The Equus Beds Aquifer:
Opportunities and Challenges

Equus Beds Groundwater Management District
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Equus Beds Groundwater Management District
313 Spruce Street
Halstead, Kansas 67056-1925
Voice - 316 835-2224 Fax - 316 835-2225 E-mail — equusbeds@gmd2.org




Discussion Topics

> Global Water Perspective

> State Water Perspective

> The Equus Beds Aquifer
> Water
> Water
>Closing Thoughts

Protection Activities

Protection Issues




Global Water Supply

World Oceans - 317,000,000 Mi3~ 97.2 %

Lakes , Inland seas, Rivers, Soil,
Groundwater, Ice caps and Glaciers -
9,100,000 Mi3~ 2.8 %

Groundwater 2,000,000 Mi3 ~ 0.61%
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Discussion Topics

>

> State Water Perspective
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Extent of High Plains Aquifer in Kansas

Little or no saturated thickness
B Ivlizsing agquifer due to outcrop of older rocks
B Sorme saturated thickness
B irkansas Brceralluvinm

Base Map — Kansas Geological Survey



Kansas Groundwater Management Districts
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Discussion Topics

>
>

> The Equus Beds Aquifer




Equus Beds Groundwater
Management District No. 2

."'.

"% Kansas

Daily usage 160 - 180 million gallons

Base Map — Kansas Geological Survey



Geology and Hydrology of the
Equus Beds Aquifer
| I b L5l

Equus Beds Average Annual Use

Municipal Ott\er Baseflow
24% 3% 10%

Municipal —-15,270,322,830 gallons
Irrigation — 31,834,189,142 gallons
Industrial — 8,579,871,892 gallons

Industrial Irrigation
13% 50%

Average annual use — 63,726,622,075 gallons



Geology and Hydrology of the
Equus Beds Aquifer
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‘ Wichita water
supply well

‘ Other Treno |7

municipal
water supply
well

. . |
i McPherson : é 55 wells

é 36 million gallons/day
é 40,000 acre-feet/year

Location Map of Municipal Water Supply Wells

Total Number of Wells ~ 200



Geology and Hydrology of the

Equus Beds Aquifer
| | ¢ ¥ | | IS0

McPherson

Location Map of Irrigation Wells Total Number of Wells ~ 1,600



Geology and Hydrology of the
Equus Beds Aquifer
| I b L5l

[}
1 McPherson

Location Map of Industrial Wells Total Number of Wells ~ 165



Summary of Groundwater Use Appropriations
by Kansas Groundwater Management Districts

B EEEREOE]
12% 11%
5%
13% / OGMD 1
B GMD 2
mGMD 3

OGMD 4
OGMD 5

59%

Prepared by: Regional Economic Area Partnership
Data Source: Division of Water Resources
Date: November 1, 2000



Comparison of Groundwater
Appropriations among Kansas

Groundwater Management Districts
| | ¢ ¥ | | IS0
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0 - e
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Prepared by: Regional Economic Area Partnership
Data Source: Division of Water Resources
Date: November 1, 2000



Comparison of
Irrigation Appropriations Among

Kansas Groundwater Management Districts
¢ L rl>lrrmm
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Acre-Feet

Prepared by: Regional Economic Area Partnership
Data Source: Division of Water Resources
Date: November 1, 2000



Comparison of Water Use
Appropriations by Kansas Groundwater

Management Districts
| | ¢ ¥ | | IS0

90,000

80,000 -

70,000 A
H? 60,000 B Municipal
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<

30,000 - B Other
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Prepared by: Regional Economic Area Partnership
Data Source: Division of Water Resources
Date: November 1, 2000



Groundwater Overview
Geology and Hydrology of the
Equus Beds Aquifer
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Unsaturated zone
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>100’to <10

..............................................................................................

>300’ to <50’

Generalized lllustration of the Hydrologic Cycle and the Equus Beds Aquifer



Geology and Hydrology of the
Equus Beds Aquifer

Groundwater pollution from surface contaminates

T

Unsaturated zone

>|100’ to <10

.....................................................................

