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1 INTRODUCTION

Local, state, federal governments, and private entities that own and operate sanitary sewer collection
and conveyance systems need to know the capacity of their systems in order to and prevent releases of
wastewater into the environment. A primary concern of system operators is the capacity of the system
or the total amount the system can successfully convey from the collection point to a treatment facility.
If the capacity of the system is inadequate and wastewater is released into the environment, called a
Sanitary Sewer Overflow (SSO, see Figure 1), then owners and operators are in violation of the Clear
Water Act and can be held liable for such
releases through fines and/or disciplinary
action.

This concern requires a significant amount of
focus and effort to be placed on calculating
flow and developing hydrologic/hydraulic
models of the systems. The process for
determining the capacity, or amount of
sewage flow a system can accommodate

without SSOs, is called a Capacity Analysis and : : A‘Rg ey
;R N

is typically conducted when new systems are  Figure 1. Example of Sanitary Sewer Overflow (SSO).
designed and existing systems are being rehabilitated. As illustrated in Figure 2, the main components

of a capacity analysis are:

. Sewage — this is the wastewater
flow that is expected to be in the system
from sewer system customers, like
residential homes and/or businesses

. Inflow and Infiltration (I&I) — this is
7 water (rainwater and/or groundwater) that
unintentionally gets in sanitary sewer
systems through defects in the system —
like cracks in pipes or uncapped cleanouts.
Excessive 1&I can reduce the capacity of the
system and be a significant contributor to

[ ] $S0s.

Storage
Capacity

° Storage Capacity — this is the

storage capacity that is provided in the
Total System Capacity Needs system through various means including

storage tanks, wet wells, pipes, and

Figure 2. Main components of a Capacity Analysis.
manholes.



In order to accurately monitor peak sewer inflow (the highest rate of flow during a significant wet
weather event), utilities should be accounting for the storage in the gravity systems. Otherwise, the
apparent capacity of the system is smaller, which would indicate a need to reduce 1&I, and rehabilitate
pump stations (i.e. larger pumps and wet wells) in order to reclaim capacity. These projects would
consume resources that might be better applied elsewhere in the system.

This project demonstrates the development of a standardized toolset that incorporates gravity storage
volumes into capacity analyses, allowing utilities to accurately account for flow into the pump station, a
key parameter to understanding the amount of 1&I in their system taking up capacity for sewage. The
tool includes a data model that provides a standardized data template, as well as a toolset that provides
the ability to load data, run the analysis, and export results in the form of tabular and/or mapping
products. The exports will allow entities to view, analyze, and manage result files using off-the-shelf
software like Microsoft Excel and ESRI ArcGIS Desktop. Preliminary development has illustrated that
accounting for gravity storage volumes in a system has proven to be critical in evaluating the capacity of
sanitary sewer systems during wet weather events, and that in order to make accounting for the gravity
storage volumes practical, an automated tool is required.

1.1 BACKGROUND

Collection Areas (Pump Station Service Area) Pump Station

Pump Stations

Unique ID Unique ID
Unique ID

US Feature /Elev Floor Elevation
Rim Elevation

DS Feature/Elev Wet Well Info
Service Area

Diameter | Incoming GM

Figure 3. Example of a wastewater gravity collection system.

Sanitary Sewer gravity systems are typically underground piping systems that convey sewage
(wastewater) from residential, commercial and industrial buildings. As illustrated in Figure 3 above, the
sewage is collected from buildings through a lateral, that empties into a system of gravity pipes (purple
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and orange lines) which convey the sewage by gravity to a pump station (red rectangle). Pump stations
are built in various locations throughout the entire system to accommodate for flow by gravity. The
gravity pipes and manholes that convey the flow to a particular pump station, as a group, are typically
referred to as the Pump Station Service Area or Collection Area. Once the sewage reaches the pump
station, it empties into a large container, called a wet well. The sewage levels in the wet well can
fluctuate based on the amount of flow coming into the station. Pumps in the station are used to force
the sewage into a system of pressurized pipes and eventually convey it to a wastewater treatment plant
(WWTP). Once at the WWTP, the sewage is treated and ultimately discharged to a water body.

One of the most important factors for large, public sewer systems, is the storage of asset information in
a geographic information system (GIS). Organizations will typically store not only the location of the
assets in the GIS but also various attributes about those assets that are used for various operations,
maintenance, and management activities. As shown in Figure 3, the various attributes reqired for
capacity analysis, regarding the pump stations, manholes, and gravity mains, are typically available in
the organization’s GIS.

1.1.1  Gravity System Storage

As discussed above, once the sewage reaches the pump station, it empties into the wet well and
depending on the amount of flow, the sewage levels in the wet well can fluctuate. As illustrated in
Figure 4, if the pumps in the pump station can not keep up with the amount of flow into the wet well,
eventually the sewage in the wet well can reach a level (elevation) where it will begin to backup into the
gravity system upstream of the pump station. This sewage is now stored in the gravity system and
eventually, if the levels rise high enough, will reach a point in the system where the sewage is released
as a SSO.

Overflow
eventually occur

h MM 136031
ere RM FLEV-3243
i 136-032
RM ELEv=28.40
vesTaGE
£ eever [ m—]

LEVSS

Figure 4. Gravity System Storage — illustrating wastewater being stored in the pump station wet well, gravity mains, and
manholes. Blue indicates the available storage in the gravity system, at which point when the lowest elevation is reached, an
SSO will occur.

This volume of sewage in the system is what is known as Gravity System or Stage Storage Volume.
Typically the volume is illustrated as a graph, as shown in Figure 5. The X-axis is the Stage Elevation, or
the increment of rise of the sewage in the wet well, in this case expressed as feet. The Y-axis is the Total
Volume in the system for the wet well, gravity pipes, manholes, and laterals, in this case expressed as
cubic feet.
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Figure 5. Example Stage Storage Curve.

The initial deflection shown on the curve is typically the elevation where the surcharge (or backup into
gravity system) begins until it reaches the elevation where a release or SSO occurs, which is typically the
last point in the curve.

1.1.2  Original Stage Storage Tool

In 2007, the City of Suffolk and 12 additional Hampton Roads localities and the Hampton Roads
Sanitation District entered into a Consent Order with the Virginia Department of Environmental Quality
to ensure the reduction and/or elimination of SSOs from their collection systems. The Consent Order
contained various activities and milestones aimed at collection system operators analyzing and
determining an accurate picture of the condition and capacity of their systems in order to eventually
develop a strategy for managing wet weather impacts to the sanitary sewer system (Regional Wet
Weather Management Plan). As part of these efforts, the City of Suffolk recognized that it was
necessary to account for the storage in the gravity system to accurately monitor peak sewer flow in the
gravity system and a custom tool was developed to calculate the City of Suffolk’s gravity storage volume
(also called Stage Storage). A significant amount of research, development, and testing was required for
the initial custom tool developed for the City. The preliminary development of the database and toolset
has resulted in the following findings:

® Accounting for gravity storage volumes in a system has proven to be critical in evaluating the
capacity of sanitary sewer systems during wet weather events.

* To make accounting for the gravity storage volumes practical, an automated tool is required
(spreadsheet/hand calculations are infeasible for large, relatively flat, systems).

e (Collection and conveyance system configurations are not uniform and vary in many factors (i.e.
design, condition, and quality of construction), therefore a thorough understanding of those
variations is necessary to develop a standardized toolset that addresses the potential system
configurations appropriately.

e In order to obtain the widest user base, a ubiquitous platform (or technology) should be selected to
develop and deliver the database and toolset (i.e. python).



The tool developed in 2007 is developed in
Microsoft Access 2003 (Figure 6) and provides
the following functionality:

Linkage to sanitary sewer asset data in a
separate ESRI personal geodatabase for
pump stations, manholes, and gravity
mains. The sewer asset data is exported
directly from the City’s sanitary sewer
dataset in their GIS. The type of
information required by the current tool
includes, but is not limited to:

o Pump Station identifiers, wet well
dimensions, finished floor
elevations, incoming gravity pipe
invert elevations

o Manhole identifiers, rim elevations

®
HOME

Figure 6. Original Stage Storage Tool, City of Suffolk, Virginia.

s Stage Storage
CREATE  EXTERNALDATA  DATABASE TOOLS

Records

SEEx

= Stage Storage Volumes

Select the Pump Station and Stage Increment

o Gravity pipe identifiers, invert elevations, upstream and downstream manholes, and

diameters

Logic written in Visual Basic for Applications (VBA) and through the use of queries to run the stage

storage calculations and provide an output volume table.
Very simplistic user interface to select the desired pump station and stage elevation increments (rise
of water in wet well increments, i.e. 0.1 feet).

