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1. Introduction

The new automated DFIRM QAQC application, DFIRM Verification Tool (DVT), was integrated
into the MIP and launched in December 2009. With the introduction of DVT new topological
verifications were added to the QAQC process. There are 10 new topological verifications
currently active in DVT (9 errors and 1 warning) that utilize ESRI topology rules.

This document provides the logical description of these new topological verifications. Each
verification description will include the following:

o Reference to the requirement

o The DFIRM layers and ESRI Topology Rule used by the verification
e Logic Description

e QC Category

e Error Type

e Error Message

The format of these verification descriptions is similar to the format used by the FEMA DFIRM
Verification Check Standard which details the logic for the existing DFIRM verifications.

In addition to the verification descriptions a troubleshooting section has been added which provides
a suggested process for locating topology errors found by DVT. It provides step-by-step guidance
that reproduces the same results as DVT within ESRI’s ArcMap application. This process includes
steps to convert Shapefile data to PGDB data, create a topology and add ESRI topology rules,
validate topology, and view topology errors within ArcMap.

The scope of this document is limited to the new topology verifications. All other verifications
performed by DVT have existing logic descriptions found in the FEMA DFIRM Verification Check
Standard document.

2. Topology Tolerance

The tolerance used for topology verifications in DVT is configurable. The current
tolerance setting uses the default cluster tolerance of the PGDB. For a Shapefile
submission the default cluster tolerance will be 0.001 meters or 0.003280833333333 feet
which are the ESRI default values for XY tolerance in a new dataset within a PGDB.

January 2010 1



DVT Topology Verifications

3. Topology Verification Logic Descriptions
2.10.1.1 Lines do not intersect

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not intersect

Lines must not cross

or overlap any part 4
of another line within
the same feature
class or subtype. Line errors are
created where lines
overlap, and
point errors are
Q created where
lines cross. //\

Use this rule with lines whose segments should never crossor ~ Lotlines cannot intersect or overlap,

but the endpeint of one feature can

occupy the same space with other lines. touch the interior of another feature.

Rule Applied To: S_BFE table

Statement:

If
o0 Lines do not cross or overlap any part of another line within the same feature class
or subtype.
Then
o Correct — move to next check.
Else
o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”
Error Message: “Error 1401: The following tables contain lines which intersect:”
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2.10.1.2 Lines do not overlap

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not overlap

Lines must not overlap
any part of another

line within a feature
class or subtype. Lines
can touch,
intersect, and .
ST i on / Line errors are

created where
lines overlap.

Use this rule with lines that should never occupy the same Lot lines cannot averlap
space with other lines. one another.

Rule Applied To: S_BFE table

Statement:

If
0 Lines do not overlap any part of another line within a feature class or subtype.
Lines can touch, intersect, and overlap themselves.
Then
o Correct — move to next check.
Else
0 An error will be returned.

QC Category: Spatial Check
Error Type: “Error”
Error Message: “Error 1402: The following lines should not overlap:”
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2.10.1.3 Line must not self-overlap

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not self overlap

Lines must not overlap
themselves within a
feature class or subtype.
Lines can touch,
intersect, and overlap
lines in another feature
class or subtype.

Line errors are
created where
lines overlap
themselves.

Use this rule with lines whose segments should never occupy  For transportation analysis, street and

the same space as another segment on the same line. e e S L N R
should not overlap themselves.

Rule Applied To: S BFE,S_CST_TSCT_LN, S FLD HAZ_ LN, S_GEN_STRUCT,
S POL LN and S_XS tables

Statement:

If
0 Lines do not overlap themselves within a feature class or subtype. Lines can touch,
intersect, and overlap lines in another feature class or subtype.
Then
o Correct — move to next check.
Else
0 An error will be returned.

QC Category: Spatial Check
Error Type: “Error”
Error Message: “Error 1403: The following lines should not self-overlap.”
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2.10.1.4 Line must be a single part

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must be single part

Lines within a feature

class or subtype A
must only ha:te 9 - g /
one pa g : . 4
Multipart line i
errors are created )
= where lines have =
E maore than one W
part. I~

A highway system is made up of individual

) A features where any one feature is not
of a single series of connected segments. made up of mare than one part.

Use this rule when you want lines to be composed

Rule Applied To: S BFE, S CST TSCT_LN,S_FLD_HAZ LN, S GEN_STRUCT and
S_XS tables

Statement:

If

o Lines within a feature class or subtype have only one part.
Then

o Correct — move to next check.
Else

o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”
Error Message: “Error 1404: The following lines should be a single part:”
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2.10.1.5 Line must not overlap with line in another feature class

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not overlap with

Lines in cne
feature class or Line errors are
subtype must not created where lines
overlap any part of from two feature
another line in classes or subtypes
another feature overlap.
class or subtype.

