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onducting a thorough hydraulic 
check is a crucial part of a suc-
cessful plant revamp. Depending 
on the remaining margin of the 

hydraulic system, a certain degree of modi-
fications may be required to accommodate 
a new unit throughput or configurations. 

Conventional hydraulic calculations can 
be time-consuming, involving engineering 
documents, possibly with expensive hy-
draulic calculation software. This article pro-
vides helpful tips to significantly reduce the 
person-hours required for hydraulic review. 
Also, unorthodox, yet practical, methods 
for equipment sizing will be demonstrated 
as fast-track solutions to unlock hydraulic 
constraints at a chemical process industries 
(CPI) facility. These tips and methods come 
out of the author’s experience as a plant op-
erator and designer, and are illustrated with 
several real-world examples. 

Real-life dilemmas
As a former petroleum-refinery process en-
gineer, the author had opportunities to work 
with multiple reputed design companies on 
different revamp projects. Surprisingly often, 
these companies applied hydraulic design 
criteria intended for new units to revamp 
projects without a thorough understanding 
of why these criteria were there in the first 
place. As shown in Table 1, many of these 
criteria, such as pressure drop per 100 m, 
are primarily 
based on eco-
nomics (capital 
e x p e n d i t u r e s 
versus operating 
expenses) and 
only intended to 
provide an eco-
nomical solution 
to new unit de-
signs. This ap-
proach does not 
apply in the case 

of revamp projects, where a design engineer 
should seek to exploit every bit of design 
margin to avoid costly equipment modifica-
tions. It must be noted that piping changes 
are generally expensive and undesirable in 
most revamp projects. 

I would like to stress that conflicting with 
these hydraulic design guidelines does not 
mean your existing equipment cannot be 
used in revamp scenarios unless they are in-
tegrity or reliability criteria (for example, ero-
sion limit). More importantly, the economic 
justification is different here, as the invest-
ment in the existing equipment has already 
been made. Utilizing existing hardware is 
always a better choice from a financial and 
practical perspective, thus requiring a careful 
hydraulic assessment.

Another essential concept that was often 
missing is practicality. Many engineers from 
these design firms solely relied on theoreti-
cal hydraulic calculations and ignored the 
real-world data, such as pressure survey 
data. While the author always offered test-
run data (or the opportunity to do test run), 
many failed to use them properly. To make 
matters worse, some of these engineers 
confidently said that there was no such need 
for plant data, as they thought they could fig-
ure out everything based on their computer 
software. The author has experienced mul-
tiple disastrous revamp projects that failed 
to meet the revamp objectives just because 

FIGURE 1.  The photo on the left shows the inner pipe wall of a severely fouled fuel oil line. The 
photo on the right shows a tube bundle heavily fouled by asphalt and coke. Both examples are non-
idealities illustrating why ideal hydraulic models deviate from reality

Part 1
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the designer did not incorporate actual plant data and 
equipment performances during the design phase. 

Moreover, people tend to overly focus on rotating 
equipment. Throughout my experience with revamps, 
the suggestion has been made by former colleagues 
that solving hydraulic issues could be accomplished by 
replacing pumps and compressors. This notion is not al-
ways the case, and could lead to a costly solution, like 
replacing a large compressor. Ask yourself if you would 
still replace a pump or compressor if you found that the 
inlet block valve was accidentally closed. More often 
than people think, pump and compressor issues do not 
result from the equipment itself.

These situations might sound unreal to some readers, 
but they are based on true stories. Some people do not 
view through a different lens when dealing with revamps, 
regardless of how experienced they are. 

Theory versus reality
Theoretical hydraulic calculations are undoubtedly good 
estimations, but it is important to remember that engi-
neering assumptions or even hydraulic models them-
selves (such as Darcy-Weisbach or Hazen-Williams 
models) may not perfectly represent the real world. For 
example, the hydraulic design assumptions listed in 
Table 2 might be reasonable for a new design. However, 
it does not mean that the hydraulic model developed 
using the same assumptions will reflect exactly what 
happens in the existing hydraulic system. 

