CHAPTER 1

INTRODUCTION

1.1 General

WR Engineer deals with

 Planning   +   design +   construction   &   operation

of   WR  systems   to 
CONTROL,    UTILIZE    &    MANAGE 
water efficiently.  

*   Systems Analysis  (
to obtain optimum solution for the design & operation of a WR system.

* Available fresh water in the earth < 1% of the total water
· A new concept:

( “SUSTAINABLE DEVELOPMENT”    
Using & saving limited existing water resources for longer period with the desired quality
( “HYDROPOLITICS” 
Sharing of international waters on the basis of water laws  

· The branch of WR Engineering is an interdisciplinary.

1.2 Characteristics of WR Projects

1)   Uniqueness   <no standardized design>
2)   Uncertainty   <hydrologic data!>
3)   Socio-economic Aspect (GAP project)
4)   Forecasting  <based on the socio-economic growth required>
5)   Economy of Scale 
 < The property is defined as: “Cost per unit capacity of WR systems decreases as the capacity needed increases.” >
6)   Irreversibility  <no chance for cancellation or changing components of a completed dam>
1.3 WR Developments in Turkey 

< Please, take a look at the text book! >

CHAPTER 2

RESERVOIRS

2.1 General

- Collection of water behind a dam or barrier for use during ??? flow period.

- ALSO for a water-supply, irrigation, flood mitigation or hydroelectric needs by drawing water directly from a stream    






Fig. 1.1   
During a specified time interval;

S (supply) < D (demand)
(
       Need for “water storage”
Two types of reservoirs: 

· Storage (conservation)  [i.e., Atatürk dam]

· Distribution (service)  [for emergencies & fire fighting]

2.2 Physical Characteristics of Reservoirs

· Primary function is to store 
· Most important phy. char. is “storage capacity” 

- Given that location & dam height; 

Determine reservoir volume by “Elevation-Area-Volume Curves”

[image: image1.emf]
“Area-elevation” curve – by measuring the area enclosed within each contour in the reservoir site using a planimeter.  Usually a 1/5000 scaled topographic map is required.
“Elevation-storage” curve – the integration of an area-elevation curve.  The storage between any two elevations can be obtained by the product of average surface area at two elevations multiplied by the difference in elevation.
* The total reservoir storage components:

· Normal pool level

· Minimum pool level

· Active storage








· Dead storage

· Flood control storage

· Surcharge storage 

[image: image2.emf]
* For a reservoir site,
General Guidelines:
1- Cost of the dam 

2- Cost of real estate

3- Topographic conditions to store water

4- Possibility of deep reservoir






5- Avoiding from tributary areas

6- Quality of stored water

7- Reliable hill-slopes

2.3 Reservoir Yield 

Yield (  amount of water that reservoir can deliver in a prescribed interval of time.

           ( Depends on inflow and capacity
( In relation with capacity is important in design & operation of a storage reservoir.
Firm (safe) yield ( amount of water that can be supplied during a critical period.

                      ( Never been determined by certainty
Target yield  (  specified for a reservoir based on the estimated demands in most cases.     
    ! The problem is to provide sufficient reservoir capacity with a risk of meeting target.

Secondary yield  (  water available in excess of firm yield during high flow periods
2.4  Selection of Capacity of a Storage Reservoir 
· Designing the capacity of a storage reservoir involves with determination of the critical period during  Inflow < Demand
· In general, there are 4 methods to find out the capacity:

(NOT: Debi gidiş ve ihtiyaç gidiş eğrileri kullanılarak …)
A)   MASS CURVE ANALYSIS
· Proposed by Ripple in 1883.

· Graphical inspection of the entire record of historical (or synthetic) streamflow for a critical period.

· Provides storage requirements by evaluating ∑(S-D)

· Valid only when ∑D < ∑S during the period of record.

· Works well when releases are constant. 
· Otherwise use of sequent-peak algorithm suggested.

Features of Mass Curve:

· Cumulative plotting of net reservoir inflow.

· Slope of mass curve gives the value of inflow (S) at that time.

· Slope of demand curve gives the demand rate (D) or yield.

· The difference between the lines (a+b) tangent to the demand line (∑D) drawn at the highest and lowest points (A and B, respectively) of mass curve (∑S) gives the rate of withdrawal from reservoir during that critical period. 
[image: image3.emf]
· The maximum cumulative value between tangents is the required storage capacity (active storage).
· Note that 100% regulation (∑D = ∑S) is illustrated in Figure 2.4.

Use of Mass Curve to Determine Reservoir capacity for a Known Yield:                   Va  =  max {Vi}
[image: image4.emf]
Use of Mass Curve to Find Possible Yield from a Fixed Size Reservoir:                        D  =  min {Di}
[image: image5.emf]
B) SEQUENT-PEAK ALGORITHM (SPA)

· SPA is a modification of the Mass Curve analysis for lengthy time series and particularly suited to computer coding.
· The procedures involve the following steps: 

1- Plot   ∑ (Inflow-Withdrawal)  :  in symbolized fashion ( ∑(S-D) 
[image: image6.emf]
2- Locate the initial peak and the next peak (aka sequent peak),

3- Compute the storage required which is the difference between the initial peak and the lowest trough in the interval,

4- Repeat the process for all sequent peaks,

5- Determine the largest value of storages as “STORAGE CAPACITY”.

Analytical solution to SPA is good for computer coding & use the equations below: 




Vt = Dt – St + Vt-1     
if positive  




Vt = 0




otherwise
Vt     : required storage capacity at the end of period t

Vt-1  : required storage capacity at the end of preceding period t

Dt     : release during period t

St      : inflow during period t

 *     Assign Vt=0 = 0      

 **   Compute Vt successively for up to twice the record length 

 *** Va = max {Vt}

C)   OPERATION STUDY

- defined as a simulated operation of the reservoir according to a presumed operation plan (or a set of rules).

