KML_3Point-Flow—An Excel application for mapping
groundwater flow direction from a few wells in a KML

Groundwater wells, potentiometric surface, and flow direction can be mapped in a
KML file with the KML_3Point-Flow.v?.xIsm workbook (Figure 1). Potentiometric
surface is simulated by fitting a planar surface to groundwater levels from
between 3 and 24 wells. Appropriateness of fitting a 3-point problem to greater
than three wells can be evaluated with a scatter plot of measured and simulated
water levels. Posting of names, measured water levels, simulated water levels,
residuals, and weights are specified by the user.

Figure 1.— Example of wells, potentiometric surface, and flow direction from Greenwater
Range that was created with the KML_3Point-Flow.v?.xIsm workbook.

Groundwater-flow direction is depicted with a three-dimensional arrow that can be
scaled by the user (Figure 2). Groundwater gradient and downgradient compass
heading are reported if arrow is selected in Google Earth.
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Figure 2.— Displaying groundwater gradient and flow direction while looking upgradient
from California highway 190 into Greenwater Range.

KML_3Point-Flow.v3.xIsm and explanatory PDF can be downloaded with the
following link.

Revisions
March 8, 2021—Versions 1 and 2 were created during development.

December 7, 2021—Revisions in version 3 include the following. Workbook
modified so that well locations can be specified with decimal latitude-longitude or
UTM coordinates. Explanatory comments were added to labels on XYZ page.

February 23, 2024—Revisions in version 4 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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https://support.microsoft.com/en-us/office/define-and-solve-a-problem-by-using-solver-5d1a388f-079d-43ac-a7eb-f63e45925040?ns=excel&version=19&syslcid=1033&uilcid=1033&appver=zxl190&helpid=xladdin.chm1830&ui=en-us&rs=en-us&ad=us
https://support.microsoft.com/en-us/office/load-the-solver-add-in-in-excel-612926fc-d53b-46b4-872c-e24772f078ca

KML_3Point-Flow.v2.xIsm Workbook

The workbook consists of two pages, XYZ and CONTROL. Site data, mapped
symbols and all user options are specified on the XYZ page. The CONTROL page
contains lookup tables and code for calculating results. This page can be hidden
because users should not need to edit the page.

XYZ page

Site name, location, and groundwater levels are specified as a table (B28:E54) on
the XYZ page (Figure 3). Well locations can be specified as decimal longitude-
latitude or UTM easting-northing. KML file name, symbol assignment, contents of
well labels, contour interval, contour extent, and groundwater-flow arrow
dimensions are user specified.

A B C D E F G H | J K L M N
1 3,000
2
3 e
4 2,500 9/,
5 4,019 -
6 £ e
) 3 4018 4 2,000
8 § 4,017 é
9 4016 E 1200
5
10 4,015 E
11 & 1,000
12 4,014
li 4013 50
= 4,012
16 4,011 t t+ + + + 0
17 538 540 542 544 546 548 550 0 500 1,000 1,500 2,000 2,500 3,000
18 Thousands Measured Altitude
19 | Hemisphere: North Google Earth Symbol Size Color/Opaque: Gradien(=’0.029049 f/ft
20 UTM zone = 11 Well Symbol: open-diamond.pi 1.2 a=-0.0210141 Downgradient Heading = 13° NNE
21 KML file name: GreenwaterRange Text: - 0.9 80% b= -0.0929594 Arrow length = 4,000 m
22 Buffer= 400 m Contour Interval= 50 2 80% c= 2,445 Arrow width= 1,500 m
23 Z-range = 774 ft Arrow elevation= 400 m
24 RMS = 15.6
25 POST 543,260 4,014,715  POST Comma REFRESH Write KML | [ Show messa
v
| Measured Simulated Weighted
27 WELL x_UTM y_UTM Altitude  Altitude  Residual Weight Residual PostHEADING PostDESCRIBE
28 K-2 541,246 4,012,294 2,735 2,712 22 1.00 22.1 KI-2,2735, it=1.00
29 JC5 542,490 4,012,346 2,660 2,681 21 1.00  -21.5 JC-5,2660, it=1.00
30| s1_AD13 540,378 4,016,511 2335 2,339 -4 1.00 -3.7 S1_AD13, 233t = 1.00
31| DVI-01 548,927 4,017,709 2,051 2,048 3 100 3.1 DVJ-01, 2051t =1.00
32 2,048
oz [ @ ‘

Figure 3.—XYZ page in the KML_3Point-Flow.v2.xIsm workbook where sites to be posted
and descriptive information are specified.
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XYZ page—Site Data

