Dressing the Emperor: The Role of GIS In the Development of Three-Dimensional Hydrogeologic Models
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Abstract No. 114594
Stone and others (USGS, 2001) mapped structure contours for the tops of each of 20 individual units in intersecting and overlapping

glacial morphosequences in Berrien County, Michigan (1,350 km?), as part of the mapping program of the Central Great Lakes Pre paratlon Of GeoIOglc Su rface Data Sets MOdEI OUtpUt PrOCESS| ng and An aIyS|S

Geologic Mapping Coalition (CGLGMC). We have developed a methodology to translate this detailed morphostratigraphy first into a _ _ _ _
Using GIS software to convert model output to visual images In order to assess model results.These examples

solid three-dimensional geologic model, and then into a three-dimensional block of data that can be used as input to a finite-difference The Surficia| geo|ogic mapp|ng Comp|eted by the Centra| Great Lakes Geo|ogic Mapp|ng COa”tion iS the basis for the geo|ogic mOde| used N i : _ _ _

groundwater-flow model. The technique involves a hybrid approach involving geographic information systems (GIS), three- this groundwater modeling project. Several steps are required in the conversion of the two-dimensional geologic mapping to a three- show tthed gb'{'ﬁy Ofl (';’-IS s](c){thwarte tg wiutallze th% w?ter-talalel sfulrafac_e, V\(’?'Ch t'S I\?Il' rhe_sultant output data set
dimensional information visualization software (3DIVS), and customized data-processing code. The methodology begins by converting dimensional geologic model. generated Dy the solution ot the steady-stale groundwater model of berrien Lounty, Michigan.

Stone’s structure contours (they are attributed vector contours) for each individually mapped unit into a raster surface at a defined grid e S GG

resolution (200 m x 200 m). The top of the geologic model is the surface topography (digital elevation model), which is also used to

. : : : e : |. Morphostrati hic Unit Surf Cont . B St USGS) d tructed
derive the drainage network that is an important boundary condition in the groundwater-flow model. The bottom of the geologic model orphostratigraphic Unit Surface Contours. Byron Stone ( ) deconstructe

