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BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION
DOCKET NO. 960545-WS§
WATER QUALITY INVESTIGATION OF ALOHA UTILITIES, INC
PRE-FILED DIRECT TESTIMONY OF STEPHEN G. WATFORD

Please state your name and employment address.

Stephen G. Watford, Aloha Utilities, Inc., 2514 Aloha Place, Holiday, Florida 34691.

By whom are you employed?

I am employed as the President of Aloha Utilities, Inc.

How long have you served in that capacity, and what are your duties as the President of
Aloha Utilities, Inc.?

1 have served Aloha in one capacity or another for over 20 years. As the President of Aloha,
1 serve as the chief officer overseeing day-to-day operations, accounting, customer service,
billing collections and administration, as well as negotiations of contracts and agreements,
financing and planning.

What is the purpose of your direct testimony in this proceeding?

To update the Florida Public Service Commission on what Aloha has done to ensure that we
are providing a high quality of water service to our customers and to show the Commission
we are providing an excellent quality of service overall. -

Are you familiar with the Commission’s Order No. PSC-97-0280-FOF-WS issued in March
of 19977

Yes, I am. That Commission Order raises several questions about the quality of water
service provided by Aloha and it is my intention to try and demonstrate to the Commission
that Aloha is providing excellent quality of water service and that it has taken all reasonable

steps in order to improve the quality of water service provided to its customers. I also want
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to show the Commission what we at Aloha have done since the issuance of that Order to
correct any problems that did exist and/or to further demonstrate to the Commission that
Aloha is and has been doing the right things, and all it can do to ensure that the customers
are receiving high quality of service from their water Utility.

Please address the issue of corrosion control and copper sulfide.

As the Commission will recall, several customers testified at the hearings almost three years
ago that they were receiving black residue in their water at times and they believed (and
possibly even the Commissioners believed), that this was a result of something which Aloha
either was doing incorrectly, or failing to do. After extensive study by both Aloha, its
engineer, the Florida DEP, and the Commission’s own engineers, it was conclusively
established that the black residue which the customers were experiencing, was the result of
areaction between their copper pipes and hydrogen sulfide which naturally occurs in Aloha’s
and most other utilities’ water in Florida. We provided information to the Commission and
to DEP to demonstrate that the Utility was in compliance with all applicable standards
related to this problem and that the Utility was continuing, at the time of the last hearing, its
efforts to reduce the corrosivity of the Utility’s water, which was the only factor within the
Utility’s control that could have contributed to the occurrence of copper sulfide in some
customers’ homes. While this problem was not widespread, it was significant enough to
raise concerns by Aloha, the DEP, and the PSC.

In keeping with the Utility’s compliance with the Lead and Copper Rule, the Utility began
utilizing a corrosion inhibitor injected into the Utility’s water in order to help resolve this
problem. We began this additional treatment process in early 1996. We have now optimized
the utilization of that corrosion inhibitor as of August 11, 1998, and our corrosion levels as
measured by required DEP testing now indicate that the Utility’s corrosivity is below the
required action levels. We have recently received correspondence from DEP that states that
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we are now allowed to reduce the frequency of our monitoring under the Lead and Copper
Rule because of the successful results that we have received in our corrosion control
program, and as such we are now going to reduce our monitoring to once yearly. In fact, as
of the most recent data we have, our corrosion level is below that experienced currently by
Pasco County, which I note strictly for the purposes of comparison.

It should also be noted that there are several other factors that contribute to the occurrence
of copper sulfide in a customer’s water. Among the most important of these is the use of
home treatment units, which many of Aloha’s customers were using and continue to utilize.
These home treatment units strip off the corrosion inhibitor which Aloha is injecting into the
water and also strip off chlorine. In addition, they change the pH of the water delivered by
Aloha. Each of these factors contributes to corrosivity of the water and the likelihood that
copper sulfide will be present in the water. As I believe we have noted previously, the EPA
and the DEP require testing for corrosivity under the Lead and Copper Rule and do not even
allow the utilization of homes with home treatment units for testing of these factors, mainly
because of the effects of these home treatment units on the ability of the Utility to treat and
provide water which meets these corrosivity requirements.

In addition to the scientific evidence demonstrating that the occurrence of copper sulfide in

some customers’ water was the cause of the black residue complained of by some customers,

‘we also provided the Commission a copy of 2 University of Colorado study dealing with this

issue. This study has been subjected to extensive peer review and has now been published
in the Volume 90, July 1998 edition of The Journal of the American Water Works
Association. A copy of this article is attached as Exhibit SGW-1. This article clearly
demonstrates that the occurrence of copper sulfide in drinking water is relatively common
and can occur in any system where hydrogen sulfide exists, as it does in most Florida ground
water. This is the first scientific study and the first significant article on the subject which
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I have seen.

It is certainly possible that this problem which some of the customers were experiencing, is
still being experienced by them even though we have optimized our corrosion control
program and now show corrosion levels well below the action levels required by the
environmental regulatory authorities. Before and after the last Order, the Commission, the
DEP and our engineer, all worked to try and find if there were other alternatives available
to Aloha to help reduce the copper sulfide formation which some of the customers had noted.
Among other things, adjustment of the pH of the water was suggested as a possible
alternative to explore. Mr. David Porter, P.E. as part of his analysis of potential solutions,
prepared an extensive engineering study dated June of 1997 which was submitted to the
Commission and which Mr. Porter is sponsoring in this proceeding. Mr. Porter further
showed the Commission staff that pH adjustment was not a viable alternative available to
the Utility to further help in the corrosion control program and is now further supported by
the findings of the study published in the AWWA Journal article (SGW-1). His study
submitted in june of 1997 did provide analysis which indicated some additional treatments
that would assist the Utility in further reducing the likelihood of occurrence of copper
corrosion in customers’ homes. While the Utility will within the next few years probably
have to do many (if not most) of the things recommended within Mr. Porter’s report from
June of 1997, to do so prior to their being required by DEP and EPA regulations would
require an increase in rates of the customers prior to when those facilities were actually
required by new drinking water requirements. The Utility offered in the Summer of 1998
to undertake those improvements earlier than otherwise required in order to try to address
the concerns raised by the Commission and by some of the customers. The Commission in
its PAA Order PSC-99-0061-FOF-WS did not acknowledge that those improvements,should
be undertaken immediately. I am attaching hereto as Exhibit SGW-2, acopy of a letter from

4




10
11
12
13
14
15
16
17
18
19
20
21
2
23
24
25

our attorney to the PSC noting our willingness to move forward with those improvements
from last Summer. We believe that those improvements help with these corrosion concerns.
We have no new evidence about the number of homes that may be continuing to experience
such copper corrosion, however, our customer complaints on water quality in recent months
are down to lower levels than they have been in the last four years when we first began to
hear the customers complain of the black water residue. In addition, the scientific evidence
would indicate that the frequency of copper corrosion in customers’ homes should be
reduced substantially as a result of our now having optimized our corrosion conirol program.
However, to the extent that the Commission or the customers still deem that further
improvements are needed, the only scientifically proven method to further reduce copper
corrosion, taste and odor concerns is to move forward with the construction of the new
treatment facilities that will be required at some time in the future in any case. We at Aloha
stand ready to begin construction of these additional treatment facilities, if that is the desire
of the Commission and the customers. While certainly such improvements will have a
significant rate impact, our current water rates are substantially lower than the great majority,
if not all, of the other Utilities within our immed:ate area.

Was the issue of odor, which was also addressed in Commission Order No. PSC-97-0280-
FOF-WS reviewed by Aloha as well?

Yes. As we told the Commission at the last hearing, the only conceivable cause of the odor
complaints which a few of the customers noted, is the occurrence of hydrogen sulfide.
Hydrogen suifide is the naturally occurring constituent in Florida water, and Aloha’s levels
of hydrogen sulfide are by no means unﬁsual for water systems within the State of Florida.
Aloha’s water is by no means high for our area, or above-average for the state as a whole.
In fact, the last time we checked, our sulfate levels (the best indicators of hydrogen sulfide
levels) were lower than those contained in the water of Pasco County, the primary water
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provider other than Aloha within our general geographic area.

Our proposal for plant improvements contained within Mr. Porter’s study, (which are the
same as those proposed in our letter from the Summer of 1998), will certainly help in
reducing the level of hydrogen sulfide through the implementation of packed tower aeration
facilities. This reduction of hydrogen sulfide will certainly occur once those facilities begin
to be placed in service in the next three to six years. It will be expensive to undertake these
improvements in major part because of the required centralization of treatment facilities, and
therefore it is not our intention to undertake these improvements until required by other
environmental regulatory requirements or by the Commission, as we have previously offered
to do. Because of the resulting rate increase, the Commission noted in their PAA Order that
they did not believe it was appropriate at this time to direct the Utility to make those
improvements now. Aloha believes that this is the only thing that we can do at this time to
further address the copper corrosion, taste and odor concerns that the customers have raised.
If this Commission feels it is necessary to address tﬁose at this time, Aloha stands ready to
proceed with that construction. Certainly the construction will eliminate the great majority,
if not all, of the taste and odor complaints and based upon the reduction in sulfides that we
know will occur, we feel confident, and logic suggests, that the copper corrosion will also
be substantially reduced.

Were there unresoived issues related to pressure from the last full Order over two years ago?
No, I do not believe so. I believe we demonstrated to the Commission and its staffs’
satisfaction that the Utility was providing water to all of its customers well above the
required pressure levels at all extremities of the system. Certainly, every pressure test done
by us, or anyone else, has concluded that is the case.

The Commission’s Order from early 1997 also raised some concerns about Aloha’s customer
relations and its record keeping related to customer complaints. Do you have any further
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evidence to provide to the Commission at this time concerning that issue?

Yes. First I would like to address the issue of record-keeping concerning customer
complaints. As noted during the last hearing, Aloha was and continues to be in full
compliance with the applicable Commission Rules related to logging and keeping record of
customer complaints, We provided as a late-filed exhibit from that prior hearing, some
information accumulated by me on that issue. We have further reviewed our policies and
procedures to ensure that we continue to be in full compliance with all applicable
requirements related to record keeping on customer complaints, and I have verified that in
fact we are in such full compliance. Attached hereto as Exhibit SGW-3, is a copy of the
information which I provided as part of late-filed Exhibit 24 from the prior hearing, which
I believe addresses this issue in somewhat more detail.

