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Outline

Introduction to water-level determination in Kansas
= Annual Well Program
m Factors affecting water levels
The index (or calibration) well concept
m Pressure transducer measurements
= Index Well dataset
Applications in 2010
= Determination of equilibrium water levels
= Thomas County expansion project update

Summary
Related research efforts by KGS



Annual Water Level Monitoring
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How Often?

Thomas Co Index Well
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How Often?
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How Often?

m Relation to “equilibrium” water surface (recovery)

Thomas Co Index Well
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Typical
Installation
(Thomas County Site)

steel wellhead
protector

“Index Well”

Solar panels

Telemetry system
and batteries

Cable from
pressure transducer
In well to telemetry
system




How Often?

m Relation to “equilibrium” water surface (recovery)

Thomas Co Index Well
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—— Telemetered 2-hr Measurements © Annual Water Level Measurements
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How Often?

m Relation to “equilibrium” water surface (recovery)

N . .. . :
With ~5ft of annual water-level variation, ignoring

| barometric effect in annual measurements =
error equivalent to ~20% of annual drawdown
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KGS_BRF Excel Spreadsheet

Microsoft Excel - KGS_BRF.xIs

@ File Edit Wew Insert Format  Tools Data Window Help  Adobe PDF

TRNER" BENE= NN A N =R A R 2 = -4 &l B - @ @ e - 10 -|B I U]
20 - f

A | 8 [ ¢ [ o | ' | F | 6 [ H | 1 |
Copy your data into this template then press Compute BRF or Correct WL button. Use Fill Gaps button to interpolate across gaps in data.

Update the yellow cells appropriately. This infarmation will be passed on to output BRF warksheet. Fill Gaps
Comment: A note to yourself
Well: Haskell

Water Level Units: faet iZompute ERF
Barometric Pressure Units: feet {and correct Wy L)
Earth Tide Units: (Mot used if Murmnber of ET Lags =-1)
Sample Interval: 0.04167

Sample Interval Units: days Correct W L
Mumber of BP Lags: 150 Max BF lag: B.25 days g

Mumber of ET Lags: -1 Max ET lay: -0.041666E6Y | days ) SR (B
BERF Data Start: 11/25/08 12:00 AN

ERF Data End: 1809 11:00 P Selected BRF: ERF 1
Caorrection Data Start: 10/29/08 2:00 A

Correction Data End: 21009 12:00 AM

Faste your data below these headings (starting in row 207, ET not used if Mumber of ET Lags = -1; Header labels do not affect computations
Time WL (ft) BP ifeet] ET
10/28/08 4:00 PM 2575559
10/258/08 5:00 PM 2575714
10/258/08 5:00 P 25757
10/258/08 7:00 P 2575733 3076535
10/258/08 5:00 PM 307519
10/25/08 9:00 P 30.74828
10/28/058 10:00 PM 2575736 30.73604
10/28/08 11:00 PM 2575739 30.72868




Barometric Pressure Correction

Thomas County Index Well

2076.2 31.0
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Barometric Pressure (ft H20)

—— Barometric Pressure (ft H20)

209732 T T \ T ‘ ‘ T T T 28.0
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Complex Geology — Haskell County

Index Well WIMAS_PD
. G_DOM

G_IND
G_IRR
G_MUN

o G_STK

Monitered Transducer
Monitered Annual
Wizard Wells (ret.)
WWCS Wells




lar Magnitude Responses
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Complex Geology
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HS 8 08-09, WL (ft) vs time

m Complex geology requires more control on well
selection/construction
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Geological Complexity and
Water Availability

HASKELL UNTY SCOTT GOUNTY THOMAS COUNTY
N S NW NW SE

{ Ii

HS21

} Index Well:

Unconfined

111E ST: 70.2’
1t PST: 49.9°

- 2007

| v 2008 (2009 data)
I
[ Coarse gravel, medium gravel, gravel, i Index Well:
very coarse sand, sand and gravel

|:| coarse sand, sand, medium sand, UﬂCOﬂﬁﬂCd
sand and gravel and clay

I:l fine sand, silty sand, sandy silt and sand, sandy clay with gravel streaks, ST: 90.2°
Index WCH: ba50 — sandy soil, sand and sandy clay, sand and caliche, sand with clay streaks