This difference between theory and reality is the pri-
mary reason why a design margin is always applied 
when designing a new piece of equipment or device. 
The margin accounts for any non-idealities and provides 
additional operational flexibility. Almost all process pip-
ing, pumps and compressors are designed based on 
rated flowrates — typically 110–120% of normal. There-
fore, 10–20% spare capacity may be available for the 
revamp operation. 

Some examples of non-idealities in hydraulic systems 
include fouling, corrosion, erosion and so on. A piping 
system or asset might be fouled (or corroded), thus af-
fecting both actual pipe roughness and flow area to a 
certain degree (Figure 1).

More interestingly, some revamp projects are effectively 
a remedy for a previous grassroots design that failed, so 
repeating the same mistakes by only relying on theories 

does not make sense. This situation further emphasizes 
the need to augment theoretical calculations with real-
world data when one handles a revamp work.

Test-run best practices 
One of the objectives of a unit test run is to determine 
the actual performance capabilities and constraints of 

NOMENCLATURE 

∆P/100 m Pressure drop per 100 meters

D Nominal pipe diameter

NPSHa Available net positive suction head

Cv Flow coefficient 

%Travel Valve travel

Qrevamp Actual volumetric flow rate for the revamp 
case

S.G. Specific gravity at the corresponding operat-
ing temperature

%Travelbase Valve travel for the base case

Cv,base Flow coefficient for the base case

∆Pbase Pressure drop across the control valve for the 
base case

∆Prevamp Pressure drop across the control valve for the 
revamp case

∆Pnew equipment Pressure drop across the new equipment

Cv,revamp Flow coefficient for the revamp case

%Travelrevamp Valve travel for the revamp case

Qtotal Total actual volumetric flowrate across the 
main control and bypass valve

Qmain Actual volumetric flow rate across the main 
control valve

Qbypass Actual volumetric flow rate across the bypass 
valve

Cv,total Total flow coefficient across the main control 
and bypass valve

Cv,main Flow coefficient for the main control valve

Cv,bypass Flow coefficient for the bypass valve

∆Ptotal Total pressure drop across the main control 
and bypass valve

∆Pmain Pressure drop across the main control valve

∆Pbypass Pressure drop across the bypass valve

Cv,total,revamp Total flow coefficient for the revamp case

∆Hbase Pump’s head for the base case

∆Hmargin Design margin for the pump’s head

∆Hrevamp Pump’s head for the revamp case

∆Hpolytropic Compressor’s polytropic head 

∆Hpolytropic,base Compressor’s polytropic head for the base 
case 

∆Hpolytropic,revamp Compressor’s polytropic head for the revamp 
case 

Qinlet Actual inlet volumetric flowrate 

Qinlet,base Actual inlet volumetric flowrate for the base 
case

Qinlet,revamp Actual inlet volumetric flow rate for the revamp 
case

TABLE 1.   EXAMPLES OF LINE DESIGN CRITERIA TYPICALLY USED 
BY ENGINEERING COMPANIES

 Recommended  
high limits

Item Detail ∆P/100 m, 
bar/100 m

Velocity, 
m/s

1 Pump suction lines (bubble point fluid) 0.11 1.8

2 Pump discharge lines (carbon steel) 0.91 6.1*

3 Amine piping (stainless steel) 0.34 3*

4 Reboiler inlet line 0.07 1.5

*Integrity criteria  
Many of these values are based on economic criteria, while some are in-
tended to ensure piping integrity
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an existing system. Process calcu-
lations and solution findings based 
only on theoretical equipment per-
formance may be misleading. A test 
run is a perfect opportunity to unveil 
all underlying design margins, which 
might not be explicitly shown in the 
equipment datasheet. 

A good example is a typical pump-
sizing workflow. Several parties, 
including the licensor, the EPC (en-
gineering, procurement and con-
struction) contractor and pump 
manufacturer, often add design fac-
tors (usually arbitrary and based on 
institutional knowledge) to each de-
sign stage 

When assuming a typical design 
margin of 10%, the compounded 
design margin that results from each 
party’s addition could be as large 
as 33% (1.10 to the power of 3) by 
the time the pump is at the instal-
lation site. It is not uncommon to 
see a pumping system with a highly 
throttled flow control valve. In some 
cases, one might need to replace or 
trim the impeller to improve pumping 
operation and save energy. 

