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PURPOSE

This report presents the results of the A alternative, muiltiple-bay "V" shaped positive
barrier fish screen physical model investigations for Glenn-Colusa Irrigation District
(GCID). The flat plate screen modeled for alternative D (Mefford and Kubitschek,
1997) was removed from the model and replaced with a four-bay "V" screen design. The
"V" screen option was installed in the GCID river model to evaluate its performance
when located near the site of the existing screen structure and pumping plant.

APPLICATION

The information included in this report is provided to the GCID Technical Advisory
Group (TAG) to assist in the evaluation of proposed screen alternatives and to provide
design data for the selected alternative.

INTRODUCTION

The Glenn-Colusa Irrigation District Pumping Plant is located in north-central
California, approximately 100 miles north of Sacramento, on an oxbow of the
Sacramento River. Figure 11is a general location map. The pumping plant exports
water from the Sacramento River to the west side of the Sacramento River Valley for
irrigation purposes.

Figure 1.—General location map of GCID pumping plant and existing fish screen facilities.



In 1972, a rotary drum screen facility was constructed to provide fish protection from
pumping plant entrainment. The facility originally consisted of 40 drum screens 8-ft
wide and 17-ft in diameter. In 1970, the Sacramento River experienced the largest
flooding since the construction of Shasta Dam. The result was a meander cutoff
downstream from Montgomery Island that caused a decrease in river length of almost
1-1/2 miles. The consequence of this meander cutoff was a drop in water surface
elevations of approximately 3 ft at the north end of Montgomery Island. These changes
occurred over several vears as the river stabilized. Lower water surface elevations’
resulted in lower than desired water depths in front of the drum screens. As a result,
through-screen velocities exceeded resource agency fish screening criteria during high
diversions. In 1991, the National Marine Fisheries Service (NMFS) filed an injunction
against the irrigation district to restrict pumping during the peak winter-run Chinook
salmon downstream migration period.

An aggressive program was initiated by the district in conjunction with resource
agencies to identify options for both short- and long-term resolutions of the screening
problem. To improve interim screen performance, flat panel wedge wire screens were
placed in front of the drum screens in 1993. In 1995, the drum screens were removed
from service.

Pursuit of a long-term solution has generated a number of screening alternatives which
have, in turn, been subjected to detailed evaluation. In 1994, HDR Engineering, Inc.,
prepared a draft feasibility report which reviewed eight alternatives for replacement or
modification of the existing screen facilities. Since then, these alternatives have been
reduced to two.

The two best alternatives, labeled "A" and "D," are shown as figures 2 and 3,
‘respectively. '

Each of these alternatives was model studied. Alternative A consists of a new screen
facility located just upstream from the existing facility. The A screen concept is a four-
bay, multiple-V structure with bypass and evaluation facilities. Screen alternative D,
Progress Report No. 1, March 1997, increases the length of the existing flat panel
screen structure. The proposed flat plate screen is about 1,000 ft iong, extending
approximately 500 ft upstream from the existing structure.

Each of the previously described alternatives was initially evaluated and optimized
using a 1:30 scale physical model. Following these investigations, one or both
alternatives will be modeled at a larger scale to provide additional design on screen
performance, screen baffling, and operation data for the prototype facility. A report
series will be generated for documentation of the physical modeling of the screen
alternatives. This report covers the 1:30 scale model investigations of the A alternative
and constitutes the second report in the series. '
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Figure 3.—Conceptual layout: Plan view of proposed D alternative.



DESCRIPTION OF ALTERNATIVE A - MULTIPLE
BAY "V" SCREEN DESIGN

The fish screen structure is shown in figure 4. There are four V-shaped screen bays
with a total screen length of 912 feet. The length of screen on each side of a "V" is

114 feet. The invert of the screens is set at elevation 125, which is approximately 3 feet
below the currently dredged intake channel invert. The top of the deck is set at
elevation 160.0, which is approximately 1.5 feet above the previous known high water
mark, but 1.0 foot lower than the apticipated 100-vear flood event water surface
elevation. The minimum water depth at the screens would be 10 feet for the river flow
of 7,000 ft*/s upstream from the oxbow and 3,256 ft%s into the oxbow. The top of the
fish screens is at elevation 137.0. A false wall (metal plate) extends from the top of the
fish screens to the operating decks. Baffles are located behind the fish screens to
provide for flow adjustment to achieve a uniform flow distribution through the screens.
A fish bypass bay is located at the apex of each V-screen bay.

The weir wall adjacent to the fish screen structure prevents flow from passing down the
lower oxbow channel during non-flood flow conditions and serves to guide flow into the
fish screen structure. The weir wall is designed with a top elevation of 139.0. The weir
contains three gates, a 35-foot wide river flood gate located near the weir's upstream
end, a sediment sluice gate, and a trash sluice gate located next to the screen structure.
The trash gate and sluice gate are operated only when needed to sluice material. The
river flood gate is opened to pass a minimum of 500 ft*/s flow when the river stage
exceeds the top of the weir wall, elevation 139.0. When the river flood gate is closed, no
flow is passed down the lower oxbow channel.

There are four 108-inch-diameter screw pumps (one for each bypass) in the pump back
structure. Three pumps raise the bypass flow to elevation 145.0, and one pump raises
‘the bypass flow to elevation 155.0. All pumps can operate for river flows are up to
30,000 ft*/s. When the river flows are between 30,000 and 60,000 ft%s, only the single
screen bay with pumped bypass flow to elevation 155.0 can be operated. Fish are
bypassed back to the main river channel through two 78-inch pipelines. The bypass
pipes terminate in the river thalweg.




Figure 4.—Plan view of the "V" screen structure and weir wall.




OBJECTIVES OF THE MODEL STUDIES

The objectives of the river model study are to evaluate and determine the best site,
structure orientation, and screen structure design for a "V" screen alternative based on
approach flow conditions and screen flow performance. The major flow performance
objectives are:

+ The screen design should allow diversion of up to 3,000 ft¥s of flow at 7,000 ft®/s
river flow.

* The approach channel should provide a nearly uniform distribution of flow into
the screen bay entrances for all flows.

» For all flow conditions, the velocity normal to the screen face, measured 3 inches
in front of the screen, should not exceed 0.33 ft/s.

+ The flow velocity component parallel to the screen face, termed sweeping
velocity, should be twice the normal component. Similar to the D-alternative
screen structure, a design objective of 2 ft/s minimum sweeping velocity was
chosen.

* The screen exposure time should not exceed 60 seconds.

+ Each fish bypass should provide a flow of 64 ft¥s at an average bypass entrance
velocity of about 2 ft/s. '

+ The upper oxbow channel, screen forebay, and screen bays should be designed to
minimize or eliminate areas of reverse flow or slack water. These conditions
should be achieved for all pumping flows up to 3,000 ft*/s. Between one and four
bays may be operated to accommodated GCID canal flow diversion.

+ The structure must allow for upstream migrants to move through the oxbow
when flood flows are passed down the lower oxbow channel. This would occur
when the river stage at the screen structure exceeds elevation 139.0.

CONCLUSIONS

The results of these investigations demonstrate that the A-alternative must be properly
aligned relative to the oxbow channel and pumping plant to achieve desirable flow
conditions. The study results show the multiple bay "V" screen concept can be designed
to operate over the wide range of diverted flows. As part of this conclusion, we assume
the screens would be baffled to further improve the velocity distribution approaching
the screen faces. A series of modifications to the screen design were undertaken as part




of the model study to improve performance. The screen modifications were largely
related to structure positioning. A brief summary of screen performance for the
A-alternative screen configuration is given below.

* Diversion capacity.—The A alternative requires no maintenance of down oxbow
flow during non-flood flow conditions. Therefore, diversion capacity is controlled
by the water surface drawdown provided by the GCID pumping plant. RCE
(1993) (Resource Consultants and Engineers, Inc., “Riverbed Gradient
Restoration Glenn-Colusa Irrigation District Configuration Data Report,” U.S.
Army Corps of Engineers contract DACW05-90-C-0168, September 1993) found
the maximum flow that could be pumped at 7,000 ft%/s river flow with the lower
oxbow closed off is 2,600 ft*/s. Operation of the existing pumping plant has a
minimum forebay water surface elevation restriction of 135.1, Below this level,
the pump motors overheat and must be shut down. Replacement of the existing
pumps/motors allowing increased forebay drawdown would enable the screen
structure to meet the desire diversion criteria. However, the impacts of
increased oxbow channel drawdown on environmental issues or channel
dredging have not been evaluated.

