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Hydraulic model studies of th'e'secondary louver structure--
Fish protective facilities--Tracy Pumpmg Plant—-Ceﬂ.tral '
Valley Project, California , :

Subject:

PURPOSE‘

Studies were made to determine modifications needed on the ex1st1ng ‘
secondary fish screen structure to eliminate eddying and reverse flow
conditions in which fish were disoriented, exhausted ‘and eventually
killed. :

CONCLUSIONS

1. The 1:6.316 scale model of the existing structure reproduced the
eddying flow, rollback, and turbulent conditions found in the upstream
end of the prototype (Flgures 5 and 7). ‘ .

2. Substantial-differences in flow rates amohg the four pipelines affected (
the flow pattern in-the structure to a limited degree, but-unbalanced ﬂows
were not-the principal cause of the poor condltlons. :

3. Removal of the gate wall from the upstream end of the structure pro-
duced only slight improvement in the flow.

4. Expanding closed-conduit transitions in the pipelines immediately"
upstream from the structure provided slower flow velocities into the
structure. The lower velocities decreased: the 1nten31t1es of. the eddies
but did not change the basm flow pattern ‘

5. Good flow was obtained by prov1d1ng nearly contmuous, slowly
expanding closed-conduit passages through the upstream part of the
structure and into the narrowed part near the first line of louvers
(Figures 11, 12, and 13). These passages were obtained by using
expanding transitions in the pipelines and by adding dividing piers,
straight walls, and a cover inside the structure.



6. The closed-conduit-type design was insensitive to moderate unbal-
ances of flow rates in the pipelines but severely unbalanced flow rates
produced undesirable conditions. Therefore,. apprec1able flow should:
be maintained through each 11ne (Figure 15) ;

7. The head loss through the structure was reduced from 1. 055 tlmes ’
the veloc1ty head difference in the pipelines -and the louver. structure for
the initial (existing) structure, to a value of 0 290 Ah,, for the closed-
conduit design (Figure 16). :

RECOMMENDATION

Operate the structure with uniform or nearly uniform distribution of
flow among all four pipelines. If apprec1able unbalance of flow becomes
necessary, attempt to maintain the minimum rate of flow in any 11ne to
at least 50 percent of that in the’ max1mum flow 11ne ; ,

INT RODUCTION

Tracy Pumping Plant is a prmmpal feature of the Central Valley Pro;ect

in California and lifts a maximum of 5,400 cubic feet per second of water

abeut 190 feet into the Delta-Mendota Canal (Flgure i).- The plant is ‘

located 9 miles northwest of Tracy, - California, and draws water from ... L

the combined flows of the Sacramento, the San Joaquin, and. other streams R
entering the delta area at the head of San Franc1sco Bay

Tremendous numbers of fish hatch each year in the maze. of sloughs

and channels in the delta area. The most important spawning and rear-.
ing area on the Pacific Coast for striped bass and shad lies in this
region. Young king salmon in huge numbers migrate through the

channels to the sea each spring and the annual commercial catch of | ‘
grown salmon is 5, 600, 000 pounds. About 1,460,000 pounds of shad

are taken. The annual catch by sportsmen is about 60, 000 pounds of
salmon and 6, 000, 000 pounds of striped bass. Catfish and other species
are also taken in large quantities. In general, fish and flshlng represent
a valuable economic. and recreatmnal resource to the people in the area. .

Within a few weeks after they hatch, the young flSh start mlgrat-ng by
following natural flows in the channels. When the pumping plant oper-
ates, the large water drafts cause some of the tributary flows near

the plant to reverse. This flow reversal induces fish to move toward
the plant where many would be killed and many others would be pumped
into the Delta-Mendota Canal to die later of starvation. ‘Only fish less
than 3 inches in length are of concern because larger fish avoid the
plant by their own efforts. As a means of protecting these smaller
fish and maintaining the populations in the delta area, a structure was
needed to prevent the entrance of tiny fish to the plant :




The search for an economical and practicable structure that would pass
moss and other inert debris and still be'capable of deflecting or divert-
ing tiny fish is described in Laboratory Report No. Hyd-401.1/ The
des1gn adopted consisted of venetian-blind-like louvers placed in a line
running diagonally across the pumping plant intake channel (Flgure 2).
The louver slats were placed vertically and oriented so that the sides
were normal to the flow and to the structure centerlme (Figure 3). FlSh
when approaching the louvers, detect the presence of these obstacles and
orient and exert themselves to avoid them. Thus, they drift dlagonally
downstream with the flow along the line of louvers. At intervals along. -
the line four bypasses are provided where the accumulated fish, together
with considerable quantltles of water, are pumped from the 1ntake channel.

