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Figure 2 Aerial photograph of Priest Rapids Dam, mid-Columbia River, WA.

1.3 Objectives

Per section 6.4.6 of the 401 WQC for the Project, the primary objective of this TDG exchange
study was to quantify TDG associated with the operation of the PRFB during a series of
controlled operating conditions. To complete this objective, a TDG sensor array arranged in a
lateral transecting pattern was placed approximately 2000 feet downstream of Priest Rapids Dam
to monitor changes in TDG levels compared to TDG levels recorded upstream in the Priest
Rapids Dam forebay with the PRFB passing up to 27 kcfs of water with varying tailwater
elevations.

2.0 Methods

The following sections provide a summary of the data collection methods that were used during
the PRFB TDG study, including descriptions of TDG sensors, calibration and quality assurance
methods, location of the TDG sensor array, and proposed operational conditions. The project test
operations began on August 1, 2014, with the installation of the in-field TDG sampling
instruments in the Priest Rapids Dam tailrace and continued until August 19 with the final
removal of all test instruments. The PRFB was operated between 20-30 kcfs for the entire study
period. For a more detailed description of the methods used for this study, see the study plan
developed for this PRFB TDG study (Hendrick and Keeler 2011).
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The PRFB TDG study utilized an array of remote instruments capable of logging time histories
of TDG pressures at numerous locations up and downstream of Priest Rapids Dam. Hach
Corporation Hydrolab Mini-Sondes and Data-Sondes were used to record data. A total of 15
TDG instruments, three existing real-time fixed site monitoring stations (FSM stations) and
twelve logging instruments were used to monitor TDG (in millimeters of mercury (mmHg)),
temperature (degrees Celsius (°C)), and depth (meters (m)) at eight stations or locations.
Instruments were paired at the same depth for several of the deeper stations to avoid data loss. In
addition TDG percent saturation (%SAT) was calculated using ambient air pressure and TDG
pressure. Measurements were made on 15-minute intervals for the duration of the study period
(August 1-19, 2014).

Project operations data including total river flow (kcfs), powerhouse discharge (kcfs), spillway
discharge (kcfs), PRFB discharge (kcfs), forebay elevation (msl feet), and tailwater (msl feet)
elevation were also collected on 15-minute intervals.

Atmospheric conditions of air temperature, barometric pressure (not corrected to sea level) were
collected at the Priest Rapids Dam weather station to determine potential atmospheric influences
on TDG levels. Barometric pressure/air pressure data was also collected by Grant PUD at just
above the water surface near their forebay and tailwater fixed TDG monitors. The actual
barometric pressure for each sample station location was determined from the closest logging
barometer operated by Grant PUD.

2.1 Monitoring Locations

Water quality data collected during this study included TDG (in mm Hg and %SAT relative to
atmospheric pressure), water temperature, and sample depth. These parameters were collected at
the following locations (see also Figure 1):

e PRDF - Priest Rapids Dam forebay FSM station, an existing real-time TDG monitor
located near turbine unit 10, mid-channel, at an average depth of five meters, depending
on forebay elevations. Two additional logging instruments, PRDA and PRDB, were
placed at this location for the duration of the study. This data provided information on
incoming/background TDG levels for comparison to TDG levels downstream of Priest
Rapids Dam during the PRFB test operations.

e T1 - Afive-station/ten-instrument TDG transect located approximately 2000 feet
downstream of Priest Rapids Dam. Stations were distributed as evenly as possible across
the river. The paired instruments were attached together with the sensors positioned at 3
ft up from bottom. A composite TDG value was collected from this transect to determine
TDG values produced by the PRFB compared to forebay TDG pressures. The location of
this transect was selected because of its position in the river where it narrows having
uniform flows laterally, and minimal back eddies to confound the data analysis.

e PRDT - Priest Rapids Dam tailrace FSM station, an existing real-time TDG monitor
attached to a pier-nose (mid-channel) of Vernita Bridge, located approximately nine river
miles downstream. Data collected at this location was used comparatively with TDG
pressures as measured at the T1 transect, and to verify the PRFB’s ability to meet
downstream TDG water quality standards (120 %SAT).

