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1 Preface from the Authors

Dear Reader,
A golden rule in analytical chemistry says:

"The two digits before the decimal point are
determined by sampling; the digits after the
decimal by the lab."

This means the lab personnel can work at their
best with the latest state-of-the-art methods and
instrumentation; however, if the sample delivered
is doubtful, as an outcome of the lab efforts the
results can never be anything but doubtful as
well.

Such untrustworthy results, which are at least
frustrating for the laboratory personnel, can lead
to a long chain of false deductions and conclu-
sions.

Jian

In practice, engineering, procurement, and con-
struction contractors and boiler manufacturers
still too often specify outdated designs. Neither
the new requirements of modern power plants
nor the possibilities offered by state-of-the-art
system designs are taken into consideration.

This brochure provides an overview of the avail-
able and required technology in power cycle sam-
pling and sample conditioning systems (SWAS).

This brochure does not and cannot replace
any well-known and established standards,
such as VGB-S-006-00-2012-09-EN, or others
(e.g., IAPWS TGD, EPRI, etc.). Rather, the intent
is to provide a brief introduction as an initial aid,
highlighting several important topics.



Influencing
factors over
the sampling
process

2 Introduction

The sampling system is used to take samples
from the water/steam circuit and auxiliary sys-
tems for continuously measuring operational
values and undertake laboratory analysis. The
analysis allows monitoring of the water and steam
quality and control over chemical dosing.

Clearly, any sample taken must be representative,
fully reflecting the composition and situation of
the relevant process/system. Since those samples
must be taken from high-pressure and high-tem-
perature systems, certain conditioning, such as
pressure reduction and cooling, is necessary
before any monitoring or grab sampling can be
peformed. It must be kept in mind, that any con-
ditioning will not alter or affect the composition of
the sample.

It also needs to be emphasized that the risk of
affecting any sample begins well before any
conditioning — during sample extraction and
routing. From experience, it can be said, that
in numerous plants, extraction and routing is
carried out inadequately, so any further mea-
sures down-stream are unhelpful, and all
results obtained are at least doubtful and may be
completely wrong.

Quote from VGB-S-010-T-00;2011-12.EN:

e It cannot be emphasized enough that "poor
sampling gives poor results."

* All too often, "chemists" carry out extremely sen-
sitive and complex analyses, which undoubtedly
are accurate, but if the sample does not truly rep-
resent the process stream (the bulk material), the
results are meaningless and often misleading.
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e Several factors must be considered when
designing and maintaining a suitable sampling
system for water steam cycles, for example:

Proper materials used in sample lines, valves,
and coolers

Secure handling of the system

Suitable length and flow of the sampling lines
Considering isokinetic sampling whenever
demanded (dual-phase flow conditions)
Proper maintenance

The medium that a sample is to be taken from
can be either single-phase or dual-phase at the
sampling point. Suspended solids (e.g., iron
oxides) are not considered a separate phase.
Thus, condensate with suspended solids may
be considered a single-phase fluid, even if it
contains two phases, which must be taken into
condisderation while sampling.

The following distinctions should be made:
e Typical single-phase fluids

condensate

feedwater

evaporator circulation water

superheated steam
e Dual-phase fluids

saturated steam

explicit determination of suspended solids

All the recommended requirements are well
described in the IAPWS technical guidance
document, IAPWS TGD 6-13, the EPRI 2014 tech-
nical report "Guidance on Design, Operation,
and Maintenance of Steam and Water Sample
Conditioning Systems," or the VGB standard,
VGB-S-006-00-2012-09-EN.

Examples

¢ Inadequate extraction point
¢ Inadequate extraction probe

* Wrong sample pipe size
¢ Excessive pipe length
* Suboptimal routing

¢ Outdated design concepts
¢ Missing safety functions
¢ Excessive line and instrument sharing

* Missing/incorrect temperature compensation
* Lack of self-diagnosis capability
¢ Maintenance-intensive operation

* |nadequate process value range/scaling
* No remote diagnostic information



3 Sample Extraction

The way the sample is extracted from the pro-
cess plays a major role in whether or not the
sample is representative and accurate. If certain
requirements are not met, the sample may be
completely incorrect and may deliver misleading
results. This is especially true when taking sam-
ples from a dual-phase system, such as saturated
steam, but it is also important when samples for
determining total iron are taken from any system
(e.g., condensate, feedwater, boiler water, etc.).

The installation of an appropriate sample probe
is the key element here, followed by the proper
adjustment of the flow conditions (keyword: isoki-
netic sampling!).

3.1 Location

VGB-S-006-00-2012-09-EN and VGB-S-010-T-
00-2011-12.EN provide very important and use-
ful suggestions as to exactly where the various
samples should be extracted from in the different
process lines.

However, it needs to be emphasized here again
that the generic selection of a process/system is
not the only aspect that plays a significant role
in obtaining correct and representative samples;
the specific location within the individual process
line must be taken into account, as well. A typical
example is shown below.

The sampling probe may be installed in both
vertical and horizontal process pipes, but when
the extraction is taken from a horizontal line,

Sampling from
blow-down pipe
at level 15m;
boiler drum

at level 35m

¢ Unrepresentative sample
¢ High accumulation of solid particles

Jian

possible deterioration of the sample composi-
tion must be considered. E.g. particles, such as
corrosion products may accumulate in the lower
part of the process pipe (6 o'clock position). In ad-
dition, those particles may not have fully reached
the upper part of this pipe (12 o'clock position).
Consequently, the 6 o'clock and 12 o'clock posi-
tions are clearly "no-go areas" and the 3 o'clock
and 9 o'clock positions should be always used
instead. More details can be found in Chapter 4.2
of VGB-S-006-00-2012-09-EN.

