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Global water budget

Table 1: Distribution of water on Earth (Gleick, 1996) Oceans: 97% (1338X1015 m3)
Volume Total water Fresh water saline; can’t use without high cost.
(10°m%) (%) (%) Surface: 0.008%

Oceans, seas, & Rivers, lakes, swamps, etc.

bays 1338] 966 “ Ground: 0.8%

Ice caps, glaciers, Not all is suitable for consumption.

& permanent snow 24 1.73 69.7 Frozen: 1.7%

Ground-water Good storage, but the caps are

(saline) 12 0.87 . ’

Ground-water me'?'“_g T .

(fresh) 10 0.72 290 Logistics of retrieval?

Ground ice &

permafrost 0.300 0.022 0.87 Large variability in fresh water

Lakes (fresh) 0.091 0.007 0.26 availability due to:

Lakes (saline) 0.085 0.006 - 1. latitude and topography

Soil moisture 0.016 0.001 0.046 2. weather and climate

Atmosphere 0.013 0.001 0.038 3. human influences

Swamps 0.011 0.001 0.032

Rivers 0.002 0.000 0.006

Biological water 0.001 0.000 0.003

Total 1385 100 100

Global water budget (saline + fresh)

Ice caps, glaciers, and
permanent snow
1.73%

Ground-water (fresh)
0.72%

Ground-water (saline)
0.87%

Oceans, seas, and bays
96.6%

Ground ice and permafrosf
0.02%
Lakes (fresh)
0.0066%
Lakes (saline)
.0061%

Soil moisture
0.0012%

Total estimated volume = 1385 x 10> m? or 366 quintillion gallons




Global fresh-water budget

Soil moisture
0.046%

Ground ice and
permafrost
0.87%

Lakes
0.26%

Atmosphere
0.037%

Ice caps, glaciers, and
permanent snow

69.7%

Biological
water
0.0029%

Total estimated volume = 34 x 10> m3 or 9 quintillion gallons

Ground water: Fundamental concepts

Hydrology: The study of the occurrence, distribution, movement, and chemistry of all
waters of the earth.

Hydrogeology: The study of the interrelationships of geologic materials and processes
with water.

Ground water: Water that fills the empty spaces in soil, sand, or rocks beneath the
Earth’s surface.

Water table: The top of the water in the soil, sand, or rocks.

Aquifer: A geologic formation, group of formations, or part of a formation through which
ground water can easily move.

Confined aquifer: An aquifer bounded above (and below) by a low-permeability geologic
unit.

Unconfined aquifer: An aquifer where the water table is the upper boundary.

Porosity: The fraction of subsurface volume that is

empty space. GRAVEL
Permeability: A measure of how well the empty spaces 1‘31, )\
are connected. DO PERMEABLE |

Hydraulic conductivity: Describes how easily water can
move through the empty spaces. PORES
Transmissivity: Measure of how much water can be
transmitted horizontally .

= FRACTURES

o A
o £ d
IMPERMEABLE b




Fundamental concepts: Porosity vs. Permeability

Hydraulic

Material Porosity Permeability conductivity

(%) (darcys) (ft/day)
Clay 50 0.0001 0.0003
Silt 40 0.01 0.03
Fine Sand 35 0.1 0.3
Sand 30 10 30
Gravel 25 100 300

Compare

o]

T

1 meter

2 minutes 2 hours 200 days 200 years

Silt Clay

Fundamental concepts: lllustrated terms

Transpiration Is there something
by vegetation L .
missing from this
2 g z Unsaturated zone piCtUre?

Confined aquifer

EXPLANATION
High hydraulic conductivity aquifer
Low hydraulic-conductivity confining unit
Very low hydraulic-conductivity bedrock

~
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Direction of ground-water flow
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Fundamental concepts: Gaining streams vs. losing streams

Flow direction

GAINING STREAM

Unsaturated Zone

Flow direction

’ Unsaturated
zone

LOSING STREAM

Water table\

Fundamental concepts: Potentiometric (pressure) surface

réssure surface (level to Which water wi| rise)

Copyright © 2005 Pearson Prentice Hall, Inc.




Fundamental concepts: Confined aquifers
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How confined is confined?

Water table Surface-water body

\ Good well location?
Looks like it may be.
There is a relatively thick confining unit...
No readily identifiable sources of contamination...
So, what's the catch?
Well, what exactly does “local” mean?
Zoom out to the next level...

12




Still confined?

