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United States Environmental Protection Agency
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Environmental Protection Agency

Geologic Survey
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Health Department

Water Department

Ground Water Management District

Soil and Water Conservation District

Planning Commission

Universities

The following organizations may be able to furnish

information regarding technical consultants:


American institute of Professional Geologists (AIPG)


RO. BOX 957


Golden. CO 80401


(303) 279-0026



Association of Engineering Geologists (AEG)



8310 San Fernando Way



Dallas, TX 75218



(214) 321-1061


National Society of Professional Engineer (NSPE)


2029 K Street, N.W.


Washington. D.C. Zoo06


(202) 4632300



National Water Well Association ( N W )



500 W. Wilson Bridge Road



Worthington, OH 43085



(614) 8469355

Figure 9-5. Sources for information, guidance, and technical consultants.

Epilogue

“Well, you can’t expect to play golf twice a year and expect to he any good at it!”, Mike Kenton said to himself as he watched his hall slice off the fairway and into the rough. He remembered back in May what a great summer he thought it would he for improving his golf game. Somehow though he had gotten all caught up in the “contamination craze” as they referred to it down at the office and his second game of golf didn’t come until now, early September. By now he really didn’t even want to play that much, hut something he couldn’t explain had drawn him out. All summer long he had felt a strange pull from this area. He had driven by the golf course, just a mile or so away from Kuma Estates, so many times while trying to put together clues about the well contamination. He had even considered the golf course as the possible source of contaminants because of all the chemicals they must use to keep the place looking so good. He had checked a soil map of the area, however, and had found that the course was located right on top of a clay-rich soil overlying glacial till. The source of contaminants had to be in a place where there was rapid access to the aquifer below-the golf course wasn’t the place.

All the information he had acquired had pointed to this side of town being the source of Contamination. He was the first to admit that he had become consumed with finding the source of contamination in Kuma Estates. At times be felt like a TV detective unravelling a mysterious murder. Outside of learning a great deal about ground water, however, all his efforts had been fruitless. Here it was September and still nothing. The past month had been incredibly dry which didn’t help. The contaminant concentrations in Kuma Estates seemed to rise to detectable limits only after it rained.

Sure, there was contamination coming from the Kuma County Incinerator and Landfill and from Erinakis Scrap Lead, but it wasn’t affecting this side of town. Monitoring around those sites had defined contaminant plumes migrating along the center of the buried valley. Modeling had also shown that a leachate plume from the landfill was moving toward the Jefferson City Municipal well fields at a high rate. Low concentrations of some substances were already being found in a few of those wells. If something wasn’t done to remedy the situation, the major portion of the plume could arrive in a year or two. Jefferson City was luckier with the Erinakis Scrap Lead contamination. It was moving south and away from the City and probably into someone else’s back yard.

Anyway, Kenton had tried to put all this contamination business out of his head for the day. His anxiety level had not gone down much though. He was not only playing a lousy game of golf, hut he was being beaten unmercifully by his partner, Carin Stevens. He had seen her a few times since the fair and had asked her to join him. He thought this would be a good excuse to spend some time with her under the guise of showing her a few of the finer points of the game. He was wrong on both counts. He hardly got to see her at all; she was always far ahead of him on the fairway and he was always looking for his ball in the woods!

Eventually he caught up with Carin on the tee of the 16th hole. She drove the hall long and hard, straight down the center of the fairway. He couldn’t get over how hard she could hit the hall! He teed his hall up and tried to clear his mind of all extraneous thoughts. Somewhere at the peak of his upswing-out of nowhere-the word, “transmissivity”, popped into his head. His ball sailed off into the woods to the right of the fairway. Trying to cover his embarrassment with a little humor, he told Carin he’d meet her at the 19th hole and walked off in the direction of his hall.

He found it a few minutes later in a low spot in the woods about 50 yards off the fairway. As he eyed-up his shot he looked off to the right and saw something he’d never noticed before. It was a couple of sheds which were surrounded with all kinds of equipment: lawnmowers, garden tractors, a couple of spray rigs, and numerous barrels. “Must be the greens keeper sheds,” he said to himself as he put his concentration back on the ball in front of him. He reeled back and then suddenly at the top of his stroke, a question came to him. “Barrels of what?” Aborting his swing, he looked hack at the sheds again. Suddenly he reverted to Mike Kenton-Ground Water Detective!

