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CH.8 - Navigation locks and fish ladders
8-1 Navigation locks
8-1-1 General
[image: ]Locks are device have used to provide safe passage for navigation of boats, ships and other watercraft between stretches of water of different levels on river and canal waterways. The distinguishing feature of a lock is a fixed chamber in which the water level can be varied whereas in a caisson lock for example, a boat lift because the chamber itself (usually then called a caisson) can rises and falls. Locks used also to allow a canal to cross-land that is not leveled. Later canals used more and larger locks to allow a more direct route to be taken. The figures (8-1 & 8-2) below show specific navigation lock in Panama Canal.
[image: ]Fig (8-1) Panama Canal lock
Fig (8-2) Panama Canal navigation
8-1-2 Pound locks
[image: C:\Users\qasim\Desktop\New_Cumberland_Lock_and_Dam.jpeg]A pound lock is a type of lock that is used almost exclusively nowadays on large waterways. A pound lock has a chamber with gates at both ends that control the level of water in the pound. In contrast, an earlier design with a single gate was known as a flash lock. The water level could differ by 4 feet (1.2 m) or 5 feet (1.5 m) at each lock and in the Grand Canal and the level was raised in this way by 138 feet (42 m). This type is illustrated in fig (8-3) below.
Fig (8-3) pound lock
8-1-2-1 Primary Components of pound locks
1. Upper approach
 The canal immediately upstream from the lock is referred to as the upper approach. The guide wall serves to align and to guide a down bound tow into the lock chamber and is usually a prolongation of one wall of the chamber. The guard wall provides a barrier that prevents the tow from entering an area having hazardous currents or potentially damageable or damaging structures. See fig (8-4)

2. Lock chamber and gates
 The down bound traffic is lowered to lower pool and the up bound traffic is raised to upper pool within the lock chamber. The upper and lower gates are movable barriers that can be opened to permit a vessel to enter or exit the chamber. The gates used, as mitre gate, rolling gate and caisson gate will discussed later separately. See fig (8-4)
3. Filling and emptying system
For a lock filling operation, the emptying valves are closed. The filling valves are opened. Flow enters the intake manifolds and exits by means of the culvert-to-chamber manifolds into the lock chamber. For emptying, the filling valves are closed and the emptying valves are opened. Flow enters the culvert-to-chamber manifolds and exits by means of the outlet manifolds. See fig (8-4)
4. Lower approach. The canal immediately downstream from the chamber is referred to as the lower approach. Guide, guard walls are used and defined similarly as upper approach. See fig (8-4).
[image: ]
Common pound lock features and component with culverts in the sidewall Fig (8-4)





8-1-2-2 Classification Systems of pound locks
1. Locks classification duo to lifting as follow in the table (8-1)
Table (8-1) classification duo to design lift
[image: ]








2. [image: ]Locks classification duo to filling/emptying system as shown in the Fig (8-6).
Fig (8-6) Flow distribution (filling and emptying) systems of recommended design


[image: ]
8-1-2-3 Different types of feeding systems   for pound locks
1. culvert (or tunnel) at floor 
2. sluice gate at thrust wall
3. longitudinal culverts along landing wall
4. Cross pipes (or openings) above the floor level.



[image: ]                                                                A-side port system
B- End culvert, lateral side ports and openings of pipes along the lock length
[image: ][image: ]
    C- Side section of lock with culvert system              D- using sluice gate in feeding system
Figs (8-7) A,B,C,D are different types of feeding systems
8-1-3 Classification of vessels
8-1-3-1 PIANC (International Navigation Association) defined a number of classes for standard navigation vessels that could be used for designing of locks as shown in table (8-2).
[image: ]Table (8-2) Recommended large vessel dimensions



8-1-3-2 ECMT (European Conference of Ministers of Transport) specify their own classification for standard inland vessels as illustrated in table (8-3) 
[image: ]Table (8-3) ECMT classes of vessels
8-1-3-3 In Netherlands, the CVB (Commissie Vaarweg Beheerders) formulated the Guidelines on Waterways for Recreational navigation vessels as illustrated in table (8-4)
[image: ]Table (8-4) Recreational navigation classes





