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Introduction

The City of New Haven and the New Haven Water Pollution Control Authority operate a
wastewater collection and treatment system which serves over 100,000 residents in the City
of New Haven, and through inter-local agreements, the Towns of Woodbridge, Hamden,
and East Haven. This service area includes both combined and separated sewers. Many
older neighborhoods are served by a single sewer system designed to collect both sanitary
sewage and stormwater runoff (a combined sewer). Other areas are served by two separate
sewer systems: one to collect sanitary waste and the other to collect rmwater runoff ( a
separated sewer). &
r

During dry weather, New Haven’s sewer systems transport 4:9% Bation of sanitary flow
and groundwater infiltration to the East Shore Wastewaterd{¥eatmegt Pla
dry weather flows receive secondary treatment at the Babtshore plantsDt

weather, large quantities of stormwater enter the cogﬂ:med s@gﬂr systef. Asa result,
portions of the system may become overloaded, and ¢y '
surface watérs,

A facﬁlty plan, Whlch evaluated alternative - ;
overflows (CSOs), was completed in 1981 and %

1D m.;,1988 The plan evaluated controls
required to convey, treat, or store OVq.rffc?% as

with a 10-year storm. The plan

concluded with the recommenda "_ _ eparation was the most cost-effective
method of meeting the evaluatio# k tsvard constructing separate sewers is
now approximately 35 percent cox _ € of the significant advancements in
regulatory requirements ﬁﬁ"!'géhqo ] issues, the City has decided to reevaluate this
approach. '%,gf-

The objective of this pr" jeckis to d%v op a long-term plan which mitigates the impacts of
CSOs in a cost effective I tally sensitive manner. The general objective of

Task 2 is to develop and calibzaled computer model of the East Shore WWTP’s sanitary
sewer collection system. Thxs%del will be used to evaluate the performance of the
existing sewer system and to evaluate alternative CSO control strategies. To manage and
maintain data used by the model, a geographic information system (GIS) will be
constructed.

This memorandum documents the specific programs, tools, methods, and the limits of the
service area to be included in the proposed model. Specific topics addressed in this
memorandum include:

e Objectives of the Model: The objectives of the model are discussed. Issues which must
be addressed or directly supported by the model are identified. These issues include:
computation of CSO volumes and frequencies, estimation of pollutant loads, evaluation
of hydraulic bottlenecks, and evaluation of CSO control alternatives.

¢ Model Requirements: Features or processes which must be included in the model to
support its objectives are discussed. These features include computational procedures
related to modeling specific processes (storm water runoff, the hydraulic characteristics

BOETM2C612.00¢ 1



of su.rcharged sewers, seasonal fluctuations in infiltration), and those features relating to
convenience (graphical interface, links to GIS).

o Alternative Models: The general capabilities of four models considered for this project
are outlined. The strengths and weaknesses of the models are rated, and a system of
tools are identified for use in this project.

« Data Requirements: Data required to support model development and calibration are
discussed. The discussion addresses the specific data needs for the model (pipe
diameters, materials of construction, land use characteristics, population estimates).

e Baseline Conditions: The limits of the service areas to be included in the model are
identified. The different approaches used within the City of N ew Haven and in the

neighboring service areas are discussed. The scope and status4 ! -going sewer
separation projects is discussed and those projects to be inclutled in the baseline
conditions model are identified. Approaches for modeling Lef at&e sanitary and the
stormwater systems are described. i iarﬁ' Sy

This discussion identifies the facilities to be inclt their attribute-

data, data types, formats, and naming conventior 5511;
iy,

» Data Conversion Plan: The plan for const{ffé%;he pi e&fé’s GIS and model database is
documented. This discussion includes d" & mﬁbn,p the processes used in
.
translating data from the original paper Hon drawings to GIS coverages,

and the linkage between the GIS_;!’.‘nd ﬁ’ie hy&ga fc models.

- i]l"

» Pilot Testing: Pilot tests will & @rfo:;mﬁ'éﬁan &Fﬂ,ﬁmll portion of the study area prior to
building city-wide database coxe Sietag ee#' Thesitests are designed to identify potential

shortfalls in the propos 1gn, the data conversion plan, and /or model
links.

» Database Design: The design of the database used!to viod¥ i
“g%database,
:mi
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Modeling

System Overview

The City of New Haven's collection system includes over 600,000 linear feet of combined
sewers, During dry weather these sewers convey sanitary flows to the East Shore WWTP
for treatment. During wet weather these sewers convey both sanitgey flows.and
stormwater runoff. Stormwater runoff enters the combined sewg tem through direct
connections such as catchbasins and downspouts. Evidence gf8to fn%‘water in separated

sewers can also be found. During wet weather, flows can enferthease sgwer systems
through cracks, misalignments and illegal connectlons Y T“%

Because large quantities of stormwater runoff can oy e?sewer s}éten‘t, New Haven's
sewer facilities also include 22 permitted regulating stipictdrgé. These regulating structures

{and other cross connections) allow excess ﬂolg@to be diert rteagd before the sewer system
causes backups into basements or streets. g flow

¢ ) : \ sewWetea; 'ﬁrﬂows (CSOs). The location
of the combined sewer regulating sh'g_qmgs ard; o Wedigure 1.

A schematic representation of a typf __eﬁihver systeém is shown in Figure 2. This
schematic shows typical sources 1;%: to.a ed sewer system. Regulating
structures such as.a weir or arg_p&qg qetﬁfypléalljf constructed where combined sewers

. tmg structures control the amount of flow

Goals of Model

A model is a mathematical representation of a precess or series of processes. Processes of
interest related to studies of combined sewer systems include: the generation of sanitary
wastewater flows, the conversion of precipitation to stormwater runoff, and the collection,
conveyance, treatment, or storage of collected flows. A computer model will be developed
to simulate these processes within the service area tributary to the East Shore WWTP. The
general goals for the modet! are to support the understanding of how the network responds
to a variety of precipitation events and to predict how its performance may be improved.

BOSMM2CG12.BoC 3
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Stor:pwater Roof

Interceptor Sewer - 4

"‘@"%Ei
Figure 2: Schegggfj; Aifi '_ j wa%f&glbmed Sewer System
4;:" E‘;ﬁiﬁﬁv qu;? "!i:&@f
Specxﬁc gOals to be suppo:ﬂ‘("l b 7 mod "" . were discussed dunng the initial scoping of the

i rovmg water quahty or the level of service prowded.
. Figufe 3spmmdrizes the relationship between the model and the

pro]ecl:'s goals A brief discygst ' f the pnmary goals to be supported by the model is
provided below. *ﬁ‘h '

Regulatory or Water Quality Goals

» compute the volume, frequency, and duration of overflows on an average annual basis
for the baseline conditions

e estimate pollutant loads on an average annual basis for the baseline conditions (the key
water quality issues and pollutants for this project will be identified during a future
workshop}

s compute the volume and peak rates of overflows for the following design storms: three
month, six month, one year and ten year.

o estimate pollutant loads for a range of precipitation events for the baseline conditions

* estimate pollutant loads associated with stormwater discharges and other sources

BOSTNZGG12.00C
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identify hydraulic bottlenecks within the collection system which contribute to
significant surcharging, basement flooding, and/or street flooding

estimate how the implementation of short-term controls may reduce surcharging and
flooding during wet weather

identify areas with hydraulic properties which may contribute toward the accumulation
of sediments

estimate how the implementation of short-term controls may reduce the accumulation
of sediments during dry weather

estimate the impacts of roof leader connections to the combined and partially separated
sewer systems, and identify a plan for managing roof leader connections and
disconnections

investigate the feasibility of reducing the number of pump stations in the system

quantify the system-wide impacts of infiltration and inflow (I/I) and identify those
neighborhoods with significant I/1 contributions



Model Requirements

To assess CSO activity in New Haven, a computer model of the combined sewer system
will be developed to s1mu.late stormwater runoff and wastewater collection and
conveyance.

Presently, there is an emstmg model of the sanitary system, developed by a consultant in
the 1970’s using EPA SWMM. The model consists of two SWMM blocks, Runoff and
Transport. Chaniges in New Haven's sanitary sewer system as a result of the ongoing sewer
separation program require that the models be updated.

Recerit advancements in computer hardware and modeling software provide an
opportunity to improve the City’s existing model. The selecl:lon sfs comprises three
steps: first, identify important features to modeling needs; seeogﬁ ect the models to be
evaluated; and third, rate the selected models based on the cheSen |

miost suitable modeling software. oy Sy,

project. In general, they range from those that are philosophy of the model
operation, to those relating to convenience. {%

2 ﬁﬁ“mﬂ!l!g,-. K‘j&
GIS Compatible B, :ar% S

As part of this study, a geographic mformaho Tpystem (GISFof the sewer facilities will be
created. Physical data such as manholeﬂ" pipe Icagths) diameters, invert elevations and
construction material will be inclu it the e GIS may also include some land
based data requlred for generanem anitary w'and/or stormwater runoff. In the

i 1B ¢ related data to the-GIs. P-otential f'utu_re

The following sections discuss each of the model co % %feam%m1dem for this
il

reqmred to setup the ek _&;\bw A d_ e effort requlred to maintain it in the future. A one-
way link will allow the Gls 15 ﬁgpf;;y the model with input data describing the sewer-
facilities and their service. Atwo-way link (preferred) will allow also allow the GIS to

access model results. Pigure 4 Shows the general relationships between the GIS, the model,
and potential future uses.

