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EXECUTIVE SUMMARY

A study of the frozen waterlines, particularly the service laterals, has been completed by Glynn Geotechnical
Engineering (GGE) on behalf of the Niagara Falls Water Board (NFWB). This study effort included 1.)
the review of reports of frozen waterlines for 2015, 2.) engineering drawings for the reconstruction of 72"
Street, 3.) finding of the excavation and examination of waterline services in ten (10) locations within the
City of Niagara Falls and 4.) consideration of historical temperature records for the winter of 2015.

It is our opinion, formulated from the study efforts that:

1.) During the month of February 2015 Western New York experienced the coldest
temperatures on record. The average temperature for the entire month of February
2015 was 11.1 degrees Fahrenheit, whereas the average temperature for the month,
prior to 2015, was 26.3 degrees Fahrenheit. The extremely low temperature period was
the principal cause of the frozen waterlines.

2.) The reconstruction of 72™ Street decreased the insulation protection of the waterlines
by the replacement of clayey soils with crushed stone by a factor of 30%.

3.) For the most part the original waterlines, mains and service laterals, in the City of
Niagara Falls are not buried to the minimum recommended frost depth of 48 inches.

4.) The problem of frozen waterline lines was limited to the service lateral from the main
to the curb box. The freezing conditions have not impacted the water mains.

5.) There are multiple conditions responsible for the various frozen waterlines.

1.0 INTRODUCTION

During the winter of 2014, and again in the winter of 2015, there have been numerous instances of frozen
water services in the City of Niagara Falls, New York. The residences affected by the frozen water service
condition have occurred in clusters as well as in scattered neighborhoods, including a number of residences
on the 500 and 600 blocks of 72" Street, where the street was reconstructed in 2013.

In an attempt to resolve the lack of water supply to residences the NFWB (owner of the water utilities)
initiated a “drip program”, wherein the homeowner keeps a faucet turned on to keep the water moving in
the service line. In cases where the residence water service has already frozen, the NFWB established a
temporary connection from a neighboring residence. In certain instances the service lines were thawed out
by inserting a small steam pipe into the line.
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Because the frozen water service issue was a significant problem in 2014 and reoccurred in 2015, the
NFWB retained the services of GGE to conduct a study of the conditions and factors related to the
problem in an attempt to understand the issues and formulate a solution. GGE examined the data related
to the frozen water services, gathered by the NFWB, and investigated the underground conditions of several
residential locations spread across the City. By means of test pits, GGE documented the depth of the water
mains and the lateral piping from the connection of the service lateral at the water main to the curb box /
valve. GGE has completed the field investigation effort and prepared this report of our findings.

2.0 INVESTIGATION PROCEDURE

In order to provide a representative cross section of the residential service lateral conditions, GGE reviewed
the historical data regarding location and dates of freezing water lines and selected ten (10) sites for
investigation. Sites were selected in an effort to represent a variety of scenarios throughout the City,
including frozen and non-rozen line locations, early and late reporting dates, long and short service lateral
lengths (from the valve box to the curb) and new and old roadway construction.

The investigation was performed by GGE’s excavation subcontractor, J.R. Swanson Plumbing Company,
Inc. (Swanson), from May 27 through July 22, 2015. The investigation effort was observed and directed by
GGE engineers and geologists. Swanson performed the excavation using Kubota U55 tracked excavator
and manual excavation with hand tools. The excavations were primarily backfilled with compacted 2 inch
run of crusher stone. Clay soil was replaced directly over the waterline if encountered during excavation.
Temporary cold patch asphalt was placed to match the existing roadway surface upon the completion of
backfill operations. Excavation operation and investigation specifics were recorded by GGE on the Field
Observation Reports included in Appendix J.

The sites selected by GGE, which were chosen in an effort to gain as much data as possible, are identified in
Table 1.0 on the following page. The table provides the reason the location was selected for investigation
and a comment about the particular findings at that location. Detailed cross sections of the underground
conditions encountered during the investigation at each location are included in Appendix A. In addition
to the test pit excavations performed at each of the ten (10) locations, GGE reviewed 1.) the reconstruction
plans for 72 Street, 2.) the insulating properties of clay soil and crushed stone and 3.) common practices
employed by plumbers to thaw frozen waterlines.
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TABLE 1.0
CITY OF NIAGARA FALLS FROZEN WATERLINE STUDY
EXCAVATION SITES
GGE 15-1032
PROFILE LOCATION SELECTION CRITERIA COMMENTS
Reported frozen condition early ' an . .
P8 1). 2926 during records, February 16, 2’-9” Cover at main, main

buried in stone.

