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Independent Study Sings the Praises of PVC Water Pipe 
By Craig Fisher 
AssociatIOn Engineer 

~ 
• here at Unl-Belt 
have never been 
shy about slngmg 
the praISeS of PVC 

water PIpe However, In thIS 
article, we will step aside and 
let an AWWA Research 
FoundatIOn (AWWARF) study 
do the singing lor us. The 
study, enhtled -Evaluation of 
Polyvinyl Chloride (PVC) Pipe 
Performance,- documents 
PVC's exceptional track 
record in the water industry. 
This article wi" prOYide some 
background on the study, out­
line the approach, and review 
the 1"""'<lS. 

Background 

As you are well aware, 
AWWARF has been instru­
mental in generahng quality 
research on a number of t0p­
ics of interest to you, the 
water supply professional. 
One topic you have told 
AWWARF that you wanted 
investigated is PVC water 
pipe performance. As a 
result, AWWARF contacted 
various research fac:illlies ear· 
Iy in 1991 and requested 
research proposals on the 
SUb)ect. The Research Foun­
dation awarded the $133,000 
protect to Utah State Unrversi· 
ty (USU). That should come 
as no surprise, With USU's 
thirty-five (plus) years of Pipe 
research experience, it has 
earned Its Iong·standing repu­
tatIOn as the premiere Site for 
pipe research, regardless of 
pope type 

The members of the USU 
research team may sound 
familiar to you as a result of 
their past contrOubOnS to the 
englneenng community. Dr 

AI Moser was the Principal eooe questJons populabon. 
Invesllgator for the research The quesbOns IhemseIves In September of 1991, the 
team Co-PrinClpaJ Invesbga- ackIressed Inportant issues In lour hundred utihtles, firms 
tors were Doctor Reynold design, II'lstallabon, operallon and ag&nCI8s were contac1ed 
Wallons, Doctor Roland Jepp- and long term maintenance; Of those contacted, 228 ut~i· 
son, and Doctor Ronald can- asked for responses from a lies and 56 engineering firms 

field. Ph.D r-l~~;;;;;~;~----------l and govern· candidate ment ageroes 
KellOgg agreed to par­

Th. 
phase 
research 
best be 
described as 
assembling 
and analyzmg 
the collective 
knowledge of 
many individu­
als. The 
means to be 
used to tap 
this collectIVe 
knowledge 
was. of course, 
a quesllon· 
r\8.Ire. Crafting 
the perfect 
questionnaire 
involves elimi· 
natlng any 
source of bias while ellCltJng 
thoughtful and meaningful 
responses. (Those surveyed 
should be thankful that acado 
emics recognize the bias of 
non response, which is 
reduced by limiting the ques­
tionnaire's length.) But we 
WIll I"IOt bore you With Ques· 
tionnalre DesIgn 101. Sutfice 
it to say, the eight-page ques. 
hOrInalre was worded careful­
ly to eliminate bias and to 
solicit concise responses 
Most important to the valicllty, 
only actual users of PVC 
could input on PVC experi-

liapate. 162 
utilities and 29 
engineering 
firms and gov­
emment agen­
cies actually 
returned the 
question­
naires, which 
represents a 
t err i f i c 
response rate. 

The ..... "'" 
team then 
compiled the 
data from the 
questionnaires 
and analyzed 
the results . 
These results 
were dis· 
cussed with 
AWWARF 's 
proj9Ct adviso­
ry committee. 
Together they 

-----------' formed the 
range 01 pet'SOI"Inel . deSlgl"l8rs focus for the second phase of 
10 maintenance foremen; and the project. This involved 
requested background infor· resurveying selected utilities 
matlOO on the water system. to obtain more detailed infor· 

Questionnaires were matlon. It also involved col· 
delivered to water utitities, iecting pipe samples from utll· 
engineering firms, and gov· itias for lestlng. Both of these 
emment agencies. But how Subjects will be discussed 
many and whICh ones? Here below In greater detail. 