the surficial geologic mapping into separate morphostratigraphic units. He then

|. Because the water table data

is the bedrock topography, which was also mapped and contoured by Stone (USGS, 2001). Stone constructed his structure contour B RN  eonfiauration of the umit and it layer has elevation attributes at
. . . .. . . identified the extent of each unit, the shape and configuration of the unit, and its o _ _ o _ -
model such that the bottom of each map unit is described by the surface contours of the unit that lies immediately below it. Complex | | | D ) | IV. Conceptual depiction of "virtual well field." This is the method by which the the same resolution as the
. . . . C . . . . : elevation. Each unit was provided to the CGDA groundwater modeling team as a _ _ _ _ _ _ round-surface tonoaraphic laver
Interrelationships dictate that the tops of a number of individually mapped units are sometimes required to describe the bottom _ _ _ . morphostratigraphic units are converted from surfaces to three-dimensional volumes. This g pograp yer,
: . L . . : . georeferenced vector GIS data layer (shapefile), with attributed contour lines that _ . _ _ L _ the two surfaces can be
surfaces of laterally more extensive units. Once all of the requisite raster grids have been derived, they can be manipulated to provide  the elevation of the top of th Hostratiaranhic unit Th | figure shows the regular X-Y grid imposed on the domain, and the variable Z-direction grid
. . . . . . represent the elevation of the top of the morphostratigraphic unit. The example -
iInput that is necessary for development of a detailed solid geologic model using 3DIVS. GIS software and custom code are also used hp below is for a deltai _tp_ " thp t Jrap . : P spacing. intersected to show surface
. . . . . . . . . shown below is for a deltaic unit in the southeastern corner of the county. e -
to assign hydrogeologic attributes to the elements of the final three-dimensional finite-difference geologic model. 4 e ponding, seeps, and areas of
' gro;md-water cont.rlbutlon 0 ll. This image (top) shows areas where the water table
- , surface water bodies. intersects the ground surface. These areas can be
Urit 4: Delkaic deposits 4 A _ s . .
] o CEen F' - il _ _ sarss g shy compared with known areas of perennial streams,
_ Preparation of Boundary Condition Datasets EE e e T L P e . akes, and wetlands (1ight image) to evaluate model
CERSY oz o ™ AT A A emits o S SSES Sein iy v eaietorion performance. Areas that are not modeled correctly are
| gzggg — 3 453 - CESiiins ES=S i —— — —rr calibration targets for future model improvement.
- - |. Upper boundary is ground-surface topography, and lower boundary is e e | = | ans LA e = e i \
o bedrock-surface topography. The elevation data were converted to e i SR i THREE-DIMENI\SAICS)IID\II,EALLI I\(IS(?OUNDWATER
; dlgltal elevation models (DEMS) USing GIS utilities. F i — e ‘ N7 | Applied to Berrien County, Michigan
SurH?.;: e ll. Creation of Raster Surfaces for each Morphostratigraphic Unit. L T e — L | P | |
: A . . : . | I ' ]
IL.:.w:1?E-.5 Using utilities in GIS software (ESRI ArcGIS), the unit surface contours -V T, i T T e encration MODELING odel Ouﬁﬁﬂ;ﬁﬁgﬁfg\:ﬁ s
| Becrock Topography are converted to raster surfaces at the model resolution (200m x 200m). —
Berrien County, Michigan | _ . High : 209.3 meters GEOLOGY TOPOGRAPHY INPUTS MODEL
. Low @ 44,9 Groundwater flow simulation
Geologic Mappin
V. Custom computer code is used to identify the elevation of each morphostratigraphic <USG;aggiggaé:G;t?;;azkfmf;‘z;)'ogic Dt Files containing / o model @)
unit surface encountered in each "virtual well." Then, custom programming assigns a formation o | <\§%ﬂvtir§'fol§§§r>
. . . . ; = boundary conditions ata formats
code to each grid cell in the three-dimensional array that represents the geologic model. Cortoured wpsof in model domain / Numerical Fimte-Difference Model
morphostratigraphic units an computer alaorithm
The 3-D array is then imported into 3-D information visualization software (3DIVS, in this (oborerenced vecor floa o R el water b
e et case, C Tech's Environmental Visualization System software package). vron siond j
High : 275 Geologic and T Steady state solution . '
l. The perennial stream network provides o 175 7 e e e e o
fixed-head boundary conditions in the model. The } X ————
flow chart below shows the StepS to create the . , - PO sSSSN =—=—=—— == . _ R _ | Littoral Sand, mgiilcrliatlt:ion Data files containing all necessary no Are areas of seeps
stream network using Hydrology Tools in the Spatial The figures below show the output stream IIl. Raster unit surfaces ‘ - Aeolian, and nforton on geology i e e pondg
Analyst extension of the ESRI ArcGIS software network used as a boundary condition in the stacked in three- Fluvial ?Aﬂfﬁfﬁﬁ?ﬁi&“ﬂﬁ@i?faf?ﬁg gl Elevation Mode o }
: S2line G reseliu el edrock-surface topogra
package. current version of the groundwater flow model. dimensions from (georeferenced raster fes) oS TRCe opogrepy
Challenges arise to establish a representative bedrock surface to the Legend Diamicts } Data fle contaiing | Calbrate Visualize flow vector field
ydraulic properties
/ - / perennial stream network USing a Spatial ground surface. This Create “virtual wells” at the center gDigita:jEIe\/]cationth/;ocngel g;y of porquts ;”e‘?'tﬁ
_ _ _ . of each grid cell (georeferenced rouna-surface topogra eac mofssgglfaﬁ r\;\" s uri
resolution that will also represent the geologic view resembles the Recent Alluvium el el each “Wwel”cortains A
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