e PASCO - This is an existing FSM station located at RM 329, 68 river miles below the
Priest Rapids Dam (owned and operated by the U.S. Army Corps of Engineers), and
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serves as the next downstream reservoir forebay TDG compliance point for Priest Rapids
Dam. Data collected from this real-time TDG monitor was used to evaluate TDG levels
for compliance with the forebay TDG water quality standard (115 %SAT).
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Figure 3 TDG monitoring stations: Priest Rapids forebay (PRDF), total dissolved gas
array transect (T1), and the Priest Rapids tailrace (PRDT).
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2.2 Water Quality Monitoring Instruments

Logging and/or reporting instruments were used exclusively for the water quality monitoring
during the evaluation at Priest Rapids Dam. The 12 instruments used for this study were wireless
and capable of remote logging. All of the monitoring instruments used for this study measured
and recorded date, time, temperature (°C), depth (m), TDG (mm Hg), and instrument battery
voltage (v) for the entire deployment period (August 1-19, 2014).

Programming, calibration, and maintenance procedures of the instruments followed
manufacturers’ recommendations per instrument manuals (Hach Company 2006) as well as
Grant PUD’s QAPP (Hendrick 2009). Calibration checks and adjustments were performed on all
instruments on July 31, 2014. Post deployment checks on calibration were completed the day
after retrieval (August 20, 2014) for evaluation of instrument drift and accuracy (see Appendix
A, Table A-2).

2.3 Deployment Methods

Instrument deployment methods for the TDG transect array varied depending on water
conditions. In general, instruments were set using normal anchor and buoy cabling for
deployment, which included the use of 200 Ib. steel housings and anchors attached to a series of
surface floats via 5/16 inch diameter steel cable which allowed for the deployment and retrieval
of instruments by boat (Figure 4). Surface instruments were deployed inside ABS housings and
attached directly to the mainline cable near the floats. All instruments were positioned either near
the channel bed or at depths equal to or greater than the compensation depth for TDG, which is
the depth in a water column at which the TDG pressure is equal to the hydrostatic pressure. As a
rule of thumb, this corresponds to roughly one meter for every ten percent of saturation above
100. The positions of each sampling station or instrument were documented using a standard
global positioning system (GPS) instrument onboard the deployment boat.
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Figure 4

Schematic of TDG sensor array transects used 2000 feet downstream of
Priest Rapids Dam, mid-Columbia River, WA.
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24 Operational Conditions

In order to evaluate the TDG exchange associated with the operation of the PRFB during
controlled operational conditions, the PRFB was operated up to its capacity of 27 kcfs with four
powerhouse loading targets; no flow, 60 kcfs, 100-120 kcfs, and greater than 140 kcfs. Table 1
below presents the proposed operating conditions along with the actual operating conditions
performed during the specific targeted tests.

Table 1 Proposed vs. Actual operating conditions for the total dissolved gas exchange
study at Priest Rapids Dam, August 2014,
Proposed Actual?
PRFB | Powerhouse Total PRFB | Powerhouse | Total Date
Test# | Flow! Flow! Flow! Flow! Flow! Flow* | Completed
1 >27 0 >27 28.4 9.8 394 8/7-8/8/14
2 >27 60 <87 28.7 56.7 86.5 8/7/14
3 >27 100-120 127-147 23.9 1104 135.7 8/6/14
4a3 >27 >140 >167 25.1 142.6 169.2 8/6/14
4p® >27 >140 >167 24.6 157.5 183.6 8/7/14
Notes:
Flow values shown in thousand cubic feet per second (kcfs).
2V/alues for the actual test conditions were averaged over the ~3 hr. test period.
3Test 4 was observed in two different instances that closely matched the original proposed conditions, thus
test 4 was broken in to two separate, but similar tests (4a/4b) for the purpose of this analysis.

Proposed conditions were identified in the study plan (Hendrick and Keeler 2011), while the
actual conditions were those performed during the TDG evaluation at Priest Rapids Dam and
displayed in Table 1 above, were the average values over each test period. For Test 1, the
powerhouse flow could not be held at 0 kcfs due to operational and flow constraints and was
instead held to 9.8 kcfs; however it is unlikely that this difference impacted the results of the test,
since a majority of the flow was still concentrated out of the PRFB. In addition, for Test 3 and
4alb, where the PRFB flow was less than the proposed flow condition of >27 kcfs, the obtainable
flow was based off of the elevation of the forebay, and not a decrease in the operation of the
PRFB.

