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 Motivation

« Approach

— Computer Aided Dispute Resolution DSS (CADRe
DSS)

 Example

— Barton Springs segment of the Edwards Aquifer,
Austin, TX

Introduction
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‘High-Level’ Motivation

 Incorporate scientific
analysis into the decision
making process

» Allow stakeholders to guide
the scientific process

 Employ advanced policy and
decision making techniques

« Maximize economic,
environmental, and
demographic sustainability
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» Assess impacts of development
(e.g. impervious cover) on
water quantity and quality

Barton Springs

iIssues
— Spring flow
— Drought triggers ‘

— Economic impacts
« Groundwater flow models

» Stakeholder involvement

Areal extent of Austin
from 1885 to 1985
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* Need to incorporate spatially detailed modeling
capabilities
* Need to analyze systems level responses

* Need this as one tool that can be implemented by
non-modelers

‘Core’ Motivation
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Multiple Objectives, Multiple Stakeholders

* Preserve flow in Barton Springs

* Maintain conditions suitable for Endangered
Species

 Maximize pumping

* Maximize reliability

 Maximize economic benefit

* Minimize impact on daily life
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 Link physical process models to system
dynamics models

Approach

— Common GUI h

— Common data stor.e | " CADRe DSS
— Two-way communication

— Decision Support D
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Integrated Modular Simulation Framework

Dynamic Data Manager

Impervious Cover

GUI Stream Buffers

Pipe Leakage patia
—> gexed

—
)

Compare Results I
Add Method I
Optimization I
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CADRe DSS

* Integrated ‘software wrapper’
— Links spatially explicit, high-fidelity models to
systems based analysis
— Reduces redundancy and duplicate effort

— Provides interface for rapid dispute resolution w/in
a stakeholder process

— Allows for multi-attribute optimization

— Allows for ranking of scenarios based on user
preferences
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CONTRIBUTING ZONE

Land Use Distribution Barton Bear Little Bear Onion Slaughter Williamson
Al o | <Al o | Al o | AL o AL | <alt =]
Multi-Family S U T U S T
0.28 % 0.00 % 0.00 % 0.09 % 0.20 % 2.91 %
Gk o | <t =R REN o | <t o @l | <Ak =]
Single Family
1.80 % 0.93 % 0.15 % 0.28 % 3.33 % 14.06 %
A3 o | <a— o | <l o | <l D <a—t | <l =]
Large Lot SF
12.46 % 22.40 % 1.76 % 6.53 % 24.98 % 14.98 %
G/ | V| 7|tV O ===
Rural Lot SF
5.64 % 18.38 % 0.41 % 17.66 % 8.09 % 3.95 %
Al | a1 o <@ | <a—1 o <t | <1 =]
Farm Residence I T T T U I
3.30 % 21.62 % 11.21 % 34.13 % 1.59 % 0.00 %
A=l | <At D <Al D) <AL o Gl D <Alt (=]
Open Space
21.91 % 0.87 % 0.00 % 0.21 % 14.37 % 3.67 %
Commercial 0.55 % 0.60 % 0.00 % 1.08 % 213 % 4.09 %
Civic 0.47 % 2.00 % 0.00 % 0.16 % 0.39 % 2.45 %
——
Roads and Highways 3.10 % 3.28 % 0.68 % 1.77 % 6.32 % 11.20 %
|
Undeveloped 50.49 % 29.92 % 85.79 % 38.08 % 38.60 % 42.68 %
% Impervious Cover 3.69 % 4.19 % 0.55 % 2.22 % 7.62 % 15.01 %
Population 180,758 24,208 506 63,088 35,995 86,854
Sprawl 51.95 16.67 0.22 126.53 7.93 4.71
Land Value ($Billions) $20.362 $2.750 $0.104 $5.681 $4.032 $8.594
POPULATION VALUE SPRAWL
L 1,072,560 fad i dad i diid 245.38

Recharge Graphs Rech. Zone % Impervious Rech. Zone Land Mix
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Spring Flow Graphs Cont. Zone % Impervious Cont. Zone Land Mix