He needed a closer look, hut didn’t want to draw too much attention to himself or seem like a snoop. He glanced around to see if anyone was watching, then picked up his hall and flung it toward the shed. It landed a few yards to the right and a little beyond. He walked past the equipment and a row of hedges acting like he was looking for his ball. As he came around the corner of one of the sheds, he saw something he simply couldn’t believe-a miniature dump! Strewn all about in an area just a few yards square were dozens of drums and cans-some empty and some open and partially filled. There were old containers of paint, gas and oil, engine degreasers, and herbicides and lawn chemicals with names Kenton couldn’t even pronounce. A hose led from the building over to the edge of the mess where there was a low spot with no grass growing. The ground was stained and saturated with what looked like oil. “This must he where someone rinses off the mowing and spraying equipment,” Mike thought. Looking a bit closer, Kenton saw a piece of old clay tile sticking out of the ground. This is what he had been looking for!

Needless to say Kenton finished the last two holes under par, made a date with Carin for the following Saturday night, and was hack at the office within the hour. Remembering that little piece of clay tile, he went to an old filing cabinet in the back room. He rummaged through file after file dating back to the late 1930’s and early 40’s. Finally he pulled out a tile that contained a very interesting map. It was a map of a farm owned by Hiram Jefferson, great-grandson of Finneus Jefferson, founder of Jefferson City. Back in 1939 he had installed several drainage tiles on his land and this map showed where they were. The interesting thing was that this farm was eventually sold and made into the Kuma View Golf Course.

He went to another file cabinet and pulled out another map which showed the layout of the golf course. He compared the two maps and at that moment, things became crystal clear. The drainage plan showed the location of clay tile traversing the right side of the 16th fairway and going right beside the area where the greenkeeper’s shed was. Following it on down, he found that this tile emptied into a surface drainage ditch about three quarters of a mile away in-you guessed it-Kuma Estates!

Pulling out his soil and glacial geology maps, Mike checked the materials in the Kuma Estates area. Sure enough, a major portion of the development was located over a zone of sand and gravel representing a buried channel of some kind connected to the main buried valley. The drainage ditch was located right on top of these deposits and ran right by the Johnson residence as well as the other homes, which had experienced contaminated well water earlier in the season.

He had put it all together. Chemicals being washed off the equipment, rinsed from containers, and maybe even just duoiped out on the ground out at the golf course, were entering this tile. The tile was dry most of the time, but when it rained these substances were being flushed through and carried to the drainage ditch a mile away. There they quickly infiltrated into the sand and gravel below and entered the wells, many of which were located right beside the ditch. People who were pumping a great deal of water for watering their lawns and gardens were inducing infiltration from this ditch. Kenton made a quick sketch of the scene which is shown in Figure E-1.

Feeling like he’d just rung the bell at the Kuma County Fair, Kenton leaned hack in his chair and relaxed. He thought about how incredible it was that something as simple as an old farm tile appeared to he the key to the whole problem. Who would have thought that someone at the golf course could be so careless as to simply be indiscriminately dumping or rinsing potentially hazardous chemicals onto the ground. It was a case of an old forgotten land use colliding with a poorly managed new one.

Now it was a matter of reporting the situation to the conservation district supervisors who could then advise him on what to do next. Most likely the proper regulatory authorities would first be contacted, some samples would then be collected and analyzed and a technical consultant would need to study and verify Kenton’s findings. Once that was done the wheels could be put in motion to get the problem remedied.

It had been a long summer indeed, but Kenton’s persistence in the matter had paid off. He could always work on his golf game next spring. Putting his feet up on his desk and looking out the window, he saw Stanley Fiori drive by in his pickup heading for his drill rig up near the landfill. Kenton realized that although a single battle had just been won, the war was far from over. . . .
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Glossary

(An additional glossary is available under separate cover)

Adsorption-the process by which ions from an aqueous solution are attracted to and adhere to solid mineral surfaces.

Aeolian aquifer-an aquifer composed of materials transported and deposited by the wind.

Aerobic-living or occurring only in the presence of oxygen.

Alluvial aquifer-an aquifer composed of sediments deposited by flowing water in rivers and streams along channels and floodplains. Sometimes also referred to as fluvial materials.

Anaerobic-able to live or occur in oxygen-free conditions.

Anisotropic aquifer-an aquifer in which the magnitude of hydraulic conductivity varies with direction.

Aquifer-a soil or rock formation which is capable of storing and transmitting a usable amount of ground water to the surface.

Aquiclude-a layer or zone unable to yield water.

Aquitard-localized lens or layer in a formation which is very slowly permeable and hinders the free movement of water.

Attenuation-the process by which the concentration of a pollutant or contaminant decreases or is removed from solution as it moves through an aquifer medium.