- provides the adequacy of a reservoir. 

- based on monthly solution of hydrologic continuity equation.

- used to a) Determine the required capacity,



   b) Define the optimum rules for operation,



   c) Select the installed capacity for powerhouses,



   d) Make other decisions regarding to planning.

- carried out 
(1) only for an extremely low flow period & presents the required capacity to overcome the selected drought;

    (2) for the entire period & presents the power production for each  year.
D)  OPTIMIZATION ANALYSIS & STOCHASTIC MODELS

* Reliability of Reservoir Yield
1.8 Reservoir Sedimentation

Sediments 
 (  
eventually fill all reservoirs.  





   

determine the useful life of reservoirs.







important factor in planning.

■ River carry some suspended sediment and move bed load (larger solids along the bed).  

■ Large suspended particles + bed loads ( deposited at the head of the reservoir & form delta. 
■ Small particles ( suspend in the reservoir or flow over the dam.




[image: image7.emf]
■ 
Bed load 
≈ 5 to 25 % of the suspended load in the plain rivers




≈ 50 % of the suspended load in the mountainous rivers
☻ Unfortunately, the total rate of sediment transport in Turkey > 
18 times that in the whole Europe (500x106 tons/year)
“RESERVOIR SEDIMENTATION RATE” 

▬     based on survey of existing reservoirs, containing  

* Specific weight of the settled sediments &


* % of entering sediment which is deposited
“TRAP EFFICIENCY”:  % of inflowing sediment retained in the reservoir
▬
function of the ratio of reservoir capacity to total inflow.
[image: image8.emf]
* Removal of suspended sediment    ----    
Less in a small reservoir & high in a large reservoir
IMPORTANT NOTES:

► “Prediction of sediment accumulation” 
-- Difficult due to high range of variability.

► “Continuous hydrologic simulation models” 
-- Prediction purposes.  

< But, at least, 2-3 years daily data are needed for calibration of the model. >

► “To control amount of entering sediment”:

(a) Upstream sedimentation basins, 

(b) Vegetative screens,  
(c) Soil conservation methods (i.e., terraces), 
(d) Implementing sluice gates at various levels.
(e) Dredging of settled materials, but not economical! 

CHAPTER 3

DAMS & SPILLWAYS
[image: image9.jpg]



3.0 General

DAM ( impervious barrier built across a river to meet demands by storing water.
SPILLWAY  (component of a dam) withdraws flood wave from the reservoir.

Chapter coverage  (  only fundamentals of DAMS&SPILLWAYS 



Not “Slope Stability” & “Seepage Analysis” (-Soil Mech.-)

3.1 Classification of Dams

ACCORDING TO USE:



■ Storage Dams




■ Diversion Dams

■ Detention Dams

■ Hydropower Dams

■ Multi-purpose Dam 

(Serves for all or most of the above purposes)

ACCORDING TO HYDRAULIC DESIGN:



■ Overflow Dams (i.e., diversion dams)




■ Non-overflow Dams (i.e., earthfill & rockfill dams)

ACCORDING TO MATERIALS OF CONSTRUCTION:



■ Embankment Dams




■ Masonry and Rubble Dams

■ Concrete Dams

■ Steel and Timber Dams

ACCORDING TO STRUCTRAL DESIGN:



■ Gravity Dams




■ Arch Dams

■ Buttress Dams

■ Fill Dams

■ Pre-stressed Concrete Dams

[image: image10.png]



The height of the dam > 15 m 

The crest width of the dam > 500 m             ( called “LARGE DAM”
The storage volume of the dam > 106 m3
3.2 Parts of Dams

Structural components:  


- Body



- Spillway



- Outlet Facilities   (i.e., sluiceways & water intake tower)



- Others                  (i.e., hydropower stations, roads, etc.)

3.3 Planning of Dams

Three steps:

 
- Reconnaissance survey 
               (infeasible alternatives eliminated) 




- Feasibility study




- Planning study

3.3.1   FEASIBILITY STUDY

    A) Determination of water demand 

    B) Determination of water potential

    C) Optimal plans

◘ Check out the relation D versus S.

    D) Determination of dam site

◘ Factors should be taken into consideration:

1. Topography

2. Geology and dam foundation

3. Available of construction materials

4. Flood hazard

5. Seismic hazard

6. Spillway location and possibilities

7. Construction time 

8. Climate

9. Diversion facilities
10. Sediment problem

11. Water quality

12. Transportation facilities

13. Right of way cost

E) Determination of type of dam

◘ Comparative characteristics of dams should be considered 
F) Project design

◘ involves the computation of dimensions of the dam.

1. Hydrologic design (max. lake elevation + spillway cap. + crest elevation)

2. Hydraulic design (static & dynamic loads + spillway profile + outlet dimensions)

3. Structural design (stress distribution + required reinforcement)

◘ Failure of the dam     (     “Dam Break”  
It is rapid for a concrete dam.   See the textbook for the examples.

3.3.2  PLANNING STUDY

◘ Followings need to be done, since dimensions are already determined:

A)  Topographic surveys (1:5000 scaled map)
B)  Foundation study (seepage permeability etc. tests)
C)  Materials study (quantity of materials)
D) Hydrologic study (measurements of hydrologic parameters)
E)  Reservoir operation study (is to be performed periodically) 
3.4 Construction of Dams
Four principal steps are followed during the construction:
        1) Evaluation of Time Schedule and Equipments
◘ a work schedule is prepared using CPM.