No current integration with GIS exists other than the linkage to the tables in the personal geodatabase.

2 PURPOSE AND OBJECTIVES

The purpose of this project is to develop a standardized toolset, including a database template and stage
storage calculation interface that sewer system operators can easily and inexpensively incorporate into
their flow monitoring system and capacity assessment process.

Based on the findings from the initial development supported by the City, it was determined that a more
robust, standardized toolset that integrates easily with off-the-shelf GIS products would best serve the

data import, curve generation, and curve/data quality control procedures that are required during curve
generation.

The objectives of the toolset are to provide:

Importing of a variety of data schemas into a standard geodatabase template for consistent usage in

the toolset, specifically the ESRI Locality Government Information Model (LGIM) for wastewater.

Integration of the data review and quality control processes with a spatial visualization component
(through ESRI ArcMap interface) that would provide the user with the ability to visualize which
assets in the system would experience storage and/or surcharge.

Use with a single toolset that supports the import, calculation, visualization, and quality control

procedures required to generate accurate stage storage volumes.
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Figure 7. lllustration of expected outcome of new toolset.

As illustrated in Figure 7, the expected outcome was a standardized, packaged tool that can be used on
an ESRI ArcGIS 10.X Desktop and Microsoft Windows platform. This toolset will not alter any of the
engineering calculations or logic used to generate the stage storage volume curves.

2.1 LITERATURE REVIEW

Once the concept for the new toolset was determined, the first step was to ensure that a similar tool did
not exist in the market place, specifically for sanitary sewer. A literature review was conducted
researching and analyzing the following components:

Stage Storage - What is it and why is it important? To answer this question, a review of papers,
articles, journals, user manuals, websites, and other resources was conducted that focused on the
engineering concepts behind gravity storage and why it is important in regard to wastewater
utilities.

Available on the Market - How is stage-storage currently handled by applications already on the
market? To answer this question, a review of current applications and tools on the market that
support the generation of gravity storage volumes was conducted. As necessary, documentation of
the various software tools was reviewed as well as discussions with software vendors and end-users
of the products.

Building Standardized Tools - What are standardized tools and how are they built? To answer this
question, a review of papers, articles, journals, best practices, websites, and other resources in the
information technology industry was conducted. This review was done in order to determine the
best approach for creating a tool that can accommodate users from multiple organizations.

ESRI Data Model - What are the ESRI Data Models and their associated tools? To answer this
question, a review of how the ESRI data models support tools that are out on the marketplace was
conducted. In order to make this tool ‘portable’, it is beneficial to adopt a data model template that
is already popular and familiar to utilities in the marketplace. An understanding of how other tools
use the data models was also conducted by researching various offerings by ESRI and their business
partners.



Based on the findings from the review, it has been determined that developing a standardized tool that
can be used by various entities to calculate gravity storage volumes in their wastewater systems would
be beneficial and fill a gap that currently exists for this type of tool in the marketplace. The following
conclusions provide the basis for validation that further research, planning, and execution of the
development of the tool is warranted and could provide a direct benefit to wastewater utilities capacity
assessment activities:

e The calculation and logic used to develop stage storage volumes in the City of Suffolk case study are
valid and accurate.

* A stand-alone standardized tool to calculate stage storage volumes that integrates a wastewater
utilities GIS data does not currently exist.

¢ The methods used to develop a software product are well documented and can provide a basis for
the approach that will be used to develop the tool.

* The ESRI data models have been well adopted and are well understood in the marketplace and
would be a viable option for the back-end data storage mechanism for the tool.

3 DESIGN AND DEVELOPMENT

After it was determined the tool would be a viable option for calculating sanitary sewer gravity storage,
the next phase of the project was to develop and implement a design and development approach. As
shown in Figure 8, the typical iterative software development lifecycle was employed, where design and
development was accompanied by iterative review by outside entities. An iterative approach has the
following benefits:

* Allows for a more active role in guiding the project and aids in the entire project team
understanding the ultimate design and solution.

e Builds a relationship of trust between all parties by fostering their continued understanding of the
risks and decisions and progress being made on the project.

e Allows for time to react from lessons learned and integrate them into the project.

e Revisits the progress and refreshes understanding on the ability to deliver on a consistent basis.

* Allows the end-user to fully understand the project as whole.

* Aids in managing end-user expectations and understanding of project requirements.

Feedback

User
Acceptance
Testing

esign/Develop
Prototype

Research Tool Develop

Applicability J8 | Requirements

Feedback
Figure 8. Iterative software development lifecycle.



3.1 DeVELOP REQUIREMENTS

Once it was determined the development of such a tool would be applicable and viable, then the
specific requirements for the toolset functionality had to be developed. At a minimum, the toolset
needed to accomplish the tasks that were already available in the current tool. In addition, a more
robust, standardized toolset is desired that integrates easily with off-the-shelf ArcGIS Desktop products
to best serve the data import, curve generation, and curve/data quality control procedures that are
required during curve generation. Such a toolset would provide the:

® |mport of a variety of data schemas into a standard geodatabase template for consistent usage in
the toolset.

® Integration of the data review and quality control processes with a spatial visualization component
(through ESRI ArcMap interface) that would provide the user with the ability to visualize which
assets in the system would experience storage and/or surcharge.

e User with a single toolset that supports the import, calculation, visualization, and quality control
procedures required to generate accurate stage storage volumes.

In order to accomplish these goals, the following functionality requirements were included in the Stage
Storage Toolset:

1. Use of the most recent ESRI Local Government Information Model for sanitary sewer as the
standardized geodatabase template.
2. Tool interface, available through ArcGIS Desktop, including:
a. Tool for user to import their sanitary sewer GIS data into the standardized geodatabase
template and save import configurations for later use.
Tool for user to run quality control (QC) checks on data after import.
Tool for user to run stage storage volumes, view results in tabular and graphic format, and
export results into Microsoft Excel.
3. Map interface, available through ArcGIS Desktop, including:
a. Visual display and linkage to imported sanitary sewer information in standardized
geodatabase template in ArcMap.
b. Visual display and linkage to stage storage results in ArcMap.
4. Development of help documentation for end users.

3.2 DESIGN AND DEVELOP PROTOTYPE

A prototype tool was designed and developed that could be reviewed and tested by end-users. This
process entailed three main components — the selection of the technology that would be used to build
the toolset, design of the toolset, and development of a prototype.

3.2.1 Technology Selection

One of the most important steps in the design process was determining which technology would be
used to build the toolset. In the GIS industry, specifically for building tools that can integrate with ESRI
ArcGIS Desktop, many options are available. Therefore, a list of criteria had to be developed in order to
determine the main objective of the tool and narrow down the technology options so a selection could
be made. Based on the goals and objectives of the tool and the intended end-user audience, the
following selection criteria for the technology platform was developed:



1. Had to be a platform that was accessible by most of the organizations in the Hampton Roads,
Virginia region, which would be the main focus area for the tool distribution,

2. Had to be readily available as part of an out of the box (OTB) solution and would not require any
additional components that would cause users to incur additional costs, and,

3. Had to be easily updated/customizable by normal GIS users, without the need for specialized
training in advanced coding technologies, like C#, .NET, etc.

Several options for extending the ESRI
ArcGIS Desktop software packages o0
were reviewed against these selection \\\\S\
criteria, including a custom add-in, C# )
python add-in, python toolbox, ArcGIS Which one to
Pro, and ArcGIS toolbox using python
scripts. Based on the comparison of
each technology against the selection
criteria and a concurrent review of the ¢ VB
strengths and limitations of each, it add-in OO/bO

was determined that the toolset would X

Desktop
N3

use???
geoprocessing

be best suited to building within an Figure 9. Technology Selection.
ArcGIS toolbox using python scripts.

3.2.2  Design Process

Once the final technology was selected, then the toolset had to be designed to meet the functional
requirements as outlined in Section 3.1. In order to accomplish this task, two main phases of design
were conducted: 1) determination of the standardized database model that would be used; and 2)
review of the available python parameters to determine if they would meet the requirement objectives.

3.2.2.1 Determination of Standardized Data Model

Since the current (previously developed) tool only ran on the City of Suffolk sanitary sewer dataset
schema and one of the functional requirements was to develop a new tool that would runon a
standardized data platform, several options were reviewed:

1. Continue to build the tool on the City of Suffolk data model and have other organizations import
their data to adhere to the City’s schema. This option would not break any of the current tools
functionality or logic.