Generate Stormwater Runoff

The model must be able to simulate the urban flows received by the sewer system in New
Haven. The four flow sources required are stormwater runoff, base sanitary flow (BSE),
inflow/infiltration {I/I), and rainfall derived inflow and infiltration (RDII). Stormwater
runoff calculations should incorporate real storms, and time-varying processes such as
infiltration. Methods that include diurnal BSF patterns based on population estimates are
required to support objectives related to simulating sediment deposition and scour.

BOSTM2CETR.00C 7



PipeName LENGTH Diameter USNode DSNode USElev. DSElev
b ling 221.1 1.25 503 BPTP 716000 160.00
7106 164.2 1.25 107 755 0016000 7 160.00
NodeName X-Coor Y-Coor GrndElev  BottomElev
503 650450.345 7451234.230 312 160 :
107 650451.678 7451235.563 312 160

) Md'd'els

will include statistical analysis of;

easily incorporate these hydragra in hesylstem model because the files tend to be
very large for annual sunufan,, g

Sewer Capacity and Vehclty Anatys;s

A comprehensive evaluati n “ef capatity and velocity in the sewer system entails
determining surcharge as wé &changes in extraneous flow rates to the sewer system
during wet weather. The capability to simulate surcharged conditions in a looped sewer
system with control structures such as pumps, weirs and orifices will enable available

system capacity and flow velocity to be more accurately evaluated. Therefore, a fully
dynamic model is required.

Evaluate Basement and Street Flooding

To perform comprehensive flooding analyses, sewer surcharge levels must be accurately
modeled. Basement and street flooding are concerns in New Haven. The model must be
able to identify areas where flooding is likely to occur under real storm conditions.

Analysis of Control Alternatives

Models that are capable of analyzing the hydraulic performance of control alternatives such
as pumps, storage, diversions, and inflow reduction under long-term continuous simulation
facilitate the design of control measures. Real time control measures at pump stations or
regulators may also be investigated and evaluated. Performance analysis of potential

BosS/TM2cG12.00C 8



controls under real storm conditions is important and the ability to perform such analyses
would increase a model’s applicability to New Haven's system.

Owner and Regulatory Approval

The model used for this project must be accepted and supported by the Consulting Team,
the City’s staff, and the Connecticut DEP. During this project, the model will be used to as
the basis for the Long-Term CSO Control Plan. In the future, the model is likely to be used
by the City to support other planning ot operations related decisions.

It is expected that system responses in New Haven, as simulated by the hydraulic model,
will be affected by dynamic and transient conditions, spatial variability (tied to rainfall
variability), and variability within a particular event (infiltration pofential, pipe conditions,
pump operation). The selection of the model software will be m.ﬂﬂ d by its ability to
incorporate these system and simulation complexities. Other af:to to be considered are
software cost, vendor technical support, in-house model expgriende

interface (user friendly, on-screen graphics).

Model Evaluation and Selection

Several significant developments have occurrgg,%t‘t:n e IS and modeling software
industry in the 12-months since the scope-of e projedt was prepared. Therefore
the tools originally identified for use in this p eﬁt" Yeere ""t‘.‘eg} ared with currently available
GIS and modeling packages. Although there ai thatiyiitodels available for hydraulic
analysis of sewer systems, not all cayﬁmgt falsibr requirements for this project. Based
on the required features, and s odﬁl xx-algtﬁibr%‘exert:xses recently performed by
CH2MHILL for other comnumhéq& _ “?q;é*re chosen for evaluation:

the US EPA’s SWMM, 8 mdt

* bt g "
» XP-Software’s XP- %WW e

* the Danish Hydratlicins s
«  Wallingford Softwardis ¥ a DRO)

A brief outline of the capabilities of the four models is given in Appendix A.

A list of criterion was developed to summarize this project’s needs. Table 1illustrates the
criterion and the relative weighting given to each. It also documents the rank and score
developed for each model. For each of the criteria, the models were scored from worst (1)
to best (5). A composite score for each model was calculated as the sum of the products of
respective feature weighting factors and scores.

During the early stages of the evaluation, it was recognized that the US EPA’'s SWMM 4.3
model would not satisfy the project’s needs related to GIS links and data visualization.
From evaluations recently completed for other CFH2M HILL projects, it was also recognized
that the costs of the HYDROWORKS models are significantly greater than the XP-SWMM
or MOUSE models. Therefore; the greatest level of consideration was given to the
comparigson of the XP-SWMM and MOUSE models.

As shown, DHI’'s MOUSE model received the highest score, followed by XP-SWMM, Hydro
Works, and finally EPA SWMM 4.3. These rankings were developed and discussed

BOS/TM2CAT200¢ §



amongst the Consulting Team. They were later presented to the overall Project Team at a
Workshop held at the WPCA on June 26". Presentation materials used at this Workshop
and minutes from the Workshop are contained in Appendix B. The advantages,
disadvantages, and costs of several different configurations of models and GIS links were
discussed and it was agreed to proceed with the DHI's MOUSE model. Factors having
significant impacts-on the decision included:

 the existence of a proven link between an ESRI GIS and the hydraulic model,
» strong graphical representation of input and output data,
e automated network simplification a_lgorithm,
*» low cost of the hydraulic model and linkage, and
* ability to incorporate other models (sediment transport, recelv% water) in the future, if
needed. s
#*"ﬁ."““-’%_
P S T e
#“ffm i Ty Ty
TABLE 1 &4 _n""w,'} A
Mode! Evaluation and Ranking R ﬁ’*‘# ﬂdﬁ”'
i Py
& mu%dﬁ"’iﬁ-‘.: q”i) .&%é-
er!.“‘ %Elm'ﬂ::- y
Criterion Welght EPA SWMM4. 3"% iﬁiﬁwﬂm,p MOUSE  HYDROWORKS
3 iy,
Ranl."Segre *@éﬁkzﬂﬁ Score Rank Score Rank Score
GIS Link 5 {f‘ _5% i»q,, z&h?a 15 5 25 4 20
. - rz“il-
Geénerate Stormwater 5 Ea B, 5 25 5 25 5 25
Runioff ﬂ,.,u o
Incorporate External i" 5 ﬂ% E?“h. "0 2 10 4. 20 3 15
Hydrographs &£
E
Fully Dynamic Routin 5 25 B 25 5 25 5 26
’ ‘h%“% *%af f ' _
Control Altemative 3 12 3 12 & 20 4 16
Evaluation
Cost 2 5 10 3 6 2 4 ¢] 0
Vendor Technical Support 3 1 k| 2 6 5 15 3
Past Experience 3 5 15 5 i5 3 g 0 0
Graphical Interface 5 0 O 3 16 5 25 4 20
Total 100 12g 168 120

Note:
A score of 1 is worst or least favorable; § is best or miost favorable
A priotity of 1 is least imiportant; 5 is most important

Based on the évaluation described above and the materials included in the Appendices, the
DHI's MOUSE model has been selected. for modeling of New Haven's combined and
sanitary sewer systems.

BOSMM20E12.00¢ 10



Data Requirements

Each of the model components requires different sources of data. As part of this project, the
physical componenis of the sewer system (pipes, pumps, manholes) will be archived in a
geographic information system (GIS), as described in the Database Management section.

Stormwater Runoff

The City of New Haven will be divided into drainage subcatchments or sewersheds. The
sewersheds will be described in terms of land area, percent impervious, surface slope,
catchment width, infiltration rates, and degree of sewer separation.

Precipitation falls on land which is classified as either pervious (g
(paved). Pervious lands have the ability to infiltrate a portion oft
depending on the type of soil. There is a limit to the infiltratigh,
precipitation results in surface runoff from pervious landg ‘Ji" '
small depressions that store some of the initial precipitatior; b
filled, additional precipitation results in surface runqff fgor : _
sources of runoff can be collected by the sewer systents] b apiount and source of flow that
is captured depends on hydraulic connectivity md the disgrée of sewer separation.,

Percent impervious is a key parameter for con?ir %ﬂmﬁ% runoff. Impervious lands

include roadways, parking lots, rooftops, and oth mﬂa;;ﬁufaces In combined areas,

flow from these surfaces enter the combifieg sewgrtsydtem. In areas with storm sewers

(parhal separahon), ﬂow from roadﬁa!ﬁ*"s’- A é arﬁn -lots enter the storm sewer while flow
g ag% chtinected downspouts.

A SWMM Runoff model wq.a:@eagtea’m &p 1ahe%7(]’s as part of a CSO Facilities Plan for

New Haven. Itis exp intigednevidevelopment has recently occurred in New

Haven, and therefore,, cﬁi _.010 cdata desmbmg the City will remain the same.

However, the City’s onjzoifig sewer:

boundaries, and hydraulidcobpeetivity. As mapping in areas with noticeable change

becomes available from the ity f{::w mapping contract, the hydrologic parameters from
46 refined.

| ﬁor impervious
_ 'precxpltahon.-
: f ber which, additional

The data requirements for the simulation of stormwater runoff in the MOUSE modeling
system are similar to those required in SWMM'’s Runoff model. The catchment data from
the original models will be adapted to the MOUSE model where valid.

