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1.

GENERAL

The scope of this study is to determine the short term overload
capability of Cable No. 116 in the event of the loss of one pole of
the dc transmizsion system. Such a loss would result in the loss of
250 MW of transmitted power. This exceeds the spinning reserve
capability of the Hawaiian Electric Company on Oahu. The maximum
allowable first contingency power loss which can be acconmodated by
the available spinning reserve while maintaining the integrity of

- the system is 125 MW, The loss of one pole of the dec system would

therefore require an increase of 50 percent in the transmitted power
on the remaining pole for a period of time up to 4 hours., The
surviving pole conductor during this pericd must therefore carry 150
percent of rated power, i.e. 375 MW corresponding to 1250 amps. The
findings are included in this report.



2. CONCLUSIONS

1. Cable No. 116 can sustain 150% of rated lcad for ‘greater than
4 hours from the thermal and thermomechanical aspects, i.%. not
exceeding the maximum allowable conductor temperature of 857C and
not exceeding a 60 C temperature difference between conductor and
ambient, respectively.

2, Cable No. 116 can sustain 150% of rated load for greater than
4 hours from the hydraulic aspect providing that a second
contingency, i.e. interruption of load or severance of the
cable, does not occur during the overload period.

3. In the event of a second contingency occurrence during the
overload period, some length of cable would have to be replaced.
The length would be limited by the presence of oil £flow
restrictors in the cable o0il doct. On this basis, an overload
corresponding to 150% of rated load can be considered acceptable.

4, For the case of an impulse voltage superimposed on dc voltage
during the overload condition a reduction in safety margin of the
BIL from 20% to 12% would be required to reduce the electrical
stress on the outside of the insulation from 68.8 to the
acceptable value of 65 KV/mm.

These conclusions apply-to the Alenuihaha Channel and to the Maui to
Oahu routes except that for tBe latter route the feeding pressure must
be reduced from 30 to 22 kg/cm” and minor changes in cable design should
be considered. T



3.

4.

CABLE DATA
2

The cable considered in this study is a 1x1600 mm® aluminum
conductor, paper insulated, lead alloy sheathed, metal tape
reinforced, PE jacketed, double galvanized steel flat wire armored,
PPE served self contained oil filled cable rated 300 kv d.c.

The corplete cable characteristics are shown in the document
entitled "Hawaii Deep Water Cable Program -~ Fhase 1II - Cable
Construction Specification" dated September 1985. This document
describes the final design of the cable designated "Solution 116" in
the document "Hawaii Deep Water Cable (HDWC) Program - Phase II -
Final Report - Cable Design Parametric Study" dated May, 1985.

As specifically recquested, the overload capability of the cable has
been determined for time durations of 15 minutes, 1 hour, 2 hours
and 4 hours. For reasons of completeness and for investigation
other time durations are also shown.

THERMAL CALCULATIONS
4.1 Thermal Conditicns
In accordance with the above mentioned documents, the

following assumed thermal conditions for the design of the
cable, were used in this study:

Cable Thermal Ambient Cover
Location Resistivity Temperature Depth
(“C.m/W) {7C) (m)
— Sea bottom (BOT) 1.5 3 100
- Intermediate (INT) 1.5 14 10
- Shallow water (SHA) 1.5 25 3
- Average assumed for hy-
draulic purposes (HYD) 0.7 3 0.3

NOTE: Calculations of hydraulic transients are based on an
average cable temperature along the cable route., The
cable route may include naturally or artificially
embedded sections as well as sections where the cables
are not embedded. In order to establish an average.
conductor temperature for calculation of hydraulic
transient, the above conservative HYD conditions were
utilized.



4.2

4.3

Conductor Temperatures at Rated Power and 100% Ioad Factor

The calculation of the conductor temperatures at the rated
power (250 MW corresponding to 833 Amps) was made employing
final cable design dimensions and a rigorous method of
calculation in accordance with the IEC 287 Publication. This
is in contrast with the calculations for the Parametric Study
in which the cable dimensions were not yet finalized and the
method of calculation included some minor approximations.

