








ü Diameter of well screen: The diameter of the well screen is usually kept the same as
that of the casing pipe. Hence, it may be kept as 25 cm.

ü Screen length: The effective area per meter length of the well screen is given by

Ao =  d x % of open area =  x 0.25 x 0.1 = 0.078 m2

   Vo assume to be 1.8 m/min
   Qo = 3000 l/min = 3 m3/min

  Then, h = 3 / (0.078 * 1.8) = 26.45 m, say 27 m.

 The aquifer thickness is 45 m. Therefore, it is desirable to provide about 40 m length of
 screen, which is more than 27 m and about 90 percent of the aquifer depth. The screen may be
 provided in the central portion of the aquifer, leaving equal depths untapped at both ends. The
 design details are illustrated in the following figure.

Tube well pipe assembly to suit well log



 

ECONOMIC DESIGN OF WELLSECONOMIC DESIGN OF WELLS



The cost of water from a well depends upon the capital 
invested and the annual recurring costs. A large part of 
the recurring element derives from the cost of pumping. Capital 
costs and pumping costs are interdependent to the degree that 
the design of the well affects the drawdown and thus the 
pumping cost. For example, a short screen section will produce 
a larger drawdown than a long screen for a given discharge. 
Thus saving in capital is offset by increased pumping costs. 
Similarly a screen of small diameter produces large entry and 
upflow losses and again increasede recurring costs. For each 
chosen design parameter there is an optimum solution for least 
cost. This session is concerned with the determination of such 
least cost solutions.

1.  Introduction1.  Introduction



The principle of the analysis is to produce an equation 
representing the total cost in terms of a single design 
parameter and to apply a discount cash flow procedure to 
calculate the present value. Differentiation of the present 
value expression with respect to the chosen parameter leads 
to the determination of the optimum value of that parameter 
for minimum cost.

1.  Introduction1.  Introduction



In designing wells, the objective is to produce water for 
the least cost. In economic analysis, a distinction is 
normally made between economic and financial cost 
concepts and the general principles outlined in this session 
are valid for either approach. The cost of drilling and 
operating a well comprises the capital investment plus 
annual recurring costs. A conventional discounting procedure 
can be applied to these costs and a present value obtained. 
It is this present value which must be minimized to obtain 
the optimum well design.

2.  Principles of Economic Well Design2.  Principles of Economic Well Design



Capital and recurring costs of wells are closely 
interdependent because in a deep aquifer any changes in 
well screen length, in diameter, or in discharge may affect 
the drawdown in a well and thus the total head through 
which the water must be pumped. For example, large 
diameter well screen and liner may substantially reduce pipe 
losses. Thus, an increase in capital cost will reduce pumping 
head and hence pumping costs. Somewhere there is an 
optimum.

2.  Principles of Economic Well Design2.  Principles of Economic Well Design



The costs of a well can be presented as a functions of the various 
parameters involved, (see Figure 2.1):

where,

D total depth of well
W depth of water table or piezometric surface below ground level 
Φ non-specific diameter
sw drawdown of water level in the well
H2 distance between ground level and discharge pipe
Q discharge
m maintenance cost
t hours pumped per year

2.  Principles of Economic Well Design2.  Principles of Economic Well Design
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Figure 2.1 Schematic well 
configuration

2.  Principles of Economic Well Design2.  Principles of Economic Well Design



If c1, c2, … , cn represent recurring costs in the years 1 to n, then:

where,     
n is the life of the well in years, 
fn is the discount factor as shown, 
r is the interest rate percent per annum. Usually values   

for f are taken from standard tables.

2.  Principles of Economic Well Design2.  Principles of Economic Well Design
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By partially differentiating the PV with respect to any of the 
variables and equating to zero, the optimum value of each 
variable can be determined for minimum cost. 

Thus, d PV/d L = 0 would give the optimum screen 
length for a fixed discharge, diameter, interest rate, 
and time of pumping. By examining the various partial 
differentials in turn the well design can be optimized.

