





FIGURE 6-W

Flushes to Out
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Figure 6-W shows the 0.8 gallon (3.0 L) data broken down
by flush rate. A higher flush rate would provide for a
deeper flood level in the test apparatus, but carries the risk
that the water might “outrun” the solids. Consistent with
the results in our Main Effects Plots, we cannot determine a
difference in the results based on flush rate, and flush rate
again appears to be non-significant.
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FIGURE 6-X — MAIN EFFECTS PLOT - 0.8 GALLONS

Figure 6-X is a Main Effects plot for the 0.8 gallon (3.0

L) data only. Looking at this volume level by itself, the
data shows definite significance for paper only. Note that
the inverse slope result shown on the bar and line charts

3.0L)
Main Effects, 3L only
Flush Rate Traiing Water
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25 i .\ /.
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20 A
g 15 - . : T T
(7] 2500 3500 0.25 0.75
= Slope Paper
30 4
25 - "
—
20 A
15 A T T T T
0.01 0.02 1.0 82.0
Factor Type Levels Values
Flush Rate fixed 2 2500, 3500
Trailing Water fixed 2 0.25, 0.75
Slope fixed 2 0.01, 0.02
Paper fixed 2 1,82

Analysis of Variance for Ave Flushes to Out, using Adjusted SS for Tests

Source DF

Flush 1
Rate

Trailing 1
Water

Slope 1
Paper 1
Error "
Total 15

S=7.12352 R-Sq=67.32percent R-Sq(adj) = 55.43percent

SeqSS  AdjSS AdjMS  F

50.58 50.58 50.58

33.93

58.47
1006.66
558.19
1707.82

33.93

58.47
1006.66
558.19

1.00

33.93 0.67

58.47 1.15

1006.66 | 19.84
50.74

for the 0.8 gallon (3.0 L) data does show up on the Main
Effect Plot, with the trend line favoring the 1 percent slope
data. However, the P-value is much too high for this to be
considered a significant result. In addition, the R-Sq value
p of 67.3 is well below our 80 percent desired threshold.

In consideration of the chaotic performance of the test

0.340

apparatus at the 0.8 gallon (3.0 L) level, the low R-Sq value

0.431

0.306
0.001

is not at all surprising, and is further evidence that this data
is not appropriate for incorporation into our Primary Main
Effects Findings.
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7. Findings and Conclusions

FINDINGS

The PERC Technical Committee (TC), in review and
consideration of the data generated in this study, provides
the following findings:

Deliverable 1 (from the PERC Test Plan proposal): Prior
international studies and some field failures reported recently
in Australia, indlicate that flush volumes consistent with High
Efficiency toilets may result in systemic drainline transport
related failures in building drains or sewer lines. This study

will evaluate the viability of a low-cost building drain clearing
solution: Determine if we can clear over 200 ft (61m) of
4—inch (100mm) diameter plastic pipe with a flushometer
valve or other device set to deliver higher volume discharges at
intermittent intervals (1 percent or 2 percent of total flushes).

Finding: A 5 gallon (19L) clearing flush failed to clear the
drainline in 7 of 39 test runs (the line coincidently cleared
after the 100th flush in one test run, so the clearing flush test
could not be performed). Due to the inability of a 5 gallon
flush to clear the line in Test Run #1, no further consideration
was given to testing a 3 gallon clearing flush. As a result,

the potential low cost solution proved to be unreliable and
unfortunately cannot be suggested as a possible cost-effective
building drain clearing solution, at least at the 1 percent or 2
percent frequency levels considered in this work plan'2.

Discussion: When observing the behavior of waste in the
test apparatus, it quickly became apparent that once the
effect of the initial flush surge diminishes, movement of the
solids occurred independently of the subsequent flushes

and occurred only when the weight of the water behind

the solids overcame the friction of the solids resting on the
interior of the pipe wall (as in a sewer). Therefore, there was
no advantage in attempting the clearing flush at the 2 percent
interval (after the 50" flush injection and again at after the
100™ flush injection). This was because the mass of the
media in the Test Apparatus at any given point in a given test
run varied widely depending upon the random movement of
media at any given time during that test run. Accordingly, the
clearing flush was not evaluated at a 2 percent interval.

Table 7-A details the results of the clearing flush for the 40
Test Runs.

Note that failures to clear the Test Apparatus occurred at
both 1 percent and 2 percent slope and at all three (3) flush
injection volumes.

Deliverable 2: Prior studies have concluded that toilet flush
characteristics (percent trailing water and flush rate) are a
significant factor in drainline transport, specifically pointing
to the amount of trailing water as a key factor. This study
will determine the role that toilet discharge curves play in
drainline transport efficacy in a multi flush sequence and
will rank the hydraulic characteristics (percent trailing water
and flush rate) of the toilet relative to other variables beyond
the control of the toilet design (flush volume, toilet paper
and drainline slope).

Finding: Toilet hydraulics (percent trailing water and flush
rate) were found to be non-significant variables. As such,
the effect that toilet fixture designs have on drain line
transport in long building drains has been found to be
minimal. These results will be forwarded to the ASME /
CSA Joint Committee on Vitreous China Fixtures for their
consideration relative to the need for a drain line carry test
in the harmonized U.S and Canadian national standard.
The PERC TC also looks forward to discussing these findings
with other researchers.

