The Process of Determining Spillway Sinkhole Areas in the Murfreesboro Urban Development Area (MUD) and Developing a Sinkhole Characteristic Dataset with Watersheds

OVERVIEW: The ‘Murfreesboro Protocol’ for delineating watersheds identifies ‘large’ sinkholes and modifies the DEM to force flow to streams and to ‘large’ sinkholes. 

This text was written as in-house documentation/communication between the GIS specialist and the hydrologist working on the project. It contains much language and nomenclature specific to the project. Text in blue was added to the original communication to briefly summarizes key steps.

Get a starting DEM

Recondition the DEM by “ditching” at blue-line streams. 

Fill depressions to their “spillways”

Delineate/identify the filled depressions 

Delineate/identify the “throats” (zones of lowest local elevations within depressions)

Identify big, off-stream depressions.

Identify “throats” of big, off-stream, deep depressions to process as “true” sinkholes (i.e. use a criteria to select depressions worthy of having their own watershed).

Identify the depressions associated with big, off-stream, deep throats (these are the “true” sinkholes used to process watersheds).

Modify the DEM to force all flow to streams or “true” sinkhole throats.
Delineate watersheds for streamgages and “true” sinkhole throats.

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Get a starting DEM

I. Convert the 2-foot contour lines into digital elevation within the MUD

A)
Use the ARCTIN command to turn the line contours into a tin

B)
Use the TINLATTICE command to turn the tin into a grid. The resulting grid is a floating-point data type.

A 10-foot cell size was used for the elevation grid

C)
Use the GRIDCLIP command in GRID to clip the elevation grid to the MUD boundary. The resulting grid is a floating-point data type.

Recondition the DEM by “ditching” at blue-line streams. 

Fill depressions to their “spillways”

II. Use ArcHydro Tools to create reconditioned digital elevation and to fill any sinks in the elevation data

“Ditch” the blue line streams and valleys

D)
Use the DEM Reconditioning option in ArcHydro Tools with 1:24000 stream coverage and the parameters of a 10-cell vector buffer, a 5-foot smooth drop/raise, and a 5-foot sharp drop/raise. The resulting grid is a floating-point data type.

Fill all areas of internal drainage (raise elev. force flow to edges)

E)
Use the FILL Sinks option in ArcHydro Tools to fill sinks in the reconditioned elevation data. The resulting grid is a floating-point data type. This will ensure that all runoff from the reconditioned digital elevation will reach the edges of the grid. Filling an elevation dataset in ArcHydro Tools is different than filling in GRID. ArcHydro Tools fills the elevation dataset so flow will reach the edges of the grid while GRID fills until flow will reach another cell.

Delineate/identify the filled depressions 

III. Determine the spillway sink areas

F)
Use the DIFF operator in GRID to determine the difference between the filled elevation grid and the reconditioned elevation grid (this will provide the sinkhole areas at their spillway). The resulting grid is a floating-point data type. The order you specify the elevation datasets makes a difference in the output. If you use the filled elevation as the first input then you’ll end up with a grid of spillway sinks with the spill elevation for each cell value.

G)
Use the SETNULL function in GRID to change all the values of 0 in the spillway grid to NoData. The resulting grid is a floating-point data type.

H)
Use the INT function in GRID to convert the floating-point spillway sink grid with NoData cells to an integer grid. Truncation occurred. Having an integer grid is necessary in order to produce a zone grid of the spillway sinks.

I)
Use the REGIONGROUP function in GRID to group each cell of a connecting spillway sink into a zone. Each zone is assigned a unique number. The resulting grid is an integer data type.

Delineate/identify the “throats” (zones of lowest local elevations within depressions)

IV. Determine the throat sink areas

J)
Use the SINK function in GRID to create a grid of throat areas (low areas in the spillway sinks). The resulting grid is an integer data type with a unique number for each throat area. You can also incorporate the FLOWDIRECTION function to produce a flow direction grid on the fly, which is a necessary input to the SINK function. For example:

outgrid = sink(flowdirection(elevation_grid))

Identify big, off-stream depressions (size & location criteria).

V. Analyze spillway sink areas to weed out any unwanted spillway sinks

K)
Convert the spillway sink area zone grid into polygon coverage with the GRIDPOLY command in ARC

L)
It was determined that any polygons with an area of less than 2500 ft2 would be deleted. So ArcEdit was used to delete those polygons. There were still island polygons with an area of less than 2500 ft2.

M)
A stream buffer of 200 feet was created with the BUFFER command in ARC to identify the spillway polygons relationship to streams.

N)
A unique identifier was added to the spillway polygons (ID).

O)
The spillway polygons were clipped by the buffered streams coverage.

P)
An item for relationship to stream buffer was added to the spillway polygon coverage (STRBUFF).

