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Water Use — Driving the need for hydrogeologic
understanding

Peroent change

in population,

1 2000

Bl 30% or greater

B 15%-29%
10%-14%
0%-9%

B less than 0%




Model

Any device representing an
approximation of a field
situation

“Cartoon of reality”

\

)
(\

= USGS

@O




Types of Ground-water Models

* Conceptual
* Analytical

e Numerical



&

USGS

THE MODELING PROCESS

Define Problem
s [Literature Review
s  Preliminary Analyses
*  Data Collection

Develop Conceptual Model
*  Processes
» Boundary Conditions
= Hydrogeology
#  Data Collection

Develop Mathematical Model
# Differential Equations
Anpalytical Methods
» Mumerical Methods

Calibration
¢ History Matching
®  Sensitivity Analyses
¢  Data Collection

Assessment of Problem
using Model

Apply Results

Re-evaluation of the Problem and
Objectives in light of the
Simulation Results

Completion of Project




Conceptual Models

Pictoral representation of the ground-water flow system
Block diagrams
Profiles

Cross sections

Define how the water flows through the system
What the water flows through (hydrogeologic/hydrostratigraphic units)
Where and how much water enters and leaves the system (budget)

Boundaries

= USGS

y

)



Conceptual Models

AT
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Phreatophytes Dry playa - Discharging
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Analytical Models

Natural processes described using mathematical equations

Ground-water flow equation:
(time, 3D, properties vary in space and direction)

Solve equation for specific conditions

i3 ¥in i ¥in i3 ¥in ¥a

—lf..;—|+—|“.1—|+—|!._.-;—|=+:-..—

chr ox oy 54 5ol ¥

= USGS

&



Numerical Modeling

Solve ground-water
equations (time, space)

Computer-based

= USGS

@O




Numerical Modeling (cont.)

“Slice” up volume into blocks
Solve for water entering and exiting each block

Boundary conditions

—(Ex—)+—(Ey—)+ —(K=

oty 8 .

I;__-.;:-r_ ~ I;:.I:_r_.- r_:.tl-_." . I;-:.h‘: I;-:.I:E - I;:;._'.. A

g Cells inside of
Cells outside of aquifer system

% USGS aquifer system




Forward and Inverse Modeling

* Forward (deterministic)

wARD
Parameters — water levels ’ <OF et

AND FLOW

MODEL
PARAMETERS ¢
m\fEﬂ%

 Inverse (stochastic)

Figure 4. Forward and inverse approaches to

Water levels — parameters [y

y

)

= USGS



Numerical Modeling with MODFLOW

Finite-difference method

Since 1980s

Many different processes

Widely used

= USGS

n Unconfined and confined aquifers —

Ground -water flow and storage changes

Faults and other barriers — Resistance to
horizontal ground -water flow

Fine-grained confining units and interbeds
Confining units — Ground-water flow and
storage changes

Rivers — Exchange of waler with aquilers
Drains and springs—Discharge of water
from aguilers

0

o
©
@

Ephemeral streams— Exchange of water
with aquifers

Reservoirs — Exchange of water with
aquilers

Recharge from precipilation and irmgation
Evapotranspiration

Wells — Withdrawal or recharge at speci-
fied rates

Figure 1. Features of an aquiter system that can be simulated by MODFLOW.




Modeling Components

Defines input and output of water; aquifer
properties

 Hydrogeology

e Hydraulic properties

e Spring flow
« Evapotranspiration
* Pumping

* Recharge

@O

 Water levels
* Boundary conditions

ZUSGS




Hydrogeology

» Geometry of hydrogeologic units
= Extent and thickness of units
= Juxtaposition of units

« Framework model

= Properties vary spatially

« Alteration and welding oo etz

= Deformation Tmw_geva topo9 "

Pre-caldera outflow tuffs

= Structures

= Conduits (ZOIIGS) Nonwelded tuff

n FlOW barrlers Fractured welded tuff

= USGS

y

)



Hydrogeologic Framework Model

(HUF Package)

u
u.w.
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$
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Death Valley (example)



Property Zones

Zonation for changes in hydraulic
properties based on:

Alteration and welding

Facies changes

Structural deformation
Depth decay

(HUF Package) o

50,000 meter grid bersed an Universal Trarsverse: A0KILDMETERS
Mercator projectian, i-raliaf bere fram Il - |
1:250,000-5cale Digital Ele, xodl; sun illuminatian H AOMILES

Fram narthwest at 30 degraas above horimn

EXPLANATION

. Lower volcanic- and sedimentary-rock unit Hydraulic conductivity — In meters per day

650000

VSU_lower)—Thickness 0 - 5,526 meters

Parameter name: White outlines show parameters m 0.000001 to 0.00001 5
added during modeling. [T 0.00001 10 0.0001 1010

RN 0.0001 to 0.001 10t 100
= Death Valley regional ground-water flow ] .
system model grid boundary 8 0001 o0 JTEN 100 to 1,000
Nevada Test Site boundary

\V
(\




Flow Barriers (faults)