Base Sanitary Flow

Base sanitary flow (BSF) is the flow in sewers during dry weather, which is composed of
dry weather infiltration, and sanitary flow. Infiltration is the result of water entering
sewers from wet areas and high water tables through cracks and misalignments in the
sewers. Infiltration is typically at a constant rate that varies seasonally. Sanitary flow is the-
result of human activities, and typically varies during the day.

To determine the BSF, flow monitoring and rainfall records will be investigated. Extended
periods of dry weather will be identified and diurnal flow patterns will be established.
Water consumption records will be reviewed to determine major industrial and commercial
users. Assuming that most the water is returned to the system, base sanitary flow estimates

BOSMM2CE12.000 14



can be adjusted accordingly. Together, these patterns will be incorporated into the models
as BSF. To verify flow assumptions, the BSF estimates will be compared to population
records and average wastage rates per capita, and typical infiltration rates.

Rainfall Derived Inflow and Infiltration

Rainfall derived inflow and infiltration (RDII) is the unintentional input into sewers during
and immediately-after a rainfall event. RDII originates from near-surface infiltration
seeping around and into manhole structures, direct inflow into manholes from streets and
parking lots, and increased infiltration from higher soil moisture following storm events. In
combined sewers, RDII contributions are significantly smaller than stormwater runoff, and
are often not modeled. In separate sewers, special considerations ar reqmred to
incorporate RDII into the computations. 4

Statistical analyses of recorded rainfall and sewer flow in s ﬁ%ﬁgg sreas will be performed
by CH2M HILL’s RDII model. The analysis will determingfegresSionterms relating

rainfall to flow. These parameters will be used to createdhpt :
areas that contribute flow to the sewer system duringithe’mo

System Inflow from External Areas e "”"La. !

‘? % ‘Qé?mﬁaphs will be developed for
system mﬂows £r0m ﬂ1e Towns of Hamde.n, b;iﬂﬁ and East Haven using
fa collected at the inflow points

Wl]l be obtamed and compared with'h ation records to develop lumped
hydrologic parameters through rgpr ; J*-’I']:\ese parameters will be used to
establish simple inflow models fok h ad; owns that will be incorporated into New
Haven’s CSO model. g %

;s" ﬂ!"“ i W‘i&bi “%:"w

Hydraulic Routing
Modeling the conveyandi

) eguires detailed information about the sewer system.
Model data for the sewers (#jafifetet, inverts) will be obtained from the GIS that is being
constructed as part of this projeet. Also required in the model, and stored in the GIS, will be
information detailing pump stations and their operation schedules, and the configuration of
weirs and orifices. The specific data requirements for the conveyance models are described
in the Data Management section.

Model Calibration

Task 3 is devoted to collecting new flow data in the sewer system of New Haven. As the
results of this task become available, they will be used to calibrate the CSO model to current
conditions. Once the model is calibrated, then it can be used as a predictive tool for
expected CSO activation frequencies, volumes and durations under a variety of
precipitation events. These simulated parameters are required to evaluate various
alternatives that will be used to develop the long-term CSO control plan for New Haven.

BOSTM2CG1T2.00C ”



Data Management

Existing System Information

Detailed information about the existing sewer system is stored on approximately 2,300 as-
built plan and profile strip maps. When new sewers were constructed, their drawings were
added to the paper archives. Information on the plan and profile maps include pipe shapes,
dimensions, and inverts, and the year of construction. They also copfain information
describing manholes such as the elevation of the rim and mvert. &

The City also has 1”=40’ scale planimetric maps that were cr; "’tF
show the line features that were transferred from aerial PR \
elements in the sewer facilities. ‘,‘gﬂ'

itod: 64Thesemaps
_.ap b notspeafic

Geographic Information Systemgﬁ_? | %‘aj
In general, a geographic information system (¢ as, ﬂignzed database that consists
of elements with real world coordinates, and : 5 that describe them. Elements
sharing common attributes, such as pl.p% &% y Hgle.s are collected and grouped together
in coverages or themes. ,ﬁ""“* L %, 1;5

As part of this project, CH2M Mk‘buﬂ& arfelectronic repository of the sewer facility

data required to support th‘%m b7 dehﬁ%‘” task. The data that is currently available
in hard copy format as p fhﬁl igtrin maps will be converted from paper to digital
format, and then be stofegin the @ 1S will export the data required to create the
computer models. “‘%K ,

In order to be compatible with ' i ation created and stored in other departments of the
City, (Planning, Operations), BGRIs ArcInfo has been selected as the GIS inventory software

for the sewer system data. The sewer facility coverages developed as part of this study will
be referred to as the ‘CSO GIS’.

Database Development

The CSO GIS database will be developed in a two step process: data transfer followed by
data digitization. Sanitary and storm sewer facility data currently exists on 11" x 24’ stnp
maps (approximately 2,300 sheets), as-built plans and record drawings. In the first step, the
location of the sewer system facilities and relevant data will be transferred to 1”=40’ scale
mylar planimetric maps (approximately 460 sheets). The pavement edges and building
footprints displayed on the mylar maps will be used to locate the elements of the sewer
facilities. The locations will be schematic in nature, and are intended for planning level
purposes only. Where necessary, conflicting data from multiple sources will be resolved
directly with the City.
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Once the data transfer process is complete, the second step will be to digitize the sewer
system facility data from the mylar maps into the CSO GIS. As each feature is digitized,
attribute data describing the sewer system component will be added to the CSO GIS
database. The relationship between the GIS and the model is depicted in Figure 5.

Before the CSO GIS database can be built and populated with attribute information, the
purpose and use of the database must be designed.

PipeName LENGTH  Diameter USNode DSNode USElev DSElev
7107 21.1 ; 16000 159.00

7106 164.2 125 55 . 160.00 15950
NodeName X-Coor Y-Coor GrndElev E ]
. 503 650450.345 7451234.230 314
107 650451.678 7451235.563 312

S
Designing a database is a thre stép process, and consists of determining (i) the purpose, (ii)
the fields and (jii) the relationships. It is important to be specific. A properly designed
database will define data requirements and formats, expected and allowed values, and
relationships between data.

To develop a Long-Term CSO Control Plan for New Haven, computer models of the sewer
system will be built. The purpose of the CSO GIS database is to manage and maintain
sewer information required by the models.

Although detailed hydraulic models of the storm sewers will not be made, the CSO GIS will
include data pertinent to storm sewer facilities. Some limited information that is not
required by the models will also be obtained and included in the CSO GIS.

Sewer facility data is being transferred from existing 11” x 24" strip maps to 1”=40’ scale
mylar base maps. By digitizing the mylar base maps, six ArcInfo coverages of the sewer
systems in New Haven will be created. They are:

e sanNode,
e sanlLink,
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stmLink,
stonMH,
stmCB, and
stmLat.

Detailed descriptions of the field formats and data sources are provided in Appendix C.

SanNode
The sanNode point coverage indicates the physical location of four types of sanitary sewer
elements, classified by the san_Class field. Allowed values for this field are ‘MH’, RG',
‘OF’, and ‘PS’ which represent manholes, regulating structures, ou and pump station
wet wells respectively. Physxcal elements are located by their (x y bordinate pairs, and
are identified by their unique id, san_Name. The san_Quad f:u'-zlr;iL a eet name of the
1”=4( scale mylar map. m % %_

Additional tables are associated with the nodes in the w%ﬂbde éoveragﬁqgﬁm

relationships determined by the san_Name field as shbwq inFighare 6. These tables provide.
descriptions of the element and additional mformaho% by the CSO modeling task.

Figure 6: Relationship Between sanNode Coverage and Associated Tables

MH

Information related to sanitary manholes are wholly contained in the sanNode coverage, and
no supplemental table is required.

RG

This table provides the user with a description of the type of regulator that is used to divert
flow to each CSO. The actual parameters that describe the physical characteristics of the
regulator are not contained in the point coverage; the coverage fixes the regulator location
in space: The text field for the 22 regulators is coded with one of the following character
strings: ‘Weir’, “Orifice’, or “Weir/Orif’ for combinations of both weirs-and orifices. Other
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devices that regulate flow in the sewers may be found, and their descriptions will be added
where appropriate.

OF

Outfalls are located where the sanitary sewer physically discharges into a receiving water
body. Outfalls are described by the type of discharge that exists. Free outfalls ('FO’) exist
when the pipe is not submerged, whereas submerged pipes discharge under fixed
backwater (‘FB’) conditions. Qutfalls may also have flap gates ("FG’) present that prevent
the river from draining into the sanitary system. Each outfall is described in the of Type
field in this table. Where backwater conditions exist (FB, FG), the of_zWater field contains
the water surface elevation, otherwise it is left blank.

PS

moiflelirig task.

