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l. Introduction

Purpose and Scope

Thepurpose of this project is to demonstrate the capabilities and sensitivity of the
Pennsyl vania State Universitydéds PIHMgis hydrol
means to model the full hydrologic cycle through a GIS interface. The integoasonface and
groundwater hydrology into a single platform allows for a greater understanding of the processes
that occur within geohydrologic systems. To assess the sensitivity palildg of PIHMgis, the
Shaves Creek watershed was selected as an appropriate study site.

Description of Watershed

Shaves Creek is located in Centre and Huntingdon Counties, PA, in the Ridge and Valley
ecoregion. Shavers Creek flows south into the Juniata River and is part of the Susquehanna River
Basin and Chesapeake Bay Watershed. Catchment elevations of the 163 keffedatnge from
192 to 710 m above sea levEhe land use of the watershed is mixed primarily with farming and
small bwns in the valleys and forests tleatverrun along the ridges.

GIS and Digital Data Resources

GIS is the ideal platform for PIHMecause of the ready availability of spatial digital data
and the ease of amalgamating data sources. The necessary digital data can be downloaded off the
internet within a relatively short amount of time at no cost. There are two types of digital data
requred by PIHMgis: Watershed Characteristics and Forcing Variables. Watershed Characteristics
refers to terrain, soil classification, and land cover. Forcing Variables refer to precipitation,
temperature, humidity, wind velocity, solar radiation, and vapesgure. Forcing Variables will be
discussed later in Section II.

Table 1.1 lists the data sources for the three Watershed Characteristics and Figamds 1.1
1.2 are snapshots of the three data sets. Another source of data than was not includedpe the sc
of this project, but should be mentioned, is stdigeharge data from stream gages. Figure 1.4
shows the location of the nearby site: USGS Stream Gage 015588500s®rae&rnear
Petersburg, PA.



Table 1.1Digital Data Sources

Type Source Data Constraints
Terrain USGS N: 40.7333
(Digital Elevation Model) http://seamless.usgs.gov S:  40.5500

E: -78.1000

W: -77.8333
Soil Classification SSURGO (1) Huntingdon, PA

http://soildatamart.nrcs.usda.gov (2) Centre, PA

Land Cover NLCD 2001 Zone #13
http://www.mrlc.gov

Figure 1.1Snapshot offerrain (DEM)



http://seamless.usgs.gov/
http://soildatamart.nrcs.usda.gov/
http://www.mrlc.gov/
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Figure 13 Location of nearby USGS Stream Gage



Modeling System

PIHMgis canbe broken down into 5 sections: Raster Processing, Vector Processing,
Domain Decomposition, DataModel Loading, and Analysis, of which, the last two will be
described in Sections Il and Ill. Raster Processing, Vector Processing, and Domain Decomposition
will be further discussed in this section. The end result of those three sections is the development of
the geometric constraints of the watershed.

In Raster Processing, the first step is developing the usability of the DEM by filling in pits.
The second ep is the creation of a flowigrsystem, as seen in Figure .1om the flow grid
system, the stream network dae defined as seen in Figure ,lhich shows the stream network
as a polyline shapefile. The last step of the Raster Processing is tieati@tmof catchments
polygons as shown in Figure 1.6

Figure 14 Snapshot of Flow Grid



Fgure 15 Snapshot of Stream Network

Figure 16 Snapshot of Catchment Polygons

Figurel.6shows catchment polygons covering the entire DEM; however, this study is only
for Shavero6s Creek, which is just a small port
shapefile and stream network shapefile were clipped for that area which blgpiccthis study.

Those shapefiles were then put through the Vector Processing of PIHMgis, where the polygons
were simplified and split into individual lines to produce one shapefile with both the stream
network and the watershed boundary. This shapefieesents one of the geometric constraimts f
the watershed. See figure Ior the clipped catchment and polygon shapefiles prior to merging.



