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ES-1.

ES-2.

EXECUTIVE SUMMARY

PrRoJECT OVERVIEW

The City of Thunder Bay, with participation and funding assistance from the Province
of Ontario and the Federal Government through the Great Lakes 2000 Cleanup Fund,
commissioned a study in late 1993 to investigate direct municipal discharges to water
courses in the Thunder Bay urban service area. The purpose of this study is to develop
a Pollution Prevention and Control Plan for the Thunder Bay urban service area.

The Study which is identified as the City of Thunder Bay Pollution Prevention and
Control Plan (PPCP) was to be completed in two phases. The Phase 1 State-of-the-
System was submitted on June 1, 1995. In the Phase 1 report an assessment of
wastewater collection and treatment facilities was conducted in addition to an
evaluation of area water resources. The Phase 1 work identified problem items and
issues relating to collection system hydraulics, Combined Sewer Overflow (CSO)
control, basement flooding, pollution prevention and wastewater treatment
requirements.

Phase 1 also included consultation with the public in the form of an information booth
at the annual fair in the City of Thunder Bay and a presentation to the RAP Public
Advisory Committee.

Phase 2 of the study evaluates pollution prevention and control strategies. The end
result is an implementation plan addressing short and long term control objectives and
servicing needs of the City of Thunder Bay. In developing pollution prevention and
control measures, community standards, regulatory requirements, collection system
management, receiving water quality, and cost effectiveness are considered.

Since the works recommended from this study may be subject to the requirements of
the Class Environmental Assessment Act for Municipal Water and Wastewater
Projects, the study was carried out in accordance with the approved planning and
design process contained within the Act. The Phase 1 Study Report met the
requirements of the Phase 1 of the EA process while this report parallels Phase 2 of
the Class EA process. ' '

STATE-OF-THE-SYSTEM SUMMARY

The following summarizes the key findings of the Phase 1 Report:

e Evidence of surcharging and wet weather infiltration and inflow into the
sanitary trunk sewers of the North Ward was identified.

e Within the South Ward, surcharge conditions were identified in the Neebing
Interceptor.

5024/Final report/execsum.doc -
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EXECUTIVE SUMMARY

o A risk of basement flooding was identified in the South Ward.

e CSO and stormwater discharges were not shown to be significant sources of
pollutant loadings in the area.

o Development areas beyond the Expressway require servicing.

o The lower reaches of the Kaministiquia River were found to support a
relatively pollutant tolerant macroinvertebrate pollution.

« Boundary flows contribute the largest pollution loads to Lake Superior followed
by industrial sources and the Water Pollution Control Plant (WPCP).

» The Thunder Bay WPCP has not historically provided adequate disinfection to
meet the MOEE draft disinfection policy.

» Due to the physical condition of the old WPCP plant, it will need to be
replaced to meet system requirements to the year 2016.

o The Thunder Bay WPCP may be required to proceed to secondary plant
upgrading in the near future in order to meet general MOEE compliance
requirements for phosphorus.

Following the completion of the Phase 1 report, two investigations were conducted.
Stormwater outfall sampling in Boulevard Lake determined that urban sources were
not a significant source of bacteria to Boulevard Lake and could not account for the
bacteria levels observed in the Lake. In addition, inspections of the Neebing/McIntyre
Interceptor revealed a significantly deflected pipe section with the potential for
collapse. The City is currently considering options for the repair/rehabilitation of this
section and has developed an emergency response plan.

It was also reported that an oil and grease separator upstream of the Ridgeway CSO
would be flushed out during wet weather flow conditions, resulting in discharges of
petroleum products into the Kaministiquia River.

PPCP DEVELOPMENT

The PPCP consists of two components; the Short Term PPCP and the Long Term
PPCP culminating in an Implementation Plan,

The development of a Short Term PPCP addresses the immediate operational concerns
identified in the Phase 1 State-of-the-System. Typically, the elements of a Short Term
Plan include low cost alternatives that are relatively simple to implement over a five
to ten year period. As well, the Short Term Plan provides a foundation for Long Term
PPCP measures.

5024/Final repart/execsum.doc ES_
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EXECUTIVE SUMMARY

The Long Term Plan has a planning horizon of 20 to 25 years. When developing the
Long Term Plan, it must be responsive to improvements realized through the Short
Term Plan initiatives. The Long Term Plan must also consider ultimate development
conditions in the Thunder Bay area to ensure development can be sustained.

SHORT TERM PPCP

The Short Term PPCP consists of low cost programs designed to be implemented over
a five to 10 year period with programs forming the foundation for long term control
strategies. Key elements of the Short Term PPCP address the following areas:

e Collection System Management
e CSO Control

» Basement Flooding

« Stormwater Management

e Thunder Bay WPCP

¢ Pollution Prevention

The recommended Short Term PPCP and costs are presented in Table ES.1 at the end
of the Executive Summary. The following sub-sections discuss key elements of the
Short Term PPCP.

Collection System Management

The management of any collection system is extremely important as a means to make
informed operational and maintenance decisions while providing a reliable service. To
this end, a complete review of City Operation and Maintenance practices was
conducted to identify program enhancements as well as to identify new initiatives. The
goal of the review was to improve the City's ability to provide reliable services while
protecting the receiving waters.

The following enhancements to current City programs are recommended (a complete
summary is presented in Table ES.1 at the end of this section):

e CCTV inspection of the entire collection system over the next 10 years,
including manhole inventory and inspection

e Expansion of the sewer flushing program as part of CCTV inspection
e Outfall survey and sampling program

o A 5-year flow monitoring program

5024/Final report/execsum.doc -
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Another component of collection system management is to maximize the use of
existing facilities. To this end, recommendations are made for two flow diversions to
provide hydraulic relief to the Neebing Interceptor, construction of a new sanitary
connection for the James and Quebec Street area to eliminate the sanitary connection
to the local storm sewer and extrancous flow reduction programs associated with
catchbasins and river intrusion through outfalls.

As well, repairs to the Neebing/MclIntyre Interceptor is recommended for immediate
implementation to prevent a structural failure that could result in significant basement
flooding through loss of capacity.

CSO Control

As part of the CSO control program, both the physical condition and the performance
of the existing regulators were considered. Basin wide, the level of CSO control is
greater than 97% volumetric control exceeding the minimum MOEE CSO guideline
control objective of 90% volumetric control. Only one CSO regulator, RK2
(Hardisty/Victoria), does not meet the 90% control level. Two recommendations were
made with respect to CSO control. The first is to adjust regulator RK2 to increase its
interception capacity to achieve a 90% level of control. The second recommendation
is to replace, over time, the regulating devices servicing the Kaministiquia Interceptor.

Another component of CSO control considered is the control of floatables. Floatables
control can be achieved by retrofitting existing CSO chambers with baffle plates.
Removal of floatables will improve the aesthetics of the receiving water by retaining
debris in the collection system,

Another element of CSO control addressed intrusion of the Neebing River through
CSO chambers into the collection system when outfall gates remain open due to debris.
River intrusion can effect the Neebing Interceptor capacity, potentially aggravating the
risk of basement flooding. Continued inspection of outfalls following wet weather
events, currently done by City staff, is essential and consideration should be given to
replacing the outfall gates with a “duck bill” style of outfall as replacement is required.

Basement Flooding

A risk assessment and sensitivity analysis was conducted to determine the risk of
flooding in the South Ward. As part of the Short Term PPCP, it is recommended that
the City and community define an acceptable level of risk, commence flow monitoring
and CCTV inspection programs in identified high risk areas, and update the hydraulic
analysis and risk assessment with local data. In the event the risk of basement flooding
exceeds the community standard, sewer separation should be undertaken to
reduce/eliminate the risk in areas not previously separated. In areas that have been

5024/Final report/execsum.doc =
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EXECUTIVE SUMMARY

separated, system storage in the form of an oversized in-line storage pipe or a tank
storage configuration is recommended. As the City undertakes other elements of the
Short Term PPCP, such as public education on rain leader disconnection, it is likely
the risk of basement flooding will be more clearly understood and a reduction in the
risk of basement flooding realized.

Stormwater Management

Continued enforcement and application of the MOEE “Stormwater Management
Practices Planning and Design Manual”, June 1994 is important with respect to new
developments, construction of new storm outfalls and in retrofitting existing outfalls.
Beyond the application of these guidelines, no end-of-pipe stormwater controls are
recommended.

Thunder Bay WPCP

The City of Thunder Bay will be undertaking a pilot study to determine the most
appropriate treatment technology. The technologies recommended for pilot testing
include BAF (Biological Aerated Filters) and an optimized CAS (Conventional
Activated Sludge) design. As a result of discussions with City staff in Windsor,
Ontario, the City has decided to include in the pilot test the trickling filter/solids
contact process.

The results from this study will be used to identify the most appropriate site specific
design parameters for each technology resulting in the most cost effective and
appropriate technology. As well, the pilot study will provide capital and operating
costs and experience, provide a comparison of performance and support an application
to MOEE for approval of any non-standard treatment technology or process design.
As indicated in the Technical Memorandum (Appendix B) undertaking a pilot study to
refine the design parameters, treatment technology and processes could result in
savings in the neighbourhood of $4 to $6 million in capital costs.

It is also recommended that the City continue its efforts to improve phosphorus
removal at the existing facility and address the suspected mixing limitations in the
existing anaerobic digesters.

Pollution Prevention

The objective of pollution prevention measures is to minimize the accumulation of
pollutants on streets and other tributary land areas as well as to reduce the entry of
pollutants into the collection systems. Typical pollution prevention measures can
include, but are not limited to the following:

5024/Final report/execsum.doc ES-5
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« Street cleaning
o Public education programs
e Recycle programs
o Fertilizer and pesticide control
» Soil erosion control
e Commercial/Industrial control
o Operation and maintenance practices
o (Catchbasin Cleaning
Two recommendations are made with respect to the existing pollution prevention

programs of the City. It is recommended that the City clean all catchbasins at least
Once per year.

The City undertakes public awareness programs to promote good practices. One area
of public education for the City to address is the removal of roof downspouts. A
bylaw exists, however, the City has not actively enforced downspout disconnection.
Information packages for the public can lead to voluntary disconnection. The removal
of rain leaders from existing developments will provide additional wet weather sewer
capacity and assist in reducing the peak flows in combined and partially separated
sewer systems in the South Ward. '

ES-5. LoNG TERM PPCP

An extension of the Short Term PPCP, the Long Term PPCP programs will ensure
sustainable development with a level of collection system performance, wastewater
treatment and stormwater control acceptable to the community and regulatory agencies.

The key elements of the Long Term PPCP address the same areas of concern as the
Short Term PPCP, namely:

e Collection System Management
e CSO Control

» Basement Flooding

e Stormwater Management

e Thunder Bay WPCP

5024/Final report/execsum.doc ES-6
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EXECUTIVE SUMMARY

Table ES.2, at the end of the Executive Summary, presents the recommended Long

Term PPCP programs. The following sub-sections discuss key elements of the Long
Term PPCP.

Collection System Management

Collection system management in the context of the Long Term PPCP is associated
with the control and management of excess wet weather flows, the need for
development capacity, and the need to ensure a reliable level of service.

Servicing the North Ward with the Golf Links Extension was assessed, identifying a
preferred alternative that has the Golf Links Extension intercepting the River Terrace
pump station and continuing through to the John Street Trunk sewer at Maple Avenue.
This alternative will provide hydraulic relief for the John Street Trunk sewer. Another
long term initiative is the continuation of the short term program to eliminate storm
catchbasin connections in the North Ward to the sanitary sewer through the
construction of new storm sewer services and connection to existing storm sewers.

CSO Control

No Long Term PPCP CSO controls were found to be necessary for the City of
Thunder Bay. Presently, the City has a level of CSO control higher than 90%
volumetric control basin wide, the minimum control level specified in the MOEE CSO
Guidelines.

Basement Flooding

As part of the Short Term PPCP, the reduction or elimination of basement flooding in
the combined and partially separated areas of the South Ward are addressed. As well,
system improvements proposed as part of the Golf Links Trunk sewer extension to
intercept a portion to John Street will provide hydraulic relief in the John Street Trunk
sewer. The interception of flows above Maple Avenue from the John Street Trunk
sewer, including future development flows, will reduce the possibility of basement
flooding in the John and High Street area. '

Stormwater Control

The stream and loadings analysis undertaken in Phase 1 showed no clear evidence that
stormwater represents a significant source of pollutants annually or on an event basis.
The Short Term PPCP recommends continued enforcement of the provincial
stormwater guidelines; there is no change for the Long Term PPCP. The Long Term

PPCP does not contain any projects associated with the control or treatment of
stormwater.

5024/Final report/execsum.doc -
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EXECUTIVE SUMMARY

ES-5.5 Thunder Bay WPCP

ES-6.

The Short Term PPCP recommends a pilot study be undertaken to identify the most
cost- effective secondary treatment technology. The City of Thunder Bay is
proceeding with the pilot study program. The outcome of the program will be
recommendations on the secondary treatment technology. From this recommendation
the City is committed to proceed to pre-engineering, final design and construction. It
is anticipated that following the final pilot study recommendation full secondary
treatment will be implemented within 5 years. The preliminary cost estimates for
secondary treatment are in the range of $26 million to $34 million; the costs of the
upgrade will be refined with the pilot study results and completion of the pre-
engineering.

As part of the WPCP upgrade, the improvements to the Kaministiquia Interceptor are
recommended to improve the hydraulic capacity and simplify system operations by
eliminating the WPCP old pumping station.

IMPLEMENTATION PLAN

The proposed Implementation Plan is designed to prioritize projects to achieve the
objectives of pollution control planning in meeting community standards; CSO control
and stormwater guidelines; WPCP effluent requirements; Provincial Water Quality
Objectives; and the objectives of RAP and the Binational program.

The Implementation Plan presented provides the initial framework to implement the
PPCP programs recommended. The Plan will change and evolve through the
implementation period and should be considered a living document to be revisited and
revised as more and better information becomes available. The long term goals of the
plan are to accomplish the following:

« Reduce urban pollutant loadings to receiving waters and to protect water
resources

 Ensure reliable services
o Reduce/eliminate basement flooding
« Provide services for future developments

e To provide secondary treatment

Table ES.3 presents a prioritized list of programs in the Implementation Plan where
1 is the highest and 5 is the lowest.

Figure ES.1 presents the Implementation Plan schedule and cash flow information.
The implementation period is considered to be 20 years corresponding to the planning

5024/Final report/execsum.doc 15
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EXECUTIVE SUMMARY

period. The implementation period for projects associated with new services for future
development may occur beyond the 20 year planning period.

The cost of each program and project has been distributed to develop a cash flow
projection for the City. For some programs no new dollars are identified indicating
that program funding should be from existing operational budgets. Funding for
projects associated with the reduction or elimination of basement flooding has been
distributed uniformly across a ten year period. A specific distribution can not be
determined until specific projects have been identified through the setting of a
community standard and refinement of analysis with local flow data. The costs
associated with the McVicar's Creek storage facility has not been shown in the
Implementation Plan. It is anticipated that the storage required beyond the initial
1,000 m® could be funded through development charges. Alternatively, development
in this area could be limited to the existing service capacity available.

Figure ES.2a and ES.2b present the cash flow requirements for the Implementation
Plan. Figure ES.2b does not include the WPCP upgrade to secondary treatment.

The Thunder Bay PPCP was carried out in accordance with the approved planning and
design process contained within the Class Environmental Assessment Act for
Municipal and Water and Wastewater Projects. The recommended works outlined in
the Implementation Plan can be categorized as Schedule A projects requiring no public
notification. The only exception to the Schedule A is likely the Golf Links Extension
(Item 19) and storage at McVicar's Creek (Items 22 and 28), which would fall under
Schedule B type projects requiring suitable public notification on two occasions. Early
in the evaluation of the Thunder Bay WPCP, confirmation from the EA Branch was
received identifying that the change to secondary treatment would be classified as a
Schedule A project, given there is no change in the plant's rated capacity.

5024/Final report/execsum.doc ES-9
06/10/99 '




Surpuad Apmig e 351A138 [qRISY a0 dwy
0% AijIqeIs |einonng Surpuad ApnJs ‘UOIEPUAIWIODAI ON @ a1AW/BuIqasN

[eInpng

weifoid SuroBup e 20UBURIUIEA]

QJurUIIUIEW

voneg dumg

0§ amnjie) Juawdinba jo pooyrayi] paonpay pue uonoadsu Jo swerdord Fupsixa 0] SaFuRyd ON e
uresSoad
vhmadsny ALO0 P pIpTI  © SOUBUIUIEW J9MIT PIeA, yinog ul aFe1aae %0071 01 puedxy =
0% Auroeded adid pasesioug uonoadsut A 1DD Wim werfoxd Sunsixa JjEUIpI0) = surysn[J 1amag
J9A2 [[EJUIES K343 Joye sa1ed dey wajqead 1oadsu) e
sis{[eue S[EIall PUe [BUOUIAUOD
Fo SRR SUOISNIUT J2ALI 30NPIY 10j ajdures Ayjenb 1ayem ofedoss 1aeam L1p 109100 e
pesyoye] pUE GHOW M asmiAg are1 Moy
wesSosd Supduses a1eys gmmu . _EEoU_ 5[] Jamag Iy JO JUSLISIIOH I Ul ISISSY syewmse pue ofedass Jayeam AIp Yiia sTiepno Guuopp e
- : -saoanos juenjjod 19y10 S[JEJINO JUSWINSOP PUE 3Je10] 0 £3AINS [[BHINO 19NpUO]  » ADUBUUIE[AL
Jyeis BUUSIXe WIM 0MPUOD @ | 1 G oromios-ssoo Aynuapt pinos uresoxd Bupdureg 20UBUSIUIRLI PUE 7 uopdadsuy
0% | saiea mop snosuenxs /afedass 1ayieam Lp saynuend uonsadsut jo swesdoxd Sunds Sunsixs o efuep oy« | TIBANO 1amag wiog
weidosd Suiofuo e B —
0$ ainjiey juawdinba Jo pooytayi] 3anpay sweiford Sunsixa 01 papualwWwoosl S8UBYO ON = 79 uonaadsu] 0SD
S$pa3U BLNEAT
saonpal pue Aioeded WAISAS 210U SIIEALD UOLIINP3T [/]
uonpadsut A 10D W ”_MMMMM . sjoaloid UOEN]IRRL STHHON
" J : : $20IN0S MO[J Snoauelxa {Juap] weiford ALDD Pim dUIqUIO) e
08 UOIJEULIOJUI UONIPUOD [BIMIINNS SIPLAOL] £115 3y w ssjoyuew |2 AlojudAut pue 1adsup e uoroadsuf [oyueiy

01-§ S1vak UONIW £'1$
¢-1 SIvak uoyIIw 1°1$

sIBak (] 1240 uoNIW §°7$

"Spaall JUaULEL]

saonpal pue Loeded woisds 210w $318910 UCKINP3I /]
£y oy 103 weadoxd

uonoadsul a[oyuew pue Jamas Futoduo ue saysijqeIsy
Suueapd s Lroedes adid pasesiou]

$22IN0S MO} SNOJUEBIIKI JO UOHEILNIUIP]

sweidoxd uonefiqeyas uiznizoud ul 1SIsSY

$199Jap |EIMONIS JO UOTEIJIIUIP]

UOIEULIOJUL PUE JUSLISSISSE UONIPUOD)

pare|Iqeyal

[un 3[345 1eak ¢ ® uo suondas wojqosd 10adsul-oy
£101u2Au1 pue uonoadsur ajoyuew areiodioau]
Sunysnl J2mas apnjouy

“pouad

Ik 0T 1940 SWwalsAs uonafjoo Klojusaul pue joadsul

uonosadsu] AIDD

DUBUIIUIE]A pue uonerdQ

Jjusmafeue)y wRls{S UoI|0)

150D

SIJPUIG ANEN[END

uondriosaq welisolg

weigoig

$3S07 pue dodd Wia] Joys papualiuiodsy

1°'S3 8|qel

ES-10

5024/Final report/execsum.doc



POUNUIPI ISOION  ©

UONEINUSPIE 30IN0S

PALIIIUAP! S2qEIEOL J1 WJOLIRY
1011U02
SoqEIEO J0) 21ejd 9[3JEq M SIAqUIRYD OS] OISy

[onuoy) salqeieo]]

0§ sorjayIsee aa03dull [[Im S[QEIRO0]} PONPaY Sa[QEIEO]] JO S22INCS AJNUsp] e
Buiysnyy juaaaxd o1 smoly yead jo ssedig apraoly e Jojeredag
SaFIBUDSIP PABUIWEILOD Ul UONINPIY 10 “yun SSEAD/I0
000'0€$ ©¥ 000°5TS aimidea asealn) /10 paaoidiuy I981e] B yum 10je1edas ases1n/[iQ Sunsixe ade(dey e Aemadpry
[oxjuo} OSO
Apmis
dOdd sy1 puokaq suonipuod Surdueyo ssasse 01 AIQY
UONEWIOJU J31Iaq sesle [eoof onn [epows puedxyg e
30 @sn 2yl yInoly} peuuAP SHIOM I 30npal AR SIIEIS JDdd SSISSE 0] SISAJEUR SULJay e
souewopad spi0sal uonoadsul M JIomIaU [apowr epdy e
0% | syneiply wmisAs oy pajejel uoneuuojul pasoxduy BIEP AO0[J JUSLIND IIM UONEIQI[ED [pow ajepd] o 12PON WIALMS-dX
sardaienis [euonerado dofoasp 01 30T UIeX QUO PUE SI2J2UI BAIB-AJID0[9A OM] ISBYIIN =
Pasn 3q UED JE1) UOHELLIOJUI UISAS UCHII[0I Ul[-UQ slamas sioydaoIanul [ENUASS?
- MO[J SNORUENXS AJi[en() ur suone)s Suronuow jusuemiad g 1sea[ 1B YSIjqEISH @ ‘
000°STIS BIED UONBIGIED [2POLU [BUOLIPPY wreiford Sunonuow mop Jeak ¢ orenu] e we13o.d BuLoNUoW
UOHIaUU0D)
1oATy EInbnsiunwey 03 |[ejno pue woaisks - 92gan()
000°€6% | Jamas WLIOIS O] UOHDAUUOD KIENUES 1J3UP JO [BAOLIY Atejiues Susixa 01 J0J0UUOD AJEJUES MAU PPANSUOD  » % seuref ‘¢

«I19
sonp,, 0] pannbai soueusurew pue feuoneiado ssa
Spaaul JusUnea)

uopipuod pood ur a1e s[eas 21ed FunsIxa aInsug

Juawaoe[day

S3ed [Iepn0 § Jo wensoRidey u1 uorjonpal pue Aedes adid sjqeqieae w sseaIdu] udisap ey
000°00¢$ Mo[ul paonpay .[11q yonp,, ynm panmbai se sajed dey jepno soejday o dej |[en0 ‘¥

IoMas ULI0)S MAN DOD0ZIS ° ueqd [eaowal wa] Suo 10j UCHEPUNO] SUTSEQUDIED § 109UUODSIP O} JaMas WIS MIN o UOLIBUUOD

UonILISAY . Spasu UAUNEAN SA0NpaY WAIsAS ATEIIUES 0) MO[JUI JAUIEIM Jom 8501y

moy % Buless g2 000'TIS -

Jamas ATejUes Ul PEO[ JSIEIM 19M $I0NPIY

| 0} SPE9] UISEqUDIEd Mau ap1aold pue 1oLgsal ‘[gag

uISEqUIED €

FETSTENT

wa1sAs noyum weiFord e sjeniut 1o dopaasp 03 a|geu)
slamas Alenues

WOI) $1apEa] JNEMUIE] 2A0WAI 01 ME[-Ag 9010jug

uonanpay mo[g
snosuenxy ¢

uolawe)/SuigaaN 000‘zZs
Yormsunag,JoqaaN 000 128 ©

J01daoaug
Surqasn s 01 Jai[a1 o1 NEIPAY Papasu Yonul $3PIA0L]

JyUnI,

uosawey 03 Joydeniau) SuigesN WOl MmO MIAL]
iodanay a1AjufajaySuiqasn

pUE 1935 10102UU0)) Nolmsumlg 2y 01 Joidaosagu]
SuiqaaN 9yl WOL) SMO|) ISPEIM T13M S530Xa UIAIQ

SUOISI3AL] |

sapifey Sun

SIXF] JO 3S[) IZILIXE]Y]

500

sjlRUag IANE)END

uondiaosa( weisold

weIsoLy

S1S0) PUE dOdd Wia] MOYS Papualitioday

L’'S3 8jqel

ES-11

5024/Final report/execsum.doc



uofjiur £6% 1807 [B10],
Saonoeid poos,, A0Woig
Koedes 019 AN IV Ylim §1101J2 S1BUIPIO-00
WSLIIES] IOJEMIISEM PUE I15jem 10] PUBLIAp 39NPay u01105Uu0sIp Nodsumop jouIosg

s atjqnd pauwiojuj sureioid Sunsrxas 01 sadueya oN uonesnpy Aqnd

198png Suneiado [enuue asEAIOU] e

wa154s
Tamas ULIO)S Jajua A1) 310j2q swuEngjod Jo Jeaoway

- a8e12a00 9001 03 weifoid Jo adoos asearou]

Fuiea) ulseqyoIe)

guues|) 1eens

0% uenjjod jo [Baowisy wesoad Sunsixs 03 a3ueyd ON
uonuRA1g uonN|jog
fupioey Krepuooss [y Joj voneznundg
0% | juatoiyns aq [ aumjoa 193seg1p Surxiw sadord yirm Surxw 19)5381p aa0rduy 115981(]
sjusWaIINDba1
0$ | wanpye waw 01 jesowsl snioydsoyd pasocidwy suoyje uoneziundo Funsixs Yim ANUnUo [eaoway snioydsoyd
suonesado

000°00¥$ © 000 00€$

pue ssooold AJEpuODas pim  IBI[IWRE] JJEIS PIUlel]
Aeg 1opuny], 01 pauns siaaweled udisag
Anjioe} A1epuooss jo 1500 [eydes ul sulaes jueoyiudiy

dodm 01 apeiddn Arepuodas 10j SIF0[OULIR)
waunean Sunednsaaur Apms jopid Juo] 1eak MUl

Apms 1o5td

dDdm Aeg sepuny],

jonuoa Amuenb pue Lijenb 1emuiin)s paaoidury

[enuely uBisa(] pue Sultuejd 201081 JUSWRIFeUTIN
Islemuuiols,, Jjo uoitedijdde pue JUSLWADI0JUS INUNUOT

JuatadRUE A
J2IRMLULIOIG

023Uy IIJEMULIOIS

(is11 Jo
12a3] 183 pf 01 183k 7) pouad 1eak
Q1 E 1240 U0l W €' ¢§ 01 000 0VES

SuIpooy WSWAsE] JO YSII 3L} IZIWIUIW/IIeUI |5

seare pajeredas Ajsnoraaid ur a8e101s WASAS IPIAOI]
101102 JO [943] PalIsap B aaalyoe o) sadid

aeredas ynm sadid pauiquiods uisixa aoejday
plEpUEIS AJUALILIOD SUILLIIR(

uoneIqIes [apows pasoidurl

PUE EIED MO[}] [ED0] Ula JUIWISSISSE JSII ayepdy

Suipoo].] wawaseq
pIE AN JINOS

Jurpoo(y JUAWIRSEY

sBumag 10E N3y

0% [O1IU0D DLISWN|OA 9% 0§ WRLLIUNLL JAIYDY ayel uondadiaiul aseasul o1 Jojemadal 7Y 1Snipy
SIOMEING2) 7Y seorlday e
. aooo A% 20UBUIUIEW PIcNPay wesdold
P I Smmney v 1500 MO patinbai se so1aap 2d£1 apijsoIpdH 10 Juawaoe[day
000°SL1$ aourwIopad Jjqeljal 210 X3LI0A € IoIpia (A s1o1endal einbusimwey acejdey lowendayd 0SO
1500y sijemag AnEjEnd) uondirasaq weisel welidosd
S350 PUE dDdd Wid] HOYS pepuswiioddy  L'S3 dfqel

ES-12

(24/Final report/execsum.doc

5



oI Z°Zp$ 3500 [EI0L,

mﬁmumﬁ_ﬂ dodm jo ueg mucuED>DHQEH

suonesado payiduns pue 21neipAy paaciduy uoness duind urepy ot pue JojenSal uenes duind po Jovdaoaanug

uorfu $°14 uoneys dumd pjo oy 10§ p3eu S SIONPAY ‘usamiaq adid Wi Q£9°] WM UKW G/ JO W GTZ dejday embisiuIuresy

sjuawanmbar L103e[nday 199 Suipuad Apms 10[id opesddn

uonru geg sot1adng 9¥eT 01 SUIpEO] Ul BOIIONPAY UO[EPUIWILOAT ON dDd Aeg epuny]

IOMIS ULI0IS uel3014 U0nIIUU0ISI(

wsAs Lenues uf asuodsal IStIeam 1am S20NPIY MaU 0] 109U023] pue AIeles Wolj SUISEqUIIEd 199ULoasi(q uIsequlE)

000°SLLS SIaMas AIBJIUES WOI) MO[J ULIOIS SIAOWSY s1apno JunISIXS 01 81928 ULI0IS MU IDTUISUOD) PIEM YHON

dupooyy

JUAMASEq JO YSU A pue aul] apeid oinelpAy saonpsy sjaang JuausaA0duI] Jamag

000'0¥L$ Ba1e [290] Ul Jo1]al JNNeIpAY SapIA0l] OLIEJUQ) PUE BWOS|Y U30M]9q JOMIS JO UONDAS UE O WM ], Hunif a5 ugop
1u2wdojaAap Ulim PIFElS aq UED S5EIMIS
(A13) 0g Jadojaaap £q auloq a8EI0XS JO 1500 SInoy 7] 2wy uonula(
(L1000 1) 000°S19$ SYWIT J100) S SUIpUAIXa Wey) 9A1193})2 150D IO JM( 2581948 67
yunip, JO WINWIXRUI B 2AI3021 0] Jamas NUNL], Y91 S JBA N

0107 @ dn siuswdojaaap 10) 258108 W OO0 T a3eI0Ig

(1e307) wol W 6§

231D S JBINAIN A Ol SMO[J 1240 [01WOD SIPIAOIG
pa3e1s aq ued aFe1m1§

wawdofeasp ajeui|n 1oy parmbai s8e10s Jo W (9L°]

¥oa1) S JBMAIW

uoljiw o°[§ vornod saddn s ut jarjai ornepAy Suipiaoid Kemssaxdxqg a1
19M3s YUnl], 13911§ UYO[ 3 Wolf Moy Sunsixs SULsAIQ puE anUIAY UmbuoS[y Uaamiaq Jamag 1eang uyor aoeday
Kemssardxyg anuoAy WINbuoF]Y 18 J12Ma5 YUNI] 192115 UYOf 01 JSAO
uoliul €°¢5 | aip puofaq swawdojpasp o) Loeded ainny sapisolg uoners dumd eoe11a] IaAry ySnomp syurg Jioo puaixyg oISy sYUI'T JoO
51500 sjjouag uondiissaq weidoly weIdorg

