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1. Introduction 

 
The abbreviated name for this project is “Flushing Phase B.”  The purpose of this 
study is to assist the MMS in assessing -- and if necessary, scoping and 
preparing -- regulations for the flushing, handling, and possible reactivation of 
out-of-service pipelines.  This project focused on pipelines that have been taken out 
of service and flushed and filled with inhibited seawater.  In keeping with this purpose, 
WINMAR has: reviewed current regulations for temporarily taking pipelines out-of-
service lines, reviewed current practices for taking pipelines temporarily out-of-service, 
and reviewed practices, tools, and technologies for flushing and preserving out-of-
service lines.  WINMAR also assessed the effectiveness and risk/safety of the tools and 
practices, Finally, WINMAR performed field tests (offshore in-situ) to assess the 
condition of 4 out-of-service pipelines. 
 
The project methodology for Flushing Phase B was carried out in a number of phases, 
as detailed below: 
 

1) Identification Phase: The first step in this phase was a review of current 
regulations and practices for pipeline decommissioning and reuse -- temporary 
and permanent abandonments (MMS). This covered any existing regulations 
and/or recommended practice for out of service pipelines. 

 
2) Interaction Phase: This phase was performed concurrently with Phase 1.  

Because Winmar has an excellent working relationship with the majority of the 
contractors in the Gulf of Mexico, we met with them to investigate pipeline 
decommissioning effectiveness, and the effects of time and the offshore 
environment on out-of-service pipelines. Contractors included: 

 
• Platform and pipeline owners and operators 
• Pipeline pigging and maintenance contractors 
• Pipeline corrosion and corrosion inhibitor companies 
 
3) Assessment Phase:  The thrust of this phase was to assess how well out-

of-service pipelines fare in the marine environment - over time - for later 
use.  Specifically, we assessed the risks to the environment, and health and 
safety of operations, for the different pipeline types and varying time the lines 
were out of service.    

 
To aid in the assessment, a qualitative risk analysis was used to form a reuse matrix 
based on a number of factors.  The factors used were: pipeline product, presence of 
H2S, CO2, and of course age The matrix will be used to compare the pipeline 
samples retrieved from offshore in order to grade them in condition. 
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This project assumed that external corrosion protection techniques were continued 
during the pipeline's temporary abandonment stage.   
 
4) Data Gathering Phase: This phase entailed gathering information during 

pipeline decommissioning, in order to gauge the effectiveness of the 
regulations/guidelines which were determined during the Assessment Phase.   

 
Because Winmar decommissions pipelines which were formerly out-of-service, we 
had the opportunity to actually examine the pipelines in-situ, and assess their 
condition.  Since we know the age of the pipelines tested, and when they were taken 
out of service, we were able to draw MANY valuable conclusions.  Data acquired 
consisted of: 
 
• Catching and sampling the fluids that were in the out-of-service pipeline.  

These fluids were sampled at pre-determined intervals, and analyzed for the 
presence of corrosion products.  

• Catching and sampling fluids during pipeline flushing.  This test was 
performed on the pipelines during the actual decommissioning phase.  The 
flushwater was sampled at pre-determined intervals and analyzed for the 
presence of hydrocarbons, corrosion products, oxygen, and chlorides and 
sulfates. 

 
5) Conclusion Phase: At this stage, Winmar has compiled and presented 

recommendations for regulation of out-of-service pipelines.  These 
recommendations were discussed with MMS pipeline specialists before being 
summarized and finalized in the report.  WINMAR also targeted and 
recommended specific measures that can improve the safety and effectiveness 
of temporary abandonment/decommissioning and/or reuse of offshore pipelines. 

 
Definitions:  In order to avoid confusion, it is important to define “Out of Service” and 
“Abandoned” as the terms relate to pipelines.  The definitions will also be included on 
future regulatory updates. 
 
Out-of-Service: A pipeline that is out-or-service is still connected either at one end or at 
both ends, but it is not flowing.  An out-of-service pipeline may or may not be filled with 
inhibited seawater.  The out of service period begins when the line has not been flowed 
for 30 consecutive days.  Taking a line out of service does not require MMS approval, 
however notification is required. 
 
Abandoned: An abandoned pipeline has been cut at BOTH ends.  The line has either 
been removed, or the ends of the pipeline plugged and buried in-place. Abandoning a 
pipeline requires MMS approval. 
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2. Objectives 
 
The objectives of this project are many-fold, but to summarize: 
 
1) Provide data to the MMS on the condition of various types of out-of-service pipelines 
through research and in-field testing.  This data includes the composition of any product 
remaining in the pipeline, the composition of seawater/inhibitor in the pipeline (if 
present), and the composition of seawater used to flush the pipeline. 
 
2) Assist the MMS in determining if the “Pickled” (Shut in greater than 2 but less than 5 
years, flushed and filled with inhibited seawater) pipeline regulations are adequate for 
ensuring pipeline safety and containment.  This objective must be met for the various 
types of pipelines – treated/untreated, gas/oil/condensate, etc. 
 
3) Collect information through research and field testing to determine the effectiveness 
of various corrosion inhibitors for the “Pickled” pipelines.  Determine if the generic 
requirement for use of “corrosion inhibitor” is adequate, too strict, or too lenient a term. 
 
4) Gain a general understanding of condition of pipelines on the OCS in the Gulf of 
Mexico through the collection of out-of-service pipeline samples. 
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3.  Procedures 
 
This section of the report describes the field-testing portion of the project. Below is the 
detailed procedure that was supplied to the contractor prior to any offshore 
work/pipeline decommissioning.   
 
A. Offshore Procedures 

 
General:    Field trip to site will confirm location and work area available to flush        
pipeline.  Brief Field Personnel on flushing procedure.   Company procedures are to be 
incorporated into flush procedure.  Confirm location and type of Pipeline End Flanges.  
Review contingency clean-up plans and fluid disposal with Field Foreman.  Check 
flanged connection for integrity. Check for Check Valves.  
 

1. Verify communication link is working between crews at both ends of the pipeline. 
2. Verify that pipeline is LOCKED and TAGGED OUT and line has ZERO 

PRESSURE before removing pipeline-end flanges.   
3. Check pipeline for check valves.   
4. Remove pipeline end flanges and install ANSI 600 Ball valves onto flange ends 

at both platforms.  Close  block valves. 
5. Install all gauges/meters and verify both units have all openings closed and/or 

plugged. 
6. Install fill line from pump to flushing head.  This line to have an overflow by-pass 

to divert water overboard and a meter beyond the by-pass in order to know 
volume of water pumped into line.  Flow direction to be controlled with block 
valves before meter and on overboard line. 

7. Install pipe discharge line with meter from receiving end to storage/receiving 
tanks or to production process equipment. 

8. Hook up Sampling Valve at receiving location. 
9. Take the first sample using appropriate sample jars. 
10. Verify pipeline and discharge line at receiving end are open.   
11. Check flow meter and zero. 
12. Confirm Production Platform crew is ready to receive water.  Open block valve   

Divert flow from overboard to flushing head using in-line block valves. 
13. Check pressure gauges to ensure no built up in pressure is occurring at flushing  

site.   
14. Check with receiving crew that flow has started. 
15. Take two samples, one sample into Mineral Pattern Analysis Bottle and one into 

Oil and Grease Bottle, at 25%, 50%, and 75% line volume intervals. 
16. Monitor pressure.  Do not let pressure build up beyond 1000 PSI.  Stop pumping 

if pressure starts to exceed 1440 PSI.  
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17. Once fluid returns, capture 2 fluid samples.  One sample into Mineral Pattern 
Analysis Bottle and one into Oil and Grease Bottle.   



 
 

18. Label ALL sample bottles. 
19. Open by-pass valve at Well Platform before shutting down pump and then 

closing block valve located before meter.   
20. Check and bleed all pressure from fill line and pipeline. Verify zero pressure 

before removing any piping at either end of pipeline. 
21. At Well Platform, disconnect pump and fill line.  Re-confirm zero pressure and 

remove flushing head and block valve.  Re-install blind flange initially removed 
from pipeline.       