We have also taken additional measures to ensure that all customer inquiries and complaints
are properly processed and that all are addressed and that there is appropriate record-keeping.
Since the last hearing, we have added a new computer system that allows us to track
customer complaints more effectively, efficiently and precisely. We are also able to trace
much more quickly and readily the results of our investigation of all customer complaints
in the data base and to program the computer to recognize frequently occurring complaints,
or complaints within a given area so that we can recognize trends and possible problems
more quickly.

In addition, we made a change to make sure that all water quality complaints go through a
single customer service representative, once it is determined that that is the nature of the
complaint. In this way, no customers are left in a position of having talked to two or three
different people at different times, and possibly receive answers that seem, to the customer
at least, to have been different for the same problem.

What about the issue of your staff’s appropriately responding to customer concerns?
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As noted above, we have reviewed our existing procedures and have incorporated some
additional procedures which we believe have substantially aided us in properly responding
to customer concerns. After the hearing at which some customers raised concern about the
way they were treated by Aloha’s personnel, we have undertaken to discuss with all of our
staff members their responsibility to treat all customers with courtesy and dignity and to
ensure that all of their complaints are thoroughly checked out to determine what, if anything,
Aloha can do to resolve the problems. We have undertaken to have regular staff meetings
to discuss recurring customer concerns and problems and how to deal with them to ensure
that the customers receive a satisfactory answer, and that the problems are resolved to the
best of our ability.

We have also prepared an informational packet, put together by us, which has been reviewed
by both the DEP staff and the Commission staff for accuracy and that is provided to each and
every customer whose complaint is determined to be related to copper sulfide. This packet
includes extensive explanation and possible solutions that the customer can undertake to
alleviate the occurrence of copper sulfide within their home.

Since these problems are the result of factors beyond our point of delivery and beyond our
control, this was not something we were required to do. However, we want our customers
to be happy with their water service and do what we can to help them achieve that, even
when the problem is the customers’ responsibility. We have certainly gone the extra mile
in our opinion in trying to assist those customers who have continuing problems, even
though many times these problems are caused by factors beyond Aloha’s point of delivery
and, therefore, the area of Aloha’s responsibility. We have done such things as agreed to
send people out to actually flush the customer’s internal system, to attempt to assist some
customers who had experienced copper sulfide problems, as well as other measures which
we believe are above and beyond the call of duty. I have tried to ensure that any persons
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who have a problem or question concerning the quality of service provided have those
problems resolved by our staff.

Is Aloha currently in compliance with all water quality regulations imposed by the applicable
regulatory authorities?

Yes we are and we have been 'throughout the time that this docket has been open. There was
some suggestion that Aloha was out of compliance with the Lead and Copper Rule during
the early phases of this proceeding some three years ago. However, that is an inaccurate
statement. Aloha was not out of compliance with the Lead and Copper Rule. In fact, the
Lead and Copper Rule requires a Utility to test the water inside a customer’s home to
determine if the lead and copper levels are above a certain point called an “actibn level.” If
the test showed levels above the action level, a Utility is required to come up with a plan to
reduce the corrosivity of their water. If a Utility did this, they were considered to be in
compliance with the program. That is why the rule refers to it as an “action level” instead
of a “maximum contaminant level” or MCL. Aloha has been and still is in compliance with
the Lead and Copper Rule. We took immediate action once we determined that we were
above the action level, and have worked diligently to ensure a maximization of the benefits
of the corrosion control method which we have utilized, which is the injection of the
corrosion inhibitor. Pinellas County, as an example, is using the exact same method for its
corrosion control program. We have now optimized the level of injection of the corrosion
inhibitor and therefore, are below the action level for corrosivity. Most Utilities in Florida
were required to implement corrosion control after the first round of testing. I believe that
the Commission staff has fully verified this during their eﬁ(tensive investigation into the
various issues raised by the Commission Order in March of 1997 and since that time. Qur
lead and copper corrosion program has worked effectively to reduce the corrosivity of our
water to below the required “action level.” In fact, our system was deemed fully optimized
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by the Florida Department of Environmental Protection on August 11, 1998. On June 28,
1999, the Florida Department of Environmental Protection granted us permission to go to
reduced monitoring on our lead and copper program due to the continual success our

program has demonstrated.

The Utility was also criticized in the March 1997 Commission Order for its failure to have
undertaken an extensive study of the Utility’s water quality for the past five years. How do
you respond to that criticism?

There was no reason for the Utility to undertake any extensive study at that time. While
there were certainly some water quality concerns raised by customers during the hearings,
the number of complaints prior to the initiation of this water quality proceeding in early
1996, were very few. The copper sulfide complaints were not identified, nor did they reach
a significant level until the end of 1995 and early 1996, right at the time this investigation
was begun. The Utility asked DEP for authorization to immediately begin injection of the
corrosion inhibitor to try and address these concerns right after the discovery of copper
sulfide in some customers’ homes.

The scientific evidence has always demonstrated that this was the best course of action.
While several persons, including the customers and even the Commission and its staff at
times, have suggested that the Utility at least review other alternatives, our engineers as well
as the people at DEP have recognized throughout that we were pursuing the appropriate
course of action and the only one that we could reasonably undertake without a substantial
increase in rates.

David Porter, P.E. did perform the study for Aloha as required by the Commission to review
what could be done to improve water quality. That was submitted to the PSC approximately
two years ago. Thatreport did conclude what we have been telling the Commission all along
about the reasonable alternatives that the Utility could undertake at this time to help in some
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of these areas of concern raised by the customers. As noted in that report, such |
improvements would also cause rates to increase. We have agreed to undertake these
improvements substantially sooner than is otherwise required, and we continue to take that
position now.

The staff of the Commission and DEP have performed extensive studies and analysis of
Aloha’s water which I believe are unprecedented in the history of private water and sewer
Utilities regulated by the Florida Public Service Commission. The conclusions are still the
same as those which we asserted at the last hearing. That the Utility’s corrosion control
program was the best method to try and address the concems, and that the majority of the
problems are the result of factors inside the customers’ homes (including the use of home
treatment units) which Aloha has no control over . As noted very specifically within the
Commission’s own rules, Alcha’s responsibilities end at the point of delivery as defined
within Rule 25-30.225(5) and 25-30.231, Florida Administrative Code. The Utility cannot
be placed in a position to try and maintain or address water quality beyond that point,
because of the customers’ sole right and ability to determine the nature of facilities beyond
that point and to change the chemical makeup of the water through use of home treatment
facilities.

The only other thing that could be done are the plant improvements that we have outlined
in Mr. Porter’s June 1997 study. We believe, to the extent that the Commission wishes the
Utility to take further measures to improve water quality, that these are the measures that
shouid be undertaken because they are the only measures that have been scientifically shown
by testing or by review of competent engineers to help in the areas of the customers’
complaints.

Did the Commission require that Aloha undertake a Survey of Customer Satisfaction?
Yes, they did by Order No. PSC-97-1512-FOF-WS issued in the Fall of 1997. This action
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by the Commission was unprecedented. However, Aloha went along with the Survey and
worked with the Commission-and the customer representatives in drafting the appropriate
Survey questions and wording. However, the final decisions were made by the Commission
staff. After the Survey was responded to, we accumulated the results. Certainly the Survey
received a high level of response.. However, as the Survey specifically noted on its face in
bold language, those people who found the water quality and service satisfactory were told
that they need not respond. As such, we felt that the analysis of the Survey results as
provided by the Commission staff to the press and the way in which they were described in
a later Order of the Commission were unfair to Aloha, because they did not compare the
Survey results to the total number of people surveyed. We provided the Commission with
our own analysis showing the way the Survey results should be characterized, and I am
attaching a copy of those letters to my testimony as Exhibit SGW-4.

Did the number of Survey responses surprise you?

No. This was the first Survey of its kind issued by the Commission, so there is nothing to
compare it to. While some people have suggested that you could compare it to the response
to an extended area service questionnaire (which the Commission has undertaken in the
past), it is not in any way, shape, or forrn comparable to those type of surveys based upon
what ] understand that those Surveys included. The Commission to my knowledge has never
before had a Utility undertake a Customer Satisfaction Survey, or even any kind of extensive
Survey like this one. Certainly the level of our customer complaints have been relatively
minor after the hearing of the reuse case over 2 ¥; years ago. The level of complaints jump
at times around such events as the 1996 hearings, the Survey, the Commissioners’ visit, or
the Commission’s final action on these proceedings. However, in all, our customer
complaint level is very low at the present time. In fact, our water quality complaint level
for the last twelve months is lower than it has been in five years and is back to or below the
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levels which existed prior to the filing of our reuse case with the Commission in 1995.
Did members of the Commission actually visit the Utility’s service areato review the quatity
of water provided by Aloha.

Yes. In the Summer of 1998, Commissioners Deason, Johnson and Clark arranged to visit
Aloha’s service territory and view several customers’ homes and the water provided by
Aloha into those homes. Unfortunately, do to a family emergency, Commissioner Deason
was not able to attend. However, Commissioners Clark and Johnson were escorted around
to several predetermined customers’ homes to view the water provided to those customers.
In each and every case, we arranged to take a sample of water from outside the customers’
homes in order to show the Commission the quality of water that was actually being
provided at the point of delivery by Aloha. We still have those samples and will provide
them at hearing if the Commission so desires. In each and every case, they showed that the
water being provided to the customers’ homes was clean and clear at the point of delivery.
Certainly, the Commission’s visit revealed that as of last Summer, there were still some
customers receiving some copper sulfide in a few homes. We at Aloha still believe that the
total number of homes experiencing this copper sulfide probiem is less, only a fraction of a
percent of total customers served. Secondly, we believe the optimization of our injection of
the corrosion inhibitor and our corrosion control program in general, should have
substantially helped in reducing the level of copper sulfide which customers are
experiencing. However, homes with home treatment units are much more likely to continue
to have both corrosion problems and odor problems because of the effects that these systems
have on the water delivered by Aloha after our point of delivery. Aloha cannot treat water
that is unaffected by these systems and therefore, it cannot be held responsible for what
occurs as a result of utilization of these systems. DEP and the environmental regulators have
certainly recognized this fact.
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In all, I belicve while the Commission’s visit showed them that there were some problems
continuing at that time with copper corrosion in customers’ homes, it also showed them that
in the one case where the copper pipe was completely replaced (the home of Mr. Vinto) thaf
the problem immediately and completely disappeared. In addition, I believe it showed the
Commission that the water as delivered by Aloha is completely clean and clear with no
copper sulfide, or any other discoloration.