Use this rule for lines that should never occupy the same Highways can cross and come close

space with lines in another feature class or subtype. R e
Ulrerlap rver 5Egmenl5.

Rule Applied To: S_BFE and S_XS tables

Statement:

If
o Lines in one feature class or subtype do not overlap any part of another line in
another feature class or subtype.
Then
o Correct — move to next check.
Else
o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”

Error Message: “Error 1405: The following S_BFE lines should not overlap with S_XS
lines”
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2.10.1.6 Polygon FeatureClass must not have gaps

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not have gaps

Polygons must mot
have a void between
them within a
feature class

or subtype.

Line errors are created
from the outlines of void
areas in a single polygon
or between polygons.
Polygon boundaries that
are not coincident with
other polygon
boundaries are errors.

Use this rule when all of your polygons should form Soil polygons cannot include gaps

a continuous surface with no voids or gaps. or form voids—they must form a
continuous fabric.

Rule Applied To: S_FLD HAZ_AR,S_POL_AR and S_FIRM_PAN tables

Statement:

If

o Polygons do not have a void between them within a feature class or subtype.
Then

o Correct — move to next check.
Else

o A warning will be returned.

QC Category: Spatial Check
Error Type: “Warning”
Error Message: “Warning 1406: The following polygon layers may have gaps”
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2.10.1.7 Polygons must not overlap

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not overlap

Polygons must not

overlap within a
feature class or
subtype.

Polygons can be
disconnected

or touch at a point or
touch along

an edge.

Polygon errors are
created from areas
where polygons
overlap.

Use this rule to make sure that no polygon overlaps another A voting district map cannot
polygon in the same feature class or subtype. e T e

Rule Applied To: S_FLD_HAZ AR, S_POL_AR and S_FIRM_PAN tables

Statement:

If
o Polygons do not overlap within a feature class or subtype. Polygons can be
disconnected or touch at a point or touch along an edge.
Then
o Correct — move to next check.
Else
o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”
Error Message: “Error 1407: The following polygons should not overlap:”
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2.10.1.8 Line must not have pseudo-nodes (THIS CHECK IS
CURRENTLY TURNED OFF)

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must not have pseudonodes

The end of a line
cannot touch the end of \/J
only one other line \_
within a feature class or o
sisye. Treendots - () W Vot il

line can touch any part of

itself. end of a line

touches the end of
only one other line.

Use this rule to clean up data with inappropriately For hydrologic analysis, segments of a river

subdivided lines. systemn might be constrained to only have
nodes at endpoints or junctions.

Rule Applied To: S_FLD HAZ_LN,S POL_LNandS_PLSS_LN tables

Statement:

If
0 The end of a line does not touch the end of only one other line within a feature
class or subtype. The end of a line can touch any part of itself.
Then
o Correct — move to next check.
Else
o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”
Error Message: “Error 1408: The following lines should not have pseudo-nodes”
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2.10.1.9 Boundary must be covered by Line FeatureClass

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Boundary must be covered by

Polygon boundaries
in one feature class or
subtype must be Line errors are

covered by the lines n created where
of another feature I polygon

class or subtype. H boundaries are
. not covered by a
line of another
feature class or
subtype.

Use this rule when polygon boundaries should be coincident Major road lines form part of
with another line feature class or subtype. outlines for census blocks.

Rule Applied To: S_FLD_HAZ_AR boundary covered by S_FLD_HAZ_LN and
S_POL_AR boundary covered by S POL_LN

Statement:

If
o Polygon boundaries in one feature class or subtype are covered by the lines of
another feature class or subtype.
Then
o Correct — move to next check.
Else
o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”

Error Message: “Error 1409: The boundary of the following polygons should be
covered by the corresponding line feature. S_FLD_HAZ_AR boundary must be covered
by S FLD HAZ LN and S_POL_AR boundary must be covered by S POL_LN”
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2.10.1.10 Poly FeatureClass must cover another Poly FeatureClass

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1”. Also, the check function is based

on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must cover each other

All polygons in the

feature class must created where any
cover each other. part of a polygon
- FC1 Must be covered by ﬂ is not covered by
feature class of FC2. 1 one or more
- FC2 Must be covered by - polygons in the
feature class of FC1. E other feature class

or subtype.

first feature class and all g

polygons in the second | 1 Polygon errors are
1
1

Use this rule when you want the polygons from two feature classes or
subtypes to cover the same area.

Rule Applied To: S_FLD_HAZ ARand S _POL_AR

Statement:

If

o S FLD HAZ ARand S _POL_AR polygons cover each other.
Then

o Correct — move to next check.
Else

o An error will be returned.

QC Category: Spatial Check
Error Type: “Error”

Vegetation and soils must
cover each other.