Depth, temperature, and TDG values were collected at 15-minute intervals (starting at the top of
the hour) from August 1, 2014 at 0900 hours to August 19, 2014 at 0800 hours for the purpose of
this TDG evaluation. Project operational data (flow per unit, total powerhouse flow, PRFB flow,
etc.) were collected during the entire study period and are included in this TDG evaluation (see
Section 3.0 below and Appendix A for more details).

3.0 Results

The following sections describe the results of the TDG evaluations performed at Priest Rapids
Dam during August 1-19, 2014 to quantify and summarize the TDG values associated with the
operation of the PRFB.

3.1 Targeted Tests Operations

Project operations were held steady for at least three consecutive hours to allow conditions to
stabilize during the targeted test periods. Targeted tests 1, 2, 3, and 4a/b had corresponding total
discharges of 39.4 kcfs, 86.5 kcfs, 135.7 kcfs, 169.2 kcfs, and 183.6 kcfs, respectively. Figure 5
below notes the total powerhouse discharge (kcfs), PRFB discharge (kcfs), and tailwater

© 2016, PUBLIC UTILITY DISTRICT NO. 2 OF GRANT COUNTY, WASHINGTON
ALL RIGHTS RESERVED UNDER U.S. AND FOREIGN LAW, TREATIES AND CONVENTIONS.

10



elevation (ft msl) during the targeted test periods (T1, T2, T3, and T4a/b). Total powerhouse
(turbine) flow during the targeted test periods ranged from 8.3-161.0 kcfs, with PRFB flow

ranging from 20.7-32.9 kcfs during the same timeframe. Finally, tailwater elevations ranged
from 401.2-413.6 ft. (ft msl) during the same targeted test periods.
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Figure 5 Total powerhouse discharge (kcfs), PRFB discharge (kcfs), and tailwater
elevation (ft msl) collected during the targeted tests at Priest Rapids Dam in
August 2014, mid-Columbia River, WA.
3.2 Targeted Test Total Dissolved Gas Percent Saturation

Figure 6 below displays the targeted test periods (T1, T2, T3, and T4a/b) with corresponding
powerhouse discharge and TDG %SAT at the Priest Rapids forebay (XPRDF), the TDG array
transect (XT1), and the Priest Rapids tailrace (PRDT) locations.
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Figure 6 Average total dissolved gas percent saturation (%SAT) for transect (XT1)
stations, Priest Rapids Dam tailrace fixed-site monitoring station (PRDT)
and forebay (XPRDF) station with total project discharge during the
targeted test periods, August 2014, mid-Columbia River, WA.

The difference in TDG %SAT between the Priest Rapids forebay FSM station and the TDG array
transect for the targeted testing periods were 7.7 %SAT for Test 1, 7.1 %SAT for Test 2, 3.3
%SAT for Test 3, and 2.8 %SAT for Test 4, for an overall mean difference of 5.2 %SAT. The
difference in TDG %SAT between the Priest Rapids forebay FSM station and the Priest Rapids
tailrace FSM station for the same testing periods were 4.2 %SAT for Test 1, 4.2 %SAT for Test
2, 1.2 %SAT for Test 3, and 2.1 %SAT for Test 4, for an overall mean difference of 2.9 %SAT.
Although the difference in TDG %SAT were as high as 7.7% during the targeted testing periods,
the overall average TDG %SAT noted at the TDG array transect during the testing periods were
never above 116 %SAT, and the TDG %SAT were never above 112 %SAT at the Priest Rapids
tailrace FSM station (next downstream TDG compliance point). Additionally, the PRFB was
able to meet TDG compliance at both the TDG array transect (2000 feet downstream from Priest
Rapids Dam) and the Priest Rapids tailrace FSM station (next downstream compliance point at
Vernita Bridge) throughout the complete testing periods during all operational conditions. Table
2 below displays the summary values of the collected data for each of the targeted test periods
along with the difference (delta) in TDG %SAT from the Priest Rapids forebay (PRDF) FSM
station to the TDG array transect (T1) and from the Priest Rapids forebay (PRDF) FSM station to
the Priest Rapids tailrace (PRDT) FSM station.
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Table 2 Priest Rapids Fish Bypass average data for each of the test periods.

