 21.9 21.3 21.3 21.2 22.6 22.5 
8/30/2014 22.3 22.0 21.5 20.7 20.7 20.6 22.1 22.2 
8/31/2014 22.0 21.7 21.5 20.7 20.8 20.7 21.8 21.9 
9/1/2014 21.9 21.6 21.4 20.6 20.6 20.6 21.6 21.7 
9/2/2014 21.8 21.5 21.3 20.6 20.7 20.6 21.5 21.6 
9/3/2014 21.1 20.8 20.4 19.5 19.6 19.5 20.9 19.8 
9/4/2014 20.9 20.6 20.7 19.9 19.9 19.9 20.8 20.9 
9/5/2014 21.0 20.7 21.0 20.0 20.1 20.0 20.9 20.4 
9/6/2014 21.1 20.8 21.1 20.2 20.2 20.2 21.0 20.9 
9/7/2014 21.1 20.9 21.4 20.4 20.4 20.4 21.2 21.2 
9/8/2014 21.3 21.0 21.4 20.4 20.5 20.4 21.1 21.1 
9/9/2014 21.1 20.8 21.2 19.9 20.0 19.9 21.0 20.7 

9/10/2014 20.5 20.1 20.3 18.8 18.9 18.8 20.4 20.5 
9/11/2014 19.4 18.9 19.8 18.0 18.1 18.0 19.3 19.2 
9/12/2014 19.0 18.5 19.6 17.6 17.7 17.6 18.9 18.1 
9/13/2014 19.2 18.8 19.9 18.0 18.1 18.0 19.1 19.0 
9/14/2014 19.4 19.0 20.6 18.5 18.5 18.4 19.5 17.7 
9/15/2014 19.5 19.2 20.7 18.6 18.6 18.6 19.5 19.6 
9/16/2014 19.7 19.5 21.0 19.2 19.2 19.2 19.6 19.8 
9/17/2014 19.9 19.7 20.9 19.4 19.4 19.4 19.7 19.9 
9/18/2014 20.0 19.9 21.2 19.6 19.6 19.6 19.9 20.0 
9/19/2014 20.0 19.9 21.8 19.7 19.7 19.7 19.9 20.1 
9/20/2014 20.1 20.0 20.8 19.6 19.7 19.6 20.0 20.1 
9/21/2014 20.3 20.2 20.3 20.0 20.0 20.0 20.3 20.5 
9/22/2014 20.2 20.2 20.3 20.1 20.1 20.1 20.0 20.2 
9/23/2014 19.9 19.7 19.7 19.3 19.4 19.3 19.7 19.8 
9/24/2014 19.5 19.3 19.3 18.9 18.9 18.9 19.3 19.3 
9/25/2014 19.0 18.8 18.8 18.3 18.4 18.3 18.9 19.0 
9/26/2014 18.6 18.4 18.8 18.2 18.2 18.2 18.6 18.7 
9/27/2014 18.6 18.3 18.8 18.0 18.1 18.1 18.5 18.6 
9/28/2014 18.7 18.4 19.0 18.2 18.3 18.2 18.6 18.7 
9/29/2014 18.8 18.5 19.0 17.9 18.0 17.9 18.7 18.8 
9/30/2014 18.5 18.1 18.5 17.4 17.5 17.4 18.4 18.5 
10/1/2014 18.2 17.8 18.2 16.9 17.0 16.9 18.1 18.2 
10/2/2014 17.9 17.5 18.1 16.7 16.8 16.7 17.9 17.9 
10/3/2014 17.8 17.4 18.2 16.6 16.7 16.6 17.8 17.8 
10/4/2014 17.7 17.3 18.3 16.5 16.6 16.4 17.7 17.7 
10/5/2014 17.5 17.2 19.1 17.0 17.1 17.0 17.6 17.6 
10/6/2014 17.9 17.6 19.9 17.6 17.7 17.6 17.8 17.9 
10/7/2014 18.2 18.0 20.1 18.0 18.1 18.1 18.1 18.3 
10/8/2014 18.3 18.1 20.0 17.7 17.7 17.7 18.3 18.4 
10/9/2014 18.1 17.8 19.9 17.2 17.3 17.2 18.2 18.1 