BT e »

e Correct extraction point for boiler water from a
downcomer

Example of
extraction
point location



Table 1:
Recommended
tube sizes

4 Sample Transport

41 Tube Material

It is very important that the material of the sam-
ple pipe does not react with any components of
the sample or alter the sample composition in any
way. Therefore, high-alloy Ti-stabilized steels,
such as 1.4571 (equivalent to AISI 316Ti) or
1.4404/1.4435 (equivalent to AISI 316L), should
be used for all sample pipes. Low-alloy or unal-
loyed carbon steels should not be used under
any circumstances.

4.2 Tube Diameter and Flow Conditions

A certain minimum flow velocity in the sample

pipe is absolutely vital for various, important rea-

sons, such as the following:

e Achieving an isokinetic sample extraction as
close as possible

e Preventing particle setting and thus maintain-
ing a representative sample

e Minimizing the sample's travel time and thus
achieving "in time" online results for better pro-
cess control

A widely accepted, not to mention recommended
practice, is to adjust a sample flow to >30 I/h with
a maximum of 60 I/h. By staying in the range of
30-60 I/h and by using the recommended sample
pipe sizes (see Table 1 below), all the requirements
will be met. The upper limit of 60 I/h is due to the
sample coolers' capacity; it is also important not to
exceed this limit, or the sample may become too hot.

Design Pressure

KKS Location

Jwan

4.3 Tube Routing

Also, the routing of the sample pipes plays an
important role. The basic rules can be seen here
below.

Sample line routing

¢ Always sloped downwards in the direction of
flow (minimal sedimentation)

e Supports: should take thermal expansion into
account

* Avoid excessive length

Insulation

e Contact protection in critical zones only
¢ Insulation only if freezing protection is required

v

Extraction
point

v

X

Sampling
station

Basic rules of tube routing

(psig/bar)
LCA Main Condensate 363/25
LAB IP Feedwater 3,147/217
LAB HP Feedwater 3,147/217
HAD HRSG 1&2 LP Boiler Water 130/9
HAD HRSG 1&2 IP Boiler Water 580/40
HAD HRSG 1&2 HP Boiler Water 1,900/131
HAH HRSG 1&2 LP Saturated Steam 290/20
LBA HRSG 1&2 LP Main Steam 290/20
HAH HRSG 1&2 IP Saturated Steam 566/39
LBA HRSG 1&2 IP Main Steam 566/39
LBB HRSG 1&2 Hot Reheat Steam 566/39
HAH HRSG 1&2 HP Saturated Steam 1,871/129
LBA HRSG 1&2 HP Main Steam 1,871/129
LBG Auxiliary Steam 130/9
PGB Auxiliary Cooling System 145/10
GHC Cycle Make-up Water 145/10
MBH HRSG 1&2 Saturated Steam (RAC) 566/39
MBH HRSG 1&2 Blow-Down Water (RAC) 566/39

Design European_tube — Designations typically
Temperature inner diameter used in P&IDs

(°F/°C) (inches/mm)

140/60 0.236/6 DN 6 or 3/8"
482/250 0.236/6 DN 6 or 3/8"
482/250 0.236/6 DN 6 or 3/8"
356/180 0.236/6 DN 6 or 3/8"
486/252 0.236/6 DN 6 or 3/8"
630/332 0.236/6 DN 6 or 3/8"
500/260 0.591/15 DN 15 or 3/4"
500/260 0.591/15 DN 15 or 3/4"

1,056/569 0.591/15 DN 15 or 3/4"
1,056/569 0.591/15 DN 15 or 3/4"
1,056/569 0.591/15 DN 15 or 3/4"
1,056/569 0.236/6 DN 6 or 3/8"
1,056/569 0.236/6 DN 6 or 3/8"

482/250 0.591/15 DN 15 or 3/4"

140/60 0.236/6 DN 6 or 3/8"

140/60 0.236/6 DN 6 or 3/8"

1,056/569 0.591/15 DN 15 or 3/4"
1,056/569 0.236/6 DN 6 or 3/8"



5 Sample Conditioning

The function of the sample conditioning system
is to ensure that samples are supplied to the
instruments or for grab sampling at adequate
pressure, flow, and temperature. In addition to the
essential functional requirements, when design-
ing a sample conditioning system, we must also
consider the plant type and modes of operation
from the perspective of safety requirements, op-
eration and maintenance, and cost of ownership.

5.1 Sample Line Connection

Once the sample reaches the sampling station,

it must be properly and safely connected to the

sample conditioning panel. In general, the follow-

ing types of connections are recommended:

¢ Welded connections — design, fabrication, and
examination must be performed in line with an
internationally recognized code

¢ Detachable connections — only metallic sealing
fittings may be used (e.g., double ferrule com-
pression fittings)

5.2 Sample Line Isolation
At the inlet of the sampling station, each line must
be fitted with a shut-off valve upstream of the cooler,

for maintenance and/or operational purposes.

With a suitable sample isolation valve designed
for the process pressure and temperature, double

Sample line isolation

Sample cooling

Flow throttling and
pressure reduction

Temperature shut-off
(safety)

Sample pressure
regulation

Sample distribution to
instruments

Jian

isolation valves are not required at the SWAS
rack. If several sampling lines share a common
sample cooler, backflow into the lower pressure
sampling line(s) must be prevented by means of
suitable shut-off valves.

5.3 Sample Cooling

In the cooling stage, samples are cooled from
process temperatures to 3-5°C above the tem-
perature of the cooling water inlet. According to
VGB-S006 (Sampling and Physico-Chemical
Monitoring of Water and Steam Cycles), the sam-
ple temperature for correct sample temperature
compensation should be in the range of 5-45°C.
Some propose secondary coolers to maintain
a temperature very close to 25°C. It has to be
noted that achieving exactly 25°C will never be
possible and that large errors can be introduced
into the measurements if unsuitable instruments
with no temperature compensation are used.
Modern instruments, like all Swan instruments,
can handle a wide temperature range and will
automatically compensate for changes.