The pumped water and fish are led 1nto a secondary louver structure to :
further concentrate the fish and remove much of the water that trans-
ported them to the structure (Figure 4). From the secondary structure,

water, are placed in holding tanks. ' Here the fish recover from their -
unaccustomed experiences and regain their strength. Then they are

placed in trucks and transported to a point beyond the unnatural influ- -
ence of the pumpmg plant and remtroduced 1nto the channels ‘

Experlence has shown that the prlmary and secondary louver structures
are remarkably efficient. 2/ In spite of this excellent overall record,

an undesirable flow condition within the upstream ‘portion .of the second-
ary louver structure has caused unnecessary fish mortalities. Several
field attempts have been made to overcome this poor flow condition by
modifying the structure., However, restrictions on time available to
make structural changes, the unwieldy size of the structure, and the
costs of prototype changes precluded a thorough investigation. - Model
studies were made in the Hydraulic Laboratory of the Denver Office and:
a satisfactory solution was evolved. This report discusses the model -
studies and the evolution and performance of the recommended design.
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the fish and a limited quantity of channel water, plus a quantity of screened. |




THE MODEL

A model about one-sixth the size of the prototype structure prov1ded
sufficiently large dimensions for accurate tests and a 'convenient size
for construction and operation. The opportunity of using existing sec-
tions of 5. 70-inch-diameter transparent plastic pipe to.represent the.
36-inch-diameter prototype conduits estabhshed the flnal scale ratlo
at 1:6., 316. _ SR i :

The model consisted of a head box, four 5.70-inch-diameter conduits,"
and the major portion of the secondary louver structure (Figures 5 and
6). Water entered the upstream end of the head box and passed through
a 6-inch-thick, gravelfilled baffle to smoothly approach the entrances of -
the four conduits, A short distance downstream from the entrances a .
sheet-metal slide gate was'provided in each line so the flows could be
adjusted. Water entered the secondary louver structure from these
lines, passed through a short compartmented space.and then through
square openings in the gate wall to enter the large, open, upstream
end of the structure. A tailgate at the downstream end of the structure
permitted control of the water depth. ‘

Water was supplied by 2 5-inch vertlcal,turbine pump driven by a ,
10-horsepower motor. The rate of flow was measured by a laboratory
orifice-Venturi meter using a 2,375~ inch-diameter orifice plate. The
heads in the pipelines and in the secondary structure were measured ’
by single-leg water manometers so loss determinations .could be made.

INVESTIGATION

Existing Design

The initial tests were made with equal and nearly.equal flows in all
four lines and with flow rates equivalent to 120 and:135 cubic feet per
second. Undesirable flow conditions were immediately apparent. Con-
siderable turbulence occurred in the lower part of the compartments
between the structure headwall and the gate wall. - This turbulence -
decreased rapidly in the water above the pipeline openings. The water
surface in the compartments was quiet. - Bits of paper placed in the
water moved about but remamed trapped in the compartment

In the wide portion of the structure just -‘downstream,from the gate wall,
part of the flow recirculated in a large, slow-moving eddy or rollback.
Dye clouds of potassium permanganate showed that the water from the
two center conduits moved straight downstream into the narrow section.
However, flows from the outer conduits struck the converging walls of
the structure and water was deflected upward to form a roller along
each side with flows at the surface moving toward the centerhne Some
of the water in the rollers moved downstream to enter the narrow part
of the structure. The remainder moved upstream along the surface to
produce the relatively slow-moving transverse eddy or rollback of

4




water in the wide part of the structure. Dyes or pieces of water-soaked
paper remained in the eddy zone of the model for considerable lengths of:
time. AT R TR e e e e L e

The surface flow pattern »wifhin thé}st_ructu‘re »fwas,.‘mé.de visible bysprm- |
kling confetti on the water and taking time-exposure photographs (Fig-

ures 7, 8, and 9). These photographs clearly show the surface move- - i

ment toward the structure centerline and the transitionizone between

flows moving upstream and.downstream.

Changing the flows in individual lines to produce unbalanced conditions = -
affected the symmetry .of the flow in the structure but did not change the

general pattern. Similarly, changes in water depth had no appreciable -
‘effect on the general pattern. e e o B
Removal of the gate wall eliminated the compartment-like traps from the
flow system but did not significantly alter the flow pattern (Figure 8).