>300’ to <50’

Generalized Cross-section of the Equus Beds Aquifer
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Water Protection Activities




Equus Beds Groundwater Management District
Established 1975

Purpose
é Manage the Equus Beds aquifer
é Balance groundwater discharge with recharge
é Prevent groundwater mining
® Protect natural water quality
® Remediate groundwater contamination

=

iiii'll 1

Kansas

Size - 1,406 square miles
Location - South-central Kansas (Reno, Harvey, McPherson & Sedgwick Counties)
Population - 550,000




Groundwater Management Districts
Local Management of Water Issues

State and Federal Water Agencies
Division of Kansas Kansas Kansas Kansas Dept Bureau US
Water Water Geological Corporation Health & of Geological
Resources Office Survey Commission Environment Reclamation Survey

Board of Directors Aquifer
Groundwater Management

Management Program
District

a A a ala 2 lala

KCC - Cathodic Borehole Regulations — 2004

Vv CA 7 U1 U/ V W

& KDHE - Abandoned & Inactive Water Wells — 2005

Damesti and Owne
DWR -Water Appropriation — 2004, 2010, |
2011 =

Agricultu



Groundwater Management Activities

Data Collection




Kansas Geological Survey - WIZARD
http://magellan.kgs.ku.edu/WaterLevels/index.html

Depth Below Land Surface

JUL-02-1962 A
DEC-01-1964
MAR-29-1965 -
DEC-29-1971 -
JUL-02-1975 4
JAN-02-1979 1
JUL-01-1952 A
JAMN-01-1936 1
JUL-01-1359 o
JAMN-01-1993 1
JUL-01-1396
QCT-18-2000
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Measurement Date

Mair D water level monitoring wells
> Col]ec{s 2,000 to 3,000 measurements annuaIIy &

> Maintains historical Water level records to 1975

> Avallable to Iocal state and federeﬂ agenmes & publlc




A ] il
Monitoring Wells, 2007 _5-'
4 Unable to Measure ! L
® Measured Succe ssfully :.'hl- |
| [ B F
Interpolated Change in the '||
| Water Table, 2006 to 2007
! - Dechne greater than -5
510 -2 5

Groundwater
Level
Changes
In the

Equus Beds
Aquifer
January

2006-2007

Prepared By: Kansas Geological Survey



Preliminary
Groundwater
Level
Changes
In the

Equus Beds
Aquifer
January

2007-2008




Interpolated Water Level Changes
January 2011 to January 2012

- Decrease greater than 8 feet
-8.0 to -6.0 feet
-6.0 to -4.0 feet

|:| -4.0 to -3.0 feet
[ | -3.0to0-2.0feet
[ ]-20t0-1.0feet
[ |-1.0t00.0feet

|:| Surface Bedrock (Shale)

e .
Nickerson

= =TIl
| Hutehinson 1

Average Water-Level
Decline Jan 2011-Jan 2012 :
3.2 feet

Average Water-Level
Decline Jan 2012-Jan 2013 :
1.8 feet

| valiey
"L center

Mota: water level changes are considered
praliminary and are based primarily cn

averaged lower level aguifer zone measurements
Aroas with semi-confined conditions may exagger-
ate perceived water level declines.




Jan 2013 to Jan 2014 Depth to Groundwater Change Map

! Bedrock Outcrop

- 8 - 11 ft Increase
- 6 - 8 ft Increase
- 4 - 6 ft Increase
- 2 - 4 ft Increase
- 0 - 2 ftIncrease
|:| -2 - 0 ft Decrease

&  Point of Measurement

Average Water-Level Increase
Jan 2013-Jan 2014 : 2.5 feet

15 Miles

Moundridge @

Nickérson
Buhler

Willowbrook

Hutchinson:

Burrton . m

Halstead

Partridge

Haven

@ Bentley
Mount Hope

Pretty Prairie




300 to 500 WATER SAMPLES COLLECTED ANNUALY




Equus Beds
Groundwater
Management
District No. 2
Groundwater
Monitoring
Site Map
= Groundwater
Monitoring Site




