Slug_KGS-BnR-2019-A workbook for analyzing slug tests
with Bouwer-Rice and KGS solutions

Slug tests frequently are analyzed with Bouwer and Rice (1976) to estimate hydraulic
conductivities. Hydraulic conductivity is estimated by fitting a straight line to normalized
displacements on a logarithmic axis vs. time on an arithmetic axis in a semi-log plot (Halford
and Kuniansky, 2002). This approach works well for overdamped responses where water levels
monotonically return to initial conditions.

Slug tests with oscillating or underdamped responses can be analyzed with the KGS model
(Butler and Garnett, 2000), which simulates oscillating water levels. These oscillations result
from the momentum of a water column in a well not being damped because the aquifer is
transmissive. The KGS model smoothly simulates slug-test responses from underdamped to
overdamped conditions and can be used in place of Bouwer and Rice (1976).

Multiple slug tests frequently occur in a well to verify repeatability and detect errors during data
collection. More sequential slug tests typically occur where water levels can recover quickly
(less than 5 minutes). These repeated tests create a time series of perturbed water levels
(Figure 1). Water-level changes are normalized by dividing all changes during a test by the peak
displacement. Peak displacement is the difference between maximum change and initial water
level during each test. Absolute values of normalized displacements will be 1 or less.
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Figure 1.— Measured water-level displacements in well BB426 D3-6 from Butler and Garnett (2000) and
periods for analyzing each slug test.
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Measurement errors can occur during a slug test when transducer depth is affected by adding
or removing a slug. Transducers can be lifted momentarily during slug removal, which increases
apparent water-level change. For example, maximum measured displacement was
overestimated during the 4" slug test in well BB426 D3-6 (Figure 2). This error can be corrected
by adjusting estimated maximum water-level change or negated by not analyzing this slug test.
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Figure 2.— Measurement error in peak displacement of 4™ slug in well BB426 D3-6
(Butler and Garnett, 2000).

All normalized slug-test responses overlie one another and can be analyzed simultaneously
(Figure 3). Slug-test responses coincide regardless of initial displacement during each test.
Discrepancies between slug-test responses primarily result from misestimated initial
displacements. A single simulated response is fit to all measured displacements and can be
simulated with either Bouwer and Rice (1976) or KGS model (Butler and Garnett, 2000).
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Figure 3.— Normalized displacements of 6 of 7 slug tests in well BB426 D3-6 and simulated
displacement with the KGS solution (Butler and Garnett, 2000).
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Interpretation of repeated slug tests with Bouwer and Rice (1976) or KGS models (Butler and
Garnett, 2000) has been implemented in the workbook Slug_KGS-BnR-2019.xIsm (Figure 4). A
continuous series of water levels with slug displacements are specified as depth to water or
water level above the transducer. Measured water levels are plotted as a time series with
periods of analysis superimposed (Figure 4). Individual slug tests and normalized displacements
can be viewed to assess initial reference and maximum water-level estimates (Figure 2). These
defining water levels can be changed for each slug test or analysis of a slug test can be
rejected. Normalized displacements to be analyzed are plotted on semi-log or cartesian plots for
analysis with Bouwer and Rice (1976) or KGS model (Butler and Garnett, 2000), respectively
(Figure 4). Hydraulic conductivity (K) initially is estimated from a linear regression and refined
graphically when interpreted with Bouwer and Rice (1976). Hydraulic conductivity and
modulation factor (MF) are estimated simultaneously with Solver to fit the KGS model (Butler
and Garnett, 2000). Hydraulic conductivity and modulation factor can be adjusted manually with
spin buttons. Hydraulic conductivity is reported with a user defined number of significant digits.
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Figure 4.— OUTPUT page in Slug_KGS-BnR-2019.xIsm with data from well BB426 D3-6 from
Butler and Garnett (2000).
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Slug_KGS-BnR-2019.v3.xlsm and explanatory PDF can be downloaded with the following link.
Another copy of the workbook, Slug KGS-BnR-2019 BnR.v3.xlsm, is included with an
overdamped response that was interpreted with Bouwer and Rice (1976). This workbook and
other workbook applications are better used on local drives instead of a network drive.
Slug_KGS-BnR-2019_*.v3.xIsm workbooks require that the Solver is installed and the workbook
is not opened from within a zip file. The fitting routine will stop and warn the user if the Solver is
not installed. User will be warned and workbook will be closed if opened from within a zip file.

