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EXECUTIVE SUMMARY

A. INTRODUCTION

DoD water supply system is a critical infrastructure and essential to all DoD missions. All DoD
facilities have water distribution systems to provide safe drinking water for personnel living or
working on-base and total water consumption is estimated at about 90 billion gallons/year at all
DoD facilities. Distribution system operations require proper cleaning of the water mains
because distribution pipes are not sterile. As soon as finished water leaves a treatment plant and
travels into the distribution system, the quality of the water begins to degrade due to time
dependent transformations. Over time, sediments and debris that build up in water mains can
cause pressure and flow problems. Complex microbiological, chemical, and physical
interactions occur between water biofilms, debris, and pipe wall materials that can decay water
quality.

Excessive buildup of biofilm and sediment in DoD water distribution systems can lead to the loss
of residual disinfectant in the pipelines as well as the generation of elevated levels of disinfection
byproducts, such as nitrite/nitrate and trihalomethanes (THMSs), which could trigger Safe
Drinking Water Act (SDWA) violations. Water system operators commonly address these water
quality concerns by implementing extensive hydrant flushing programs to discard water which
no longer has adequate residual disinfectant levels, and continue flushing until adequate residual
is restored. An alternative to this practice is to address the problems directly by removing
biofilm and sediments using a new technology known as ice pigging. This technology uses an
ice and water slurry that is introduced into the pipe network, and gets propelled through pipes
using the distribution system’s own pressure to achieve cleaning and removal of loose materials
on pipe walls with minimal impact on water system operation. The ice plug forms a compact
durable mass which very effectively scrapes pipe surfaces without the risk of permanently
blocking choke points in the system. Unlike conventional pipeline pigs, the ice-water slurry is
able to maneuver itself through pipes having different sizes, bends, valves, and fittings without
risking system blockage or damages. The ice pigging waste is collected through downstream
hydrants for disposal.

Field demonstration was conducted at the Operations Area (OPS Area) of Naval Air Station,
Lemoore, California in May 2016. The study was performed by the Naval Facilities Engineering
Command (NAVFAC), Engineering and Expeditionary Warfare Center (EXWC) in
collaboration with the US Army Engineer Research and Development Center (ERDC), SUEZ,
and National Resources Consultants.

The project conducted ice pigging on 55,845 feet of water mains having diameters ranging from
8 to 16 inches. Project team performed pre- and post-ice pigging monitoring and sampling to
collect data for technology evaluation and validation. Data collected include amounts of
sediment removed, residual chlorine, water used for hydrant flushing, chlorine consumption,
bacterial testing and bacterial community analysis.
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B. OBJECTIVE

The objective of this project is to demonstrate the removal of biofilms and sediment buildup in
drinking water distribution systems using a pipe cleaning technology known as ice pigging.
Effective removal of biofilms will reduce the need for periodic water system flushing events,
which waste significant quantities of water.

The main benefits of this technology stem from the water savings resulting from reduced
flushing that is currently performed routinely to maintain water quality. lce pigging technology
IS an innovative pigging technique that would be more readily acceptable to DoD utility and
energy managers to implement into their routine Operation and Maintenance (O&M) protocols.

C. TECHNOLOGY DESCRIPTION

Ice pigging is a technology that combines the operational advantages of traditional flushing with
the cleaning impact of soft pigging, with minimal interruption to water services during pigging.
Ice Pigging overcomes operational limitations commonly found in traditional cleaning methods.
A main feature of Ice Pigging is that it does not get stuck in the pipeline or appurtenances; if for
some reasons the pig would get stuck, operators would allow the ice to melt and flush it out from
the main. Pipe bends, changes in pipe diameters, or butterfly valves can all pose problems for
swabbing or pigging, yet ice pigs can easily overcome these obstacles. To launch and receive
traditional pigs, excavations have to be made to allow the installation of launch and reception
stations. These can result in very costly and extensive interruptions to water system operations,
and can require the installation of bypass pumping to provide water supply.

