GEOG 3511 INTRO TO HYDROLOGY

Lab Exercise 9

Evaluating infiltration rates

	Tuesday Lab
	Thursday Lab

	Lab 9

Assigned: Tuesday November 6
Due: Friday November 9 by 4:00 pm 


	Lab 9

Assigned: Thursday November 8
Due: Monday November 12 by 4:00pm


Please TYPE IN your lab assignment 

OBJECTIVES:


1) to use the Green-Ampt approach to explore the factors which control infiltration rates

2) to get even more practice with Excel

BACKGROUND:

The most important factors that govern the infiltration of water and solutes into soils are: 

1) the rainfall or snowmelt rate,

2) the hydraulic conductivity of the soil,

3) the initial soil moisture, and

4) the inclination and roughness of the soil surface.

Among these, the soil moisture content, , plays a particularly interesting role.  Soil moisture content determines how much storage is available, it affects the hydraulic conductivity, and it affects the soil moisture tension.  Equation (1) (or equation 6.28 in Dingman) gives the infiltration rate, f(t), as a function of these variables and time t:
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where Ksat is the saturated hydraulic conductivity, [image: image2.emf]
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 is the absolute value of the "effective" soil moisture tension at the wetting front, y(t) is the depth of ponding, and zf(t) is the depth of the wetting front at time t.  Typically, y(t) is assumed to be negligible (= 0).  With this assumption in mind, equation (1) indicates that the infiltration rate depends on Ksat  and the ratio of [image: image3.emf]
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 to zf(t).  As water moves deeper into the soil, the ratio of [image: image4.emf]
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 to z(t)  becomes smaller because the total volume of infiltrated water is distributed over a greater depth, and the infiltration rate decreases. Note that as the ratio of [image: image5.emf]
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 to z(t) becomes very small, f(t)  Ksat.

PURPOSE:  We will be using a simple version of the Green-Ampt model to determine the infiltration rates of a soil with varying soil moisture content during a storm of known duration (2.0 hours).  This model uses Darcy’s law and the principle of conservation of mass to compute the depth of the wetting front over time. In this lab, we will be using an Excel spreadsheet (called GRNAMPT.XLS) to work through a series of iterations that will allow us to examine the effects of soil moisture on infiltration rates.
STUFF:  To use equation (1), we need to know Ksat, [image: image6.emf]
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 , and zf(t).  The first two variables are specified properties of the soil, but the latter variable is itself a function of time, and thus, we cannot solve equation (1) directly.  To solve equation (1), we use the continuity relation, which says that zf is a function of the cumulative infiltration, F(t), and the difference between the porosity and initial soil moisture content, (sat - o.  The total volume of water infiltrated at any time is equal to the precipitation/snowmelt rate, w, multiplied by time, i.e. F(t) = w t .  Since we know w, we can specify different values of F(t) to find the length of time that water has infiltrated.  If the F(t) we specify takes longer than 2.0 hours to infiltrate, then we try a shorter time step, and so on.  We have loaded the spreadsheet program, GRNAMPT, which is set up to do these calculations, onto the internet.

Getting familiar with the Grnampt.xls spreadsheet: 

Take a look the spreadsheet and its contents. The cells in rows 5 and 13 are used to specify values for the following soil properties:

Phi, , is the porosity,

|Psi_ae|, |ae,| is the air entry tension (cm)

|Psi_f|, |f,| is the "effective" tension at the wetting front (cm)

Ksat, Ksat, is the saturated hydraulic conductivity (cm/hr)

b is the empirical parameter that is based on the soil type (unitless)

Theta0, o, is the initial soil moisture content

w is the rainfall or snowmelt rate (cm/hr)

tw is the duration of rainfall (hr)

Cells in rows 16-20 are used to calculate various other quantities, such as the effective tension, the time to ponding, etc.  

Cells below row 32 are used for the trial and error solution of the Green-Ampt equations.  The instructions for doing this are given on the spreadsheet.  The following comments might help you understand how it all works...

Cells in rows 32 and 33 deal with the situation up to the moment when ponding begins.

