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Mission:
The USGS provides reliable scientific information to:

* Describe and understand the Earth

* Minimize loss of life and property from natural
disasters

* Manage water, biological, energy, and mineral
resources

* Enhance and protect our quality of life

The USGS is the Nation's largest earth - and life - science
agency and has the principal responsibility within the
Federal government for providing hydrologic information
and appraising the Nation's water resources.
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e Climate & Land Use
Change

- EcosyStemS - Below Normal Groundwater Levels

Friday, September 27, 2013

 Energy & Minerals

e Environmental
Health

 Natural Hazards

e Water

Magnitude 7.7 Earthquake in Pakistan



http://eros.usgs.gov/
http://www.usgs.gov/visual-id/specs/slides/slide.html/energy_wildlife/index.html

Ecosystems: Turtles in Morocco

HERPETOLOGICAL JOURNAL 22: 43-49, 2012

Clutch and egg allometry of the turtle Mauremys leprosa
(Chelonia: Geoemydidae) from a polluted peri-urban
river in west-central Morocco

Mohamed Naimit, Mohammed Znarit, Jeffrey E. Lovich?, Youssef Feddadi* &
Moulay Abdeljalil Ait Baamrane?

‘Laboratory “Biodiversity & Ecosystem Dynamics”, Department of Biology, Faculty of Science - Semlalia,
Cadi Avyad University, Avenue Prince Moulay Abdeliah, PO. Box 2390, 40000, Marrakech, Morocco
2L.5. Geological Survey, Southwest Biological Science Center, 2255 North Gemini Drive, M5-9394,

: Flagstaff, Arizona 86001, USA
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o Cooperative Studies
o Streamflow

e Groundwater
Resources

* Networks & Analysis

 National Water Quality
Assessment

Research &
Development

Toxic Substances (EH) |

National Water Census = .
(Initiative)

Water Data for the Nation

Current streamflow conditions ——
_ Thursday, Novenber 21, 2013 15:00ET
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CONSUMPTIVE USE AND RENEWABLE WATER SUPPLY,
BY WATER-RESOURCES REGION

' SOURIS-RED-RAINY
PACIFIC ’ 0.5
NORTHWEST
11.2

MISSISSIPPI
23

EXPLANATON
Billion gallons per day
11.0 1995 Consumptive use
68.7 Renewable water supply

Consumptive use as a

percentage of renewable
HAWAI 0.5 g
o A8 Bl o-10
o - 10—40
P 40—100
>100

|

CARIBBEAN 0.2

5.1
* Represents entire Colorado River basin ""
** Represents entire Mississippi River basin




Consumptive Use vs. Non-Consumptive Use

8 Agriculture is 80-100% consumptive (lost to evaporation)

8 Other uses 60-80% non-consumptive (stays in local
water system, as liquid)

8 Non-consumptive water can be reused

§ In Jordan,
municipal and
Industrial water is
used, collected,
treated, and
re-used for
agriculture.
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Landsat 5
June 7, 1984

Agriculture transforms Egyptian Desert

2 USGS
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Landsat 7
June 12, 2012

10 Miles @



a USGS ""*

sc:ence for a changing world

Agro-Hydrologic Monitoring of
“Irrigated” Systems in Euphrates
and Tigris Region

Gabriel Senay and Mike Budde

U.S. Geological Survey (USGS) Earth Resources
Observation and Science (EROS) Center

Irag Water Resources Assessment Training
Amman, Jordan: Nov 9-20, 2008

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



2007 Seasonal ETa (mm)
(SSEB Model: May-Sep)

T T

B Waterbody
streams
[ E-T Basin
[ ] Country
Aetsum2007s
I > 1000
I 500-1000
I 400-500
B 350 - 400
I 300 - 350
I 250 - 300
| | 200 -250
| ]150-200
] 100 - 150

[ |50-100

I 0 - 50




uphrates "Basin": Estimates of Annual Water Balance Terms
Upstream and Downstream of Syria/lraq Border
Pecipitation: RFE: ETa: SSEB
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The figure below show the spatial scale differences between Landsat and MODIS. Although MODIS
cannot resolve ET use by individual irrigated fields, the basin-wide estimate is comparable to spatial
aggregates derived from Landsat based ET.