+ Approach flow conditions.—Two orientations of the screen.structure to the
apprcach channel were model tested. These are referred to in this report as
screen structure configurations 1 and 2. Configuration 1 (figure 5) was aligned
with the approach channel to maximize the length of straight approach to the
structure. Test data for configuration 1 shows good uniformity of flow
approaching and along the screens for four-bay operation. However, closing
bays during reduced pumping resulted in large slackwater areas forming in
front of the closed bays and increased non-uniformity of screen approach flow.

For configuration 2, the screen structure entrance was positioned at a 4° angle to the
existing structure, figure 6. The alignment of the screen bay entrances was set the
same as that chosen for the D alternative flatplate screen. Flow approaches the
structure parallel to the screen bay entrances, then turns about 30° as it passes into
the screen structure. Configuration 2 showed improved sweeping velocity across the
entrance to the screen structure. Starting with the bay fartherst upstream, bays could
be closed without adversely affecting the approach flow. However, turning the flow
approximately 30° as it entered the screen structure resulted in added non-uniformity
of screen approach velocities.

Flow velocities in the upper oxbow channel are a function of river stage and GCID
pumping. As shown in Table 1, the average flow velocity in the upper oxbow can be
very low during periods of low pumping. This condition is present for river flows less
than about 20,000 ft*/s when the lower oxbow is closed.

* Normal approach velocity to the screens.—The screen structure is sized to meet
0.33 ft/s screen approach flow velocity (velocity component measured normal to
the screen) at peak pumping. However, the flow distribution on the screens for
unbaffled conditions was highly skewed. Non-uniformity of sereen approach
velocities were found to occur both along the screen and across screen bays.



Figure 5.—Plan view showing location of screen configuration 1 and model limits.
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Figure 6.—Plan view showing location of screen configuration 2 and mods! limits.




Téble 1.—Calcutated values of approach channel flow velocity and screen hydraulics
S R

Average Upper Average Screen Average Screen Screen
Run Oxbow Velocity, Sweeping Approach Exposure Time,
No. ‘ /s - Velocity, ft/s Velocity, ft/s seconds
16 0.93 1.8 021 54
17 - 1.80 2.5 0.27 45
18 . 025 14 0.1 87
19 2.40 2.6 0.29 44
20 2.20 2.2 0.24 : 51

1.70 1.9 0.22 58

Increases in normal screen velocity from the head of the screen bay to the "V" apex or
fish bypass entrance are typical of "V" shaped screen bays. This trend was evident for
all configurations tested and varied in magnitude with operation. In addition to
streamwise variations, screen approach velocity varied across screen bays for all
conditions where the flow made a significant turn at the entrance to the screen
structure. Screen approach velocities were typically highest on the downstream side of
each screen bay as referenced to the screen bay centerline. Flow passing through the
downstream side of the "V" bays follows the cutside of the turn into the structure and
the inside of the turn when exiting the structure and approaching the pumping plant.
The across bay approach velocity distribution is probably skewed by the screen
structure downstream alignment with the pumping plant and by turning the flow into
the screen structure. However, attempts to improve the velocity distribution by
extending the straight length of the sereen structure by 120 ft and aligning the screens
with the pumping plant provided little improvement. Across bay approach velocity
differences were evident for all conditions tested. Configuration 1 with all bays open
(see figure 9) showed the least across bay non-uniformity of flow. The test results
indicate a greater length of straight approach to the screens and/or full baffling of the
screen bays is needed to achieve the targeted magnitude and uniformity of screen
approach velocity. Screen baffling was not tested in this study.

* An average sweeping velocity along the screen of 2.0+ ft/s is achieved for the
design condition of 750 ft*/s per screen bay. The velocity decreases for reduced
pumping rates as shown in Table 1.

» Screen exposure time is inversely proportional to both screen sweeping velocity
and screen approach velocity. Screen exposure times are generally less than the
60 second design objective. However, low pumping rates will result in screen
exposure approaching 120 seconds.

* Flood flows require the weir gate be opened to pass a minimum of 500 ft%/s flow

down the lower oxbow whenever the water surface exceeds elevation 139.0.
Operation of the gate for these conditions does not adversely affect flow into the
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screen structure. During flood flows, the weir gate design should allow for
upstream migrants to pass through the oxbow channel. This conclusion is based
on flow conditions predicted for 20,000 ft*/s river flow with the weir gate fully
open. This condition was numerically modeled to establish the water surface
drop across the weir wall and was physically modeled to evaluate flow
conditions. Twenty thousand cubic feet per second river flow corresponds to
about the river stage at which the weir gate would be opened and lower oxbow
flow established. For this condition, a water surface drop across the weir of
about 1.0 ft occurs. Although higher river flows were not modeled, the
differential across the weir is expected to diminish with increased river stage.
This assumption should be checked with additional numerical simulations if
further development of the design is pursued. Issues of lower oxbow channel
flushing and fish blockage during non-flood flows were not addressed as part of
the model investigation.

PHYSICAL MODEL

The fish screen model was constructed at Reclamation's Water Resources Research
Laboratory in Denver, Colorado, using the same model facility used for the
D-alternative studies. The 1:30 scale model included approximately 3,000-ft of the
oxbow channel, the A alternative screen structure, the pumping plant, and the
downstream bypass pipes. Figure 7 is a photograph of the river model for the A
alternative, as constructed in the laboratory.

Figure 7.—Photograph of the Alternative A fish screen model.
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Similar to the D-alternative model, 3/16-in perforated aluminum plate having a

56 percent open area was used as screen in the model. Screen bypasses were controlled
by a pump and valve system. Downstream from the screen structure, the four bypass
pipes were valved and then manifolded into a single pipe. The single pipe was
connected to the suction side of a small pump to provide the necessary head for bypass
flow. A valve and flow meter were placed on the discharge side of the pump to regulate
bypass discharge.

The pumping plant was simulated using three separate pump and manifold systems in
the model. Pump intakes 1 and 2, 3 to 8, and 9 and 10 were manifolded to separate
pumps. Pumped discharges for pumps 3-8 were measured using a Controlotron
ultrasonic flowmeter, and discharges for pumps 1 and 2 and 9 and 10 were measured
using paddle wheel type flowmeters.

Discharge delivered to the model was measured using a permanent bank of laboratory
venturi meters. The system is equipped with a flow controller to maintain the desired
flow rate. Water surface elevations were monitored throughout the model using point
gages set within the oxbow channel and screen structure forebay.

MODEL TEST PLAN

The major objective of model study was determining the.impact on screen performance
of screen structure location and alignment. The position and orientation of the screens

" relative to the curved oxbow channel and the existing pumping plant were assumed to
be critical factors to achieving the desired flow conditions through the screen structure.
Two positions for the screen structure were evaluated. Initially, the centerline of the
structure was aligned with the centerline of the upstream oxbow channel. The screen
structure was positioned on the outside of the channel bend at approximately the
center of the bend (figure 5). This alignment is referred to in the test results as
configuration 1. The structure was aligned with the approach channel to maximize the
length of straight channel upstream from the screen bays.

For the second screen configuration tests, the screen structure was moved just
upstream from the existing flatplate screen structure. The entrance to the screen bays
was aligned at a 4° angle to the existing structure (figure 6). A similar alignment of the
flat plate in the D alternative model was used to produce good sweeping flow along the
face of the screen. For the A alternative the same alignment was chosen to provide
sustained sweeping flow in front of the trashracks when the bays are closured.

Each screen configuration was tested for a range of river flows and GCID pump flows.
The specific operating conditions tested were adjusted during the testing program
based on data results and input from the Technical Advisory Group. Baseline water
surface data for the physical model was again determined using a numerical model.

The numerical model developed for the D-alternative screen was modified to the

A alternative screen design. The major changes were to the screen structure location,
the screen entrance length, and the addition of the lower oxbow channel weir wall.
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Ayers and Associates were contracted to run six flow combinations, table 2. The run
numbering includes the previous 15 runs conducted as part of the D-alternative screen
study. Runs 16 through 19 and run 21 were selected to represent conditions similar to
those modeled in the D-alternative study. Comparable model run numbers for the
D-alternative screen are shown in parentheses in table 2. Run 20 was added to show
the impact of reduced pumping under river conditions similar to those of Run 19. In
addition to these simulations, simulations conducted by Ayers in 1993 using a closed
oxbow screen scenario were used to identify water surface and flow datums for the
A-alternative design. Table 1 gives calculated average approach channel velocities and
screen velocities for each of the numerical runs.

