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Annex: 

                   
THE EXERCISE 

1. Introduction
In the pilot drainage area of Mashtul in the Nile Delta, Egypt, many water and salt balance factors were measured. These can be used to test the applicability of Saltmod to predict the effect of different water management practices on soil salinity and depth of the water table. 


However, some factors could not be measured, notably the leaching effi​ciency (Flr) of the root zone and the natural drainage (Go) of groundwater through the aquifer (there was no upward seepage of groundwater from the aquifer into the upper soil layers). 


Before applying Saltmod, these factors must be determined. This can be done by trials with Saltmod using different values of Flr and Go and choosing those values that produce soil salinities and depths to water table that correspond with the actually measured values (calibration). 


Thereafter, as an example of application, the effects of different drain depths will be investigated and the optimum drain depth will be determined.

Finally a reconstruction of the original conditions will be made.


The basic data of the Mashtul pilot area are in the file MPBAS.INP in the folder SaltModW/Egypt/. 

2. Notes

SaltModW is the windows version of Saltmod; it can be downloaded from the website www.waterlog.info.


 The manual (Saltmod, Description of Principles and Applications) can also be downloaded, but description of the user interface herein refers to the original DOS version of SaltMod. It is thought that the windows version does not require detailed user instructions. The principles and results of the DOS and Windows versions are exactly the same. The only difference is that DOS uses key strokes for the menu choices whereas Windows uses mouse clicks. The DOS version does not cause RSI (painful arm and wrist). Younger people more used to Windows operations and therefore this exercise is supposed to be made with the Windows version. A DOS version of the exercise can be found in the DOS SaltMod program (that can be downloaded from the same website) in the SaltMod/Text/ subdirectory.

*
In the following text, the asterisk (*) indicates that you will be asked to take action. Please follow the next instructions care​fully line by line.

#
In the following text, the serial letters (a, b, c etc.) also indicate that action is required. The symbol # indicates that infor​mation is given.

3. Determining the leaching efficiency
#
Leaching efficiency of the root zone Flr is defined as the salt con​cen​tration Cp of the water percolating from the root zone into the underground divided by the average salt concentration Cr4 of the soil moisture in the root zone at field saturation: Flr=Cp/Cr4. 

#
Cr4 means that the salt concentration refers to a situation with full crop rotation; the rotation index Kr=4

#
Salt concentrations of the water are expressed as EC values in dS/m.

#
Note that the soil salinity Cr4 is expressed in EC (dS/m) at field saturation and this is about double the soil salinity expressed in ECe of the saturation extract.

The computer operations are as follows:

a.
Make sure you are in the directory C:\SaltModW. (Activate Saltmod by clicking on SaltModW. 

b.
Use the “Input” tab sheet and then “Open”. Select MPBASIC.INP from the /EGYPT folder.

c.
Find the value of Flr in line 17. Click on the data field and check the expla​nation of the symbol Flr. Change the value of Flr into 0.2. 

*
Change Title 1 into Filename: FLR02.INP and give “Save”. 

*
Save the changed input file under the name FLR02.INP (to indicate that Flr = 0.2). 

*
The program will now save the data and do the calculations. 

#
After completion of the calculations, the output data are stored in a file with the name FLR02.RES and the result of the calculations will be shown.

d.
Use the option “Output groups” and then select the group containing the soil salinity of the root zone. Thereafter click “GO”.

# 
You will see that only the values of Cr4 are given. The other values are only applicable when other rotation schedules are used.

#
Note 1: Cr4 = salt concentration of the soil in the root zone in dS/m when there is full crop rotation, i.e. the rotation key Kr has the value 4. The explanation of the output symbols is given when clicking on “Symbols

*
Use Table 1 (next page) to make note of the Cr4 values per year and season. These values will be used later to make a graph. 

