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Introduction 
Northwest Hydraulic Consultants (nhc) completed an extensive evaluation of the 
hydrodynamic conditions and fish tracking at Mayfield Dam as part of the relicensing 
program of the hydroelectric project (nhc, 2001).  Follow on studies are documented in 
this letter report summarizing  the results of a  recently completed field measurement 
program of the south intake bay at the Mayfield Dam hydroelectric project.  This letter 
report  presents comparisons with a much more extensive field measurement, 
computational modeling, and fish tracking study conducted in 2001. Previously 
completed studies at Mayfield Dam include a  detailed evaluation of the performance and 
fish bypass efficiency of the louvered intakes at Mayfield Dam on the Cowlitz River.  
The 2001 study scope included an extensive 3-dimensional flow velocity measurement 
program, hydroacoustic juvenile fish tracking, and development of a Computational Fluid 
Dynamics (CFD) numerical model of the south louver intake bay. In the 2001 work, the 
field velocity measurements were conducted with an Acoustic Doppler Velocimeter 
(ADV) probe that measures velocity components in the vertical and horizontal directions 
in three dimensions. Field measurements were used to verify the numerically simulated 
results from the CFD model. Hydroacoustic fish tracking data was compared to the 
simulated and measured velocity maps to determine if there was direct correlation 
between fish movement and velocity vectors. 
 
The 2002 field program at Mayfield Dam was undertaken as a follow-up to the extensive 
work performed in 2001. This letter report includes a description of the field program, a 
review of the velocity measurement approach and results of limited CFD simulations 
performed in 2001 that approximate those measured in 2002, and conclusions regarding 
the high flow hydrodynamic conditions of the louver screen and fish bypass facilities. 
Photographs, CAD plots and CFD output plots are enclosed as supporting information. 

References 
“Cowlitz River Project Mayfield Dam, Fish Guidance Louver Evaluations.” Northwest 

Hydraulic Consultants, December, 2001. 

Field Program 
nhc personnel arrived at Mayfield Dam on July 9, 2002 to begin the velocity 
measurement program.  The primary task completed on this day was the field 
modification of a louver vane indexing probe mount constructed specifically for 
deploying the ADV probe. The concept for the device was based on experience gained 
during the 2001 field program. The device allows for precise positioning of the 
velocimeter underwater at any elevation along the vertical length of the louver vanes, and 
enables collection of velocity measurements at any location within approximately 18 
inches of the louver vanes. The probe mount also permits the placement of the 
velocimeter such that velocities can be measured just inside the louver vane openings.  
The probe mount required a precise fit to the louver vanes, necessitating final 
modification of the probe mount on-site. 
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The louver vane indexing probe mount was first deployed on the east louver vane panel 
of the south intake bay (Photos 1 and 2) on the afternoon of July 9th following the 
instrument’s field modifications.   The indexing guides detached from the louver vanes 
(Photo 3) as the device was initially lowered underwater, causing the instrument to drift 
away from the wall. Further modifications to the device, including securing the indexing 
guides and attaching sheet metal panels and a 100 lb lead weight for stabilization, were 
necessary to maintain position on the louver vanes. 
 
These modifications were performed prior to deploying  the instrument on July 10th 
(Photos 4 and 5). The device performed well until it was submerged approximately 15 
feet, at which point it became stuck. Though not visible from the surface, debris lodged 
against the louver wall likely prevented the instrument from additional lowering. Tree 
branches and other debris were visible higher on the louver vanes, and heavier debris was 
likely present on the louver panel. Attempts to raise and lower the device to push through 
the debris were unsuccessful and further jarring of the device might have jeopardized the 
velocimeter. 
 
 The vane indexing instrument would not be able to collect data at lower elevations on the 
louver vanes due to the apparent debris loading on the louver panels. Instead, the device 
used to deploy the velocimeter in 2001 was readied. This apparatus consisted of an 
aluminum stay with mounting brackets for the velocimeter, a directional fin, and an 
attached 100 lb lead weight (Photo 6). The device was void of any indexing guides, but 
rather could be lowered to any location in the water column. Using this instrument, 
velocity measurements were recorded on the afternoon of July 10th and completed on 
July 11th. 