       2) Diversion 

◘ before the construction, river flow must be diverted from the site

◘ see the below figure for two possible ways to divert water: 
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 3) Foundation Treatment 

◘ Concrete & Rock-fill dams  (  hard formations

   Earth-fill dams ( most of soil conditions

◘ Highly porous foundation ( excessive seepage, uplift, settlement

“Grouting Operation” is applied to solidify the foundation 




    & to reduce seepage 

       4) Formation of the Dam Body
For Concrete Gravity dams:
◘ Low-heat cements ( to reduce shrinkage problem

◘ Concrete is placed in “blocks”
◘ “Keyways” are built between sections to make the dam act as a monolith 
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◘ “Waterstops” are placed near upstream face to prevent leakage
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◘ “Inspection galleries” permit access to the interior of concrete dams & needed for seepage determination, grouting operations and etc
For Earth-fill dams:
· Constructed in multi-layer formation 

      (Layers: impervious, filter & outer)

· Place the materials in layers of 50 cm & compact.
· For high dams, horizontal berms to enhance slope stability
· Protect the upstream face of dam against wave action 
      (i.e., concrete or riprap)
· Protect the downstream face against rainfall erosion
      (i.e., planting grass or riprap)
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For Rock-fill dams:
· Core and filter zones  ( similarly constructed to the earth dam

· Due to heavy rocks on the sides, 
 To have steeper slopes (  less materials ( economic 
· Construction period    ( shorter & easy to increase the crest elevation

◘ Width of dam crest:  Two traffic lanes
◘ Elevation of dam crest:  No overtopping during design flood

◘ Freeboard:  See the table for recommendations
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3.5 Concrete Gravity Dams

◘ Resist the forces by their own weight.

◘ For dimensions: check out safety for
· Overturning,

· Shear & sliding,

· Bearing capacity of foundation,

· No tensile stresses allowed in the body.

3.5.1 FORCES ON GRAVITY DAMS
Free body diagram showing forces acting on a gravity dam.





[image: image16.png]Figurs 2.6, Forces acting on a gravity dom.




◘ The following loads should be considered
A) WEIGHT [WC]: dead load & acts at the centroid of the section.

B) HYDROSTATIC FORCES 
     [Horizontal Hu, Hd &Vertical   Fvu, Fvd]:  

Caused by water in the reservoir + tail water   
[image: image17.png]



C) UPLIFT FORCE [Fu]: acting under the base.   
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D) FORCE OF SEDIMENT ACCUMULATION [Fs]: 

Determined by earth pressure expression   
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E) ICE LOADS [Fi]: considered in cold climate.   See Table 2.2
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F) EARTHQUAKE FORCE [Fd]: acting horizontally + vertically at the center of gravity  
[image: image23.png]Fg=kW,




[image: image24.png]where k i the earthquake coefficient which fs the retto of earthquake
ecceleration to grasitetional scceleratian.




G) DYNAMIC FORCE [Fw]: in the reservoir induced by earthquake                        
[image: image25.png]0726 Ckym 2




[image: image26.png]‘where F, is the force per unft width of dam end € s & constant given by
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H) FORCES ON SPILLWAYS [∑F]: determined by using momentum equation
[image: image28.png]=p0ay




[image: image29.png]where p i tha density of weter, 0 is the cutflow rate over the spillway
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Momentum correction coefficients can be assumed as unity.




I) WAVE FORCES: considered when a long fetch exists
◘ “Usual loading”, 
B & Temperature Stresses at normal conditions + C + A + E + D

◘ “Unusual loading”
B & Temperature Stresses at min. at full upstream level + C + A +D

◘ “Severe loading”   
Forces in usual loading + earthquake forces 



3.5.2 STABILITY CRITERIA

Dam must be safe against
(1) Overturning for all loading conditions 
[image: image30.png]
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[Safety factor (F.So) = 2 for usual loading





  = 1.5 for unusual loading]

(2) Sliding over any horizontal plane 
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[Safety factor (F.Ss) = 1.5 for usual loading

                                 = 1.0 for unusual or severe loading]

(3) Shear and sliding together 
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[Safety factor (F.Sss) = 5 for usual loading





  = 3.0 for unusual or severe loading]

(4) Contact stresses (σ) > 0 at all points. Linear stress distribution:
[image: image36.png]



Minimum base pres. (σmin) > 0  

Maximum base pres. (σmax) < Allowable stress (σa)
3.6 Arch Dams

( Thin concrete structures & Curved in plan
( Transmit most of water thrust to the sides by “arch action” 
( Transmit the remaining thrust to the base by “cantilever action”
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3.6.1 COMMON TYPES OF ARCH DAMS
A) Constant center (variable angle): <good for U-shaped valleys + easy construction>

B) Variable center (constant angle):  <good for V-shaped valleys>
C) Variable center-variable angle: <combination of the two types>
[image: image38.png]@ vari
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3.6.2 DESIGN OF ARCH DAMS
Structural Design:  ( Load distribution on the dam body (based on theories of elasticity and shells) & beyond scope of this course
Hydraulic Design:  ( Determination of thickness at any elevation




( Effect of uplift force - ignored




( Stresses due to ice & temp changes-important




( Arch action - near the crest of dam




( Cantilever action - near the bottom of dam
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▪Total horizontal force:                              
Hh = 2 γ h r sin (θa/2)                                   

h: height of arch lib from the reservoir surface
r: radius of arch

θa: central angle
▪Equilibrium of forces in the flow direction (y):

Hh = 2 Ry

Ry: reaction force at the sides in y direction [= R sin (θa/2)]
▪Then, reaction of the sides:

R = γ h r

▪The required thickness of the rib (when t << r):

t = (γ h r) / (σall)
σall: allowable working stress for concrete in compression

▪The volume of concrete for unit height for a single arch:

V = L t
L: arch length (L = r θa)          (note that θa is in radians) 
     V = (γ h r2 θa) / (σall)

▪The optimum θa for minimum volume of arch rib:


dV/dθ = 0       (   θa = 133o34’
► This is the reason why the constant-angle dams require less   concrete that the constant-center dams
► Formwork is more difficult