ET = EvapoTranspiration

Sum of evaporation and

transpiration by plants

MODISJ ET' - LandsatET

O N 1000 mm

Comparison of 2010 Annual ET for Duchessne, Gabriel Senay, USGS, South Dakota
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Scarcity: Trends in Aquifers

AD1149 -- Eastern part of Yarmouk basin
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Amman-Zarga basin
Average trend= -1.1 meters per year
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Groundwater # Groundwater Level
Basin YEUES Trend 2010

(m/yr)

Average Maximum
Hammad 0 -0.2
Yarmouk -1.1 -3.7

Jordan Side -1.9
Valleys (Wadis)

Dead Sea -0.8
Amman-Zarqga -1.1
Azraq -0.8
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A Monitoring Wells (USGS)

Low Value Crops-Overall GW Trend
v Zero Profit, 0-10yrs
¢+ Zero Profit, 10 - 30 yrs
¢ Zero Profit, 30+ yrs

® \Well Bottom (no retrofit), 0 - 10 yrs

®  \Well Bottom [no retrofit), 10 - 30 yrs

®  \Well Bottom (no retrofit), 30+ yrs

¢ \\ell Bottom (then retrofit), O - 10 yrs
\Wall Battoam (thar retrafity 10 - 20 vre




AL1230: HASHIMIYA WELL NO 3

CO N t eXt — Sal | N | ty AMMAN ZERQA BASIN

8 Wells show
Increasing salinity
(as Total Dissolved
Solids, or Electrical
Conductivity,
TDS=0.7*EC)

EX
E
="
w -
[=]
l—

§ Salinity may force AWSA OBS. WELL NO 10
c AZRAQ BASIN
blending or treatment
before use, or crop
changes

§ Wells have been
abandoned or ‘rested’
due to salinity

2 USGS SUSAID| s Y




Salinity Trends —
Not necessarily
Increasing when
water level falls

8 Salinity generally not
increasing rapidly in
recharge areas, despite
level declines

8 Salinity increasing rapidly
In pumping centers in
basin discharge areas

8 Hammad basin highest
salinity and upward trend ties Ol £ Trend per year
(not shown), but no trend ; gl | B 256
in water level . | B 4900

[l +5.01 to +20

B +2001 to +285

L i b
S i I A | \_ r
_,.;’_.# USGS . Y. 0 25 50 Kilometers
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4 Preparer.l in uoperatlon W|th
*f‘the U. S Agenc’?-for International De\relnpment and the U.S. Army Corps of Engineers

i 7‘-Groundwater-l-.--ével Trends and Forecasts, and Salinity
Trends;in'the Azraq, Dead Sea, Hammad, Jordan Side
_Valleys; Yarmouk; and Zarqa Groundwater Basins, Jordan

'_ I

——

by D«}fGoode L A. fSeme-mﬁcﬁ Subah* and Ayman Jaber*
*Hashemite Kingdém-of'Jordan, Mlnlstry of Water and Irrigation

USGS OF Report 2013-2061
pubs.usgs.gov/of/2013/1061




Models are multi-purpose tools for hydrologic analysis

Table 1. Applications of USGS groundwater modeling software range from support of management decisions to cutting-edge research.

Evaluation of water-management alternatives' Demonstration of general hydrologic principles®

Effects of groundwater withdrawals on Effects of groundwater withdrawals on discharge
water levels and native vegetation to streams and springs

| Conjunctive management of groundwater 2 Importance of transient groundwater response
and surface-water resources times in long-term planning

Importance of post-auditing and updating

Management responses to saltwater intrusion
groundwater models

Basic research’

Evaluation of changes to the water budget of an
aquifer resulting from changes in land use.
withdrawals, and climate

Development and testing of new
modeling techniques

"
- . 3
" Use of environmental tracers to estimate ground- Study of the role of groundwater flow and
water age and identify sources of recharge chemistry in geologic processes

Mediterranean Sea
Mediterranean Sea

Ouled Mansour Hills El Idrysy &
De Smedt

2006 % LA ’ ) . : Bou-Areg lagoon

{my
e | Travel time = 150 years |

Z
e . _ W= 4a . El Yaouti
Beni Znassen Mountains NS AN . et al. 2008




USGS develops open-source groundwater

modeling software [water.usgs.gov/software]

MODFLOW: 3D Finite-Difference Groundwater Flow Model

Status of MODFLOW Versions and MODFLOW-Related Programs Available on USGS Web Pages (January, 2011)
To view PDF documents, yvou may need the PDF reader or other compatible software.

