
In D. de Waard, A. Toffetti, R. Wiczorek, A. Sonderegger, S. Röttger, P. Bouchner, T. Franke, S. 

Fairclough, M. Noordzij, and K. Brookhuis (Eds.) (2017). Proceedings of the Human Factors and 
Ergonomics Society Europe Chapter 2016 Annual Conference. ISSN 2333-4959 (online). Available from 

http://hfes-europe.org 

Changes in operators’ performance and situation 

awareness after periods of non-use in process control 

Merle Lau, Barbara Frank, & Annette Kluge 

Ruhr-University Bochum, Business Psychology,  

Germany 

Process control operators are required to simultaneously process the interplay of 

cross-coupled variables in order to either assess a process state or predict the 

dynamic evolution of the plant. They have to mentally envisage the change rates of 

cross coupled variables and need to develop sensitivity for the right timing of 

decisions. In that respect, situation awareness is a highly relevant result of learning 

processes and extensive practice. In the present study, we investigated if operator 

performance and situation awareness decays after a period of non-use. Sixty 

participants were trained in performing a parallel-sequence task in an initial training 

(week 1). After a period of non-use all participants had to execute the initially 

learned task again (week 3). Two experimental groups received either a Practice- or 

Symbolic Rehearsal-refresher intervention in week 2 to practise the learned task. 

The control group received no intervention/support. Situation awareness was 

measured by eye-tracking data by analysing areas of interest (as indicators for a 

prospective cue search) and fixation times (of irrelevant information). The results 

indicate as assumed that the Practice group was better in executing the correct step 

after focusing on a parallel operation which shows higher situation awareness. No 

significant results for the Symbolic Rehearsal intervention were found. 

  Introduction 

Over the past decades, technological advances have led to the automation of 

complex tasks in industry. The use of automated manufacturing processes means 

that operators are located in the process control room and control the machines and 

processes from a safe distance. As a side effect of automation, human-beings act 

more as augmented operators in the process which changed their task from 

executing the task manually to monitoring it (Wickens & Hollands, 2000). This 

leads to the problem that once-learned skills are not frequently used anymore and 

can decay over the time (Bauernhansel, 2014; Brainbridge, 1983). Nevertheless, the 

operator has to be able to recall once-learned skills when a so called non-routine 

situation occurs (Kluge, 2014; Kluge et al., 2014). For instance, contrary to routine 

task in case of emergencies operators have to interfere and handle the system 

manually with once learned skills. Besides the learned skills, situation awareness 

ensures that the task is executed correctly by recognising and understanding the 

environment and system the operator is surrounded by and upcoming events 

(Wickens & Hollands, 2000).  
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Endsley (1995) has described three levels of situation awareness: 1. perception of 

the environment, 2. comprehension of the meaning of the elements and, 3. projection 

of the elements’ future status. A high level of situation awareness is necessary to 

perceive and to understand the situation and additionally to anticipate reactions in 

the future (Proctor & Dutta, 1995). In general, situation awareness enables the 

operator to allocate the attention correctly and supports timesharing (Schumacher et 

al., 2001; Wickens & McCarley, 2007). As situation awareness is required for 

applying skills that are necessary for handling non-routine situations after periods of 

non-use, a loss of situation awareness can result in incorrect skill performance and 

errors (Arthur et al., 1998). Especially in a parallel-sequence task, as it is used in the 

following study, operators have to consider two sequences on the same time which 

requires a high level of situation awareness and the ability of time-sharing (Procter 

& Dutta, 1995). As a consequence of this it is important to identify methods which 

affect retention of skills and also situation awareness.  