► In practice; 100o < θa < 140o for the constant-angle dams
3.7 Buttress Dams

▪ Sloping slab which transmits the water trust to a series of buttress at right angles to the axis of the slab
(Please see the text.)
3.8 Spillways

( Structural component of the dam that evacuates flood wave
( Safety valve of the dam
( DESIGN RETURN PERIOD 
From 100 yrs for diversion weir to 15,000 yrs or more

 (Probable Maximum Flood-PMF) for earth-fill dams
3.8.1 TYPES OF SPILLWAYS

▪ More common types are:
(1) Overflow (Ogee crested)

(2) Chute
(3) Side Channel

(4) Shaft 
(5) Siphon



3.8.1.1 OVERFLOW SPILLWAYS

( Allows the passage of flood wave over its crest
( Used on often concrete gravity, arch & buttress dams
( Constructed as a separate reinforced concrete structure 
     at one side of the fill-typed dams
( Classified as uncontrolled (ungated) & controlled (gated).

Ideal Spillway Shape:

“The underside of the nappe of a sharp-crested weir when     Q=Qmax”

(See FIG. 2.14)
A-Design Discharge of Spillway: 
♦ If crest is uncontrolled or gates are fully opened (integrating velocity distribution): 
	Qo = Co L Ho3/2




Co: Discharge Coefficient  
     [Determined from Fig. 2.15 for the vertical overflow spillways
    as a function of P (spillway height) / Ho (total head)]

- USE Fig. 2.16 to modify Co for inclined upstream face.


- USE Fig. 2.17 to obtain Co for heads other than design head.            

- USE Fig. 2.18 to reflect “apron effect” on Co.


- USE Fig. 2.19 to reflect “tail-water effect” on Co.
► The overall Co ( multiplying each effects of each case
L: Effective Crest Length   (see eq. 2.15)      
Ho: Total Head   (see Fig. 2.14)

B-Design Discharge of Spillway:  (If the gates are partially opened)

	Q = 2/3 (2g)0.5 C L (H13/2- H23/2)




C: Discharge Coefficient   (determined from Fig. 2.20)




3.8.1.1.1 CREST GATES

( Provide additional storage above the crest.


( See Fig. 2.21 for Primitive types of gates.


( See Fig. 2.22 for Underflow gates.

( Common types: radial and rolling
3.8.1.1.2 CREST PROFILES
Ideal Shape of Spillway Crest for vertical upstream face

- Recommended by USBR (1987)






FIG. 2.23
- USE Fig. 2.24 for the values of “K” and “n”.

If H (head) > Ho  (  p < patm. ↔ “overflowing water” lose contact with the face & resulting in vacuum at the point of separation 
                                      =>    CAVITATION   ☻
3.8.1.1.3 ENERGY DISSIPATION AT THE TOE
( should be done to prevent scouring at the river bed.







FIG. 2.25

REMINDERS:

1) “y1” (depth at the toe) ( a supercritical depth & determined from   “Energy Eq.” btw upstream of spillway & the toe
2) If “y2” (tailwater depth) is subcritical ( a HYDRAULIC JUMP between y1 & y2 (toe & tailwater).

3) “y’2 ” (conjugate depth) ( determined from Eq. 2.17 for rectangular basin.




3.8.1.2 CHUTE SPILLWAYS

3.8.1.3 SIDE CHANNEL SPILLWAYS

3.8.1.4 SHAFT SPILLWAYS

3.8.1.5 SIPHON SPILLWAYS

CHAPTER 4
SEDIMENT TRANSPORTATION
4.1. General

■ Sediment (Alluvium): The formation of disintegrated particles caused by mechanical weathering of the land surface by water, wind, ice and gravity.

■ Sediment Transportation: The process of erosion, transportation and accumulation of sediments.

◘ In all water-supply & power projects, the sediment should be removed from sediment-laden water.

◘ Where we need to make sediment load computations:
· Watershed management 

· Reservoir sedimentation

· Coastal zone management

· Design of stable channel 

· Design of settling basin

· Navigational facilities

· Morphological computations

4.2. Properties of Sediment

For individual particles: 

· Size

· Shape

· Fall velocity

· Mineral composition

· Surface texture 

· Orientation

Bulk Properties: 

· particle size distribution

· specific weight 

· porosity

· angle of repose

► Sieve size ( Characteristic size of sediment (D)
► Shape of particle ( Bed resistance & mean velocity close to bed
For the shape expression:
● Sphericity, Roundness &   Shape Factor (more common)
 s f  =  c / (a b) 1/2
(a, b, c : major intermediate minor axes of a particle)
- For natural sand ( 0.7

Fall velocity: (Velocity of descending sediment grain in still water) 
For spherical particle in laminar flow range (Stokes’ range):
Wf   =   [(4 Δ g D) / (3 CD)] 1/2
- Δ = (ρs – ρ) / ρ    (ρ: density of water & ρs: density of sediment)
- D: Diameter of spherical particle
- CD: Drag coefficient
4.3. Types of Sediment Transport

- Solution  (soluble materials like clay – brownish color in river flow)      
- Suspension (due to river turbulence)

- Saltation (or the particles having grater sizes than required for suspension movement – motion takes place in contact with the bed)

- Rolling and Traction (dragging of larger particles in contact with the bed)

FIG 4.1

■ Suspended Load: Total material transported by solution and suspension


■ Bed Load: total material transported by saltation, rolling and traction

● Very hard to define a layer for the bed transportation

■ Wash Load: suspended load composed of fine materials entering from side tributaries or overland flow
■ Dynamic Equilibrium: the amounts of sediment entering and leaving a certain length of river reach are equal to each other. 
■ Aggradation: a rise in bed level
■ Degradation: a fall in bed level
■ Local scour: degradation around any hydraulic structure due to flow acceleration (e.g., bridge piers)
4.4. Initiation of Particle Motion
● Discharge ↑  ( the effects of disturbing forces (hydrodynamic lift and drag forces) ↑
● After a critical condition; equilibrium of particles ↓ 