According to VGB-S-006-00-2012-09-EN, secon-
dary sample cooling — with a secondary cooler or
a thermal bath which is fed through a closed,
chilled water circuit — should ONLY be used if the
primary cooling water is too warm to reduce sam-
ple temperatures below 45°C.

v
Sample inlet

h 4
Hot blow-down

To instruments and
grab sample

Bypass flow

Sample
conditioning for
water/steam
samples

Legend

mmm Hot sample
= Cold sample
mmm Cooling water

C-1  Primary cooler
DRV Back-pressure
regulator
F-1  Coarse filter
TSA Temperature

safety valve
V-1  Sample
isolation valve
V-2 Line flushing
valve
V-3 Needle valve
V-4 Distribution
valve



Sample cooler

5 Sample Conditioning

Recommendation for cooler design:

e Coolers have a sample helical tube inside a
cooling water shell and are sized based on the
pressure and temperature of the sample

e Cooling water flows on the shell side (counter-
flow is guided by baffles); highly turbulent flow;
usually made of stainless steel

e Sample flows (typically 40-60 I/h) in the cool-
er coil/double coil; material can be stainless
steel or higher-grade alloy (Inconel), depending
on the sample temperature and cooling water
quality (see Chapter 5.3.2)

e The sample cooler can be drained for mainte-
nance

Advantages of counter flow versus co-flow

coolers:

e Optimal cooling performance

e Low cooling water consumption

* Low back-pressure

e Low A between the cooling water inlet and
outlet

e Dirt in the cooling water is easily rinsed out

* Prevents of corrosive deposits

Advantages of screw versus welding

connections

¢ Maintenance-friendly

* Reduced operating costs

e Certified and approved in the high-temperature
and high-pressure range

Jwan

Cooling water (CW) quality is one of the most
important aspects to be taken into consideration
when designing a SWAS, as it is one of the main
contributors to longer maintenance intervals. The
use of non-demineralized water will always lead
to clogging, scaling, and corrosion of coolers.

The following is recommended for proper
SWAS design and operation:
e Max. CW inlet temperature of 40°C (above
40°C, secondary cooling is most likely required)
* Required CW mass flow:
~20x the sample flow for water
~40x the sample flow for steam
e A CW pressure drop through SWAS of 1.2-1.5
bar
e Min. CW supply pressure: min. 3—-4 bar
* CW must be demineralized water or similar

Remember: Samples from steam or boiler water
and similar processes enter the cooler at very high
temperatures (typically in a range of 150-600°C).
Consequently, the surface of the cooling coils will
be a similar temperature. If the cooling water
contains dissolved minerals such as chloride,
even high-alloy materials will be attacked and
destroyed very quickly under these operating
conditions. Also, there is no way to avoid these
negative effects, if when such unsuitable water
quality is used. Therefore, cooling should always
be done with a closed cooling water system us-
ing demineralized water. For plants using other
water qualities, it must be noted that frequent
maintenance (e.g., acid cleaning) and compo-
nent replacement may be necessary and that the
sampling system may fail completely, thus result-
ing in complete loss of control over the plant's
chemistry.



5 Sample Conditioning

To prevent risk of injury to personnel and dam-
age to instrumentation, sampling conditioning
systems must be equipped with a temperature
shut-off valve cable to completely stop the hot
sample. This can either be mechanical, with a
fixed temperature switch-off point, or a pilot-
operated valve, consisting of a temperature sen-
sor, a temperature controller, and a pilot valve
(pneumatic or solenoid).

The following measures must be met for
proper and safe operation:
e Full line pressure rating for all components
up to the temperature shut-off valve
e Fast reaction (<3 seconds)
Temperature sensor time lag
Valve actuator switching time
e Fail-safe in case of power outage
e |nstallation downstream of the filter

Sample inlet "9

)
4

Pressure-
reducing valve

————————————————

Mechanical
temperature
shut-off valve == Cold sample

Sample inlet 9

5
4

Pressure-
reducing valve

Pilot-operated temperature
Cold sample W shut-off valve

Configuration for temperature protection
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5.4 Pressure and Flow Regulation

For pressure and flow regulation, the most
suitable method, which is also recommended
by the VGB and the ASME Performance Test
Code (ASME PTC 19.11-2008), is the combina-
tion of a flow restriction valve upstream and a
pressure-regulating element downstream. The
back-pressure regulator will also provide a safe
protection against excess pressure in the sam-
pling system's downstream shut-off valve.

As online instruments require a constant sample
flow, this can only be ensured by controlling the
sample inlet pressure at the instrument. In addi-
tion, every instrument must be equipped with a
needle valve and a flow meter to set the sample
flow at the recommended values. Rotameters
installed at the sample distribution point are not
appropriate for this important task. Flow should
be measured at the end of the sample line and
should be connected to a device that can out-
put an alarm. Swan instruments have an inte-
grated flow measurement that is available as
a signal output and an alarm relay. The alarm
indication is always available, with or without
signal output.

Regulating valve

To
instruments

Low pressure
(controlled)

Pressure-reducing valve

_—<

High pressure

Excess
sample

Back-pressure regulator

Control with
back-pressure
regulator



5 Sample Conditioning

5.5 Importance of a Back-Pressure
Regulation Valve

The back-pressure is regulated on the inlet side
(Ports 1 and 3 in the next figure).

The operating principle is similar to that of an
overflow valve. The pressure acts against a
spring-loaded membrane; high pressure causes
the valve to open wider to allow flow, thus reduc-
ing the pressure.

The division of the flow restriction and the
pressure regulation follows the principle of sep-
aration of functions, for a simpler and safer
system design.

With the back-pressure regulation, there are
no small moving parts in the sample flow,
&~ minimizing maintenance costs!

The membrane-based Swan back-pressure
regulators, with a low default pressure of 0.5 bar,
have a large valve cross-section, allowing parti-
cles to flow through in the sample flow.