Some Common Dimensions of boats, as illustrated in table (8-5) and fig (8-8)
[image: ]Table (8-5) Common dimensions of vessels
[image: ]
Fig (8-8) Basic dimensions of vessel
8-1-4 Guidelines for effective horizontal chamber dimensions
8-1-4-1 Marine navigation locks
There is no literature available for chamber dimensions for marine locks. However, the wet cross-section of the chamber (width x depth) at minimum locking levels should be at least 25 to 30% larger than the cross section of the normative vessel and the length between the gate recesses = 1.15 x length of normative vessel.
8-1-4-2 Inland navigation locks
The effective chamber dimensions of a minimum lock (for little navigation volume) for inland navigation are illustrated in the table (8-6)
[image: ]Table (8-6) Dimensions of inland locks





The effective chamber width is about 1.10 width of the normative vessel (for class I and II it is about 1.15). The effective length of the chamber is about 1.12 length of normative vessel.
8-1-4-3 Recreational navigation locks: the dimensions are illustrated in table (8-7)
[image: ]Table (8-7) Dimensions of recreational locks




8-1-4-4  Chamber Dimensions of pound locks due to specific classification
Table (7-3) illustrate some lock chamber dimensions 
[image: ]Table (8-8) lock chamber dimensions
In addition, due to some reference, most locks that have built in United States since 1950 for commercial traffic have usable horizontal dimensions as listed below
[image: ]Table (8-9) Common locks horizontal dimension in USA since 1950







8-1-5 Depth on Lock Sills
The minimum lock sill depth for shallow-draft large locks should be approximately two times the design draft of the tows that use the waterway, at least the depth of sill reaches to 1.7 times of tows draft. For some lock projects, this criterion may also govern the floor elevations, as operations and maintenance needs usually that the lock floor be at least 2 feet below the sills.
[image: ][image: ]For deep-draft locks, vessels having drafts between (16-25) feet would only be used in locks with 25 to 30 feet of depth on the sills. See fig (8-9)
Fig (8-9) sill of navigation lock

8-1-6 Depth in Lock Chamber
Depth in a lock chamber is governed by the depth on the sills and by requirements for the filling system cushion depth. For operation and maintenance purposes, the lock floor should be at least 2 feet lower than the lock sills. For instance, considering a design draft of 9 feet, the required sill depth would be 18 ft with the required 2 ft clearance (sill to lock floor) the lock chamber depth would be more than 20 feet. 
Vessels having drafts between 16 and 25 feet would only be used in locks with 25 to 30 feet of depth on the sills. For vessels with deep drafts (25 feet and greater), lock sills should be placed low enough to provide ample allowance for the vessels to be permitted to enter or leave the lock under their own power. If vessels are to be moved into the lock by towing engines or winches, it may be possible to reduce the sill depth slightly.

For large vessels, over 100,000 dwt, a minimum clearance between the sills and the hull of the vessels of about 5 feet should be provided. Vessels of this size would not be permitted to enter or leave a lock under their own power.

Capstone is the word traditionally used to indicate the top of the lock coping. In common usage, this is also synonymous for height of the chamber wall.

The height of the chamber wall above the maximum locking level is mainly determined by the requirement that it is supposed to supply visual as well as physical guidance. For visual guidance, it is favorable if the chamber wall always is higher than the bow of the vessel so that the vessels should be able to sail by without risk.

 8-1-6-1 For inland navigation locks
The height of capstone above maximum locking level is illustrated in the table (8-10).
[image: ]Table (8-10) Height of lock coping

8-1-6-2 For recreational navigation locks
Capstone height is given with respect to the normative high summer level. Recreational navigation locks consists of both very small vessels and larger vessels of 10 to 15 meters or even more. For the smallest vessels, a height of 0.75 to 1.0 m is acceptable. Even for larger yachts, 1 m is suitable if the height is not less than 0.5 m above the maximum locking level.
8-1-7 Clearance at the navigation lock
In general, the clearance at locks is related to fixed bridges across the lock or to lift gates. The level of the underside of the fixed bridge or lifted gate is determined by the clearance.
The preceded table (8-3) has shown recommended values of clearance due to ECMT, also it can computed from the following formula.Clearance = mast height from normative water level + 0.3 m (Safety margin)



8-1-8 largest lock in the world
[image: ]world's largest lock was until 2016, the Berendrecht Lock, giving access to the Port of Antwerp in Belgium, see fig (8-10). In 2016 the Kieldrecht Lock in the same port became the largest, see fig (8-11). The lock is 500 m (1,600 ft) long, and 68 m (223 ft) wide and drops 17.8 m (58 ft), and has four rolling lock gates.
[image: C:\Users\qasim\Desktop\biggest 22.jpg]Fig (8-10) the Berendrecht Lock 
Figs (8-11) the  Kieldrecht Lock 