IS where Or. Canfield's ser· Survey Results 
vices as a stallStiCian came Ifl 
handy. Four hundred candl- In a nutshell, you like PVC 
dates representmg a broad water pip8 - a lot. On the top 
range 01 users and speoflers of your ~st of reasons was the 
throughout the United States pipe's hydraulIC performance, 
were chosen. whK:tl provided both new and after years of 
a proper and vahd sample S81'V1C8. can)'OUr other pipe 

Ductile Iron/Why A New Standard? are now -speCial classes· 
and the norm is now a 
"pressure class" designa· 
tlon . By Dave Eckstein 

Deputy Executive Director 

A
s I travel the United 
Stales, many 01 you 
have two questions 

about Iron pipe : (1) What 
does the revised AWWA 
standard really say? and, 
(2) What are people saying 
about pressure class duc­
tile Iroo? 

Canadian water suppli. 
ers have almost unani­
mously said MNo" to ductile 
iron and -Yes" to PVC. 
(Vancouver being a notable 
excepllon). Our Canadian 
constituent, therefore, may 
choose to skip to another 

article but are welcome to 
conllnue reading for sheer 
curiosity's sake if they wish. 

What does the standard 
realty say? We just look at 
the standard itself: 
ANSIlAWWA CI51/A2l.51-
91. "American National 
Standard for Ductile-Iron 
Pipe, Centnfugalty Cast, for 
Waler or Other UqUldsR

, is 
the standard in question. 
ThIS first Item to lump out to 
most is that this is not really 
a ~new" standard. It carnes 
a 1991 designation. The 
iron Industry has CUriously 
shied away from the fanlare 
typically accompanying a 
new or updated AWWA 

standard The attitude 
appears to be much more a 
"wait and see- or perhaps 
-use only as requlred .R 

From C151, -II I. Major 
Revisions. Major revisions 
made in th is edition of 
ANSIIAWWA C1511A21.51 
include incorporating a 
pressure class designation 
for ductile-iron pipe and 
adding SO" and 64" (1500 
mm and 1600 mm) 
sizes ... previous standard 
thickness classes 01 duc­
tile-iron pipe have been 
designated as special 
classes 

The old thICkness class­
es (SO. 51. 52:, 53,54, etc.) 

m 

The huge success of 
AWWA C905. -Polyvinyl 
Chloride (PVC) Water 
Transmission Pipe, Nomi· 
nal Diameters 14 inches 
through 36 inches," would 
certainly promote a reac­
tion from iron. In essence, 
the thinking was thai the 
iron industry would intro­
duce Class 49, 48 , etc. in 
larger diameters. 

Understandably, the 
mart<.etlng folks don't think 
much of introducing a new 
-'ower" claSSIfication like 
Class 49 A good deal of 
current Iron users don't 
think much of Class 50 and 

products say the same? 
When the research leam 
asked you on the utility ques. 
lIonnaire, "Have you ever 
experienced any nohceable 
Increase in frictional losses 
caused by excessive material 
buildup on the intenor wall 01 
the PVC water pipe?" 11601 
you S8Jd no. and none of you 
said yes. 

The second Item on your 
Why-I·Uke,PVC·Plpe list Is 
longeVIty. The product scored 
extraordinarily well in the 
tongevity categories: corro· 
sion reSIStance, life expectan· 
cy, and durability. PVC Slm· 
ply does not corrode or deteri­
orate over time, whictl is one 
solid reason to use the pipe 

Engineers like numbers, 
so we certainly WIll not hold 
them back from you. Ques­
tion 17 01 the Utility Ouestlon­
naire asked, -Based on past 
performance 11"1 your pressur· 
Ized water system, for each 
hsted deSIgn conSideration, 
rate the following types of 
pipe from 1 105 (1 being 
poor and 5 bwIg excellent)" 
The pipe materials consid· 
ered were Stee!, Ductile Iron, 
Reinforced Conrete, PolyvInyl 
Chloride, Cas t Iron, and 
Abestos Cement. Let's see 
how you rated PVC. 

(a) Economlca: best total 
value considering Initial cost, 
InstallatlOO, maintenance and 
Iife-3.8 

(b) Installation: ease of 
handling. care required In 
installing, av8JlabWlty of fillings 
and adaptOfS - 4.0 

(e) Hydraulic Character­
istics: small frictional head 
loss and conservation of 
energy, etc. - 4.5 

(d) Surge and Water 
Hamer problems and cootrol 
thereof - 3.4 

CONTINUEO ON PAGE.-

51 due to tapping problems 
and, of course, COrtOSI()(l in 
general. II was predICtable 
to see a "new" ctasslfication 
system. What was com· 
pletely unpredictable was 
which products were includ· 
ed in the pressure class 
designation and which were 
deleted. 