Revisions

October 6, 2022—Revisions in version 2 include the following. Workbook was revised to
accommodate response from a single slug without initial static water levels in the continuous
measurements. Reference water level on data page changed from average of all values to last
5 percent if single slug measured. Reference remains average of all measurements if multiple
slugs measured. Initialization macro called from DATA page revised so first entry is initial time
and maximum water-level displacement for analyzing a single slug without initial static water
levels.

October 18, 2022—Revisions in version 3 include the following. Safeguards were added to
check that the Solver is installed and the workbook is not opened from within a zip file.
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Slug_KGS-BnR-2019.xlsm Workbook

The workbook consists of three pages, DATA, OUTPUT, and PROP, and one hidden page,
CONTROL. The hidden CONTROL page contains lookup tables and code for translating
coordinates, which users should not need to edit. Aquifer test information, analysis, and results
are summarized on the OUTPUT page. Well construction, aquifer thickness, aquifer material,
site identifier, and remarks about the test are specified on the OUTPUT page. Additional
information such as a well construction diagram and pictures of the site also could be pasted on
the OUTPUT page. Time series of water-level changes from data loggers or manual
measurements are entered on the DATA page. Ranges of hydraulic conductivities for
hydrogeologic units are specified on the PROP page. The list should be maodified to include
more specific information about local hydrogeologic units in a study area.

DATA page

A continuous series of water levels with slug displacements are specified as depth to water or
water level above the transducer in columns A-B from row 6 down (Figure 5). Time can be
specified as decimal days, which is the convention in Excel, or as elapsed time in seconds,
minutes, or hours as specified in cell A5. Units of measured water levels are specified in cell
B5. An initial date and time (cell D3) are specified only if water levels are paired with elapsed
times. Units of analyzed water-level changes can differ as specified in cell E5.

A B C D E F
1
2 I N PUT w Date and time Average water level
3 | Overwrite with your data. Initial: 07/19/1999 00:00 1.47
4 v v
5 |Second Meters Date-Time Meters
6 4/23/49 02:24:00 1.502 07/19/1999 15:08 -0.03
7 4/23/49 07:12:00 1.502 07/19/1999 15:08 -0.03
8 4/23/49 12:00:00 1.502 07/19/1999 15:08 -0.03

PROP | OUTPUT | DATA ®

Figure 5.—DATA page in the Slug_KGS-BnR-2019 workbook where time series of water levels are
specified.

Data Page

A B (
1

5 INPUT INITIALIZE

3 |Overwrite with your data.

4 v v

5 |Second Meters

Clear existing data between columns A

6 4/23/49 02:24:00 1.502
and B from row 6 to the last entry. = @' 209
8 4/23/49 12:00:00 1.502
9 4/23/49 16:48:00 1.602
1n Af237AG 21-37-0N 1 BN2

PROP | OUTPUT | DATA

Empty cells before adding your data.
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A B (
I
5 INPUT INITIALIZE
3 |Overwrite with your data.
4 v v
5 |Second Meters
6
7
8
9
1n
PROP | QUTPUT | DATA
A B
5 |Second - ters
6 3 1.502
Specify units for time in cell A5. 7 |t 1,502
8 |Day 1.502
g Date-Time 1502
10 4/23/49 21:36:00 1.502
A B C D
2 IN PUT [LALRE (2T Date and time A
3 |Overwrite with your data. Enter a reference date> )
4 v v
H s H - 5 |Second Meters Date-Time M
A referen_ce date is Spe.C!erd' in cell D3 if 6 4123149 02:24:00 1.502 01/00/1900 15:08
elapsed times are specified in column A. 7 4/23/49 07:12:00 1502 01/00/1900 15:08
Changes to,
Error message changes to “Initial:” after A B c D
f|”|ng Ce” D3 2 INPUT (LIRS B Date and time A
3 |Overwrite with your data. Initial:| 07/19/1999 00:00
4 v v
5 |Second Meters Date-Time M
6 4123149 02:24:00 1.502 07/19/11939 15:08
7 4/23/49 07:12:00 1.502 07/19/1999 15:08
A B
5 |Second |Meters -
. . 6 4/23/49 02{Inch
Specify units for measured water levels F
7 4/23/49 07

in cell B5.