An ice pigging process includes the following major operations:

Ice Production

Ice is made on-site using the potable water from existing distribution system. To maintain the
correct consistency of the ice pig, food grade table salt approved by the National Sanitation
Foundation (NSF) is used as a freezing point depressant. The salt is dissolved in potable water
obtained from installation’s water supply to form brine. The current maximum batch capacity
for ice slurry is 2,700 gallons.

The brine is prepared in a 316 stainless steel delivery tanker with hoses connected to ice
machines that are mounted on a separate trailer (Figure E-1). The brine is fed into the ice
machines which, in turn freeze the liquid and returns it to the delivery tanker. This cycle
continues until the ice slurry is at certain consistency labeled as the ice fraction. Ice fraction
measures the amount of ice crystals as a percentage of total volume. Ice fraction is related to the
cooling capability of the slurry compared to pure ice (100%); this is known as the Calorimetric
Value. Ice Pig operators use a simple French press coffee plunger (Figure E.2) to test the “ice
fraction” (or the ice thickness) on site prior to pumping the slurry into the main. Typically, the
thickest ice slurry is used on plastic and sound concrete lined pipes as well as asbestos cement
pipes (ACP). But when older unlined cast iron pipes are cleaned, a thinner ice slurry is used that
does not clean as aggressively to avoid pipe damage. The thinner ice slurry will not disturb the
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buildup of tuberculation which could damage the integrity of an old heavily corroded unlined
cast iron pipe.

Figure E-1. Ice Production Setup Showing the
Delivery Rig (left) and Ice Machines (right)

Figure E-2. French Press Method of Testing
the Ice Fraction

Ice Delivery
Setup for ice delivery varies slightly for different applications. A typical setup for a potable

water main is shown in Figure E-3. The delivery rig connects to the inlet hydrant or other
suitable fitting (2 or greater tapping with valve control), and at the outlet, a Flow Analysis
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System (FAS) is connected. The FAS measures and records the flow rate, pressure,
conductivity, turbidity and water temperature as the water and ice are discharged. Once set up,
the main is flushed briefly to note and record pre-flush readings. The main is then isolated by
the owners’ operators and the required amount of ice is pumped into the main. At the same time,
the outlet hydrant is opened to create a flow and allow water to be displaced as the ice enters the
main. With careful control between the inlet and outlet, the flows are balanced to allow slightly
more ice into the main than the amount of water being displaced. This has the effect of the ice
forming as a pig against a pressurized wall of water.

Once the required amount of ice is in the main, the delivery pump is turned off and the upstream
valve is opened to allow the system flow and pressure to “push” the ice pig along the main
toward the outlet hydrant. The flow rate is controlled by the outlet operator at this time. The line
pressure is maintained above 20 psi to eliminate the need for the utility to issue a boil order. As
the ice passes along the pipe, it removes and collects sediment, biofilm or debris that has
accumulated around the circumference of the pipes. As the ice pig approaches the designated
outlet, the conductivity reading will rise as the salty water of the melting pig arrives in front of
the pig.

The monitoring equipment will show the water temperature falling and conductivity rising as the
ice arrives. At this stage, the operator may collect samples of the ice at regular intervals for later
analysis. The temperature and conductivity will return to pre-flush levels when all the ice and
salty water has flushed out of the system and the flushing shall continue briefly to allow the
turbidity levels to return to pre-flush levels or lower according to instructions from the owner.
The main is then returned to normal service. No disinfection is necessary.

Disposal of the ice pig waste is typically through sanitary sewers; however, it can also be hauled
away for disposal via a tanker for job sites that do not have access to sanitary sewers.