2. Develop a complete custom data model that was specific to the stage storage tool and calculations
and would not contain any ancillary attribute information outside of what was needed for the tool.
This option would break the current tools functionality and logic.

3. Utilize the ESRI LGIM for wastewater and have other organizations import their data to adhere to
the City’s schema. This option would not break any of the current tools functionality or logic.

Because of the ubiquitous nature of the data model, the familiarity of the local organizations with the
data model, and the ability to expand storage of asset information beyond what was needed for the
stage storage tool, option 3, a dataset called SewerStormwater within the ESRI LGIM, was selected to be
used as the standard data model for the toolset.

After the selection, it was determined that it would be beneficial to review a broader sample of the
types of data that would be loaded into the standardized data model. Therefore, three local
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organizations (the City of Virginia Beach, City of Portsmouth, and City of Suffolk, VA) all provided their
sanitary sewer datasets from their GIS operations for review and analysis. A data crosswalk, as shown in
Figure 10, was developed for each organization to determine:

e The target feature classes in the LGIM SewerStormwater dataset would be utilized in the tool

e The target fields in LGIM SewerStormwater dataset would be utilized in the tool

® The incoming feature class from the organization that would load into the target feature class

¢ The incoming fields and field types that would be used (input features) to populate the standardized
LGIM data model (target features) and any issues or comments with each field

A B C D E F G H
1 Feature Class Target Field ipti Target Field Name Target Field Type ing Feature Class ing Field Name ing Field Type Ci
2 Asset ID FacilitylD Text, 20 FACILITYID Text, 30
3 Floor Elevation FLOORELEV Double, 0, 0 FLOORELEV Double, 0, 0
4 Wet Well Shape WETWELLSHAPE Text, 1 WWSHAPE Text, 3
> Wet Well WETWELLDIA Double, 0, 0 WWLENGTH Double, 0, 0
5 Wet Well Length WETWELLLEN Double, 0, 0 . WWBREADTH Double, 0, 0
ucture PumpStation

7 Wet Well Depth WETWELLDEPTH Double, 0,0 WWDEPTH Double, 0, 0

Incoming Gravity Main ID | WETWELLINCOMINGPIPE |Text, 50 Need to add in pre- Text, 50 Can add in because have '*-

processing 000" in the DS_STRUC of

3 GravityMain for ones flowing
3 Wet Well Invert Elevation | WETWELLINVELEV Double, 0,0 WW_INV_ELEV Double, 0,0

Asset ID FacilitylD Text, 20 FACILITYID Text, 30 Have to filter for STRUC-TYPE =
0 "M" or "C"
1 Marhole Rim Elevation RIMELEV Double, 0, 0 STt RIMELEV Double, 0, 0
2 Pump Station Service LOCDESC Text, 200 SERVICEAREA Text, 5

In Service ACTIVEFLAG Boolean Need to add in pre- Boolean Have to add boolean field, calc
3 processing by POSTING = 4 for Active
4 Asset ID FACILITYID Text, 20 FACILITYID Text, 30
5 Diameter DIAMETER Double, 0, 0 DIAMETER Double, 0,0
6 Upstream Manhole ID FROMMH Text, 11 US_STRUC Text, 30 Changed LGIM to 255

Figure 10. Example of data cross-walk.

Once the cross-walks were completed for all three organizations, it was further validated that the ESRI
LGIM SewerStormwater dataset would prove a viable option for serving as the standard stage storage
data model.

3.2.2.2 Review of Available Python Scripting Parameters

The second component to the design process was to ensure that the technology selected (python
scripts) would provide what was needed to complete all of the functional requirements. To make this
determination, a functionality matrix was developed (Appendix A) of all the major functional
components and each major component was researched and a preliminary prototype was developed.
The main intention of each of these prototypes was to demonstrate that the functionality required
would be achievable using python scripting from within an ArcGIS toolbox. For example, the prototype
for the ‘Generate Results’ functionality is shown in Figure 11. This prototype was built to ensure that
python parameters and scripting could be used to achieve the generation of a graph and output table
based on calculations provided from the stage storage volume tool. This ensured that the desired
outcome of this particular tool was achievable. A prototype similar to the one shown was developed for
each component of the toolset — from importing of the data, to QC, to results generation.
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ﬂ Step 3: Generate Results

* []TESTTABLE

* ] TESTGRAPH

% TESTGRAPHNAME

* [ TESTEXCEL

% TESTEXCELFOLDER

% TESTEXCELFILE

% GRAPH

I oK

] l Cancel ] lEmrironments...] l Show Help >> ]

Figure 11. Example of toolset prototype to confirm python scripting would accomplish functional requirements.

3.23

Development of Prototype

Aside from ensuring the selected technology would meet the needs of all the functional requirements,

the development of initial tool prototypes lead to a better understanding of:

Tool workflow — how the user should interact with each step of the tool to generate the final results.

Final prototype of tool workflow shown in Figure 12.

Tool layout — how the toolset should be designed within the ArcGIS toolbox as well as within the

ArcGIS ArcMap interface. Final prototype of tool layout shown in Figure 13.

Load data
into
ewerStorm
water

eodatabase
feature
ENY=

Allow user
to select
pump
station to
run

Build tables
that will be
sed for run
in Access
database
nd conduct
QC checks

Figure 12. Prototype workflow from user perspective.
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Figure 13. Prototype map document, toolbox, and scripts.

After the initial prototype was developed, full development started on each component of the toolset to
accomplish the entire user workflow. Development involved updating the ArcMap document interface
(table of contents, symbology, layer names, field properties, etc...), updating and enhancing the ‘Stage
Storage’ toolbox with python scripts, setting of the associated script parameters, and development and
testing of the stand-alone scripts that support each tool. After several development iterations for each
tool, a final toolset (Figure 14) was complete, with details for each tool outlined in Table 1.

e rage - ArcMap, |- [o S
Neda B x t-\'imﬁ? : v‘\\-..:!:rzr:\s:ﬂ FyEam@silies B-0/ 80 AL S TIEY
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[I® Stagestorage_AppendData
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. W # StageSterage_AppendLaterals
, :m.m 10 n [E]E ] outoraseces) P StageStorage_AppendManholes

“ 2 StageStorage_AppendPumpstations
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2 StageStorage_QCResults

2 StageStorage_VolumeResults

Figure 14. Final map document, toolbox, and scripts.
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Table 1. Description of each tool within final prototype toolset.

Tool Name and
Description

Screenshot of Python Script Dialog

Name of Standalone Python Script(s)
that supports tool and modules used

Append Pump Stations —
appends selected user
pump stations to the
ssNetworkStructures
feature class in the LGIM

< Step 1: Append Pump Stations ==

% Pump Station Input Features

Filter PS Input Features by Expression {optional)

[] Load Pump Station field mappings from file: (optional)

File containing Pump Station field mappings (optional)

@ Fadiity ID

‘]
Floor Elevation {optional)

‘]
Wet Well Shape (optional)

“l
Wet Well Length/Diameter (optional)

‘|
Wiet Well Width {optional)

“l
Wiet well Depth (optional)

“
Vet Well Invert Elevation (optional)

‘]
Incoming Gravity Main to Wet Wel (optional)

“l
[[] Save Pump Station field mappings to file (optional)
File to save Pump Station field mappings (optional)

ok | [ cancel | [Environments... | [ showHep >> |

StageStorage_AppendPumpStations
and StageStorage_AppendData — uses
os and arcpy modules

Append Gravity Mains —
appends selected user
gravity mains to the
ssGravityMain feature
class in the LGIM

< Step 2: Append Gravity Mains

BEE)

% Gravity Main Input Features

& ~
| =

Filter Input Features by Expression (aptional)

[ Load Graviy Main field mappings from file optional)

File containing Gravity Main field mappings (optional)

& Faility ID

vl
Dismeter {optional)

vl
Upstream MH Fadiity ID {optional)

vl
D MH Fadility ID (optional)
| vl
Upstream Invert Elevation (optional)

v
D Invert Elevation {optional)
| vl
Service Area (optional)

vl
In-Service {optional)

vl
(] 5et all Graviy Mains s In-Servics (optional)
[_] Save Gravity Main field mappings to file foptional}
File to save Gravity Main field mappings (optional) v

ok |[ cancel | [Environments... | | show Help >>

StageStorage_AppendGravityMains
and StageStorage_AppendData - uses
os and arcpy modules
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Table 1. Description of each tool within final prototype toolset.

