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1.0 INTRODUCTION

1.1 Overview

Delta Developments Joint Venture have retained Lanhack Consultants Inc. to prepare a
Water/Wastewater Generation Report (WWGR) in support of a proposed residential condominium,
stacked townhouse and townhouse development containing a total of 975 units. The property is
approximately 2.482 hectares bound by Main Street East, Maple Avenue, Graham Avenue South and
Wexford Avenue South. Please refer to Figure 1 for the Location Map and Appendix B for the Site Plan
designed by Graziani and Corazza Architects Inc.

The site is currently developed with an existing school.

The site will be equipped with a water service connection to Main Street East and sanitary service
connections to Graham Avenue South and Wexford Avenue South. The portion of the existing building to
remain, Building H, as well as Buildings A, B, C, D, and E will be sprinklered. Buildings F and G will not be
sprinklered.

This portion of the report will provide the conceptual framework for water distribution, fire flows and
sanitary sewage for the development of this site. This report will also provide design drawings, prepared

by Graziani and Corazza Architects Inc. and Lanhack Consultants Inc., in support of the planning
applications.

Please refer to the Graziani and Corazza Architects Inc. and Lanhack Consultants Inc. drawings attached
in Appendix B for additional information.

1.2 Background Information

The following documents were referenced in the preparation of this report:

Ref. 1: Comprehensive Development Guidelines and Financial Policies Manual (City of Hamilton, 2019)
Ref 2: Ontario Building Code (OBC - 2012)

Ref 3: Ministry of the Environment (MOE) — Design Guidelines for Drinking Water Systems (2008)
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1.3 Geotechnical Investigation

The Geotechnical Report will be submitted by others under a separate cover.
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2.0 Wastewater Assessment

The proposed condominium development will consist of two (2) 14-storey residential buildings, two (2)
4-storey stacked townhouse buildings and two (2) 3-storey townhouses buildings. The two (2)
residential condominium buildings and the two (2) stacked townhouse buildings will contain 710 one-
bedroom units and 248 two-bedroom units, totaling 958 units. The two (2) townhouses buildings will
contain a total of 17 three-bedroom units. Based on the site plan and floor plans prepared by Graziani
and Corazza Architects Inc., the design population and equivalent sanitary flow for the development
were determined using the City of Hamilton Comprehensive Development Guidelines and Financial
Policies Manual 2019.

2.1 Existing Sanitary Drainage System

The existing sanitary drainage system consists of an existing 1400mm@ combined sewer on Main Street
East, an existing 600mm@ combined sewer on Graham Avenue South, and an existing 750mm@ sanitary
sewer on Wexford Avenue South. There are two existing combined sewers on Maple Avenue (450mm@
and 300mm@) which flow in opposite directions along Maple Avenue. See Servicing Plan in Appendix B
for more details.

2.2 Sanitary Demands

The anticipated sanitary discharge from the proposed development was estimated using the City of
Hamilton Development Guidelines (2019) and the Ontario Building Code (OBC 2012). The sanitary
discharge flow from the subject site is summarized in Table 2.1.



File No. 22043

Water and Wastewater Generation Report — 1284 Main Street East

Page 4 of 7
Table 2.1: Sanitary Discharge Flow Rate
Number of A\.Ierage Total Design Total In_cludlpg
. Daily Flow . Infiltration
Type of Unit Bedrooms . Number of | Population | Peak Flow I
per Unit @ per Capita Units © ) (L/s) 16 Allowance
(L/d) @ (L/s) @
1-Bedroom Unit 1.0 360 710 1,420
2-Bedroom Unit 2.0 360 248 992 43.60 45.09
3-Bedroom Unit 3.0 360 17 102

(1) Number of bedrooms based on site plan and floor plans prepared by Graziani and Corazza Inc.