Flow Analysis

Ice Delivery Rig
Unit

Two way flow
splitter

Waste Tanker

>

Inlet

Hydrant Meter
displays

Discharge

I De-chlorination unit |
Hydrant

Figure E-3. Schematic Diagram of Ice Pigging Operation
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D. PERFORANCE ASSESSMENT

Demonstration results showed significant improvement to the operation of the water system post-
ice pigging. Sediments removed by ice pigging ranged from 8.3 to 81.8 Ibs per mile of pipe
cleaned whereas conventional hydraulic flushing did not remove any sediment. Residual
chlorine did not change significantly before and after ice pigging and was steady at a level above
1.0 mg/L. Water used for hydraulic flushing was reduced from 5.5 million gallons per year
before ice pigging to 2.3 million gallons per year post-ice pigging. Ice pigging can be
finiancailly justifiable at water rate of $0.008/gallon or higher due to this water saving. Sodium
hypochlorite consumption for re-chlorination was reduced by 465.1 gallons per year post-ice
pigging. There was no TTHM violation after ice pigging, whereas four violations were recorded
the year prior to ice pigging when only conventional hydraulic flushing was performed for
system maintenance.

Results of the bacterial community analysis study in water distribution pipelines using 16S
rRNA sequencing procedures showed that ice pigging removed entrenched biofilms and bacterial
species highly resistant to the disinfectant, whereas conventional flushing only removed bacterial
species closer to surface of biofilms in contact with water. Also, in pipelines with extreme levels
of chlorine, highly resistant bacilli predominated, whereas, under less extreme conditions,
proteobacteria formed the predominant species. Biofilms can exert chlorine demand and
generate THMs, and hence the effective cleaning provided by ice pigging can help maintain
distribution system water quality for a longer time horizon.

Table E-1 shows the comparison of conventional hydraulic flushing and ice pigging
performance. Although the overall results are positive, they cannot all be attributed to ice
pigging alone because the site has also implemented other improvement measures, such as the
addition of a booster pump station to lower the water ages of parts of the distribution system, and
a recirculation system to improve water circulation in the water storage tanks. Itisa
combination of the cleaning of water mains and the water age reduction measures that were
undertaken that have resulted in the improvements.

Table E-1. Comparison of Conventional Flushing and Ice Pigging Performances.

Parameter Conventional Ice Piggin Improvement
Hydraulic Flushing gging P
Sediments 0 Ibs sediments/mile of | 8.3 to 81.8 Ibs Ice pigging removes
removed pipe sediments/mile of pipe sediments
Water used in 5.5 million gallons per | 2.3 million gallons per 3.2 million gallons
hydrant flushing year year annual reduction
. . Met minimum Met minimum No significant
Residual chlorine . .
requirement requirement change
Chlorine for re- 465.1 gallons annual
chlorination 694.7 gallons/year 229.6 gallons/year reduction
Annual TTHM S S Avoided violations
o 4 violations 0 violation A
violations post-ice pigging
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Bacterial species close | Entrenched biofilms Remove bacteria
Biofilm Removal | to the biofilm-water highly resistant to close to pipe interior
interface disinfectant surface

E. COST ASSESSMENT

Table E-2 summarizes the cost elements associated with ice pigging performed in this demo.

Table E-2. Cost Model for Ice Pigging at NASL

Cost Element Quantity Unit Cost| Total ($)
Ice pigging contract cost 55,845|  ft 3.22 180,036
Contract fee, 2.3% 1 LS 4,141 4,141
SIOH, 6% 1} LS 10,802 10,802
Total ice pigging cost 194,979

The main cost drivers associated with ice pigging are the size (such as pipe diameters and
lengths) of the water distribution system to be pigged, and complexity of the system (such as
availability of insertion and extraction ports for ice pigging).

The size of distribution system required to be pigged in terms of linear feet of pipe length, and
pipe diameters determine the number of loads of ice needed for the project. Each load consists
of 2,700 gallon of ice slurry and requires a whole day for production on-site. The higher the
number of loads for a particular project, the lower the unit cost of ice pigging. For example, ice
pigging projects at NBVC Port Hueneme and NASL required 3 and 12 loads of ice, respectively,
corresponding to unit costs of $8.08 and $5.56 per gallon of ice.

Long water mains that do not have access for insertion and extraction ports would incur
additional costs to install appropriate ports. It is very rare that this would be required.