Append Manholes —
appends selected user
manholes to the
ssManhole feature class
in the LGIM

<~ Step 3: Append Manhales

# Manhole Input Features

)

Filter Input Features by Expression (optional)

Il
E

] Load Manholz field mappings from file (optional)

File containing Manhale field mappings (optional)

# Fadlity ID

Rim Elevation (optional)

StageStorage_AppendManholes and
StageStorage_AppendData - uses os
and arcpy modules

“l
Service Area (optional)
\ ‘]
In-Service (optional)
\ ‘|
[]Set all Manholes as In-Service (aptional)
[[] Save Marhole field mappings to file {optional)
File to save Manhole field mappings (optional)
ok |[ cancel | [Environments... | [ Show Help >>
Append Laterals — & Step 4: Append Laterals =15 StageStorage_AppendLaterals and
appends selected user "LE"“'I"D“FEE”ES ‘ StageStorage_AppendData - uses os
laterals to the ‘Filter Input Features by Expressian (optional) | and arcpy modules
=
B
SS La t €ra I LI ne fe a t ure [[]Load Lateral field mappings from file (aptional)
C| ass | n th e LG | M File containing Lateral field mappings (optional)
& Fadility ID
\ ~|
Gravity Main ID (optional)
\ v
Service Area (optional)
\ “|
In-Service {optional)
\ “|
[]5et all Laterals as In-Service (optional)
[[]Save Lateral field mappings to file {optional)
File to save Lateral field mappings (optional)
ok |[ cancel | [Envionments... ] [ showHelp >>
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Table 1. Description of each tool within final prototype toolset.

QC data — allows user to
select PS to QC, runs QCs,
returns results in ArcMap
document or in saved
table location, as desired

StageStorage_QCResults and
StageStorage_CreateExportTables —
uses arcpy, adodbapi, and win32api
modules

Generate Results - allows
user to select PS to QC,
runs volume calculations,
returns results in ArcMap
document or in saved
table location, and
updates results layers on
map

<\ Step 5: QC Data == -
& Pump Station to QC
\ v
& Location to store QC tables
\ |
[T Add QC tables to ArcMap (optional)
ok | [ cancel | [Environments... | [ showHelp 5> |
< Step 6: Generate Results =-|0 -
¥ Pump Station to run
\ ~1
¥ Stage Elevation (feet)
\ “|
¥ Location to store Results tables
\ |

[ Add Resuts tables to ArcMap (optional)

ok |[ cencel | [Envronments... | [ showrHelp >>

StageStorage_VolumeResults and
StageStorage_CreateExportTables -
uses arcpy, adodbapi, and win32api
modules

3.3 USER ACCEPTANCE TESTING
A major phase of the design and development lifecycle is to ensure appropriate and comprehensive
testing of the toolset. Testing is iteratively conducted by the developer during the prototyping and
development phases, and issues are resolved during those testing processes, but additional testing from
end users is also required, called User Acceptance Testing (UAT). UAT is where the product is tested in a
scenario that mimics how it will be used once deployed (“real world usage”) and provides the following

benefits:

® Ensures the tool functions as expected and as outlined in the requirements,
® Ensures procedures for using the tool and any associated help documentation actually illustrate how
the tools should be used and confirm they are valid and accurate. By exposing end-users to this
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information early in a development lifecycle, they become familiar with the tools early in the
process, which can achieve reduction in training later in the final deployment stages, and,

Finds issues and errors early in the development process will reduce the time required to resolve
those issues if waiting until design completion to conduct testing.

For the stage storage tools, the following UAT procedures were implemented:

1. The toolset was deployed on a server environment where end-users would typically run the tool for
the City of Suffolk project.

2. Two types of users were selected to test the tool:

a. AGIS Analyst that is intimately familiar with the usage of tools from within the ArcMap
environment and can provide feedback on those specific components of the design.

b. A wastewater Engineer that is intimately familiar with the design and expected outcomes of
the stage storage volume calculations that can provide feedback on those specific
components of design.

3. ATool help function was developed within the tool itself, where overarching information about each
dialog was provided (Figure 15), as well as specific information about each parameter (Figure 16).

4. Tool test steps were developed (Appendix B), which provided a general overview of how to use the
tool but did not provide a detailed ‘step by step’ narration so the user would have to rely on the
information provided in the built-in tool help, therefore being able to identify any deficiencies or
inaccuracies.

5. Atestresults tracking spreadsheet was also provided to the user to document any issues or provide
feedback with each step of the test procedures (Figure 17). This document will be used by the
developer to address any issues and then provide results back to the user for final verification
testing of issue resolution.

~ Step 1: Append Pump Stations M
» Pump Station Input Features Step 1: Append Pump Stations ~
= E This tool is used to assign the input pump station feature class features that will
Bk ik Fdew ey, et (ol = 'be'apper:ded lotl;‘e ‘Pump Station’ layer in [:‘: map document. The target
1w P Sotonfeld s fom e e esred SO e nd sssocimes e mappnge T
File containing Pump Station field mappings (optional)
In order for the stage storage volume calculations to run, all fields are required
- but do not have to be loaded during the append process. They can be updated
S Faciy ) after the features are appended to the target feature class, as desired. A
L "‘ description of each field and how it supports the stage storage volume
Fioor Elevation (optional) calculations is provided below. HINT: All required fields for stage storage
"‘ calculations to run are highlighted in the attribute table of the Pump Stations’
Wwiet Well Shape (optional) ‘ feature class
Wet Well Length Diameter (optional) « FACILITYID - Required during append. Used as unique identifier for pump
v stations and used to populate QC and Results dialog pump station drop-
Wet Well Width (optional) down boxes.

Wet Well Depth (optional) FLOOR ELEVATION - Optional during append but required before running

v‘ of calculations. Used to determine the lowest elevation (base elevation) in
Wet Well Invert Elevation (optional) the pump station senice area.
Incoming Gravity Main to Wt el (aptional) « WET WELL SHAPE - Optional during append but required before running
v‘ of calculations. Used to determine the wet well volume
) (e e 0 B e «+ WET WELL LENGTH/DIAMETER - Optional during append but required
File to save Pump Station field mappings (optional) before running of calculations. Used to determine the wet well volume.

« WET WELL WIDTH - Ogtional during append but required before running %

of caleulations Used tn datarmine tha wet wall vnlume

o Cancel | [Envronments... | [ c<riderep | | Tolheb

Figure 15. Tool help within tool documenting overall usage of each tool, Pump Station append tool example.
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< Step 1: Append Pump Stations == -
& Pump Station Input Features Pump Station Input Features
S
“ | Ri d it feats lass that will be d t d feat to the P
Filter PS Input Features by Expression (optional) Qe P JnaiTe clans iAW | DeLseC 0 append festures taihesump,
| Stations’ layer (ssNetworkStructure in geodatabase).
.
[]Load Pump Station field mappings from file (optional)
File containing Pump Station field mappings (optional)
® Fadiity ID
v]
Floor Elevation (optional)
v]
et Well Shape (optional)
v]
et Well Length/Diameter (optional)
v]
et Well Width (optional)
v]
Wet Well Depth (gptional)
v]
Wet Well Invert Elevation {optional)
v]
Incoming Gravity Main to Wet Well {optional)
v]
[]Save Pump Station field mappings ta file (optional)
File to save Pump Station field mappings (optional)
[ ok ][ cancel | [Envionments... | [ <<Hderep | | Tookel

Figure 16. Tool help within tool documenting each parameter, Pump Station Input Features example.

Templates Resources
H8 - I
A B C D E F G H |
TESTING SECTION RESOLUTION SECTION TESTING VERIFICATION SECTION

1

Tester Developer
2 Name

Test Date Resolution Date
3

Step Test Details ‘ Pass/Fail ‘ Description of Fail Comments Developer Fix Status Pass/Fail ‘ VERIFICATION COMMENTS

4
5 Pass Pass
6

Figure 17. Test document provided to user to track issues/comments with testing.

3.3.1 Test Results

To date, the toolset has received one round of initial UAT. The testers walked through the procedures
and recorded the results in the tracking spreadsheet, as shown in Figures 18 and 19. Overall, the tool
worked as expected and functioned with no critical errors, but the following issues will need to be
addressed:

1. Using the append tools having the fields marked as ‘optional’ but they are really required to run the
tool is confusing to the end users, therefore most of the errors were really not having the correct
data in the tool before attempting to run the ‘QC’ or ‘Volume Results’ scripts.