Back-pressure regulators provide reliable pro-
tection against high pressure: they open further
when pressure increases.

By design, back-pressure regulators are thus saf-
er against high-pressure events and less prone to
particle clogging and while providing a more sta-
ble sample flow than forward-pressure regulators.

Valve seat

Closed
membrane

Open
membrane

1 Sample inlet

2 Excess sample flow

3 Distribution to the measuring instrument

4 Distribution to the measuring instrument
(integrated in Swan's back-pressure regulator)
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5.6 Sample Filtration and Blow-Down

When designing and drawing up specifications
for a SWAS, always keep in mind that samples
for determining total iron content must be tak-
en regularly in every plant, as this is the only
parameter that provides reliable feedback on
whether the applied water chemistry are func-
tioning as desired.

Because the overwhelming majority of total iron
found in steam/water cycles consists of undis-
solved particles, special care must be taken to
ensure that those particles are not removed
during sampling, or erroneous results will be ob-
tained, which might indicate optimal chemical
conditions.

Sampile filtration is always a controversial subject
of discussion. The advantage of protecting valves
and measuring equipment must be weighed
against the disadvantage of additional mainte-
nance and potential sample bias.

If required, an additional fine filter can be con-
nected upstream of individual particle-sensitive
instruments, and precautions can be taken to
ensure that an unadulterated grab sample can be
taken upstream of the filter.

Quote from IAPWS TGD6-13 (2014):
"Any sample line filters should be removed or by-
passed prior to sampling for corrosion products."



5 Sample Conditioning

During any start-up operation, a higher concen-
tration of particles or corrosion products may be
expected. This is caused by fast-changing condi-
tions (temperature, pressure, flow) in the various
systems. This is especially true in cycling plants
with frequent start-stop operations. Those par-
ticles will quickly and easily block the sampling
lines, causing all the measurements to be inter-
rupted and thereby hampering chemical control
of the unit during this critical operating phase.

For this reason, flushing equipment

for the sampling line is:

* Mandatory for boiler water samples

¢ Recommended for feedwater, steam, and con-
densate samples

The flushing line must branch off upstream of
the sample cooler to prevent contamination and
clogging of the pressure control valves and ther-
mal overload of the sample cooler caused by the
high sample flow rate.

The blow-down valves drain into a common closed
header (hot blow-down header) routed to a safe
drain capable of handling high temperatures.

e The valve must be rated for full sample line tem-
perature and pressure and must have a mini-
mum valve cross-section and flow geometry to
be able to handle dirt particles in the sample.

¢ The valve must be easy to maintain or replace.
Welded connections must be avoided.

5.7 Cation Exchange (Requirements
for Size, Volume, Flow Direction,
Sample Composition, etc.)

As explained in many documents and standards,
the measurement of conductivity downstream
of a strong acidic cation exchanger is always a
key parameter to be measured. The cation ex-
change process upstream of the conductivity
measuring cell must therefore work properly and
adequately. On the one hand, all cations must be
exchanged against H* ions and no ion slippage
should take place; on the other hand, the sam-
ple's travel time through the cation exchanger
should be as short as possible to minimize mea-
suring delays.

This requirement can be perfectly fulfilled by
using the latest state-of-the-art technology, such
as EDI-based cation exchange.

Jian
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Such a device always provides uninterrupted and
complete cation exchange, while utilizing a very
small volume, so the sample delay is minimal. An-
other major advantage is that regular and frequent
resin replacement or regeneration is unnecessary,
meaning that there are no more monitoring interrup-
tions and there is no more need to handle danger-
ous liquids, such as acids for regeneration; what's
more, the maintenance effort is greatly reduced.

Swan
Analytical
Instruments'
Monitor
AMI CACE
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5 Sample Conditioning

In cases where a classic cation exchanger car-
tridge is preferred, there are a few key and essen-
tial requirements:

* The sample must remain in the active resin for
~24 s to allow complete ion exchange.

The flow must be always from top to bottom.
The resulting lag time should be no longer than
2.5-3 minutes.

Cartridge venting should take place automat-
ically; cation columns must have a deaeration
valve or auto-deaeration features at a minimum.
To prevent air ingress, the hydraulic arrange-
ment must be such that in a resting wet system,
the resin column is not exposed to a negative
water head (i.e., the sample vent to the atmo-
sphere must be above the top of the column).
Exchange must be fast and easy.

The ion exchanger must have the right quality
and must be prewashed, so that no leaching
can occur.

The ion- exchanger must have a color indicator
that enables quick visual inspection of the ex-
haustion status; resin columns must therefore
be transparent.

The columns must be easily accessible for
maintenance; column sample connections and
supports must allow easy resin replacement.
Column connections and tubing must be
impermeable to air in order to prevent carbon
dioxide leading to a false reading due to the in-
crease of the conductivity value.

Far more details are provided and explained in
the article published in the PPCHEM Journal, is-
sue no. 2006 8 (11): H. Maurer, Cation Conductiv-
ity: Facts and Fiction.

Jwan

5.8 Grab Samples

The sampling system also includes a grab sam-
pling connection for laboratory analyses.

The sample line to the grab sample valve shall
branch off as close as possible to the back pres-
sure regulator, to compensate for variable sample
demand if the valve is opened and keep stable
sample flow and pressure at the instrument inlet.

The grab sample should be taken always from a
connection with sample flowing continuously, so
that representative results from process can be
obtained.



6 Sampling System Design

6.1 Sample Distribution

For each instrument, a dedicated pipe branch
supplies samples from upstream of the back-
pressure regulator to the instrument inlet.

The individual lines must branch off as close as
possible to the back-pressure regulator in order,
to maintain the sample flow and pressure at the
instrument inlet. The tubes should be sized to
ensure a proper sample flow speed (i.e., 4-5mm
inner diameter).

If the instrument itseld is not fitted with one, a
needle valve is required to regulate the flow to
the individual instrument. The same valve will al-
low the instrument to be isolated for maintenance
purposes.