8 4/23/49 12
9 4/23/49 16
10 4/23/49 21:
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D E

2} Date and time Average water level
3 |Initial: 07/19/1999 00:00 1.47
. . 4
Specify ur_1|ts for depths to water that are 5 | DateTime [T
analyzed in cell E5. 6 07/19/1999 15-08| Inch
7 07/19/1999 15:08 jryres
8 07/19/1999 15:08|cm
9 07/19/1999 15:08 ggr
10 07/19/1999 15:08 0.
Before returning to OUTPUT page,
Press INITIALIZE DATA button in A B C D
cell C2, which 1
) ) INITIALIZE DATA .

1. Pairs equations on DATA and ; ~ _TIN,EUTd - —|| . E?;Z;';:;';EZU‘
CONTROL pages with time- 7 Vem;" cWT your e ‘1 o '
Serle_s_dat_a'_ . . 5 |Second Meters Date-Time I

2. ldentifies initial time, reference 6 | 4123149 022400 1.502 |0?119;1999 15.08|
water level, and maximum water- 7 4123149 07:12:00 1.502 07/19/1999 15:08

level change for each slug.
3. Uniquely labels each slug.

PROP | OUTPUT | DATA ®
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OUTPUT page—Site Information

Construction, depths, material, and site information are specified on the OUTPUT page (Figure
6). Most of this information is descriptive and does not affect estimated hydraulic conductivities,
except for well construction. Aquifer material defines broad ranges of permissible hydraulic
conductivities, which users should expand or replace with site specific limits. Hydraulic
conductivity estimates are affected by casing diameter (cell C30) and screen length as specified
by depths to top and bottom of screen (cells B34:B35).

A B C E F G
EE WELL ID: BB426 D3-6 REGRESS KGS_High-K |
27 Input is consistent
o
29 Construction:
30 Casing dia. (dc) = 1.5 Inch ol MF=" 1.210 1/sec
31 Annulus dia. (dw) = 1.5 Inch _«|»] Average K= 162 m/d
32 |Depths to:
33 Water level (DTW):‘ 6.3 Meters T-Screen =" 49 meter?*/day
34 Top of Screen (TOS) S 19.5 Meters
35 Bottom of Screen (BOS) 2 19.8 Meters COMPUTED
36 Top of Aquifer S 9.0 Meters Aquifer thickness = 11 Meters
37 Base of Aquifer 2 20.0 Meters YO bispLACEMENT = 0.28 Meters
38 |Material: LesTmaTeD = 14.4 Meters
39 Fill across screen:‘ Open Hole LtHEORETICAL = 13.4 Meters
40 Fill above screen” Cement
41 Hydrogeologic unit" Basin Fill
42 |Site: Significant Digits = 2
43 Land surface altitude = Meters
44 Latitude =
45 Longitude =
46 Datum:

PROP | OUTPUT | DATA

P
o)

Figure 6.—Site information for slug-test analysis in the Slug_KGS-BnR-2019.xlsm workbook.

Site Information

Enter site identifier in cell B25.

25
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A B Z
WELL ID:[BB426 [|3-6

Diameters of casing and annulus are
specified in cells B30 and B31. Select

units from pull-down menu in cell C30.

aC

29 |Construction:

30 Casing dia. (dc) = 1.5
31 Annulus dia. (dw) = 1.5

Feet
32 |Depths to: Meters
33 Water level (DTW) = 6.3 |em
34 Top of Screen (TOS)= 195 | oo