Velocity Measurement Approach 
Velocity measurements were recorded using an Sontek 10 MHz Acoustic Doppler 
Velocimeter (ADV).  The ADV uses a physical principle called the Doppler effect to 
simultaneously measure water velocity in three directions.  Measurements were made at a 
sampling rate of 10 Hertz for a period of not less than 60 seconds.   
 
Velocity measurements were recorded at three elevations on four transects within the 
louvered intake. The transects were located 58.25, 43.25, 28.25, and 3.25 feet upstream 
of the intake apex at water surface elevations of 395.6, 402.3, and 416.3 feet above msl 
(NGVD 29). These elevations represent approximately 0.8, 0.6, and 0.2 of total depth in 
the water column below the surface, respectively.    
 
After the velocity measurements were recorded in the field, they were condensed using 
the WinADV32 software package. Values for u, v, and w velocity vectors (velocity in x 
direction, velocity in y direction, velocity in z direction, respectively) at each point were 
initially filtered of poor quality data and then corrected for the pitch and roll of the ADV 
underwater (average pitch and roll of the probe were recorded in addition to the velocity 
components). 
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Velocity Measurement Results 
The results of the field measurements were as expected, showing higher velocity 
magnitudes for the higher flow conditions present in 2002 in comparison to the lower 
flow conditions measured in 2001. Flow through the intake was approximately 5,835 cfs 
(5841 cfs on 10 July, and 5831 cfs on 11 July), which is roughly 4.5 and 2.3 times the 
flow through the intake during the 2001 measurement program. As in 2001, the wing 
gates on the north intake bay were used for the second set of measurements to force all 
project outflow through the south bay, simulating a total project outflow of roughly 
double the available actual outflow. Velocities in the system range from a minimum of 
1.9 fps with both north and south louver bays open, to a maximum of 4.7 fps, with an 
average of 3.9 fps, with only the south bay open .   These velocities are roughly double 
those recorded at 2,580 cfs, the maximum flow measured in the 2001 field measurement 
program. During the 2002 measurement program, two fish bypass attraction pumps were 
operating continuously. The third pump was not started when all flow was confined to the 
south intake bay. 
 
Figures 1 through 3 depict in plan view the locations where velocities were measured at 
elevations 395.6, 402.3, and 416.4 feet msl (NGVD 29), respectively. The red arrow at 
each position indicates the direction of the velocity vector and the vector magnitude is 
depicted numerically adjacent to the arrow. Figures 4 through 6 show the velocity vectors 
in elevation view at the east louver wall, intake centerline, and west louver wall, 
respectively. 
 
Interesting to note is the velocity vector direction in the horizontal plane at the 58.25 and 
43.25 feet transects. The average velocity direction at these transects is shifted 
approximately 9 degrees from the longitudinal axis of the intake. The velocity direction at 
the remaining transects is closer to being parallel to the intake axis. Three reasons for the 
skewed velocity vectors are theorized: 
 
1. uneven debris loading on the intake entrance trashrack, 
2. uneven debris loading on the louver walls, 
3. and/or a water surface elevation differential within the intake. 
 
Photos 7 through 9 show the surface flow patterns entering the intake on the afternoon of 
July 11th. Debris is clearly unevenly distributed on the entrance trashrack as evidenced 
by the difference in head loss across the trashrack from one side to the other. Unevenly 
distributed trash could cause the non-uniform inflow of water to the intake, creating a 
skewed current that from the longitudinal axis of the intake. 
 
In addition to uneven debris build-up on the entrance trashrack, uneven trapping of debris 
against the louver walls could also direct the flow away from the longitudinal axis of the 
intake. Substantial trash was observed lodged on the louver vanes, as shown in the photos 
and as evidenced by the inability to lower the louver vane indexing probe mount more 
than about 15 feet below the surface. Finding similar debris lodging against the vanes at 
greater depths throughout the intake is likely.    
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A third possible cause for the oblique direction of the velocity vectors is a difference in 
water surface elevation between the upstream and downstream sides of the east and west 
louver vane panels. Water reaching the 8-inch bypass slot at the intake apex was pumped 
back into the system just downstream of the intake (Photos 10 and 11), entering the 
channel from the left side just downstream of the intake bay. The addition of this water 
might have caused a difference in water surface elevation across the channel immediately 
downstream of the louver bay that translated upstream to the exit face of the louvers. The 
outflow from the right and left louver vanes is separated by the center pier up to very near 
the pump-back discharge location. A differential water surface elevation across the 
channel at the pier would cause a corresponding difference in water surface elevation at 
the exit sides of the two louver walls, further resulting in differential discharge from one 
side to the other of the intake bay. Even a small difference in water surface elevation 
within the intake would be enough to skew the flow direction a noticeable amount. 
Although measurements were not taken to confirm this cross-gradient in the outflow 
channel, the turbulence patterns and flow direction observed at the water surface 
suggested that a gradient might be present. 