SanLink

e 4
The sanLink line coverage indicates the flow fﬁ'ﬁ-m&ﬁn%ﬁe itary sewage system,
including the flow through sewers, pump fo tﬁq?w diyérsions. All features have an
upstream end and downstream end that corres ond #5 the rodes identified in the saniNode
coverage. The type of feature representéd g1@351';3ge 1s identified by the san_Class
field. Allowed values in this field ?ﬁﬂ ‘" 'u, Wﬁkk hd OR which correspond to sewers,
pump station force mains, weirs- dndiprif -eéﬂ? etjfvely. As with the sanNode coverage,
the san_Quad field is the sheet nantaobh "“1"54,9 cale mylar map.
i M
e@uﬂd,tffgrent types of link features, as illustrated in
theilCSChinodels are stored in these tables and associated
ighte id stored in the san_Name field.

PI h"“ﬁﬁ

Sanitary sewers have seven ad%gtloml attributes that are required by the CSO modeling
task. The pi_Shape field is a text description of the shape of the pipe. Allowed values for
this parameter are: ‘Circular’, ‘Egg/, ‘Elliptical’, and ‘Horseshoe’. As more shapes are
identified, they will be added. The pi_ Width and pi_Height fields are the primary and
secondary dimensions of the sewer. For circular pipes, these values are identical. pi_Length
is calculated from the (x, y} coordinate pairs of the element’s end points.

The pi_consMat field represents the construction material used for the sewer. Rules to
determine the type of material have been developed based on the year of construction.
(pi_consYear), and the sewer diameter (pi_Height). If the construction date is prior to 1945,
then pipes having a diameter of 24" or larger are assumed to be made from brick, and all
others are assumed to be made from tile. If the date of construction is 1945 or later, then all
pipes having a diameter of 12 or larger are assumed to be made from reinforced concrete,
and all others are assumed to be made from tile. In cases where the actual material of
construction is known, that information supersedes the assumption. To distinguish
between assumed and observed values, assumed construction material values are preceded
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with ‘A _’. For example, ‘A_tile’ as opposed to ‘tile’ distinguishes assumed tile sewers from
observed tile sewers.

san_Name
pi_2lIS
P_aDS
pi_Length
pLShape
p_Haight
pi_Width
pi_consYear
pi_consMat

e ———

Figure 7: Relationship Between sanLink Coverage and Associated Tables

FM

The table describing the pump stations is structured to convert pump curves and operating
information to input to the CSO models. Flow rates and on/off heads are tabulated, along
with the type and number of pumps. Allowed values for the type of pump (fm_Type) are
‘IB’ and ‘OB’ corresponding to inline and off-line boosters respectively.

These values will be collected during the field investigation task, and input into the tables
directly as the information becomes available.

WR

The table associated with weirs pmwdes information required by the CSO modeling task,

including the weir length, the weir type (longitudinal, transverse), and the weir discharge
coefficient.
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These values will be obtained during the field investigation task, and input into the tables
directly as the information becomes available.

OR

The table associated with orifices provides information required by the CSO modeling task,
including the orifice type (side, sump), the orifice diameter, and the orifice discharge
coefficient.

These values will be obtained during the field investigation task, and input into the tables
directly as the information becomes available.

StmNode A

The simNode point coverage indicates the physical location of tl;.vpée- _ , of storm sewer
elements, determined by the stm_ CIass field. Allowed valu_ '_

5 hﬁeld are ‘MH’, and

The stm Quad field is the sheet name of the 17=40 ”“-ig-ﬂ-*”
MH
Information related to manholes are wholly cintaified i &M@uNode coverage, and no
supplemental table is required. o e e
SOF ¥
?‘[ﬁam ser physically discharges into a

recelvmg water bodyr Outfalls m@g ofie e type of discharge that exists. Free
outfalls (‘FQ’) exist when e ishotubmerked, whereas submerged pipes discharge
under fixed backwater (/ yditionss, O _' tfalls may also have flap gates ('FG’) present
that prevent the river ffo. ainifig Into the storm system. Each outfall is described in the
3 Pagkv ater condmons exist (FB, FQ), the sof_,zWater field

Figure 8: Relationship Between stmNode Coverage and Associated Table
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StmLink

The stmLink line coverage contains storm sewers only. Ditches, culverts and other drainage
features are not be included. Eleven attributes describing the storm sewets are stored in the
GIS, including pipe inverts upstream and downstream, pipe shape height, width and
length, and the date and material of construction.

StmCB

StmCB is a point coverage that provides the location of storm sewer catchbasins throughout
New Haven. The coverage is provided for graphical representation enly, and no attribute
data other than (x, y) coordinates pairs are collected ot stored.

StmlLat is a line coverage that provides the location of catchbg m*lgt_éia}.s and their

connections to the storm sewer. The laterals do not mtersgé‘@f join H;e“s@rm sewer
coverage. The coverage is provided for graphical reprqs@n&uon only,apdino attribute data
other than the segment’s length and endpoints are cqﬁeg“ed a%tored

Data Conversion Plan

The CSO GIS database will be in Connecticut %
will be in the North. AmencanDaMml?S&,muq; "‘ f

products such as digital orthopho?as;grfc’f

feet. Additional GIS5 mapping
pping files {AutoCad drawing files or

ArcInfo coverage format) will :é‘a‘ e City’s GIS consultant as they
become available. These files are > Sxpde 1 ﬁde line features delineating pavement
edges and building footp 4 w1 b ! _ed as base maps and for quality assurance
purposes. . o Wy et

The sewer facilities willipe'tgans ted from the plan/profile strip maps to the 1”=40" mylar

maps. The facilities will Be|degted !yithm the pavement edges on the mylar maps with the
same accuracy as provided ifyfHe riginal plans, and the CSO GIS coverages are intended
for planning level purposes onf¥. In conjunction with the City’s overall GIS, the CSO GIS
will be used to plot 1"=100" sc_ale'maps of the sewer facilities of New Haven.

The areas will be converted in the following order: Fair Haven and East Fait Haven, the
Boulevard drainage basin, and the East Street drainage basin. By prioritizing the areas in
this manner, three benefits are realized:

» Create portions of the sewer model during the data transfer and digitization phases

» Coordination between the creation of the CSO GIS and the City’s GIS consultant

e Design drawings for the separation projects will be incorporated last

Imtlally, aerial triangulation data files will be acquired from the City’s GIS consultant who
is producing 1”=100" scale Arcinfo coverages for the City of New Haven’s Planning

Department. These files will be used for internal quality control procedures to assure that

the sewer system coverages will overlay with the City’s GIS coverages currently under
development.
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Sanitary Sewer System

The components that make up the sanitary sewer system include manholes, pipes, pump
stations, weirs, and orifices. The City does not currently have a numbering scheme or
unique identifier for the manholes and pipes. Therefore, a unique identifier will be derived
from each of these features based on the 1”7=40" planimetric map that contains the feature.
The naming convention may change in the future.

The numbering scheme for the manholes will consist of seven alphanumeric characters
(limit in MOUSE) and pipes will be composed of 14 alphanumeric characters. The first
three characters of manhole identifiers contain the mylar sheet number, the fourth character
contains a letter identifying the type of feature as follows:

s N-node fﬁ;g
s P -pump station tﬁﬁi "E:L
»  O-outfall £
¢ R-regulator oy Y h%%
e D-dummy node _ fi' 5 Ty
« X- ﬂag {l g, s!"-‘;“ ga.!

_g!’iﬂﬁ%i‘iiiflr 1!5%’?.!... “r‘_%’!

The fifth through sixth characters denote a urjjqug Hitsaber far &le feature within that grid
tile, in increments of 10. For example, QII:I& itoy:

) aiwa’aon within the mylar
planimetric map Q11, and is a manholg (,M),mﬂ‘k%aﬂx e

Pipe identifiers will be the result q%?{gﬂcz%hngﬁh‘q naines of the upstream node and the
downstream node. "*‘Lr # g,
i

It is expected that the de@]ﬂﬂhﬁgn?hhﬂg thaffertams to the regulators and pump stations

will niot be available fropstle E&xg pi These elements will be added to the CSO GIS as
the data is collected frghni "i%a ”p\

G eld msljfctlons

Storm Sewer System

The components that make u%%ﬂ‘fé storm sewer system include manholes, pipes, and catch
basins. As with the sanitary system, the City does not have a unique numbering scheme for
the storm sewer features either. The naming convention will be structured the same as
described in the sanitary sewer system section.

gk

Catchment Data

Drainage basins capture flow thatis added to the sewer system. The City will be delineated
into areas that contribute flow at a certain point based on the extent and type of sewers, and
ground slope. The basins will be described with respect to their physical characteristics of
area, width , ground slope and percent impervious. Additional parameters that are
required for hydrologic modeling will be stored in the coverage including infiltration rates,
surface roughness, and depression storage. Catchments will be classified according to the
degree of sewer separation within them: combined, partially separated, or fully separated.
The attributes that are used to describe the sewersheds will reside in the CSO GIS as a
separate catchment coverage.
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Miscellaneous Data

Additional data are required to establish the modeling parameters that will not be prepared
as part of this study. As the City’s GIS coverages currently under development become
available, they will be used to verify assumptions and to update information that may be
out of date. In particular, as streets and building footprints become available, portions will
be converted to percent impervious values and compared to the assumptions made.
Refinements will be made as necessary.