Regarding the relative rankings of the controlled variables
contained in the Test Plan, we arrive at the following results:

12 See Section 8, Future Study Opportunities, for additional discussion
regarding a clearing flush.

TABLE 7-A CLEARING FLUSH RESULTS
1% SLOPE TEST RUNS - FAILURES HIGHLIGHTED

Test Run # 1 213 (4|5 71819 |10MN
Test Volume (L) 6 |3 (48| 6 48| 3| 3 (48|48
Pass/Fail & & PP & P(P|P|P|[P]|P
2% SLOPE TEST RUNS - FAILURES HIGHLIGHTED
Test Run # 21122123 |124125|26|27 (28|29 ]|30] 31
TestVolume (L) | 3 | 3 (48| 3 |48| 3| 6 |48 3 |6 |6
Pass/Fail PI{P[{P|P|P|P]|P E PP | P

1213 (14| 15] 16|17 | 18| 19|20

48 48 4848
PIPINA|F|P[P|P|P]|P
32 33|34 |35|36|37 383940
48|48 3 |6 |3 |3 |48(48|48
PIE|P|P|F[P|P|P]|P
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FIGURE 7-B

PRIMARY MAIN EFFECTS PLOT - ALL DATA AND

RESPONSE TABLE FOR MEANS

Main Effects, All Factors
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TABLE 7-C - RESPONSE TABLE FOR MEANS
Level Volume  Flush Rate  %Trailing Water ~ Slope  Paper
1 8.710 7.567 7.535 9.671 6.104
2 6.554 8.416 8.448 6.311 8.935
Delta 2.156 0.849 0.913 3.360 | 2.831
Significance Rank | 3 5 4 1 2

When considering all except the 0.8 gallon (3.0 L) data
(which consists mostly of noise and cannot be used for this
purpose), we can readily see from the slopes in Figure 7-B,
Primary Main Effect Plot that there are three (3) significant
variables and two (2) non-significant variables. Table 7-C,
Response Table for Means, applies a numeric value to all of
the Test Plan variables, which allows for discrete ranking.
This is calculated grouping the test runs by variable type,
averaging the Average Flushes-to-Out (AFO) scores and
subtracting one set of averaged AFO scores from the other.
For example, in the second column (Volume), all 1.6 gallon
(6.0 L) test runs averaged an AVO score of 8.710, shown
as the Level 1 value, and the 1.28 gallon (4.8 L) test runs
averaged an AVO score of 6.554, shown as the Level 2
value. This yields a delta of 2.156. Significance of the
variables can then be ranked by the relative difference in
the delta values. This results in the following ranking:

Significant Variables

Non-significant Variables

Slope > Paper > Volume >

% Trailing Water > Flush Rate

Due to the inherent variability with this Test Plan and
considering the fact that the Delta values in Table 7-C are
tightly grouped within the significant and non-significant

among those factors, pending further study. Under this test
scenario, the major finding is that Slope, Paper and Volume
are all definitely significant and Percent Trailing Water and
Flush Rate are not.

Additional findings resulting from the Work Plan were as
follows:

0.8 gpf /3.0 Lpf flush volume: Observation of waste

movement within the Test Apparatus during the 0.8 gallon
(3.0 L) test runs clearly demonstrated a major difference in
performance when compared to the other volume levels
(1.28 gallons and 1.6 gallons). In five (5) of the sixteen (16)
test runs conducted at the 0.8 gpf/ 3.0 Lpf volume, the test
media in the test apparatus compressed together to form
large plugs in the drain line that resulted in full-pipe or near
full-pipe conditions (see Photo 7-D). While these plugs
eventually cleared themselves prior to any water overflows
at the flush stand, the PERC TC still found that this flush
volume created a chaotic, unpredictable condition in 4-inch
pipe to the extent that the data at the 0.8 gpf/ 3.0 Lpf
volume was mostly noise and not useable in the statistical
analysis.

test variables, the PERC TC urges caution against basing any
plumbing system design decisions on the discrete rankings



PHOTO 7-D

NEAR FULL-PIPE CONDITION IN TEST RUN #5, @ 0.8
GALLON (3.0 L) VOLUME, 1% SLOPE

As a result, the PERC TC recommends further study at this
discharge level.

- The
1.28 gallon (4.8 L) and 1.6 gallon (6.0 L) volumes resulted in
an orderly and predictable movement in the Test Apparatus
(see Photo 7-E and 7-F). In retrofit applications, it is
suggested that drainlines first be inspected for defects, root
intrusions, sagging or other physical conditions that could
result in clogging with lower flush volumes.
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PHOTO 7-E

ORDERLY FLOW OF SOLIDS IN TEST RUN #3 @ 1.28
GALLON (4.8 L) VOLUME, 1% SLOPE

PHOTO 7-F

ORDERLY FLOW OF SOLIDS IN TEST RUN #1 @ 1.6
GALLON (6.0 L) VOLUME, 1% SLOPE




Based on this study, the PERC TC recommends that the
U.S. EPA WaterSense® Program expand their specification
on toilets to include commercial flushometer-valve
operated HETs.

Percent Trailing Water and Flush Rate — The data shows

that, in a long drainline, when toilet paper and a more
realistic test media are used (such as that used in this study),
and in long duration (100 flush) flush sequences, Percent
Trailing Water and Flush Rate (i.e.: toilet flush discharge
characteristics) were non-significant factors in this study.

This finding has implications regarding the necessity for
having a Drainline Transport Characterization Test in the
North American standard for toilets, ASME A112.19.2 / CSA
B45.1, Ceramic Plumbing Fixtures. These findings will be
forwarded to the ASME / CSA Joint Harmonized Committee
of Plumbing Fixtures for their consideration.

A great deal of effort was built into the PERC work plan to
investigate the true significance of the toilet in drainline
performance. As noted in Section 8, Future Study

Opportunities, ongoing research needs are formidable.
Hence, it is critical that future studies focus on system
variables that are scientifically proven to be important.

Today, toilet manufacturers are frequently asked by their
customers for the results of the ASME / CSA Drainline
Transport Characteristics test (in ASME A112.19.2 /

CSA B45.1) in the mistaken belief that those results are
meaningful. For the conditions studied, the results from this
study indicate they are not.

This is actually a bit of good news regarding future research
needs. If toilet discharge characteristics were found to

be significant, it would necessitate that future studies
include accommodations for those variables, which would
considerably increase the complexity and cost of future
studies and future testing.

The Significance of Toilet Paper Selection: Research

conducted by Dr. Steve Cummings in Australia illustrated
how different brands of toilet paper directly impact drainline
transport distances. The PERC TC took this information and
expanded upon this work in two key areas.