Moreover, it is also highly beneficial 
to use the test run data to establish 
a base case for your revamp and im-
prove the calculation accuracy.  

Ignoring the actual equipment and 
system performances can lead to 
a situation in which the maximum 
capacity of the existing equipment 
is substantially underrated or over-
rated. Test-run data and observa-
tions should be reviewed and dis-
cussed with the concerned parties to 
avoid recommending a change that 
conflicts with the operational data. 
For example, the control valve was 
too small considering the past op-
erational data, but it is not replaced 
during the revamp execution. In the 
worst-case scenario, the revamp 
could fail, as the designer may not 
address the real issues.

Test runs should be conducted 
comprehensively at high unit 
throughputs to ensure that the pres-
sure drop between the measurement 
locations is more significant than the 
error of the pressure instruments. As 
a best practice, preliminarily check 
your remaining margins before the 
actual test run. Simulating expected 
process conditions as a test-run 
guideline would be helpful.

There is no harm in exceeding the 
design unit capacity. The real con-

straints are those observed in the 
field, such as valve travel or motor 
load, rather than design values on 
paper. As mentioned earlier, we are 
trying to utilize all hidden margins 
and define a new baseline here. If 
your existing hardware limits the 
maximum throughput, some ac-
tions can be taken during the test 
run, for example, opening a bypass 
valve or starting a spare pump. 
Altering process conditions, such 
as raising the pressure or level of 

the suction vessel to increase pump 
discharge pressure and available 
net positive suction head (NPSHa), 
would also help. The author recom-
mends incorporating past equipment 
inspection and reliability records into 
the analysis.

This new performance baseline 
can be developed by measuring 
flows, temperatures and pressures 
with well-calibrated instrumentation 
and analyzing the process streams. 
Field measurements and checks are 
highly recommended when deemed 
applicable, such as a single-gage 
pressure survey.

In addition to the aforementioned 
standard process variables, other 
test-run observations should also 
be documented, such as: control-
valve travel and response; motor 
load/speed or turbine load/speed; 
signs of cavitation at pumps and 
control valves; vibration and noises; 
and others. 

Before using test-run data further, 
always verify, correct and reconcile it 
to improve data quality.

Execution plan 
As mentioned previously, relying on 
theoretical calculations can lead to a 
costly revamp or even a total failure. 

FIGURE 2.  To improve success and minimize 
capital cost, the author recommends the workflow 
illustrated on the right and avoiding that on the left

FIGURE 3.  The relationship between Cv and valve 
travel remains virtually the same for any hydraulic 
system, so it indicates hydraulic availability

FIGURE 4.  The diagram represents the hydrocracker feed system discussed in Example 1 with its new 
feed preheater

TABLE 2.   EXAMPLES OF EQUIVALENT 
LENGTHS FOR PIPING COMPONENTS

Piping  
component

Detail Equivalent 
length

Gate valve Full bore 8–13 D

Check valve Swing type 92–135 D

Butterfly valve 8 in. and larger 20–40 D

Elbow 90 deg, R = 1.5 D 13–20 D

Tee Flow-through branch 60–72 D

These numbers vary by organization and are primarily  
intended for the design mode
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The author recommends following 
the best practices illustrated in Fig-
ure 2 rather than using 100% paper-
based calculations, which is gener-
ally a flawed practice. 

In general, the revamp solution of 
hydraulic debottlenecking projects 
can be developed using the follow-
ing approaches:
Smart use of equipment’s char-
acteristics. The characteristics of 
the equipment or device are usu-
ally well-defined, if not subjected to 
severe fouling or damage, and are 
practically independent of the hy-
draulic system (such as the valve 
characteristic curves in Figure 3). 
In conjunction with good baseline 
data, these characteristics are more 
than adequate to check the hydrau-
lic adequacy of the existing system 
or even design a new control valve 
or pump. This technique usually 
employs the simplest mathemati-
cal equations (flow coefficient (Cv) 
equation), and small amounts of 
process data, thus requiring mini-

mal effort. The author recommends 
first trying this simple yet effective 
technique before setting up the full-
hydraulic model.
Using the fully-calibrated hydrau-
lic model. As an initial step, a de-
sign engineer must select a proper 
hydraulic model. For example, the 
Hazen-Williams equation is usually 
sufficiently good to handle a water 
distribution system with a relatively 
smooth pipe surface. However, this 
equation is not valid for other fluids, 
therefore requiring the Darcy-Weis-
bach equation.

