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Dr. Moh’d Al Ansri

Bahrain Centre for Studies and Research
P O Box 496 L
Bahrain

Dear Sir,

SAMANIYA MEDICAL CENTRE DEVOLOPMENT
INVESTIGATION OF COPPER PIPE CORROSION

Please find enclosed Capcis fax ref. AP/CBPMTY/F16 dated 23" October 2001
responding to the comments raised in connection with draft report for the above
subject.

Enclosed please also find a copy of our letter ref. CP/10/1184/102/01 of 23" October
2001 which contains the combined comments sent to Capcis for your cross-reference.

Meanwhile, our MTRD are reviewing the content of Capcis rebuttal; thus, may we
request you to do the same and advise us of your comments at the earliest.

Yours faithfully,
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SALAHUDDIN S. KAMESHKI
Manager, Special Projects Dept.
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URGENT

Mr. Andrew Piercy

Project Engineer

Corrosion & Materials Consultancy Dept.
CAPCIS Ltd.

CAPCIS House

1 Echo Street

Manchester M1 7DP

UK.

Fax: 0044 161 933 4001

Dear Sir

SALMANIYA MEDICAL CENTRE DEVELOPMENT
INVESTIGATION OF COPPER PIPE CORROSION

Reference is made to your report CBPMTY dated July and October 2001 regarding the
above subject.

As stated in the “Terms of Reference” the purpose of this investigation is to assess the
Salmaniya Hospital copper pipe deterioration. It was agreed that the work must be based
on sound technical principles and must be definitively corclusive as to the cause of the

deterioration.

Having studied your report thoroughly, we feel that certain aspects are still ambiguous
and require further clarification from your end, itemized as follows:

1. Page 6: please clarify the statements concerning the association of the existing
problem with mild steel. ;

2. Normally the presence of carbon or any harmful films, are created during the stage
of manufacturing on copper or copper based alloys. You stated that the carbon
films were found to be rich, and inaddition to carbon there is oxygen and silicon.
What does the presence of such elements infer to you?

3. There have been indications of pH values in various statements. Has the pH value
a direct relation to the problem, taking into consideration the water chemistry?

Cont/...2
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There has been reference to various inorganic substances, e.g. Fe, 0,Si, etc. It
would be appreciated if you could advise on possible reasons for their presence.

Waxy material was also reported, but no referene was made to its nature and its
composition.

As you are aware, the old Salmaniya copper pipe system carries the same type of
material, yet was not affected by similar symptoms to date.

Detailed analysis confirmed the presence of both humic acid and biobgical
existence. Furthermore, could you please advise on the contribution of these

substances to the failure of the copper pipes.

We have not gained confidence in overall causal and source implications; there
does not appear to be a systematic analysis of factors. The prepared report should
be useful for arbitration, and thus requires that the authors take a stance of these
process causes. We advise that the analysis be distilled to the following:

Factor Process Cause Source

Factors in process issues; Construction,

the corrosion i.e. water chemistry, design, maintenance,
as determined commissioning, ! etc.

in the investigation layout,....etc.

and analyses.

Is there design or risk of deterioration to the older portion of the hospital, based
upon the limited information present?

Cont/...3
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10.  Finally, we also observed that the report gives no proper recommendation on the
corrective measures to be undertaken. We still require advice as to whether the
same piping could be utilized taking into consideration the extent of damage
already present, or complete renewal of the entire piping system.

In spite of the above, we suggest that a meeting be held with you (Capcis) in Bahrain if
this warrants. The purpose of this meeting will be to condense the findings to a more
simplified and meaningful result.

Yours faithfully,

= '/E;:~\\\4\:\’
SALAHUDDIN S. KAMESHKI
Manager, Special Projects Dept.

cc: 1. Dr. Aziz Hamza —Undersecretary — Ministry of Health
2. Mr. Ali Moh’d Al Jalahma — AUS — CP&M
3. Mr. Jameel Khalfan —Director, CPD .
4. Mr. Mr. Moh’d Al Qahttani-Acting Director -Ministry of Health
5. Mr. Moh’d Al Ansari—- BCSR
6. Mr. Robin Summer— Manager, MTRD

/me
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capcis

for the attention of date our reference
Mr S.S.Kameshki 23-Oct-01 AP/CBPMTY/F16
company fax numbor
State of Bahrain, Ministry of Works & 00973 531 538
Agriculture
from number of pages including this one
Andrew Piercy

subject

Copper Corrosion Investigation — Response to comments
Dear Mr Kameshkl,

| have received your fax/letter dated 23" October with points for clarification. | would respond
to your ten points as follows (in number order).-

>

iy

QACONSULTANCY GROUPFAILURE IWESTIGATIONSWAF JOBSICBPMIYIREPORT GLARFICATIONS 23.10_01 00C
a

of mild steel storage tanks In the background information on Page 6 was a

The mention
relevance to causation and no association was made in

statement of fact. There is no
any part of the report.