;”;:H" Fractured rock }___\

or sediments \ )
e '_._._.-r"'

A S

o
s

:: \l Fractured rm:lr.//

Natural conditions

harrier

Flow Model
(Horizontal flow barriers)

(HFB Package)

Low-permeability




Hydraulic Properties

How water tlows
through material

1 ____ & _Daum_Plone

DISTANCE - DRAWDOWN GRAFPH

- Hydraulic conductivity

- Storage

I
¥
il
=
=
e
L)
=
=
(]
=
x
o |
[ 3
=

I
[ | 100 1000
DISTAMCE, 'N METERS

12}
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Natural Discharge - Springs

Regional vs. local

Measured
Estimated

(DRN Package)
ZUSGS




Natural Discharge Ereen
Evapotranspiration G B

Microclimatological studies e
— ET rates Legend

[1 Non phreatophyte [] Mod shrub Bl Agriculture
B Marsh [] Sparse shrub

Bl Dense grassland [l Moist soil

[] Mod grassland I Open water

[] Dense shrub

Remote sensing
— Acreages of ET areas

GW Discharge = (Area * ET Rate) — Precipitation

(DRN Package)

= USGS




Anthropogenic Discharge - Pumping

Historical records

[rrigation/Stock

Domestic
Water systems
Mining

Remote sensing

(MNW Package)
ZUSGS




Recharge

* Process-based
« Altitude, geology, vegetation
 Net infiltration

(RCH Package)

50,000 metergrid besed on Uniersal y SKILO -
ne 11. Shadac 80 KILOMETERS

|evati ; sun ilurminati
2 o1 MILES
egresss ebave harizen

EXPLANATION

;1'4 USGS Recharge In meters per day. Area with no colar =0 —— Nevada Test Site boundary
‘ — High : 0.000468 Death Valley regional ground-water

flow system model boundary

S Lo : 000000001




Hydraulic-Head (Water level) Observations

® Translent (pumpsad)
Steady-state (pre-pumped)

Steady-State (“predevelopment”)
~USGS Transient (pumping)



Boundary Conditions

How and where water enters or leaves system

Physical

eX., lakes, streams, wetlands, springs, recharge, ET

Artificial (non-physical)

ex., no-flow or flow line

y

)

= USGS



Calibration

Compare calculated vs. measured

Simulated
Water levels water level
Flows
Discharges

Measured
water level

-
w
=
]
-l
o
w
=
<
=

SIMULATION TIME ——»

Figure 3. Example comparison of com-puted and
measured water levels.

Adjust parameters
Manually (trial and error)
Automatically (parameter estimation)

y

)

= USGS



Calibration: Matching Observations

Matching the observations to reality
Flows
Spring discharge

Hydraulic heads (water levels)

&
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Regional vs. Local

REGIONAL MODELS

Good for answering regional questions
- Boundary conditions for local-scale models

- Decrease 1n spring discharge based on pumping in region
- Change in water levels based on pumping over time

LOCAL MODELS

Site-specific scale models to address more detailed concerns

y

)

= USGS



Regional Models in Nevada

Regional Aquifer-system Analysis (RASA):
Carbonate-rock province of Nevada, Utah, and adjacent states

Death Valley Regional Ground-water Flow System (DVRES):
Several versions
Most recent 1s 3D transient (1913-98)
Updating

y

)

= USGS



RASA — Carbonate-Rock Province

est conceptual model

nterbasin flow

EXPLAMATHON

Active moedal oells

Alluvium/carbonate [N —

&

USGS




Death Valley Regional Ground-Water
Flow System

117°

, MODEL COLUMN

Large area

Complex geology

MODEL ROW

Arid climate

&

= USGS

450000 500000 550000 600000 650000



Linking Regional and Local Models
Telescoping Mesh

— model-within-a-model

— two separate models.
« BCs for the child grid (hydraulic head or flow)
* No feedback from child grid
* Very flexible — can combine different types of models

Directly embedded
— Modify regional grid for local grid

* Solve as a single grid
* Integrated “co-calibration” Child
* Local grid refinement

z USGS Parent

y

)



LGR Package Grid Structure

= USGS



LGR Package Grid Structure
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Southern Amargosa Desert — Embedded Model

g i

L &

£ Death Valley Regional
~Flow System model boundary -

P
7P
=

5:1 refinement ratio
Embedded model grid is 5 X
finer than regional model
Grid size of 300 m vs 1,500 m



Southern Amargosa Desert
Water-Resource Issues

Potential pumping effects on:

* Ash Meadows Devils Hole, and selected reaches of the Amargosa
River

« Amargosa Desert from Pahrump Valley

e Mesquite-woodland habitat from Pahrump or Amargosa Valleys

* Federal water-rights allocations

y

)

= USGS



Utility of Numerical Models

« Data integration
* Resource management tool

 Predictive tool
— Impacts from pumping
— Impacts from climate change

Water levels
Spring flows P& np Va
Flow paths -

= USGS

y
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Photograph by Donald S. Sweetkin
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