2. More detailed step by step procedures should be documented and provided in the help, directly in
the tool to assist users in ensuring they are appending the data and interpreting the QC results
accurately.

3. Users did not understand you could edit the data from within the source database once desired
features and fields were appended, this needs to be better documented and examples provided.

4. Afew errors messages were misleading, and did not truly cause a failure of the tools, so these need
to be changed to informative messages for the user and not handled as errors.
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A B C D = E G H
TESTING SECTION RESOLUTION SECTION TESTING VERIF
1
Tester Beckie Haney Developer
2 |Name
Test Date 11/12/2015 Resolution Date
3
Step Test Details Pass/Fail Description of Fail Comments Developer Fix Status Pass/Fail VEI
4
- 7 Open Step 5 Pass
; 8 Fill out & run Step 5 Pass
9 QC tables added to ArcMap
5 Pass
10 Fix problems found in QCs | went to append manholes | really like how the
to change my select mapped fields are a
statement and received different color in the
this error even though | did  attribute table. Makes
not check the box to save it easier to figure out
the manhole field where problems
mappings. After adding need to be fixed.
Nodes to my select
statement | am still having
some structures not show
up and | cannot figure out >
6 why...
| went to append laterals | like how | can run < Step 4: Append Laterals
because | made a mistake these tools again e
s0 | used the map fields without having to S T  SiageDeta, ™ =
from file option. The fields close out ArcMap; Fiter Irgut Features by Expresson (sptons) . ’7
didd not man carrecty Incks have nat heen L L L L N 1]

Figure 18. Test results for GIS Analyst.
€21 - fx

C F
TESTING SECTION RESOLUTI¢

1

Tester Monica Quinones Developer
2 Name
Test Date 11/14/2015 Resolution Date

3

Step Test Details Pass/Fail Description of Fail Comments Developer Fix

10 1 issue for

QC_PumpStations.

See screenshot

QC indiicating

issues for

"ACTIVE"CHK" field

Pass for all QC's. Since it

was common |

thought it was ok to

continue

For laterals Issue

arised for field =

17 TUGM_CHK

18 11 Running Results
12

Got error but not
sure if it was the
same as we
discussed. See
screenshot #6
Didn’t get the tables
and graph as

Figure 19. Test Results for Wastewater Engineer.

4 RESULTS

The results of the design, development, and implementation of the toolset can be determined by
illustrating the success of the UAT as well as the success of the technology that was selected.
Additionally, the goal of the toolset is provide long-term viability and usage, so throughout the duration
of the project, additional requirements were identified for future versions of the tool.
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411 UAT Results

After the UAT results were received, it was determined that the major functionality of the toolset has
been accomplished (as outlined in Section 3.1 and Appendix A), with some minor fixes needed on each
tool. The test results are being reviewed, resolutions are being implemented, and feedback will be
provided back to the users. They will use the feedback to retest the failed portions of the test results
and confirm the issues have been resolved, as shown in Figure 20.

Step Pass/Fail Description of Fail Cc t: Developer Fix Status Pass/Fail VERIFICATION COMMENTS
4
10 1 issue for Use the 'Set all Ready for retest
QC_PumpStgtions. |features as Active'
See screenshpt. option in the append

QC indiicating issues |dialogs, or you can
for "ACTIVE"CHK" |edit the data directly
field for all Q¢'s. and set all Active = 1
Pass Since it was and all InActive = 0.
commeon | thgught it |See tool help on this
was ok to cofftinue [field. Stage storage
For laterals Ilsue will only use active
arised for fielfl = features.

TUGM CHK

Developer provide comments back to user of resolution and asks for
retest verification. These iterations will continue until issue resolved.

Figure 20. Example of developer resolution comments back to user for additional testing.

The last phase of the design and development is to document and deploy the final toolset. Due to the
nature of this project, that phase will require ultimate acceptance by the City of Suffolk, and possibly
other localities that they would like to adopt and use this tool to develop stage storage volumes moving
forward. At that time, a final deployment and usage of the tool will be planned and implemented with
the organization.

4.1.2 Technology Selection

In addition to ensuring the functionality of the toolset would ultimately provide what was intended, the
other goal of this project was to ensure the selected technology, ArcGIS ArcMap with a toolbox using
python scripts, was a success and accomplished the following goals:

1. Had to be a platform that was accessible by most of the organizations in the Hampton Roads
region, which would be the main focus for the tool distribution,

2. Had to be readily available as part of an out of the box (OTB) solution and would not require any
additional components that would cause users to incur additional costs, and,

3. Had to be easily updated/customizable by normal GIS users, without the need for specialized
training in advanced coding technologies, like C#, .NET, etc...

In order to accomplish these goals, some very critical components of the out of the box python scripts
were leveraged:

e Python Parameters (Figure 21) — python parameters represent all of the parameters available to the
user in each dialog box for input about how they want to run each step of the tool. These
parameters have been exposed by ESRI for use in python scripts and are the same parameters they
use in the ArcToolbox dialogs, therefore offering the same built-in functionality. The use of these
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parameters saves time and effort by eliminating the need to write custom code or build custom user
interface dialogs.
® Tool Validator Class (Figure 22) — the tool validator class has also been exposed as a python script
properties to allow the developer to write custom code for interacting with the user as they provide
values in the dialog boxes to the parameters. For example, if the user selects the wrong type of file
for storing the field mappings during append, this class can be used to send messages back to the
user to resolve before the tool can proceed with execution.
® arcpy modules (Figure 23) — each tool used modules available, for free, for use with the out of the
box arcpy scripting provided with ArcGIS Desktop, including:
o arcpy — python site package that ships and is loaded with ArcGIS Desktop software.
o win32api— python site package that extends functionality through python with Microsoft
windows, including interaction with Microsoft Office products (free for download).
o adodbapi — python site package that ships with Python 2.7 (10.1) and greater in ArcGIS
Desktop and can be used to extend interaction with data sources, like Microsoft Access.

General | Sour ? Parameters Vlidation Help General | Source | Parameers | Validation ll-lm
- |

Display Name Data Type - impoxt arcpy o
class ToolValidator (object):
"wnClass for validaving  tool's parameter values and con
the behavior of the tool's dizlog.”"

Load Pump Station f... Boolean
File containing Pum...  File

m

Save Pump Station f... Boolean
File to save Pump St... File
Pump Station Input ...  Feature Class

Filter PS Input Featu... SQL Expression def initializeParameters(self):
! . "MrRefine the properties of a tool's parsmeters.  This 1
-
PS Facllity ID Field called when the tool iz opened.™"

def _ init_ (self):
"""Setup arcpy and the list of tool parameters. """
self.params = arcpy.CetParameterInfol)

* B

4 i} 3 self.params[l].ensbled = False
self.params[0].category = "Pump Station Field Mappings [[=
Click any parameter above to see its properties below, self params[1] category = "Pump Station Field Mappings
self.params[Z].category = "Pump Station Field Mappings |
Parameter Properties self.params[3].category = "Pump Station Field Mappings |
return
P
Ruperty ualuc def updatebarameters(self):
Type "mrModify the values and properties of paramesers befor
validstion is performed. This methed is called wheneve:
Direction has been changed.™""
Multivalue =

# enable or disable the file location to import field my
Default if self params[0].value == True:
self. params[1].ensbled = True

Environment elme-
Filter self.params(1].value = "*
self.pazams(l].enabled = False
Obtained from - # enable or disable the file location to save field map)
if sslf.pszams[2].valus = True:
=elf perams[3].ensbled = Trus
. -
To add a new parameter, type the name into an empty row in the elze:
name column, click in the Data Type column te choose a data type, 4 L1 >

then edit the Parameter Properties.

l oK I l Cancel I Apply Apply

Figure 21. Parameters property of ESRI python script. Figure 22. Tool Validator Class property of ESRI python script.

ort arcpy, adodbapl, StageStorage CreateExportTables
arcpy import env

t win32Zapi

win32com.client import Dispatch

Figure 23. arcpy and arcpy modules available for free use.

4.1.3 Recommendations

At the onset of the project conception and throughout the project design and development, additional
requirements were identified that could not be implemented during this project timeline but would be
desired in future versions of the toolset. It is recommended the following requirements are reviewed
and implemented, as necessary, in future versions of the toolset:
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* Full migration of all stage storage calculations that currently reside in Microsoft Access to a python
script that can referenced by the tools.

e Addition of tool to automatically re-create the LGIM geodatabase from an XML workspace
document, if desired.

e Packaging of toolset in a manner that would allow for deployment on any environment, in any
location, without any constraints on folder structure, etc....