Table 1 (see page 5) 
compares S', 12", and 24-
diameler pipeS 

Basically, the larger 
diameter scenario was 
accurate In 24" pressure 
classes 350, 300, 250 and 
200 are marginally like get· 
ting a Class 52, 51. SO and 
49 respectively Class 53 
and larger, however, have 
been deleted At 30" a 
pressure Class 150 or 

CONTIMJED ON PAGE 5 
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Independent 
Study 

(e) Maintenance: rela­
tively Iree lrom breaks, ease 
01 repairs, nondeterioration 
with age, etc. -- 3.9 

(I) Llle Expectancy: 
longevity, resistance to inter­
nal & external attack , etc . . 
4.1 

In all but one category, 
PVC ranked either lirst or 
second. (Incidentally, 1"10 pip­
ing product was able to 
sweep every category with 
either a lirst or a second 
place ranking.) 

From those of you who 
haven't yet experienced the 
excellence 01 PVC we some­
times hear, "Yah, but what 
about tapping?" or Illat PVC 
may be okay now, but wait 
awhile. It'll get brittle. And 
then - WATCH OUTI " or 
"Notice they ducked the per­
meation question altogether." 
AWWARF and USU did not 
skirt any 01 these issues in 
the report, and neither will we 
in this article. The greatest 
contribution this report may 
make will be to give you the 
lacts Irom users and docu· 

problem is rarely diffk:ult to 
lind. The report slates that 
the most common cause 01 
tapping problems is just plain 
tapping too last. Other cul­
prits cited were dull cutters 
(or the wrong culter) and 
improper saddles. One other 
interesting statistic is that 4 
percent of the utilities report­
ed 71 percent of the major 
tapping problems. 

The report agrees with 
the Association's position . 
The key is education. Prop­
erly trained crews with the 
right lools do 1"101 have prob· 
lems tapping PVC pipe. We 
have two lools at your dis· 
posal lor training your crews: 
our Tapping Video and our 
Tapping Guide. (See pages 
11 and 12 respectively.) 

LongeVity 

The report should put to 
rest once and for an any c0n­
cerns users and specifiers 
may have about the pipe's 
longevity. To quote the report 
again: "Material-related long­
term problems reported in 
PVC pipe are lew and are 
decreaslng with time. This is 
an indication that these prob-

TOTAl. 
NUMBER 
90 

Figure 1: Number of M./Of Tllpplng Problems 
Reported by Vear 

mentation you need to 
silence these rumors. 

Tapping 

As Figure 1 shows, utili· 
ties are having fewer and 
lewer problems with tapping 
PVC pipe as they are becom· 
ing more and more familiar 
with the proper tools and pro­
cedures. To quote the report, 
"Tapping problems associat· 
ed with PVC are decreasing 
with time as utilities ga in 
more experience in tapping." 

The utilities that did report 
tapping problems were resur· 
veyed for more detailed infor· 
maHan. Eighty percent who 
had said they had major 
problems said they felt they 
have solved their tapping 
problems when resurveyed . 
They also said they have "not 
had any failures in the lasl 
year or two of the survey 
period." 

The source of a tapping 

lems are nol a result of 
aging." 

We would like to tell you 
thai PVC water pipe is an 
absolutely fool·proof product 
that wilt never experience any 
problems. We can I"IOt make 
that claim, tlOf can any other 
piping product. We can say 
this, if you do have a problem, 
your system will most likely 
be under conlractor warranty, 
because "Almost 50 percent 
of [thel problems reported 
with PVC pipe occur in Ihe 
first year after installation." 

Figure 2 graphs the 
occurence of problems as a 
function of time. As the graph 
shows and as the report 
states: 

"It is evident that the pr0b­
lem rate is decreasing with 
t ime. li the pipe male rial 
were degrading as it aged, 
one would expect just the 
opposite trend In the data 
(i.e. , the problem rate would 
increase with time). This find· 

iog is consistent with previous 
studies on the aging of PVC." 