Unsaturated zone

Your proposed well location
Surface-water body

Water table

= USGS

science for a changing world

What happened to your “confined” aquifer? Most aquifer systems may contain

many “locally” confined aquifers, but few (if any) are regionally confined.
13

CONFINING UNITS e

The ground beneath your feet... pr
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CARNAHAN
BAYOU |UPLIFT)

" Sectionline
illustrated below

May be quite old to us, but is young geologically.

Is not necessarily flat or horizontal, even if the
surface looks like it.

WILLIAMSON CATAHOULA

Was generally deposited in a marine or coastal
environment (shallow seas, deltas, beaches, etc.)

The red line indicates the approximate base of
freshwater along the section line. INDEX MAP SHOWING GEOHYDROLOGIC SECTIONS:

GFNERALIZED GEOHYDROLOGIC UNITS, MONROE
UPLIFT, AND SABINE UPLIFT, LOUISIANA
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Millions of years

|

ago
GEOHYDROLOGIC UNITS OF LOUISIANA

Northern Louisiana Central Louisiana Southwestern Louisiana Southeastern Louisiana
£ Stratigraphic Unit
g it or confnng it e orconiing ue *
B : aquifer system or
& aqier or confining unit aguifer system or confining uni e it
St. Tammany. New Orleans area and
Lake Charles | rice growing. Baton R Tangipah River
o 01 area area ‘Washington Parishes | Parishes *
. eFT — : = Missssippi River
Red il confuigg iy | Al aquifer — VR S —— il o i e L
Mississipp River alluval Mississippi River alluvial i o e ivalent 89U | ufiial confining rrace aquifer | Norco aguifer
e b sl onfng it | st ol 5000 system orsurical £ UpperPomchunls | G New s
& Unnamed confining unit Montgomery aquifer confining unit Lower sand unit | © g Shallow sand AgarEc aquifer
Upland e oo Benty o 0 oor P00 Too sand 300 o0 sand
Es li ivaler Baqug;rm ife
et vangeline equivalent s Branch aquifer
& | Blounis Creek Member e aquier system or Kentwwood aquifer
=l ‘surficial confining unit Abita aquifer
ovington aguifer
Slidell aquifer
2
Castor Creek Member Castor Creek confining unit i it
E 2 unnamed confining unit . et st
‘Williamson Creek Member units absent Jasper aquifer ‘Williamson Creek aquifer ifer | 120000 sand | Hammond aquifer
& | Doueh Hill Member systemor surfcal |~ Dough Hills confining unit Jasper equivalent aquifer | +3,400-foo” sand | Amite aquifer
Carnahan Buyou Member ‘confining unit Carnahan Bayou aquifer '8 UMt 12.800-foot" sand | Ramsay aquifer
Franklinton aquifer
Lens Member Lena confining uac anaoged coafiniag ueil
Catahoula equivalent
Catahoula Formation Catahoula aquifer aquifer system or
surfciol confining unit

Jackson Group, undifferentiated

confining unit

Cockfield aguifer or
surfcial confining unit
e no freshwater occurs in decper units

‘Sparta aguifer o
surfcial confining unit

Cartizo-Wilcox aquifer o
surficial confining unit
Wilcox aquifer

Wilcox Group, undifferentiated

differentiated | Midway confining unit
the four agy is refered to as the Southe aqui
fers in southeastern L ed, and not listed herein.
the four aquifers is refered to s the New Orl fer system,
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Surface extents of Louisiana aquifers

RKANSAS

93°
f

EXPLANATION
AQUIFER AND AQUIFER SYSTEM:
RED RIVER ALLUVIAL AQUIFER
MISSISSIPPI RIVER ALLUVIAL AQUIFER
UPLAND TERRACE AQUIFER
CHICOT AQUIFER SYSTEM
CHICOT EQUIVALENT AQUIFER SYSTEM
EVANGELINE AQUIFER
JASPER AQUIFER SYSTEM

CATAHOULA AQU IFER
MISSISSIPPI
90°
’

COCKFIELD AQUIFER
SPARTA AQUIFER
CARRIZO-WILCOX AQUIFER
NO FRESHWATER

JEC0E0EODOEED

o 50 MILES
O B
o 50 KILOMETERS

science for a changing world
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Louisiana aquifers — withdrawal rates

PUMPAGE BY MAJOR AQUIFER OR AQUIFER SYSTEM, 2005
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Aquifer characteristics — Sparta aquifer

Sparta Aquifer

Lhe Spurte aguifer is a very important sontee of ground waler (o the
people of pudhem Louisiane, puclivolucly nonh-central Lonisiana (e, L1
The Sparta aguifer also provides water far sontheen Arkansas. Tange quan-
tilies of water fram this aquifer are pumped Qo drioking-water and indus-
Leial purposes,