$)1507) pue dodd wis] buog pepuswwoddy Z°'S3 9jqel

ES-13

5024/RevS/execsum.doc



sIeak ¢ € uoljiuL 14 sjuawaaoiduy J01deorayu] embusiutueyy Rz
SIBAA [ € 000 0¥L$ wswaAoldw] Jomag unl] 19ang uyof €T
sIeafk | £ (Aed 1adojanap) 0$ § JESIAON @ 28e103S W 000 T [eriu] 2z
SIB3K [ E 000°0Z1$ UOIosUU0dSI( WISEqUIE)) PUE JoMag WIOIG PIEM, YUON "1Z
SUONEPUSTLILOIRI ApMS 10[1d
SIEA G 7 Supuad worfiu ¢g$ 01 67§ wauneal], Krepuosag o1 speiddn Jodm Aed lepuni], 0z
sieak 01 s oI £ g d 90BLI], J9AlY 01 UOIsUAIXF SYUIT J10D 61
Suio5uo sawodsq .
sIeak [ Z s393pnq Funsixa £aaIng pue soueusuiepy ‘uonosdsu] [[BINQ Jamag Wiolg ‘91
1Bk | 1 s128pnq Sunsixs siuswsA0IduI] 215UIN/BUIqRaN b |
Suto3uo 1 $128pnq 3UNSIX (uoneanpa onjgnd “Suruesyo 1921s) sWeIFold uonuaaald uonnfioq ‘g1
Furoduo I 195png 3unsixa aseasoul Ajrenuue 28612400 9,00 — Sulues[y UISEqUIIED Sl
Buroduo 1 s12dpng Sunsixa uoneziundg 191893i(] b1
Suro3uo 1 s1Pipng Sunsixa [eaoway sruoydsoyq =)
sieaf g - parenut 1 000°00%$ 1 000 00ES Apmg 1001d dDdM Aegd Japunyf Tl
3uroduo 1 s1adojaaap 10 $193png Funsixa S[0IIU0D) JUSLRTRUBTY JAEMLEI0S 11
sieak 01 1 uorur €4 01 000 0vES ureifolg Suipool] uswaseq pIepy YInog 01
SIBAk 1 000°ST$ jusunsnipy pue wewsoejdey toremday 730y ‘6
Suioduo sawo%aq -
sigak § 1 000°SIIS weidor] SULIONUON 9
sieak 7 1 000'£6% UO11921107) UONIAUU0D) 2aQany) PuE sawef Y,
sieak 7 I 000°21$ Juifeag uISEQUIIED PIEM YHON 9
s1eaf ¢ 1 000228 UOISIAAL Uolourer)/FulgaaN ¢
sieaf ¢ 1 000'1Z$ UOISIDAL( Hormsutug/BulqaaN R4
gulofuo 1 s12dpng Bunsixa asueuuIEly uonels dung €
SuroBuo 1 s1edpnq Bunsixa aouieURIUIE]A] puE uonoadsul OSD 'z
BUIOFUO saWwodaq e
sieak O 1 uoljjiu 8°7% weiosd Fuiysnyy Jomas pue uoroadsul a[oyuel *A 10D 3,
poniag uoneusmadury Lyronng 150D ureigolg wa]

sanliolid weibold  £°S3 9|qel

ES-14

5024/Rev5/execsum.doc



s1eak +67 S 00D'CLLE w1014 UONIUUODSI(] UISEqUIED) PIEM ULON 6T
(PfIEIsuL QOO | [EnIUI U J ot L' y§ &
SIBK +GT = oIt ¢y parmbax jw 09.°L Auo) (i 098 - 93BI0NS S, JEAAIN 87
s1eak 6T o 000'00€$ weidorq juswadejday 21en deld [[EANO 1z
*Aemssa1dxd o) yunij,
s1eak G1 ¥ uon o' 1$ 19211 UYor Jo ope1ddn pue anuaAy Wnbuod[y 01 UOISUAIXT SHWIT J|0D "9z
s1BaK G ¥ 000°SLIS wesdoig wawaoeidsy Joremiay 0SI €T
por1ag uonejuatusjdury Auioug 150D weadolg wayf

sepjliold weibold £'S3 @lqel

ES-15

5024/RevSiexecsum.doc



Thunger Bay PPCP
RN
Imple onertation Plan ES-| xls

Figure ES-1
Implementation Plan

ITEM PROGRAM COMMENTS COSTS 1996 1997 1998 1999 2000 2001 2002 2003 2004 25 2006 2007 2008 2009 2010 2011 012 013 014 2015 016 BEYOND
| | |
I. CCTV, Sewerline, Manhole |- Program began in 1996 _ -—_ | "
and Sewer Flushing Program |- Initial 10 year program S2EM00G0 | 120,000 | 245,000 | 245000 | 245000 | 245000 340000 | 340,000 | 340000 | 340,000 | 340,000 | - Inspection prograim is ongoing, | e anral level of effort is reduced
- Beyond 10 years new CCTV program required | 1| i
2. CS0 Inspection & M e|- Ongoing program T [
- No new resources required S0 |- Ongoing prlugrmn. existing budget
]
3. Pump Station Maintenance - Ongoing program | | i
- No new resources required S0 |- Ongoing program, existing budget |
4, Neebing/Brunswick Diversion |- Provides hydraulic relicf and control to the
Meebing Interceptor reducing the likelihood 521,000 [ 21000
of surcharging conditions |
5. Neebing/Cameron Diversion |- High level relief of the Neebing Interceptor |
223,000 22,0460 |
6. North Ward Catchbasin Scaling|- Cost effective way to disconnect CB
- Reduce inflow into Morth Ward sanitary 512,000 12,000
system | |
7. James and Quebec Connection |- R al of cross ion | |
Correction 593,000 93,000 | |
8. Monitoring Program - Monitoring program will provide additionul
model calibration data and increase SHIS,000 12,000 10,000 13,600 18,600 18,600 18,600 18,600 |- Ongging program
of flows in the collection system | |
- 2 meters and | rain gauge
- 1) permanent stations |
9. [RK2 Regulator Replacement |- RK2 to be replaced and adjusted in the short -
and Adjustment term £15,000 15,000 H
- Provides City information on new regulator ;
technology | |
10.  South Ward Basement - Program may not nced to be fully implemented |
Flooding Program - Flow monitoring and system modelling should S400000 [ 430,000 | 430,000 | 430,000 430000 | 430000 | 430000 | 430,000 | 430000 | 430000 | 430,000 :
be used to re-assess need
- The level of risk assumed will change the costs |
- No cost identified in cash flow . !
[1. Stormwater Management - Follow Provincial Guidelines | i | *
Controls - Ongoing 50 |- Ongoing pmlugrm existing budget | |
|
12, Thunder Bay WPCP Pilot - Study to be initiated in 1996 | |
Study - 5300,000 to S 400,000 depending on final scope $400,000 I |
13. Phosphorus Removal Program |- Ongoing program | . i
|
| | |
14, Digester Optimization - Ongoing program e i |
S0 |- Ongoing progrum, existing budget | |
| i
15, Catchbasin Cleaning - South Ward has 50 to 60% coverage this i ] i T | { | I - — e
100% Coverage is to be increased to 100% annually 50 |- Ongoing program, er.lsl{?g budger | | |

Figure ES.1
Implementation Plan
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Figure ES-1
Implementation Plan

ITEN PROGRAM COMMENTS COSTS 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 006 2007 2008 2009 010 i 2011 12 2013 2014 015 2016 BEYOND
16. Pollution Prevention Programs |- Ongoing initiatives
- Promote Roof Leader Disconnection S0 |- Cngoing program, en'sl.il;gg budget ‘ ‘
17. Neebing/McIntyre Interceptor |- Study pending |
[mprovements - Requires immediate action 50 - Pending | |
18. Storm Sewer Qutfall - Investigate cost sharing with other agencies i 1§ =
Inspection, Maintenance and |- Outfall survey to be repeated on a 7 year eycle S0 - Euisting budget ‘ Program designed ona 7 year eycle
Survey |
19. GolfLinks Extension to River |- Alignment is not set
Terrace P.S. -ltis d the ex will be phased in $3,300,000 | 330,000 1 330,000 | 330,000 | 330,000| 330000] 330,000 330,000 | 330000 | 330,000 | 330.000
over 7 years
- Development driven | |
20, Thunder Bay WPCP Upgrade |- City commited to provide full secondary i |
to Secondary Treatment treatment within 5 to 10 years S35, 000,000 [ 7.000,000 | 7,000,000 | 7,000,000 | 7,000,000 | 7,000,000 I |
21  North Ward Storm Sewer and |- New storm sewer will allow 3 CBs to be |
Catchbasin Disconnection disconnected reducing wet weather inflow. $120,000 120,000 I |
22, McVicar's Creek 1,000 m3 - Initial storage volume requircd
Storage - Investigate cost sharing to fund S615.000 | 615,000
23. John Strect Trunk Scwer - Provides hydraulic relief in High St. area |
Improvements - Implementation withi 5 years ST40,000 | 740,000 |
24, Kaministiquia Interceptor - Implement inconjunction with WPCP | | |
improvements upgrade to secondary treatment $1,400,000 |
25. CSO Regulator Replacement |- Replacement program over 15 years to replace O e |
Program 10 regulators on the KAM Interceptor S175,000 15,500 | 15,900
- Assumed that one or two regulators addressed |
each year of the program |
26 Golf Links Extension to - Requires [tem 20 to be completed
Algonquin Ave. and upgrade of]- Development driven 1,000,000 | i
John St Trunk to Expressway |
27, Outfall Flap Gate Replacement |- Program fo be implemented on an "as need” | | | | | || o e s e SHE)
Program basis - costs are distributed $300,000 122,000
- 1t is assumed all outfall gates will need to be ~-RN2| - RN25, RN28, N33 - RN20
replaced over the next 20 year period |
28, McVicar's Creek 8,760 m3 - No cost identified to the City | 3 S i : :
Storage - Need for storage is development driven S0 | - Additional storage would be required for futare developments
- Cost recovered in development charges I |
- Approximately $4.7 million |
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Figure ES.1
Implementation Plan
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SEcTION 1
INTRODUCTION

INTRODUCTION
Background

The City of Thunder Bay, with participation and funding assistance from the
Province of Ontario and the Federal Government, commissioned a study in late
1993 to investigate direct municipal discharges to water courses in the Thunder Bay
urban service area. The purpose of this study is to develop a Pollution Prevention
and Control Plan for the Thunder Bay urban service area.

The Study, which is identified as the City of Thunder Bay Pollution Prevention and
Control Plan (PPCP), was to be completed in two phases generally described as
follows:

Phase 1

o Identification of direct discharge points to receiving waters from the City of
Thunder Bay urban service area

o Determination of the quantity and quality of discharges under dry and wet
weather conditions

« Environmental problem identification

Phase 2
o Evaluation of pollution prevention and control strategies for the City of
Thunder Bay
o Performance, economic, environmental and social implications of control
strategies -

» Development of recommendations including implementation plan and cost
schedule

The final Phase 1 State-of-the-System was submitted on June 1, 1995. In the Phase
1 report an assessment of wastewater collection and treatment facilities was
conducted in addition to an evaluation of area water resources. The Phase 1 work
identified problem items and issues relating to collection system hydraulics, CSO
control, basement flooding, pollution prevention and wastewater treatment
requirements. The Phase I work program was designed to complement the RAP
process in problem definition and public participation. It is anticipated that the
final Implementation Plan will also complement the RAP Stage 2 work underway.

Phase 2 of the study evaluates pollution prevention and control strategies with the
end result being an implementation plan suited to the City of Thunder Bay.
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The Phase 2 Report is divided into five sections starting with a brief summary of
key findings and updates from Phase 1, followed by a discussion on components of

a PPCP, development of short and long term plan alternatives and finally a
recommended pollution prevention and control plan.

Environmental Assessment Process

Ultimately, the works resulting from this study may be subject to the requirements
of the Class Environmental Assessment Act for Municipal and Water and
Wastewater Projects. Therefore, the study is being carried out in accordance with
the approved planning and design process contained within the Act.

The Phase 1 Study Report met the requirements of Phase 1 of the EA process by
identifying system problems and presenting the system problems to the public.
Phase 2 of the study will parallel Phase 2 of the EA process where a preferred
control strategy will be developed. As well, the Phase 2 studies will establish the
requirements for subsequent approvals.

Collection system improvements will tend to fall under the Schedule A or B
approval process for municipal water and wastewater projects; therefore, no
Environmental Study Report (ESR) will be required for these projects. Schedule A
projects involve the repair, modification, reconstruction of existing facilities to
provide operational, maintenance or other improvements, and require no public
consultation. For Schedule B project, ‘which include projects that extend or expand
services, two points of public contact are required. The proponent may select the
method of public notification that best suits the circumstances. The EA approvals
branch has confirmed that upgrades to the wastewater treatment plant would fall
under Schedule A given there is no change in the plant rated capacity. However,
the process adopted to review plant design alternatives has followed the more
comprehensive requirements of Schedule B. In all cases a "bump up" could be
requested where it would be necessary to proceed with Phase 3 and 4 of the EA
process and prepare an Environmental Study Report.
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STATE-OF-THE-SYSTEM-SUMMARY

Introduction

The City of Thunder Bay, with a total population of 114,000 and a land area of
approximately 323.5 square kilometres was founded in 1970 by the amalgamation
of the former Cities of Port Arthur and Fort William plus portions of Neebing and
McIntyre Townships. The City is located on the west shore of Lake Superior with
a water front area that stretches approximately 14 kilometres.

The study area, shown in Figure 2.1, is bounded by the Ultimate Urban Service
Area limits, and includes the lands extending westward from Lake Superior
generally to the Thunder Bay Expressway, from the City limits in the north, south
to the Kaministiquia River. The study area includes seven water courses that pass
through the Ultimate Urban Service Area to Lake Superior, Kaministiquia River,
McKellar River, Mission River, Neebing River, McIntyre River, Current River and
McVicar Creek. All of the water courses including Lake Superior have been
identified as important for fisheries either as habitat areas or as zones of passage to
spawning grounds. A number of wetlands areas are located within the study area
which have been designated provincially significant.

The most optimistic population projection as presented in the November 1993
"Trends and Forecast Report" prepared by the City's Planning Division suggests a
peak population of approximately 120,000. The ultimate service population in the
Ultimate Urban Service Area is considered to be a total of 151,750. The major
growth areas are adjacent to the Thunder Bay Expressway at Arthur Street, Golf
Links Road, John Street and Red River Road.

The sewage collection and treatment facilities evolved separately for each City.
The North Ward (Port Arthur) system was generally developed as a separate
sanitary collection system. Nevertheless by 1961, there were a number of known
road catchbasins connected to the sanitary system in the downtown core area where
no storm outfalls were available. The sanitary flows are intercepted by the
McVicar's Creek Trunk, John Street Trunk and Port Arthur Interceptor sewers.
One overflow chamber exists at the lower end of the McVicar's trunk system which
has a sluice gate that remains open. Currently, there are no reported overflows at
this location. An overflow at Clarke Street has been closed.

The South Ward (Fort William) system consists of combined sewers, partially
separated systems and, in newer areas, separate systems. A large portion of the
existing sewer system drains toward the Neebing and Kaministiquia Interceptor
sewers. The ongoing City program of sewer separation involves removing the road
and surface flow component from the combined sewer. However, footing drains
and a significant number of roof leaders are still connected. A total of 35 combined

5024/Final report/Sect2.doc 2-1
06/10/99




2.2

2.2.1

2.2.1.1

S SECTION 2
STATE-OF-THE-SYSTEM SUMMARY

sewer overflow chambers were originally installed, controlling inflow to the
Neebing and Kaministiquia interceptors. Presently, 20 were identified to be active
with the remainder either abandoned or closed.

The Thunder Bay Wastewater Pollution Control Plant (WPCP) provides primary
treatment and phosphorus removal and has an average design flow capacity of
109,100 m*/d for treatment of wastewater from the entire City. The plant effluent
flows to the Kaministiquia River via a submerged outfall without diffusion.

Figure 2.1 shows the location of key sewerage facilities in the study area.
Summary Of Existing Systems

A detailed analysis of the existing collection system operation, water resources and
treatment plant operation is presented in the Phase 1 - State-of-the-System Report.
This section summarizes the key findings of that report.

Collection System

The hydraulic performance of the existing collection system was assessed with the
use of an XP-SWMM Model. Appendix E contains descriptions of all modelled

pipe and regulator elements, while Appendix F contains dry weather flows
generated for each modelled pipe element.

North Ward

The North Ward wastewater collection system was developed as a separated
system. However, there is evidence of surcharging and wet weather infiltration and
inflow in the system. The following summarizes the system problems identified:

Field Inspection and Monitoring

» Extraneous flows account for approximately 25 to 30% of the dry weather
flow to the treatment plant.

o There are known cross-connections (catchbasin) to the sanitary collection
system,

Hydraulic Performance

o Surcharge conditions exist at the junction of John Street Trunk and the Port
Arthur Interceptor, as well as at the junction of the McVicar's Creek Trunk
and the Port Arthur Interceptor during wet weather conditions.
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Surcharge conditions have occurred, and can occur, upstream in the John
Street interceptor restricting upstream flows and limiting the capacity for
future development flows.

City staff have reported surcharge conditions in the upstream portion of the
McVicar's Creek Trunk that have resulted in outflow from the system to the
Creek. Systems analysis has not identified these conditions and basement
flooding has not been identified in the area.

Overflow Control

No overflows were identified.

South Ward

The South Ward system was originally developed as a combined sewer system.
The City has undertaken a separation program that will be completed within the
next two years resulting in approximately 65% separation. Phase 1 identified the
following problems in the South Ward collection system:

Field Inspection and Monitoring

The majority of regulator chambers on the Kaministiquia Interceptor are in
poor operating condition and in need of ongoing maintenance or
replacement.

The regulating structures on the Neebing are in reasonable operating
condition. However, there is evidence that flap gates to the Neebing River
can become obstructed on occasion and do not seal tightly, thus, allowing
the inflow of river water into the collection system.

The interception capacities of the regulators contributing to the Neebing
Interceptor are considered high, allowing more flow into the interceptor than
originally designed for, this creates the potential for surcharged conditions.

Extraneous flows account for approximately 25 to 30% of flows to the
treatment plant.

A sanitary connection from a motel in the James and Quebec Street area was
found to be connected to a storm sewer pipe discharging to the
Kaministiquia River.

Hydraulic Performance

The Neebing Interceptor surcharges during wet weather events.

Surcharge conditions in the Neebing Interceptor restrict the outlet capacity
of local collection systems leading to the potential for basement flooding.
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o The potential for basement flooding still exists in 16 areas following the
completion of the separation program based on systems analysis. Generally
there is little risk of basement flooding for a 2 year design event, however,
the risk increases significantly for a 10 year design event,

Overflow Control

o For the typical year, 1988, only one regulator was active on the Neebing
system and 8 on the Kaministiquia Interceptor providing an overall
volumetric control of 95% system wide. RK2 (Hardisty/Victoria) on the
Kaministiquia Interceptor has a volumetric control of 75%. This is below
the proposed minimum MOEE level of control of 90%. All other regulators
exceed the 90% level of CSO control on an individual basis.

Water Resources

The stream and loading assessment varied by stream, but included beneficial uses,
aquatic life status, water quality and loadings assessments. The emphasis of the
study was to establish the potential impacts of CSO upon area waters. Hence, the
evaluation activities focused on the Kaministiquia and Neebing/McIntyre Rivers.
Nevertheless, it was of interest to examine uses, water quality and loadings in other
arca streams as well as Lake Superior. The loadings assessment was
comprehensive for all receiving waters and included urban sources contrasted with
boundary flows. Boundary flow conditions represent the water quality and quantity
at the point of entry into the urban area of Thunder Bay. '

The Phase 1 stream and loadings assessment identified the following:

¢ No evidence was found of impairment to cool and warmwater fish
populations and fish migratory routes.

o The lower reaches of Kaministiquia River still have a limited diversity of
biotic communities, Relatively pollutant tolerant macroinvertebrates taxa
are found in the Kaministiquia River.

« The Neebing and Mclntyre Rivers support a good variety of pollutant
intolerant macroinvertebrate taxa.

o Provincial Water Quality Objecti‘ées" (PWQO) are exceeded at the urban
boundary for iron, cadmium and copper.

» Mercury concentrations were found to be high in the storm outfalls sampled,
however, this may be a result of a limited database or may reflect local
geology. It is believed the Mercury is naturally occurring and is not related
to urban activities or sources.

5024/Final report/Sect2.doc 2-4
06/10/99




2.2,3

SECTION 2
STATE-OF-THE-SYSTEM SUMMARY

Pollutant loads from storm outfalls for dry weather seepage and stormwater
represent less than 3% of the annual loads to the area receiving waters for
most pollutants evaluated. The exception is mercury, which was found to
exist in higher concentrations, resulting in over 95% of the annual loadings.

Overall, the boundary flows contribute the largest pollutant loads to Lake
Superior in the range of 50 to 80%. The greatest sources of BOD, total p,
chromium and zinc (no mercury data was available) is from both urban and
industrial sources accounting for approximately 70% of annual loads
combined.

Industrial sources represent the next greatest pollutant sources in the area
followed by the WPCP.

The PWQO are exceeded for bacteria at the mouth of the Neebing/Mclntyre
River and McVicar Creek.

Thunder Bay WPCP

A review of the existing status of the Thunder Bay Water Pollution Control Plant
(WPCP) with respect to flow, contaminant loadings and biosolids generation
projections for the design period to the year 2016 was conducted in Phase 1.

Highlights of this review are summarized below:

Current Status

The Thunder Bay WPCP is currently operating between 65 and 79% of its
average day rated capacity of 109,100 m*/d.

The plant has consistently met its compliance requirements for removal of
BOD; and TSS in the last four years. The effluent phosphorus criteria have
been slightly exceeded in 3 of the last six years. Although a compliance
criterion does not exist for disinfection, the plant has not historically
provided adequate disinfection to meet the bacteriological criterion specified
in an MOEE draft disinfection policy.

The old plant is in structurally poor condition, and equipment has become
obsolete. :

Improvements to the Main Pumping Station are planned to reduce charges
for energy consumption. Future improvements are necessary if the effluent
sewer to the old plant is to be retired.

The City has initiated a program to improve phosphorus removal.
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Limitations to Meeting Capacity Requirements for the Year 2016

« No increase in the rated plant average day flow capacity will be required for
the design period. The average raw wastewater flow projected for the year
2016 is 93,285 m’/d compared to the current rated capacity of 109,100
m*/d. A flow rate of 109,920 m’/d is projected for the ultimate service
population.

o The peak instantaneous flow that the collection system could deliver to the
plant projected for the year 2016 (709,272 m*/d) exceeds the actual existing
main pumping station capacity of 455,000 m*/d.

o Existing screening and grit removal processes, and the outfall, provide
adequate hydraulic capacity for the peak instantaneous flows projected for
the design period.

¢ Adequate primary treatment plant process capacity and biosolids
management capacity exists for the design period. Thickening of waste
activated sludge from the secondary process will be required.

o The existing chlorination system has insufficient capacity to provide
adequate disinfection of wastewater at current and projected flows.

« Due to the physical condition of the old plant, its capacity will need to be
replaced.

Factors Affecting Expansion and Upgrading Requirements for the Design Period

» The Sewage Treatment Plant (STP) Regulation presently being developed by
the MOEE will require all Ontario primary treatment plants to upgrade to
secondary treatment plants. A maximum of 15 years is being considered for
initiation of the secondary plant upgrade.

e The Thunder Bay WPCP may be required to proceed with secondary plant
upgrading in the near future because it cannot meet general MOEE
compliance requirements for phosphorus.

o The Thunder Bay RAP will also recommend a time frame for the secondary
upgrade project. RAP recommendations are currently under development.

e The City of Thunder Bay has requested comments from the local Health
Unit and the MOEE with regards to the requirement of discontinuing
disinfection.

The International Joint Commission recommended Lake Superior be designated a
zero discharge demonstration zone, where no point source discharge of a persistent
bioaccumulative toxic be permitted. In response, government agencies announced
the Binational Program to Restore and Protect the Lake Superior Basin. In this
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program, the concept of zero discharge applies to wastewater treatment plants.
This may require a higher standard of treatment than presently required by the
Province of Ontario. As of yet, no specifications have been set.

Phase 1 - Updates

Two investigations were conducted following the finalization of the Phase 1 State-
of-the-System Report released in June 1995. The first investigation involved
additional dry and wet weather sampling of stormwater sources into Boulevard
Lake, the second addressed the structural condition of the Neebing/MclIntyre
Interceptor sewer. A third update to Phase 1 addressing discharges from the
Ridgeway CSO is discussed and incorporated into the PPCP.

Boulevard Lake Stormwater Outfall Sampling Program

Water quality samples were collected at storm outlets to Boulevard Lake. The
objective of the sampling was to determine if urban stormwater contributes to the
high bacteria levels recorded in Boulevard Lake.

Prior to initializing the sampling program a survey of the Lake perimeter was
undertaken to identify stormwater outlets. Three outfalls were identified to convey
stormwater generated by urban developments adjacent to the Lake. As well, three
surface ditch drains were identified; however, they drained local lots and were not
sampled. Figure 2.2 shows the storm outlets locations (A, B, and C) where
samples were collected. -

Samples were collected on one dry weather occasion where flow was evident and
during two wet weather events. Samples were analyzed for fecal coliform and for
one wet weather event mercury was included in the analysis.

Table 2.1 presents the analytical results.

Table 2.1 Boulevard Lake Storm Outlet Sampling
Event Event Fecal Coliform (#/100 mL) Mercury (mg/L)
Date | Type Site A Site B Site C Site A Site B Site C
June 19 dry <10 no flow no flow
June 13 wel <10 no flow <10
July 4 wet 160" no flow <10 0.0105* no flow 0.0026
Notes:
1. Maximum count during event, other samples < 10.
2 Event Mean Concentration (EMC),
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A review of Table 2.1 indicates that the storm outlets that service urban
developments are not a significant source of bacteria to Boulevard Lake. Only one
sample result was greater than 100 orgs/100 mL for the July 4 event at Site A,
however, the EMC is calculated to be less than 100 orgs/100 mL as other samples
collected during the event were <10 orgs/100 mL.

The mercury levels are elevated; however, this is consistent with the previous
results of the storm outlet sampling. These results further substantiate the belief
that the source of mercury is naturally occurring.

Neebing/Mcintyre Interceptor Capacity Constraint

Internal inspection of the Neebing/MclIntyre Interceptor revealed a segment on the
William Street right-of-way between May Street and Fort William Road that is
significantly deflected from the 85" diameter and potentially could collapse. The
City has initiated an emergency plan to ensure continued service with bypass
pumping in the event of a collapse during dry weather. Overflow to the Neebing
River may be inevitable to prevent basement flooding, if wet weather was to occur
during a collapse condition. The City is considering various options to structurally
strengthen the deflected section that could result in a reduced diameter and pipe
capacity.  The repair/rehabilitation of the Neebing/Mclntyre Interceptor is
considered in the development of the PPCP.

Ridgeway CSO

An oil separator in the Ridgeway CSO is reported by CP Rail operating staff to be
flushed out during wet weather periods. The result is a discharge of petroleum
products to the Kaministiquia River. As well, CP Rail operations has reported
medical waste, such as syringes and rubber gloves, being found in the oil separator
at the Ridgeway CSO.
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PoLLUTION PREVENTION AND CONTROL PLAN DEVELOPMENT

Pollution Prevention Control Plan Objectives

The primary objective of the PPCP is to address the problems identified in Phase 1.
In developing pollution prevention and control measures the following factors must
be balanced and taken into consideration.

Community Standards
Community standards are considered to include:

« Public Health. Elimination to the maximum extent practical of harmful
bacteria associated with combined sewer overflows and stormwater
discharges.

« Basement Flooding. Elimination to the maximum extent practical the
potential of basement flooding associated with wet weather events.

o Aesthefics. Elimination to the maximum practical extent visibly
objectionable solids and floatables related to combined sewer overflow.

o Odour Control. Elimination to the maximum practical extent of undesirable
odour incidents resulting from combined sewer overflows.

Regulatory Requirements

The following is a brief summary of the relevant regulatory requirements to be
considered in developing the PPCP.

CSO Control

The MOEE policy has now been calculated as Procedure F-5-5' as a supporting
document for Guideline F-5°. Procedure F-5-5 is presented in Appendix A.

Determination of Treatment Requirements for Municipal and Private Combined and Partially
Separated Sewer Systems.

Levels of Treatment for Municipal and Private Sewage Treatment Works Discharging to Surface
Waters.
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Procedure F-5-5 has the following goals:
» Eliminate dry weather overflows
« Minimize impacts to aquatic life and human health from CSOs.

« Ensure that body contact recreational criteria at beaches will not be violated
as a result of CSOs.

o Achieve as a minimum, compliance with body contact recreational water
quality objectives (PWQO for E. Coli) at beaches impacted by CSOs for at
least 95% of a four month period, June 1 to September 30, for an average
year.

In order to satisfy the above goals set out by the Ministry, each operator with CSOs
is required to develop a PPCP, meet minimum CSO controls and provide additional
controls for beaches where recreational water users are impaired by CSOs or where
justified by site specific receiving water quality assessments.

Based on the CSO Policy, the City has met the requirement of preparing a PPCP.
Secondly, in the Phase 1 Report, no beach area or sensitive water bodies were
identified to be affected by CSO discharges. Therefore, the higher standard of
CSO control for body contact areas is not required.

The key requirements of the proposed CSO policy that are incorporated into the
development of the PPCP includes the following minimum CSO controls:

o Eliminate CSOs during dry-weather periods except under emergency
conditions.

« Establish proper operation arid regulatory inspections and maintenance
programs for the combined sewer system.

- [Establish pollution prevention programs (e.g. source controls, public
education, water conservation, street cleaning, etc.).

« Minimize solids and floatable materials
» Maximize use of existing collection systems

« Maximize the wastewater treatment plant for treatment of wet weather
flows.

« During a seven month period starting within 15 days of April 1, capture and
treat at a level equivalent to primary treatment the average dry weather flow
plus 90% of average wet weather flow.
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Stormwater Regulations

The MOEE issued the “Stormwater Management Practices Planning and Design
Manual”, June 1994, as a technical guide for professionals involved in the planning,
design, and review of stormwater management practices. The application of these
guidelines in the context of Thunder Bay is important with regards to new
developments, construction of new storm outfalls and in retrofitting existing
outfalls.

RAP and Binational Program

Thunder Bay was identified as one of 17 Areas of Concern (AOC) in Ontario where
degraded water quality conditions are considered to impair beneficial water uses.
Factors resulting in Thunder Bay being designated as an AOC include conventional
pollutants, heavy metals, toxic organics, contaminated sediments, fish consumption
advisories, impacts on biota and beach closures. A RAP Stage 1 study initiated in
1988 documented the existing environmental conditions and problems in the
Thunder Bay AOC.

The objective of the Thunder Bay RAP is to improve water quality in the Thunder
Bay drainage basin. The RAP Stage 2 report is currently being prepared and is
expected in 1998.

Recent initiatives, under the direction of the Lake Superior Task Force (senior
environmental and natural resource managers) and the Superior Work Group, have
produced the Lake Superior Binational Program which has designated Lake
Superior as a zero discharge demonstration zone for persistent bioaccumulative
toxic substances. Presently, volume, II - Draft Stage 1 Lakewide Management Plan,
October 1993, has identified nine critical pollutants for zero discharge as well as
identifying causal pollutants which are considered candidates as critical pollutants.
As well, the US E.P.A. has recommended classifying Lake Superior as a "National
Resource" that would require more stringent regulations regarding discharges from
storm sewers, CSOs and treatment facilities.

Sewage Treatment Plant

Secondary treatment will be required at the Thunder Bay WPCP within the next 20
years based on MOEE Draft Sewage Treatment Plant regulations and the Canada-
Ontario Agreement on the Great Lakes Basin Ecosystem which specifies priority to
upgrade primary plants on the Great Lakes.

A Technical Memorandum, Evaluation of Secondary Treatment Upgrade Options,
has been prepared for the City of Thunder Bay as part of this study. The Technical
Memorandum summary, presented in Appendix B, details various treatment
technologies available to the City making recommendations on treatment and
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disinfection options. The City has initiated a Pilot Study set to start in Fall 1996 to
investigate possible treatment technologies.

Collection System Management

In Thunder Bay, collection system management will play a significant role in the
development of pollution prevention and control measures.

Elements of collection system management include:

o System reliability

» System efficiency (optimized use of existing facilities)

e Reduction/Elimination of basement flooding

« Reduction/Elimination of CSOs

o Reduction in extraneous flows

e Structural integrity

o Provision for future development flows
Each of these elements is considered in the development of the PPCP. Collection
system management has the benefit of improving the overall system performance

while having an ancillary benefit of reducing pollutant loadings through CSO
control and stormwater management.

All analysis conducted to evaluate and assess changes to the collection system were
done using the calibrated XP-SWMM system model developed in Phase 1.

Receiving Water Quality

Phase 1 results did not identify’ CSO and stormwater discharges as significant
pollutant sources to the local receiving waters. However, with the improved
industrial effluent quality and control, and the proposed upgrade to secondary
treatment it is possible that CSO and stormwater discharges will become more
evident as a source of pollutants.

Cost Effectiveness

The PPCP development process has been sensitive to the cost effectiveness of the
proposed control measures. The City of Thunder Bay is not in the position to
consider large capital facilities to address CSO and stormwater control, especially
when there is little evidence of receiving-quality degradation associated with CSO
and stormwater in the area.
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Therefore, the focus of control measures under consideration relate to low cost and
effective options that will assist the City in managing their wastewater and
stormwater facilities while reducing pollutant discharges.

PPCP Components

Developing a PPCP must address both the immediate concerns of the City,
regulatory agencies and the public, as well as addressing long term objectives. The
PPCP comprise two components, a Short Term PPCP and a Long Term PPCP.

Short Term PPCP

The development of a Short Term Plan addresses the immediate operational
concerns identified in the Phase I State of the System. Typically, the elements of a
Short Term Plan include low cost alternatives that are relatively simple to
implement over a five year period. As well, the Short Term Plan will form a basis
for Long Term PPCP measures.

Long Term PPCP

The Long Term Plan has a planning horizon of 20 to 25 years in which time
controls or system improvements are implemented. When developing the Long
Term Plan, it must be responsive to improvements realized through the short term
plan initiatives. The Long Term Plan must also consider ultimate development
conditions in the Thunder Bay area to ensure development can be sustained.
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SHORT TERM POLLUTION PREVENTION AND CONTROL PLAN
Overview

The following section outlines in detail the programs and control measures
proposed for the Short Term PPCP. The Short Term PPCP consists of low cost
measures designed to be implemented over a five to ten year period. The Short
Term programs proposed form the foundation for the long term control strategies.

The key elements of the Short Term PPCP address the following areas:
e Collection Systems Management
e CSO Control
» Basement Flooding
s Stormwater Management
o Thunder Bay WPCP

o Pollution Prevention
Collection System Management

The management of any collection system is extremely important as a means to
make informed operational and maintenance decisions. To this end, the following
sub-sections review existing City programs, proposing initiatives or improvements
that will benefit the City from the perspective of improved system understanding,
reliability, performance, CSO control and water quality.

Operation and Maintenance

Table 4.1 briefly summarizes the current operation and maintenance programs,
identified in discussions with City staff, associated with the collection systems.
Current City programs include manhole inspections on an as time permits basis, a
weekly inspection of CSO regulating chambers and flap gates, an annual catchbasin
cleaning program, an annual sanitary sewer cleaning and flushing program, and
daily storm outfall inspection during spring thaw. The pump station program
includes a comprehensive annual, monthly and weekly inspection and maintenance
schedule of work. Finally a sewerline TV inspection program was recently initiated
on a 20 years inspection cycle.

Operation and maintenance (O&M) programs are essential to ensure reliable
services as well as a means to protect the substantial investment in existing
infrastructure. Deteriorating infrastructure has some very serious consequences
including reduced system reliability, potential for structural failure, interruption of
services, expensive rehabilitation costs, extraneous flows and a shortened system
life. Based on reviewing current O&M programs, discussions with City Staff, and
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observations made throughout the study, changes to O&M programs are proposed
as part of the Short Term PPCP.

Table 4.1 Current Operation and Maintenance Programs
Programs Descriptions
Mok South Ward Interception manholes inspected weekly.
Inspection o Inspections of other manholes are conducted in trouble areas on a weekly or monthly
basis as time permits,
e No City wide inspection program.
s Recently included as part of the CCTV sewerline inspection contract.
CSO Regulator e Control manholes are pressure washed and greased once per year.
Inspection ® Chambers and flap gates are inspected weekly or following major rainfall events.
Catchbasin e (Catchbasins are vacuumed cleaned once per year in North Ward.
Cleaning e 50-60% of catchbasins in the South Ward are cleaned annually.
e Major cleaning initiated in spring.
Sewer Flushing ® 100% of North Ward sanitary sewers flushed annually
e 60% of South Ward sanitary sewers flushed annually
Storm Sevier e Inspected during spring ice break up
Outfall
Sewerline CCTV | *® Conducted in response to sewerline problems
Inspection ® 20 year inspection program recently initiated by the City.
Pump Station e Annual break down of pump station
Maintenance e Monthly cleaning of components
e Daily check of main pump station
e Area pump station inspected three time/week
e Alarm system test évery visit
e Draw down test monthly - SCADA
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4.2.1.1 Inspection Programs

Understanding infrastructure needs is essential to make decisions related to
rehabilitation programs and to knowledgeably set priorities. In order to improve
the decision process it is recommended that the City implement more pro-active
inspection programs. To be pro-active, the City needs to not just respond to
problems as they arise, but to identify potential problem conditions in advance of
failure.

The following recommendations are proposed to improve existing programs in the
short term as well as to provide the foundation for continued inspection programs.

