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1. Introduction

Austin is a rapidly growing city. Over the past decade Austin’s population has
increased by 20% from 802,078 to 964,254.! However, urban population growth places
stress on the infrastructure that already supports the existing population. Because an
increase in solid waste is unavoidable with an increase in population, it is likely that
Austin’s solid waste disposal infrastructure will have to expand.

The goal of my project is to examine where the most ideal location would be for a new
solid waste landfill that serves the population of Austin, Texas. This means looking for the
location that minimizes pollution risk, cost, and undesirable social impact. In order to do
this, large amounts of spatial data that relates to these criteria needs to be managed and
analyzed. Thankfully, GIS software is designed to do this. To analyze the data, I will use a
system that ranks the data from unsuitable to most suitable in terms of the landfill site
location. After compiling these ranks together, I will create a map that shows the degree of
suitability ranging from unsuitable to most suitable for the new landfill site for Austin,
Texas.

' US Census Bureau (2018) QuickFacts Austin, TX. Retrieved from
https://www.census.gov/quickfacts/fact/table/austincitytexas/LND110210
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2. Data Collection

Landfill site selection is a complex process that requires many criteria to consider. For
the scope of my project I will consider factors that minimize the cost of construction of
the landfill, reduce the negative social impact of the landfill, and minimize the risk that
the landfill pollutes the environment around it.

2.1 Surface water

In order to reduce the potential that waste from the landfill is discharged into water
bodies without proper treatment, I want to create a zone of unsuitability around surface
water bodies.

e Lakes
o Data from TWDB
e Rivers

o Data from TWDB
e Streams

0 From Garner & Young dataset
e Wetlands

0 Data from City of Austin
e Zones of flood risk

o Data from FEMA

2.2 Ground water

Similarly, I want to reduce the chance that waste leaches underground into the water
table. These data describe areas of unsuitability because of their increased risk of pollution
from the landfill.

e Aquifer recharge zone

0 Data from City of Austin
e Karst geology

0 Data from City of Austin

2.3 Land use & infrastructure

The landfill should not be constructed on top of existing infrastructure. In addition, it
should not be too close to roads and houses so as to minimize health risks and reduce
interference with regular traffic. At the same time, the closer the landfill is to existing
roads and highways the less it will cost to construct new roads to the landfill. Similarly,
the closer the landfill is to the population that produces its waste the less it will cost to
transport waste to the landfill.

e Highways
0 From Garner & Young dataset

PAGE 2



e Roads
0 From Garner & Young dataset
e Residential and developed areas
0 Derived from Austin land use and land coverage data from City of Austin
e Airports
0 Birds accumulate near landfills, and we don’t want birds to accumulate
near airports.
0 Derived from Austin aerial photography
e Parks & protected areas
0 Data from City of Austin
0 Unsuitable for a landfill
e Railroads

0 From Garner & Young dataset
0 Unsuitable for a landfill

e Power transmission lines.
0 Unsuitable for a landfill

2.4 Slope & precipitation rates

These data factor into erosion. A less erosive location will be less likely to carry
pollution into its surrounding environment. In addition, these data factor into the
economic feasibility of the site.

e Slope
0 Slopes above 10% grade are unsuitable for a landfill. Below that, the lower
the slope the less erosive the location and the easier it is to construct and
maintain a solid waste landfill.
0 Data derived from USGS National Elevation Dataset (NED)
e Precipitation
0 Lower precipitation rates mean less erosion and less chance that pollutants
are transported away during rainfall.
0 Data from TWDB

2.5 Other

These data are not a part of my analysis but still are used in my project.

e Texas state boundary
e Texas county boundaries
e Travis county landfill sites
o0 Data from TCEQ
e Austin aerial photograph
0 Data from City of Austin
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3. Data Preprocessing

There is a large amount of preprocessing that I need to do in order to prepare my data
for my ArcGIS processing scheme.

3.1 Projection & coordinate system

Because the data are from many different sources, they are in different coordinate
systems and projections. [ want all data to be in NAD_1983 UTM Zone 14. To do this I used
the “Project” tool for each file.