Facts
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LEY L Lo
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* Interbedded with thin lavers of cluy wnd lignite

Thickness
= 50 Lo TO0 Teet, increases wewand soulh aod southeust L
Recharge i I,
* From raintall on suterop area and wacer moving downward through f_'_,_.'_", MEER
Lerrace deposiis in Bossier, Welsier, uod Bivoville Parishes u K| NWFTEAS
i Iaafcagc frven gverlying Cockfield and uodedying Carmso-Wilves [ R
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Aquifer characteristics — Sparta aquifer

Bienville P,
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science for a changing world
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Water use — Sparta aquifer
Mo W Tl Loz, 3OS
SPARTA AQUIFER
Pl st las
Lisestoek EERET |
Rice i gatiom BL
Giereral rigatiom E
Aquacalbrz W
TITAL S7.0%
‘science for a changing world
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Water level trends — Sparta aquifer

[ Outcrop area
1 Saltwater area Annual change (ft.) 1990-2000
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Based on data from the USGS/DOTD water-level network. 21
Aquifer characteristics — Southern Hills aquifer system
p
I
¥ ©  zig EAST FELICIANA | EAST BATON ROUGE
3 = &!§ PARISH ; PARISH
L 3 s ! :
FEET 300 g 32 ! cg FEET
400 RECHARGE Elg RECHARGE i,| §3 . 400
SEA * SEA
LEVEL LEVEL

1,000 1,000

2,000 2,000

EXPLANATION
. FRESHWATER AQUIFER
. SALTWATER AQUIFER
. CLAY (confining bed)
4,000- 4,000

3,000

3,000

-
ré
science for a changing world
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Water use — Southern Hills aquifer system

TOTAL WATER USE
107 Mgal/d IN 2005

Public suppl
other 12% PRy

Domestic
15%

Power generation
3.2% Industry
51%

= USG

‘science for a changing world

CHICOT EQUIVALENT
AQUIFER SYSTEM

(SOUTHEASTERN LOUISIANA)

Withdrawals by Parish

Mgalid

Parish
Ascension
Assumption
East Baton Rouge
Exst Feliciana
Iberville
Tefferson
Livingston
Orleas
Plaguemines
Pointe Coupse
St Bemard
St Charles
5t Helena
St. James
§¢ John the Baptist
St. Fammany

- e in million = e Tangipabon
Withdrawals, in million gallons per day (Mgald)| y SF
- . West Baion Rouge

Public supply 13.18 e

Tndustry 5468

Power generation 341

Rusal domestic 15.61

Livestock 47

Rice itrigation 00

General ierigation 137

Aquacaltuse 18:32

TOTAL 107.03

23

Water use — Southern Hills aquifer system

other
0.71%

Power
generation
o

Industry

24%

Public supply
68%

TOTAL WATER USE
87 Mgal/d IN 2005

EVANGELINE EQUIVALENT
AQUIFER SYSTEM

(SOUTHEASTERN LOUISIANA)

‘Withdrawals by Parish

Parish

Mgalid

East Baton Rouge
East Felictans
Livingston

Poiie Coupee

St John the Baptist

West Baton Rouge
West Feliciana

Withdrawals, in million gallons per day (Mgal/d)
Public supply 59.31
Industry 2056
Power generation 434
Rural domestic 236
Livestock 33
Rice irrigation o7
General inrigation 15
Aquaculiure _ o7
TOTAL 37.09

24




Water use — Southern Hills aquifer system

JASPER EQUIVALENT
AQUIFER SYSTEM

(SOUTHEASTERN LOUISIANA)
Domestic
and

Power generation other ) .
4.1% r_/\; ss than 1% : Withdrawals by Parich
O A

Pasish Mgalid

East Baton Rouge
East Feliciana
Therville
Livingston
Pomte Coupee
St. Helena

Industry
38% Washington

West Baton Rouze
West Feliciana

Public supply
57%

‘Withdrawals, in million gallons per day (Mgal/d)
TOTAL WATER USE s i
126 Mgal/d IN 2005 e

Industry 4793
Power generation 520
Rural domestic A1
Livestock 12
Rice imrigation 80
General irrigation 03
Aguacalture 14
TOTAL 12629

2USG

b

-
science for a changing world
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Water-level trends — Southern Hills system

Annual change (ft.) 1990-2000
MISSISSIPPI
emmem
L) | 3

| WASHINGTON r

% !

\ =N
)‘POIN'I'EGOUPEE

\ C =

( !

[ ’_f

\, . _

L T

£

— =1— Contours approximate
declines at monitor wells, in feet
per year, for the period 1990-2000.