Jeskkop/CE 555/Project/DomainDecornpositionfShaver TIMN.shp

Figure 17 Snapshot of Clipped Shapefiles

The last section prior to DataModel Loading is Domain Decomposition. This step is used to
generate the Triangular Irregular Network (TIN) from the DEM and clipped shapdfiles.
boundary lines are included in the spacing the model unnecessarily becorae®mplex as seen
in Figure 1.8 With the boundary lines excluded in the spacing less triangles are needed. However,
the sharp, jagged edges require the program to again create more triangles than would be needed,
increasing the complexity of éhproblemas seen in Figure 1.8fter the lines are smoothed out, an
even distribution of triangles are found across the watershed, leaving a reasonable size to complete
calculations as in Figure 11



Figure 18 TIN with Boundaries Included

Figure 1.9TIN with Boundaries Excluded



Figure 1.10 Simplified TIN (FINAL)



ll. Strategy for Shavers Creek Assessment

Conceptual Model

The conceptual model of Shavers Creek Watershed was an integrated hydrological model
and analyzed through the use of PIHM GIS. This model integrated both tHeasagortions of
the watershed with the siduirface regions that were immediately influeniretuding the soll
moisture and geologic formationg he parameters of this region that were utilized and modeled
over timewere discussed in the introduction of this paper. These parameters include both the water
budgetand the energy budget that create fitrcing vectors that influence the modehereason
that this integrated comptual model is important because it can act as an interface between
interdisciplinary studies and bring together hydrologists, soil sciergistgraphers, and many
others. In order to understand groundwater hydrology, one must be able to see the big picture of
the hydrological inputs. Figuz1shows a sample of a watershed conceptual model and its
influencing vectors.Figure2.2shows how the model isddten down into @ontrol volume.
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Figure 2.1A sampleconceptual model of a watershed



This conceptual model gave a better understanding of how the real hydrological world
works and how to predict future events in a specific region. This type of modeling can be utilized

to forecast future drought or flood conditions, be a decision makatdatopolicy building,
understand water quality, or even predict future scenarios in imp@saessuch as climate

change. This is done in this report by bringing together the hydrological modeling data with the

GIS visualizaibn modeling data to begr understand the water forcing variables ofShavers

Creek watershed
N
A
A
-
7 —_— ) -
£ 4_ 2
s , 2
Y 7’
AT $
== 1=
R >
P /
Y

Boundary Conditions

ABL Height

Canopy or Snow Height

Land Surface
Root or Frost Depth
Water Table Depth

Regolith Depth

Figure 2.2A sample conceptual model of a watershed

There area fewboundary conditions that influenced the Shavers Cneadkel simulation

Two of themajor ones include the geological and the waterbloeddary conditionsThe Shavers

Creek topography consists of mostly valley and ridge that is consistent with much of Central

Pennsyl vani aods

topography

as

di sidesikn@aviedbe af n

how the flow exists othe surface and ihe flux ofhowthe fluid istransported. The watershed

boundary condition allows the model to view the watershed quantitatively and through the use of

the modeling framework provided by PHIkhe forcing parameters can simulate the real world
flow simulations. The variables that influence use a shksaretefinite volumein PIHM GIS(See

Figure 2.3.
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Figure 2.3Vlodeling Framework influencingiHM models

Upon the analysis, the only boundary condition that was assessed was the initial condition
that the model was accounted for. The model takes some time to work out all of its parameters and
because the model forcing variables are sensitive to sexgidiles the initial condition takes a
few runs before it begins to run correctly.

Model Forcing and Model Outputs

In order to assegbe uncertainties of the Shavers Creek model run, special attention must
be taken to analyze and calibrate the simulatiaine forcing variables Through the PIHM GIS
model there were 9 influencirigrcing variables or stresses in sisulation 6ee Table 2.1)The
daily variations in weather drive the calculation of stream flstineates.These forcing variables
drove the Shavers Creek Watershed model.
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