5 CONCLUSION

At the conclusion of this project, a toolset has been developed that meets the following functional
requirements (as illustrated in Figure 24):

® Imports of a variety of data schemas into a standard geodatabase template for consistent usage in
the toolset, specifically the ESRI Locality Government Information Model (LGIM) for wastewater.

® |ntegrates the data review and quality control processes with a spatial visualization component
(through ESRI ArcMap interface) that provides the user with the ability to visualize which assets in
the system would experience storage and/or surcharge.

® Provides the user with a single toolset that supports the import, calculation, visualization, and
quality control procedures required to generate accurate stage storage volumes.

Continued resolution of issues found during testing, final testing, and final deployment (if adopted) will
be the final stages of completion.

[«] StageStorage - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Deds B d-[1® V] EEEEE I RQEQ .08 @ ZIABRITRY
@B & o NaE Page Tt~

A00%
“Standardized 'data model.

~' Catalog B x

002001
®

= 2 SewerStomuater
= B Overfiow Manholes

Integration with ArcMap. toolset

ata

E mp Stations

# £ ToolData
= @ Stege Storage tox
Step 1: Append Pump Stations
Step 2 Append Gravity Mains
ppen s

"oy

1)
= B Manholes

O,

e
= @ Lateral Lines

ity Mains

® OverflowMH: joined
2 hargedGMs joined =1 C\Prog (EENATCGIS\Desktop10.2\TemplateData
=] floway\Documents\ArcGIS\
— gz
=] o020
=l
=l  Tools\RHM S Submittals\Fo
. g
o
. . . 002-00 v
Integration with Quality Control Procedures. >
Dbl 2% | © B Ready-To-Use Services
Jable
ERERLL
QC_GravityMains x
OI0 | FACILITYID | FACID_CHK | DIAMETER | DiA_Chk | FROMMH] FROMMIH_CHK| TOMA | TOMH_CHK| UPELEV | UPELEV_Cik | DOWNELEV] DOWNELEV_C] LOCDESC] Lo
ST oozom ok 5ok 002011 issue G02-004 [ oK ETS 2494 oK w2 [oK
< ] >
1 1 n [E|= ] 0outof 1 Selected)
< ] > | | Manholes J{ticGraviibains] < [0 >
12040972535 3433746758 Feet
131PM
g [C[Ql M- BE S

Figure 24. Final toolset.
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APPENDIX A — FUNCTIONALITY MATRIX




Func‘tlonallty Functlonah?y pse Additional Information Python Parameter or Design Approach
Requirement # Case Description
1. Use of the most N/A Will require import of the following feature See ‘DataConversion_Documentation.xIsx” for
recent ESRI Local classes and fields from user’s sanitary sewer how the data will be stored using the LGIM for use
Government GIS: with the stage storage tool.
Information Model for p Station: L . .
sanitary sewer as the o ump Station: fE‘O]eCtlon will be set for the packaged tool using
standardized . ¢
Asset ID, Text ‘NAD_1983_StatePlane_Virginia_South_FIPS_45
geodatabase template . .
=  Floor Elevation, Number 02_Feet’ coordinate system. Tool can be set-up
= Wet Well Shape, Text for any coor.dlnate system. Refer to ‘Tool set-up
documentation.
= Wet Well Width/Diamet
lembei idth/Diameter, In order for the assets to relate back to a pump
station, then will add or use the LGIM’s “Location
=  Wet Well Length, Number Description” field to the manholes and gravity
. mains that will have to include the Pump Station
Wet Well Depth, Number Service Area by Pump Station Facility ID.
=  Wet Well Invert Elevation,
Number
=  Incoming Gravity Main ID,
Text
o Manholes:
= Asset ID, Text
= Rim Elevation, Number
= Structure Type, Text
=  Shape, Text
=  Width/Diameter, Number
=  Length, Number
o  Gravity Mains:

Asset ID, Text
Diameter, Number
Upstream manhole ID, Text

Downstream manhole ID,




Functionality
Requirement #

Functionality Use
Case Description

Additional Information

Python Parameter or Design Approach

Text

= Upstream Invert Elevation,
Number

=  Downstream Invert Elevation,
Number

o Laterals:
= Asset ID, Text
=  QGravity Main ID, Text

Projection information has to be stored in feet
(horizontal and vertical).

Laterals is currently not used in the tool and will
be incorporated as part of this project. Need to
count the number of laterals per gravity main
and then assume a volume for the laterals as
currently done for sewer accounts by gravity
main.

If the users Asset IDs do not relate to the pump
stations, have to figure out a method for
determining the correct assets to include in
analysis. May have to use a geometric network
for this to work.

2a. Tool for user to
import their sanitary
sewer GIS data into the
standardized
geodatabase template
and save import
configurations for later
use

User will open an
interface that will allow
them to locate and
select the feature
classes they want to
import per type of
feature. The interface
will also allow them to
map the correct fields to
use during import, for
example, a field called
‘Diam’ in the incoming

If gravity mains do not store the upstream and
downstream manhole IDs then tool needs to
allow the user the choice to generate these
values during the import from the connectivity.

If pump station does not store incoming gravity
main ID, then tool needs to allow the user the
choice to generate this value during import from
the connectivity.

If laterals does not store gravity main ID, then
tool needs to allow the user the choice to
generate this value during import from the

Will use “Field Mappings” python parameter for
the imports

Will use a combination of “Boolean” and “File”
python parameters to indicate if user wants to save
the import field mapping, which can be saved as a
text file.

Will use a combination of “Boolean” and “File”
python parameters to indicate if user wants to
import field mappings instead of building new.

Will use “Booleans” to allow the user to decide to:
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gravity mains feature
class may become the
final field called
‘Diameter’ in the
template gravity mains
feature class. The
interface will then
allow them to trigger
the import and will
provide feedback if an
eIror occurs.
Additionally, the
interface will allow the
user to save their import
configuration for future
use.

connectivity.

In order to save the configuration, will also have
to provide a means to import the configuration
file if they want to use it again later.
Configuration files should be saved by feature
class type (i.e. pump station, gravity main).

If the fields are not the same data type, then the
tool needs to allow the user the choice to convert
the field data types during import.

Allow user to assume all manhole diameters of
48>, if desired.

If data already exists in the template
geodatabase, allow the user to overwrite existing
features.

User can import entire system or just specific
service areas.

o  Determine/store upstream and
downstream IDs during import

o Determine/store incoming Gravity Main
ID during import

o Assume all manhole diameters as 48”
Will delete existing features by default

For the gravity main ID in laterals and incoming
gravity ID in pump stations data generation, will
have to use a spatial selection and grab the gravity
main that is at the “ToNode’ of each lateral and
grab the gravity main id that snapped to the pump
station at the “ToNode’, respectively

2b. Tool for user to run
quality control (QC)
checks on data after
import

Once the data is
successfully imported
without errors, the next
step is for the user to
run some quality
control checks on the
data to ensure it is valid
and accurate for use in
the stage storage
volume calculations.
User will open an
interface that will
provide them some
preconfigured QC
results that the user can
use to address the
issues either directly in
the imported data or by
fixing the data and

User can edit the data directly in the template
database and refresh the quality control checks.

Minimum QC checks will include:

o Valid values in all the required fields
listed in Requirement 1

o Valid connectivity (i.e. no missing
manholes)

o Negative slope pipes

Will use “Table” python parameter to store
location of QC tables

Run python code to access QC queries set up in
Access and return those as tables

o Ask user if wants to load results in
ArcMap

o Run network checks to list out
connectivity issues
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reimporting.

2c. Tool for user to run
stage storage volumes,
view results in tabular
and graphic format,
and export results to
Microsoft Excel

Once all data is
imported and QC’d,
user will open an
interface that allows for
the generation of stage
storage volumes at
various stage elevation
changes in the pump
station wet well. Once
the storage volume
calculations are
complete, the results
will display in the
interface in tabular and
graphic format.
Additionally, the
interface will allow the
user to export their
results to Microsoft
Excel.

Logic from existing tool will be used and no
engineering calculations will be modified.
QC of storage volume calculations will be
achieved by comparing the volumes using the
new tool to the volumes using the old tool — they
should be equivalent of logic from old tool was
migrated correctly.
Changes in stage elevations in wet well will
range from 0.1 — 1.0 feet, in 0.1 foot increments.
Tabular format will be a table showing:

o Stage
Stage Elevation
Wet Well Volume
Gravity Main Volume
Ungula Volume
Manhole Volume

o Total Volume
Graphic format will be a line graph showing the
stage elevation (feet) against the volume of the
wet well (cubic feet).
Export to Excel will include tabular results only.