In the present study, two refresher interventions as methods for the retention of 

situation awareness are analysed. A refresher intervention can be used “to re-

establish a specific skill level that was acquired at the end of an initial training, 

which should be re-established after a certain time interval during which the skill 

was not required to be recalled” (Kluge et al., 2012, p. 1). Previous research has 

found that refresher interventions support the retention of the initially gained 

performance level (Annett, 1979; Farr, 1987). Based on these findings, it is assumed 

that the use of refresher interventions can also affect the retention of situation 

awareness positively. In the following, a Practice-refresher intervention is used 

which includes the active rehearsal and execution of the task (Arthur et al., 2012). 

Kluge and Frank (2014) have shown that especially Practice-refresher interventions 

affect skill retention most positively. In addition, Symbolic Rehearsal, in which the 

operator remembers the procedure symbolically without executing it actively, is 

used as a mental refresher intervention (Kluge et al., 2015). Previous studies have 

shown that imaginery vision of the once learned skill enabled the participants to 

recall the performance afterwards (Cooper, Tindall-Ford, Chandler & Sweller, 

2011). Referring to recent studies it can be found that the use of Symbolic 

Rehearsal-refresher interventions leads to a better performance after a period of non-

use than no intervention, but not better than a Practice-refresher intervention (Kluge 

et al., 2012). 

In the present study the retention of situation awareness over a period of non-use in a 

simulated process control task is investigated with two refresher interventions, a 

Practice- (P) and a Symbolic Rehearsal- (SR) refresher intervention, and a control 

group (CG): 

H1. The Practice-refresher intervention group shows higher situation awareness 

than the control group. 

H2. The Symbolic Rehearsal-refresher intervention shows higher situation 

awareness than the control group. 

H3. The Practice-refresher intervention group shows higher situation awareness 

than the Symbolic Rehearsal-refresher intervention group.  



 situation awareness after periods of non-use 255 

  Method 

  Sample 

From October 2015 to December 2015, 60 students (15 female) from engineering 

departments of Ruhr-University Bochum, Germany, took part in the study, 38 (14 

female) of whom were included in the following calculations (22 participants were 

excluded, for explanation see blow). The overall age ranged from 18- 31 (Mage = 

23.05, SDage = 3.32). The gender and age range of the each group will be given in 

the results (see Table 4). There were two experimental groups and one control 

group: The group with a Practice refresher intervention consists of 15 participants,    

l9 participants were in the group with a Symbolic Rehearsa and the control group 

had a total of 14 participants. To ensure technical understanding which was required 

for the technical task, only students from faculties of engineering were recruited. 

The participants were recruited by postings on social networking sites and flyers 

handed out at the Ruhr-University Bochum and the University of Applied Science 

Bochum. Participants received either €30 or €25 (depending on whether they 

attended two appointments: Control group or three appointments: Practice- and 

Symbolic Rehearsal-refresher intervention group). The study was approved by the 

local ethics committee. Participants were informed about the purpose of the study 

and told that they could discontinue participation at any time (in terms of informed 

consent). All participants were novices in learning the process control task used in 

the study. 

 

Figure 8. Interface of WaTrSim (Waste Water Treatment Simulation) 

  Process control task 

The participants learned how to operate the microworld Waste Water Treatment 

Simulation (abbr. WaTrSim; Figure 1). The operator’s task is to separate waste 

water into fresh water and gas by starting up, controlling and monitoring the plant. 

The operation goal is to maximise the amount of purified water and gas and to 

minimise the amount of waste water. This goal is achieved by considering the timing 

of actions and following the sequences. The operation includes the parallel-sequence 

start-up procedure of the plant consisting of two sequences which have to be 

Production outcome: Gas
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operated in parallel: 13 steps of sequence A and three steps of sequence B (Figure 

2). Firstly, the operator starts executing the 13 steps of sequence A and will switch 

to sequence B when the level of tank Bf has reached >75% or <25%. After one of 

the conditions has occurred, the correct two steps have to be executed (Figure 2). 

Performing the WaTrSim parallel-sequence start-up procedure (both sequences in 

parallel) correctly and in a timely manner leads to a production outcome of a 

minimum of 200 litres of purified gas. WaTrSim has to be started up within 240 

seconds. 