Whenever this approach is inevi-
table, a designer should systemati-
cally calibrate the hydraulic model. 
Typically, the modeler has to adjust 
multiple tuning parameters to match 
the actual data. These parameters 
include the following:
• P i p e 
rou g h-
n e s s : 
T h e 
v a l u e s 

from design guidelines rarely match 
reality due to fouling and corrosion. 
This parameter is particularly crucial 
for cast iron or aging piping systems
• Effective pipe diameter: If the hy-
draulic system is subject to fouling, 
the modeler can also adjust the ef-
fective pipe diameter
• Resistance coefficients and equiv-
alent lengths for piping components: 
Different design guidelines suggest 
different values (as highlighted in 
Table 2). Which one are you going 
to trust? There is no harm in tuning 
these parameters

As a minimum requirement, the 
calibrated hydraulic model should 
be able to fit two sets of data. If it 
fails to do so, it usually means the 
tuning parameters are inappropri-
ate, therefore requiring recalibration. 
Note that a model calibration does 
not have to be perfect, but should 
be at least good enough for deci-
sion-making.  

Example cases
To better understand how both ap-
proaches work, the following real-
world examples are discussed here.
1. Hydrocracker feed preheater. In 
this example, a new feed preheater 
was to be designed and installed dur-
ing the refinery turnaround to reduce 
the energy consumption of a hydro-
cracker unit. As illustrated in Figure 
4, a mix of two liquid feed streams 
will be heated up by a hot diesel 
product from a diesel hydrotreater. 
Subsequently, this mixed-liquid feed 
stream must go through two stages 
of filtration to remove solid particu-
late matter, which can plug the front 
beds of the hydrocracking reactor.

This new feed preheater must 
fit into the existing system without 
causing flow-control issues. As a 
general guideline, Valve A and Valve 
B in Figure 4 should have %Travel 
less than 80, a typical maximum 
%Travel for reasonable flow control. 

In this case, the refinery con-
ducted a test run at desired revamp 
flowrates (Qrevamp) and with the fil-
ter’s maximum allowable pressure 

FIGURE 6.  The diagram illustrates a wash-water injection system of a single-stage hydrocracker, as dis-
cussed in Example 2

FIGURE 5. The graphs show determinations of Cv,base and %Travelrevamp in Example 1. On the left is Valve 
A (linear – full-scale), and on the right is Valve B (equal percentage – magnified)

TABLE 3.   TEST-RUN DATA FOR A NEW PREHEATER DESIGN

Stream Qrevamp, m3/hour %Travelbase Temperature, °C S.G.

Hot feed 237.4 26.4 158 0.818

Cold feed 78.2 10.0 141 0.820
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drops as the worst-case scenario 
(see Table 3). Note that Qrevamp for 
each stream is based on the specific 
gravity at the corresponding operat-
ing temperature.

Instead of performing a detailed 
calculation, the characteristics of 
control valves can alternatively be 
utilized to save substantial effort re-
quired for the hydraulic review, as 
described in the following steps:
1. First, determine the baseline flow 
coefficient (Cv,base) from the baseline 
valve travel (%Travelbase) as graphi-
cally illustrated in Figure 5. Typically, 
these Cv data can be obtained from 
vendor’s literature, (for example, 
Fisher’s Catalog 12). 
2. The next step in the streamlined 
calculations is to find a baseline pres-
sure drop (∆Pbase) using Equation 1.

∆Pbase = (Qrevamp
2S.G.) / (Cv,base)2  

  (1)

3. After determining ∆Pbase from 
Step 2, calculate a revamp pres-
sure drop (∆Prevamp) from Equation 2 
based on a pressure drop of the new 
heat exchanger and associated pip-
ing (∆Pnew equipment).