22. At Production Platform, remove discharge line.  Re-confirm zero pressure and 
remove receiving hose and block valve.  Re-install blind flange initially removed 
from pipeline. 

23. Secure samples for shipment to Laboratory.  Send field report copies to office. 
24. De Mob equipment and personnel to shore base. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Flushing Phase “B” Final Report 2    

 



 
 

 
B. Pictorial Presentation 
 
This section provides a pictorial presentation of how the offshore field testing phase was 
performed.   
 

 
Photo #1The flowmeter reads in hundreds of gallons pumped.  It was “zeroed” and 
calibrated prior to commencing work. 
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Photo #2 

An assortment of flanges were kept on-hand to ensure a good fit-up to the pipeline. 
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Photo #3 

 
This picture shows the typical workspread used, as well as typical well protector 
platforms.  The flushing pump is located on the jackup boat, and a hose connects the 
pump to the pipeline via a hose that runs across the gangway.   
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Photo #4 

 
This photo shows a typical top-of-riser sample point at the receiving platform.   
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Photo #5 

 
MPA Jars come cleaned, sealed and certified.  To take a sample, jars are simply filled, 
and sealed. 
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Photo #6 

 
The plastic Zero Head Space jars are used for taking samples, which cannot have any 
atmospheric air in them.  Once the jars are filled with liquid, they can be purged of air 
and sealed.  WINMAR used these jars to catch samples for oxygen and nitrogen 
testing. 
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4.  Background and Assumptions 
 
The following sections summarize the results for the various samples taken.  The 
results are compiled and displayed graphically in order to help interpret and analyze the 
data.  For each pipeline tested, the results are organized into sections.  The sections 
are listed below, along with any assumptions made during the data interpretation: 
 
Sample/Locations Observations 
 
The location of the samples was derived by analyzing the amount of fluid pumped at the 
time the sample was taken.  The flowmeter was used to obtain this volume, and the 
internal pipeline diameter was used to convert this volume to a distance.  This process 
assumes that the flow in the line is uniform, and that no multi-phase flow occurs.  It also 
assumes that the pipeline internal diameter is the same throughout the line.  The 
average rate of flow of flushwater was approximately 100 GPM. 
 
Gas Composition Observations 
 
No gas samples were taken therefore no assumptions were made.  
 
Flushwater Composition Observations 
 
No assumptions were made.  The data is plotted exactly the same as the lab results. 
 
Oil and Grease Observations 
 
No assumptions were made for this analysis.  For comparison purposes, all of the oil 
and grease measurements were normalized, based on volume flushed divided by total 
pipeline volume.  These normalized results were also all plotted on the same graph, for 
comparison of all the different oil and grease flushing profiles. 
  
Pipe Cutout Observations 
 
At this time no cutout samples were taken. These samples are scheduled to be 
retrieved at a later date in conjunction with platform removal operations. 
 
Pipe Vintage and Diameters  
 
The pipelines tested were all of the 1960 – 1972 vintage and between 4 and 8 inches in 
diameter. 
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Reference and Baseline Material 
 
Some reference material was used in the analysis and comparison of Natural Seawater 
(NSW).  These charts and articles are included in this section.  This reference material 
has an excellent description of the ions and elements present in Seawater, and how 
they react with each other and with other ions/elements. 
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Gaseous composition of dry air. 

* Low concentrations in troposphere; ozone maximum in the 
30- to 40-km regime of the equatorial region.  

Mackenzie, F.T. and J.A. Mackenzie (1995) Our changing planet. Prentice-Hall, Upper Saddle River, 
NJ, p 288-307. 
(After Warneck, 1988; Anderson, 1989; Wayne, 1991.)  

Constituent Chemical symbol Mole percent

Nitrogen N2 78.084

Oxygen O2 20.947

Argon Ar 0.934

Carbon dioxide CO2 0.0350

Neon Ne 0.001818
Helium He 0.000524

Methane CH4 0.00017

Krypton Kr 0.000114

Hydrogen H2 0.000053

Nitrous oxide N2O 0.000031

Xenon Xe 0.0000087

Ozone* O3 trace to 0.0008

Carbon monoxide CO trace to 0.000025

Sulfur dioxide SO2 trace to 0.00001

Nitrogen dioxide NO2 trace to 0.000002

Ammonia NH3 trace to 0.0000003

Page 1 of 1Table of gaseous composition of dry air
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Understanding Seawater 
The chemistry of marine aquaria is a complex subject and one that is not 
easily described in a short article. Previous articles on marine chemistry in 
Aquarium Frontiers authored by Craig Bingman have dealt with selected 
topics of interest to marine aquarists. In particular, these articles have focused 
on the biochemistry taking place in aquaria. In this article I will endeavor to 
provide an understanding of seawater itself, rather than how the components 
are used by the tank inhabitants. 

What’s In Seawater? 

Major species 

Seawater has been found to contain virtually every chemical element, although some of them are found 
in very small concentrations. Water is, of course, the most abundant molecule, comprising about 97 
percent of seawater. Water itself is far more complicated than is generally recognized and has been an 
active area of chemical research for more than a hundred years.  

One of the remarkable things about water is that it is liquid at 
room temperature. Based simply on its molecular weight, it 
ought to be a gas. Nitrogen (N2) and oxygen (02) are much 
heavier than water (H2O), and yet they are gasses and water 
is a liquid. Why?  

The reason 
involves the 
hydrogen 
bonding that 
takes place in 
water. The 
hydrogen atom of 
one molecule of 
water interacts 
strongly with the 

oxygen atom of a nearby water molecule. This interaction is 
much weaker than the bond between atoms within a single 
water molecule, but it is strong enough to make the water 
molecules “prefer” to be surrounded by each other, rather 
than floating around individually, as they would in a gas. 
Hydrogen bonding is best viewed as a fleeting interaction 
between water molecules that lasts only a tiny fraction of a 
second before breaking. Once broken, however, they quickly 
reform, perhaps to a different water molecule. On balance, 
each water molecule is bonded to one or two other water molecules almost all of the time.  

TEXT AND DIAGRAMS BY RANDY HOLMES FARLEY 

Do you have an opinion 
on the issues raised in 
this article? Join in the 
discussion by going to: 
Understanding 
Seawater. 

 

 

A space filling model of a water molecule 
(H2O), where the oxygen atom is shown 
in red and the hydrogen atoms are 
shown in blue. 

 

 

The extended hydrogen bonding 
network in water. Hydrogen bonds are 
indicated in red. 

Page 1 of 10Aquarium Frontiers On-Line: Feature
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Major ions  

Most of the remaining constituents of seawater are inorganic ions. The major components of seawater —
all ions present at greater than 1 part per million (ppm) or 1 milligram per liter (mg/L) — are shown in 
Figure 1 and Table I. A different definition of major ions based on the numbers of ions present, rather 
than the weight of those ions, has a slightly different list, with lithium being added. Together, these ions 
account for 99.9 percent of the dissolved solutes in seawater.  

It is clear from Figure 1 that seawater contains mostly table 
salt (sodium and chloride). In fact, sodium and chloride 
comprise 86 percent of the ions present in seawater, by weight. 
 
One important point about 
these concentrations: they are 
correct for typical seawater, 
which contains about 35 parts 
of salt by weight per thousand 
parts of seawater (35 ppt). This 
seawater has a specific gravity 
of around 1.027, so it may be 
higher than is maintained in 

many marine aquaria. As the salinity of seawater is varied, these 
concentrations move up and down together. Consequently, if an 
aquarium contains water with a specific gravity of 1.023, the salinity is 
about 30 ppt and all of the concentrations in Table I are reduced by about 
14 percent.  

A logical question to ask is why do we not hear much discussion about 
chloride, sulfate or sodium levels in marine aquaria, if they are among 
the most abundant ions? The answer is that while they are very 
important, their abundance makes it difficult for them to become 
significantly depleted or enriched without altering the salinity. Of 
course, one could start out with a salt mix that did not contain the correct 
proportions, but assuming one starts out correctly, there isn’t any normal 
activity in a marine aquarium that will significantly change the levels of 
these ions (without changing salinity).  