Link to Model

The ability of the modeling software to directly access the data that ig stored in the CSO GIS
was one of the most important criteria that was used in model selgétion. MOUSE GIS is an
application written by Danish Hydraulic Institute (DHI) that wdes such a link.

MOUSE GIS works within ESRI's ArcView environment andicorisists' ‘af two parts: the
Network Editor, and the Results Presentation. Both parts#tipport thie, ge‘neral features
available in ArcView.

the physical model to simplify hydrauhc sim ‘;
further analysis with MOUSE.

S ed £ record and store attnbute information that

where rows represent t j;he, d]fferéht
describe each feature’s m:%ﬂautes As Bhown in Figure 9, ArcInfo internally maintains the
first several attributes of é%c]:hab]:e. r

User-defined Attributes

DSNode [USinvert [DSInvert h [Diameter
¥2004 100.00]  99.73] 275 1.2

x9003 99.73] ©9.33] 400 25
%8002 99.33] 8¢ 04 290 25
x3001 g0.04] 9873 310 25|
X2000 g8.73] 98 M 1.2

SR %vﬁﬁﬁ&%ﬁﬂmmn User-defined Attributes
AHEA P T 1 |MHMame |X_COORD Y_COORD iBnmEIev RimElev u
0.000000 4107 356021.600000| 293987.100000 100 10
0.000000 {755 355521.100000| 293454.800000 99.¢ 08
_QE'GDGOOD 3106 355235.000000| 293309.500000 899.7 21
0.000000 4]750 354718.100000] 293057.900000 96.5 111

Figure 9: Example GIS Attribute Tables
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From within MOUSE GIS, a definition file is created to provide a 1:1 mapping between the
attribute tables and the MOUSE model. The definition file is used to extract the required
modeling information from the GIS and stores it in ArcView shape files. Sewer network
simplifications can be made before the data is exported into the SWF files that MOUSE uses
to create the hydrologic and hydraulic models.

When data in the ArcInfo coverages change, the definition file and associated INFO files
must be loaded into MOUSE GIS, and the process repeats. A schematic of the relationship
between the ArcInfo GIS and the model is provided in Figure 10.

e main data repository e
e data shared with other applicatia

ArcInfo GIS

lighs fmm Aa:;zinfo to CSO
model&

| ¥, storés data in *.SHP files
T "“amoihated system

ARCVIEW

Convert *.SHP to

hydrograph and * SWE files

profile plots

Mouse

¢ hydrology and hydraulic
calculations

Figure 10: Schematic of Arclnfo GIS and Links to MOUSE
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Pilot Project

A pilot project is being conducted to test the data conversion/model process. The pilot will
step through all of the tasks of data conversion, CSQO GIS database development, and
hydraulic modeling. The pilot project is intended to identify any potential problems in the
procedures of the data conversion/modeling process before a full scale implementation of
data conversion takes place. Once the pilot has been completed, any refinements and
modifications to the process or database will be made ensuring minimal changes/ problems
during the project. Basic steps to be used in the pilot are shown in i

Acquire GIS
Base Mapping

Digitize and ! I Hydraulic
Build Sewer |} Gis | vodels
Coverages '

Transfer Sewer
Information to

Deliver
CsO
Facilities
Plan

Figure 11: Data Conversion Procedures used in the Pilot Test

On May 20" a meeting was held at City Hall to discuss the CSO program’s pilot project and
coordination with mapping and GIS services procured by the City’s Planning Department.
The procedures to be used in the creation of the CSO GIS were discussed and a plan for
coordinating work between the CSO project and the Planning departments GIS contractor
was developed. Minutes frfom the meeting are attached in Appendix D.

At this meeting it was agreed to use the Elm Haven area for the pilot test, This area
encompasses the following planimetric grid maps: N-11, N-12, N-13, N-14, O-11, O-12,
0-13, and O-14.

A schedule for the pilot test was developed at the meeting. This schedule is included with

the minutes in Appendix D. This schedule shows the pilot test being completed by the end
of July 1997. Currently, the sewer systemn data has been transferred to the City’s miylar
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maps, these data have been digitized to create ArcInfo coverages, attribute data for the
facilities has been added to the coverages, and the data has been imported intc MOUSE
using their GIS link. Based on the results observed to-date, several modifications to the
process have already been identified and implemented. Remaining work related to the
pilot test is predominantly limited to comparison of the sewer system coverages and new
maps produced by the City’s GIS and mapping consultant.

_‘,ullﬁiiﬁ‘gﬂ!&-
P ¥ - PPV
%r {I A “%Fiﬁ"_;..%i!f:ﬁ'
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Baseline Conditions

The existing storm and sanitary sewers within the limits of New Haven for which there are
records will be converted and stored in the CSO GIS. The limits of the detailed hydrologic
model are also the city limits of New Haven. However, the sewer system is under-going a
series of continual modifications. Therefore it is necessary to fix the conditions that will be
incorporated into the miodel.. Baseline conditions are defined in terms of the physical sewer
data and the locations of gauged inflow from the Towns of I—Ia‘mde’n, Woodbﬁdgé and East
Haven. '

Sewer Separation

Sewer separation, which has been adopted to control ), i [ in Ne
Haven There are currently nine contracts that have. eeﬁ xdgﬂghed as "fﬁ ngress” by Cxty

Tabie 2
Ongoing Sewar Sepatation Projects

Contract Number Locatlon
90-130-1
80-131-1
94-70-1
94-71-1
95-125-1 y,
i V.l
84.72-14 Lombard East No
94-128-1 Woostar Square Yes
95-89-1 Kimberly and Columbus "No
96-146-1 Elm Haven Yes

In order to maximize the benefits of the on-going sewer separation program in light of
developing a Long-Term CSO Control Plan data describing the specific location, costs,
status of each project were collected and reviewed. The following additional elements of
each project were discussed:

 impacts on annual pollutant loads,

» cost per acre of separation

¢ location within the service area
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* CSO elimination

» neighborhood impacts

¢ local flood reduction possibilities

e other pending projects in the area

» potential for other solutions

Data collected for each project were presented and discussed at the Modeling and Sewer
Separation Workshop. This Workshop was held on June 26, 1997. The agenda and power
point slides used at the Workshop are provided in Appendix C. The discussions at the
workshop focused on the purpose of each project, its status, and impacts of implementing
or post-poning the project. The projects that were selected by gr. ﬁﬁgonsensus to be

included in the baseline conditions are identified in Table 2. Ad documentation of
the discussions-are included in the meeting minutes.

l- ak‘h ,ikiib__
by
System Inflows from External Areas %
Aside from flow generated in New Haven, the sewet rﬂgg@.!ré%epts ﬂow from the
neighbormg Towns of Hamden, Woodbridge, and Eas avén. Ganged flow data at 12
. mities. Rainfall derived inflow

neth £ from these locations. It is.
assumed that the hlstoncal data will serve as tl?% selipe ,gmdmons for these areas, and
that the sewershed characteristics wx]l ‘ﬁ’c’ﬁ*@bangse : tﬁe near future.
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SWMM 4.3 (Runoff, Transport and EXTRAN)

SWMM 4.3 is the latest version of SWMM distributed by the U.S. Environmental Protection
Agency’s Center for Exposure and Assessment Modeling (CEAM). It is a public domain
program and copies of the program can be obtained from U.5. EPA, Athens, Georgia. User
support for SWMM is currently provided by U.S. EPA but is limited to identification of
software problems. There are however large user groups where mfjm:mauon can be readily
exchanged. SWMM documentation is thorough. ;

The Runoff block of SWMM simulates both the quality and gaaanp ,of urban runoff.
Surface runoff is generated using rainfall and snowmelt d, -e‘*Boﬁhﬁ,s_ igle event and long-
term conhnuous simulations may be analyzed Routmg bf ﬁ“urface riigott.on subcatchments
émafing them %8 non-linear
reservoirs, using the spatlally lumped contmulty eql fonavith Manning’s equation. When
surcharge occurs, water in excess of the pipe/ Qhannel W %i,?par.:lty is stored until the'
pipe/channel i is ﬁ‘ee to accept the water. Bacﬁtwatet ,gnd c*m;rge effects are not modeled

:ﬁ?‘

The Transport block of SWMM can b@m@l for ri‘:é‘l.'!,brhg quantlty and quality of sewage.
Dry weather flow and infiltration gf ﬂa@ﬁs@rptary%e@mr gan be estimated. However,
Transport has been found to be q#{maber FMé to aﬁpﬂr and difficult to calibrate to flow
monitering data. Very often, dry’ ‘tgge&&ier Hwy a#id wet weather infiltration flows are
generated by other progra;ns Tﬁm@réqt hgut into SWMM.

XP-SWMM

XPSWMM is a propriétary graphical user interface package developed by XP-Software for
the U.S. EPA’'s SWMM 4.2 model. The Runoff, Transport and EXTRAN blocks of SWMM
4.7 are included in the package. XPSWMM uses a graphlcal expert environment in which
the user can create the drainage network interactively using a mouse. CAD drawings can
be imported as a background image to the sewer network for easy location of pipes and
control measures. Model input data can be imported to create new models from a variety of
sources, including comuma separated values (C5V), and user-defined file formats.