(2) Average Domestic Sewage Flow Rate from City of Hamilton Development Guideline Chapter E.1.4
Daily Flow = 360 L/day/capita

(3) Refer to Statistics and Notes and Site Plan drawing prepared by Graziani and Corazza Inc. — Appendix B

(4) Design population based on two (2) persons per sleeping room within a dwelling unit or suite.
Refer to OBC Section 3.1.17.1.(1).(b)

(5) Total Avg. Flow = [(Avg. Daily Flow per Capita) x (Total Design Population)]
=[360 L/d/person x (1,420 persons + 992 persons+ 102 persons)] / 24 / 60 / 60
=10.48 L/s

(6) Total peak flow determined from City of Hamilton Development Guideline Chapter E.1.5 (Babbitt Formula)
M=5/P*2=5/(2,514/1,000)°2=4.16

(7) Infiltration Allowance determined from the City of Hamilton development Guideline Chapter E.1.6.
Infiltration Allowance of 0.6 L/s/ha was used for the site
=0.6Ll/sx2.482 ha=1.491l/s

2.3

Total Sanitary Discharge Peak Flow Rate = 45.09 L/s

Proposed Servicing Plan and Capacity Analysis (Review based on peak flows)

The proposed development will be serviced with two 300mm@ sanitary service connections. One sanitary
service connection will be connected to the existing 600mm@ combined sewer within the Graham Avenue
South right-of-way and the other sanitary service will be connected to the existing 750mm@ sanitary
sewer within the Wexford Avenue South right-of-way. As calculated in Table 2.1, the total anticipated
peak sanitary sewer discharge from the proposed development is 45.09 L/s.
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3.0 Proposed Water Assessment

The proposed development will consist of a residential development will contain 710 one-bedroom units,
248 two-bedroom units, and 17 three-bedroom units, totaling 975 units. Based on the site plan and floor
plans prepared by Graziani and Corazza Architects Inc., the design population for the development will be
determined using the Ontario Building Code (OBC 2012), City of Hamilton Design Standards and the
equivalent domestic water flow will be determined using the Design Guidelines for Drinking-Water
Systems (MOE, 2008).

3.1 Existing Water Distribution System

The existing municipal water distribution system around the site consists of an existing 300mm@
watermain on Main Street East, an existing 150mm@ watermain on Graham Avenue South, Wexford
Avenue South, and Maple Avenue. See Servicing Plan in Appendix B for more details.

3.2 Domestic/Fire Water Demands

The expected domestic demand for the proposed development was estimated according to the City of
Hamilton Design Standards and MOE design criteria. The estimated water consumption was calculated
based on an occupancy rate of 2.0 persons per sleeping room within a dwelling unit or suite as per OBC
Section 3.1.17.1(1).(b). The design population will be taken at 2,514 persons at the domestic water
demand at a rate of 360 L/day/capita. Anticipated water demands are summarized in Table 3.1.

Water supply calculations for fire protection were determined using the Ontario Building Code (OBC
2012) and the City of Hamilton Watermain Fire Flow Requirement Design Guidelines. See Appendix B for
a detailed analysis. The required fire flow is 150.00 L/s.
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Table 3.1: Estimated Domestic Water Supply Demands

Expected Average Day Maximum Day Peak Hour Fire Flow Max. Day +
Population ® | Demand (L/s)® | Demand (L/s)® | Demand (L/s)® | (L/s)"® | Fire Flow (L/s)

2,514 10.48 19.91 31.44 150.00 169.91

(1) Design population based on two (2) persons per sleeping room within a dwelling unit or suite.
Refer to OBC Section 3.1.17.1.(1).(b)
(2) Average Consumption Rate for Residential Area = 360 L/cap/day

= (360 L/d x 2,404 persons) / 24 / 60 / 60

=10.02 L/s

(3) *Maximum Day Factor of 1.9 x Average Day Demand

(4) *Peak Hour Factor of 3.0 x Average Day Demand
(5) Fire Flow of (150.00 L/s) calculation based on greater of OBC and the City of Hamilton Watermain Fire Flow
Requirement Design Guidelines - Appendix A
*Demand Factors from: City of Hamilton Water and Wastewater Masterplan, Class Environmental
Assessment Report (November 2006)

3.3 Proposed Water Servicing Plan and Analysis

Water servicing for the site will include the installation of a 200mm@ fire service connected to the existing
300mm@ watermain on Main Street East. A 150mm diameter domestic service will be teed off the
200mm@ fire service to service the site. Refer to the Servicing Plan in Appendix B for more details.

There are seven (7) existing fire department connections surrounding the proposed development. There
are two (2) fire hydrants being proposed on site located in the central courtyard between Buildings A and
B. Refer to the Servicing Plan in Appendix B for more details.