PERCENT IMPERVIOUS

CONTRIBUTING ZONE

Little Bear

Slaughter

Williamson

Multi-Family

@1 | 1D‘ | 1l:>
57.00 %

57.00 %

<::|1 t 1,_w\1 1E:>

57.00 %

57.00 %

et —rs
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<::|1 f t t t JE:>

<::‘1 f t t t JE:>

22.00 %

22.00 %

CE—

22.00 %

e ———

22.00 %

Commercial

<::‘1 t t f t 1E>

63.00 %

<::|1 t t f t iE:>

63.00 %

<::|1 t t f t iE:>

63.00 %

<::‘? t f t t ?E:>

<::|? t f t t ?E:>

35.00 %

35.00 %

Nehun l ——

<::‘1 t t f t iE:>

63.00 %

a———o

——t—t

63.00 %

G0

—t——F—

63.00 %

<::‘? t f t t ?E:>

35.00 %

35.00 %

ol —

35.00 %

S atmn E r——

35.00 %

% Impervious Cover

Recharge Graphs

3.69 %

Rech. Zone % Impervious

4.19 %

0.55 %

Rech. Zone Land Mix

Spring Flow Graphs

Cont. Zone % Impervious

Cont. Zone Land Mix

2.22 %

g

7.62 %

15.01 %
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Discharge (cfs)

Cold Springs
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9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00-

— Current
— Reference

Date

T T T T T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Discharge (cfs)

Barton Springs

— Current
— Reference

0.0 t t t t t t f f f {
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Date

Recharge Graphs

Spring Flow Graphs

Rech. Zone % Impervious

Rech. Zone Land Mix

Cont. Zone % Impervious

Cont. Zone Land Mix
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Zone 2 Zone 3
1.50e-024
6.00e-03+
1.00e-024
2 3 1.00e-02+ F 4.00e-034
E — Current E — Current E ’ — Current
. Fed — Reference | [] Fed — Reference | [ & — Reference
5.00e-031
5.00e-03 2.00e-034
0.00e001 0.00e00 0.00e00 | t t L.J J ]
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Recharge Graphs Rech. Zone % Impervious Rech. Zone Land Mix
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[ Impervious Cover Limits r Land Use Distribution |

EBX

Recharge Zones | Watersheds rMajor Creeks i Wells |

Recharge Zone

Contributing Zone - Qutside

Contributing Zone - SFR Inside ¢

Contributing Zone - MFR Inside

o
0 5 10 15
.
0 5 10 15 20 25
o :
0 10 15 20 25 30

]
.
Lt

1] 5 0 15 20 25 30 35 40 45

Layers
2l Location | Zone Name
IIMULTIPOL... [CONTRIEL.
[[MULTIPOL... [RECHARGE
= |IMULTIPOL... [ARTESIAN
llmuLTIPOL...
|IMULTIPOL... [RECHARGE
llmuLTIPOL.
IMULTIPOL...
MULTIPOL.
&
-‘
[ —
4 | i o
<]
® Areaview  Recharge Zone (' Buffer Zone O View 3 O WView 4

Impervious Cover
screen. User can
move around and
zoom into map and
set impervious cover
policies for various
Zones.