Do you have any further testimony to provide at this time?

No, other than to say that hopefully, we can resolve this case once and for all and bring it to
a close after over three and one-half years now of reviewing these matters. The level of
investigation of Aloha, the things required of Aloha, and Aloha’s voluntary actions in
response (above those required of us by the environmental regulators), have been
unprecedented. The primary issue here concerns a building material used in the construction
of homes, i.e. copper pipe. While the focus throughout this proceeding has been water
quality, the better focus all along would have been copper plumbing systems. Representative
Fasano recently asked Pasco County to enact an ordinance to prohibit the use of copper in
plumbing and should be commended for that. It is time to bring this case to a close based
upon the scientific and engineering evidence, which we believe fully supports that Aloha is
in compliance with all environmental regulatory requirements and all customers complaint
requirements of the Commission’s Rules and that the Utility is doing and has been doing
what it should be doing in order to ensure that the best quality of service is being provided
to its customers. Ifthe Commission wishes Aloha to do more, then we need to have an order

laying out specifically what needs to be done and Aloha will move forward with those

improvements.
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‘ DISTRIBUTION SYSTEMS

Sulfide-Induced

CODDEr corrosion

Sulfides can accelerate the corrosion of copper pipe
and elevate concentrations of copper

in drinking water.

Sara Jacobs,
Steve Reiber,

and Marc Edwards

Ithough extensive rescarch docu-
idcs corrode copper alloys in scawater,!
almost no corrosion rescarch applies directly
to drinkivg putilitics and homceowners. The pos-
sible corrosive elfects ol sullur species on copper can
be predicted by comparing the Pourbaix diagram lor
the copper—water and
copper=sullur—water sys-

The presence of sulfides in potable water increases copper pitting tem (Figures | and 2).2
and the release of copper corrosion by-products. After 3 h of The copper—water system
stagnation in a copper pipe, the average by-product release of a contains a farge pE-pH
synthetic drinking water that contained sulfides was 8.0 mg/L at region in which copper
pH 6.5 and 4.4 mg/L at pH 9.2. These concentrations represented a metal [Cu(s)] is the ther-
5- and 50-fold increase compared with water without sulfides. modynamically stable
Sulfide-induced corrosion problems might be ameliorated by species; i.c., under certain
removal of sulfides from the water, mechanical removal of the water conditions, copper
sulfide scale, chlorination, or deaeration. However, in the is Immune Lo Corrosion
laboratory only mechanical removal of the sulfide scale and because the oxidation re-
removal of sulfides from water were effective within a month. actions involved are ther-

Utility case studies strongly support a relation between sulfides

and increased copper corrosion problems.

62 VOLUME 90, ISSUE 7

For executive summary,
see page 163.
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These coupons show the scaie
formed on copper (top) and the
copper surface beneath the scales
(bottom). The first two coupons in
each row are at pH 6.5; the last two
coupons in each row are at pH 9.2—
both without (coupons 1 and 3)

and with (coupons 2 and 4) sulfides.

Sullide-containing rust or
scale layer was shown 1o causc
these increased corrosion rates.
In previous rescarch, black cop-
per-sullide scale was removed
from a coupon that had been ex-
posed to sulfides for eight months
and coated onto a new copper
pipe that was placed in sulfide-

free water. The corrosion rate of

the coated coupon equaled that of
coupons cxposed to sullides lor
months. Additionally, mechani-
cal removal ol the scale layer
reduced the high copper corro-
sion rates to normal levels. The
scale catalyzed both anodic and
cathodic redox reactions occur-
ring at the copper—pipce surface.
In the presence of this scale,
reducing the concentration of dis-
solved oxygen from 16 10 < 0.2
mg/L only slightly decreased the
overall corrosion rate. !

modynamically impossible. However, introduction
ol sullur species to this system greatly diminishes this
region of inmunity.

Moreover, pitting of copper by potable water has
been circumstantially linked to sulfides.? A study ol
this problem concluded that
“these Jsoft water| pitting
failures are characterized by
the identification ol sullides
in the corrosion products
and |scale] layers. [t is still
premature to conment on
the importance of this fact,
although the influence on
the properties of the |scale]
layer might obviously be considered.”? Recently this
link has been strengthened.! In laboratory experi-
ments using low-alkalinity potable water at pH val-
ues of 6.5 and 9.2, the authors demonsirated that
the presence of sullides increased copper corrosion
rates one 1o tlwo orders ol magnitude compared with
the same water without sulfides. The 4.3-18.8-
pA/cm?2 (3.9-17.2-mils/ycar) corrosion rales recorded
in the presence ol sullides, which may be the highest
cver recorded Tor copper in potable water at these
pH values, did not decreasce signilicantly during cight
months ol exposure.
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This work characterizes the
effect of sulfides on the longevity of home plumbing and
examines possible strategies to reduce copper in house-
hold water. As the corrosion rate increases, the rate ol
by-product release and ol pitting failures may also
increase. Because these problems are ol concern to util-

sion rates recorded in the presence
sulfides may be the highest ever
at these pH values.

ities and homeowners, experimental resulls are reported
that delineate the role of sullides in these problems. A
literature review and case studies highlight the problem
in practical situations.

Typical pH range studied

The base solution nsed in all laboratory cxperi-
ments contained 23 mg/L sodium chloride, 30 mg/1,
sodivm sullate, and 25 mg/L sodinm bicarbonate in
deionized water.® These solutions—with and with-

‘Mi”i—&ﬁi“ipurr Corp., Bedlord, Mass.
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out sulfides—were tested at pH 6.5 and 9.2 to capture
effects throughout the pH range of typical drinking
water. Sulfides were added as Na,S - 9H,0 at a con-
centration of 5 mg/L as sulfide twice per week.
Equimolar sulfur concentrations were added to the
solutions without sulfides as Na,SO,4 and the solutions
were completely changed each month. Sulfides were
detectable up to three days after sulfide addition at the
beginning of the experiments. Solutions were open to
the atmosphere, and experiments were conducted at
a temperature of 22 + 30C (71 + 59F),

The copper coupons used for all experiments were
sB-in.- (16-mm-) diameter nominal copper couplings
with an internal surface area of 20 cm? (3 sq in.) and
an actual inner diameter of % in. (20 mm). Water from
16-L (4.2-gal) reservoirs was circulated through the
coupons at a flow rate of 1 gpm (0.06 L/s) for 30 min
every 12 h. Corrosion current and potential measure-
ments were determined using the Reiber electrochemical
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Potential-pH diagram of the copper-water system at STP

cell*#5 and a corrosion-mea-
surement system.* Corrosion
rates were measured in units
of pA/cm?, but they were also
calculated and reported here
as mils/year based on a one-
electron-transfer redox reac-
tion. Details of the exposure
apparatus, electrochemical cells,
and quality assurance—quality
_control of the electrochemical
measurements are described
elsewhere. 1.4

By-products were released
under stagnant conditions in
coupons filled with fresh solu-
tion and allowed to sit sealed
with parafilm for 3 or 6 h. The
water was then decanted from
the coupons, and, after acidi-
fication with 5 percent nitric
acid, copper concentration
was measured with an induc-
tively coupled plasma emis-
sion spectrophotometer.+

Sulfides decrease
plumbing longevity,
induce release of
corrosion by-products

During exposure to water
containing 5 mg/L sulfide,
thick, black, poorly adherent
scales formed at both low and
high pH values. This black scale
layer developed in as little as 4
h and grew to a thickness of
about 0.4 mm (0.02 in.) during
nine months of exposure to
sulfides. Upon drying, the un-
derlying scale produced at pH
6.5 was orange and powdery;
that produced at pH 9.2 was gray and shiny, similar in
appearance to graphite.

When the scale was mechanically removed from
the coupons using gentle abrasion with a synthetic
scouring pad, the copper beneath the sulfide scales
was slightly pitted, whereas the coupons not exposed
to sulfides looked like new copper. The underlying
metal surfaces of the coupons exposed to sulfides at
pH 9.2 were less uniform than those exposed at pH
6.5. Thus, different values of pH induced different
types of attack in the presence of sulfides.

After 11 months of exposure, the average weight
loss of copper coupons exposed to sulfides was 11
percent at pH 6.5 and 5 percent at pH 9.2.! In contrast,
the coupons placed in the sulfide-free solutions lost
< 0.5 percent of their weight. Corrosion rates in sul-

*CMS100 Corrosion Measurement System, Gamry Instruments, Inc.,
Longhorne, Pa.
+Vadon Liberty 150 AX, Palo Alto, Calif.
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fide-free water were 1.0 and
0.2 pA/ cm? (0.89 and 0.18
mils/year) at pH 6.5 and 9.2.1

Based on these results, sul-
fide-bearing water would be
expected to significantly de-
crease the lifetime of copper
plumbing and increase the
release of corrosion by-prod-
ucts into drinking water. The
authors calculated how long it
would take to completely cor-
rode the metal of a typical pipe,
on the basis of weight loss (in
sulfide-bearing systems) and
of electrochemical measure-
ments assuming a one-electron
transfer (in systems without
sulfides). Uniform corrosion
was assumed for all systems.
A %-in.- (20-mm-) inner-di-
ameter Type K copper pipe, of
65-mils (approximately '416-in.
or 1.6-mm) wall thickness,
would take more than 500
years to completely corrode at
pH 9.2 in sulfide-free water
(Figure 3). In contrast, an iden-
tical pipe in water at the same
pH but with sulfides present
would take less than 18 years
to completely corrode through.
Only 13 years would be re-
quired to completely corrode
thinner Type L tubing at pH
9.2 in the presence of sulfides
(wall thickness of 45 mils
[0.045 in. or 1.1 mm]). These
estimates likely represent max-
imum elapsed times, because
the nonuniformities of pitting
corrosion will cause pipe fail-
ure long before all of the metal
has corroded. However, these
calculations demonstrate the
practical implications of sul-
fides for pipe longevity.

The authors calculated by-
product release by assuming
that sulfide-induced corrosion
proceeds uniformly during
stagnation and by using the
known volume of water
within a %-in.- (20-mm-)
inner-diameter pipe and the
same corrosion rates used to
calculate the lifetime of that
pipe (Figure 4). If all corroded
copper were released to solu-
tion (in fact some copper is
incorporated into a growing
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Tap water
with 5 mg/L
of copper
sulfide as Cu
can be
significantly
discolored.

