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Arc Hydro Groundwater Data Model

GIS in Water Resources - Fall 2017
Thanks to Dr Tim Whiteaker for help with the slides



What To Look For in this Presentation

* |deas on how we think about groundwater
features in a GIS context

* What kinds of geologic features does the
model cover? What does it not cover?

* How are relationships used to tie pieces of the
data model together



A data model helps you design your database

— Lj My Database
— B | Waterbody

- Name
- AreaSgKm

|

TimeSeries

Water Level

Time

Photo:PhoTones Works #6940 by Takuma Kimura.
Shared under CC BY-SA 2.0. https://creativecommons.org/licenses/by-sa/2.0/legalcode



Why Use a Data Model

Ol <

Concepts Tools Sharing



Arc Hydro: GIS for Water Resources

(2002)

e A data model for water
resources

Arc Hydro

 Atoolset for
implementation

* Aframework for linking
hydrologic simulation
models

* Focus on surface water
* Free




Arc Hydro Describes Surface Water

"’A

Time Series




A key concept from Arc Hydro is HydrolD

Name = Lake Henry
HydrolD = 1001
DamiD = 5700

Dam

Name = Henry Dam
HydrolD = 5700

Like Social Security
Number for features

Unique in a geodatabase
Used in relationships

Legend

Attribute 1
Attribute 2




Arc Hydro Groundwater: GIS For Hydrogeology
(2011)

Builds on Arc Hydro

Includes data model and
tools

Expands Arc Hydro
temporal components

Some tools free, some not

Gil Strassberg
David R. Maidment
Norman Jones




Arc Hydro Groundwater Data Model
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Arc Hydro Groundwater Data Model
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Extensible representation of surface water and groundwater

Arc Hydro Framework

= WaterPoint

HydrolD
HydroCode
Name
JunctionlD
FType

WaterLine

HydrolD
HydroCode
Name
FlowDir
NextDownlD
LengthKm
FType

HydrolD
HydroCode
Name
JunctionlD
NextDownID
AreaSqKm
FType

=4 Watershed

HydrolD
HydroCode
Name
DrainID
JunctionlD
NextDownID
AreaSqKm
FType

HydroCode
Name
WaterLine W 3 HGUID
', aterbo FType
% - Watershed ; oy '
y._/r 3 d
AR5 R = B well
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VarName
VarDesc
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a
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~ WellDepth
| AquiferlD B
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B MonitoringPoint

1 HydrolD
HydroCode
Name
JunctionlD
FType
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Surface Water Features

- WaterlLine, WaterBody represent hydrography

- Watershed represents drainage areas
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WaterPoint

- Structures, dams, springs, diversions, etc.
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Groundwater at Blue Cliffs

Source of Data: Andrew Dark, Aqualinc



MonitoringPoint

- Locations where water is measured




Aquifer

Polygon features of aquifer boundaries

http://www.twdb.texas.gov/groundwater/aquifer/major.asp



Well

- Location where the subsurface has been drilled

- Attributes describe depth, use, etc.




Aquifers are related to Wells

e An aquifer can be related to one or more wells (1:M)

HydrolD
HydroCode
Name
HGUID
FType

HydrolD
HydroCode
LandElev
WellDepth
AquiferID
AgCode
HGUID
FType




Aquifer and well

Attributes of Well

OBJECTID | Shape | HydrolD| HydroCode | LandElev | WellDepth | AquiferlD| AqCode |HGUID| FType | Waterlse Owner |~
| 49 |Poirt 49 | TWDB, 5857204 §00 245 114 |21 BEDRDA 4 Stock S Cecil Ruby
| 50 | Paoirt 50 | TWDB, 5857205 f29 360 114 |21 BEDRDA 4 Unused U Donald Yyest
| 51 |Poirt 51 | TWDB, 5857206 540 400 114 |21 BEDRDA 4 Domestic  |H Donald L. Yyest
| 52 |Poirt 52 | TWDB, 5857208 945 375 114 |21 BEDRDA 4 Unused U Daonald L. Yyest
| 53 |Poirt 53 TWODB, 5857210 500 300 21BEEFZA, 4 Public supply P Ruky Ranch
| 54 |Poirt 54 | TWDB, 5857301 63 113 |21 BEEFZ4, 4 Stock S M. L. Thames
| 55 |Poirt 55 | TWWDB, 5857302 765 113 |21 BEEFZ4, 4 Domestic  |H J D Beffart
| 56 | Paoirt 56 | TWWDB, 5857303 870 114 |21 BEEFZ4, 4 Domestic  |H Wi, . Turner
| 57 |Poirt 57 | TWDB, 5857304 780 114 |21 BEEFZ4, 4 Domestic  |H Hadge Phillips