Delta Delta

. Forebay  Tailwater 3 3 3| YSAT %SAT

Test Powerhouse™ o1 vion? Elevationz T ~2r - PRDT o oPbF | PRDT-

PRDF
T1 9.7 486.7 4023 1084 1161 1125 77 42
T2 56.7 486.8 4063 1079 1150 1120 71 42
T3 110.4 485.3 4104 1089 1123 1101 33 1.2
Taa 142.6 485.7 4123 1083 1111 1104 28 21
Tab 1575 485.6 4133 1094 1111 1097 1.7 0.4

Notes:

! Average discharge (flow) in thousand cubic feet per second (kcfs).

2 Average elevation data in feet mean sea level (ft msl).

3 Average total dissolved gas (TDG) in percent saturation (%SAT).

41t should be noted that the PRFB was designed and modeled to operate between 405.2-415.0 ft. and wouldn’t
typically be operated during such low tailwater elevations.

During periods of high powerhouse operation (Test 4 (>140 kcfs) and Test 3 (>100-120 kcfs))
the highest TDG was associated with the furthest right-bank stations on the TDG sensor array.
The opposite occurred as the powerhouse discharge decreased (Test 2 (~60 kcfs) and Test 1 (~10
kcfs)) with the higher TDG saturations recorded toward the left-bank side of the TDG sensor
array. This phenomenon indicates limited lateral mixing between the powerhouse and PRFB
releases by the time it gets to the TDG sensor array location 2000 feet downstream of Priest
Rapids Dam. The PRFB releases characterized by higher TDG are diverted further to the right-
bank side of the tailrace as powerhouse operation increases. This resulted in significant lateral
gradients (up to 10% TDG) from bank-to-bank at times during the complete testing periods. The
opposite lateral pattern occurred as the powerhouse operation decreased for Test 2 and Test 1.

The displacement of the higher TDG waters towards the left-bank at times of lower powerhouse
operations is related to multiple processes acting together and occurring with the Project
operation and downstream hydrodynamics of the Priest Rapids tailrace. One such occurrence is
that if powerhouse operation is lower, there is less mixing of powerhouse water and the overall
pattern is dominated by the higher TDG waters from the static PRFB release. Additionally, river
bottom elevations tend to be deeper directly downstream of the powerhouse than downstream of
the PRFB/spillway. These contrasts are known to exist as far as 2000 feet below Priest Rapids
Dam or near the area of the TDG array transect location (Schneider and Carroll 2002). This
would tend to lessen any desorption of gases as the aerated PRFB flows move towards the left-
bank deeper water. The opposite would be expected if the flows become dominated by higher
powerhouse operation and the aerated PRFB releases pass over the shallow and often turbulent
reach downstream of the PRFB/spillway. A second likelihood in the increased TDG %SAT
values associated with test(s) T1 and T2 is that the lower tailrace elevations associated with the
low powerhouse operation during these testing periods resulted in a plunging jet coming from the
PRFB operation. The plunging jet from the PRFB operation transported entrained air to deeper
depths downstream of the powerhouse. The PRFB was designed and modeled to function/operate
between 405.2 — 415.0 ft. msl for optimal fish passage and minimal TDG uptake (Oakwood
Consulting 2015). Based on the tailwater exceedance curve, the elevation of the tailwater was
below 402.0 ft. only 0.52% of the time during the ten year period of 1999-2009. Figure 7 below
displays the tailwater exceendance curve for Priest Rapids Dam used for the design and
modeling of the PRFB.
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Figure 7 Priest Rapids Dam Fish Bypass (PRFB) tailwater exceedance curve

(Oakwood Consulting 2015).

For more detailed information/explanations of the TDG exchange associated with the operation
of the PRFB, including additional information related to the relationships between TDG and
powerhouse flows and tailwater elevation, see Appendix A of this final report.

3.3

Incidental Tests

The field study was extended for 11 additional days in order to record any incidental times when
operational requirements were inadvertently met and the resulting data could possibly be used for
further evaluation to quantify TDG associated with the operation of the PRFB. After further
analysis of the operational data it was determined that there were 21 additional occasions during
the study period when consistent operating conditions were met for a minimum of three
consecutive hours.