2.  Principles of Economic Well Design2.  Principles of Economic Well Design



Solutions to the equations depend upon the relation-ships 
between Q, sw, d (diameter of flow conduit “pipe or casing”) 
and L (length of screen). These relationships are entirely 
empirical and have been derived from a large number of well 
tests.

For a uniform aquifer, which is deep compared with all likely 
screen length. The drawdown in the well (sw) is the same as 
the drawdown in the aquifer (sa), for wells of zero well losses, 
and at equilibrium:

3.  Inter3.  Inter--relationships Between The Variablesrelationships Between The Variables

KL
AQsw =



To account for the well loss (sl), the relationship derived by 
Rorabaugh (1953) gives:

in these equations, A, B, and C are constants and K is the 
hydraulic conductivity of the aquifer. Well losses are presented
by the term CQn and can be broken down further into screen 
entrance losses and pipe losses in the well. 

For most practical cases of wells correctly designed, 
entrance losses should be negligible and may be 
disregarded.

3.  Inter3.  Inter--relationships Between The Variablesrelationships Between The Variables
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The manner in which costs relate to the variable parameters is 
not easy to obtain. 

For example, while it is fairly easy to abstract well costs from a 
contractor’s tender, it is more difficult to determine just how 
these costs might change if the diameter of the well was 
increased; heavier equipment might be required than that 
assumed in pricing an existing tender. 

Similarly, to obtain a complete matrix of pump price variations 
with different discharges, pump settings, and total delivery 
heads is more than many manufacturers are willing to provide. 

3.  Inter3.  Inter--relationships Between The Variablesrelationships Between The Variables



To calculate PV, one should follow the following procedures:

1. It is necessary to reduce the number of variables in the capital
cost.

The dimensional relationships used in the simplification may be 
derived from Figure 2.1 and are for a particular case:

4.  Calculation Of The Present Value (PV)4.  Calculation Of The Present Value (PV)

KL
Qsw

25.1
=

LBHD
HHH

sHWH w

++=
+−=
++=

6.3
25.1

21

21



These allow for:

the mean drawdown throughout the well’s life to be 25% 
greater than the initial value,

a pump housing length H to induce an extra 3.6 m (12 ft)
below the pump bowl, 3 m (10 ft) for the length of suction 
pipe and 0.61 m (2 ft) for the end clearance.

2. The capital cost must be derived from the collected and estimated 
data.

3. The recurring costs “running costs” must be derived from the 
collected and estimated data.

4.  Calculation Of The Present Value (PV)4.  Calculation Of The Present Value (PV)



4.Note, when the running cost is the same every year, it can be 
discounted to present value by using a single factor which is 
dependent on the life of the project and the discount rate adopted. 
For example, if a life of 20 years is used and an interest rate of 
10%, then the discount factor is   f =8.5136, and the present 
value of the total cost is PV=C+8.5136c. since,

And, f1= 1/1.11 = 0.909, f2= 1/1.12= 0.826,   f3=1/1.13= 0.751, 
f4 = 0.683, … ,   f20= 1/1.120=0.147.

So, discount factor (f) = f1+f2+ … + f20 = 8.5136

4.  Calculation Of The Present Value (PV)4.  Calculation Of The Present Value (PV)
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5. Now, the total cost can be determined, which is the sum of 
capital costs and running costs.

4.  Calculation Of The Present Value (PV)4.  Calculation Of The Present Value (PV)
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For minimum present value, the partial differential of present 
value with respect to screen length must equal to zero (see 
Figure 4.1):

dPV/dL = 0

The method outlined above only gives the optimum for 
minimum overall cost, but it is interesting to examine the 
nature of that minimum and to test the sensitivity of the 
result to changes in the assumptions.