First, the PERC TC developed an easy test to apply a numeric
value for the wet tensile strength of any conventional toilet
paper, as detailed below. See Photo 7-C.

PHOTOS 7-G - TOILET PAPER WET
TENSILE STRENGTH TEST
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Wet tensile strength test procedure:

1. Carefully separate one (1) sheet of paper from a roll of toilet
paper to be tested.

2. Being careful not to tear the toilet paper, spread the toilet
paper over the open top of the cup and secure the edges
with a rubber band around the perimeter of the cup as
shown in the top left photo.

3. Soak the toilet paper in room temperature water by
inverting the cup into a container of water and allow the
paper to soak for 60 seconds, +/- 2 seconds as shown in the
top right photo.

4. Remove the cup from the water and place right side up on a
flat and reasonably level surface.

5. Using small washers (1/4 inch lock washers were used in
this example) or any other light flat, smooth object of like
shape and weight, immediately begin carefully placing
one washer at a time in the center of the saturated paper,
pausing 4 seconds between the addition of the washers as
shown in the lower left photo. It is fine for the washers to
stack up on each other, forming a small mound as washers
are added.

6. Add washers until the paper ruptures as shown in the lower
right photo.

7. Count the number of washers (or other objects).

Secondly, the PERC TC performed tests on the Test
Apparatus where the resulting transport distances indicate a
strong inverse correlation between the wet tensile strength
values and the resulting transport distances both with and
without the MaP test media. See Table 7-H.

TABLE 7-H

CORRELATION OF WET TENSILE STRENGTH AND
DRAINLINE TRANSPORT DISTANCES

»

Dimensions (1 square) 4.125" x 3.7%” 4.25" x 4"
Ply (single or double) Single Double
Tensile Strength Value 1 82
DLT _Distance with MaP 24 1
Media and paper

DLT Distance without MaP 135 45

identified in Dr. Cummings’ report) and three (3) popular
brands of paper sold in the United States. In each case, an
inverse correlation in the high 80’s or 90’s resulted'.

Therefore, there is a definite correlation between the wet
tensile strength of toilet paper and DLT distances. As such,
toilet paper selection has the potential to be very significant
in terms of drainline performance. In fact, the data clearly
suggests that the selection of toilet paper is definitely more
significant than other toilet flush characteristics (flush rate
and trailing water).

However, it is important to keep in mind that the highest
and lowest wet tensile strength brands of toilet paper were
intentionally selected for this test, so as to measure the
potential for toilet paper to affect drainline transport results.
As an example, the toilet paper chosen for the low tensile
strength paper failed after only one (1) washer was placed
on the saturated paper using the test protocol detailed
above. The high tensile strength paper supported eighty-
two (82) washers before failing. Accordingly, there would
be less significance among brands of toilet paper that fall
between these extremes.

Nonetheless, this test is easy to run. Therefore, the PERC
TC suggests that the wet tensile strength test be used where
building drainline blockages chronically occur in order to
identify a replacement toilet paper with a lower wet tensile
strength than whatever paper may be currently used. This
possible remedy to chronic drainline blockages may be a
first step in a set of best management practices for building
drainline systems.

Interactions — As part of the data analysis, the PERC TC
investigated if any significant interactions were occurring
between the controlled test variables. This type of analysis
checks to determine if two test variables are working in
tandem to move the performance result. Figure 7-1 is an
interaction plot. It shows where interactions exist between
the test variables indicated by intersecting columns and
rows on the plots. Strong interactions are illustrated by
crossed lines in the form of an “X”, indicating a significant
interaction and would also be indicated by a P-value under
0.05.

Media (paper only)

Correlation — DLT Distance
to Tensile Strength Value with -0.91
MaP Media and paper

Correlation — DLT Distance to
Tensile Strength Value Without -88.3
MaP Media (paper only)

It should be noted that Table 7-H shows only the inverse
correlation results between wet tensile strength and
transport distances on the two toilet papers used in the
PERC Test Plan. In addition, this test was run on three (3)
brands of toilet paper from Australia (the “best”, “worst” and
“nearest to average” brands, based on transport distances as

13 Correlation data for all toilet paper tests appears in Appendix C — Sup-
porting Materials.
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As shown in Figure7-1, while some minor interactions were
identified, none is significant. The strongest interaction
appears to be between Slope and Paper.

FIGURE 7-1 — VARIABLES INTERACTION PLOT

Interaction Plot for Ave Flushes to Out - 3L, 4.8, 6.0L
Data Means
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pe .7_/. o
Paper
Factor Type Levels Values
Volume fixed 3 3.0,4.8,6.0
Flush Rate fixed 2 2500, 3500
Trailing Water fixed 2 0.25, 0.75
Slope fixed 2 0.01, 0.02
Paper fixed 2 1,82

Analysis of Variance for Ave Flushes to Out, using Adjusted SS for Tests

Source DF
Slope*Paper 1
Flush Rate*Slope 1
Flush Rate*Trailing Water 1
Error 30
Total 39

Seq SS
57.15
30.59
9.12
915.72

4434.40

$=5.52484 R-Sq=79.35% R-Sq(adj)=73.15%

AdjSS  Adj MS F

57.15 97.15 1.87 0.181
30.59 30.59 1.00 0.325
9.12 9.12 0.30 0.589

915.72 30.52
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8. Future Study Opportunities

The PERC has completed its Phase 1T Work Plan on drainline
transport, building upon studies previously conducted

by others. This was accomplished within severe funding
limits. There is much yet to be done to bring the ideal of
laboratory testing closer to the conditions and materials
found in the ‘real world’ of new and remodeled commercial
buildings. The following tasks are proposed here with the
clear understanding there is a price tag connected with
each one. No attempt has been made below to prioritize
this list. However, it is likely that available funds will be the
driver as we proceed into future drainline testing phases.