]
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A B C D
Commented cells further describe By Construction: <IHalford fydrology LLC
expected input. 30 Casing diarifc) =| |Diameter of cased interval
31 Annulus dia. (dw) =
2 I Mmenthe e
A B C D
Depths to static water level, top of 32 Depths to: i}
screen, bottom of screen, top of aquifer, || >3 Water level (DTW) = EEGEN) I o
and bottom of aquifer are specified in 34 Top of Screen (TOS) = 195 | nch
cells B33:B37. Select units from pull- 35| Boftomof Screen (BOS) = 19.8
down menu in cell C33. 36 Topof Aquifer = 9.0 em
37 Base of Aquifer = 20.0 |pg
Filled annular material across screen and B 2 B -
above screen are specified in cells C39 B aterial:
and C40. 39 Fill across screen” Open Hole
Hydrogeologic unit is specified in cell 40 Fill above screen’ Cement
C41 and defines range of permissible 41 | Hydrogeologic unit:| Basin Fill ~
hydraulic conductivities. 42 |site:

Select materials from pull-down menus in

43 Land surface altitude =

Carbonate Rocks
Caonfining Unit

44 Latitude =| volcanic Rocks

cells C39:C41. e I
A B C

42 |Site:
Site information is for completeness of 43| lLand surface afitude = Meters
reporting and is not otherwise used. 44 Latitude =

45 Longitude =

A6 ] Datum:
Hydraulic conductivity (K, cell F31)
adjusted to fit Bouwer-Rice and KGS
models. Modulation factor (MF, cell F30)
adjusted to fit KGS model.
K and MF parameters are estimated with E < F G
regression tools or manually with spin 30 | MF= 1.210 1/sec

buttons (cells E30:E31). K and MF
parameters in cell F30:F31 are NOT
changed directly.

Transmissivity is limited to length of
screened interval because slugs typically
displace small volumes of water, relative
to pumping tests.

31| _«|»|Average K=
32
33 T-Screen ="

162 m/d

49 meter?/day
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Aquifer thickness (F36) used for
empirical factors in Bouwer and Rice.

C F G
y0 (F37) is average of all measured i  COMPUTED
displacements. 36 Aquifer thickness :‘ 11 Meters

37 Y0 pispLacEMENT = 0.28 Meters
Lestimateo (F38) and Lrueoreticar (F39) a3 Lecrsres = 14.4 Meters
are water-column lengths from fitting - LTHEORE'TM A 13.4 Meters
KGS model and well construction,
respectively.
Significant digits specified in cell F42 E . F
affects reported hydraulic conductivity 42  Significant Digits = |2 -
(K) and transmissivity of screened = E
interval (T) in cells F31 and F33. jfi 3
A B C D E F
gz Input is consistent
A B C D E F

Error conditions are reported in

row 27. “Input is consistent,” is reported

when no errors exist.

Fas)

27

Casing diameter is greater than the Annulus

o

Fas)

A B C D E F

27

Water level is below Bottom of Screen

o

Fas)

A B C D E F

27

Slope will produce a negative K

o

o

A B C D E F
_ P———

27

K =162 m/d is greater than maximum of 0.003 m/d for Confining Unit

zo
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OUTPUT page—Review Slug Tests

Measured water levels are plotted as a time series with periods of analysis superimposed on the
OUTPUT page (Figure 6). Test duration for analysis is specified from a pull-down menu in

cell J25. Initial time, reference water level, maximum water-level change, and decision to
analyze are tabulated for each slug test below row 29. Initial time, reference water level, and
maximum water-level change are estimated automatically with INITIALIZE DATA button on
DATA page. Each slug test can be selected and reviewed individually with pull-down menu in
cell M25 (Figure 6). Reviewing each slug test response is recommended strongly because
automatic estimates of initial time, reference water level, and maximum water-level change can

be erroneous.

H | J K L M N 0 P
1
2 0.40
3
4
5 020 4
5 111 ]
7] 4 A 4
8 | I oc0t 1T = = = 'l
9| z | =
10 4 0204 =
1| 2
12 il
13 S o404 Rl
14| ¢
15|
16 @ 060 +
17| <
18| = _
19 0.80 4+
20 Meters
o —TEST FRAME
22 1.00 t t t t
> 719 15:07 7191514 7191521 7191528 7191536 719 1543
24 . 1999
EE Test Duration: 15 Second Slug test: | ALL ~
27
£0
29 | TEST” t0 | WLREF | WLMAX = y0  ANALYZE
30 1 15:09:01.9 -0.032 0.036 0.067 TRUE
31 2 15:12:185 -0.022 0.151 0.173 TRUE
32 3 15:18:50.9 -0.016 0334 0350 TRUE
33 4 15:23:03.7 -0.007 0.771 0.777 FALSE
34 5  15:27:38.3 0.005 0.360 0.355 TRUE
35 6  15:32:12.7 0.010 0.181 0.171 TRUE
36 7 15:39:32.9 0.020 0.100 0.080 TRUE