Equus Beds Groundwater Management District

Groundwater Quality Monitoring Network

Groundwater Monitoring Site
A B C




Equus Beds Groundwater Management District No. 2
Chloride Concentrations - Groundwater Monitoring Site EB 8
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Equus Beds Aquifer Upper Zone Chloride Concentrations — Burrton IGUCA
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Burrton Chloride Plume
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60000

Reported Groundwater Use (acre-feet)
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EQUUS BEDS GROUNDWATER MANAGEMENT DISTRICT NO. 2
Total Reported Groundwater Use, 1992-2012
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OTHER
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Drought Impacts

Cheney Reservoir
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LITTLE ARKANSAS RIVER — AUGUST 2012




LITTLE ARKANSAS RIVER - JULY 30, 2013
~7,500 CFS

-
il il




LITTLE ARKANSAS RIVER — JULY 30, 2013
~7,500 CFS

= g e NG S — — e i—

Flow Rate equal to
4,200 center pivots
operating at 800
GPM!



Discussion Topics

>Water Protection Issues




Equus Beds Groundwater Management District No. 2
Groundwater Management Issues

_-----IIIIDI]

Septic
Waste
Disposal

Recharge rate

\ ' exceeded

Unregulated
Rtk by AP : groundwater
: pits

Oil Field
Brine

Natural
Salinity

City landfill
expansion

. SEDGWICK
Nitrate

Prepared by: Equus Beds Groundwater Management District No. 2
\msoffice\overhead\$weather.ppt



Equus Beds
Groundwater
Management

District No. 2
Special
Management
Areas

- Intensive

Groundwater
Use & Special
Water Quality
Areas

Enhanced Well
Spacing Area

hwy56

Reno

yTAMy

LTAMy

b%%@

Cheney
| ake

Prepared By: Equus Beds GMD2

McPherson
Harvey
hwy50
Sedgwick
hwy54




Voshell Oil Field

Oil Field Brine

‘ Sperling Oil Field

Contamination Sites

- Intensive

Groundwater &
Special Water B a
Quality Use Areas

Groundwater :
Monitoring Site : ——t IR




Equus Beds
Groundwater
Management
District No. 2
Special
Management Area

- Intensive

Groundwater
Use Control Area

hwy56

Reno

A

LTAmy

%

Cheney
| ake

Prepared By: Equus Beds GMD2

McPherson
Harvey
hwy50
z
Sedgwick
hwy54




Groundwater Management Issues

Water Budget:
Safe-yield

Depvlz.tion _J/ Z_\ \V




>100’ to <10’

300’ to <50’

Water Budget

Depletion - discharge greater
than recharge

Wells,

evaporation,
baseflow

L.ess than

Declining Water table




Water Budget

Hydrograph- Depth to Water Below Land Surface

-B7 &

-88.66

-112.33 1

-124.99

-137 .66 |

-150.33 -

-163

JUL-01-1353
DEC-12-1962
MAR-16-1966
SEP-11-1968
JAN-21-1872
JUN-04-1874
MAR-07-1978
QCT-20-1982
MAR-15-1958
FEB-05-1933
JAN-07-2000

Ogallala aquifer Southwest Kansas



Water Budget

Safe-yield - discharge less than
or equal to recharge

Wells,
evaporation,

baseflow

...... Stable water table

>300’ to <10’

600’ to <50’

Generalized lllustration of the Hydrologic Cycle and the Equus Beds Aquifer



Water Budget

Hydrograph- Depth to Water Below Land Surface
.