56 | Poirt 58 | TWWDB, 5857305 809 113 |21 BEEF 24, 4 Unused U Jack Dahlstrom |
Record: ﬂj 1 jﬂ Show: | Al Selected Records (1 ouk of *2000 Selected) Cptions =

B Attributes of Aquifer,

OBJECT| Shape* | HydrolD * [#flydroCode |  Name | HGUID | FType
- 1|Palygon 4 DB, 11 EDWARDS 4| Outcrop
m 2 Palygon . 0B, 11 EDWARDS 4| Canfined
m 3 Palygon , EDWARDS 4 Outcrop
m 4 Polygon 119 T™WDE, 1 EDWARDS 4| Outcrop
- 5 Polygon 123 | TWDE, 11 EDWARDS 4 | Cutcrop

Record: ﬂj 1] jﬂ Shiow: W Selected Records (1 ouk of 5 Selected) ﬂ

-‘—\—\_\_F_o-'-"'"\-\_\_\_\_u_'_'_,_ﬂ"_




SUMMARY

Details

Well Number

WATER LEVEL GRAFHS

M36/15945

BORE LOG

AQUIFER TESTS

File Number

LOCATION MAP

Printable Well Summary

CO6C/00873

Oowner

Mr & Mrs B L & D | Haylock

Well Status

Active (exist, present)

Street/Road

DAVIDSONS RD

NZTM Grid Reference

BX23:58452-61936

Locality

GREENPARK

NZTM X and Y

1558452 - 5161936

Location Description

Englishes Road. Bore located in paddock behind house.

Location Accuracy

2-15m

CWMS Zone

Selwyn - Waihora

Use

Irrigation,

Groundwater Allocation Zone

Selwyn-Waimakariri

Water Level Monitoring

Depth

15.00m

Water Level Count

Diameter

152mm

Initial Water Level

Measuring Point Description

Highest Water Level

Measuring Point Elevation

4.72m above MSL (Lyttelton 1937)

Lowest Water Level

Elevation Accuracy

=25m

First reading

Ground Level

0.00m above MP

Last reading

Strata Layers

0

Calc Min 95%

1.80m below MP

Aquifer Name

Agquifer Tests

Aquifer Type

Unknown

Yield Drawdown Tests

Drill Date

Max Tested Yield

Driller

not known

Drawdown at Max Tested Yield

Drilling Method

Unknown

Specific Capacity

Casing Material

STEEL

Last Updated

10 Feb 2012

Pump Type

Unknown

Last Field Check

08 Feb 2012

Water Use Data

Mo




M36/7649 details

Borelog for well M36/7649

Environment

Locaton Accuracy. 50 -300m
Grouss Level Altade: 4.0 m =MSD Acturacy. <08 m
Contracioes

Canterbury
Regional Council
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Time Series Variables

VariableDefinition table is a catalog of time varying
parameters (e.g., streamflow, water levels, concentrations)

Each variable is indexed with a HydrolD

VariableDefinition

HydrolD
VarKe =\
y B Attributes of VariableDefinition L ||§
VarName -
VarDesc DEJECTIDl HydralD | warkey | “arHanme WarDesc E WarUnits i
. 1 G274 | <Mull= Streamflom MUWIS Craily Streamflow cubic feet persecond
VarU_nItS | b 5275 | <Mull= iater lewel iater lewels feet abowe mean z2a lewel
Medium B 3 6276 |silica Silica Silica concentration as 502 mghL
DataType | 4 G277 | calcium Caleium Caleium concentration as CaCO2 [ mgll
|SRe Ular | 5 G278 |magnes fMagnesium Magnesium concentration as g mygiL
] g | g G279 |sodium Sodium Sodium concentration as Ma mygiL
TlmeStep n 7 G220 | potass Potassiom Potassium concentration az K mygiL
TimeUnitS | g G | AwrgiiiL zroundwater lewvel | Awveraged groundwater levels feet abowe mean s=a lewel
=] GE32 | <Mull= Farticle track Fatricle track through subsurface =MHull=
NODataval | 10 Ga33 |Z_Walue Crepth Lepth below ground surface feet
Vocabulary < N
VarCode Fecard: ﬂj 1] ﬂﬂ Show: | &l Selected | Fecords (0 out of 10 Selected) ﬂ




TimeSeries table

Each measurement is indexed by space, time, and type

Space = FeaturelD

Time =TsTime

Type = VarlD

=]

TimeSeries

FeaturelD

Information about
variables

|

VarlD
TsTime
UTCOffset
TsValue

4 TsTime

TsValu

FeaturelD

VarlD

L



Time Series Views

We can slice the data cube to get specific views of the data

Where?
(FeaturelD = 2791)

