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A Groundwater Primer

Because the existence; origin, movement and
course of such water @nd causes which govern
and direct their movements, are so secret, occult
and concealed . . . an attempt to administer any
set of legal rules in respect to them would be
Invelved in hopelesstuneertainty, and woeuld,
therefore, be practically impossible.

Houston & T.C. Ry. Ca. v. East
81 S.W. 279 (Tex. Sup. Ct. 1904)
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The Basics




The Basics

o
The Outline

\What iIs Groundwater?

sBasic Geology in Central Oklahoma

. Water Quantity
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Groundwater in Oklahoma comes from the Rocky Mountains
Artesian water comes from the North Pole

Underground streams can be found by dowsing
Groundwater is always superior to tap water

Bottled water is always superior to anything

The aquifer is going dry
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“It has become a sarcastic proverb that a thing must be true if you saw it in a
newspaper.” — Mark Twain
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Common Misconceptions




A Groundwater Primer

"Everything should be as
simple as possible, but not
simpler.” — Albert Einstein
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Hydrologic Cycle
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Think of an Aquifer as a Sponge
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Cone of Depression

Every well affects the area around it by ™
drawing down the static water level. This
change in the static water level Is some-
times called the “cone of depression™.

CONE OF DEPRESSION ]
The size and shape of these cones are

dependant on several physical parameters
i th% aquifer, including transmissivity,
e, rate of pumping, and duration of

pumping.
N

Knowing these physical parameters of the aquifer, one can calculate the
Impact of a well on an aquifer, using the formula:
o 1146 Q W(u)




MAJOR BEDROCK AQUIFERS
|__| Ogallala Formation

[ Antlers Sandstone

[ Elk City Sandstone

.| Rush Springs Sandstone

=] Blaine Formation

I Garber Sandstone-Wellington Formation
— Oscar Formation

B vamoosa Formation

Bl Arbuckle-Timbered Hills Group
.| Simpson-Arbuckle Group

25 Roubidoux Formation

W Boone Formation

] Cedar Hills Sandstone

POTENTIAL MAJOR BEDROCK AQUIFERS
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I Noxie Sandstone
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Alluvial Aquifers

ALLUVIAL AND TERRACE AQUIFERS

[ af the Salt Fork of the Arkansas River
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The Basics

BASIC HYDROGEOL@G) IN CENTRAL OKLAHOMA
ROCK HYDRAULIC WATER

ROCK NAME TYPE SY’ﬁTfI\/I QUANTITY WATER QUALITY
GARBER Porous | Calcium
SANDSTONE Sandstone Aquifer 250 gpm Bicarbonate, Metals

Sodium
Bicarbonate, Nitrate
500 gpm Issues

- QUATERNARY  Porous
ALLUVIUM Sandstone A

: Sodium
HENNESSEY Tight Fracture Bicarbonate, Gyp
SHALE Shale Porosity 100 gpm  Water

DUNCAN Tight Fract
SANDSTONE Sandstone Poro

100 gpm ? Sodium Bicarbonate

r Y
ity
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A Groundwater Primer

CONES OF DEPRESSION IN A LAYERED AQUIFER

SANDSTONE

L

The GW aquifer is layered — many deeper wells may encounter six or seven separate
sands, all with different water quality. The sands are isolated from each other by

- nearly impermeable shales. Therefore, water producing from deep wells will not have
any impact on shallow domestic wells.
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How Much Water, Really?

Approximate Area =
Average Saturated Thickness =
Average Porosity =

These are conservative numbers....

GW AQUIFER
6 TRILLION
GALLONS

1500 sq miles 41,817,600,000 sq ft
200 feet 200 ft
10 percent 0.1
836,352,000,000 cf
6,256,749,312,000 gallons!

Lake Thunderbird is 34,000,000,000 gallons

184 Lake Thunderbirds

Lake Thunderbird
34 billion gallons
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Groundwater in Central Oklahoma

Power
4.9%

Recreational
1.0%

Commercial

Municipal
5.7%

Agricultural 57.7%

28.1%

Industrial
2.6%

] AHNUAL
Permitted TOTAL
Use

in Millions of
COUNTY Municipal Indugtrial Agricultural Commercial Recreational P ower Gallong

Canadian 1 431 B2 13 571 108 287 3,451 19517
Cleveland 14,445 215 3,707 2 501 a4 18 20,973
503 1,061 43,525
93,923

Oklahom a 34,253 1 AT 3 468 2742
TOTAL 2 455 26 371 5 351 927 4,580
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Where is the Garber-Wellington Aquifer?

— AL — —
1 Garber-Wellington Aquifer
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Aquifer
1989-20083

Drilling on the




Generalized Surface Geology

LOGAN COUNT UNIT NAME LITHOLDGY

- .

HEMMESSEY SHALE

\ 0003 REC HARGE
SAND

CAMADIAN COUNTY
GARBER SAMNDSTOME

- T

WELLINGTOMN FORMATION  SHALY SAND

GEMERALIZED SURFACE GEOQOLOGY
30 MILES

GARBER-WELLINGTON AQUIFER
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Block Diagram Showing Westward Dip

SHALY

| AN |

DUNCAN SANDSTONE
AND LATER FORMATIONS

HENNESSEY SHALE

SAND

GARBER SANDSTONE

WELLINGTON FORMATION

OSCAR & EARLIER
FORMATIONS

PERMIAN BEDROCK UNITS IN CENTRAL OKLAHOMA
DIP APPROXIMATELY 40 FEET PER MILE
TO THE WEST
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Water Quality Issues
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Droughts and Other Nasty Stuff...

1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s
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” We may be in a drought in the coming decade.. CLIMAT SURVEY 5
USDA aa C) Annual Precipitation History with 5-year Tendencies [ Wetter historial periods
- =/ Oklahoma Statewide: 1895-2007 [ orier historical periods

#+ |Individual Annual precipitation v alue




STATIC WATERLEVALS
Droughts and Other Nasty Stuff... 11N.02W.08 ADC 1
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The top graph is the static water level
from a well just west of Tinker Industrial
Park. It shows the effect of the last
drought cycle — an 80 foot drawdown
and five years to recover.

But similar wells in the aquifer can show
completely different stories. The bottom
chart is a well on the Logan/Oklahoma

Co line, just west of Kelley. The drought
hardly shows.

DEPTH IN FEET

STATIC WATER LEVELS

= 14N.0O3W03 DCD 1
Both wells show a variability of ten or

twenty feet from year to year.




FRONTIER LOGGING CORF.

Brackish Water in the Aquifer
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radiation and the
electrical resistivity log
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Brackish Water in the Aquifer

09NO2W16ABBB

09NO2W24ACD

SPONTANEQUS-POTENTIAL RESISTIVITY

millivolts -ohms, m*/m
SHORT NORMAL AM-16"

REALLY
BRACKISH




Brackish Water in the Aquifer

Histogram
Effluent from Brackish Water TDS
Norman Cleveland Co., OK

Treatment Plant
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Source: USGS Produced
Water Database
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