Table 2 —GCID screening Alternative A, 2D numerical simutation results

n=.025 for the River Channel and Oxbow Channel

——_(W&fum) — -
Run No. | Q. Qs Oy racrition ety %mhm Quioke Quyrass Water Surface Elevation (1)
North South GCID
Gage Gage  Screens
{Input) (Output)
16 (13) 5,000 1,000 "4,000 0 1,128 128 135.7 134.2 135.6
17 () 7.000 2,000 5,000 0 2,192 192 136.1 134.6 135.7 II
18 (12) 8,000 300 7,700 0 364 64 1375 1354 1373
19 (7) | 10,000 3,000 7,000 o 3,258 256 136.9 1353 136.3
20 10,000 2,000 8,000 (o} 2,182 192 137.4 1356 1371
21 (9 20,000 3.000 17,000 500 3,756 256 1401 . 138.2 139.9

TESTING

Hydraulic testing of each structure configuration was limited to evaluating flow
patterns and velocities in the approach channel and within the fish screen structure.
Dye and confetti were added to the flow field upstream from the screen structure to
observe the general flow pattern associated with each operating condition. Velocity
measurements were made in the approach channel, along the trashracks, and along
each fish screen. '

Flow Visualization

Dye testé were particularly valuabie for identifying the presence of slackwater and eddy
zones in the screen forebay. Dye was injected approximately 200 ft upstream from the
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screen structure, starting near the right bank and moving across to the left bank.
Visual observations and video tape were made of the dye ﬂow path as it moved down
the oxbow and into the screen structure. :

Velocity Measurements

Velocity measurements were conducted to quantify approach flow and near-screen
hydraulic conditions. A three dimension acoustic doppler velocity meter was used to
make all velocity measurements. The meter has a velocity range of 0.003 to 8 ft/s, with
a resolution of 0.001 ft/s. Velocity measurements were taken along the first 80 ft of
screen along each side of each screen bay. The remaining 34 ft of screen approaching
the bypass could not be measured in the model due to the narrow width of the "V" apex.
Approach flow velocities were measured across the channel at the upstream point
farthest upstream from the screen structure and at the center between trashrack piers
upstream from the screens. Point velocities were measured at the 0.6-ft depth, thus
representing the approximate vertical average velocity.

TEST RESULTS

Approach channel and screen bay entrance velocities are plotted in plan view relative to
the screen structure as velocity vectors. The screen velocity results of the model study
are presented as X-Y velocity plots for each configuration tested. The X-axis is given as
the measurement location along the screen structure and the Y-axis as velocity
magnitude. Both sweeping and normal components of velocity have been presented on
the same plot for each test. Complete tabular data are given following each plot.

Screen Structure Configuration 1

Table 3 lists the test series conducted for configuration 1. For all tests, the screen bays
and screens are numbered from downstream to upstream. Each screen bay is
considered to contain two screens, one either side of the flow centerline.

Numeric model results given in table 2 were not available for the configuration 1 tests.
Therefore, the screen structure was tested starting at maximum flow and then stepping
the flow down in 750 ft¥/s increments. Each reduction in flow was associated with the
closure of a screen bay. A water surface elevation at the screens of 135.0 was used for
tests 1 through 4. This water surface elevation was selected based on 1993 Ayers
numerical data reported for a 7,000 ft%s river flow and 3,000 ft¥/s GCID diversion flow
condition. The same water surface was used for tests 2, 3, and 4 because it is currently
the lowest possible water surface for pumping and the worst case for screen velocity.
Water surface elevations of 139.0 and above represented operation of the weir wall
flood gate and flow down the lower oxbow.
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Table 3.—Fish screen Alternative A physical model testing summary.

Qintake Qpp Qbypass ws.el. |Comments
(cfs) (cfs) ()
1 3,275 3,000 240 134.8 |4 bay operation
2 2,430 2,250 180 135 3 bay operation (bay 4 - closed)
3 1,620 1,500 120 135 2 bay operation (bays 3 & 4 - closed)
4 810 750 60 135 1 bay operation {(bays 2, 3 & 4 - closed)
5 4,275 3,000 240 139 4 bay operation ( bay entrance velocities)
Comments
1 3,256 3,000 256 136.3 |4 bay operation
2 2,192 2,000 192 135.7 |3 bay operation (bay 4 - closed)
3 1,128 1,000 128 1356 |2 bay operation (bays 3 & 4 - closed)
4 364 300 64 137.3 |1 bay operation (bays 2, 3 & 4 - closed)
8 3,756 3,000 256 139.9 |4 bay operation
Test No Qintake Qpp Qbypass wsel. [Comments
{cfs) (cfs) {cfs) ()
1 3,256 3,000 256 136.3 |4 bay operation _
2 2,102 2,000 192 135.7 |3 bay operation (bay 4 - closed)
3 1,128 1,000 128 1356 |2 bay operation (bays 3 & 4 - closed)
4 364 300 64 137.3 1 bay operation (bays 2, 3 & 4 - closed)
-5 3,756 3,000 256 139.9 |4 bay operation

Qintake Qpp Qbypass wsel. [Comments
(cfs) (cfs) (cfs) (ft)
1 , 1,128 1,000 128 135.6 |2 bay operation (bays 3 & 4 - closed)-

Test 1 - 3,000 ft*/s pumped flow and four-bay operation.—Four bay operation produced
reasonably good flow conditions in the screen forebay (figure 8). Flow moved smoothly
into the screen structure. Dye tests showed good flow distribution with no slackwater
areas. Internal to each bay, the normal screen velocity components were consistently
high on the downstream screen and low on the upstream screen (figure 9 and table 4).
The difference in approach screen velocity relative to bay centerline was assumed to be
caused by the offset orientation between the screen structure and the pumping plant.
In general, normal velocities also increased from upstream to downstream along the
screen face. A velocity increase toward the screen bypass is typical of "V" shaped
screen structures. Sweeping velocities measured along the screen were relatively
constant, averaging between 2.5 ft/s and 3.0 ft/s.
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Test 2 - 2,250 ft*s pumped flow and three-bay operation.—Bay 4, the bay farthest
upstream, was closed. A smooth plate was placed in front of the trashrack structure.
Again the alignment of the structure with the oxbow channel provided good flow
uniformity upstream from the screen structure (figure 10). Note, bay entrance
velocities were not measured for this test. Closure of bay 4 created a significant
reduction in the overall performance of the structure. Dye tests revealed the flow
immediately in front of the closed bay was predominately slackwater and therefore
potentially predator fish habitat. Internal to the operating bays, flow was increasingly
skewed (fizure 11 and table 5). In bay 3, the difference in normal screen velocity
between similar positions on screens 5 and 6 increased substantially. This was
probably caused by the eddy in front of bay 4 pushing the approach flow to the
downstream side of bay 3.

Test 3 - 1,500 ft*s pumped flow and two-bay operation.—Closing bays 3 and 4 resulted
in a further increase in the slackwater area in front of bay 4 (figure 12). Again, screen
normal velocities were high on the downstream screens within each bay (figure 13 and
table 6). Similar to test 2, the bay farthest upstream displayed the greatest across bay
deviation of normal velocity.

Test 4 - 750 ft¥'s pumped flow and 1 bay operation.—Dye tests and screen forebay
velocity measurements showed a large slackwater area in front of bay 4 and a smaller
slackwater area in front of bay 3 (figure 14). The difference between across bay normal
screen velocity increased in bay 1, following the previously cited trend (figure 15 and
table 7).

Test 5 - 3,000 ft*/s pumped flow and four-bay operation, screen water surface elevation
139.0: For test 5, the weir flood gate in the screen structure weir wall was opened to
pass 500 ft%/sec bypass flow. This test was conducted to evaluate the influence of weir
flood gate operation on the flow distribution entering the screen bays. Screen bay
entrance velocities are shown in figure 16. No other velocities were measured for this
condition. No significant skewing in the bay entrance flow distribution was noted due
to weir flood gate operation. ' : :

Following test 5, a number of tests were conducted to determine if the slackwater zone
that forms by closure of a screen bay could be altered by closing bays in a different
sequence, for example, closing bay 3 or bay 2 instead of bay 4 during three-bay
operation. In a similar pattern, several combinations of bay closures were also tried for
two bay operation. Altering the bay closure patterns proved ineffective for improving
screen forebay flow conditions. Test date derived during experimenting with gate
closure sequencing are not included in this report. :

Screen Structure Configuration 2
The entire screen structure was moved downstream and aligned with the bay entrances

at a 4° angle to the existing screen structure. The alignment of the trashracks was
nearly parallel to the main approach flow direction (figure 6). The shape of the chevron
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bays was not changed between test configurations. Test conditions, flows, and water
surfaces used for configuration 2 are shown in table 3. The results of numerical
simulations were again used to establish baseline water surfaces.