Electric Potential—V

Potential-pH diagram of the copper-sulfur-water system at STP

~ From Brookins, D.G. E-pH Diagrams for Geochemistry. Springer-Verlag, Berlin (1988).
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- = - - pH 6.5, no sulfides

Wall Thickness—in

Time—years

diameter copper pipe

- - == pH 6.5, no sulfides

Copper Concentration—mg/L

Time needed to completely corrode a pipe through uniform corrosion

pH 9.2, no sulfides
——— pH 6.5, with sulfides —— pH 9.2, with sulfides

Predicted copper by-product release within a %-in.- (20-mm-)

------- pH 9.2, no sulfides
—— pH 6.5, with sulfides —— pH 9.2, with sulfides

measurements. The copper
coupons exposed to sulfide-
free water at pH 9.2 released
an average of < 0.1 mg/L Cu.
The average copper by-prod-
.* uct released by coupons ex-
. posed to sulfide-free water at

Al pH 6.5 (1.5 mg/L Cu) was

3 higher than the regulated
level of 1.3 mg/L, but this
value is typical for drinking
water at this relatively low pH.
However, the by-product re-
leased by coupons exposed to
sulfides was much higher—
an average of 8.0 mg/L total
Cu at pH 6.5 and 4.4 mg/L
total Cu at pH 9.2. The 3-h
copper release predicted on
the basis of corrosion-rate
measurements was much
higher than the release mea-
sured at all four sets of exper-
imental conditions (presence
or absence of sulfide at pH
values of 6.5 and 9.2). This
observation suggests that a
large portion of the corroded
/ copper formed scale or that
- corrosion rates were substan-
tially lower during stagnation.
Nevertheless, trends in the
data were consistent with
expectations based on corro-
sion rate measurements.
A As a longer-term measure
s of cumulative copper by-prod-
uct release, copper concen-
trations in the 16-L (4.2-gal)
reservoirs were measured after

N
Wall Thickness—mm

Time—min

scale layer), then it would take < 7 min to corrode
enough copper to exceed the US Environmental Pro-
tection Agency (USEPA) Lead and Copper Rule action
limit of 1.3 mg/L at pH 9.2 in the presence of sul-
fides (Figure 4). In contrast, it would take several
hours to do so in the same water without sulfides.
To confirm these trends, the by-product release
from coupons aged eight months was determined
after 3 and 6 h of stagnation (Figure 5). Similar
amounts of copper were released during the two time
periods, apparently because of a rapid approach to
pseudoequilibrium. The actual by-product release
values in Figure 5 are the average of the 3- and 6-h
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a month of exposure and
before the solutions were
changed and replaced with
freshly prepared solution.
Because each of the four cou-
pons held a volume of 9.5 mL,
the 16 L (4.2 gal) of water in
the reservoir represented a
420-fold dilution of water that would fill the coupons.
To normalize the copper concentration to the volume
of water within the coupons, the measured copper con-
centration in the reservoir was increased by a factor of
420 (Figure 6). During onc month, sulfide-free solutions
typically released only 4 mg/L Cu at pH 9.2 and 78
mg/L Cu at pH 6.5. In the same time interval, sulfide-
bearing solutions released an average of 1,060 mg/L
CuatpH 9.2 and 1,320 mg/L Cu at pH 6.5. (Release at
pH 9.2 during the five months was unstable.)

To characterize the corrosion by-products, the
authors filtered samples through a disposable nylon-
membrane (0.2-pm pores) syringe filter. Between 85
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and 90 percent of the copper
in sulfide-bearing solutions
passed through this filter, a
surprisingly high percentage
given the low solubility of
copper sulfides. Perhaps this
copper was present as very
small colloids. At least partly
because of their black color,
copper sulfide corrosion by-
products were visible to the
naked eye at concentrations
as low as 1 mg/L and could
be disturbing to consumers
at higher concentrations.

-t
[41]
(=]

-
(=
o

Possible remediation
strategies examined

Four remediation strate-
gies were investigated: re-
moval of sulfides from the
water, chlorination, super-
chlorination, and deaeration.
Another strategy, mechanical
removal of the scale, was
shown to be effective! but is
not likely to be practical for
home plumbing.

Remove soluble sul-
fides from water. After nine
months, copper coupons that
had been immersed in sulfide-
bearing water were placed in
series with coupons that had
been immersed for nine
months in sulfide-free water.
All coupons were then ex-
posed to sulfide-free water for
68 days. At pH 6.5, the corro- = -
sion rate of coupons that had :
been previously exposed to
sulfides fluctuated between
6.0and 11.5 pA/cm? (5.3 and
10.2 mils/year), but no defi-
nite trend in corrosion rate
was established (Figure 7). At
pH 9.2, the corrosion rate of
sulfide-exposed coupons be-
gan to decrease after the first
four days. This decrease may
reflect a statistically insignif-
icant trend toward lower cor-
rosion rates at pH 9.2 over
time, a continuation of what
was observed even when sulfides were present.!

After the coupons spent two months in sulfide-free
water at both pH 6.5 and 9.2, the corrosion rates of
the coupons coated with sulfide scale remained an
order of magnitude greater than the corrosion rates
of coupons never exposed to sulfides. If the corro-
sion rate of the sulfide-coated coupons at pH 9.2 were

Copper Concentration—mg/L

o
(=]

1,000

Copper Concentration—mg/L

500
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pH 6.5

No

sulfides

- <4 - pH 6.5, no sulfides
—@— pH 6.5, with sulfides —— pH 9.2, with sulfides

Predicted and actual by-product releases by copper coupons

@ Predicted release (1 electron transfer)
@ Predicted release (2 electron transfer)
Wl Actual by-product release

I 90 percent confidence interval

H 6.5

pH 9.2

With
sulfides

No

sulfides sulfides

Total copper released to reservoirs expressed as the equivalent
| concentration of copper in the coupons

ol pH 9.2, no sulfides

Time—days

to continue decreasing linearly when plotted against
the logarithm of time, it would still take about 400
days before the corrosion rate fell to a rate compara-
ble to that of copper in the absence of sulfides.
Chilorinate. In order to examine the effect of chlo-
rination as a possible remediation strategy, two cou-
pons used in the preceding experiment (on sulfide

(o
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removal [rom water) were subsequently exposed to
water with | mg/l. chlorine lor one week. The cor-
rosion rates were then compared with those ol a new
coupon never exposed to sullides. Liquid bleach con-
laining 5.25 perceent sodiunt hypochlorite by weight
was uscd to maintain the residual chlorine concen-
tration, and no sullides were added during chlorina-
tion, Corrosion rates were measured just belore ¢hlo-
rine was added and at one, three, and seven days
alter chlorination had be-
gun. The coupons were then
exposed to a single dose of
100 me/L chlorine, and cor-
rosion rates were again mea-
sured alter one month. It
was expected thar the chlo-
rine might favorably alier
the natare ol the sullide-
containing scale Tormed during sullide exposure.
The average corrosion rate during the week ol
cxposure to L mg/L ol chlorine was calculated and
compared with the corrosion rates belore chlorina-
tion (Figure 8). In the presence of chlorine, corrosion
rates increased markedly under all Tour sets ol exper-
mmental conditions, possibly because chlorine is a
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FIGUHE_I’? | Rate of corrosion of copper coupons after nine months of sulfide
i o } exposure, followed by abrupt removal of sulfides at pH 6.5 (above)
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stronger oxidant than oxygen.
These findings are consistent
wilh previous work that dem-
onstrated chlorine can in-
crease the corrosion rate of
copper.S Atter superchlorina-
14 tion and one month ol aging,
the coupons were exposed o

12 § e . - i . 5
8 a fresh, chlovine-lree solution
- 10 @ for 15 I belore corrosion rates
O . i were again mcasured. The
Ng e only substantial reduaction in
N corrosion rate occurred at pll
2 9.2 in the coupon previously
AP exposed 1o sullide (Figure 8).
s O Even so, this reduction was
R e not sulficient to lower the cor-
' 10 rosion rate to levels Typical of
1 copper never exposed Lo sul-
10 licdes. Thus, neither chlorina-
9 5 tion nor superchlorination
8 % cHectively a"ln'n.malcd prob-
7 & [es of sullide-induced cop-
e | per c()r.m.\‘ion during relatively

I short time l)(‘l'l()d\i. »
4 5 Deaerate. Dcacrating
- 3 2 walter might reduce corrosion
N 5 rates by removing the oxygen
Sy .0 that Tuels corrosive attack.
1 However, even an hour ol
- . =t purging nitrogen through

10 100

watcer and reducing oxygen {o
undetectable levels did not sig-
nilicanily decrease the corro-
ston ol pipes exposed 1o sul-
lides.! Apparently, even ivace
concentrations ol oxygen can sustain high corrosion
rates in the presence ol the catalytic sullide-contain-
ing scale. On the other hand, in previous rescavch the
harmlul cllects ol sullide-induced corrosion did not
occur in completely deacrated scawater. =8 Taken as a
whole, the results of this and other studies suggesi
that increases inoxygen concentration resulting from
acration for sullide removal at utilities that already
have oxygenated water sources might not worsen stil-

tilities should consider the possible
effects of sulfides whenever copper
corrosion problems are encountered.

lide-induced corrosion. However, acration lor sullide
removal at utilities supplicd by water sources that
contain sullides but not oxygen imay pose problems.
That is, acration could trigger severe sullide-induced
corrosion that had previously been suppressed by the
absence ol oxygen. Additional rescarch is needed 1o
deline the interplay between oxygen and sullide-in-
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duced copper corrosion in
drinking water and (o
identify clfective remedi-
ation strategics.

Case studies show
effects of sulfide-
induced corrosion
Although laboratory
work has demonstrated
that sullide-induced cop-
per corrosion can harm
polable water plumbing,
its relevance to real sys-
lems remains uncertain,
Sulfate-reducing bacteria

be extraordinarily consis-
tent and ellicient to be
successhul. 1t is possible
that this intility’s acration
system did not complelely
remove sullides Trom the
raw watcer all the time.
Sultides might also
cause problems in relation
to compliance with the
Lead and Copper Rule
(Table 1). Tn a recent study,
the Orlando (Fla.) Utilities
Commission  cxceeded
USEPA’s 90th pereentile
action level ol 1.3 mg/L

PHOTO: STEVE REIBER

appear to be present in all
distribution systems, 219
and sulfide-induced cor-
rosion can be initiated at
concentrations as low as
0.007 mg/L sullide. !
Thus, on the one hand,
sullides could be a major
causc of copper corrosion.
On the other hand, other
constituents in drinking
waitcer, such as natural
organic matlier,'2 that
were not investigated in
the previous experiments
might inhibit sullide-
induced corrosion. Al-
though reality is some-
where between these two
extremes, the authors at-
tempted 1o compile case
studies from the literature
and from utility contacts
in which copper corrosion
might have been induced by sullides. (With the excep-
tion of the Texas case study, which was conducted
as part ol this work, sullides were not initially inves-
tigated as a primary cause ol the observed problems.)