Expanding Pipeline Transitions :

.The effect of lower entering velocities upon the eddy action was deter-

mined by replacing the circular pipelines just upstream from the head- - ‘

wall with expanding transitions (Figure 10A). These 19-foot-long (pro-.
totype) transitions were .36 inches in diameter at:the inlet and 52 inches
wide by 60 inches high at the outlet. Thus, the area of the transition
outlets was 3.07 times larger than the inlet area, producing exit-veloc-
ities about one-third of the velocity in the circular pipelines. The over-
all rate of expansion equalled that.of a 6. 8° (total included angle) cone.
This represented a nearly maximum rate of expansion without severe
separation. The gate wall was not included within the model structure .
in these studies. L - ; SRR AT

Tests showed that the expected reduction in intensity of eddying was - .
achieved by the lower entFance velocities, ‘but that the basic eddying “
pattern was not changed (Figure 9). It was evident that more positive -
control was needed. . o B : LT e

Cover Within the Structure

A short cover, or roof, was placed inside the upstream part of the - -
structure to confine the flow to a given path-and eliminate the dead-
water space above the conduit outlet (Figure 10B). The 19-foot long
cover started at the top of the pipeline transition outlets and rose to
elevation +9..0.. The sides of the structure were modified to converge -
in straight lines and become tangent to the existing curves at the
narrowed section. A more controlled and expanding flow path was thus
provided for the water, and large areas where eddying could occur
were eliminated. :




Good results were obtained with: thls exploratory design.  The flow moved
directly through the structure with only local tendencies for eddying. ,'
These small eddies occurred between and downstream from the conduit | .
exits, at the small step in the floor at the structure entrance, and in the '

tops of the expanding- p1pe11ne tran51t10ns near the ex1ts : o

Recommended Design

The area curve of the flow passage: through the exploratbry ‘design showed
regions of undesirable change and, excessive expansion (Figure 11A). ‘A
new design was developed representing a. -compromise between an ideal .
straight line area curve and a structure easy and economical to build
(Figures 11B, 11C, 12, and 13) ‘The condiit’ trans1t10ns were shortened
to fit within the 13-foot long space between the end of the last bend in !
Conduit No. 4 and the structure headwall. ‘The existing step inthe floor was:
eliminated by sloping the transition inverts: upward to the. elevation of

the structure floor. Tapered piers were placed downstream from the
headwall to fill the spaces between the conduits. The cover was sloped:
slightly upward to the end of these piers, and th en more sharply upward
to terminate at elevation +9. 0.in the parallel narrow ‘part of the structure.

Tests made over a wide range of equal flows inj the four. dlscharge lines '
and with several water surface elevations. showed smooth, ‘steady, eddy-
less flow (Figure 14). No areas.of p0551b1e flsh holdup or dlsorlen‘ca— i
tion were found. ‘ , G

Tests made w11ah grossly di ;torted flow dlstnbutlons among the plpellnes
showed acceptable to good flow:conditions (Flgure 15). If the flow
through a conduit was completely shutoff, ‘the area just. downstream from
that conduit became a deadwater area where flSh could seek refuge. . As
soon as flow started through the line the/ deadwater was e-hmmated At
25 percent or larger openings, the flow was’ establlshed strongly enough
to produce reasonably good distribution. Dye. clouds placed in:a‘model
conduit were cleared in about 7 minutes with'a 25-percent gate opening,

1 minute with a 50-percent opening, and 10 seconds Wwith a 75-percent
opening. These tests were made w1th the rest of the condults 100 per-‘
.cent open. . RN : : s : e

On the basis oi the above d.ata and cons:.dermg_;r that all fleld operatlon :
will be with nearly symmetrical distribution of flow among the conduits,
the performance of the structure is expected to be excellent. It is,
therefore, recommended for use on the prototype structure. An im-
portant corollary operation recommendation is that the minimum flow
in any line be at least 50 percent of that in the: maximum flow line.
This will maintain satisfactory flow through all areas of the structure.