Sewerline CCTV Inspection

The City has initiated a City wide CCTV inspection program based on a 20 year
cycle. In other words, over a 20 year period all sewers will be TV inspected at
least once. It is recommended that the program be accelerated to provide a
complete condition inventory over the next 10 years. The objective of the
accelerated program is to identify potential trouble areas before they develop into
failure points (i.e. collapsed sections). Presently, the City has only CCTV records
in areas that have experienced recent problems and in areas associated with capital
construction programs. The age of the collection system and recent experience
indicates that there are sections presently in need of rehabilitation and at this time
there is no way to develop or prioritize a structural rehabilitation program.

The proposed accelerated program should have the following features:
o Sewer flushing and manhole inspection in conjunction with CCTV
inspection.
o Key system elements should be inspected within the first 5 years of
the program. Priority areas and elements include:
- Pipes greater than 450 mm in diameter
- Interceptor and trunk sewers
e Neebing Interceptor
» Neebing/McIntyre Interceptor
e Cameron Trunk
o Kaministiquia Interceptor
s Port Arthur Interceptor
e John Street Trunk
« McVicar’s Creek Trunk
s Brunswick Connector

- Areas with historical basement flooding, the priority areas as indicated
by the basement flooding assessment (Section 4.4).
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« Pipe sections identified as problem sections should be re-inspected on a 5
year cycle until a repair is made or rehabilitation undertaken.

o The second 5 years of the program will focus on less sensitive areas. It will
not be necessary to inspect new system elements that are less than 10 years
old unless problems are suspected.

Figure 4.1 shows the priority areas of CCTV work for the first 5 year inspection
cycle. In the first 5 years, approximately 276 km of pipe will require inspection,
followed by 432 km in the second 5 years.

Manhole Inspection

Presently there is no system-wide manhole inspection program. It is recommended
that a program be initiated in conjunction with the CCTV program. In areas that
are identified to have trouble manholes, the local collection system should be
included as part of the priority list of CCTV inspection areas.

Manhole inspection was included as part of the 1995 CCTYV inspection contract and
this practice should be continued in future contracts.

CSO Regulator Inspection

The existing program is suitable and no improvements are proposed.

Storm Sewer Outfall Inspection

The spring storm outfall inspection program is in place to prevent ice damage to
outfall structures. No recommendations are made to improve this program. It is
recommended that the City undertake a summer inspection of all storm outfalls to
locate and document outfalls to the receiving streams. Documentation should
include location, pictures, condition, dimensions, observations (i.e., dry weather
seepage, debris, odour, etc.). This information will be a valuable resource to the
City. As well, following wet weather events, outfalls with flap gates should be
inspected to ensure the gate is seated properly to provide a good seal against river
water intrusion.

Maintenance Programs

The objectives of maintenance programs are (o prevent equipment or system
failure. The City has several maintenance programs addressing CSO regulators,
the collection systems, storm outfalls and pump stations.

CSO Regulator Maintenance

No recommendations are made to improve the existing maintenance program of
cleaning and greasing each regulator once per year. The regulator inspection
program in place is considered a maintenance function and is preventative in nature.
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Storm Outfalls

Outfalls with flap gates are cleaned and greased annually. No changes to the
existing maintenance program are recommended.

Sewer Flushing

The City has no program for periodic cleaning and flushing of interceptors or large
diameter trunk sewers. Otherwise, 100% of the North Ward and 60% of the South
Ward sewer network are flushed annually. To illustrate the importance of sewer
flushing, efforts to clean the Dease Street outfall and to conduct CCTV inspection
as part of the Franklin storm sewer Stage 1 project in 1994 showed the amount of
debris and deposits that can result from poor maintenance. This reduction in cross
sectional area from deposits will result in a reduction in the effective pipe capacity.

It is recommended that the sewer flushing program be coordinated with the sewer
CCTV inspection program. Typically, sewer flushing is done prior to CCTV
inspection, however, to reduce the cost it is recommended that flushing occur only
when identified as a need by the CCTV inspector. As well, it is recommended that
the City provide 100% coverage of the South Ward annually.

Pump Stations

In the City of Thunder Bay there are five wastewater pump stations and the main
treatment plant pump station. The maintenance program for all of the stations is
comprehensive and well documented with annual, monthly and daily maintenance at
each station. The City has designed a complete and thorough preventative
maintenance program greatly reducing the potential of mechanical, control or alarm
failure.

Neebing/Mcintyre Interceptor Improvements

Recent inspection of the Neebing/MclIntyre Interceptor revealed a severely deflected
section in the May Street area. There is a risk of collapse of this section and the
City has developed a contingency plan in the event of failure. The City has also
initiated a study to investigate possible remedial measures to stabilize the pipe to
prevent failure. One of the techniques being considered is slip lining the 2, 100 mm
(84 in) pipe. This would have the effect of reducing the pipe diameter to
approximately 1,350 mm (54 in). An evaluation was undertaken to determine if the
reduced pipe diameter would affect the service capacity of the Neebing/MclIntyre
Interceptor and more importantly result in insufficient pipe capacity to service
future growth areas. The evaluation assumes ultimate development conditions,
implementation of Short Term PPCP diversions of the Neebing Interceptor,
Alternative 4 is adopted for the Golf Links Extension and North Ward servicing,
and the Kaministiquia Interceptor connection to the Main pump station is made.
The assumptions made are discussed in following sections of the report.
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A dry weather assessment revealed no capacity constraints. Figure 4.2 shows the
peak HGL along the Neebing/Mclntyre Interceptor with a reduced diameter from
the Brunswick connection to just downstream of May Street at Minnesota Street for
the 10 year design storm event. The reduced diameter does not result in a
hydraulic constraint for the 10 year design storm event.

No recommendations are made on the type of repair or rehabilitation technique to
correct the Neebing/McIntyre Interceptor as this will be made in another study.
However, a reduction in pipe diameter will not result in a capacity constraint in the
future based on the analysis completed. The Short Term PPCP recommends flow
monitoring in the Neebing/Mclntyre Interceptor at Syndicate to verify the initial
hydraulic model simulations prior to selecting a final repair/rehabilitation program
(as discussed in subsection 4.2.5 Monitoring Programs). '

Maximize Use of Existing Facilities
Diversions

Collection system modelling was conducted as part of the Phase 1 assessment. The
modelling has shown that there is little opportunity for in-system storage to manage
wet weather flows except in two locations.

The Neebing/MclIntyre Interceptor and the Cameron Trunk sewer are under-utilized
during wet weather based on the 5 and 10 year design storm hydraulic assessment.
Opportunities to take advantage of the available storage and capacity by employing
simple system modifications were investigated to relieve the Neebing Interceptor
during wet weather periods.

The Brunswick Connector sewer serves the area south of the Neebing River, north
of Empire Avenue, and west of Waterloo Street. The Brunswick sewer was
designed to eliminate the Brunswick Avenue pump station and was constructed with
a common manhole at the Neebing Interceptor. A recent inspection of the common
manhole revealed no manhole benching to direct flow to the Brunswick or Neebing
sewers. Flow exiting the manhole (upstream drainage areas of both Neebing and
Brunswick drainage areas) is split between the Neebing Interceptor and Brunswick
Connector sewer. '

At this location there is an opportunity to reconstruct the common manhole to divert
excess wet weather flows into the Brunswick Collector and Neebing/Mclntyre
Interceptor providing flow control into the top end of the Neebing Interceptor.

Figure 4.3 illustrates two alternative configurations for the reconstruction of the
common Neebing/Brunswick manhole.  The first configuration includes a
regulating gate (or equivalent) on the Neebing Interceptor exit pipe from the
chamber. The gate opening would be set to allow approximately 2.5 times the
Neebing Interceptor’s average dry weather flow (2,600 m’/d) to continue to flow
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down the Neebing Interceptor. Flow in excess of 2.5 times average dry weather
flow would be diverted to the Brunswick Connector sewer. Alternatively, all dry
weather flow can be directed to the Brunswick Connector sewer by installing a weir
wall in the chamber in front of the Neebing Interceptor exit pipe. During wet
weather flow conditions, flows would be prevented from entering into the Neebing
Interceptor unless the flow level exceeded the weir wall. It is estimated that the
weir wall should be no higher than 300 mm to prevent surcharging in the upstream
sections of the Brunswick and Neebing collection systems. The advantage of the
gate structure over the weir wall configuration is the ability to control flow into the
top end of the Neebing Interceptor and the ability to return to the original
configuration if desired.

In conjunction with the Brunswick/Neebing diversion, another control structure is
proposed that would allow flows from the Neebing Interceptor to flow into the
adjacent Cameron Trunk sewer during excess wet weather flow conditions. The
diversion would be located at Cameron Street and Marks Street where the sewers
are in close proximity. The Cameron Trunk sewer is at a higher elevation at this
location. This would be used to ensure that flows continue down the Neebing
Interceptor for smaller events so the Cameron diversion is used only in more
critical events.

The connecting sewer would be on a reverse grade, and a backwater valve would
be required to ensure that flows from the Cameron sewer do not flow back into the
Neebing Interceptor system. Figure 4.3 also shows the configuration at the
Neebing/Cameron connection.

Configuration 1 is structured to allow flows to revert back to their existing flow
routes to provide additional operational flexibility in the event of a collapse in the
Neebing/Mclntyre Interceptor or to undertake local system maintenance. Figure
4.4 shows the hydraulic control achieved for the 10 year design storm event along
the Neebing Interceptor with both diversions in place. XP-SWMM was used to
assess the changes in system hydraulics and operations with the Configuration 1
diversions in place. In the evaluation a flow equivalent of 2.5 times the Neebing
Interceptor average dry weather flow (2,600 m’/d) is permitted to flow into the
Neebing Interceptor from the Brunswick diversion during wet weather. Flows in
excess of 2.5 times average dry weather flow are diverted to the Brunswick
Connector Sewer. -

Figure 4.5 shows the peak HGL in the Brunswick Connector and Neebing/McIntyre
Interceptor with the two diversions in place (Configuration 1). The evaluation of
the Neebing/McIntyre Interceptor accounted for ultimate development conditions
and a reduced pipe diameter (85” to 54”) that may result from rehabilitation of the
Interceptor.  The hydraulic performance for Configuration 2 is similar to
Configuration 1, providing relief in the Neebing Interceptor.
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4.2.3.2 Flow Control

Another method to maximize the use of existing facilities is to reduce extraneous
flows. This can be accomplished through sewer rehabilitation aimed at preventing
rainfall derived inflow and infiltration. However, to establish a rehabilitation
program, sewer inspection and condition information is required. The CCTV
inspection program proposed will provide the information required to develop and
prioritize an effective rehabilitation program.

Inflow reduction or elimination represents an effective method to maximize the use
of existing facilities. As identified by City Staff, 37 catchbasins are known to be
connected to the sanitary system in the North Ward. A review of each catchbasin
location in the field was undertaken to identify appropriate methods to remove or
reduce inflow into the sanitary sewer. Alternatives considered include:

o Flow Slipping. Where road grades permit (>2%) seal catchbasin and
allow flow to continue to a catchbasin connected to an existing storm sewer
system, open space or water course.

o New Storm Sewer. Construct new storm sewer services.

o New Catchbasin Leads. Install new 250 mm catchbasin lead and re-
connect catchbasin to an existing storm sewer system. It is assumed that a
catchbasin lead will be no longer than 25 m.

o Inlet Control. Restrict the amount of inflow to sanitary: system.

Table 4.2 presents a prioritized summary of recommended control measures to
reduce or eliminate wet weather inflow in the North Ward sanitary collection
system from catchbasin connections. The Short Term control program includes
catchbasin sealing, inlet restrictions and new storm sewer segments. The removal
of the remaining connected catchbasins is considered in the Long Term PPCP.

Inflow was identified from the Neebing River into the Neebing Interceptor at two
locations during the field inspections (RN32: Wellington/Cumming, RN21: May/
Southern). Inflow at RN32 was attributed to debris preventing the flap gate from
closing, and RN21 had a poor flap gate seal.

All of the CSO outfalls on the Neebing River are susceptible to inflow from the
river. The river stage fluctuates between 183 and 186 which is in the same range as
the dam elevations of the Neebing regulator chambers. Therefore, if a flap gate has
a poor seal, or is wedged open with debris, river inflow will likely occur.
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Table 4.2 Catchbasin Flow Control
Location Rec;n;:}e:ded Required Works

Court St. and Manitou St.

Seal CB or flow
restriction

Seal CB and allow flow to travel 210 m to Court St.
and Bay St. (slope=2.2%)

Ambrose St. and New St.

Flow restriction

Install inlet restriction device

Dorothy St. and Carrie St.

Flow restriction

Install inlet restriction devices in two CBs

Prospect Ave. and Van Norman St.

Seal CB at South

‘west corner

.Seal CB and allow flow to travel 256 m to Hebert
*| 8t. and Peter St. (slope=9.5)

Van Norman St. and High St.

Flow restriction

Install flow restriction device

Cumberland St. and Tupper St.

Flow restriction

Install inlet restriction device

Knight St. and Dawson St. Flow restriction Install flow restriction device
St. James St. and Court St. Flow restriction Install flow restriction device
Ruttan St. and Argyle St. Seal CB Seal CB and allow flow to travel 100 m to St. James

St. and Algoma St. (slope=5.9%)

Court St. and Wolseley St.

Flow restriction

Install flow restriction device

Farrand St. and Van Horne St.

Flow restriction

Install inlet restriction device

Front St. and Wolseley St.

New storm sewer

Construction of 290 m of storm sewer connected to

existing 24" storm on Front St. (lead for 3 CB)

As part of the City’s inspection program the CSO chambers and outfalls are
inspected every week and following large storm events. As part of this inspection
inflow from the Neebing River should be identified and corrective action taken
immediately. An alternative to flap gates, that the City may consider when
replacing existing flap gates, is a “duck bill” design. The “duck bill” valve is a
flexible rubber check valve designed to open with a minimum specified head that
will close with the back pressure. The flexible material can form a seal around
foreign objects that would typically cause a flap gate to wedge open. The flexible
“duck bill” design will reduce maintenance and inspection costs and operational
problems associated with the existing flap gates. The valves can be installed at an
outlet or upstream in the outfall pipe. The design of the outfall with a “duck bill”
should include a provision for a high level relief in the event the “duck bill” is
obstructed by ice. The installation of “duck bill” or equivalent type structures will
not change the hydraulic conditions in either system. As part of the Short Term
program there is no recommendation to replace any of the flap gates. However, as
the existing gates deteriorate with time, the City should consider the “duck bill”
design. The existing flap gates do not worsen hydraulic conditions within the
system and replacement with the “duck bill” will not change the hydraulics.
Appendix C contains information on the “duck bill” valve.
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Dry Weather Discharge

A sanitary connection to the storm sewer system was identified in the James and
Quebec Street area. As part of the Short Term program a new service connection
should be constructed to re-direct the sanitary flow to the sanitary collection
system. Figure 4.6 shows the required connection. The correction of this
connection will require new service connections to each of the buildings on the
property. No other dry weather sanitary/combined discharges were identified.

Monitoring Programs

It is recommended that the City of Thunder Bay establish an ongoing flow
monitoring program. The objectives of the flow monitoring program is three fold:

 To evaluate the effectiveness of system rehabilitation programs
~» To establish continuous monitoring in key system elements.

o Collect additional flow monitoring data for improved XP-SWMM model
calibration.

Flow data is a valuable measure of the performance of any collection system. It
provides information related to flow rates, system capacity, the extent of inflow and
infiltration, and can be used in prioritizing rehabilitation works and evaluating their
effectiveness. A continuous monitoring program is proposed for the City of
Thunder Bay that will provide a suitable level of information at key points
throughout the collection system.

Currently the City operates three velocity-area flow meters, of which one is
dedicated to Sewer-Use By-law Enforcement, leaving two for collection system
monitoring. It is anticipated that the City will need to purchase at least two more
velocity-area meters over the 5 year program to replace existing equipment or to
monitor additional locations. It is also recommended the City purchase one rain
gauge and logger to collect precipitation data. Other stations in the area operated
by the Lakehead Conservation Authority can be used to augment local data. The
benefit of operating a City rain gauge station is control over the set up, the location,
and in accessing data. The monitoring program is designed around a 5 year cycle
of monitoring key system components. As well, the program is designed to
establish permanent continuous monitoring stations along the Port Arthur,
Kaministiquia, Neebing and Neebing/McIntyre Interceptors.

Table 4.3 presents a summary of key monitoring locations in the sanitary and
combined sewer systems assuming two flow meters are available each year.
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Table 4.3 Proposed 5 Year Flow Monitoring Locations
Location Comments
~Yearl
1 Neebing Interceptor @ Brunswick St ¢ Recommended diversion location

e (Calibration data for Neebing basin

Trunk

2 Neebing Interceptor @ Alexandra St. ¢ End of Neebing interceptor
- e (Calibration data for Neebing basin
3 Brunswick Connector @ Legion Track Dr, |e Recommended diversion location
® Calibration data for Brunswick basin
4 Neebing/McIntyre Interceptor @ Upstream |e® Related to diversion of Neebing to Brunswick
of Syndicate o Related to interceptor rehabilitation
.| ® Establishing flows/capacity in interceptor
Year 2
5 Victoria Ave @ Waterloo trunk e [/I identification - assist in prioritizing CCTV
6 Arthur St. @ Waterloo trunk e /1 identification - assist in prioritizing CCTV
T Isabella St. @ Waterloo trunk e /I identification - assist in prioritizing CCTV
8 Walsh St. @ Waterloo trunk e I/I identification - assist in prioritizing CCTV
Year 3
9 John St. Trunk @ Algoma St. # PPCP monitoring station #2.
. Aac-i_m{;laﬁi:_na 5 EOE‘;]E;i-ﬁGL problem area
10 John St. Trunk @ upstream of Algonquin | e Before parallel system starts
Ave. e Potential HGL problem area
11 John St. Trunk @ Oliver & High St. e Before parallel system combine at High St.
’ e 2 meters required
Year 4
12 McVicar's Ck Trunk @ Court St. 7 |e r__E'EQE_mgnhg@g station #3
13 McVicar’s Ck Trunk @ Margaret St. e I/I, capacity, calibration data
14 McVicar’s Ck. Trunk @ Madeline St. o I/, capacity, calibration data
15 McVicar's Ck. Trunk @ Hwy 17/11 e Boundary flows, I/, capacity, calibration data
Year 5
16  Port Arthur Interceptor @ Allied Chemical a ® PPC?’ n}unitorin_g station #4 " additional data, previous
monitoring relatively dry period
17 Port Arthur Interceptor @ Main St. e PPCP monitoring station #1 - additional data, previous
monitoring relatively dry period
18 Port Arthur Interceptor @ John St. Trunk « | e Performance of interceptor
19 Port Arthur Interceptor @ McVicar's Ck » | ®  Performance of interceptor
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The 5 year program outlined will provide an improved understanding of flows
throughout the entire network and form the basis for more detailed flow
investigations to identify potential areas for sewer rehabilitation, to correct I/1
problems, as well as to assist in establishing priorities for CCTV inspection. The
flow monitoring program should remain flexible enough to address special concerns
as they arise. For example, if the City undertakes collection system rehabilitation,
such as crack sealing, flow data should be collected before and after to determine
the benefit of system rehabilitation.

As flow and rainfall data is collected over the 5 year program, the data can be used
to improve the calibration of XP-SWMM network model. City staff have received
XP-SWMM training providing them with the basic skills required to work with the
model. One of the benefits of XP-SWMM is if the need arises, local consultants
will be able to assist the City in model calibration and system analysis. Maintaining
and improving the collection system model will enable the City to update system
analysis and review PPCP plan recommendations.

In conjunction with the 5 year flow monitoring program, the City should consider
establishing permanent monitoring stations in key elements of the collection system.
The permanent monitoring stations can be linked into a SCADA system to simplify
data acquisition. Permanent stations that monitor depth only are relatively
inexpensive, can be calibrated to determine a depth-discharge relationship and can
provide early warning of collection system problems. Table 4.4 presents the
recommended permanent depth monitoring stations. '

Table 4.4 Permanent Monitoring Stations

Location Comments
Mmrmmmm
Port Arthur Interceptor e Establish four stations corresponding to year 5 monitoring stations (Table
4.3) b5
Kaministiquia Interceptor e Bstablish three stations - near the WPCP, Arthur St. and James St.

Sampling Programs

A storm outfall sampling program is proposed. The objectives of the program are
to quantify dry weather seepage flows and to collect water quality samples. The
dry weather samples should be analyzed for conventional parameters and metals.
The program may identify any existing sanitary cross-connections or industrial
discharges. The sampling program can be conducted in conjunction with the survey
program recommended.

5024/Final report/Sectd.doc 4-12
6/10/99




4.3
4.3.1

SECTION 4
SHORT TERM POLLUTION PREVENTION
AND CONTROL PLAN

It is recommended an initial survey be conducted and where sample results reveal
anything unexpected, to repeat sampling at these sites to confirm initial analysis
results. The outfall survey is recommended on a five year cycle. Implementation
of the storm outfall survey may be possible in co-operation with the local MOEE,
the Lakehead Conservation Authority, Lakehead University and/or RAP.

CSO Control
Regulator Technology

The float and gate CSO regulators on the Kaministiquia system were identified to
be in poor physical and operational condition. It is recommended that these
regulators be replaced with more reliable CSO regulator technology. Two
regulator types are available that would provide more reliable discharge
characteristics and require less maintenance:

e Vortex throttles
o Hydroslide

There are a number of suppliers using vortex technology. Briefly, the vortex
throttle has no moving parts and operates as an orifice or simple pipe under normal
flow and low head conditions. At higher heads the flow begins to vortex restricting
flow through the device resulting in a controlled throughflow rate despite an
increasing head. Orifice inserts can be installed in the vortex chamber to change
the discharge characteristics from 75% to 175% of the nominal capacity. The
inserts allow the operator to change the throughflow rate easily without replacing

the vortex throttle, Figure 4.7 shows a typical vortex throttle installation and
device.

The second CSO regulator type the City should consider is a Hydroslide. The
hydroslide is a float controlled device. A float operated arm controls the aperture
opening through the device, as the head increases in the chamber the float rises
causing the control plate to decrease the throughflow opening. The result is a
constant throughflow capacity. Different throughflow design rates can be achieved
by simple changes in the length and movement of the control plate. Figure 4.8
shows a typical hydroslide device. Appendix C contains detailed information on
both the vortex throttle and hydroslide devices.

Both CSO regulator types are suitable for replacing the existing Kaministiquia CSO
regulators with minimal modification to the existing chamber structures.

As part of the Short Term PPCP CSO control program the City should consider
replacing the existing Kaministiquia regulators with lower maintenance units such
as vortex throttles or hydro-slides. Prior to replacing any of the regulators short
term flow monitoring should be undertaken to measure and establish the range of
flows. This will assist in selecting the appropriate flow regulator, will provide
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additional information on the flow reduction achieved through sewer separation
program and verify the level of CSO control. Where possible, wet weather flows
should be intercepted and transported to treatment.

Table 4.5 summarizes the Kaministiquia regulators that can be replaced with the
cost of the two units proposed. It is estimated to cost between $110,000 and
$175,000 to replace all regulators.

No changes are proposed for the CSO chambers associated with the Neebing
Interceptor.

Table 4.5 Kaministiquia Regulator Replacement

Throughflow Capacity Vortex Throttle Hydroslide
Regulator ID ' L/s) Cost ($) Cost ($)

RK1 59,0 12,600 8,590
RK2 42.0 10,500 7,375
RK3 175.0 16,800 9,800
RK4 18.4 10,500 6,160
RKS5 79.5 14,700 6,160
RK6 20.6 10,500 7,375
RK7 34.1 10,500 7,375
RK8 36.4 10,500 7,375
RK9 40.9 10,500 | 7,375
RK10 181.8 16,800 9,800
RK12 173.9 16,800 9,800

Sub-Total 140,700 87,210

Plus 15% contingency + 7% GST 32,430 20,100

Total $173,130 $107,310

Note:

i RK2 regulator replaced as part of Short Term PPCP. Throughflow capacity increased
from 21 L/s to 42 L/s.

CSO Regulator Settings

Basin wide the level of CSO control is greater than 90% volumetric control meeting
the minimum control objective of the MOEE CSO guidelines. Only one CSO
regulator, RK2 (Hardisty/Victoria), does not meet the 90% control level. Even
though no improvement is necessary to meet the MOEE CSO Guidelines basin
wide, a simple adjustment to the overflow weir elevation or an increase in
throughflow capacity would be sufficient to increase the control of RK2 to greater
than 90% control without any impact downstream on the Kaministiquia Interceptor.
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It is proposed that RK2 chamber be retrofitted with either a vortex throttle or
hydroslide designed to increase the dynamic throughflow capacity from 21 L/s to
42 L/s to meet the 90% control objective. This will enable the City to evaluate the
regulator technology firsthand while achieving a 90% control level at RK2.

Floatables Contro!

Following the completion of the Phase 1 Report, it was reported by CP Rail
operations staff that during wet weather the flow through an oil and grease
separator was sufficient to flush the unit, resulting in discharges of petroleum
products to the Kaministiquia River through the Ridgeway CSO chamber. As well,
it was noted that medical waste is commonly found in the oil and grease separator.

To prevent the flushing out of the oil and grease separator, two alternatives are
available. The first is to replace the separator with a larger unit that can handle the
peak wet weather flows without flushing. The second alternative is to install a
separator bypass that would operate only during peak wet weather periods to divert
excess flows, thus, protecting the separator. Either alternative would improve the
overall operation and prevent discharges to the Kaministiquia River.

Floatables were not identified as a community concern; however, there is evidence
of floatables at the Ridgeway oil and grease separator and CSO. In the case of the
Ridgeway CSO, it is recommended that the City undertake a program to identify
the source of the medical wastes reported and to eliminate the source. Floatable
control should be considered at any CSO chamber where there is a possibility of
floatables being discharged to the receiving waters. In most cases, the regulating
chambers can be retrofitted with a baffle plate attached to the overflow weir that
will trap floatables. The baffle plate will extend below and above the weir wall
height and be offset approximately 6 inches. The offset will allow flow to pass
under the baffle and over the weir while trapping the floatables. It is recommended
that floatable control be implemented wherever there is evidence or suspicion of a
floatables issue.

South Ward Basement Flooding

Phase 1 hydraulic analysis identified that basement flooding was still possible in 16
areas of the South Ward with completion of the combined sewer separation
program. Figure 4.9 shows the approximate boundaries of the sixteen drainage
areas. It is recognized that some of the 16 areas identified to be at risk of flooding
have been partially separated. Partial separation removes the road and surface
drainage from the combined sewer pipe, but inflow from sources such as roof
leaders and foundation drains will continue to contribute to flows in the sanitary

pipe.
The intention of the following sub-section is to identify the areas at risk of
basement flooding in the South Ward for different design storm event conditions.
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The outcome of the analysis provides the City of Thunder Bay a basis on which to
focus City resources in priority areas as part of a Short Term Control Program. As
well, it provides a conceptual level assessment of control alternatives to address
basement flooding for different levels of protection.

In focusing City resources, a combination of actual flow data in risk areas with a
detailed inventory of connections to the local combined/sanitary system will enable
the City to determine the most appropriate control alternative and level of
protection achievable. The Short Term Program already includes as part of the
recommended Monitoring Program a component covering historical basement
flooding areas. o

Basement Flooding Model

The XP-SWMM model developed in Phase 1 for post separation conditions was
used as the basis for the basement flooding assessment, The Phase 1 model was
refined for the basement flooding assessment with the extension of the interceptor
system model into the local collection system upstream of regulators on the Kam
Interceptor and Neebing/McIntyre Interceptor where basement flooding has

occurred historically in the South Ward.

Extension of the network model required adjustments to model runoff parameters to
reflect the nature of the local collection systems. Of particular importance was the
number of rooftops suspected of being connected to the combined/sanitary system.
In Phase 1 it was assumed that approximately 50% of the roofs in the original
combined service area were still connected (0 the sanitary/combined system. A
recent 1997 survey by City of Thunder Bay staff identified that the number of
downspouts that discharged underground was typically less than 10%, in the range
of 5% to 6%. One area was identified to have approximately 25% of downspouts
discharging underground. To reflect the approximately 10% connected roofs, the
percent imperviousness for each catchment area used in the model was reduced
accordingly, down from the percent imperviousness based on the original 50%
connected assumption. An additional area was also included beyond the 16 areas
already identified in Phase 1 as being at risk. The 17" area is tributary to regular
RKS located at Ridgeway Street and Simpson Street.

A sensitivity analysis was also undertaken to understand the sensitivity of the
assumption that 10% of the homes are connected to the combined/sanitary sewer.
The sensitivity analysis considered a 50% and 80% level of roofs being connected
to the combined/sanitary system. Percent imperviousness was recalculated for 50%
and 80% level of connection. Table G-1, in Appendix G is the working table used

to calculate the percent imperviousness considering 10%, 50% and 80% of the
rooftops, is directly connected to the sanitary/combined system. The calculation is
based on counting the number of homes in each regulator service area, determining

the connected roof area and adding the connected area to other impervious areas
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(roads, driveways, etc.). Finally, in areas that have undergone separation the
associated surface drainage (roads, driveways, etc.) area is removed from combined
service area to reflect post separation conditions. The post separation percent
imperviousness values for 10%, 50% and 80% level of roof connections are part of
Table G-1.

To assess the risk of basement flooding the 2, 5 and 10 year design storm events
were used. The design storms were developed using the Intensity Duration
Frequency (IDF) curves of the AES Fort William’s rain gauge. The IDF data was
used to develop design storm events using a 4-hour Chicago distribution. The
Chicago distribution is commonly used to design and assess collection systems with
stormwater contribution. The 2, 5 and 10 rainfall hyetographs and values are also
included in Appendix G. i

Basement Flooding Assessment

The basement flooding assessment is premised on approximately 10% of the roofs
in the original combined sewer area still being connected to the sanitary/combined
pipe. City staff have confirmed that 10% of roofs connected would reflect the
current conditions.

The refined Phase 1 XP-SWMM model for post separation conditions and 10% of
the roofs being connected was used to undertake a detailed hydraulic analyses in the
South Ward for the 2, 5 and 10 year design storm events to assess the level of risk
associated with basement flooding. An area was considered to be at risk of
basement flooding if the hydraulic gradeline (HGL) exceeded the crown of the
sewer. If the HGL exceeds the crown, the homes connected to that pipe segment
were considered at risk. This is a conservative approach since basement flooding
occurrences depend on the elevation of the house connection relative to the HGL.
However, this approach is considered appropriate for assessment purposes. Table
4.6 presents the estimated number of homes at risk of basement flooding as a result
of the 2, 5 and 10 year design storm events. If any portion of a pipe segment
appeared to experience surcharged conditions homes connected to the pipe were
considered at risk.

Figures 4.10, 4.11 and 4.12 show the sanitary/combined sewer segments where
surcharging conditions occur in the modelling for the 2, 5 and 10 year design storm
events respectively. '

In reviewing the areas at risk of basement flooding for the 2, 5 and 10 year design
storm events, there are areas of the system where sewer separation has not occurred
as well as areas where sewer separation has been completed. As the severity of the
design storm goes from 2 to 10 year the level of risk increases.

5024/Final report/Sectd.doc 4-17
6/10/99




4.4.3

SECTION 4
SHORT TERM POLLUTION PREVENTION

AND CONTROL PLAN

Table 4.6 Number of Houses Potentially Experiencing Basement Flooding
Flooding Area 2 Year Design Storm 5 Year Design Storm 10 Year Design Storm
Event Event Event
Area# 1 35 46 66
Area # 2 0 0 0
Area# 3 0 0 129
Area# 4 0 50 50
Area # 5 0 90 90
Area # 6 0 22 88
Area # 7 0 0 0
Area # 8 99 154 154
Area # 9 6 29 29
Area # 10 11 11 11
Area # 11 0 0 0
Area # 12 0 70 98
Area # 13 0 0 0
Area # 14 0 6 65
Area # 15 0 0 0
Area # 16 0 0 0
Area # 17 8 . 44 100
Total 159 522 880
5024/Final report.doc 4-18

610199




4.4.4

4.4.4.1

SEcTION 4
SHORT TERM POLLUTION PREVENTION

AND CONTROL PLAN

Basement Flooding Control Alternatives

To control the risk of basement flooding, the following control measures were
assessed:

« In-system storage; and

» Combination of storage and selective sewer separation.

Alternative controls were also considered, including a Rainfall Derived
Inflow/Infiltration Program (RDI/I) and system diversions.

Municipalities have undertaken RDI/I programs to reduce the amount of stormwater
entering combined or partially separated sewer systems. Infiltration and inflow
reduction can practically be achieved through disconnecting roof leaders from the
sanitary sewer, allowing the roof leaders to surface drain. As well, some
municipalities have investigated disconnecting foundation drains and redirecting the
flow with sump pumps to the surface, The disconnection of foundation drains in the
context of Thunder Bay, and for most municipalities, has been found to be
impractical to implement.

Diversion of flows were investigated, however, no opportunities were identified to
divert flows away from areas with a risk of flooding.

An evaluation of in-system storage and the increase in conveyance capacity through
sewer separation was undertaken using the XP-SWMM model refined in Phase 2 as
a means to reduce/eliminate the risk of basement flooding. The analysis was
conducted for the 2, 5 and 10 year design storm events. No analysis was conducted
for design events greater than the 10 years event as it is unlikely a larger event
could be intercepted through existing inflow points (catchbasins, roof leaders, etc.).

In-System Storage

The XP-SWMM model was used to détermine the inline storage volumes necessary
to control the HGL to within the pipe for the 2, 5 and 10 year design storm events.

Table 4.7 presents the general location and storage volumes required to reduce the
risk of basement flooding during the 2, 5 and 10 year design storm events. The
storage volumes determined represent the minimum storage necessary to control the
HGL to within the pipe, thus reducing the risk of basement flooding. For each
design storm event, storage was introduced at certain locations that were
determined to be the most effective in controlling the HGL.

An examination of Table 4.7 revealed that total storage volumes of approximately
440 m®, 2,800 m’, and 5,640 m’ would be required in the South Ward to reduce the
risk of basement flooding associated with the 2, 5 and 10 year design storm events
respectively. The ultimate configuration of storage is in-line and could be in the
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Table 4.7 Storage Requirement to Reduce the Risk of Basement Flooding
Flooding 2 Year 5 Year 10 Year
e Location of Facility Storm Event Storm Event Storm Event
Volume (m?) Volume () Volume (m%)
Christina St.
e between Sprague St to Tarbutt St. o £ 270
Empire . Ave,
Area#3 | Selkirk Ave. to Frankfin St. o 0 130
Simpson St.
Area# | Cumming St. to Miles St. y w =
Cameron St
Ak May St. to Simpson St. 5 -0 L210
Alberta St.
Area o Southern St. to Atlantic Ave. 9 ¢ 1
McMurray St.
Ogden St. to Robertson St., and
Area #8 Bobertson st. 290 750 1,150
McMurray St. to McMillan St.
Exhibition Grounds
Area 42 Northern Ave. & Prince Arthur Blvd. z & 00
May St.
AAED Durban St. to Northern Ave. g 10 e
Northern Ave.
ReERER Syndicate Ave. to Brodie St. . 11 “
Moodie St.
At Brunswick St. to Selkirk St. ' " 0 —
Ridgeway St.
Aragll Vickers St. to Syndicate Ave. : < 320 e
Total Storage Volume (m’) 440 2,800 5,640
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form of a parallel pipe or in-street tank. Site conditions will dictate the most
appropriate form of storage and operation.