Test 1 - 3,000 ft¥/s pumped flow and 4 bay operation.—Approach velocities were found
to be highest near the right bank and lowest near the opposite bank (figure 17). It was
evident a better transition between the opposite bank and the weir wall was needed to
eliminate a local slack water zone located along the opposite bank. The effect on the
general approach flow pattern was deemed small, and further work to improve the
transition to the weir wall was set aside for future refinement. The study emphasis
continued to focus on flow conditions in front of the trashracks and screens. Moving the
screen structure downstream and aligning it approximately normal to the approach
flow created high sweeping velocities in front of the trashracks. Velocities decreased
from about 3.5 ft/s at the upstream bay entrance to about 1.5 ft/s at the bay farthest
downstream.

Flow conditions around the trashrack piers were investigated visually. Dye was
injected upstream from each pier and observed as it moved downstream into the screen
structure. These tests revealed no areas of strong separation as flow turned into the
screen structure. The convergence of the downstream pier walls and pumping plant
flow demand appeared sufficient to move flow smoothly into the screen structure.

Velocities measured on the screen are given in figure 18 and table 8. A large difference
in the normal screen components across each screen bay are evident. Velocities normal
to the screen were high on the downstream side of each bay and low on the upstream
side. Normal velocities also varied along the screens, increasing as flow approached the
apex of the screen bay. The sweeping component of the flow velocity was fairly uniform
in all screen bays, averaging between 3 to 4 ft/s.

Test 2 - 2,000 ft*/s pumped flow and three-bay operation.—Bay 4 was closed for this
test. Good sweeping velocity was sustained across the entrance to the closed bay
(figure 19). Approach flow velocities were fairly uniform, varying between about 2.0
and 1.5 ft/s. The slackwater zone previously noted near the intersection of the opposite
bank guide wall and the check structure was evident. However, dye tests and velocity
data indicated this area had little influence on the flow distribution entering the screen
bay structure. Dye injected upstream from bay 4 along the right bank moved smoothly
past the closed bay and into bay 3. No slackwater or eddy zones were noted.

Screen velocities were similar to those measured for four-bay operation (figure 20 and
table 9). Substantial differences were measured for normal velocity components both
as a function of screen bay side and position along the screen length.

Test 3 - 1,000 ft*/s pumped flow and two-bay operation.—Approach flow velocities are
given in figure 21. These velocities show good uniformity of flow entering the screen
structure. Flow swept past the closed bays at a velocity similar to that of the average
approach channel velocity. Dye tests also showed a good transition of flow into the
screen bays.
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~ The flow distribution of normal screen velocities was similar to previous tests. ‘Normal
“velocity varied across bay and along the bay length (figure 22 and table 10). Sweeping
screen velocities were fairly uniform, averaging about 1.8 ft/s.

Test 4 - 300 ft*/s pumped flow and one-bay operation.—Approach flow velocities are low
during conditions of low pumping and water surface elevations below 139.0. For

300 ft*/s pumped flow, approach channel velocity measured upstream from the screen
structure was about 0.5 ft/s (figure 23). Flow in front of the closed bays continued at
about 0.5 ft/s, indicating a good alignment of the structure. Screen approach velocities
were not repeated for the 139.0 water surface elevation.

Test 5 - 3000 ft¥/s pumped flow and four-bay operation, screen water surface elevation
139.9 ft.—This condition represented about 20,000 ft¥s river flow. In addition to pipe
bypass flow, 500 ft*/s flow was passed down the lower oxbow. The majority of the flow
passed through the weir gate, with only a shallow skimming flow passing over the weir
wall. The higher water surface improved overall screen performance as compared to
test 1. The approach flow velocity distribution is shown on figure 24. Passing flow
through the weir gate increased opposite bank velocities reducing the slackwater area -
previously noted. The screen data, figure 25 and table 11, shows less deviation of
normal velocity between upstream and downstream sides of screen bays.

Screen Structure Configurations 3 and 4

Screen bay configurations 3 and 4 were modifications to the configuration 2 screen
structure. The position and alignment of the screen structure relative to the oxbow
channel were not changed.

Configuration 3 is shown in figure 26. The screen bay entrances were lengthened by
120 ft to increase the straight distance between the screens and the turn at the
entrance to the trashracks. This configuration was tested to determine if the longer
approach length would improve flow uniformity approaching the screens and reduce the
side to side differences in normal screen flow velocities documented in configurations 1
‘and 2. The same test conditions, flows, and water surfaces used for configuration 2
were used for configuration 3 testing (table 3).

Lengthening the straight approach to the screens by 120 ft was not found to
significantly improve the uniformity of screen normal velocities. The downstream side
of screen bays again showed higher normal velocity values than their upstream side
counterparts. The data for configuration 3 tests are given in figures 27 to 35 and
tables 12 to 16. In addition to velocity measurements, several dye tests were made to
observe flow through the structure. Dye injected in the middle of a bay tended to flow
largely into the downstream side of the screen bays, verifying the flow patterns
indicated by the velocity measurements.

Flow leaving the screen structure makes a mild turn as it approaches the pumping
plant. This turn also favors the downstream screens and likely contributed to the
across bay differences in normal velocity. Configuration 4 modeling consisted of a
single test to evaluate the impact of downstream alignment of the screens and pumping
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plant. To evaluate the importance of downstream alignment with the pumping plant
the weir wall was extended through the forebay to the pumping plant (figure 36). This
modification yielded a straight alignment to the pumping plant for bays 1 and 2. The
modification was placed in the model as a quick method to evaluate downstream
alignment and did not reflect a proposed feasibility design. The temporary modification
was tested with two-bay operation, bays 3 and 4 closed and 1,000 ft*/s pumped flow.
Only pumps on the forebay side of the temporary wall were operated. Figure 37 and
table 17 give measured screen velocities for the conditions of a 120 ft straight approach
and straight exit. With similar operation, a comparison of configuration 2 data with
configuration 4 data (figure 20) shows only a small improvement. Also, flow conditions
were checked again by injecting dye into the screen structure ahead of the screens. Dye
injected along the bay centerline again moved largely into the downstream screen
showing the stronger demand evident in the velocity data. No additional tests were
conducted to further investigate improving the across bay flow velocity uniformity
problem. It was decided that this issue should be addressed in the larger scale screen
model which would include screen baffles.
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Table 4.—Screen approach velocity data for configuration 1, test 1.

GCID Altemnative A 1:30 Scale Model Testing - Configuration 1

Qbypass = 275 cfs (Total)
w.s.el= 135 ft (@ screens)

Screen No. vn Vs Angle of Attack Vr  iNni(avera
() (ft/s) (fus) {degrees) (ft's)
10 1 0.29 314 5.32 3.16
20 0.26 313 4,83 -3.14
30 0.41 2.85 8.25 2.88
40 0.44 3.04 8.30 3.08
50 0.49 3.04 9.17 3.08
60 0.57 3.16 . 10.24 3.21 0.41 4701 333
10 2 020 - 2.66 437 2,687 :
20 021 257 4.72 2.57
30 0.28 279 5.87 2.81
40 0.35 3.13 6.36 3.15
50 0.34 3.16 6.18 3.18
&0 0.21 3.03 393 .04 0.27 304.4
10 3 0.29 3.23 518 324
20 036 328 6.19 330
30 0.42 3.24 7.47 3.27
40 0.33 3.53 5.30 354
50 D.41 339 6.85 342
60 0.45 27 7.82 3.30 0.38 430.1 320
10 4 0.30 2.88 588 2.90
20 0.33 2.61 7.12 2.63
30 0.19 293 3.80 294
40 0.26 3.20 463 32
50 0.26 3aNn 4,78 342
60 0.26 3.20 5.16 321 0.28 3135
10 5 0.22 2.81 448 2.82
20 0.84 2.26° 16.75 235
30 0.23 293 449 284
40 0.36 2.82 7.20 2.84
50 0.52 2.61 11.31 2.66
60 ‘ 0.44 2.61 9.46 2.65 0.40 455.0 32.2
10 6 0.20 3.12 3.7 313
20 021 2.86 4,25 2.87
0 028 2.98 5.42 3.00
40 026 3.03 4,814 3.05
50 0.27 315 488 3.16
60 0.32 2.97 6.09 2.89 0.26 253.4
10 7 - d.64 1.76 16.80 1.87
20 0.29 257 6.47 2.59
30 0.38 247 8.72 250
40 0.49 243 11.49 - 2.48
50 0.52 250 11.70 255 ‘
60 0.46 2.77 9.44 2.80 0.46 527.7 361
10 8 0.27 240 6.47 2.41 ‘
20 - 0.23 247 5.40 2.48
30 0.29 285 6.26 2.67
40 0.27 279 549 2.80
50 0.28 2.89 552 2.90
&0 0.30 3.11 5.45 3.13 0.27 311.7
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Figure 11.—Normal and sweeping velocities for screen configuration 1, test 2.