XPSWMM provides output in both graphical and tdbular form. The standard SWMM
output file is alsé saved for review by the user. Graphing of flow, velocity, and depth may
be displayed on screen for any location in the system. Pipe system profiles may be
generated for display and printed. The user may also replay portions of the simulation
using a profile plot to view the hydraulic grade line as it varies with time, -

BOSHNICGI2.000



With XPSWMM, the time consuming task of input data preparation, debugging coding
errors, and the awkward manipulation of simulation results that are experienced with
reg.ular_ SWMM has been greatly simplified.

MOUSE

MOUSE is a menu-driven software package, developed by the Danish Hydraulic Institute
{DHI), for the simulation of surface runoff, water quality and sediment transport in urban
catchments and sewer systems.

The Surface Runoff Model computes runoff using one of two methods the time-area
method, or the non-linear reservoir method.

The Pipe Flow Model is used for the computation of unsteady fow* e sewer system.
The model comprises three alternative computational levelss %méfh@t%’@h diffusive or
dynamic wave theory. The model can simulate looped rigtwirks coritgirtipg pumps, weits,
detention storage, and other real-time control operahqﬁ"s ﬂ,,& i

Flow Model thiat can be dlsplayed L'nclude con § '
pipe and manhole as well as discharges and wa%ﬁ,e‘veig"f&f each overﬂow structure and

pump station.
HYDRO WORKS

e ey
HYDROWORKS is a prop’ i 2 c?ftwam Package developed and supported by
Wallingford Software, yﬁlro Worigs is demgned to integrate with a bread range of
Information Systems. i _-Worlgs s with the leading network design software and

sewerage databases. Restﬁm c&g.eba lefined for standard word processing, database,
spreadsheet, ot CAD packagé& ?PHydro Works uises automatic time-stepping and an implicit
numerical solution to optimize runtime and ensure stapility. The model has the capability
to simulate backwater effects and reverse flows. The model includes an on-line help
system, comprehensive diagnostics that show when a run can not be completed
successfully. The model includes interactive views of data is spreadsheet, menu list, plan,
section, and graphs.
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Modeling and Sewer Separation Workshop

A workshop at the WPCA Offices in New Haven was held on June 26", 1997 to discuss
computer modeling issues. The purpose of the workshop was to:

» discuss the current status of the ongoing sewer separation program in New Haven,

» establish baseline conditions for the development of the Long-Term CSQO Control
Plan, and

» select appropriate modeling software

A copy of the agenda, meeting minutes, and the slides that were used during the
workshop are included on the following pages.



Workshop Agenda

Agenda: June 26, 1997

NEW HAVEN LONG-TERM CSO CONTROL PLAN
SEWER SEPARATION STATUS AND MODELING WQRKSHOP
LOCATION: WPCA OFFICE

Topic Tresenter Time

Purpose of Workshop
Computer Modeling
Modeling Goals 2:10 pm
Maodel Requirements 2:35 pm
Tools and Evaluation 3:00 pm
Model Recm:nrrmztlaf‘.f:?;}'_;l:J.LEt;;“;m““‘*rg PvZ 3:25 pm
Break ‘i: ‘l;%q ;; 1 345
Sewer Separation “"u_;‘*%i &
Scope and Status . C. Goz 4:00 pm
Evaluation and Rating CG 410 pm
Other Issues All 4:30 pm
Set Baseline Conditions All 4:40 pm
Summary and Adjournment All 4:55 pm
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MEETING MINUTES CHEMHIU

ATTENDEES: Ray Smedberg/WPCA Peter von Zweck/CH2M HILL
Rich Cleary/City of New Haven Chris Goz/CH2M HILL _
Henry Goetz/WPCA Bangalore Neelakantiah/UIC.
William RootWPCA Joe Cermola/Cardinal
‘Michael O'Brien/DEP Bob Borus

MEETING June 26, 1997

DATE:

LOCATION: WPCA
MINUTES BY: Chris Goz/CH2M HILL

0
COPY: Attendees Bill Hogan/DER #*

. Dick Miller/City of New Haven Cliff Bowers_ltﬁ-!HEMHILL
DATE: July 18, 1997 .- :
SUBJECT: New Haven CSQ LTCP - Computer Modelmg y

Prioritization Workshop s
Purpose of Workshop

modelmg task ‘and to determine whlch of the curre“ug

in the' next two years and included in the baseline cc!gr %IOI‘IS gi,‘gng friodels.
: }igr !

computer Modeling Goals 5

5

- evaluate afhs{ éhﬁhﬂf scour and sedimentation

- evaluate and 18?;!1{1‘:)? plan for roof leaders
- reduce the number of pump stations
s Regulatory Goals

- identify short-term plan to optimize performance of existing system to meet
NPDES permit requiremerits

- identify long-term plan that meets EPA’s policy and planning guidance
documents

s ‘Water Quality Goals
- compute volume, frequency, duration and peak rates of overflows
- estimate pollutant loads from €SOs

-

- evaluate water quality impacts for various CSO control alternatives
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s Cost Goals
- evaluate alternative techriologies for CSO control

- identify plan that balances costs and benefits

Computer Model Requirements

Peter outlined the various data requirements that are needed to develep models of the sanitary sewer

system to meét the goals.of the project. The CBO GIS that is being developed as part of the study will
store and manage data that is required by the models. The need for a computerized link between the

models and the GIS for data exchange was highlighted., .

Tools and Evaluations y, *,
Peter described the modeling approach that was included in tl'y?; ject prdqﬁh@;ﬁ*ggnd reviewed the
planned costs for computer hardware and software. As a rgﬂi’:!;_,%f significant c?@“géijes in technology,
Peter identified alternative approaches that will meet the nioder g.goals, provide a link to the GIS,
and are available at the costs originally proposed. T, W

) Js

W, 4
The MGUSE modeling software by the Danish Hygré"’iﬂminstitut%é@m was identified as the preferred
alternative. B g, Ty ¥

‘Eq:}i. L“;:’e'in"‘x;,: .’k“l
hris indidatadithat the

Ray asked about software ohsplescence. Chr d.that the'original approach required
customized programening of mini-applicagisns Teulink the 'GiS to the model. Past experience has.
revealed that when the model softwaredfiad béier; qué%’cﬁhit was required to re-write the custorn
programs. Peter stated that in the pfefred affet natiye, e GIS-model link was written by DHI, and
that as the software is updated, it is e¥petteatl 1attae fink will be maintained.

R i hd

Tr%iil i
Peter asked Ray and Rich i_f:_;lfi“é'g fﬁ&ﬁcmgpﬂter standards that should be followed in the purchase

of the project computers. SayEomingnted ifet the WPCA was in the process of upgrading their

computer and SCADA syitaiins, and thatthey were using Hewlett Packard computers. Rich was

unsure of any standard pdlicy‘apd would fiform CH2M HILL of the Gity's requirements.
A

Model Recormmendation

it was agreed that the preferred alternative of DHI's MOUSE model will be adopted for the project.

Evaluation of On-going Sewer Separation

Chris chaired the discussion of the nine sewer separation projects that are designated as*/n
Progress’. The discussion focused on the background, benefits and relative importance of each
project. The table at the end of these meeting minutes summarizes the consensus that was reached.

East Rock: Currently on hold because of problems acquiring easement. Additional funding is required
to complete the design. Caontributes flow to Regulator 013 which Bob and Henry believed to be active
on 1-yr storms and less. Chris suggested that project is. of lower importance because it is unclear if
any benefit will be derived from the project. Generally agreed to be of lower priority. ’

Livingston St.: Construction bids received, and project is expected to proceed this summer. Agreed
that Livingston will proceed. -

Orange St. Phase |l: The design has been completed, and the outfall and interceptor have already
been constructed along Crange St. Bob stated that an investment has already been made to collect
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the stormwater. Henry mentioned that due to favorable ground slopes, the Orange Strest interceptor
will collect a certain percentage of surface flow from the side strests with or without separation.

Qranige, Bishob and Clinton: This project, currently under design, spans two distinct areas of the City,
Orange/Bishop and Clinton.

Completion of the Orange St. Phase Il and Orange/Bishop portion of the Orange, Bishop and Clinton
project would complete the separation of Storm Basin E4, It was believed that there was a high
likelihood that overflows at Regulators 010 and 011 would be reduced or eliminated. Generally agreed
that these projects are of higher priority,

Humphrey St.: Project consists of work urider the 1-91, and construction difficulties are expected since
many utilities are located inthe area. The sewers upstream of the project have already been
separated. Consensus was reached that the project was of higher priority. i

Orange, Bishop and Clinton and Lombard East: The Clinton portion of ;taﬁ"'fii‘gt project and the.
Lembard East project will complete the separation of storm Basin 'S.'_Zﬁ"ﬁ%f‘hhmentioned that flow
monitors were installed at the James St. Siphon about one month 2 _j-fd'"'&s;:gi’i‘ﬁre_nces of basement
and street flooding along Front Street. Henry feit that these sepdration projeists Should be of the:
highest priority. Bab said that the sewer systems in Fair Havgh wiére somewhatjsdiated and acted as
their own “system within a system". It was felt that the proffers mighitnot be solVed by separating
only one of the nine basins that contribute flow to the siphoﬁi.i._gﬁ___(.“ihﬂﬁ gommented that looking at other
alternatives such as increasing flow through the siphpn may béa rffgre cost effective solution. It was
generally agreed that the priority of these two projegts Wag, lowertartpthers.