The project team performed life-cycle cost analysis to compare life-cycle cost of ice pigging with
conventional hydrant flushing. Cost analysis results show that ice pigging does not result in a
net cost saving. Although the water saving is significant, it does not translate into a net cost
saving due to the current low water rate of $0.004 per gallon. Sensitivity analysis showed that
ice pigging could have cost benefit when water rate is $0.008 per gallon or higher. Ice pigging
also has other intangible benefits such as proper maintenance of water distribution system,
improved hydraulic capacity, and it also aids in water quality compliance that might offset the
cost burden.
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F. IMPLEMENTATION ISSUES

Ice pigging technology has been commercialized, and SUEZ is the only company that can
perform ice pigging as the sole licensee of the technology. Implementation is typically achieved
through standard contracts to procure ice pigging services.

Ice pigging is an effective water main cleaning technique that might help in improving the
operation of DoD drinking water distribution system. Water systems may not need water main
cleaning when routine conventional hydraulic flushing is sufficient to attain adequate
disinfectant residuals within the water system as well as attaining compliance with SDWA water
quality standards. Water main cleaning by ice pigging would be a good option to consider when
water systems require aggressive hydrant flushing in order to comply with water quality
standards. It could have a cost saving effect from reduced water wastage for flushing if the water
rate is $0.008 per gallon or higher or if water rates are expected to escalate rapidly due to
droughts. For water systems where free chlorine is used for disinfection, typical water quality
issues arise from the loss of disinfectant residuals, and from violations of the TTHM MCL
requirement. For water systems using chloramine as disinfectant, nitrification (elevated
nitrate/nitrite levels and low disinfectant residual) is the main water quality issue. Water systems
experiencing stagnant water issues should implement other measures to reduce water age first
because water main cleaning will not increase water demand or cause the water to move faster to
reduce water age.

The risk of damage to water pipes is very low since ice pigging uses water systems’ own water
pressure for pigging. A water distribution system planned for ice pigging should be in fair
operating condition. Water mains meeting requirements for normal water distribution system
operations are suitable for ice pigging.

Furthermore, based on lessons learned from this project, installations should consider the issues
listed below when planning for ice pigging.

e Water service disruption could be very problematic for DoD facilities performing critical
missions. It is difficult to communicate water stoppage schedules to all affected facilities.
Project planning should include adequate coordination with affected facilities to work out
acceptable water stoppage schedules. Ice pigging operations can be completed within
three hours if preparation is adequate and there are no abnormal problems in the field
affecting implementation. Thus, with proper coordination, water stoppage can be
scheduled for early morning hours before normal business hours such that water service
can be restored during business hours. It can also be scheduled during weekends to
minimize impacts to facilities performing critical missions.

e Ice pigging requires support from the water distribution system operators to perform tasks
such as operating valves for ice pigging operations, shutting off and turning on water
supplies to affected facilities, coordinating with facility access, locating valves, etc.
Planning should account for the availability of needed resources to support ice pigging.
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e For instances where valves cannot be located due to inaccurate drawings, a metal detector
is very helpful for locating valves and other appurtenances.
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1.0 INTRODUCTION

This study was conducted by the Naval Facilities Engineering and Expeditionary Warfare Center
(NAVFAC EXWC) in collaboration with the U.S. Army Engineer Research and Development
Center (ERDC), SUEZ, and National Resources Consultants. Field demonstration of this project
was conducted at the Naval Air Station, Lemoore (NASL) in CA. NASL was a good candidate
for the validation and demonstration of this technology because like many Navy installations, the
base suffered from persistent and recurring issues in maintaining adequate chlorine residual
levels in their potable water supply. This is primarily due to the low flow velocities in piping that
is oversized to meet the Department of Defense (DoD) fire flow requirements, a situation that is
common on large military installations. By fully demonstrating the positive benefits of ice
pigging at NASL, many other military installations will benefit from the documented results.

Effective removal of biofilms could reduce the need for water system flushing which wastes
significant quantities of water. The main benefits of this technology are the improvements in
water quality, water savings resulting from reduced flushing that is performed routinely to
maintain water quality, reduced chlorine consumption, and reduced maintenance costs. Ice
pigging technology is an innovative pigging technique that would be more readily acceptable to
DoD utility and energy managers to implement into their regular Operation and Maintenance
(O&M) protocaols.

