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GROUNDWATER
In Math Problems, show all work.
Introduction. In many places, people obtain their water from the ground. The total ground water reservoir on Earth is some 8(10)6 km3, which far exceeds the capacity of all the world's rivers and lakes combined. This ground water is largely confined to the small spaces between grains of soil or in the small cracks in the rocks. Near the surface these spaces are only partly filled with water and partly filled with air. This zone is known as the vadose zone or the zone of aeration. Below a level known as the water table, all the pore spaces are filled with water.

Porosity is the percentage of the total rock volume that can be occupied by water. Thus if a column of rock 1 meter high has a porosity of P=.4 that means that if all the water were removed it would be a column .4 m high. Generally, the porosity of soils is about 20-40% and decreases with depth in the soil or earth!

A rock filled to its porosity is just like a soaked sponge. When the sponge is allowed to drip, it will not give up all its water. The percentage of water that can drip off by the action of gravity is known as the specific yield, Sy. Generally the specific yield of rock and soil is about 10-20%. When the soil or rock has dripped all it can the amount of water remaining is known as the field capacity. This water is held by capillary action, which increases as grain size decreases. At the field capacity plant roots can still extract some of the remaining water. Plants can extract ground water until it reaches a point known as the wilting point. For most soils except the finest clays, water volume percentage at the wilting point is somewhat less than 10%.

In a confined aquifer water cannot drip off so the available water is due to the compressibility of the rock and water layer, and is much less than the specific yield. The relevant quantity is then the Storativity, S, or the volume of water extracted from an aquifer per unit area and unit lowering of the head or the water table. S is typically 10-3 and 10-5 for a confined aquifer but equals specific yield, Sy for an unconfined aquifer.

When water flows through the ground, the soil or rock is permeable. Most soils (except fine clays) and some rocks such as sandstone are permeable to some degree. Crystalline rocks such as granite are virtually impermeable unless riddled with joints and cracks. Permeable rocks are called aquifers while impermeable rocks are called aquitards.

Permeable soils and rocks have a high hydraulic conductivity, K. The hydraulic conductivity of different rocks and soils is highly variable. In general, the coarser the grains and the larger the cracks in the rocks the larger the value of K, which can range from 10-1 or higher in coarse gravel to less than 10-9 in fine clays and granite.

Many sedimentary rocks often are layered in such a manner that aquifers are confined between impermeable rock layers. Such layers are known as confined aquifers. Quite often it is necessary to drill a well through an impermeable layer to reach the aquifer. On occasion the pressure or head in the aquifer is so large that its water will rise and flow out on the surface once the impermeable layer has been penetrated. This is known as an artesian well.

The basic law of ground water flow is Darcy's equation,
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where,

q is the discharge or flow rate

A is the cross sectional area

K is the hydraulic conductivity

h is the head or the height of the free water table.

Darcy's equation states that the rate of water flow is proportional to the slope of the water table, and water flows from points where the water table is higher to where it is lower. Water will generally flow downslope, but in cases where water is confined it may actually flow upwards.

The form of Darcy's equation is identical to the form of the classical heat conduction equation, and many of its solutions have been borrowed directly from solutions to heat conduction problems.

The flow per unit width in a confined aquifer of thickness, H is,
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Because the product, KH appears so often, it is frequently combined into a single term, T(KH, or transmissibility. (Spelling this word correctly gives an extra 20% on hydrology exams.) T is the volume discharge per unit width of aquifer when the slope of the head, (h/(x=1.

The speed of the moving water in the ground for a given discharge varies inversely with the porosity. Since the volume of ground water dVw equals the volume of rock times the porosity, or, PdV we have after dividing by the time interval, dt,
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Solving for the velocity, v yields,
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When water is drawn from the ground it depresses the water table. The amount of water dVw that can be obtained is the volume of rock or soil, dV multiplied by the storativity, S. Once again, dividing by the time interval and noting that now dV=Abasedh, we get,
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Because both S<1 and P<1, water moves faster through the ground and the water table changes somewhat faster than might be expected.
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In Math Problems, show all work.
1. Calculate the hydraulic conductivity, K for an unconfined aquifer with bottom at h = 0 where two piezometers 40 meters apart record heads (or water table heights), h1=50 m and h2 = 35 m. The discharge, q/L = 0.01 m3s-1/m is uniform and flows from h1 to h2.

K = _______

2. A confined aquifer 50 m thick with hydraulic conductivity, K = 10-3 and head with slope (h/(x = 0.1 empties into a river 1 km long. Find the contribution of ground water flow into the river.

qBase = ________ m3 s-1
3. Find the total and available volume of water (to a well) in an aquifer 100 m thick with an area of 1 km2 if porosity, P = 0.4 and specific yield, Sy = 0.15.

Vtot = _______ m3



VAvail = _______ m3
4. Calculate how long water in the aquifer of problem 3 would last if it is not replenished and if it is pumped at the rate, q = 0.01 m3 s-1
dt = __________ s

5. If 2 cm of rain falls but 0.8 cm runs off on the surface, calculate the rise of the water table if the specific yield, Sy = 0.2 and the soil was at field capacity.

z = ________ m

6. Find the rate of change of height of the water table, (h/(t, in a rectangular area (x = 200 m long and (y = 100 m wide of an unconfined aquifer with bottom at h = 0 if the water table has a height H = 35 m on the left side and H = 20 m on the right and the slope of the water table (h/(x = -.25 on the left and (h/(x = -.10 on the right. Assume the porosity is P = 0.25, specific yield, Sy = 0.15 and hydraulic conductivity, K = 10-4. To do this you must calculate the discharge at the left (inflow) and right (outflow) sides of the aquifer, take the difference to find the volume accumulation rate and divide by the surface area of the region. 

(h/(t = ___________ m s-1
In this problem, the width, y of the region is irrelevant. Explain.

7. Find the speed of water moving through an aquifer with K = 10-5 and porosity, P = 0.4 if the slope of the water table, (h/(x = 1.

v = _________ m s-1
8. Observations show that the total length of all tributaries is related to the watershed's area by,
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where the length is in km and the area in km2. If the same unconfined aquifer as in Problem 7 empties into all the tributaries in an area, A = 100 km2, find the total length of the tributaries, and the total base flow that will result. Assume the aquifer is H = 35 m thick. 

L = ______

qBase = ________ m3 s-1
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