DATA | @

Figure 7.—Information for reviewing each slug test in the Slug_KGS-BnR-2019.xIsm workbook.
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Review Slug Tests

[ J
Test duration specified from pU”-dOWﬂ 25 | Test Duration:| 45 Second |~
menu in cell J25. This is period where = > yecond 2
slug-test data are normalized and o
. 29 t0 20 Second

compered to simulated responses for ————  1305econd a
interpretation 30 | 15:09:01.9) 45 5econd

: 31 15:12:18.5|1 Minute o

3 Minute
32 15:18:50.9 0.

] € |o E [ G H ' ) X L M N o
Measure,
— Sruited Er)

BB426 D3-6

Test duration is indicated by test frames
in the time-series of water-level changes
and visible data in the normalized-

TER LEVEL CHANGE, IN METER
E
!
—_—t =
I
I

displacement plot. See differences -3

between 15 and 45 second test Pl N : _
durations. i -
Automatic estimates of initial time, N wcomans  wee] T e Emml e

reference water level, and maximum
water-level change will be wrong if
significant mismatch exits between test e e s

Test duration increases from 15 to 45 seconds,

duration in cell 325 and duration of slug :
recovery. Edrdt 4+ 4 4
Change test duration in cell J25 to a \ FIR |
representative period and press A
INITIALIZE DATA button on DATA page V -
to revise estimates. : _ _ e
:: WELL ID: 54250:-5 h nsen;ss ) KGS Highk | Test Duration:| 45 Second |~ Siugtest: [ALL =]
K L M N
25 Slug test: | ALL ~
;: ALL
Select a slug test with pull-down menu in | -