8-1-9 Type of gates used for pound locks
1. [image: C:\Users\qasim\Desktop\mitre gate.png]Mitre gate                      
[image: ]Fig (8-12) Mitre gate
Fig (8-13) Mitre gate changing support condition during operation
2. [image: C:\Users\qasim\Desktop\sector.jpg]Sector gate
Fig (8-14) Sector gate
3. [image: C:\Users\qasim\Desktop\tainter.jpg] Submersible tainter gate.
                                                                        Fig (8-15) Tainter gate
4. [image: C:\Users\qasim\Desktop\المغالق\412-1.jpg][image: C:\Users\qasim\Desktop\caison.jpg]Sliding caisson gate

                                                                 Figs (8-16) Caisson gate

5. [image: C:\Users\qasim\Desktop\المغالق\unnamed.png]Rising sector gate
                                                              Fig (8-17) rising sector gate
6. Rolling gates for large locks as which provided for Berendrecht Lock
8-1-10 Basic operation to up-stream /down-stream for pound locks
The principle of operating in lock is simple. For instance, if a boat travelling downstream finds the lock already full of water:
1. The entrance gates are opened and the boat moves in.
2. The entrance gates are closed.
3. A valve is opened, this lowers the boat by draining water from the chamber.
4. The exit gates are opened and the boat moves out.
[image: C:\Users\qasim\Desktop\Canal_lock.svg.png]If the lock were empty, the boat would have had to wait 5 to 10 minutes while the lock was filled. For a boat travelling upstream, the process is reversed; the boat enters the empty lock, and then the chamber is filled by opening a valve that allows water to enter the chamber from the upper level. The whole operation will usually take between 30-40 minutes, depending on the size of the lock and whether the water in the lock was originally set at the boat's level, See figs (8-18)








[image: ]










Figs (8-18) principles of lock operations
8-1-11 Time taken by vessel sailing through the Lock as shown in table (8-11)
Table (8-11) Different operation times in locks
	filling (or emptying) Lock Chamber
	 5 -10 min

	Opening of US gates to Enter the Lock
	1 min

	Boats to enter into chamber
	8-10 min

	Closing US gates
	1 min

	Emptying (or filling) Lock chamber
	5-10 min

	Opening DS gates
	1 min

	Boats to leave Lock chamber
	6-8 min

	Close DS gates
	1 min 

	Average time taken for sailing a boat  from the US to the DS through a lock = 30-40 min
Time taken depends on: dimensions of lock chamber, head between US & DS water 
levels, efficiency of opening & closing system of gates; efficiency of the mechanical
 system of controlling the valves of side culverts


8-1-12 Time derivation for emptying system and culvert area calculation
Q dt = A dh 	(1)
cd*a*[(2gh)^0.5]* dt = A* dh 	(2)
(L.H.S) = volume of water through culverts
(R.H.S) = volume of water in chamber of lock
By integration, we obtain the following relation:(3)


Where:
T: time for emptying (sec)
As: Area of water surface in lock chamber (m2)
A: area of openings of culvert (m2)
cd: coefficient of discharge 
H1: Initial head (m)
H2: final head (m)
The equation (3) above cannot used directly to estimate the time required for filling/emptying the chamber.
Modifications to the equation above have been developed that provide a reasonably satisfactory means of determining operation time for locks with end filling systems and locks with wall culvert systems.
[image: ]For locks with end systems.
(4)




T: Time required for filling/emptying system.
As & A: Area of water surface in lock chamber & area of opening respectively.
H: Is represent H1 while H2 is equal to zero.
CL: Overall lock coefficient.
[image: ]U: valve time coefficient provides an approximation of the effect on operation time by   adding a portion of the valve opening time tv. This parameter is shown in fig (8-19).
Fig (8-19) valve time coefficient

For locks with wall culvert systems.
[image: ](5)

Pillsbury's equation is:        

t: time required for the lock to fill or empty from H1 to H2 after the valves are fully open.
2Ac: It is the area of the culverts at the valves sections as we considered 2 culverts.
As, H1, H2: Are define above
C: Discharge coefficient  
d: Lock overfill or over empty, can be computed from fig(2-20) below
[image: ]
Fig (8-20) lock overfill depth versus "j"
By applying the effect of valve time to the preceding equation we get:
[image: ](6)

	

[image: ]The equation (6) above is by taken that (H2=0), so it is completely filling or emptying of system. I.e. that the net required time for filling/emptying whole system is:
(7)

        