Storage and Selective Separation

A review of areas of the South Ward at risk of basement flooding during the 2, 5
and 10 year design events reveals that the risk of basement flooding remains despite
the local drainage separation. For these areas, sewer separation has not removed
sufficient rainfall derived I/I flows in the sanitary sewers to reduce/eliminate the
risk of basement flooding. In these areas that have undergone sewer separation in-
line storage is proposed. If no separation has taken place, sewer separation (or an
extension to already separated areas) is proposed through the installation of new
storm sewers. Of the 17 drainage areas assessed only three areas have combined
sewer areas suited to separation, namely areas 9, 10 and 12.

Table 4.8 presents a summary of proposed separation works for areas 9, 10 and 12
for the 2, 5 and 10 year design events.

Concepts of the proposed works, both storage and separation, are shown in
Appendix G for each area at risk of basement flooding for the 2, 5 and 10 year
design events.

Sensitivity of Results

A sensitivity analysis was conducted on the results of the flooding analysis to
determine the sensitivity of modelling assumptions on the analysis results. As part
of Phase 1, the XP-SWMM model was calibrated with available flow data collected
from combined and separated drainage areas only as part of Phase 1 field activities.
Flow data was not collected for any partially separated area, making it necessary to
make assumptions on runoff characteristics for the partially separated areas. The
following discusses the sensitivity of these assumptions using two flooding areas,
Areas No. 2 and No. 3 as examples.

Each drainage area is composed of pervious and impervious surfaces. In a
combined area, the percentage imperviousness is calculated by dividing the total
impervious area (roof, roadway, sidewalks, etc.) by the total area. In a partially
separated area, the effective percent imperviousness is calculated by dividing the
total area into the connected impervious area. The connected pervious area in a
partially separated system is less than that of a combined system as surface drainage
from driveways and sidewalks is now directed toward a new storm sewer.

The sensitivity analysis undertaken explores the sensitivity of the assumption that
10% of the homes are connected to the combined/sanitary sewer. The percent
imperviousness was recalculated assuming that 50% and 80% of the homes are
connected to the combined/sanitary sewer in areas 2 and 3.
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Figure 4.13 shows the surcharged segments in Areas 2 and 3 for the 10 year design
storm event for 10%, 50% and 80% connections. As the level of connection
increases the extent of surcharging increases in the two areas. To illustrate the
impact of the connection assumption on the hydraulic gradeline Figure 4.14 shows
the HGL along Empire Avenue for the three connection levels evaluated. With 10%
of roof area connected, surcharge conditions are less severe, in contrast, with 80%
of roof area connected, significant surcharge conditions would exist along Empire
Avenue in Area No. 3.

The analysis shows that the results of the flooding analysis are highly sensitive to
the percent of roofs connected to the sanitary sewer. Using the assumption of 10%
there is little likelihood of flooding, but if 50% is used, there is measurable increase
in risk. The sensitivity of the results demonstrate the need for local flow
monitoring and the only method available to reliably determine the wet weather
response in a partially separated system.

Cost

Preliminary costs for the storage and sewer separation alternatives are presented in
Table 4.9. Detail costing information is contained in Appendix D. Storage in the
form of a tank or a parallel pipe is similar in cost and is not therefore distinguished.

In reviewing the costs, storage is less costly up to a 5 year level, beyond a 5 year
level implementing storage with separation in areas 9, 10 and 12 is shown to be
more cost effective.

Recommendations

Reports of basement flooding have declined with the completion of the sewer
separation program. However, system analysis still identifies areas of risk given
the assumption that 10% of roof leaders are connected. Table 4.10 presents the
priority areas premised on the level of risk for the 2, 5 and 10 year design storm
events.

The sensitivity analysis shows that model agsumptions have a significant impact on
the assessment of the risk of basement flooding. It is recommended that the City
undertake flow monitoring in priority areas before proceeding with corrective
action to determine actual local flows in the system to re-evaluate the level of risk.
As well, it is recommended that the City work with the community to define an
acceptable level of risk.

In the meantime, the City must plan for additional controls to reduce the level of
risk to a reasonable level acceptable to the City and the community. It is
recommended that the City adopt sewer separation combined with local storage to
reduce the risk of basement flooding for the following reasons:
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« The installation of new storm sewers will be more conducive to existing
City programs.

« Storage facilities will control peak flows at critical junctions.

» Storage facilities can be phased in as the need is identified.

Table 4.8 Sewer Separation fo Reduce the Risk of Basement Flooding
Flooding Location 2 Year 5 Year 10 Year
Area
Area #9 Exhibition West of Northern - 130m @ 900 130m @ 1200
Grds West of Northern - 142m @ 375 142m @ 525
Exhibition
Grds
Area #10 | May St. Durban & Northern | 115m @ 375 115m @ 450 115m @ 525
May St. West of Durban 235m @ 375 235m @ 450 235m @ 450
May St. Durban to Northern
Area #12 | Brodie St. Durban to Northern - 125m @ 525 125m @ 525
Table 4.9 Cost of Basement Flooding Control Alternatives
Level Alternative Cost ($)
In-System Storage Storage/Separation
2 340,000 410,000
5 2,123,000 2,130,000
10 4,260,000 3,900,000
Table 410  Basement Flooding Risk Priority Areas
Tkt Area No. Comments
Group
1 Areas 1, 8,9, 10 and 17 Risk of basement flooding less than 2 years
2 Areas 4, 5, 12 and 14 Risk of basement flooding less than 5 years
3 Areas 3, and 6 Risk of basement flooding less than 10 years
4 Areas 2,7, 11,13 15 and 16 Risk of basement flooding greater than 10 years
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Stormwater Control

Continued enforcement and application of the MOEE “Stormwater Management
Practices Planning and Design Manual”, June 1994 is important with respect to
new developments, construction of new storm outfalls and in retrofitting existing
outfalls. Beyond the application of these guidelines, no end-of-pipe stormwater
controls are recommended.

Stormwater source controls are addressed under pollution prevention and public
education initiatives.

Thunder Bay WPCP
Pilot Studies

An important component of the PPCP was the assessment of the wastewater
treatment plant and the issues affecting upgrading and expansion requirements for
the 2016 design period and the provision for full secondary treatment. A Technical
Memorandum was prepared “Evaluation of Secondary Treatment Upgrade
Options™, October 1995, addressing these issues (Appendix B). The memorandum
recommends the City initiate a year long pilot study of short listed secondary
treatment process technology at the Thunder Bay WPCP. The technologies
recommended for pilot testing include BAF (Biological Aerated Filters) and an
optimized CAS (Conventional Activated Sludge) design. As a result of discussions
with City staff in Windsor, Ontario, the City of Thunder Bay has decided to include
in the pilot test the trickling filter/solids contact process.

The results from this study will be used to identify the most appropriate site specific
design parameters for each technology resulting in the most cost effective and
appropriate technology. As well, the pilot study will provide capital and operating
costs and experience, provide a comparison of performance and support an
application to MOEE for approval of any non-standard treatment technology or
process design. As indicated in the Technical Memorandum undertaking a pilot
study to refine the design parameters, treatment technology and processes could
result in savings in the neighbourhood of $4 to $6 million in capital costs over
conventional plant design.

Optimization of Phosphorus Removal

The Certificate of Approval for the Thunder Bay WPCP states that the plant is in
non-compliance if the annual average final effluent phosphorus concentration is in
excess of 1 mg/L. Currently, the City is undertaking to improve phosphorus
removal at the existing primary treatment plant to achieve compliance of less than 1
mg/L on a monthly basis.

It is recommended that the City continues their efforts and address improved
removal through the pilot study.
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Digester Optimization

It is suspected that the existing anaerobic digesters are experiencing mixing
limitations that reduce their effective volume. The digesters are adequately sized
for biosolids generation with the implementation of secondary treatment with
proper mixing. It is recommended that the City address the question of mixing
inadequacy of the anaerobic digesters.

Pollution Prevention

Pollution prevention measures include source controls and initiatives that reduce the
amount of stormwater related pollutants from entering either a combined sewer or
storm sewer system. Source controls and prevention measures tend not to have
large capital expenses associated with them but can increase operational costs. The
objective of pollution prevention measures is to minimize the accumulation of
pollutants on streets and other tributary land areas as well as to reduce the entry of
pollutants into the collection systems. Typical pollution prevention measures can
include, but are not limited to the following:

» Street cleaning

» Public education programs

» Recycle programs,

e Fertilizer and pesticide control

= Soil erosion control

« Commercial/Industrial control

e Operation and maintenance practices

¢ Catchbasin Cleaning

Inherent in the City’s present operation and maintenance practices is pollution
prevention. The O&M programs were previously reviewed and discussed and are
not incorporated in the review of pollution prevention measures.

The City of Thunder Bay has initiated a number of pollution prevention measures
that are reviewed in the following sub-sections including recommendations on
program improvements.

Street and Catchbasin Cleaning

Street litter and pollutant build up can be a significant source of certain pollutants.

In the City of Thunder Bay there is 17,150 km of curb that is cleaned a minimum of
twice per year (spring and fall). In actual fact the frequency is greater on
residential streets, and on major thoroughfares (i.e. Victoria Avenue) weekly street
cleaning is conducted. In conjunction with street sweeping the City undertakes
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street flushing and sidewalk sweeping. No improvements to the existing street
sweeping program are recommended.

The benefit of catchbasin cleaning is similar to street cleaning. Catchbasin cleaning
will remove accumulated sediments and debris before they reach the combined or
storm sewer systems. The catchbasins are cleaned once per year in the North Ward
and approximately 50 to 60% of the catchbasins are cleaned in the South Ward
annually. It is recommended that all catchbasins in the City are cleaned at least
once per year and preferably twice.

Public Education

The City undertakes public awareness programs to promote good practices in the
City of Thunder Bay. The City is involved in funding and participating in the
Thunder Bay 2002 program promoting environmentally friendly lifestyle choices
addressing issues such as, recycling, hazardous waste, water conservation,
composting and energy efficiency. As well, the City uses mail inserts in billings to
promote the Hazardous Waste Depot, Recycling Depots and to provide notification
on other City related business (i.e. lawn watering restrictions).

Public education is one of the most effective pollution prevention tools available to
the City. The objective of public education is to inform and educate the public on
specific issues related to CSO and stormwater control. The City can be more pro-
active in this area to promote “good practices” that will ensure the local water
courses do not degrade. The local rivers are a valuable resource to the City and
should be protected as such by drawing the link between what goes into the sewer
(storm or sanitary) and what goes out. It is important for the City to coordinate
public education programs with local environmental groups, RAP, MNR and
MOEE.

One area of public education for the City to address is the removal of roof
downspouts. A bylaw exists; however, the City has not actively enforced
downspout disconnection. Information packages for the public can lead to voluntary
disconnection.

Water Conservation

As part of the Thunder Bay 2002 program the City is actively promoting water
conservation as a means to reduce water and wastewater demands. The City’s
involvement in this program will likely lead to cost savings through less demand.

Industrial Pre-Treatment and Sewer Use Bylaw

In 1990 the City of Thunder Bay participated in the provincial MISA
Demonstration Project. Participation in the project led to the development of a
Sewer Use Control Program and a Sewer Use Bylaw. The Sewer Use Bylaw
allows the City to impose user charges based on sewage loadings to their sanitary
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collection system from a particular source. At present three industries are subject
to sewer surcharge fee and one of the industries has a pretreatment program. The
Sewer Use Bylaw also regulates discharges to the stormwater collection systems
requiring industries to create a Best Management Practices (BMPs) to reduce
pollutant loads into the stormwater collection systems.

Industrial pretreatment is promoted by the City through Best Management Practices
(BMPs). The basis for the BMPs program is to handle wastes at the source and to
promote waste reduction and to improve waste handling procedures. To date, the
City has prepared a Motor Vehicle Service BMP Requirements program for service
stations. The City plans to implement similar BMP plans for restaurants, photo
processors and industrial laundry facilities.

The City has made significant progress in the implementation of BMPs and should
continue with the existing programs and include new industries in their program.
The City should identify opportunities to coordinate their initiatives with RAP or
other government agencies in the implementation of BMP programs. An important
component of the Sewer Use Control Bylaw and the industrial pretreatment
programs is enforcement. Without enforcement through regular inspection,
monitoring and sampling programs the City will not be able to ensure compliance.

Recommended Short Term PPCP Summary And Cost

Table 4.11 presents a summary of the recommended Short Term PPCP programs,
their qualitative benefits, and the associated costs. Detailed costing information is
provided in Appendix D.

If all components of the Short Term PPCP were implemented the cost over the next
5 to 10 years would be in excess of $9.0 million. It is not anticipated that all
programs recommended in the Short Term PPCP will be implemented in a 5 to 10
year period. In fact, some of the programs identified are considered long term,
however, they will start as part of the Short Term PPCP.
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5.2

5.2.1

SECTION 5
LoNG TERM POLLUTION
PREVENTION AND CONTROL PLAN

LonG TERM POLLUTION PREVENTION AND CONTROL PLAN

Overview

The following section outlines in detail the programs and control measures
proposed for the Long Term PPCP. An extension of the Short Term PPCP, the
Long Term PPCP programs will ensure sustainable development with a level of
collection system performance, wastewater treatment and stormwater control
acceptable to the community and regulatory agencies.

Controls associated with Long Term PPCP programs tend to be more capital
intensive and are to be implemented over a 20 to 25 year planning period or, in
some cases, as the need or services are required (i.e. new development).

The key elements of the Long Term PPCP address the same areas of concern as the
Short Term PPCP, namely:

e Collection System Management
« (SO Control

o Stormwater Management

« Thunder Bay WPCP

Collection System Management

As previously discussed in the Short Term PPCP, the management of any collection
system is extremely important to ensure reliable service, to protect the significant
capital investment made and to be able to make informed operational and
management decisions. =

Collection system management in the context of the Long Term PPCP is associated
with the control and management of excess wet weather flows, the need for
development capacity, elimination of basement flooding, and the need to ensure a
reliable level of service. The purpose of the following sub-sections is to present the
details of costs and physical characteristics of each proposed project and the
evaluations that led to the recommendations.

Golf Links Extension and North Ward Servicing

In a 1974 Trunk Sanitary Sewer Report the configuration of sanitary trunk Sewers
to service future development areas Werc recommended. In particular, the Golf
Links FExtension was proposed that would connect into Neebing/Mclntyre
Interceptor at Golf Links Road and extend up to the Expressway, and then north-
east on the Expressway to the John Street Trunk sewer and continue on to the
McVicar’s Creek Trunk sewer. Figure 5.1 shows the proposed location of the Golf
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SECTION §
LONG TERM POLLUTION
PREVENTION AND CONTROL PLAN

Links Extension sanitary trunk as envisioned in 1974.

The analysis in 1974 indicated that, with the population increase and the
developments proposed for areas beyond the Expressway, the John Street and
McVicar’s Creek Trunk sewers would become overloaded. To prevent
overloading, the Golf Links Extension sewer was designed to intercept the new
development flows generated in areas beyond the Expressway and convey them to
the Neebing/Mclntyre Interceptor.

As part of the Long Term PPCP the proposed Golf Link Extension sewer has been
re-evaluated based on both current system information and ultimate development
projections. In conjunction, the hydraulic control of flows in the John Street,
McVicar’s Creek and Port Arthur sanitary trunk sewers have been considered in
developing an overall flow control strategy for the North Ward. The calibrated
XP-SWMM model developed in Phase 1 was employed to evaluate the following
servicing alternatives:

Alternative 1A

¢ Golf Links Extension connected to the John Street sewer at the Expressway
passing through the River Terrace pump station, continuing along the
Expressway to McVicar’s Creek Trunk.

Alternative 1B

o An alternative route considered extends the Golf Links sewer to the River
Terrace pump station continuing to connect to the John Street Sewer at
Algonquin Avenue, going up John Street to the Expressway and across the
Expressway to the McVicar’s Creek Trunk sewer.

Alternative 2

¢ Golf Links Extension terminating at John Street and the Expressway
connected to the John Street Sewer at Algonquin Avenue and no controls on
the McVicar’s Creek Trunk.

Alternative 3

» Storage at the McVicar's Creek Trunk sewer at the Expressway and Golf
Links Extension to John Street Trunk at Algonquin Avenue and up to the
Expressway.

Alternative 4

» Golf Links Extension to John Street at Algonquin Avenue up to the
Expressway, upstream storage on McVicar’s Creek Trunk and improved
conveyance in the High Street area of John Street Trunk.
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The evaluation of each alternative was done under the following conditions:
« Ultimate development conditions and population in Thunder Bay
o 10 year design storm event for wet weather performance comparisons

o Rainfall Derived Inflow/Infiltration (RDI/I) rates for new developments
were taken as similar to those in the John Street and McVicar’s Creek
service areas.

« 60 L/s discharge from the new Water Treatment Plant at Lillian Avenue into
the Port Arthur Interceptor.

e Proposed Short Term PPCP diversions at Neebing/Brunswick and
Neebing/Cameron. :

o Golf Links Interceptor alignment will pass through the River Terrace pump
station intercepting local flows.

Figures 5.2 to 5.5 show the servicing alternatives evaluated and primary
development areas. '

Existing Servicing Conditions
System analysis revealed the following under existing servicing conditions:

« No dry weather capacity constraints identified in John Street, McVicar’s
Creek, Port Arthur or Neebing/Mclntyre sanitary trunk sewers.

¢ Surcharge conditions exist in the John Street Trunk sewer for the 10 year
design event. The most critical sections are located north of Algonquin
Avenue and in the High Street area,

« Surcharge conditions exist in the upper portion of the McVicar’s Creek
Trunk Sewer; however, the hydraulic grade line is at a reasonable level.

» Surcharge conditions exist in the Port Arthur interceptor between McVicat’s
and John Street at a reasonable level.

« No surcharge in the Neebing/Mclntyre Interceptor.

Overall, there are existing wet weather capacity concerns in the John Street Trunk
sewer and to a less extent in the McVicar’s Creek Trunk and Port Arthur
Interceptor sewers, while there are no wet weather concerns identified in
Neebing/Mclntyre Interceptor. Historically, basement flooding in the North Ward
has been sporadic in nature, the only area that has had repeated incidents of
flooding is in the High Street area on the John Street Trunk sewer. The hydraulic
analysis identified this area to have a high HGL during wet weather.
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City staff indicated that during severe wet weather conditions outflow is reported
from the McVicar’s Trunk sewer to the local Creek. System hydraulic analysis
could not simulate these conditions using up to a 10 year design event. As well,
City staff were unable to identify where this was reported on the McVicar’s Creek
system. :

A study of the existing hydraulic conditions within the North Ward sewer system
conducted by Wardrop Engineering Inc. predicted localized surcharge conditions
within the McVicar’s Creek Trunk Sewer at Manley and Margaret Streets and near
Elm Street. Modelling completed as part of the Wardrop study was conducted
without the benefit of flow data for calibration from the McVicar’s Creek Trunk
Sewer. The hydraulic model of the North Ward is based on the Wardrop work
with the benefit of more calibration data to refine model calibration and provide
more reliable results.

Ultimate Development Conditions

Figures 5.6 to 5.9 show the hydraulic grade lines (HGL) for the John Street Trunk,
McVicar's Creek Trunk, Port Arthur Interceptor and Neebing/Mclntyre Interceptor
for the four servicing alternatives considered.

Alternative 1A - Golf Links to John Street Trunk and McVicar’s Creek Trunk

The Golf Links Extension to John Street and McVicar’s Creek Trunk sewers will
intercept all new development flows and existing flows along the Golf Links
alignment and beyond the Expressway. Therefore, a marginal reduction in the
existing hydraulic conditions in the John Street Trunk, McVicar’s Creek Trunk and
the Port Arthur Interceptor is expected with existing developments diverted to the
Golf Links Sewer.

The surcharging in the John Street Trunk sewer at Algonquin Avenue and High
Street will persist, as will the elevated levels in McVicar’s Trunk. There will be
effectively no change in flows and flow levels in the Port Arthur Interceptor. No
hydraulic capacity constraints were identified in the downstream Neebing/Mclntyre
Interceptor.

Alternative 1B - Golf Links to John Street at Algonquin Avenue and McVicar’s Creek
Trunk Sewer

The Golf Links Extension would intercept flows at Algonquin Avenue and John
Street, and would intercept new development flows from the areas beyond the
Expressway and existing flows generated ‘in the area north of Algonquin Avenue
tributary to the John Street Trunk sewer. . Intercepting flows at John Street and
Algonquin Avenue removes the hydraulic constraint in the John Street Trunk sewer
at Algonquin Avenue and reduces the HGL along the remainder of the John Street
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Trunk. Intercepting flow at Algonquin Avenue will require replacement of a
section of the John Street Trunk between Algonquin Avenue and the Expressway.
The replacement is necessary to convey new flows from development areas beyond
the Expressway to the Golf Links connection point at Algonquin Avenue. The
present John Street sewer capacity above Algonquin Avenue is insufficient to
convey future flows. In the High Street area surcharged conditions will still
continue to occur due to poor hydraulic conditions.

Overall, the Golf Links extension to John Street Trunk sewer at Algonquin Avenue
will provide relief to hydraulic constraints in the upper sections of the Trunk as
well as provide sanitary services for future development. Theré will be a marginal
improvement in the hydraulic performance of the McVicar’s Creek Trunk as all
new development flows and existing flows beyond the Expressway are intercepted
by the Golf Links Extension. The Port Arthur Interceptor HGL is marginally
reduced with the diversion of existing and future flows from John Street Trunk at
Algonquin Avenue.

Alternative 2 - Golf Links to John Street

The same hydraulic benefits as Alternative 1B will be realized for the John Street
Trunk sewer if the Golf Links is extended to John Street at Algonquin and
continues up to the Expressway. Future development areas upstream of the
Expressway and McVicar’s Creek would be serviced through the McVicar’s Creek
Trunk sewer. Under dry weather conditions there are no capacity issues; however,
during the 10 year design event there is surcharging in the upper sections of
McVicar’s Creek Trunk (Figure 5.7). The additional flows will also increase the
HGL in the Port Arthur Interceptor downstream of the McVicar’s Creek connection
(Figure 5.8).

Alternative 3 - Golf Links to John Street, Storage at McVicar’s Creek Trunk

The same hydraulic benefits as Alternative 1B will be realized for the John Street
Trunk sewer with the Algonquin Avenue connection. For this alternative 8,760 m’
of storage is placed at the top end of the McVicar’s Creek Trunk sewer at the
Expressway to control the inflow into the existing trunk sewer from new
development areas during wet weather conditions. The storage facility is designed
to allow a maximum of 2.5 times average dry weather flow (12,900 md), to
continue to flow into the McVicar’s Creek Trunk and to retain excess flows for up
to 12 hours. This alternative has the flexibility to be implemented as development
occurs, for example, only 1,000 m’ of storage would be required for the
developments proposed to 2010.

Alternative 3 would provide a similar level of control over flows in the John Street,
McVicar's Creek and Port Arthur Interceptor as Alternative 1B and would provide
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some flexibility in implementation.

Alternative 4 - Alternative 3 and Improved Conveyance at High Street

None of the previous alternatives were able to control the HGL in the John Street
Trunk Sewer at High Street. An analysis of this section of the John Street Trunk
sewer reveals that the changes in the pipe grades and slopes do not result in good
hydraulic performance. To improve the hydraulics conditions, a 400 m section of
John Street Trunk sewer was twinned between High Street and Algoma Street with
a 1,350 mm pipe (54 inches). This was found to eliminate the surcharge conditions
in the area (Figure 5.6).

Cost

The cost of each alternative was prepared and is prcsentéd in Table 5.1. Detail cost
information are included in Appendix D.

Recommendation

Alternative 4 is recommended as the most cost-effective way to provide servicing
for future development while providing hydraulic relief for the John Street Trunk,
McVicar’s Creek Trunk and Port Arthur Interceptor sewers. Implementation of
Aliernative 4 can be done in stages as development proceeds. The implementation
of storage to manage flows into McVicar’s Creek Trunk sewer can be staged to
meet the development pressures. As indicated, population and flow projections
indicate that only 1,000 m® of storage is required to meet the needs to the year
2010. The Short Term PPCP flow monitoring program will assist the City in
determining the need for implementing Alternative 4.

North Ward Catchbasin Cross Connections

The Short Term PPCP recommended a removal program of catchbasins connected
to the sanitary sewers in the North Ward. The catchbasins removed did not require
any new services or construction of storm sewers. The objective of removing the
catchbasin connections to the sanitary sewers is to reduce the stormwater flows in
the sanitary collection systems. As a continuation of the Short Term disconnection
program Table 5.2 summarizes the remaining catchbasins connected, the work
required to remove the connection and redirect flow to an existing storm outlet and
the associated cost. It is estimated that the program would cost approximately
$775,000.
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Table 5.1 Golf Links Extension and North Ward Servicing Alternatives

Alternative Cost ($) Comments
Golf Links to John and $13,700,000 | Services new development areas
McVicar's Creek : .
Provides flow control into John and McVicar’s Trunk
sewers
Does not address HGL in John Trunk sewer at High
- Street
No change in Port Arthur Interceptor
No capacity constraints in Neebing/McIntyre
Golf Links to John $4,100,000 | Services development areas to John Street only
Surcharging conditions will exist in the McVicar’s Creek
Trunk and in the John Trunk at High Street
HGL increases in Port Arthur Interceptor
No capacity constraints in Neebing/McIntyre
Golf Links to John, $9,500,000 | Services all new development areas
nd
8‘76{! i ’storage ¥ Provides flow control inte John and McVicar’s Trunk
McVicar’s Creek
SeWers
Does not address HGL in John Trunk sewer at High
(with 1,000 m? storage Street
to 2010) ($4,750,000) Storage can be implemented in stages with development
HGL decreases in Port Arthur Interceptor
) No capacity constraints in Neebing/McIntyre
Alternative 3 and $10,300,000 | Services all new development areas
Twinned Section of ; s
Tohn Street Trunk Provides flow control into John and McVicar’s Trunk
sSewers
Removes surcharging conditions in John Trunk sewer at
(with 1,000 m* storage High Street
to 2010) ($5,500,000)

Storage can be implemented in stages with development
HGL decreases in Port Arthur Interceptor
No capacity constraints in Neebing/McIntyre
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Table 5.2 Long Term PPCP Catchbasin Disconnection Program

Location Description Cost ($)
Queen St. and Winnipeg Construction of 180 m of storm sewer connected to 45,900
existing 36” storm on Queen St.
Rockwood Ave, and John St. Connect to existing storm on Rockwood Ave. 1,785
Crown St. and Oliver Rd. Construction of 195 m of storm sewer connected to 49,725
existing 18" storm on Oliver Rd.
Ontario St. between Oliver Rd. Construction of 168 m of storm sewer connected to 42,840
and Cornwall Ave. - existing 307 storm on Oliver Rd.
Machar Ave. and Cornwall Ave. | Construction of 250 m of storm sewer connected to 63,750
existing 187 stub at John St. and Machar Ave.
Court St. and Cornwall Ave. Construction of 60 m of storm sewer connecied to existing 15,300
15" storm on Johnson Street
Court St. and Ambrose St. Construction of 65 m of storm sewer connected to existing 16,575
15” storm on Wilson St.
Court St. and Lincoln St. Construction of 65 m of storm sewer connected to existing 16,575
10" storm on Pearl St.
College St. between St. Patricks Construction of 100 m of storm sewer connected to 25,500
Square and Hebert St. existing 15" storm on River Rd.
Hebert St. and High St. Construction of 240 m of storm sewer connected to 61,200
existing 10” storm on Red River Rd.
Algoma St. and Van Norman St. | Construction of 110 m of storm sewer connected to 28,050
existing 12" storm on Algoma St.
College St. and Dawson St. Construction of 210 m of storm sewer connected to 53,550
existing 24 storm on Tupper St.
Melvin Ave. and Dobie St. Construction of 70 m of storm sewer connected to existing 17,850
15" storm on River Rd.
St. James St. and Front St. Construction of 290 m of storm sewer connected to 73,950
existing 24" storm on Front St.
Elm St. and River St. Construction of 75 m of storm sewer connected to existing 19,125
18" storm on River Rd.
Van Horne St. and Front St. Construction of 290 m of storm sewer connected to 73,950
. existing 24" storm on Front St.
Birch St. and Parsons Ave. Construction of 230 m of storm sewer connected to 58,650
existing 18” storm on High St.
Clavet St. and Court St. Construction of 30 m of storm sewer connected to existing 7,650
10” storm on Elizabeth St.
Cumberland St. and Beck St. Construction of 105 m of storm sewer connected to 26,775
existing 24" storm on MacDougall St.
Front St. and Waolseley St. Construction of 290 m of storm sewer connected to 73,950
existing 24" storm on Front St
Total $772,650
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Kaministiquia Interceptor Improvements

In Phase 1 no performance concerns were identified in the Kaministiquia
Interceptor. The implementation of Short Term PPCP measures with respect to
CSO Control and the diversion of flow from the Neebing Interceptor to the
Cameron system, and ultimately the Kaministiquia Interceptor, will not have a
significant affect on the Kaministiquia Interceptor.

The improvement to the Kaministiquia Interceptor identified is related to the
upgrade at the wastewater treatment plant.  Presently, the Kaministiquia
Interceptor, a 1,670 mm (66") diameter pipe, flows into a regulating chamber at the
treatment plant that has a 750 mm diameter (30”) throughflow pipe to the Main
pumping station. Excess flows are diverted to the old pump station and primary
treatment facility. The old pump station is both in poor physical and mechanical
condition and represents a maintenance problem for the City. Minimizing or
eliminating the need for the old pump station would be beneficial to the City by
consolidating the treatment plant pumping at the Main pump station. Figure 5.10
schematically shows the connection of the Kaministiquia Interceptor to the
wastewater treatment plant.

It is proposed to replace the 215 m of 750 mm pipe with a 1,670 mm diameter pipe.
The new section would connect to the Neebing/McIntyre Interceptor 2,100 mm
(84") influent pipe at the drop structure outside of the Main pump station.

An evaluation of connecting the Kaministiquia Interceptor to the Neebing/MclIntyre
Interceptor at the Main pump station was undertaken to determine if there would be
any negative effects. The 10 year design storm event was used for the assessment.
The evaluation was undertaken for the existing development conditions as well as.
the ultimate development conditions including the Golf Links Extension -
Alternative 4, and the Neebing diversions.

Figure 5.11 shows the maximum HGL along the Kaministiquia Interceptor from the
Cameron Interceptor to the Main pump station and along the Neebing/MclIntyre
Interceptor respectively.

The replacement of 1,670 mm diameter pipe will not affect the operation of the
Neebing/MclIntyre Interceptor and will eliminate the need for the old pump station.
The existing diversion to the old pump station must be maintained until the Main
pump station is upgraded as part of the WPCP upgrade to secondary wastewater
treatment. The cost of the Kaministiquia Interceptor improvement is estimated to
be $1.4 million (Appendix D for details).
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CSO Control

No Long Term PPCP CSO controls were found to be necessary for the City of
Thunder Bay. Presently, the City has a level of CSO control higher than the
minimum of 90% volumetric control basin wide.

Stormwater Control

The stream and loadings analysis undertaken in Phase 1 showed no clear evidence
that stormwater represents a significant source of pollutants annually or on an event
basis. The Short Term PPCP recommends continued enforcement of the provincial
stormwater guidelines; there is no change for the Long Term PPCP. The Long

- Term PPCP does not contain any projects associated with the control or treatment

of stormwater. -

Thunder Bay WPCP

The Short Term PPCP recommends a pilot study be undertaken to identify the most
cost-effective secondary treatment technology. The City of Thunder Bay is
proceeding with the pilot study program. The outcome of the program will be
recommendations on the secondary treatment technology. From this
recommendation the City is committed to proceed to pre-engineering, final design
and construction, It is anticipated that following the final pilot study
recommendation full secondary treatment will be implemented within 5 years.

A pollutant loadings assessment was undertaken in Phase 1 quantifying the relative
contribution of various sources.

A pollutant loadings assessment was undertaken in Phase 1 quantifying the annual
loadings from various pollutant sources to the receiving waters. Table 5.3 presents
a comparison of annual loadings for BOD;, TSS and TP for the treatment plant with
the upgrade to secondary treatment. Table 5.3 includes the existing conditions as
well as the future loadings, using the plant average design flow of 109,100 m’/d and
the design objective and compliance criteria concentrations.

In reviewing Table 5.3, it is evident that despite the increase in flow there will be
an overall reduction in the annual loadings of BOD; and TSS to the Kaministiquia
River. There will be an increase in the annual load of TP to the Kaministiquia
River.
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1. Concentrations for BOD;, SS and TP in mg/L.

Flow BOD; §S TP
Condition (m’/d) (kg/year) (kg/year) (kg/year)
Existing 80,550 2,381,400 1,352,400 31,750
(21, 46, 1.08)'
Future Design 109,100 597,300 597,300 39,800
(15, 51, 1)'
" Future Compliance 109,100 995,550 995,550 39,800
(25, 25, 1)'
Notes:

The preliminary cost estimates for secondary treatment are in the range of $26
million to $34 million; the costs of the upgrade will be refined with the pilot study
results and completion of the pre-engineering. :

Recommended Long Term PPCP and Costs

Table 5.4 presents a summary of the recommended Long Term PPCP programs,
qualitative benefits and associated costs.
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EX. MH.

Ex. 2100mmW=171.45
Ex. 750mmS=176.60
(To Be Abandoned)
Fut. 1650mm=175.77

Neebing/ Mcintyre Interceptor

2100mm Dia.

Ex. MH.

Ex. 750mmN=176.9
Ex. 780mmS=176.9
(To Be Abandoned)

.,

Ex. MH.