7

Submit

dia
mTa"ﬁonau
Laboratories



EBX

l’ Impervious Cover Limits. | Land Use Distribution |
Layers [ Recharge Zones i Watersheds rMajor Creeks | Wells
:|| Location | State Well ... [Permit Mum..| Permit Type (ClassificationPhysical Ad...| Directions County |
\POIMT (86, |5B60601 Exermnpt ABD Travis -
l[PoINT (56... [5850502 Exernpt DOM wiindmill .. [Travis
|POINT (86... [sB50503 Exemnpt DoM Travis
I[PQINT (56... [5850505 Exernpt DOM Travis
|POINT (56... (5850506 Exermnpt DoM Travis
I[P (56... [5850507 Exernpt DOM Travis
|lPoINT (56... [sas0508 Exernpt AED Travis
\PoINT (56... [5850401 Exemnpt DoM This well is.._[Travis
|[PoINT (56... [58505EE Exernpt DOM The well is .. [Travis
|IPOINT (56... [5B505EF Exemnpt ABD Lot eastof . [Travis
PoINT (56... [58505CC Exernpt DOM 2505 South. [The well is _[Travis
POINT 86... [sB505CHT Exermnpt e ME carner .. [Travis =
[[PoInT (56... [58505CH2 Exern
—||FOINT (56... |58505GLN Exem
—IIPOINT (56... [58505.04 Exern .
7 [[POINT (56... [58505.P Exern I”IperVIOUS ( ;Over
PQINT (56... (585060 Exern
IPoINT 56... |5a505.My Exern
lFomT @6... 53505t el SCFEEN. Upon
|POINT 56... [58505M Exern
: . . |POINT 56... [s850509 Exem ZOO |S |S a S
&
i [FomTess.. sas0510 Exem m I t d pl y
= . |lPOINT (a6... [5850511 Exem )
|[PoINT (56... |5850512 Exern = s
. [Fonr s s -n ONly visible features.
[[POINT (56... |5850514 Exern
% . i . - |IPOINT (a6... (5850515 Exem
S R [PomT 6. (5850516 Exem In Phase 2 user can
. - |IPOINT (56, [AB50517  |084-B8-114 [None )
: 2 [lPoIMT (56... |5850518 Exern . .
. : | [PonT 56 (5850518 Bemi [ |Od |fy We” pUI | |p|ng
0 g —|POINT (56... 585054 049-92-001 |None
- — = A POINT (56... 5650561 Exemn .
4 |"|| |’| PrOlkT (AR ARANAET FEvarm d I t
| : . and location.
(@ Areaview . Recharge Zone ( Buffer Zone ) View3 O View 4
Recharge Zone L LA 1
0 5 10 15
Contributing Zone - Outside | L
0 5 10 15 20 25
Contributing Zone - SFR Inside ¢ . 1
0 10 15 20 25 30

Contributing Zone - MFR Inside L A

1] 5 0 15 20 25 30 35 40 45
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| Impervious Cover Limits r Land Use Distribution

-~ Land Usage |
| the_geom | OBJECTID Rl 10 Luz003 | Custormn LU |Shape Leng Shape_Area
[MULTIPOL... 10333030808 340 940 884052 45051280 -
lMULTIPOL . 2{0ga8830898 340 940 18,253.677] 1,434,709, . =
lImMuLTIPOL.. 1|0209980898
(IMULTIPOL.. 2[na999a9898
| IMULTIPOL.. 3(0333090005
(IMULTIPOL .. 4{0119090814 L d U
[IMULTIPOL.. 5(0110090801 a n Se Screen "
(IMULTIPOL.. 60118110503 .
[lMuLTIPOL.. 7l0119110402 U g
(IMULTIPOL.. /0118110802 Ser Can a aln
[lmMuLTIPOL. (0117110121 .
_MuLTIPOL... 100111120344 d I
[oLTeaL.. T Z00m, and aiso view
(IMuLTIPOL.. 120111160201 : aga
(IMULTIPOL.. 1a[01 11151313 t I I d
IImMuLTIPOL .. 140111110804 Inl Ia an use
[[mMULTIPOL.. 18[0111130328 . . .
[IMULTIPOL... 16]0111150430 d t b t
(IMULTIPOL . 170111090401 IS rl u |On
L IMULTIPOL... 18]0111130338
lIMULTIPOL .. 180111110837
lImMuLTIPOL.. 20]0103150571 /7
|ImMuLTIPOL . 21[0108160522
lIMULTIPOL... 22]0108110432 : ; S
[[MULTIPOL... 23]0108150532 100 100 482 507 14,095 580
< IMULTIPOL... 24]0108110411 100 100 820.897| 26,630.651
[MULTIPOL... 250108110436 800 a00 500.86E| 14,672.055 =
4] ] |
Land Useage
Residential Hi-Low(100)™ —={_} '
Mobile Home{113) =k 1 Open Space =0}
Multi-Family( 200} S !
Comimercial{300) =i, 1 ::'r—\{m‘
st i gt Multi-Family = 2|
Industrial(500) = :
Chic(E00) -C} i i il iy [Undevelopediag = 53] y ]
ParksRecreation(700) = = f————— Pats/Racieatian= 17
Transportation(860) =~ ) 1 {Transportation = 0}
UndevelopediSgaoo) CA
Open Space{940} - 4
Tﬁtal Land i.lse(%]:!]Z . @ Residential Hi-Low =17 ® Mobile Home =0 © Multi-Family= 2 = Commercial=2 = Industrial= 0
@ Civic=1 © Parks/Recreation=17 ¢ Transporation=0 ® Undeveloped/Ag=53 ® Open Space=10
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'+ Land Usage |

