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A Primer on Ground Water
(Baldwin and McGuinness, 1963)
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-T'otal use of ground water in the United States, 1960.
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Volume = area of base » height
Volume==z+*h

* The base Is a circle, so
the area of a circle is 7 +*

_ -
Height => {

Volume

Area of Symbol = :
ZUSGS Height



Symbol Withdrawal Rate

Area =

Depth per Time

Depth of Water

TN (| —

“Well Withdrawal Footprint”

" “Depth-Rate Index” ==
Depth of Water per Time

" Depth-Rate Index is the Scale of the Footprint




Depth-Rate Index Example

" Recharge rate (e.g. inches / year)

" The volume of water that recharges through the
footprint area equals the well withdrawal rate

" NOT a capture zone; No hydrogeologic basis;
Does NOT show where the water comes from!

" Shows size (volume) of withdrawals, as areas
centered on well locations

Q (in3/yr)

R (in/yr)

Recharge -
= —

Area (in?) =




Example Depth-Rate Indexes

" \Water-Resource Metric

" Recharge

= Stream Base-flow Statistic / Drainage Area
" Total Natural Inflow / Aquifer Area

" Water-Level Decline Rate (scaled by S,)

" Management
" Allocation Limit / Area

" Cartographic Design

" User-Selected — Depth-Rate Index is ‘Scale’ of
Withdrawal Footprint Map






Closely Spaced Wells —
Combined Area of
Overlapping Symbols
Does NOT Proportionally
Represent Withdrawals
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‘*" Depth-Rate Index = 14.7 inches/yr Sy e
: (average baseflow) /.
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A Program for Visualization of Groundwater Withdrawals




e

2Z Vlisualization of groundv. X

*

& C O | & Secure | https://pubs.er.usgs.gov/publication/ofr201... ¢ | M. 4 ©

S Apps WU FrIE NAWC Python Proj USGS [ DOI Remote Apps

search terms

Visualization of groundwater withdrawals
Open-File Report 2017-1137

By: Richard B. Winston and Daniel J. Goode
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¢ Document: Report (1 MB pdf)

» Application Site: Application Site - WellFootprint source code and examples: U.S.
Geological Survey software release

» Download citation as: RIS | Dublin Core

Abstract

Generating an informative display of groundwater withdrawals can sometimes be
difficult because the symbols for closely spaced wells can overlap. An alternative
method for displaying groundwater withdrawals is to generate a "footprint” of the
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Legacy and Superseded Software

NEW ModelMuse (Windows) Version 3.10.0.0, 2018/3/2

ModelMuse: A Graphical User Interface for MODFLOW-2005, MODFLOW-LGR,
MODFLOW-LGR2, MODFLOW-NWT, MODFLOW-CER _MODELOW-OWHM, MT3DMS,
SUTRA, PHAST, MODPATH, ZOMEBUDGET ard WellFootprint
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ﬂ ModelMuse

What do you want to do?

" Create new MODFLOW model
" Create new PHAST model

" Create new SUTRA model

" Open an existing ModelMuse project
" Import MODFLOW-2005 or MODFLOW-NWT model

T FP_1993 Feb2018.gpt (C:\Users\djgoode'\Documents\Data\Navy\WW RegionalModel\Footprint\FP_“*

?ﬂelp' Next = |




. & ModelMuse = O X
Defl n e File Edit Grid Data Object Navigation View Customize Model Help
- New "8 S BRBw | [WA P A
Domain Sl = »
Bl 30 A0

kd Save

fo r M ap O l ,1n,,nuu. 20000

Import B8 Model Results... Ctrl+M
Export 4 Shapefile...

FP_1993_Feb2018.gpt Surfer Grid File...
' Sample DEM Data...

Points...

bxt

Distrnibuted Data by Zone..

Gridded Data...

Gridded Data Files...

ASCII Raster File(s)...

T-PROGS Binary Grid File...
Image...