TsTime

2791 FeaturelD
6875

O

VarlD VarlD

What?
(VarlD = 6875)

Where and What?
(FeaturelD = 2791 VarlD = 6875)

TsTime

y

FeaturelD 2791 FeaturelD

O

VarlD



Time Series Views

Well HydrolD = 2791

Seleci -d Attributes of TimeSeries

=1E3

FeaturelD f VarlD | TsTime | UTCOffset | TsValue |

e
e
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791
2791

6875 | 11/15/1948
G875 | 11/30/1948
6875 | 12/15/1948
6875 | 12/30/1948
6875 | 1/15/1945
6875 | 13001945
6875 | 2/15M1945
6875 | 2/28M950
6875 | 3/15M950
6875 | 3/30/1950
6875 | 4/15M1950
6875 | 443001950
6875 | 5/15M1950
6875 | 53001950
6875 | 6/15/1950
6875 | 6/30/1950
6875 | 7151950
6875 | 73001950

A A A A A A A A

623.61
623.68
623.6
623.59
B623.
B623. HK
623.48
624 44
624 45
62417
624.05
624.15
624.14
624.13
624.14
623.85
623.79
BZ3.67 |

>
Record:ﬂj ] jﬂ Show: All Ialectej

Create a plot of time series
related to a feature

Get all the data of VarIlD 6875
measured at Feature 2791

Water level at well 2791 E]

Water level at well 2791

630

PR R RS
S R 6 i
|

617

616
615

614

18-Dec-43

1B-Dec-55 13-DecEo 11-Dec-7 £-Dec-89 B-Dec-93




Wells and TimeSeries

Wells are related with time series (e.g., water levels, water quality)

HydrolD
Maonitoring Well

27 (295443097554201)

]
]

[N
o]

TimeSeries

]
=

[ 8]
i

[l
[

FeaturelD

b

_____________________________________________________________________

[ 5]
o]

w

m

Water level (feet below land surface)

=i




MonitoringPoints and Time Series

Streamflow,
Precipitation,

Graph of TimeSeries

EIDDE i, Ll M bl LMJ"M.LJ

23-Dec-31 19-Dec-47 15-Dec-53 11-Dec-79 ?-DEIE-QE
TsDateTime




The common framework supports analysis of
surface water and groundwater data together

Graph of QueryTablel

Streamflow (cfs)

[0 Streamflow

500

1940

1951

1952 1953 1954

1955
Time

1956

1957 1958 1983 1960

(20e4ans pue| mojaq 1) [2A2] Jajempunols

:

eamflow age at
Comal Springs



Surface water

groundwater linkage

Relationships between surface water and aquifer enable analysis based on
spatial and hydrologic relationships

Shape * | HydrolD | HydroCode | Name | HGUID| FType |

| 1] Folygon

2 Polygon
2 Polygon
4 Polygon
5 Palygon

112 | TWDB:11
113 T B:11

EDAR
ElAR
EDWWAR
EDWiAR
EDWAR

Show: W Selecked 'dsﬂ

4 | Duterop
4 | Confined
4 | Quterop
4 | Quterop
4 | Outcrop

| PN

| HydrolD | HydroCode | Narme FlawDir | MextDownlD | FType | LengthkiM | Aquiferin
6506 | MHD: 121002030 1 2133 1 0134435 114
6557 | NHD:121002030 | Willow Springs Creek 1 8024 |1 5099523 114
G565 | NHD:121002020 |Dry Comal Cre ek 1 BO3E |1 3571508 114
6524 | NHD:121002020 1 7715 1 4977853 114
GE60 | NHD: 121002030 | ok Creek 1 6550 | 1 1.753709 114
6380 | NHD:121002030 | Halifax Creek 1 7589 1 3020368 114
6349 | NHD: 121002020 1 B50S | 1 1035545 114
7733 |NHD:121002020 | Dry Comal Cre ek 1 7053 1 2507327 114
Recaord; JJ JJ Shiow; F'.II Selected Records (67 out of *2000 Selected)

|6
dl

TS T

)

Ed




Arc Hydro Framework - Review

Note the relationships (the lines connecting the boxes)

= WaterPoint !

| HydrolD
HydrolD
:;:::Code HydroCode
JunctionlD e
F‘;m WaterLine HGUID
‘ : Waterbody FType
b Watershed ; :
o |
- \' "‘\j,..-\ e 44\‘\—4—’\.\,&;\ e
HydrolD — N \~ - i & well
ame o A HydroCode
FlowDir : ; N e LancElev
NextDownlD ~ WellDepth
LengthKm Aquifer Well | AquiferlD =
FType p T AqCode
- : ' HGUID

HydrolD .

ydro!