As PERC defines future study opportunities, our partner,
American Standard Brands, has generously offered to
continue to provide the facilities used in this first phase.
Following are the critical areas of future study that we
believe need to be undertaken in the near future:

All of the PERC testing to date has used 4-inch (100mm)
diameter pipe. The body of knowledge surrounding flow in
partially filled pipes says that waste transport is significantly
affected by pipe diameter due to resulting higher flood
levels inside the smaller diameter pipe. With that
understanding, the study of the impacts of 3-inch (75mm)
nominal diameter pipe on waste transport is essential to
expand the boundaries of our understanding, using all

of the same data points as were developed with 4-inch
(100mm) pipe.

This testing program was conducted at one percent and
two percent drainline slopes. In actual practice, however,
the slope in a building often varies between those two
numbers. That recognition of ‘real world” installed piping
systems calls for testing to be performed at increments
between one and two percent. Further, both 3-inch (75mm)
and 4-inch (100mm) pipe should be tested using the same
testing parameters that were shown to be significant in this
current study.

Toilet paper testing was not a part of the original work plan,
having been added mid-way through the study (due largely
to ASFlow study findings on the impact of toilet paper). The
paper addition has been shown in the preceding pages to
be an important variable in the transport of solid wastes in
building drainlines. Because of this, a more comprehensive
testing scope and work plan needs to be developed in
order to provide guidance for the owners and managers of
commercial buildings. There is no intention here to regulate
the paper manufacturers or the paper products themselves,
but rather to provide a sound basis for communicating with
individuals responsible for building operations.

Testing was accomplished using clear plastic pipe.
Commercial buildings are not plumbed with clear plastic
pipe, but rather with cast iron or other materials." To that
end, we propose to simulate cast iron installations while
maintaining a visual observation of activity in the drainline.
Needless to say, the specific physical details of this unusual
configuration will have to be designed, especially at the

interface between the plastic and cast iron to assure that the
physics of moving water, waste, and paper are not affected
by the joining technique.

It is well known the surface of cast iron can become

much rougher over a period of time, due to the formation
of oxides and biofilm activity, as well as congealed

grease. Using the configuration detailed in work item 4
above, through research and analysis it may be possible

to duplicate the increasing friction factors caused by

years of use. While we know it is virtually impossible to
duplicate actual ‘real world” installations in the laboratory,
we can approach those conditions using the same testing
procedures, variables, and data points we have used in this
first phase of our drainline research.

A meaningful finding of this study was that a clearing flush
of five (5) gallons of clear water delivered after the 100"
flush injection in each test run did not consistently clear the
test apparatus. In order to more comprehensively evaluate
the potential for clearing flushes to be considered as an
effective drain clearing solution, a separate experiment
should be designed explicitly for this purpose. Included
would be the evaluation of clearing flushes at lower
intervals and higher volumes and would accommodate
investigation of other potential drain clearing technologies
such as tipping mechanisms and siphonic devices currently
being utilized elsewhere.

One of the more surprising findings of this study was the
possible inverse effect of the slope test variable at the 0.8
gpf (3.0 Lpf) test run level. For the conditions studied in
this research, analysis of that data indicates a possibility
that higher slope levels are actually a detriment to drainline
performance, albeit at a significance much lower than toilet
paper selection, as the ratio of solids to water increased,
such as in the 0.8 gpf (3.0 Lpf) test runs. This deserves
additional studly.

Results from this study indicate that 0.8 gpf (3.0 Lpf) toilets
may be problematic in commercial installations that have
long horizontal drains and little or no additional long
duration flows available to assist the toilet in providing
drainline transport of solids. Volume levels between 1.28
gpf (4.8 Lpf) and 0.8 gpf (3.0 Lpf) must be evaluated to
determine at what levels drainline performance becomes
chaotic, leading to an increased potential for clogging
failures.

Results from this study clearly indicate that toilet paper
selection has the potential to be a very significant variable
relating to drainline transport characteristics. Experiments
should be designed to determine how other materials, such
as moisturized non-woven “wipes”, paper toilet seat covers,
and other so-called ‘flushable’ consumer products impact
drainline performance.

The absence of areas of study not listed above does not
mean they are not important or not being considered. The
work reported here, while providing significant findings,
simply scratches the surface and, as with most research
programs, the findings carry with them a whole new list of
issues that require further investigation. Our goal remains

14 Some jurisdictions permit ABS and PVC where the authority having

jurisdiction allows it. to increase the understanding of how building drains
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perform. It is important that data-driven results (rather than
anecdotal incidents) are employed to better determine how
sanitary plumbing systems can continue to perform safely
while, at the same time, essential water efficiency measures
reduce the amount of water in building drainlines and drive
the technology of plumbing.

It is the intent of the PERC TC that this study initiates an
increased level of discussion and activism among plumbing
industry stakeholders on the impact of water efficiency
measures on the performance our plumbing systems,
regarding both sanitary and water supply systems. If that
occurs, it will certainly be the most significant outcome of
this study. We look forward to an ongoing dialogue with all
interested parties.
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APPENDICES

APPENDIX A - EXPLANATION OF TERMS

Note: The following explanation of the terms used in the
report are intended to provide the reader with a more
thorough understanding of how they are used in the context
of this report only.

Analysis of Variance (ANOVA) — A statistical model

in which the observed result(s) are partitioned into
components. These components are random variation
(noise) and the signal (significance of the factor). ANOVAs
are useful for comparing two, three, or more variables,
judging significance by a low “p” value.

Average Flushes to Out (AFO) — In the Test Apparatus,

each injection of test media was tracked on data sheets as

it made its way around the 135 foot test apparatus. AFO

is the average number of flushes it took for an individual
injection of test media to run the course in a Test Run.
Higher AVO numbers indicates difficulty in moving the
solids through the apparatus. Conversely, lower AVO scores
indicate that the media in the test apparatus is moving more
reliably and orderly.

