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Steam Reboilers:

Condensate Vessel

Balance

to Reboller is Important

Properly locating a simple 1—2-in. balance line can make all the difference in
successful reboiler operation

James R. Risko
Consultant (retired
president, TLV Corp.)
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team reboilers are crucial to pro-

duction in petroleum refineries and

petrochemical plants, representing

huge capital investment in distilla-
tion columns. Regardless of the investment
made to have the best process design, it
is common that misunderstanding and mis-
application of a simple 1-2-in. balance line
can create a reboiler bottleneck in the entire
production system.

If your plant is experiencing issues with
reboilers, it is possible that the cause is re-
lated to an improper balance. It may seem
almost unbelievable, but this has been
the case in many reviewed reboiler instal-
lations. This article provides some basic
information first, then re-

ature to the process in order to equalize
the supply heat to demand heat. For the
purposes of this article, focus is given to
ISC applications (Figure 1) [7].

Reboilers and heat exchangers with ISC
can experience multiple production and reli-
ability issues, and mostly the causes can be
attributed to either: 1) a “stall” condition [2] or
2) improper balance (Figure 2).

A stall condition occurs with ISC reboil-
ers when the reboiler inlet steam pressure
(P5) reduces to equalize the supply heat to
process heat demand and the outlet steam
pressure (P3) becomes equal to or lower than
the system back pressure (P,) (that is, P53 <
P,). With either a zero or negative pressure

views two separate appli-
cations that suffered from
improper balance: 1) a de-
isobutanizer (DIB) reboiler
with 30,000 Ib/h steam/

condensate load; and 2) a | T,
de-ethanizer reboiler with |process
17,000 Ib/h load. Explana- >
tion of how balance lines | Ta

were misapplied, how that
created issues, and rec-
ommendations to correct
are presented.

Issues and their causes
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Steam reboilers are com-
monly controlled with inlet

FIGURE 1. Reboiler steam or condensate controls equalize supplied heat to
demanded heat by varying different factors

steam control (ISC) for
more dynamic response,
or outlet condensate con-
trol (OCC) for more steady-
state  operation. OCC
applications maintain con-
stant steam pressure on
the reboiler and adjust the
reboiler duty, but ISC re-
boilers reduce the steam
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pressure to adjust temper- balance condition

FIGURE 2. Each of the issues shown are commonly the cause of a stall or improper
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FIGURE 3. Stall points occur when the pressure profile line (maroon) inter-
sects the back pressure line (green)

differential from the reboiler outlet (P5) to the condensate
return line (P4), no condensate flow can occur and the
system is stalled with condensate backing up into the
heat-exchange surface. This condition can cause all of
the issues shown in Figure 2.

An improper balance-line connection can also create
a negative pressure-differential situation, but it differs in
that the balanced/localized steam pressure at the con-
densate vessel/drum that connects to the reboiler outlet
is higher than the reboiler’s outlet pressure (Ps). This is
explained later in the article.

Using the extended stall chart

The extended stall chart (ESC) estimates steam sup-
ply pressure for different load conditions and heat-ex-
change surface area (A) (from Q = U-A-AT) (Figure 3).
Effectively, UA “reduces” as the tube bundle becomes
fouled, and the steam pressure rises to adjust supply
heat to the process. The horizontal green line in Figure
3 represents equipment back pressure, and the four

FIGURE 5. Four pressures (P;, P,, P3, P,) are needed to accurately recom-
mend an appropriate drainage system

I

FIGURE 6. A proper condensate vessel balance line is needed so that
incoming condensate can displace vapor without increasing vessel pressure

red circles where the burgundy line intersects the green

line represent various individual stall points [7, 3].
Essentially, if the process load always maintains posi-
tive pressure differential, Pz > P, that is, pressure is
always above the back pressure line for all load condi-
tions, then only a simple device, such as a steam trap,
is needed to help drain condensate from the steam
space. Alternatively, a more complex drum and outlet
control valve (OCV) arrangement can be used. However,
if the pressure differential is sometimes negative, P3 <
P4, then another type of drainage equipment

is needed, such as a combination pump/trap

| NEED TO KNOW DIFFERENTIAL P, : P, (P, Crucial) |

system. Once appropriate data are entered

O User Provide Full Data

OEextended Stall Chart Plotted

into the ESC calculator [4], the anticipated
stall point is identified and a recommended

bbb Peﬁomgd L i “"",‘"‘ s',:mm drainage device can be determined (Figure 4).
Positive AJ P ; et | Negative A Four pressures, P;, P, Ps gng P4 are
s — THTLs a1 /| needed to perform an ESC calculation (Fig-
Steam Trap R EER L AR REE i| Pump/Trap | ¢ 5). The main determinant of stall is the
‘ ENENE ‘ 5 Sl | pressure differential P3 : P,. However, Py is