HydroCode ”"-

Name

JunctionlD 4 ~
NextDownID TlmeSene

E8 VariableDefinition

iw
wagreeen podes e

AreaSqKm | e, "
FType | HydtolD s
4 Jihroual BE TimeSeries

VarDesc FealurelD *
- ealure
Varunis & Vo L
Hydrolcl:) ! TsTime ;.';’
HydroCode : | UTCOffset % - 5
Name BE SeriesCatalog TsValue MonitoringPoint
DrainID | FeaturelD BB MonitoringPoint
JunctionlD FeatCiass 1
NextDownlD VariD e
AreaSgKm TsTable szre o
FType | StartTime ionlD

EndTime Junctionl

FType

ValueCount

http://www.archydrogw.com/File:Archydrogw_framework.JPG



Arc Hydro Groundwater Data Model

Framework 33,‘ ° - Aquter N\

Waterbod ‘gQ- 3
Wa(eere &
Watershed ’ - Well

' —‘.‘ MomtormgPomt
e =T ‘ i g

Framework

e a
Stcong | 2
4 onw,

o,
" ten, nc.z:‘*m mat
sc

.,'N;""Q,, e,

>
Simulation

5

&g a‘gyPcunt




Geologic maps
e Are closely tied to geology

* Vary in scale (continental, regional, local)

Ll
Z

2019¢ : AQUITErs

maps from http://nationalatlas.gov



Arc Hydro Geology Component

GeologyPoint: e.g., springs, caves, sinks, observation points
Geologyline: e.g., faults, contacts
GeologyArea: e.g., outcrops

ey

HydrolD
| HydroCode i
- GeoAbbrev
1 . .
Description
HGUID
HGUCode
‘FType

A simple data
model to support
geologic maps

"

GeologyLine

" HydrolD
HydroCode
GeoAbbrev
Description
HGUID
HGUCode
"FType . !
e T = : b S
! @GeologyArea _ $ o W A i

HydrolD

HydroCode Map modified from: Geologic map of the
S??Qf’ptifﬁrf Edwards Aquifer recharge zone, south-
HGUID central Texas. U.S. Geological Survey
HGUCode SIM 2873

FType




Arc Hydro Groundwater Data Model

Framework &
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Waterfhed ; Waterbody
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Borehole data

e Vertical data (screens, stratigraphy) referenced along the well

e From depth (top), To depth (bottom), and Description

From (it) To (ft) Descri[')ﬁon and color of formation material

Casing, Blank Pipe, and Well Screen Data

Setting (ft) | Gage

New Steel, Plastic, ete.
+ Dia. Or Perf., Slotted, etc Casing
(i) Used Sereen Mfg., if commercial From [ To | Screen




Arc Hydro Borehole Component

p
B8 BorePoint

o o

' roCode
HydrolD ! HydrolD A wyemo
HydroCode HydroCode | Matrici
Name LandElev HEUID
HGUID WellDepth

HGUCode
~ : |
FType - zggl(f;réo s24 PointElev

Stores borehole T i

FType

data and represents T | g
1 5 %2 . HydroCode
data in 3D

WelllD
Material
HGUID
HGUCode
TopElev
BottomElev
FType

& BoreholeLog |

X WelllD
RefElev
FromDepth
ToDepth
TopElev
BottomElev
ElevUnits
Material
HGUID
HGUCode

LogType

4
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http://www.archydrogw.com/File:Archydrogw_wellsandboreholes.JPG



BorePoints and BorelLines

3D features representing data in the BoreholelLog table

BorePoint is a 3D point feature class for representing point
locations along a borehole (e.g., geologic contacts, samples)

BorelLine is a 3D line feature class for representing intervals
along a borehole

BorePoint

R BoreLine




Arc Hydro Groundwater Data Model
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Hydrogeologic units

“Hydrogeologic unit is any soil or rock unit or zone which by virtue of its
hydraulic properties has a distinct influence on the storage or
movement of ground water” (USGS glossary of hydrologic terms)

Hydrogeology can be derived by classifying stratigraphic units

Stratigraphic units Hydrogeologic units

Upper confining unit

Georgetown \
Fm.

Georgetown Fm. (GTOWN)

J\

Cyclic + Marine member (CYMRN)

Leached + collapsed member (LCCLP) Pearson Fm.

Regional dense member (RGDNS)

J\

Grainstone member (GRNSTN)

Edwards
Aquifer

Kirschberg evaporite member (KSCH)
Kainer Fm.