#
The graph can be made by hand or you may use Excel. In the latter case you may enter the values noted in Table 1, or (as an alternative) you may use the option “Save group” and save the group data under the name FLR02.PRN. This file can be imported into Excel

e.
Repeat the same procedures using respectively Flr = 0.4, 0.6, 0.8, and 1.0 and file names FLR04, FLR06, FLR08 and FLR10. 

Table 1. Cr4 values for varying leaching efficiencies of the

             root zone (Flr)

------------------------------------------------------------------

Year   Season    Flr=0.2   Flr=0.4   Flr=0.6   Flr=0.8   Flr=1.0

------------------------------------------------------------------

  1      1

          2

  2      1

          2

  3      1

          2

  4      1

          2

  5      1

          2

  6      1

          2

  7      1

          2

  8      1

          2

  9      1

          2

 10      1

          2

f.
Make a graph by plotting the Cr4 values on the vertical axis and the time on the horizontal axis. Use the attached graphic paper, keeping in mind that the 1st season lasts 5 months and the 2nd season 7 months. Each Flr value will give a different curve.


Alternatively you may make the graph in Excel.

*
Discuss the results.

g.
Plot the actually measured Cr4 values in the same graph. They are as follows:


       2nd year 1st season Cr4=5.8
2nd year 2nd season Cr4=4.5


       3rd year 1st season Cr4=3.5 
3rd year 2nd season Cr4=3.4


       4th year 2nd season Cr4=3.3 
5th year 1st season Cr4=3.0

h.
Compare and discuss the results, including the presence of outliers and the sensitivity of the results to changes in Flr.

*
Adopt the best possible value of Flr for further use.  This value is  . . . . . . . . .

4. Determining the natural drainage
#
The natural drainage Go is defined as excess of the hori​zontally outgoing groundwater over the hori​zon​tally incoming groundwater in m/season. In our case the horizontally incoming groundwater (Gi) is zero. 

#
The natural drainage can be determined (calibrated) by varying the Go values and finding the corresponding values of the depth to water table Dw and the drain discharge Gd. The most likely value of the natural drainage is the one giving Dw and Gd values that agree better with the observed values. 

The computer operations are as follows:

a.
Using the “input” tab sheet, change in MPBASIC.INP the Flr value into the final value determined before. Change also the values of Go1 and Go2 (on the 12th line, 2nd and 4th positions) into respectively 0.0 and 0.0, i.e. there is no natural drainage in season 1 and 2, and the total annual value is also zero. 

*
Change Title1 using ND00.INP and save the new input file as ND00.INP

*
Do the calculations and use the output menu again to find the values of Dw (depth of water table, m) and Gd (total amount of drainage water, m/season) only for the first and second season of the second year. These values can be read directly from the overall output file. It is not necessary to use the option “Output groups”, although this is of course possible. 

*
Note Dw and Gd values in Table 2 (next page).

b.
Do the same for the following combinations of (Go1 and Go2) respectively: (0.03 and 0.04), (0.06 and 0.08), (0.09 and 0.12), and (0.12 and 0.16), giving total annual values of respectively 0.07, 0.14, 0.21 and 0.28 m.

*
Check from the input data that the duration of the first season is Ts1=5 months and of the second season Ts2=7 months. This explains why Go1 is less than Go2: the Go values are proportional to Ts, indicating a fairly constant value of Go per unit of time, because groundwater movements in deep aquifers are usually quite stable.

c.
Knowing that actually the seasonal average depth of the water table Dw was between 1.0 and 1.1 m in summer (season 1) and between 1.2 and 1.3 m in winter (season 2), with corresponding drain discharges Gd between 100 and 150 mm in summer and 50 to 100 mm in winter, estimate the most likely value of Go from Table 2.

   Table 2 (second year only)

   ----------------------------------------------------------

     Go           1st season (summer)       2nd season (winter)

    annual     ---------------------     --------------------

    value          Dw           Gd                Dw             Gd 
   ----------------------------------------------------------

    0.00

    0.07

    0.14

    0.21

    0.28

   ---------------------------------------------------------

Underline the observed values and see which annual Go value occurs most frequently. The most likely value of Go is about . . . . . . . . . .  m/year.