( random motion occurs on the bed 
► This is called “incipient motion” or “threshold of motion”

▄ From lab experiments: Functional relation between the physical parameters affecting the stability of the sediment grains on a flat bed:
f (τo, y, D, v, Δ, g, So)  =  0

τo : bed shear stress                y: average water depth 

So: channel bottom slope 
● Dimensionless terms obtained from Buckingham’s π-theorem
● Shields (1936) analyzed the incipient motion of uniform sediments     & prepared a plot between critical “shear stress” & “velocity”

● Shield’s diagram:   

 Re* (particle Reynolds number) vs Fr*2 (entrainment function)
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► Diameter of a sediment subjected to incipient motion:

D = 10 R So
        ►The size of sediment which is not subjected to motion:

D = 20 R So
(R: hydraulic radius of the river)

4.5. Formation of Bed Forms

● After the incipient motion, flow distort the alluvial channel bed as
● ripples (during the passage of a flood wave)
●● At the higher velocity, ripples grow in size and form dunes 
      (Dunes affect the water surface profiles when Fr < 1)
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Figure 3.3. Bed forms developed in olluvtol channels




· Propagation of a dune can be examined by 
Sediment Continuity Equation:   
	K (∂u/∂x) + (∂z/∂t) = 0


K: Parameter (sediment properties)

u: Average velocity
z: Elevation of bed

●●● As both dunes and ripples migrate slowly downstream, the next is the formation of “flat bed” 
●●●● Further increase in the velocity, Fr ≥ 1 (formation of sand waves in phase with the surface waves)

► Sand waves migrating upstream direction ( antidunes   
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4.5   Computation of Sediment Load

Suspended sediment load passing through the cross section of a river: 
qs = ∫ C(y) u(y) dy

(limits from maximum saltation height to the chosen water depth)
qs: volumetric sediment rate per unit width  
C: sediment concentration
· In practice, 

* river cross section divided into a number of strips 

* then mean values of velocity and concentration measured and  multiplied 
- depth integration method  ( use of sampler during specified time interval






     ( obtain sediment rating curve
CHAPTER 5

DIVERSION WEIRS

5.1 Definition and Classification

( Built to raise level & divert water for the purposes of   irrigation, hydropower, etc. 

The followings should be satisfied in designing any diversion weir:

· desired amount of water at any time

· no sediments entering into the water intake 

· minimum head losses at the water intake

· easy flushing of accumulated objects at the water intake
Classification can be made as:
5.1.1 ACCORDING TO MAGNITUDE OF Q100
- Small (Q100 < 100 m3/s)

- Intermediate (100 m3/s < Q100 < 500 m3/s)

- Large (Q100 > 500 m3/s)

5.1.2 ACCORDING TO STRUCTURAL DESIGN

- Diversion weir with spillway 


- Gated diversion weir 
5.1.3 ACCORDING TO ORIENTATION OF INTAKE

- with sidewise (lateral) intake


- with frontal intake


- with drop (bottom) intake

5.2 Diversion Weirs with Sidewise Intakes

( suitable for plain rivers having uniform concentration vertically.

( In Turkey, the 90% of weirs is of this type.

( See Figure 4.1 for plan view. 


( similar construction to dams. 

[image: image43.png]_susmerneD T
CuRTAIN

T ENTRANCE OF
INTAKE

.
ENTRANCE
\/ -

igure 4.1, Plan view of a diversion weir with sidewise intake




STRUCTURAL COMPONENTS:

1) Sidewalls: Boundaries of structures / Acting like retaining wall [image: image44.png])
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2) Spillway: Collects, raises and diverts flow to the intake  
Fig. 4.3
3) Sluiceway: Prevents the deposition of sediment in front of intake 
(with square cross section with 2.5x2.5 m)


Fig. 4.4.

4) Guiding wall: Deflects sediment towards the sluiceway. 
5) Upstream blanket: Retards the seepage path.
    (4mx4m concrete blocks & 30 thickness)
  For sheet pile see Fig. 4.3
    6) Energy dissipating basin: Prevents the scour of the river bed.

7) Riprap: Follows “energy dissipating basin” to protect the river bed.  (stones with 75 cm thick & 10 m long)
8) Fish passage: Provides the passage of fish.

9) Raft passage: Only constructed if log transportation is required.

10)  Intake: Takes the required discharge & transmits it to the main   channel.


For longitudinal profile, see the Fig. 4.4

Structural components of intake:(see the Fig. 4.5)
(a) Submerged curtain: to prevent the entrainment of floating objects         
(b) Screens: racks at the entrance of intake (in front of the vertical gate) to retard floating objects and coarse sediment
(c) Settling basin: to ensure the settlement of sediment grains up to certain size
(d) Flushing canal: located at the end of the settling basin & used to discharge sediment deposited in the settling basin 
(e) Transition: connects the rectangular settling basin to a trapezoidal irrigation channel 
5.2.1   LOCATION OF INTAKE
■ located at narrowest section  (  “minimum size & cost”
■ As upstream depth increases much  
(  “excessive seepage & high uplift force”


In this case;    “gated spillway” considered.
■ Final solution --- 
decided based on “economy” & “hydraulic conformity” 

IN RIVER BENDS:  






Fig. 4.6

* Sediment is deposited at the inner edge but erosion occurs 

   at the outer edge due to centrifugal force.
=> Water Intake – located in the second half of the outer edge.