∆Prevamp = ∆Pbase – ∆Pnew equipment  
  (2)

4. Back-calculate a revamp flow co-
efficient (Cv,revamp) from Equation 3 
based on ∆Prevamp
Cv,revamp = Qrevamp ×  
√(S.G. / ∆Prevamp) (3)

5. Lastly, back-estimate the revamp 
valve travel (%Travelrevamp), as dem-
onstrated in Figure 5

Assuming a typical ∆Pnew equipment 
of 1.5 bar, the calculation (estima-
tion) results of the above steps can 
be summarized as per Table 4.

From Table 4, the existing system 
has adequate hydraulic availability 
to accommodate the new feed pre-
heater with %Travelrevamp less than 
80 for both Valves A and B. 

Besides this case study, one can 
also apply this technique to similar 
revamps, such as adding a new ad-
sorber/filter into the existing system. 
2. Increased wash-water flow. An 
air-cooled heat exchanger of a sin-
gle-stage hydrocracker unit suffers 
from ammonium salt corrosion. From 
a separate study, it was determined 
that the wash-water flowrate should 
be increased from 150 to 200 m3/d 
to correct corrosion problems by al-
locating wash water from another 
parallel injec-
tion point, as 
illustrated in 
Figure 6. As 
a precaution, 
the wash-
water flowrate 
must be below 
215 m3/d to 
prevent ex-
cessive ero-
sion. For this 
injection point, 
the operating 
pressure is 
relatively con-

stant at 28.5 barg.
The whole piping system is made 

of a sour-service steel grade (which 
is expensive and requires a long lead 
time) and located on a high platform 
(Figure 7), making piping replace-
ment unattractive.

The control and bypass valve are 1 
in. (½-in. trim), with the line size of 2 
in. for the concerned piping section. 
These facts suggest that one can still 
upgrade the control valve to accom-
modate more wash-water flow. It is 
not uncommon to see a piping sys-
tem with a smaller control valve (and 
even smaller trim size).

Where applicable, the author rec-
ommends using the mathematical 
relationship proved below along 
with the test-run data to size the 
new control valve. As previously 
mentioned, one can always con-
sider opening a bypass valve to 
overcome hydraulic limitations dur-
ing the test run.

In principle, the total flow to the in-
jection point (Qtotal) is a sum of the 
flow across the main control valve 
(Qmain) and the bypass valve (Qby-
pass) as per Equation 4.

Qtotal = Qmain+Qbypass (4)

By employing a liquid-phase flow 
coefficient equation, one can rewrite 
Equation (4) as:

Cv,total √(∆Ptotal/S.G.) = Cv,main 
√(∆Pmain/S.G.) + Cv,bypass 
√(∆Pbypass/S.G.)  (5)

In reality, all pressure-drop terms 
(∆Pmain, ∆Pbypass, and ∆Ptotal) are 
practically identical. As demon-

FIGURE 8.  The graph shows the determinations of 
%Travelrevamp for a full-bore 2-in. control valve, as 
discussed in Example 2

FIGURE 7.  The location of the injection point dis-
cussed in Example 2 (highlighted by the red circle) 
challenges modification

FIGURE 9.  The diagram shows the scheme discussed in Example 3 of the existing 
diesel rundown system, with the third pump highlighted in green
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strated in the previous example, the 
designer can apply the same method 
to determine the flow coefficient for 
the main control valve (Cv,main) and 
bypass valve (Cv,bypass). Accordingly, 
one can estimate the total flow coef-
ficient for each scenario (Cv,total) from 
Equation (6).

Cv,total = Cv,main + Cv,bypass (6)

Besides liquid-phase applications, 
Equation 6 also applies to other ap-
plications, such as gas phase or 
steam. During the test run, the by-
pass valve was opened to explore 
the maximum wash-water rate at 
this injection point. Table 5 summa-
rizes the test-run data and calcula-
tion results. 