Lovel Pot T I B needed for the design in the event that full
& OCv o 1 f.if 4 pressure might somehow reach the drainage

ol e i ,f FaAREENE X equipment (such as a steam trap), and the Po

ey pressure at full load is critical so that the ap-

) o+ [ propriate pressure profile start point can be

FIGURE 4. A steam trap or level pot/OCV drain system is used with positive differential pres-
sure, and a combination pump/trap when differential pressure is sometimes negative

identified on the ESC.
Often, the actual P, and P53 are not known
because installations may not have pressure
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FIGURE 7. It is never recommended to balance from the P, inlet side pres-
sure of the control valve
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FIGURE 9. Balancing the vessel to the P, reboiler channel head enables
unrestricted condensate flow

gages or sensors. It is crucial to know these pressures,
SO an appropriate method to obtain accurate readings
is always recommended.

Vapor balancing basics
Balancing of a steam trap draining a reboiler is normally
not necessary. However, it is required to balance either
a condensate drum/level pot or reservoir when such
vessels are part of the condensate drainage system.

Figure 6 provides some visualization of the need for
balancing. A large body condensate vessel is often at
least partially filled with steam, and when condensate
enters it can compress the steam creating a higher in-
ternal pressure, thereby restricting additional conden-
sate inflow. This can cause backup into the reboiler,
which creates the issues previously outlined. When
properly balanced, the vapor is displaced to the upper
balance location as condensate enters the vessel body.
It is important that the balance maintains the same ves-
sel pressure as the condensate source so that flow by
gravity can be accomplished.

Tube-side steam reboilers pose a special balancing
challenge, and these generally horizontal installations

FIGURE 8. It is sometimes possible to balance from the P,, reboiler inlet pres-
sure, but generally not recommended

are commonly incorrectly balanced. The red line, “Bal-
ance”, in Figure 6 provides a visualization of some key
aspects to balancing tube-side steam applications. In
addition to avoiding low points and properly sizing the
line, it is generally necessary that the line connects to
the reboiler channel head, high on the outlet side after
the pass partition/divider plate. In the case of combina-
tion pump/trap systems, this location is always recom-
mended as a key requirement.

Conversely, balancing to shell-side steam reboilers is
relatively easy provided that an appropriately sized tap-
ping is located at the top side of the reboiler shell. The
main items to consider are that there are no low points
in the balance line where water can collect, the line is
properly sized, and it is balanced to an appropriate top
of shell location.

Balancing options

One practice, not recommended, is balancing the
condensate vessel to the P; pressure located at the
entrance to the ISC (Figure 7). This balances the full
P, pressure to the vessel. P, represents the pressure
downstream of the ISC — the pressure delivered to the
reboiler, and Pj3 is the outlet pressure from the reboiler
— after subtracting tube pressure drop from Po.

Even when the ISC is delivering the highest P,, the
outlet P5 pressure of 115 psig cannot push conden-
sate into the vessel, which is balanced to 150 psig. Bal-
ance to P; is expected to create a tremendous amount
of backup into the reboiler, often causing operators to
isolate the balance line, thereby removing balance from
the system. The result of this action typically is that the
vapor in the vessel becomes compressed (restricting
condensate inflow), and the “work-around” is to open a
bleeder valve to bleed off the pressure to atmosphere.
This can create its own particular issue of pulling in air
if the reboiler tube pressure goes into vacuum for low-
load conditions.

Another not recommended practice is to connect the
balance line to the P, inlet side of the reboiler (Figure
8). This brings P», a slightly higher pressure than Pz
(generally equivalent to or slightly higher than the tube
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8. The 2-in. channel head tapping is
reduced to 3/4 in.