► See Fig. 4.7 for sediment control facilities “Haberman’s model”

* Favorable Solution (   “drop-type intake at inner bend”
5.2.2   HYDRAULIC COMPUTATION

Design of Intake

► Computational direction  ( downstream to upstream (water surface profile)
► The crest elevation of the overflow spillway = 
Head losses through the intake structure + water surface elevation at the entrance of the main irrigation channel

DETERMINATION OF LENGTH OF SETTLING BASIN
► Diameter of particle to be settled in the main irrigation channel    
(with Q=Qdesign/2)  WHY?
- Because irrigation systems are rarely operated with the design discharge 

	D = 10 R So
   R: Hyd. Radius  & So: Bed slope of main irrigation channel



► Fall velocity (w) of sediment grain with D computed from Eqs. 3.1 & 3.2, then

► Length of rectangular settling basin (L):

	              L = Q / (B w)            B: Width of settling basin




► a value of L larger than the computed one should be selected
► Small particles (i.e., silt, clay) – OK  
     Larger particles (i.e., sand) – not OK
► Vat the end < 0.3 m/s         ||     Vat the entrance < 0.8-1.0 m/s  
     Bottom Slope = 0.01

     Height of Upward Sillat the end   >   50 cm                  

     Height of Sillat the entrance     >   50 cm above the river bed
Design of Spillway and Sluiceway

► Crest elevation  (  Elevationat the entrance of irrigation channel + Headlosses

► Freeboard (in front of spillway) (  ~ 10 cm   (for fluctuation of water)
► Height of spillway ( 1.5 – 2.5 m

► Length of spillway  (  river cross section at the axis of spillway   (Piers on the crest – Effective length)
► Dimensions of sluiceway  ( suitable (i.e., 2.5 m x 2.5 m). 

► Design Discharge: 
	Q100 = Qspillway + Qsluiceway



► Discharge components can be calculated from:

	Qspillway = C L HO3/2


	Qsluiceway = C’ Le d (2gy)1/2


	   C: Corrected spillway coef.

   L: Effective spillway length

   Ho: Design spillway head


	  C’: Coefficient from Fig. 4.11 
  Le: Width of sluice gate

    d:  Opening of sluice gate 

    y:  Upstream water depth




► See Fig. 4.10 for notations & flow conditions.
► For design Qspillway & Qsluiceway : 
“an upstream water surface elevation is assumed, then these discharges are computed. Repeat this until Q100 = Qspillway + Qsluiceway is satisfied”
► Bottom elevation & Type of stilling basin & Lowering river bed    can be determined using computational steps in Ch. 3.  
Stability Requirements

a) Safety against sliding: 

· Whole structure considered.   
· SF > 1.5 for the case of “without earthquake”
    -   SF > 1.2 for the case of “with earthquake”
b) Safety against overturning:  

- Only spillway considered.      
- SF > 1.5 for the case of “without earthquake”

  - SF > 1.2 for the case of “with earthquake”

c) Safety against uplift:  

► Lane’s creep analysis:
· Determination of min. creep length adjacent to the structure long enough to prevent “piping” problem which is erosion of finer particles in soil.
  (  Creep length is related to “effective hydraulic head (H)” & “relative permeability (C)”.  See Table 4.1 for the values of C.
   ( Permeability of alluvial bed in horizontal direction is 3 times that in vertical direction.
   ( After determining the creep length;    ∑L ≥ C H is checked.
(H: elevation difference btw upstream & downstream) 
·  When ∑L = C H ; uplift at point “x” of the structure – Eq. 4.6
  ( Apron is the most critical structure & should satisfy (Wa/Fu) ≥ 1.2
d) Foundation stresses:  should be within allowable limits.
CHAPTER 6

IRRIGATION
6.1 General
( Application of water to soil to supply the necessary moisture for plant growth
      ●   IRRIGATION NETWORK  (   Construction -- civil engineers








   Operation -- agricultural engineers
· the right amount of water at the proper time  (  increase in the crop yield
The purposes of irrigation:
1- to supply the moisture for plant growth
2- to provide crop insurance against short duration drought
3- to cool the soil for favorable medium required by plant growth
4- to reduce the hazard of frost

5- to wash out excessive salts in soil
  ● Suitable soil for irrigation: certain portion of sand, silt and clay. 

6.2 Soil-water Relations


6.2.1 TERMINOLOGY
Soil texture:  the size of particles composing a soil 
       (From clay to fine gravel)
Soil structure:  the arrangement of soil particles 
  (Formed through the geological processes)
Soil tilth:  the physical condition of the surface soil 
  (i.e., irregularities, imperfections)
Real specific gravity (Rs): ratio of the density of a single soil particle to the density of water equal to the volume of soil particle
Apparent specific gravity (As): ratio of the weight of a given volume of dry soil to the weight of an equal volume of water

Porosity (n): ( (ratio of volume of voids to total volume of soil) 

  & ranges between 35-55%
	n = (1 – As/Rs) x 100


Soil moisture tension  (  tensile force due to suction and capillary 
& influenced by soil texture, solution and temperature

Soil moisture content (Pw)  (  (loss of weight of soil in drying oven / weight of water-free soil).
· On the basis of “volume ratio (Pv)” :            

	.    Pv = Pw As


Depth of water (d) applied on a surface soil which saturates a thickness (D):

	.  d = (Pv / 100) D

	.   d =  (Pv / 100) As D


      or
· Table 6.1 represents physical properties of soil.

6.2.2   CLASSES AND AVAILABILITY OF SOIL WATER
                          Proportion of each class:    
Equilibrium 






- soil texture 

Points btw






- structure

successive






- org. matter cont.

moisture 







- temperature

levels


                                       - depth of column

Draw FIG. 6.1
Equilibrium Points:
Field capacity (FC)( soil moisture cont. after gravitational water removed

· can’t be determined accurately
  >>>   See Fig. 6.2 for the relation btw moisture tension vs. moisture content (no discontinuity)
· In practice, FC is determined two days after irrigation
· reached more quickly when an active crop is growing
Permanent wilting point (PWP) ( the soil moisture cont. when plants                   permanently wilt. 