Confined sar | B A e PST: 54.8°

ST: 175.4° , » U I - g}g;\z:{%;scel‘e:};é glt?gaigd e (2009 data)
: 175. _

PST: 63’ : :

(2009 data) Permeable (light) and impermeable ( ) Zones
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Geology and Barometric Pressure

Response
Unconfined:

Scott Index Well Barometric Response

:
Confined:

Haskell Index Well Barometric Response

— 008 BRF ====2009 BRF

Step Barometric Response

Lag (Days)
Thomas Index Well Barometric Response

—2008 BRF ====2009 BRF

Step Barometric Res

Lag (Days)

w =

Step Barometric Response

N oo o RO

Lag (Days)




Water Levels

m Measurements affected on different spatial and temporal scales by:
= Timing, rate of, and distance to:
m recharge/discharge
® pumping

= Hydrostratigraphy




Water Levels

m Measurements affected on different spatial and temporal scales by:

= Timing, rate of, and distance to:
= reCharge/dISCharge Dggpc\l?f:::rrt’ligle SEMICONFINED Sh;mf;o\:fl;g:l-zl—gble CONFINED COMPOSITE

| pumpmg LAND SURFACE

[ | Hydl‘ oSstr atigr aphy VADOSE ZONE

SATURATED
THICKNESS




Water Levels

m Measurements affected on different spatial and temporal scales by:

= Timing, rate of, and distance to:
- reCharge/dISCharge Dg;qpc\g:':ﬁrigle SEMICONFINED Sh;mf;o\xfl;g:igble CONFINED COMPOSITE
| pumpmg LAND SURFACE

[ | Hydl‘ oSstr atigr aphy VADOSE ZONE

m Well construction

2 WII’////)A |

SATURATED
THICKNESS




Water Levels

Measurements affected on different spatial and temporal scales by:

= Timing, rate of, and distance to:

m recharge/discharge UNCONFINED UNCONFINED

Deep Water Table SEMICONFINED Shallow Water Table CONFINED COMPOSITE

® pumping LAND SURFACE
Hydrostratigraphy VADOSE ZONE
Well construction
Atmospheric pressure
variation
Earth tides
Transient surface pressure 5 sl

loads (e.g. trains)




Index Well Hydrograph Updates
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Scott Co Index Well
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Thomas Co Index Well
09S 33W 33BBB
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Hydrograph Update

m During observed recovery:
m Haskell County — continued declines of 4-6’ /yr
m Scott County — continued declines of 0.5-1" /yr
® Thomas County —

m increased water level 09-10 (highest yet observed);
m 10-11 same as 08-09

m Full recovery still not observed at any site, in any
year, prior to resumption of pumping activities




What is Full Recovery?

Thomas Co Index Well
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Horner Recovery Method

Developed by petroleum industry

Based on Theis recovery method (similar assumptions)

m Utilizes same truncation used in Theis and Cooper-Jacob

Solve following equation for 4, when the log ratio = 0

I'\
t, + t )
t

h(r,t) ~ h, — Alog (

#

Where:

[h(t,t)] = water level

t’ = time since end of pumping period
t, = total ime of pumping petiod

A = constant coefficient

hO

= recovered water level



HS20 - Horner 07-08, Period 2

- 18
Example: |
- 16
-';_':":.'.."-"-'-'-':""""-- y=-0.622In(x) + 15.612 : 12
. | :
Six month ave: 259654’ h(@t'=0)=2580.92' AMSL :

c . Horner Recovery = +15.61 —+ 10 —
Estimates: Recoveredh = 2596.53 AMSL [ &
Early time: 2596.53’ g B

- 6
Early Recovery - 4
-==-Log. (Early Recovery) = 2
HSZO'HOrner 07-08 1T T T T T T [T T T T T T T T T T T T T : 0
2605 -
: 1000 100 (tp+t)it' 10 1
2600 =
2595f d — it s I
2590
2585 Lv‘:“ !
1 | —Hs20
2580 +— ——Early Recowery
1 |——Late Recowery
x5 : —— :




Haskell Index Well Recovery

130
120
110
100
90
80
70
60
a0
40
30
20
10

Hmax
predicted
ft AMSL

2008
(07-08 Recovery)