Table 5.—Screen approach velocity data for configuration 1, test 2.

GCID Alternative A 1:30 Scale Model Testing - Configuration 1

8 March 1996
fn = c1t3sd.wid
E: H

a
Qpumping
Qbypass =

wsel =

2250 cfs
180 cfs (Total)
135 ft (@ screens)

Ve Angle of Attack vr
{ft/g) (degreees) (f/s)
X 285 6.68 2.88
20 033 2.70 6.93 272
30 0.46 3.07 8.43 311
40 0.35 2.41 8.21 243
50 0.44 3.19 7.94 322
680 0.39 2.88 7.79 291
70 0.55 3.70 8.48 A4 )
80 0.18 2.76 3.81 2,77 0.38 4333
10 2 0.18 3.59 2.54 360
20 0.31 3.61 4.84 362
30 0.44 3.66 6.81 3.68
40 0.41 32 6.30 .74
S0 0.42 ars 6.35 380
60 0.43 3.77 655 3.79
70 0.39 3.83 580 3.85
80 0.43 382 6.47 385 0.38 4294 364
10 3 0.30 277 6.24 2.78
20 0.32 2.38 7.60 2.40
30 0.34 2.69 7.21 2.71
40 0.39 2.85 7.83 2.87
50 0.37 282 737 2.84
- 60 0.21 254 4.77 2.55
70 0.25 283 510 284
80 0.16 257 3.63 2.58 0.27 3340
10 4 0.13 376 1.95 3.77
20 0.20 367 3.16 368
30 0.23 3.79 342 3.79
40 0.24 3.85 3.61 386
50 0.29 4.02 411 4.03
60 0.33 4.10 4.58 4.1
70 0.34 4.09 4.79 411
80 0.36 4.07 5.09 408 0.27 3025 269
10 5 0.45 354 0.28 4.05
20 0.49 3.52 12.28 305
30 0.50 3.55 655 331
40 054 3.59 8.07 382
50 0.54 378 862 3.63
60 0.38 3.28 8.07 358
70 0.65 298 791 355 .
80 065 4.00 T 7.20 3.57 0.52 598.5
10 6 0.08 365 1.19 3.65
20 0.16 360 258 3.61
30 0.22 3.66 337 3.67
40 0.21 3.75 3.23 3.76
50 0.25 3.88 3.67 389"
60 0.29 4,02 4.06 403
70 0.32 4.01 4.58 402
80 0.38 3.96 5.83 398 0.24 2715 36.7
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Figure 13.—Normal and sweeping velocities for screen configuration 1, test 3.




Table 6,—Screen approach velocity data for 'conﬁgur‘ation 1, test 3.

GCID Altemnative A 1:30 Scale Model Testing - Configuration 1
8 March 1696
fn =c1t45d .whkd

1,500 cfs
120 cfs (Total)
135 ft (@ screens)

%‘ el ettt -.; T L Dy hot Ei r..;\s-.a ..... R 4
Dlstanee Screen No.- Vn Vs Angle of Attack Vr

L)) (fv's) (ft/s) (degrees) (ft/s)

10 1 0.29 3.10 542 312

20 0.37 3.07 8.87 310

30 0.46 3.09 842 312

40 0.47 3.08 8.76 T332

50 0.50 3.15 2.02 319

60 055 3.02 10.31 3.07

70 0.48 3.00 9.10 3.04

80 0.55 3.04 10.28 - 3,09 0.46 524.0 522
10 2 0.21 3.37 3s9 3.a7

20 0.27 323 485 3.24

30 031 327 5.36 3.28

40 0.35 3.36 5§95 3.38

50 034 3.49 §52 351

0.38 3,59 6.04 3.61

70 0.37 343 6.11 3.45

80 0.35 3.49 57 T 351 0.32 256.9 .
10 3 0.39 3.02 7.45 3.04 ‘

20 0.45 3.00 8.46 3.03

30 0.52 3.04 9.64 3.08

40 0.50 3.10 9.09 314

50 0.38 3.21 6.87 323

80 0.48 323 8.40 327

70 0.49 3.22 8.64 325 :

80 0.45 325 7.93 329 0.46 519.9 47.8
10 4 0.12 3.20 206 321 .
20 0.18 3.14 324 3.14

30 0.23 314 414 315

40 0.25 323 436 3.24

50 0.29 3.18 524 318

60 0.36 3.16 6.52 3.18

70 0.34 325 585 327 :

80 0.32 332 5.59 3 0.26 2970
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GCID Altemnative A 1:39 Scale Model Testing - Configuration 1

8 March 1896 «
Qintake = 810 cfs )
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Figure 15.—Normal and sweeping velocities for screen configuration 1, test 4.
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Table 7.—Screen approach velocity data for configuration 1, test 4.

" Qintake =

‘Qpumping 750 cfs

Qbypass = -~ 60 cfs (Total)

ws.el. = 135 ft (@ screens)

Distance Screen No. Vs Angle of Attack vr

(f) (ft/s) (degrees) (ft/s)
10 1 2.96 6.43 2.97
20 ' 2.86 9.28 2.89
30 2.82 8.82 2.85
40 2.90 10.31 295
50 3.05 8.99 3.09
60 3.21. 9.76 3.25
70 3.17 9.03 3.21
80 3.20 6.39 3.22
10 2 3.16 1.14 3.16
20 3.18 1.41 3.18
30 3.29 353 3.29
40 3.46 3.81 347
50 358 3.35 359
60 358 - 3.99 3.59
70 3.61 494 3.62
80 3.65 5.15 - 3.67

31



(43

ALTERNATE A
CONFIGURATION 1
TEST #5
& BAY OPERATION:
G intoke = 4,278 Nz
Gpp = 30000NYx
W.S. &l = 1J9.0 A1,

f ik
APl o ey
FTRUCTL Mm‘m
|—— SRy Ay g ) |

Figure 16.—Approach channe! velocities for screen configuration 1, test 5.

S e o~
A I AT
S Y. s Sy s,
IR WLLLY POOKTT

GLENN-CRLUSA T

4




133

SIUDY-p-ga

ALTERNATE A

4 BAY OPERATION:
O intoke = 1,256 {t/s
Qpp = 30000Ys
WS Ol = 1383 F.

@ Awats reew SAFETY
)

iR L NI AT 1
GLENN-COLUSA TRRIGATION OISTRICT

F15 SCATTN STWCTURE MO0 F1CAT S0 MCALACE wiHE
FISH SOR(TN STRCTURE - ALTWATIT 4

Figure 17.—Apprbach channel velocities for screen configuration 2, test 1.



GCID Alternativa A 1:30 Scale Moded Testing - Configuration 2
15 April 1996

1363 1 (@ screens)

" Bay 1 - Normal Component Bay 1 - Sweeping Component
Test { - Gonfguration 2 Test 1 - Coriguration 2 ]
as [] -
u scroen | o someen 1
=08 o ucTeen 2 . ‘ «wcmen 2
£ -l'-l.“ il = 5&-'-*'
gm - g °
2
02 » ® -
s *° 1
no 2 0 ®@ ™ W0 120 } oo % & & ® w
Distance Along Soreen (Tt} Distance Along Screen () -
Bay 2 - Normal Component Bay 2 - Sweeping Component
Test 1 - Configuration 2 Test 1 - Configurmtion 2 .
s - . 3 - )
. - W acreen N screon 3
+
Eu “,. T '"ifl—+ o scfeen 4 ..é\: sumt . 'R © sexoen 4
gu - o g ¥ *
2
L 3
o2 " - 2 ,
] 0 -
[} 2 L. ® . 100 12 [} o 0 [ ] 0 0o 120
Distance Along Screen (1) : Distance Along Scren (1)
Bay 3 - Normal Component ' Bay 3 - Sweeping Component
" Tewst 1 - Configuration 2 : Test 1 - Configuration 2
o I | screen § ‘ ’ | mecreenS
. !
E(l.l . clq‘lna ga . 3 . 'YX ! ¢ aceen €
o -
" | 2
02f—¢ 1
¢ ]
° 2 0 W B 10 120 k 6 W & & B W 120
Distance Along Screan (ft) Distance Along Screen (R}
Bay 4 - Normal Component Bay 4 - Sweeping Component
Teat 1 - Configuration 2 ] Teat 1 - Configuration 2
08 s
m sereen 7 i w scroen 7
gu » scroen 8 g‘ —r‘—-——!—%—a 3 + scroen 8
] " hd
a4 — ng” ’ i ’
{ == £,
02 -$ >,
nn 2 40 &0 L] 00 I@‘ nb € 40 & ©0 100 120
Distance Along Screen () Distanca Along Screen ()
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Table 8.—Screen approach velocity data for configuraiion 2, test 1.