Dolomitic member (DOLO)

Basal Nodular member (BSNOD)

Upper Glen Rose (UGLRS)




Arc Hydro Hydrostratigraphy

Hydrogeologic
units in 2D and
3D

HydrolD

HGU 1

‘ HGUCode

HGUName HGU 2

' AquiferlD HGU 3

AqCode
Description
- HorizonID

HydrolD
HydroCode
SectionlD
SName
HGUID
HGUCode
HorizonID
FType

HydrolD
HydroCode
HGUID
HGUCode
HorizonID
FType

HydroCode
SName
VertExag2D
FType

HydrolD Raster
HydroCode Name
HGUID Description
HGUCode Units
HorizonlD HGUID
FType HGUCode
HorizonlD
AquiferlD
AqCode

k4 GeoRasters |

XS2D component: displayed in a separate
data frame with unique coordinates along a
SectlonLlne feature

)30): 40000
i i

A

1700

}lll JTHL N [ e

=g S 5 -

$ \ e -

5 o :

- : N -

http://www.archydrogw.com/File:Archydrogw_hydrostratigraphy.JPG




Hydrogeologic unit table

Provides a conceptual description of
hydrogeologic units

Units are indexed with an HGUID

Units can be grouped into an aquifer via Aquifer|D

B Attributes of HydrogeologicUnit

HGUID | HGUCode HGUName f AquiferlD | AqCode Description |
n 1|GTOWN  |Georgetown Formation 4761 |Edwards | Georgetwown farmation is the upper formation in the Edwards aguifer
n 2|PERSOM  |Person Formation 4761 |Edwards  |Fearson farmatin includes the following fornrations: CYMRM, LCCLP, RGDNS
- 3 |[KAINER Kainer Formation 4761 |[Edwards | Kainer formation includes the foolowing farmations: GRRUSTH, KSCH, DOLO, BSNOD
- 4 UGLRE Upper Glen Rose <Mull= Glen Rose limestone
n 5 «=Mull= Edwards Aquifer 4761 |Edwards  |Edwards Aquifer
Record: ﬂj ] jﬂ Shiow: W Selected Records (0 out of 5 Selected) Options  ~




Hydrogeologic unit table

* Hydrogeologic units are described with different spatial instances
(outcrops, borehole intervals, surfaces, cross sections, and volumes)

* HGUID is the key attribute

GeoArea /]

Polygon feature class

=
Hydl’OgeO|OgiCUnit A """" Multipatch feature class A
Table -~ V =
HGUID ~
inti GeoRasters ~
Conceptual descrlptlon Raster dataset \s’
1

HG U | D GeoVqume

Multlpatch feature class

Spatial description ‘




3D Representation of Cross Sections

e SectionLine defines the location of the 2D cross section
e GeoSection represent 3D sections as 3D features

e SectionID of a GeoSection feature relates back to the section line

B A!

B[(=1E
|

1 Polyline £ 1 A Borehole Section
2/ Polyline 2 B-B' Barehole Section
Recurd:ﬂj n jﬂ Show: | all  Selected Records (1 ook ﬂ

OBJECTID| Shape * | HydroID | HydroCode| SName | FType

B Attributes of GeoSection E|@|E|
ObjectID | Shape* | HydrolD | HydroCode | SectionlD | Shame | HGUID | HGLCode } FType A

n 15 |Polygon Z 3000014 1 | YA 1 |HGU A Baorehole Sections

n 20 \Paolygon ZM 3000019 17a.- A 1 |HGU A Borehole Sections

n 29 |Polygon ZM 3000028 2B 1 |HGU A Baorehole Sections

n 11 |Palygon ZM 3000010 1| A-4 1 |HGU A Baorehole Sections

n 25 |Polygon ZM 3000024 2B 1 |HGU A Baorehole Sections W

L4 >

Record: ﬂj 0 jﬂ Showe: | Al Selected Records {1 out of 23 Selected) M




GeoSections

&3 Horizons.sxd - ArcScene - ArcEditor |__"E]m
File Edit View Bookmarks Selection Tools Window Help

DER& R ¢ QeI | ¢~-Q¢Q4QQE IO @E R 8 - e[S el _ew = DII:IQM-\

3DAna\ystv| Layer: (& proitindk RdlE/-R-N J MDDFLDWAnaIystv| k[0 = sho: [0 = Time | | Time Information: OutpuiTime tble is not loaded | Help"

Arc Hydro GW ~ Subsurface » ApUtilities v| ID & |Field.| ;” ;I | Help = |

x
= Scene layers -~
= 0O well_New W
.
= 0O well
+*
=] Boreline
= <all other values>
HGUID
1
—2

-3
4

—3

e
—T
8
= O Major_Roads

= M Area_Lakes

= Area_Rivers
= O SectionLine

= O SectionlineWell

= O Roseville_Boundary
= O Domain

[0 GeoVolume
GeoSection
= O GeoSection_wells
[ <all other values>
HorizonID

[]s M
Display

Selects the layer to apply an effect



GeoRasters

Raster catalog for storing and indexing raster datasets
e Can store top and bottom of formations