Q)
The spillway polygon coverage was related to the spillway coverage clipped by the buffered streams by the unique identifier (ID). If the unique identifier for the original spillway polygon coverage was not in the clipped spillway coverage then the spillway polygons are outside the stream buffer and STRBUFF was coded with “N”. If the unique identifier for the original spillway polygon coverage was in the clipped spillway coverage and the area was the same in both coverages then the spillway polygon was completely contained within the stream buffer and STRBUFF was coded with “C”. If the unique identifier for the original spillway polygon coverage was in the clipped spillway coverage and the area was not the same in both coverages then the spillway polygon intersected the stream buffer and STRBUFF was coded with “I”.

R)
After analyzing the data it was determined that any spillway polygon that had the values of “C” or “I” for STRBUFF should be deleted. The ARC command RESELECT was used to create spillway polygon coverage that only had values of “N” for STRBUFF.

Identify “throats” of big, off-stream, deep depressions to process as “true” sinkholes

VI. Throat areas were analyzed to determine depth of throats

S)
The newly created spillway polygon coverage (only those with STRBUFF = “N” and area >= 2500 ft2 ) was converted to a grid with the ARC command POLYGRID.

T)
The throat areas outside the spillway areas were removed by using the GRID functions CON and ISNULL. The expression used was that areas of NoData in the spillway areas grid would be kept NoData; else the values of the cells in the throat area grid would be used. This will result in a grid of throat areas that exist only where spillway sinks are located. For example:  outgrid = con(isnull(spillway_grid), spillway_grid, throat_grid)

U)
The cleaned up throat area grid was converted to a polygon coverage by using the ARC command GRIDPOLY

V)
Two items were added to the throat area polygon coverage. ZMIN, which is the lowest elevation of the throat. ZMAX, which is the elevation at the spillway.

W)
An aml was used to RESELECT each throat polygon into a single coverage. The single throat polygon was used to clip out the reconditioned elevation dataset and filled elevation dataset with the GRID command GRIDCLIP. The ARC command DESCRIBE was used on the throat clipped reconditioned elevation dataset and a variable (throatz) was set to the value of the lowest elevation in the grid. The ARC command DESCRIBE was used on the throat clipped filled elevation dataset and a variable (spillz) was set to the value of the spill elevation of the grid. The throat areas polygon coverage was updated with the value of ZMAX from the spillz variable and ZMIN from the throatz variable in INFO. The single throat coverage, throat clipped reconditioned elevation grid, and throat clipped filled grid were all removed using the ARC command KILL with the ALL option.

X)
The item ZDIFF was added to the throat areas polygons. ZDIFF was calculated as ZMAX - ZMIN.

Y)
An INFO database was created using the ARC command STATISTICS on the case item SINKLINK (unique spillway sink id) to find MAX ZDIFF for each value of SINKLINK.

Z)
Throats were deleted if they had a ZDIFF of less than 3 feet or if the throat ZDIFF was not the MAX-ZDIFF of the spillway sink.

Identify the depressions associated with big, off-stream, deep throats (these are the “true” sinkholes used to process watersheds).

VII. Spillway sink polygons were associated with “true” throats to weed out unwanted polygons

AA)
Spillway sink polygons that did not have a throat were deleted

Modify the DEM to force all flow to streams or “true” throats.

VIII. Watersheds were created for the “true” spillway sink polygons and stream gage sites

BB)
Stream gage points were turned into polygons by using a 30-foot buffer

CC)
“true” Throats were converted to a grid using SINKLINK number

DD)
 Stream gage polygons were converted to a grid using coverage-id + 40000 so as to separate the throats from the stream gages.

EE)
The ARC command LATTICEMERGE was used to create one grid of the throats and stream gages to be used as a source grid for making watersheds.

FF)
A grid was created that contained NoData holes where the throats were located and reconditioned elevation data everywhere else. Using the GRID functions CON and ISNULL to test if any cells have NoData in the throats grid, if so use the reconditioned elevation data values, if not then set those cells to NoData.

GG)
The reconditioned elevation data with NoData holes for throats was filled using the Fill option of ArcHydro Tools.

AH) The NoData holes of the “filled, reconditioned elevation data with NoData holes at throat areas” were replaced with the value of the reconditioned elevation data using the GRID functions CON and ISNULL. This grid will be used as the watershed elevation grid. NOTE: the watershed command requires elevation data for all cells.

Delineate watersheds for streamgages and “true” sinkhole throats.

II) The GRID command WATERSHED was used to create a watershed grid. The inputs were a flowdirection grid, created on the fly from the watershed elevation grid, and the source grid.

Clean-up the watersheds 

IX. The watershed grid was converted to polygons and edited.

JJ)
The GRIDPOLY command was used to create polygons of the watershed grid.

KK)
The watershed polygons were associated with the spillway sink polygons so that a watershed could be tagged with the spillway sink with which it was associated.

LL)
The watershed polygons were dissolved using the sinklink item. This was done so that each spillway sink or gage would have a single watershed.

MM)
The ARC command ELIMINATE was used to remove watershed polygons that had an area of less than 10000 feet2.