O O O O O

Will use “Boolean” python parameter to let user
decide what results to generate, including:

o Table of volumes

o  Graph of stage versus volumes

o Export to Excel
Will use the “String” python parameter to store the
name of the graph and the table
Will use “Folder” and “String” python parameters
to allow user to save location and name of file for
Excel to export
Use python to return the table and graph to the
ArcMap document as results
Will use pyodbc or other python modules
(win32.com/Dispatch) to access queries and run
results in Microsoft Access stage storage database
and return as table to use for table and graph
creation

3a. Visual display and
linkage to imported
sanitary sewer
information in

User will access the
imported sanitary data,
geodatabase, and
toolset through a

Tool should verify that the appropriate layers
from the standard geodatabase are present and
warn users if they are not before the tool can
run.

Use the arcpy.mapping and other arcpy modules as
necessary to check the appropriate layers and
database connection prior to importing any new
data

standardized standardized template Layers in geodatabase include: Pump Station,
geodatabase template in ArcMap. The map Manholes, Gravity Mains, and Laterals.
in ArcMap document will provide Other layers can be added or removed as desired
layers that are already by user.
symbolized with a
standard convention.
3b. Visual display and | Once results are Results should include (at overflow stage): Will create symbolized results layers ahead of time

linkage to stage storage

generated, the map will

o Highlighting of pipes/manholes that

that will be refreshed using arcpy.mapping and
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results in ArcMap

automatically update
with the results of the
stage elevation where
the overflow occurs.
The map document will
provide layers that are
already symbolized
with a standard

contain sewage.

Highlighting of overflow manhole.
Label at pump station indicating
volume of sewage in the wet well and
wet well level.

Labels on assets that contain the
volume of asset, volume of sewage in
asset, and % full.

other modules as necessary

convention. Tool should allow user to add results table into
ArcMap document, if desired.
4. Development of help | User will have help Need to include information on how to define

documentation for end
users

documentation that
provides the necessary
information for set-up
and usage of the
geodatabase, toolset,
and ArcMap template.

projection appropriately.
Help documentation should include:

O O O O

(@)

System requirements

Background information

Set-up and installation of toolset
Step-by-step instructions on how to use
tool and generate results

Any ‘Tips and Tricks’ for tool usage
(like not removing required layers,
etc...)
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How to run Stage Storage Tools in ArcMap

1. Log-onto Suffolk Rackspace GIS server.
2. Toolis located at S:\GIS\Working\sholloway\StageStorageTool_v2.0
3. Open the StageStorage.mxd shown below

| A gis-app - 192.168.100.42 - Remote Desktop Connection - e

LAIS] A0 LR =

»

File Home Share View
{é) -~ 1“ | » Computer » Share(S:) » GIS » Working » sholloway » StageStorageTool v2.0 »

3 Favorites Mame - Date medified Type
B Desktop I\ Archive File folder
18 Downloads || Field_maps File folder =
£ Recent places | Scripts File folder

. Set-up File folder

4 Libraries |, SOL Selects File folder
|5 Documents || Test_QC_Data File folder
o) Music I. Testing File folder
=) Pictures || ToolData File folder B
B videos = How to run Stage Storage Tools in ArcMap Microsoft Word |

ArcGlS Toolbox
ArcGIS ArcMap [

1M Computer StageStorage
i, Local Disk (C:)

s Local Disk (D:)

5 Share (5:)

5 Admin (T:)

8 AGS (L)

5 DS (\\636206-GIS-DeviWeb1) (X:)
5® Con HROF1Z4LX1

G‘j Network
4 | —— »

4. When mxd opens, open the ArcCatalog window by selecting the button on the standard toolbar
as shown below. Select the Catalog tab on the right of the window and navigate to the Stage
Storage Toolbox (Stage Storage.tbx) and double-click. You can ‘pin’ the Catalog window to the
right by selecting the pushpin icon.

app - 192.168.100.42 - Rel

tatorage - ArcMap &

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

W ERELE g — =, |7 -L=[ECET B R R AL BRI FEE TRl

g 2 = B foog e £ -
2 Catalog
Editor~| AR }s B = :
= Open the Catalog window to
access and manage your data. -
Table Of Contents i @ Press F1 for more help.
BGE|H

= <7 Main Map
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Location: ‘j" Step 1: Append Pump Stations v

I | Gojeien & I

=l (5] Home - Sholloway\StageStorageTool_v2.0
+ [ Archive

=] Field_maps

Scripts

3 Set-up

5 SQOL Selects

5 Testing

3 F F FH E

L Stage Storage.thx
5" Step 1: Append Pump Stations
&' Step 2 Append Gravity Mains
5 Step % Append Manholes
5 Step & Append Laterals
5 Step 5: QC Dats
5" Step 6 Generate Results

m

y y
= 3 Folder Connections

5. Now you are ready to run the tools!

a. Step 1-4 will append the required features into the SewerStormwater.mdb that is
located in the ToolData folder. This is the database that the stage storage tool links to.

b. Step 5 will run QCs on the appended data and return results of features with issues

c. Step 6 will run the total volume calculations and will return a table, graph, and will
update the ‘Stage Storage Results’ layers in the table of contents

6. To append all the required data:

a. Pump Stations — run Step 1: Append Pump Stations by double-clicking the script icon
and the python dialog will open below

=f Step 1: Append Pump Stations |L|i-

 Pump Station Input Features

[ I

Filter P5 Input Features by Expression {optional)
[ |
s

[[] Load Pump Station field mappings from file (optional)

File containing Pump Station field mappings (optional)

® Fadiity ID
\ v

Fioor Elevation (optional)

\ v
Wet Well Shape (optional)

\ v
Wet Well Length/Diameter (optional)

\ v
Wet Well Width (optional)

\ v
Wet Well Depth (optional)

\ v

Wet Well Invert Elevation (optional
“|

Incoming Gravity Main to Wet Well (optional)

[ Save Pump Station field mappings to file {optional)

File to save Pump Station field mappings {optional)

| oK ‘ | Cancel | ‘Environmems..‘ | | Show Help »>




b. The dialog box should open as shown below.

< Step 1: Append Pump Stations I;‘i-
® Pump Station Input Features ] Step 1: Append Pump Stations A
=
=)
This tool is used to assign the input pump station feature class features that will
Fil =
e = be appended to the Pump Station’ layer in the map decument. The target
a feature class is the ssN in the * geodatab
[ It ok k] bomensent e e under the ToolData' folder. Use the dialog box to enter the input feature class,

desired SQL filter, and associated field mappings
File containing Pump Station field mappings (optional)
In order for the stage storage volume calculations to run. all fields are required
e — but do not have to be loaded during the append process. They can be updated
after the features are appended to the target feature class, as desired. A
description of each field and how it supports the stage storage volume

Figor Elevation (optional) calculations is provided below. HINT: Al required fields for stage storage
vl calculations to run are highlighted in the attribute table of the ‘Pump Stations’
Wet Well Shape (optional) feature class

Wet Well Length/Diameter (optional)

FACILITYID - Required during append. Used as unique identifier for pump
v‘ stations and used to populate QC and Results dialog pump station drop-
Vet Well Width {aptional) down boxes.

Wet Well Depth (sptional)

.

FLOOR ELEVATION - Optional during append but required before running
V] of calculations. Used to determine the lowest elevation (base elevation) in
S (optional) the pump station senice area.

.

Incoming Gravity Main to Wet Well (optional) WET WELL SHAPE - Optional during append but required before running

V] of calculations. Used to determine the wet well volume
W T e R T ] + WET WELL LENGTH/DIAMETER - Optional during append but required
File to save Pump Station field mappings (optional) before running of calculations. Used to determine the wet well volume.

WET WELL WIDTH - Optional during append but required before running
of calculations Ulsed tn determine the wet well volume

oK Cancel | [Environments.... | | <<HdeHep | ToolHep

i. To determine what is needed in each parameter, just place the cursor in the
parameter and the help window will update for that parameter.