Error Message: “Error 1410: The following S_FLD_HAZ_AR polygons must be

covered by S POL_AR polygons”

January 2010
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2.10.1.11 Line FeatureClass must be covered by boundary of Poly
FeatureClass

Reference: The verification is based on page 15-21, section 4.2, “Final Requirements
Document DFIRM Verification Tool (DVT) Release 1. Also, the check function is based
on ESRI ArcGIS Geodatabase Topology Rules.

ESRI Topology Rule:

Must be covered by boundary of

Lines in one
feature class or

subtype must be S
covered by the .
boundaries of g Line errors are

polygons in another 1 1 created on lines

L
feature class or 1 : | B that are nat
subtype. covered by the 1] - /
boundaries of i [—
polygons. L

Use this rule when you want to model lines that are Polylines used for displaying block

coincident with the boundaries of polygons. s
by parcel boundaries.

Rule Applied To: S_FLD_HAZ_ LN must be covered by boundary of S FLD_HAZ_AR
S_POL_LN must be covered by boundary of S POL_AR

Statement:

If
0 Lines in one feature class or subtype are covered by the boundaries of polygons in
another feature class or subtype.
Then
o0 Correct — move to next check.
Else
0 An error will be returned.

QC Category: Spatial Check
Error Type: “Error”

Error Message: “Error 1411: The following lines must be covered by the boundary of
their corresponding polygons. S FLD _HAZ LN must be covered by S FLD_HAZ_AR
and S_POL_LN must be covered by S POL_AR”

January 2010 12
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4. Locating Topology Errors

The DVT error reports will provide the tables, and in some cases the record 1Ds, for each
topology error that was detected during topology validation. It can be difficult to locate
the error for very complex features. The following process can be used to find the same
topological errors as DVT within ESRI’s ArcMap application:

Step 1: Import your Shapefiles into a new PGDB

e Create a new PGDB within ArcCatalog. Select File > New - Personal
Geodatabase

e Open the new PGDB and add a Feature Dataset. Select File > New —> Feature
Dataset. Select the correct projected coordinate system for your study area. Leave
the tolerance settings at their default values. The default tolerance depends on the
units used for the Dataset. A dataset with meters as the unit will have a default
tolerance of 0.001lm. A dataset with feet as the unit will have a default tolerance of
0.003280833333333 feet. See the screenshot below for more details.

%Y Tolerance

The %Y tolerance is the minimum distance between coordinakes before they are
considered equal. The ®¥ tolerance is used when evaluating relationships between

features,
| 0.003280533333333 Foot_LI5
Z Tolerance
| 0,001 Meter
M Talerance
| 0,001 Unknawn Units

¢ Right Click on the new dataset and select Import - Feature Class (multiple)
e Select the shapefiles to be imported and click OK to add them to your PGDB.

January 2010 13
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5 Feature Class to Geodatabase (multiple)

Input Features

Chwork zpacetiwyandotte_KS4YS_#5 shp
CAworkspacetWyandotte_KSYS_Base |Indes shp
CAworkspacetwWyandotte_KSWS_BFE.zhp
CAworkspacesWyandotte_ESS_FIRM_Pan.zhp
C:Awork spacetwWyandotte_KSWS_Fld_Haz_frshp
C:Awork spacetwyandotte_KS4S_Fld_Haz_Ln.shp
C:Awork spacetWyandotte_KSS_Gen_Stuct.shp
C:AworkspacesWyandotte_kS4S_Label_Ld. shp
C:AworkspacetiWyandotte_KS4WS_Label Pt shp
C:Awork spacetWyandotte_ESYS_LOMR. shp

a4

Cukput Geodatabase

| Criworkspaceti'yandotte_KS\Find_Topology _Errors, mdbiDFIRM

Step 2: Create a new topology and add topology rules

¢ Right click on the dataset and select New - Topology.
¢ Name the new topology and leave the cluster tolerance at the default value.

New Topology T

Enter a name for your topalogyw:
|Test_Erru:ur_'I a0

Enter a cluster tolerance:

0.0032808333333333335 LS survey feet

The cluzster tolerance is a distance range in which all vertices and
boundaries are conzidered identical, or coincident. Yertices and
endpoints falling within the cluster tolerance are snapped together.

The default walue iz bazed on the =Y tolerance of the feature datazet. Y'ou
cannob get the cluster tolerance smaller than the =5 tolerance.

< Back M et > Cancel
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e Select the features used in the topology rule you want to validate. In our example
we use Error 1410s0 S_FLD HAZ AR and S_POL_AR are the features used.