| the_geom | OBJECTID Rl 10 Luz003 | Custormn LU |Shape Leng Shape_Area
[MULTIPOL .. 1|0993989898 340 940 884 052) 45,951.289 -
lMULTIPOL . 21993989898 340 940 19,253 677| 1,434,709, . =
lImMuLTIPOL.. 1|0209980898
(IMuLTIPOL. 2[na999a9898
[IMULTIPOL.. 3(0333090005
lImMULTIPOL .. 4{0119090814 L d U
[IMULTIPOL.. 5(0110090801 a n Se Screen "
_HIMULTIPOL... 60118110503
MULTIFOL. 70118110402 I P h 2
_[IMULTIPOL... /0118110802 n ase H] user Can
[ImMuLTIPOL. (0117110121 .
| MULTIPOL.. 10/0111130344 d fy I d
lIMuLTIPOL... 11(0111150302 mo I an use On
lImMuLTIPOL.. 12(0111150201
[IMULTIPOL... 130111141313 gl b I p =
IMuLTIPOL .. 14/0111110804 a O a Or er
IHMUL‘I‘IPOL... 15[0111130328 .
MULTIFOL. 160111150430 I b
[IMULTIPOL .. 17/0111090401 parce aSIS
lIMuLTIPOL.. 18[0111130338
{IMULTIPOL.. 18/0111110837
lImMuLTIPOL.. 20]0108150571 /7
|ImMuLTIPOL . 21[0108160522
lIMULTIPOL... 22]0108110432 : ; S
IMULCTIPOL... 23|0109150532 100 100 482 597| 14,096.589
= ||MULTIPGL. . 24{01097110411 100 100 828.897| 26,680,651
[v] |MULTIPOL.. 26|01097110436 800 300 500 866 14,672.055 =

4

[#]

Residential Hi-Low(100y~ =—={_}

Mobile Home(113) =k

Multi-Family(200) S —
Commerciaigon) = (—
Industrial{(500) -:'

Civic(s00) -
ParksRecreation(700) ™ ——1 }—
Transportation(gst) = j——
Undeveloped/fgio0n) =~ i IT'

Open Space{040) 5.

Total Land Use{#):92

Undevelopedifg =32

Transportation =0

Open Space =8

Land Useage

Maobile Home =0

Multi-Family = 2

Residential Hi-Low = 17

@ Civic=1

@ Residential Hi-Low =17 ® Mobile Home =0 @ Multi-Family= 2

Commercial=2 © Industrial= 0

Parks/iRecreation=37 © Transportation=0 @ UndevelopediAg= 32 ® Open Space=49
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Tier Functions

ﬁ: Server

_ * Manage Sessions
Clients . Run Models Database

» Administration « Run Optimizer « Store/Retrieve

* Import Cases Permanent Data
* Display Case Info

» Choose Policies

« Submit for Model Run

» Evaluate/Compare Results

« Export Reports @ Sandia
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% Example: Barton Springs

Groundwater Availability Model (GAM)

£ Barton Creek 120 x 120 cells

witamsoncresk * 1000 M x 500 m cell size

/ « Steady State and

Interstream recharge

Staugher Creek Transient Versions
Bjcreek * Recharge, well

pumping, drains (Barton
and Cold Springs)

Onion Creek

No recharge
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Change of Resolution

Convert PP model to
coarse-resolution SD model
through zonation

Effective parameters are
extracted from the MODFLOW
model. Powersim model 1s
calibrated using a TABU search.