Main Sewage Pumping Station
Wet Well Elevation=168.25

Ex. Firm Capacity=455,000 m3/d
Fut. Firm Capacity=589,000 m3/d

\q
G
%
%
A
3%,
C

% 2

oY

Future 213m - 1650mm

Dia. Sanitary Sewer @ 1.0%

Ex. 1650mmW=178.00
Ex. 1650mmE=178.00
(To Be Abandoned)
Ex. 750mmN=179.65
(To Be Abandoned)
Fut. 1650mmN=177.90

Kaministiquia
“Thitéfcepior— —

To Old Plant
(To Be Abandoned)

Figure 5.10

Kaministiquia Interceptor Connection

To Main Pump Station
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6.2

SECTION 6
IMPLEMENTATION PLAN

IMPLEMENTATION PLAN

Overview

The following section provides a summary of Short and Long Term PPCP
initiatives and programs, outlining an Implementation Plan and schedule for the
City of Thunder Bay. The proposed Implementation Plan is designed to prioritize
projects to achieve the objectives of pollution control planning in meeting
community standards; CSO control and stormwater guidelines; WPCP effluent
requirements; Provincial Water Quality Objectives; and the objectives of RAP and
the Binational program.

The Implementation Plan presented provides the initial framework to implement the
PPCP programs recommended. The Plan will change and evolve through the
implementation period and should be considered a living document to be revisited
and revised as more and better information becomes available. The long term goals
of the plan are to accomplish the following:

o Reduce urban pollutant loadings to receiving waters and to protect water
resources

o Ensure reliable services
o Reduce/eliminate basement flooding
» Provide services for future developments

o To provide secondary treatment
Prioritization

All recommendations have been prioritized based upon a detailed review of each

program. The review process used to prioritize programs considered the following
factors: |

Public Contact

Projects that would reduce/eliminate public contact with sewage were given a high

priority. This reflects the potential public health concerns associated with urban
discharges.

Collection System Management

Initiatives associated with system operations are given a higher priority.
Infrastructure information is needed for the City to make informed decisions with
regards to rehabilitation as well as to ensure reliable services.
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6.3

SECTION 6
IMPLEMENTATION PLAN

Cost Effectiveness

Projects that are lower cost providing immediate results are given higher priority.
Typically, short term programs are designed to provide immediate benefits for
minimal cost; long term programs tend to involve capital expenditures.

CSO Control

CSO control was not identified as a major source of pollutant loadings and
therefore projects related to CSO control do not have a high priority.

Pollution Prevention

Programs that address pollution prevention are given a high priority. Prevention is
a very cost-effective way of reducing pollutant discharges. Pollution prevention
includes educational programs, stormwater controls, etc.

To prioritize programs five levels of priorities have been established, 1 being the
highest and 5 being the lowest. The Short Term PPCP and Long Term PPCP
summaries are presented in Table 6.1 indicating the assigned priority, the projected
costs and implementation period based on the program review and the above
factors.

Schedule And Cash Flow

Figure 6.1 presents the Implementation Plan schedule and cash flow information.
The implementation period is considered to be 20 years corresponding to the
planning period. The implementation period for projects associated with new
services for future development may occur beyond the 20 year planning period.

The costs of each program and project have been distributed to develop a cash flow
projection for the City. For some programs no new dollars are identified indicating
that program funding should be from existing operational budgets. Funding for
projects associated with the reduction or elimination of basement flooding has been
distributed uniformly across a ten year period. A specific distribution can not be
determined until specific projects have been identified through the setting of a
community standard and refinement of analysis with local flow data. The costs
associated with the McVicar's Creek Trunk storage facility have not been shown in
the Implementation Plan. It is anticipated that the storage required beyond the
initial 1,000 m® could be funded through development charges. Alternatively,
development in this area could be limited to the existing service capacity available.

Figure 6.2a and 6,2b present the cash flow requirements for the Implementation
Plan. Figure 6.2b does not include the WPCP upgrade to secondary treatment.
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SECTION 6
IMPLEMENTATION PLAN

The Thunder Bay PPCP was carried out in accordance with the approved planning
and design process contained within the Class Environmental Assessment Act for
Municipal Water and Wastewater Projects. The recommended works outlined in
the Implementation Plan can be categorized as Schedule A projects requiring no
public notification. The only exception to the Schedule A is likely the Golf Links
Extension (Item 19) and storage at McVicar's Creek (Items 23 and 28), which
would fall under Schedule B type projects requiring suitable public notification on
two occasions. Early in the evaluation of the Thunder Bay WPCP, confirmation
from the EA Branch was received identifying that the change to secondary
treatment would be classified as a Schedule A project, given there is no change in
the plant's rated capacity.
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Thunder By PPCP
[SF e

Amplermenialion Plan ES-1xls

Figure 6-1

-
Implementation Plan
ITEM PROGRAM COMMENTS COSTS 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 009 010 0r 2012 2013 2014 2015 2016 BEYOND
1. CCTY, Sewerline, Manhole |- Program began in 1996 B RE RS i ety
and Sewer Flushing Program |- Initial 10 year program SLB00000 | 120,000 | 245000 | 245000 | 245000 | 245000 340,000 | 340000 | 340,000 | 340,000 | 340,000 | - Inspection program is angoing, however, the annual level of effor is reduiced
- Beyond 10 years new CCTV program required
2. CSO0 Inspection & Maintenance|- Ongoing program I — —
- No riew resources required 50 |- Ongoing program, existing budget [
| |
3. Pump Station Maintenance |- Ongoing program i | = fee
- No new resources required S0 |- Ongoing program, uxisli:lzg budgen
4. Neebing/Brunswick Diversion |- Provides hydraulic refief and control to the [ e ]
Necbing Interceptor reducing the likelihood S21,000 21,000 ‘
of surcharging conditions
5. Neebing/Cameron Diversion |- High level relicf of the Neebing Interceptor -
$22,000 | 22000
6, North Ward Catchbasin Sealing|- Cost effective way to disconnect CB |
- Reduce inflow into North Ward sanitary S12,000 12,0 ‘
system
7. James and Quebec Connection |- Removil of cross connection
Correction 93,000 [ 93,000
8. Monitoring Program - Monitoring program will provide additional i T ———— e
model calibration data and increase SHSH00 12000 10,000 18,600 18,600 18,600 18,600 18,600 |- Ongoing program [
of flows in the collection system
- 2 meters and | rain gauge
- 10 permanent stations
9. RK2 Regulator Replacement |- RK2 to be replaced and adjusted in the short -
and Adjustment term £15,000 15,000
- Provides City information on new regulator
technology
10, South Ward Basement - Program may not need to be fully implemented
Flooding Program - Flow monitoring and system modelling should S4300,000 | 430000 | 430,000 | 430000 | 430,000 430,000 | 430000 | 430000 | 430000 | 430000 | 430,000
be used to re-assess need
- The level of risk assumed will change the costs
- No cost identified in cash flow
11, Stormwater Management - Follow Provincial Guidelines PR | Bl e - —
Controls - Ongoing - Ongoing progrem, existing budget
12.  Thunder Bay WPCP Pilot - Study to be initiated in 1996
Study - $300,000 to S 400,000 depending on final scope
13, Phosphorus Removal Program |- Ongoing program
14. Digester Optimization - Ongoing program
50 |- Ongoing progrim, existing budget
1
15. Catchbasin Cleaning - South Ward has 50 o 60% coverage this i i — e = =
100% Coverage is to be increased to 100% annually $0 |- Ongoing pn]ogtsm. e:-ti:;ihllg budget

Figure 6.1
Implementation Plan
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Figure 6-1
Implementation Plan

ITEM PROGRAM COMMENTS COS5TS 1998 1997 1998 1999 2000 001 nn 2003 2004 2003 206 oy 2008 2009 2010 2011 ma2 013 2014 2015 2016 BEYOND
16. Pollution Prevention Programs |- Ongoing initiatives | ] |
- Promote Roof Leader Disconnection &0 |- Ongoing prlugmm‘ Bxislillig budget

17. Neebing/Mclntyre Interceptor |- Study pending : e | |
[mprovements - Requires Immediate action 0 ! 1

18.  Storm Sewer Qutfall - Investigate cost sharing with other agencies i >
Inspection, Maintenance and |- Outfall survey to be repeated ona 7 year cycle 0 : Pmysmdorigned on 8 7 year eycle
Survey

19. Golf Links Extension to River |- Alignment is not set |
Terrace P.S. - It is assumed the extension will be phased in 53,300,000 | |
over T years |

- Development driven

20, Thunder Bay WPCP Upgrade |- City commited to provide full sccondary

to Secondary Treatment treatment within 5 to 10 years 35,000,000 |
21 MNorth Ward Storm Sewer and |- New storm sewer will allow 3 CBs to be

Catchbrasin Disconncction disconnected reducing wet weather inflow, §120,000
22. McVicar's Creek 1,000 m3 - Initial storage volume required : |

Storage - Investigate cost sharing to fund £615,000 615,000 | |
23, John Street Trunk Sewer - Provides hydraulic relief in High St. area |

Improvements = Implementation withi 5 years F740,000 740,000 |
24, Kaministiguia [nterceptor = Implement inconjunction with WFCP

improvements upgrade to secondary treatment 51,400,000
25, CS0 Regulator Replacement |- Replacement program over 15 years to replace

Program 10 regulators on the KAM Interceptor $175,000

- Assumed that one or two regulators addressed
each year of the program

26 Golf Links Extension to - Requires [tem 20 to be completed |

Algonquin Ave. and upgrade of|- Development driven S1,000,000

John 5t. Trunk to Expressway

27. Outfall Flap Gate Replacement |- Program to be implemented on an "as nead"”
Program basis - costs are distributed 300,000

= It s assumed all outfall pates will need 1o be
replaced over the next 20 year period |

28. McVicar's Creck 8,760 m3 - Mo cost identified to the City |

Storage - Need for storage is development driven 50
- Cost recovered in development charges
- Approximately $4.7 million

20, North Ward Catchbasin - Program may not need to be fully implemented S R N N[ CeRR RE
Disconnection Program - Flow monitoring and system modelling should $775,000 ! 77500 77,500 TS0 TS0 77,500 750000 310,000
be used to re-assess need | | | |
TOTAL 1994 1997 1958 1999 2000f 2001| 2002 2003 2004 2005 2006 20H)7 2008 2009 2010} 2011 2012} 2013 2014 2015 2016; BEYOND
* | | : i :
CASH FLOW (1,000 and | | | |
rounded) 851,200 SLOOO | SL200 |  SL2000  SBO00|  SI000D|  SE3N0 | SES00 | SEIOD | SLIO0 | S S300 S3W 5300 ssmi 5100 s100 s100 | sloo i 5200 s100 5100 5300
i
Thunder ay PRCP Figll re 6.1
ﬁﬁm@n. ES1us Implementation Plan
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MOEE:PROCEDURE F-5-5 | Page 1 of 8

PROCEDURE F-5-5

DETERMINATION OF TREATMENT REQUIREMENTS FOR MUNICIPAL AND PRIVATE
COMBINED AND PARTIALLY SEPARATED SEWER SYSTEMS

1. RATIONALE

Procedure F-5-5 is a supporting document for Guideline F-5 "Levels of Treatment for
Municipal and Private Sewage Treatment Works Discharging to Surface Waters".

A Combined Sewer System (CSS) is a wastewater collection system designed to convey
both sanitary wastewater and stormwater runoff through a single-pipe system to a
sewage treatment works. During dry weather, it conveys sanitary wastewater. During a
precipitation event (rainfall or snowmelt) the capacity of the CSS and/or treatment
facility may be exceeded by the total wastewater flow. This results in the occurrence of a
combined sewer overflow (CSO) which is an untreated mixture often containing high
levels of floatables, pathogenic microorganisms, suspended solids, oxygen-demanding
organic compounds, nutrients, oil and grease, toxic contaminants and other pollutants.
The CSOs represent a potential health hazard and can have adverse effects on aquatic
life, recreational uses and water supplies. The goals of this Procedure are to:

(a) eliminate the occurrence of dry weather overflows

(b) minimize the potential for impacts on human health and aquatic life
resulting from CSOs

(¢) achieve as a minimum, compliance with body contact recreational water
quality objectives (Provincial Water Quality Objectives (PWQO) for
Escherichia coli (E. coli)) at beaches impacted by CSOs for at least 95% of
the four-month period (June 1 to September 30) for an average year.

2. DEFINITIONS

A "combined sewer system (CSS)" is a wastewater collection system which conveys
sanitary wastewaters (domestic, commercial and industrial wastewaters) and stormwater
runoff through a single-pipe system to a Sewage Treatment Plant (STP) or treatment
works. Combined sewer systems which have been partially separated and in which roof
leaders or foundation drains contribute stormwater inflow to the sewer system conveying
sanitary flows are still defined as combined sewer systems in this Procedure.

A "combined sewer overflow (CSO)" is a discharge to the environment from a combined
sewer system that usually occurs as a result of a precipitation event when the capacity of
the combined sewer is exceeded. It consists of a mixture of sanitary wastewater and
stormwater runoff and often contains high levels of floatables, pathogenic
microorganisms, suspended solids, oxygen- demanding organic compounds, nutrients,
oil and grease, toxic contaminants and other pollutants.

An "overflow event" occurs when there is one or more CSOs from a combined sewer
system, resulting from a precipitation event. An intervening time of twelve hours or
greater separating a CSO from the last prior CSO at the same location is considered to
separate one overflow event from another.

http.//www.ene.gov.on.ca/envision/env_reg/er/documents/proc55.htm 24/06/99



MOEE:PROCEDURE F-5-5 Page 2 of 8

"Dry weather flow" is sewage flow resulting from both:

(i) Sanitary wastewater (combined input of industrial, domestic and
commercial flows); and

(ii) Infiltration and inflows from foundation drains or other drains occurring
during periods with an absence of rainfall or snowmelt.

"Wet weather flow" is the combined sewage flow resulting from:
(1) Sanitary wastewater; and

(ii) Infiltration and inflows from foundation drains or other drains resulting
from rainfall or snowmelt; and

(iii)Stormwater runoff generated by either rainfall or snowmelt that enters
the combined sewer system.

A "regulator” is any structure that in dry weather permits the passage of all flows to
treatment and in wet weather permits discharge to an outfall or relief sewer of all flows
in excess of some specific flowrate.

An "average year" refers to:

(i) the long term average of flow based on using simulation of at least
twenty years of rainfall data and/or

(ii) a year in which the rainfall pattern (e.g. intensity, volume and frequency)
is consistent with the long-term mean of the area; and/or

(1ii)a year in which the runoff pattern resulting from the rainfall (e.g. rate,
volume and frequency) is consistent with the long-term mean of the area.

A "swimming and bathing beach" is a strip of shoreline with the physiographic, climatic,
access, and ownership attributes necessary to accommodate significant water contact and
non-contact recreation under favourable aquatic conditions.

3. SEPARATE VERSUS COMBINED
SEWERS

The Ministry "Guidelines for the Design of Sanitary Sewage Systems, July 1985" states
that "All new sewer construction within the Province of Ontario should be of the

'separate’ type, with all forms of storm and groundwater flow being excluded to the
greatest possible extent. New 'combined’' sewer systems will not be approved. "

However, existing combined sewers may undergo rehabilitation or be replaced by new
combined sewers provided the municipality or operating authority has met the Ministry
requirements as set out in this document.

4. MINISTRY REQUIREMENTS FOR
MUNICIPAL & PRIVATE COMBINED

http://www.ene.gov.on.ca/envision/env_reg/er/documents/proc55.htm 24/06/99
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SEWER SYSTEMS

To meet the goals of this Procedure each municipality or operating authority of a
combined sewer system will be expected to:

(a) develop a Pollution Prevention and Control Plan (PPCP) as outlined in
Section 5;

(b) meet minimum CSO controls as outlined in Section 6; and
(c) provide additional controls

e for beaches impaired by CSOs where water quality is not meeting the
PWQO for E. coli as outlined in Section 9

o where required by receiving water quality conditions as specified in
Procedure B-1-1 "Water Management - Policies, Guidelines,
Provincial Water Quality Objectives of the Ministry of Environment
and Energy, July 1994".

The site-specific nature and impacts of CSOs are recognized in this Procedure. There is
flexibility for selecting controls for local situations.

5. POLLUTION PREVENTION AND
CONTROL PLAN (PPCP)

A Pollution Prevention and Control Plan (PPCP) should be developed to meet the goals
of the Procedure by:

« outlining the nature, cause and extent of pollution problems;
¢ examining alternatives and proposing remedial measures; and,
e recommending an implementation program.

Water quality problems may be caused primarily by combined sewer overflows or by a
combination of sources including CSOs. Where the pollution problem is due to a
combination of sources, the discharges will be investigated and prioritized based on the
relevant significance of the various discharges. In some cases the receiving water quality
and pollutant transport mechanisms will be assessed in the PPCP.

To address the impact of CSOs the components of the PPCP shall include:
(a) characterization of the combined sewer system (CS S):

- Monitoring, modelling and other appropriate means shall be
used to characterize the CSS and the response of the CSS to
precipitation events. The characterization shall include the
determination of the location, frequency and volume of the
CSOs as well as the concentrations and mass of pollutants
resulting from CSOs. Through this process the existence and
severity of suspected deficiencies will be confirmed. Records
shall be kept for combined sewer systems including the
following:

e location and physical description
of CSO outfalls in the collection
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system, emergency overflows at
pumping stations, and bypass
locations at STPs;

e location and identification of
receiving water bodies for all
combined sewer outfalls;

e combined sewer system flow
and STP treatment capacities;
present and future expected peak
flow rates during dry weather
and wet weather;

e capacity of all regulators; and

e location of cross-connections.

- Operational procedures shall be developed for
combined sewer systems including the following:

¢ combined sewer maintenance
programs; and,

e regulator inspection and
maintenance programs.

(b) an examination of non-structural and structural CSO control alternatives
that may include:

source control;

inflow/infiltration reduction;

operation and maintenance improvements;
control structure improvements;

collection system improvements;

storage technologies;

treatment technologies;

sewer separation.

@ © © @ © © @ ©

(¢) an implementation plan with cost estimates and schedule of all practical
measures to eliminate dry weather overflows and minimize wet weather
overflows.

- The implementation plan should show how the minimum CSO
prevention and control requirements and other criteria in this
Procedure are being achieved.

6. MINIMUM COMBINED SEWER
OVERFLOW (CSO) CONTROLS

The minimum CSO controls consist of the following :

(a) Eliminate CSOs during dry-weather periods except under emergency
conditions. ;

e Each municipality shall demonstrate that the combined
sewer system, including the regulators, and associated
treatment facilities are adequate for the transmission and
treatment of all peak dry weather flows from the service

http://www.ene.gov.on.ca/envision/env_reg/er/documents/proc55.htm
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area.

e An emergency condition would exist when e.g. basement
flooding, damage to equipment at treatment works or
pumping stations, or treatment process washout was
occurring or was imminent.

(b) Establish and implement Pollution Prevention programs that focus on
pollutant reduction activities at source e.g. reduced use of potential
pollutants like fertilizer and pesticides in parks; public education programs
on e.g. anti-littering and illegal dumping of used motor oil and other
materials into catchbasins; water conservation to reduce dry weather sanitary
flow and hence CSOs; street cleaning to reduce CSO floatables; roof-leader
disconnection and installing rain barrels to reduce flows into the sewer
system; education/assistance for industries to minimize the use/discharge of
pollutants; and enforcement of municipal by-laws or regulations.

(c) Establish and implement proper operation and regular inspection and
maintenance programs for the combined sewer system in order to ensure
continued proper system operation.

(d) Establish and implement a floatables control program to control coarse
solids and floatable materials e.g. by reducing the amount of street litter that
enters the catchbasins and the CSS; by removing debris from CSOs at the
outfalls using measures such as trash racks and screens; and by removing
floatables from the surface of the receiving water after a CSO occurs.

(e) Maximize the use of the collection system for the storage of wet weather
flows which are conveyed to the Sewage Treatment Plant for treatment
when capacity is available e.g. by adjusting regulator settings.

(f) Maximize the flow to the Sewage Treatment Plant for the treatment of
wet weather flows e.g. by removing obstructions to flow.

- The secondary treatment capacity should be utilized as much
as possible for treating wet weather flows with the balance of
flows being subject to primary treatment. Measures to increase
the wet weather hydraulic capacity at the Sewage Treatment
Plant (e.g. Step Feed operation) should be investigated.

(g) During a seven-month period commencing within 15 days of April 1,
capture and treat for an average year all the dry weather flow plus 90% of
the volume resulting from wet weather flow that is above the dry weather
flow. The volumetric control criterion is applied to the flows collected by
the sewer system immediately above each overflow location unless it can be
shown through modelling and on-going monitoring that the criterion is
being achieved on a system-wide basis. No increases in CSO volumes above
existing levels at each outfall will be allowed except where the increase is
due to the elimination of upstream CSO outfalls. During the remainder of
the year, at least the same storage and treatment capacity should be
maintained for treating wet weather flow. The treatment level for the
controlled volume is described in Section 7.

7. LEVEL OF TREATMENT

The treatment processes of the sewage treatment plants should be optimized to minimize
the pollutant loadings under wet weather conditions. The Pollution Prevention and
Control Planning study should evaluate the operation of the Sewage Treatment Plant
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under wet weather conditions in consultation with Ministry Regional staff. This may lead
to wet weather-specific operating conditions which may produce lower overall pollutant
loadings.

During wet weather, the minimum level of treatment required for flows above the dry
weather flow (as specified in sections 6 and 9) from combined sewer systems is primary
treatment or equivalent. The effluent guideline for primary treatment is 30%
carbonaceous biochemical oxygen demand (BODS) removal and 50% total suspended
solids (TSS) removal for an average year during the seven month period as specified in
section 6(g). The baseline for the calculation of the average pollutant removal is the
influent passing the headworks of the treatment facility under wet weather conditions.

The dry weather flow from combined sewer systems is subject to the process effluent
concentration criteria of the STP whether they are primary treatment plants or secondary
treatment plants. During wet weather, for secondary treatment plants, the flows through
the secondary treatment capacity will be subject to the process effluent concentration
criteria of the STP. The flows in the STP which bypass the secondary treatment will be
subject to a minimum level of primary treatment.

The treatment of wet weather flows from combined sewer systems may occur at the
central Sewage Treatment Plant or at other locations such as satellite treatment facilities.
Satellite treatment facilities may be built to treat wet weather flows where there are space
limitations or limited capacity in the collection system to get the wet weather flows to
the STP. There are a number of satellite treatment technologies some examples of which
are vortex separators, high-rate sedimentation, dissolved air flotation and high-rate
filtration. Satellite treatment facilities when used to treat wet weather flows from
combined sewer systems are subject to the minimum level of primary treatment
requirements specified above. In addition, for satellite treatment facilities the effluent
concentration for total suspended solids should not exceed 90 mg/1 for more than 50 %
of the time for an average year during the seven-month period as specified in section 6

(2).

8. EFFLUENT DISINFECTION

Effluent disinfection is required where the effluent affects swimming and bathing
beaches and other areas where there are public health concerns. The local Medical
Officer of Health identifies public health concerns such as e.g. whether recreational
beaches are safe for swimming.

The interim effluent quality criterion for disinfected combined sewage during wet
weather is a monthly geometric mean not exceeding 1000 E. coli per 100 ml. This
criterion may be modified by the Regional staff of the Ministry on a case-by-case basis
due to site-specific conditions.

In cases where chlorination is used as the disinfection process, subsequent dechlorination
of the sewage works effluents shall be used to minimize the adverse effects of chlorine
residuals on public health and the aquatic environment where necessary.

All bypasses at the Sewage Treatment Plant should be subjected to the disinfection
process where available in order to reduce the bacterial loadings at discharge.

9. BEACH PROTECTION

Additional controls above the minimum CSO controls (section 6) are required for
swimming and bathing beaches affected by CSOs and consist of the following :
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(2) There should be no violation of the body contact recreational water
quality objective (Provincial Water Quality Objectives (PWQO)) for E. coli
of 100 E. coli per 100 ml. based on a geometric mean at swimming and
bathing beaches as a result of CSOs for at least 95% of the four-month
season (June 1 to September 30) for an average year.

(b) Controlling to not more than two overflow events per season (June 1 to
September 30) for an average year in a combined sewer system with the
combined total duration of the CSOs at any single CSO location being less
than 48 hours and ensuring that the controlled combined sewage which does
not overflow receives a level of treatment (as specified in section 7) plus
disinfection (as specified in section 8) is deemed to satisfy section 9(a). An
additional overflow event per season may be allowed if the proponent can
demonstrate that section 9(a) will still be satisfied and the combined total
duration of the CSOs at any single CSO location will be less than 48 hours.

10. MONITORING

Monitoring of wastewater flows and overflows should be undertaken at locations within
the sewer system for the purposes of assessing upgrading requirements and determining
compliance with Ministry requirements. The nature of monitoring programs shall be
specified in the Pollution Prevention and Control Plan or as determined by the Ministry
through its Regional staff. The responsibility for providing monitoring shall rest with the
municipality or operating authority of the combined sewer system.

11. NEW SANITARY CONNECTIONS TO
COMBINED SEWER SYSTEMS

When and where significant combined sewer system deficiencies exist, the Regional
Office of the Ministry shall require that the provision of sanitary servicing for additional
development tributary to the deficient system be curtailed to prevent aggravation of the
problem until the necessary upgrading, as outlined by a Pollution Prevention and Control
Plan is carried out in keeping with the requirements of this Procedure. Some
development is allowed as upgrading proceeds, conditional upon its progress. The staged
upgrading should at a minimum provide for the transmission and treatment of all flows
from the additional development.

This provision applies to significant development i.e. not to simple, one lot infill cases.

12. NEW STORM CONNECTIONS TO
COMBINED SEWER SYSTEMS

New storm drainage systems shall not be permitted to connect to existing combined
systems if that increases the gross area serviced by the combined sewer system except
where evaluations indicate that circumstances allow no other practical alternative. The
evaluations must be documented as part of a Pollution Prevention and Control Plan.

"Piece-meal" construction on existing combined sewer systems will be permitted only
with overriding justification such as for the purpose of relocation (e.g., to accommodate
underground utilities, subway structures, new buildings and pedestrian tunnels, etc.) or
for the purpose of capacity improvement (e.g., to relieve basement flooding or to provide
emergency additional conveyance capacity to treatment works to reduce overflows) or
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for rehabilitating deteriorated sewer conditions.

13. ENFORCEMENT

Procedure F-5-5 will be used to:

(a) review applications for approval to ensure that the proponent is in
compliance with the Procedure prior to the issuance of a Certificate of
Approval.

(b) assist regional staff in setting minimum requirements in preparing
Control Orders to bring systems into compliance with the Procedure.

(c) assist enforcement staff in evaluating a combined sewer system -

operator's due diligence when investigating violations of the Environmental
Protection Act and/or the Ontario Water Resources Act.

Any deviation or relaxation from this Procedure should be reviewed by the Regional
Director and the Director, Program Development Branch.
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Appendix B
TECHNICAL MEMORANDUM
THUNDER BAY WPCP UPGRADE OPTIONS

1.0 INTRODUCTION

An important component of the Thunder Bay Pollution Prevention and Control Plan
involves an assessment of the need to expand and upgrade the existing Thunder Bay
WPCP to provide full secondary treatment. A number of alternatives have been
identified as possible options for upgrading the existing facility from primary treatment
to secondary treatment. The objective of this part of the study was to identify the most
cost-effective secondary treatment alternative.

Initial phases involved identification of projected flows, concentrations, and effluent
quality. Based on the projections, a preliminary review of a number of possible
secondary treatment technologies was performed. The treatment alternatives were
screened to identify the preferred treatment upgrade alternative. A similar analysis was
performed for the selection of the effluent disinfection process. The biosolids handling
facility was reviewed to determine the impact of secondary treatment.

Following selection of the preferred secondary treatment upgrade alternatives, a more
detailed design analysis was performed for each. This included process sizing,
conceptual site layout, and capital and operating cost estimations.

2.0 DESCRIPTION OF EXISTING FACILITIES

The "Thunder Bay Pollution Prevention and Control Plan Phase 1 - State-of-the-System
Report" described the design, operation and performance of the existing Thunder Bay
WPCP in detail. These descriptions are summarized in this sub-section. Figure 1
presents a flow schematic of the existing facilities.

2.1 Site Layout

The Thunder Bay WPCP consists of two separate primary treatment trains. The original
facility or Old Plant is rated for average flows of 27,600 m*/d and is used only for
treatment of peak wet weather flows. Currently, all raw wastewater flow is directed to
the newer facility with an rated capacity of 81,500 m'/d. The rated average flow
capacity of the overall facility is 109,100 m*/d.

To the east of the existing primary clarifiers, a total land area of approximately 23,000
m? is available for the secondary facility. This area consists of about 10,000 m” to the
east of the New Plant primary clarifiers, and 13,000 m® to the east of the Old Plant
primary clarifiers. There is also land available to the west of the existing site.

5024/R2/009.51 08/22/96
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2.2 Liquid Treatment

Two separate drainage areas feed the Thunder Bay WPCP. Wastewater from the North
Ward flows to the main pumping station before being pumped directly to the New Plant.
Wastewater from the South Ward flows to a diversion chamber on-site, where it is
normally directed to the main pumping station. Under high flow conditions, a portion
of wastewater entering the diversion chamber is directed to the Old Plant.

Wastewater pumped to the -new plant is dosed with ferric chloride "to precipitate
phosphorus and then passes through four parallel automatically cleaned bar screens.
Screened wastewater is treated in two parallel grit tanks. Polymer is added to grit tank
effluent to enhance phosphorus removal and suspended solids settling.

Degritted wastewater is directed to four parallel rectangular primary settling tanks
through an aerated distribution channel. Clarified effluent is chlorinated during the
period April 15 to November 15, before discharge through an outfall to the Kaministiquia
River. There is no chlorine contact chamber. Contact time for disinfection is provided
in the outfall pipe.

During high flow periods, the flow is diverted to the old pumping station and headworks
when the Kaministiquia Interceptor 760 mm (30 in) bypass surcharges. Wastewater
pumped from the old pumping station to the new primary clarifiers is not dosed with
chemicals for phosphorus removal.

2.3 Biosolids Treatment

Raw biosolids generated at the Thunder Bay WPCP are treated in four primary anaerobic
digesters providing a total volume of 4,886 m’. Digested biosolids are dewatered in two
of three available parallel centrifuges (ie. 2 operating, 1 stand-by), each with a capacity
of 6 L/s. Centrifuge centrate is returned to the head of the plant before the screens. The
biosolids cake is transported off-site for landfill disposal.

3.0 DESIGN BASIS

) | Flows

Figure 2 presents the monthly average flows over the historic period from 1991 to
November 1994. Results show that flows increase during wet-weather periods, indicating

B-3
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infiltration from extraneous flow sources. Over the period, the rated average day plant
capacity was exceeded during three months. Annual average flows over the period are
presented in Table 1.

- Table 1
Historic Flows to the Thunder Bay WPCP
Year : Annual Average Flow (m;;'d)
1991 86,340
1992 80,420
1993 71,880
1994! 69,300
Note:
i Based on January to November average.

The highest annual average flow over the period occurred during 1991. These flows are
equivalent to 809 L/cap.d, assuming a constant population of 106,745. This rate includes
residential, commercial, and industrial wastewater generation plus contributions from
extraneous flows in the existing collection system.

Based on projected population growth to the year 2016, flow projections were estimated.
The results are presented in Table 2. In addition to growth estimates, the City plans to
discharge backwash water from Bare Point to the sewer system. Backwash water flow
is anticipated to be as high as 10,368 m’/d.

Average forecast flows to the.year 2016 are estimated at 103,653 m’/d. Thus, the
existing primary facility which is rated for average day flows of 109,100 m*/d will be
able to handle the projected flows, and thus will not require expansion or changes to the
existing Certificate of Approval rated capacity. However, the Old Plant which is over
30 years old has mechanical equipment that is obsolete and is not structurally sound.
Replacement of the Old Plant headworks and primary clarifier capacity will be required.
The secondary treatment upgrade will be designed to provide treatment for the existing
rated capacity.

B-5
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Flow projections may be reduced through water conservation initiatives and extraneous
flow removal from the collection system. Conservation initiatives can be carried out
through public education and plumbing requirements for new homes. Changes in
plumbing code requirements will reduce flow through implementation of low flow toilets,
water saving shower heads, etcetera. These reductions could reduce the size
requirements of hydraulically limited unit processes such as secondary clarifiers, but will
have no impact on the size of organically limited processes such as biological reactors.
The net effect of such measures on the size and cost of the secondary facility at Thunder
Bay will be minimal. )

= ——y
Table 2
Forecasted Average Day Flows to the Thunder Bay WPCP
Per Capita Total Flow
Description Population Flow (L/cap.d) (m®/d)
Existing Population 106,745 809 86,340
Population growth to year 2016 15,255 524 6,945
Water Treatment Plant (WTP) Backwash Water - - 10.368
Tortal for year 2016 120,000 - 98,469
Note:
1. Based on 80% of the average annual water consumption rate of 542 L/cap.d, or 434
L/eap.d, plus 90 L/cap.d for infiltration in new sewers recommended by MOEE
guidelines. Average domestic water consumption included residential, commercial,
and industrial water use, calculated from water records from 1983 - 1987.
3.2 Contaminant Concentrations and Loadings

Raw sewage characteristics and primary effluent quality over the period from 1991 to
1993 are presented in Table 3.

Historic data indicates excellent primary clarifier performance with average BOD; and
TSS removals of 57% and 79% respectively. For the period 1991 to 1993, the maximum
monthly average primary effluent BOD; concentration was 118 mg/L, and for TSS was
102 mg/L. Forecast raw wastewater loadings to the Thunder Bay WPCP in the design
year 2016 are presented in Table 4.

B-6
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Table 3
Raw Sewage and Primary Effluent Concentrations over the Period 1991 to
1993
Period BOD; (mg/L) TSS (mg/L) TP (mg/L)
Raw Raw Raw
Waste- Frimary % Waste- Primary % Waste- Primary %
water Effluent removal water Effluent removal water Effluent removal
1991 166 67 60 % 246 53 9% 3.86 1.00 . T4%
1992 162 69 57% 232 40 83% 4.00 0.99 T5%
1993 173 81 53% 190 46 T6% 4.15 1.08 T4%
Average 167 72 57% 223 46 79% 4.00 1.02 5%
Max 249 118 = 359 102 - 8.3 1.48 -
Monthly
Average
Table 4 “

Forecasted Raw Wastewater Contaminant Loadings to the Thunder Bay
WPCP
BOD, TSS TP

Description Population Total Flow

(m*/d) Loading Conc. Loading Cone. Loading Conc.