The operational discharges for the 21 incidental tests varied from a mean of 18.6 kcfs up to 145.5
kcfs. The trend for the incidental tests, as with the targeted test, was that the higher the
percentage of PRFB flow of the total flow resulted in higher downstream TDG levels or that the
lower powerhouse operations resulted in the highest downstream TDG saturations.
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The difference in TDG %SAT between the Priest Rapids forebay and the TDG array transect
during the incidental test period ranged from 1.9 %SAT to 9.1 %SAT for an overall mean
difference of 4.5 %SAT. The difference in TDG %SAT between the Priest Rapids forebay and
the Priest Rapids tailrace FSM stations during the incidental test period ranged from 0.61 %SAT
to 8.3 %SAT for an overall mean difference of 2.7 %SAT. Although the difference between the
Priest Rapids forebay and the TDG array transect/Priest Rapids tailrace FSM station ranged as
high as 9.1 %SAT during the incidental testing periods, at no point did the overall %SAT reach
an exceedance point of 120 %SAT. In fact, the %SAT at the TDG array transect ranged from
112.4-116.7 %SAT, while the %SAT at the Priest Rapids tailrace FSM station ranged from
110.5-115.8 %SAT. Lastly, and most important, the PRFB was able to meet TDG compliance at
both the TDG array transect (2000 feet downstream from Priest Rapids Dam) and the Priest
Rapids tailrace FSM station (next downstream compliance point at Vernita Bridge) throughout
the complete testing periods during all operational conditions.

For more information on the additional testing periods identified during the study period see
Appendix A of this report.

4.0 Conclusions

The difference in TDG percent saturation (%SAT) between the Priest Rapids forebay FSM
station and the TDG array transect for the testing periods were 7.7 %SAT for Test 1, 7.1 %SAT
for Test 2, 3.3 %SAT for Test 3, and 2.8 %SAT for Test 4, for an overall mean difference of 5.2
%SAT. The difference in TDG %SAT between the Priest Rapids forebay FSM station and the
Priest Rapids tailrace FSM station for the same testing periods were 4.2 %SAT for Test 1, 4.2
%SAT for Test 2, 1.2 %SAT for Test 3, and 2.1 %SAT for Test 4, for an overall mean difference
of 2.9 %SAT.

Although the difference in %SAT were as high as 7.7% during the targeted test periods, the
overall %SAT noted at the TDG array transect during the testing periods was below 116 %SAT
for all the test periods, and the TDG %SAT were below 112 %SAT at the Priest Rapids tailrace
FSM station (next downstream TDG compliance point) during the targeted test periods. Further,
the PRFB was able to meet TDG compliance at both the TDG array transect (2000 feet
downstream from Priest Rapids Dam) and the Priest Rapids tailrace FSM station (next
downstream compliance point at Vernita Bridge) throughout the complete testing periods during
all operational conditions.

For more detailed information/explanations of the TDG exchange associated with the operation
of the PRFB, see Appendix A of this final report.
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Appendix A
Priest Rapids Fish Bypass TDG Evaluation Report
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1.0 Introduction

The following sections provide details related to the Priest Rapids Fish Bypass (PRFB) total
dissolved gas (TDG) study conducted during August of 2014. The objective of this study was to
evaluate TDG across the river channel with varying tailwater and turbine operations with the
PRFB operating at full capacity (~27 kcfs). Below is a summary of the details contained in this
appendix:

e Information on the type of instruments that were deployed, including GPS locations,
depths of deployment, and quality assurance/quality control (QA/QC) documentation;

e Details on discharge/flow, water levels, water temperatures and barometric pressures
associated with field testing of the study; and,

e Details on the methods and results of data reduction and analysis, including:

o Discussion of the raw TDG data recorded on each TDG sensor from all the
monitoring stations during the study period, including QA/QC results;

o Elimination of three sensors from the analyses due to sensor loss;

o Determination of the cross-section area weighted arithmetic mean TDG across the
entire TDG array transect and its comparison to upstream and downstream TDG
values under varying operational conditions.

2.0 Data Collection Methods, QA/QC and Operational Conditions

The following provides a summary of the data collection methods that were used during the
study, including descriptions of TDG sensors, calibration and quality assurance methods,

location of the TDG array transect, and the proposed operational conditions. The study
operations began on August 1, 2014, with the installation of the in-field TDG sampling
instruments in the Priest Rapids Dam tailwaters and continued until August 19 with the final
removal of all instruments. The PRFB operation was held between 20-30 kcfs for the entire study
period.