W=_J laboratories



CalibratiOn

* Flow b/t Zones
* Average Heads
. Sprlng Flow

m3/da

500,000
300,000
100,000
-100,0007
-300,0007
-500,0007
-700,000
-900,000
-1,100,0007
-1,300,0001
'1,500,000_
-11700,000_
-1,900,000;
-21100,000_
2,300,000
'2,500,000_
-21700,000_

MODFLOW

Powersim

MODFLOW

Powersim

Powersim
MODFLOW

Powersim

8to 10

MODFLOW

Powersim
MODFLOW

8to 11

(&)

Powersim
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Calibration

 Flow b/t Zones

* Average Heads
* Spring Flow

Zone Number

Sandia
National
Laboratories
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Calibration

* Flow b/t Zones
* Average Heads
* Spring Flow

Barton Springs Cold Springs

-1,000,000T

-2,000,000T

m3/da

-3,000,0001

-4,000,000T

i

e

Powersim

Laboratories



f Impervious Cover Limits r Land Uise Distribution
-~ Land Usage |
| the_geom | OBJECTID FID 10 Luz003 | Custormn LU |Shape Leng Shape_Area
|MULTIPOL... 110998588398 540 940 884.052) 4F951.284 | ]
|||MULTIF'OL... 2|0999989598 940 9400 19253677 1,434,704, =
|||MULTIPOL... 1)0998588398 540 940 884.052) 45,951.284
|||N1ULTIF'OL... 2|0999989898 940 9400 19253677 1,434,704,
—|||MULTIPOL... 3]09995998999 860 800 546,104 .487|21,628,323..
|||MULTIF'OL... 4{01180905814 900 400 838.975) 40052812
[IMULTIPOL.. 5(0110090801 300 ano 335828 B371.413
|||MULTIF'OL... B[0118110503 100 100 886.103) 284980.082
|||N1ULTIF'OL... 70119110402 1580 100 A00.884| 14 889552
|||MULTIF'OL... 8]0118110502 100 100 976.071) 41.926.087
|||N1ULTIF'OL... 910117110121 00 q0o 4 677.491| 664 BOS.703
E|||MULTIPOL... 10/0111130344 100 100 853,695 44.084.791
|||N1ULTIF'OL... 11)0111150302 100 100 523.147) 15005.568
|||MULTIPOL... 12/0111150201 100 100 Y12.245) 43236.44
|||N1ULTIF'OL... 130111181313 100 100 g48.018) 450869145
|||MULTIPOL... 14i0111110804 100 100f 1,580,787 102197337
|||MULTIF'OL... 15/0111130329 100 100 B88.654) 30,026.894
|||N1UL'I'IPOL... 160111150430 150 100 758.082) 2888917
|||MULTIF'OL... 170111090401 100 100 551.635) 19,665.823
—"|N1ULTIF'OL... 18]0111130338 00 q0o 776,358 21 333662
|||MULTIF'OL... 190111110837 100 100 698237 22,331,422
|||N1ULTIF'OL... 20[0109150571 710 oo 3,107.535] 151,060,555
|||MULTIPOL... 21|0109150522 100 100 570.837) 17,271.609
|||N1ULTIF'OL... 2210109110432 100 100 5327587 17.5989.45
|||MULTIPOL... 230109150532 100 100 482687 14,096.5849
?| MULTIPOL... 2410109110411 100 100 028.897 26630.631
T MULTIPOL... 26{0109110436 500 400 590.066) 14672.055 =
4] ] |
_ Land Useage
Residential Hi-Low(100)™ —={_} '
Mobile Home(113) 5 ! Open Spae = 0]
Multi-Family( 200} S !
Comimercial{300) =i, ! _:‘:'!’_\{&‘
R fir R == Multi-Family =2
Industrial{500) - :
Chic(E00) -C} i i il sl [Undevelopediag = 53] / ]
ParksiRecreation(700) = == - Pats/Racieatian= 17
Transportation(860) =~ ) 1 {Transportation = 0}
Undeveloped/fgio0n) =~ !
Open Space{940} - 4
Total Land i.lse(%]:!]Z @ Residential Hi-Low =17 ® Mobile Home =0 @ Mult-Family= 2 = Commercial=2 © Industrial= 0
@ Civic=1 © Parks/Recreation=17 ¢ Transporation=0 ® Undeveloped/Ag=53 ® Open Space=10
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Benefits and Summary

« SD model executes much faster than the PP model
— Scenario testing
— Stakeholder education

» Allows for connecting important physical processes to
other systems

* Provides a single user interface that works with both
models

* Provides on-the-fly calibration between each model

* Modular approach allows for application to different types
of problems
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