Jian

The SWAS subsystem is delivered as prefab-
ricated, factory-assembled module with all
internal hydraulic and electric connections. Com-
mon headers shall be planned for cooling wa-
ter supply, cooling water return, cold drain, and
sample line hot blow-down.

The SWAS has two distinct sections:

1. A sample conditioning section where the hot
and pressurized raw samples are conditioned
in temperature, pressure, and flow to cooled,
low-pressure samples which can be processed
in the instrumentation section

2. An instrumentation section, where the indi-
vidual samples are distributed to the online in-
struments installed in the respective sample line

In both sections, all components should be grou-
ped and arranged by sample line in a modular
and readable manner, allowing easy operation
and access to all components for maintenance. A
modular design also allows simple replacements
or upgrades during operation. It is recommended
to plan for at least 10% to 20 % extra spare to ac-
commodate for future extensions/modifications.

Furthermore, on the instrumentation side, all ele-
ments of each measurement chain (i.e., the sensor,
flow cell, and relevant transmitter) should be grouped
in a clear and ergonomic manner (i.e. transmitter at
eye level and all other components related to the
measurement chain within reach of the operator
when standing in front of the transmitter).

A local electrical cabinet provides power dis-
tribution to all components of the SWAS and
signal interface to the customer's control system
(terminal strip for analog/binary signals or field-
bus interface).

Sample
Conditioning —
Section

Instrumentation
Section

Steam & Water Sampling & Analysis System (SWAS) Rack with two distinct sections

13



6 Sampling System Design

Shelter-based sampling system

for outdoor installation

The shelter houses and protects the sampling
and analyzing equipment and provides a suit-
able and safe work environment for the chemistry
operators/lab technicians. The shelter structure
is typically a self-contained painted, galvanized
steel structure for installation on a flat concrete
foundation (strip or slab foundation). The shelter's
roof, walls, and floor provide a full enclosure and
protect the equipment.

The shelter should be designed for outdoor in-
stallation in the given environmental conditions.
Insulation and air conditioning are provided
to maintain indoor temperature conditions of
25+/-8°C under all outside atmospheric con-
ditions and factoring in internal heat sources.
In case of sub-zero outdoor temperatures, the
shelter should be equipped with enough heating
capacity to prevent any freezing of the equipment
even if there is no heat input from sample lines.
In a wet/humid environment, wood/plywood/
rockwool or any other water absorbent material
should not be used.

The shelter access door is provided with an
emergency exit function. Shelters longer than 6m
require two access doors.

Jwan

Rack-based sampling system

A rack-based installation is the most common
and cost-effective solution for indoor installations.
All components of the system are mounted on
panels on the sides of the rack. The cooling water
headers and hot blow-down collector are installed
on supports on the rack's structure. The rack can
be completely pre-assembled and factory tested,
which allows very fast installation on-site.

The rack structure must be properly designed
to provide sufficient stability for transport and
installation on-site. A welded, unpainted stain-
less steel (1.4301) structure is recommended to
withstand harsh site conditions. The piping and
mounting plates for coolers and instruments are
also made of stainless steel. It should be noted
that a mix of different materials can lead to an
increased risk of corrosion.

There are different design concepts that can be
pursued depending on the available space and
installation location.

Single-sided sampling rack

A single-sided rack design offers the advantage
of having components (coolers, instruments, and
the electrical cabinet) facing the operator. This
clearly associates the sampling and analysis
equipment with the respective measuring point,
which makes the system very simple to operate
and maintain. The rack can be installed directly
next to a wall, or at any location where access
from only one side is available.



6 Sampling System Design

A free-standing rack with supports for floor
mounting is the standard solution for simple trans-
port and installation. There are also wall-mount-
ed frames, which might be split into different
sections. Such a design can be used when the
sampling system is installed in a narrow room,
to give the operator sufficient space. However, it
requires additional efforts for installation (lifting,
alignment etc.) and a proper support structure to
sustain the weight of the system.

Optionally, the rack can be equipped with a pro-
tective roof, lights, leveling elements, or mount-
ing plates for other equipment such as pumps, a
drain collector tank, chiller, or chiller bath.

Double-sided sampling rack

By installing components on both sides of the
rack (typically, sample conditioning on one side
and analyzers on the other), less installation
space is required. A double-sided rack is also
a suitable solution to accommodate larger sys-
tems. It must be ensured that the operator can
access both sides of the rack for operation and
maintenance.

Jian

Cabinet-based sampling system

A cabinet can accommodate smaller sampling
systems and is mainly used to provide suitable
ambient protection when the sampling system is
installed outdoors, close to the sampling take-off
point. A cabinet can also be used when there is
risk of contamination from a very dusty environ-
ment or spillage.

Different materials are available for cabinets,
including aluminum, painted/galvanized steel,
and fiberglass-reinforced plastic. In outdoor in-
stallations, sandwich panels are used for better
thermal insulation and heaters can be applied
for freeze protection. The cabinet is ventilated to
evacuate heat from hot samples and instruments.
For high ambient temperatures, an AC unit can
be installed.
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7 Sample Conditioning System: Special Features

In recent years, with the increase of power plants
operating in cycling mode and frequent start-
stop operations, special automatization features
are sometimes requested for the design of sam-
ple conditioning and analysis systems. Because
some sample conditioning components and ana-
lyzers need regular maintenance, complete auto-
mation is not possible.

The following chapters contain some recommen-
dations related to these special features which
can help prevent highly complex and costly sam-
ple conditioning system designs.

71 Automatic Sample Inlet Line Switching

Requirements for the complete automation of the
sample valves upstream of the sample coolers
would make systems very costly and yet offer
very limited operational benefits.

The sample shut-off and blow-down valves are
designed with a minimum valve cross-section, a
special seat, and flow geometry to prevent and
minimize clogging caused corrosive particles in
the sample and are rated to withstand full pro-
cess pressure and temperature.