 

Figure 9. Parallel-sequence task. Valves = LIC V9, FIC V8, V1, V2, V3, V4, V6, heatings = 

HB1, K1, W1 and W2, and tanks = R1, HB1, Bf 

  Research design 

The study consisted of a mixed experimental design (between- and within-subjects 

design). The experimental groups (Practice-refresher intervention and Symbolic 

Rehearsal-refresher intervention) and Control group were tested and compared at 

two measurement time points (week 1: initial training and week 3: retention 

assessment). 

  Procedure 

The participants of the experimental groups attended the experiment three times: 

initial training, refresher intervention and retention assessment (Figure 3). The 

1 LIC V9: Set flow rate 500 l/h

2   V2 deactivate follower control

3 Valve V1: Set flow rate 500 l/h

4 Wait until R1 > 200 l

5   Valve V2: Set flow rate 500 l/h

6   Wait until R1 > 400 l 

7   Valve V3: Set flow rate 1000 l/h

8   Wait until HB1 > 100 l

9   Activate heating HB1

10 Wait until HB1 > 60 C

11 Activate column K1

12 Valve V4: Set flow rate 1000 l/h

13 Valve V6: Set flow rate 400 l/h

A   Monitor tank level of tank Bf constantly

B   Tank level Bf > 75%

C   FIC V8: Set flow rate 90%

D   Heating W2: Set 70 C

B   Tank level Bf > 25%

C   FIC V8: Set flow rate 10%

D   Heating W2: Set 20 C

Sequence A Sequence B

Parallel-sequence start-up procedure
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participants of the control group attended two times: initial training and retention 

assessment.  

 In the initial training (week 1, 120 minutes), after completing a test on retentivity 

as a control variable, participants explored the simulation twice. They were then 

given information and instructions about the start-up procedure. After this, they 

practised sequence A using the manual twice and then practised sequence B twice 

(part-task training; Table 1). Next, the participants trained the whole parallel-

sequence task with the help of emphasis change and the manual (Gopher, 2007). 

An execution of the parallel-sequence task with the manual only and without 

emphasis change followed. After this, they had to perform the parallel-sequence 

task start-up procedure four times without the manual and were required to 

produce a minimum of 200 litres of purified gas. The best trial of this series was 

used as the reference level of skill mastery after training. 

 One week after the initial training, the refresher intervention took place (week 2, 

approx. 30 minutes). The refresher interventions are described in the section 

“Independent variable”. 

 Two weeks after initial training (week 3, 30 minutes), the retention assessment 

took place. The participants were asked to start up the plant up to five times 

without help (the first trial was used to assess skill retention).  

 

 

Figure 10. Procedure; RI=refresher intervention 

  Variables and measures 

  Independent variable 

Skill retention was supported by a Practice-refresher intervention or a Symbolic 

Rehearsal-refresher intervention: 

The Practice-refresher intervention was carried out one week after the initial training 

(25 minutes) and was performed as group sessions. The participants had to execute 

the start-up procedure of WaTrSim four times with the help of the manual and were 

allowed to ask questions (Kluge & Frank, 2014). 
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The Symbolic Rehearsal-refresher intervention was computer-based and consisted of 

seven tasks (30 minutes): 1) Participants had to fill in the sequence of steps of the 

start-up procedure, state the flow rate and provide three reasons for producing waste 

water (instead of purified water). They then had to 2) fill in cloze tasks, 3) arrange 

steps of the start-up procedure into the correct sequence, 4) find errors in a presented 

start-up sequence, 5) rehearse the WaTrSim interface, allocate the valve labels in a 

WaTrSim screenshot and mark the start-up location of the column (K1); 6) they had 

to rehearse how to operate a valve and a heating by arranging the operating steps 

into the correct order; and 7) they had to answer true-or-false questions about how to 

operate in WaTrSim, e.g. “By clicking the valve, a new dialogue window opens”. 