. . s :
Wooster Sauare: Wooster Street has been separat%g F_;uﬁ’a“ﬁe dissign for the remaining streets are in

progress. Henry commented that at the dowpstream @ﬁéqﬁiﬁﬁé system, some of the sewers are
under-sized and inadequate to convey flgw”.\x_b ¥is corimerited that fixing the bottleneck might be a
maore cost-effective solution to reponts ﬁ _l_;ﬁ‘se‘ pent an‘iﬂ:ﬁ?e’t flooding than complete separation of
thie area. The group consensus wasma%ihlsﬁm,]ea’ﬁay 5t high priority.

g iy

&
fn,
5

Kimiberty and Columbus: Both postions didh ia rojectdie in areas with cormbined sewer systems.
Grroup consensus was that bgﬁ")gggﬂong \f’*&g;?%%ﬂlower priority.

d gt Ny S Ty
Elm Haven: Henry has dﬁ‘ shome préljminary Balculations for the: proposed development. He'
indicated that pépulation dignsi
proceed, and that the estim:
conditions.

Baseline Conditions for Computer Modeling

it was identified that the City wanted to spend $8M/year for two years while the Long-Term CSO
Control Plan is being reviewed and completed. Bob suggested thatif the eosts of the high priority
projects added to $16M, that they should be included in the baseline conditions for the sewer system
GIS and models. The group agreed that this would serve as a starting point for sewer separation.
Rich will confirm the epinions of probable construction costs for the various prejects.

If you have any comments or corrections related to these minutes, please contact Chris Goz at
617/523-2002 x208.
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TaBLE 1

Evaluation of On-going Sewer Separation Projects in New Haven

Profect Name City Design Firm Current Statmsof  Opinidnof  Storm Basin Local Elimination of Est. Cost/ Acre Other Issues
Project Priority' Design Probable Basin Rank’  Flooding' Gverflow' Area of
Numbér. Cost (ac) Separation
) ) Drily femaiming, combined, area
Bast Rock Road 90-130-1 Montgomery Low Complete’ 5 Yes oiz 20 $20,000 contributing to QF013. Potential to stock
Watson Ml River upstream of Hide gates with fish,
Flushing velecities maintained?
Livingston 5t. 90-131-1 Goodkind & High Complete 6 Yes- 013 &812 k4 523,000 Construction to commenice summer 1997,
:0Dea {bid rec’d)
Otange St Phase T 94701 Cairdinal High Complete o012 140 $27,000 Last remaining tombined area tribulary to
Engineering OF012
‘Orange, Bishop, 98-71-1 Goodkind & High & In Progress 012 & 018 110 331500
Cliniton O'Dea Low (5
Humphzrey St 95.175-1 YRS Gremer High In Progress Areps upstréam gre separated.
' {10%;}
Tombard East 94-72-1 Westeott & Tow ‘Complee 561,800
Mapes
Woostér Squate 94-128-1 Ceriter for High In Progress
Engineering (10%0)
Kimbeily and 95-96-1 Piversified Low & Complete  $4,344203  B12&ES 9 &9 §34,500
Cofumbus Technologies Low
Elm Haven 96-146-1 Loutetia Undecided* ‘E5 13 Extensive urban renewal program; current
sewers believed K bie undersized for
future demand.
Notes _ g
1. Current pricrity of project determined by consensus.at June 26/27 Medeling and Separation Workshop. Highy/Low ranking are -relaﬁve%gh\faeh current separation projects.
2 Basinrapking determined in previous studies.
3. Basement and street flooding complaints, er flood prone areas indicated by previous miodeling efforts,
4 Reductiondn flow reaching overflow regulator may eliminate or recuce the fikelihood of overflow activity.
5  Desigri95% complete. Pending noticé to proceed withsupplemental engineering,
& Cast estimate based oni eoniparison with construction of similar neture;
7. Designincomplete. Cost compatisen not possible; construction. will involve jacking under I-94,
8. Seweis believed tobe inddequate for increéased demaid; 1o confirmation to proceed with sewer design,
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City of New Haven, CT
Long-Term CSO Control

Computer Modeling Workshop
June 28, 1897

Tha Gity of New Haven
The City of New Haven Wiater Poliution Control Authority

L

Goals

Primary Project Goals

® Produce documents required for CSO
retated Issues as describad In the
WPCA's existing NPDES permit

& |dentify a plan that complies with US
EPA’'s CSO Control Policy (1994)

o Reduce overall cost of constructing CSO
controls

Project & Modeling .

Meeting Objectives

o Discuss Project & Modeling Goals
® Discuss Requirements for GIS and
Models

» Overview of Approach to Model
Development

» Review Original Plan
» Discuss Allernative: Modeling Tools

@ Confirm Appn:;gh%pr Project

. o
i

11% . pecific Goals Confirmed via Workshop
E HProcess

pf"lé"rask 1 Identified Series of Workshops

Issues Which Need

Specific Goals
® Modeling

» Baseline Conditions (On-going Projects)

» Model Requirements
# System Peiformance
e Regulations & Water Quality
‘@ Monitoring Program
e Costs
@ Public Involvement




Process for Identifying
Model Requirements Specific Project Goals

@ |dentification of Specific Project Goals

@ |dentification of those Supported by
Modeling

@ Identification of Processes to be
Simulated by the Model

@ Identification of Tools & Approach for
Model Development

Regulatory Goals

e |dentify a Short-Term Control Plan that
optimizes the existing system’s
performance and meets NPDES
requirements

» gliminate DWOs, implement BMPs, b
maximize in-system storage, minimize
untreated overflows, solids & mw%
maximize conveyance to East Shatg%
WWTP r

‘meetsthe EPA's policy and planning
guidance documents

% » Inventory, Monitoring, Modeling,

Characterization, Public Participation,

Sensitive Areas, Water Meet Quality

Standards

System Performance Goals

System Performance Goals

@ Identify and Evaluate Controls which @ |dentify and Evaluate Controls for Scour
Minimize Hydraulic Bottlenecks & Sedimentation Issues
» Excessive Surcharging » Dry Weather Flows
» Basement Flooding » Separation Methods
= Street Flooding @ Evaluate Impacts and Identify a Plan for
» Reduce Untreated Discharges Roof Leaders
@ Evaluate Impacts and Identify a Plan for » Wet Weather Flows
Infiltration/Inflow » Impacts on Scour & Surcharging

@ Reduce Number of Pump Stations




Fos

Water Quality Goals

@ Compute Volume, Frequency,
Durations, and Peak Rates of Overflows
for Events and Average Annual Basis

@ Estimate Pollutant Loads from CSOs
and Other Sources

@ Evaluate Water Quality Impacts of CSO
Control Altematives

Approach to Model
Development

Cost Goals

e Evaluate Altemative Technologies for
CSO Control

» Continued sewer separation, storage, high-
rate treatment, increased conveyance,
WWTP modifications

@ Identify Control Plan that Balances
Costs and Benefits

lopa-fnodel which supports the
ylatdry, water quality, system
erformance, and cost goals established
. for the project

y Develop a GIS that supports the data

storage and visualization needs of the
model

Future GIS Needs




What We Need in a Model

e CSO Volumes,
Frequencies, Durations

@ Annual Pollutant Loads
@ Altemative Evaluations

@ Share results with GIS

Proposed Approach #1

Modeling Approach

1

Total Cost

% Okjginal Plan Costs

Alternative Tools

Software Possibilities

GIs Links Models
e ESRI ® MS Access ® EPA SWMM

ArcCADD @ Lynx e XP-SWMM
@ ESRI Arcinfo @ Mouse GIS @ Mouse
@ ESRI ArcView ¢ HydroWorks @ HydroWorks
@ Microstation ® others...? @ others...?
® Mapinfo

@ others...?




Software Possibilities

E

GIS Links Models
e £5R— ® MS Access o “EPA-SYivii:
ArcSABD- ® yrR— e XP-SWMM
e ESRIArcinfo @ Mouse GIS e Mouse
e ESRI ArcView o HydioWorks ® HydrowWorks
@ hticrostation @ others...? @ others...?
e Mapinfe
e others...?