This study utilized an array of remote instruments capable of logging time histories of TDG
pressures at numerous locations up and downstream of Priest Rapids Dam. Hach Corporation
Hydrolab Mini-Sondes and Data-Sondes were used to record the data. A total of 15 TDG
instruments, three existing real-time fixed-site monitoring stations (FSM stations) and twelve
remote logging instruments were used to monitor TDG (in millimeters of mercury (mmHg)),
temperature (degrees Celsius (°C)), and depth (meters (m)) at eight stations or locations.
Instruments were paired at the same depth for several of the deeper stations to avoid data loss. In
addition TDG percent saturation (%SAT) was calculated using ambient air pressure and TDG
pressure. Measurements were made on 15-minute intervals for the duration of the study period
(August 1-19, 2014).

Project operation data including total river flow (thousand cubic feet per second (kcfs)),
powerhouse discharge (kcfs), spillway discharge (kcfs), PRFB discharge (kcfs), forebay and
tailwater elevation (msl feet) was also collected on 15-minute intervals.

Atmospheric conditions of air temperature, barometric pressure (not corrected to sea level) were
collected at the Priest Rapids Dam weather station to determine potential atmospheric influences
on TDG levels. Barometric pressure/air pressure data was also collected by the Grant PUD at just
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above the water surface near their forebay and tailwater FSM stations. The actual barometric
pressure for each sample station location was determined from the closest logging barometer
operated by Grant PUD.

2.1 Monitoring Locations

Water quality data collected during this study included TDG (in mm Hg and %SAT relative to
atmospheric pressure), water temperature, and sample depth. These parameters were collected at
the following locations (see also Figure A-1):

PRDF — Priest Rapids Dam forebay FSM station, an existing real-time TDG monitor
located near turbine unit 10, mid-channel, at an average depth of five meters, depending
on forebay elevations. Two additional logging instruments, PRDA and PRDB, were
placed at this location for the duration of the study. This data provided information on
incoming/background TDG levels for comparison to TDG levels downstream of Priest
Rapids Dam during the PRFB test operations.

T1 - A five-station/ten-instrument TDG transect located approximately 2000 feet
downstream of Priest Rapids Dam. Stations were distributed as evenly as possible across
the river. The paired instruments were attached together with the sensors positioned at 3
ft up from bottom. A composite TDG value was collected from this transect to determine
TDG values produced by the PRFB. The location of this transect was selected because of
its position in the river where it narrows having uniform flows laterally, and minimal
back eddies to confound the data analysis.

PRDT - Priest Rapids Dam tailrace FSM station, an existing real-time TDG monitor
attached to a pier-nose (mid-channel) of Vernita Bridge, located approximately nine river
miles downstream. Data collected at this location was used comparatively with TDG
pressures as measured at the T1 transect, and to verify the PRFB’s ability to meet
downstream TDG water quality standards (120 %SAT).
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Figure A-1  TDG monitoring stations: Priest Rapids forebay (PRDF), transect array
(T1), and tailrace (PRDT).
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2.2 Water Quality Monitoring Instruments and Deployment Methods

A total of twelve TDG monitoring instruments were deployed for this study using rigging
methods as described in the study plan (Hendrick and Keeler, 2011). The instruments were
programmed to record measurements of TDG pressure (mmHg), water temperature (°C), depth
(m), and battery voltage on 15-minute intervals for the duration of the study. Pre-deployment
instrument calibrations were completed on July 31, 2014, per manufacturer’s specifications.

All instruments for the field study were deployed on August 1%, 2014. Ten were distributed
laterally across the T1 transect at five stations. The T1 transect was approximately 1300 ft in
length and 2000 ft downstream of the dam. Starting on the left-bank downstream of Priest Rapids
Dam, the stations were given the names of T1P1, T1P2, TIP3, T1P4, and T1P5. The “T1” stands
for Transect 1 and the “P” indicates the position across the river. Each station had 2 instruments
deployed on the same cable. The paired instruments were attached together at the same depth,
three feet off the bottom of the river, to perform as replicates. Adding an “A” or “B” to the label,
T1P4A or T1P4B was used to identify replicate instruments. Two instruments, named PRDFA
and PRDFB, were deployed adjacent to PRDF next to the intake of turbine unit ten. PRDFA was
placed at a depth of 15 feet and PRDFB was positioned at 30 feet.

The deployment information for each station and instrument is given in Table A-1. This includes
station label, instrument or data status, instrument type, serial number, retrieval date and time,
position as Latitude and Longitude (WGS84 decimal degrees), approximate station depth,
approximate distance from left bank. The position of each sampling station or instrument was
documented using a Garmin GPSMAP 76 onboard the deployment/retrieval boat.