The use of the term “carbon-rich” was to illustrate that the dried blofilm analysed by
XRD/EDX in the TEM had a high carbon content. This does not mean the film was a
‘carbon film’ often associated with Type 1 pitting corrosion.

Copper is sensitive to changes in pH like most metallic materials. The Pourbalx diagram
for copper shows that small shifts In the acid direction can cause dissolution. ignoring all

other possible water chemistry factors, water with a bulk neutral to slightly alkali pH
would not by tself be expected to cause, corosion. Local pH changes due to the
presence of deposits, etc, are a different matter. The, influence of water chemistry is

covered in Section 7.3 and Appendix 2.

All waters (unless distilled or RO) will contain some Inorganic substances depending on

the source — carbonates, metals, silicates, for example. The films formed on all coppers
ct with water may be organic (e.g. biofilms) or inorganic

and copper alloys when in conta
(e.g. calcareous scales) or both. Inorganic films may incorporate dissolved or suspended

solids from the water.
The waxy material Is cuprous chioride as stated in Section 7.1.

The SMC water system has a different design, was apparently constructed/installed in a
different manner, commissioned over a shorter period and was obviously exposed fo a

different water supply due to its age.

Humic acid WAS NOT detected in the
fulvic aclds were mentioned in Appendi

fitms removed from the tube samples. Humic and
ix 2 in the discussion of NOM and its influence on
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10.

copper corrosion. The action of the biofilms was discussed in the main report and
Appendix 2.

In the conclusions to the report | believe we have identified the mechanism of corrosion
and the causative factors giving rise to the corrosion.

CAPCIS provide Technical Reports to many Industries and the legal and insurance
professions. In the UK a report red ings by an independent expert
is in a particular format and Is where the expert can express an opinion on the cause(s)
of failure and the reason(s) behind it, provided that the expert does note stray outside
their expert field. Such reports are meant to be impartlal to assist the court.

In our view a Technical Report should present the facts. the results of testing/analysis
and Identify the mechanism(s) of failure. We believe it Is not the forum to apportion
blame.

Notwithstanding the above | would suggest that the following changes be made to
Conclusion 8.2: -

There are a number of factors that have been shown by researchers to cause this type of
pltting corroslon. In the case of SMCD, a large number of these causative factors have
been found to be present in the system design, commissioning, and operational phases.
They are as follows, with the relevant issues highlighted: -

Horizontal, intensively branched pipework (Design Issue),

Partial filling of pipes (Design/Operation Issues),

Dead-ends in the system (Design Issue),

A long period of time between pressure testing of different areas and hand-

over/occupation of departments (Commissioning issue),

Step changes in elevation and the absence of vents allowing stagnant water traps to

exist in the systems (Design Issue),

£ Introduction of water into the system for pressure testing before the system could be

on a regular basis (Commissioning Issue),

g. Long periods of stagnation in the water supplies operating under intermittent flow
conditions (Design/Operational Issues),

h. Cold water temperatures above 20°C and hot water temperatures balow 50°C

(Opsrational Issue),
i, Exposure to soft, low alkalinkty, fow hardness waters with HCO,:SO7 ratios <1.1.

(Operational/Design Issues)

asoe

All of the above factors have almost certainly contributed to the corrosion problems

experienced. >

which CAPCIS" opinion that the corrosion was

Please also note Conclusion 8.3, in
s Initiated during commissioning is

underway before hand-over began and therefore wa:
stated,

There was some evidence that corrosion was occurring in the one SMC tube sample

examined. There may be a risk of further corrosion, especially given the current water
chemistry, however, as was stated in the report, water chemistry alone is rarely the sole
cause of copper corrosion problems. Only detail examination of more tube samples from
the SMC and the overall design, commissioning and operation of the systems would
provide the data for assessment of the risk of further corrosion.

As was stated in the Recommendations section of the report there are no published
guidelines for tackling this problem, except for the research work referenced in Section
7.6. Replacement with plastic pipes is already underway and it was my impression
(rightly or wrongly) that this was 1o be the way forward. Nevertheless, | did include the
recommendations for temperature control and eradication of as much unnecessary
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copper pipework as possible (if some was to be retained). Remaval of corrosion products
by citric acid flushing was also mentioned as was changing the water chemistry. It should
be noted that unlike stainless steels which can be ‘pickled and passivated' following
corrosion problems. There Is, to our knowiedge, no such procedure applicable to copper.

With regard to a meeting in Bahrain to discuss the report further, Please note that this was
not included in our original cost proposal. However, If you think that this would be helpful
given the foregoing clarifications, | would be happy to provide costs for attending such a

meeting.
Regards

- ew 1494\-}
Andrew Piercy 2
Project Engineer &