After solving the task, participants marked their own results with the help of an 

answer sheet. All tasks included graphics from WaTrSim. The number of correct 

answers was used to measure the performance (score: 0-80; Kluge, Frank, Maafi & 

Kuzmanovska, 2015). 

  Dependent variables 

To measure the level of situation awareness, Areas of Interest (AOI) for every step 

of the parallel sequence created with the SMI BeGaze Analysis software version 3.6 

were built into the eyetracking videos created after the data has been recorded 

(Figure 4). The AOI was built into the interface and made visible at the time the 

specific step of the procedure has been executed by the operator. Once the operator 

finished the relevant step (by clicking OK), the AOI was made invisible. The 

fixation duration was used as an indicator of eye movements and represents how 

long the operator looked at a specific area (Raney, Campbell & Bovee, 2014). The 

view data for the steps 1-13 (sequence A) and the steps A-D (sequence B) were used 

for the calculations. 

 

Figure 11. Example of Areas of Interest 

 



 situation awareness after periods of non-use 259 

Situation awareness was measured by 1) Observation of condition for parallel 

operation, 2) duration of irrelevant steps, 3) execution of the correct step after 

parallel operation and 4) order of the parallel sequence execution. For all dependent 

variables the best trial of initial training (week 1) and the first trial of retention 

assessment (week 3) were used for calculations. It is assumed that the dependent 

variables represent the first and second level of situation awareness which stands for 

firstly the perception of the elements and secondly the comprehension of the 

elements’ meaning in the situation (Endsley, 1990). The dependent variables are 

described in detail in the following (appendix A): 

1) Observation of condition for parallel operation: The monitoring process of 

the tank level of tank Bf was measured by the total duration of the fixation 

of step A-B of sequence B (in msec). It was calculated by summing up the 

fixation duration of step B tank level Bf > 75% and the fixation duration of 

step B tank level Bf < 25%. The total duration indicates how long the 

operator looked at the areas of interest relevant for the parallel procedure. A 

long fixation duration stands for a high situation awareness. Step A and B 

were part of the parallel procedure (appendix A). 
2) Duration of irrelevant steps: For the execution of the task, it is important 

that the operator executes the procedure fast and accurate. When the 

operator needs more time to execute the procedure, it can effect the overall 

performance. Therefore the duration of irrelevant steps was measured. 

Irrelevant steps are steps that have been executed in the wrong order or are 

repeated by the operator. A subsequent fault also counts as an irrelevant 

step. Steps considered as irrelevant steps are e.g. when the operator 

executed step 4 before step 3. In this example both steps are considered as 

irrelevant steps. The total duration of the irrelevant steps (in msec) was 

measured by summing up all given data for irrelevant steps. A high 

duration of irrelevant steps stands for a low situation awareness. An AOI 

has been established for each irrelevant step (appendix A). 
3) Execution of the correct step after parallel operation: It was evaluated if the 

operator returns after executing sequence B (step A-D) to the correct steps 

of sequence A (steps 1-13). E.g. the operator executed step 3 of sequence 

A, then switched to sequence B and after that the operator executed the step 

4 of sequence A (=correct execution). ). The correct execution of the step 

after parallel operation stands for a high situation awareness. The video 

recordings were used for the assessment of correct (0) or false execution (1; 

appendix A).  
4) Order of parallel sequence execution: The order of sequence B was 

considered to be correct if the operator executed every step from steps B-D 

depending on >25% or >75% tank level correctly and in the right order. 

The correct order of parallel sequence stands for a high situation awareness. 
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The order was assessed by analysing the video and assessment of the 

correct (0) or false order (1; appendix A). 

