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Figure 8-72: Plot of the feed and draw flow rate versus time.

D.b  The effect of hydrocarbons on the generated pressure in PRO
The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-73,
Figure 8-74 and Figure 8-75 respectively, for the reference test.
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Figure 8-73: Plot of the pressure versus time for the different pressure indicators for the reference test.
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Figure 8-74: Plot of the temperature versus time for the different temperature indicators for the reference

test.
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Figure 8-75: Plot of the feed and draw flow rate versus time for the reference test.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-76,

Figure 8-77, and Figure 8-78 respectively, for the 0 % HC test.
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Figure 8-76: Plot of the pressure versus time for the different pressure indicators for the 0 % HC test.
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Figure 8-77: Plot of the temperature versus time for the different temperature indicators for the 0 % HC
test.
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Figure 8-78: Plot of the feed and draw flow rate versus time for the 0 % HC test.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-79,

Figure 8-80 and Figure 8-81 respectively, for the 20 % HC test.
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Figure 8-79: Plot of the pressure versus time for the different pressure indicators for the 20 % HC test.
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Figure 8-80: Plot of the temperature versus time for the different temperature indicators for the 20 % HC

test.
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Figure 8-81: Plot of the feed and draw flow rate versus time for the 20 % HC test.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-82,
Figure 8-83 and Figure 8-84 respectively, for 50 % HC test 1.
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Figure 8-82: Plot of the pressure versus time for the different pressure indicators for 50 % HC test 1.
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Figure 8-83: Plot of the temperature versus time for the different temperature indicators for 50 % HC
test 1.
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Figure 8-84: Plot of the feed and draw flow rate versus time for 50 % HC test 1.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-85,
Figure 8-86 and Figure 8-87 respectively, for 50 % HC test 2.
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Figure 8-85: Plot of the pressure versus time for the different pressure indicators for 50 % HC test 2.
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Figure 8-86: Plot of the temperature versus time for the different temperature indicators for 50 % HC

test 2.

0,2

_#
——

=—0—Feed flow
== Draw flow

0,4
Relative time

(h]

0,6 0,8

Figure 8-87: Plot of the feed and draw flow rate versus time for 50 % HC test 2.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-88,
Figure 8-89 and Figure 8-90 respectively, for 80 % HC test 1.
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Figure 8-88: Plot of the pressure versus time for the different pressure indicators for 80 % HC test 1.
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Figure 8-89: Plot of the temperature versus time for the different temperature indicators for 80 % HC
test 1.
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Figure 8-90: Plot of the feed and draw flow rate versus time for 80 % HC test 1.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-91,
Figure 8-92 and Figure 8-93 respectively, for 80 % HC test 2.
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Figure 8-91: Plot of the pressure versus time for the different pressure indicators for 80 % HC test 2.
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Figure 8-92: Plot of the temperature versus time for the different temperature indicators for 80 % HC

test 2.
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Figure 8-93: Plot of the feed and draw flow rate versus time for 80 % HC test 2.

The measured pressures, temperatures and flow rates are plotted versus time in Figure 8-94,
Figure 8-95 and Figure 8-96 respectively, for the 100 % HC test.
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Figure 8-94: Plot of the pressure versus time for the different pressure indicators for the 100 % HC test.
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Figure 8-95: Plot of the temperature versus time for the different temperature indicators for the 100 % HC

test.
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Figure 8-96: Plot of the feed and draw flow rate versus time for the 100 % HC test.

E  Membrane thickness measurements
Table 8-6 shows the measured thickness on different points of the wet Membrane B.

Table 8-6: Measured thickness on different points of the new Membrane B.

Average

Measured thickness |45 |45 (45 |53 (44 |41 |43 |45 |45
(um]

Table 8-7 shows the measured thickness on different points of the wet Membrane C.

Table 8-7: Measured thickness on different points of the new Membrane C.

Average

Measured thickness |44 (40 |45 |38 |43 |48 (44 |48 |44
[um]

Table 8-8 shows the measured thickness on different points of the wet Membrane D.

Table 8-8: Measured thickness on different points of the new Membrane D.