The question becomes, “Why was
there difficulty when the SPD motive

pressure of 52 psig was 13.5 psig
higher than the back pressure (38.5

o amcs psig)?” Figure 10 explains the simple

o hydraulic issue that prevented this

] s system from operating properly. The

‘ " e P5 outlet pressure is 2.6 psig and

' the 6-in. condensate header acting

T | 5 psig as a reservoir had P, balance pres-

‘ o il y sure of 5 psig. Condensate pushed
‘ @ [noosaps [l " R by 2.6 psig cannot discharge into 5
} l : . ¥ - ;“““""C] 4| PSIg unless the reboiler is 6 ft higher
¥ = than the reservoir, but in this case, it

FIGURE 10. This de-ethanizer piping design had multiple hydraulic issues that prevented suitable

drainage performance
pressure drop) into the condensate vessel (120 psig),
against which the reboiler outlet pressure (P3 = 115
psig) has to push to enable flow. It may work in some
instances where there is sufficient fill head to create a
water column high enough to overcome the pressure at
the receiving vessel. In the case of this example, a water
column at least 12-ft high would be needed. While this
P> balance practice may work in some cases with level
pot/OCV installations, it is not recommended for use
with mechanical combination pump/trap systems.
Because drainage systems may change over time —
particularly, for example, considering the potential need
to use a pump/trap installation in the future when system
back pressure elevates — the P, balance connection
could require a major rework and is not recommended.
The recommended design practice for tube-side
steam reboilers is to balance the condensate vessel to
the outlet cavity of the channel head, on the side of the
head and just below the pass partition/divider plate (Fig-
ure 9). A balance in this location brings the outlet pres-
sure (115 psig) to the condensate vessel (115 psig) and
enables flow to fill by gravity head.

De-ethanizer reboiler case review

The Figure 10 diagram provides insight into a de-eth-
anizer reboiler using four secondary pressure drainer
(SPD) pumps/traps to drain condensate and discharge
into the return header. Unfortunately, the system was
improperly balanced and was not able to function, ne-
cessitating the waste of over 17,000 Ib/h condensate to
sewer for years (~18,000,000 gal/yr in drought area). A
quick review of relative factors follows:

1. P, pressure = 5 psig

2. P4 system back pressure (TDH) = 38.5 psig, so this
system needs a pump solution!

3. P, pressure is balanced to a reservoir pipe

4. The reservoir pipe with P, pressure is balanced to the
SPD pump

5. Reboiler high pressure drop = 2.4 psi

6. P5 outlet pressure = 2.6 psig

7. Motive pressure to SPD pump = 52 psig,

sufficient to pump against P, = 38.5 psig

was only 3.2 ft higher. This created
a negative pressure differential, and
hydraulically, the system could not drain as required.

The project engineer designed the system similar to
how electric pumps could have been installed, but SPD
pumps (as shown on pedestal) were used instead to
avoid potential NPSHR (net positive suction head re-
quired) challenges posed by electric units. This electric
pump design resulted in an installation footprint occu-
pying over 400 ft2 of the second level deck, and al-
though the piping installation was of high quality, the
improper balance and low-level piping removed the op-
portunity to pump the condensate.

There was another piping challenge to making a sim-
ple improvement to the system. The reboiler equipment
designer had the correct idea and installed a 2-in. bal-
ance connection at the proper location on the channel
head. However, the piping/process engineer reduced
the 2-in. connection to 3/4 in. with a 3/4-in. valve in-
stead of a 2-in. valve (Point 8 above). This made retrofit
while operating a much more difficult task.

The recommended solution of a quad pump/trap
package system, shown in Figure 11, occupies a much
smaller 45-ft2 footprint and could be relatively easy to
install had the reboiler 2-in. channel head tap remained
original size without reduction to the 3/4-in valve. Be-
cause the channel head tap was reduced, either a shut-
down or hot tap on the other side of the channel head
was required for retrofit. A basic recommendation is to
use caution if considering to reduce the size of a chan-
nel head tap to be certain of its intended purpose and

DE-ISOBUTANIZER ISSUES*

P, not measured

Insufficient differential Ps : Py

Balance line size reduced

Balance line connects to P, steam

Insufficient differential Py : Py

Isolation valve on balance line closed

Closure removes balance capability

Cannot back balance

No drum venting

*These factors were identified as potential causes of poor control performance




potential detriment if reduced.

In addition to the environmental impact from wasted
water, it should also be noted that dumping this amount
of condensate requires an additional approximate 9,300
ton/yr of steam and 1,900 ton/yr CO, to be produced
that could be avoided if just 100°F condensate could be
returned to the boiler.