hl ~
cell M25. 29 | WIMAX _ y0
30 0.036 0.067 | Spa

31 0.151 0.173 | S05
2 0.334 0.350 ggg
33 0.771 0.777 —moorT
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H I J K L M N 0
1
2 £0.40
3
4
5 020
ol
8 E 0.00 i e T
s 2
. . . . . 10 4 g0
Time series will be windowed to period w2
around test duration, which is the third I
slug, S03, in this example. e 8
16| & 0s0
Spin buttons appear in row 27 for nE
adjusting initial time, reference water 19 0% .
. 20
level, and maximum water-level change. 21 ——TEST FRAME
23 1#10915_18 7191518 7191518 7H9 1519 7191519
o 1999
Eg TestDuration:‘ 15 Second Slug test: | S03 ~
AN R N
29 | TEST 0 WLREF * WIMAX™ y0 “ANALYZE
30 1 15:09:01.9 -0.032 0.026 0.067 TRUE
31 2 15:12:185 -0.022 0.151 0.173 TRUE )
32 3 15:18:50.9 -0.016 0.334 0.350 TRUE
H | J K L M N (o]
1
2 -0.40
i
5 0.20
o . . . 6 w
Initial time, t0, can be adjusted with the (2 S
spin button in column I. ol
j‘? § 020
12 % ol
139
Adjustments change t0 in cell 132 in this | = & ™
example because slug test S03 is 6| & os
17
selected. Tk
19 080
30 Meters
21 ——TEST FRAME
1.00
Inltlal tlme’ tO’ |n Ce” |32 aISO Could be g% 791518 7191518 7/1915:"]9899 M9 1519 7191519
edlted dlreCtly Sg Test Duration:‘ 15 Second Slugtest: | S03
27 jw = =
;; TEST 0 V%‘REF b WL%‘AX‘ y0 " ANALYZE
30 1 15:09:01.9 -0.032 0.036 0.067 TRUE
El 2 15:12:185 -0.022 0.151 0.173 TRUE
32 3 15:18:51.5 -0.016 0.334 0.350 TRUE
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H I J K L M N (0]
1
2 -0.40
3
4
5 ©0.20
Maximum water-level change, WLMAX, e
can be adjusted with the spin button in 2 T
column 1. 0 g omt |
12| £
13 ; 040
. . 4>
Adjustments change WLMAX in cell K32 | = =
. . . 16 | W 0
in this example because slug test S03is | v &
selected. ] om0
20 Meters
21 ——TEST FRAME
e 1#10915:18 7191518 71915118 7191519 7191319
Maximum water-level change, WLMAX, 2 1909
in cell K32 also could be edited directly. | 2|  restouation: 15 5econe Slug test: [ 503 =
27 Lalvl ﬂ E@g
29 | TEST® ) " WIREF " WLMAX ' y0 ANALYZE
30 1 15:09:01.9 -0.032 0.036 0.067 TRUE
31 2 15:12:18.5 -0.022 0.151 0.173 TRUE
32 3 15:18:50.9 -0.016 0.222 0.238 TRUE
1
2 -0.40
3
4
5 020
6| v
7| &
g | o 000 e T T T T T T T T T SRR e o a0 +
oz
. 1o g 020 —
Test frame for slug test SO3 will S
disappear when cell L32 is changed from £ 5 040
TRUE to FALSE. 5 2
16 @ 060
17
18 é
) . 19 080
Displacement data from slug test SO3 will | 2 e e
NOT be normalized or analyzed when n :
. 7191518 7191518 7191518 7191519 7191519
cell L32 is FALSE. = 1999
Eg TestDuratiDn:‘ 15 Second Slug test: | S03 ~
AR - R
29 | TEST t0 WLREF WLMAX y0 ANALYZE
30 1 15:09:01.9 -0.032 0.036 0.067 TRUE
31 2 15:12:18.5 -0.022 0.151 0.173 TRUE
32 3 15:18:50.9 0016 0222 0.238] FALSE |-
33 4 15:23:03.7 -0.007 0771 0.777_
34 5 15:27:38.0 0.005 0.360 0.355 FALE[I k
Normalization and analysis are limited to | |:. T
a single slug test as specified in cell
M25. L 1
NES
1,
Change cell M25 to ALL to analyze slug 7w s M-
tests en masse. 3 - =
:: WELL ID: BE425 D3-6 ) ma[s; [Tees wianx ] Test Duration: 15 secand .1:4:51.-9 [so =
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OUTPUT page—Estimating hydraulic conductivity

Normalized displacements are plotted on semi-log or cartesian plots for analysis with Bouwer
and Rice (1976) or KGS model (Butler and Garnett, 2000), respectively (Figure 8). Hydraulic
conductivity (K) initially is estimated from a linear regression and refined graphically when
interpreted with Bouwer and Rice (1976). Hydraulic conductivity and modulation factor (MF) are
estimated simultaneously with Solver to fit the KGS model (Butler and Garnett, 2000). Hydraulic
conductivity and modulation factor can be adjusted manually with spin buttons. Hydraulic
conductivity is reported with a user defined number of significant digits.

NN LY R SR SR

A B C D E F G H I J K L M N (0] P
M d
BB426 D3-6 asured
——Simulated -0.40
120
-0.20
e ||
= i
< gooot I T = — =
i = i
Qo H =
< z A
uj =
z & 020
= 4
g 5 -
g o 040
=4 =
& 9
g E 060
<
=
080 -
Meters
——TEST FRAME
.60 1.00
0:00:00 0:00:02 00003 0:00:05 00007 00009 00010 0:00:12 00014 0:00:16 00017 7191507 7191514 7191521 7191528 7191536 7191540
ELAPSED TIME, IN HR:MIN:SEC 1999
WELL ID: BB426 D3-6 REGRESS KGS_HighK ~ Test Duration:| 15 Second |~ Slugtest: | ALL ~
Input is consistent f‘}\
~ ~ ~ ~ ~
Construction: TEST 0 WLREF WLMAX y0 ANALYZE
~
Casing dia. (dc) = 1.5 Inch o MF= 1.210 1/sec 1 15:09:01.9 -0.032 0.036 0.067 TRUE
Annulus dia. (dw):‘ 15 Inch «| » | Average K= 162 m/d 2 15:12:18.5 -0.022 0.151 0.173 TRUE
PROP | OUTPUT | DATA (O] 1

Figure 8.—Estimating hydraulic conductivity from slug tests in well BB426 D3-6 with the KGS model

(Butler and Garnett, 2000) in the Slug_KGS-BnR-2019.xlsm workbook.