T: Operational time required to fill the lock 
 tv: Valve opening time
As: Surface area of lock chamber
2Ac: Area of culverts at valves (Assume 2 culverts with 2 valves)
CL: Overall coefficient, which include all head losses from intake until inside of the chamber.
H: Required head or lift
d: Overfill or over empty depth
U: Valve time coefficient 
[image: ]By rewriting the preceding equation (7) of net time, we could get the required area of culverts system.  (8)


[image: ](9)
Where "f" in the equation denote to the value related to the actual model



Equation above is not a very exact statement of the relationship between the parameters that are involved. The value of df , the overfill depth is utilized to allow for the effects of inertia head, but it does not provide an accurate measure of the inertia effects on head during the valve opening period when the mass of water in a culvert is being accelerated.
Locks designed in the United States in the last 40 years have had model valve time coefficients, U, ranging from about (0.45 to 0.70). And normally fall between 0.50 and
0.60. As illustrated in table (8-12) below

[image: ] Table (8-12) Range of overall coefficient value

[image: ]As illustrate in the fig (8-20) above, where we applied value of "j" to find value of df. The value of "j" can be computed from equation (10):
(10)


Where (Lc ) is the length of the culvert.
[image: ]Now, Value of Ac in equation (10) can be calculated as trial from equation (11) below; (11)

At the start of a lock design study H and As are known. The operations time Tf, the valve time coefficient U, and the valve time tv can be estimated. With a value for 2Ac from equation- (11) and the length of the culverts from the preliminary layout, a first trial value of df  can be obtained from Figure (8-20) after calculating "j" from equation (10). By using the values of U, Tf, df and CL, a tentative size for the main culverts can be calculated with Equation (9). At this point, the value of 2Ac can be used to recalculate a new value of j, and a new value of df can be read from Figure (8-20). The new df  value can then be used to go back and check the first calculated value of Ac obtained from equation (9). In all probability, the difference in Ac that results from use of the new df value will be insignificant.
Culvert shapes are usually square or rectangular and the rectangular shapes have height to width ratios varying from about 1.10 to 1.15.
8-1-13 Type of feeding system by using culverts
· Wall culvert- port systems                  
· Bottom lateral culvert system
· Bottom longitudinal culvert system
[image: ][image: ]
[image: ][image: ]Fig (8-21) Wall culvert- port systems
Fig (8-22) longitudinal culvert system
[image: ]








Fig (8-23) lateral culvert system
8-1-14 Design of feeding system by side ports
In a wall culvert port system, water is discharged into the lock chamber through short rectangular passages between the culvert and the lock chamber. The portion of wall culvert in which the water passages or ports are located is known as the manifold section of the culvert. The number, size, location, spacing configuration, and elevation of the port with respect to the lower pool level are all critical factors in design of a wall port system.
..................................................................................................................................................
Instruction for design wall culver-port system
· The ports should occupy about (50% to 60%) of the length of the lock chamber and should be centered around the midpoint of the chamber.

· The total throat area of the ports in one culvert manifold should be from (90% to 98%) of the culvert area, preferably about 95%.


· Making this ratio  smaller than 0.95.

· Port sizes are influenced largely by lock size and culvert size. For instance, 1270 ft *110 ft lock, port sizes of 10.0 to 11.0 square feet give satisfactory results. 670 ft * 110 ft lock, a port size of 9.0 to 10.0 square feet will give good results. In 655 ft * 84 ft locks, ports of 6 to 7 square feet in cross section are satisfactory.  

· Port spacing is influenced more by lock width than by any other feature. By staggering the port in one wall with respect to the ports in the opposite wall and providing proper port spacing, an arrangement can be developed that permits the expanding jet issuing from a port to cross to the opposite lock wall without directly colliding with an opposing jet. The objective is to dissipate most of the energy through boundary friction in the areas of contact between opposing jets. If the jets are permitted to collide, head-on, there will be upwelling, severe turbulence, and unstable conditions that will cause surging in the chamber.

     The following port spacing, which illustrated in table (8-13) below for the widths of locks that are most widely used in the United States are:
                                          Table (8-13) specific port spacing
                                     Lock Chamber width          port spacing
                                                    120ft                           32ft 
                                                    110 ft                          28 ft
                                                    84 ft                            20 ft
                                                    75 ft                           18 ft
     These data apply only to locks designed specifically for shallow-draft traffic.