Sulfides may cause copper action level to be
exceeded. In a case that must remain conlidential for
legal reasons, a utility with raw waler sullides received
vehement consumer complaints because ol high con-
centrations of black pavticles at the 1ap. Copper pipe
sections from the aflecred homes contained a thick
coal ol solt, mushy, black scale. The black scale and
particles were identilied as cupric sullide.

The magnitade ol the problem varied markedly
[rom one section ol the distribution system to another,
and even Trom home to home within a section, sug-
gesting that factors other than raw water quality were
important in this instance. This utility typically re-
moved sullides 1o below detection levels (< 0.2 mg/L)
by acration. However, because even briel exposure to
low concentrations of sulfides can induce long-term
copper corrosion, Hsullide removal techniques must
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This pit (top), with the tubercle cap still in place, is
typical of the Mission system in Texas. The scanning
electron micrograph (bottom) shows the pitting
structures underlying the tubercle caps.

Cu."> The water supply in
Orlando is modcrately
hard groundwater that has
a sullide concentration ol
0.44-2.5 mg/L, lairly typi-
cal lor many groundwater
sources in Florida, Analyses
ol watler samples moni-
tored to meet the Lead and
Copper Rule showed 90th
percentile Cu levels of 1.85
and .76 mg/L lor the lirst
and sccond rounds ol test-
ing. Treatment by acration
removed 40-60 pereent ol
hydrogen sullide [rom
raw waler, and chlorina-
tion removed the remain-
der. The utility received
about eight or nine cop-
per-related complaints a
month, including bluc
walter, pitting lailures, and
metallic taste.

Three additional Florida utilities, all of which treat
sullide-bearing raw groundwater, initially exceeded
the copper action level but later came into compli-
ance.* 15 AL least one ol those utilities reported Ire-
quent problems with copper pitting corrosion. The
three udilities used different strategies to reduce cop-
per concentrations below the USEPA action fevel—
adding phosphate inhibitor, adjusting pH, or adjuslt-
ing both pt and alkalinity (Table 1). For comparison,
the table also reports the average 90th percentile cop-
per values at utilities in the United States that have
similar pH and alkalinity values.to-17 Uiilities that
treat sullide-bearing raw water have 90th percentile
copper values about three 1o six times the national
avcerage Tor utilities with similar pH values and water
quality. After pt was adjusted or phosphate inhibitor
was added, the 90th percentile copper concentra-
tions at utilities 1 and 2 decreased 10 below the action
level, but they were still three to four times the
national average. Utility 3 markedly improved its sul-
lide removal concurrent with instituting corrosion
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[ Before chlorination
B During chlorination
After superchlorination
16 pH 6.5

2
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N

pH 6.5

Corrosion Rate—pA/cm

pH 6.5

Previous
suifide
exposure

control; its reported 90th percentile copper subse-
quently dropped 1o the national average.

Sulfides may hasten pipe failure. (nsiances of
copper pitting corrosion in the presence ol sullides
have already been noted.? Rapid pitting can cause
pipe failure in tess than a year, and the damage can
result in ercat expense to the homeowner. WS The
lollowing case studics from atilities in Florida, Ohio,
Texas, and Scotland suggest
a connection between severe
pitting corrosion and the AR
presence ol sullides. t .

Florida. Scveral instances ' S
ol copper pitting have been
reported in Cape Coral,

Fla. " Water entering the dis-
tribution system has a sul-

fide concentration ol 0.3
mg/l (Table 2). Tts pH s
higher and s alkalinity is
fower than other Florida groundwater sources
described i this article (Table 1), Looscly adherent
layers ol black deposits with small amounts of sullur-
containing products ringed the pits. Voluminous green
tubercles covered the pits, and the larvger the tubercle,
the larger the underlying pit.

Oliio. A relatively new subdivision in Lima, Ohio,
enperienced severe pitting corrosion problems begin-
mine in 1978 The sullide concentration ol the source
groundwater was 0.063 mg/l, and, alter treatment
and acration, the sullide concentration was 0.022
mg/t. This frace concentration ol sullide is approxi-
mately three times as high as that determined 1o cause
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Rate of corrosion of copper coupons before and during chlorination
(1 mg/L chlorine) and after superchlorination (100 mg/L chlorine)

sulfide-induced corrosion
problems in scawater.' I°ri-
able ercen tubercles contain-
ing sullur compounds covered
the pits. The problem was it-
icated when the utility raised
the pll o around 8.3 by add-
16 ing sodinm carbonate,

Texas. The Rio Grande is

g a well-bullered, moderately

12 § hard, heavily mincralized

pH 6.5 5 source water (Table 2). Tar-
10 € hidity is high, and warer qual-

3 é ilAy. varies .\'c‘amxuwlI.y. AIII]()L.|3.|1

o« this water is considered difli-

6 & cult to treat, the Mission Wa-

§ ter Treatment Plant consis-

L tently meeis all water quality

§ 2 and opcrational criieria,

including chemical and micro-

SR () biological standards.
Previous

sulfide In sceveral residential de-
exposure velopments constracted i the

past decade, copper tubing has

failed at unexpectedly high

rates—during the past live

years, one residential devel-

opment recorded more than

120 Tully penetrating pits and associated leaks. A siv-
able majority ol the aflected homes appear to have
been unoccupied for more than a month cach year. Pit-
ting reported v contnuously occupicd homes tended
1o be in pipes that served inlrequently used bathrooms.,
Pitting predominaied in the cold water pipes
(approximaltely 70 perceni ol reported pits). Pits
tormed on both the crown and the invert ol the tub-

“stablished sulfate-reducing bacteria may
inoculate new pipe or detached cupric
sulfide scale may infect new pipe
downstream, catalyzing severe corrosion.

ing and on tubes that reccived borh soltenced and
unsoltened water. Pitting mmorphology was the same
throughout the distribation sysiem. Full-penciration
pits were generally isolated; no other pits (small or
facge) were in the immediate vicinity. Also, the tub-
ing surrounding the pirted section was generally free
ol corrosion scale and appeared to possess a well-
passivated surlace with minimal corrosion.

The pits had protective tubercle caps, and a retic-
ular biological structure covered the surlface. Although
the microbial mass was transtucent and uncolored, the
corrosion products collected in it appeared 1o consist
largely ol cupric carbonates (malachite and azuriie)
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and possibly a cupric hydroxy-sullate (brochantite).
These blue or blue-green minerals gave the tabercle
cap its distinctive color.

The microbial nature of the biomass was charac-
terized using a set ol analyses collectively velerred o
as the biological activity reaclivity test series. Sullate-
reducing bacteria were present in the standing water
in pipe specimens and were indicated in the tubercle
caps ol copper pits. Some pipe specimens showed

TABLE 1
Water Parameters Orlando*
Sulfides n raw water —mg/L 0.44-2.5
Treatment change
pH
Betore 7.8
After
Micahrity—mg/L
Hefore 98-137
After
Sulfide—mg/L
Before
After
90 percent Cu—mg/L
Before 1.8
After

Average 90 percent Cu
for farge US utilities—mg/L
Belore
After

0.284 + 0.255

*No treatiment change

Phosphate inhibitor added

0.380 + 0.312

This scanning electron micrograph
shows a tubercle cap on an
incipient pit (100-uym diameter).
The tubercle is saturated

with biomass.

evidence ol sulfide in corrosion
scales. Chlorine residuals were
persistently low or undetectable
(during stagnation) in ihe pipes
associated with pitting problems.

Scotland. Scveral cases of
severe pitting corrosion and blue
water occurred in a lew hospi-
tals in Glasgow, Scotland, starting
in the carly 1980s.2) The city’s
water supply is extremely solt,
poorly bullered, and highly col-
ored with natural organic mat-
ter (Table 2). Waier in distribu-
tion pipes was acrobic during the
day but anacrobic during stag-
nation at night. Sulfate-reduc-
ing bacteria were present in lacge
black nodules over penctrating
pits, as indicated by an anacrobic
mediam tesi.2t Corrosion ap-
pearced o be infectious because
scections of pipe that had been replaced were identi-
cally corroded in a matter ol months. A study ol (his
problem concluded that “Where a biofilm containing
SRB |sulfate-reducing bacteria| is established, no
remedial action is likely to be eflective. Inseverely hit
hospitals, complete replacement ol the hot water sys-
tem would be indicated.”2! 1t is possible that estab-
lished microorganisms inoculated the new pipe or
that cupric sullide scale detached from inlected pipes

Possible by-product release by sulfide-induced copper corrosion before and after treatment change?s-18

Utility 1 Utility 2 Utility 3
i 5 2-3
pH adjusted pH & alkalinity adjusted

7.4 Fad TuB

7.4 8.0 A

80 106 50

81 105 120

0.5 <0.1 0.7

0.1 =0.1 <0.11
218 2.74 1.52

1.0 1.06 0.35

0.575 £ 0.478 0.938 + 0.827 0.326 £ 0.271

0.824 + 0.255 0.824 + 0.255

Phystem treated groundwater with tray aerator and chlornation, then changed to forced-drafl aeration to remove: sulfide.
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| copper pitting

Parameter Florida Ohio
pH 8.8 7.3-8.0
Alkalinity—mg/L 41 290-349
Total dissolved solids—mg/L 318 819
Sulfide—mg/L 0.3 0.022
Sulfate—mg/L 31 206-330
Sulfate-reducing bacteria NA* NA
Color (Hazen) NA NA
Copper (at the tap) NA NA
Evidence implicating sulfides Suifur in Sulfide in

pipe scale pipe scale

*Not available

TABLE 3 Generalizations about sulfide-induced corrosion

Source of Sulfide

Oxygen
Concentration Raw Water
0 mg/L Corrosion problems unlikely
Oxygen added by aeration
may be of concern
Low ar high Uniform corrosion

High concentrations of by-product
released
Some pitting corrosion

and attached to new pipe downstream, catalyzing a
severe corrosive attack.!