  Control variables 

Retentivity:  As previous studies have shown that the benefit which participants gain 

from refresher interventions can be affected by retentivity, it is used as a control 

variable in this study (Kluge et al., 2015). It was measured with the Wilde 

Intelligence Test-2, which consists of verbal, numerical and figural information 

First, the participants had to memorise the verbal, numerical and figural information 

for four minutes. After a disruption phase of 17 minutes, they answered reproduction 

tasks of the memorised information, choosing one of six response options (score: 0-

21). It is assumed that a low score will be when the score is between 0 and 12, 

medium between 13 and 14 and high between 15 and 21 (Kersting et al., 2008). 

  Results 

38 participants were included for the following calculations and 22 participants were 

excluded (14 were excluded because they did not execute sequence B and 8 were 

excluded due to missing eyetracking data at the retention assessment). Only 

participants who produced >= 200 litres of purified waste water were included. 

Descriptive statistics are given in Table 4. In the following it is calculated if the 

groups differ in age, sex or retentivity: The groups did not differ significantly in 

terms of control variables age (χ
2
(2, N=38)=3.58, p=.167), sex (χ

2
(2, N=38)=1.80, 

p=.407) and retentivity (χ
2
(2, N=35)=5.06, p=.08). Therefore, it is assumed that the 

groups started with equal conditions.  

Table 4. Descriptive statistics for each group (N=38) 

 Practice-RI Symbolic Rehearsal-RI Control group 

Control variables 

Sex 5 female, 10 male 5 female, 4 male 4 female, 10 male 

Age 23.87 (3.31, 20-31) 23.89 (3.06, 18-29) 21.64 (3.23, 18-26) 

Retentivity (0-21) 14.33 (2.53, 9-19) 14.44 (2.01, 12-17) 16.46 (2.30, 13-20) 

Dependent variable: situation awareness (initial training) 

Observation of condition for parallel 

operation (msec) 

4362.31 (5372.86,  

444.90-22272.20) 

1640.58 (1266.64,  

421.70-4210.10) 

3974.81 (4962.65,  

317.80-15415.30) 

Duration of irrelevant steps (msec) 1090.35 (1436.34,  

0-4489.60) 

2671.83 (2142.58, 

0-6663.10) 

861.53 (1200.46,  

0-3487.00) 

Execution of the correct step after 

parallel operation (1,0) 

15 correct  

0 false  

9 correct 

0 false 

13 correct  

1 false 

Order of the parallel sequence 

execution (1,0) 

14 correct  

1 false 

9 correct  

0 false  

13 correct  

1 false 

Dependent variable: situation awareness (retention assessment) 

Observation of condition for parallel 

operation (msec) 

2306.63 (3333.77,  

171.10-11703.20) 

2094.03 (2283.14,  

116.00-6863.60) 

4220.35 (9027.43,  

136.90-33032.50) 

Duration of irrelevant steps (msec) 5116.89 (5994.78,  

0-20281.00) 

11180.71 (9032.36,  

0-27437.90) 

8736.88 (8123.56,  

0-24420.20) 

Execution of the correct step after 

parallel operation (1,0) 

10 correct 

4 false (1 not evaluable) 

3 correct  

1 false (5 not evaluable) 

5 correct 

3 false (6 not evaluable) 

Order of the parallel sequence 

execution (1,0) 

11 correct 

3 false (1 not evaluable) 

4 correct 

3 false (2 not evaluable) 

3 correct 

8 false (3 not evaluable) 

Note. M (SD, range), RI=refresher intervention 
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  Hypothesis-testing 

The hypotheses were assessed with non-paramteric Kruskal-Wallis tests due to the 

sample size and Chi²-test for nominal data. Following significant group differences 

post-hoc tests were conducted (Hypothesis 1: Practice > Control group and 

Hypothesis 2: Symbolic Rehearsal > Control group, Hypothesis 3: Practice > 

Symbolic Rehearsal). 

 For observation of condition for parallel operation (msec) no group 

differences were found (H(2, N=38)=0.10, p=.951).  