A special pneumatic actuator is necessary if
these valves are designed for automatic oper-
ation from the main control system. For sam-
ples with medium (>=300°C) and high (600°C)
temperatures, these pneumatically actuated
valves need to have an air- or water-cooled
spindle extension.

Valves like these are not available off-the-shelf
and supply and installation costs are quite high.

Typically, sample line flushing is necessary
during start-up operations (initial start-up or after
extended standstills). More frequent line flushing
may be necessary for plants with corrosion is-
sues and a higher content of corrosice particles.

However, frequent sample line flushing does not
mean that automatic flushing valves are required.
It is a simple operation that lasts only a few min-
utes and can easily be performed manually.
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Sometimes, two sample lines share one sample
conditioning panel, for example, where the su-
per-heated steam samples are monitored contin-
uously, and saturated steam samples are mon-
itored regularly for diagnosis or troubleshooting
purposes. The chemist or operator decides when
to switch the sample line from superheated to sat-
urated steam.

Designing pneumatic valves upstream of the sample
cooler for automatic switching significantly increas-
es the cost of the sample conditioning panel and
offers no operational benefits, since manual valve
switching is a process that lasts only a few minutes.

. s/ [

Automated sample blow-down setup

7.2 Demineralized Water Line for Flushing
During Shutdown Period for Cycling Plants

For fast-start and frequently-started combined-
cycle plants, the IAPWS states that it is beneficial
to keep the key instruments on a continuously
refreshing cycle with demineralized water during
shutdown or offline periods in order to maintain
analyzer operation. The highest priorities are
detecting condenser leaks and ensuring steam
purity for the turbine admission during startup.

However, it should be noted that automatically
flushing with water has some consequences for the
critical analyzers: higher consumption of deminer-
alized water is required to keep the analyzer opera-
tional while the plant is stopped (an average of 101/h
per analyzer), the sensitivity of sodium sensors may
be reduced if they are continuously flushed with
high-purity water, and consumption may be higher
for analyzer reagents and other consumables.



8 Sample Conditioning for Special Sub-Systems

8.1 Cooling Water: Main Cooling System

In the main cooling water circuit, water quality
monitoring is also critical for achieving suitable
chemical conditions in the circuit and for auto-
matically controlling of the chemical dosing sys-
tem. Sample extraction and conditioning are dif-
ferent than other parts of the water steam cycle,
but no easier or less important. Since they have
different natures and boundary conditions, the
sampling systems for the main cooling water and
those for the water steam cycle should always be
defined.

The sample extraction site must be designed
after evaluating the cooling water circuit in each
individual power plant to ensure that the sample
is always representative of what is happening in
the process and that the time lag is minimized as
much as possible.

Wherever possible, it is advisable to extract the
sample from sites within the circuit where cooling
water is continuously flowing. If inline sensors are
located in large basins where the water is stagnant,
the measurements will not be representative.

Sample are typically extracted from large, open
channels or large pipes, running the risk that the
sample pressure is insufficient to provide the nec-
essary sample flow and velocity to the analyzers.
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It is important to extract the sample on the pres-
sure side of the circuit, to limitthe need forasample
pump, cut operating costs, and increase reliabil-
ity. A sample extraction pump should be used
only when there is no other alternative. Sample
extraction pumps have a small cross-section
because the required sample flow for analyz-
ers is typically below 601/h and they are prone
to failure (small sump pumps in pits are prone to
clogging by particles; suction pumps typically
lose suction height due to wear).

Water from the main cooling circuit will have high
contents of salts, suspended solids, and organics
compound. Therefore, it is important to locate the
extraction point in the piping as recommended in
Chapter 3.1 to minimize disturbances (suspended
solids, gas bubbles, or foam).

It is highly advisable to design a sample line
flushing valve at the sampling panel inlet in order
to eliminate any suspended solids that have ac-
cumulated in the transport line.

Example for
monitoring
of open

Key recirculation
cooling

Q¢  Recirculation water

Qe  Evaporation losses

Qv  Make-up water

Qr Blow-down water

Qp  Dirift losses

. Typical online
monitoring locations

Cooling tower + basin

Qc(,

Condenser

19 m
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8 Sample Conditioning for Special Sub-Systems

If necessary, use fast loop cycling to avoid sedi-
mentation in the sample transport line:

P

Measurement

150-200 I/h 5-10I/h

Additionally, depending on the required measure-
ments and analyzers for the main cooling circuit,
sample filtration upstream of the analyzers may
be also necessary.

Some analyzers have an optional automatic clea-
ning module to reduce maintenance caused by
biological activity.

For measurements such as residual biocide con-
centration, it is critical that the analyzer is located
as close as possible to the process in order to
reduce the length of the sample transport line.
Therefore, the sampling system for the main
cooling water should be designed as a sepa-
rat subsystem from the main water steam cycle
sampling system.

Jwan

8.2 Effluent Water

In a power plant's effluent or wastewater dis-
charge system, it is also mandatory to continu-
ously monitor the water quality parameters to
ensure that they comply with local environmental
legislation.

The recommendations for locating sample ex-
traction, sample conditioning, and effluent sam-
pling systems are similar to those indicated for the
main cooling system in Chapter 8.1.



8 Sample Conditioning for Special Sub-Systems

8.3 Condenser Hotwell

As per VGB, IAPWS, and EPRI recommenda-
tions, the sampling site for condensate is the
main condensate downstream of the condensate
extraction pumps. Using the main condensate
sample for permanent monitoring has the follow-
ing advantages:

* The sample is not under vacuum and sample
conditioning is simple.

* The sample is closely related to the one in the
condenser (minimal delay only).

* The main condensate sampling and analysis
rack can be positioned in an accessible loca-
tion where proper system operation can be
guaranteed.

e Sodium analyzers will detect contamination in
the main condensate (= mixed condensate of
several condenser sections) long before it be-
comes critical for the plant operation.

