Homework 1 - Spring 2008: Hydrology 531 - Hydrogeology

Assigned: March 7, 2008

Due: March 20, 2008 at 5:00pm

Please make sure to show all your work, including any diagrams you used, in order to get full credit.  This may be submitted in either paper or electronic format (Shasta@nmt.edu).  Please cite your sources.  

1.  Leaky Aquifer (25 points)
The drawdown of the water level in an observation well 1400 ft from a well pumping at a constant rate of 750 gallons per minute is shown in the table below.  You should be able to put these values directly into Excel.  The pumped well is 600 feet deep, assumed to be fully penetrating, and obtains water from gravel, sand, sandy clay, and clay of the Tulare Formation in an area where considerable land subsidence has resulted from prolonged pumping from confined aquifers containing appreciable amounts of clay.  The aquifer is confined by the Cocoran Clay Member, about 6 ft thick, above which is an unconfined aquifer about 200 ft thick.  (From Ground-Water Hydraulics, Geological Survey Professional Paper 708).   Hint: This is a transient solution for flow with storage in the confining beds.  In this particular case, you must show ALL your work in order to get any credit.
	(min)
	(ft)
	(min)
	(ft)
	(min)
	(ft)

	6.37
	0.01
	41
	0.33
	315
	1.83

	8.58
	0.02
	44
	0.36
	335
	1.87

	10.23
	0.03
	47
	0.38
	365
	1.99

	11.9
	0.04
	50
	0.42
	390
	2.1

	12.95
	0.05
	54
	0.46
	410
	2.13

	14.42
	0.06
	60
	0.52
	430
	2.2

	15.1
	0.07
	65
	0.56
	450
	2.23

	16.88
	0.08
	70
	0.6
	470
	2.29

	17.92
	0.1
	80
	0.65
	490
	2.32

	21.35
	0.12
	90
	0.75
	510
	2.39

	21.7
	0.13
	100
	0.82
	560
	2.48

	22.7
	0.14
	137
	1.04
	740
	2.92

	23.58
	0.15
	150
	1.12
	810
	3.05

	24.65
	0.17
	160
	1.17
	890
	3.19

	29
	0.21
	173
	1.24
	1255
	3.66

	30
	0.22
	184
	1.27
	1400
	3.81

	32
	0.24
	200
	1.35
	1440
	3.86

	34
	0.26
	210
	1.4
	1485
	3.9

	36
	0.28
	278
	1.68
	 
	 

	38
	0.3
	300
	1.76
	 
	 


Required:

a) Based on the background information above, what model is appropriate for estimating the transmissivity and storativity of this system?

b) Using the model you choose in part a, estimate transmissivity and storativity of the leaky, confined aquifer. Use a log-log curve-matching procedure.   Remember to use graph paper that matches the scale of the type curve graph paper.  If you cannot find a way to do this, see me and I can help.
2. Recovery (25 pts)

Background:

A well (pumping well #1) is located in a horizontal, confined aquifer. The upper and lower confining formations have very low permeability and are not leaky. The well was completed such that it is fully penetrating and screened across the entire vertical thickness of the aquifer. An observation well is located in the same aquifer 110 m to the northeast (i.e., azimuth bearing of 45°), and it also is fully penetrating and screened across the entire vertical thickness of the aquifer. The thickness of the aquifer is 175 m, the aquifer storativity is 4.69 x 10-4, and the aquifer transmissivity is 0.55 m2/min.

The well is pumped at a rate of 3.579 m3/min for 12 hours and then shut off. Drawdown was measured at the observation well. Suppose that after the well is shut off, you continue to monitor head in the aquifer at the observation well. The following questions will deal with predicting the recovery of the potentiometric surface after pumping stops. 

Required:

a) Considering the background information, what model is the most appropriate to use to model recovery of the potentiometric surface? Why?

b) Using your model from part a, what will be the total drawdown in the observation well 5 hours after the pumping has stopped? 

c) According to your model, when will head in the observation well return to its initial state? Is your answer to this question realistic? Comment (briefly) on this. Define a practical way to estimate when head has recovered at the observation well, and give a numerical estimate of the time required for this recovery. 

3. Distance to boundary (25 points)
Background:
A plot is given below for drawdown as a function of time.  Drawdown was measured in an observation well 130 m from the pumping well.  During pumping, an impermeable boundary was encountered.  
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	t (min)
	2.5
	10
	25
	60
	100
	400
	1000
	5000
	10000

	s (m)
	0.04
	0.144
	0.213
	0.279
	0.356
	0.564
	0.702
	0.944
	1.048


Required:

From the plot (or, you can make your own plot using the data provided), determine the distance from the observation well to the image well that would be required by image well theory to simulate the impermeable boundary. Note that you will not be able to get an exact position of the image well, as only one observation well is present, but you can find the distance from the observation well to the image well.

4. Variable Pumping rate (25)
Background: 
A single well is pumping at different rates as shown in the table below.  The thickness of the aquifer is 175 m, the aquifer storativity is 4.69 x 10-4, and the aquifer transmissivity is 0.55 m2/min.  The observation well is 150 m from the pumping well.  The aquifer is confined by non-leaky, low permeability confining units.  Assume the wells are both fully penetrating and screened over the entire aquifer thickness.  
Required: 

Using the idea of superposition, calculate the drawdown over time in the observation well (plot drawdown from 0-24 hours, every 30 minutes). 

	Pumping Rate (m3/min)
	Beginning Time (min)
	Time (hrs)

	3.579
	0
	0

	1.2
	300
	5

	6.13
	540
	9

	2.22
	900
	15

	1.234
	1200
	20
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		5000		1.112		0.9441964338										5000		0.944				5000		0.944

		10000		1.236		1.0484457698										10000		1.048				10000		1.048

		t (min)		s (m)

		2.5		0.04

		10		0.144

		25		0.213

		60		0.279

		100		0.408

		400		0.657

		1000		0.822

		5000		1.112

		10000		1.236





Sheet1

		





Sheet2

		





Sheet3

		





		



Time (m)

s (m)                          .

Drawdown versus Time



		





		