200708 & » »#
2008-09« .
zntrg-m,_.j, —
UT0=11104)

(End Pumping)

2587.03

2009

(08-09 Recovery) 2581.64

|lll|lll|lll|lll|ltllll£|lll 111|111|1II|III|III|III|

Recovery (ft) From Minimum Water Level

| 2010

(09-10 Recovery) 25080

—_—
L]
—

Horner Time Ratio
[(tp+t')/t'], where tp = 5d or 120hrs



2587.03’ , Haskell Co Index Well
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Elevation of Water Level (ft AMSL)

Thomas Co Index Well
09S 33W 33BBB
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Thomas Co. Index Well
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Late Recovery B
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- Late Recovery Bl Corrected WL
Early Recovery Late Re¥:overy B2 Site BP
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Elevation of Water Level (ft AMSL)

2977.5

2976.5

29755

29745

Thomas Co. Index Well
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Elevation of Water Level (ft AMSL)

Thomas Co. Index Well

Season Pumping (SP- t'=63d)

y =-0.151In(x) + 1.9093

% 5P, Early recovery
- | 0g. (SP, Early recovery)
LI T T T T LI T
20775 - 10000 1000
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29765 - EalyRecowery e ey 5s .
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Elevation of Water Level (ft AMSL)

Thomas Co. Index Well

Season Pumping (SP- t'=63d)
% 5P, Early recovery
¥ SP, late recovery
SF, late recovery B1
SP, late recovery B2
= 5P, Late Recovery B3
— | 00 (SP, Early recovery)
Log. (SP, late recovery)
Log. (5P, late recovery B1)
Log. (5P, late recovery B2)

= = | 0g. (SP, Late Recovery B3)

5/1- 6/4-y=-13.89In(x)+ 7.7963
|
4/1- 6/4 y=-10.62In(x)+7.1031

|
3/1-6/4 y=-9.419In(x) + 6.8368

2/12- 6/4 y=-8.851In(x)+ 6.7055 ’

y =-0.151In(x) + 1.9093 J
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Elevation of Water Level (ft AMSL)

Thomas Co. Index Well

Season Pumping (SP- t'=63d)
% 5P, Early recovery
¥ SP, late recovery
SF, late recovery B1
SP, late recovery B2
= 5P, Late Recovery B3
— | 00 (SP, Early recovery)
Log. (SP, late recovery)
Log. (5P, late recovery B1)
Log. (5P, late recovery B2)
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Thomas Co. Index Well
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Comparing Annual Recoveries

2

Horner Time Ratio [(tp+t')/t], tp = 5d

§ = Similar every year

= Unconfined storage?

® Recharge boundary /

regional flow?

Hmax
predicted
ft AMSL

2008
(07-08 Recovery)

2009
(08-09 Recovery)

2010
(09-10 Recovery)

2976.53

2976.41

2978.91
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Recovery (ft)

—

Scott County Index Well

|
o !

100
Horner Time Ratio [(tp+t')/t'], tp = 120hrs

Hmax
predicted
ft AMSL

2008

(07-08 Recovery) 2836.26

2009
(08-09 Recovery)

2835.04

2010

(09-10 Recovery) 2834.61
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Thomas County Expansion
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Thomas County Expansion
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Barometric Pressure Response Function

Thomas Expansion Wells
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Index Well Summary

In areas of high use, annual/semi-annual measurement not accurate at
either township- or short- time scales

m [ocal influences on water-levels
Full recovery estimation

= Possible in confined settings

m Refinement needed for unconfined

® Decline in ST less important than PST
Relationship between water use and water-level decline?
Thomas Expansion Well project:
= FEarly results broadly confirm flow path set out in KGS Water Budget study

m Similar BRF to index well

® Need more consistent water level data




3110.00

23289

Related Research — Rawlis
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Related Research — Rawlins County

Barometric Response Function, 23289
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Related Research — Stevens County
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Related Research — Stevens County

Stevens Co. 42421-42423-42523
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Other Related Research by the KGS

m Stratigraphic correlation, hydrostratigraphic
characterization of fluid chemistry and age, Haskell
and Stevens counties

= NSF award to KGS
= STATEMAP project
s KWO-BOR support

= NMR testing, Haskell and Thomas Index Wells
= Department of Energy




1

—

=