Layer Properties >

General Source  Selection Display Symbology Fields  Defintion Query  Labels  Joins & Relates Time  HTML Popup

Extent
Top: 36.500386 dd

[ e8-106.646230 dd Right: -93.507807 dd
Bottom: 25.837224dd

Data Source
Shapefile: 5:\pc24542\MY PROJECT\DATATexas_County_Boundz A
Geometry Type: Palygon
Coordinates have Z values: Mo
Coordinates have measures: Mo

Geographic Coordinate System:  GCS_WG5_1984

Datum: D_WGs_1934
Prime Meridian: Greenwich
Angular Unit: Degree

]
£ >

Set Data Source. ..

Conce | (15650

Figure 1 - initial coordinate system of Texas county boundaries data.
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#, Praject — O x

Input Dataset or Feature Class P
ITE:cas_State_Boundary ;I @
Input Coordinate System (optional)

GCS_WGS_1984 [
Qutput Dataset or Feature Class
| 5:\pc24542\MY PROJECT\DATA\CORRECTED PROJECTIONS \Texas | @
Output Coordinate System
| NAD_1983_UTM_Zone_14N |

Vertical (optional)

Geographic Transformation {optional)

WGES_1984_(ITRFO0)_To_MAD_1933
W

+
| Ok, | | Cancel | |Erw1'ronments... | | Show Help == |

Figure 2 - “Project” tool lets me convert my coordinate system.
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Layer Properties
General Source Selection Display Symbology Fields  Defintion Query Labels  Joins & Relates Time  HTML Popup
Extent
Top: 4047053.313154m
N pel-224001. 232201 m Right: 1024527.604276 m
Bottom: 2858540.093424m
Data Source
Projected Coordinate System: MAD_1983_UTM_Zone_14M ~
Projection: Transwverse_Mercator
False_Easting: S00000,00000000
False_Morthing: 0,00000000
Central_Meridian: -55,00000000
Scale_Factor: 0,99960000
Latitude_Of_Origin: 0,00000000
Linear Unit: Meter
Geographic Coordinate System:  GCS_Morth_smerican_1983 W
£ >
Set Data Source...
ron | [

Figure 3 - Texas county boundaries data now in desired coordinate system.

3.2 Combine different files

For each criterion for my analysis, the data is usually is spread out over multiple

files. To facilitate easier analysis, I condense those multiple files into one file using

“Mosaic to New Raster” tool for raster files and “Merge” for vector files. Below I'll show

how I worked with the DEM data as an example.
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Figure 4 - within Travis county (highlighted) I have two separate DEMs.

#, Extract by Mask — O >
Input raster
| ned13-10m_2097.img | @

Input raster or feature mask data

ITravis_Countj.r ;I IEI
Output raster

| 5:\pc24542\MY PROJECT\DATA \part1 | IE'

Figure 5 - first I use "Extract by Mask" tool to limit my area to Travis county so that the next
step will take computational effort.
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g‘m Mosaic To Mew Raster - O X

Input Rasters -
| =l &
< »uno :
{»dos —
b4
Qutput Location
| S:\pc24542\MY PROJECT\DATANCORRECTED PROJECTIONS\Landfil_Travis_County.gdb | @

Raster Dataset Mame with Extension
| Travis_County_DEM |

Spatial Reference for Raster {optional)
| NAD_1583_UTM_Zone_14N |

Pixel Type {optional)
| 32_BIT_FLOAT ~ |

Cellsize (optional)

Mumber of Bands

1]
Masaic Operator (optional)
| LasT 7]
Muosaic Colormap Mode (optional)
| FIRST v
K | | Cancel | |Er1u1'ronment5... | | Show Help == |

Figure 6 - now I use "Mosaic to New Raster" tool to combine the two DEMs.
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Figure 7 - the resultant DEM

3.3 Clip to reduce file sizes.

Most of the data is statewide or nationwide, but my study area is Travis county. By
limiting the spatial aspect using the “Clip” tool, I reduce file sizes and allow the GIS
software to run a bit faster.

3.4 Create airport data

Using an aerial photograph as reference, I mapped a polygon of Austin-Bergstrom
International Airport. No landfill will be built near this.