. GCID Altemative A 1:30 Scale Model Testing - Configuration 2
15 April 1996

Qintaice = 3,256 cfs

Qpumping 3,000 cfs
Qbypass = 256 cfs (Total)
wsel = 136.3 ft (@ screens)

Vs Angle of Attack vr

{#) (ts) (fVs) _ (degrecs)  (fis)
1 10 0.38 3.10 6.96 3.12
20 0.43 2493 8.35 2.96
3 0.49 a.10 8.84 3.13
0 0.49 3.16 8.85 320
50 053 32t - 837 325
60 . 0.48 3.24 8.39 328
70 0.52 329 8.93 33
80 055 342 9.19 3.46
2 10 0.11 2.76 221 278
20 0.14 2.87 2.88 287
30 0.16 252 3 283
40 021 301 406 . am
50 o1 307 390 308
60 021 295 406 2.96
70 0.25 3.08 4683 309
80 024 313 443 314
3 10 039 351 829 353
20 0.47 345 783 3.48
30 051 342 8.40 3.46
40 054 347 8.79 351
50 057 352 9.23 357
) 055 3ss 8.77 362
70 083 3.48 1021 353
80 0.64 3.48 1030 354
4 10 0.10 282 211 282
20 0.18 2.85 3.60 285
30 020 296 3.85 297
40 0.21 3.04 3.95 3.05
s0 027 310 491 312
60 028 331 447 £ 7]
70 024 331 442 331
&0 0.30 324 525 328
5 10 0.28 363 449 364
20 0.34 352 5.48 354
30 0.41 345 6.82 3.48
40 037 356 5.87 3.58
50 0.43 3s7 6.80 as9
60 0.42 354 6.76 357
70 0.51 3.60 813 364
80 053 367 8.23 an
8 10 0.18 2.90 a5t 2.90
20 0.23 2m 447 2.93
30 0.37 312 877 - 314
40 0.42 318 7.59 321
50 0.40 33 8.64 335
60 036 348 5.90 3.49
70 0.38 3.40 6.05 2.42
&0 0.39 335 6.56 337
7 10 024 380 364 3.80
20 0.32 3.80 485 381
30 0.38 3.85 5.64 386
20 0.40 380 598 3.83
50 0.45 382 675 3.84
60 043 a7 - 655 3.82
70 0.49 3.7 739 3.83
80 053 374 805 378
8 10 0.19 3.00 359 310
20 0.30 3.16 543 317
20 0.40 334 691 336
40 022 353 355 3s4
50 0.20 3.41 489 343
60 0.31 3.46 5.15 347
70 031 3.79 459 3.81
80 0.34 3.76 5.17 3.77
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Figure 20.—Normal and sweeping velocities for screen configuration 2, test 2.
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Table 9.—Screen approach velocity data for configuration 2, test 2.

GCID Altemative A 1:30 Scale Model Testing - Configuration 2
25 April 1996

Screan No.  Distance Ve Angle of Attack vr Vn (average) Discharge (cfs) %Discharge
(ft) (ft/s) (degrees) (fis)
1 10 288 6.83 2.90
20 2.81 8.48 284
30 283 9.46 2.87
40 287 8.70 2.91
50 283 854 ©2.97
60 2.86 10.20 2.81
70 289 827 293 .
80 295 -9.30 2.09 0.46 562.6
2 10 270 024 2.70 ’
20 274 0.50 2.1
30 279 1.36 278
40 285 T 162 2.85
50 298 158 2.99
3.05 160 3.05
70 3.08 2.80 3.08
80 3N 273 KRR .0.08 99.6 3rz.o
3 10 268 545 269 )
20 228 9.34 233
30 - 237 11.94 243
4 - \ 1.92 12.89 1.97-
. 50 0.45 217 1.72 222
60 0.42 266 890 269
70 0.32 2.08 8.77 2.10
80 0.40 212 10.72 2.15 0.40 4835
4 10 0.01 2.48 0.27 248
20 0.10 248 2.36 248
30 0.12 2.77 2.54 2.78
40 0.14 2.89 2.69 289
50 0.11 298 203 2.68
60 0.14 312 263 312
70 0.15 3.10 2.77 an :
80 018 3.06 335 307 0.12 1451 35.1
5 10 0.20 1.79 6.32 180 ‘ :
20 0.12 1.80 364 1.90
30 0.10 1.99 288 1.99
40 0.12 1.70 389 171
50 0.38 263 829 266
60 037 258 8.07 2.61
70 037 252 8.26 255
80 - Q38 0 287 8.44 260 025 T 3108
6 10 - 007 2.65 1.52 2.65
20 0.03 280 068 2.80
30 020 267 424 2.68
40 025 2.79 509 280
S0 021 2.86 - 421 2.87
60 0.14 287 280 287
70 0.17 291 342 2 .
80 0186 = 285 ;M 2.08 0.15 187.0 27.8
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GCID Altemative A 1:30 Scale Model Testing - Configuration 2

25 April 1998
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Figure 22.—Normal and sweeping velocities for configuration 2, test 3.
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Table 10.—Screen approach velocity data for configuration 2, test 3.

GCID Altemative A 1:30 Scale Model Testing - Configuration 2
25 April 1996

Qpumping 1,000 cfs
Qbypass = 128 cfs (Total)
we.el = 135.6 ft (@ screens)
Vs Angle of Attack vr Vn (average) Discharge (cfs) %Discharge
(fus) (degrees) (fUs)
. 1.60 4.85 1.61
20 0.18 155 6.57 1.56
30 0.22 158 1.77 1.60
40 0.25 1.60 8,99 1.62
50 022 1.61 7.85 1.62
60 0.21 1.59 7.68 1.60
70 0.11 1.33 4.70 1.33
80 0.22 1.74 7.26 1.76 0.15 2348
2 10 0.01 1.80 0.45 1.80 :
20 0.00 1.81 0.09 1.81
- 30 0.07 188 225 1.89
40 0.12 1.82 3.45 1.92
50 0.08 1.94 234 1.94
60 0.12 1.88 351 1.99
70 0.13 2.04 364 205
80 0.11 2.03 286 204 0.08 871 489
3 10 0.11 1.31 4.88 1.3
20 0.06 0.78 4.38 0.78
0 0.30 157 1068 1.60
40 0.28 1.84 8.05 1.87
50 0.31 1.88 8.37 1.91
60 0.28 1.80 8.32 1.92
70 0.3 1.85 8.37 1.88 .
80 0.32 1.93 947 1.96 0.25 . 2088
4 10 0.04 “1.77 133 1.77 '
20 0.01 1.77 0.35 1.77
30 0.05 1.82 153 1.82
40 0.03 1.90 0.81 1.90
. 50 0.08 1.94 249 1984
60 0.03 1.85 097 185
70 0.02 1.95 0.50 1.95
80 0.06 2.00 1.63 2.00 0.04 48.2 . 511
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Figure 23.—Approach channel velocities for screen configuration 2, test 4.
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GCID Atternative A 1:30 Scate Model Testing - Configuration 2
25 April 1996
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Figure 25.—Normal and sweeping velocities for configuration 2, test 5.
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Table 11.—Screen approach velocity data for configuration 2, test 5.