Select the feature clazzes that will participate in the topology:

OE0s_FIrM_Pan
S _Fld_Haz_ar
O=l5 Fld_Haz_Ln
O=l s cen struct
Ol 5 _Label_Ld
O] s_Label_pt
O s_Lomr
O] s _Perm_Bmk
OE0s_pLss_ar
O=ls rLss Ln

S Pal_fr
D 5_Pol_Ln

4

I‘]ﬁlc Fimd Tedens

Kk
[
Select Al
Clear All
| f
< Back | Mext » | Cancel

e Leave the rank settings at the default values (all features should have the same

rank).

e Add the desired topology rule based on the definitions in this document. For our
example, 2.10.1.10 (Error 1410) uses the rule “Must Cover Each Other”.

Features of feature class:

|5_Fid_Haz_ar =l
Rule:

Must Cover Each Other |
Feature class:

|5_Pol_ar |

2] x|

Rule Dezcription

The area features of one
layer and the area features
of anather laver must cover
each other.

a Ay area where the features

af either layer do naot cover

@ the ather laver iz an erar.

[v Show Errors

k. Caricel

January 2010
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e Click OK and finish creating the topology. When it asks you to validate your
topology click yes.

Step 3: View Topology Errors in ArcMap

e Open ArcMap and add the topology you just created. Click yes when it asks to add
the features that participate in the topology.

Lok, ir: |@ CFIRM j s 29 | B

Mame Twpe

S_PLSS_Ln Perzonal Geodatabase Feature Class

S_Pol_Ar Personal Geodatabase Feature Class

S _Pol_Ln Personal Geodatabase Feature Class
5_Cuad_Index Personal Geodatabase Feature Class
S_Trnsport_Ln Personal Geodatabase Feature Class

S_Witr_Ar Personal Geodatabase Feature Class
S_Wtr_Ln Personal Geodatabase Feature Class
g9_%5 Personal Geodatabase Feature Class
El Test_Frror_1410 Personal Geodatabase Topalogy

-

M ame: |T est_Errar_1410 Add
Shows aof type: |Dataset$ and Layers [*.lpr) ﬂ Cancel

e Now all of the spotted topology errors will be highlighted. Sometimes these errors
are very small and difficult to spot when viewed at the full extent. If the error is
not obvious, you can use the Topology Error Inspector.

e To use the error inspector, you must first be in editing mode. Click on Editor >
Start Editing.

e You must also have the topology toolbar enabled. Click View - Toolbars >
Topology. You should now see the topology toolbar. The far right button will
bring up the error inspector:

Topology: |Test_Erru:ur_141IZI j % m @' E Ef/ [7\9
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¢ In the error inspector window you can select the topology rule you want to view
errors for and click search now to bring up a list of errors.

Show |S_FI|:|_Haz_.ﬁ.r - Must Cover Each Other - S_Pol_ar

[ Excephions

Bl

X|

3 emorz

v izible Extent anly

L

Rule Type | Class 1 | Class 2 | Shape Fe «
Must Cover Each Other 5_Fld_Haz_ar S_Pal_Ar Palygon 0
Must Cover Each Other 5_Fld_Haz_ar 5_Pal_Ar Palygon 0
Must Cover Each Qther 5_Fld_Haz_ar 5_Pol_ar Palygon 0 &
Must Cover Each Qther S_Fld_Haz_Ar S_Pol_Ar Polygon 0
Must Cowver Each QOther S_Fld_Haz_Ar S_Pol_Ar Polygon 0
Must Cowver Each Other 5_Fld_Haz_Ar 5_Pol_Ar Polygon 0
Must Cover Each Qther 5_Fld_Haz_ar 5_Pol_ar Paolygon 0
Must Cover Each Okher 5_Fld_Haz_ar S_Pal_Ar Palyaon 0
Must Cover Each Other 5_Fld_Haz_ar 5_Pal_Ar Palygon 7

-
[n1}
Lu

e You can find one of these errors by right clicking on the error and selecting Zoom

To. You may need to zoom in even further to make the error clear.

x|
Shaw: |S_FId_Haz_Ar - Must Cover Each Cther - 5_Pol_Ar j 31 ernors
Iv Errors ™ Exceptions Iv Wisible Extent anly
Rule Type | Class 1 | Class 2 | Shape | Feal «
Must Cover Each Other S_Fld_Haz_ar S_Pol_ar Palygon 1]
Must Cover Each Other S_Fld_Haz_ar S_Pol_ar Palygon 0 ==
Must Cover Each Other S_Fld_Haz_ar S_Pol_ar Palygon 1]
Must Cover Each Other S_Fld_Haz_ar S_Pol_ar Palygon 1]
Must Cover Each Other S_Fld_Haz_ar S_Pol_ar Palygon 1]
IMust Cover Each Other 3_Fld_Haz_ar 3 _Pol_ar Polygon 0
Must Cover Each Other 5_Fld_Haz_ar S_Pol_ar Palygon
S Fld Har ar S Prl Ar Prlvann

Mist Cover Farh Other
4

oo
.
L\L
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