-2.66
-5.33
'“ﬂ /\ A
-10.66 r‘"\]'z\ R .
-13.33 v "a.,J
B 1ECI- e~ o TE - T3 .- 5 LEY —
=N & = = =N = =N = = %
ey — - = I o Ly L 1'.|:| =
e = T €l £l T < = s L
= £ 5 8 2 £ £ = £ =
—_— —_— = qc ¥ —F ¥ = 3 =

Equus Beds aquifer South-central Kansas



Safe Yield Regulation - Effective 1980

MINARY SAFE YIELD EVALUATION - 01/06/98

o Two-mile radius : NC-SE SEC. 11, T24S, R2W, HARVEY COUNTY
.‘ . Special Use Area: NONE
o eval uation area g_UTM14 FILE ID | TWP RNG SEC QUALIFIER USE QUANTITY
RS 05416.995 AQ0444400 24S 02W | 1] 13201320 3 70
A S . 4206218 VC045 | 24S 02W 1 39753100 104
K 2031 632426.9 4205792 VC046 | 24S O02W 1 25752950 104
2032 632579.3 4205456 VCO47  24S O2W 1 14752450 104
W29 A 27 02W 26 "ZSSUQWjB 23S01W30 | 28S01W29 ks 632746.9 4205068 VCO48 245 (02W | 1] 2001900 104
3 A 200 6314541514 4206017.394 AOL758400 245 O02W 2 33200850 4  392.81
) 201 630815.356  4206571.089 AO1758400 24S 02W 2 51842914 4 39281
3 401  630692.0248  4205100.583 A03225100 24S O02W 2 6603400 3 12
o i | 733 630213.0004 4205005.72 A03264000 245 02W 2 SWSWSW | 3 53
O r )y 032  631454.1514 4206017394 AODI49600 245 O02W 2 33200850 4  122.75
3 630815.356  4206571.089 Adaid Ty 4
W32 |¥ 2W33 S02W36 | 23301W31 r&iSO 32 633724.7294 3
v il I \ 633419.0302 4 107411
A O
T
recommends
W05 | 24S02W@4 Shsoawos |.24s 2 w019 24s01 to DWR that
T kS . & 10) :
- O = perm It
L J
z . . .
N application is
n O .
450 . denied
' 24S02WOR| 24S02W10 | 24S02§V11 | 24S02W12 ur DU LYY UL
5 ! 5319501075 3
| 5 '_] N 5 630163.3 3
| 630949.6 . v s 3
. 1153 GIEI 0006 402780374 AWIIII 25 oW 14 B3 120
"0 1204 630492.9234  A4202547.625 A03233300 245 02W 14 25804078 3 114
. 24S01W 1701360  630763.1657  4202963.042 A03271200 24S 02W 14 39253170 3 120
' 24S02W,167| 24502 1390  628468.2919  4202460.962 VHVOOOB00 24S 02W 16 24300185 4 909
- o o 457 633506.3006 4202220906 A00281900 245 0IW | 18 13564517 3 221
w “, 0IW 18 47504625 104
L Yo, 0IW 18 36503775 104
NO n d om eStl C 0IW 18 24503200 104
c 02W 23 NWSWNE = 3 140
withdraws oW mwaww 3 13
02W 23| 42201500 3 127
cEvizhn 02W 23 34603960 3 127
Propos ed 50 GaIET6 068 4200678.395 AG226700 245 0o | 24 NWNWSW |3 30
. 800  631876.0888  4200878.395 AOL711800 24S O02W 24 NWNWSW 3 30
nondomestic well 2005 6324633 TG ook 738 oW 3% 50275 104
quantity values given in acre-feet per year
EXSTING APPROPRIATIONS 8819.88
ALLOWABLE APPROPRIATIONS 4021



Development Safe Yield

1930 1940( 1950 1960 1970 1980 1990

Groundwater Development
VS..
Groundwater Management




Development Safe Yield

1930 1940( 1950 1960 1970 1980 1990

Groundwater Development
VS..
Groundwater Management




Development Safe Yield

1930 1940( 1950 1960 1970 1980 1990

Groundwater Development
VS..
Groundwater Management




Development Safe Yield

[ [ [ ] ] EEEDL

1930 1940( 1950 1960 1970 1980 1990

Groundwater Development
VS..
Groundwater Management




Development Safe Yield

1930 1940 1950 1960 1970 1980 1990

R e

Groundwater Development
VS.
Groundwater Management




Development Safe Yield

1930 1940 1950 1960 1970 1980 1990

Groundwater Development
VS.
Groundwater Management




Safe Yield ‘

1930 1940( 1950 1960 1970 1980 1990

B .