 For duration of irrelevant steps (msec) no group differences were found 

(H(2, N=37)=2.96, p=.225). 

 For execution of the correct step after parallel operation (1,0) no group 

differences were found (χ
2
(2, N=26)=0.26, p=.876). 

 For order of parallel sequence execution (1,0) significant group differences 

were found (χ
2
(2, N=32)=6.59, p=.037). The post-hoc column proportion 

test for Hypothesis 1 showed that the Practice-refresher intervention group 

was significantly better in executing sequence B in the right order than the 

Control group (p<.05; no differences were found for Hypothesis 2, 

SR>KG, and for Hypothesis 3, P>SR).  

The findings indicate that a Practice-refresher intervention affects the participants’ 

ability to elaborate what steps had to be done based on the situation evaluation and 

that these steps were executed in the right order. No effects of Practice-refresher 

intervention were found for the other dependent variables. Moreover, no effects of 

the Symbolic Rehearsal-refresher intervention were found for the dependent 

variables. The significant result found for the dependent variable order of the 

parallel execution can be supported regarding the number of participants who 

executed the parallel sequence in correct order: significantly more participants with 

a Practice refresher intervention followed the correct order than the control group 

(Figure 5).  

  Post-hoc analysis 

A Spearman correlation between the dependent variables of retention assessment 

was calculated to understand how the dependent variables are correlated. It was 

found that duration of irrelevant steps correlated with a medium-sized effect size 

with execution of the correct step after parallel operation (rs=.457, p=.019) and with 

order of parallel sequence execution (rs =.411, p=.019). Execution of correct step 

after parallel operation significantly correlated with order of parallel sequence 

execution (rs =.391, p=.048). No correlations were found with observation of 

condition for parallel operation (p>.05).  
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Figure 12. Number of participants who executed the parallel sequence in correct or false 

order 

  Discussion 

The aim of the present study was to analyse whether a Practice- or a Symbolic 

Rehearsal-refresher intervention is able to support the retention of situation 

awareness after a period of non-use. The results imply that the use of a Practice-

refresher intervention can have a positive effect on the level of situation awareness: 

It has been found that more participants with a Practice-refresher intervention 

executed the parallel sequence in correct order. This indicates that the participants 

were aware of what steps had to be executed next and in what order based on the 

current situation. Referring to the other dependent variables observation of condition 

for parallel operation, duration of irrelevant steps and execution of the correct step 

after parallel operation no differences were found. These dependent variables 

describe the perception of the environment and the comprehension of the meaning 

which are named as the first and second level of situation awareness after Endsley 

(1995). Previous research has shown that especially a Practice-refresher intervention 

can have a significant impact on skill retention (Kluge & Frank, 2014). Referring to 

the present results this finding can be, as previously assumed, transferred to the 

retention of situation awareness. Therefore, a Practice-refresher intervention cannot 

only be seen as a potential method against skill loss, it can also strengthens and 

maintains the level of situation awareness after a period of non-use in comparison to 

no intervention (Kluge et al., 2012). Regarding the results of a Symbolic Rehearsal-

refresher intervention, this method has no significant effect on the level of situation 

awareness. Previous research by Kluge et al. (2012) showed that a Symbolic 

Rehearsal-refresher intervention is better than no intervention. This finding for skill 
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retention can not be supported by the present study for situation awareness. In 

summary, the present study is a first attempt to measure the level of situation 

awareness with the help of objective measurements. The results show first evidence 

that a Practice-refresher intervention has a positive effect on the retention of 

situation awareness. 

  Limitations 

Several limitations should be taken into account for the interpretation of the results. 

