Adaptive Management of
Ground Water Resources to
Help Insure Long-Term
_Sustainability

0

Phil Hays
Brian Clark

' John Czarnecki
U. S. Geological Survey
Arkansas Water Science Center
Little Rock, Arkansas

U.S. Department of the Interior
U.S. Geological Survey




Arkansas USGS Ground-Water
Data--Collection, Quality
Assurance, Management, and
Provision

—-03S04W03DCA16 UA Rice
-=—03S04WO03DDA1




Are Data Important?

Enhanced understanding of the
ground-water-flow system and data
limitations identified by calibrating
ground-water models provide insights

into the most critical needs for collection of
future water-level data. Unfortunately, this
second step of using ground-water models
to help improve future water-level
monitoring is rarely taken.




Ground Water Quantity and
Quality Data and Water-Use Data

Long-term collection of high-
quality data using Nationally
consistent, Nationally validated
methodologies

Numerous cooperators anc! a
continuum of scales from site to

regional to National

Local presence ensures
relevance, representativeness,
and usefulness

Data are provided via the National
Water Information System, the
Web, peer-reviewed reports, and
customized, cooperator-defined
formats




Quality Assurance and Data
Validation

« Coordinated at the National level by USGS
Office of Ground Water and Office of
Water Quality

e Stringent and exhaustive development and
continual assessment of data collection
and data management protocols

 Three-year Discipline reviews

= USGS




Office of Ground Water

Water Science Center Reviews

-multidiscipline teams to conduct technical reviews of Water Science
Center

-scheduled onsite at approximately 3-year intervals

Purpose

“to ensure that all offices produce hydrologic data and information that
meet USGS standards, to assess overall strengths and weaknesses of the
technical program, and to make recommendations for improvement”

Quality Assurance and Technical Procedures

Technical Memoranda

Quality-Assurance Plan for District Ground-Water Activities (OFR 97.11)
Technical Procedures

Database Management

Handheld Data Collection

= USGS




Arkansas Ground-Water Level Program

GW levels in major aquifers

*\Water levels measured alternating years between Sparta
and Alluvial Aquifers- over 300 wells measured

*Potentiometric map report published every two years

Real-time ground-
water levels

«21 wells statewide

*Web accessible:
http://ar.water.usgs.gov/




Water Resources

Real-Time Data for Arkansas: Ground Water -- 12 site(s) found

PROVISIONAL DATA SUBJECT TO REVISION
Updated 2006-03-21 14:39:31 US/Eastern

--- Predefined displays --- Group table by Select sites by number
Arkansas Ground-Water Table T [l County -

Customize table to display other
real-time parameters

Depth
to
water FElev-
level, ation,
feet feet
Station bhelow ahove
Number Station name Date/Time LSD NGVD

@ Arkansas County USGS 342649091251916 03S04WO03DCA16 Rice Research Center
342648091251816 03304W03DCATS Rice Research Center  03/21 10:00 100.02
& Columbia County

3316058053144502 17321W11DCC2 Magnolia 0321 10:00 276 81
@ Lonoke County

245057091525601 03N08W32ABB1 TAPE Lonoke Farm 03721 12:00 118.32
@& Montgomery County

343726093481801 01326W29DCCT Oden Forestry Well 03211315 59593
@& Stone County

355527052122401 16MN12W25DCE1 Webb Cabin 0316 21.00 6655
# Union County

331104092380201 18315W03DAR] Welcome Center 0321 10:00 360,32
331256052483702 1731TW25DBAZ Atrport 03721 10:00 34644
3213540082222401 17314W22BAR T Union School 0221 10:00 30548
3314380924115901 17315W18DBE1 Monsanto 0321 10:00 32078
332205092433001 16316W02ABCT Smackover 03/21 10:00 16564

99.80

Depth to water level, feet below land
surface

Har 14 Har 13 Har 16 Har 17 Har 18 Har 19 Har 28 Har 21




Potentiometric Surface in the Sparta-Memphis
Aquifer of the Mississippi Embayment, Spring
2007

By T.P. Schrader
Scientific Investigations Map 3014

Multi-State Coordinated Water-
level measurement and mapping

= USGS
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Water-Quality Data

Hot Springs, Arkansas Thermal Spring Recharge Studies

Ocean
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FiGURE 7. —Comparison of isotopic composition of waters from the cold and hot springs of Arkansas and of hydrothermal
waters elsewhere (after White and others, 1973, fig. 1).