2). 1906 Welch

One of last locations to report

2'-9” Cover at main, lots of clay

5 Avenue frozen condition, March 1, 2015. cover.
3). 511 72 Shallow valve box depth, located 2,,—5 C°"ef at main, less t_han
P2 Shreat on 72" Street 1” change in street elevation,
) mostly stone backfill.
nd 2'-9" Cover at main, approx 6”
P1 gg;e:toz e Er?%%ﬁtsﬁgaet box depth, located change in street elevation,
) mostly stone backfill.
P6 5). 1224 13t Included on drip program, likely 3’-2" Cover at main, lots of clay
Street frozen in 2014. cover, not below frost depth.
p3 6). 490 77" Included on drip program, likely 3’-1", decrease to 2'-5”, crosses
Street frozen in 2014. storm sewer.
7). 619 26 3’-5" Cover at main, 3’-0” cover
P4 Str.eet Located in a cluster area. at valve box, mostly stone
backfill.
. 3’-8” Cover at main, 5’-1” cover
8). 2929 20t Random selection, new !
P9 Street construction. at vaI.ve box, mostly stone
backfill.
th . 3’-0" Cover at main 3'-2” cover
P10 g'zr.e;:n 77 Q_Z)ézzoﬁsgbqgar cluster, did not at valve box, short side, 8"+
) clay backfill.
p7 10). 1358 Away from a cluster, did not 4’-1" Cover at main, 3’-11" at

Michigan Avenue

freeze in 2015.

valve box, mostly clay backfill.

Selection criteria attempts to choose locations that represent the full spectrum of conditions and
locations distributed throughout the City.
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3.0 INVESTIGATION FINDINGS

Results of the test excavations are shown on the profile drawings included under Appendix A. Findings
from the test excavation were generally as anticipated.

The service laterals in the City of Niagara Falls are generally located on the top of the water main pipe. The
geometry of this detail results in the service connection having 6 to 10 inches less backfill cover than the
mainline and hence less frost protection.

Of the sites investigated, 80 % of the original water mains were located at a depth less than the
recommended 48 inch frost depth, the remaining 20 % were located at depths of 50 and 55 inches.
However, due to the connection of the service lateral made at the top of the water main, the burial depth of
the service laterals was found to comply with the recommended burial depth at only one location, or 10 %
of the time. In the two locations that did not report frozen piping last year, the service laterals were
generally buried deeper than the majority of other sites (4’-1” and 3’-0”), the backfill included a considerable
measure of clay backfill (2-11” and 0’-8”) and / or the residence was on the same side of the street as the
water main and therefore only 5 from the street curb. Those investigated services, on the NFWB frozen
service log, that were backfilled primarily with crushed stone or were found at a relatively shallow depth
tended to be reported early during the crisis period.

The service at 490 77™ Street was found to rest directly on the top of a storm sewer. The direct exposure to
near ambient air temperatures indicates a situation that answers the riddle of why this service freezes.

The water main on 72" Street, at the two investigated sites, was measured at 3’ — 3” below the surface of
the pavement. At these locations the street surface was lowered less than 1 inch at house 511 and
approximately 6 inches at house 602. At house 511 the service lateral was measured at 2’ - 5” below the
street at the connection to the water main, whereas at house 602 the service lateral was found 2’ - 9” below
the street at the connection to the water main (Refer to profile drawings P1 and P2). Our investigation
results revealed at house 511 there was only 1 inch of clay soil over the service lateral at the water main
connection and at house 602 there was only 6 inches of clay soil over the service lateral at the water main
connection.

4.0 EVALUATION OF FINDINGS

There are patterns associated with the frozen water services based on the findings of this study. Shallow
depth of cover over the services lines, coupled with little to no clay backfill, was found in 50% of the
excavated locations reporting a frozen water service in 2015. Of the remaining locations investigated, that

reported a frozen water service in 2015, the depth of the lateral at the connection to the water main varied
from2' -9"t0 3 -2".
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Reconstruction of 72" Street resulted in the replacement of approximately 17” of clay with crushed stone
(refer to Exhibit 1 in Appendix B). Removal of the clay, which is an excellent insulating material, and
replacement with crushed stone, which is a poor insulating material, resulted a 30 % loss of insulating value
in the backfill over the main and lateral piping (refer to calculations in Appendix C). Although there were
four homes along 72™ Street where the road was lowered by 6 inches, and hence the cover over the
waterline decreased by this amount, there were seven homes that reported frozen waterlines where the street
level was lowered by only 1 inch or less (refer to Table 2.0 in Appendix D). It is apparent therefore, that
replacement of the clay soil with crushed stone was the principal factor causing the 25 residences on 72"
Street to experience frozen water services, not the lowering of the street grade.