Figure 8 - aerial photograph showing Austin-Bergstrom International Airport
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- Drawing~ R (=) +5 ﬂ. T |@H‘ial "’lm V|]

. Georeferencing - |Tra = u L .od Iy L g @ =
- Rectangle _
i B _ _ | LAS Dataset~ ||
i Drraw a graphic rectangle. Hold L)
3sework »| down SHIFT as you drag to make ark

a square,

Rotate or Flip 3

Ei;_. Convert Graphics To Features...

Default Symbaol
st ons Convert Graphics To Features

Convert point, ling, polygon or
text graphics into features in a
new shapefile or feature class.

Disabled in layout view.

Figure 11 - converting the rectangle into a shapefile
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3.5 DEM to Slope

I need slope data for my analysis. The “Slope” tool converts my DEM into a slope

field.
‘Iw% Slope - O *
Input raster
ITravis_County_DEM LI B
Output raster

| Si\pc24542\MY PROJECT\DATANMCORRECTED PRDJEC'I'[DNS‘u_andﬁII_Travis_Ccunty.gdb‘l,Travis_Ccunt| B

Output measurement {optional)

| PERCENT_RISE v|
Method (optional)

| PLANAR v
£ factor (optional)

| L]
Z unit {optional)

METER.
Ok Cancel Environments... Show Help ==

Figure 12 - "Slope" tool

3.6 Buffers

I apply buffers because I don’t want a landfill right on the boundary of a zone of
unsuitability. Multiple rings buffers are also integral for my analysis because different
buffer distances will have different degrees suitability. I used both “Buffer” and “Multiple
Ring Buffer” tools. Below is the scheme I used.

Table 1 - buffer scheme

Criteria Buffer length(s) (m)
River 250m
Lake 250m
Stream 150m
Wetlands 100m
Karst Geology 200m
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Recharge Zone 200m
Residential Area 200m, 500m, 1tkm, 2km, skm
Park 200m
Airport 3000m
Power Transmission Line 50m
Highway 200m, 500m, tkm, 2km, 5km
Road 100m, 200mM, 300mM, 500M, 1000MV
Railroad 100m

‘\ Buffer

LANDFILL SUTABILITY CRITERIANTrvs_Cty_Power_Trans |3:\pc24542MY PROJECT\buffereddata\P) 50 Meters

LANDFILL SUTABILTY CRITERIA\Railroads_Austin_GY SApc24542MY PROJECTbuffereddatal | 100 Meters
LANDFILL SUTABILITY CRITERIANBOUNDARIES city_of_au| S:\pc24542\WY PROJECT\buffereddata\P| 200 Meters
LANDFILL SUTABILITY CRITERIA\MajorRivers_dda3 SApc24542MY PROJECT buffereddatal | 250 Meters
LANDFILL SUTABILITY CRITERIA\Creeks&Streams_GY Sh\pc24542\WY PROJECT\buffereddatal 150 Meters
LANDFILL SUTABILITY CRITERIAN akes SApc245420Y PROJECT buffereddatall| 250 Meters
LANDFILL SUTABILTY CRITERIA\Edwards_Recharge_#Zon|S:\pc24542MY PROJECT\buffereddatal | 200 Meters
LANDFILL SUTABILITY CRITERIANWVetlands SApc24542\WY PROJECT buffereddatal | 100 Meters
LANDFILL SUTABILITY CRITERIAMKarst_Sensitivity SApc24542MY PROJECTbuffereddatal | 200 Meters

Figure 13 - showing buffer scheme in the "Buffer" tool

T35 325 Decieal Degrees

Figure 14 - criteria before buffers are applied
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Figure 15 - criteria after buffers are applied
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3.7 Converting Vector to Raster

My analysis requires raster calculation, but most of my data are vectors. I use
“Polygon to Raster” tool to convert my data.