Baseflow-the ground water Contribution of stream flow

Braided stream-a stream flowing in several dividing and reuniting channels.

Buried valley-a pre-existing bedrock valley which has been left buried under unconsolidated glacial deposits

Capillary fringe-the transitional zone between the saturated and unsaturated zone where the pore spaces are partly filled with water.

Columnar joints-joints which form polygonal or hexagonal columns in igneous rock as a result of contraction during the cooling process.

Cone of depression-the drawndown potentiometric surface surrounding a well or well field

Confined aquifer-an aquifer where the water table is separated from the atmosphere by an impermeable layer of material. Also called an artesian aquifer.

Contact spring-a type of spring which usually occurs where a mass of permeable rock or unconsolidated material overlies another mass of impermeable material.

Contaminant-any solute or potential pollutant which is introduced into or activated within an aquifer and which reaches an objectionable level.

Denitrification-the principal process by which nitrogen is removed from effluent and given off as gaseous nitrous oxide or elemental nitrogen.

Depression spring-a type of spring which occurs where the topography actually dips below the main water table forming marshes or small ponds.

Depression storage-runoff water that becomes trapped in puddles.

Diagenesis-the process by which unconsolidated sediments are physically and chemically altered to form consolidated rock.

Drawdown-the drop in the water table in the vicinity of the well upon pumping

Drift-unsorted unconsolidated sediments deposited directly from glaciers. Includes till plains, kames and moraines.

Eftluent stream-a stream which gains ground water. The baseflow contribution of the streamflow increases as one moves further downstream. Also referred to as a gaining stream.

Elevation head-the fluid pressure measured at point above a datum (usually sea level)

Equipotential line-a line which connects points of equal hydraulic head in a ground water flow field. Analagous to the contour line in the representation of topographic elevation.

Evaporation-the process by which water passes from the liquid to vapor phase

Evapotranspiration-the sum of evaporation and transpiration.

Fault spring-a type of spring which may originate where rocks are faulted.

Field capacity-the maximum amount of water that can be held in unsaturated soil pores against the force of gravity.

Flowing conditions-confining conditions which result in the potentiometric surface being above the land surface Ground water flows freely out onto the land surface.

Flow net-a graphical representation frequently used to illustrate ground water flow in the vicinity of a well.

Ground moraine-a sheet of glacial till deposited as a veneer of low relief over a pre-existing topography.

Ground water-the water found below the surface of the earth which fills the pores, voids and fractures within soil and rock.

Hazardous waste-any flammable, corrosive, explosive or toxic waste that may cause or contribute to serious illness or death or that may pose a substantial threat to human health or the environment when improperly managed.

Heterogeneous aquifer-an aquifer in which the hydraulic conductivity varies with respect to position.

Homogeneous aquifer-an aquifer in which the hydraulic conductivity is constant regardless of position.

Hydraulic conductivity (K)-the rate at which water can move through a permeable medium. It is measured in velocity units of length over time and is sometimes referred to as the coefficient of permeability.

Hydrodynamic dispersion-the process by which a solute or contaminant is diluted as it moves through an aquifer.

Hydraulic gradient-the change in hydraulic head over a particular distance in a given direction

Hydraulic head-the sum of the elevation head and the pressure head.

Hydrogeology-the study of ground water and its relationship to the geologic environment.

Hydrograph-the basic graphical method used to show the discharge of a stream or river at a certain location with time.

Hydrologic cycle-The series of pathways the earth’s water may take on its journey from the sea to the atmosphere to the land and ultimately back to the sea.

Hydrologic equation-an equation which expresses the inflow and outflow relationships of the various elements of the hydrologic cycle for a particular region. Also called a water budget equation.

Igneous rock-rock formed from the cooling and solidification of magma.

Infiltration-the movement of water into and through a soil.

Infiltrative capacity-the maximum rate at which infiltration can occur under specific soil moisture conditions.

Influent stream-a stream which loses water to the ground water zone resulting in less water in the channel as one moves downstream. Also called a losing stream.

Interstitial water-the water in the vadose zone above the water table. Also called soil water

Isotropic aquifer-an aquifer in which the magnitude of hydraulic conductivity is equal in all directions

Kame-a low steep sided hill of stratified drift, formed in contact with glacial ice.

Karst-Irregular topography developed by the solution of carbonate rock by surface water and ground water.

Lacustrine aquifer-aquifers composed of sediments deposited in lake environments.

Landfill-a diposal site in the land for waste material.

Leachate-the substance that results when a liquid percolates through waste material and extracts dissolved or suspended material from it.

Linear source-contamination which occurs in a linear pattern, such as along highways, pipelines etc.