All of these major ions are essentially unchanged in concentration at 
different locations in the ocean, except as salinity changes move them all 
up or down together. Ions that do not change concentration from place to 
place are referred to as “conservative type” ions, a description that also 
applies to some of the minor and trace elements that are discussed 
below.  

I have. also included organics on this list, though they traditionally are not considered a major specie. As 
will be discussed below, organics are important in seawater, but are poorly understood.  

Minor ions  

There are various definitions, of which ions in seawater constitute the “minor ions.” By some 

 

TABLE I 
Major Species in Seawater 

Species Concentration 
milligrams per 

liter (mg/L)

Cl- (chloride) 19,000

Na+ (sodium) 10,500

SO4
2- (sulfate) 2700

Mg2+ 
(magnesium)

1280

Ca2+ (calcium) 412

K+ (potassium) 399

HCO3
- 

(bicarbonate)
110

Br- (bromide) 67

CO3
2- 

(carbonate)
20

Sr2+ (strontium) 7.9

B(OH)3 + B
(OH)4

- (borate)

5 (as Boron)

F- (fluoride) 1.3

Organics 1 to 2
Everything else 
combined 
(except 
dissolved 
gasses)

Less than 1

Page 2 of 10Aquarium Frontiers On-Line: Feature
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definitions, the list of constituents is rather long. Table II shows just a few of the constituents of 
seawater that are often labeled as minor ions. The more abundant of these are sometimes lumped with 
the major ions (such as lithium), while the least abundant (such as iron) are often lumped in with trace 
elements. Ions in this category often vary significantly with location in the ocean. That is primarily 
because many of them are tightly linked to biological activity. These ions can be locally depleted if 
biological activity is high enough. Ions that vary in this fashion are referred to as “nutrient type” ions, 
because they are consumed by one or more types of organism.  
 
Trace elements  

There is much discussion about trace elements in marine 
aquaria and for good reason. Most chemicals dissolved in 
seawater are classified as trace elements simply because 
there are so many ions and molecules present at very low 
concentrations. In many cases, these ions are quite 
variable in concentration from place to place and also as 
a function of depth. Anyone wishing to view extensive 
lists of these ions is advised to check out one of the 
references given at the end of this article.  

Many of these trace elements are metals. While people 
typically view dissolved heavy metals as toxic, a great 
many of them are essential for organisms. Their toxicity 
is primarily related to their concentration: a happy 
medium is essential, where enough of each of these 
metals is present for life to exist, but not so much is 
present as to be toxic.  

A perfect example is copper. It is present in natural seawater at about 0.25 parts per billion (ppb), which 
is about a thousand times less than the toxic levels often used to kill microorganisms in the treatment of 
sick marine fish. It is, however, absolutely necessary for many animals to have copper available to them 
to survive.  

Some of the most important trace elements to marine aquarists are those involved in the nitrogen cycle 
(ammonia/nitrite/nitrate). These are discussed in detail below.  

Organics  

The nature of organic molecules is certainly the most complicated aspect of seawater chemistry. 
Organics comprise about 2 ppm of seawater. Of this 2 ppm, the majority is in the form of dissolved 
organic carbon (DOC). DOC includes all fully dissolved organic compounds and any particulates that 
are small enough to pass through a 0.45-micron (µm) glass fiber filter. Strictly speaking then, it is not all 
fully dissolved. Any organic particles greater than 0.45 µm are called particulate organic carbon (POC). 
The POC is about a factor of 10 lower in concentration than DOC and is composed of living and dead 
organisms, as well as assemblies of organic molecules.  

DOC is an incredibly complicated mixture of molecules that represents billions of years of biological 
waste products from uncounted numbers of different organisms, combined with reactions catalyzed by 
light, heat, inorganic catalysts (metals), biological processes, and many other factors. It includes 
carbohydrates (20 to 35 percent of the total), humic substances (10 to 30 percent of the total), amino 

TABLE II 
Some of the Minor and Trace Ions in Seawater 
Species Concentration 

milligrams per liter 
(mg/L)

Li+ (lithium) 0.17

Rb+ (rubidium) 0.12

H2PO4
- + HPO4

2- + 
PO4

3- 
(phosphate)

0.0 to 0.3

IO3
- (iodate) 0.03 to 0.06

I- (iodide) 0 to 0.03

Ba+ (barium) 0.004 to 0.02

Al3+ (aluminum) 0.00014 to 0.001

Fe2+ + Fe3+ (iron) 0.000006 to 0.00014

Zn2+ (zinc) 0.000003 to 0.0006
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acids and proteins (2 to 3 percent), hydrocarbons (less than 1 percent), carboxylic acids (1 percent) and 
steroids (trace).  

There is also a great deal of uncharacterized organic material. In fact, the study of seawater organics is 
an active area of research. Additionally, the summation of all dissolved organics in the ocean is a pool of 
carbon larger than carbon dioxide in the atmosphere, so it cannot be ignored by those looking at the 
planetary carbon cycle. In addition to carbon, these organics contain significant amounts of oxygen, 
nitrogen, phosphorus, and sulfur.  

It is probably also safe to say that most, if not all, closed marine systems have higher organic levels than 
the ocean, although hard numbers are difficult to come by. The desire to reduce these organic levels is 
one of the reasons for the popularity of skimmers with marine aquaria.  

What Forms Do Ions Take In Seawater? 

In the previous sections I have described what ions are present in seawater, but I have not presented the 
forms they typically take. Contrary to popular belief, many of these ions are attached to each other in 
solution and do not act as completely individual species. This tendency to form ion pairs in solution is 
much more prevalent for some ions (e.g., Ca2+, Mg2+, CO3

2-, F-, OH-) than it is for some others (e.g., 

Na+, K+, Cl-, Br-). In general, the tendency to form ion pairs is higher for ions with a higher net charge. 
In the next few sections, I will present an overview of some of these interactions and why they are 
important. 

Simple ions  

The simplest positively charged ions in solution are sodium 
(Na+) and potassium (K+). They are primarily free ions, with 
a shell of three to four tightly bound water molecules 
attached to them. This is known as the “primary hydration 
sphere.” These water molecules are fairly tightly bound, but 
are rapidly exchanged with other water molecules from the 
bulk solution (at a rate of about a billion exchanges per 
second for each ion!). Beyond this first shell are another 10 
to 20 water molecules that are less tightly bound, but that are 
still strongly influenced by the metal ion. These types of 
hydrating water molecules are present for all ions in solution 
and won’t be mentioned further for each ion in turn.  

A small proportion of both sodium and potassium (about 5 
percent) exists as ion pairs with sulfate, forming NaSO4

- and 

KSO4
-. This type of ion pair is best viewed as a temporary 

association between the two ions and may only last for a very 
small fraction of a second before the ions move apart. Nevertheless, this type of association can have 
very important implications for the behavior of these ions, as will be shown below. Ions forming such 
pairs actually “touch” each other. That is, most or all of the hydrating water molecules that are in 
between them have been temporarily removed. This removal of the intervening water molecules is the 
primary distinction between ion pairs and ions that are simply near each other.  

 

 

Space filling model of a potassium ion 
(gray) surrounded by its primary 
hydration sphere of water molecules. 

Page 4 of 10Aquarium Frontiers On-Line: Feature

9/18/2002http://www.animalnetwork.com/fish2/aqfm/1998/july/features/1/default.asp



The simplest negatively charged ions, chloride (Cl-) and bromide (Br-), form few ion pairs in solution. 
They are primarily present in the form of hydrated free ions, with two and one tightly bound water 
molecules, respectively.  

Carbonate  

One of the more complex interactions, and one that is very important for marine reefkeepers, involves 
carbonate (CO3

2-). Carbonate is primarily ion paired in solution, with only about 15 percent of it 

actually present as free CO3
2- at any given point in time. This fact is very important to the maintenance 

of calcium and alkalinity levels in aquaria, because it is the free carbonate concentration that “wants” to 
precipitate with calcium as calcium carbonate (CaCO3). If the free carbonate levels rise too much, the 
calcium levels will drop due to CaCO3 precipitation.  