Later we will use another method to determine Go more accurately.

5. Application of SALTMOD with varying drain depths
#
As an example of the effects that can be calculated for diffe​rent water management options, we will study the effects of vary​ing drain spacing to see if there exists an optimum drain depth. We will also use the drain depth Dd = 0.6 m as it existed before the installation of the pilot area. 

The computer procedures are as follows:

a.
Use the input menu and change in the MPBASIC input file the value of Go1 and Go2 according to the best possible values found before.

* 
Further, change the value of Dd (20th line, 1st position) into 0.6 m, and the value of root zone depth Dr (16th line, 1st position) into 0.5 m. (If this is not done, a warning will be given that the drains should be below the root zone and in the transition zone).

*
Change Title 1 and use DDO6 as save name.

*
Find the output values shown in Table 3 for the 10th year only.

b.
Repeat the procedure for drain depths Dd=0.8, Dd=1.0, Dd=1.2 and Dd=1.4 (this last value represents the actual condition in the pilot area in which the drain depth was about 1.35 m).

c.
Discuss the results of the Table 3 and see if there is an optimum drain depth.


The optimum depth is the depth where Cr4 and Dw have safe values, FfA and JsA are maximal, and Gd is minimum.

Table 3. Only for the 10th year.

#
The meaning of the symbols FfA, JsA, Dw, and Gd can be found clicking the option “Output symbols” and then locating the value in the complete output file or in the respective group file. Alternatively one may use the list of symbols typed below Table 3.

-----------------------------------------------------------------

 Drain                       1 s t    s e a s o n    ( s u m m e r ) 

 depth   --------------------------------------------------------

 Dd (m)          Cr4           FfA           JsA            Dw            Gd
-----------------------------------------------------------------

 0.6

 0.8

 1.0

 1.2

 1.4

        --------------------------------------------------------

                               2 n d    s e a s o n    ( w i n t e r )

        --------------------------------------------------------

 0.6

 0.8

 1.0

 1.2

 1.4

---------------------------------------------------------------

   Notes
   Critical values of Cr4 for crops vary from 3 to 5 dS/m.

   Critical values of Dw for crops vary from 0.5 to 0.8 m.

The optimum depth is the depth where Cr4 and Dw have safe values, FfA and JsA are maximum, and Gd is minimum. The drain depth should be as shallow as possible. Optimum Dd =  . . . . . . . .  m.

List of some output symbols
(The complete list is given in the annex to this workbook)

Cr4
salt concentration of soil moisture at field saturation expressed as EC (dS/m) in all fields, which are all under full crop rotation (only given when the rotation key Kr =4); 

#
(Note that the electrical conductivity of the saturation extract of the soil equals ECe ( 0.5 Cr4);

FfA
Seasonal field irrigation efficiency of group A crops, defined as the seasonal amount of water actually consumed by the crop (EaA) divided by the seasonal amount of field irrigation (IaA), so that FfA = EaA/IaA; 

JsA
Seasonal irrigation sufficiency of group A crops, defined as EaA divided by the seasonal potential evapo-transpiration (EpA), so that JsA = EaA/EpA;

Dw
Average seasonal depth of the water table (m);

Gd
Seasonal amount of subsurface drainage water (m/season).

d.
Keep in mind that, in this case study, there are irrigated crops of group B (rice) only in summer and crops of group A (not rice) in summer and winter, that there is no un-irrigated area (U), and that the suffix A is valid for group A crops, the suffix B for group B crops and the suffix U for un-irrigated land. 