MODFLOW-2005 or -NWT Model...
ModelMate Values

SUTRA Mesh

Import the shapes in a Shapefile into the current model




Navigation View Customize Model Help
BUYBRBwW WAL X EFEH QMY
Gl e) @ || o D o B

e

o ) Open a Shapefile

47E5 Lookin: |  SprngCreek ~ e @k
|

* Name Date modified Type

FewDatapoints /19/2018 11:59 AM  File folder
Help 4/19/2018 11:59 AM  File folder
. .| data_points.shp 12/18/2015 7:47 AM  SHP File
| Domain_Outline.SHP 12/18/2015 8:26 AM  SHP File
|| MFactivegrid_07152009.shp 12/18/2015 7:49 AM  SHP File
__| rech_03212012.SHP 3/29/2018 3:23PM  SHP File

<

File name: IDomasn_Outline .SHP

Files of type: | Shape Files (" shp)




# ModelMuse

File Edit Grid Data Object Navigation View Customize Model Help

. RH Y -Wis | Bt BRBRwW|[RAS Y FR Qe
Pumplng b | —BEHER||eaad S0 [z_jlﬂﬂﬁ)@@n@

Rate e e e e
Volume

Units

match

M a. p - Click and drag to move view
Length
Units
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ﬂ Data Sets

=-Required
= Hydrology
A rtivin
=-WellFootprint
DepthRatelndex
Withdrawals

Basic | Comment |
Name

- ] ¥ lm@

600
T

|DepthRatelndex
Type

Orientation

Real

l

Evaluated At

~| [2DTop
Units

Cells

Interpolation

BN

Anisotropy

lnone

Default formula

- |1

Edit formula |

|0.0052|

? Help |

v’ Apply




We I I ﬂ, ModelMuse _ 0 %

File Edit Grid Data Objgd Navigation View Customize Model Help
Data o '8 RRBw ||[XRA S WK (B
* Open . ;
i o e A2 O # .2 I @@

k4 Save Ctrl+S -
Save As l1nnnn 20 00N _ 30.000
Import ¥Y Model Results... Ctrl+M
Export 4 Shapefile...
Files to Archive... DXF File...

FP_1993_Feb2018.gpt Surfer Grid File...
' Samnla DEM Data..,
Exit ;
Points...
Distnbuted Data by Zone..
Gridded Data...
Gridded Data Files...
ASCII Raster File(s)...
T-PROGS Binary Grid File...
Image...
MODFLOW-2005 or -NWT Model...
ModelMate Values
SUTRA Mesh

Import points and associated data a new objects Selected Layer

a2 USGS



Gnd

Customize Model

1 # import Points

Controls | Data |

Data sets

™ DepthRatelndex
™ Withdrawals

! Evaluated at View direction

¢ Cel “ Top
o~ | C Front
abes ‘ C Side

~Number of Z formulas
il C One &

I~ Specify column and row instead of X and Y

I~ Specify layer instead of elevation
v Set values of intersected cells
I~ Set values of cells by interpolation