So, what is carbonate ion paired with? Primarily magnesium, forming soluble MgCO3. This is the 
reason why magnesium levels are so important in marine aquaria for maintenance of simultaneously 
high levels of alkalinity and calcium. If magnesium is too low, more carbonate will be in the free form 
and will “want” to precipitate as calcium carbonate.  

Carbonate is also ion paired to sodium and calcium, forming soluble NaCO3
- and CaC03, respectively. 

The soluble calcium ion pair sounds odd, but it is essentially one individual molecule of CaCO3 that is 
soluble in water: it is not precipitated out of the solution. The fact that carbonate is also ion paired by 
sodium is one of the reasons that salinity has an impact on the amount of calcium and alkalinity that can 
be maintained in solution: lower salinity means lower sodium, which means more free carbonate and a 
greater likelihood of precipitation of CaCO3.  

Ion pairing has another large effect on carbonate that is more subtle. In water, carbon dioxide hydrates to 
form H2CO3, which can then break up (ionize) into protons (H+), bicarbonate (HCO3

-) and carbonate 

CO3
2-).  

 

When CO2 is added to water, the system will come to equilibrium with specific concentrations of each 
of the species shown above. By LeChatelier’s principle, if one takes away something from one side of 
the equilibrium, the equilibrium will shift in that direction. For example, if carbonate is removed from 
the system, then each of the reactions shown will proceed to the right, effectively replacing some of the 
carbonate that was removed.  

Importantly, that is exactly the effect that takes place in seawater when carbonate is “removed” by 
forming ion pairs. It is only the “free” concentration of these species that determines the position of the 
chemical equilibrium, so carbonate in the form of an ion pair does not “count,” and the equilibrium 
shifts strongly to the right. If one then counts carbonate in all forms (free and ion paired) it is found to 
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be far higher in seawater than in freshwater at the same pH and ion pairing is the primary reason.  

The exact same effect can be seen in the solubility of CaCO3. 
 

 

In this case, if CaCO3 is added to water, it breaks apart into Ca2+ and CO2
2-. Eventually, an equilibrium 

is reached where no more CaCO3 will dissolve. However, if some of the carbonate is removed by ion 

pairing (and some of the Ca2+ as well), then additional CaCO3 can dissolve to replace those that were 
“lost.” This is the primary reason that CaCO3 is approximately 15 times more soluble in seawater than 
in freshwater.  

Calcium, magnesium and strontium  

Calcium, magnesium and strontium are primarily present in the free form, hydrated by six to eight 
tightly bound water molecules. A small percentage (about 15 percent) is present as an ion pair with 
sulfate. Much smaller percentages are present as ion pairs with carbonate and bicarbonate. Importantly, 
while these complexes involve only a small percentage of the total calcium and magnesium, they 
involve a large portion of the total carbonate (which is possible because there is so much calcium and 
magnesium compared to carbonate).  

Sulfate  

As mentioned above, sulfate forms ionic interactions with most positively charged species in seawater. 
In fact, more than half of it is in the form of an ion pair, with NaSO4

- and MgSO4 dominating.  

Phosphate  

Phosphate in marine aquaria is of tremendous importance because it is often a limiting nutrient for algae 
growth. In seawater, the amount of phosphate present is typically quite low (usually less than 0.1 ppm) 
and often varies significantly from location to location. In many marine aquaria, however, the phosphate 
concentration can be significantly higher (up to several ppm).  

The ability to export phosphate from marine aquaria has been the topic of lengthy discussion and is the 
object of numerous commercial products. The nature of the inorganic phosphate present in marine 
aquaria, however, is certainly more complicated than traditionally credited.  

Inorganic phosphate can exist in a number of forms, in a manner analogous to carbonate.  
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Ignoring ion pairing and complex formation for the moment, phosphate is primarily found in the HPO4
2- 

and PO4
3- forms in seawater. This is quite different than in freshwater at the same pH, where the 

H2PO4
- and HPO4

2- forms predominate. Table III shows the forms of phosphate present in seawater at a 
pH of 8.1.  
 
To a large extent, the high proportion of phosphate present in the PO4

3- 
form in seawater is due to ion pairing, just as in the case of carbonate. 
These various phosphate species pair extensively with magnesium and 
calcium in seawater. PO4

3- is nearly completely ion paired (96 percent), 

while only 44 percent of HPO4
2- is paired. This is what causes the shift 

in the equilibrium to more of the PO4
3- form in seawater compared to 

freshwater (just as it does for carbonate).  

Additionally, phosphate will 
interact with certain ions in a 
manner that is much stronger than simple ion pairs. Phosphate 
can, for example, complex with a number of positively 
charged species, including both metals (e.g., iron) and 
organics. These interactions further serve to reduce the 
concentration of free phosphate.  

Phosphorus is also 
contained in 
dissolved organics. 
While natural 
seawater has more 
inorganic phosphate 

than organic forms, this may not be true in aquaria where 
much higher organic levels prevail.  

Metals  

The metals, in particular, are strongly ion paired in solution. 
Copper primarily forms soluble CuCO3, iron forms soluble Fe
(OH)3 and silicon (not strictly a metal) forms (Si(OH)4. Some 
of the other metals that are biologically important (e.g., zinc, molybdenum, manganese, cobalt) form a 
wide variety of ion pairs with different ions in solution. In some cases, the number of different species 
that form is extensive. Table IV shows the speciation of copper in seawater at a pH of 8.1.  
 
In recent years, however, it has become more and more apparent that 

TABLE III 
Speciation of Phosphate in 

Seawater 
Form Percentage of total in 

seawater 
(at pH 8.0)

H3PO4
trace

H2PO4
- 0.5 percent

HPO4
2- 79.2 percent

PO4
3- 20.4 percent

 

 

TABLE IV 
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certain metals are largely complexed to organic materials, even in 
natural saltwater where the level of organics is low. In a marine 
aquarium, the level of organics can be higher than in the ocean, so such 
complexes are even more likely to form.  

In addition to complexation of metals to the widespread organics present 
in the oceans (e.g., humic acids), there is also the possibility of 
complexation to specific organics that were made exclusively for that 
purpose. For many microorganisms, metals such as iron are limiting 
nutrients for growth and these creatures have designed systems to bring 
iron to them.  

Bacteria and fungi, for example, release organic compounds called 
siderophores into the environment. They are large organic molecules 
with a very high affinity for iron. The released siderophores eventually encounter an iron atom and bind 
very strongly to it. The organisms themselves have enzymes in their outer membranes that interact 
strongly with siderophores that contain iron, and transport them into the cell. Consequently, the 
siderophores can be viewed as collection devices for iron.  

Of course, many of the siderophores released into the ocean are not quickly reabsorbed by the 
microorganisms and remain in solution. In a closed marine aquarium with a large population of 
microorganisms, one would expect that such molecules would be present in solution. Consequently, 
many metals in solution may be bound by such molecules.  

Additionally, many aquarists intentionally add complexing agents in the various supplements they add 
to their aquaria. These include EDTA and citrate, which are two common forms for adding iron. These 
will equilibrate with other metals already in the tank and the tank will then contain a variety of metals 
complexed to these organics.  

Nitrogen compounds  

The primary nitrogen compound in seawater is nitrogen gas (N2). It is present at about 11 ppm at 25 
degrees Celsius (77 degrees Fahrenheit), although its solubility is a strong function of temperature, with 
nearly twice as much dissolving in near freezing seawater. Nitrogen gas is present at a higher 
concentration than any other dissolved gas, with oxygen (02) at 7 ppm, argon (Ar) at 0.4 ppm and all 
others at sub-ppb levels (not including carbon dioxide, which is primarily ionized in seawater).  

There are certain organic and inorganic forms of nitrogen at concentrations lower than nitrogen gas. The 
organic forms are poorly defined, but include such molecules as proteins.  