Stable Isotope Data
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Hot Springs Recharge Studies

Spring 8

'H'“ “

Spring 17

RAINFALL, IN INCHES

Rainfall

TEMPERATURE, IN DEGREES CELSIUS
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*SW users >1 ac-ft/yr
*GW users > 50,000 gal/day

Surface water:
5,939 sites

USGS Cooperative
program with Arkansas
Natural Resources
Commission since 1983

Ground water:

= USGS PHER R ¢ 4o




Arkansas

Water Use

In 2001
Water-use database

- = 005 Onlime Detabese Memagement
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Owner Information

accessible via the
Web

Diverter Information

Facility Information

 Data entry and
retrieval
functions

* GIS enabled
Interface

Measurement Pt. Information

Annual Data

Reports

National Research Council review:
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“...shows really what can be done.”
YWi'elcome to the YWater Use Program.

Click menu to select the options of add, modify, or “o yOUI’ WOI’k iS an examp|e to be emulated
view for the catagories listed above. : .
and our report is going to have that

% USGS emphasis.”



Arkansas 2005 Ground-Water Use

*Arkansas’ total water-use
about 11,455 million
gallons of water per day
(Mgal/d)

66% ground water
349 surface water

sArkansas is the 4th largest
user of GW in the US
(CA, TX, and NE)
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USGS NWISWeb Database

National Water Information System (NWIS)

Total monitoring sites
Real-time sites

Dally streamflow values
Ground-water levels

Water-quality samples
Water-quality analyses

1.4 million
9,300

200 million
7.5 million

4.3 milli
68 milli




Peer-Reviewed Reports
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a USGS

science for a changing world

Ground-Water Resources Program (GWRP)

Home

The Ground-Water Resources Program's mission is to provide objective scientific
information and develop interdisciplinary understanding necessary to help assure the

availability of the Nation's ground-water resources.
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Water for America—
a Water Census

“The United States has a strong need for
an ongoing census of water that describes
the status of our Nation’s water resource
at any point in time and identifies trends
over time.”

National Science and Technology Council report,
“A Strategy for Federal Science and Technology to Support Water Avallablllty
and Quality in the United States.” .

= USGS




In the next decade, the Nation will have a new
appraisal for water availability. In the FY 2009
Budget, the President has requested funds for an
Initiative to:

— Conduct a nationwide assessment of water availability

— Proceed with regional-scale studies

— Cooperate with State and local government in selected

focused areas

— Cooperate with States to map the geologic framework
of aquifers,

— Modernize the Nation's 7,000 streamgages

e T
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Regional Ground-Water Models—
Key Water Management Tools

. 0\(\ )
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Yo
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O Ve REL Q- McWreath, H.C., lll, Nelson, J.D.,

and Fitzpatrick, D.J., 1991, simulated
response to pumping stresses in the Sparta aquifer,
northern Louisiana and southern Arkansas: Louisiana
Department of Transportation and Development
Water Resources Technical Report No. 51, 51 p.

Hays, P.D., 2000,
Sustainable-yield estimation for the Sparta aquifer in Union County, Arkansas,

U.S. Geological Survey Water-Resources Investigations Report 99-4274.




Sparta Aquifer Sustainable
Yield Model Results

Withdrawal Rate

Future __gs%*"
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Conclusions

Long-term, consistent data needed for
understanding ground water and development of
effective management approaches and tools

Multiple partners required to fund data collection
USGS data are fully available to public via web

Effective ground-water management unfeasible
without reliable data

= USGS




Systems modeling:
Case studies

Mississippi Embayment
Regional Aquifer Study
(MERAS)

Transport of
Anthropogenic and
Natural Contaminants
(TANC)

= USGS




Mississippl Embayment Regional Aquifer
Study (MERAS)

-Designed to address ground-water availability
guestions at a regional level and provide
boundaries for local scale models

-Major component of study — hydrogeologic
framework interpretation and archive

-Data driven

= USGS




The big picture

Recharge, WA

1/ Recharge. Wl \yater-Availability and
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Model
components

-framework
-water use
-aquifer
properties

-observations L.