Permeation 

Another concern non· 
users have shared with 
AWoNARF was that of perme­
ation . This study should put 
the issue into the proper per­
spective. 

"'n 

Testing 

Research efforts were I"IOt 
limited to questionnaires 
alone . The team asked lor 
pipe samples and got them. 
Sixteen utilities provided sixty 
samples. The samples were 
obtained from utilities across 
the United States and repre· 
sented a variety of manufac· 
turers. received 

'' 0' TOTAL 
Figure 2: When Problema Occured for Various 

User Groups 

Locating 

We feet we would be neg­
ligent if we did not tell you 
both the good news and the 
bad news. Your major con­
cern with PVC pipe, if you had 
one, was locating. The feed­
bacI< is important and we are 
listening. Work on locating 
non-metalic pipe is underway. 

Conclusion 

w ,------------------------, Research such as this pr0-
vides invaluable information to 
the users and specifiers of 
PVC pipe, as well as to n0n­
users. It shows that PVC 
water pipe's popularity across 
the United States and canada 
has I"IOt been an accident and 
has been a result of a well 
engineered product that Is 
very suitable for this end use. 
We commend USU and 
AWoNARF for their efforts. 

the utilities included in this 
study reported very little 
actual experience with this 
probtem. It appears that the 
rubber gasket Joints may be 
the weak spots as far as per­
meation is concerned. It is 
recommended thaI a study be 
undertaken that will obtain 
data on actual field experi­
ence combined with data 
from laboratory tests to bener 
understand the importance of 
proper joint design to help 
minimile permeation." 

The report goes on to say 
that "For future studies, it is 
recommended that utilities 
keep bener records on prob­
lems they experience with 
any type of pipe. Accurate 
records will be particularly 
important for any Mure stud­
Ies dealing with permeation." 

We agree with the 
research team. The gasket is 
the weak spot. That is why 
AWoNA requires all gasketed 
piping standards to have a 
permeation warning state­
ment. When using gasketed 
joints, with PVC or Ductile Iron 
or Steel or what have you, the 
prudent engineer should c0n­

sider permeation ...menever he 
or she eocounters a eontami­
natedarea. 

On the brighter side, utili­
ties inlrequently encountered 
the problem. Only seven out 
of 162 (4%) utilities surveyed 
claimed to have any perme· 
ation problems Whatsoever. 
The figure was originally 11 
out of 162 (7%). But the "sub­
sequent follow·up found that 
one of the 11 had problems 
with polybutylene, not PVC; 
Iwo had only heard of prob­
lems in other utilities; and one 
utility had problems with low· 
head irrigation pipe." 
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PVC User category 

ALL 
1-10 MI 
10-50 MI 
>5OMI 

were manufactured by ten dif· 
ferent companies. The pipe 
samples were subjected to 
the following three tests to 
determine basic composition 
and extrusion quality: (1 ) 
Degree 01 Fusion Test, (2) 
Impact Test , and (3) Filler 
Content Tests. As a result 01 
the lesting , Ihe report finds 
that "PVC pipe being installed 
in 1992 appeared to be of 
high quality." 

Editor's Note: To order 
your own copy of this report 
can or write AWWA Customer 
Service Department, 6666 
West Quincy Ave., Denver, 
CO B0235, (BOO) 926-7337. 

Ask for Evaluation of 
_,; Chloride (PVC) Pipe 
Performance Reporfll 90644 

• 

Fisher 
Join.s 

Uni-BeU 
T

he Uni·Bell PVC 
Pipe Assoc iation 
has named Craig A. 

Fisher to the position of 
Association Engineer. 

·Craig's primary respon· 
sibility is to strengthen Uni· 
Bell's pOSition as the source 
of technical information to 
the PVC pipe industry," said 
Deputy Executive Director 
Dave Eckstein. 

Craig graduated from the 
University of Texas With a 
Bachelor of Civil Engineer' 
ing and a Master of Busi· 
ness Administration . He is 
a member of the American 
Water Works Association 
and the American Society 
for Testing and Materials. 

As Association Engineer, 
Craig is responsible for writ­
Ing technical articles , 
responding to inquir ies , 

conducting seminars , and 
representing Uni·Bell at pro· 
fesslonal meelings. 

• 