Corrosion programs should assess effects
of sulfides

This assessment of the role of sulfide in copper
corrosion problems is subject to several caveats. First,
the 90th percentile copper
values reported in these case
studies are variable and de-
pend on many factors; thus,
they cannot be used to draw
definite conclusions about
the role of sulfides in the
observed copper corrosion.
Similar considerations apply
to case studies involving
copper pitting. Nevertheless, the laboratory phase of
this investigation demonstrated significant increases
in copper corrosion from sulfides under well-con-
trolled conditions, and the case studies support the
idea that sulfides can induce severe copper corrosion
under real-world conditions as well.

In all case studies in which copper scale was ana-
lyzed, either sulfate-reducing bacteria, sulfur-contain-
ing corrosion products, or sulfide-containing corrosion
products were identified. Although some water sources
naturally contain sulfides, in others the sulfides were
produced by sulfate-reducing bacteria on the pipe wall.
These results are relevant to many utilities, and poten-

I
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: i Quality of treated water distributed by selected utilities reporting

tial effects of sulfides should be
carefully considered whenever
copper corrosion problems are
encountered. This is especially

Texas Scotland . .
true given the extensive expe-
7.2-18 7.4-93 rience of Cohen in analysis of
oy e Id water pitti blems: i
750 at cold water pitting problems: in
NA <0.003 all cases in which he analyzed
322 st pit tubercles for sulfides, they
NA 13 were always present.!?

0.5 (90 When this information is
percentile) 0.3 Ho _
sulfide in Bladksents syr_lthe.sued gnd some specu
pipe scale withsuifate-  lation is applied, several gen-

Ledlicipg eralizations can be put forth

et (Table 3). Research conducted

using seawater®-8 suggests

that if oxygen concentrations

approach zero, sulfide-in-

duced corrosion is likely to be

suppressed. However, delete-

rious sulfide scales can still

Sulfate-Reducing Bacteria develop on pipe walls and

induce corrosion if water is
later aerated. If both oxygen
and sulfides are present in the
water, high uniform corrosion
rates and by-product releases
can be anticipated. The sul-
fides, and thus the sulfide
scale, will be distributed uni-
formly throughout the cop-
per pipe systems. However, in a few cases, pitting cor-
rosion seemed to result if sulfate-reducing bacteria
were present, possibly attributable to a locally high
concentration of sulfides within or near the pits. Pit-
ting corrosion and copper by-product release prob-
lems are not mutually exclusive. Even if one form of
corrosion is dominant, the other may still be present.

Corrosion problems unlikely

Oxygen added by aeration
may be of concern

Pitting corrosion problems

Some by-product released

orporation of sulfides into the scale layer
“has been shown to dramatically increase
copper corrosion rates.

Conclusions based on laboratory experiments
about the success of remediation strategies may be
overly pessimistic. Some utilities in Florida did suc-
cessfully reduce the extent of sulfide-induced corro-
sion, at least in the context of 90th percentile copper
release. It is also likely that uncharacterized interac-
tions between sulfides and natural organic matter,
pH, alkalinity, and other parameters may control the
type and magnitude of copper corrosion observed in
real systems. For instance, in the laboratory phase of
this investigation, higher pH (9.2 versus 6.5) led to
lower corrosion rates and lower corrosion by-product
releases but more pitting.
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Collectively these findings demonstrate that mit-
igation of sulfide-induced corrosion might be impor-
tant for improving the performance of copper in
domestic plumbing.

Conclusions

* In laboratory experiments using low-alkalinity
drinking water at pH 6.5 and 9.2, addition of sulfides
produced some of the highest corrosion rates ever
recorded for copper. At these rates, which did not
decrease with time, all the copper in a pipe of 'ie-in.
(16-mm) wall thickness would completely disappear
(corrode) in less than nine years at pH 6.5 and 18
years at pH 9.2. Pipes in homes would fail much sooner
given the nonuniformities of pitting corrosion.

* Pipes exposed to sulfide released more copper
corrosion by-products to drinking water than pipes
never exposed to sulfides. During a 3-h stagnation
time, sulfide exposure elevated copper release by about
five times at pH 6.5 and about 50 times at pH 9.2.

 Sulfide-induced corrosion initiated in the labo-
ratory proved difficult to stop. Removing sulfides
from the raw water, adding chlorine, or deaerating
water did not mitigate the problem in a relatively
short time (one week to two months). Although some
utilities were able to successfully reduce 90th per-
centile copper concentrations and pitting corrosion
problems with typical corrosion remediation strategies,
others, such as the hospitals in Scotland, were not.

e Utilities and homeowners should be alert to a
greater likelihood of copper corrosion problems when-
ever sulfides are present.
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ALOHA UTILITIES, INC.
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Rosk, SunpsTrRoM & BENTLEY, 11p

2548 Bramstone Prues Drive
TarLasasses, FLorma 32301

(850) 8776553

CHRes H. BENTLEY, PA PosT ch:gngé-

. O 3
E MARSRALL DETERDING TALLAHASSEE, B.ORMA 323021567
MARTDV S, FRIPDMAN, BA,
Jomy R JBENEINS, PAL
STEVENT. MINDLDY, BA. TELECOPER (§50) 656-1023
DAREN [ SHIPPY
WILIAM £ SONDSTROM, BA.
DUANE 5. TREMOR, 2A_ June 5, 1998 RORERT M. C. RosE
JomN L WRARTON OF Conger

VIA HAND DELIVERY

Blanca S. Baye, Director
Division of Records and Reporting
Florida Public Service Commission
2540 Shumard Cak Boulevard
Tzllahassees, FL 32399-0850

Re: Docket No. 960545-WS; L
Investigation of Aloha Utilities, Inc.

Dear Ms. Bayo:

As the Commissicn and its staff know, there has been an
investigation of the gquality of watzsr service deliverad by Alcha
Utilities, Inc. in the above-referenced dockat for over two years.
The Utility has demonstratad in formal administrative hezrings, and
through varicus other means, that it is fully in compliance with all
regulatory regquirements concerning water quality.

Partly in response to customer concerns, the Commission has
taken the unprecedented step of imposing two requirements on Aloha

Utilities, 1Inc., despite £full compliance with all regulatory

requirements for water quality.

The firsrc of these was a reguirement that the Utility undertake
analysis of the possible improvements that could be made to the
ity system to improve water quality. On June 10, 19897, the
ity submitted its Water Facilities Upgrade Report ("Report")
ining in great detail possible system improvements, the benefits
each, znd cost of such improvements. Despite resquiring the
the Commission has not ordersd that any identified improve-
any other altsrmatives be considered. )
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The second recuirsment imposed cnn the Utlility by the Commission
W3S 2 customer satisfaction survey of all of its customers within th
n Tha: survey has now besn completed and the

Seven Soprings systam.
rasults arz2 now being analvzed. Ecwever, 1t sesems claszr that &
substantial number of customers rasgonding to the survey had scme
water cuality conceras with taste, cdor, color, or pres%ura. The



Blanca S§. Bayo, Director
June &, 1998
Page 2

next step will be a visit by the Commission to view facilities and
customer homes tentatively scheduled for July 13.

Since filing the Report, EPA regulatory regquirements related to
the disinfection by- product rule (THM, etc.) have become clearer and
more immediate. In addition, the recent survey results indicate that
thers is some dissatisfaction with current water taste, odor and
In order to satisfy these two concerns, over the next
several years, the Utility proposes to undertake improvements similar
to, if not exactly the same as, those proposed in "Alternative 2 -

Centralized Facilities" of the June 10, 1297 Report.

pressure.

In order to address customer concerns and comn7y with the fast
approaching disinfection by- product regulatory reguirements, Alocha
Utilities, Inc. has determined that it is appreopriate to immediately
begin construction of three packed-tower aeration type wakter
treatment plants. The Utility intends to immediately begin permit-
ting, design and construction of these new plant facilities as

foliows:
Phase T

desicgn and permitting of the initizl waterxr

Pilet testing,
("Mitchell plant"); and

Creatment plant

Pilot testing and design of the second water traztment
plant ("Wyndtree plant") (completion March, 199%9).

Phzse TT

Construction of Mitchell plant; permitting of Wyndtree
plant; and pilot testing, design and permitting of the
third water treatment plant ("Industrial Park plant”)

(completion - December, 1999).

Phase III

Construction o wyndtres and Industrial Park plancs

{completion - Mzrch, 2001).

of the lencthy, on-going invest
lity, and the unprecedented reﬁu
asonable for the Utility to re"uira se

However, in licht
the Utilicy’s water cua
this dockez, it is re
&ssurancs from this Com
ered prudent, and tha: no a
will ubceﬁueqtly be ori r

ission that this course of acricn is
lternative or conflicting course of 2
ad by the Commission.

Rose, sundstrom X Bentley, LLP
2348 Brurstone Pines Drive Tailahassee Flomda 32301



Blanca S. Bayo, Director
June 5, 1998
Page 3

To that end, the Utility is requesting that the Commission issue
its order recognizing that the proposed improvements outlined in
Section 7 of the Report are appropriate, and that it will recognize
the reascnable cost thereof upon the Utility’'s f£iling of appropriate
Applications for Limited Proceedings. Our proposal would be to file
a limited procesding for each of the 3 phases in sufficient time
prior to the completion of each phase such that increased rates can
be effective immediately after eaqh phase is completed. We believe
this phasing of rates would minimize rate shock and reduce overall

carrying costs significantly over the life of the projects.

We lock forward to meesting with the staff to discuss the details

of this capital improvement plan.  We would also be willing to
provide the Commissioners and staff with a very brief overview of

this plan at July 13th visit to the Utility office.