(streamflow,
ground water
levels)

-recharge \

= USGS
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Framework

2,700
Geophysical
logs

Interpretive
picks

Digital
Images




G -
rI Model Edit Wiew Window Help
|22z @ &l w |

LS_correction

Model Edit Yiew ‘Window Help

corrections 2 s

bs - Notepad
Elle Edit Format Wiew Help
MERAS = "D:IVBRCWprojectsi\MERASNGISAWFOrmations\Formations.mdb\wERAS"

Process: Append (8)...
gp. Append_management mowy_ptsval, plogs_w_picks, "NO_TEST", "site_no site_no true true false 15 Text 0 0 ,First,#;station_nm stat
ELEV_GL true true false 8 pouble O 0 ,First,#; LOG_DATE LOG_DATE true true Talse 8 Text 0 0 ,First,#;FIRST_READ FIRST_READ True tr
alse 50 Text O O ,First,#;L0G_3 LOG_3 true true false 50 Text 0 0 ,First,#;REC_BY REC_BY true true Talse 20 Text 0 0 ,First,#;TRU

Process: select Layer By Attribute (8)...
‘gp. selectLayerByattribute_management plogs_w_picksl, "NEW_SELECTION", "[MDWY] <> -89959 AND_[MDwWv] <»0_and [MDwy] is not null”
gp. select_analysis plogs_w_picks, plogs_w_picksl, "[MODwvy] <> -9939 AND [MDwy] <>0 and [MDwv] is not null"

Process: IDwW (8)...

gp. Idw_sa plogs_w_picksl, "MDwy", mdwy_surfhbx, "1609,334", "2", "vARIABLE 3", "'
' Process: Extract by mask (8)...

gp. EXTractBymask_sa mdwy_surfhx, MErRas, mdwy_surf

Process: Extract values to PoinTts...

gp. ExtractvaluesToroints_sa wlcx_LSALWVM, mdwy_surf, wlcx_ptswval, "WOME", "vALUE ONLY"
' Process: Calculate Field (8)...

gp.Calculaterield_management wlcx_ptswval, "uwag”, "dwal”, "wi", "dim dvalynif [10] = 1 then dval [Ls]%nif [1D] = 2 then dval =

Process: Append...
gp. Append_management wlcx_ptsval, plogs_w_picks, "WO_TEST", "site_no site_no_true true false 15 Text 0 0 ,First,#;station_nm stat
ELEV_GL true true false 3 pouble O 0 ,First,#;LOG_DATE LOG_DATE true true Talse 8 Text 0 0 ,First,#;FIRST_READ FIRST_READ True tr
alse 50 Text O 0 ,First,#;L0G_3 LOG_3 true true false 50 Text O 0 ,First,#;REC_BY REC_BY true true false 20 Text 0 0 ,First,#;TRU
A0 True true false & pouble O O ,First,#, 0NBRCYArOjecT s \MERASNGISWFormationshintermediateiextractPrs.mdbiwl cx_prsval, Uwag, -1, -1;
' Process: select La{er By Attribute (9)...
gp. select_analysis plogs_w_picks, plogs_w_picks2z, "[uwAq] <> -9939 AND [UwAQ] <>0 "

' Process: Iow (7)... ckiLS_diff
gp. Idw_sa plogs_w_picks2z, "uwaa", wlcx_surfhx, "1609.334", "2", "vARIABLE 3", "' -

Process: Extract by mask (5)...
gp. ExtractBymask_sa wlcx_surfhbx, wiox, wlex_surf

Process: ExTract values to Points (2)...
gp. ExtractvaluesToPoints_sa crrz_ptsLs, wlcx_surf, crrz_ptsval, "MOME", "WALUE_ONLY"
' Process: Calculate Field (2)...
go.Calculaterield_management crrz_ptswval, "Lcag”™, “dval”, "we", "dim dvalynif [10] = 1 then dval = [Ls]ynif [I0] = 2 then dval =

Frocess: Append (11)... . . . . .
gp. Append_management crrz_ptsval, plogs_w_picks, "WO_TEST", "site_no site_no_true true false 15 Text 0 O ,First,#;station_nm stat
ELEV_GL true true false 8 Double 0 O ,First,#;L0G_DATE LOG_DATE true true false 8 Text 0 0 ,First,#;FIRST_READ FIRST_READ true tr
alse 50 Text 0 0 ,First,#;L0G_3 LOG_3 true true false 50 Text O 0 ,First,#;REC_EY REC_BY true true false 20 Text 0 0 ,First,#;TRU
' Process: select La%/er' By Attribute (2)...
gp. select_analysis plogs_w_picks, plogs_w_picks3, "[LCaQ] <»>-5993 anD [LCaq] <>0"
' Process: IDwW (5)...
gp. Idw_sa plogs_w_picks3, "Lcag", crrz_surfhx, "1609.334", "2", "varRIaBLE 8", "
Process: Extract by mask (7)...
gp. ExtractByMask_sa crrz_surfhx, CRRZ, crrz_surf
' Process: Extract values to Points (3)...
gp. ExtractvaluesToroints_sa crvr_ptsLs, crrz_surf, crur_ptsval, "NMONE", "WALUE_ONLY"™