\Wells Root name
I” Import as

v Make objects visible

Features

|W|thdrawal

none i

? Help |

X Cancel |




Insert

'I‘I.'lll' e

lls_Dermno.xlsx

Page Layout  For

"'D 3{} Anal g - =

B~ B I U ~

Paste Ch ! Alignment
> v e Dy A >

Clipboard = Font M

A2 v F || 2622

A B C
x-coord y-coord PUMP RATE
(utm-18N, (utm-18N, (CUBIC METERS

1 MAD83) MADS3) PER YEAR)

2 262 45219 1132595

3 274 4522 29565

4 274 4522 297475

3 263 4524 282145

& 261 4522 1265820

Ti 271 4529 1692140

) 272 4530 2685305

] 271 4535 1527890

10 260 4522 542025

11 260 4522 329230

12 260 4522 66065

13 260 4516 27375

14 260 4516 15695

15 248 4519 379965

16 248 4518 379965

ModelMuse

File Edit Grid Data Object Mavigation WView Customnize Model Help
DR Y -Mia | DU % BRRw | %A S| | Q.8 8-
<+ @ Import Points = =
Controls Data
' X Y Withdrawal Object name (optional) ~
i
§ Z 262 4521 1132595 CE162_LEMONT
:_ 274 4522 29565 CENTRE_HALL WELL_8
© 274 4522 297475 CENTRE_HALL WELL_9
L 263 4524 282145 COLLEGE_TWP_ROGERS_SHILO
3 R 261 4522 1265820 COLLEGE_TWP_SP_CR_WELL
:_ 271 4529 1692140 DEEP_MINE
© 272 4530 2685305 GENTZEL _QUARRY
W 271 4535 1527890 HRI - CURTIN_GAP_QUARRY
g 260 4522 242025 P533
C 260 4522 329230 P534
© 260 4522 66065 PS535
%J_ _ 260 4516 27375 scbwa11 y
El : £ >
C 45 = Rows Open file
e
< [ ? Help « OK | X Cancel




ﬂ. ModelMuse: C\Users\djgoode\Documents\Data\DRBC\GWFP\SpringCreek\dan1.gpt

File Edit Grid Data Object Navigation View Customize Model Help
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& Object Properties

Properties IData Setsl Footprint Welll Vertices| Comments/Captions

Evaluated at B
e ~ | e ™ Position locked

|

Name |Domain_Outline_1

v Duplicate cells allowed

v Use to set grid cell size
Grid cell size 250]

™ Color object line

[ Color object interior

v Set values of enclosed cells Minimum cell fraction

¥ Set values of intersected cells 0
™ Setvalues of cells by interpolation




dit Gnid Data Object Nawvigation View Customize Model Help
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# Generate Grid = O X

¥ Calculate grid angle automatically

0 Grid angle (degrees)

Grid Smoothing
I~ Smooth grid

= R z
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] I L] LI ] T I 1

? Help | X Cancel
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# ModelMuse: C\Users\djgoode\Documents\Data\DRBC\GWFP\SpringCreek\dan1.gpt T O X
File Edit Grid Data Object Navigation View Customize Model Help
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ﬂ ModelMuse: C:\Users\djgoode\Documents\Data\DRBC\GWFP\Srrinalraalidani ant
File Edit Grid Data Object Navigation View Customiz Model Help

2 |2 H ) - B3 % BREuw |y MODFLOW-2005
Options - e

X4 | —mE@E+]| 200 MODFLOW-LGR V2

2 6E5 MODFLOW-NWT
"" T SR . [ UL TR | MODFLOW-CFP
MODFLOW-OWHM
PHAST
SUTRA 2.2
WellFootprint

Edit Geo Reference

0 WellFootprint Properties...
# WellFootprint Properties WellFootprint Program Location...

v Save results to binary file (Binary_Results_File)
™ Save results to text file (Text_Results_File)

v Open listing file in text editor
Closure criterion 0.01

Minimum depth-rate index 1E-6
Maximum number of iterations 10000 .
I Initially distribute withdrawals halfway to nearest neighbor

Redistribution criterion b A

et

? Help l X Cancel




3 ModelMuse: C\Users\djgoode\Documents\Data\DRBC\GWFP\SpringCreek\dan1.gpt — O X

File Edit| | Grid Data Object Navigatior View Customize Model Help
ol AU B smBw [wAL VXL | eTR/[QAQe®
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C:\Users\djgoode\Documents\Data\DRBC\GWFP\SpringCreek>C: \WRDAPP\WellFootprint.1 @\bin'
WellFootprint.exe dan2.fpi

TR
(r

WellFootprint Version 1.98.8.0

This software has been approved for release by the U.5. Geological
Survey (USGS5). Although the software has been subjected to rigorous
review, the USGS reserves the right to update the software as needed
pursuant to further analysis and review. No warranty, expressed or
implied, is made by the USG5 or the U.S. Government as to the
functionality of the software and related material nor shall the
fact of release constitute any such warranty. Furthermore, the
software 1s released on condition that neither the USGS nor the U.S.
Government shall be held liable for any damages resulting from its
authorized or unauthorized use. Also refer to the USGS Water
Resources Software User Rights Notice for complete use, copyright,
and distribution information.