Average

Measured thickness |47 |42 |42 |32 |46 |41 |47 |41 |44
[um]

Table 8-9 shows the measured thickness on different points of the wet Membrane D.

Table 8-9: Measured thickness on different points of the new Membrane E.

Average

Measured thickness |61 |66 |70 |72 |63 |74 [68 |80 |69
[um]
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Table 8-10 shows the measured thickness on different points of the wet Membrane F before
it was used in any experiments.

Table 8-10: Measured thickness on different points of the new Membrane F.

Average

Measured thickness |46 |46 |50 |42 |43 |46 |44 |48 |48 | 46
(um]

Table 8-11 shows the measured thickness on different points of the wet Membrane F after it
was used in experiments and had been immersed in water for one week.

Table 8-11: Measured thickness on different points of Membrane F after breaking.

Average

Measured thickness |51 |53 (54 |52 |50 (51 |55 |50 (57 |53
[um]

Table 8-12 shows the measured thickness on different points of the wet Membrane F after it
had been immersed in HC for one week.

Table 8-12: Measured thickness on different points of Membrane F after immersion in HC.

Average

Measured thickness |51 |58 (55 |53 [50 |58 |55 |63 |56 |51 | 55
[um]

Table 8-13 shows the measured thickness on different points of the wet Membrane F after it
had been immersed in water and HC for one week.

Table 8-13: Measured thickness on different points of Membrane F after immersion in water and HC.

Average

Measured |57 |56 |67 |60 |60 |57 64|57 |64|62|60|60|58]|58 |59
thickness

[um]

Table 8-14 shows the measured thickness on different points of the wet Membrane D.

Table 8-14: Measured thickness on different points of the new Membrane G.

Average

Measured 49 [53 |48 |50 |53 [53 |49 |51 |44 |48 |49 |50
thickness

[Hm]
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F  Volume of the FO feed loop

In Table 8-15 the measured volume of the feed side is shown. Due to a leak in the cap the
feed bottle could only be filled up to the bottom of the cap. The cap volume had to be
subtracted from the total volume for calculations.

Table 8-15: The measured volume of the feed loop.

Full bottle and tubes Cap

Volume for calculations

Volume [mL] 1263

17,02

1245,98

In some experiments a magnet was put inside the feed flask. The volume of the magnet
would then also have to be subtracted from the volume for calculations. This is presented in

Table 8-16.

Table 8-16: The measured volume of the feed loop.

Bottle and tubes - cap Magnet

Volume for calculations

Volume [mL] 1245,98 12,85 1233,13
G Risk assessment
NTNU 1
o Hazardous activity identification process ﬂ

Unit: Department of Chemical Engineering

Line manager: Edd Blekkan

Date: 07.03.14

Participants in the risk assessment (including their function): Student: Gaute Trondsen. Co-supervisor: Qiang Yu

solutions and alkanes are used.

Activity/process Responsible | Laws, regulations | Existing documentation | Existing safety Comment
person etc. measures

Characterization of membranes: Qiang Yu

Microscopy, calorimetry etc.

Forward Osmosis testing: Salt solutions Qiang Yu Fume hood

and alkanes are used.

Pressure Retarded Osmosis testing: Salt | Qiang Yu Fume hood
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NTNU

Risk assessment

Unit: Department of Chemical Engineering

Line manager: Edd Blekkan

Date: 07.03.14

Participants in the risk assessment (including their function): Student: Gaute Trondsen. Co-supervisor: Qiang Yu

Activity from the Potential Likelihood: Consequence: Risk Comments/status
identification process undesirable Likelihood Human |Environm|Economy|value Suggested measures
form incident/strain (1-4) (1-4) ent /
(1-4) materiel
(1-4)
Characterization of Nane 2 A A A A2
membranes
Forward Osmosis testing Leakage of water, 3 A A A A3 When alkanes are used the
salt, alkanes. test rig is kept in a fume
hood.

Pressure Retarded Osmosis | Leakage of water, 3 A A A A3 Test rig is placed inside a
testing salt, alkanes. fume hood.