Page 15|19


https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/WR012i003p00423
http://www.kgs.ku.edu/Hydro/Publications/OFR00_40/
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/WR012i003p00423
http://www.kgs.ku.edu/Hydro/Publications/OFR00_40/
http://www.kgs.ku.edu/Hydro/Publications/OFR00_40/

Estimating Hydraulic Conductivity—KGS model

Select KGS model with KGS_High-K
from pull-down menu in cell F25.

NORMALIZED DISPLACEMENT

A B T D E F G

BB426 D3-6 Measured_
——Simulated

-0.60
0:00:00 0:00:02 0:00:03 0:00:05 0:00:07 0:00:09 0:00:10 0:00:12 0:00:14  0:00:16  0:00:17
ELAPSED TIME, IN HR:MIN:SEC

WELL ID: BB426 D3-6 REGRESS KGS High-K 'I

Input is consistent

Construction:

Casing dia. (dc)= 1.5 Inch o MFS 0.837 1/sec
Annulus dia. (dw) = 1.5 Inch «| + | Average K= 39 m/d

Press “REGRESS” button (cell E25) to
estimate hydraulic conductivity (K, cell
F31) and modulation factor (MF, cell
F30).

NORMALIZED DISPLACEMENT

-0.40

-0.60
0:00:00 000002 0:00:03 0:00:05 0:00:07 000009 0:00:10 00012 00014 00016 00017

A 8 e D E E -
BB426 D3-6 Measured_

——Simulated

ELAPSED TIME, IN HR:MIN-SEC

WELL ID: BB426 D3-6 REGESS 1 KGS HighK =|

Input is consistent N

Construction:

Casing dia. (dc)= 1.5 Inch o MFS 0.837 1/sec
Annulus dia. (dw) = 1.5 Inch «| +|Average K= 39 m/d
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After pressing “REGRESS” button in
(cell E25), hydraulic conductivity (K, cell
F31) and modulation factor (MF, cell
F30) have been estimated
simultaneously with the Solver.

B € D E

BB426 D3-6

F G
Measured_

——Simulated

NORMALIZED DISPLACEMENT

-0.60
0:00:00 0:00:02 0:00:03 0:00:05 0:00:07 0:00:09 0:00:10  0:00:12

25 WELL ID: BB426 D3-6

ELAPSED TIME, IN HR:MIN:SEC

! REGRESS
i e L.

0:00:14  0:00:16  0:00:17

KGS Hiah.K =|

Input is consistent

29 Construction:

30 Casing dia. (dc) =
E Annulus dia. (dw):‘

AN MF=
«|+|Average K=

1.5 Inch
15 Inch

1.210 1/sec
162 m/d

Hydraulic conductivity (K, cell F31) and
modulation factor (MF, cell F30) can be
changed manually with spin buttons in

-
i
=

B C o E
BB426 D3-6

F G
Measured_
= Simulated

@~ W W R
= -
@ o
= =

o
= = =
i e @
= =} 1=

=3
=
=)

gy
a--eussauw—

=
NORMALIZED DISPLACEMENT
)
)
S

17

cells E31 and E30. 18 04
20| -060
2
52| 080
= 0:00:00 0:00:02 000:03 00005 000:07 00009 00010 00012 00014 00016 0:00:17
ot ELAPSED TIME, IN HR:MIN:SEC
25 WELL ID: BB426 D3-6 REGRESS KGS HighK -]
27 K =340 m/d is greater than maximum of 300 m/d for Basin Fill
29 |Construction:
30 Casing dia. (dc) = 15 Inch o MF= 1.210 1/sec
31 Annulus dia. (dw) = L5 Inch = %l Average K=| Error mid
32 |Depths to:

F G H
30| _«» MF=" 1.210 1/sec
. - - . _‘ | T
Units of reported hydraulic conductivity 31| _«|» | Average K= 162|m/d -
H 32

(K) are selected from pull-down menu in s T-Screen = 49

cell G31. =
35 COMPUTED
36 Aquiferthickness:‘ 11
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Estimating Hydraulic Conductivity—Bouwer and Rice