5.  Optimum Screen Length5.  Optimum Screen Length



By a similar process to that illustrated previously, the optimum
discharge can be determined from the present value 
equation. But because the least cost in terms of Q occurs 
when the well is not pumped at all, it is necessary to 
consider the problem in terms of least cost of water per unit 
of discharge. Thus dividing the present value by the well 
capacity, as shown below:

6.  Optimum Discharge6.  Optimum Discharge
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Figure 4.1 Derivation of 
optimum screen length

4.  Calculation Of The Present Value (PV)4.  Calculation Of The Present Value (PV)



Example 5.5: Economic Design of Well

The following information relates to a well in an extensive aquifer:

AQUIFER: Unconfined

  Maximum depth to static water    10 m
  Hydraulic conductivity               40 m/day

PUMP:
                    Discharge       3000 m3/day

Recommended submergence (from operating
                     water level in well to clearance below lowest
                      part of pump)                 2.5 m

  Discharge delivery head (above ground level)    1.0 m

WELL DRAWDOWN:

  Drawdown given by
KL

QS 3.1
=

  Factor of safety against deterioration
                     in specific capacity                    25%

  Screen upflow losses (in metre-day units) mLrQx w
316215100.2 −−

COSTS:
                      Drilling and other related length costs   $240/day
     Upper well casing     $130/day

Screen: 200 mm diameter              $200/day
150 mm diameter     $165/day

  Fixed costs      $20000
  Pumping costs (Q in m3d-1 and H in m)   $0.16QH/year
  Discount factor     8.0

Determine the screen diameter and length which gives the minimum cost well.

Note: You may assume that there are no geological constraints on screen length or position. Screen is
supplied in lengths which are multiples of a meter.
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Answer for Example 5.5

For 200 mm diameter screen

CAPITAL COST

     Fixed Capital cost = 20,000

Variable Capital Cost

Drilling and other related costs = 240 [ 10 ‘depth to static level’ + 2.5 ‘recommended
       submergence’ + total sw + L ‘screen length’]
     = 240 [ 12.5 + total sw + L]

 Upper well casing  = 130 [ 12.5 + total sw]

 Screen    = 200 L

     Total variable capital costs (C)  =   4,625 + 370 total sw + 440 L

  but, Total drawdown     =  1.25 x [drawdown of aquifer “sw” + screen upflow losses]

           = 1.25 x [
KL

Q3.1
+ 316215100.2 −−

wLrQx ]

     = 1.25 x [
xL

x
40

30003.1
+ 316215 1.03000100.2 −− xLx ]

     = 1.25 x [
L

5.97
+ Lx 310878.3 − ]

     =
L

88.121
+ Lx 310848.4 −

     So, total variable capital costs = 4,625 + 370 [
L

88.121
+ Lx 310848.4 − ] + 440 L

     =  4,625 + 441.8 L +
L

6.095,45

     TOTAL CAPITAL COST  =  24,625 + 441.8 L +
L

6.095,45
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OPERATING COSTS

     c = 0.16QH , where H = 10 + 1 + 2.5 + 1.25 total sw = [13.5 + 1.25 total sw]

     c = 0.16 x 3000 x [ 13.5 + 1.25 x (
L

88.121
+ Lx 310848.4 − )]

        = 6,480 +
L
128,73

 + 2.9 L

     PV = cf = [6,480 +
L
128,73

 + 2.9 L] x 8  =  51,840 +
L
024,585

+ 23.2 L

Total PV  = [24,625 + 441.8 L +
L

6.095,45
] + [ 51,840 +

L
024,585

+ 23.2 L]

  = 76,465 + 465 L +
L

6.119,630

2

6.119,630465
LdL

dPV
−=

For minimum cost 0=
dL

dPV

700,110$
8.36

6.119,6308.36465465,76

8.36

1.1355
465

6.119,6302

US

xCost

mL

L

=

++=

=

==

http://www.pdfcomplete.com/1002/2001/upgrade.htm


For 150 mm diameter screen

CAPITAL COST

     Fixed Capital cost = 20,000

Variable Capital Cost

Drilling and other related costs = 240 [ 12.5 + total sw + L]

 Upper well casing  = 130 [ 12.5 + total sw]

 Screen    = 165 L

     Total variable capital costs (C)  =   4,625 + 370 total sw + 405 L

  but, Total drawdown     =  1.25 x [drawdown of aquifer “sw” + screen upflow losses]

           = 1.25 x [
KL

Q3.1
+ 316215100.2 −−

wLrQx ]

     = 1.25 x [
xL

x
40

30003.1
+ 316215 075.03000100.2 −− xLx ]

