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 UNSTEADY STATE FLOW 

Unsteady state flow: The flow is said to be steady when the flow conditions at any instant are 

not constant. 

  dv / dt # 0  

Where v = velocity of flow and t = time. 

 

Unsteady state flow to wells in unconfined aquifers 

 In unsteady state flow in an unconfined aquifer with a declining water table, dewatering 

of the pore space is not instantaneous, but continuous for some time after drawdown. The 

region above the water table, through unsaturated, goes on supplying water to the receding 

water table. Thus, the specific yield increases at a diminishing rate with the duration of 

pumping. Hence, the saturated thickness of the unconfined aquifer is variable in magnitude. 

Assuming that the change in drawdown is negligible and almost constant in the evaluated by 

the procedure adopted for unsteady state flow in confined aquifer by assuming s’ = s – s2 / 2H 

m., in which s’ is the drawdown component for the decrease in saturated thickness of the 

unconfined aquifer. 
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The above equation in term of Theis’ well function may be written as,  

                     Q 

 s = ---------W (u) 

               4 π T 

 

Where s = Unsteady state drawdown. 

 

DESIGN OF IRRIGATION WELLS 

The performance of irrigation well is influenced by the elements of well design, method 

of construction and aquifer characteristics. 

Irrigation wells can be designed based on..... 

1) Purpose of uses i. e. irrigation, drainage, domestic and industrial uses. 

2) Hydraulic characteristics such as rainfall, runoff and recharge. 

3) Hydro-geological characteristics of the aquifers. 

 Two general principles influencing the design of both the open wells and tube wells are 

the water requirement of crops to be irrigated and the location of well. 

 

1) Water requirement: The yield potential of a well is evaluated on the basis of hydrological 

conditions of the area such as rainfall, runoff and recharge. When the yield potential of an area 

is not a limiting factor, a properly designed irrigation well should be provide the required 

quantity of water to irrigate the entire area owned by the farmer, keeping in view the area to be 

irrigated, cropping pattern and other needs such as domestic and livestock requirements. 

 

2) Location of the well: The main factors to be considered in deciding the location of the well 

are the topography of the farm, type of water conveyance system (surface channel 

/underground pipeline), the method of irrigation to be used (Furrow/border/check-

basin/sprinkler/drip),  recharge possibilities of the area and safety of pumping set. 

 If the general slope of the farm does not exceed 1 % and the surface methods of water 

conveyance are used, the well should be constructed at higher elevation. But if underground 

pipeline water conveyance methods or sprinkler or drip systems is to be used, it is not necessary 

to locate the well at a high point because the location at a lower point of the farm usually 

facilities better yield.   

 

Design of irrigation wells may be broadly divided into two parts: 

A) Design of open wells  B) Design of tube wells  

 Proper design of water wells (tube wells and open wells) is essential in order to obtain 

optimum quantity of groundwater economically from a given aquifer system. The choice of 

open wells or bore wells (tube wells) mainly depends on the economic condition of users, depth 

to groundwater availability and the quantity of water required. A majority of irrigation wells in 

India are open wells, drawing their water mostly from shallow unconfined aquifers. 
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A) DESIGN OF OPEN WELLS 

 A properly designed open well supplies water at the required rate and remains relatively 

trouble free in operation for a longer period of time. The design of an open well includes the 

selection of its diameter & depth and designing of well lining, its thickness, reinforcement and 

design of well curb.   The two common types of open wells are those located in hard rock areas 

(consolidated formation) and those in unconsolidated formations. 

 

1) Open wells in hard rock areas:  

 These wells are not cased since the hole is able to hold on its own except in the top 

weathered portion. A major part of geographical area of India, comprising of vast areas of 

Maharashtra, Madhya Pradesh, Gujarat, Andhra Pradesh, Karnataka and Tamilnadu is covered 

by consolidated underground formations usually known as hard rock areas. Important criteria 

for designing open wells are the pattern, density and the fabric of joints in these rocks.  

 

2) Open wells in unconsolidated formations: 

 Open wells in unconsolidated formations are dug down about 7 to 10 m below the static 

water level in the dry season. The open excavation is usually circular in shape, diameter varying 

from 1.5 to 4.5 m. The wells, in general, derive their water from unconfined aquifers. When 

the wells are dug through unconsolidated formations, the wells are provided with lining to 

prevent cave-in the wells. The common materials used for lining are brick or stones laid in 

cement mortar or R.C.C. The portion of the curb (lining) surrounded by the aquifer should be 

perforated to permit entry of water into the well. The curb must be firmly seated at the bottom 

of the well. The space between the curb and sides of excavation should be filled with clean 

sand and gravel up to the top of the water bearing strata. 

 

1) Well Diameter 

 The diameter of well should be selected on the basis of a compromise between 

economical and practical considerations. It has been observed in case of masonry wells, the 

diameter is the main factor influencing the cost of construction. From the point of view of the 

yield of a well, its diameter is decided on the basis of the concept of specific yield. Specific 

yield is defined as the volume of water released or store per unit surface area of aquifer per unit 

change in component of head, normal to the surface. 

Specific yield is determined by the following relationship 

 

K = 2.303 (A/T) log (H1/H2) 

Where, K = Specific yield of a well (m3/hr) under a depression head of 1 m. 

 A = Cross-sectional area of well (m2) 

 H1 = Difference between water level in well at the time of stoppage of pumping and 

the static  water level (m) 

 H2 = Difference between water level in well at the time T after stoppage of pumping 

and the  static water level (m) 
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Let the discharge of an open well be proportional to the depression head H, 

Q α H 

Q = K’ H 

Where, K’ = Proportionality constant, which is the same as specific yield of the well. 

Let a = Static water level (m) 

b= water level when pumping is stopped (m) 

c= water level at the time T’ after stoppage of pumping (m). 

d= Water level at any time t after stoppage of pumping (m) 

e= Water level at time t+dt after stoppage of pumping (m) 

 The quantity of water percolating into the well in a short time dt is given by, 

q = A x dH 

in which dH is the rise in water level in a short time dt 

q= Q x dt 

Q x dt = A x dH 

Substituting the value of Q from above eauation,  

K’ x H x dt = A x dH 

Separating the variables, 

(K’/A) dt = (1/H) dH 

Integrating the above equation for boundary conditions, H = H1 at t = 0 and H = H2 at t = T’ 

 

∫
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As the time increase, the depression head decrease, hence the negative sign is used for the limits 

of H. 

(
𝐾′

𝐴
) 𝑇′ = ln (

𝐻1

𝐻2
) 

 

                                                                2.303 log 
H1

H2
=

K′

A
  T′ 

 

𝐾′ = 2.303 (
𝐴

𝑇′
) log

𝐻1

𝐻2
 

 

(
𝐾′

𝐴
) =  

2.303

𝑇′
log

𝐻1

𝐻2
 

 

in which, K’/A Specific yield per unit area of the well. 

 Specific yield may be assumed to be constant for a well when the limit of critical 

velocity is not exceeded. Critical velocity may be defined as the velocity of entry of water 

into the well at which sand particles start moving with the water. In case of open wells, the 

critical velocity is usually assumed as 7.5 cm/minute. The following table presents the 

values of specific yield for different sub-soil formations. 
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