GCID Alernative A 1:30 Scale Model Testing - Configuration 2
25 April 1996

3,000 efs
256 cfs (Total)
139.9 ft (@ screens)

Sereen No.  Distance vn Vs Angle of Attack Vr Vn (average) Discharge (cfs) %Discharge

®) (ft/s) (fis) (degrees) (ft/s) :
1 10 0.16 2.03 457 2.04

20 0.17 1.41 6.86 142

30 0.22 1.86 68.77 1.87

40 0.29 1.77 9.32 1.80

§0 0.31 1.78 9.88 . 1.80

60 0.26 1.82 8.23 1.84

70 0.2% 1.80 0.07 1.82

80 0.24 4140
2 10 0.09 2.26 225 226

20 0.14 225 348 225

30 017 227 434 2.28

40 0.18 2.37 438 237

50 0.23 2.4 5.40 2.42

60 0.21 250 491 2.51

70 022 245 517 2.46

80 0.24 248 5.60 2.49 0.18 3156 302
3 10 0.15 1.76 478 1.77

20 0.17 . 191 495 1.92

30 0.26 1.77 8.36 1.78

40 0.24 1.81 7.40 1.83

50 D.15 1.87 4.46 1.88

60 027 1.80 8.16 1.92

70 0.16 1.66 5.59 167

80 0.52 1.64 17.59 1.72 0.24 405.1
4 10 0.07 2.02 1.86 202

20 0.05 207 1.46 207

30 0.11 2.14 2.83 215

40 0.16 2.23 4.10 224

50 0.30 2.30 753 232

60 0.19 2.34 4.7 234

70 o1 232 5.17 233

80 0.10 239 238 239 0.15 2534 272
5 10 0.09 195 257 1.95

20 0.19 1.88 588 1.89

30 0.18 198 507 1.88

40 0.14 192 417 192

50

60

70

80 0.15 2533
8 10 0.06 2.04 1.62 204 ‘

20 -0.06 2.08 1.53 209

30 0.16 213 423 214

40 0.19 2.13 514 2.14

50 o1 225 2.688 225

60 0.16 2.28 3.93 2.29

70

80 0.12 2073 19.0
7 10 043 2.01 361 2.02

20 0.00 185 0.15 1.85 -

a0 0.09 183 263 1.94

40 022 211 6.00 212

50 0.27 213 7.13 214

60 0.27 2.18 6.93 2.20

70

80 0.16 2758
8 10 0.04 1.68 1.51 188

20 0.11 1.70 3.56 1.70

30 0.23 1.83 7.11 1.85

40 0.20 1.84 6.30 1.85

50 0.27 1.87 8.09 1.89

60 023 1.96 6.83 1.97

70 0.16 1.91 469 1.92

80 0.15 1.96 4.20 1.97 0.17 294.3 236
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GCID Alternative A :30 Scale Model Testing - Configuration 3
10 May 1956
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Figure 28.—Normal and sweeping velocities for screen configuration 3, test 1.
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Table 12.—Screen approach velocity data for configuration 3, test 1.

. GCID Altemative A ;30 Scale Model Tesling - Configuration 3
10 May 1596
fn = ¢3tdsd wkd

73256 ¢

Qpumping 3,000 cfs
Qbypass = 256 cfs (Total)
w.s.el = 136.3 ft (@ screens)

Vs Angle of Attack vr Vn (average) Discharge (cfs) %UDischarge

(1) {fVs) (fi/8) (degrees) (fi/s)
1 10 0.36 220 9.31 223

20 043 229 1053 233

30 0.42 232 10.32 2.36

40 0.41 236 8.83 240

50 0.42 2.4 995 2.44

60 0.46 253 10.29 2.57

70 Q.36 258 797 260 -

. 80 0.46 2.65 8.78 269 041 534.0

2 10 0.11 229 273 229

20 0.01 2.61 0.26 261

30 0.01 2.67 D28 267

40 0.02 282 0.33 2.82

50 0.0 286 0.11 2.86

60 0.03 291 0.54 2.91

70 0.07 2.92 142 2.892

80 007 3.01 1.27 3.0 004 518 234
3 10 0.31 2.44 7.2 246 :

20 0.29° 2.50 8.67 252

30 0.2 251 6.69 253

40 0.32 255 7.18 2.57

50 6.33 264 7.14 2.66

60 0.34 2.68 7.29 270

70 0.37 275 7.78 2.78

a0 0.41 283 821 2.86 0.33 430.7
4 10 0.12 214 324 2.14

20 0.10 229 245 229

a0 0.05 253 1.05 253

40 0.07 264 153 2.64

50 0.06 2.80 1.21 2.80

0.08 289 1.67 2.89

70 0.07 2.54 1.31 2.84

80 0.08 289 167 3.00 0.10 130.2 224
S 10 0.30 2.41 8.99 243

20 0.40 2.41 9.33 244

o - 0.26 2.46 6.09 2.48

40 0.3¢ 2,42 7.07 244

.50 038 258 B.68 261

€0 0.45 258 8.83 2.62

70 0.29 2N 6.12 2.73

80 040 - 284 7.968 2.87 0.35 4479
6 10 0.13 215 353 215

20 0.13 2.34 N 234

30 0.18 2.51 410 251

40 0.24 267 5.10 2.68

50 0.14 272 286 273

60 0.15 281 3.08 281

70 0.16 2.87 311 2.68

80 0.50 285 9.89 289 0.20 2608 283
7 10 0.30 248 6.99 250

20 0.32 2.54 723 256

30 0.36 2.60 7.58 263

40 037 2.66 783 268

50 0.41 2.7 B.52 2.74

0.40 2,716 8.20 2.79 ‘

70 0.41 2.84 8.22 2.87

80 0.45 285 8931 2.88 0.38 486.5
8 40 0.10 2.25 248 226 .

20 0.07 233 172 233

30 0.10 239 2.3 238

40 0.07 245 1.72 2.45

50 017 253 383 2.54

60 0.13 2.63 2.86 263

70 0.16 273 3.40 2.73

80 0.18 2.86 3.61 2.86 0.12 158.0 258
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Figure 30.—Normal and sweeping velocities for configuration 3, test 2.
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Table 13.—Screen approach velocity data for configuration 3, test 2.

GCID Aliernative A 1:30 Scale Mode! Testing - Configuration 3

Vs Angle of Attack \r Vn (average) Discharge (cfs}) %Discharge
(ft/s) {degrees) (f/s)

2.56 6.54 257
259 783 262
2.61 528 262

40 2.70 3.84 2.70

50 024 2.71 5.04 2.7

60 0.23 2.76 477 2.77

70 0.28 2.85 5.64 2.86

80 0.43 291 8.46 2.94 028 3446
2 10 0.11 2.1 286 212

20 0.12 2.24 30 2.25

30 0.16 2.32 4.03 232

40 0.17 2.46 3.85 2.48

50 0.18 2.48 4.26 2.48

60 0.10 258 2.34 2.56

70 0.13 257 284 2.58

80 0.19 2.61 413 2.61 0.15 177.2 278
3 10 0.32 263 7.04 2.65 - .

20 041 = 272 859 2.75

30 0.42 2.72 8.84 2.75

40 0.45 279 - 924 2.83

50 0.39 2.82 7.79 2.84

60 0.55 2.84 1054 299

70 0.40 295 7.81 298 ,

80 0.34 2.89 6.67 281 0.41 501.3
4 10 0.14 1.87 404 197 :

20 0.21 2.14 5.66 2.16

30 0.12 232 3.09 232

40 0.07 2.42 1.75 242

50 0.15 2.44 358 2.44

60 0.12 2.74 251 2.74

70 0.20 264 436 2.65 N

0 0.26 2.80 527 282 0.16 165.7 ar2
5 10 0.35 2.38 8.39 2.40

20 0.25 255 554 256

30 0.24 2,60 5.29 2.61

40 0.34 269 723 2.71

. 50 0.31 2.74 6.37 2.76

60 0.42 277 870 2.80

70 0.43 2.75 8.54 2.78

80 0.45 2.87 882 2.80 0.35 425.0
6 10 016 2.44 380 2.44

20 0.21 252 483 253

30 0.20 263 441 2,64

40 0.28 267 6.05 2,68

50 0.23 2.70 4.0 271

80 0.18 2.83 355 283

70 0.10 2.81 1.94 2,81

.80 0.15 2.86 3.04 2.86 0.19 230.9 35.0
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GCID Altomative A 1:30 Scale Model Testing - Configuration 3
3 May 1998
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Figure 32.—Normal and sweeping velocities for screen configuration 3, test 3.
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Table 14.—Screen approach velocity data for configuration 3, test 3.