Normal termination

C:\Users\djgoode\Documents\Datz: | dan2fplst - Notepad O

File Edit Format View Help
SACEACREELEAREL BRI, Rcdistributing excess pumpage edges of groups iteration 336
=55 EWw7 L7 KD Eoushims o | Redistributing excess pumpage edges of groups iteration 337
Redistributing excess pumpage edges of groups iteration 338
Redistributing excess pumpage edges of groups iteration 339

Number of iterations = 340
Maximum excess fraction = ©.0082514165196641
normal termination

Col: 179: Row: 105




Display Results

# ModelMuse: C\Users\djgoode\Documents\Data\DRBC\GWFP\SpringCreek\dan2.gpt X

File Edit Grid | vaia VUjELL  INaVIigauurn  view  LUusLunmize Model Help
FH Y -Be (Dt RBw (XA P (XL (TR a8
“ < | —IH Import énd display model results (Ctrl+M)i |2 I a eI ® & o

&

"]
Import and display model resuits Col: 184; Row: 41




26E5
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& Data Visualization —

| Selection | Filters Legend |

| Contour Data

5 Method Color legend

| Automatic

| Values 1

| 0 ,

| 1

| 2 3 1: Footprint_code;

-




Export for Map Display

@ ModelMuse: C\Users\djgoode\Documents\Data\DRBC\GWFP\SpringCreek\dan2.gpt X
File Edit Grid Data Object Navigation View Customize Model Help

New IR I IR A IR
= s+|+20.,0+ ~p 0086 8>

2

kil Save

Save As 2 6E5
Import T T T T T T T

Export WellFootprint Input File ~ Ctrl+E ‘_ - — —
Files to Archive... ‘ Shapefile j Grid Data to Shapefile...
Data Sets to CSV ST
Image... Contours to Shapefile

Export or Update ModelMate File L

FP_1993_Feb2018.gpt

Exit

-

SUTRA 2D Mesh Endpoints at Starting Locations to Shapefile

Endpoints at Ending Locations to Shapefile
Time Series to Shapefile

Head Observations to Shapefile
Model Outline or Grid Lines...

® u
\ &

Col: 214; Row: 63 3733.80000200194: Disti
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Depth-Rate Index = 14.7 inches/yr
(average baseflow)
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Withdrawals (cubic meters per day)
>1000 - 1409
>300 - 1000
>100 - 300
>30-100
0.3-30

Footprint

Depth-Rate
Index =

Model

0 2 Kilometers
Recharge ~ Area contributing b

recharge to wells

Groundwater-Flow Model
Lansdale, Montgomery County




Footprint

\ ﬁ 0 1 2 Kilome

Area contributing bl
recharge to wells

(Goode 2016)

The Footprint is NOT a Capture Zone!



Withdrawals (cubic meters per day)
@® >1000-1409

WellFootprint and

>100 - 300
>30-100

ModelMuse |y

P U m p I n g T Are/a contributing UL~LL~lLuuj R

recharge to wells

A New Map App for

Footprint

Visualizing the Magnitude of

X ' Azraq Oasis
e Jordan

Dan Goode djgoode@usgs.gov



The following reference and
background slides were not shown
during the live presentation at the
Symposium.
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A Primer on Ground Water
(Baldwin and McGuinness, 1963)

4
Note: Area of circle indicates water use
25 millon gallons per day
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& per day

1,000 milhon gallons
per day

Frcure 15—T otal use of ground water in the United States, 1960.
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Baseflow index

Depth-Rate Index =

50-yr-Low Annual Base Flow

Basin Area

N~

(Goode 2016)




2 ModelMuse: C:\Users\djgoode\Documents\Data\DRBC\SEPA_GWPA\Jan18\Mar18.gpt == O X
File Edit Grid Data Object Navigation View Customize Model Help
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Depth Rat%[ndex =

Avg Water-LeveI Declme
Rate (1 m/yr), ‘Scaled by
| Specific Yleld

Azraq Oasis
Jordan
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