* Each raster is related with a HGU in the hydrogeologic unit table

= Attributes of GeoRasters

- B

OBJECTID| Shape "| Raster | Name | Description RasterUnits | HGUID § HGUCode | AquiferlD |AquiferCode| ~
4 Palygon |<Raster | gtown_surface top of formation feet from mean sea level 1| GTOWN <Pull= i
2 Polygon (<Raster |person_surface |top of formation feet fram mean sea level 2/ PERSON <MNull=>

/ 3 |Polygon (<Raster |kainer_surface |top of formation feet from mean sea oy 3 KAINER <MNull=> B
1|Polygon |<Raster |uglrs_surface  |top of formation feet fram mean speflevel 4 | GLENM ROSE| <Null=>

| £

Record: ﬂ j 0 jﬂ Shiowy: W Selected Recprfls (1 out of 5 Selected) Cptions - -

.Georgetown

Person

Kainer
Glen Rose

= Attributzs of HydroGeologicUnit

- [0fX]

| HGUID HGUName | HGUCode | Aquiferld | AqCode | Description |
r | 1] Georgetown Formation GTOWM 11 Edwards  Georgetwown farmation is the upper formation in the Edwards aguifer
J 2 |Person Formation PERSOMN 11 |Edwards  |Pearson formatin includes the following fomrations: CYMRN, LCCLP, RGDNS
|| 3 |Kainer Formation KAINER 11 |Edwards

Kainer formation includes the foolowing farmations: GRNSTN, KSCH, DOLO, BSNOD
[ »

Recaord: ﬂ j 1 j ﬂ Show: | Al Selected Records (1 out of 3 Selected) Optians -




Selwyn Hydrogeological Strata
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GeoRasters

* GeoRasters also store hydraulic properties such
as transmissivity, conductivity, and specific yield

= Attributes of GeoRasters

OBJECTID| Shape *| Raster | Name | Description | RasterUnits | HGUID | HGUCode | AquiferlD | AquiferCode | ~
7 Polygon |=Raster |1DW of K hydraulic conductivity |feet/day =Mull= 4756 |Edwards South| ¥

< | >

Record: ﬂj ] jﬂ Showe: | All Selec&d Records {1 out of 5 Selected) Cptions  ~

K (feet/day)

W 05-230

0 250.1 - 500

= 500.1 - 1,000
I 1,000.1 - 2,000
W = 2000

Raster of hydraulic conductivity in the Edwards Aquifer



GeoVolume

* Features representing 3D volume objects
* Geometry is multipatch




Arc Hydro Groundwater Data Model

Framework

WaterlLine "fa.
Wateffhed ; Waterbady

b ; o

~5 %% MonitoringPoint
A - 2

| Framework

Boreholes

Rl S,

3rs 4 e f = LA ‘
309 w BoreLine - Bore'Pomt/

2D cross sections (XS2D)

Cross Sections

i




Cross sections

Cross sections help us
understand local geology

We can sample the subsurface...

R Wel I S ’0,.

*
’0 .,
>
*

] TS T oy S

N 3

I i

3

) 3o

I3 A -

oty rr L DA
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A,

...And interpret the rest



Cross section coordinates

Cross sections use a (Distance, Elevation)
coordinate system

Each system is unique to the cross
section...

And includes vertical exaggeration...



GIS datasets

We'd like to create cross sections from GIS datasets
Spatial and attribute relationships tie features together ...

r-.
%J

‘Geologic features

...Creating the connectivity we need to construct
meaningful cross sections



XS2D Component

= e gljf S > = XS2D
e ¥ oty ﬁ | Catalog
%:‘/M.%\ 'o 3 ° o8 ' SectLineFC
Wy 1 e ' Secti
£ 58 3 g ectionlD
) ¥ i ' SName
o | X82D_FC
' XS2DType
SectionLine | /
v
30000 40000 ’
——-=1000

Major Grid

B_oreLine

\X 5
Panel N i

® Moo T
Minor Grid °°°P

XS2D
BorelLine

HydrolD
HydroCode
WelllD
TopElev
BottomElev
Material
HGUID
HGUCode
Offset
Measure
IsLeft

FType

=1 XS2D

MajorGrid
' HydrolD
| HydroCode
GridValue
| IsVertical

=1 XS2D

Panel

HydrolD
HydroCode
HGUID
HGUCode
FType

XS2D

PanelDivider
HydrolD
HydroCode
Measure

= XS2D

MinorGrid

HydrolD
HydroCode
GridValue
IsVertical

http://www.archydrogw.com/File:Archydrogw XS2D.JPG




Transform to 3D GeoSection

& Roseville.sxd - ArcScene - ArcEditor

BEX]