Possible Solution #3
ESRI and Mouse

City’s Mapping and GIS
Contract

@ The City has reflown the entire city
(April 1997, separate contract)

@ Base Mapping will be complete by the
end of 1997

@ ESRI Arcinfo coverages will be built
within two years

@ We need to prioriti

ze their digitizing
efforts i

ESRI and XPSWMM
F Con

@ Requires

iExperience programming (?)
'Good Graphical @ No inherent network
views of outputs simplification
@ No RTC operation
capability
ESRI and Mouse
Pro Con

® Proven linkage @ Limited Experience
@ ESRI in use by other e Software Cost
departiments
@ Network simplication
tools
@ Good Graphical
views of outputs




Cost Comparison

_

Total Costs $77,000 $69,500 $76,700

Recommended
Approach

Sewer System Data
Conversion

Summary

@ Basemapping

@ GIS Software

@ Link

@ Hydraulic Model

Break




Objectives

@ One Project Primary Objective is to:

Evaluation Of On-going “Reduce cost of constructing CSO controls™

Sewel‘ Sepa i‘a'[ion » Maximize the benefits of current separation
program in light of developing a LTCP

» Establish baseline conditions for sewer
system modeling

T

Evaluation Criteria

® Review data according to following
criteria:
» location in service area
» CSO elimination
» alleviate flood prone areas
» coincident with other projects
= potential for other solutions

»4 fide completed design phase

—1 has received bids

i » 3 have designs in progress

» 1 design on hold

» 1 design pending

@ Expected Cost for Construction: +$20M

01
f
!
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Attributes in the Sanitary Point Coverage
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Aitributes in the Sanitary Line Coverage
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Attributes in the Storm Point Coverage
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Attributes in the Storm Lateral Coverage
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GIS and Modeling Meeting

A meeting at City Hall was held on May 20%, 1997 to discuss coordination of GIS and
computer modeling. A copy of the agenda, meeting minutes, and the slides that were used
during the workshop are provided in this Appendix.




Agenda: May 20, 1997

New Haven Long-Term CSO Control Plan

GIS-related Issues
Presenter Time

Purpose of Meeting i

Introductions 1@}&% 1:10 pm
Data Requirements for City’s CSO Control Plan F g" £l %ﬁ:ﬁ 1:15 pm
Data Conversion Process e 1:45 pm
Potential Data Sources 2:05 pm
Status of City’s GIS Project [, 2220 pm
Integration of CSO and GIS Contract%m%% %i %g:; i 230 pm
‘GIS Hardware /Software : 2:50 pm
Summary and Adjournment 3:00 pm
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MEETING MINUTES CHEMHILL

ATTENDEES: Dick Millet/City of New Haven Barb Schmitz/CH2M HILL
Peter von Zweck/CH2M HILL Joe Cermola/Cardinal
Karyn Gilvarg/Gity of New Haven Henry Goetz/WPCA
Donna Hall/City of New Haven Bill Brodie/The Brodie Group
Chris Goz/CH2M HILL

MEETING May 20, 1987

DATE:

LOCATION: City Hall
MINUTES BY: Chris Goz/CH2M HILL

COPY: Aftendees

Ray Smedberg/WPCA

Cliff Bowers/CHZM HILL
DATE: July 18, 1997 g
SUBJECT: New Haven LTCP - GIS Related Issues S e K

The discussiens focused on the mapping and datémge;,;!s ‘Bhthe O8I ﬁreject how they relate to the
City’s GIS project, and how to coordinate efforts be@% Tbe tv??‘wéjects

B _:,_. s
The following represents a summary of ﬂ:le ‘f§§‘ﬂps anq L

= A convention for assigning matepéiqs"f '_
agreed upon: if the install date |§ﬁpnaqg,
the install date is after 1945 ¥} ptp

|on-.-.', _&pipes mapped during the-CSO project was
948, afpiPes < 24” diameter = tile, =>24" dia = brick. if
= tifay£s 12" = reinforced concrete.

s New mapping generatsd tpy"tfi"& %{’;s @zs ﬁsntract will referenice the NADS3 coordinate system.

¢« The Cttys GIS will r&%ﬁ«ml y fam t Bill has yet to decide on which platform (NT/Unix) and
version. The City is cul using'AfcView 2.1, and a Novell LAN is being installed in the
Planning Depattment ] r

= The City's existing plammetﬁ%ﬁaps will be used as the first step in transferring sewer data from
the strip/plan and profile maps to the GIS coverages. These maps reference NAD27. It was
agraed that this data eould be converted from NAD27 to NADS3 without problems using Arcinfo or
they could bé converted during the digitizing process.

= It was agreed that the RWA's GIS will not be purchased for the CSQ project. Because the RWA's
GIS will not be purchased, the data coriversion process described in the CSO project's scope-of-
work will be modified. Mapping from the City’s current GIS contract will be incorporated into the
CsO pro;ect The sewer system coverages developed during the CS0 project will be tied to
mapping produced for the City's GIS project.

» Several methods of creating the sewer coverages and sharing the map data were discussed
{providing digital orthophotos first, providing mapping of only curb lines, phasing the work). Bill
noted that rearranging the GIS project’s production schedule would require additional setup time
and effort (higher costs). It was agreed not to rearrange the GIS project’s production schedule.
Instead, it was agreed to coordinate the production schedules for both projects.

» It was agreed that Bill would provide aerial triangulation data files to Barb before June 6™ to be
used in pilot testing of the data conversion process. This data will aid in the digitization process
by supplying target cocrdinate information located throughout the City. Bill will then provide

BosiMaca12.000



completed planimetric mapping fites in AutoCad or Arcinfo format as they become available. Bill
noted that the mapping would be completed by the end of the year.

« Dick proposed that $50,000.00 included in the CSO project’s-scope of work for purchasing the
RWA's GIS be re-appropriated for the City's current GIS project. Barb noted that use. of the
triangulation data and other modifications to the data conversion process will add costs above and
beyond those included in the CSO project’s current scope of work. Peter suggested that no action
be taken on reallocation of these funds until impacts related to thé scope changes were better
defined. Barb agreed to identify increased costs associated with the medified plan. Dick noted
that the City's is. applying for contingency funds which could cover this type of scope change.

e  Pilot testing of the data conversion process was discussed. Dick noted that the Elm Haven area
is a priority for CSO control and redevelopment, and suggested that this-area be used as the area
for the process pilot. Karen suggested that the area for the pilot includesart of Yale University to
satisfy. some of the Planning Department’s needs. It was agreed tha: tﬁgs%llot test for the C8O
project’s data conversion process and the GIS project's mapping um:lude the area shown in the
City's planimetric maps N-11, N-12, N-13, N-14, O-11, 0-12, oﬁ.fa ﬁd'@;ﬁ

« The schedule for pilot testing the CSO project’s data conveféigh process*an&‘fthe coordination. of
mapping from the GIS project were discussed. [t was agfegd thag Joe. wou\'dLﬁnsfer the sewer
data from the plan and profile drawings to the pilot ared's daylars gats by June 6; 1997, Barb will
dlgitlze the information from the mylar sheats into Arclnw%raﬁes by June 20, 1997. Chris will
create hydraulic models from the Arclinfo coveraggs by Jurig, 3%:1997. Bill will.confirm when the
map data for the pilot task will be complete. Tife neie sg_rap détg will be used to confirm the
locations of sewers mapped during the CSO prqgqu‘* o i

» [t was agreed that mapping for the two, | Be’ qﬁorﬁlﬁ"ated by dividing the City into 6 areas
and priotitizing which areas would bg’d ﬂgwhlcﬂp oi:der 1 grea per month for 8 months),
Common grid lines will be estabhghe;ﬂo c@oﬁd_ iatéhthe data transfer work with the
photogrammstry work. Bill will cw;n nigte.dn B F4rhers the 3000' x 2000 grid areas are
located and Chris will pncmtlze the’ Eﬁér ;ﬂWhlEhE;héy should be completed.

=

= Barb will input the plani 5{1‘{9 rrr|=ee| qu Wou&aﬁqqsupenmpose the orthophoto grid so we can track’

which grids are comp

‘ﬁ

4,
= Bill reiterated that theTi m%ppmg?anlﬂ digital orthophoto tasks for the entire city will be
completed by the end o!}?ﬁg%cémp’érﬁ 997.

¢« Karen gave Barb a street md&emf New Haven in AutoCAD12 format. She also provided an
AutoCAD 12 file of the 100 scale mapping for the downtown area (Map #18-28-44-45-36).

= Karen indicated that the City had no land use information that was accurate and current. Existing
maps are based on data priorio 1960, The Planning Department is currently undertaking the task
of updating their records. [t was also noted that zoning information is not indicative of actual land
use. It was decided that the data the City could provide for our CSQ project was not. very useful
and we would not benefit from using it.

« The schedule for the sewer data conversion and mapping work was discussed. The agreed upon
schedule is illustrated below.

If you have any comments or corrections related to these minutes, please coritact Chris Goz at
617/523-2260.

BosiMzZcal 2,006



City ol New Haven

Long-Térm :gS O Control




GIS Contracts




RWA
City
Vendors
New Map

CSO Contract

RWA
Vendor

City

Planning

Vendor

Vendor
New Map

CSO
Contract




Sewer System Data Conversion




Base Map Options

e RWA Y

e City Maps ;ﬁi} _____

e Venders < fiﬁ ,E
e New Orthophotograpt

m Digital Orthophotos
m Partial Mapping
m Phased Approach




- High Cost ~
- Old Map Base%a 78\ ;

- Conversion Not@“@mﬁ; e

+ Complete Base M""#'P?ﬁ
+ Accuracy +/- 1’ ’”""“"’

+ GIS Coverages
m Water Utilities
m Population Data
m Water Bodies
m Catch Basins




e AutoCad 12 .gﬁ *?%

F i

.....

@
® Tiger Files ;‘:{; Mm
? Accuracy ii"‘* ﬁ

? Content (Landuse, Zofiing, °
? Extent of Coverage ¢~




roject Schedule
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