Groundwater Development
VS.
Groundwater Management




Percent Change in Saturated Thickness, Predevelopment to Average 2010 - 2012,
Kansas High Plains Aquifer
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Discharge is
approximately equal to
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Percent Change in Saturated Thickness, Predevelopment to Average 2010 - 2012,
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Groundwater Management Issues

Groundwater Pits
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Groundwater Pits
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Quantity and Quality Issues
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Groundwater Pits
In

loss about

the Equus Beds
two billion gallons
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Total groundwater pit development

Net annual evaporation

Quantity Issue
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Groundwater Pits

Equus Beds

Contains
contaminates that
can degrade and
pollute the quality

aquifer

water run off
of the

and rural storm
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Untreated urban

Quality Issue

Equus Beds
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Groundwater Pits

(7))
D
>
(7))
12
)
-
()
-
)
(@)
M
-
M
=
| -
(D)
)
]
=
[®)
-
>
=
O

c
o
—
&
()
s
o
| -
o
>
=
'©
-]
@
)
)
=

- Prohibit discharge or

Legislators Mandated Groundwater Pit Study
- Treat discharge

e
g g g g,
g g g g,
B 8 B g g g,

el Tl Tl Tl T ]
!
---------------

B E gt R R
M




Groundwater Management Issues

Septic Waste Disposal




Septic Waste Disposal and Groundwater
Protection

A 50 unit 100 acre housing addition may produce up to
3,000,000 gallons annually, a volume equal to covering a

football field in 12 feet of waste effluent each year

Waste Water Supply Well

: Pre-Treatment Disposal
Production
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Infiltration

Unsaturated zone
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: Water table

Contains nitrates,
. fecal bacteria, viruses, &

cleaning solvents

Equus Beds Aquifer

Bedrock

Generalized Cross-section of the Equus Beds Aquifer



Groundwater Management Issues

Landfills




.....................

Area Landfills
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Landfills and Groundwater Protection

T

Unsaturated zone

>|100’ to <10’

......................................................................

>300’ to <50’

Generalized Cross-section of the Equus Beds Aquifer



Groundwater Management Issues

Waste Lagoons




Waste Lagoons and Groundwater Protection

Contaminated - Public Water Supply Well

@ |ncreased Costs - Treat or Move Well
& Decrease - User Confidence
& |ncrease - State/Federal R

Unsaturated zone -

§ . ¥ 8 15 day-1.2million
Water table _ ¥ gallonslyear

equirements

>|100’ to <10

Bedrock i e

>300’ to <50’

Generalized Cross-section of the Equus Beds Aquifer



Waste Lagoons and Groundwater Protection
Groundwater Protection Practices

» Establish Sensitive Groundwater Areas
»Require liners in SGA
»Minimum separation

»Monitoring wells as needed

>|100’ to <10

................................................................................................

>300’ to <50’

Generalized Cross-section of the Equus Beds Aquifer



Groundwater Management Issues

Aquifer Storage and Recovery

(groundwater recharge)




McPherson County

0 McPherson
® Depletion area
B saline water
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Prior to 1930’s Equus Beds aquifer
and rivers in hydrologic balance.
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McPherson County

McPherson

® Depletion area

. Saline water

Reno County 6/)6‘6 Hutchinson
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Burrton oil field discovered in 1930's. g
Saltwater disposal methods polluted ! Wichita
over 35 square miles of Equus Beds !

aquifer. . Sedgwick County



McPherson County

McPherson

® Depletion area

. Saline water

Reno County 6/)6‘6 Hutchinson
S

|
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Harvey County

Newton

1940 to 1980 - Portions of the Equus ! }
Beds aquifer were dewatered up to 30

the aquifer and rivers is altered along
with the oil field brine contamination .

feet. The hydrologic balance between [l Wichita

Sedgwick County



McPherson County

McPherson

® Depletion area

. Saline water

Harvey County !