Sincerely,

FMD/1lm

cc. Ralph Jaeger, Esg.
Bob Crouch, P.E.
James McRoy
John Starling

aloha\l7\62bayo.let

Rose. Sundstrom & Bentley, LLP
23453 Blurstone Pines Orive. Tallzhassee. Floada 32501



Project Schedule

v

ooo'zes| caz'zvvel seresys]  vzlosiols]
= 000'ZI8| S8 sypst se4'65p8| so0'089'RS
S 000'Z18]_susivvsl ces'esvs|  osyiczes
= 000'zI8] sas'iyves| sL'eshd SBE'124°88
& 000'Tib| S8L ZrpS] cui'BSPE LN I
A 000°21$| 504 ivrs| cul'sses 562'150"¢$
21 Py auo'zisl oasiives] sui'ssys 010268 48
s 000'238] ces'syrsl col'esyt]l  cez'zee’sd
= Q0O'Zis| SuL bS] cu/'BurE AT
= 00D'EI8| 0E8'rIT8) oce'poil $69'210°9¢
= 000'Zisl ote'rzz| oee’pLis siLecL’ss
- n 0o0'zit] ocs'rzzs| oca'eczt §64'985'5t
Wi oos'est Q0)"cSh) §0R'10C’SS
| OOL'Esdl eob'Tes] vogy'siet 584'8p2'51
a 004 'cstl esh'zTesi eos'sieb 21T eLErt
= D0L'CS$]_Eh'27as| £95'¢268 §59'287'c4
w o0L'cst] eop'zzed! £os'sivb BO)'EE9 T
ol ooL'est] ewb'zres] ess'ciet £SS'8FL M
L) SZ1'Set] 00b'cst 92z'ses 000’} 268
o szi'eet] 0ot'est S52T'098 SLLYRLS)
~ S21'cetl 0ok'Ess sZz'eet 055'868¢
" 00 't ovi'es SIC'zigt
~ oul's5b Q01’55 5225958
- Qob'cst 0O1'ESE 5219058
i SZ1'sct] por'est 577994 SZR'csYs
T szi'ect] oos'est sgzoet 009'euLs
g gzi'ecs] 0ob'Esy Szz Bgb 54570928
o szi'eet] 00s'cst SZz'ems 0ae're s
m s STLEES SZTLEES 5710018
1] pel 000'5Lk 000'548 000'54$
L
wn
-
L
£ g { .
2
3 g M
i g X § » m 2 g 2
1 1E 1. =l |7 j Il § 3
£ |3 gl 15 | |2 : 5 m £ . 3 5 "
il (3 L] (2 |3 &gl | EREREEL R AR ; 3
2 3! |5 m M d E af 13 m @ & § o a..“
W 8 m 5 m 15 2 el IS8 12 [w el = ] E w & >
214 13 13| (B m sl |l |5 2 1 % H At 1g " m m ] ;-
NERERERER AR R AR BRI . S 3
=1l g ) Bl % ; £ 7 - .w . : g 4 5 B - E
¥ ] S E] m 3 w. m m E g m i o = ﬂ 8 3
Y & la b I3 B 5 £] [d] I} [a& af |z a i ol - 0

$10.887.285 |

1

[Total Project Cast




1)
(o —
=
L]
' i
B H —
&l _
—f
]
m —t——f
]
0oss 0058 SBZ'L08'018

0%  cus'gemolg

03 580988014

0054 00ss S8.'388'0L4

0$(__ 99Z'ggg’nLs¢

o8| sez'menpt]

08) _ sez'megpis

2001

08 mﬁ.ug.a
O8] SoeooROLs
08| 8z'ggs’nLg

O8] c8Z'uswnig

08| s6z'998'0ig]
0001 38 |_000'4 18] so2'npg’oig

2345678901 23 A58 7 8801 BT T3 TF

000°Z18| soe'zzes 550°pELs SBZ'558°013

r_—

3

000'Z)8| sse'zzzs, SS8'PEZ8 9e¥'029'038

000°Z18] gae'zzee SSE'YEZS ﬁm.mmn.c;_




$12,000,000

$10,000,000 -

$8,000,000 -

$6,000,000 -

$4,000,000 -

$2,000,000 -

$0

e s il B Sk M A SN SR

L IR R B L D Ak B e SunS St Aand Aund Anl Rkl Sa SN Mn Sa AN MNE MEN [N G IRURS RENN GENN SR RN TNMAL RUNM Sunil iniN AmER i ) ey

1 3 6 7T 8 1

13 15 17 19 21 23 25 27 29 31 33 35 37 3D 41 43 45 47 49 51 63 55

l,'_" Sarlest ]

)



Prééé_Release for Aloha Utilities, Inc.

.The Florida Public Service Commission ("PSC"), as part of it’'s
review of Aloha Utilities’ water quality, has taken the unprecedented
step of requiring Aloha to distribute a Water Quality Customer

Satisfaction Survey to all of its customers in the Seven Springs
service area. Those Surveys are now 'in and the results are being

tabulated by the PSC.

There are a broad range of responses to various questions on the
Survey. Approximately 57% of the Utility’s customers did not respond
at all to the Survey. As was boldly and plainly stated on the face of
the Survey: "If you do not return the survey, it will be presumed by
staff to mean you-are satisfied with the quality of water service you
currently receive.” To the extent that statistics are reported which
fail to recognize that satisfied customers would not return their

Surveys, those statistics are wholly misleading as to the Survey

results,

However, Alocha recognizes that almost 30% of the customers
reported some discoloration of water with more than sixty different
variations in the type of discoloration. This alone demonstrates that
the discoloration is occurring within the homes. Approximately 17% of
the customers reported pressure concerns and 25% reported taste and
odor concerns. The great majority of customers who reported any one
of these problems were those with home water treatment units.

It is clear from all of the evidence presented to date by any
person with knowledge in the area of water analysis, that Aloha has
continually met all water gquality standards applicable to it. 2all
such evidence and the regulators agree that any discoloration problems
occur in the customers’ homes and not in Aloha’s system. The Utility
can take steps which will help to improve taste and odor concerns.
Those same improvements may help to lessen, and perhaps in some cases,

eliminate some of the discoloration concerns.

Therefore, in order to address customer concerns and comply with
the fast approaching EPA disinfection by-product regulatory require-
ments, Alocha Utilities, Inc. has proposed to the PSC that it immedi-
ately begin construction of three packed-tower aeration type water
 treatment plants. The Utility intends, immediately upon direction by
the PSC, to begin permitting, design and construction of these new
Plant facilities which will take almost three years to complete, A
Copy of the Utility’'s letter proposing such improvements is attached.

Aloha Uttlities, Inc. wishes to provide the best quality of water
it can at a reasonable cost. In the past the Utility has been
hesitant to impose on its customers the cost of providing treated
water far exceeding the standards established by law. It is now
evident that the customers desire a much higher quality of water than
1S currently available from Aloha or than is required by any regulato-
Ty standards. Aloha hopes to satisfy customer concerns by moving
forward with those substantial projects immediately upon approval by

the PSC.



_ ALOHA UTILITIES, INC.
Information From the Prior Hearing Regarding Customer Complaints
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Water Newn

Water Discoloration, Cause & Fix

rom time-o-ime, we receive
questions fom customers regasding water
quality isuer. Qur staff makes every of-
fort 2 enswer qur customer’s questions,
however, at times the answer i3 quite
complicated and is pot easily wnswered
over (he telephoge. Therefore, beginning
with this issue, we will select one water
quality question that has been poved by
our Qustomery and provide a more detailed
discustion of the concern and how we are
addressing it
In this iavue we will address water
discaioration, Intermigtently, we receive
@lls from customens reparting discolored
wawr. When discoloced warter occurs, it
wems 0 be sasociated with bot water
mare aftey thun cold. The problem, which
rarely alfects moge than 2 smail aumber of

CustomeTy at one lme,

ivestigate found that the water discol-
a;ﬁnnw“f:ndhmhmh!he
“Mmhmhﬁ:&.hwuf
(he bomes affected, the problem was intes-
We asked o cousulling enginesr ta
look inio the matter and iy (o determine
mmmmmmm
the canse of the dixniored hot water being
expesicaced by sume suvtemers.
Webqa:ynmhhtjﬁwd
the problem with the FDEP wiuch o
dﬂmmm
ing the probicm, conducting discuxsion
with ather weter utility operators and
Fnenmmwmw_:.m
igghumdmﬂwumplas?am
ber of castomer's bomey, callecting sim-
pies of water defore it eatered cusiomer*s

suifide. This compound farms when copper
and mlfur {in the form of sulfide) combine
in the water heater and copper piping in

- your home,

Where does the sulfide and sopper come
Gom? How will this problem be solved!
Sulfur (in the form of wifide) is & patural
ingredient (ound @t the ground water in our
area. At qur water well facilites, we add
chlarine to convert this mlfide to mifate and
clemeatal suifir that will aot cambins with
eepper (0 form copper mifide. Howeves, in
home bat water tanks and giping, under the
right conditions, suifate sad elemental wi.
for can be converted back g suifide by
sulfur reducing bacteria. When this ocours,
suifide ir produced and is made availabie
combine with any available copper and
cayse the discolored water. Copper, the
other pecessary ingredicnt, is lenched into
the water when it cames fmio contact with

suems 0 be localized in &
small section of gur sexvice

wale? o gppased (o cald wa-

arez (made up af a few
subdivisions),
When 2 customer noti-

ter is that the chemical reac-
tion that combines copper
ad wifide inta copper wul-

fiex us of discoiored water,
we send 3 member of qur
ficld otall to determine if

{ide happens a very Migh rate
wihen the woler emperatune
iz incrensed 1o thay found in

the discoloration existy in
the water prior to its cn-

Your hot water heater
If the leaching of copper

wanes into the customer's
home

If the water in our
upelines is discolared, we flush the main
lines ta remove any silt wuildup which
may have gathered on the pipeline and
may be cauting e discolomtion This
sit, which i nocmally found in most wa-
e pipelines, pasas no henith risk and for
the mast part canvists of common minerals
{mostly silicsn and caleium),

I the water entering the customer's
home 152! d clexr st the water
msude e home 13 discolored, then, some-
thing in happening to the water after it
nters the customer's piping system in his
hame. This type of problem is more difli-
cuit (o solve because we have [ittle coatral
over what happens ta the water after it
SAIGLS Qur customer’s home”

Eulier this yoar & number of our cus-
lamers, located tn & small section of our

P P

R Einen R v o

Uralion, We sent gy field sl out tg

Figure | - Copper Canceatradon in mp/L

homer and mw st ol the well sites.
Afler the study was completed, the data
was analyzed and further discussions wezs
bheld with the FDE? and owr coasulting
o .
‘I‘I?'::nndyindimdzbum:min
our mamny, prier ta il enwering our cuys-
tomers homes, met all Sieue wnd Federgl
standards and waz clear und clean. None of
the sumples of water extescted #t e well
sites or in the mains ouiside our cyg.
lomer's homet was discolored,

Concentrated samples of the discolored

watcr was asalyzed by the FDEP. They
found that the diseoloration was la‘rggjr
¢compased of copper. This is consisent
with siouler problans reported By other
watcr companies i the State. Based on the
datn enlleeted. discuwmnns with TIED qwdl
und other water ulikity operaiors, we came
ta the coaclusicn that the diseoiomtion way
caused by a campoumd knawn 33 crpper

in lo the water fom the homo
giping can be climinated, the
formatica of copper suifide
should no longer oczur ond the discalored
water problem should be grestly reducad or
climinated.