't\ Polygon to Raster

l_ Buffered Data\Airportbu ffered BUFF_DIST S\pc24542WWY PROJECT rasterfieddatal| MAXIMUM_AREA
l_ Buffered Data\Creeksbuffered | ﬂ SApc24542W PROJECT rasterfieddatal| MAXIMUM_AREA
l_ Buffered Data\Karstgeologybuffered BUFF_DIST SA\pc24542\WY PROJECT rasterfieddatal| MAXIMUNM_AREA
|@99| Buffered Data\Lakesbuffered BUFF_DIST S\pc24542\MY PROJECT rasterfieddata)| MAXIMUM_AREA
|E9| Buffered Data\Parksbuffered BUFF_DIST S\pc24542\MY PROJECT rasterfieddata\| MAXIMUM_AREA
l_ Buffered Data\Airportbu ffered BUFF_DIST S\pc24542WWY PROJECT rasterfieddatal| MAXIMUM_AREA
l_ Buffered Data\Powerlinesbuffered BUFF_DIST SApc24542W PROJECT rasterfieddatal| MAXIMUM_AREA
|E9| Buffered Data\Rairoadsbuffered BUFF_DIST S\pc24542\MY PROJECT rasterfieddata\| MAXIMUNM_AREA
l_ Buffered Data\Rechargezonebuffered |BUFF_DIST Shpc24542\MY PROJECT rasterfieddatal| MAXIMUM_AREA
[ Buffered Data\Riversbuffersd BUFF_DIST S\pc24542\MY PROJECT rasterfieddata\| MAXIMUM_AREA
l_ Buffered Data\WWWetlandsbuffered BUFF_DIST S\pc24542WWY PROJECT rasterfieddatal| MAXIMUM_AREA
l_ Buffered Data\Roadsbuffered distance SApc24542W PROJECT rasterfieddatal| MAXIMUM_AREA
l_ Buffered Data\Highwaysbuffered distance SA\pc24542\WY PROJECT rasterfieddatal| MAXIMUNM_AREA
@9 Nonbuffered Data\Austin_Flood_Risk | ZONE_SUBTY S\pc24542\MY PROJECT rasterfieddata)| MAXIMUM_AREA
l_ Nenbuffered Data\geo NAME SApc24542WY PROJECT rasterfisddatal| MAXIMUM_AREA

Figure 16 - "Polygon to Raster" tool.

™

Figure 17 - precipitation data as vectors Figure 18 - precipitation data as a raster
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4. ArcGIS Processing & Analysis

My analysis is centered around the “Raster Calculator” tool. Below is the scheme in

which I will use ArcGIS to analyze the data.

1. Use “Reclassify” tool to assign ranks to criteria

2. Use “Raster Calculator” tool to combine all ranks into single raster

3. Result is map showing suitability ranked from unsuitable to most suitable

4.1 Assigning ranks

For each criterion to make sense in analysis, they each need to be classified in

terms of suitability for landfill site. Below is the scheme I used to reclassify my data. A

higher rank means a higher suitability.

Table 2 - reclassification scheme

Category Criterion Input Output (rank)
Surface water
Lakes* Entire raster, with (placeholder)
250m buffer
Rivers* Entire raster, with (placeholder)
250m buffer
Streams™ Entire raster, with (placeholder)
150m buffer
Wetlands* Entire raster, with (placeholder)
100m buffer
Zones of flood risk* | Entire raster, with (placeholder)
buffer
Ground water
Aquifer recharge Entire raster, with (placeholder)
zone* 200m buffer
Karst geology* Entire raster, with (placeholder)
200m buffer
Land use &
infrastructure
Highways 100m buffer (placeholder)
250m buffer 10
500m buffer 8
750m buffer 6
1000m buffer 4
2000m buffer 2
5000m buffer 1
Roads 100m buffer (placeholder)
200m buffer 10
300m buffer 8
400m buffer 6
500m buffer 4
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1000m buffer 2
Residential and 250m buffer (placeholder)
developed areas
500m buffer 20
750m buffer 15
1000m buffer 10
1500m buffer 5
Airports* Entire raster, with (placeholder)
3000m buffer
Parks and protected Entire raster, with (placeholder)
areas* 200m buffer
Railroads* Entire raster, with (placeholder)
100m buffer
Power transmission Entire raster, with (placeholder)
lines* 50m buffer
Slope & precipitation
Slope 0-2 % grade 40
2-4 % grade 28
4-6 % grade 12
6-8 % grade 5
8-10 % grade 2
Above 10% grade (placeholder)
Precipitation 30 inches 12
31 inches 10
32 inches 8
33 inches 6
34 inches 4
35 inches 2

The reason that I put placeholder values for some of the criteria is that those

criteria describe zones of unsuitability. If I assign values of zero to these criteria, then in

the raster calculation the locations of those criteria will be overwritten by ranks greater

than zero. However, if I assign a placeholder value to these criteria I can extract them

prior to raster calculation and then incorporate them into my analysis afterwards. This

way zones of unsuitability are not “lost.” Such criteria are marked with an asterisk (*).