MODFLOW-20035 Version: 1.11.00 ¢4ug. 8, 2013)

MODFLOW-LGR Version: 2.0.0 (Sept 19, 2013)

MODFLOW-NWT Version: 1.0.8 (Sept 26, 2013)

MODFLOW-USG Version: 1.0 (May 2, 2013)

(MODFLOW-2000 can be found under the banner "Legacy and Superseded Software")

Related Programs for Simulation of Hydrologic Processes, Model Calibration, and Groundwater Management

CFP Version 1.8 Febd 23 2011
Conduit Flow Process for MODFLOW 2005

GEN 1LHS and MCDRIVER 1.HS Version 1.0,0 dug 27, 2011
Programs for calibration-based Monte Carlo simulation of recharge areas

GSFLOW Version: 1.1.6 (Posted Mar. 28, 20132}
Coupled Groundwater and Surface-water FLOW model based on the USGS Precipitation- Runoff Modeling System (PEMS) and Modular Groundwater

GWNM-2000 Version 1.1.4 [May 31, 2011] and GWM-2005 Version 1.5.0 [Sept. 24, 2013]
Capability for groundwater management using optimization techmiques with either MODFLOW-2000 or MODFLOW-2005

MF2E-FMP (Win) Version 1.00, (May 1%, 2006) and MF2005-FMP2 (Win) Version 1.0.00, (Oct. 28. 2009)
Estimate dvnamically integrated supply-and-demand components of irrigated agriculture as part of the simulation of surface-water and groundwater flow.

MF2EK-GWT Version 1.9 § and MOC3D Version 3.52, ¢Oct 22, 2008)
Wersion of MODEFLOW -2000 with Groundwater Transport Process to simulate concentration changes

MODEBRNCH Version: 3.7 ¢Jun 3 1997)
Groundwater/Surface-Water Coupled Flow Model using USGS MODFLOW and BRANCH Models

MODOPTIM Version 1.0 (May 3, 2006)
A general optimization program for aquifer-test analysis, groundwater flow model calibration, and groundwater management with MODFLOW.
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3D Geology controls Site-scale Flow

Saprolite
Upper Weather
Lower Weather
Low-K Beds
High-K Bed
Low-K Beds
High-K Bed
Low-K Beds
High-K Bed Fis-
Low-K Bed
High-K Bed Fis-
Low-K Beds
High-K Bed
Low-K Beds
High-K Bed La

o e | : Low-K Beds
o vertical exaggeration i Deep Rocks

> USGS Tiedeman et al. Ground Water 2010



White the Sparta aquifer > Scenario 2
outcrop-subcrop Simulated water-level

change (2037 minus
2007), in feet

B 1026 to -100
B -99.9t0-90
B -89.90 -80
o 7991070

69.9 10 -60
59.9 10 -50
S 49910 -40
Y -39.9 to -30
“ 29910 -20

19910 -10

. 99100

@ [ocations of hydrographs
shown in figure 3

- Active model
~ area boundary

Prairie

1 Monroe

. ¢ USES SIReport 2011-5215
{ 1 / -




Prepared in cooperation with the Arkansas Natural Resources Commission

Simulation of the Effects of Groundwater Withdrawals on
Water-Level Altitudes in the Sparta Aquifer in the Bayou
Meto-Grand Prairie Area of Eastern Arkansas, 2007-37

USGS S| Report 2011-5215




75°200"W 75"150"W
I

Explanation
Stress1
® >1000- 1409
® >300-1000
40°150N 4 o | ~) 40»15-0-: >100 - 300
e >30-100
e 03-30
= topodivide
area_st_mt
contours
+  <all other values
Ending Zon
21

22

23
24
30

40°100"N

\/ \ —

75°200"W 75°150"W

0 1 2 Miles 0 2 Kilometers
Lo st i aald Loecideangl




/f

Uncertain Parameters — {‘
Frequency of simulations w/
model cell in capture zone

\

USGS SI Report
2013-5045

Deterministic
w/ Optimum
Parameters

ge that Discharges to
Pumping Well, with Uncertainty (for EPA)




GSFLOW—Coupled Ground-Water and Surface-Water Flow
Model Based on the Integration of the Precipitation-Runoff
Modeling System (PRMS) and the Modular Ground-Water
Flow Model (MODFLOW-2005)

Chapter 1 of
Section D, Ground-Water/Surface-Water

Book 6, Modeling Techniques

Precipitation

>
!