Al B C D E | °F
19 | Hemisphere: North Google Earth Symbol Size
20| UTMzone=11 Well Symbol: opendiamond. 12 |
21| KMLfile name: GreenwaterRange Text: -- 0.9
22 Buffer = 400 m Contour Interval= 50 2 |
23 Z-range = 774 ft

. . 24

Slt'e name, location, and measured s poST -

altitude (columns B:E) must be v )

i Measured Simulated

SpECIfIEd on the XYZ page 27 WELL UTM_Easting.m | ~ IM_Northing.m  Altitude  Altitude
28| KI-2 541,246 4,012,294 2,735 2,712
29| IC-5 542,490 4,012,346 2,660 2,681
30| 51 AD13 540,378 4,016,511 2,335 2,339
31| DVIJ-01 548,927 4,017,709 2,051 2,048
a2 2048

XYZ ()

Site locations (columns C:D) can be A B c D

e . L

specified as either,
Decimal Decimal

28 | KI-2 Decimal Longitude,MA 4,012,294

UTM easting-northing, m. 29| IC-5 : 4,012,346
A B C D

18 | Hemisphere: North Google Earth

20 UTM zone =11 Well Symbol: o

21| EMLfile name: GreenwaterRange Text: -
If UTM easting-northing are specified, || 22 Buffer=400m Contour Interval= 5
hemisphere and UTM zone also must | | 23 Z-range =
be specified (C19:C20). e

25 POST

=¥

|
27 WELL UTM_Easting.m | + IM_Morthing.m
28| KJ-2 541,246 4,012,294
A B C D E F
23 Zrange= 774 |ft -
24
) 25 POST POST

Measured altitude (column E) can be | < :

o . _ Measured Simulated
specified in units of feet (ft) or meters | 5 WELL  UTM_Easting.m  UTM Northingm Altitude  Altitude Re
(m), which is specified in cell (F23). 28| KJ-2 541,246 4,012,284 2,735 2712

29| IC-5 542,490 4,012,346 2,660 2,681
30| s1_AD13 540,378 4,016,511 2,335 2,339
31| Dvi-01 548,927 4,017,709 2,051 2,048
2 2,048
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Well sites are posted as UTM
coordinates in a XY chart (B1:F18) for
quickly evaluating composition of
objects in map.

4,020
w

k=1

S 4019 §

24018
4017 §
4016 §
4015 §
4014 §
4013 §
4012 §

4011 ¢

S |

4,010

550 552
Thousands

543

Weights for regression of plane can
be assigned in column H.

Blank cells are weighted as 1.

Comma REFRESH

Halford Hydrology LLC
Lser-assigned weights for regression of
plane. Blank cells are assigned a weight of 1.
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XYZ page— KML file name and symbology

A B C
KML_f?le n_ame without extension is 21 KML file name: GreenwaterRange
specified in cell C21 of XYZ page. !
XYZ )
D E F G
b | b |
Well symbols, posted text, and 19 | Google Earth Symbol Size  Color/Opague
contour characteristics are specified 20|  Wellsymbol opendismonds 1.2 [N
in the range E20:G22. 21 Text -- 0.9 20%
22 | Contour Interval= 100 2 B0%
D E F
19 Google Earth Symbol Size
Well symbol is specified with Google ED| Well Symbot|spen-diamend.| *| 1.2
Earth supplied file names. 21 Text: =N A | 0.9
parking_lof
A file is selected with pull-down menu | 22| tenteur Intenal- parkspng 2
in cell E20. = Z-range = placemark_cir
24 placemark_cir
25 placemark_sq
£F placemark_sg
D E F
b |
19 Google Earth Symbaol Size
El}l Well Symbol: E}pEI‘I—diEI‘I‘II}I‘Id.II x| 1.2
Selected symbol in cell E20 can be 21 Text: -- 0.9
viewed in a browser by clicking the
o Shows,
hyperlink in cell D20.
& open-diamond.png (64=64) X =+ M -
Open-diamond icon shows in this C e

example.

&
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Symbol size, text size, and line
weight are specified with pull-down
menus in column F, where sizes
range from 0.0 (invisible) to 5.0 (really
big).

] E F G
19 Google Earth Symbaol Size cmur;ﬂpa.qu:
20 | Well Symbo ‘ open-diamond.
21 Text --

b |
22 | Contour Interval= 30

23 Z-range= 911
Size is in non-specific GE units. Gage | | 24
selection by knowing that reasonably || z5 POST
sized labels range from 0.6 to 0.9. =t —— B —
Symbol, text, and line color are == [ == E
specified by fill color of cells in : :
column G. - SR
For example, cell G20 is formatted o w5
and a red fill is assigned. 5 oo ]

: = =
Symbol, text, and line opacity are D E F G H
specified with pull-down menus in 1o GoogleEarth  Symbol Size " Color/Opsque
column G, where opacity ranges from — N )

L. . 20 Well Symbol: open-diamond.; 1.2

0% (invisible) to 100% (nothing 21 T 0.9
visible beneath symbol). 23 | contour Interat) 50 )

23 Z-range= 911  ft
For example, G20 currently is 90%, 24
which is mostly opaque. 23 POST

|
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XYZ page— Well posting

Text posted with wells is defined in
columns B, E, F, G, and H of row 25.