® Control point
o 20 MILES
|

T
0 20 KILOMETERS

Based on data from USGS/DOTD water-level network.
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NORTH

VERNON |
PARISH

FEET
SEALEVEL _|

-1,000

-1,500 —

Aquifer characteristics — Chicot aquifer

Not to scale

GULFOF
MEXICO

FEET
SEALEVEL
-500
-1,000
-1,500
‘science for a changing
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Water use — Chicot aquifer

WITHDRAWALS FROM THE CHICOT AQUIFER SYSTEM, 2005
(660 MILLION GALLONS PER DAY)

Public supply
Aaueculure o6

Industry
9%
Power generat
0%

Other uses
2%

rigation
58%

CHICOT

AQUIFER SYSTEM

Withdrawak by Parish

‘Withdrawals, in million gallons per day (Mgal/d)|

Public supply 93 40
Industry 3843
Power generation 3o
Rural domestic 1263
Livestock L8
Rice mriganon 37722
General mmigation 70
Aquaculmure 11281
TOTAL 66164

Parish

Acadia

Allen

Beauregard

Calcasten

Cameron

Evangeline

Thena 1
Jefferson Davis 15178
Lafayette FESE]
Rapides 76
St Landry 3163
St. Marem. 391
St Mary 279
Vernullion 4038
Vemon 42

~

‘science for achanging world
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Water-level trends — Chicot aquifer

= Areal extent of freshwater in the Chicot aquifer system in Louisiana

= 1— Contours indicate approximate water-level declines, in feet per
year, for the period 1990-2000. Dashed where indefinite

® Control point
cu-7ge ®  Control point and well number for which hydrograph is shown

Annual change (ft.) 1990-2000

Not nearly as grim as
previous examples,
however:

1.This area is heavily
affected by chemical
industry. Potential for
pollution is very high.

2.Chicot is a Sole Source
Aquifer, i.e. it's the only
source of drinking water in
the area.
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Aquifer usage concerns and considerations

Contamination from above

- Infiltration of runoff or surface water. GWUDI?

- Downward migration through leaky confining beds

- Direct flow via improper well installations

Contamination from below

- Saltwater encroachment

- Upward migration through leaky confining beds from

pressurized formations.

Contamination from “the side”

- Gravitational flow along confining beds.

- Changes in ground-water flow direction due to...

Excessive pumping

- Discharge > Recharge...Is ground water a renewable resource?

30




Is ground water a renewable resource?

i About 60 miles

€ | >
o =iq EAST FELICIANA | EAST BATON ROUGE
H ez PARISH : PARISH
N " 3 72 i 5
FEET \ 2 232 ! s FEET
RECHARGE 2 RECHARGE
400 AREA =T AReA _e*l ié FAULT 400
SEA SEA

LEVEL

1,000 1,000

2,000- 2,000

EXPLANATION
|| FRESHWATER AQUIFER
. SALTWATER AQUIFER
. CLAY (confining bed)

3,000 3,000

4,000~ 4,000
-
aUSGS
science for a changing world
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How long does it take for the water to get to me?
/N
K (gal/day/ft?) 106 105/10,000| 1,009| 100[\ 10 1] 0.1 0.01f 0.001|0.0001| 10°% 107
K (ft/day)* 105| 10,000| 1,000 1 10, 1| 0.1 0.01f 0.001 0.0001| 105 10 1077
v, (ft/day)** 4545 455 45 0.5| [0.05| 0.005|0.0005({5x105| 5x10€| 5x107| 5x108 5x10
v, (mifyr)** 314 31 3| 0.§ 0.03]0.003|0.0003| 3x10°3x106| 3x107| 3x108| 3x10°| 3x10%9
Transmissivity |Proportional to saturated thiékna&’s of aquifer: T=K [b
Relative Pervious Semi-pervious Impervious
permeability
Aquifer Good Poor None
Unconsolidated [Well-sorted  [Well-sorted sand or |Very fine sand, silt, loess,
sand & gravel |[gravel sand & gravel loam
(25-50%) (20-35%) (35-50%)
Unconsolidated Peat Layered clay Fat / unweathered clay
clays & (33-60%) (33-60%)
organics
Consolidated  |Highly fractured rocks Oil reservoir rocks [Sandstone Limestone, Granite
rocks (30-60%) (3-30%) dolomite (1-2%)
(1-30%)

*This is more educationally expressed as ft¥/ft?/day.
**Assumptions: dh/dl = 0.01, n, = 0.22.
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Excessive pumping affects ground-water flow

-4——  Recharge area

Land surface

Unconfined aquifer ™ — = — > e e e

Confining unit

A “hydraulically healthy” ground-water system
e Ground-water flows towards stream (“gaining stream”).