The inorganic forms are much more familiar to aquarists as components of the nitrogen cycle. The 
concentrations of these components in seawater are highly variable. In natural seawater, ammonia (NH3) 

ranges in concentration from 0.02 to 8 ppm (as ammonia), nitrite (NO2
-) ranges from 0.005 to 0.2 ppm 

(as nitrite) and nitrate (NO3
-) ranges from 0.06 to 30 ppm (as nitrate). These values vary by location, 

depth and time of year. Other inorganic forms present at much lower concentration include 
hydroxylamine (NH2OH), nitrous oxide (N2O), and hyponitrite (N2O2

2-).  

Ammonia exists in two forms in seawater. The primary form is 

Speciation of Copper in 
Seawater 

Copper form Percentage of total

CuCO3
73.8

Cu(CO3)2
2- 14.2

Cu(OH)+ 4.9

Cu2+ 3.9

Cu(OH)2
2.2

CuSO4
1.0

CuHCO3
+ 0.1
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ammonium (NH4
+), which accounts for about 95 percent of 

the total in seawater at a pH of 8.1. The secondary form is free 
ammonia (NH3), which accounts for the remaining 5 percent. 
These proportions vary strongly with pH and the free ammonia 
form rises as pH rises, to about 50 percent of the total at a pH 
of 9.5.  

The toxicity of ammonia towards fish has been found to depend upon pH, with some researchers 
observing lower toxicity at lower pH. It has been suggested that this relationship between toxicity and 
pH is due to the proportion of ammonia in each form at a given pH. While these ideas seem to have been 
accepted by many in the aquarium hobby, the exact cause of this relationship is unclear and is beyond 
the scope of this article. This topic is discussed in more detail in Captive Seawater Fishes (Spotte 1992). 

Nitrite and nitrate are both interesting molecules in that they 
exist in a number of resonance forms. If one draws a simple 
structure for these molecules it appears that the oxygen atoms 
are not all exactly the same, with one carrying a negative 
charge, while the others do not. Experimentally, however, this 
has not been found to be the case: all oxygen atoms are exactly 
equivalent.  

How can this be? Resonance forms are a simple way of thinking about this, with the various forms 
interconverting extremely rapidly. The only thing required to convert one form to another is to move 
electrons around within the ion, so it can happen essentially instantly. In reality, the electrons are spread 
around these ions in such a way that each oxygen on average carries a partial negative charge (-¾ in the 
case of nitrite; -1/3 in the case of nitrate).  

Iodine  

Iodine seems to get an amazingly disproportionate amount of 
discussion with respect to marine aquaria and much of it is 
incorrect. The reasons for this are many, but are primarily 
related to its chemical and biochemical complexity. In fact, its 
chemical complexity is far greater than many aquarists are 
aware.  

Iodine takes two primary forms in seawater: iodide (I-) and iodate (IO3
-). The often quoted value for the 

total concentration of iodine in seawater (0.06 ppm) is reasonably accurate, although the value varies 
significantly. This value, however, is a combination of both iodide and iodate. It is not correct to state 
that seawater contains 0.06 ppm of iodide. The value for iodide is more typically around 0.01 ppm or 
less, although it is sometimes as high as 0.03 ppm and sometimes as low as 0.002 ppm. The remainder is 
iodate.  

Additionally, the interconversion between iodide and iodate in seawater is very slow. This reaction is 
believed to be mediated in a number of ways, including catalysis by light and microorganisms. It is 
probably safe to say, however, that the two are not in equilibrium in marine aquaria. One effect of this 
lack of equilibrium is that dosing one type does not necessarily give you any of the other type.  

It is not well known which forms are used by which 
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organisms, so I will not comment on the necessity of 
maintaining specific levels of iodide or iodate. There is good 
evidence, however, that iodide is rapidly depleted in marine 
aquaria, although it is not well established where it goes. 
Conversion of iodide to iodate has been observed in aquaria, 
but this may not represent a significant sink. Iodate itself is 
much slower to become depleted from marine aquaria and can 
build up to toxic levels if it is being actively dosed.  

An additional complication is that some aquarists dose a third 
form of iodine: I2. Lugol’s solution, for example, is a 
combination of iodide and iodine. When iodine (as I2) is added 
to seawater, it quickly reacts to form other iodine species that 
probably end up as both iodide and iodate in marine tanks.  

Conclusion 

There are, of course, many other details of seawater chemistry that may be of interest to marine 
aquarists. This article is only a first pass at understanding the chemistry behind what is happening in our 
tanks. 

For those wanting a more in depth exposure to marine chemistry, I recommend two books: Captive 
Seawater Fishes. Science and Technology by Stephen Spotte (Wiley-Interscience, New York. Pp. 942.) 
and Chemical Oceanography, Second Edition by Frank J. Millero (CRC Press, Boca Raton, FL. Pp. 
469.).  

The Spotte book is excellent, with sections directed specifically toward aquarium chemistry. It covers 
chemistry from the standpoint of aquarium keeping, rather than understanding of the natural ocean. It is 
also practically oriented, rather than directed toward a deep chemical understanding of phenomena.  

The Millero book will only be of interest to those who are undaunted by chemical reactions and jargon. 
It is, however, the best marine chemistry book I have encountered. It gives a tremendous amount of 
detail about natural marine systems, but has no discussion about aquaria. Most of the chemical data in 
this paper was pulled from this book.  

Previous “Biochemistry of Reef Aquariums” columns in Aquarium Frontiers magazine have also dealt 
with selected topics of interest to marine aquarists, especially the column on “Ion Pairing, Buffer 
Perturbation and Phosphate Export in Marine Aquariums” (Bingman, C. 1996. Aquarium Frontiers 3
[1]:10-17).  
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DISSOLVED OXYGEN TABLE (mg/l) 
 
 
 
 
        Salinity (ppt)       
Temperature oC 0 5 10 15 20 25 30 35
0 14.6 14.11 13.64 13.18 12.74 12.31 11.9 11.5
2 13.81 13.36 12.91 12.49 12.07 11.67 11.29 10.91
4 13.09 12.67 12.25 11.85 11.47 11.09 10.73 10.38
6 12.44 12.04 11.65 11.27 10.91 10.56 10.22 9.89
8 11.83 11.46 11.09 10.74 10.4 10.07 9.75 9.44
10 11.28 10.92 10.58 10.25 9.93 9.62 9.32 9.03
12 10.77 10.43 10.11 9.8 9.5 9.21 8.92 8.65
14 10.29 9.98 9.68 9.38 9.1 8.82 8.55 8.29
16 9.86 9.56 9.28 9 8.73 8.47 8.21 7.97
18 9.45 9.17 8.9 8.64 8.38 8.14 7.9 7.66
20 9.08 8.81 8.56 8.31 8.06 7.83 7.6 7.38
22 8.73 8.48 8.23 8 7.77 7.54 7.33 7.12

72°f 24 8.4 8.16 7.93 7.71 7.49 7.28 7.07 6.87
26 8.09 7.87 7.65 7.44 7.23 7.03 6.83 6.64
28 7.81 7.59 7.38 7.18 6.98 6.79 6.61 6.42
30 7.54 7.33 7.14 6.94 6.75 6.57 6.39 6.22
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5. Results and Observations – Line 22 
Bulk Oil / Non-inhibited 

 
a. Sample/Locations Observations 

 
Water samples were taken at the top of the riser before flushing began.   All bolts and 
flange seals were intact and did not indicate any leakage. All other samples were taken 
at the same location.  Water samples seemed uniform, and representative of the flush 
fluid stream. 
 

b. Flushwater Composition Observations 
 
The flushwater composition for line 22 is plotted in the results section.  Natural 
Seawater composition is also plotted for comparison purposes.  The ions/elements 
plotted are: Alkalinity (CO3), Barium, Calcium, Iron, Magnesium, and Potassium.  
Because of their high values (in PPM), Chlorides and Sulfates are plotted on a separate 
chart. 
 