A B C | D | E | F | =
25 POST POST [~ |

] R h " Measured _ |
27 WELL UTM_Easting.m  UTM_Northing.m  Altitude  Altitude Residual Weight
28| K2 541,246 4,012,294 2,735 2,712 22
29: Jcs 542,490 4,012,346 2,660 2,681 221

Posted text is limited to selected
fields on row 25.

All entries are reported in the
descriptive balloon when a well is
selected.

#KY:27 2735

KJ-2, 2735

KJ-2

Measured Altitude = 2735 ft
Simulated Altitude = 2712 ft
Residual =22 ft
Weight=1.00

Directions: To here - From here

Delimiters between posted entries
can be changed in cell J25.

J

25

L

il Camma

Underscore | =

Weighted | Return

Undersco E

Example of underscore between
posted entries.

Page 8|11




XYZ page— Contour interval and extents

Contour interval of planar surface is
selected from pull-down menu in
cell E22.

D

22 CDntDurIntewaI:
23 Z-range =
24
23
£LF

~
27 | UTM_Morthing.m

Contour intervals are updated by
clicking the REFRESH button in cell
L25. 0

L b
24

75 | REFRESH
¥

A [

£ a0t

4012

1011
4010

L 4
5 4019
2o
z
s
st
sots
a0
o
sone
aon

4010
538 540 542 544 546 543 550
Thous:

Google Earth

Symbol size

552
ands

% 4,017
Buffer in cell C22 defines extent of 4016
contours beyond lateral extents of 4015
well coordinates.
4,013
For example, lateral extents intersect sz
wells with a buffer of 0 m. {housancs
Hemisphere:‘North Google Earth Symbeol Size ]
UTM zone = 11 Well Symbol- opendiamonds 1.2
KML file name" GreenwaterRange Text‘ - 0.9
Buffer :‘O m Contour Intewal:_SO 2 _
» 4020
E a0sy o _____
g I BVIo
2 4,018 | o |
T i“—" & |
4,016 : :
4015 : i
Changing buffer from 0 to 1,000 m o :
. 4,013 | ‘H\ :
instantly expands the lateral-extent sk | o0 |
frame_ 401 e
4,010
533 540 542 544 545 548 550 552
Thousands
Hemisphere:‘North Google Earth Symbol Sire
UTM zone =11 Well Symbol: opendismonds 1.2
KML file name" GreenwaterRange Text‘ - 0.9
Buffer = 1,000 m Contour Intemal::SO 2
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Contours are revised to limits of
lateral-extent frame by clicking the
REFRESH button in cell L25.

L

24

55 | REFRESH
ZLF

4,020
4,018

Thousands

4,018
4,017
4,016
4,015
4,014
4,013
4,012
4011

4,010

-
Hemisphere: North

543 550 552

‘
UTM zone = 11
‘
KML file name: GreenwaterRange
h
Buffer = 1,000 m

Thousands
Google Earth  Symbol see |
Well Symbo ‘upEn-diamund F 1.2
Text - 0.9
Contour Interval= 50 2
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XYZ page— Groundwater flow arrow and Writing KML

Groundwater-flow arrow dimensions
are defined in range M21:M23.

| L | M [
21 Arrow length = 4,000 m
22 Arrow width y 1.500 m
23 Arrow elevation y 400 m

Arrow length and width (M21:M22)
are revised instantly and can be
evaluated in the XY chart (B1:F18).

538 540 542 544 546 548 550 552
Thousands

Arrow elevation (M23) is relative to
land surface and only can be
evaluated in Google Earth.

A few iterations of writing and viewing
KML frequently are needed to scale
arrow elevation.

Arrow elevation

SN

Wells, contours, and groundwater-

- . M | M | 0 | P |
flow arrow are written to KML file by ”
clicking the “Write KML” button in 55 Write KML | W Show message after writing KML
cell M25. o
KML FILE WRITTEM *

Message with name and location of
KML file is reported if option is
checked in cell N25.

KML file GreenwaterRange.kml was written to
Chkhalford\HalfordHydrology_LLO\WebSite\ExcelTools\KML_3Point-Flo
w
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