     = 1.25 x [
L

5.97
+ Lx 210799.1 − ]

     =
L

88.121
+ Lx 210248.2 −

     So, total variable capital costs = 4,625 + 370 [
L

88.121
+ Lx 210248.2 − ] + 405 L

     =  4,625 + 413.32 L +
L

6.095,45

     TOTAL CAPITAL COST  =  24,625 + 413.32 L +
L

6.095,45

OPERATING COSTS

     c = 0.16 x 3000 x [ 13.5 + 1.25 x (
L

88.121
+ Lx 210248.2 − )]  = 6,480+

L
128,73

 + 16.86 L

     PV = cf = [6,480+
L
128,73

 + 16.86 L] x 8  =  51,840 +
L
024,585

+ 134.88 L
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Total PV  = [24,625 + 413.32 L +
L

6.095,45
] + [51,840 +

L
024,585

+ 134.88 L]

  = 76,465 + 548.2 L +
L

6.119,630

2

6.119,6302.548
LdL

dPV
−=

For minimum cost 0=
dL

dPV

637,113$
9.33

6.119,6309.332.548465,76

9.33

43.149,1
2.548

6.119,6302

US

xCost

mL

L

=

++=

=

==

So, the cheapest option is to use 37 m  of 200 mm screen
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Example 5.6: Economic Design of Well

You have been asked to produce a least cost design for a new well penetrating a confined aquifer. Given
the following cost information and design data, determine the optimal single string well design.

AQUIFER DATA
    Top of aquifer                                    25 m/bgl
  Base of aquifer       80 m/bgl

Average Piezometric Surface     10 m/bgl
Yearly Fluctuation      +/- 1.0 m
Long term yearly av. Fluctuation    +/- 4.0 m
Long term drawdown      6.0 m
Average Hydraulic Conductivity    20 m/day

WELL MATERIAL COST

                      Pump Chamber Casing     $ 50/m
Well Screen       $ 80/m
Drilling         $  35/m
Reducer        $  175
Bail Foot       $ 60
Gravel Pack       $ 20/m
Pump Installation      $ 2500

OPERATING COSTS
       c = 1.58x 10-4 x Q.H.t
                   where, Q = discharge m3/day
                              H = water lift (m)
                              t  = time in days

DESIGN CONSIDERATION
Well Life       20 years
Pump Replacement      every 8 years
Well Deterioration       1%/ year
 (i.e. an increase in the drawdown in the well of 1% each year)
Pump sitting       1 m
Well losses       0.1 sw

Safety against deterioration     3 m

EQUATIONS

  Drawdown given by
KL

QSW
3.1

=

  Present Value
( )[ ]
( ) 11

11)( −+
−+

= n

n

rr
rAANPV

                                 Where, A: annuity, r: interest rate, n: number of years.

HINT Formulate all the equations in terms of Q and L, then find the least cost and the optimal
screen length when Q was 10, 20, and 30 l/s
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Answer for Example 5.6

ü CAPITAL COST

(i) Pump chamber casing (PC)

Pump chamber length= 10 (average piezometric surface) + 4 (long term fluctuation) + 1 (yearly
fluctuation) + 6 (long term drawdown) + 1 (pump sitting) + 3 (safety) + sw (drawdown) + 20% sw

( 1% an increase in the drawdown for each year) +10% sw (10% of the drawdown for the well
losses).
PCL = 10+4+1+6+1+3+sw+0.2sw+0.1sw

PCL = 25 + 1.3 sw

But,
KL

QSw
22.1

=

Then P.C.L = 25 +
sL
Q

20
59.1

 =  25 +
sL
Q

20
0793.0

Assume that the peak discharge is 10 l/sec = 864 m3/day.