(glcap.d) | (mg/L) | (gfeap.d) | (mg/L) | (g/cap.d) (mg/L)

Existing 106,745 86,340 1390 172 1994 246 3.7 4.6
Population
Population 13,255 6,945 g™ 153 90" 172 4.0% 7.6
Growth
WTP 10,368 - - - : = .
Backwash
Water
Total 120,000 103,653 132 154 187 216 3.7 4.4
Notes:
1. Maximum annual contaminant loading reported for period 1988 to 1993.
2 Typical unit contaminant loadings for domestic wastewater,

The results in Table 4 indicate the forecast raw wastewater contaminant concentrations

are similar to current raw wastewater concentrations.

5024/R2/009.51
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3.3 Secondary Plant Peak Capacity

XP-SWMM, EXTRAN BLOCK was used to predict secondary plant peak flows during
- the wettest month of a wet year (June, 1984). Modelling of storm events during June
1984 indicated that a secondary plant peak factor of 1.4 would result in less than 3% of
the total plant wastewater volume bypassing the secondary facility during the wettest
month of a wet year. The small volume (< 3%) by-passing the secondary plant during
the wet weather period .would still receive primary treatment followed by disinfection.

For a more conservative secondary plant design, the peak factor of 1.4 will be assumed
to be the maximum total daily flow to the secondary treatment facility. Peak
instantaneous flows will be higher and a peak factor of 1.8 will be applied for the design.
Typically, secondary plant design peak factors are greater than around 2.0. The lower
peak factor in the case of Thunder Bay is a result of extensive modelling and monitoring
which indicates that a lower peak factor will be adequate. Also, since the wettest month
of a wet year (June, 1984), an extensive sewer separation program has been completed
aimed in the South Ward combined sewer area at reducing wet weather flow sources.

3.4 Secondary Treatment Facility Loading Summary

The summary of the design loading parameters for the secondary treatment facility are
presented in Table 5. The design parameters for the secondary facility assume continued
chemical addition to the primary clarifiers. If this were discontinued for practise of
simultaneous precipitation (addition within the secondary process) then loading forecasts
would most likely increase, influencing secondary treatment process design.

3.5 Effluent Criteria

Critical to the selection of the secondary treatment alternative is the ability to meet the
effluent criteria and compliance objectives. Preliminary discussions with the MOEE
Thunder Bay Regional Office and the Thunder Bay Remedial Action Plan (RAP)
Committee have indicated that upgrading to meet current MOEE Procedure F-5-1 and F-
8-1 would be appropriate based on the current receiving water quality. The effluent
compliance criteria for the design of the Thunder Bay WPCP secondary treatment facility
are outlined in Table 6.

B-8
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Table 5

Design Loading for Secondary Treatment Upgrade

Description Average Maximum Day Peak Instantaneous
Flow 109,100 m*/d 152,740 m*/d' 196,380 m*/d*
BOD; load 8,400 kg/d 15,400 kg/d
BOD, concentration 77 mg/L? - -
TSS concentration 76 mg/L* o
Notes:
1 Based on secondary plant peak day flow factor of 1.4.
2. Based on secondary plant peak instantaneous flow factor of 1.8.
3. Based on conservative primary clarifier BOD; removal of 50%.
4, Based on conservative primary clarifier TSS removal of 65%.
5 Pro-rated maximum month BOD; from 1991 to 1994 times secondary plant peak day
factor.
W =]
Table 6
Thunder Bay Secondary Effluent Criteria
Parameter Design Objective Compliance Criteria
BOD; 15 mg/L (annual average) 25 mg/L (annual average)
TSS 15 mg/L (monthly average) 25 mg/L (annual average)
TP 1.0 mg/L (monthly average) 1.0 mg/L (monthly average)

—=

4.0 PRELIMINARY REVIEW OF SECONDARY TREATMENT TECHNOLOGIES

A review of a number of secondary treatment alternatives was conducted, including:

e Activated Sludge Processes (Conventional, High Rate, Step Feed, Pure
Oxygen)

° Rotating Biological Contactor (RBC)

e Trickling Filter (TF)

. Trickling Filter/Solids Contact (TF/SC)

L]

Biological Aerated Filters (BAF)

5024/R2/009.51
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° Deep Shaft Technology
° Biological Phosphorus Removal Processes (A/O, UCT/VIP).

Screening criteria included the ability of the process to meet effluent limits, land area
requirements, and relative capital and operating costs.

Screening of alternatives was performed by weighting a number of important
considerations in the selection of a secondary treatment process. Screening parameters
and weighting were developed by W20, with input from the staff at the City of Thunder
Bay and the Project Steering Committee.

The most important considerations in the upgrade selection were identified as the ability
to meet compliance criteria, land area requirements, and costs (capital and operating).
The importance of each of these is crucial to the selection of the optimum secondary
treatment option. '

Based on the screening criteria, the preferred secondary treatment upgrade alternatives
would be biological aerated filters (BAF) and convention activated sludge (CAS). BAF
processes provide exceptional effluent quality, with the smallest land requirements. Also
in a BAF, the biological treatment and solids separation occurs in one unit process rather
than two.

The conventional activated sludge process is the most common secondary treatment
process in Ontario of all those reviewed. A well operated CAS can consistently achieve
good effluent quality. CAS also provides operational flexibility to maintain effluent
quality during seasonal variations in flow, load and temperature. The step feed option
of the CAS was ranked similar to the CAS process and should be considered for Thunder
Bay due to the flexibility that it provides under wet weather conditions.

5.0 DETAILED EVALUATION OF SELECTED SECONDARY TREATMENT
ALTERNATIVES

The following section presents a summary of the detailed evaluation conducted. Details
of the analysis are presented in the Thunder Bay WPCP Evaluation of Secondary
Treatment, Upgrade Options Technical Memorandum. Based on the screening of a
number of secondary treatment alternatives, two processes were selected for detailed
evaluation. The selected processes were the biological aerated filter (BAF) and the
conventional activated sludge (CAS) process. The evaluation included process sizing,

B-10
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conceptual site layout, and preliminary capital and operating cost estimates. The
recommendations based on the evaluation are presented in Section 7.0.

Three commercially available biological aerated filters were evaluated: BIOCARBONE,
BIOFOR and BIOSTYR.

Capital costs include equipment, instrumentation, materials, engineering fees, and
installation. These costs are based on a conceptual level of design and utilize cost curves
and standard cost estimation-techniques. These costs are generally considered to be
accurate to within -25% to +40%. Costs will be affected by site specific factors such
as soil conditions, condition of existing hardware, e¢tc. Wardrop Engineering developed
capital cost estimates for the BIOFOR. Capital equipment costs for the BIOCARBONE
and BIOSTYR processes were also obtained. The additional process equipment costs for
these processes were assumed to be similar to those for the BIOFOR. Table 7 presents
the capital cost estimates for the BAF secondary treatment options.

The operating and maintenance costs at the existing Thunder Bay primary WPCP will
increase with the addition of a secondary treatment process. The major operating and
maintenance costs typically consist of electrical energy costs, chemical costs, and labour.
Electrical energy costs will increase due to the additional aeration and pumping
requirements. Chemical costs at the facility are mainly associated with the pre-
precipitation of phosphorus down to an effluent residual of approximately 1 mg/L.
Effluent limits for phosphorus with secondary treatment will remain at 1 mg/L (see
Section 3.5) and thus chemical costs should not change significantly with an upgraded
facility. In fact, chemical dosage may be reduced as biological phosphorus requirements
during secondary treatment will reduce the degree of phosphorus removal required in the
primary treatment stage. Labour requirements are difficult to estimate for any treatment
process, and in this case will depend on the additional staff needed to maintain and
operate the new system. Sludge management costs will also increase due to the increased
sludge production from the secondary facility to be stabilized, thickened, and disposed.
O & M costs will not differ significantly for either the BAF or CAS secondary treatment
option.

Table 7 indicates that the BIOSTYR and BIOFOR are the least expensive BAF options,
while the BIOCARBONE is about $6 million more expensive.

Other impacts from the BAF process include the possibility of odours associated with it,
especially in the case of the BIOCARBONE process where the exiting air is contacting
raw sewage and may remove some volatile organics. In the BIOFOR and BIOSTYR
processes, odour problems should not be significant since the exiting air has last
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contacted treated water. Odour control, if required, can be accomplished through use of
a bio-scrubber. The scrubber must be sized to treat all process air, and thus must have
a firm installed capacity for treating 24,000 m’/hr.

Table 7
Estimated Capital Costs for BAF Secondary Treatment Upgrades to the
Thunder Bay WPCP (Cost in 000’s $)

Description BIOCARBON'E BIOFOR - BIOSTYR
Process Equipment, 17,553 12,782 12,965
instrurmentation and

installation

Concrete/Piles/Excavation | 4,800 5,568 3,970
Piping 290 290 290
Electrical 613 613 613
Chlorination 70 70 70
Other 650 650 630
Sub-total . 23,978 19,973 18,558
Contractor Overhead & 2,398 1,997 1,856
Profit (10%)

Contingencies (15%) 3,597 ’ 2,995 2,784
Engineering Fees (15%) 3,597 2,995 2,784
Total | $33,570 l 527,960 $25,982

In addition, discussions with West Windsor PCP staff indicated that there were numerous
operational problems with the pilot scale BIOCARBONE unit tested. These related to
unequal flow distributions within the filter resulting in uneven solids buildup. This
created air pockets within the filter, and odours developed due to low D.O. conditions
in some parts of the filter.

Later pilot studies with a BIOFOR unit at the West Windsor PCP indicated no operational
difficulties, little or no odours, and excellent effluent quality similar to the
BIOCARBONE unit reported earlier. Pilot studies on the BIOSTYR began in September,
1995 at the West Windsor PCP.
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The conventional activated sludge process (CAS) is one of the most common secondary
treatment processes in Canada. The process provides reliable effluent quality and
flexibility to deal with a wide variety of environmental conditions.

Two CAS designs are presented within this section. One is based on MOEE Design
Guidelines for a conventional activated sludge process. A second case is presented for
a high rate aeration tank design based on site specific loading conditions. This results
in a less. conservative design approach; however, pilot studies may be required to confirm
these design parameters to the satisfaction of MOEE Approvals Branch. &

Wardrop Engineering developed capital cost estimates for both CAS designs. These costs
are based on a conceptual level of design and utilize cost curves and standard cost
estimation techniques. These costs are generally accurate to within -25% to +40%. The
capital cost estimations are presented in Table 8.

The operating and maintenance costs at the Thunder Bay WPCP will increase with the
addition of a secondary treatment process due to increased electrical energy, labour, and
sludge management requirements. These increases are difficult to estimate, but are not
anticipated to differ significantly from those for BAF secondary treatment.

6.0  DISINFECTION

Disinfection is provided to reduce the amount of pathogenic organics in the effluent from
the facility. Three disinfection upgrade alternatives have been considered: chlorination,
chlorination/ dechlorination, and ultraviolet (UV) irradiation. Other disinfection
alternatives are available such as ozonation, but these have not been reviewed due to
limited experience with these technologies in Ontario. Ozonation was originally used for
disinfecting water supplies. For ozonation, the strong oxidizing agent, ozone, is
introduced into the wastewater where it is believed to kill bacteria through disintegration
of the cell wall.

Table 9 presents the capital, operating and maintenance (O & M), and life cycle cost
estimates for the disinfection alternatives reviewed. All O & M cost estimates are based
on year-round disinfection. For the UV system, capital costs were estimated based on
costs determined for a facility treating similar quantities of wastewater as Thunder Bay
WPCP. Cost estimates include the contact basin, UV lamps, instrumentation, and jibs
(removal of lamps). Operating and maintenance costs include that associated with energy
costs, labour, lamp replacement, and chemical cleaning costs. Energy costs were
estimated using approximate electricity costs at Thunder Bay WPCP (30.07/kWh). The
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other O & M costs were estimated using typical requirements as outlined in WERF
(1995) which compared UV disinfection to chlorination. In addition, conversion to alum
addition for phosphorus removal may reduce sludge mass generation rates, decreasing
. sludge handling costs. However, this reduction is estimate at only 5% and thus has been
considered negligible in the life cycle costing analysis.

v ; Table 8 :
Estimated Capital Costs for CAS Secondary Treatment Upgrades to the
Thunder Bay WPCP (Cost in 000’s $)

Description High Rate Aeration | MOEE Aeration
Process Equipment, instrumentation and installation 9.372 9,372
Concrete/Piles/Excavation 12,225 14,956
Piping 550 550
Electrical 739 739
Chlorination 70 70
Other 725 745 |
Sub-total 23,681 26,432
Contractor Overhead & Profit (10%) 2,368 2,643
Contingencies (15%) ) 3,552 3,965
Engineering Fees (15%) 3,552 3,965
Total - $33,153 $37,005

The costs of the chlorine contact tank for the chlorination/dechlorination option was
estimated using 1986 CAPDET cost curves prorated to 1994 dollars using the ENR
construction cost index. Dechlorination facilities equipment requirements were estimated
using values reported in WERF (1995). Operating costs for chlorination/dechlorination
are mainly associated with the purchase of chemicals, although some labour is involved
in residual monitoring and contact basin cleaning. Chlorine costs were based on existing
unit costs at the Thunder Bay WPCP ($0.75/kg).
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Table 9
Estimated Life Cycle Costs for Various Disinfection Alternatives.
Capital Cost O & M Costs Life Cycle Costs®

Disinfection System Estimate! (§) ($/annum) ($/annum)
Chlorination $163,000 §155,000 $168,100
Chlorination/Dechlorination $2,113,000 $185,000 $354,500
UV Disinfection $2,600,000 $130,000 ) $338,520 |
Notes:
1 Capital cost estimates include contingencies (15%) and engineering (15 %).
2. Life cycle costs based on 20 years and 5% interest.

The large difference in going from chlorination to chlorination/dechlorination is mostly
associated with the need for a chlorine contact basin. As well, all equipment associated
with dechlorination is required (evaporators, scrubbers, scales, etc.).

Life cycle costs indicate that chlorination is the cheapest disinfection alternative, mainly
due to the minimal capital expenditures required.

Chlorination is currently practised at the facility, and thus staff are already familiar with
the process. Chlorine injectors, in addition to those already existing at the Thunder Bay
WPCP, will be required to meet effluent disinfection requirements. As mentioned
earlier, the outfall sewer provides adequate chlorine contact time for disinfection.

Based on cost, performance, safety and experience in Ontario, chlorination is the
preferred disinfection alternative for the Thunder Bay WPCP. The existing outfall at the
Thunder Bay WPCP provides adequate disinfection contact time at design peak flows.
However, additional chlorine injectors will be required to meet the disinfection demand
during peak flow periods.

7.0 RECOMMENDATIONS

Process design requirements were developed for three commercially available biological
aerated filters and two conventional activaied sludge process designs. Based on the
expected effluent quality, ease of operation, and capital and operating costs for the BAF
processes, they were recommended as the secondary treatment upgrade option at the
Thunder Bay WPCP.
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BAF processes can typically achieve effluent BOD; and TSS concentrations of less than
10 mg/L each. The processes are also simple to operate with backwash cycles that can
be set either on a timed basis or based on exceedence of an allowable headloss through
the filter bed. '

Due to the possible operational difficulties and odour problems reported to occur with the
BIOCARBONE process, it is recommended that either the BIOFOR or BIOSTYR process
be considered for implementation. The BIOFOR process is currenily installed in full-
scale facilities in Quebec and operating successfully. The BIOSTYR process is a
relatively new process being developed and marketed by the same company that markets
the BIOCARBONE process. Additional investigation of this process should be performed
before implementation. Information from the BIOSTYR pilot studies at West Windsor
PCP will be useful.

A gravity thickener has been included for concentrating the BAF backwash solids.
Results of an investigation into the peak factor for the Thunder Bay WPCP indicates that
a peak design factor of 2.0 is adequate for the facility. Based on the historic peak factor,
it appears that the existing primary clarifiers would operate at peak surface overflow rates
(SOR) similar to MOEE Design Guidelines with waste activated sludge co-thickening.
Thus, separate thickening equipment is not necessary for the conventional activated
sludge option based on the historic peak flow factor.

All of the process designs tend to be conservative and capital cost savings could likely
be realized through pilot testing. For example, all BAF designs were based on maximum
sustained daily BOD; loads. Pilot testing will confirm process performance of the BAF
units with Thunder Bay WPCP wastewater and climatic conditions, and help to obtain
MOEE approval for the final design. Also, this will allow investigation into the impact
of the backwash solids on the primary clarifiers when co-thickening is practised.

If pilot testing is to be performed on the BAF units at the Thunder Bay WPCP, it is
recommended that a pilot scale conventional activated sludge (CAS) process be run in
parallel with the BAF units. This will allow for direct comparison of the effluent quality -
from each process. Also, this will allow for an optimal CAS design in case it is decided
to be implemented at the Thunder Bay WPCP for secondary treatment.

Chlorination is recommended as the method of disinfection at the Thunder Bay WPCP.
The is the cheapest option on a life cycle basis. However, if the City of Thunder Bay
wishes to discontinue disinfection through chlorination, UV irradiation would be the
preferred alternative.
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1. FORWARD _ .

This paper summarizes the practice in Western Europe and North America of using static flow
controllers within sewerage systems to provide remote “self-inducing" flow throttling using vortex
principles. There exist nearly 8000 such installations with capacities from 0.5 to 300 cfs. The hydraulic
principles governing the unique bi-stable flow characteristics of vortex throttles are reviewed to
understand the flow characteristics that can be created by geometric manipulation of vessel dimensions.
Controllers with no feedback were initially developed to provide an inexpensive alternative to mechanical
or electrically driven controllers, Demand for adaptive feedback flexibility in German storm overflow
facilities has lead to the development of motor driven knife gates (electrically controlled with
microcomputers and sensors) preceding the vortex throttle (200 installations). In a further development,
a self contained "TURBOQ" within the vortex throttle operates an oil cylinder pump which modulates the
preceding knife valve, thereby eliminating the need for external power source (50 installations).

2. HISTORY : VORTEX VALVE TECHNOLOGY

The roots of vortex valve technology date back many years. In the late 1920's, a non-return valve, or
vortex diode, was invented in Germany in order to reduce the danger of uncontrolled blow-off of hot
steam in the case of pipe fractures (Thoma, Prof. D., 1928 and Heim R., 1929). This invention was left -
without any practical application until the sixties.

It was then re-discovered in the US and was modified and used for control functions in which maximum
reliability was required, such as the control of rocket motors and emergency cooling circuits for nuclear
power stations. In Germany, so-called low-pressure vortex amplifiers have been developed since about
1970 for use in hydraulic civil engineering practice (Brombach, 1975). The first practical applications
began in Germany in 1978 (Quadt and Brombach). Today, in Western Europe and America, there are
more than 3000 German type vortex devices of different types and size in operation.

At the same time, independent experiments were conducted in Denmark with vertically arranged vortex
throttles for use in catch basins. Later Danish conical in-line types were developed and subsequently
improved in Britain. Today there are about 5000 such devices in operation in Europe and America,
mostly the catchbasin vertical type.




2. SIMPLIFIED EXPLANATION OF VORTEX FLOW CONTROLLERS

Vortex devices work exclusively with flow effects. There are no moving parts and there is no external
energy supply. The flow effects are three-dimensional and determined by fluid acceleration. To date,
there is no satisfactory quantitative description of the flow processes by means of a mathematical model.

The operating principles of this technology can be demonstrated by considering the simplified model
shown in Fig. 1 (Brombach a, 1984). A large container is connected via a channel (C) to a cylindrical
vessel (V). The vessel (V) has a centralized hole at the bottom, of diameter (Do) or of area (Ao). If the
pipe (C) is routed so that the water under constant head (H) enters the vessel (V) perfectly radially, e.g.
via a ring pipe with small radial nozzles, (see Fig. 1A), the result is a sink flow in the direction of the
outlet orifice. The outflow jet is constricted so that the flow rate becomes,

Q = AoxM=*SQUARE ROOT (2g«H).
If the outlet is of sharp-edged design (orifice plate), the loss coefficient, M, is about equal to 0.6.

Fig. 1B shows the same setup, but the inlet nozzles are arranged tangentially. The difference is striking.
There is a free vortex generated under these conditions. The nearer a water particle comes to the center
line of the vessel (V), the greater its peripheral velocity becomes. The centrifugal force becomes so great
that a vortex core is formed through the outlet hole and allows the water to flow out in the form of a
hollow jet. This effect can be observed in a bath tub vortex. The flow obeys the same above function, but
the flow coefficient drops to a value of about 0.15. This value can be reduced further to a limit of about
0.11 by additional refinements not shown in Fig. 1, which reflect characteristics of the most advanced
equipment.

A remarkable feature of this vortex flow is that each disturbance of the flow, e.g. due to entrained
solids or air pockets, leads to a weakening of the centrifugal force and thus to an increase of the flow.
This unusual behavior, also known as the self cleansing effect, has obvious advantages in flow control of
waste streams with solids and debris. This phenomena can be dramatically observed by placing an object
or even "stepping" into a throttle in full vortex operation. The restriction will immediately result in a flow
switch to higher orifice flow. Vortex flow is instantly resumed once the object is removed.

Although the two experiments in Fig. 1 differ only slightly in the arrangement of the inlet nozzles, the
flow is very different as the flow rate is reduced to about 1/4 as a result of the tangential supply of water.
Expressed differently, it is possible under vortex flow conditions to obtain the same flow as a simple
orifice, but the area (Ao) of the outlet nozzle will be 4 times the size of the comparable simple orifice (or
the diameter twice as large as comparable simple orifice). If it were possible to switch automatically
between the two flow states, the result would be flow valves whose flow rates are adjustable in the ratio
of 1:4.

The earliest German flow throttle depicted in Fig. 2A is simply a cylindrical disc fed tangentially with a
central orifice outlet at the bottom of the unit. An air vent on top of the unit permits air to be exhausted
or drawn in to stabilize the vortex action. The device instantly goes into the vortex mode and the
characteristic curve is aliken to a pump curve. Through experimentation , it was found that by inclining




the device around its axis (see Fig. 2B), the resulting controller could combine both types of orifice and
vortex flow principles into .a single stage - discharge characteristic. Thus, it is possible to have a
controller switch to and fro, from orifice to vortex and back, by changing only the pressure head of the
inlet of the device. The name "vortex valve" derives from the device's ability to vary flow resistance as a
function of inlet pressure (Brombach b,1984).

The resistance coefficients of vortex throttle can be favorably compared to the mechanical B&B float-
operated regulator which vary from 0.95 (100% shutter opening) down to 0.725 (5% shutter opening)
(Brown & Brown, 1960). It is for this reason that vortex valves can throttle discharge with much larger
aperture openings in comparison to a standard orifice.

3. TYPES OF CONICAL IN-LINE VORTEX THROTTLES

Over the last 10 years, there have been three general types of conical in- line (inflow and outflow along
same axis) types of vortex devices used. The first derives from Denmark. The second is a British
variation of the Danish device. The third is from independent German roots.

In 1977, J. Mosbaek Johannessen together with C. Maegaard of Denmark, developed and an in-line
vortex device called the "conical" (due to the cone shaped configuration) to generate in-system storage
within the Northwest Interceptor, Cleveland, Ohio. (See Fig. 3-A). The intake of this prototype device is
a through a "slot "along the side including (not shown) a portion of the backplate .

This prototype was later altered (see Fig. 3-B) for general commercial applications and has an inlet slot
cut along the longitudinal axis of a truncated cone with an internal orifice located at the outlet back plate.
Incoming flow impacts the back plate and then enters the device through the inlet slot. The vertical
height of the slot is about 40% of the orifice diameter in the back of the unit. A family of stage discharge
curves is generated by altering the internal orifice dimension. The large end of the truncated cone is a
fixed multiple (twice) of the internal orifice.

Johannessen later changed the conical design, as shown in Fig. 3-C, due to high incidence of reported
debris cloggage in the inlet slot, turbulent entrance conditions (lowered effectiveness of unit in vortex
mode), deviations of rated flow capacity due to variability of field installation (deviation of inlet slot from
vertical alignment would alter the flow characteristic), and, reduction of the structural rigidity of the cone
due to the inlet slot along the cone length.

The conical device shown in Fig. 3 -C includes a truncated cone section, a circular plate at the inlet end
with a cylindrical inlet at 45 degrees to the back plate, an oval plate at the outlet end and a cylindrical
outlet. While a 45 degree inlet is not optimal for creating maximal throttling (this occurs when the inlet
feed into vortex chamber is perpendicular to axis of rotation), the configuration does have a distinct
advantage for passage of long objects (timbers). On the other hand , a device with maximal braking
(perpendicular intake) implies maximal orifice opening to pass normal debris.

Families of stage/discharge curves for this conical configuration can be generated by simultaneously
altering the dimension of the truncated cone large end and the internal orifice located at the truncated
cone small end. The opening of the inlet section is either equal to or greater than the internal orifice. The



outlet discharge pipe is always equal to or larger than the internal orifice. The commercial technology
discharge range for the Johannessen conical vortex valve is 0.3 cfs to about 20 cfs. The coefficient of
discharge in the vortex braking mode for Johannessen's device range from 0.18 up to 0.37, depending
upon the particular geometric configuration. Actual field measurements indicate that the coefficients
should be higher (Pisano, 1985).

About eleven years ago, Smisson of the UK. modified the original Danish design by inclusion of
"Concorde" inlet box (see Fig. 3-D) attached onto the inlet slot to improve flow conditions into the
device (reduce inlet turbulence and provide a greater inlet opening).

Over the last decade, Brombach, Germany developed the conical type shown in Fig 2 -B. As described
earlier, the conical vortex valve consists of an inclined housing (the lower generating line of the conical
part of the housing is horizontal) and a tangential inlet pipe joining into the housing. The size of the
central exit port is variable by means of exchangeable orifices. The housing has a hinged cover as well as
vents (an important stabilizing improvement).

Positive venting is important to eliminate surges during initial start-up (air is actually exhausted during
the rising stage) and for supplying the vortex with an air source to ensure smooth stabilized vortex action.
(See Fig. 4-A). Venting enhances reproducibility and accuracy, particularly for low to intermediate head
stages. Trapped air in the upper portion of the cone can result in hysteresis of the flow characteristic.
Small devices can draw air supply from the outlet of the device, but with turbulence. Maximal throttling
occurs with a smooth well-defined and centrally aerated vortex. This fact is contrary to popular belief
that the vortex valve is really a "turbulence throttle". The opposite is true.

About five years, Brombach found that the hydraulic braking effect can be further enhanced by
eliminating the flat cover plate (see Fig. 2-B) and replacing it with a smooth dish head shapes (see Fig.
4A/B for new shape. Besides improving the braking effect, the cover is lighter and structurally stronger
( flat back plates on large devices designed to withstand high pressure head could weigh in excess of 500
pounds, and can bend and deform under severe back pressure surges).

Flow characteristics of the German vortex valves are the product of the following five geometrical
parameters: a) inlet diameter, b) outlet diameter, c) housing diameter, d) angle of inclination, and e)
vessel shape ; and the pressure on the inlet side. If the valve does not discharge freely, but against a
back-pressure, there is a further parameter. Systematic variation of the geometrical parameters results in
an entire family of vortex valves. Fig 4-B shows some of the effect of the angle of inclination on the flow
characteristics while Fig 4-C depicts possible characteristics by varying the outlet aperture relative to
fixed inlet diameter and angle of inclination. Figure 4-D depicts a typical (1990's) vortex throttle
installation with gated bypass for ease in maintenance.

In practical applications, slide valves and connecting pipes are often positioned upstream of the valve
itself. and the dimensioning of the inner orifice accounts for these additional hydraulic resistances. All of
the German vortex valves used for combined sewer regulation are constructed with hinged hatches
allowing for maintenance and permitting replacement of adjustable plastic and/or steel orifice inserts for
altering the units stage/discharge characteristic. A wide range of different flow characteristic curves can
be accomplished through the replacement of inserts allowing for capacity expansion/reduction.




4. VORTEX THROTTLE DESIGN CONSIDERATIONS

Fig. 5 shows a typical vortex valve stage/discharge characteristic. The lower portion of the curve
increases (rising head) to a defined peak (orifice characteristic), "kick-back" occurs in the transition zone
(energy re- arrangement from orifice to vortex mode), and then the curve gradually rises when in the
vortex mode. On falling head, the characteristic curve is essentially the same, showing small hysteresis in
the vicinity of the "kick-back" zone. The amount of hysteresis is unimportant with high performance
valves (M, loss coefficient, less than 0.2) and minimum entrance losses, but may be considerable with
long and bended loss inlet lines and less efficient devices (M greater than 0.2).

This characteristic permits a variety of combined sewer regulator design possibilities. First, the
operating head range for normal maximum dry weather flows plus allowances for maximum infiltration
are chosen to be on the rising portion of the unsubmerged weir portion of the curve to avoid adverse
backhead (which could result in upstream deposition). This dry weather range is chosen to be well to the
left of the "switchback" or "kickback" point in order to ensure that the unit will not be "hung" when in a
receding flow condition. Second, the maximum orifice or peak flow condition is often chosen to coincide
with estimated flow at "first flush" conditions. Third, overflow spill weirs should be set when the throttle
is in vortex mode. Since the switchback point can be erratic, operating levels should be above this level.
Fourth, this region of the vortex curve can also be used to control flow at the maximum storm condition
so that discharge at maximum head could be the same or even less than the peak "first-flush" flow
occurring at low head conditions. The downstream WWTP would receive at most no more than either of
these two hydraulic limits. Last, system- wide utilization of these controllers can apportion interceptor
capacity to carry only "first-flush" to the WWTP from each of the contributing sewer sheds, and then
allow only the clearer flows during storm conditions to overflow.

5. MAJOR NORTH AMERICAN VORTEX INSTALLATIONS

Fig. 6 depicts a regulator chamber containing a vortex valve whose flow characteristic can be halved by
opening the cover and replacing a new insert. This device is one of 13 new regulators (design capacity: 2
to 15 cfs, and head range: 9 to 23 feet) controlling combined sewer flow to a new 3+ mile tunnel
(Marigot Project) with pumpage to a new WWTP located on the southerly side of the island of Laval,
adjacent to Montreal, Canada. Regulator inserts allow for changing flow characteristics (staged
infiltration reduction), and changes in pump station and WWTP hydraulic conditions. This project is the
largest in North America in terms of number of units and technology scale .

The decision to use vortex throttles rather than motorized sluice gates was based on the desire not to
provide electrical power to the chambers, and the need for no-moving part self-actuated controllers. The
design was "fast - tracked" without long term flow measurements, and infiltration levels are known to be
high ( there is a continuing program to reduce these levels). Since the head differential between low head
(dry weather flow) and maximum flow at peak head conditions is substantial (for some installations in
excess of 20 feet), the "kick-back " portion of the vortex throttle characteristic curve (see Figure 5) was
strongly “warped". This meant that if a major storm occurred during high infiltration conditions, and if
infiltration levels were much greater than estimated, then on a receding flow hydrograph the vortex
device would not "move" out of the "kick back" condition down to normal low orifice flow (operating at
much lower head). Mechanical chainfalls were attached to the roof of the chambers for ease in opening




the heavy plated covers for orifice insert change, but also for removing the vortex throttles if the
infiltration "kickback" problem ever arose. This condition has not been observed. The vortex throttle
configuration shown in Fig. 6 could be improved if the inlet pipe to the vortex chamber were both
extended, and placed instead on the right hand side of the vortex drum, allowing discharge to the tunnel
with fewer bends, fittings, and associated head loss.

The largest singular installation (capacity) in North America is located in Quebec City ,Canada. The
combined sewer regulation chamber consists of 2- 8 foot diameter 3/8" stainless steel vortex drums fed by
48" lines with piped outlets. See Fig. 7-A. The design condition on the configuration is 169 cfs under a
head of about 12 feet. The characteristic function for the installation is depicted in Fig. 7-B. At four feet
of head, a discharge of about 145 cfs was desired with a gradual increase up to the design limit. The
small ratio of vortex drum size to inlet diameter permitted the gradual and nearly vertical flow change
from orifice to vortex flow conditions. The units were put into operation in 1986 and have operated
satisfactorily.

The largest US system of vortex flow controllers for combined sewer regulation is in Saginaw,
Michigan. In 1984, 9 of the City's 34 regulation chambers ( West side with service area of about 5000
acres) were modified to include vortex throttles (type shown in Fig. 3-C with capacities varying from 1
cfs-20 cfs) (Pisano, 1988). This program was funded through the 108 Great Lakes Demonstration Grant
Program. These devices were to replace mechanical float-operated throttles, and were segmented (bolt-
together sections) to permit ease in installation. Regulator chamber cross and spill weirs were modified
to maximize potential in-line transient storage. A post evaluation program showed few operational
problems. Based on the success of the 1984 program, in 1986 the City using its own funds modified the
balance of the City's (East Side) regulation chambers. All work was competed by the end of 1987. A
total of 12 additional chambers were outfitted with German type vortex throttles (again segmented) .
Roughly 6+ MG of in-line transient storage was created. The overall total of 21 units is the largest
system wide configuration in the US. The City has reported in the spring of 1988 that the wet sludge
processed during rainfall events has increased from 75+ tons/day to approximately 90 tons/day (Pisano,
1588). Expenditures were about $3 M dollars.

Operating experiences in Saginaw have been favorable. Cloggage in small units (less than 0.5 cfs) does
occur. Experience indicates that critical aspect of design is the entrance condition to the intake of the
vortex throttle. Tt should be contoured and tapered to accelerate flow into the inlet to limit deposition
and cloggage during low flow conditions. Structural problems with welded seams on one large Danish-
type segmented device (20 cfs) were eliminated by later retro-fitting centrally-located air vents on the
vortex drum's back plate. The City reports far less maintenance requirements than noted earlier for
mechanical float - operated systems.

The largest German -type vortex valves in the US were installed in Columbus, Ohio in 1986 (a battery
of 3 devices: 35 cfs, 20 cfs and 15 cfs at design head of 12.5 feet). The flow characteristics (on falling
stage) of these three devices were field - verified. Similar sized German -type devices were installed in St.
Paul MN. in 1987. The largest Danish /British variation vortex throttle (55 cfs) was also installed in
1987 in St. Paul, MN.




6. VORTEX FLOW REGULATORS WITH ELECTRONIC FEEDBACK

In the last six years, there has arisen a need for feedback throttled control at German storage
installations, particularly for small, downstream flow - sensitive situations. The central idea is to sense
indirect flow rates through pressure sensors attached to the housing of the vortex controller, and then
send this data to a microprocessor computer with various programmable operations to electronically
drive a motorized knife valve situated on the intake to the vortex throttle. Pressure inlet conditions on
the vortex throttle can be adjusted and hence the throttle's discharge. Discharge is continuously
adjustable through positioning the slide plate in front of the throttle. The only moving parts are the valve
actuator and the slide plate. See Fig. 8 for typical layout. The advantage of the vortex throttle is the
relatively large aperture opening for flow and debris passage in comparison to a pinch valve or a sluice
gate. This advantage is significant when the design requirement is to throttle very small flow rates
containing debris and solids. Two hundred such configurations have been installed, and the operational
experience has been good provided that competent technicians are servicing the facility.