Step 1: Append Pump Stations = o .
© Pump Station Input Features Pump Station Input Features
[ N
Required input feature class that will be used to append features to the Pump
Filter PS Input Features by E: tional
Ates B gt Eeatives by Expreson (ophoncl), | Stations’ layer (ssMNetworkStructure in geodatabase).
] Load Pump Station field mappings from file (aptional)
Fle containing Pump Station field mappings {optional)
# Faciity D
~|
Fioor Elevation (optional)
v|
Wet Well Shape (optional)
v|
Wet Well Length/Diameter (optional)
v|
Wet Well Width (optional)
v|
Wet Well Depth (optional)
v|
Wet Well Invert Elevation (optional)
v|
Incoming Gravity Main to Wet Well {optional)
v|
[[] Save Pump Station field mappings to file (optionsl)
Fle to save Pump Station field mappings (optional)
| oK | | Cancel ‘ ‘ Environments... ‘ ‘ << Hide Help ‘ ‘ Teol Help

ii. To see overall help for the tool again, just click anywhere in the grey area on the
dialog window.

iii. To close the Help, just select ‘Hide Help’. To show Help again, just select ‘Show
Help'.

c. Select the input features that will populate the pump station feature class by navigating
to the GIS database already provided here:

S:\GIS\Working\sholloway\StageStorageTool_v2.0\Testing.

i. Note: Data from previously run volumes has been provided in order to be able
to compare the results from this tool to the original tool. The only difference is



that the laterals have been added to the geodatabases from the previous runs
because this tool now calculates lateral volumes based off of the laterals in the
GIS. So some difference in volumes is expected, but should equal the total
lateral volume for that station.

1. Haney will be testing PS 004 data that was run on 05/12/2014 which is
located in the geodatabase at
S:\GIS\Working\sholloway\StageStorageTool_v2.0\Testing\Haney\004_
StageData_20140512.mdb

2. Quinones will be testing PS 120 data that was run on 04/02/2015 which
is located in the geodatabase at
S:\GIS\Working\sholloway\StageStorageTool_v2.0\Testing\Quinones\
120_Stage_Data_20150402.mdb

In order to bring in only the Pump Station you want to run, you can then enter a
filter in the ‘Filter PS Input Features by Expression’ parameter. An example
selection has been provided in the ‘SQL_Selects’ folder called
‘PumpStation_Select.exp’ that can be loaded and changed for the desired pump
station.

The first time running the tool, field mappings will not be available, so map each
field as shown in the figure below. If desired, save the field mappings once they
are complete to a desired location for later use.

1. Note: Field maps can be used over and over again for any pump station
as long as the same feature class with the same schema is selected for
the input features.

2. Note: The text file to be saved must already exist. So create a blank text
file before pointing to it in tool.

iv. An example of a completed append dialog is shown below.

1. Note: For Suffolk, Incoming Gravity Main to the Wet Well is not
available in the Pump Station feature class, so that field is not mapped
and left blank. There are two options for this field:

a. Can update the values once appended into the geodatabase
(option that will be selected for this process).

b. Can create afield in the incoming GIS feature class that stores
this data.



< Step 1: Append Pump Stations I;‘i-

Pump Station Input Features
|5:\GIS\Transfer\Puhlmes,FromSuffoIk\PUhlmas.gdb\PufSamtary\PumpStahon |

Filter PS Input Features by Expression (optional)
[Facimvm =002 |

[ Load Pump Station field mappings from file (optional)

File containing Pump Station field mappings (optional)

Fadiity ID

FACILITYID W
[Fac \

Floor Elevation {optional)
[ FooreLev vl

Wet Well Shape {optional)

[ wwsHape v

Wet Well Length/Diameter {optional)
WWLENGTH vl

Wet Well Width (optional)

[ wweREADTH vl
Wet Well Depth (optional)

[ wwpepTH vl
Wet Well Invert Elevation (optional)

| WW_INV_ELEV v ‘

Incoming Gravity Main to Wet Well (optional)

Save Pump Station field mappings to fille {optional)

File to save Pump Station field mappings (optional)
| 5:\GI5\Working'sholloway\StageStorageToal _v2.0'Field_maps\StageStorage_PS_fieldmap. bt |

| oK | | Cancel | ‘Enwrcnmems... | | Show Help = |

d. Finish all the remaining Step 2 — 4 using the same procedures as outlined for pump
stations above. When all appends complete, should be able to zoom to all layers and
see your data in the map. Figure below shows example once all appends complete for
PS 002.

i. HINT: Remember to filter data coming in!! There are sample select expressions
in the ‘SQL_Select’ folder that can be adjusted for desired pump station

ii. Note: The gravity mains, manholes, and laterals have an ‘In-Service’ option. If a
field cannot be mapped to update that from the GIS, you can just select the
option to set all gravity mains to In-Service.

Once all data is appended, it’s time to run the QCs to ensure the data is complete and valid
before running the volume calculations. To run the QCs, just double-click Step 5: QC Data script
and the dialog below should appear.



c‘mmswmtnqc | ~ | step5:QC Data ~
v
& Location to store QC tables This tool will run several QCs that will check for the completeness and accuracy
] @ of the data in the Pump Stations, Manholes, Lateral Lines, and Gravity Mains
layers. Results will be retuned in a table (dbf) in the desitnation selected by the

[+] Add QC tables to ArcMap (optionial) user and added to the ArcMap interface, if desired

v

[ ][ cocdl |[Ema [ <cticerep | [ Toolrep |

8. Runthe QC by selecting the desired pump station, location to store output tables, and if tables
should be added directly to ArcMap as shown below. Click on each parameter or grey area in
dialog to update help information as desired.

Pump Station to QC Step 5: QC Data

[002 v]

E Location to store QC tables This tool will run several QCs that will check for the completeness and accuracy

[sne a |_v2.0\Test_QC_Data ] @ of the data in the Pump Stations, Manholes, Lateral Lines, and Gravity Mains
layers. Results will be returned in a table (dbf) in the destination selected by the

[¥] Add QC tables to ArcMap (optional) user and added to the ArcMap interface, if desired.

& ] (o | | [ | [

9. Once QC run, tables will show up in ‘Source’ tab of table of contents as shown below (if that
option was selected) or can be added by the ‘Add Data’ button.
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10. Right-click on each table and view attributes (see example below). Only failing records for each
feature class will show up. If the field is good, it will say “OK” in the fieldname_CHK column. If it
has an issue, it will say “Issue”. Most of the issues will be missing data and/or connectivity

issues. To address issues, you can do the following:

a. For missing values, you can edit and/or calculate the values directly in the stage storage
geodatabase or you can fix your datasource and reappend the features, then rerun the

QCs.

b. For connectivity issues, you can edit or fix issues directly in the stage storage
geodatabase or you can fix your data source and re-append the features, then rerun the

QCs.

i. HINT: Sometimes the connectivity issues is just bringing in the correct types of
features and simple adjustment to the select query used during the append will
resolve any issues. For example, in the QC_GravityMains shown below, there
was an issue with the FromMH_CHK, which when | went back to look, | did not
correctly append that manhole because it had a type of node. Fixed select
statement, reappended, and the issue went away.
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11. Once all QC’s come back clear, it’s time to run results! To run the results, just double-click ;Step
6: Generate Results’ script and the dialog below should appear

3 .| Step 6: Generate Results A

This tool will run several QCs that will check for the completeness and accuracy
v of the data in the Pump Stations, Manholes, Lateral Lines, and Gravity Mains

layers_ it will then run the stage storage volume calculations for the salectad
pump station Results will be retumed in a graph that will automatically generate
in the ArcMap window and a table (dbf) will be saved in the destination selected
by the user and added to the ArcMap interface, if desired

% Location to store Results tables
\ | &l

] Add Resuts tables to ArcMap foptional)

=l | [ <<tidereo | [ Tooneb |

12. Run the results by selecting the desired pump station, location to store output tables, and if
tables should be added directly to ArcMap as shown below. Click on each parameter or grey
area in dialog to update help information as desired.
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13. As calculations are running, a dialog will indicate the progress. When complete, the graph,
Results_TotalVolumes, Results_OverflowMHs, Results_SurchargedMHs, Results_SurchargedGMs
tables will automatically add to the map document. As well, the joined tables that update the
‘Stage Storage Results’ group will also be automatically updated. This is so you can see the
results of the current run easily but save old results too, if desired.
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14. To view results on map, just turn on the group layer as shown below (turned off by default).
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15. If desired, you can right-click on the graph and export results to desired format. You can also
copy and paste results volumes into Excel if desired.

Prerequisites:
®  ArcGIS Desktop Advanced 10.2 or higher
e Python 2.7 or higher (installed in C:\Python27\ArcGIS10.2 folder)
e Win32com client and adodbapi that are installed in C:\Python27\ArcGIS10.2\Lib\site-packages
®  Microsoft Access 2003 or higher