< No contaminant recharge into the aquifer from surface

water.
=USGS
scionce forachanging worid [T}

Excessive pumping affects ground-water flow

Land surface Ground-water

Water table

Unconfined aquifer

Confining unit

Well installed, no excessive pumping

e Ground-water still flows towards stream (“gaining stream”),
although greatly reduced; ground-water divide.

« No contaminant recharge into the aquifer from surface water.
E

=

scionca forachanging worid [CYR




Excessive pumping affects ground-water flow

Q 2
Land surface o
Water table %\@’Z’
T -
Unconfined aquifer ~— , —

Trouble! Excessive pumping!
* Ground-water flows away from stream (“losing stream”).

» Contaminant recharge into the aquifer from surface water
very likely.

« GUIl

-
et - Cone of
~ depression

Copyright © 2005 Pearson Prentice Hall, Inc.




Consequences of overpumping — Change in flow direction

Small well now
contaminated b .
sewage bacteria  Irrigation

Copyright © 2005 Pearson Prentice Hall, Inc.

Consequences of overpumping — other wells go dry

Before heavy
pumping

After heavy
pumping
Copyright © 2005 Pearson Prentice Hall, Inc.




Consequences of overpumping — where’s my lake?

Dock on Crooked Lake in central Florida in the 1970s.  The same dock in 1990.

As a result of very low topographic relief, high rainfall, and a karst terrain, the Florida
landscape is characterized by numerous lakes and wetland areas. The underlying Floridian
aquifer is one of the most extensive and productive aquifers in the world. Over the past two
decades, lake levels declined and wetlands dried out in highly developed west-central
Florida as a result of both extensive pumping and low precipitation during these years.
Differentiating between the effects of the drought and pumping has been difficult.
Photographs courtesy of Florida Water Resources Journal, August 1990 issue.
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Consequences of overpumping — Ogallala aquifer example

105 100 05 100
wyomnG | SOUTHDAKOT A ¢ 3 SOUTHDAKOT A §
Comeo ! 2 i
et >
! a
ol : 3
!ri Lare NEBRASKA S Y
River i
i 3
PLA e
= e
i
w ! -
e
COLORADO KANSAS
ARKANSAS
-
‘®a
.
Aa : OKLAHOMA
’ aver B
EXPLANATION EXPLANATION

Saturated-thic kness

Water-level change,
feet chang e, in percent

i
1
i i Declines
i A = More than 150 Decreases
\~ m 100 to 150 = More than 50
i = 5010 100
= = 101050 o=
NEW MEXICO i Rises

Increase:

NEW MEXICO s
- m More than 10 = More than 10
!
i 2 B Less than 10-foot = Less than 10-percent b
1 TEXAS hange tange ‘
i galaoundary.ofihe — Boundar y of the science for a changing world

.

= High Plains aquifer High Plains aquifer

0 150 MILES [ 150 MILES
——t———
0 150 KILOMETERS. 1 150 KILOMETERS
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Consequences of overpumping — Land subsidence

Ground elevation (MSL) in 1925

A

Change: -4 m (-12 ft.)

y

Ground elevation (MSL) in 1955

Change: -5 m (-15 ft.)

y

N
Ground elevation (MSL) in 1977

a1

Consequences of excessive pumping

* Wetlands, swamps, and marshes dry up. Permanently destroyed?
No fish! No ducks! No deer? Oh My!

* Waterlevels down — recreational uses reduced. “I used to have
water-front property...” - property values in the tank.

» Aguifer compaction - permanent reduction of storage

» Land subsidence — matters to people near open water, e.g. coastal
Louisiana.

» Salt water intrusion — destroys drinking water sources; desalinization
may be expensive.

» Accelerated contamination

» Higher water costs - alternate source (surface?), more treatment
 Locallregional economy — no water, no people, no business, no $$$
* Quality of life — what will you drink, bathe, and play in?
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QuUIZ!

1.

What combination of porosity and permeability makes the best aquifer?

In Louisiana, what is the most common material in a confining bed?

Does an artesian well always flow to the ground surface? Please explain.

What happens to the water table when discharge exceeds recharge?

Please explain what is meant by “potentiometric surface”.

Name three problems associated with excessive pumping.

Approximately what percentage of all water on Earth is fresh?

In what form is most of the fresh water on Earth stored?

Name the three most productive aquifers in Louisiana.
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When water chokes you, what are
you to drink to wash it down?

--Aristotle (384 BC — 322 BC), Nicomachean Ethics
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