The online analyzers in the main condensate
sample indicate condenser leaks early on; the
following sampling options are available when
attempting to identify the leaking tube sheet:

1) Tracking a leak with grab samples
from multiple tapping points

VGB-S-006-00-2012-0F9-EN recommends that
multiple tapping points be installed below the
condensate level at various critical locations in
the individual condensers and condensate pipes.
Grab samples can be extracted at various points
and analyzed in the laboratory using a portable
membrane pump. Along with comprehensive on-
line monitoring in the main condensate, this setup
provides great flexibility and efficient locating of
leaks at a reasonable cost.

The affected condenser can be identified quickly
from each condenser's condensate pipe sample.
A leak's probable location within the condenser
can be estimated by comparing grab samples
taken from different tapping points.

2) Inline Conductivity Probes

Sometimes, technical specifications from tech-
nical consultants and the owners' engineers will
list a condenser hotwell sample and associated
online measurements by default. If such require-
ments are included in an EPC contract, this could
cause technical discussions.
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Inline Conductivity Probe: e.g., Swan Retracon retractable probe

A common compromise between the EPC and
the operator to provide some form of hotwell
condensate monitoring is specific conductivity
probes, installed directly in the condenser walls
at various locations. The probe closest to the leak
should indicate the highest conductivity values.

3) Hotwell Sampling Skids

The most expensive and complex sampling set-
up is a dedicated sampling and instrumentation
skid for hotwell condensate. This is technically
feasible, but it is complex and quite costly.

Therefore, the need and expected benefit of
such a system should be carefully examined and
compared with the alternatives listed above. The
recommendation is to design such skids only for
very large condensers that can be partially iso-
lated on the cooling water side during operation.

Detailed design considerations for this hotwell
sampling skid are included in a technical note
published by Manuel Sigrist and entitled: "Tech-
Note_Condenser Monitoring_Rev1 3"

Condenser

Condenser hotwell

_

k All sample piping sloped
downwards in flow direction

Hotwell extraction

pump and analyzer .
| 9'31 skid (simplified) §§V1 :
V2

V3

Acid conductivity
analyzer :

Condenser Hotwell sampling skid
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9 Requirements for Instruments and Signal Transmission

Why is it important for an online analyzer to have
integrated self-diagnostic capabilities? This way,
measured values can be validated, and instru-
ments which provide diagnosis values and alarms
can be monitored.

9.1 Temperature Compensation

All Swan analytical instruments feature integrated
wide-range temperature compensation of their
measurements to the reference temperature of
25°C.

Sample temperatures between 5-45°C can be
handled by all Swan instruments without mea-
surement bias. Unlike many instruments that re-
quire precise thermostatic control of the sample
temperature at 25°C, Swan instruments can com-
pensate for the effect of sample temperatures
between 5-45°C.

As explained in Chapter 5.3, this limits the need
for secondary cooling. Even with a secondary
cooling stage, measurements will not be depen-
dent on the chillers' ability to maintain constant
sample temperatures.

For comparison and reference measurements,
it is essential to ensure that the handheld and lab-
oratory measuring devices have the same equip-
ment and functionality as the online devices in
order to obtain representative and reproducible
measurement results. Otherwise, the discrepan-
cies in measurements will lead to increased effort
and run the risk that the water and steam chem-
istry quality status will be assessed incorrectly.

9.2 Self-Diagnosis Capability

As per VGB-S006-2012, Chapter 5.2 on qual-
ity assurance, the quality of continuous online
instruments may be ensured by the following
technical measures:

1) Proper design of the sampling system and
sample conditioning

2) Automatic diagnostic functions being

integrated in the instruments, such as:

e Sample monitoring of flow rate, temperature,
etc. Remote sample flow monitoring is neces-
sary in order to validate the data transmitted by
online instruments: to ensure that the sample is
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flowing continuously and no stagnant samples
are measured, and to confirm that the sample
flow is within the instrument's necessary range.

Flow rate monitoring is integrated in to all Swan
analyzers and an alarm is generated when the
sample flow is low.

Additionally, as per VGB and IAPWS require-
ments, analyzer flow rate monitoring and alerts
are compulsory for online instrumentation in or-
der to ensure that the data are valid and reliable.

e Status monitoring for reagents that are required
for measurement — cation resin consumption,
reagent levels, etc.

* Monitoring of the instruments' functional condi-
tions, as in the examples below

Degassed conductivity after cation

exchanger (DCACE)

e Degasser temperature (thermal degassing
method)

e Automatic shutdown of the heater unit if the
sample flow is too low

e Automatic determination of the boiling point if
the air pressure changes

Sodium (Na)

e Continuous monitoring of the sample's pH
monitoring or alkalinization status, ensures that
the sample is alkalized correctly to the neces-
sary value (pH > 11 in samples with a very low
sodium content)

Silica (SiO,)

* Photometer surveillance (e.g., photometer dirty)
e Valve and pump surveillance

e Zero point measurement or automatic calibration

Dissolved oxygen (DO), Clark-type sensors

e Automatic air pressure compensation, for cali-
bration

e Faraday verification in critical applications with
a very low ppb

3) Integrated alarms that enable transmission
of either a dedicated summary alarm or a
status for each measured value, if a digital
bus communication is used



9 Requirements for Instruments and Signal Transmission

9.3 Digital Bus vs. Analog Signal Exchange

Typically, modern instruments offer several pos-
sibilities for signal exchange, either traditional
hardwired analog signals or more modern digital
communication (e.g., HART, Bus, etc.)

Power plants today are widely operated in a cy-
cling mode and have fewer operators on duty;
therefore, it is essential to have a high thrust in
the indicated values in the main control room.

However, this cannot be achieved with analog
signals above.