11 BACKGROUND

DoD water supply system is a critical infrastructure and essential to all DoD missions. All DoD
facilities have water distribution systems to provide safe drinking water for personnel living or
working on-base and total water consumption is estimated at about 90 billion gallons/year at all
DoD facilities. Distribution system operations require proper cleaning of the water mains
because distribution pipes are not sterile. As soon as finished water leaves a treatment plant and
travels into the distribution system, the quality of the water begins to degrade due to time
dependent transformations. Over time, sediments and debris that build up in water mains can
cause pressure and flow problems. Complex microbiological, chemical, and physical interactions
occur between water biofilms, debris, and pipe wall materials that can decay water quality.
Water main cleaning is an effective and sustainable way to maintain water quality and extend
water main service life.

1.1.1 CURRENT TECHNOLOGY STATE OF THE ART

Friedman et al (2012) have provided a comparative analysis of five water main cleaning
techniques, and have ranked them based on the aggressiveness of each.

e Unidirectional Flushing (UDF): Distribution system pipes are flushed in a controlled and
sequential manner. Flow direction and velocity are controlled through valve isolation to
establish velocities of 6 feet per second (fps) or higher within each pipe segment. UDF is
more effective than conventional flushing because scouring velocities can be intensified;
thus entrained and some attached materials can be removed fro

e m the distribution system.



e Ice Pigging: Ice slurry is pumped into the water main and the ice “pig” is carried by
upstream pressure to a downstream exit hydrant discharging into a sanitary sewer or
collected in a truck for disposal. Ice is created on-site by special equipment using water
from the distribution system. The ice slurry scours and entrains accumulated deposits as it
moves downstream. NSF-graded salt is added to the ice to suppress the freezing point and
slow the melting of ice. The ice slurry can be injected through hydrants without the need
for excavation and can easily move through bends, diameter changes, and valves.

e Swabbing: Swabbing relies on the physical shearing action of a low-density, highly
compressible foam cylinder or cube on the pipe wall. Swabs are larger than the inside
diameter of the pipe, and are compressed during swabbing to increase frictional shear
forces against the pipe wall thereby improving the removal of soft deposit and biofilm.
Swabs are forced through hydrants or launching stations using a pumper truck.

e Pigging: A pig is a rigid, bullet-shaped object that is pushed along a predetermined pipe
route, and it scours the sides of a main as it passes through. A pumper truck is used to
force the pig into the main. Distribution system water is used to propel the pig and force
it to a predetermined recovery point in the system, where the used pig and material
removed from the pipe walls are retrieved. Because pigging is more aggressive, pipe
relining may be required.

e Mechanical Cleaning: Mechanical cleaning can vary in forms but all have the same basic
concept. A scraping device is introduced into a pipe segment and pushed or pulled
mechanically until the pipe walls are clean. This method can clean a pipe’s interior down
to bare material and should always be followed by pipe lining to prevent interior
corrosion of the pipes after cleaning.

The cleaning techniques of swabbing, pigging, and mechanical cleaning are quite aggressive and
difficult to perform. In many cases, the use of launching stations involving the excavation and
cutting of pipes may be required. These techniques could damage valves and pipe walls and are
not suited for DoD distribution systems, which are typically old. Table 1 presents a comparison
of water main cleaning technologies currently available.