For the flushwater, the mineral pattern relative to NSW is summarized below: 
 
Alkalinity (bicarb) – Higher/Same 
Barium – Same 
Calcium – Lower/ (First sample much lower) 
Iron – Higher 
Magnesium – Lower 
Potassium – Lower 
Chloride – Lower 
Sulfate – Lower/Higher  
 
The first sample, containing the most hydrocarbons was MUCH lower than NSW in 
almost all elements/ions tested for. 
 
The iron content is plotted as a separate graph in order to focus on these values.  The 
first sample had a very high iron concentration of .14 ppm (ppm also equals 
milligrams/liter).  Observations from the field could explain this very high concentration.  
The sample was taken at the very front of the flushwater “slug.”  This slug picked up 
metal debris, as is typical in most flushing operations.  This debris included metal 
particles, which were picked up from the pipe wall.  The sampling procedure “dissolved” 
these metal particles and recorded them as a concentration value.  The third and fourth 
samples were high as well, but this too can be attributed to a slugging effect during 
flushing operations. 
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Photo #12 – Typical Mineral Pattern Analysis Samples  

 
The ions/elements to focus on from this analysis are those found in steel corrosion 
products: FeO2, FeS.  The samples showed higher than NSW concentrations of both 
Fe and S, indicating that corrosion has taken place, however, it is difficult to derive 
specific corrosion features from this data. 
 

c. Oil and Grease Observations 
 
Samples taken at the end of the flushing operation had no detectable oil and grease 
concentration.  The detection limit is 2.5 PPM.  The last sample was taken when 
approximately 1.00x the pipeline volume had been flushed.  The graph shows a very 
rapid drop in oil and grease concentration; with the non-detectable limit appearing to be 
reached at 1.0x flush volume. 
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I.  Pipeline Information
MMS Segment No. 22
Date: 6/10/2002
Pipeline Origination
  Area
  Block 
  Platform 
  Lease
Pipeline Destination
  Area
  Block 
  Platform 
  Lease
Pipeline Size (in) 4
Pipelines Length (ft) 1,600
Pipeline Volume (bbls) 25

II.  Flushing Information
Flushing Information
  Volume Flushed 2100 gal.
  Flow Rate (GPM) 100
  Pigged Used No
  Type of Pig No
  Size of Pig No
  Clean Returns Yes
Inhibitor
  Chemical Inhibitor Used
  Type of Chemical
  Quantity of Chemical
Origination Riser
  Riser blind flanged w/ vent valve Yes
  Pipeline Tagged Yes
Destination Riser
  Riser blind flanged w/ vent valve Yes
  Pipeline Tagged Yes
Comments:

Company Representative

Signature

PIPELINE FLUSHING AND SAMPLING RECORD



III.  Sampling Data - Tracking Information
Sample Location
Platform:
Pipeline Sampling Site: Top of Riser Bleed Valve
Flushing Start Time: 8:00
Gas Samples Sample ID Sample Date Vol. Flushed (g) H2S (PPM)
Vacuum Tubes

Plastic Bags

Water Samples Sample ID Sample Date Vol. Flushed (g) Notes
Mineral Pattern Analysis

22-1 06/10/02 0
22-2 06/10/02 264
22-3 06/10/02 529
22-4 06/10/02 793

Oil and Grease Analysis 22-5 06/10/02 1,058
22-1 06/10/02 0
22-2 06/10/02 264
22-3 06/10/02 529
22-4 06/10/02 793
22-5 06/10/02 1,058

Comments:

Company Representative

Signature
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Figure 5 - Oil and Grease vs. Flush Volume - Line 
22
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Figure 6 - Oil and Grease vs Flush Volume - Line 
22
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6. Results and Observations – Line 23 
Bulk Oil / Inhibited 

 
a. Sample Locations Observations 

 
Water samples were taken at the top of the riser before flushing began.   All bolts and 
flange seals were intact and did not indicate any leakage. All other samples were taken 
at the same location.  Water samples seemed uniform, and representative of the flush 
fluid stream. 
 

b. Flushwater Composition Observations 
 
The flushwater composition for segment 23 is plotted in the results section.  Natural 
Seawater composition is also plotted for comparison purposes.  The ions/elements 
plotted are: Alkalinity (CO3), Barium, Calcium, Iron, Magnesium, and Potassium.  
Because of their high values (in PPM), Chlorides and Sulfates are plotted on a separate 
chart. 
 
For the flushwater, the mineral pattern relative to NSW is summarized below: 
 
Alkalinity (bicarb) – Higher/Same 
Barium – Same 
Calcium – Lower 
Iron – Higher 
Magnesium – Lower 
Potassium – Lower 
Chloride – Lower 
Sulfate – Lower  
 
The plot of the Iron Concentration shows an initial concentration of .33 and .34 ppm 
respectively followed by a sharp increase (.96 ppm). The explanation for this occurrence 
is the same as for segment number 22. Slugging during flushing operations loosened 
and purged internal corrosion from the line as is common. 
 

c. Oil and Grease Observations 
 
Samples taken at the end of the flushing operation had no detectable oil and grease 
concentration.  The detection limit is 2.5 PPM.  The last sample was taken when 
approximately 1.00x the pipeline volume had been flushed.  The graph shows a very 
rapid drop in oil and grease concentration; with the non-detectable limit appearing to be 
reached at 1.0x flush volume. 
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I.  Pipeline Information
MMS Segment No. 23
Date: 6/11/2002
Pipeline Origination
  Area
  Block 
  Platform 
  Lease
Pipeline Destination
  Area
  Block 
  Platform 
  Lease
Pipeline Size (in) 4
Pipelines Length (ft) 1,350
Pipeline Volume (bbls) 21

II.  Flushing Information
Flushing Information
  Volume Flushed 1785 gal.
  Flow Rate (GPM) 100
  Pigged Used No
  Type of Pig No
  Size of Pig No
  Clean Returns Yes
Inhibitor
  Chemical Inhibitor Used
  Type of Chemical
  Quantity of Chemical
Origination Riser
  Riser blind flanged w/ vent val Yes
  Pipeline Tagged Yes
Destination Riser
  Riser blind flanged w/ vent val Yes
  Pipeline Tagged Yes
Comments:

Company Representative

Signature

PIPELINE FLUSHING AND SAMPLING RECORD



III.  Sampling Data - Tracking Information
Sample Location
Platform:
Pipeline Sampling Site: Top of Riser Bleed Valve
Flushing Start Time: 8:00
Gas Samples Sample ID Sample Date Vol. Flushed (g) H2S (PPM)
Vacuum Tubes

Plastic Bags

Water Samples Sample ID Sample Date Vol. Flushed (g) Notes
Mineral Pattern Analysis

23-1 06/11/02 0
23-2 06/11/02 223
23-3 06/11/02 446
23-4 06/11/02 669

Oil and Grease Analysis 23-5 06/11/02 892
23-1 06/11/02 0
23-2 06/11/02 223
23-3 06/11/02 446
23-4 06/11/02 669
23-5 06/11/02 892

Comments:

Company Representative

Signature
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Figure 11 - Oil and Grease vs. Flush Volume - 
Line 23
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Figure 12 - Oil and Grease vs. Flush Volume -Line 
23
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7. Results and Observations – Line 24 
Bulk Oil / Inhibited 

 
a. Sample Locations Observations 

 
Water samples were taken at the top of the riser before flushing began.   All bolts and 
flange seals were intact and did not indicate any leakage. All other samples were taken 
at the same location.  Water samples seemed uniform, and representative of the flush 
fluid stream. 
 

b. Gas Composition Observations 
 
This line was completely filled with inhibited seawater, therefore no gas was present. 
 

c. Flushwater Composition Observations 
 
The flushwater composition for segment 24 is plotted in the results section.  Natural 
Seawater composition is also plotted for comparison purposes.  The ions/elements 
plotted are: Alkalinity (CO3), Barium, Calcium, Iron, Magnesium, and Potassium.  
Because of their high values (in PPM), Chlorides and Sulfates are plotted on a separate 
chart. 
 