Designed Experiment (also referred to as Design of
Experiment - DOE) - The development of a random testing
sequence employing a means to analyze the significance of
the test variables incorporated into this study. By analyzing
the test variables in a specific sequence and structure, the
experimental efficiency is increased. This method also
provides for the interpretation of test variable interactions.
Flush Rate — (can also be called “Velocity”, “Discharge
Rate” or “Discharge Profile”). The Surge Injectors employed
in the PERC Test Plan were designed to deliver two
velocities of water into the Test Apparatus. These flush

rates were selected to replicate slow acting and fact acting
toilets on the market today. The “high” flush rate, set at
approximately 3500 ml/sec peak flow rate, is typical of

a pressure assist toilet or a gravity toilet with a 3-inch
diameter flush valve flapper. The “low” flush rate is set

at 2500 ml/sec, typical of a gravity siphonic toilet using a
2-inch diameter flush valve flapper.

Flushes to Out — Number of flushes for each media
injection to clear the 135-foot long apparatus

Main Effects Plots — The various Main Effects Plots shown
in this report graphically detail the results of the Designed
Experiment by illustrating which variables are significant
and which are not. By review of this data, each of the test
variables can be ranked by significance to the performance
of the drainline Test Apparatus. These plots constitute the
main findings of this PERC study.

Percent Trailing Water — This refers to the percentage of
water that trails the solid waste out of a toilet during the
flush cycle. Some additional explanation is required here.
Different toilet design approaches will impact “how” a

toilet flushes and subsequently how much water will trail
the solid waste out of the bowl. European and Australian
toilets, also known as “Wash Out” or “Wash Down” toilets,
work on a non-siphonic design platform. Basically, water
cascades down from the tank when the toilet is flushed
and the force of the water pushes the waste over the weir
of the trapway. Pressure assist toilets (pressure-tank and
flushometer-valve) employ pressure from the water supply
line instead of gravity and are also non-siphonic. Because
these toilets push the waste over the weir of the trapway
early in the flush cycle, they typically have a higher
percentage of training water from the flush that follows the
solid waste out of the bowl to assist with the initial drain
line transport of the solid waste down the building drain.

Conversely, siphonic toilets, the overwhelming favorite of
the US consumer, use a good deal of the flush water to
generate a siphon in the down leg of the toilet before the
waste even leaves the bowl. Therefore, while wash out
and pressure assist toilets work on a “push” flush action,
siphonic toilets work on a “pull” flush action. As a result,
there is a much lower percent trailing water on the siphonic
models. The Surge Injectors used in this study were set
up to deliver extremely consistent levels of percent trailing
water as this is controlled by the ball valves on the Surge
Injectors. Hence, they were able to simulate a toilet with
75 percent trailing water, like a wash out or pressure assist
model, or a siphonic model with only 25 percent trailing
water with precision levels exceeding that of using actual
toilets.

Test Apparatus — This refers to the 135 foot long drainline
transport test rig employed in this study.

Test Run — The PERC work plan consists of a total of 40
segmented injection sequences, each consisting of 100
“flushes” from a Surge Injector set to deliver a precise
volume of water at a consistent velocity and percent trailing
water. Each such sequence is referred to as a Test Run.

Surge Injector — Replaces the use of a toilet in the PERC
work plan. It is designed to control the flush characteristic
variables related to a toilet, specifically, volume, flush rate
and percent trailing water. There were three Surge Injectors
used in this study, one each for the 1.6 gallon (6 L), 1.28
gallon (4.8 L) and 0.8 gallon (3.0 L) volumes incorporated
into the Work Plan.

Volume — The 1.6 gallon (6 L), 1.28 gallon (4.8 L) and 0.8
gallon (3.0 L) volumes incorporated into the Work Plan are
consistent with toilet discharge levels of product sold in the
marketplace today.
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ACRONYMS

Adj MS — Adjusted mean square compensates for the
covariates to see what the affect of the results would be if
there were no differences between the variables

Adj SS — Adjusted sum of the squares measures the
reduction in the residual sums of squares provided by each

term relative to a model containing all the other terms

ASFlow — Australasian Scientific Review of Reduction of
Flows on Plumbing and Drainage Systems

ASHRAE - American Society of Heating Refrigeration and
Air-conditioning Engineers

ASPE — American Society of Plumbing Engineers
ASME — American Society of Mechanical Engineers
ASSE — American Society of Sanitary Engineers
AVO - Average Volume to Out

AWE — Alliance for Water Efficiency

CIB - International Council for Research and Innovation in
Building and Construction

CSA - Canadian Standards Association
DLT - Drainline transport

DOE - Design of Experiment

EPA — Environmental Protection Agency
EPAct — Energy Policy Act

FPT - female pipe thread

g/ml — grams per milliliter

gpf — gallons per flush

gpm — gallons per minute

HET - High Efficiency Toilet

HEU - High Efficiency Urinal

IAPMO - International Association of Plumbing and
Mechanical Officials

ICC - International Code Council

ISH - International Trade Fair for Heating, Ventilation and
Air-Conditioning

L - liters

LCL — Lower confidence level

Lpf — Liters per flush

MaP — Maximum performance

Ml/sec — milliliters per second

MOU - Memorandum of Understanding

MPT — male pipe thread

PERC - Plumbing Efficiency Research Coalition

PHCC - Plumbing Heating Cooling Contractors National
Association

PMI — Plumbing Manufacturers International

PVC - Polyvinyl Chloride

R-Sq — R-squared is the coefficient of determination and

is used in the context of statistical models whose main
purpose is the prediction of future outcomes on the basis of
other related information.

Sch 40 - schedule 40 type pipe

Seq SS — Sequential sum of the squares measures the
reduction in the residual sums of squares provided by each
additional term in the model.