Since the port spacing, port size, number of ports, manifold length, and culvert size are all interrelated, a tentative procedure for establishing the number of ports would be as follows:
By consider 655 ft * 84 ft lock
Manifold length = 55% of 655 = 360.25 ft
Port spacing = 20 ft from the table above
Number of ports = 360.25/20 =18 
Port size = 6 ft2
Port to culvert ratio = assumed to be 0.95
Total port area = 6 *18 = 108 ft2
Culvert area = 108/0.95 = 113.76 ft2
Assume height to width ratios varying from about 1.10 to 1.15 and take it equal to 1.15
Use culvert 10 feet wide by 11.5 feet high = 115 ft2
 = 108/115 = 0.94 which is accepted.
· [image: ][image: ]Baffles for wall port systems consist of placing low concrete walls on the lock floor around the exit of each port or placing the culvert floor low enough so that the port can discharge into a shallow recess in the lock floor at the port exit, as shown in fig(8-24)
Fig (8-24) Using baffles for wall port system to dissipate the energy







8-1-15 Energy Dissipation System
To avoid dangerous currents at the outlets of filling and emptying system, measures should be taken for energy dissipation. Double ditches are effective system for energy dissipation. The baffles used for energy dissipation are illustrated in the figures below.
[image: ][image: ]   
[image: ][image: ]             (a)                                                                                      (b)                                         Fig (8-25) Double ditches used for energy dissipation; (a) bottom lateral system (b) in ILCS 
Figure (8-26) Side Port System with Port Deflectors
8-1-16 Head Losses
Head losses in lock filling systems are the hydraulic losses that occur because of water flowing through gated openings, into and through conduits, through valves, through conduit transition sections and ports, and into or out of a lock chamber.
For a steady flow condition, such losses can be represented as a discharge coefficient for the entire system by Equation. This discharge coefficient can be converted to 
actual head loss coefficient by Equation   

ki: Is the loss coefficient for the culvert intake.
kr: is the loss coefficient for resistance to flow in the portion of conduit being considered.
kb: is the coefficient for any bends in the culvert.
ks: is the coefficient for bulkhead slots.
[image: ]kvw is the coefficient for the valve well (valve fully open).
[image: ] ... (13)
... (12)




Where HLuv is the total head loss from the upper pool Zu to the valve skin plate and Vc is the mean velocity in the culvert at the section where the valve is located.

[image: ]  8-1-17 Relation between Time of filling, Area of tunnel system and Velocities
Fig (8-27) relation between Time of filling, Areas and Velocities
8-1-18 Different Structural Types of locks as shown in fig (8-28)
1. Concrete Lock
2. Sheet-Pile Cellular Locks
3. Sheet-Pile Lock with Tieback Anchorage
4. [image: ]Earth Wall Locks with Concrete Gate Bays
Fig (8-28) different structural types of locks
 8-1-19 Loads and Pressure Distribution:
· 8-1-19-1 Symmetrical lock Chamber as illustrated in fig (8-29) below
[image: ]
Fig (8-29) load and pressure distribution for symmetric locks
· [image: ]8-1-19-2 Unsymmetrical lock Chamber as illustrated in fig (8-30) below












Fig (8-30) load and pressure distribution for symmetric locks
· 8-1-19-3 Stability of retaining walls 
Design loads
The retaining wall has been designed for the following loads:
a) Dead load (self-weight of structure).
b) Static earth pressure.
c) Dynamic increment in earth pressure due to earthquake.
Stability check
Stability of the retaining wall is checked for the following condition
• Lock is empty
• Maximum water level, upstream at H.F.L.
• Backfill soil is saturated
a) Overturning: 
[image: ]Safety against overturning is checked about the point of rotation at the bottom end of toe of retaining wall in the horizontal direction.
 ... (14)

b) [image: ]Sliding ... (15)


c) [image: ]Foundation base pressure ... (16)


b & L: Foundation base width and length (m)
e: Eccentricity of load
W: Algebraic sum of the vertical forces  
The factor of safety must be more than those given in table (8-14) below.
[image: ]Table (8-14) Requirement of factor of safety
· 8-1-19-4 Stability of base slab by using piles
The base slab is destabilized due to uplift pressure. Provision of sufficient floor thickness and tension piles prevents the failure against uplift pressure; the table (8-15) below illustrate the (F.O.S) for piles system
[image: ]Table (8-15) Safety factors geotechnical working load capacities of the piles.


[image: ][image: ]
  Question?