It should be noted that for purposes of generalisation, only students of engineering 

departments were included in the study in order to gain a sample that was as realistic 

as possible. Additionally, the evaluation of the eye tracking data with the SMI 

software has been difficult: when the time interval was too short no eyetracking data 

was found. Therefore, it was important to make sure that the given output consisted 

eyetracking data at all. In future research a further development of the eye-tracking 

software can help to detect situation awareness more accurately. Another limitation 

of the present study is that by using the dependent variable “observation of condition 

for parallel procedure” to operationalise situation awareness it is not possible to 

make a distinction between non-evaluable or false. If there was no data, it was 

automatically assumed that the relevant step had not been executed. But it can also 

mean that the time interval was too short for the software or that there were 

problems with the software at all.  

  Implications 

The present study is a first attempt to examine the construct situation awareness with 

the use of areas of interest and can contribute to the research of situation awareness 

with objective measurements. The execution of a step in WaTrSim involves several 

substeps, such as clicking on the tanks or the confirmation with OK. In future 

research more than just one AOI for one step should be considered which can allow 

a more detailed view. Furthermore, the prospective component of situation 

awareness can be examined in more detail which can mean e.g. that an area of 

interest applies before the execution of the step. In the present study, it was only 

possible to detect situation awareness prospectively through the eyetracking data of 

the parallel procedure. Another indication for future research is to take a deeper look 

at irrelevant steps throughout the whole operation which could be an indicator for 

the total level of situation awareness (Lee & Anderson, 2001).  
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  Appendix A 

 
 

 
  

1) Observation of condition for parallel operation

1 LIC V9: Flow rate 500 l/h

2   V2 deactivate follower control

3 Valve V1: Flow rate 500 l/h

4 Wait until R1 > 200 l

5   Valve V2: Flow rate 500 l/h

A   Monitor tank level of tank Bf constantly

B   Tank level Bf > 75%

C   FIC V8: Flow rate 90%

D   Heating W2: 70 C

B   Tank level Bf > 25%

C   FIC V8: Flow rate 10%

D   Heating W2: 20 C

Sequence A Sequence B

Parallel-sequence start-up procedure

13 Valve V6: Flow rate 400 l/h

…

2) Duration of irrelevant steps

1 LIC V9: Flow rate 500 l/h

2   V2 deactivate follower control

3 Valve V1: Flow rate 500 l/h

4 Wait until R1 > 200 l

5   Valve V2: Flow rate 500 l/h

A   Monitor tank level of tank Bf constantly

B   Tank level Bf > 75%

C   FIC V8: Flow rate 90%

D   Heating W2: 70 C

B   Tank level Bf > 25%

C   FIC V8: Flow rate 10%

D   Heating W2: 20 C

Sequence A Sequence B

Parallel-sequence start-up procedure

13 Valve V6: Flow rate 400 l/h

…

2

1
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3) Execution of the correct step after parallel operation

1 LIC V9: Flow rate 500 l/h

2   V2 deactivate follower control

3 Valve V1: Flow rate 500 l/h

4 Wait until R1 > 200 l

5   Valve V2: Flow rate 500 l/h

A   Monitor tank level of tank Bf constantly

B   Tank level Bf > 75%

C   FIC V8: Flow rate 90%

D   Heating W2: 70 C

B   Tank level Bf > 25%

C   FIC V8: Flow rate 10%

D   Heating W2: 20 C

Sequence A Sequence B

Parallel-sequence start-up procedure

13 Valve V6: Flow rate 400 l/h

…

1

2
3

4) Order of parallel sequence execution

1 LIC V9: Flow rate 500 l/h

2   V2 deactivate follower control

3 Valve V1: Flow rate 500 l/h

4 Wait until R1 > 200 l

5   Valve V2: Flow rate 500 l/h

A   Monitor tank level of tank Bf constantly

B   Tank level Bf > 75%

C   FIC V8: Flow rate 90%

D   Heating W2: 70 C

B   Tank level Bf > 25%

C   FIC V8: Flow rate 10%

D   Heating W2: 20 C

Sequence A Sequence B

Parallel-sequence start-up procedure

13 Valve V6: Flow rate 400 l/h

…

1

2

3