GCID Alternative A 1:30 Scale Model Testing - Configuration 3
3 May 1988

1,000 cfs
128 cfs (Total)
1356 ft (@ screens)

Vs Angle of Attack vr Vn (average) Discharge (cfs) %Discharge

) {s) (fv's) (degrees) {#'s) :
1 10 0.20 1.27 8.85 128

20 0.39 1.42 15.22 1.47

30 032 1.18 15.19 123

40 0.68 1.68 21.35 1.80

- 0.00 1.51 0.17 1.51
" 60 0.56 1.62 19.23 1.7

70 0.04 1.66 1.40 1.66 :

80 0.07 1.67 248 1.67 0.28 338.0
2 10 0.07 1.59 2,63 1.59

20 0.06 1.71 1.94 1.71

30 0.08 1.80 260 1.80

40 0.08 1.88 247 1.88

50 0.10 © 1.88 3.16 1.89

60 0.1 1.84 3.30 184

70 0.10 1.85 3.068 1.85

80 0.20 2.08 5.47 2.09 0.10 122.8 476
3 10 0.01 1.21 0.47 121

20 0.29 1.46 11.20 149

30 033 1.57 1191 1.60

40 0.35 165 12.11 1.69

50 0.38 1.66 12.89 1.70

60 0.36 1.79 11.50 1.83

70 0.52 1.37 20.91 1.46

80 0.24 1.64 B8.46 1.65 0.3 3765
4 10 0.08 " 1.48 2.92 1.49 ;

20 0.34 1.55 12.55 1.59

30 0.01 1.71 028 1.M

40 0.12 1.72 3.82 1.73

50 0.19 178 6.18 179

€0 0.01 1.7¢8 0.26 178

70 0.00 1.78 0.04 1.79

80 0.13 1.98 3.69 1.98 0.11 1320 52.4
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Figure 33.—Approach channel velocities for screen configuration 3, test 4.




GCID Alternative A 1:30 Scale Mode! Testing - Configuration 3

Qbypase = 64 cfs (Total)
we.el = 137.3 ft {@® screens)
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Figure 34.—Normal and sweeping velocities for screen configuration 3, test 4,
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Table 15.—Screen approach velocity data for configuration 3, test 4.

GCID Alternative A 1:3C Scale Model Testing - Configuration 3

3 May 1896

::antak\e = 364 cfs

Qpumping 300 cfe

Qbypass = 64 cfs (Total)
ws.el = 1373 #t (@ screens)

“Vn

Vs Angle of Attack -~ Vr Vn {(average) Discharge (¢fs) %Discharge
{ft) (ft/s) (ft/s) - {degraes) (ft's)
1 10 - 010 0.74 7.96 0.74
20 - 0.17 0.69 13.77 0.71
30 0.13 0.7 10.40 0.72
40 Q.08 0.65 5.62 0.65
S0 0.09 -0.72 737 0.73
60 0.14 0.86 8.25 T o087
70 0.15 0.82 10.07 0.84 '
80 012 - 081 7.48 0.92 - 012 1458
2 10 0.28 0.86 18.54 0.81
20 0.12 0.78 8.37 0.80
30 0.17 060 15.4% 063
- 40 0.02 0.88 146 0.88
50 0.45 113 2168 o122
60 0.32 0.54 19.01 0.99
70 0.18 1.05 ~ 10486 107 , .
80 0.23 0.84 15.10 0.87 0.22 -270.4 100.0
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Figure 35.—Normal and sweeping velocities for screen configuration 3, test 5.
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Table 16.—Screen approach velocity data for configuration 3, test 5.

GCID Altermative A 1:30 Scale Model Testing - Configuration 3
15 May 1996 :

3,000 cfs
256 cfs (Total)
1359 R (@ ecreens)

Vn (average) Discharge (cfs) %Discharge

Ve Angle of Attack Vr
(] (fis) {ft/e) __{degrees) {ftis)
1 10 0.15 1.64 5.18 1.65
20 0.17 1.67 593 1.68
© 30 0.21 1M 6.96 1.72
40 0.20 1.76 6.60 1.76
50 0.06 - 1.88 1.82 1.88
€0 0.30 1.88 8.13 1.80
70 0.20 1.88 8.27 - 200
80 023 2.07 6.27 2.08 C.20 3355
2 10 0.02 1.68 0.72 1.68
20 0.03 1.7 0.90 1.75
30 0.02 1.9 059 191
40 o0.08 1,99 2.41 189
50 0.00 2.09 0.08 2.09
60 0.04 2.13 1.02 213
70 0.14 2.18 368 218
80 0.04 224 1.01 224 005 79.0 17.0
3 10 0.20 1.8 567 1.99 )
20 0.20 1.85 875 1.96
30 0.23 1.68 6.49 2.00
40 0.14 207 384 207
50 0.46 2.14 1210 2.18
60 1.32 235 29.41 2.69
70 0.6 1.08 26.21 218
80" 0.37 1.88 10.60 L 202 048 823.7
4 10 0.16 1.83 562 1.69
20 0.10 1.78 ke x 1.78
30 0.13 1.85 4.04 1.88
40 0.12 1.86 3.68 2.00
50 013 2,04 3.74 - 2.05
80 0.1 216 3.88 2.16
70 0.13 2.10 3680 210
80 0.17 218 4.51 2.20 014 2335 43.2
5 10 0.20 1.78 6.53 1.76 -
20 0.12 1.82 364 1683
- 30 0.16 1.83 814 1.84
40 0.17 1.83 528 1.84
50 0.268 185 7.30 2.04
60 0.20 203 £.62 204
70 0.28 211 7.57 212 .
80 0.20 215 5.41 2.16 0.16 2763
6 10 0.14 1.7 4.57 177
20 0.10 1.9 254 1.91
30 0.09 197 27 197
40 003 198 0.89 1.98
50 0.07 205 1.94 205
0.12 2.12 3.12 212
70 0.15 218 3.09 218 . -
80 0.19 2.04 518 205 0.09 155.2 17.7
7 10 0.16 1.78 5.18 1.7
20 o1 1.85 35 1.85
30 0.20 1.87 6.09 1.88
40 0.23 1.97 6.60 1.89
50 0.00 203 0.03 203
60 0.56 207 15.27 2.4
70 081 217 2054 232
80 033 2.15 8.81 2.1B 0.21 359.3
8 0 0.1 1.41 432 1.42 ’
20 0.20 1.63 8.85 1.64
30 0.04 1.67 1.48 1.67
40 0.01 1.77 0.27 1.77
50 0.08 1.81 2.54 : 1.82
&0 . 0.23 1.86 6.7 1.87
70 0.03 2.03 0.82 203 .
80 0.15 2.04 4.23 2.05 0.11 182.1 22.1

60
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Figure 36.—Plan view of configuration 4 screen model showing the temporary extension of the weir wall to the pumping plant.




GCID Alternative A 1:30 Scale Model Testing - Configuration
14 May 1996 .
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Figure 37.—Normal and sweeping velacities for screen configuration 4, test 1.
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Table 17.—Screen approach velocity data for configuration 4, test 1.

GCID Alternative A 1:30 Scale Model Testing - Configuration 4
14 May 1956

Screen No. Distance . Vn Ve Angle of Aftack vr Vn (average) Discharge (cfs) S6Discharge
: () (f/e) (fVs) (degreee) {v/e)
1 10 0.25 193 741 185
20 0.29 1.96 8.52 1.98
30 0.26 1.95 7.59 1.968
40 0.20 1.95 5.80 1.96
50 0.26 2.00 7.52 2,02
60 0.25 203 6.97 204
70 0.29 2.08 7.83 2.10
80 0.26 214 6.84 218 0.26 310.7
2 10 0.10 1.54 3.68 . 1.54
20 0.01 1.66 023 1.66
30 004 1.75 133 1.75
40 0.01 1.82 0.41 1.82
50 0.05 1.88 147 1.88
60 a.11 185 - 3.19 1.85
70 0.07 184 2.1 1.894 .
80 0.06 1.99 1.86 1.88 0.06 683 443
3 10 0.23 1.79 7.30 1.80
20 0.24 184 733 1.85
30 0.27 187 8.15 1.89
40 0.24 186 739 1.87
50 0.27 1.91 8.18 1.93
60 0.27 1.97 7.70 188
70 0.25 192 7.50 184
80 0.32 2.02 8.88 2.05 0.26 3146
4 10 0.15 1.859 522 159
20 0.12 1.68 3.96 1.68
30 012 1.72 3,96 1.72
40 0.12 1.84 3rn 1.84
50 812 1.90 352 1.80 ¢
80 0.14 1.96 411 1.96
70 0.16 1.99 4.47 199
80 0.16 2.08 4.39 2.09 0.13 162.0 55.7
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