Cells in column B from row 34 on are used to input different values of F(t).  F(t) is the total amount of water infiltrated up to some time (t), or the cumulative infiltration.  The adjacent cells contain formulas that calculate the infiltration rate, f(t), the depth of the wetting front, zf(t), and the time elapsed to that point, t.  For the example, the initial soil moisture content (Theta0) is 0.45.  If, for example, you look at the values in cell B34 and the value in cell E34, you'll see that 3.0 cm of water has been absorbed in 0.61 hr.  Note that this time is much less than the duration of the storm, which is specified in cell C13 as 2.0 hr.  Another way to think of this is that, given the conditions specified, we have not yet satisfied the soil moisture storage capacity and thus, we can add more water.  In the example shown, 0.25 cm of water has been added at each step. By trial and error, we find that F(t) = 8.149 yields a value of corresponding to the duration of the storm, t = 2.0 hr.  

ASSIGNMENT:  Run through the Green-Ampt model and generate a plot of time, t, vs. infiltration rate, f(t), for 4 different initial soil moisture contents: 

Theta0 = 0.1

Theta0 = 0.2

Theta0 = 0.3

Theta0 = 0.4

Set up the spreadsheet using the soil properties for sandy clay loam. Representative values of the soil properties can be found in Table 6-1 of Dingman. Pay attention to the units, because not all of the units in Table 6-1 are the same as the spreadsheet inputs.

For storm parameters, use a storm length of 2 hours and a rainfall rate of 5 cm/hr.

PROCEDURE:
Using the GRNAMPT worksheet, set the value of the initial moisture content to 0.1.  Then complete the step-by-step calculations for finding F(t) by entering the appropriate values in cells B34, B35, B36, etc. ( it's up to you to decide what increments to use for F(t)).  Note:  you should have at least 10 points for each line in your plot! Make sure that the calculated times are within the length of the storm.  

A second worksheet named ‘results’ exists in the GRNAMPT.xls spreadsheet. You can use this sheet to store the results for each initial soil moisture content.
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t f(t) F(t) zf(t) t f(t) F(t) zf(t) t f(t) F(t) zf(t) t f(t) F(t) zf(t)
[hours] [cm/hr] [cm] [cm] [hours] [cm/hr] [cm] [cm] [hours] [cm/hr] [cm] [cm] [hours] [cm/hr] [cm] [cm]



t0 0.000 0.000 0.000 0.000
t1=tp



t2
t3



Theta0=0.1 Theta0=0.2 Theta0=0.3 Theta0=0.4










t f(t) F(t) zf(t) t f(t) F(t) zf(t) t f(t) F(t) zf(t) t f(t) F(t) zf(t)

[hours][cm/hr][cm][cm][hours][cm/hr][cm] [cm] [hours][cm/hr][cm] [cm] [hours][cm/hr][cm] [cm]

t0 0.000 0.000 0.000 0.000

t1=tp

t2

t3

Theta0=0.1 Theta0=0.2 Theta0=0.3 Theta0=0.4


You will be copying and using the "paste special-values only" option from the GRNAMPT worksheet to your RESULTS worksheet. Run through the process again, changing the initial moisture content to 0.2, and so on. 

Lab Write-up:


a) Include a worksheet with your results in an aesthetically pleasing format.

b) Include a plot of infiltration rate,  f(t), vs. time for the 4 different initial soil moisture contents. Time should be the independent variable (x-axis). Label the time of initial ponding (tp) for each initial moisture content. When finished you should have a chart with 4 lines of data.

c) Include a plot of cumulative infiltration, F(t), vs. time for the 4 different initial soil moisture contents. Time should be the independent variable (x-axis). Label the time of initial ponding (tp) for each initial moisture content. When finished you should have a chart with 4 lines of data.

d) Include a plot of depth to the wetting front, zf(t), vs. time for the 4 different initial soil moisture contents. Time should be the independent variable (x-axis). Label the time of initial ponding (tp) for each initial moisture content. When finished you should have a chart with 4 lines of data. 

e) Describe how the time to ponding (tp) changes with Theta0. Explain why.

f) Describe how the shape of the f(t) vs. t curve changes with Theta0. Explain why. If storm extended indefinitely, what would the infiltration rate be at large times?

g) Describe how the shape of the F(t) vs. t curve changes with Theta0. Explain why.

h) Describe how the shape of the zf(t) vs. t curve changes with Theta0. Explain why.

i) Suppose that we wanted to calculated the infiltration rate of sand (instead of sandy clay loam). Assume the same storm parameters and use an initial water content of 0.1. What is the initial time to ponding (calculated by the worksheet). Interpret this result.
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