Then, P.C.L = 25 +
sL
5.68

     But, cost of P.C = $ 50/m = 50 [= 25 +
sL
5.68
] = 1250 + 3425/Ls

          So,
Ls (m) Cost of the pump chamber length ($)

ü 10
ü 20
ü 30
ü 40
ü 50

1592.5
1421.25
1346.17
1335.6
1318.5

(ii) Well screen (Ls) = cost of well screen = 80 Ls

(iii) Drilling length = Ls+PCL+ length of reducer + Length of bail foot

                                     =  Ls + 25 +
sL
5.68
+ 1 + 2

                                     = 28 + Ls +
sL
5.68

            Cost of drilling = 25 [28 + Ls +
sL
5.68
]

                                      = 980 + 35 Ls + 2397.5 / Ls

(iv) Cost of Bail foot = $ 60
(v) Cost of Reducer = $ 175
(vi) Gravel Pack
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The pack will cover the length of the screen + extra length for operating + length of reducer +
length of bail foot.

Length of gravel pack = Ls + (4 extra) + 1 + 2
                                                = Ls + 7

Cost of gravel Pack  = 20 [Ls + 7] = 20 Ls + 140

So, the Capital Costs =  cost of pump chamber length + cost of well screen length +
 cost of drilling + cost of bail foot + cost of reducer + cost of gravel pack

        = 1250 + 3425/Ls + 80 Ls + 980 + 35 Ls + 2397.5 / Ls + 60 +175 +20 Ls + 140

Capital cost = 2605 + 135 Ls + 5822.5/Ls

Ls (m) Capital Costs ($)
ü 10
ü 20
ü 30
ü 40
ü 50

4537.25
5596.13
6849.1
8150.5
9471.5

ü RUNNING COST

       Rc = 1.58x 10-4 x Q.H.t
 Q = 864 m3/day
 t  = here we assume that the operating is 24 hours/day, so t= 365 day
 H = water lift =  Distance above the ground level we want to lift the water to it +

water table below ground level + drawdown + well losses (0.1 sw)
                                                        = 1 + 10 + sw + 0.1 sw = H

but we know that the drawdown is fluctuated along the life of the well so we take the average of
that = (0.1+0.2)sw/2 = 0.105 sw

Finally, H= 11 + 1.1 sw + 0.105 sw = 11 + 1.205 sw

But,
KL

QSw
22.1

= = 1.22x864 / 20Ls = 52.704 / Ls

Then, H= 11 + 63.51/Ls

        So, Rc = 1.58x10-4x864x[11 + 63.51/Ls]x365

              Rc = 548 + 3164.5/Ls
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       So, we need to calculate the Net Present Value (NPV) of Running cost (Rc)
( )[ ]
( ) 11

11)(
−+
−+

= n

n

rr
rAANPV  = [ 548 +3164.5/Ls] x ( )( )19

20

1.11.0
11.1 −

 NPV1   = [ 5132 + 29635/Ls]

Then, for installation after 8 years  NPV2      2500 x
( )81.01

1
+

 = 1166

          For installation after 8 years   NPV3     2500 x
( )161.01

1
+

 = 544

Running Costs = NPV1 + NPV2 + NPV3 = 6842 + 29635/Ls

ü TOTAL COST

Ls (m) Running costs ($) Capital Costs ($) Total Costs ($)
ü 10
ü 20
ü 30
ü 40
ü 50

9806
8324
7830
7583
7435

4537
5596
6849
8150
9472

14343
13920
14679
15733
16907

So,  Design Ls = 20 m , with total cost = US $ 13920
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Example 5.7: Economic Design of Well

The following information relates to a well in an extensive alluvial aquifer:

AQUIFER: Unconfined

  Maximum depth to static water     5 m
  Hydraulic conductivity               50 m/day

PUMP:
Recommended submergence (from operating

                      water level in well to clearance below lowest
                      part of pump)                 2.5 m

  Discharge delivery head (above ground level)    1.0 m

WELL DRAWDOWN:

  Drawdown given by
KL

QS 3.1
=

  Factor of safety against deterioration
                     in specific capacity                    25%

COSTS:
                      Drilling and other related length costs    $ 300/m
     Upper well casing      $ 120/m
  Screen              $ 200/m
  Fixed costs       $ 15,000
  Pumping costs       $ 0.14QH/ year
    Where, Q:  the pump discharged (m3/day).
                          H:  the total pumping head (m).
  Discount  factor       8.0