The SWAS is a subsystem that exchanges a

rather large number of signals with the main

control system (DCS):

e At least two signals per instrument (measured
values + summary alarm)

e Alarms for high temperature in the sample line
(one per line)

e Alarms for power supply failure/cooling water
failure

e Signals for sample line/pump ON/OFF switch-
ing (if applicable)

A SWAS with 10 lines, 20 instruments, and a few
auxiliaries will typically have around 50-70 sig-
nals exchanges with the DCS, which is more than
most auxiliaries in a power plant.

When it comes to signal exchange between the
SWAS and the DCS, hardwired signal exchange
is still required in many power plants.

Analog hardwired signals for the SWAS have

the following disadvantages:

e There is limited flexibility for system upgrades.

e |t requires bulky electrical cabinets with large
terminal blocks.

e Additional costs may be incurred on-site for in-
dividual signal cabling, DCS interface cards, and
signal electrical tests.

e Several key water chemistry parameters have
highly nonlinear behavior, which often leads
to out-of-range issues or to suboptimal signal
resolution if a 4-20 mA signal exchange is used
(values during normal operation are low with lim-
ited variability, but during upset conditions, the
values displayed can be orders of magnitude
higher).
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¢ Only measured values and the summary alarm
from instruments can be communicated to
the DCS:
Analog signals provide process values with-
out any qualification (bus communication
provides a signal status GOOD/UNCERTAIN/
BAD).
Summary alarm does not help explain what is
happening in the analyzer.

The alternative is to use digital bus-based com-
munication for signal exchange between the
SWAS and the users of SWAS data (the DCS,
instrumentation and control (I&C), or chemical
department). State-of-the-art instruments offer bus
communication options (e.g., Profibus/Modbus).

The advantages of bus-based signal exchange

are as follows:

¢ On-site cabling, electrical hardware, and instal-
lation are less expensive (30-40% savings).

* More information from the instruments is avail-
able (sample flow, cation resin consumption,
reagent level, instrument status, error messag-
es, etc.).

e System upgrades/extensions are easy to inte-
grate.

One concern of a bus-based system is that if

a bus fails, all the instrument data is inacces-

sible and the DCS can no longer control the

cycle water chemistry. There are solutions

which introduce redundancy into the signal

exchange in order to address this concern:

¢ In addition to bus communication, hardwired
signals for the critical measurements (key/core
parameters) can be installed.

* Redundant bus systems can be used on the
critical bus section between the SWAS and the
DCS.

Modern instruments also offer a digital HART
communication option. HART will allow the trans-
mission of more information from the instruments:
sample flow, cation resin consumption, reagent
levels, error messages, etc.

Swan instruments have optional communica-
tion interfaces available for Profibus DP, Modbus
RTU, and HART Protocol Revision 7.5.
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9 Requirements for Instruments and Signal Transmission

9.4 Remote Diagnostic Information to DCS

As described in Chapter 9.2, modern online
instruments feature self-diagnostic capabilities
to validate the measured values, to monitor in-
strument status, and to provide diagnostic values
and alarms.

If diagnostic information is available, not only in
the instrument itself but also remotely, reliable and
validated measurements and alarms will be possi-
ble in main control system (DCS). This will also in-
crease the trust that operators working in the main
control room have in the online analyzers.

If the analyzers are important for controlling
and monitoring key/core parameters, it is es-
sential that:

e the operator can trust the measured values and
alarms produced by the water chemistry instru-
ments at all times

e the operator be informed remotely if any instru-
ment has a problem that would prevent it from
providing a reliable and trustworthy measure-
ment.

Jwan



10 Functional Instrument Arrangement

In many parts of the world, it is still common
practice to specify a SWAS design consisting of
what is known as a wet rack and a dry rack.

The wet rack contains the sample conditioning
equipment and a grab sampling sink, as well as
flow cells and sensors. The dry rack is reserved
for transmitter electronics (usually panel-mount-
ed transmitters).

Typical instrument arrangement in traditional

wet and dry rack systems

¢ Flow cells grouped by measurement type

e Separate grab sampling section

¢ Dry section (originally for panel-mounted
transmitters with a low IP rating)

e Compact arrangement

Transmitter

Flow cell with
sensors, adjustment,
and monitoring

of sample flow

Reagents (resin)

Typical instrument modular arrangement

e Groups functional elements by measurement
chain (flow cell, sensor, transmitter, and flow reg-
ulation) on one panel

e Standardized modular arrangement per
measurement chain

¢ Includes self-diagnostics (sample flow, reagent
availability, etc.) to allow remote validation of
each measurement

¢ Factory-tested and calibrated units

e Groups measurements by sample line, with
grab sample
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These designs date from a time when transmitters
did not have the necessary electrical protection
(IP66).

State-of-the-art instruments are now designed
based on functional arrangements, as recom-
mended by VGB-S006-2012.
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Disadvantages of traditional wet and dry

rack systems

¢ Difficult operation and maintenance

¢ Upgrades/modifications are impossible

¢ Process perspective is missing

¢ Reliability of measured values may be
compromised if any one of the components fails

¢ Test the performance of the instrument as a
whole cannot be completely tested

© 2010 U.Wehrli www.kunstaufraeumen.ch

Advantages of modular instrument

arrangement

e Easier operation and maintenance

e Upgrades/modifications are possible

¢ Instrumentation provides process perspective

e Simple commissioning and maintenance
procedures

¢ Reliable operation due to consistent,
standardized hydraulic arrangement and integrat-
ed self-diagnostics

¢ Simple measurement chain replacements and/or
upgrades
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Notes

About Swan
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Swan is a leading manufacturer of online measuring equipment. It has acquired experience
through installing countless sampling systems and successfully commissioning and servicing
projects all over the world. Swan is your contact for all industrial online water analysis,
especially when it comes to water/steam circuits, regardless of whether the installation is

a single monitor or a complete steam and water analysis system (SWAS). For more
information about Swan, visit www.swaninstruments.ch.
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