CFD Simulations 
There was insufficient budget available to re-acquire lease and licensing rights to the 
STAR-CD commercial code and perform additional CFD model simulations during the 
2002 study program. However, several simulations were made during 2001 that 
represented conditions nearly similar to that observed in 2002. Therefore, selected output 
from the previously completed simulations most similar to the 2002 flow conditions was 
extracted and is presented for comparison purposes in the figures. 
 
The 2001 CFD simulations were completed for 5,000 cfs total inflow into one louver bay, 
compared to the 5,835 cfs observed during the 2002 tests. However, the CFD model was 
not used to evaluate the distribution of flow resulting from non-uniform flow through the 
two sides of the intake bay as observed in 2002. Therefore, the results show uniform 
velocity distribution through each side of the intake bay and do not approximate the 
skewed velocity vectors observed in the field in 2002. With additional scope and funding, 
the CFD model could be used to revisit the simulation to determine the approximate 
extent of debris accumulation by calibrating the model to the 2002 observed 
measurements. Figures 7 through 9 show computed velocities throughout the intake on 
three horizontal planes at elevation 395.6 ft msl, 402.3 ft msl, and 416.4 ft msl, 
respectively. Figures 10 through 12 show computed velocities in the immediate vicinity 
of a small area of louver vanes, also on three horizontal planes at elevation 395.6 ft, 402.3 
ft, and 416.4 ft msl (NGVD 29), respectively. 

Conclusions 
Additional field velocity measurements were completed at an approximate intake flow of 
5,835 cfs on July 10 and 11, 2002. Measured velocity magnitude and direction are 
provided in figures 1 through 6 of this letter report.  Velocity characteristics indicate 
roughly parallel, uniform velocities on the order of double the maximum velocities 
measured during the 2001 program, which was expected given flowrate was 
approximately twice that which occurred during the 2001 measurement program.  The 
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2001 program was accomplished at a total intake bay flow of about 1240 cfs and 2580 
cfs. The higher flow in 2001 was achieved by closing the north louver bay wing gates and 
forcing all flow through the south bay.  
 
CFD model results from the 2001 study were reviewed for simulation runs made at or 
near the discharge observed during the 2002 field program. The scope and funding for the 
2002 study year was inadequate for relicensing the STAR-CD CFD code used for the 
Mayfield study, thus the simulations were not completed for the 2002 inflow conditions. 
However, simulations at 5,000 cfs flow were completed in 2001, and were compared with 
the 2002 field velocity measurements. Results are provided in figures enclosed in this 
letter report (Figures 7 through 12).  
 
Comparison of the measured velocities from 2001 and 2002 indicates that the magnitude 
of the 2002 velocities was, as expected, roughly double that measured in the field in 2001 
(230% on average, of those magnitudes measured in 2001). Of note during the 2002 
measurements was the presence of significant debris accumulation on the louver vane 
panels, the upstream intake trashracks, and in the bypass entrance slot. These debris 
accumulations may have caused an apparent directional skew to one side of the intake 
bay of the measured velocity vectors at several transects within the intake. Non-uniform 
or unbalanced debris accumulation on one side of the intake bay results in slightly higher 
head loss through the most adversely blocked side of the intake, with consequent loss of 
hydraulic conveyance through the louver vanes. The resulting differential flow capacity is 
reflected in an average skew of the velocity vectors toward the higher capacity side of the 
intake. The CFD model simulations from the 2001 study specified uniform approach flow 
to the intake, in accordance with the measured velocities used for calibration. As a result, 
the high flow CFD simulations completed in 2001 do not simulate the observed skew in 
the 2002 field measurements resulting from debris blockage. However, the overall 
average velocity magnitude of the CFD simulations and field measurements compare 
quite favorably in the portions of the flow field not influenced by debris blockage. The 
computed vertical flow distribution of velocity magnitude and direction from the CFD 
model compares quite favorably with the field measurements.  Evidence of significant 
debris accumulation in the louver vanes and in the bypass entrance was noted by Tacoma 
during the planned dewatering of the south intake bay during the winter of 2001-2002. 
The lower 5 to 8 feet of the bypass entrance was completely occluded by debris lodged in 
the turning vanes. The velocity measurements reflected this occlusion in the vertically 
non-uniform velocity profiles observed. 

