HYDROLOGY and HYDROGEOLOGY

· HYDROLOGY
 the study of water.  Hydrology addresses the occurrence, distribution, movement, and chemistry of ALL waters of the earth.

· HYDROGEOLOGY: 
includes the study of the interrelationship of geologic materials and processes with water, i.e., study of groundwater in terms of: origin, movement, and development and management of water resources. Deals with geologic aspects of groundwater.

More comprehensive definition (Domenico and Schwartz, 1990): it is "the study of the laws governing the movement of subterranean water, the mechanical, chemical, and thermal interaction of this water with the porous solid, and the transport of energy and chemical constituents by the flow".

Geohydrology: more of an engineering term dealing with subsurface fluid hydraulics and fluid flow.

· Scope Of Hydrogeology 
A. Physical hydrogeology

1. Exploration: identification of major water bearing units (aquifer delineation)

2. Development: design and construction of wells, requires understanding of well hydraulics

3. Inventory: quantification of the resource

4. Management: maintain sustainability and balancing different demands

B. Chemical hydrogeology 

1. chemistry and transport of contaminants

2. chemical characteristics of groundwater 

3. chemical evolution along flow paths

C. Groundwater in engineering applications and other earth sciences: subsidence, sinkholes, earthquakes, mineral deposits etc.

D. Mathematical hydrogeology: an approximation of our understanding of the physical system.

Historical Development of Hydrogeology

1. Physical hydrogeology before the early 1940's
· Henry Darcy (1856) performed an experiment that resulted in a law that described the motion of groundwater.

· T. Chamberlin (1885) did some work that described water occurrence and flow under "artesian" conditions.

· Using the above findings, and some crude exploration techniques, hydrogeologists were mostly involved in delineating the major water-yielding formations and in making important measurements of the distribution of hydraulic head within them around the turn of the century.

· The emphasis in this period was on exploration and understanding the occurrence of groundwater and its interrelationship with other components of the hydrologic cycle.

· There was some abstract thinking during this period:

· Slichter (1899) did original theoretical work on the flow of groundwater; he was ahead of his time.

· King (1899) provided some calculations to support his field findings.

· In 1923, Meinzer published his book on the occurrence of groundwater in the United States.  In this book, the major water-yielding formations were described.

· Exploration stage was completed (in US), aquifers were being developed, and the emphasis turned to inventory (water balance).

· As a result of this trend, one major theoretical finding was made by Meinzer (1928) as a result of his work on the Dakota sandstone: in his inventory, it seemed that more water was pumped from a region than could be accounted for; that is the inventory could not be closed.  Meinzer attributed that to the elastic behavior of the water-bearing formation and this elastic behavior played an important role in the manner in which water is removed from storage.

· In 1935, C.V. Theis, with the help of a mathematician named C. I. Lubin, recognized an analogy between the flow of heat and the flow of water in porous media.  Heat flow was already mathematically sophisticated.  Using this analogy, Theis presented a solution that described the transient behavior of water levels in the vicinity of a pumping well.  The impact of this development was great on hydrogeologists who were totally committed to studying the response of groundwater basins to pumping for water supply.  For this work, Theis was awarded the Horton medal in 1984.

· In 1940 two major contributions were made.

· Hubbert (1940) published his detailed work on the theory of groundwater flow in large geologic basins.

· Jacob (1940) derived a differential equation that described fluid flow (without analogy to heat flow equation).

· For about two decades after that, transient flow of water to wells was the mainstream in hydrogeology, with the main players being Theis, Jacob, Hantush, and several of Hantush's students.

· Although over 95% of all hydrogeologists are still alive and still working, it is unlikely that such an era as occurred from 1935 to about 1960 will ever repeat itself.

2. Chemical Hydrogeology before 1960's

· No early guidance such as that provided by Darcy, Chamberlin, and the early field workers to physical hydrogeology.

· An evolutionary phase in chemical hydrogeology started near the turn of the twentieth century and ended sometime during the late 1950's.

· Graphical procedures to interpret water chemical analysis were developed, and are still used (e.g., Piper, 1944; Stiff, 1950).

· Chebotarev (1955) and Back (1960) did important studies on the chemical evolution of groundwater with position in groundwater flow.

· Early effort on the chemical side of hydrogeology was directed at determining water quality and fitness for use for municipal and agricultural purposes.

· The first extensive guidance to the working chemical hydrogeologist (hydrogeochemist) was provided by Hem's (1959) treatment on the study and interpretation of the chemical character of natural waters.

· Early part of 1960 decade marked the unification of divergent interests of previous 50 years.  Garrels (1960) book focused on the equilibrium approach in chemical thermodynamics.

· After that, the main focus shifted to understanding regional geochemical processes in carefully conducted field investigations.

Post-1960 Hydrogeology
· Three factors responsible for development in hydrogeology after 1960's.

·  Technological: development and accessibility of high-speed computers.

· Two institutional: 

· A. the effort to develop alternative energy source following 1973 oil embargo. Initiated interest of hydrogeologists in heat flow and geothermal energy.

· B. U.S. federal environmental laws during 60's and 70's. e.g., the Clean Water Act, the Clean Water Act, the Clean Air Act, the Clean Drinking Water Act, the Surface Mining Act.

Clean water act, for example made funds available for treatment of sewage disposed of in surface waters > cleanup of polluted rivers.

Most related to groundwater is the 1976 Resources Conservation and Recovery Act (RCRA): mainly a groundwater protection act.

Purpose: to manage solid hazardous waste from time it is produced to its ultimate disposal. This lead to monitoring waste disposal facilities> revealed extent of groundwater contamination throughout land.  This led to Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) in 1980, known as the "SUPERFUND" for cleanup. As a result, hydrogeologists are and will be involved with the fate and transport of contaminants in the subsurface for many years to come.

The attempt to study fate and transport of mass in groundwater flow leads to studying thermodynamic information regarding equilibrium between the different phases.  Therefore, a serious bonding had to take place between physical and chemical hydrogeology.  Study of modern hydrogeology must involve training in mass transport and reactions in groundwater.
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