We bezan adding a corrasicn inhibiter tu
te water in late Apal 10 preven: copger
leaching. To date, momutanng of spucal
topper test racks has indicaosd that the leved
of copper being leached inty the water has
{allen dramaucally us illustruied in F Tpure !

Ax we continue to dd th corrusiun
whibiter chemical, the soncenuation of cop-
per 10 the water in your home will conimue
to reduee unul the formation of new copper
sulfide can no Songer ke place. After cxist-
g capper sulfide, whick has built-up
your hot water tank and pipwng, is ushed
from your hot water syswm, water discol.
orltien should be greaty teduced,




g DESCRIPTION OF THE COMPLAINT HANDLING PROCESS

‘What follows is a detailed description of the complaint handling process that we employ at
Aloha Utifities. The procedure that has bes cmployed sincs 1989, for the handling and
procassing of customer complaints was structured around chapter 25-30.355 (1), (2) and
(3), Florida Administrative Code. Subsecion (2) states, for the purpose of this rule, the
word “complaint™ used in thiy rule, shail mean az objection made to the atility by
the customer a4 to the utility's charges, facilities or servics, where the disposal of the

camplaint requires action on the part of the utiiity.

We have thres customer service representatives that can recsive an incoming call to the
utifity’s orain number. We use no voics mail or any sort of dectronic gearing devicss
during normal business hours of the utility. Whea our customer’s call they get to spesk to
a living, brca!.hmg customer servics represeatative. All thres customer servics
representatives ars capable of handling whatever compizint a customer might have. We

do have all calls mmng wales quaﬁty directed ta a singie service represe::mﬁve. This
was done so that any tread that developed in certaim areas would not be overiooked due to
multiple peaple being involved. She is charged with the duty of handling all water quality
complaints, When 2 call is recsived at our offics that pertains ta a quality of water issue,
the call would be direczed ta this customer service represeatative. She will then attempt to
determine, based upon her conversation with the customer, the nature of the customer’s
problem. The purpose of that is, primarily, to allow her to communicate to the field
representative, with as much detail as possible, the nature of the complaint that the
customer has voiced. She does not attempt to diagnosis customer service problems gver
the telephone. In the course of discussing the problem with the customer, it is ot
unczmmon for the customer to ask questions, to which to the best of her ability based
upen the information given by the castomer, she would attemipt to respond to that
questicn. This in no case, is in fieu of a fied represemative going to the customer's home,
For instancs, if 2 customer called and said, * | had discolored water but it's only iz my hot
water,” there would be a work order seat to the field to investigate that. However,
during the course of her conversation with the cusicmer, she might very well advise the
customer or ask the customer if they had flushed their hot water heater recently, It is
impossiole for a cusiomer service representative sirting in an offics to be abie to
definitively diegnosis 2 problem existing within 2 customer’s home. Sae wiil on occasion,
share information thag she is aware of with the cusicmer, generaily because the custamer
solicits thar through a question. As another example, if 2 customer were to comtact qur
office, stating they had read the article published in the newspaper concering the
implementation of the corrasion contral program, she would attempt 10 answer any
questicns they might pose to her. However, if there were questions she did not know the
answer to, the request would be forwarded to my assistant and ultimately, if necessary 1o
me. However, during the initial conversation with the customer, the customer would have
bezn asked if they had a problem with the service 2t ther home. If the answer were yes, a
servics order weuld have bezn creared and sent te a field representative for handling, prior
la pursuing the additional information that the custcmer was requesting. In any event, any
custamer who expresses any prooiem that they are having with the servics at their home
will cause the creation of a servics order that gees o the field for handling by a feid
regresentative. The only instancs, in whicl 1 servics order would aot be generated, is in

L



the instance of 2 main line bresk. In the event of a main break, where several hundred
customers may be without water during the break and experieace pressure fluctuations
while the system is being restored, during those instances, because of the volume of calls
that would come into our office immediatefy upon interruption of service, work orders
would not be crested for exch and every call. During times such as these, we attempt to
handle those calls as quickly as possible by informing the customers as we taks the calls of
what has occurred in the system and when we anticipate service will be restored.  The
customers would also be advised, that after the restoration of service, if they experience
any firther probiems, to contact us. During those eveats, which we have no way of
anticipating, it seems prudent to attempt to disseminate the informatica as ta the status of
the system as quickly as soon as poasibie.

All service orders are tracked in an on-line computerized service order system. One of the
required procadures in our billing system is to run a peading servics order [ist aricr to
beginning the billing run. If in the event, 2 service order were lost or misplaced, the
Wmmiorwanowhgmyupdacmbﬁﬁngrmrd;mulqudmmm
service orders be accounted for and procsssed through the system. That procedurg cccurs
at least every fiiteen days, due to our billing cycles. The billing run is not executed until
after all pending service orders are completed znd procsssed through the servics order

update system.

When a compiaint concerming water quality is recsived after the service orders have been
seat ta the feld in the morning, the servics order is prepared, however, the complaint is

called out into the Seld immediately to a field representative for handling as soon 25
passible.

The feid reprasentative will handle the compiaint as soon as possibie and compleze the
service order and return it to the office. If he is working in response o a radiged call, he

will write up his response and return it to the offics for anaching to the service arder,

We believe that we have an excellent system in placs for handling customer comgiaints.
We also, as the testimony reflects, have an exceflent response time to complaints.



ALOHA UTILITIES, INC.
Aloha’s Survey Analysis

Exhibit SGW-4
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Blanca S. Bayo, Director
Division of Records and Reporting
Florida Public Service Commission

2540 Shumard CQak Boulevard
Tallahassee, Florida 32399

Re; Alcha Utilities, Inc.; Docket No. 960545-WS
Water Quality Survey

Qur File No. 26038.17

Dear Ms. Bayo:

As you know, Aloha Utilities, Inc has recently completad a Survey of
customer satisfaction with the quality of water prov1ded by the Utility.
The Public Service Commission staff has besn analyzing the results of that
Survey and has now issued a "Preliminary Tabulation" of customer responses

to the Aloha Survey dated June 17, 1998.

We at Aloha Utilities have now had an opportunity to review the
"Preliminary Tabulation" which we received late Wednesday afternocn and we
find them to be even more troubling and misleading than the information
which the *Suncoast News" reported in its June 17 edition bassd upon
conversations with the PSC staff the previous day. This is especially
upsetting in light of the fact that Wednesday morning I hand delivered a
letter to the staff stating my concerns with the "Suncecast News" article,
in advance of the release of the "Preliminary Tabulation”.

The Commission initiated and configured this unprecedented customer
satisfaction Survey to elicit responses from customers who were dissatis-
fied with their water service. in fact, the only bold language in the
entire Survey is the prov1510n that provides "If yvou do not return the
survey, i1t will be presumed by staff to mean you are satisfied with the
quality of water service you currently receive". In full recognition of
this lancuage, approximately 60% of the Utility’s customers did not raspond
to the Survey. Yet the information contained within the staff’s "Pralimi-
nary'Tabulatlon" does not even mention the assumption that niot only'mhsb ke
inhersent, but which is also plainly and boldly stated on the face of the
Survey itself. In factc, the “P*=‘~m‘na*y Tabulation” documents published
Wednesday deal almost ex"7u51ve1v with statistics based upon a compariscn
cf answers to resognding customers, vVersus g comparison to survevad
customers. This "Preliminary Tabulation” only mentions the number of
persons who did not return the Survay in passing, whils giving absolucaly
no weight whatsoever to the bold language of the Su*vey covershest, and



Blanca S. Bayo, Director
June 19, 1998
Page 2

therefore the majority of Aloha’s customers. Would the PSC staff have
issued numerous pie charts and graphs which appear to show 70% dissatisfac-
tion if only 10% or 5% of the customers had responded te the Survey? I

certainly hope not.

As a result of the way in which the Survey results are being published
in the staff’'s "Preliminary Tabulation", the staff has wviolated the
conditions under which Aloha agreed to undertake the Survey and the good-
faith agreements as to its terms. More importantly, the staff’'s "Prelimi-
nary Tabulation" allows for substantial misinterpretaticon of customer
reaction to the Survey and misinforms the public about the results of that

Survey.

Aloha Utilities, Inc. has obtained copies of all of the Survey
responses from the Commission and has tapulated its own results. Some of
these results have previously been provided to the staff and are being

provided as an attachment hereto.

While we would c¢ertainly agres that the significant number of
responses, and the significant amount of customer concerns with discoleored
water, taste and odor are cause for further review, the way in which the
staff’s "Preliminary Tabulation" of those results has been published
substantially overstates the level of that dissatisfaction and misleads

those who review it.

We are therefore very disappcinted and upset at the way in which this
informaticn will be received and misunderstood. The manner in which the
Survey results are presented by the Commission staff effectively ignores

the majority of Alcha’s customers whe no doubt rel;ed on the beld lancuage
at the beginning of the Survey indicating that their veoices would be heard

if they chose to intentionally not raturn the Survey.

Sincerely,

ROSETSUM

FMD/tmg
Enclosure

¢c: Ralph Jaeger, Esquire
Charles H. Hill, Dirasctor
Mr. James McRoy
Mr. John M. Starling
Mr. Bob Crouch, P.E.
James Goldberg, President

alcha\17\2kayo. fmd

Rose. Sundsirom & Bentley, LLP
2548 Blurstone Pines Orive Tudlahassee, Florida 3130
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Summary of Water Quality Survey Results
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Summary of Survey Results
Percentage of  Percentage

Tatal Number of Surveys Mailed 8643 Customer Base Satisfled
Total Number of Surveys Retumed 3707 42.89%
Total Number of Surveys Reporting Discolored Water 2558 29.61% 70.39%
(Yes Answer to Question #1)
Total Number of Surveys Reporting Taste and Odor Problems 2191 2535%  74.65%
(No Answer to Question #2)
Total Number of Surveys Reporting Pressure Problems 1444 16.71% 83.29%
(No Answer to Questicn #3)
Customers Willing to Pay Increased Rates 505 5.84%
Custorners Willing to Pay increased Rates Above 50% 35 0.40%
Respondents Who Have Home Treatment Units 2098 56.80%
(Percentage of Respondents Only)

36 0.97%

Resondents Who Don't Know if They Have Treatmertt Units

&r17/98
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