Note: Typical water demand analysis would require a fixture-unit approach, but the floor plans have not
been finalized yet. Instead, an equivalent population + 360 L/day/person + peak factors were used to
determine the water rates. This will provide a rough estimate of water usage rates for the development
(at a conservative rate of 360 L/day/person). A fixture-unit approach can be provided at a later date, if
required, once floor plans have been finalized.
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4.0 Conclusion (Domestic/Fire and Sanitary)

Based on the information provided herein, we conclude that the maximum water supply flow and the
sanitary discharge at 1284 Main Street East meets the design requirements of the City of Hamilton and
the Ministry of Environment (MOE). The available flows within the municipal system are adequate and
are not expected to be negatively impacted from the proposed development. Therefore, it is
recommended that:

Sanitary Drainage System
» The sanitary discharge for the subject site will drain to the existing 600mm@ combined sewer
within the Graham Avenue South right of way and the existing 750mm@ sanitary sewer along
Wexford Avenue South. The anticipated total peak discharge will be 45.09 L/s.

Water Supply System

» The water supply for the subject site will be from the existing 300mm@ watermain along Main
Street East. The anticipated maximum daily water consumption rate for the development will
be 19.91 L/s.

» A minimum fire suppression flow of 9,000 L/min (150.00 L/s) will be required as per the
Ontario Building Code and City of Hamilton Watermain Fire Flow Requirement Design
Guidelines. As per Hydrant Flow Test Reports prepared by L&D Waterworks, the flow testing
results, for the hydrants surrounding the proposed site, show a minimum theoretical available
flow at 20psi of 4,544 gpm (286.68 L/s).

We trust the information enclosed is satisfactory. Should you have any questions please do not hesitate
to contact our office.

Respectfully submitted,

Glenn Worley Dave Hacking, P.Eng
Lanhack Consultants Inc. Lanhack Consultants Inc.
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APPENDIX A: Fire Flow Requirements Calculations

The following calculations are for the proposed development at 1284 Main Street East, Hamilton, Ontario.
The required fire flow will be based calculated using the Ontario Building Code (OBC) and the City of
Hamilton Watermain Fire Flow Requirement Design Guidelines, the greater of both methods will be used
in the design calculations.

For this evaluation we will be using the worst-case scenario, which is Buildings A and B and the existing
school retro fit, as the buildings are proposed to be connected.

Required Fire Flow calculated using the OBC:

The Ontario Building Code 2012 requires that a minimum water supply source ‘Q" be provided at a
minimum pressure of 140 kPa (20 psi). The minimum flow ‘Q’ can be calculated as:

Q =K +V «Stot

Determining ‘K’ — Water Supply Coefficient:

As per Graziani and Corazza Architects Inc. design, the building is classified under the OBC as 3.2.2.42
Group C, Any Height, Any Area, Sprinklered. Therefore, the building will be of non-combustible
construction with fire separations and fire resistance ratings provided in accordance with Subsection
3.2.2.42.

Using the OBC Div. B—A-3.2.5.7. Table 1 we determine the value of ‘K’ as:
K=10

Determining ‘V’ — Volume of Building:

The approximate volume of the proposed residential condominium building using drawings and
information provided by Graziani and Corazza Architects Inc.

V=102,164 m3
Determining ‘Sit’ — Spatial Coefficient:
The spatial coefficient is based on the exposure distance from the property line and other buildings on
the site to all sides of the proposed condominium building. Refer to site plan designed by Graziani and
Corazza Architects Inc., Appendix B. The spatial coefficient can be calculated as:

Stot =1.0 + (SN + Sg+ Sg + Sw)

Each face to the proposed warehouse will be labelled as Sy with respect to the which direction that side
is facing (i.e. North Face = Sy)
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Side Exposure Distance (m) 1@ Spatial Coefficient )
Side Sy 24.17 0.00
Side Sg 6.75 0.20
Side S3 6.25 0.33
Side S4 6.25 0.33

(1) Refer to site plan designed by Graziani and Corazza Architects Inc. — Appendix B

(2) When facing a street, the property line shall be deemed to be the centre of the street as per the “Fire Protection
Water Supply Guideline for Part 3 in the Ontario Building Code”

(3) When facing a building the exposure distance was calculated using the mid-point between the two buildings
(4) Spatial Coefficient from OBC Div. B— A-3.2.5.7. Figure 1