*
Please answer the following questions:

d1 - Is there a relation between irrigation efficiency (FfA) and  Dw. If yes, explain this.

d2 - Is there a relation between irrigation sufficiency (JsA) and  Dw. If yes, explain this.

d3 - Is there a relation between drain discharge (Gd) with Dd?  If yes, explain this.

d4 - Is there a relation between the soil salinity (Cr4) in the  total area with full land-use rotation and 

       Dd?  If yes, please explain.

d5 - Is there capillary rise (Rr)? Please explain.

d6 - What would have happened if the natural drainage (Go) is less than presently assumed, or even 

       negative (i.e. there would be upward flow of groundwater)?

d7 - What would have happened if, in the case of Dd=0.6, the amount of irrigation water (IaA) for crops 

       of group A would have been reduced to alleviate the problem of water logging?

d8 - What would have happened if, as a result of the water logging, in the case of Dd=0.6 m, the 

        irrigated area fraction (A) under crops of group A would have been reduced and part of the area

        would have been left permanently without irrigation?

d9 - What other relations can be studied?

6. Other applications
Which other water management changes could be studied for their positive and negative effects?

 7. Reconstruction
#
If time permits you may also do the following exercise to see what the conditions were before the installation of the new drainage system in the pilot area.

#
If we adopt the final soil salinity conditions obtained from the pilot area and we change the drainage conditions into the conditions as they were before installing the pilot area, then we must find after some time the soil salinity values as the were just before installing the pilot area.

The computer procedures are as follows:

*
Open MPBASIC.INP

*
Adopt the final FLr, Go1 and Go2 values determined before

*
Set the initial soil salinities Ca0 and Cb0 at 2 dS/m (see data line 19). These are new starting values, about equal to equilibrium values found before.

*
Use Dr=0.5 m, Dd=0.6 m, QH1=0.001 day-1 (these parameters represent the traditional drainage system)

#
Note: According to Hooghoudt we have q/h = 8Kd/L2. In Saltmod this q/h ratio is called QH1 and it represents the intensity of the drainage system.

*
Use Kf=1 (line 1) to represent farmers' responses to water logging and salinization, e.g. farmers reduce  the field irrigation when water logging occurs and abandon some land when salinization occurs. Enter the following values: 

EpU1=EpU2=0.3 (potential evaporation of un-irrigated U land, m/season in season 1 and 2),  

FsU1=FsU2=1 (storage efficiency of surface water in un-irrigated U land in season 1 and 2) ,  

SiU1=SoU1=SiU2=SoU2=0 (surface inflow Si and surface outflow So in un-irrigated U land in season 1 and 2)

Cu0 = 2

*
Save the input file as MPreco1.inp (this is the first reconstruction)

*
Run the program wit MPreco1 and note the results in Table 4 for the 10th year only. 

*
Compare the IaA value (use the “Symbols” and the “Output groups” options) after 10 years with the value given in the input file, and also given in the output file under year 0, and explain the difference. 

*
Check if the soil salinity of the root zone reaches the initial value at the installation time of the pilot area (Cr4=10 dS/m).

*
Check the frequency distribution of Cr4 in year 10 (see “Output groups”), and find out the salinity that is exceeded in the 20% most saline part of the land. 

#
Note: Saltmod gives the frequency distribution of non-exceedance but the question refers to exceedance, so a conversion must be made form 20% to 80%.

*
Discuss and explain the results and formulate your conclu​sions.

*
What would happen if the natural drainage through the aquifer is zero?

  Table 4. Only for the 10th year.

               Kf=1, Dr=0.5, Dd=0.6, QH1=0.001, CA0=2, CB0=2, CU0=2

  --------------------------------------------------------------

                        1 s t    s e a s o n    ( s u m m e r ) 

  --------------------------------------------------------------

                                                                               IaA

     Cr4        FfA        JsA        Dw         Gd     ----------------

                                                                       year 0    year 10

  ---------------------------------------------------------------

      ....          ....         ....          ....          ....        ....          ....

  ---------------------------------------------------------------

                         2 n d    s e a s o n    ( w i n t e r )

  ---------------------------------------------------------------

      ....          ....         ....          ....          ....        ....          ....