Reno County

|
|
!
Newton
!
|

Reports of saltwater pollution north of [§
Ark River and near Burrton received ! o
by GMD2. Groundwater study 5 Wichita

launched by GMD2, federal and state Sedgwick County

agencies.



McPherson

® Depletion area

. Saline water

B it |

Harvey County :

Reno County

|
|
g Newton
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In part the study found: 1) depletion
changed the safe-yield balance and
decreased baseflow of the Little Ark,
2) increased movement of oil field
brine and 3) induced surface water

from Ark river into Equus Beds

aquifer. Wichita

Sedgwick County



McPherson County

McPherson

Harvey County

, Reno County

Newton

.......................

Two water issues one common
solution.

Sedgwick County
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65 billion gallons
are available for

storage to return to

1940 water levels.
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Generalized cross section of the Equus Beds aquifer
discharging (baseflow) to the rivers. Annual baseflow
is approximately 6.5 billion gallons.




Aquifer Storage and Recovery Project - ASR

Water table

Little Arkansas River




Groundwater Monitoring Site - EB143 Hydrograph, August 2003-July 2004

EB143A HYDROGRAPH, 2003-2004
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Aquifer Storage and Recovery Project - ASR

Water table

Little Arkansas River
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Aquifer Storage & Recovery System (ASR)
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TAP FOR
WATER PRELUBE

3/4" COPPER PRELUBE LINE
CONCRETE PUMP BASE (3-0" DIA.)

THREADED STEEL CAP

o

.
3
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! 3
3/4% COPPER ]

PRELUBE LINE CON
TO EXISTING PUMP BA
WELL HOUSE (6'%6")

BENTONITE SEAL

FOUR 4 CARBON STEEL
RECHARGE CASING PIPES
(TYPICAL 4 SIDES)

107 COLUNN PIPING

-0 307

L,
A

ANNN 2

32° BORING FROM

an' TR TATAE OCODTL
vor -

8" REDEVELOPMENT PIP

r THRUST BLOCK
48" TEMPORARY
STEEL CASING

18" CARBON STEEL CASING
NON-SELECT GRAVEL BACKFILL

NON~SELECT BACKFILL
18" STAINLESS STEEL CASING

18" STAINLESS STEEL SCREEN

18" STAIMLESS STEEL CASING OR
#-SLOT STAINLESS STEEL SCREEN

18" STAINLESS STEEL SCREEN

£v U WAL VP

SELECT GRAVEL PACK

PUMF —____L_ﬁ -

16 LONG
SUCTION PIPE ——

(5' FROM BOTTOM

OF WELL) RECHARGE WELL

187 STAINLESS STEEL CASING

18" STAINLESS STEEL SCREEN

18" STAINLESS STEEL CASING OR
#-5L0T STAINLESS STEEL SCREEN
187 STAINLESS STEEL SCREEN
18" STAINLESS STEEL CASING

—3/8" STAINLESS STEEL BOTTOM PLATE

Figure 9. —
Example of
Construction
Design for
Recharge and
Recovery Well
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Application No. 45576.
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| [*""** Upper saltwater contamination plume
| = = Middle saltwater contamination plume
* | = Lower saltwater contamination plume

¥ River gage

#  Bank storage well and Surface Intake
Il Aquifer storage and recovery well

"®| s Non-domestic well or baseflow node

— %y

;gg' ® : Monitoring well
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Phase ||

-1 1 J ] | | |50

m Can capture and recharge up to 30 MGD.
m Only uses surface water.

m Treatment plant that will treat the water
adeguately to go directly into 31 recharge
wells.

m |ncluded replacement of approximately 17
miles of existing raw water pipeline.

m Through 2012 — 2961 AF Recharged for
Phase| & Il; 1691 AF recharge credits
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Discussion Topics

> Closing thoughts




Groundwater Protection
Golden Rule

Prevention of groundwater
contamination and water quality
protection costs more than doing

nothing, but much less than

groundwater cleanup.







LASTLY:
PRAY FOR RAIN....JUST NOT TOO MUCH!
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