I. Obtain an expression for the total cost of the well in terms of Q and L

II. Determine the optimum screen length for a discharge of 2000 m3/day

III. Calculate the discharge that will provide the cheapest water for a screen length of 15 m
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Answer for Example 5.7

(i)

( ) ( )

L
QQL

L
QCostTotal

L
QQ

x
L
QxQxtsOperating

L
L
Q

L
L
QtsCapital

L
Q

L
Qxsw

2

2

0364.072.650065.133150

0364.072.6

80325.05114.0cos

50065.133150

2003001203000325.05.25cos

0325.0
50

3.125.1

++++=

+=







 ++=

++=

+++





 ++=

==

(ii)

mL
daymofedischaFor

LQQ
CimumFor

L
Q

L
Q

L
C

6.18
/2000arg

500
0364.065.13

min

0364.050065.13

3

2
2

2

2

2

=

=
+

−+−=
∂
∂

(iii)

( )

daymQ
mLwhen

LLQ

So
LQ

L
QQ

QC
watercheapestFor

L
Q

Q
L

LQQ
C

/2095
15

0364.0
3150500

,

00364.05003150)/(

0364.072.650065.133150

3

2

22
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Example 5.8: Economic Design of Well

Determine the optimum screen length for a well to pump 2000 m3/day to be constructed in an
extensive alluvial aquifer using the following information:

AQUIFER PARAMETERS AND DRAWDOWN CONSIDARATIONS

  Hydraulic conductivity                45 m/day

  Drawdown in the well is given by
KL

QSw
25.1

=

  Drawdown safety factor     25%

UNIT CONSTRUCTION COSTS

                      Drilling and other related length costs    $ 200/m
     Upper well casing      $ 40/m
  Well Screen (0.15 m diameter)               $ 100/m

OPERATING COSTS

  Annual Pumping Costs     $ 0.1QH/ year
    Where, Q:  the pump discharged (m3/day).
               H:  the total pumping head (m).

  Discount  factor       7.0

You may assume that

(i) Well and friction losses are small.
(ii) There are effectively no geological constraints on screen length or position.

If a 0.1 m diameter well screen (costing $ 70/m) of the same length were to be used, what would
be the extra overall cost or saving?

Assume in this case that upscreen losses are given by

mLrQx w
316215100.2 −−

http://www.pdfcomplete.com/1002/2001/upgrade.htm


Answer for 5.8

1. Optimum screen length

- Capital cost (C).

Well screen cost = 100 L

Upper well casing cost = 40 X 1.25 sw

                                 = 50 sw

Drilling cost = 200 X drilling depth (considering the darwdown safety factor)
                  = 200 X [1.25 sw + L]
                  = 250 sw + 200 L

So, C = 100 L + 50 sw + 250 sw + 200 L

C = 300 sw + 300 L

- Operating cost (c).

c = 0.1 Q H
   = 0.1 X 200 X 1.25 sw

c = 250 sw

But f= 7. So, c f = 250 sw x7 = 1750 sw

- Total cost (PV)

Total cost (PV) = C + c f
               = 300 sw + 300 L + 1750 sw

                           = 2050 sw + 300 L

But,
KL

Qsw
25.1

= =
L

x
45

200025.1
=

L36
2000

Total cost = 2050x 2000/36L + 300 L
         PV    = 113888.9/L + 300 L

Now, dPV/dL = 0
         -113888.9 /L2 + 300 = 0

Solving the equation,
L = 19.5 m
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2. The overall cost or saving

Because there are losses in the upper screen, extra drawdown occurs.

Extra drawdown due to the upper screen losses= 3
16

21510*2
−

−
wrLQ

                                                   = 2 x 10-15 x (2000)2 x 19.5 x (0.05)-16/3

                                                   = 1.335 m
This should go into the drawdown term:

Total cost (PV) = 2050 sw + 300 L

New drawdown cost = 2050 (sw +1.335)

Thus the increase in cost = 2050 x 1.355 = US $ 2777.75

Saving from the screen cost = (100 -70) x 19.5 = US $ 585

Hence, overall extra cost = US$ 2192.75
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