· PWP and FC  (  influenced by the type of soil  &  increase as soil tends to cohesive (See Table 6.1)
( Temporary wilting occurs on windy and hot days.

Available moisture ( difference btw FC and PWP
· represents moisture stored in the soil for subsequent use by plants
· expressed in term of Pw, Pv and d (See Table 6.1)
6.2.3 EXTRACTION PATTERN OF SOIL WATER BY PLANTS

♦ In a uniform soil, root developments mostly take place in upper layers
     &   influenced by the pattern of moisture extraction (See Fig. 6.3) 

♦ Roots do not grow less than 5oC
♦ For irrigation regimes, the extraction pattern of most crops (when moisture is kept at a high level)    
See FIG. 6.4

( In a layered soil, the extraction pattern and root developments vary from the above pattern.
· As the upper layers get drier, the extraction pattern will be modified by suction in each layer.

6.2.4   FREQUENCY OF IRRIGATION
♦ must be sufficient moisture available during growing period of crops

♦ Readily available moisture (RAM): portion of available moisture that is most easily extracted (75% of the total moisture)

♦ Most of crops produce maximum yield if they do not remove more than 25% of the available water from each sub-root zone (see the figure)
- RAM for any sub-root (mm):
	RAM = [(FC – PWP) * 0.75] / (%root)




♦ RAMmin determines “irrigation frequency (T)” 

(The average time interval in days btw two successive irrigations)
	T = (RAMmin) / uc,daily



uc,daily: daily water consumption by plants (mm/day)
Duration of irrigation water application (ta):

	ta = (uc,daily * T) / [(1-%percolation)*ic]




ic: infiltration rate

6.2.4 DETERMINATION OF IRRIGATION WATER DEMAND

♦   “Irrigation water demand” 

· design of transmitting line & diversion facilities

6.2.4.1 Consumptive Use
♦ Consumptive use or evapotranspiration from planted area needed!

♦ Consumptive use:  two terms   =>  

transpiration (water entering roots & leaving from the leaves) + evaporation (vaporization of water from adjacent soil) 

· Water available in the root zone ( at least equal to amount of   evapotranspiration
In semi-arid climate, (for monthly water need)
Blaney-Criddle method:

	
Uc = 25.4 k f


uc: consumptive use

k= k1 (seasonal crop coef.) * k2 (monthly crop coef.)     <See Table 6.2>

f (climatic factor) = [(1.8 t + 32) / 100] P
where

P: (monthly daytime hours) / (annual daytime hours) 

t: mean monthly temperature (oC)   <See Table 6.3>

6.2.4.2 Crop Irrigation Requirement (CIR)

( The portion of consumptive use which must be supplied by irrigation 

	CIR = Uc - Peff


Unit ( [mm/month]
Peff: monthly effective ppt      
6.2.4.3 Irrigation Efficiencies

* When irrigation water is diverted from a river, CIR should be increased due to the loss of water in conveyance, application, storage and use.
· CIR is corrected by some efficiency terms.
Water conveyance efficiency (ec): 
	    ec = 100 (Wf / Wr)


< Delivered to farm / Diverted from river >

Water application (farm) efficiency (ef): 
	    ef = 100 (Ws / Wf)


< Stored by plants / Delivered to farm >

Overall irrigation efficiency (e): 
	    e = ec ef


< As small as 0.4 >

Farm delivery requirement (FDR): 
	    FDR = CIR / ef


(  modified CIR at the point of application           [mm/month]
Total delivery requirement (TDR): 

	    FDR = CIR / e


( modified CIR at the point of diversion              [mm/month]   

Irrigation modulus (water duty):
( The water requirement of an average unit area at maximum demand month on continuous flow basis from the point of diversion
( Max. irrigation modulus (qmax):    <~ 1.0 lt/sec/ha >
	qmax = (TDRmax x 10,000) / (30 x 86,400)




6.3   Salt Problems in Soil and Water

* Quality of irrigation water is dictated by the amount and type of soluble salts   (i.e., sodium, magnesium and calcium).
► Sodium % is high ( binding of soil particles ( less air & water ventilation.
► Calcium % is high  (  dilution of salts accumulated in the soil. 

► Saline soils have excessive soluble salts that impair soil productivity.

► Basic cause for saline & alkaline soils is insufficient application of water.

► To prevent salt accumulation & decrease in crop yields,

 Irrigators must remove as much salt as
► Soluble salt concentration ( measured by electrical conductivity (EC) of      saturated soil

► Alkalinity (sodium) hazard ( measured sodium absorption ratio (SAR) of irrigation water (see SAR equation)
► Table? shows classes of irrigation water quality w.r.t. EC & SAR
► Figure? also shows classes of irrigation water quality (C1S1 best zone)
► Leaching requirement: the fraction of irrigation water that must be leached through the root zone to control soil salinity at any desired level.

	. LR = Dd / Di  = ECi / ECd


Dd: depth of drainage water



Di: depth of irrigation water



ECd: electrical conductivity of drainage water



ECi: electrical conductivity of irrigation water
6.3 Design of Irrigation Systems
· Irrigation water is distributed to the project area by the network of

- Open channel       - Canalet        - Pipe        - Sprinkler
Draw the typical layout of classical irrigation-drainage system
► See Fig. 5.1 for the cross sections of tertiary & interceptor
► Demand Method: ( the determination of design irrigation discharge in lined irrigation channels.

( based on continuous watering; proving enough water to every pt.    in the project area.

► In the operation of the system: only the desired amount of water is given to the area.  The capacity of canals:
	.  Q = A F qmax


Q: Canal capacity (lt/s)




A: Area
  
  
qmax: Irrigation modulus (lt/s/ha)



F: Flexibility coefficient
 (>1) 

that reflects the probability of meeting the demand in the field which is a function of the number of turnouts operating at the same time  (See Table 6.4).