Loading rate-the rate of application of septic tank effluent on the leach field.

Loess-a post-glacial deposit resulting from wind-blown clouds of silt and dust.

Longitudinal dispersion-the dispersion of a solute parallel to the direction of ground water flow

Magma-molten silicate minerals beneath the earth‘s surface.

Metamorphic rock-rock formed from pre-existing rock as a result of high pressure and/or temperature.

Moraine-an accumulation of glacial drift deposited along the wasting edges of glacial ice.

Nan-point source-contamination of a regional or a real extent resulting from largely undefined sources

Outwash-well-sorted sands and gravels transported and deposited by glacial melt water

Overdraft-depletion of ground water quantity which generally occurs when production exceeds recharge. The resource is not being replaced within any resonable period of time. Sometimes referred to as the “mining” of ground water.

Overland flow-a thin sheet of water that moves across the land surface

Perched water table-a layer of saturated soil above the main water table.

Percolation capacity-the rate at which septic system effluent can be transmitted through the soil

Permeability-the measurement of an aquifer’s ability to transmit or yield water.

Phreatic zone-the zone below the ground surface in which all the pore spaces are filled with water. Also called the saturated zone.

Phreatopytes-plants with deep tap-root systems that extend below the water table and are capable of transpiring enormous quantities of water back into the atmosphere. Common phreatopytes include willow, cottonwood, saltgrass and mesquite.

Piezometer-an open pipe which is used to measure the elevation of the water table or potentiometric surface

Plume-a volume of ground water with a high concentration of a certain solute or contaminant which may be absent or in significantly lower concentration in the surrounding ground water.

Point source-A source of contamination which is localized and releases potential pollutants from a single definable location.

Porosity-The percentage of the total volume of material which is void space.

Potentiometric surface-the level to which the water rises in a well. The water table is the potentiometric surface for an unconfined aquifer.

Precipitation-the process by which water vapor condenses into the atmosphere or onto a land surface in the form of rain, sleet, snow or dew.

Pressure head-the pressure exerted by the column of water between the point of measurement and the level to which the water rises in a well.

Primary porosity-the original void space existing within a soil or rock matrix.

Recharge-water entering the saturated zone either directly from the unsaturated zone or indirectly from a surface body of water.

Runoff-the surface contribution of stream flow.

Safe yield-the amount of ground water which can be continually produced from an aquifer, economically, and legally,

without having any adverse effect on the ground water resource or the surrounding environment.

Secondary porosity-porosity occurring as a result of weathering, solutioning, fracturing, etc., after the initial formation or depositon of a soil or rock formation.

Sinkhole-a depression in the earth’s surface formed from the solution of underlying carbonate rock or other soluble material.

Specific yield (Sy)-the volume of water drained from storage in an unconfined aquifer, under gravity per unit area per unit decline in head. Specific yield is analogous to the storage coefficient in a confined aquifer.

Steady-state flow-conditions where ground water flow is constant. The rate of recharge to the system equals the amount of discharge.

Storage-the net amount of ground water present in an aquifer at a given point in time

Storage coefficient (S)-The amount of water released from storage in an aquifer of constant thickness per unit area per unit decline in the head

Stream flow-the amount of water traveling along a particular surface drainage route. Streamflow has two major components: runoff and baseflow

Till-an unsorted mixture of clay, silt, gravel, sand and boulders deposited directly from the wasting surfaces of glacial ice.

Transient flow-conditions where ground water flow changes with time. An imbalance between recharge and discharge.

Transmissivity (T)-the rate of flow in gallons per minute through a vertical section one foot wide and extending the full saturated height of an aquifer under a hydraulic gradient of one. The product of the hydraulic conductivity and the saturated thickness of an aquifer. Expressed numerically in units of length squared over time.

Transpiration-the process by which plants give off water vapor through their leaf surfaces.

Transverse dispersion-the dipersion of a solute in a direction perpendicular to the direction of ground water flow

Unconfined aquifer-an aquifer where the water table is exposed to the atmosphere through a series of interconnected openings in the overlying permeable material. Also called a water table aquifer.

Vadnse zone-the zone below the ground surface in which the pore spaces are only partially filled with water. Also called the unsaturated zone.

Valley train deposits-outwash materials deposited in valleys along major drainage routes

Water table-the top surface of the zone of saturation

Xerophytes-plants with shallow root systems such as cactus which are found in arid and drought-prone climates and are especially adapted to minimize transpiration loss.

Zone of influence-the area of an aquifer that is affected by a pumping well or the area in which groundwater is `1actually flowing towards the well.
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