A B C D E F G
L CHV1 DEEP Measured_
2 e SiMulated
3 100
4 e,
5 ",
6 g
7= h*‘mn
8 |2 ey
9 § Y
H ” 05 b
Select “Bouwer and Rice” from pull-down | 12
. 12 |a
menu in cell F25. g o
14 |<
15|23
16 |2
17
Hydraulic conductivity (K) initially will be 18
estimated with a linear regression. 20
21 001
2 00000 00712 01424 0:21:36 0:28:48 0:36:00 04312 0:50:24
ij ELAPSED TIME, IN HR:MIN:SEC
. Bouwer and Rice «
2 WELL ID: CHV1 DEEP ADJUST LINE —
27 Input is consistent | Bouwer and Rice
o - k
29 |Construction:
30 Casing dia.(dc); 2.0 Inch ?
31 Annulus dia. (@w) = 10.0 Inch _<l»| Average K=" 0.6 ft/d
A B C D E F G
i CHV1 DEEP e,
2 e Simulated
3 100 (-
4 oy,
5 \ "\%
6 s,
Press “ADJUST LINE” button (cell E25) 7= |\ Y
. . . . 8 B
to visually modify fit of line. g § \
10 & g
Regression line in chart converted to a ne \
. . 2 o010
graphical line that can be moved and JE \\
. i E L
adjusted. g \
Background color changes and remains s \
changed while in fitting mode. = +
21
An error condition exists while 2 °Gwm  ooe  owa  oaw  omm  0mm s oson
graphlca”y flttlng Iine. n ELAPSED TIME, IN HR:MIN:SEC
25 WELL ID: CHV1 DEEP Amum@ Bouwer and Rice - |
EZ Fit line to appropriate data before pressing ADJUST LINE button again.
29 |Construction:
30 Casing dia (dc):‘ 20 Inch A
31 Annulus dia. (dw)=  10.0 Inch _«l» | Average K=" Error ft/d

Famtbn one
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A B C D E F G
L CHV1 DEEP Measured_
2 — Simulated
3 1.00
4
5
6
Al
8 |=
10 i
11 %‘
Pressing “ADJUST LINE” button {8 o
(cell E25) again. Reverts graphical line to | ;;E
regression line and restores background | 2
color of chart. 18
20
21
22 0.01
= 0:00:00 007:12 0:14:24 0:21:36 0:28:48 0:36:00 04312 0:50:24
By ELAPSED TIME, IN HR:MIN:SEC
2 WELL ID: CHV1 DEEP i ADIUSTILINE ‘ Bouwerand Rice ~
EZ Input is consistent
29 |Construction: . .
30 Casing dia. (dc) = 2.0 Inch
31 Annulus dia. (dw)=  10.0 Inch _«|» | Average K= 0.1 ft/d
E F G H
30| o[ MF= 1.210 1/sec
Units of reported hydraulic conductivity 31| eI+ | Average K= 162|m/d -
H 32
(K) are selected from pull-down menu in - T-Sereen = 49
cell G31. 34
35 COMPUTED
36 Aquiferthickness:‘ 11
PROP page

Annular fill, grouts, and hydrogeologic units are specified on the PROP page (Figure 9). Annual
fill and grout are descriptive lists in columns A and B that can be edited by the user.
Hydrogeologic units define a range of permissible hydraulic conductivities for each
hydrogeologic unit. The default list was generalized from aquifer-test results and specific-
capacity estimates in southern Nevada. The list of hydrogeologic units should be adapted to
specific information from a user’s study area.

A B C D E F
1 |Annular Fill  GROUTS Hydrogeologic Unit Kmin, ft/d Kmax, ft/d
2 |Gravel Bentonite Basin Fill 0.001 1,000
3 |Coarse Sand Cement Carbonate Rocks 0.001 5,000
4 | Medium Sand Backfill Confining Unit 1.00E-06  1.00E-02
5 |Fine Sand Open Hole Volcanic Rocks 1.00E-07 3,000
6 |Open Hole | |

PROP | OUTPUT | DATA ®

Figure 9.—Annular fills, grouts, and ranges of transmissivities on the PROP page in the
Slug_KGS-BnR-2019.xIsm workbook.
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