Process: calculate Field ¢3)...

xtract b
Mask (7)




Water use in the embayment




Logic process regarding s
-missing well depthsg&
-missing aquifer coff 4
-confining units

-multi-layers

-drawdown cog
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Layer 7
(Sparta/
Memphis)




Uses of and
Interest In the
model

local
planning
scenarios

F Memphis

sand inset
model




Current products

Sparta/Memphis 07’
water level map

Framework SIR

ysica

L] u Geo, | Log Database for the Mississippi
( e O p hyS I Cal | O g S O n I I n e Embayment Regional Aquifer Study (MERAS)

Online framework

= USGS http://ar.water.usgs.gov/meras




MERAS Take-Home Messages

 High value of common dataset structure

* Visualization of data important to
stakeholders

 Regional model to answer regional
guestions, and useful for local-scale
studies

= USGS




Study Background

USGS National Water-Quality Assessment
(NAWQA) program

‘i’XeTJS‘ tRSE 8k
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©2005

Google
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_. ¢ am ' RCRA, LST, NPDES
/ 5 TL | ll Water / wastewater
' IIi' . §

I Landfill / livestock

Superfund

W @dimm'mﬁtl@mamﬂmt sources.
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Hydrogeology
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confining unit

confined
sand

electrical resistivity
logs




Confined and unconfined
water-levels
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Transient stresses

Multi-node wells
. S'mét“@U\PﬂdW@\rough wellbores

%USGS Halford, K.J. and Hanson, R.T., 2002




Age of water vs depth below water table
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CFC concentration vs depth below water table
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Simulated age animation

%
-
S
O
>

=
)
o)

<

=2USGS Cross-sectional view




Simulated age animation
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TANC Take-Home Messages

 Wellbores drilled through confining
units can act as “short circuits”

e Models are able to simulate well-bore
flow

 Applicability to other areas — useful tool
for water managers

= USGS




Using Conjunctive-Use Optimization
Strategies to Address Societal Needs for
Resource Sustainability

John Czarnecki

U.S. Geological Survey
Arkansas Water Science Center

ZUSGS

for a changing werld




Topics

o Alluvial aquifer in"
Arkansas

e \Water use
e Flow models
o Artificial recharge

utilizing.constructed g2#¥
wetlands py
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Ground-water use in Arkansas County

600

[ Sparta aquifer

Water use from the alluvial aquifer in d
500 U Alluvial aquiter Arkansas County increased almost :
400 percent between 1965 and 2000.
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WITHDRAWAL RATE, MILLION GALLONS PER DAY
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YEAR



Predevelopment
(pre-1918)
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What happens if pumping continues at 1997 rates?

2049

2029

2009

401 dry cells
2,195 cells half

273 dry cells

1,971 cells half

118 dry cells
1,481 cells half

depleted depleted

depleted

USGS
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North Alluvial Conjunctive-Use Optimization Model —
Example Scenario
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North Alluvial Conjunctive-Use Optimization Model —
Example Scenario

N
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Approaches Toward Sustainability

e Conservation

e Surface-water diversions
« On-farm storage

o Artificial recharge

a USGS



Artificial Recharge in Arkansas

e 1960’s: USGS conducts artificial
recharge study at Rice
Experimental Station

« USGS concludes that recharge
could be done at a finite
percentage of pumping rate

* Major factors affecting recharge: air
entrainment, sediment clogging,
chemistry

Eﬁﬁ&or deterrent: cost of water
Tmant



Construction of tailwater recovery pit, Lonoke County
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Constructed
wetland used In
series with
artificial recharge
test system

Constructed wetland

Recharge Gallery

Recharge wells

A\

a USGS



Constructed Wetland

Clay cap

Recharge Gallery

Unsaturated alluvial aquifer
\ 4

Saturated alluvial aquifer

a USGS
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Benefits of artificial recharge

 Recharge at 100 gal/minute =
160 acre-feet/year

(comparable to storage in a tail-water
recovery reservoir)

e Subsurface storage minimizes losses from
evaporation

o Aquifer storage keeps more land in
production

e Constructed wetlands provide wildlife habitat
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Summary

e Models show that current water-use from
alluvial aquifer is unsustainable

e Surface water could be diverted to meet
unmet demand

o Artificial recharge could substantially
affect water levels in aquifer and water
availability

e If used in conjunction with constructed

wetlands, artificial recharge could add to
the existing wetlands and wildlife habitat
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