SOC - Socket end connector

SS — Sum of the squares

TC — Technical Committee

UCL - Upper confidence level
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Appendix B - Original Test Proposal

Test Plan Proposal to Investigate
Drainline Transport in Buildings

BACKGROUND:

With the enactment of the Energy Policy Act of 1992, all
water closets (toilets) manufactured in or imported into
the United States were required to flush no more than a
maximum average of 1.6 US gallons, effective January

1, 1994 for residential models and January 1, 1997 for

all models. At that time, concern for drainline transport
efficacy was voiced by many in the plumbing trade and
those in various professional associations. However, early
reporting and research on 1.6 gallon per flush (gpf) water
closet models focused primarily on the flush efficacy of
the various water closet models on the market in response
to significant consumer complaints about poor flush
performance. Since then, water closet manufacturers have
made great strides in improving flushing performance.
Intermittent and anecdotal complaints of drainline carry
transport problems were not thoroughly researched and
largely attributed to older or faulty sanitary drainlines.

Recently, the need to find additional efficiencies on water-
consuming plumbing fixtures has resulted in the creation of
voluntary specifications that eliminate another 20 percent
from the flush discharge volume of water closets, bringing
consumption down to a maximum average of 1.28 gpf.
These toilets are known as High Efficiency Toilets (HETSs).
The States of California and Texas have passed legislation
to require all toilets sold in those states to be HET’s by

the year 2014. There are other provisions in California
that will significantly accelerate this transition and it is
anticipated that other areas of the country will soon enact
similar requirements. Some water closet manufacturers are
now voluntarily offering models that flush at 1.0 gpf. One
manufacturer is actively marketing a model that flushes

at 0.8 gpf. This activity has rightfully raised the debate of
drainline carry efficacy anew. Many plumbing experts are
concerned that we are at or approaching a “tipping point”
where a significant number of sanitary waste systems will
be adversely affected by drainline transport problems,
especially in larger commercial systems that have long
horizontal runs to the sewer. Recently, drainline transport
problems in Europe and Australia have been reported,
further raising concerns here in North America.

Looking forward, newer technologies, such as non-water
consuming and High Efficiency urinals (HEUs), lower flow
rate faucets and increasingly efficient water consuming
appliances will further reduce the amount of water
discharged into sanitary waste systems. Equally significant
are Graywater Reuse Systems that collect discharged
water from lavatory basins, clothes washers, bathtubs

and shower fixtures in a residence for reuse, usually for
irrigation purposes. This is another emerging technology
that significantly reduces waste water in residential sanitary
drainage systems. On the commercial side, the emphasis
upon water and energy use reduction has resulted in a

proliferation of products in the medical and food service
sectors that substantially reduce flows to the drain. Yet, to
date, an extensive research project of sufficient scope has
yet to be conducted that would to determine if significant
problems could arise regarding drainline transport in these
“efficient buildings”.

THE NEED FOR RESEARCH:

The Plumbing Efficiency Research Coalition seeks funding
to conduct scientific research to determine the effect of
reduced flows into our domestic and commercial plumbing
systems. Due to the complexity associated with the number
of variables in “real world” plumbing systems, we believe
that a multi-factorial designed experiment is required to
properly measure the impact of the toilet fixture toward
drainline transport relative to other plumbing system
variables, such as pitch, and flush volume.

EMERGING TECHNOLOGIES WITH POTENTIAL TO
MITIGATE DRAINLINE BLOCKAGES

Based on the casual observations of previous drainline
transport research efforts, it is known that intermittent
injections of clear water surges of sufficient volumes

can transport solids in the drainline great distances and,
theoretically, clear a building drain out to the connection to
the sewer. For commercial installations, flushometer-valves
that employ hands-free electronic activation can now be
programmed to flush at pre-designated times and at user-
selected volumes.

For example, consider a commercial office building with
restrooms employing a bank of High Efficiency flushometer-
valve toilets that flush at 1.28 gpf (4.8 Lpf). For example, at
pre-determined intervals, the toilets furthest upstream (on
the drainline) can be programmed to flush once or twice
per day with a higher flush volume that clears the building
drain of all solids and transports the solids to the sewer.

These new programmable features have the potential
to offer a very low-cost solution for many commercial
installations. As such, PERC is recommending that this
potential solution be worked into the test plan.

LABORATORY TESTING

The focus of this effort will be to verify the feasibility of
using programmable flushometer valves or other sources
of clear water to clear long drainlines of deposited solids
and to measure the relative importance of other systemic
variables. This work would best be conducted on an
apparatus employing 4” diameter pipe set at both minimum
slope (1 percent) and standard code-compliant slope (2
percent). The study would involve investigating various flush
volumes so as to intentionally deposit test media along the
length of the test apparatus. The data from the resulting
transport distances will allow for determining the relative
importance of the test variables. At the end of each test run,
a higher volume clear water discharge will be introduced
into the drainline apparatus (simulating a discharge from a
pre-programmed flushometer-valve) in order to observe the
clearing potential of the clear water discharge.
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A 200 foot long (~60 meters) test apparatus is
recommended to conduct this test. This will allow for
adequate distance to show resolution in drainline transport
at the various test flush volumes. In addition, the long
distance simulates worst case commercial building drain
installations and will allow us to determine if the high
volume clearing has potential to clear very long commercial
building drains.

To minimize costs, PERC will seek to conduct this test
program on a suitable existing test apparatus. PERC is
currently in the process of executing a MoU with the AS-
Flow committee in Australia. Once the MoU is executed,
PERC plans to review this test proposal with the AS-Flow
Committee to determine the most cost effective location to
conduct this work.

TEST PLAN DETAILS

»

»

»

»

»

»

The PERC Technical Committee has developed a proposed
test plan to accomplish this work.

Below are the variables that need to be considered for the
test plan. (Also see the associated Excel file that details the
designed experiment test plan.)

