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INTRODUCTION
The construction of dams and the utilization of reservoirs are very old methods of providing water power, flood control, and irrigation waters by tapping the resources of a river.
The advent of electricity early in this century coupled with the development of engineering techniques and equipment capable of large‑scale construction:

· induced an increase in the number of dams built.

· coupled with a many‑fold increase in the size of these dams and their associated reservoirs.
TRANSP.  (Based on Mathewson, p. 300)

In cross‑section, An earthen dam is a rather simple structure:
This is perhaps the most common and the least expensive of dam designs.

In the basal core of the dam is a large impermeable core (prevent water seepage in a zone of structural weakness and high hydraulic pressure).

At some design point below that core, water is allowed to seep, but the lack of relief through this zone (and horizontal water flow) does not cause sapping or structural weakening of the structure.

The bulk of the dam is made up of fill material (generally sand and gravel) ===> cheap.  

Core does have to extend up all of the way to the top because the hydraulic pressures are not great enough to cause weakening of the structure.

A zone of rip‑rap or other material then provides protection from erosion.

Some of these earth fill dams are enormous is size:

The Kiev Dam (Dneiper River) in USSR is 177,500 feet (33.6 miles) long at its crest, but is only 72 feet high.

Oroville Dam in California is the largest earth fill dam in the U.S. (6800 feet long), but is much higher than its Soviet counterpart (756 feet). 

IMPACT OF DAMS ON STREAM LOAD

Dams are built across streams that are transporting a load ==> bed, suspended, or dissolved.
Except in those streams whose channels are incised into resistant bedrock, the load of a stream is somewhat near its capacity for the given discharge.

A semi‑equilibrium condition therefore exists as the stream approaches the graded condition.

A graded stream is capable of processing all of the load and all of the discharge supplied by its drainage basin without any net erosion of the channel nor net deposition.

The potential effects of dams on rivers (particularly graded rivers) are easy enough to calculate, if one only knows the rules of “Stream Psychology.”
HANDOUT (From Geol. 412 lecture)

Let's look at one example:
The construction of a dam and the reservoir behind it sets a new and higher regional base level for a stream.

As a stream transporting bed and suspended load passes into the still (low‑no velocity) waters of a reservoir, what will happen to the load?

Deposited to form a delta (aggradation ===> channel is built up).

The reservoir gradually becomes infilled with sediment, giving it a limited life dependent on the sediment load being fed into it.

What happens downstream of the dam?
A graded stream that had been processing a certain amount of load in equilibrium is now free of all but its dissolved load component. 

Decrease load ==> Increase velocity ==> Increase discharge ==> Increase channel erosion.

These are the consequences that SHOULD occur to a graded stream upon dam construction.
But do they occur?

Let's look a TWO CASE EXAMPLES
Both involve the Missouri River (“Big Muddy,” a term derived from its large suspended load component).

As you all undoubtedly know, the Missouri River is now heavily‑dammed, and there are few remaining sections of natural water flow left on the river (one is present in North Dakota stretching from below Garrison Dam to approximately Bismarck).

GAVINS POINT DAM

One of the dams on the Missouri is the Gavins Point Dam near Yankton, S.D.
TRANSP.

When this dam was originally conceived, it was to be built just above the mouth of the Niobrara River (a river which carries a tremendous suspended load).

Politicians downstream at Yankton, however, coerced the Corps into building it near their town (65 km east of its original site).  

As expected, the dam prevented the normal distribution of silt away from the mouth of the Niobrara, but the build‑up of the delta at Niobrara was far more rapid than originally anticipated.  

This rise in river channel had caused the water table of this village to likewise rise.

Basements are now susceptible year‑round to flooding.

Hundreds of cottonwood trees have rotted and died.

Mosquito‑breeding swamps are present where fields of corn once grew.

The Corps has given the people of this village three choices: 

1.
Move.

2.
Move the village.

3.
Build a high dike encircling the village.

Reluctantly, the villagers have chosen to have Niobrara moved.

The village is being moved to less fertile upland.

Cost of move: $15 million (dam originally cost $57 million).

Plus cost of livelihood, land quality, heritage, and disruption of a formerly‑tranquil life.

                                 (Griggs & Gilchrist, p. 303‑)

GARRISON DAM

Let's examine another example: this one being Garrison Dam, although we could utilize any of the Missouri River dams.
Water released from Garrison is relieved of its sediment load and thus is flowing at high velocity.

In regions of a bedrock‑controlled stream, this would present no problem but along the middle Missouri the stream is underlain by alluvial or glacial deposits.

Increased velocities of water are causing excessive bank erosion along the stretches just below the dam.

The bed, itself, is also undergoing degradation (below the dam over the 32 years since dam closing (1953), the bed has degraded by 1.7 m (USGS Prof. Paper 1286, Table 6)

This sediment is brought temporarily into suspension and then (as velocity drops downstream) is deposited as a series of developing sand bars.

The Missouri, which used to have only a minor series of sand bars along its length, now in places in approaching a braided stream in appearance. 

As these bars develop, vegetation quickly develops on them ==> stabilizing these features as landforms.

In time, vegetation blocks part of the channel, resulting in: 
*  reduced channel conveyance.

*  faster flow velocities along the thalweg.

*  as channel conveyance is reduced, the susceptibility to overbank flooding is increased.

                      (USGS Prof. Paper 1286, p. 55‑56).

THE ASWAN DAM
The construction of the Aswan Dam on the upper Nile River in Egypt is an excellent example of the incompletely understood direct and indirect consequences of the construction of a large dam.
When it completed by the Soviets in 1967, it was expected: 
1.  The dam would conserve and control the fertile waters of the Nile.

2.  Provide hydroelectric power in quantities that would promote rapid industrialization.

If we examine the condition of the Nile River before the time of dam construction, we find that the floods along the upper Nile (while an annoyance) served some important functions:
1.  They flushed away salts from the soil that would otherwise choke plant life.

2.  They left behind a new layer of fertile soil (no addition of fertilizer needed).

3. They swept away snails that carried schistosome larvae (cause a debilitating and often fatal intestinal disease).

Since the completion of the dam:

1. Flooding no longer occurs below the dam.

Fertilizer needed.

Schistosomiasis rampant from Cairo to Alexandria.

2. Suspended load is trapped above the dam.

Water velocities below the dam have increased ==> channel scour. 

To prevent channel scour, the construction of ten barrier dams at a cost of $250 million has been proposed.

The delta (which used to be in equilibrium in position) is now no longer receiving sediments ==> erosion, some sections as much as 2 m per year.

3.  The marine food chain of the eastern Mediterranean has been broken due to the loss of nutrients.

Sardines, mackeral, and crustaceans are no longer present ==> approximately 30,000 Egyptian fishermen have lost their livelihood.

4. After completion of the dam in 1967, the dam was expected to reach a full condition by 1970.  By 1980, the reservoir was still only half full.

Suspect a major leakage downward into the porous sandstones of the Nubian Fm.

Much (50%) higher‑than‑predicted evaporation rates (the high‑wind factor had never been entered into the calculations).

5.  Irrigation canals generally successful.

But dumping grounds for sewage.

Breeding grounds for snails associated with schistosome larvae.
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