Recommendations 
Based on the field observations made during these tests in 2001 and 2002, nhc 
recommends regular cleaning of the louver vanes and entrance trashracks. The efficacy of 
cleaning the turning vanes in the bypass entrance with regard to improving fish guidance 
efficiency is not fully known at this time. There was some evidence that this occlusion 
may have benefited fish attraction into the upper bypass entrance during the 
hydroacoustic tracking work conducted in 2001. We also recommend inspection of the 
bypass conduit from the secondary separator to the base of the turning vanes by means of 
underwater video camera. If significant debris is noted, we recommend it be cleaned from 
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the conduit to reduce the chance of fish injury in passing. In addition, to determine the 
hydraulic characteristics of the louver intake over the full range of project outflows, nhc 
recommends that the CFD model be used to simulate outflows up to 7,000 cfs per bay, 
which is the maximum design flow for the intake. We also recommend that the CFD 
model be used to simulate the observed conditions from the 2002 field work, in order to 
characterize the effects of non-uniform debris accumulation on bypass flow and overall 
intake flow distribution. 
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Figure 1 – Field measured velocity at elevation 395.6 ft (msl) and 5,835 cfs. 
  Velocity magnitude shown in feet per second. 
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Figure 2 – Field measured velocity at elevation 402.3 ft (msl) and 5,835 cfs. 
  Velocity magnitude shown in feet per second. 
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Figure 3 – Field measured velocity at elevation 416.4 ft (msl) and 5,835 cfs. 
  Velocity magnitude shown in feet per second.
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Figure 4 – Field measured velocity along east wall at 5,835 cfs. Velocity magnitude shown in feet per second. 
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Figure 5 – Field measured velocity along longitudinal centerline of intake bay at 5,835 cfs. Velocity magnitude shown in feet per second. 
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Figure 6 – Field measured velocity along west wall at 5,835 cfs. Velocity magnitude shown in feet per second.
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Figure 7 – CFD predicted velocities at elevation 395.6 ft (msl) and 5,000 cfs. 
  Velocity magnitude shown in meters per second. 

 14



 

 
Figure 8 – CFD predicted velocities at elevation 402.3 ft (msl) and 5,000 cfs. 
  Velocity magnitude shown in meters per second. 

 15



 

 
Figure 9 – CFD predicted velocities at elevation 416.4 ft (msl) and 5,000 cfs. 
  Velocity magnitude shown in meters per second. 
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Figure 10 – CFD measured velocities through louver vanes at elevation 395.6 ft (msl) 
and 5,000 cfs. Velocity magnitude shown in meters per second. 
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Figure 11 – CFD measured velocities through louver vanes at elevation 402.3 ft (msl) 
and 5,000 cfs. Velocity magnitude shown in meters per second. 
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Figure 12 – CFD measured velocities through louver vanes at elevation 416.4 ft (msl) 
and 5,000 cfs. Velocity magnitude shown in meters per second. 
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Photo 1 - ADV probe mount designed to deploy ADV by indexing on louver vanes. 
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Photo 2 - ADV probe mount shown on the left intake louver vanes. 
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Photo 3 - Zoomed view of ADV probe and louver vane indexing guides. 
 

 22



 
 
Photo 4 - Instrument retrofitted with sheet metal panels and 100 lb lead weight. 
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Photo 5 - Lowering ADV along left (east) louver wall. 
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Photo 6 - Apparatus that replaced initial tool for deploying ADV (also used in 2001). 
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Photo 7 - South intake bay entrance flow on July 11, 2002.   Note debris on trashrack. 
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Photo 8 - Close up view of right side of entrance trashrack. 
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Photo 9 - Close up view of left side of entrance trashrack. 
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Photo 10 - Bypass flow being pumped back downstream of the louvers. 
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Photo 11 - Close up view of bypass flow being returned to powerhouse tunnel. 
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