Typically, the vortex throttle in such installations is horizontally placed such that the flow characteristic
is monotonic in shape. Discharge can be indirectly determined as the pressure readout (tap and sensor
located on the housing of the device) can be determined. This dish-head shaped vortex valve can throttle
very small flows (0.5 cfs) at nominal heads (4-6 feet) with aperture openings on the order of 5-6". The
technology range for this type of vortex throttle installation has ranged from 0.5 cfs up to 8 cfs. An 8 cfs
vortex throttle has an inlet diameter of about 16" and the diameter could be as large as 80". For higher
flows, the setup becomes too large and other alternatives are more attractive.

Programmable microprocessors have been devised to accomplish an extremely wide and versatile set of
functions, ranging from environmental sensing of the components themselves (with shut-off), to repetitive
commands to pass and unlodge debris, to normal feedback flow attenuation and shut “off-on" operations.
Functions are standardized and "clip -in" to standard frames. Slide valves with a consistently high degree
of quality control have been a problem. Control panels are usually outside the control dry pit and are
typically provided with all the necessary receptacles for lights, alarms, heating etc.

7. "TURBO" VORTEX THROTTLE TYPE

Three years ago, Brombach developed a new throttle with adjustable feedback control not requiring an
electrical source or components (see Fig. 9). A simplified schematic of the new "TURBO" regulating
throttle is depicted in Fig. 10. Flow enters the vortex valve tangentially. In the upper section of the
vortex chamber there is a light, flat turbine wheel made of synthetic material. A screw shaft leads to a oil
pump through the hinged dish head cover. The pump is supplied with hydraulic oil from a reservoir
above the sluice gate. Since the vortex chamber is partially filled during dry weather flow, the turbine
wheel is dry and motionless. As the inflow increases during a storm, the swirling flow in the chamber
engages the turbine wheel causing the oil pump to push hydraulic oil into the oil actuator which is housed
in the head flange of the hydraulic cylinder. The actuator activates a low pressure hydraulic constant rate
cylinder driving a moveable knife gate. This gate throttles the inflow to the vortex chamber just enough
that the turbine speed matches the preset design flow. Should the flow fall below the design flow then
the turbine wheel becomes still and a rebound spring opens the sluice gate.




The system is a "true"-flow regulator with closed feedback loop since the vortex valve and turbine
wheel serve simultaneously as a flow meter and source for the throttling energy. The dynamic behavior
of the TURBO's regulating cycle was optimized using a combination of laboratory and mathematical
simulation techniques. The TURBO stabilizes remarkably in less than a minute even under extreme
conditions, i.e., surges from zero to design flow conditions. This rapid dynamic stability is essential for
regenerating the regulating cycle during clogging. The system has unusual passive reserves. Should the
oil hydraulic controller fail, i.e., oil in cylinder was not maintained, then the vortex valve still serves as an
"emergency brake". If the sluice gate hits a rock while closing, then a relief valve within the actuator
allows the gate to rebound. All moveable parts remain in the oil stream. Jamming, freezing or corrosion
do not occur.

During dry weather flow the TURBO flow characteristic is slightly S-shaped (see Fig.11) and is
determined by the hydraulic operation of the vortex throttle. As the flow rises, the agtuator and the sluice
gate operation maintain a constant discharge independent of head. A nominal design flow characteristic
can be can be adjusted in two ways. First, the exterior adjustment knob on the actuator can be manually
changed to adjust the internal bypass valve within the actuator. This change causes the turbine wheel to
turn faster (or slower) to change the sluice gate position. Small flow adjustments can be accomplished in
this manner (see Fig. 11). Larger flow adjustments can also be easily accomplished. In the center outlet
of the vortex throttle there is a loose plastic orifice plate which determines design discharge. A given
design discharge can be changed by simply exchanging the onfice plate. The TURBO design discharge
can be thus modified in the ratio of 1:4 using a combination of both adjustments. The practical
technology range of the TURBO is about 4 cfs (12" intake to vortex vessel). Today, there are over 50
installations in Germany for controlling outflow from storm overflow tanks.

Please refer all correspondence to William C. Pisano, Havens & Emerson, 8 Fanueil Hall Marketplace,
Boston, Ma. 02109. Phone : 617-248-0765.
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Figure 1 Simplified mathematical rationale for vortex valve:
(a) radial sink flow and (b) free vortex flow.

Brombach

Figure 2 Typical German vortex flow throttles:
(2) horizontal and (b) inclined.

(a) (b) (d)

Figure 3 Danish-type conical vortex throttles: (a) prototype at Cleveland, Ohio; (b) slotted opening;
(c) intake at 45° to solid backplate; and (d) modified box intake on slotted unit.
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effect of mounting angle on flow curve; (c) effects of outlet aperture change relative to inlet
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Figure 5 Typical vortex throttle flow characteristic.
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Grande, Novac & Associates Inc.

Engincering solutions for all your CS5O needs

CONSTANT FLOW REGULATING DEVIGE

The GHA HYUrLSL0C 18 a proven technigue for regulating sewer flows. Flows from as little as 5 I/s (80 gpm) may be regulated using

valves with a nominal flovs diameter of 200 mm (8 in). The float activated mechanism of the

-wo.cecdOE regulator is designed to

maintain a constant discharge vathout the use of external energy sources. The flow area is adjusted to perfectly match any increase or

decrease in the upsirzam water level.

v

!

OPERATING PRINCIPLES -~

The i:- - remains in the neutral or fully open
position during dry veather flovr. As the inflow at the control

point increases and exceeds the capacity of the fully opened unit,

the increasing water level causes the float to rise. which in turn
causes the tlovs area to be adjusied so that a constant discharge
is maintained

The flow rate 1s maintained constant for head vanations of up
10 tweelve (12 times the nominai vaive nlet duameter. For a unit
vath a nonunal dixmeter of 200 mm (8 1n). the upstieam viater

level may vary from 0 to 2.4 m (0 ta 7.9 ft) while maintaining a
constant discharge.

The flow passage area is largest at the
most critical time: during dry weather fiow, at the beginning of a
storm event when the sewer lines are being flushed and at the
end af a storm event when the sewer lines are emptying, thereby
reducing the chances and frequency of blockage.

The flows regulator is easy to install in
standard chambers through standard circular openings. The
mstallatian procedure is simple and is supplied with every unit.
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HYDROSLIDE STANDARD . HYDROSLIDE VARIO HYDROSLIDE SELFCLEAN 'HYDROSLIDE VERTICAL ; 4 .
oS

The unitis cesigned to handle flows ranging from 35 to 2000 Ifs
(1.251t0 70 cis).

SELFCLZ-. unit which is designed to cpen automatically and completely
should a blocxage occur. This unit is designed for flows ranging from
5t0 60 /s 10.18 ta 2 cfs).

VERTICAL unit for discharges ranging from 10 to 60 I/s (0.35 to 2 cfs).
This unit is designed in such a way as to enable the valve to be opened
manually. from the top of the manhole, should blockage occur.

» Tl unit designed for small head variations. Design flows may vary
from 15 to 80 I/s (0.53 to 2 cfs). A

HYDROSLIDE MINI : / A&

ADVAMTABES 27 2 /0508LIDE ¢+ robust, stainless sieel 304 construction //

* constant discharge over a variable head range " ihe/neat s e O
- largest possible opening during critical flow periods N {;onstr_lt:zaon i _dwers_mn o l_.».rater iy s
« flow area greater than vortex flow regulatars during | an_d kst to '_HS["."” in new or existing chambers
dry weather periods & no In-situ adjustment or testing
‘ applicable for all types of fluid control

For more information contact either our local representative or our Head Office:

s h

{rél’ ;’ Grande, Novac & Associates Inc.

7528, Cote-de-Liesse. Montréal. Québec H4T 1E7
Tel.: (514) 737-9584 « Fax: (514) 737-6916

&7 Copyright Grakde. Movac & Associales lnc = Prnted i Canada



GNA

Grande, Novac and Associates In

HYDROSLIDE REGULATOR for flows

greater than (=) 38.0 I/s

These regulators are designed and fabricated to adapt to
standard inlet pipe diameters.

The flow curves for both these types of regulators are shown

to the right of this table.

Q ab
(1/s)

REGULATOR
MODEL TYPE-S

REGULATOR |
MODEL TYPE-N

HYDROSLIDE

38
43
48
53
59
65
71
78
85
93
100
109
118
127
136
146
157
167
178
150

to

1900

DR 250/210-8
DR 250/220-S
DR 250/230-S
DR 250/240-S
DR 250/...S
DR 300/260-S
DR 300/270-S
DR 300/280-S
DR 300/290-S
DR 300/...§
DR 350/310-S
DR 350/320-S
DR 350/330-S
DR 350/340-5
DR 350/...S
DR 400/360-8
DR 400/370-8
DR 400/380-S
DR 400/390-S
DR 400/...S

to

DR 1000/...S

DR 250/210-N
DR 250/220-N
DR 250/230-N
DR 250/240-N
DR 250/...N_
DR 300/260-N
DR 300/270-N
DR 300/280-N
DR 300/290-N
DR 300/...N
DR 350/310-N
DR 350/320-N
DR 350/330-N
DR 350/340-N
DR 350/...N
DR 400/360-N
DR 400/370-N
DR 400/380-N
DR 400/390-N
DR 400/...N

to

DR 1000/...N

Please note that the model number defines the diameter of
the bolt circle for the standard flange size and that the number

after the / represents the diameter of the opening.

Figure 5
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WATER AND WASTEWATER PIPELINES

Large and small diameter Tideflex™
Valves are used in water and slurry
pipelines where absolute backflow
prevention is critical. The valve's
maintenance-free design makes it the
perfect choice for pipeline applications.

FLOOD CONTROL .

Tideflex™ Check \
extensively for floc
applications includ
levees, locks and ¢
systems, city storn
systems, highways
runways and large
industrial complex:




EFFLUENT DIFFUSER SYSTEMS

The Tideflex™ Valve's simple,
all-rubber, maintenance-free
design is the ideal choice for
today's effluent diffuser systems.
Silt, rocks, debris or tidal sand will
not impede operations, and
saltwater cannot enter the diffuser
pipeline. Tideflex™ Check Valves
are manufactured with varying
degrees of headloss to -
compensate for pressure drop and
maintain optimum discharge
velecity of diffusion:

EFFLUENT DISCHARGE

As a safer, cleaner environment
continues to be of paramount
importance, Red Valve's
Tideflex™ Valve continues to do
the job. Effluent discharge from
Wastewater Treatment plants are
an ideal application. Ecosystems
wre used are protected by the Tideflex™
ol. Typical Valve's ability to diffuse effluent
tion basins, and prevent backflow.

nd fish bypass
collection

1g lots, airport
and

STORMWATER RUNOFF

Tideflex™ is the valve of choice of
coastal and inland municipalities
for stormwater and CSO systems.
The Tideflex's™ low headloss
characteristic is an important
feature especially in low lying

Y =4 areas. Tideflex™ has no hinges or

seats to warp or corrode. It's

maintenance free!




E.P.A. Tests Call Tideflex™ an
“Excellent Solution.”

The Environmental Protection Agency's (E.PA.)
recent test results proved Red Valve's patented
Tideflex™ Check Valve to be an excellent solution
to eliminate maintenance costs and operational
failures with traditional flap gate valves.

According to the report:

“Problems with malfunctioning flap gates like
frozen hinge pins, accumulation of debris, worn
seats, misalignment, warpage and corroded parts
and costs of maintenance crews are eliminated
with the Tideflex™ Valve!

Today, thousands of patented Tideflex™ Valves and
diffuser valve systems are operating maintenance-
free worldwide. These valves have successfully
withstood severe winter freezes, typhoons, hurri-

canes and flooding, minimizing damage to wetlands,

beaches and residential areas, eliminating hydraulic
surges to waste water treatment plants and saving
municipalities millions of dollars in maintenance
and treatment costs.

PROBLEM

These lradltlona1 flap gats valves were held
open by telephone poles to eliminate loud
clanging noises and allow for better outflow.
Unfortunately, they no longer prevented
backflow into the city's water treatment plant.

SOLUTION

Tideflex™ all rubber check valves were
installed, and eliminated the noise as well as
completely preventing the backflow problem.
Simply Revolutionary!

TIDEFLEX P

Function

The Tideflex™ Valve is manufactured of flexible
elastomer material reinforced with synthetic fabric
much like an automobile tire. Neoprene construc-
tion with a special EPDM cover for ozone protection
is furnished as a standard. Pure Gum Rubber,
Hypalon, Butyl, Buna-N, EPDM and Viton are also
available, and come with standafd EPDM covers.

Forward hydraulic pressure opens the valve auto-
matically without any additional energy source and
reverse hydraulic pressure seals the valve auto-
matically. The Tideflex™ Valve is simple to install.
Two metal bands easily connect it to the O.D. of

a pipeline.

By engineering the elastomer fabric matrix in vary-
ing degrees of flexibility, each Tideflex™ Valve is
customized to your exact application to open with
minimum specified head pressure and withstand
maximum specified back pressure.

This versatile design of the Tideflex™ Valve also
allows it to be used as a vacuum breaker on pipe-
lines and pressure vessels to prevent closing.

The inherent cushioning action of the Tideflex™
Valve’s elastomer design completely eliminates
noise. The valve's heavy-duty construction makes
it vandal-proof and reduces the likelihood of
children entering a pipeline.

A number of other custom-designed check valves
like Red Valve's Series 33 are available for in-line
service.

O
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Tideflex Series 35
TIDEFLEX™ SERIES 35
MATING PIPE" CUFFSLIP-|  ANSI FLANGE | INSIDE | FLANGE | MAXIMUM | MAXIMUM
In some applications and Mll\é. S!PE glgx. PIPE [ON LiNGTH FI.?;]EE DSD. DIAMETER | THCKNESS | LENGTH | HEIGHT
; : . . D. .. | c 0 L
installations, a slip-over pipe Py ,;:m'"’ 7 = . = s
: : © | ssm ; : -1/2° i fra o [ 212 1-1/4
Check Valve is not feasible o e : .
5/8° e 1 3 3-7/8" 3y i 3 112
- because of an existing flange e | s iy 1 44 i A a 1-12
in the p|p|ng system or an 1-1/8° 1-3/8 1" 1-1/4 4-5/8° 1-1/4° __1!2' 5-3/4 2-34
existing flange cemented in 136 | .1-am 1 1-1/2° 5 -1 AR 5-3/4* 3-5/8"
A o ; 1-3/4° 2-3/8° 1 s & 2 1z 5-3/4° 3-5/8*
e cutiall piping system vault 238 | 2708 T 2172 7 2-1/2° e 74 | 4
In these cases, the Series 35 278 | amE | 12 3 71z ¥ e 7 5-3/8"
Flanged Check Valve is 3-7/8° 4718 5 4 g 4 34" 12 7
the solution. 478 5-7/8° 2 5 10° 5 kIZY 15-1/4" 8-7/8"
5-7/8' 7-1/8" & 6 1 6" 1 15-5/8" 10-3/8°
) 7-708° 9-a/8 g g 13-1/2° g" 1 16-1/2° 13
The Red Valve Series 35 g3 | 118 ey 10 16' 10 1 2142 | 16708
Check Valve is manufactured 11-7/8° 13-3/4° g 12 19 - 12 1 26-1/2" 20-1/8
identically to the Tideflex™ 13-3/4' 158 | & 14° 21 14 1 25-3/8' 2117
Check Valve, with the addition 15" 17-1/4° 7 16" 23-1/2° 15-1/4* 1 27-4/2" 22-1/4'
r———— P — 17-14" 19" 8 18 25" 17-1/2" 11/2" 30 26-3/4
8 gral slasmiariang 1 21" 812 20 vz | eva | 1z | ws | aaw
as part of the valve. The 21" 23-3/4° g o 2042 | 21w | 1z | sz | a2
standard flange size drilling 23-3/4° 29" g 24 iz 24" 1-1/2" 40172 3r
conforms to ANSI B16.5, & 29" - 31172 100 30° 38-3/4" 29-1/2" 1-1/2 4 4911
AL A B R d N AL g
siangards. Ajl other domestic 42" pre 12 40 573" 4" 0 60-1/4" 79-12"
and international flange 48" 60" 10 48 59-1/2* 48 2 59" 77-1/2°
standards, as well as 60 72" 12 60" T 60" 2 7% 96-3/4"
customer specified flange IFy 84" 18 e 86-1/2" 7 z 95° : 1003;2
; : # y 18 84" 99-3/4* 84’ > 92* 10-1/2
dimensions, are also 94 2 -
: : ¥ . 80° 95" 16* - - . - 100-1/4° | 118-112
available, The Series 35 is

furnished complete with 3/8"

C hick galvaniz r :
. C i St??! 8 . * Steel, Concrete, and Ductile Iron pipe ©.0.5 vary. Tideflex™ dimensions are based on actual pipe 0.D., and
stainless steel retaining rings. therefore it is important to verity pipe O.D. for proper sizing.

« Dimensions are subject to change due to customized construction. Contact Engineering for Dimensional Centification.

l ‘Y & Rea Vare Company, 1994 All Rights Resarved Rad Valve is a reqistarad irademan of Flad Valve Company, InG
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n Line Check Valves

The design of Duckbill Check Valves
employs Red Valve's elastomer and.
fabric Tideflex™ technology.

Red Valve Company has engineered a complete line of
Check Valves in sizes 1/2" through 84",

Plant operators and maintenance personnel have learned
to live with swinging gate, lever arm, flap, and swing
check valve designs which require continuous mainte-
nance of hinges, seats, pins, loud clanging noises, or
continuous check valve chatter. Red Valve Check
Valve's 100% elastomer Duckbill Check Sleeve design
eliminates these problems:

Corrosion and mechanical failure problems
Seating problems

Slamming and loud noise problems
Chatter problems

Debris and hangup problems

Mechanical parts or maintenance
Positioning problems

VVVVVYY
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A technically advanced Duckbill Check Sleeve, manufac-
tured with flexible elastomer material reinforced with
special synthetic fabrics, is vulcanized into a duckbill
shape with elastomer memory.

Forward hydraulic pressure opens the valve and on reverse
flow hydraulic pressure seals the valve automatically.

Red Valve Duckbill Check Valves provide these benefits:

Close on and around entrapped solids
Lowest headloss

No mechanical parts to fail

No seats to warp, corrode, or fail

Install in a vertical or horizontal pipeline
Elimination of chatter or noise problems

TFVvVVYVYYVYY

Finite Element Analysis Programming is
used in Design of Duck Bill Check Sleeve

These products are designed to your flow specifications.
When ordering, please specify head pressure and maxi-
mum back pressure of system.

Engineered rubber Duckbill Check Sleeves have memory; Forward hydraulic
pressure opens the valve; reverse pressure seals the valve and prevents backflow.

N
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Elastomer check valve resists abrasion and The Red Valve Series 39 Slurry Check Valve is
provides absolute backflow prevention designed to handle abrasive slurries, sewage, sludge,
and other difficult services. The heart of the Series 39

Seals on entrapped solids Check Valve is a fabric reinforced elastomer check

No hinges or seats to bind or freeze — a sleeve that provides thru-flow at minimum pressure
maintenance-free design drop across the valve at all times. Forward pressure
opens the valve automatically, reverse pressure seals

Can be mounted in any position
yP the valve.

Silent, non-slamming; eliminates chatter . ) ; :
Wear and deterioration caused by continuous operation

of abrasive slurries is minimized because of the inner
rubber check valve. There are no mechanical parts
such as hinges, discs, or metal seats which can freeze,
corrode, or bind valve operation. The unique elastomer
check sleeve will seal on solids. This valve's operation
is silent and non-slamming.

Valve body is cast iron. Epoxy coating or rubber lined
body are available. The Series 39 Inline Check Valve
is provided with an inspection port and two clean out
ports.

Face-to-Face dimensions meet ANSI B16.10 specs.
The valve has thru-drilled flange holes. When order-
ing, advise line pressure and back pressure.

Materials of Construction

| 4
>

Clean IOut Plug

Cast Iron ASTM A126 Body

Check Sleeves Available in Pure Gum Rubber,
Neoprene, Hypalon, Chlorobutyl, Polyurethane,
Buna-N, Viton. and EPDM

ANSI Class 125/150

Epoxy Coating or Rubber Lined Body Available

'+——— FtoF — |

Dimensions Series 39

Length Clean Out Flush Connection Max. Back

Size FtoF* Plug Diameter C Pressure (psi)
4" 114" 2 Tt 150
6" 14* 4" 1% 150
8" 19'/2" 4" 1" 125
- 10" 24'/;" 4 1* 100
12" 275" 4" " 75
14" at” 4' 1° 75
16" 34" 4* 13 50

* Higher backpressure designs available — Consult factory.




Series 39F

» Fabricated large diameter check valve design

v

Seals on entrapped solids

P No hinges to bind or freeze — a maintenance

free design

» Can be mounted in any position

p Silent, non-slamming

Materials of Construction

| 2

Check Valve Sleeves Available in Pure Gum
Rubber, Neoprene, Hypalon, Chlorobutyl,
Polyurethane, Buna-N, Viton, and EPDM

Fabricated Steel ASTM A285 Grade C or
Stainless Steel 304SS ASTM A240 or
316SS ASTM A240

» Epoxy Coating Available

0

The Red Valve Series 39F Fabricated Slurry Check
Valve is designed to handle abrasive slurries, sewage,
sludge, and other difficult services. The heart of the
check valve is a standard Tideflex™ Check Sleeve that
provides thru-flow at minimum pressure drop across the
valve at all times. Forward pressure opens the valve
automatically, reverse pressure seals the valve.

Wear and deterioration caused by continuous operation
of abrasive slurries is minimized because of the inner
rubber check valve. There are no mechanical parts such
as hinges, discs, or metal seats which can freeze,
corrode, or bind valve operation. The Series 39’s
unique elastomer check sleeve will seal on solids. This
valve's operation is silent and non-slamming.

The steel fabricated valve body is designed to permit

easy installation or replacement of a standard Tideflex™
Check Valve.

Epoxy coating is available. The Series 39F Fabricated
Inline Check Valve is provided with an inspection port
and bottom flush ports.

Face-to-Face dimensions meet ANSI B16.10 specs. '
The valve has tapped flange holes. When ordering, O
advise line pressure and back pressure.

Clean Qut Plug
0 amsl)

ol

» ANSI Class 125/150 Flanges - il
e b - i
FtoF :
Dimensions Series 39 Fabricated Body
Size Length ©.0D.. Clean Out Flush Port Max. Back
D FtoF* - s Plug Dia. Dia.C Pressure (psi) -
18" 38'," 44" 6" i 50
20" 38'/," 46" 6" ) e 50
24" 51" 55" 6" 1 50
30" 60" ;. EBR, 6" A 50 . .
36" Y i il 6" 1%, 50
42 " BD i v.'gol 6 " 1 L 25
48" 90" 102" 6" 1" 25
54" 101" 114" 6" 1* 25 ,
60" 105" 126" 6" i 25 i
| igad 118" 150" 6" 1° 25 o/

" Higher backpressure designs available — Consult factory.

g
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100% elastomer construction eliminates maintenance

Will not warp or freeze open or shut

Eliminates backflow, seals on entrapped solids

Custom built to customer specifications

The Red Valve Series 35 Check Valve is manufactured
identically to the Tideflex™ Check Valve, with the addi-
tion of an integral elastomer flange as part of the valve.
The flange size drilling conforms to ANSI B16.10, Class
1504#. It is also available with DIN, 2632, and other stan-
dards. The Series 35 Check Valve is furnished complete
with steel back-up rings for installation.

In some applications and installations, a slip-over pipe Check
Valve (TF-2) is not feasible because of an existing flange in
the piping system or an existing flange cemented in the outfall
piping system vault. In these cases, the Series 35 Check Valve
is the solution.

The Red Valve Series 35 Check Valve is simple in design,
with only one part - the all-rubber duck bill check sleeve.
There are no seats or interference fits to corrode or freeze
valve operation, making the Series 35 virtually maintenance
free. The Series 35 seals completely around solids, making it
ideal for fly ash, raw sewage, sludge, lime, mining slurries,
and many other abrasive and corrosive slurries.

Materials of Construction l R
P Sleeves Available in Pure Gum Rubber, Neoprene, . L i _
Hypalon, Chlorobutyl, Polyurethane, Buna-N, |
Viton, EPDM, and Food Grade Rubbers l T Z
» Galvanized Steel or Stainless Steel Backup Rings = 558 "
Dimensions Series 35 Flanged Check Valve
Flange ““inside Height - Flange
Valve 0.D. ‘Diameter Length of Bill : Thickness
Size A - 1B D E
" 41[{4" 1“’ 3ﬂ 2“ |"2l
L B 1'," 5'%," a* 5"
2“ GM 2. sl‘ 4 L] 1f2l
2'f," 7" 2" 7" 57 2"
-3 7'h" 3" 9 6" "
4" 9 4" 12" T o Is"
5! 10° 5 15 9% "
6" 11" 6" 16" 114, g
8" 13';" 8" 17" 137 1:
10" 16° 10" 22" 17" 1*
12“ 19" 12" 26" 21!‘ 1I
14" 21" 14" 27" 23" 1"
16" 23'hL" 15"," 28" 27" !
18" 25" 17" 30" 30" 17"
20" 275" 19" 32" 33" 1"
24" 32" 24" ? 40" 15" g
28" 36'/," 27" 41'%" 46" ‘Wz: x
30" a8Yy.” 29'%L" 43" 50" 1/ :
36" . 48" 35'L" 54" 58" 1"
42" 53" 41'%" . 60" 69" 2*
48" 59'%" 475" 69" 78" 2:
54" 66'/:" 53" 79" 88" 2_
60" 73" 59" g2" 98" 2
2 86'f;" il 95" e 2.
78" 93" it 97" 127" 2
B4" 99" 83" 102" 137! 2"

ICV-1/94-01
i
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[nstalls between pipe flanges, eliminates valve body

Unique one-piece elastomer check sleeve design
is maintenance-free

Silent, non-slamming

Closes on entrapped solids

Materials of Construction

Red Valve's new Series 37 Flanged In-line Check O
Valve is a simple, reliable, cost effective method of

backflow prevention. The revolutionary design of the

Series 37 is similar to the design of the patented

Tideflex® Check Valve. The Series 37 is designed to

be installed between two mating flanges, eliminating

the need for a valve body.

The pressure drop of the Series 37 is increased
because of the smaller i.d. required to fit the check
valve in the line.

The in-line Series 37 Check Valve is simple in design.
There is only one moving part, the maintenance-free
rubber check sleeve. Sliding, rotating, swmgmg, and
spring parts are eliminated. There are no seats to
corrode or packing to maintain; the valve is mainte-
nance-free. The Series 37 is a passive design, requiring
no external source of air or electricity to operate, thus
reducing operating costs.

The Series 37 Check Valve can be ordered in a variety

of elastomers. Flanges conform to ANSI B16.1 Class

125 specifications. Special custom designs or metric

flanged models are also available. (j

> Sleeves Available in Pure Gum Rubber, Neoprene, _ SN S+
Hypalon, Chlorobutyl, Polyurethane, Buna-N, ! f
Viton, and EPDM T—-—-— ------ --—ﬁ-f =
» ANSI Class 125 Flanges gz it
— D -—
A
Dimensions Series 37 Fianged In-Lme Check Valve
e % 0.D. of Working
Valve Valve Pressure
Size C (psi)
2“ 1 T{s' 125
3" D7) 125
4" 37" 100
Gu 5 UB‘ 75
8" 7 %" 75
10" “9%" 75
12" 15" 75 .
14" 12%," 50 £}
16" 14, 50 Sl

* Larger sizes available upon request.




Series 2633

’

- p Eliminates check valve chatter
p Seals 100% on reverse flow
p Can be mounted in any position
p Ideal for pneumatic systems

~  Materials of Construction

p Steel, Stainless Steel, or.PVC Body

p Steel, Stainless Steel, or PVC End Connections

The Series 2633 is a simple in-line check valve for
threaded end pipelines, and is manufactured on the
same principle as Red Valve’'s revolutionary all rubber
Tideflex® Check Valves.

The Series 2633 is simple in design: a body, two
endcaps, and the working element, a special elastomer
check sleeve. In the open position the sleeve creates a
wide, free passage proportional to the flow in the
pipeline. On flow reversal the “duck bill” shaped sleeve
closes slowly and completely.

The silent, non-slamming Series 2633 Check Valve
design eliminates water hammer agd has low headloss.
It contains no levers, packing, springs, or.interference
fits to corrode or freeze. The only replacement part is
the simple, rugged elastomer check sleeve, making this
valve virtually maintenance-free!

This small and simple in-line check valve is ideal for
liquids, gases, powders, slurries, instrument or plant air,
and in any environment where there is a need to prevent
backflow.

The Series 2633 is manufactured in sizes 1/2" to 3".
The check sleeve can be ordered in a variety of elas-
tomers to match specific service conditions.

R
p Check Sleeves Available in Pure Gum Rubber, | 1
Neoprene, Hypalon, Chlorobutyl, Polyurethane, [ =
Buna-N, Viton, and EPDM ' 4
D A
L |
v
SR | " ST %
Dimensions Series 2633 Small Diameter In-Line Check Valve
Valve Body Maximum Weight
Size Length 0.D. Back Pressure Steel
D FtoF A (psi) (Ibs.)
'y 3" e 125 2
W 4" 21" 125 3
™ 4" 23" 125 3
-“ 14" 8" 3. 100 8
2" 70" 4 75 14
s i 81" o 75 18

Iy




A Complete Line Of Quality Products . . .
Buult To Beat Slurries ~

Pinch Valves

Red Valve is the world’s

largest producer of Type A,
Manual, and Control Pinch
Valves in sizes 1/8" = 120",

Control Valves

Pinch Valves offer the best
solutions for slurry control
with optional Slurry Cone®
Sleeves.

Knife Gate Valves

The Series G Cast Iron Body
Knife Gate Valve and our new
Flexgate Slurry Knife Gate
Valve are built to perform in
the toughest applications.

Redflex™

Red Valve offers a complete
slection of Redflex™ Expan-

sion Joints and custom fabri-

cated rubber pipe and fittings.

Redflex™ Expansion Joints

Red Valve's quality product
line includes a wide variety
of Pinch Valves, Control
Valves, Knife Gate Valves,
Check Valves, Pressure
Sensors, and Redflex™
expansion joints for power
plants, mining operations,
chemical plants, industrial,
and municipal applications.

Red Valve corporate headquarters
outside Pittsburgh, Pennsylvania

The information presented in this catalog is
provided in good faith. Red Valve Company
reserves the right to modify or improve its
design specifications without notice, and does
not imply any guarantee or warranty for any of
its products from reliance upon the information
contained herein, All orders are subjecr to Red
Valve's standard terms and warranty and are
subject to finul acceptance by Red Valve.

Red Valve®

Company, Inc.
700 North Bell Avenue
P.O. Box 548
Camegie, PA 15106
(412) 279-0044

FAX (412) 279-7878
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<EPA

United States
Environmental Protection
Agency

Risk Reduction
Engineering Laboratory.
Cincinnati OH 45268

Research and Development

EPA'600/S2-89:020 Feb. 1990

Project Summary

Development and

Evaluation of a Rubber
“Duck Bill’ Tide Gate

A unigue 54 in. diameter "duckhill
rubber tide gate (RTG) was designed,
fabricated, and installed in a typical
New York City tide gate chamber. The
operation of the RTG was observed
over two years. The RTG was very
effective In preventing the Inflow of
tidal waters and generally showed
equal or improved performance com-
pared to a typical flap gate. Hydraul-
Ically, the RTG was supposed to open
to release storm flows at a positive
difference In upstream head of six In.
and to remain closed preventing
Inflow at a downstream positive head
up to eight ft during high tide. Minor
inflow was observed when debris was
Introduced Into the RTG, and capa-
bility of self-cleaning was exhibited.
Inflow would be significantly greater
if similar size debris was lodged in
the conventional flap-type gate. The
maintenance crews observed no inci-
dent where the manual remaoval of
debris was required. The existing
chamber required minor madifica-
tions for the installation of the RTG.
The method of adapting the RTG to
an existing tide gate frame is critical
to ensuring the reliability of the
Installation. The RTG was exposed on
occasions to gale force winds and
heavy rainfall during the two years of
operation in New York City.

This Project Summary was devel-
oped by EPA's Risk Reduction Engi-
neering Laboratory, Cincinnati, OH, to
annocunce key findings of the research
praoject that is fully documented in a
separate report of the same title (see
Project Report ordering informaticn at
back]

Peter A. Freeman, Angelika B. Forndran, and Richard Field

—
e

Introduction

Tide gates are a necessary component
of municipal combined sewer systems,
which discharge overflows into receiving
waters whose surface elevations vary due
to tidal or seasonal effects. In principle,
these perform a check valve function,
allowing excess flow mainly from storm
events to discharge into receiving waters,
while preventing back flow or leakage into
the combined sewer system. Leakage
can cause significant problems to the
treatment process and associated hard-
ware, due both to the presence of
dissolved salts or other substances, as
well as a waste of treatment plant
capacity

The conventional flap tide gate
operates by swinging outward (toward the
receiving body of water) when the
upstream flow exceeds the capacity of
the regulator controlling flows to the
interceptor (normally during storm con-
ditions). The water level upstream of the
tide gate rises to whatever level is
necessary to offset the weight of the tide
gate and the water level downstream of
the gate. When there is no upstream flow,
the gate sits firmly against the frame and
does not permit backflow. Properiy
operating ltide gates do not permit tidal
inflow (backflow).

In New York City there are three types
of such tide gates: (1) Pontoon gates
which consist of hollow wrought iron flaps
mounted on cast iron frames; (2) Timber
gates predominantly made of three in.
thick Greenheart timbers, and (3) Cast
iron gates which are generally less than
48 in. high. A recently completed regu-
lator improvement program study re-



vealed that these gates were functionally

adequate to prevent tidal inflow and
mit excessive storm outflow. The

sign life is 20 years. Some existing
gates are as old as 30 years. Improperly
functioning tide gates permit inflow in
varying degrees. Malfunctioning gates
accumulate debris, have worn seats, have
corroded parts allowing entry of water,
have become misaligned, and/or are
warped. Inflow occurs as the tide rises
above the invert of the outfall sewer.

Inflow may be reduced when increasing

downstream static head tends to seal the

gate.

