
K  Dave NewellK. Dave Newell
Kansas Geological Survey

Consortium to Study Trends in Seismicity

July 18, 2018, Wichita, KS



Well #1
Well #2 Well #3 Well #4

}“f b d”

Potenti

}“freeboard”

otentiometric Surface
flow direction

confined aquifer

cross-sectional view



Newell; May 2018 (from Carr and others (1986)



Elevation of Hydrostatic Surface

Elevation of Land Surface

(from Jorgensen and others (1993)Newell; July 2018



Well #1
Well #2 Well #3 Well #4

}
Potenti

}“freeboard”

flow direction

Potentiometric Surface
flow direction

confined aquifer

cross-sectional viewcross-sectional view



Salinity vs. Density
Kansas Brines

DEPRESSION OF A 
STATIC FLUID LEVEL

as a function of brine densityy

1500 ft

1000 ft
1232 ft SFL in 2016

surface (1526’)

approximate approximate

500 ft

sea level

720 ft SFL
if dense brine

approximate
salinity & density of
City of Hutchinson #1
disposal water

approximate
salinity & density of
a dense brine
(250,000 ppm TDS)

1000 ft

-500 ft

sea level

-1500 ft

-1000 ft

2000 ft

Both columns of water weigh the same,
but the SFL is depressed 512 ft 
if th i j t d t i d b i

-2500 ft

-2000 ft
top Arbuckle (-2512’)

if the injected water is a dense brine

Newell; May 2018





Salinity vs. Density
Kansas Brines

DEPRESSION OF A 
STATIC FLUID LEVEL

as a function of brine densityy

1500 ft

1000 ft
1232 ft SFL in 2016

surface (1526’)

approximate approximate

500 ft

sea level

720 ft SFL
if dense brine

approximate
salinity & density of
City of Hutchinson #1
disposal water

approximate
salinity & density of
a dense brine
(250,000 ppm TDS)

1000 ft

-500 ft

sea level

-1500 ft

-1000 ft

2000 ft

Both columns of water weigh the same,
but the SFL is depressed 512 ft 
if th i j t d t i d b i

-2500 ft

-2000 ft
top Arbuckle (-2512’)

if the injected water is a dense brine

Newell; May 2018



(from Carr et al., 2005)
Newell; May 2018



(from Carr et al., 2005)



1000

950

11
50

1050100

925

1065

1036
10001177

~1100

664

662
660

80
0

900 6501150 85
0

1050

1050

1100

11
0

1084

1180

1170
1155

1203

1244

1225
1199

1141

1123
1101

1166

1181

1158
1140

1172

1125

1284

812

802
754

962

888 857
988

70
0

900

1000

67
5

1250

75
0

1084
1001

976
9531081

1057
1021

1207

1177
1148

1173
1151 10831264

1245
1226

1134

1122
1089

~700
~700

780

731

1000

941
902

962

886

864

829
760

935

892
861

80
0 70

0

750

800
0

750

67
5

0
731
703

718

779

700
750

750

Newell; May 2018



1200

80
0

100105

12
50

12
25

11

821

700

1089
1240

~1200

1251
1173

75
0

900

650

000
12

00 1150

050

1250

1100

821
12201250

1179
1243

13051154
12411170

1243

1151
1118

1233

104
1135

1255 70
0

0

0

200

1150

1125
1250

~717
1367

1395

1136
1203

1228
1265

1208

1243

1236
1254 1225

1047

1274
70

0

90
0

0

1200

1250

1300 1395

1481

1666

75013
1350

Newell; May 2018



700

~1200

80
0

1000

00

1050

12
50

1 2
25

1100

821

700

1089

1220

1240

1250

1251

1233

1173

00
75

0

900

65012
00 1150

1125

1250

1250
1179

1203
1228

1265
1208

1243
13051154

12411170

1243

1236
1254

1151
1118

1225

1047
1135

1274

1255 70

70
01200

1150

1

200 ft head above land surface necessary for freshwater to enter Arbuckle by gravity feed
( 50 000 ppm TDS minimum necessary for brine to enter Arbuckle by gravity feed from surface)

~717
1367

1395

1481

1136
12031225 1274

90
0

750

1250

1300
1350

 f    

<300 ft separation between land surface and hydrostatic level for fresh water

<100 ft separation between land surface and hydrostatic level for fresh water

0 ft separation between land surface and hydrostatic level for fresh water 
     (fresh water will not enter Arbuckle by gravity feed)

     (~50,000 ppm TDS minimum necessary for brine to enter Arbuckle by gravity feed from surface)
1666 Capacity for Water to 

Enter the Arbuckle
by Gravity



SEVEN-YEAR DISPOSAL VOLUMES INTO THE ARBUCKLE
(2010-2016; Total Volume per Township)                       

SEVEN-YEAR DISPOSAL VOLUMES INTO THE ARBUCKLE
(2010-2016; Total Volume per Township)(2010 2016; Total Volume per Township)                       

CLASS-II WELLS

(2010 2016; Total Volume per Township)
CLASS-I WELLS

80
0

1000
00

1050

12
50

12
25

1100ARBUCKLE
PRODUCTION

70
0

75
0

900

65012
00 1150

1125

1250

1250

PRODUCTION,
    DISPOSAL,
          AND 
       CYCLING
                 FLOODS

(120 townships)

7

70
0

00

1200

1150

1250

00

<1,000,000 1,000,000 to
<5,000,000

5,000,000 to
<10,000,000

10,000,000 to
<20,000,000

20,000,000 to
<40,000,000

40,000,000 to
<80,000,000

80,000,000
or greater

BBLS WASTE-WATER DISPOSED INTO ARBUCKLE, 2010-2016
<1,000,000 1,000,000 to

<5,000,000
5,000,000 to
<10,000,000

10,000,000 to
<20,000,000

20,000,000 to
<40,000,000

40,000,000 to
<80,000,000

80,000,000
or greater

BBLS WASTE-WATER DISPOSED INTO ARBUCKLE, 2010-2016

90
7501300

1350



SEVEN-YEAR DISPOSAL VOLUMES INTO THE ARBUCKLE
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Hydrostatic Level of Arbuckle Water  
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