Head"Loss

Measurements were: made of the head loss sustamed by symmetncal
flows in passing: from Station.11424.0 in‘the circular pipelines'to
‘Station 11491, 5 inithe'louver structure: (F1gure/16) “The: computed

velocity head in the c:1rcu1ar pipelines was: addwd to the. ‘average; plezo— ¥ :
metric head in the lines toobtain'the’ upstream total head /The down-. .

stream total head/was:determined: 81m11ar1y7nthe narrow part-ofithe
structure. The difference: ber:weenthe upstream and downstream’ total
‘heads was taken as the'loss. The'loss at a fiow of 1120 cubic feet: per.
second for the existing (initial) structure wz$ 0. 26 feet prototype, or = -
1. 055 times the difference .in'velocity: head/ in the circular pipelines and
the narrow part-of'the channel. Remova’ ,df the ‘gate wall reduced the

loss to 0.23 feet and the® 1loss. factor to: O *915 The loss .in‘the recom- ' i

mended design was. further: reduced 10:0. 07 feet ‘or:aloss’ factor of

'0.290. Thus, .a reduction’in pumping: costs: will be realized. due: to the ‘j i L

‘1mproved hydrauhc performance of thls part of 1.he system.
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GENERAL: NOTES

Unless otherwise' shown, place reinforcement so that the
clear distance between face of concrete ond nearest
reinforcement -is iz = for No. 5 bors and smaller. and

2% for No. 6 bars ond larger;. except provide a clear

- -distonce of 2" from:face of concrete ploced against

" "earth or rock ‘where slob thickness is 3° or less, and
3" -where :sleb : thickness is greater thon 9" -

Concrete design based on o compressive strength of
3000 Ibs. pér sq. inch. . E ;

- Lop alf bers: 20 diameters. ot splices, unless otherwise shown.
. All ‘reinforcement shall conform o the specifications for
high bond ‘steel, - : ' A
All exposed. edges’ of concrete 1o be chamfered ¥4
uniess other wise shown.. - . e T .
“ Joint filler to be securely fostened fo one face of concrete.}

Cenerete thickness sholl vary unformly between .
“dimensions shown, A .

For hancrail deioils see Dwg. 40-D-4315 ‘

For._handrail post recess see Dwg. 40-D-5148 ks

- Fer. details of rubber waterstop -see Dwg. 40-0-286

Dimensions are to centerline of joints unless otherwise
shown, : :

All elevations ore based on U.S.B.R 1946 datum,elevation
3.0U8 8.R dalum=000 US.C. 0nd 6.5. dafum. ..
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Figurc 6
Report Hyd 480

A, View looking downstream from
- headbox.

»

. B. View looking upsiream into
structure.
SECONDARY LOUVER STRUCTURE
TRACY PUMPING PLANT FISH SCREENS
1:6. 316 Model of Existing Design

-




Figure 7
Report Hyd 480

B. Water surface at elevation +7.Q. C. Water surface at elevation +9.0,
- Q=130 cfs, prototype

SECONDARY LOUVER STRUCTURE
TRACY PUMPING PLANT FISH SCREENS
Surface Flow Patterns in Existing Design

Equal Flow in Four Conduits
Exposure 1/2 Second




Figure 8
Report Hyd 480

A. Water surface at elevation +5.0,

v

0

B. Water surface at elevation +7.0. C. Water surface at elevation +9,0.

Q=130 cfs, prototype

SECONDARY LOUVER STRUCTURE
TRACY PUMPING PLANT FISH SCREENS
Surface Flow Pattern With Gate Wall Removed From Existing Structure
- Equal Flow in Four Conduits
Exposure 1/2 Second




Figure 9
Report Hyd 480

A. Water surface at elevation +5. 0.

.

Water surface at elevation +7.0., C. Water surface at elevation +9. 0.

Q=130 cfs, prototype

SECONDARY LOUVER STRUCTURE
TRACY PUMPING PLANT FISH SCREENS
-~ Surface Flow Pattern With 19 Foot Long Expanding
Transitions--Equal Flow in Four Conduits
Exposure 1/2 Second
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‘Figure 13 .
Report Hyd 480 |

.. SECONDARY LOUVER STRUCTURE
TRACY PUMPING PLANT FISH SCREENS
1:6.316 Model of Recommended Design




 Figure14
‘Report ‘Hyd 480

A. ‘Water surfa'ce at elevation +5. 0.

.

-

B. Water surface at elevation:+7.‘0.\ ,

‘C. Water surface at elevation +9. 0.

Q= 130 cfs, prototype

SECONDARY LOUVER STRUCTURE
TRACY PUMPING PLANT FISH SCREENS
Flow Patterns in Recommended Design
Equal Flow in:‘Four Conduits

- Exposure 1/2 Second
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