Table 1. Comparison of Current Water Main Cleaning Technologies

Comparative Cost Approximation
It’s difficult to develop “apples-to-apples” cost comparison. Actual costs are site-specific and subject to
numerous different local cost variables

Estimated Total Estimated Total Estimated
Technique Obijective Costs — Capital and | Costs — O&M and frequency (years)
O&M, ($/mi)* Capital, ($/LF)* quency ly
Conventional Bulk water, loose
flushing deposits $236 $0.04 1-7 days
Bulk water, loose
deposits, cohesive $5,000 first time
UDF deposits $3,000 repeat 0.95 0.5-3
Ice Pigging loose denosits $9,000-$29,000 1.7-5.5 3-7
Swabbing cohesive dip(;si’ts 30,000-48,000 5.7-9.1 3-7
inAina** ' _ _ -
I\Ijl:a%:gf]::r?ical adhered deposits, 85,000-111,000 16.1-21 >=10
Cleaning*** and hard scale 422,400-517,440 80-98 >=20

Adapted from work conducted by Confluent Engineering Group and Kenney/Jenks Consulting for two West
Coast utilities. Cost information for ice pigging provided by Utility Service Group.
*Assumes labor rate of $100/hr. Cost significantly affected by the number of people per crew, number of loops

per mile, etc.

**Assumes no rehabilitation or major system modifications because need is site-specific
***Assumes rehabilitation and system modifications required for implementation.

1.2 OBJECTIVE OF THE DEMONSTRATION

The main objective was to demonstrate that ice pigging can reduce the amount of water needed
for routine conventional hydraulic flushing while meeting water quality standards, by removing
sediment and biofilms in water mains that contribute to SDWA violations. The project intended
to demonstrate the effectiveness of ice pigging in removing the accumulated sediments and
biofilms from water mains. The cleaning effectiveness was assessed in the short-term by
quantifying the amounts of deposits removed during ice-pigging, and analyzing for the chemical
and biological constituents of the removed materials. Long term assessments include
improvement in the maintenance of chlorine residual, reduction in water volume needed for
conventional hydraulic flushing, and compliance with water quality requirements.

1.1 REGULATORY DRIVERS

There are several drivers pushing the desire to reduce water consumption and allowing the new
Ice Pigging technology to be a viable alternative to the traditional flushing that is currently being
conducted at DoD facilities.



1.3.1 EXECUTIVE ORDERS

Executive Order (EO) 13514 of October 5, 2009. expands upon the energy reduction and
environmental performance requirements of EO 13423. It directs Federal agencies to improve
water use efficiency and management of water resources by: (i) reducing potable water
consumption intensity by 2 percent annually through fiscal year 2020, or 26 percent by the end
of fiscal year 2020, relative to a baseline of the agency’s water consumption of 111 billion
gallons in fiscal year 2007; and (ii) consistent with State law, identifying, promoting, and
implementing water reuse strategies that reduce potable water consumption.

The need for water conservation is also addressed in the “Federal Leadership in High
Performance and Sustainable Buildings Memorandum of Understanding (2006): Indoor Water”.
This MOU requires employment of strategies that in aggregate will result in use of a minimum of
20 percent less potable water than the indoor water use baseline calculated for the building. This
is to be done after meeting the Energy Policy Act of 1992 fixture performance requirements.

The water conservation goals of the above two EOs can be achieved more meaningfully if the
vast amount of water that is flushed and lost from DoD distribution systems is reduced. If this
amount is reduced by 26%, the goals of the mandated reduction of potable water consumption
will be met.

1.3.2 REGULATIONS

e Long Term 2 Enhanced Surface Water Treatment Rule (LT2 rule): The LT2 rule was
adopted to improve drinking water quality and provide additional protection from
disease-causing microorganisms and contaminants that can form during drinking water
treatment and distribution. Chlorine residual levels must be at least 0.2 mg/L at the entry
to the distribution system, and positive in the distribution system. Pathogens, such as
Giardia and Cryptosporidium, are often found in waters from surface sources, and can
cause gastrointestinal illness (e.g., diarrhea, vomiting, and cramps) and other health risks.
In many cases, this water needs to be disinfected through the use of agents such as ozone,
chlorine dioxide or UV irradiation to inactivate (or kill) microbial pathogens during water
treatment.