10/10/2014 17.9 17.6 19.4 17.0 17.0 16.9 17.9 18.0 
10/11/2014 17.5 17.3 19.2 16.7 16.7 16.6 17.4 17.5 
10/12/2014 17.2 16.8 19.1 16.0 16.0 15.9 17.1 17.2 
10/13/2014 17.1 16.8 19.2 16.3 16.4 16.3 17.0 17.2 
10/14/2014 17.0 16.7 19.1 16.2 16.4 16.2 16.9 17.1 
10/15/2014 16.9 16.6 18.8 16.1 16.8 16.6 16.9 17.0 



 

 

 
 
 
 
 

Date 

Low 
Level 
Outlet 
Pipe       

-Auto-   
(Deg. C) 

 
 

Top of   
Reach 1      
-Logger-  
(Deg. C)) 

 
 

End of   
Reach 1    
-Logger-  
(Deg. C) 

 
 

End of   
Reach 3   
-Logger-  
(Deg. C) 

 
Top of R4 

Habitat 
Channel    
-Logger-  
(Deg. C) 

 
End of R4 

Habitat 
Channel    
-Logger-  
(Deg. C) 

 
Tailrace 
at Pump 
Intake      
-Auto-   

(Deg. C) 

 
Tailrace 
at Pump 
Intake      

-Logger-   
(Deg. C) 

10/16/2014 16.5 16.1 18.3 15.3 16.3 16.1 16.6 16.5 
10/17/2014 16.3 16.0 17.7 15.3 16.2 16.0 16.5 16.4 
10/18/2014 16.3 16.0 17.6 15.7 16.2 16.1 16.3 16.3 
10/19/2014 16.4 16.1 18.3 16.1 16.3 16.3 16.4 16.4 
10/20/2014 16.4 16.1 17.9 15.6 16.3 16.1 16.5 16.4 
10/21/2014 16.2 15.9 18.0 15.5 16.1 16.0 16.3 16.3 
10/22/2014 16.1 15.8 18.2 15.0 15.9 15.7 16.2 16.1 
10/23/2014 15.8 15.5 18.6 14.9 15.7 15.5 15.9 15.8 
10/24/2014 15.4 15.1 18.3 14.2 15.2 15.0 15.5 15.4 
10/25/2014 15.2 14.9 18.3 14.5 15.1 14.9 15.3 15.2 
10/26/2014 14.9 14.5 18.0 13.8 14.7 14.5 15.0 14.9 
10/27/2014 14.6 14.1 17.8 13.4 14.4 14.2 14.8 14.6 
10/28/2014 14.4 14.1 17.7 13.5 14.3 14.1 14.6 14.4 
10/29/2014 14.4 14.2 17.6 13.7 14.3 14.2 14.6 14.4 
10/30/2014 14.5 14.3 17.5 13.9 14.4 14.3 14.6 14.5 
10/31/2014 14.3 14.1 17.3 14.0 14.3 14.2 14.5 14.3 
11/1/2014 14.2 13.9 17.1 13.5 14.1 14.0 14.4 14.2 
11/2/2014 13.9 13.6 16.9 13.0 13.8 13.6 14.2 14.0 
11/3/2014 13.9 13.6 16.8 13.0 13.8 13.6 14.1 13.9 
11/4/2014 13.9 13.6 16.7 13.4 13.8 13.7 14.1 13.9 
11/5/2014 13.8 13.6 16.7 13.3 13.8 13.7 14.0 13.9 
11/6/2014 13.8 13.6 16.5 13.6 13.8 13.7 14.1 13.9 
11/7/2014 13.6 13.3 16.2 12.7 13.5 13.3 13.8 13.6 
11/8/2014 13.4 13.0 15.9 12.3 13.3 13.0 13.6 13.4 
11/9/2014 13.2 12.8 15.8 12.3 13.1 12.9 13.4 13.2 