► In the operation of the classical irrigation networks used in Turkey:

Limited Demand Method
► If the amount of water requirements > the supply   

( farms turnouts are put in a rotational operation 
     (at each day, a different parcel receives water)
►As a preliminary approach; the relation btw “crop yield” vs. “water depth” should be studied.  See Fig. 6.7 for an example.

6.5 Irrigation Application Methods     (See Fig. 6.8)
1) Flooding: application of water to the field with/without control.

2) Furrow: a narrow ditch between plant rows & widely used for row crops.

3) Sprinkling: watering through the nozzles of a sprinkler (fixed or portable).

4) Sub-irrigation: requires a permeable soil in the root zone underlain by an impermeable horizon or a high water table.

5) Trickle (drip): a perforated plastic pipe is laid along the ground at the base of a row plants (excellent control !).

6.6 Planning of Irrigation Projects

 The parameters that are considered in a consecutive order for a project design:

a) Land classification,


b) Estimation of irrigation water requirement,


c) Determination of available water,


d) Establishment of legal title to water,


e) Chemical quality analysis,


f) Design of storage reservoir,


g) Design of dam & spillway for storage or diversion works,


h) Design of distribution works,


i) Economic analysis,


j) Establishment of the organization

6.7  Design Principle of Irrigation Projects  (in Turkey)
***   Read carefully 13 generalized rules at pages 178-180.  ***

CHAPTER 7

DRAINAGE OF IRRIGATED LANDS
7.1 General

Drainage (  the removal of excess water on the surface or in the root zone




to control the soil moisture for aeration & removal of salts.

Benefits of adequate drainage:

a) early plowing & planting,

b) increase in “crop growing season”,

c) accelerated ventilation,

d) decreased soil erosion,

e) growth of useful soil bacteria,

f) leaching excess salt,

g) improvement in sanitary & health conditions
7.2 Sources of Excess Water

The major sources of excess water: 

seepage losses from reservoirs or canals;  operational wastes;  surface runoff losses due to excessive slope;  deep percolation losses.

* The loss of irrigation water   (   a gain to the drainage water.

* The excess water from irr. water application + operation --- 5% of FDR & 10% of TDR.

7.3 Surface Drainage

Surface drainage networks (unlined interceptors, collectors, and main collectors) (





to collect & convey waste water.

* Design drainage QT – flood with a return per. of 2; 10; 25 years for i; c; m, respectively.

The determination of design peak flow:



7.3.1  Mc MATH’s METHOD 

► Widely used in Turkey for flat terrains.

Q: Drainage Discharge (m3/s)

	.     Q = 0.0023 C i S1/5 A4/5


C: coef. (= C1+C2+C3 from Table 7.1)

i : rainfall intensity (mm/hr)





S: 1000 So (So – bed slope)

A: drainage area (ha)

 ► Rainfall intensity (i) – determined from “intensity-duration-frequency curve” with time of concentration (tc):

	.    tc = 0.0195 (L3 / H)0.385




L: length of drainage canal

H: elevation difference btw

     upst. & downstr. ends of canal

tc: [min]             * See Figure 7.1 for an example.

7.3.2  RATIONAL METHOD

► Good  when  A < 800 ha  and  teff ppt > tc
	.     Q = (C i A) / 3.6


Q: Peak Discharge (m3/s)

C: Runoff coef. (Table 7.1)

i : rainfall intensity (mm/hr)



A: drainage area (km2)

	.   Cweighted = (C1A1+…+CnAn) / (A1+…+An)   


► If soil characteristics & vegetal cover are highly variable in the basin; then

7.4 Subsurface Drainage
► The first step ( to obtain information about ground water table (GWT) & soil characteristics and topography.  

► If GWT is close to surface, it restricts air entrainment into the pores ventilation in the root zone. 

► GWT is observed by “observation wells” to collect data. And 

► drainage water can be pumped out to solve the problem.

► Subsurface drains is usually a cheaper solution.

► For economy; depth & spacing of successive drains is critical. 

► See Fig. 7.2 for the installation of a drain & its connection to an interceptor.

► See Table 7.3 for the depth and spacing of drains for preliminary design.



7.4.1  STEADY STATE SUBSURFACE DRAINAGE

► Spacing ( determined theoretically by “flow through a porous media”.

► The notations used in the analysis:







FIG 7.4

► If rate of change of GWT is ignored, steady state conditions are assumed.  

► Irrigation or rainfall rate is constant ( drain discharge is constant. So GWT  shape is time invariant.

A)  Donnon’s Equation

► Constant rate of rainfall or irrigation water is removed at all distances from the drain, the height of GWT above the drain  can be expressed by an ellipse equation.

► The value of “L” can be found under 7 assumptions (at pp. 195- REVIEW):

	.
 L2 = [4 K (b2 – D2)] / q


   * See Fig. 7.4 for notations

   q: constant rainfall or irr. rate

B)  Hooghoudt’s Equation

► The deficiency of Donnon’s Eq. (that ignores flow lines convergence near the drains) is recognized by making separate analysis flow beneath the drains.

► Flow is in radial character and contributes to the drain within the equivalent depth (de) [obtained from Table 7.4 using D and L] below the drain (see Fig. 7.5).

	.   L2 = [4 K ((de + h)2  –  de 2)] / q


► If the hydraulic conductivities of soil above (Ka) and below (Kb) the drain:  

	.    L2 = [(8 Kb de h) + (4 Ka h2)] / q


► Since de= ƒ(L), it is determined from Table 7.4 by trial & error procedure.

C)  Dagan’s Equation

► Assume that flow is radial in the area between drains. 

► L is expressed in Eq. 7.10 and its parameter is obtained from Table 7.5.

7.4.2  UNSTEADY STATE DRAINAGE  (Follow the materials from the text)
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