e Total Coliform Rule (TCR): The purpose of the 1989 TCR is to protect public health by
ensuring the integrity of the drinking water distribution system and monitoring for the
presence of microbial contamination. For drinking water, total coliforms are used to
determine the adequacy of water treatment and the integrity of the distribution system.
The absence of total coliforms in the distribution system minimizes the likelihood that
fecal pathogens are present. Thus, total coliforms are used to determine the vulnerability
of a system to fecal contamination. On February 13, 2013, EPA revised the 1989 TCR
which takes effect on 1 April 2016 for all public water systems. The revised Total
Coliform Rule (RTCR) upholds the purpose of the 1989 TCR to protect public health by
ensuring the integrity of the drinking water distribution system and monitoring for the
presence of microbial contamination. It requires public water systems (PWSs) to meet a
legal limit for E. coli, as demonstrated by required monitoring. Also, the RTCR specifies



the frequency and timing of required microbial testing based on population served, public
water system type and source water type: ground water or surface water.

Stage 2 Disinfection and Disinfectant-By-Product (DBP) rule: The Stage 2 DBP rule was
developed to improve drinking water quality and provide additional protection from
disinfection byproducts. This rule requires water systems to perform monitoring and
determine compliance with the disinfectant by-products (such as TTHMs) maximum
contaminant levels (MCLs) by calculating the running annual average of samples for
each monitoring location in the distribution system.



20 TECHNOLOGY DESCRIPTION

Ice Pigging is a new and innovative water main cleaning technique that is promising for reducing
water consumption and maintaining water quality at DoD facilities. Developed at the University
of Bristol, UK, and patented in 2005, ice pigging was introduced to the US market in 2012 by the
Utility Service Group (USG) company (acquired by SUEZ later). Although ice pigging is
relatively new in the US, it has been utilized widely and has earned international accolades
including the Innovation Prize by Water UK and the IWA Innovation Award in 2010.

2.1 TECHNOLOGY OVERVIEW

Ice pigging is a technology that combines the operational advantages of traditional flushing with
the cleaning impact of soft pigging, with minimal interruption to water services during pigging.
Ice Pigging overcomes operational limitations commonly found in traditional cleaning methods.
A main feature of Ice Pigging is that it does not get stuck in the pipeline or appurtenances; if for
some reasons the pig would get stuck, operators would allow the ice to melt and flush it out from
the main. Pipe bends, changes in pipe diameters, or butterfly valves can all pose problems for
swabbing or pigging, yet ice pigs can easily overcome these obstacles. To launch and receive
traditional pigs, excavations have to be made to allow the installation of launch and reception
stations. These can result in very costly and extensive interruptions to water system operations,
and can require the installation of bypass pumping to provide water supply.

An ice pigging process includes the following major operations:

Ice Production

Ice is made on-site using the potable water from existing distribution system. To maintain the
correct consistency of the ice pig, food grade table salt approved by the National Sanitation
Foundation (NSF) is used as a freezing point depressant. The salt is dissolved in potable water
obtained from installation’s water supply to form brine. The current maximum batch capacity for
ice slurry is 2,700 gallons.

The brine is prepared in a 316 stainless steel delivery tanker with hoses connected to ice
machines that are mounted on a separate trailer (Figure 1). The brine is fed into the ice machines
which, in turn freeze the liquid and returns it to the delivery tanker. This cycle continues until the
ice slurry is at thickness known as the ice fraction. Ice fraction measures the amount of ice
crystals as a percentage of total volume. Ice fraction is related to the cooling capability of the
slurry compared to pure ice (100%); this is known as the Calorimetric Value. Ice Pig operators
use a simple French press coffee plunger (Figure 2) to test the “ice fraction” (or the ice
thickness) on site prior to pumping the slurry into the main. Typically, the thickest ice slurry is
used on plastic and sound concrete lined pipes as well as asbestos cement pipes (ACP). But when
older unlined cast iron pipes are cleaned, a thinner ice slurry is used that does not clean as
aggressively to avoid pipe damage. The thinner ice slurry will not disturb the buildup of
tuberculation which could damage the integrity of an old heavily corroded unlined cast iron pipe.



Figure 1. Ice Production Setup Showing the Delivery
Rig (left) and Ice Machines (right)

Figure 2. French Press Method of Testing the
Ice Fraction

Ice Delivery

S