11/10/2014 13.0 12.5 15.5 11.6 12.8 12.5 13.2 13.0 
11/11/2014 12.4 11.8 14.9 10.2 12.0 11.7 12.6 12.4 
11/12/2014 11.6 10.8 14.4 9.1 11.1 10.7 11.6 11.5 
11/13/2014 11.0 10.3 14.1 8.5 10.6 10.2 10.9 11.0 
11/14/2014 10.6 10.0 14.0 8.3 10.3 9.9 10.6 10.7 
11/15/2014 10.4 9.8 13.9 8.2 10.1 9.7 10.4 10.4 
11/16/2014 10.1 9.7 13.7 8.0 10.0 9.6 10.1 10.3 
11/17/2014 10.0 9.5 13.5 8.0 9.8 9.4 10.0 10.1 
11/18/2014 10.1 9.5 13.4 8.1 9.7 9.4 10.1 10.0 
11/19/2014 10.0 9.6 13.5 8.6 9.8 9.6 10.1 10.1 
11/20/2014 10.2 9.8 13.5 9.2 10.1 9.9 10.3 10.3 
11/21/2014 10.3 9.8 13.2 8.6 10.1 9.8 10.4 10.3 
11/22/2014 10.0 9.6 13.1 8.7 9.8 9.6 10.1 10.0 
11/23/2014 9.8 9.4 12.9 8.5 9.7 9.4 9.9 9.9 
11/24/2014 9.8 9.4 12.8 8.6 9.6 9.4 9.8 9.8 
11/25/2014 9.6 9.3 12.6 8.5 9.5 9.3 9.7 9.6 
11/26/2014 9.7 9.4 12.7 8.9 9.6 9.4 9.7 9.7 
11/27/2014 9.7 9.5 12.6 9.3 9.7 9.6 9.8 9.8 
11/28/2014 9.9 9.7 12.5 9.7 9.9 9.8 10.0 9.9 
11/29/2014 9.3 8.5 11.2 6.7 8.8 8.4 9.3 9.2 
11/30/2014 8.3 7.5 10.6 5.4 7.7 7.3 8.2 8.2 
12/1/2014 7.6 6.9 10.6 5.2 6.2 5.8 7.5 7.6 
12/2/2014 7.1 6.5 10.4 4.9 4.9 4.7 7.0 7.1 



 

 

 
 
 
 
 

Date 

Low 
Level 
Outlet 
Pipe       

-Auto-   
(Deg. C) 

 
 

Top of   
Reach 1      
-Logger-  
(Deg. C)) 

 
 

End of   
Reach 1    
-Logger-  
(Deg. C) 

 
 

End of   
Reach 3   
-Logger-  
(Deg. C) 

 
Top of R4 

Habitat 
Channel    
-Logger-  
(Deg. C) 

 
End of R4 

Habitat 
Channel    
-Logger-  
(Deg. C) 

 
Tailrace 
at Pump 
Intake      
-Auto-   

(Deg. C) 

 
Tailrace 
at Pump 
Intake      

-Logger-   
(Deg. C) 

12/3/2014 7.0 6.4 10.2 5.4 5.4 5.2 6.8 7.0 
12/4/2014 7.3 6.9 10.3 6.0 6.0 5.8 7.2 7.4 
12/5/2014 7.5 7.1 10.3 6.6 6.6 6.4 7.4 7.5 
12/6/2014 7.5 7.3 10.3 7.1 7.1 7.0 7.5 7.6 
12/7/2014 7.8 7.5 10.3 7.6 7.6 7.5 7.7 7.8 
12/8/2014 7.9 7.8 10.3 7.7 7.8 7.7 8.0 8.1 
12/9/2014 8.0 7.9 10.3 7.8 7.9 7.8 8.1 8.2 