J File Edit View Bookmarks Selection Tools Window Help

DSHE ' 0 X ¢+ Qa0 ¢-Q0a4QABLO@ER OB | e D denum

v D E @

J
J 3D Analyst '| Layer: [} swinterface
J

B J MODFLOWAnarystv| k[0 = s [0 = Time: |

;I Time Information: OutputTime table is not loaded

Arc Hydro GW ¥ Subsurface + ApUtilities v‘ ID | | Field]|

=

)

;||Help"

% Scene layers
= M Area_Rivers

=] SectionLine

=] GeoSection

HGUID

=] Area_Lakes

=

=] swinterface
Value
High : -380.143

Lows @ -2047.39
=] dem30m

Value
. High : 3824.5

" Low : -16.5

[ ]<all other values>

Display I Source




3D Model of Selwyn Groundwater
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Arc Hydro Groundwater Data Model

‘Framework 3&- gt Borehole data 55
Watef:hed Wate;l..ine Wa(e'_rbody‘g’a'
A S i Boreholes

B P o > ".‘-.__A.. \.‘
5 Y - ~ea
&

BoreLine - Bore'Point/

| Framework




Temporal Component

58 VariableDefinition

HydrolD
VarKey
VarName
VarDesc
VarUnits
Medium
DataType
IsRegular
TimeStep
TimeUnits
NoDataVal
Vocabulary
VarCode

= TimeSeries

 FeaturelD
' VarlD
 TsTime
 UTCOffset
ey 1SValue

A

I\

E= AttributeSeries

FeaturelD
TsTime
UTCOffset
VarKey 1
VarKey 2

I

i}érKey N?

Name
VarlD
TsTime
UTCOffset Time 1

' HydrolD

g SeriesCatalog

FeaturelD
FeatClass
VarlD
TsTable
StartTime
EndTime

' ValueCount

&8 DatasetCatalog

VarlD
DsType
DsSource
TsTable
StartTime
EndTime
StepCount

m.ﬂ;‘ FeatureSeries

VarlD

TsTime
UTCOffset
GrouplD

\

http://www.archydrogw.com/File:Archydrogw_XS2D.JPG



Types of time varying datasets

TimeSeries

.



Multi-variable time series
(attribute series)

Multiple variables recorded simultaneously at the same location
Example — water quality parameters

Indexed by location (FeaturelD) and time (TsTime)

Relationship to the VariableDefinition table is through the VarKey

Variables (VarKey)

B Attributes of WaterQuality

FeaturelD | TsTime | UTCOffset| silica | calcium | magnes
1377 |77 12005 - 13.6 772 10.4
1566 |77 /2005 - 17.4 126 14.5
3155 BA23/2005 - 19.3 85.9 11.3
2906 B/17,2005 - 13 /0.2 16.5
1808 |61 6/2005 - 127 104 13.49
BE1 |B/15/2005 - 12.9 B9.2 16.2

Fecord: ﬂj| 1] ﬂﬂ Shiow; W Selected | Fecords (0 out of 4994 Selecked)




Feature Series

A collection of features indexed by time

Example - particle tracks

Features are indexed by VarID, TsTime, and GrouplD
Each group of features creates a track over time

¥ 0 5 0 | ]
Shape | HydrolD| VarlD | TsTime | GrouplD| Z value | *
Faint BREE3 BBE2 | 2/21/2005 1 136.404
Faint BEIH BEE2 |5/13/2005 1 138577
Faint BEIE BEoZ |7 23/2005 1 1358.556
Faint BRIY kEE2 |7 /3/2005 1 138.536
Fuoint BEI6 BB52 |B/14/2005 1 138517
Faint BEI5 BBE2 |5/27/2005 1 138.499 & 2004
Faint BR94 GBE2 |5/10/2005 10 138482 0 2005
Recurd:ﬂj 1 jﬂ Show: | &l Selected ersﬂ
| Bl = J o 2006
o 2007

@ 200z



Time Series Catalogs

Like a library’s card catalog, but for time series
Series Catalog

— For a single variable at a single feature
— E.g., a summary of all water level measurements for a well
Dataset Catalog

— For an entire temporal dataset

— E.g., a summary of raster series representing water level
across the entire aquifer