[image: C:\Users\qasim\Downloads\John_Day_Dam_fish_ladder.jpg]Fish ladder



8-2 Fish ladder
[image: C:\Users\qasim\Desktop\Fish-Ladder-on-the-Elbe-River-Germany (1).jpg]A fish ladder, also known as a fish-way, fish pass or fish steps, is a structure on or around artificial and natural barriers (such as dams, locks and waterfalls) to facilitate  fishes (lampreys, trout and salmon) natural migration  go upstream to spawn.  Most fish-ways enable fish to pass around the barriers by swimming and leaping up a series of relatively low steps into the waters on the other side. The velocity of water falling over the steps has to be great enough to attract the fish to the ladder, but it cannot be so great that it washes fish back downstream or exhausts them to the point of inability to continue their journey upriver, See fig (8-31) below.
Fig (8-31) Fish Ladder on the Elbe River, Germany
8-2-1 Type of fish way
Different types of Fish ladders are as follows:
1. Pool and Weir fish ladder
2. Pool and Orifice fish ladder
3. Vertical slot fish ladder
4. Baffle fish-way
5. Rock ramp
6. Fish elevator
7. Siphon fish-way
8. By-pass fish-way
..............................................................................
1. pool-weir fish-way 
One of the oldest styles of fish ladders. It uses a series of small dams and pools of regular length to create a long, sloping channel for fish to travel around the obstruction. The channel acts as a fixed lock to gradually step down the water level, to head upstream. Fish need to jump from one pool to another to migrate to the upstream. Pool and weir fish ladders are suitable for all types of structures either it is small scale or large scale, as illustrated in fig (8-32)
[image: C:\Users\qasim\Desktop\Pool-and-Weir-type-Fish-Ladder.jpg][image: C:\Users\qasim\Downloads\Dart_at_Salmon_leap_2.jpg]Figs (8-32) Pool and Weir type Fish Ladder

2. Pool and Orifice Fish Ladder
[image: ][image: C:\Users\qasim\Downloads\Fish_pass.jpg]Pool and orifice fish ladder is almost similar to pool and weir fish ladder and the only difference, in this case, is the overflowing weir is provided with a submerged orifice within its body. Hence, in this case, the fish can travel to upstream by just passing through each orifice rather than jumping over the weir crest as illustrated in fig (8-33) below.
Figs (8-33) Pool and Orifice Fish Ladder, Tilpa Weir, Australia


3. Vertical slot fish-way 
[image: C:\Users\qasim\Desktop\المغالق\3-s2.0-B9780123745538002604-f00260-05-9780123745538.jpg][image: C:\Users\qasim\Downloads\Cmglee_Uppsala_fish_ladder.jpg]Vertical slot fish-way is another variation of pool and weir fish-way. In this case, the weirs are replaced by walls with vertical slots so that the fish can pass through these slots from pool to pool and to the upstream easily. Vertical slot fish ladders allow the fish to swim at their preferred depth. This type of fish ladder is recommended where there is a huge amount of fish migration in the river. See fig (8-34) below.
Fig (8-34) Vertical Slot Fish Ladder

4. Baffle fish-way 
[image: C:\Users\qasim\Desktop\Baffle-Fishway (1).jpg]Is another type of fish-way, which is in the form of a rectangular channel with a series of equally spaced baffles perpendicular to the direction of flow. Generally, in the case of baffle fish-ways as shown in figs (8-35), (8-36) and (8-37) below, water flows continuously without resting unlike in pool type fish ladders. However, pools can also be provided in between baffle walls if needed.
Baffle fish-ways are of different types, namely:
· Denil Fish-way (classic type)
· Larinier Fish-way
· Alaskan Fish pass (used for steeper slope)
· Chevron Fish-way




 
                                 Fig (8-35) Baffle Fish-way
[image: C:\Users\qasim\Desktop\Larinier-Fishway (2).jpg][image: C:\Users\qasim\Desktop\Denil-Fishway.jpg]               Fig (8-36) Larinier Fish-way                                 Fig (8-37) Denil Fish-way 
Denil Fish-way is classic baffle fish-way in which baffles are provided on the sides and floor of rectangular pass. While in the case of Larinier fish-way and chevron fish-way baffles are provided only on the floor of the fish pass. Alaskan fish passes are recommended for steeper slopes.