For the flushwater, the mineral pattern relative to NSW is summarized below: 
 
Alkalinity (bicarb) – Equal 
Barium – Equal 
Calcium – Lower/Higher/Equal 
Iron – Higher 
Magnesium – Lower  
Potassium – Similar/Lower 
Chloride – Lower 
Sulfate – Similar/Higher 
 

d. Oil and Grease Observations 
 
Samples taken at the end of the flushing operation had no detectable oil and grease 
concentration.  The detection limit is 2.5 PPM.  The last sample was taken when 
approximately 1.00x the pipeline volume had been flushed.  The graph shows a very 
rapid drop in oil and grease concentration, with the non-detectable limit appearing to be 
reached at .25x flush volume. 
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I.  Pipeline Information
MMS Segment No. 24
Date: 6/12/2002
Pipeline Origination
  Area
  Block 
  Platform 
  Lease
Pipeline Destination
  Area
  Block 
  Platform 
  Lease
Pipeline Size (in) 4
Pipelines Length (ft) 2,489
Pipeline Volume (bbls) 39

II.  Flushing Information
Flushing Information
  Volume Flushed 3290
  Flow Rate (GPM) 100
  Pigged Used No
  Type of Pig No
  Size of Pig No
  Clean Returns Yes
Inhibitor
  Chemical Inhibitor Used
  Type of Chemical
  Quantity of Chemical
Origination Riser
  Riser blind flanged w/ vent val Yes
  Pipeline Tagged Yes
Destination Riser
  Riser blind flanged w/ vent val Yes
  Pipeline Tagged Yes
Comments:

Company Representative

Signature

PIPELINE FLUSHING AND SAMPLING RECORD



III.  Sampling Data - Tracking Information
Sample Location
Platform:
Pipeline Sampling Site: Top of Riser Bleed Valve
Flushing Start Time: 8:00
Gas Samples Sample ID Sample Date Vol. Flushed (g) H2S (PPM)
Vacuum Tubes

Plastic Bags

Water Samples Sample ID Sample Date Vol. Flushed (g) Notes
Mineral Pattern Analysis

24-1 06/12/02 0
24-2 06/12/02 424
24-3 06/12/02 848
24-4 06/12/02 1,271

Oil and Grease Analysis 24-5 06/12/02 1,695
24-1 06/12/02 0
24-2 06/12/02 424
24-3 06/12/02 848
24-4 06/12/02 1,271
24-5 06/12/02 1,695

Comments:

Company Representative

Signature
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Figure 17 - Oil and Grease vs Flush Volume - Line 
24
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Figure 18 - Oil and Grease vs. Flush Volume - 
Line 24
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   8. Results and Observations – Line 25 
Bulk Oil / Inhibited 

 
a. Sample Locations Observations 

 
Water samples were taken at the top of the riser before flushing began.   All bolts and 
flange seals were intact and did not indicate any leakage. All other samples were taken 
at the same location.  Water samples seemed uniform, and representative of the flush 
fluid stream. 
 

b. Flushwater Composition Observations 
 
The flushwater composition for segment 25 is plotted in the results section.  Natural 
Seawater composition is also plotted for comparison purposes.  The ions/elements 
plotted are: Alkalinity (CO3), Barium, Calcium, Iron, Magnesium, and Potassium.  
Because of their high values (in PPM), Chlorides and Sulfates are plotted on a separate 
chart. 
 
For the flushwater, the mineral pattern relative to NSW is summarized below: 
 
Alkalinity (bicarb) – Higher/Same 
Barium – Same 
Calcium – Lower 
Iron – Higher 
Magnesium – Lower/Same 
Potassium – Lower 
Chloride – Lower 
Sulfate – Lower  
 
The plot of the Iron Concentration shows an initial concentration of 39.4 and 5.7 ppm 
respectively followed by a sharp increase (65.5 ppm). The explanation for this 
occurrence is the same as for segment number 22. Slugging during flushing operations 
loosened and purged internal corrosion from the line as is common. 
 

c. Oil and Grease Observations 
 
Samples taken at the end of the flushing operation had no detectable oil and grease 
concentration.  The detection limit is 2.5 PPM.  The last sample was taken when 
approximately 1.00x the pipeline volume had been flushed.  The graph shows a very 
rapid drop in oil and grease concentration; with the non-detectable limit appearing to be 
reached at 1.0x flush volume. 



I.  Pipeline Information
MMS Segment No. Line 25
Date: 6/2/2001
Pipeline Origination
  Area  
  Block  
  Platform  
  Lease
Pipeline Destination
  Area  
  Block  
  Platform  
  Lease
Pipeline Size (in) 8
Pipelines Length (ft) 9,200
Pipeline Volume (gallons/bbls) 23,920 / 570

II.  Flushing Information
Flushing Information
  Volume Flushed 40,000
  Flow Rate (GPM) 100
  Pigged Used
  Type of Pig
  Size of Pig
  Clean Returns 
Inhibitor
  Chemical Inhibitor Used N
  Type of Chemical
  Quantity of Chemical
Origination Riser
  Riser blind flanged w/ vent valve Y
  Pipeline Tagged Y
Destination Riser
  Riser blind flanged w/ vent valve Y
  Pipeline Tagged Y
Comments:

Company Representative JAMES WISEMAN

Signature

PIPELINE FLUSHING AND SAMPLING RECORD



III.  Sampling Data - Tracking Information
Sample Location
Platform:  
Pipeline Sampling Site:
Flushing Start Time: 800
Water Samples Sample ID Sample Date Vol. Flushed (g) H2S (PPM)
Mineral Pattern Analysis 25-1 6/2/2001 0 0

25-2 6/2/2001 8,000 0
25-3 6/2/2001 16,000 0
25-4 6/2/2001 30,000 0
25-5 6/2/2001 40,000 0

Sample ID Sample Date Vol. Flushed (g) Notes
25-1 6/2/2001 0
25-2 6/2/2001 8,000
25-3 6/2/2001 16,000
25-4 6/2/2001 30,000
25-5 6/2/2001 40,000

Oil and Grease Analysis

Comments:

Company Representative
JAMES 
WISEMAN

Signature



25
-5

25
-4

25
-3

25
-2

25
-1

N
SW

Al
ka

lin
ity

 (B
ic

ar
b)

Ba
riu

m
C

al
ci

um
N

SW
(F

e)
Iro

nM
ag

ne
si

um
Po

ta
ss

iu
m

0

20
0

40
0

60
0

80
0

10
00

12
00

14
00

C
on

ce
nt

ra
tio

n 
(P

PM
)

Sa
m

pl
e 

#

Io
n/

El
em

en
t

Fi
gu

re
 1

9 
- F

lu
sh

w
at

er
 C

om
po

si
tio

n-
 L

in
e 

25

Al
ka

lin
ity

 (B
ic

ar
b)

Ba
riu

m
C

al
ci

um
N

SW
(F

e)
Iro

n
M

ag
ne

si
um

Po
ta

ss
iu

m



25
-5

25
-4

25
-3

25
-2

25
-1

Su
lfa
teN
SW

(S
O
4)

C
hl
or
id
e

N
SW

(C
l)

0

50
00

10
00
0

15
00
0

20
00
0

25
00
0

C
on

ce
nt

ra
tio

n 
(P

PM
)

Sa
m

pl
e 

#

Io
n

Fi
gu

re
 2

0 
- C

hl
or

id
e 

an
d 

Su
lfa

te
 - 

Li
ne

 2
5

Su
lfa
te

N
SW

(S
O
4)

C
hl
or
id
e

N
SW

(C
l)



39
.4

5.
7

65
.5

4.
63

7.
09

0.
00
34

0.
00
34

0.
00
34

0.
00
34

0.
00
34

010203040506070

C
on

ce
nt

ra
tio

n 
(p

pm
)

N
SW

(F
e)

Iro
n

Sa
m

pl
e 

#

Fi
gu

re
 2

1 
- I

ro
n 

C
on

ce
nt

ra
tio

n 
- L

in
e 

25

N
SW

(F
e)

Iro
n

N
SW

(F
e)

0.
00
34

0.
00
34

0.
00
34

0.
00
34

0.
00
34

Iro
n

39
.4

5.
7

65
.5

4.
63

7.
09

25
-5

25
-4

25
-3

25
-2

25
-1



Figure 22 - Oil and Grease vs Flush Volume - Line 
25
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Figure 23 - Oil and Grease vs. Flush Volume - 
Line 25
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9. Recommendations and Conclusions 
 
 a. Flushing “A” Conclusions (From Report Dated 3/25/01) 
 
All of the pipelines tested for this phase were installed in 1964.  Based on the Results 
and Observations for the four pipeline segments where complete data was obtained - 
WINMAR was able to qualitatively rank the pipeline conditions.  This is shown in Table 1 
below.   The pipelines were ranked according to the criteria listed in the table header: 
presence of pits, metal loss, pooled water, flushwater iron concentration, and weld 
erosion. 