Although opening a bypass valve 
can achieve the revamp flowrate, 
it can also lead to undesired situ-
ations, including vessel overflow. 
As such, a design engineer has no 
choice but to upgrade the existing 

1-in. control valve. In this case, 
a full-bore 2-in. valve could be a 
good fit. From Table 5, the total 
flow coefficient of the revamp 
case (Cv,total,revamp) is 9.14. Con-
sequently, the travel of the new 
control valve (%Travelrevamp) 
would be 47, as highlighted in 
Figure 8.
3. Increased diesel produc-
tion. Diesel has the highest value 

among all products from a middle-
distillate-oriented hydrocracker. Pri-
marily, the petroleum refinery in this 
example tries to minimize the cut 
point between kerosene and diesel 
to maximize its diesel production. 
Unfortunately, the existing diesel 
pump limits the diesel production at 
199.4 m3/hr from a high motor load. 
According to the refinery econo-
mist, the diesel production capacity 
should be expanded to 226.0 m3/
hr (at the pumping temperature). 
Possible solutions include either re-
vamping both existing diesel pumps 
or adding a third larger pump.

Installing one pump is obviously a 
less expensive solution than replac-
ing two pumps. In the end, the refin-
ery decided to install the third larger 
pump (Figure 9). This new pump will 
be the main workhorse, with the ex-
isting pumps as spares, and will be 
offline only when there is low diesel 
load.

As pointed out earlier, diesel is the 
most expen-
sive refin-
ery product. 
Therefore, the 
refinery often 
ran both ex-
isting pumps 
in parallel to 
maximize die-
sel produc-
tion. The only 
problem with 
this operation 
is that the ex-
isting pumps 
cannot be 

offline for regular maintenance. Fur-
thermore, the liquid level inside the 
diesel-side stripper was sometimes 
unstable when the diesel hydrotreater 
was run at high throughput (two die-
sel streams from both units join to-
gether), forcing the refinery to reduce 
diesel production, due to the unstable 
level control valve.

As the worst-case scenario, the 
design engineer conducted the test 
run at the design revamp flowrate 
(Qrevamp, 226.0 m3/hr) with the diesel 
hydrotreater at its maximum through-
put. During the test run, both diesel 
pumps were in parallel operation, with 
%Travel of the level control valve at 95 
(less than 80 is preferable). Based on 
Qrevamp, the baseline pump’s head 
(∆Hbase) is 159.7 m, as graphically 
determined from Figure 10.

This diesel rundown system con-
sists of long and complex pipelines, 
plus multiple heat exchangers, thus 
requiring challenging and expensive 
demolition work during the turn-
around if it was modified. Hence, 
the new diesel pump will be sized 
so %Travel of the level control valve 
is around 60, by including a design 
margin (∆Hmargin) as per Equation 7.

∆Hrevamp = ∆Hbase + ∆Hmargin  (7)

According to the study, the re-
vamp pump’s head (∆Hrevamp) must 
be 175.7 m to ensure good operabil-
ity. In this case, a new relief valve is 
unavoidable due to higher shut-off 
pressure, but the additional cost is 
trivial considering the benefits.
4. Improved diesel recovery. A 
crude-petroleum distillation unit suf-
fered from high pressure, resulting 
in lower diesel recovery. As per the 
design, the suction pressure of the 
overhead compressor directly sets 
the column pressure (Figure 11). 
The pressure-control system var-
ies %Travel of the discharge control 
valve to maintain a constant accu-
mulator pressure. When the %Travel 
reaches 100%, for example, at a 

FIGURE 10.  The graph shows the ∆Hbase and ∆Hrevamp esti-
mate, as discussed in Example 3. A composite pump curve 
(blue) represents parallel operation

FIGURE 11.  The illustration shows the crude distillation overhead system in Exam-
ple 4. One can consider reducing the suction pressure drop as a fast-track solution 
to unload the overhead compressor, as highlighted here

TABLE 4.  CALCULATION/ESTIMATION RESULTS FOR STEPS 1 TO 5

STEP 1 2 3 4 5

Component Cv,base ∆Pbase ∆Prevamp Cv,revamp %Travelrevamp 

Valve A 180.0 1.90 bar 0.40 bar 391.8 54.0

Valve B 40.6 4.06 bar 2.56 bar 51.1 12.6
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high vapor flowrate, the accumula-
tor and column pressure become 
uncontrolled and increase with even 
higher vapor flow. In this case, there 
are two possible options to improve 
diesel recovery: revamp the overhead 
compressor; or reduce suction pip-
ing pressure drop. 