Table A-1  Station and instrument information during initial deployment.
Retrieval Date Station Station

Station Insstt; Itjl?:a Type SN a_nd Lat, Long Depth Disé;r]cl)(l“r(]ﬂlseft
Time (DD) (ft)
PRDFA oK MS5 | 44947 o e |15 N/A
PRDFB oK MS5 | 44948 o e | 30 N/A
T1P1A | Notretrieved | DS4a | 37621 N/A ffgfsgggggo 15 100
TIP1B | Notretrieved | DS4a | 30850 N/A e | 15 100
T1P2A oK DS4a | 39855 o . | 18 330
PSR
T1P3A oK MS4 | 36394 o S . | 25 540
T1P3B Lost DS4a | 37260 o S . | 2 540
T1P4A oK DS4a | 39849 o S e |20 810
T1P4B oK MS4 | 36392 o S e |20 810
T1P5A oK MS4 | 36900 s s | 12 1090
T1P5B oK DS4a | 32403 s e | 12 1090
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Instrument deployment methods varied depending on the location, water condition, and depth. In
general, instruments were set using a normal anchor and buoy system for deployment. Anchor
and housing weighed approximately 200 pounds and were attached to a series of surface floats
via 5/16 inch diameter steel cable that allows deployment and retrieval of instruments by boat.
All instruments were deployed inside ABS housings and attached directly to the mainline cable 3
feet up from the anchors. The initial instrument depths were ten feet or greater for all stations.

2.3

Calibration and Maintenance

Quality control in the field was assured by completing accurate and thorough field notes and
other necessary documentation. Programming, calibration, and maintenance procedures of the
instruments followed manufacturers’ recommendations per instrument manuals. Calibration
checks and adjustments were performed on all instruments within one day prior to initial
deployment. Post deployment checks on calibration were completed as needed for evaluation of
instrument drift and accuracy on the day following retrieval. Post deployment checks included
general servicing, personnel checked for and, as necessary, fixed problems (probes clogging,
leaking membranes, instruments out of calibration, battery failures etc.) and recalibrated the
instrument(s) as needed.

During the pre-deployment calibrations all instruments were set to read within +/-1 mmHg of the
atmospheric pressure. The instruments were also corrected to read +/- 1 mmHg of the air
pressure plus 200 mmHg for the slope checks. During the post deployment checks all
instruments were within +/- 2 mmHg of the atmospheric pressure and no corrections or changes
were required. The calibration information for both the pre- and post-deployment checks is
included in Table A-2.

Table A-2 Instrument calibration, pre-deployment, 07/31/2014, and post-retrieval
calibration check, 08/20/2014.
Pre Test Span | Post Test BP | Post Test Span
Station | Model | SN P'f TES;IBP BP+200 Check BP+200
(AmmHg) (AmmHg) (AmmHg) (AmmHg)
PRDFA | MS5 | 44947 0 1 1 1
PRDFB | MS5 | 44948 0 1 -2 2
TIP1IA | DS4 | 37621 0 0 (lost) (lost)
T1P1B DS4 39850 0 -1 (lost) (lost)
T1P2A | DS4 | 39855 0 -1 0 0
T1P2B MS5 | 44549 0 0 (no com) (no com)
TIP3A | MS4 | 36394 0 -1 0 0
T1P3B DS4 37260 0 0 (lost) (lost)
T1P4A | DS4 | 39849 0 0 0 0
TIP4B | MS4 | 36392 0 0 0 0
TIPSA | MS4 [ 36900 0 1 0 0
T15B DS4 | 32403 0 0 1 1

The tensionometers used for measuring TDG pressures employ semi-permeable membranes
connected to pressure transducers with associated electronics to directly measure in-situ TDG
pressure in water. Air calibrations for TDG were performed using a certified mercury column
barometer. The TDG sensors were calibrated by comparing the instrument readings (in mmHQ)
to those of the standard barometer at atmospheric conditions. Response slope or span checks
were performed by adding 200 mm Hg of pressure directly to the transducer, and then adjusting
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the instrument span reading accordingly to properly span the range of interest. The calibration
process was repeated as needed to verify and readjust the calibration points.