5.0 RECOMMENDATIONS

The National Weather Service has forecast the 2016 winter temperatures will be a repeat of the 2014 and
2015 bitter cold. The Niagara Falls Water Board should make preparations during the next few months to
deal with the inevitable frozen water service condition in the upcoming winter. The drip program should
be continued, coupled with educating the public on how important it is to keep a steady stream of water
running. Also, the NFWB should consider going out for proposals for 2 or 3 local plumbers to be on call
to react to the anticipated demand for thawing pipes and making supply connections with neighbors. In
the long term the NFWB should proceed to reduce the potential for repeated frozen water services by
adopting a proactive program including the following efforts:

1.) Make sure the residential valve boxes are fully open.

2.) Promote an alternate street reconstruction design that does not diminish the insulation
of the piping. Alternatively, lower water mains during street reconstruction if clay
backfill is removed or lessened significantly.

3.) When work is performed on a service lateral relocate the service connection from the
top of the water main to the bottom quadrant, thereby increasing the depth of cover
over the service lateral by several inches. (See detail in appendix 5.0)

5.0 CONCLUSIONS

The primary source of frozen waterline conditions throughout the City of Niagara Falls within the past two
years has been the bitter cold temperatures. As previously stated, the Western New York region has
experienced some of the coldest temperatures on record. However, notwithstanding the colder than
average temperatures, the following secondary conditions have served to directly influence the increased
potential for waterlines to freeze:

a member of the GLYNN GROUP
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1. The entire length of the service lateral, or a portion of the service lateral length, is buried above the
prescribed frost depth of 48 inches for the City of Niagara Falls. In addition, 80 % of the water
mains investigated were installed with less than 48 inches of cover over the top of the pipe.

2. The service lateral was backfilled with crushed stone, which exhibits poor insulating properties, as
opposed to clay soil, which exhibits good insulating properties. This is very evident along 72"
Street where clay soils were removed during road reconstruction and replaced with crushed stone,
therefore increasing the frost penetration potential.

3. The current location of the service lateral tap at the top of the water main results in a rise in
elevation of the service lateral, providing greater freezing potential. When the opportunity arises
the tap for the service lateral should be relocated to the side or bottom of the main at problem
locations.

4. Service laterals that have to span the entire length of the street have a higher potential to freeze
than service laterals that only run a short distance beneath the street. This is particularly an issue
where insufficient cover or poor insulating backfill is present.

5. The location of the service lateral over the storm sewer provides for exposure to ambient air
temperatures and increased freezing potential. The service lateral should always be installed

beneath the storm sewer piping.

Sincerely,

Mark W, Glynn, P.E.
Consulting Engineer, Principal
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Appendix C

Calculation - Insulation Loss
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Appendix D

Table 2.0 - 72" Street Frozen
Water Services vs Change in Street Level
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TABLE 2.0 - 72"P STREET SERVICES
GGE 15-1032

Report Date House No. Change in Street Level

2/19/15 607 6"
2/19/15 572 No such address
2/20/15 502 Less than 3"
2/20/15 603 6"
2/22/15 500 No such address
2/22/15 501 Less than 3"
2/22/15 512 Less than 1”
2/22/15 513 Less than 1”
2/22/15 521 Less than 1”
2/22/15 546 Less than 3"
2/22/15 550 Less than 3"
2/22/15 625 Less than 3"
2/22/15 629 Less than 3"
2/22/15 646 Less than 4"

< 2/23/15 651 Less than 1”
2/23/15 602 6"

( 2/23/15 513 Less than 1”

2/23/15 528 Less than 1”
2/25/15 636 Less than 2"
2/25/15 660 No change

= 2/26/15 622 Less than 3"

5 _ 2/26/15 643 Less than 4"

5 3/2/15 570 Less than 3"
3/2/15 650 Less than 2"
3/3/15 638 Less than 4”
3/3/15 644 No such address
3/3/15 650 Less than 3”
3/5/15 532 Less than 6”

w Z:\JOBS15\Jobs 15-1000 General Engineering\15-1032 (Niagara Falls Water_Niagara Falls Waterline)\Table 3.0- 72nd Street Services

a member of the GLYNN GROUP
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Appendix E

Exhibit 2 - Water Service
Tap Relocation
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