Flush volume: Discharge levels of 1.6 gpf (6.0 Lpf), 1.28 gpf
(4.8 Lpf) and 0.8 gpf (3.0 Lpf) will be evaluated
Pipe Diameter and Material: 4” (100mm) diameter clear
PVC only. It would be preferable to also evaluate 3” and
6” diameter pipe, but to minimize costs; only 4” (100mm)
diameter will be used for this initial work.
Toilet Discharge Flow Rate / Velocity: Needed to simulate fast
acting and slow acting toilets. The PERC Committee will use
a “surge generator” type device to simulate those flow rates
(rather than actual toilet fixtures). This device (see photo) will
allow for more consistent discharge and will maintain the
test plan variable pertaining to the discharge more accurately
than can be achieved by using actual toilets.
Trailing water: The surge generator will be constructed to
allow injection of the solids at various points that result in
a high volume of trailing water (70 percent), typical of fast
acting toilets, and a lower volume trailing water (20 percent)
typical of slower acting toilets.
Test Media: Soy bean paste (miso paste) will be used to
simulate solid human waste. This test media has been used
extensively to test toilets to various flush performance tests,
including the current US EPA WaterSense® specification for
gravity flush toilets in the United States and has achieved
good acceptance in the industry as an appropriate test
media. Two-ply toilet paper will also be used.
The following assumptions pertaining to flush discharges
into the test apparatus will be applied:
» A 2:1 ratio for solid and liquid waste flushes
» 50/50 “male to female” ratio
»  All males use urinals, not toilets for liquid waste.*
»  No other long duration flows are available to assist
the toilet. Urinals do not provide any transport assist
(waterless or .125 gpf).
»  Males: 33.3 percent solid waste flushes using miso and toilet
paper (4 balls @ six sheets each), 0 percent liquid flushes.

»  Females 33.3 percent solid waste flushes using miso
and toilet paper and 66.7 percent liquid waste using
toilet paper only (4 balls at 6 sheets).*

»  Essentially, this equates to 50 percent of the flushes
having miso and paper and the other 50 percent having
a lesser amount of paper only.

»  The miso loadings will randomly vary between 300
grams, 200 grams and 100 grams for all solid flushes for
each round of testing.

»  Frequency and volume of clearing flush: The test plan
will start using a 1 percent frequency for the clearing
flush set a 3 gallons (11.4 Liters). If successful at clearing
the 300 foot (90 Meter) test apparatus at these levels no
additional testing will be required. If not, evaluation at
2 percent frequency or at higher flush volume may be
required. It will be up to the test engineer to determine
if those values need to be revised once we begin
testing, based on observation.

*The above assumptions are not provided to simulate reality

in all cases, but rather to provide an assumed worst case

scenario.

STUDY VARIABLES:

Diameter (in) 4"

Pitch (%) 1.0% 2.0%

Flush Volume (Lpf/gpf)* 6.0/1.6 4.8/1.3 | 3.0/0.8
Velocity - Peak Flow (ml/sec) 3500 2000

Trailing water (% water after

solids) 70% 20%

Flush Contents Miso/Paper | Paper

Loadings (grams miso) 300 200 100 0
Clearing Flush Volume (Lpf/ 11.4/3.0 15.1/4.0* | 18.9/5.0*
apf) 4/3. 1/4. .9/5.
Frequency of clearing flush 1% 2%"

“only if necessary

Deliverables from test plan:

1. Prior international studies and some field failures reported
recently in Australia, indicate that flush volumes consistent
with High Efficiency toilets may result in systemic drainline
transport related failures in building drains or sewer lines.
This study will evaluate the viability of a low-cost building
drain clearing solution: Determine if we can clear over
200 ft of 4” diameter plastic pipe with a flushometer valve
or other device set to deliver higher volume discharges at
intermittent intervals (1 or 2 percent of flushes).

2. Prior international studies have concluded that toilet
hydraulics are a significant factor in drainline transport,
specifically pointing to the amount of trailing water as a
key factor. This study will determine the role that toilet
discharge curves play in drainline transport efficacy
in a multi flush sequence and will rank the hydraulic
characteristics (percent trailing water and flow rate) of the
toilet relative to other variables beyond the control of the
toilet design (flush volume and drainline slope).

Lacking from this plan:
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The impact of various plumbing system geometries. While
we may be able to incorporate elbows, junctions, etc. into
the test apparatus, this test plan will ultimately only evaluate

one simulated system.

The impact of systems imperfections (bellies, varying slopes)
Some usage and abuse factors, such as paper seat covers

and paper towels

A determination of where the use of intermittent high

volume flush valve would be recommended. This test plan
will investigate the viability of the clearing flush solution,
but will not provide insight as to specific systems where

such a solution may need to be deployed.

APPARATUS / EQUIPMENT

Labor to build apparatus supports and platform
Labor to install piping

Material costs (PVC pipe, adjustable support
fixtures to allow for slope adjustment)

Electronic scale (1) for water discharge

Electronic balance (1) for media
Shipping costs - equipment and test media

Surge Injectors (3)
Misc. (tools, supplies, clean up costs)

Disassembly (labor)

TEST MEDIA
Miso (12 each 20 Kg buckets)

Toilet paper

Misc. (extruder, disp. gloves, hoses, rags)

TEST PERSONNEL COSTS
2 Test Engineer (75 days)

Per Diem expenses (travel, meals, lodging, etc.)
Document search - review

Report development and preparation

Sub Total
Contingency costs (~5%)

Grand Total

135" 4" PVC

$400 each

240 @ $20/kg

10 @ $100/

case

600 hr
@$50/hr per

technician

Specifically, this effort will allow PERC to issue design
recommendations to the construction community regarding

the transport potential of single event, high volume clear

water surges, thus allowing the use of high efficiency

fixtures in long drainline commercial installations and
realizing overall water conserving efficiencies. In addition,

this work will determine the significance of toilet design
as it pertains to multi-flush, real world drainline transport
potential. It will do this by evaluating the interactions
between the toilet and other system variables and
measuring the relative impact of these variables.

Cost: PERC estimates a cost of $170,000 US to conduct this
work, as detailed below:

UPDATE: Due to an offer extended to PERC by American
Standard Brands, the estimated cost of conducting the
above scope of work has been reduced to $73,700.00.