De-isobutanizer reboiler case review

The two reviewed de-isobutanizers (DIB) on an alkyla-
tion column operated simultaneously, used 30,000 Ib/h
steam flow, and suffered from the erratic temperature
control shown in the chart (top of Figure 12). There were
10 possible design-related causes to the poor perfor-
mance (see box on previous page) which can be ex-
plained as follows, with reference to points shown in
Figure 12:

1. P; pressure = varied 130-150 psig

2. P, system back pressure (TDH) = 43 psig, so there
appears to be sufficient pressure to overcome with Py
pressure

3. P, pressure = 50 psig

4. P3 pressure = 45 psig

5. P3 pressure confirmed by the 42-48 psig pressure
reading

6. Balance line is connected to P, bringing P, pressure
into the drum

7. 2-in. balance line is reduced to 1 in.

8. Balance line valve is shut off

9. The line is flooded — balance cannot occur

through a flooded line

10. The system is “group-trapped” to a single drum/
OCV arrangement

With a P; of at least 130 psig against a P, of 43 psig,
the design team must have felt there was sufficient
pressure and adequate reboiler area to accomplish the
process benchmark with minimal issues. However, the
system’s P53 low 42-psig pressure showed evidence of a
stall condition, as well as other issues that prevented the
desired performance.

Consider first that the balance line brings P, pres-
sure of 50 psig to the drum, making discharge from the
P reboiler outlet pressure impossible at times without
backing up condensate into the reboiler for needed head
pressure from gravity to overcome the higher drum pres-
sure. The site must have realized this issue because at
some point they simply closed the isolation valve on the
balance line, removing the 50 psig restriction to flow
into the drum. However, since it is not possible to bal-
ance back to the reboiler through the flooded line rout-
ing condensate to the drum, this action then created
a new issue. Once balance capability from the drum is
removed, this causes a “pressure block,” as the drum
vapor pressure is compressed from condensate displac-
ing some drum volume. With no place to vent, the steam
(and incondensable air) is compressed to higher pres-
sure and restricts flow until some steam condenses — or
until condensate backup into the reboiler gains additional
gravity fill head to overcome the higher pressure.

While not the best practice, one potential mitigating

Balance Line

4 PUMP CONDENSATE
SYSTEM OCCUPIES
45 FT

FIGURE 11. A package system mitigates piping errors and provides a much
more compact drainage capability

P, = 130-150 psig |

8

FIGURE 12. Ten potential design issues were identified that could have led to
the poor temperature control

IF £ 50 paig E 130-150 pslg

FIGURE 13. Individual quad combination pump/trap package systems can be
retrofit to handle a stall condition



FIGURE 14. Individual condensate drum/OCV with air vents can be used in a
non-stall application
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FIGURE 15. Individual steam traps with check valves are a lower cost
recommendation for a non-stall application

action could have been to install a bleeder valve on the
drum that could bleed off steam pressure and also incon-
densable air which can collect in the drum. Normally, an
air vent would be recommended for a closed off system,
but if a bleeder is used as a “Band-Aid” solution, then it
can bleed both air and steam.

Even if the system had been properly balanced to
the outlet side of the channel head just below the pass
partition/divider plate, there was an additional issue of
“group trapping” [5], indicated by Point 10 on Figure 12.
This occurs when two or more condensing sources are
discharged into a single condensate vessel or steam
trap. Although the reboilers may look identical, there
is commonly a different rate of condensation internally,
which causes one of the reboiler’s outlet pressure to be
higher than the other. The higher outlet pressure be-
comes a restriction to the other’s flow, thereby causing
backup and erratic temperature control in that reboiler.
This is why group-trapping condensing equipment is al-
most never recommended.

Because the equipment experienced stall conditions,
quad combination pump/trap package systems were
recommended. These require a proper channel head

tapping for balance (as reviewed previously in the ar-
ticle), which fortunately existed on the reboilers with full
size isolation valves to make the installation relatively
simple to accomplish. To avoid the issues of group trap-
ping, individual quad pump/trap packages were recom-
mended for each DIB, with proper balance to the chan-
nel head (Figure 13).

Had the reboilers sufficient positive differential pres-
sure (P3 > P,4) and not been experiencing a stall con-
dition, individual condensate drums with OCV could
have been a recommended option, properly balanced
to the channel head and with air vents installed on
each drum (Figure 14). This would have been a cost-
lier option than needed, because with positive P53 >
P4 pressure differential, simple float-style steam traps
and check valves would be an easier and less costly
recommendation (Figure 15).

Closing thoughts

Properly locating a simple 1—- 2-in. balance line can make

all the difference in successful reboiler operation. Paying

close attention to this detail during the design phase of

a project can yield benefits throughout the entire opera-

tional life of the distillation column. |
Edited by Gerald Ondrey
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