Infiltration S'Un’
HC'E
U
Of

Soil water

Unsaturated LGWV“Y drainager s . Precipitation

Zone T, T Evapotranspiration
b Recharge ..
% ey o

Evaporation L

Ground-wg
-“Watler flow
> Stream

Ground-water flow —7




USGS MODLOW with the FARM PROCESS—Features and Capabilities

Farm Demand for Irrigation Natural and Artificial Recharge

Non-Routed Deliveries as Water Transfers Water-Use Management

Routed Surface-Water Delivery to Farm 2 Irrigated —> Dry-Land Farming

Groundwater Pumpage by Well 4 \ Water Markets
/ﬁ@ ﬂ\ Aquifer-Storage- and -Recovery Systems

Streamflow Conveyance and &y 1
Dsiin Natwvoek f\fﬁ;f ;{ y \\ Supply-and-Demand Analysis

& Transpiration from Native and
\ Riparian Vegetation

Fully Coupled
Groundwater/Surface-water
and Landscape Flow and Use of Water
"Accounts for All Water Everywhere
in the Simulated System"



Macro-Agriculture: Northern High Plains (USGS-GWA)
& Macro-Agriculture: Central Valley (USGS-GWA) M Virtual farms—106 water-balance regions
M Virtual farms—21 water-balance ragions o T M Dry-land farming
M Surface-water and groundwater supplies 23] M Surface-water and groundwater supplies
I Water markets and |land subsidence !

Micro-Agriculture: Modesto Irrigation District

within Central Valley

B Virtual farms—&3 water-balance regions/
water districts

B Surface-water and groundwater supplies

Micro-Agriculture: Cuyama Valley, Santa Barbara
M Actual farms and virtual farms—up to 159 water-

balance regions X . : MODFLOW-OWHM
M Groundwater supplies Macro- and Micro-Agricultural
Now-casts and Predictions:
Estimation of surface-water
allocations, groundwater pumpage,
water transfers, net recharge,
runoff, and irrigation returnflows.
Micro-Agriculture: Pajaro Valley, Monterey Bay ' Main Features Applied:
B Actual farms and virtual farms—24 water- - " s M Virtual farms (water-balance
balance regions ] regions: water districts, states,

" . or countries)
M Simulates gruundwz?ter and Cnas.tal Delivery B Detailed distribution of crops, natural
System water supplied from Aquifer-Storage-

vegetation, and urban uses
and-Recovery (ASR) and recycled water reuse B Multiple soil types plus monthly

Macro-Agriculture: Entire Lower Rio Grande Valley— |8 crop coefficients, efficiences,
USGS Transhoundary Aquifer Assessment Program precipitation, and reference
B Conjunctive use—groundwater and surface-water evapotranspiration distributions

M 22 virtual farms—water-balance regions u Mu_ltipl_a non-routed surfacg-water
deliveries (federal, state, private)

Micro-Agriculture: Rincon Valley subregion, Lower Rio I Semi-routed deliveries routed through

Grande Basin (Elephant Butte Irrigation District)}— major canals/rivers

B 7 Individual “family” farms B Multi-aguifer farm-well pumpage for
groundwater supply to agriculture

Figure 2. U.S. Geological Survey applications of MODFLOW One-Water Integrated Hydrologic Model in the United States.

a- U



ldeas for Groundwater Modeling with
Morocco

8 Improve Understanding of Aquifer Dynamics

§ Identify Improvements needed in Monitoring
Systems & Databases

8§ Water Budgets

8 Forecast Groundwater-Level Declines (and
Recovery) and Economic Impacts

8 Simulation of GW Management Scenarios

8§ Link Land Surface with Groundwater (via
recharge/discharge) — Climate Change

2 USGS



ldeas for Groundwater Modeling with
Morocco

8 Use of Aquifers as Storage Reservoirs

8 Integrate MODFLOW with Water Allocation
Models to Jointly Manage Groundwater and
Surface Water (Dams)

§ Identification of Source Areas for Protection
of Water Supply Infrastructure

8 Understand and Forecast Salinity Changes
due to Groundwater-Level Declines, and
Irrigation

8 Capacity Building!
=2 USGS
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WWW.USQS.goV
djgoode@usgs.gov
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