Stot=1.0+(0.00+0.20+0.33 +0.33)=1.86

Determining ‘Q’ — Minimum Water Supply in Litres:

Q =K e Ve Stot
Q=10x102,164 x 1.86

Q=1,900,250 L
Determining Minimum Water Supply Flow Rate:

Using OBC Div. B—A-3.2.5.7. Table 2 we can determine the minimum water supply flow rate using the
value Q = 1,900,250 L. Since the value of Q is greater than 270,000 L, we can determine the minimum
water supply flow rate as:

Flow Rate = 9,000 L/min = 150.00 L/s

Required Fire Flow calculated using City of Hamilton Watermain Fire Flow Requirement
Design Guidelines:

The building is classified as a Residential Multi (greater than 3 units) therefore we can determine the

target available fire flow as:
Flow Rate = 150.00 L/s
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APPENDIX B: Site Plan and Engineering Drawings

= Statistics and Notes prepared by Graziani and Corazza Architects Inc.

= Site Plan designed by Graziani and Corazza Architects Inc.

= Preliminary Grading, Erosion and Sediment Control Plan prepared by
Lanhack Consultants Inc.

= Preliminary Servicing Plan prepared by Lanhack Consultants Inc.
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11.43¢) | Minimum Interior | 7.5 metres abutling a Single Detached Dwelling, NA NA yards within a lot line abutting a street. Q.‘Lﬁ%‘ﬂ?ﬁé@?ﬁﬁ;ﬁiﬁéﬁfﬁ?Tifren‘lf’ rr:];leothghne ** actual unit count may vary depeding on market demand
Side Yard Semi-Detached Dwelling, and Street Townhouse. _ — _ _ _ 10% of such required parking spaces shall be a . .
1113d) | Building Height | i)  Minimum 11.0 metres; and, Retrofit Building: 14.01m 7 V) Notwithstanding ii) and iii) above, a maximum | Width of 7.5m provided at width of 2.6 metres and a length of 5.5 metres, v *** sethacks to main building face
Buildings A,B: 44m v ﬂeip:sdg;l\;?rfg gvel:mtgzjagmgrxg?nzf o0 Ii?at:]anr:rﬁg 2s per Transporiaion X providgd that any such parking space isvclearly ] 284 MA'N STREET EAST
Building C: 44m v ogress. 'sdnﬁgltl'f';dr:znﬁ;{”‘agnéese“’ed for the parking of Hamilton Ontari
I T e oo, Sk T e o —
i) Maximum 22.0 metres; and, Reloft Buling 1774 7 and the front lot line or flankage lot fine. v .Sntfe"riiﬁ’.in'l?'idéi?ﬁﬂz ts’;Zie's"gﬂﬁldnft‘Qg v PROJECT ARCHITECT: .G.
gﬂ::g::gsCAtlBAr:‘tm ; vii) Al P””C‘F’?' entrances shgll face the streg:t and | Principal enirances for Stacked v c) Al\cl?en:LIJ(ierrde(;:rT(i?\g zz:tllﬂglgpc;vided with Complies except tandem: ASSISTANT DESIGNER: AG
Stacked TH D,E:14m v g.e accessible from the b“"‘."”S fagade with and Condo TH comply. adequate means of ingress and egress to and from | garage/driveway parking
Townhouses F.GA11m v rect access from the public sidewalk. New apartment buildings face the street or laneway without the necessity of moving | provided for condo townhomes DRAWN BY: A.G. / R.A.
i) In addition to Subsection i) and notwithstanding | Abutting municipal ROW N/A |nlfgiréasii[jfvs;z?;zri?ésﬁcess o X any other motor Yehlcle, and shg” bearranged soas | (17 units) X
Subsection ii), any building height above 11.0 p 2 Y. not to interfere wnh normal public use of the street or D B
o A et o ChckeD B -
yard increases beyond the minimum yard NA viii) Notwithstanding the definition of planting strip, | Noted motion only.
[)e)qaur::jeg?c;h?nti%l:irt]iig 22:3331:;?&1.1 3. g:gtjiivr\:?/l; :E‘;'\'l:e permitted where required by v ) Barrier free: Min 4.4m x 5.8m Complies v PLOT DATE: NOV.14.2022
Institutional Zone, to a maximum of 22.0 5.7 ¢c) Bicycle Parking | i) Residential Uses 30 provided JOB# ] 939 2]
metres. ix) Notwithstanding Subsection 11.1.3, for Noted (Short-Term) Multiple Dwelling: 5 spaces required v .
iv) In addri]ticlzln to tr?e dzﬁnition of”BuildiTg Hgight, Noted properties designated under the Ontario
i X or e !
o s o oo sl g s oo oo y S7e] | By Parking | NovisandngSoon) aninaidon o] e, | 75 5= 20 Sreqed STATISTICS AND NOTES
designed to provide access to a rooftop issuance of a Heritage Permit shall be deemed (Long-Term) in the Downtown (D1), (D2), and (D5) Zones, Transit )
:E“;fgttyh:fﬁzpsehrfn”ob;g;fn’?'ot‘fet‘:]:’bzfﬁfncs to comply with this Subsection. Orented  Corricor Zones longerm bicycle paring 490 provided
subject to the following regulations: Y 11.1.31) Visual Barrier i) Avisual barrier shall be required along any lot | Noted shal be med.ed i the riimum quantty slpemﬁed " v
A. The total floor area of the wholly enclosed or Building A: Requirement line abutting a downtown D5 Zone, Institutional accordance with the following requirements:
partially enclosed structure belonging to an Floor Area Below:637.7m?2 Zone or Residential Zone in accordance with the v . .
amenity area, or portion of a building designed | 10% = 63.77m? requirements of Section 4.19 of this Bylaw. 0.5 per dwelling unit
to provide access to a rooftop amenity area Amenity Floor Area:63.76m?
does not exceed 10% of the floor area of the ii) Notwithstanding i) above, no visual barrier(s) Noted
storey directly beneath; Building B: shall be permitted between the building fagade v
Floor Area Below:637.7m? and the street. ]200 A ] 0 ]
10% = 63.77m2 v i : :
Amenity Floor Area:63.76m2 11.1.3)) Outdoor Storage | i) No gutdoor storage of gopds, materials, or | No outdoor Storage v
equipment shall be permitted.
Building C: ii) Notwithstanding Section i) above, the display of | No outdoor Storage
Floor Area Below: 1,171.5m? goods or materials for retail purposes accessory
10% = 117.15m? i tail hall only b itted in a front v .
Amenity Floorr/r-:\rea:117.14m2 y(;liirsraf;al:\izge?/ar%ny cpemieamaten TITLEBLOCK SIZE: 610 x 915
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2.0% GRADE AND NO GREATER THAN 33% GRADE (3:1 SLOPES) 4. ALL EXISTING UNDERGROUND UTILITIES WITHIN THE LIMITS OF CONSTRUCTION SHALL BE P N o EX. DELTA SECONDARY SCHOOL " Ry N N § | _

