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Data Proximity and Depth to  

Fresh-Water Equivalent Static Fluid Level 



ARBUCKLE 

DISPOSAL 

VOLUMES 

(by township) 

 

 
RED OUTLINED AREA 

is where cycling floods 

may distort summation 

of disposal volume 





Overall, static  
fluid levels  
seem to have  
stabilized since  
2016,  
with the drop  
in Class-II  
disposal  
volumes 





YEARLY CHANGE 
in STATIC FLUID 

LEVELS 
 of KANSAS 

CLASS-I WELLS 
(fluid levels 

normalized to 
fresh-water 
equivalent) 



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

Potentiometric Surface

}“freeboard”

confined aquifer

POTENTIOMETRIC SURFACE 

HYDROSTATIC SURFACE 

PIEZOMETRIC SURFACE 

(inference of subsurface flow patterns) 

cross-sectional view 

flow direction 



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

Elevation of Hydrostatic Surface 

Elevation of Land Surface 

ELEVATION of HYDROSTATIC SURFACE 
of ARBUCKLE 

(earlier version) 



FRESH-WATER EQUIVALENT PIEZOMETRIC SURFACE (contoured) 
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1250

1250

ONEOK Yaggy #2
1231 ( 2021)  -  1203 ( 2018)  = 28

ONEOK Yaggy #1
1220 ( 2021)  -  1219 ( 2018)  = 1

Kansas Ethanol #005, H
1242 ( 2021)  -  1241 ( 2018)  = 1

Compass Minerals #003, F
1248 ( 2021)  -  1217 ( 2018)  = 31

Compass Minerals #001
1238 ( 2021)  -  1198 ( 2018)  = 40

Morton Salt Div. #D01
1235 ( 2021)  -  1245 ( 2018)  = - 10

ONEOK Fractionation #3 (Hutchinson)
1234 ( 2021)  -  1247 ( 2018)  = - 13

ONEOK Fractionation #2 (Hutchinson)
~1208 ( 2020)  -  1245 ( 2018)  = - 37

UCS
1217 ( 2021)  -  1232 ( 2016)  = - 15

ONEOK Hillside #2
1208 ( 2017)

Enterprise
~1249 ( 2020)  -  1256 ( 2018)  = - 7

City of Hutchinson #1
1235 ( 2021)  -  1250 ( 2018)  = - 15

City of Hutchinson #2
~1250 ( 2020)  -  1250 ( 2018)  = 0

Pioneer Expl. #3
1315 ( 2021)  -  1342 ( 2018)  = - 27

ONEOK Bushton #004
1250 ( 2021)  -  1240 ( 2018)  = 10

Williams Mitchell #01
1207 ( 2021)  -  1206 ( 2018)  = 1

NNG #001 RC (Bushton)
1224 ( 2021)  -  1203 ( 2018)  = 21

NCRA (CHS) McPherson Ref. #3
~1114 ( 2020)  -  1123 ( 2018)  = ~- 11

NCRA (CHS) McPherson Ref. #1
1232 ( 2021)  -  1261 ( 2018)  = - 29

NCRA (CHS) McPherson Ref. #2
~1235 ( 2020)  -  1299 ( 2018)  = ~36

Williams Conway E #1
~1216 ( 2020)  -  1208 ( 2018)  = 8

Williams Conway E #2
1223 ( 2021)  -  1258 ( 2018)  = - 35

OxyChem #010
1256 ( 2021)  -  1230 ( 2018)  = 26

Evonik #1
1285 ( 2021)  -  1298 ( 2018)  = - 13

Evonik #3
1276 ( 2021)  -  1244 ( 2018)  = 32

1400

1238

113311091133

KCC Harbaugh SWD #1
no correction necessary
to previous contouring

Te-Pe Oil #3 Koehn SWD #1
~115 ft upward correction
to previous contouring

Te-Pe Oil #1 Canton
~5 ft upward correction
to previous contouring

KGS #2 Koehn
~10 ft upward correction
to previous contouring

KCC Lampe #1
~20 ft downward correction.
possibly represents stable 
SFL whereas Evonik & 
OxyChem SFLs may have 
near-well interference

ADDITIONAL DATA  

for  

FRESH-WATER EQUIVALENT STATIC FLUID LEVEL 

Using FIVE CLASS-II WELLS 



FRESH-WATER EQUIVALENT PIEZOMETRIC SURFACE (contoured) 



no apparent 
geologic 

reason for  
rise-fall 

boundary  
for the fresh-

water 
equivalent 

static fluid level 
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Fresh-Water Equivalent Static Fluid Level 
Change between 2018-2021 



How Close is the Arbuckle 

Static Fluid Level to the 

Base of the Equus Beds? 
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REGIONAL SALINITY (total dissolved solids; ppm)  
of ARBUCKLE in CENTRAL KANSAS 

from Kansas Brine Database 

Equus beds study area 
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TOTAL DISSOLVED SOLIDS 
from  

Kansas Brine Database 
supplemented by 
well-log analysis 

Brine sample 
Well-log analysis 
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DENSITY of SUBSURFACE BRINE  
in ARBUCKLE  

correlates to  
TOTAL DISSOLVED SOLIDS 
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Salinity vs. Density
Kansas Arbuckle Brines
brine density = ((7 X 10 ) X TDS) + 1.0011

-7

r  = 0.9617
2



STRUCTURE MAP 
of the top of the Arbuckle 

from well-log picks 



ELEVATION of ARBUCKLE 
STATIC FLUID LEVEL 

(taking into account salinity  
of the formation brine) 

1. elevation of fresh-water equivalent 
SFL – elevation of top of Arbuckle  
yields THICKNESS of WATER COLUMN 
 
2. PRESSURE at top of ARBUCKLE 
can be determined by THICKNESS of 
WATER COLUMN using the density of  
fresh water (i.e., 1.0 grams/cc) 
 
3. thickness of saline water necessary 
to produce the PRESSURE at top of  
ARBUCKLE can be determined 
from the TDS-density relationship  
for ARBUCKLE brines 
 
VOILA!  A STATIC FLUID LEVEL MAP 



THE FOOTAGE SEPARATION 
 between  

the BASE of the EQUUS BEDS 
and the underlying(?) 

STATIC FLUID LEVEL 
for the ARBUCKLE 

is determined by subtracting 
the elevation data on these 

two superimposed maps 
 

>>>>>>>>> 



ELEVATION DIFFERENCE 
(in feet) 

BETWEEN the BASE of the 
EQUUS BEDS and the 

ARBUCKLE  
STATIC FLUID LEVEL 

 
“0 difference” in blue areas 



BASE of EQUUS BEDS  

with  

WELLS PENETRATING 

the  

ARBUCKLE 

superimposed 



rise/fall boundary 



 Measuring selected Class-II wells supplements understanding 
of Arbuckle SFLs & P* 

 2022 disposal volume in Kansas modestly increased from 2021 

 Arbuckle SFLs overall in Kansas are remaining steady 

 Boundary between 2018-2021 SFL rise-and-fall in central 
Kansas mostly persists into 2022  

 Arbuckle SFL is close to base of Equus beds NW of Wichita 

 Arbuckle SFL in central Kansas rising slowly? (~0-2 ft/year?) 

 Monitoring well NW of Wichita will yield more accurate data 
on SFL position and movement relative to Equus beds 

 Additional wells measured will improve spatial density of data 
and will allow better understanding for undrilled areas 

 

 

 

 

 

 

 

Major Points 