12/10/2014 8.1 7.9 10.3 7.9 7.9 7.9 8.1 8.2 
12/11/2014 8.1 7.9 10.1 7.8 7.8 7.7 8.1 8.2 
12/12/2014 8.0 7.8 10.0 7.8 7.8 7.7 8.1 8.1 
12/13/2014 7.9 7.6 9.8 7.4 7.4 7.3 7.9 8.0 
12/14/2014 7.7 7.3 9.5 6.5 6.5 6.4 7.7 7.7 
12/15/2014 7.6 7.3 9.6 6.9 7.0 6.8 7.6 7.6 
12/16/2014 7.7 7.4 9.4 7.1 7.1 7.0 7.7 7.7 
12/17/2014 7.7 7.4 9.3 7.2 7.3 7.2 7.7 7.7 
12/18/2014 7.6 7.5 9.2 7.5 7.5 7.4 7.7 7.7 
12/19/2014 7.6 7.5 9.1 7.5 7.4 7.4 7.6 7.7 
12/20/2014 7.5 7.2 9.0 7.0 7.0 6.9 7.5 7.5 
12/21/2014 7.4 7.2 8.9 7.1 7.1 7.0 7.5 7.5 
12/22/2014 7.5 7.4 8.2 7.2 7.2 7.1 7.6 7.6 
12/23/2014 7.5 7.4 8.1 7.4 7.4 7.3 7.5 7.6 
12/24/2014 7.4 7.2 7.9 7.1 7.1 7.0 7.5 7.5 
12/25/2014 7.2 6.8 7.5 6.2 6.2 6.1 7.2 7.3 
12/26/2014 6.9 6.5 7.3 5.8 5.8 5.7 6.9 7.0 
12/27/2014 6.8 6.4 7.3 5.9 5.9 5.8 6.7 6.8 
12/28/2014 6.7 6.3 7.2 5.8 5.8 5.6 6.7 6.7 
12/29/2014 6.7 6.3 7.1 5.7 5.7 5.6 6.6 6.7 
12/30/2014 6.3 5.6 6.5 4.2 4.3 4.1 6.3 6.3 
12/31/2014 5.8 5.1 6.3 3.8 3.9 3.7 5.7 5.8 



 

 

APPENDIX C: RAMPING RATE DEVIATION REPORTS 
  



 

 



 

 

 
 
 



 

 

. 
 



 

 

 
 
 



 

 

 
 
 



 

 

 
 
 



 

 

 
 
 



 

 

 
 
 



 

 

 
 
 



 

 

 
 
 



 

 

 
 
 



 

 

 



 

 

APPENDIX D: CONSULTATION RECORD



 

 

On March 16, 2015, Chelan PUD provided a draft of the 2014 Annual Flow Report to the USGS 
and members of the CRFF and LCRF in accordance with the requirements of the FERC Order 
Modifying and Approving Operations Compliance and Monitoring Plan, Article 405, under 
Ordering Paragraph (B): 
 

“The licensee shall allow the resource agencies, Tribes and non-governmental 
organizations specified under Article 405, 30 days to provide comments and/or 
recommendations on their report before filing with the FERC.  The filing shall include 
comments and/or recommendations from the consulted entities and the licensee’s 
response to any comments. If the licensee does not adopt a recommendation, the report 
shall include the licensee’s reasons, based on project-specific information.” 

 
The following individuals were sent draft copies for a 30 day review period. However, no 
comments were received. 
 

NAME AGENCY Comments 
Coffin, Chris Washington State Department of Ecology - 
McKinney, Charlie Washington State Department of Ecology - 
Pacheco, Jim Washington State Department of Ecology - 
Korth, Jeffrey Washington State Department of Fish and Wildlife - 
Simon, Graham Washington State Department of Fish and Wildlife - 
Maitland, Travis Washington State Department of Fish and Wildlife - 
McCoy, Gina Washington State Department of Fish and Wildlife - 
Grover Wier, Kari United States Department of Agriculture – Forest 

Service 
- 

Martinez, Alex United States Department of Agriculture – Forest 
Service 

- 

Vacirca, Richard United States Department of Agriculture – Forest 
Service 

- 

Rawhouser, Ashley National Park Service - 
Anthony, Hugh National Park Service - 
Lewis, Steve United States Fish and Wildlife Service - 
Yeager, Justin National Marine Fisheries Services - 
Domingue, Richard National Marine Fisheries Services  
Towey, Bill Confederated Tribes of the Colville Reservation - 
Rose, Bob Yakama Indian Nation - 
Merkle, Carl Confederated Tribes of the Umatilla Indian Reservation  - 
Goedde, Robert City of Chelan - 
Archibald, Phil Lake Chelan Sportsman Association - 
Elwell, Nick United States Geological Survey - 
Ernsberger, Tom Washington State Parks and Recreation Commission - 
Snell, Nona Washington State Recreation and Conservation Office - 
Petersen, Wai Manson Parks and Recreation Department - 
Uhlhorn, Richard Lake Chelan Recreation Association - 
O'Keefe, Thomas American Whitewater - 

 
 