Segment Rank
Pits 

Present
Metal 
Loss

Pooled 
Water

Highest Iron 
Concentration

Weld 
Erosion

2826 #1 No No No 117 PPM No
2824 #2 No Yes Yes 302 PPM Yes
2820 #3 Yes No No 70 PPM Yes
2822 #4 Yes Yes Yes 76 PPM No

 
Table 1 – Pipeline Ranking 

 
The conclusions and recommendations in this section are based on the Results and 
Observations from the Flushing “A” report.  Each conclusion will be presented, then 
followed by the relevant photos or results for that conclusion. 
 
Conclusion 1) Having the unused pipeline open to air versus sealed doesn’t seem to 
have an impact on the line condition. 
 
This is based on analysis of segments 2824 and 2826.  Since the air is heavier than 
methane, it was present in the bottom of the pipeline.  These two gas pipelines were in 
very similar condition however, despite being filled with different fluids.  Segment 2824 
showed metal loss corrosion but this was in the bottom of the pipeline that contained 
standing water.  The “dry” portions of the lines were in very much the same condition, 
despite the presence of oxygen in the air-filled line. 
 
Conclusion 2) Standing water from wellstream production pools in the pipeline causes 
metal loss corrosion.  The standing water also provides a medium for the growth of 
sulfide reducing bacteria.   
 
This standing water seemed to be the primary cause of loss of integrity for the pipelines 
tested.  Segment 2824 showed evidence of standing water (as seen in the following 
photos).  Since this line had never been pigged (non-pigable line) the water present in 
the pipeline must have come from wellstream production.  The sample taken near the 
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well-protector platform showed evidence of being filled approximately 15% with water.  
Depending on the pipeline elevation (high and low spots) along its length, it could have 
contained either more, or less water.  This is demonstrated in the following pictures 
(from segment 2824): 
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Conclusion 3) Composition of pipeline flush and fill water is important.   
 
If possible, the operator should endeavor to NOT suck up any mud or particulate matter 
from the ocean, when filling a pipeline with seawater.  This mud/sludge contains a 
“soup” of bacteria  in much higher concentrations than found in surface seawater.  
These bacteria can and will contribute to Microbial Induced Corrosion (MIC).  Segment 
2822 shows evidence of being filled with seawater with a very high amount of 
suspended solids.  It also shows signs of pitting corrosion at the pipeline/tubeturn weld.  
This is shown in the following photos from the segment 2822 pipeline sample: 
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Conclusion 4)  Pitting corrosion is highly variable and unpredictable.  Pits are present 
in some of the pipelines tested and not in others - despite the exact same production.  
Pits were present in the pipeline filled with water (2822), and also in one pipeline that 
was not (segment 2820).  Based on this information, and this small sample size, it is 
necessary to conclude that we cannot correlate pitting corrosion to pipeline conditions 
for these tests.  It may be present to correlate the two after future flushing tests yield a 
larger sample size. 
  
 

 b. Flushing “B” Conclusions 
 
The conclusions for this phase are based on the data gathered from the following four 
pipelines.  Initial iron concentrations rapidly approached the level of NSW as the 
pipeline volume was displaced during flushing. Initially high oil and grease 
concentrations dropped to non detect levels as the flushing volume approached one 
and a half times the pipeline volume.  Flushing rates of 100 GPM appeared to produce 
acceptable results.  Conclusions about the corrosion behavior of the oil pipelines in 
Phase B could not be established since three of the pipelines were not removed and 
pipeline samples were unavailable.  A visual inspection of line 25 showed little surface 
corrosion and no scale.  Mineral patterns analysis showed low average iron counts.  A 
summary of the lines tested and their results are as follows: 
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Line # 
Type of pipeline 

(bulk/processed/gas 
condensate) 

Inhibitor 
Present 
(yes/no)

Initial 
Oil/Grease 

Concentrations 
(PPM) 

Final Oil/Grease 
Concentrations 

(PPM) 

Average 
Iron 

Content 
(PPM)   

Flushing 
Flow 
Rate 

(GPM) 
22 Bulk Oil N 33 0 0.09 100 
23 Bulk Oil Y 804 0 0.32 100 
24 Bulk Oil Y 10 0 0.27 100 
25 Bulk Oil Y 1 0 24.46 100 

 
Line 25 – Internal Pipe Photos  
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  c. Final Conclusion 
 
Corrosion occurred in all of the pipelines tested.  The iron concentration in the fluid 
samples fluctuated over the length of the pipeline and may indicate active corrosion 
located randomly along the length of the pipeline.  Phase A for the gas pipelines 
exhibited higher iron concentrations than Phase B for the oil pipelines.  This difference 
may be a function of the amount of water present in the pipeline while out of service and 
the effectiveness of the corrosion inhibitor utilized. 
 
30 CFR 250.1001 defines out of service pipelines as those pipelines that have not been 
used to transport oil, natural gas, sulfur or produced water for more than 30 consecutive 
days.  The requirements for taking a pipeline out of service are listed in 30 CFR 
250.1006.  For pipelines out of service one year or less, isolate the pipeline with a blind 
flange or a closed block valve at each end of the pipeline.  For pipelines out of service 
between one to five years, flush and fill the pipeline with inhibited seawater.  After five 
years the pipeline should be decommissioned.  The requirements for decommissioning 
pipelines are listed in 30 CFR 250.1750 through 250.1754. 
 
WINMAR believes that the current industry practice for the flushing of out-of-service 
pipelines, removes contaminates from the pipelines to a level the same or lower than 
that of NSW.  Flushing volumes of one and a half to two times the pipeline volume at a 
rate of 100 GPM appears adequate.  These practices appear to leave the pipeline clean 
enough for reuse or to be decommissioned in place.  In limited cases it may be 
necessary to pig the pipeline as part of the flushing process to remove paraffin or other 
viscous adhering products. 
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SECTION 10 
 

APPENDIX 
 

CORROSION INHIBITOR INFORMATION 
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10.  Appendix - Corrosion Inhibitor Information 
 
Many different kinds of inhibitors are available, each serving its own different function.  
The three most common are: 
 

• Oxygen Scavenger (Uses sulfite to bind oxygen SO2  SO4) 
• Corrosion Inhibitor (Amine coating “seals” internal pipe wall) 
• Biocide (Kills bacteria that cause corrosion (Sulfide Reducing Bacteria (SRB’s)) 

 
According to the vendors and contractors polled, Oxygen scavenger is not always 
necessary.  For closed lines, oxygen will be depleted quickly, and once it is all used, 
that type of corrosion ceases.  Large new lines can be designed for this very small 
amount of corrosion.   
 
Biocide is the most important inhibitor for out of service lines because SRB’s can sit in 
an out of service line and cause pits.  The SRB’s use the sulfate in seawater as a 
respiration source, making sulfuric acid, which causes pitting.  In an out of service line, 
these bacteria have a perfect environment (Moist/Wet, oxygen poor, abundant sulfate 
source, etc.) 
 
Information sheets were gathered from Champion Technologies and Baker Petrolite.  
These are included in this Appendix as reference material. 
 
Baker Petrolite’s Oxygen Depletion graph/information differs from ours.  They show 
oxygen depletion  versus time for a pipeline that is filled with uninhibited seawater and 
closed.  This is interesting information that is relevant to the Flushing Phase B project. 
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