$

$

$

$

$

0

$ 1,200.00
$

$ 4,800.00
$ 1,000.00
$

$ 60,000.00
n/a

$

$ 3,000.00
$ 70,200.00
$ 3,500.00
$  73,700.00

Supplied by American Standard Brands
Supplied by American Standard Brands

Supplied by American Standard Brands

Supplied by American Standard Brands
Supplied by American Standard Brands

Supplied by American Standard Brands

n/a

http://www.globalindustrial.com/p/janitorial/bathroom/
paper-cleaning-supply/scott-embossed-premium-
bathroom-tissue-605-sheets-roll

Note: Includes 10 days for assembly and disassembly of
apparatus, test runs, etc.; 60 full days total, of which 50
days (8 weeks) for actually running the tests

24 hrs at $150
Final report & publication/distribution: 20 hrs @ $150
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Appendix C - Supporting Materials
(1) SURGE INJECTOR DISCHARGE CURVES

The benefit of using the Surge Injectors over using real
toilets was two-fold. Most importantly, the Surge Injectors
are more accurate than actual toilets in controlling the

flush rate and percent trailing water flush characteristics
that were being analyzed in the study. Secondly, the Surge
Injectors cannot clog or experience a “short flush”, where
an incomplete activation of the toilet trip lever results in a
partial discharge of water but leaves the solids in the fixture.
Such an event would have caused an inconsistency in the
test run, risking skewing the results.

The flush curves below detail the discharge characteristics
of the Surge Injectors. It should be noted that the flush
discharge curves from the Surge Injectors were checked
periodically throughout the study to ensure that they
remained consistent.

FIGURE AC-A
1.6 GALLON (6.0 L) DISCHARGES

(SLOW FLUSH RATE ON TOP, FAST FLUSH RATE ON
BOTTOM)

Tesp Dischasge Flow Rale (co'sec) and Main Flush Volume (co) e
DOE SW15 at Smoothing Factor 10 Ran, £ v

IR 00 LrEde s b
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FaFas §C .—.‘u:lor"r-.'.‘“'.-_: e L = . Tewilem  gitaag
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DOE W15 st Smoothing Factor 10 R, s
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FIGURE AC-B
1.28 GALLON (4.8 L) SURGE INJECTOR DISCHARGES

(SLOW FLUSH RATE ON TOP, FAST FLUSH RATE ON
BOTTOM)
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FIGURE AC-C

1.28 GALLON (4.8 L) ACTUAL TOILET DISCHARGE
CURVE

(GRAVITY TOILET WITH 3” DIAMETER FLAPPER VALVE
(FAST ACTING))

ap Dischargs Flow Rate (éc'sec) and Main Flush Volume [2c) Ve =
JOE 5W15 at Smoathing Factor 10 P, b
[ L4 S
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o
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430 oo
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Figure AC-C, above, was generated from an actual 1.28 gpf
(4.8 Lpf) toilet. Note that the duration of the flush and the
peak flow rate is very similar to the Fast Flush Rate Curve on
the bottom of Figure AC-B.
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FIGURE AC-D

0.8 GALLON (3.0 L) SURGE INJECTOR DISCHARGES

(SLOW FLUSH RATE ON TOP, FAST FLUSH RATE ON
BOTTOM)
Trap ﬂusdﬁarq; Flu'n.' Rat; tc;.'i;ec} and Main Flush Volume (co)
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(2) CORRELATION OF TOILET PAPER WET TENSILE
STRENGTH TO DRAINLINE CARRY DISTANCES

As discussed in the Test Plan section of this report, the
PERC TC determined to include specially selected toilet
paper into the Test Plan after reviewing a presentation
from Dr. Steve Cummings. Table AC-E details the drainline
transport distances as reported by Dr. Cummings and the
wet tensile strength values determined by the PERC wet

tensile strength test.

TABLE AC-E

CORRELATION OF WET TENSILE STRENGTH TO DRAINLINE

TRANSPORT DISTANCES IN AUSTRALIAN TOILET PAPERS

Australian Toilet Papers

Toilet Paper Properties

Dimensions (1 square)

Ply (single or double)

Tensile Strength Value

DLT Distance with MaP Media (m)

DLT Distance without MaP Media (just paper) (m)'

Correlation — DLT Distance to Tensile Strength
Value with MaP Media

Correlation — DLT Distance to Tensile Strength
Value Without MaP Media

Sample #5
(best drainline result)
4”7 x 4.25”
double
9
27
60

-0.96

-0.99

Table AC-F details the correlation between wet tensile
strength and drainline transport distances in three (3) U.S.

TABLE AC-F

Sample # 8
(worst drainline result)
4" x 4.25”
single
39
"

38

CORRELATION OF WET TENSILE STRENGTH TO DRAINLINE
TRANSPORT DISTANCES IN U.S. TOILET PAPERS

U.S. Toilet Papers
Toilet Paper Properties

Dimensions (1 square)

Ply (single or double)

Tensile Strength Value

DLT Distance with MaP Media (m)

DLT Distance without MaP Media (just paper) (m)

Correlation — DLT Distance to Tensile Strength
Value with MaP Media

Correlation = DLT Distance to Tensile Strength
Value Without MaP Media

Brand A

4.125" x 47
double
20
16
75

-0.91

-0.88

brands of toilet paper, including the two that were selected

for the Test Plan.

(FOOTNOTES)

1 Transport test distances as conducted and reported in a presentation by
Dr. Steve Cummings - Operational Performance Boundaries in Drainage

Systems, available for download http:/www.map-testing.com/assets/files/

2 Brand B was selected as the low-tensile strength paper for the Test Plan
3 Brand C was selected as the high tensile strength paper for the Test Plan

Brand B?

4.125" x 3.75"
single
1
24
135

Sample # 12
(nearest the average)
4" x4.5”
double
22
16
52

Brand C?

425" x 4"
double
82
"

45
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