Release of pressure 3 A A A A3

Likelihood, e.g.:

Consequence, e.g.:

Risk value (each one to be estimated separately):

Risk assessment

1. Minimal 1. Safe Human = Likelihood x Human Consequence
2. Low 2. Relatively safe Environmental = Likelihood x Environmental consequence
3 Medium 3. Dangerous Financial/material = Likelihood x Consequence for
4. High 4. Critical Economy/materiel
5 Very high 5 Very critical
NTNU

Potential undesirable incident/strain

Identify possible incidents and conditions that may lead to situations that pose a hazard to people, the environment and any materiel/equipment

involved.

Criteria for the assessment of likelihood and consequence in relation to fieldwork

Each activity is assessed according to a worst-case scenario. Likelihood and conseguence are to be assessed separately for each potential
undesirable incident. Before starting on the guantification, the participants should agree what they understand by the assessment criteria:

The likelihood of
something going
wrong is to be
assessed according to 1
the following criteria:
1 Minimal
Once every 10 years
or less 2
2 Low
Once a year
3 High 3
Once a month
4 Very high
Once a week or more 4
often

Human consequence is to be

assessed according to the following
criteria: 1
Relatively safe

Injury that does not involve absence
from work; insignificant health risk
Dangerous 3
Injury that involves absence from
waork; may produce acute sickness
Critical 4
Permanent injury; may produce
serious health damage/sickness
Very critical

Injury that may produce fatality/ies

Environmental conseguences are assessed
according to the following criteria:
Relatively safe

Insignificant impact on the environment
Dangerous

Possibility of undesirable long term effects;
some cleanup is to be expected

Critical

Undesirable long term effects, cleanup to be
expected

Very critical

Damaging to living organisms; irreversible
impact on the environment; cleanup must be
undertaken

The unit makes its own decision as to whether opting to fill in or not consequences for economy/materiel, for example if the unit is going to use
particularly valuable equipment. It is up to the individual unit to choose the assessment criteria for this column.

Risk = Likelihood x Consequence

Please calculate the risk value for “Human”, “Environment” and, if chosen, “Economy/materiel’, separately. For activities with a risk value of 16
or 12, or a single value of 4, safety measures (designed to both reduce the likelihood and to limit the consequences) must be documented with
descriptions of measures and allocation of responsibility.

About the column ”"Comments/status, suggested preventative and corrective measures”:
Measures can impact on both likelihood and consequences. Prioritise measures that can prevent the incident from occurring; in other words,
likelihood-reducing measures are to be prioritised above greater emergency preparedness, i.e. consequence-reducing measures.
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H Finished in the lab form

NAME: Gaute Tolds Trondsen

Finished in the lab?

Supervisor: May-Britt Hagg

What has been done

Accepted by Accepted by the
Goril apparatus

1. Solutions

- waste or
- give to someone who needs it

Removed solutions removed labels

Clean flasks (remove labels from them)

Flasks have been cleaned and labels
removed

responsible
7

2. Remove samples

Remove samples from shelves, drawers, freezers and fridges.
IF they can’t be removed, talk to Ggril or your supervisor about it.

Removed samples from the lab

Clean sample bottles, remove labels

No bottles were used

Lwin?

3. Lab-jacket Return lab-coat to Arne. No lab coat was borrowed //Mi{_ 173

4. Check chemicals. | If someone is going to use these chemicals, re-register to the Chemicals have been re-registered Haclde ec
other user. _
If nobody needs them, deliver them to Arne.

5. Apparatus Clean the apparatus and surroundings, remove all solutions, +tell | Apparatus cleaned 2
the apparatus responsible if something is not working!

6. All other If you have been using equipment/glass ware which you picked Glassware returned Haolele 1the

equipment / up from Arne/Frode, please return them. =

glassware

Instructions:

- Please fill the form. THEN talk to Ggril and explain what has been done.
- All points except point number 5 will be signed by Geril. .
- Point 5: The tidiness of the apparatus will be accepted by the apparatus responsible (see apparatus card).

If you are unsure what to do, talk to your supervisor/ Ggril/Lily/May-Britt. We will help!
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