5. Rock ramp Fish-way
[image: C:\Users\qasim\Desktop\Rock-Ramp-Fishway-Cape-Fear-River-Dam-USA (1).jpg][image: ]Rock ramp fish-ways are built using large size rocks and timber logs. In this type of fish-way, a rock ramp is prepared directly over the obstruction across its width with some slope. Pools and falls are created by these large rocks in such a way that the fishes can easily pass over them. Rock ramp fish-ways are well suitable for low height obstructions, where upstream water level control is not essential and some barriers suitable for rock ramp fish-way are low height weirs, short waterfalls, channel stabilization structures, as shown in figs (8-38) below.
Fig (8-38) Rock Ramp Fish-way

6.  Fish elevator

Fish elevators also called as fish lifts, they another type of fish-ways in which fish are lifted by water-filled chamber from downstream to the upstream. Fish lifts are well suitable for tall obstructions such as arch dams, high weirs. The fish elevator facilitates a huge amount of fish migration at a given time. Some large-sized species may not travel to upstream in ladder-type passes due to the small size of openings, poor swimming capabilities. For such type of species, Fish elevators are best suitable as shown in fig (8-39) and fig (8-40) below.
[image: ]











Fig (8-39) Fish Lift Structure
[image: C:\Users\qasim\Desktop\Fish-Lift-Procedure-Holyoke-Dam-USA (1).jpg]















Fig (8-40) Fish Lifting Procedure, Holyoke Dam, USA



7. Siphon Fish-way

Fish siphon or siphon fish-way is a closed fish pass, which is provided between two watercourses. The fish enters into the siphon tube, which is partially filled with water, and the flow rate in this tube is controlled by siphon effect. Fish siphon allows all sizes of species through it and it is laid with small gradients. It is best suitable for fish to migrate during flood periods. See fig (8-41) below.
[image: C:\Users\qasim\Desktop\Siphon-Fish-Ladder (1).jpg]











Fig (8-41) siphon fish-way

8. Bypass Fish-way
Bypass fish-ways are low-gradient earthen or rocky channels that mimic the structure of natural streams and are often described as ‘nature-like’ fish-ways. and it's may provide a cheaper alternative to the more technical fish-way designs as shown in fig (8-42) below.

[image: ]
















Fig (8-42) Bypass fish-way


8-2-2 Design of pool passage of fishes
8-2-2-1 Pool pass
The principle of a pool pass consists in dividing a channel leading from the headwater to the tail water by installing cross-walls to form a succession of stepped pools. The discharge is usually passed through openings (orifices) in the cross-walls and the potential energy of the water is dissipated systematic in the pools.
8-2-2-1-1 Plan view of pool pass
[image: ]The design of pool passes is usually straight from headwater to tail water and sometimes take curved path, as illustrated in fig (8-43) and (8-44) below.
[image: ]Fig (8-43) Simple pool pass profile
Fig (8-44) Type of pool paths
8-2-2-1-2 longitudinal section of pool pass
Differences in water level between individual pools govern the maximum flow velocities. They are therefore a limiting factor for the ease with which fish can negotiate the pass. In the worst case, the difference in water level (∆h) must not exceed 0.2 m; however, differences in level of (∆h) = 0.15 m at the normal filling level of the reservoir are more suitable, See fig (8-45) & fig (8-46).

The ideal slope for a pool pass is calculated from the difference in water level and length of the pools (lb):
I = (∆h) / lb ... (17)

The values of (I = 1:7) to (I= 1:15) are obtained for the slopes if the value lb ranges from 1.0 m to 2.25 m. Steeper slopes can make considerable turbulence in the pools and should be avoided if possible.
The number of pools needed (n) is obtained from the total head to be overcome (htot) and the permissible difference in water level between two pools (∆h) as in equation (18) below and as shown in fig (8-45) later.
[image: ] ... (18)


htot is obtained from the difference between the maximum filling level of the reservoir (maximum height) and the lowest tail water level.
 8-2-2-1-3 Pool dimensions
Pool pass channels are generally built from concrete or natural stone. The partition elements (partition cross-walls) can consist of wood or prefabricated concrete.
The pool dimensions must be selected in such a way that the ascending fish have adequate space to move, the energy contained in the water is dissipated with low turbulence and the flow velocity must not be reduced to the extent that the pools silt up. A volumetric dissipated power of (150 W/m3 - 200 W/m3) is permissible in the salmonid zone.