One investigation determined that
maximum inflow occurs at about two-
thirds high tide level when debris,
warpage, or mis-alignment causes incom-
plete closure of the -gate. Another
problem which was identified is that the
hinge pins tend to became frozen.
Particularly in the dual hinge pin design,
the intended function is lost when the
lower pin is frozen. One recommended
solution is to replace the existing pins
with slightly undersized stainless steel
pins. Pontoon type gates tend to deteri-
orate due to graphitization of cast iron
components and corrosion/erosion of the
wrought iron flaps. As a result, limber tide
gates are recommended over pontoons.

The EPA has recognized the opera-

nal and economical problems of
conventional tide gates. Based on these,
improvermnents are required in tide gate
technology as follows:

1. The ability to both open and close
tightly in the presence of water borne
debris must be greatly improved,
both to prevent collection system sur-
charging and flooding, and also to
reduce the cost of existing treatment
efficiency by interfering with settling
and anaerobic digestion processes
and contributing to corrosion of plant
equipment.

2. The reliability of tide gates must be
greatly improved to relieve the
requirement for frequent survsillance
and maintenance, and the corre-
sponding cost to the municipality.

3. Extended tide gate operating lifatimes
are required to reduce recurring
capital equipment costs.

Procedure
The subject program was set up to
explore a novel approach to the tide gate
problem. This approach offers consid-
erable promise in achieving the desirad
performance discussed previously. The
‘oposed concept was based on a type
check valve designed and currently

manufactured by the Red Valve Co.,
Inc.® of Carnegie, PA. (RV). This unit
consists of a flexible tube which tapers to
flattened sections with two or more sets
of sealing lobes. Forward hydraulic head
opens the lobes, to release fHlow. Reverse
hydraulic head collapses the lobes
together, to prevent reverse flow
(leakage). The duckbill part of these
valves is typically constructed of rubber-
impregnated fabric, in the manner of an
auto tire. This concept is shown in Figure
1. At the time of the program start, RV
manufactured these units in diameters up
to 12 in. It was the principal design task
of this program to extrapolate this
configuration to the 54 in. diameter
required to release storm flow at the
selected tide gate site

Figure 1.

Flanged end red check valve.

This approach is attractive for munic-
ipal tide gate use in a number of ways.
Mechanical moving parts, with their
attendant problems of corrosion, friction,
and wear, are replaced by flexible
structures of environmentally stable elas-
tomeric materials. The basic check valve
action is performed without abrupt
changes in flow direction, so that thers is
a minimum tendency to entrap debris. If
debris is entrapped, the flexibility of the
unit permits it to conform closely to the
shape of the debris, minimizing the
leakage flow under reverse hydraulic
head conditions.

Manufacturing costs should remain
consistent with advancement in technol-
ogy in the tire industry.

Specifically, the program abjectives
were:

1. To identity and select a site which
reasonably represented a typical tide
gate location and permitted a demon-
stration of an RTG,

Mention of trade names or commercial products
does not constitute endorsemaeant or recommen-
dauon for use.

2. To install the RTG to the selected
dimensions of 54 in. in diameter wj
hydraulic head flow characterist”
similar to those of the conventiot...’
flap gate.

3. To install the RTG in a typical
metropolitan combined sewer outfall,
replacing a conventional flap gate
with a2 minimum of site modification.
This would demonstrate the teasibility
of retrofitting into existing outfails.

4. To evaluate the performance of the
RTG, as so installed, under typical
service conditions, for a period of at
least 18 months. During this period,
comparison was to be made with
conventional flap gates as to inci-
dences of malfunction (failure to open
or close, leakage, etc.), necessary
surveillance, servicing, hydraulic
charatteristics, and capital cost req-
vired for replacement or new instal-
lations.

The program was initiated in late 1981.
The project team selected a combined
sewer regulator site (Regulator #11) at
83th St. and East End Ave in Manhattan,
at which a typical timber flap gate was to
be replaced by the RTG. The site
configuration is shown in Figure 2. RV
selected an initial configuration with four
sealing lobes, in a “cross™ arrangement.
A quarter-scale model was construg's '
and successfully tested. The full-sc_/
prototype unfortunately was unsuccess-
ful, as the additional weight of the sealing
lobes caused them to sag and seat in a
random manner, allowing large gaps and
leakage flows with reverse hydraulic
head. The four-lobed arrangement was
abandoned in favor of a vertically
oriented, two-lobed configuration. An
experimental two-lobed unit, shown in
Figure 3, was completed in October
1983. Flow limitations at the RV test
facility prevented full-flow hydraulic per-
formance calibrations, so a procedurs
was generated to determine RTG flow
area vs differential hydraulic head under
static (no flow) conditions. This procedurs
showed that the RTG was marginally too
stiff (too much hydraulic differential head
was required to achieve the desired flow
area). The final unit was constructed,
given limited testing, and delivered to the
New York City Department of Environ-
mental Protection in December 1983.

Site modifications undertaken by
NYCDEP were minimal. After removal of
the existing flap gate, hinge brackets, and
saaling frame, a stainless steel adapter
plate was installed. The adapter makes
the transition from the existing rectan-
gular opening on a 15 degree slo
tidegate chamber wall to tha 5
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Figure 2. Wards Island - WPCP Regulator No. 11 (Flan).

circular /vertical opening required by the
RTG. The adapter plate is shown in
Figure 4. A clamping ring holds the RTG
in position on the adapter plate stub. The
RTG installation required about 2 days to

complete, and was placed in service on
August 11, 1984,

Results and Discussions

Upon reaching service .status, the RTG
was included in the normal inspection
routine by NYCDEP regulator inspection
maintenance crews. A special inspection
.sheet format was generated to assist

them in making observations of the
RTG's performance under various service
conditions. Initial inspections were per-
formed weekly starting October 25, 1984,
The interval between inspections was
increased to 2 weeks, and then 4 weeks
after 8 months. A total of 18 months were
observed as part of this project.

All inspection sheets indicated negli-
gible or no leakage or inflow, even though
there was in nearly all cases a reverse
differential hydraulic head on the RTG,
even at most low lide conditions. The
inspection sheets also indicated that the

———

RTG was normal (clean), and that no
trapped debris was observed. A con.
dition of an RTG with entrapped debris
was simulated by inserting a 12-in.
length of lumber (4 in. x 4 in.) into the
RTG discharge section. A leakage flow of
about 50 gpm occurred at a reversa
hydraulic head of 2 f. This simulated
debris was later washed out of the RTG
with the next occurrence of forward
hydraulic head, indicating an excellent
capability for self cleaning.

The principal observed difficulties with
the RTG were occasional instances
where hydraulic forces oceurring during
storm events moved the RTG on its
mounting. On July 26, 1985, the RTG
came loose from the adapter plate. It
was reinstalled by the regulator main-
tenance crew in 7 hours, during which
techniques-were improvised for handling
the heavy (800 tb) unit within the
cramped confines of the tide gate
chamber. This event prompted recom-
mendations for suspension and handling
facilities to be built into the tide gate
chamber overhead, and the requirement
for "pinning" the RTG to the adapter
plate stub, in addition to the clamping
rng.

These recommendalions appear par-
ticularly desirable for future, larger RTG
installations.

A rough, in situ hydraulic flow calibra-
tion of the RTG was performed during
August and September, 1985. Continu-
ous depth-of-flow measurements were
made in the lrunk sewer upstream of the
regulator, and downstream of the RTG.
These, plus the known hydraulic charac-
tecistics of the trunk sewer and regulator,
were uséd lo compute standard hy-
draulic relationships based on Manning's
equation. The resulting flow calibration
was relatively linear with increasing
hydraulic head, as attributed to the fact
that the RTG flow area is itself a function
of hydraulic head differential. The un-
availability of data from the storm events
occurring during this period, plus some
instrumentation failures, did not permit
the generation of a complete flow cali-
bration; hawever, a reasonable extrapo-
lation of the obtained results indicated
that the RTG's maximum flow capacity
comfortably exceeds the maximum runoff
flow rate from the selected drainage area
without surcharging the trurk sewer.

A comparison of the hydraulic pert-
ormance of the RTG and the flap-gate it
replaced showed that the RTG starts to
release flow at a lower hydraulic head
differential for all conditions of down-
stream submergence. This difference
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Two-lobed being prepared for plant testing.

Figurae 3.



occurs since the flap-gate is ballasted
with lead to ensure closing under high
tide conditions. The flap-gate has a
higher maximurn flow capability than the
RTG (see Figures 5 and 6). Both units
release more at less differential hydraulic
head with increasing downstream sub-
mergence. The lower maximum flow
capability of the RTG indicates a
requirement for careful estimation of peak
storm flows or oversizing, in selecting an
RTG for a particular tide gate location.

Comparative costs for RTG and con-
ventional flap-gates are given in Figure 7.
These costs are manufacturer's costs
only. Installation costs are.dependent on
location and ranged from $5.000 to
$15,000 for retrofit with a RTG, while the
more predictible flap gate replacement
cost is approximately $9,000.

Factors to consider in estimating cosls
are the related savings due to:

(a) Operation and maintenance of lide
gate system.

(b) Preventing inflows and treatment
upsets caused by settling, digestion,
and hydraulic overloading.

(c) Corrosion protection from industrial
wastewaters. Structural limitation for
each gate location., e.g., chamber
modification, adapter plates must also
be considered.

Conclusions

The basic conclusion from this pro-
gram is that the rubber tide gate (RTG) is
a practical, cost-effective altarnative to
the typical flap-type tide gate.

The RTG showed significant improve-
ment over the flap-type lide gate in terms
of leakage inflow, entrapment of debris,
capability to self-clean, and susceptibility
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Figure 4. Adapter plate design details (fitung to frame).

to maring fouling during 18 maonths of
observed operation.

The RTG required virtually no labor-
intensive surveillance or maintenance
during routine inspection. Maintenance
was required to reattach the rubber
sleeva onto the adapter plate.

The design used in this prototype
installation for attaching the RTG onto a
smooth adapter plate using clamping
rings was nol sufficient to hold the RTG
in place during the heavy storm and tidal
action.

Non-stainless steel metals or stainless
steel hardware not of type 316 will
corrode in the brackish environmant and
cause failure of the installation by
permilting the RTG to sfip during storm
and tidal action.

The RTG material consisting of neo-
prena over vulcanized rubber has shown
no signs of any surface deterioration due
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to either tidal saltwater, wastewater con-
stituents, or temperature fluctuation over
v 18 months of observed operation.
8 RTG is expected to have a lifespan
of 20 years or more, which is comparable
to conventional lide gates. Smaller indus-
trial installations of this type check valve
are currently in operation up to 15 years.
There was no record of any backup
flooding during storms or measurable
tidal inflow when submerged at high tide
during the observed operation. The
maximum flow capacity through the RTG
for any size tide gate is less than that for
a flap-type gate. However, the maximum
available RTG flow for this specific
installation is estimated at 120 cfs, which,
based on historical rainfall data, is
adequate for the particular drainage area.
Generically, a slight lessening of maxi-
mum outflow capacity does not cause
any measurable decrease in the way of
flood protection because the return storm
frequency design concept is based on a
stochastic phenomenon. Hydraulic com-
parisons between the RTG and conven-
tional gates are developed in the final
report. The release flow of the RTG starts
at a lower differential hydraulic head
when compared to a flap gate.
Debris caught in the RTG will cause
tidal inflow to cccur. however, no debris
~as discovered in the RTG during in-

- zctions. Inserted debris washed out

.ithout intervention by the maintenance
crew and was measured to cause a

26

relatively small inflow of 50 gpm during
high tide. :

A survey of municipal installations
since 1984 indicates costs for RTGs are
comparable to timber tide gates. Factors
to consider in pricing an RTG versus a
timber flap gate are equipment, installa-
tion and operation and maintenance
needs for the specific location. For an
equivalent area of about 25 square feet,
hardware cost for flap gates averages
$19.000 in New York City and $24.000 for
RTGs in other municipal installations.
Installation costs vary greatly, averaging
about $9,000 for timber tide gates in NYC
and ranging from $5,000 to $15,000 for
RTGs.

- Recommendations

Operational experience with the pro-
totype rubber tide gate (RTG) indicated
that some design modifications for the
installation of the RTG are recommended
as follows: :

The RTG attachment to the adapter
plate should be modified to provide a
positive restraint against axial movement.
The prolotype installation in this project
had a friction arrangement only which
proved to be inadequate under heavy
storm hydraulic loading and tidal action.

The adapter plate and all related
hardware, should be made of stainless
steel type 316 for corrosion resistance in
the brackish water environment.
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The RTG design should be modified
for suspension near its discharge end to
relieve cantilever loac'ng on the mounting
flange and adepic - sle. Two larger Jnits
84 in. and 72 in currently t 2ing
fabricated by RV, wil: have holes through
the top end of the lip to facilitate
attachment to the tide gate chamber
ceiling.

The liquid level upstream of the RTG
decreases and flow capacity increases as
the cross-sectional area of the RTG
increases. Therefore to alleviate flooding
(from an elevated upstream flow profile)
during intense storms, it is important to
maximize discharge area. A probable
modification would be to make an over-
sized adaptor plate to accommodate the
largest practicable and workable RTG.

The modifications to existing tide gate
chambers should include provisions for
overhead suspension of the RTG to facil-
itate installation and/or servicing since the
weight of large sized units exceeds
manual lifting capability when working in
the confines of typical tide gate cham-
bers.

It is recommended that the 54 in-
diameter RTG at the current site remain
in operation subject to routine O&M pro-
cedures. Observations should continue to
monitor durability of material, reliability of
performance, and consistency of low
maintenance requirements over time.

Interested municipalilies should con-
tinue to monitor NYCDEP's continuous
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xperience with this unit during which the

RTG costs. maintenance requirements,

* hydraulic performance will be mare
.sely established over time. Further

awvelopments of this technology should
include:

Establishing design criteria for new
installations. New chambers would
have cost-saving benefits such as (a)
design for attachment which does not
require an adaptor plate, (b) access
manhole over discharge end which

permits direct observation from street
surface, (c) appropriately dimensioned
access chimney and overhead sus-
pension or trolley system as required
for installation and removal of RTG.
Establishing comparative costs be-
tween RTG retrofitting and repairing
existing traditional flap gates. These
costs would include savings from
reduced surveillance and maintenance
and savings in wastewater processing
from reduced tidal inflow.

i
1
1
|
i

. The EPA

Peter A. Freeman is with Peter A. Freeman Associales Inc., Berlin, MD 21811;
Angelika B. Forndran is with the New York City Department of Environmental
Protection, Wards Island, NY 10035; and the EPA author Richard I. Field (also
the EPA Project Officer, see below) is with the Risk Reduclion Engineering

Laboratory, Edison, NJ 08837.

The complete report, entitled “"Development and Evaluation of a Rubber ‘Duck Bill’
Tide Gate,” (Order No. PB 89-188 379/AS; Cost: $15.95, subject to change) will |

be available only from:

National Technical Information Service

5285 Port Royal Road
Springfield, VA 22161
Telephone: 703-487-4650

Edison, NJ 08837

Project Officer can be contacted at:
Risk Reduction Engineering Laboratory— Cincinnati
U.S. Environmental Protection Agency

r

Agency

“ad States
ranmental Protection

Center for Environmental Research
Information
Cincinnati OH 45268

Establishing protocol for repairs and
maintenance. This would identify th
type ol damage the RTG mi \
sustain, methods of patching a.”
replai( that are suitable. and type of
training and tools required by
maintenance crews servicing multiple
installations.

Establishing life expectancy of the
rubber/neoprene in a sewer/outfall
environment. This would involve some
outfall materials testing investigations.
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COST ESTIMATE SHEET

CCTV INSPECTION

13-Feb-98
Description:

- 10 year program

- Sewer flushing

- Manhole inspection

- Priority areas: pipes >450 mm diam., basement
flooding areas, trunk sewers and Interceptors
inspected in the first 5 years.

- Balance of system inspected between 5 and 10
years '

ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
Ts 1-5 years
Priority areas 109,000 l.m. 3 325 | & 354,250
Sanitary/combined 167,000 l.m. $ 3.25 | % 542,750
2. |5-10 years
Sanitary 200,000 l.m. 3 325|% 650,000
Storm 232,000 L.m. $ 325|9% 754,000
SUBTOTAL $ 2,301,000
Plus 15 % Contigency $ 345,150
SUBTOTAL $ 2,646,150
GST @7% $ 185,231
TOTAL $ 2,831,381
R2-COST1 D-1 13/02/98




COST ESTIMATE SHEET

NEEBING/BRUNSWICK DIVERSION

13-Feb-98

Description:

- Improve benching
- Install control gate

- temporary pumping required

- Divert flows from Neebing Interceptor to Brunswick Connector sewer

ITEM No. DESCRIPTION

QUANTITY UNIT UNIT PRICE TOTAL

1. |Castin place each 5,000 5,000
manhole

2. |Gate & control each 3,500 3,500

3. |Benching lump sum 1,000 1,000

4, Temporafy pumping lump sum 2,500 2,500

5. |Site Restoration lump sum 5,000 5,000

SUBTOTAL 17,000

Plus 15 % Contigency 2,550

SUBTOTAL 19,550

GST @7% 1,369

TOTAL 20,919

R2-COST2 D-2 13/02/98




COST ESTIMATE SHEET

NEEBING/CAMERON DIVERSION 13-Feb-98
Description:
- Divert flows from Neebing Interceptor to Cameron sewer
- Improve benching
- Install control gate
- Connection sewer length
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. [Manhole each 5,000 5,000
.8 Gate & control each 3,500 3,500
3. |[Benching lump sum 1,000 1,000
4, |Connection sewer l.m. 500 3,500
- 450mm diam.
5. |Site Restoration lump sum 5,000 5,000
SUBTOTAL 18,000
Plus 15 % Contigency 2,700
SUBTOTAL 20,700
GST.@7% 1,449
TOTAL 22,149
R2-COST3 D-3 13/02/98




COST ESTIMATE SHEET

CATCHBASIN FLOW CONTROL - SEALING/RESTRICTIONS

13-Feb-98

Description:

sewers

- Install flow restrictions to limit inflow from CB to sanitary system
- Table 4.2 in Phase 2 report

- Seal CBs to allow flow to cascade to downstream CBs connected to storm

ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

1. |Seal CBs 10 each 500 5,000

2 Flow restrictor 4 each 1,000 4,000

SUBTOTAL 9,000

Plus 15 % Contigency 1,350

SUBTOTAL 10,350

GS.T. @ 7% 725

TOTAL 11,075

R2-COST4 (2) D-4 13/02/98




COST ESTIMATE SHEET

CATCHBASIN FLOW CONTROL - NEW STORM SEWE 13-Feb-98

Description:
- Construct new storm sewer that will pick up 3 CBs
- Table 4.2 in Phase 2 report

ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1.  |300 mm storm pipe 290 l.m. 310 | & 89,900
2 Reconnect 3 CBs 1] lump sum 1,500 | $ 1,500
3. |Site Restoration 1| lump sum 5,000 | $ 5,000
SUBTOTAL - $ 96,400
Plus 15 % Contigency $ 14,460
SUBTOTAL $ 110,860
GST.@7% $ 7,760
TOTAL $ 118,620

R2-COST4 D-5 13/02/98



COST ESTIMATE SHEET

R2-COSTS

OUTFALL GATE REPLACEMENT PROGRAM 13-Feb-98
Description:
- Replace outfall flap gates with "duck bill" check valves
- Provide high level relief
- 8 outfalls affected by levels in the Neebing River
- Cost relfect an installed unit
- Check valves can be installed internally, cost estimate reflect external
units '
- Larger units require support structure
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
RN20 - 1375 mm 1] lump sum 99,400 99,400
RN21 - 762x1016 mm 1| lump sum 6,160 6,160
RN24 - 914x1219 mm 1] lump sum 11,620 11,620
RN25 - 762x1016 mm 1| umpsum | 6,160 6,160
RN27 - 914 mm 1| lump sum 10,430 10,430
RN28 - 381 mm 1| lump sum 4,060 4,060
RN32 - 2134 mm 1| lump sum 99,400 99,400
RN33 - 381 mm 1| lump sum 4,060 4,060
SUBTOTAL 241,290
Plus 15 % Contigency 36,194
SUBTOTAL 277,484
GST.@7% 19,424
TOTAL 296,907
D-6 13/02/98



COST ESTIMATE SHEET

JAMES & QUEBEC CONNECTION CORRECTION

13-Feb-98

Description:

- Sanitary system of Motel units are connected to local storm sewer
- Provide new service connection to each building

- New sanitary pipe required to outlet at Bailey Ave, and Maontreal St.

R2-COST6

ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

1. {250 mm sanitary pipe 175 l.m. 250 43,750

2. |Manholes 3| each 3,000 9,000

3. |Connection at Bailey 1| lump sum 1,000 1,000

4, | Site restoration 1] lump sum 5,000 5,000

5. [|Install 125 mm service 100 [.m. 150 15,000
connections

6. |Building plumbing 1| lump sum 2,000 2,000
SUBTOTAL 75,750
Plus 15 % Contigency 11,363
SUBTOTAL 87,113
GST. @7% 6,098
TOTAL 93,210

D-7

13/02/98




COST ESTIMATE SHEET

FLOW MONITORING PROGRAM

13-Feb-98"
Description:
- Additional and/or replacement velocity-area meters
- Up to 10 permanent monitoring stations telemetered (Table 4.4)
- SCADA system not included
- rain gauge
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1.  |Rain gauge and logger 1 each 1,800 1,800
2. |Velocity-Area meter 2 each 8,000 16,000
(ISCGO or equivalent)
3. |10 Depth Sensors 10 each 5,000 50,000
installed for permanent
stations
4. |Telemetering 10 10 each 2,500 25,000
stations
SUBTOTAL 92,800
Plus 15 % Contigency 13,920
SUBTOTAL 106,720
GST. @7% 7,470
TOTAL 114,190
R2-COST7 D-8

13/02/98




COST ESTIMATE SHEET

CSO REGULATOR REPLACEMENT PROGRAM - Vorte

13-Feb-98
Description:
- Two types of regulator technologies, Vortex an Hydroslide.
- Regulators to be retrofitted into Kaministiquia regulators
- Installed cost
- Vortex designed around a range of possible flows
- Inserts can change to operating charateristics
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
il 7 RK1 - 200IHV60/4 1 each_ 12,600 | $ 12,600
2. |RK2-150IHV60/4 1 each 10,500 | § 10,500
3. RK3 - 300IHVE0/4 1 each 16,800 | $ 16,800
4. |RK4 - 1501HV60/4 1 each 10,500 | $ 10,500
5. RKS - 2501HV60/2.5 1 each 14,700 | $ 14,700
B. RKE - 1501HV60/4 1 each 10,500 | $ 10,500
7. |RK7 - 1501HV60/4 1 each 10,500 | $ 10,500
8. RK8 - 1501HV60/4 _ 1 each 10,500 | $ 10,500
9. |RKS - 150I1HV60/4 1 each 10,500 | $ 10,500
10. [RK10 - 300IHV60/4 1 each 16,800 | $ 16,800
11.  |RK12 - 300IHV60/4 1 each 16,800 | $ 16,800
SUBTOTAL $ 140,700
Plus 15 % Contigency $ 21,105
SUBTOTAL $ 161,805
GST.@7% $ 11,326
TOTAL $ 173,131
R2-COST8 D-9 13/02/98



COST ESTIMATE SHEET

CSO REGULATOR REPLACEMENT PROGRAM - Hydroslide 13-Feb-98
Description:
- Two types of regulator technologies, Vortex an Hydroslide.
- Regulators to be retrofitted into Kaministiquia regulators
- Installed cost
- Hydroslides are adjusted by changing float arm length
ITEM No. DESCRIPTION  QUANTITY UNIT UNIT PRICE TOTAL
1. |RK1-DR250 1 each 8590 | $ 8,590
2. |RK2-DR220 1 each 7,380 | § 7,380
3. |RK3-DR390 1 each 9,800 | % 9,800
4. RK4 - DR200N 1 each 6,160 | $ 6,160
5. |RK5- DR200N 1| each 6,160 | $ 6,160
6. RK6 - DR220 1 each 7380 | % 7,380
7 RK7 - DR220 1 each 7,380 | $ 7,380
8. |RK8-DR220 1 each 7,380 | § 7,380
9. |RKS-DR220 1 each 7380 | % 7,380
10. |RK10-DR390 1 each 9,800 | % 9,800
11. |RK12-DR3390 1 each 9,800 | % 9,800
SUBTOTAL $ 87,210
Plus 15 % Contigency $ 13,082
SUBTOTAL 3 100,292
GST.@7% $ 7,020
TOTAL $ 107,312

R2-COST9 D-10 13/02/98




COST ESTIMATE SHEET

GOLF LINKS - Alternative 1 13-Feb-98-
Description: :
- Extension of Golf Links to John St. and McVicars Creek
- Passes through River Terrace P.S. up to the Expressway
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
To John Street & Exp. 4,985 l.m. 1,400 6,979,000
1200 mm pipe installed
John to McVicars 2,809 l.m. 1,400 3,932,600
1200 mm pipe installed
including rock ex.
Manholes 28 each 3,900 109,200
Road Restoration 1| lump sum 30,000 30,000
Connections 1| lump sum 20,000 20,000
SUBTOTAL 11,070,800
Plus 15 % Contigency 1,660,620
SUBTOTAL 12,731,420
GST.@7% 891,199
TOTAL 13,622,619
R2-COST10 D-11 13/02/98




COST ESTIMATE SHEET

GOLF LINKS - Alternative 2

13-Feb-98 -
Description:
- Extension of Golf Links to John St.@ Maple Ave.
- Replace John St. Trunk between Maple and Expressway
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |To John Street & Exp. .
525 mm 1,000 l.m. 400 | $ 400,000
600 mm 720 l.m. 500 | 9% 360,000
750 mm 2,785 l.m. 700 [ $ 1,949,500
900 mm 580 l.m. 900 | % 522,000
<8 Manholes 30 each 3,500 (9% 105,000
4. |Road Restoration 1| lump sum 20,000 | $ 20,000
5. |Connections 1| lump sum 2,000 % 2,000
SUBTOTAL $ 3,358,500
Plus 15 % Contigency $ 503,775
SUBTOTAL $ 3,862,275
GST.@7% $ 270,359
TOTAL $ 4,132,634
R2-COST10 (2) D-12 13/02/98




COST ESTIMATE SHEET

GOLF LINKS - Alternative 3

13-Feb-98
Description:
- Golf Links to John Street & Expressway through River Terrance P.S. and
Maple Ave. :
- 8,760 m3 storage at the top of McVicars Creek
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1.  |To John Street & Exp.
525 mm 1,000 [.m. 400 | $ 400,000
600 mm 720 l.m. 500 | $ 360,000
750 mm 2,785 [.m. 7001 $ 1,949,500
900 mm 580 l.m. 900 | $ 522,000
9. Manholes 30 each 3,500 % 105,000
4. |Road Restoration 1| lump sum 20,000 | $ 20,000
5. |Connections 1| lump sum 2,000 | % 2,000
6. |8,760 m3 Storage 8,760| cu.m. 500 ($ 4,380,000
installed with hardware
SUBTOTAL $ 7,738,500
Plus 15 % Contigency T |'$ 1,180,775
SUBTOTAL $ 8,899,275
GST.@7% $ 622,949
TOTAL $ 9,522,224
R2-COST10 (3) D-13 13/02/98




COST ESTIMATE SHEET

GOLF LINKS - Alternative 4 13-Feb-98
Description:
- Golf Links to John Street through River Terrance P.S. and Maple to Exp.
- 8,760 m3 storage at the top of McVicars Creek
- Twin section of John St. trunk between Ontario and Algoma Streets
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |To John Street .
525 mm 1,000 l.m. 400 | $ 400,000
800 mm 720 L.m. 500 | % 360,000
750 mm 2,785 l.m. 700 | $ 1,949,500
800 mm 580 [.m. 900 | $ 522,000
3. |Manholes 30 each 3,500 ($ 105,000
4. |Road Restoration 1| lump sum 20,000 | $ 20,000
5. [Connections 1] lump sum 2,000 | $ 2,000
6. |8,760 m3 Storage 8,760 cu.m. 500 | $ 4,380,000
installed with hardware
7.  |Twin 400 m section of 400 l.m. 1,500 | § 600,000
John St. Trunk
1,300 mm diam.
SUBTOTAL $ 8,338,500
Plus 15 % Contigency $ 1,250,775
SUBTOTAL $ 9,689,275
GST.@7% $ 671,249
TOTAL $ 10,260,524
i
R2-COST10 (4) D-14 13/02/98 |



COST ESTIMATE SHEET

2 YEAR BASEMENT FLOODING - STORAGE & SEPARATION 21-Jun-99
Description:
- Local storage
- Storage as local tank or parallel pipe
- Table 4.9
ITEM No. DESCRIPTION | QUANTITY UNIT UNIT PRICE TOTAL
1. |Area1 20 cu.m. 625 | $ 12,500
2. |Area8 - 2901 cum. 625(% 181,250
3. |Area8 20 cum. 625 | $ 12,500
4. |Area 10 - Separation $ 127,385
SUBTOTAL $ 333,635
Plus 15 % Contingency $ 50,045
SUBTOTAL $ 383,680
GST.@7% 5 26,858
TOTAL $ 410,538
2 COMB) D-15 6/21/99




COST ESTIMATE SHEET

5 YEAR BASEMENT FLOODING - STORAGE & SEPARATION 21-Jun-99
Description:
- Local storage
- Storage as local tank or parallel pipe
- Table 4.9
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |Area 1 120 cu.m. 625 | $ 75,000
2. |Aread - 4701 cu.m. 625 $ 293,750
3. |Areas | 500/ cu.m. 625|$ 312,500
4. |Area 8 750 cu.m. 625 $ 468,750
5. |Area 9 - Separation $ 149,330
6. |Area 10 - Separation $ 134,365
7. |Area 12 - Separation $ 51,875
8. |Area 14 70 cu.m. 625 | % 43,750
9. |Area17 ~320] cum. 625 |$ 200,000
SUBTOTAL $ 1,729,320
Plus 15 % Contingency $ 259,398
SUBTOTAL $ 1,988,718
GST.@7% $ 139,210
TOTAL $ 2,127,928

5 COMB

6/21/99




COST ESTIMATE SHEET

10 YEAR BASEMENT FLOODING - STORAGE & SEPARATION 21-Jun-99
Description:
- Local storage
- Storage as local tank or parallel pipe
- Table 4.9
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |Area1 | 270 cu.m. 625 | $ 168,750
2. |Area3 180| cu.m. 625 | $ 93,750
3. |Area4 720| cum. 625 (% 450,000
4. |Area5s 1,210 cu.m. 625 | $ 756,250
5. |Area6 130] cum. 625 | $ 81,250
6. |Area8 1,150 cu.m. 625 | $ 718,750
7. |Area 9 - Separation $ 227,930
8. |Area 10 - Separation $ 137,785
9. |Area 12 - Separation $ 51,875
10. |Area 14 150] cum. 625 | % 93,750
11. |Area 17 600f cum. 625|% 375,000
SUBTOTAL $ 3,155,090
Plus 15 % Contingency $ 473264
SUBTOTAL $ 3,628,354
GST. @7% “ . $ 253,985
TOTAL $ 3,882,338

10 COMB D-17 6/21/99



COST ESTIMATE SHEET

21-Jun-99

2 STOR

2 YEAR BASEMENT FLOODING - STORAGE
Description:
- Local storage
- Storage as local tank or parallel pipe
- Table 4.9
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |Area 1 201 cum. _625 12,500
2. |Area 8 290 cum. 625 181,250
3. |Area8 20 cum. 625 12,500
4. |Area 10 110 cu.m. 625 68,750
SUBTOTAL 275,000
Plus 15 % Contingency 41,250
SUBTOTAL 316,250
GST.@7% 22,138
TOTAL 338,388
D-18 6/21/99




COST ESTIMATE SHEET

5 YEAR BASEMENT FLOODING - STORAGE 21-Jun-99
Description:
- Local storage
- Storage as local tank or parallel pipe
- Table 4.9
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |Area1 _ 120/ cum. 625 | $ 75,000
2. |Aread 470 cu.m. 625 | $ 293,750
3. |Area5 500 cum. 625|% 312,500
4. |Area 8 750 cu.m. 625 |$ 468,750
5 |Area9 270 cu.m. 625 | $ 168,750
6. |Area 10 190 cu.m. 625 | $ 118,750
7. |Area 12 70 cum. 625 | $ 43,750
8. |Area 14 70( cu.m. 625 | $ 43,750
9. |Area 17 320 cu.m. 625 | $ 200,000
SUBTOTAL $ 1,725,000
Plus 15 % Contingency $ 258,750
SUBTOTAL $ 1,983,750
GST. @7% $ 138,863
TOTAL $ 2122613

5 STOR

D-19

6/21/99




COST ESTIMATE SHEET

10 YEAR BASEMENT FLOODING - STORAGE 21-Jun-99
Description:
- Local storage
- Storage as local tank or parallel pipe
- Table 4.9
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. |Areat 270| cum. 625|8% 168,750
2. |Area3 150 cum. 625 | $ 93,750
3. |Area4 720 cum. | .625 $ 450,000
4, Area 5 1,210 cum. 625 % 756,250
5. |Area6 130 cu.m. 625 | § 81,250
6. |Area8 1,150 cum. 625 $ 718,750
7. |Areas | 700|  cu.m. 625§ 437,500
8 |Aeat0 300 cum. 625 |$ 187,500
9. [|Area 12 160 cu.m. 625 | $ 100,000
10. |Area 14 160 cu.m. 625 | § 93,750
11. |Area 17 600| cum. 625 |% 375,000
SUBTOTAL $ 3,462,500
Plus 15 % Contingency $ 519,375
SUBTOTAL $ 3,981,875
GST.@7% $ 278,731
TOTAL $ 4,260,606
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COST ESTIMATE SHEET

KAM INTERCEPTOR IMPROVEMENTS 13-Feb-98
Description:
- Replace 750 mm pipe with 1670 mm diam. pipe
- Main pump station improvements would be part of WPCP upgrade
- tunnel section
ITEM No. DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL
1. [Tunnel and install 215 Lm. 5,000 | § 1,075,000
1670 mm pipe
2. |Access shaft 1| lump sum 50,000 % 50,000
2. Connections 2 each 2,000 1| 9% 4,000
3. |Temporary pumping 1| lump sum 3,000 | $ 3,000
SUBTOTAL $ 1,132,000
Plus 15 % Contigency $ 169,800
SUBTOTAL $ 1,301,800
GST @7% $ 91,126
TOTAL $ 1,392,926
R2-COST13 D - 21 13/02/98
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