Replacing the overhead compres-
sor would cost several million dol-
lars. To avoid such a costly revamp, 
reducing suction-piping pressure 
drop to free up compressor capac-
ity may be considered. As suggested 
by Ref. 4, raising suction pressure 
is the most effective way to unload 
compressor capacity, compared 
with discharge pressure and suction 
temperature reduction, especially in 
lower-pressure applications, such as 
atmospheric distillation. This capac-
ity unloading is mainly due to a re-
duced gas volume from higher vapor 
density and increased condensation 
at higher suction pressure.  

In other words, the operating point 
is shifted to the left of the polytropic 
head curve (∆Hpolytropic, Figure 12), 
so the discharge control valve can 
retake control, such as with %Travel 
less than 80. 

As a first step, the design engineer 
conducted multiple test runs at high 
throughputs. Flowrate, temperature, 

pressure and stream com-
position were recorded and 
verified as recommended in 
the previous sections. In this 
case, a full hydraulic model 
is unavoidable. Before op-
timizing a revamp solu-
tion, the hydraulic model 
was calibrated and tested 
against multiple sets of test-
run data to ensure its valid-
ity.

As illustrated in Figure 11, it is 
possible to reduce the column’s top 
pressure by 0.23 bar at the same 
accumulator pressure (with a total 
pressure drop reduction of 0.27 bar) 
by upgrading piping sections on the 
suction side. In this case, the piping 
replacement costs one-sixth the cost 
of an overhead compressor revamp.

Additional tips
The following tips should also be con-
sidered for revamps involving hydrau-
lic limits: 
• One can always increase a pump’s 
head by replacing the impeller. API 
610 requires that the casing of a new 
pump should be large enough to ac-
commodate a larger impeller, so a 
5% head increase is possible.
• In contrast with general belief, the 
head rise to shutoff (from the rated 
point) could be as low as 5% for a 
single pump operation (and could be 
even lower as per Ref. 5). According 
to API 610, a minimum of 10% head 
rise is for pumps in parallel. None-
theless, many EPC contractors 
adopt 10% as a design criterion for 
all scenarios. This misunderstand-
ing could result in unnecessary 
modifications. For example, a de-
sign engineer might need to add a 

relief valve into the existing 
system as the new shutoff 
pressure exceeds the piping 
design pressure from a sub-
optimal head rise to shutoff. 
For revamp scenarios, the 
operating point tends to be 
on the far right of the head 
curve (near the maximum 
throughput). In other words, 
the operating point will not 
change that often, as the 
plant owner always tries to 
push the production unit to 
its limit. Therefore, a head 

curve that is somewhat flat should 
be acceptable. 
• Always conduct a pulsation analy-
sis (per API 674 and 618) before 
adding new parallel reciprocating 
equipment to avoid possible piping 
and structural failures.
• Where can be applicable, design 
engineers should reuse equipment 
and devices that are no longer fit for 
their original service in a different ser-
vice to minimize capital expenditures 
• When engineers exploit design 
margins, the equipment or device 
will operate closer to its limits, thus 
narrowing operating ranges. This 
risk may be managed by adopting 
better monitoring and control, such 
as, adding a digital positioner to a 
control valve.  n
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FIGURE 12.  The graph shows how moving the operating point 
to the left of the polytropic head curve unloads the compressor 
discussed in example 4

TABLE 5. TEST-RUN DATA AND CALCULATION RESULTS 
FOR THE WASH-WATER SYSTEM REVAMP

Base Revamp Maximum

Q, m3/hour 150.2 200.6 210

%Travelmain 48 91 100

%Travelbypass 100 100 100

Cv,main 1.00 4.23 4.91

Cv,bypass 4.91 4.91 4.91

Cv,total 5.91 9.14 9.82