i LOCATED, MARKED AND PROTECTED. ANY UTILITIES DAMAGED OR DISTURBED DURING q@-fﬁ‘ﬁ@ S 2503 L No. 1284 EX(£92.88)%— o 9 0 N Descripti Date
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Contractor must verify all dimensions on the
Project Site and report any discrepancies
before proceeding with the Work.

This drawing is a part of the Contract
Documents and is to be read in conjunction
with all other Contract Documents.
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File No. 22043
Water/Wastewater Generation Report — 1284 Main Street East

APPENDIX C: Hydrant Flow Test Reports prepared by L&D Waterworks Inc.



Hydrant Flow Test Report

SITE NAME: Delta Secondary TEST DATE:
SITE ADDRESS / MUNICIPALITY: 1284 Main Street East Hamilton, On Sept 07,2022
TEST HYDRANT LOCATION : 1305 Main Street East

( Hydrant ID # HB17H055 )

1333 Main Strret East

BASE HYDRANT LOCATION: ( Hydrant ID # HB17H059 ) TEST TIME:
9:50AM

TESTBY:  Luzia Wood

TEST DATA
FLOW HYDRANT Pipe Diam.
(in / mm) 300mmC.l.
PITOT 1 PITOT 2
SIZE OPENING (inches): 2.5 2.5
COEFFICIENT (note 1): 0.90 0.90
PITOT READING (psi): 49 38 / 38
FLOW (usgpm): 1175 2069
THEORETICAL FLOW @ 20 PSI 5594 |
Pipe Diam.
BASE HYDRANT B o 300mmC.l
STATIC READING (psi): 56 RESIDUAL 1 (psi): 54 RESIDUAL 2 (psi): 50

REMARKS: Flow Test #01, Secondary vale to hydrants were full open.