The bottom of the pools must always have a rough surface in order to reduce the flow velocity in the vicinity of the bottom and make it easier for the benthic fauna and small fish to ascend. Embedding stones in concrete base can produce a rough surface. Table (8-16) recommend specific dimension for pool passes and figs (8-45) & (8-46) below are illustrate that in term of the terminology of pool profile and longitudinal section.
[image: ] 
Fig (8-45) longitudinal section through a pool pass
[image: ]Fig (8-46) Pool-pass terminology

8-2-2-1-4 Cross-wall structures
Conventional pool passes are characterized by vertical cross-walls that stand at right angles to the pool axis (Sometimes the cross-walls are arranged obliquely to the pool axis 45 to 60° and obliquely to the pass bottom by 60°, then the whole pool pass is called Rhomboid pass).
The cross- wall may be solid (concrete or masonry) or sometimes from wood.
The cross-walls have submerged openings (orifices) that are arranged in alternating formation at the bottom of the cross-wall (dimensions as in Table 8-16) through which fish can ascend by swimming into the next pool. The openings reach to the bottom of the pool and allow creating a continuous rough-surfaced bottom where the substrate is put in. 
Usually the cross wall is provided with surface openings (notches), that are also allow to swim up to the next pool, but their lower edge should still be submerged by the water level of the downstream pool in order to avoid plunging flows and thus allow fish to swim over the obstacle.
In general, submergence of cross-walls should be avoided wherever possible so that water flows only through the orifices (or surface notches).

[image: ]Table (8-16) Recommended dimensions for pool passes

8-2-2-1-5 Hydraulic design
The following parameters are crucial and must be respected in pool pass designing. 

· Flow velocities in the orifices, which must not exceed vmax = 2 m/sec.
· Discharge in the fish pass
· Volumetric power dissipation should not exceed E = 150 W/m3 in general, or E = 200 W/m3 within the salmonid region, in order to ensure low-turbulence flows in the pools.

[image: ]Flow velocities occur within the orifices can be calculated from equation (19) below: ... (19)

The discharge through submerged orifice can be calculated from equation (20):
[image: ] ... (20)

[image: ]

[image: ]The discharge coefficient is define by the  following range 
[image: ]The discharge over the top notches can be calculated from equation (21) below:
 ... (21)


[image: ]hweirhead is the difference in the water level between headwater and tail water.
[image: ]   
[image: ] 
 ... (22)







[image: ]The maximum velocities of the jet coming from top notches can calculated from equation (19)  ... (19)


To ensure a flow with low turbulence and adequate energy conversion within the pools, the
[image: ]Volumetric dissipated power should not exceed E = 150 to 200 W/m3. The power density can be estimated from the following formula: ... (23)


8-2-2-1-6 Example of calculation for a conventional pool pass

[image: ]Calculations are to be made for a conventional pool pass, The water level differences between headwater and tail water fluctuate between htot = 1.6 m and htot = 1.2 m for the discharges that have to be used as basis for the design, Large salmonids such as sea trout or salmon are not anticipated. See fig (8-47) below.
Fig (8-47) longitudinal section through pool pass


The pool dimensions are selected from Table (8-16) as follows:

Pool width b = 1.4 m
Minimum water depth h = 0.6 m.

The surface of the pool bottoms is roughened using river boulders as shown in Fig (8-48).

[image: ]













Fig (8-48).

The cross-walls are to have only bottom orifices with a clear orifice span of bs = hs = 0.3 m.
Top notches are not planned for.

The maximum water level difference must not exceed ∆hmax = 0.2 m.
So that the number of pools will be from equation (18):
[image: ]



With higher tail water levels, the water-level difference falls to
[image: ]


For ∆h = 0.2 m, flow velocity is from equation (19):
[image: ]


And for ∆h = 0.15 m, flow velocity is from equation (19) again:
[image: ]
 

The flow velocity is thus always lower than the permissible maximum of vmax = 2.0 m/s.

With an assumed coefficient of discharge equal to 0.75, the discharge from equation (20):
[image: ]


[image: ]


By assuming that value of E = 150 W/m3
And minimal mean water depth of hm = h +∆h/2 = 0.6 + 0.2/2 = 0.7 m
And a plank thickness of d = 0.1 m
[image: ]
Pool length will be from equation (23)
[image: ]

To find the height of cross wall:
[image: ]At a water depth of 1.0 m, a bottom substrate layer of 20 cm and ∆h = 0.15 m, the height of the downstream cross-wall is

[image: ]And the height of the upstream wall

The height of the intermediate cross-walls is stepped down by 5 cm each.
The total length is equal to (7 × 1.90) + 1.4+1.6 = 16.3 m.
[image: ]8-2-2-1-7 Real example of pool pass 















Fig (8-49) The Coblenz/Moselle fish pass (view from tailwater)
[image: ]8-2-2-1-8 The biggest fish ladder in the world 
Fig (8-50) biggest fish ladder in the Elbe River near Hamburg
The 550 meter-long ladder, which consists of nearly 50 linked shallow pools to allow on average 40,000 fish pass through every day.
[image: ][image: C:\Users\qasim\Desktop\المغالق\salmon-2-436522.jpg]
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