Both catalogs include start time, end time, and count



Series Catalog Example

TimeSeries water depth in a well
FeaturelD VarlD TsTime | TsValue |- 20
2310802 1[3/7/1947 -99.43 |- 2
2310802 1|2/23/1948 -106.8 100 1A
2310802 1|2/22/11949 -110.7 105 \\\
2310802 1|2/13/1950]  -114.29 110 ~ .
2310802 1[1/1911951]  -119.91 s T~
2311401 1/1/14/1988| -177.35 . ~.
2311401 1/1/7/1967 -184.95
2311401 1/1/9/1969 -184.98 4
2311401 1/1/16/1970|  -184.11 e
2311401 1[1121971|  -189.65| . S S 3 23325 2 3
1 v » |§|E (5 out of 46 Selected) = = e
SeriesCatalog
FeaturelD FeatClass | VarlD TsTable StartTime EndTime ValueCount
2310802 | Well 1 | TimeSeries |3/7/1947 | 1/19/1951
2311401 | Well 1|TimeSeries |1/14/1966 |1/18/2007 41
1 1 » K E 1 out of 2 Selected)




Arc Hydro Groundwater Data Model
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Representing simulation models

« Georeference model inputs and outputs (in space and time)

« Focus on MODFLOW, block centered finite difference grid (nodes are in

the center of the cells)
* Represent 2D and 3D models

Aquifer bounda

ry

/. L L

ARNE

NCTT R

) . . L] - . - L] [ .

-
L

- .
b=t

e

Block-centered finite difference grid

Node



Cell2D and Node

Cell2D: polygon feature class that represents cells or elements
associated with a two-dimensional simulation model or a single
layer of a three-dimensional model

Node: point feature class used in combination with Cell2D to
represent the model’s mesh/grid.

a) Finite element mesh

b) Mesh centered finite
difference grid

@ Node Features [ ] Cell2D Features

c) Cell centered finite
difference grid




Cell2D and Node for Mapping

‘@ steptoe map-modf2.mxd - ArcMap - ArcEditor =JoEd
‘ File Edit View Insert Selection Tools Window Help

D& L 28X v $ime |4 &3ON | QQAEZIOOEDI RN ROM LT (@B 1D
| ArcHydro GW v Subsurface v Aptilities v | 0 |A | Field] ~/ ] | Helpr | MODFLOW Analyst~ |k [0 =] SPD:[o =] Time[ | | Open Online Help V

s

= O Steptoe_UTMft
=
= O state_basins_UTMft
= ¥
= B State Basins Goshute \alley
B . . 3
oS Nelson{Creek Hydraulic Conductivity
EVTArrays.EVTR
0o
[17.80999986454844€-03 Butke Valey J
[ 8.63000005483627€-03
= O Proposed Sites

EIEES

Antelope Valey

= @ e

mN7.0-18.2

[18.3-33.1
[133.2-51.7
[I51.8 - 72.7
m72.8-953
[m95.4 - 121.2 5o

oo ]o]

BN121.3-151.5
N 151.6 - 182.8
W 182.9 - 200.0
Top Elev z
Botm Elev McDermid Creek
Recharge
[ <all other values>
RCHArrays,RECH A
0o L&
N 6.82191966916434E-05 Butte Valey 3 Llo
= O Cell2D_Active
=
= 0O Active_Layer
= Goshute Creek _
=0 cellp I
- | J -
= [0 kern_mountains q +
i v e i
Display [ Source | Selection | o2 & i o

‘VgrawingZ | HD:'A'T'}.O]P;BI S0y Bz o Av &~ 4 =~

olo

¥ *

ooao

1 Antelope Valle
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Selwyn Groundwater Model
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Arc Hydro Groundwater Data Model

‘Framework 3&- gt Borehole data 55
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Arc Hydro Groundwater Tools

- Groundwater Analyst
- MODFLOW Analyst

- Subsurface Analyst
- 3D Features
- 2D Cross Sections



Groundwater Analyst

Import and Manage
Well Data

 Average Water Levels
, Lubbock County, Texas

Q12000

Compute Time
Series Statistics

3l  Wellin the Edwards

Aquifer)
Point and Click [ _
Graphing Tool ; A 5%;“’85“;?3

Texas




MODFLOW Analyst

Import and Export
MODFLOW models

Run MODFLOW
from ArcGIS




Subsurface Analyst

Borehole data Ogtf‘rop
/\ :"
Pl I

Saltwater Interface e ) | l/ —\i |

3D Features

bl
/

Salt water interface

Panel divider

Vg
>

100000

Create 2D Cross
Sections



Subsurface Analyst — 3D

Create and Edit ,
BOrehOIE Data SthNaterln'tlerface

GeoSections

Create
GeoVolumes



Arc Hydro Groundwater Summary Concepts

* Arc Hydro helps us represent surface and
groundwater systems in GIS

 The groundwater data model includes aquifers,
wells, hydrogeologic features, time series, and
simulation model features

* Relationships connect features with geologic
data, aquifers, and time series