NOTE 1: Conversion factor of .90 used for flow calculation based on rounded and flush internal nozzle configuration. No appreciable difference in
pipe invert between flow and base hydrants.
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Hydrant Flow Test Report

SITE NAME: Delta Secondary

SITE ADDRESS / MUNICIPALITY:

1284 Main Street East Hamilton, On

TEST HYDRANT LOCATION :

30 Grahm Ave South

(Hydrant ID # HB17H052)

8 Grahm Ave
BASE HYDRANT LOCATION:

South

(Hydrant ID # HB17H053 )

TESTBY:  Luzia Wood

TEST DATE:
Sept 07,2022

TEST TIME:
10:16AM

TEST DATA
FLOW HYDRANT Pipe Diam.
(in / mm) 150mm C.I.
PITOT 1 PITOT 2
SIZE OPENING (inches): 2.5 2.5
COEFFICIENT (note 1): 0.90 0.90
PITOT READING (psi): 38 13/ 13
FLOW (usgpm): 1034 1210
THEORETICAL FLOW @ 20 PSI 4544
Pipe Diam.
BASE HYDRANT e oo 150mm C..
STATIC READING (psi): 51 RESIDUAL 1 (psi): 49 RESIDUAL 2 (psi): 44

REMARKS: Flow Test #02, Secondary vale to hydrants were full open.

NOTE 1: Conversion factor of .90 used for flow calculation based on rounded and flush internal nozzle configuration. No appreciable difference in

pipe invert between flow and base hydrants.
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Hydrant Flow Test Report

SITE NAME: Delta Secondary

SITE ADDRESS / MUNICIPALITY:

1284 Main Street East Hamilton, On

TEST HYDRANT LOCATION :

( Hydrant ID # HB17H060)

Across From House# 582 Maple Ave

30 Grahm Ave South

BASE HYDRANT LOCATION:

(Hydrant ID # HB17H052)

TESTBY:  Luzia Wood

TEST DATE:
Sept 07,2022

TEST TIME:
10:40AM

TEST DATA
FLOW HYDRANT Pipe Diam.
(in / mm) 150mm C.I.
PITOT 1 PITOT 2
SIZE OPENING (inches): 2.5 2.5
COEFFICIENT (note 1): 0.90 0.90
PITOT READING (psi): 38 13/ 13
FLOW (usgpm): 1034 1210
THEORETICAL FLOW @ 20 PSI 4777
Pipe Diam.
BASE HYDRANT e oo 150mm C..
STATIC READING (psi): 54 RESIDUAL 1 (psi): 52 RESIDUAL 2 (psi): 42

REMARKS: Flow Test #03, Secondary vale to hydrants were full open.

NOTE 1: Conversion factor of .90 used for flow calculation based on rounded and flush internal nozzle configuration. No appreciable difference in

pipe invert between flow and base hydrants.
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Hydrant Flow Test Report

SITE NAME: Delta Secondary

SITE ADDRESS / MUNICIPALITY:

1284 Main Street East Hamilton, On

TEST HYDRANT LOCATION :

19 Wexford Ave South

(Hydrant ID # HB24H010)

49 Wexford Ave South

BASE HYDRANT LOCATION:

(Hydrant ID # HB24H009)

TESTBY:  Luzia Wood

TEST DATE:
Sept 07,2022

TEST TIME:
11:00AM

TEST DATA
FLOW HYDRANT Pipe Diam.
(in / mm) 150mm C.I.
PITOT 1 PITOT 2
SIZE OPENING (inches): 2.5 2.5
COEFFICIENT (note 1): 0.90 0.90
PITOT READING (psi): 40 15/ 15
FLOW (usgpm): 1061 1300
THEORETICAL FLOW @ 20 PSI 4901
Pipe Diam.
BASE HYDRANT e oo 150mm C..
STATIC READING (psi): 54 RESIDUAL 1 (psi): 52 RESIDUAL 2 (psi): 48

REMARKS: Flow Test #04, Secondary vale to hydrants were full open.

NOTE 1: Conversion factor of .90 used for flow calculation based on rounded and flush internal nozzle configuration. No appreciable difference in

pipe invert between flow and base hydrants.
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