Now I use the “Reclassify” tool to apply this scheme.
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#, Reclassify - O *

Input raster Output raster
|AII Raster Data\ Travis_County_Slope ;I @
Redass field Thet output reclassified
| VALUE vl raster.
Reczssification The output will always be of
Old values New values A integer type.
Z2-4 2 Uri
iR 5 nique
6-8 4
8-10 5 Add Entry
10 - 300 20
NoeData NoData Delete Entries
v
| Reverse Mew Values | | Predision... |
QOutput raster
| 5:\pc24542\MY PROJECT\DATANCORRECTED PROJECTIONS  andfill_Travis_County.gdb\Slope_Redassifies | @
[[] Change missing values to NoData (optional)

| oK | | Cancel | |Er1\rironmer1ts... | | << Hide Help | | Tool Help

Figure 19 - an example of reclassification using the slope criterion

In reference to Figure 20, the data is now ranked. However, I put in a placeholder
value of 20 where the slope is above 10% grade. Locations with this value are unsuitable
for a new landfill, so I want to extract these locations from the raster. I use the “Extract by
Attribute” tool to separate the raster into one with degrees of suitability and one that is
unsuitable.

‘\ Extract by Attributes

Input raster

I Slope_Reclassifies LI IEI

Where dause

|'u'a|ue=20 |

Output raster
| S:\pc24542\MY PROJECT\DATAVCORRECTED PROJECTIONS\Landfill_Travis_County.gdb\Slope_sbove_10 | @

Figure 20 - extracting the raster that shows unsuitability
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g\ Extract by Attributes

Input raster
IAII Raster Data'\Slope_Reclassifies LI EI
Where dause

|'u'a|ue{20 |

Qutput raster
| S:\pc24542\MY PROJECT\DATANCORRECTED PROJECTIONS\Landfil_Travis_County.gdb\FINALSLOPE | EI

Figure 21 - extracting the raster that has degrees of suitability

4.2 Mosaic to new raster

To facilitate simpler analysis, I combined all of the raster data that tell me where
the site is unsuitable. These are the airport, streams, flood risk area, karst geology area,
lakes, parks and protected areas, powerlines, railroads, Edwards Aquifer recharge zone,
wetlands, and the unsuitable buffers derived from the roads, highways, and residential
and urban development raster data.

4.3 Raster calculation/map algebra

I use “Raster Calculator” to add the raster data that conveys degrees of suitability. |
add the appropriate layers to each other.
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Lc‘iﬁ : LAS Dataset~ ||

DONE Mk

i - [ - Filters—| 43 I U"WIMIJE

Figure 22 - the result of raster calculation. Values range from 13-9o and represent the added
ranks from the scheme described in Table 2.
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5. Results

Now I have a raster that describes unsuitability and a raster that describes ranks of
suitability. I can throw away where the two intersect to get a raster that describes
suitability only where a landfill can be suitable (and not unsuitable.) These are described
in the map titled Site Suitability for New Solid Waste Landfill, Austin, Texas, USA.

To determine a candidate site, I limited the suitability raster to where suitability
had a rank greater than 8o (from a scale of 0-90). To do this I used the tool “Extract by
Attributes” I converted this resultant raster to a vector shapefile using “Raster to Polygon.”
Then I selected only those sites that were within a 9 miles radius of the center of Austin
and did not interest the unsuitable raster, and exported these sites to a final layer. From
there I opened the shapefile’s attribute table and chose the site with the largest area. This
site has an area of 24,715 square meters which can be expanded upon field investigation.
This site also has no pre-existing landfill. This candidate site is shown in the map titled
Candidate Site for New Solid Waste Landfill, Austin, Texas, USA.

The final decision of the next landfill site will require further field investigation
and acceptance of the public and consideration of who owns the land and the price of the
land. However, this study has produced a candidate site that facilitates this investigation.
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loved-landfill-may-be-poised-to-grow-again/
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Site Suitability for New Solid Waste Landfill, Travis County, Texas, USA
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