The condition of the membrane and any condensation trapped inside it can influence readings
and result in erroneous data or instrument calibration. An inspection for leaks was performed on
the membrane itself before completing the calibration routine. Defective membranes were
replaced. No instrument membranes failures occurred during the testing.

2.4  Data Completeness, Quality, and Consistency with Conditions

There were adequate datasets resulting from all but station T1P1 for the study. The T1P1 station
cabling became fouled with the bottom of the river during testing and was not retrieved. The
T1P3B instrument twisted off of the main anchor line and was lost during testing. The instrument
from T1P2B was damaged during deployment and would not communicate following retrieval.

Instrument calibration post checks revealed only minor differences with the known standard
pressures, +/- 2 mm Hg. This would have minimal impact on instrument operation during field-
testing. The data quality and consistency is considered good for completion of the evaluation
testing.

2.5 Operating Conditions

In order to evaluate the TDG exchange associated with the operation of the PRFB at varying
tailwater elevations the PRFB was operated up to its designed capacity (~27 kcfs) with four
powerhouse loading targets: no flow, 60 kcfs, 100-120 kcfs, and greater than 140 kcfs. Table A-3
presents the specific targeted operating conditions.

Table A-3  Targeted operating conditions for the total dissolved gas exchange study.

. Test Turbine Data collection Minimum
82&?:::22 Condition Flow PRl(:kBCfE;OW in.terval duration
Label (kcfs) (minutes) (hrs)
1 T1 0 27 15 3
2 T2 60 27 15 3
3 T3 100-120 27 15 3
4 T4 >140 27 15 3

Every attempt was made to hold operations steady for at least three consecutive hours during the
targeted testing to allow conditions to stabilize in the tailrace. This was to achieve equilibrium in
flow conditions/patterns, tailwater elevations, and a resulting equilibrium in TDG characteristics
downstream of Priest Rapids Dam to the PRDT FSM station. The field testing began on August
1st and continued until August 19, 2014. The four targeted tests were conducted August 6-8,
2014. The actual conditions varied slightly from the targeted discharges due to river conditions.

The field study was continued for 11 additional days. In addition to the targeted tests there were
other incidental test periods during the study period which inadvertently meet the testing
requirements for further evaluation of the PRFB operation.

2.6 Data Collection Schedule

The study began in the field with the installation of all monitoring instruments completed at 1200
hr on August 1, 2014. The study ran for a total of 19 days and was completed on August 19 at
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0900 hr with the final retrieval of all instruments except those at T1P1. Powerhouse operation
was variable as required for power production for the entire study period.

Retrieval of the test instruments was completed on August 19, 2014. The station T1P1 was not
retrieved due to fouling with the bottom. The field crew made further attempts on September 15,
2014, but failed to extract the equipment for T1P1. The T1P3B instrument was stripped from the
main deployment cable likely due to the high flows and turbulence characteristic of the tailrace
during the test period. The T1P2B instrument failed to communicate for data download
following the test. Eight of the original 12 test instruments functioned properly through the
entire test period meeting the manufacturers specifications for accuracy at standard pressure
based on recommended calibration procedures. No TDG membrane failure occurred during the
testing.

Data was reviewed for completeness, quality and consistency. There were no data gaps (time or
parameters) identified for the instruments. The project operations logs were reviewed for
completeness. The water quality data (TDG and temperature) was merged with operations data
according to date and time. All data including operations information is reported at 15-minute
intervals (on the hour and quarter hours).

Limited analysis of TDG measures paired at the same stations and depths was reviewed for
sample precision. Outliers and data that that were outside of the quality objectives were
evaluated to determine the cause of the problem. Slight exceedances, <1 %SAT, were tolerated
with the data quality and the accuracy taken into account in data analysis.

3.0 Data Reduction

The following sections provide additional information related to the QA/QC results from the data
collected during the study and also provides more detail on the hydrology and project operations,
operational test results, paired with the TDG data from each monitoring location.

3.1 Hydrology and Project Operations

Operations data including total river flow, powerhouse discharge, spillway discharge, PRFB
discharge, forebay and tailwater elevation were collected as part of the study on 15-minute
intervals for the duration of the study period. The operations data were merged with the field
study data sets for TDG and water temperature.

Mean daily discharge at Priest Rapids Dam ranged from 92 kcfs up to 148 kcfs during the testing
period. The PRFB was operated at, or near, the maximum from 16-30 mean daily kcfs during the
testing period (see Figure A-2).
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