  ---------------------------------------------------------------

#  Notes
   Critical values of Cr for crops vary from 3 to 5 dS/m.

   Critical values of Dw for crops vary from 0.5 to 0.8 m.

   Critical values of JsA (irrigation sufficiency) for crops vary from 0.7 to 0.8.

Second reconstruction

In the first reconstruction exercise it can be seen that the soil salinity increases and it reaches an equilibrium value of about 6 dS/m. It does not reach the initial value Cr4=10 dS/m as originally assumed when determining the leaching efficiency. Hence, there is a discrepancy. 


It could be that the calibration of the natural drainage to the underground could not be done with sufficient accuracy and possibly the values Go1 and Go2 were overestimated.


Run the program again, using a time period of 30 years instead of 10 (Ny, line 2) and after changing the values of Go1 and Go2 into 0.040 and 0.060 instead of the values adopted before. Save the input file as Mpreco2.inp.

* Check the observations on the output of MPreco2 on the next page. They give an insight in the many interrelations between the input factors and illustrate why a model is required and why the processes cannot be described with straightforward formulas. The model uses many iterations to balance all mutually dependent factors.

In the output of MPreco2, one will note that: 

- after 11 years the farmers are abandoning land due to salinization, 

- the abandoned, permanently un-irrigated area fraction Uc becomes 5 to 10 %,  which corresponds to

   the situation found before the installation of the pilot area

- after 11 years the rotation key Kr is changed from 4 to 1 (i.e. there is no longer full crop rotation),

- after 11 years the series of salinity data Cr4 of the land under full crop rotation is discontinued and 

   replaced by two series of salinity data instead: CrU of the un-irrigated, abandoned land (Uc), and C1* 

   of the irrigated  land outside the permanently un-irrigated land

- the salinity CrU reaches high values of about 60 dS/m

- the salinity C1* remains under control at an acceptable level between 7 and 9 dS/m

- the weighted average salinity comes to about 10 dS/m as found just before the installation of the pilot 

  area; this is a better result than of the first reconstruction

- Initially the water table is very shallow, but later it stabilizes at about 60 cm depth

- Initially the amount of field irrigation water IaA in season 1 reduces to about 350 mm due to the 

   shallow water table but later it returns to the original amount of  530 mm

- Initially the field irrigation efficiency FfA in season 1 increases due to the shallow water table and 

   reduced irrigation, but later it returns to its original value

- Initially the field irrigation sufficiency JsA in season 1 decreases due to decreased irrigation, but later 

   its value is restored due to increasing irrigation

- The capillary RrU in the abandoned land in season 1 reaches values of up to 200 mm. Hence this land 

   has a drainage function: it helps to keep the water table down and it accumulates salts.

- Initially, the percolation water LrA in season 1 decreases due to reduced irrigation and increase 

   efficiency. Hence, the leaching of the soil is limited and the soil salinity builds up. Later the

   percolation increases again, the leaching process is restored and the soil salinity is better controlled. 

   Part of the percolation water will reach the aquifer, part reaches the drains, and another part goes to

   the abandoned  land and re-appears as capillary rise. The abandoned land exerts a drainage function.

- The parameters discussed show some fluctuation throughout the years. This is because farmers 

   are continuously trying to incorporate the abandoned land again in their cultivation when the see 

   that the salinity situation in he irrigated land improves and the water table remains at an 

   acceptable depth. However, after the incorporation, the situation worsens again and the farmers 

   decide to give up  the trial.

Comments

The reconstruction has provided another check on the data calibration. It is found that the natural drainage to the underground is probably less than estimated before. In fact the calibration of leaching efficiency and the simulation of the effects of different depths of the pipe drainage system should be repeated again with adjusted natural drainage values.

The calibration process is one of trial and error because the value of many input factors may depend on other input factors (the are interrelated) and can therefore not be determined independently.