The computer program for the calculations was written in such
manner that the conductor temperature is the input and the
current carrying capacity at 100% load factor (continuous
load) is the calculation result, ‘Therefore an iterative
method was used and only the final computer printout (CP) is
shown.

In this manner. the following temperatures were obtained for
rated power under continuous load under steady state
conditions:

Conductor Terperature Drop

Temperature Conductor to Agbient
.. BOT 40 gc , 37 gC (see CP 1)
.s INT 40 OC 26 OC (see CP 2)
.+ SHA 47 OC 22 oC (see CP 3)
.= HYD 12 7C 9 °C (see CP 4)

o0ad |

Calculations were performed at 150% of rated power (375 MW
corresponding to 1250 Amps) and 100% load factor (continuous
load). The purpose of these calculations was to select the
thermal conditions for further study under transient
conditions since if the cable temperature is acceptable under
continuous leoad, it will be acceptable for any time duration.

The calculated results are as follows:

.. BOT 108°C and temperature drop 105°C (CP 5)
Unacceptable for both thermal (conductor temperature
exceeds 85°C) and themmomechanical constraints
(temperatu%e drop between conductor and ambient
exceeds 607C). Further study required for transient
conditions.

.. INT 80°C and temperature drop 66°C (CP 6)
Unacceptable for thermomechanical reasons.
Further study required for transient conditions.

.. SHA 81°C and temperature drop 56°C (CP 7)
Acceptable; no further study is required.



4.4

.. 1D 23°%C ang temperature drop 20°C (CP 8)
Acceptable from a thermal point of view. However
these conditions must be investigated considering the
hydraulic constraints. Therefore, further study under
transient conditions is required.
1 Transient Zonditio
The computer calculations are based on the theory described in
the CIGRE paper "Current Ratings of Cables for Cyclic and
Emergency Loads™ - Electra No. 24, 1972. For engineering
information the thermal transient for BOT, INT and YD at
rated load are shown in CP 9, CP 10 & CP 11, respectively. It
will be noted that the steady state (*¥%**#%i%) yalues of
conductor temperature are in agreement with the values shown in
CP 1, CP 2 and CP 4, respectively.

The next step was the calculation of the thermal transient in
the cable starting with the conductor temperature under steady
state conditions (shown in the CP's as TAMB) with the
application of 150% of rated load (1250 amps).

The following results were cbtained. (*)

Duration Conductor Temperature
BOT (CP 12) 15.min 43 0C

1 hour 50 op

2 hours 55 °C

4 hours 59 °¢

12 hours 64 % (*%)

24 hours 67 9¢ (**)

Steady state 108 °¢ (*¥)
INT (CP 13) ~Duration Qonﬁuctgg Tenmperature

15 min 43 °C

1 hour 50 °¢

2 hours 56 °C

4 hours 60 °c

12 hours 64 °c

24 hours 67 %

Steady state 80 ¢ (**)

(*) The results shown are rounded off.
performed with many decimal digits.

The calculations were

SHA No investigation required (See para. 4.3)
HYD Discussed in next section.

Under BOT and INT conditions, the conductor temperatures are
very similar and acceptable except for the BOT condition
beyond at least 24 hours. The temperatures marked (**) are
not acceptable based on thermomechanical constraints.



5.

It can therefore be stated that from the thermal aspect only,
the required overload capability is acceptable.

With reference to CP 12 and CP 13, it will be noted that the
steady state temperatures were not printed out.

RAUL.T

The computer programs are based on the theory shown in the CIGRE
paper "Transient Pressure Variations in Submarine Cables of the Self
Contained 0il Filled Type" - Electra No. 89, 1983,

During the heating and cooling rphases, which correspond to - the
application of load and to the postulated interruption of load
respectively, the maximum transient oil pressure variaticn in the
cable cccurs at the middle of the route. In order to determine the
pressure difference between the 0il in the cable and the surrcunding
water, the difference between the water head and oil head, due to
difference in densities has been calculated at the water depth
midway in the route for the heating phase (200 m for Maui to Oahu
and 1000 m for the Alenuihaha Channel} and at the maximum water
depth for the cooling phase {700 m for Maui to OGahu and 1915 m for
the Alenuihaha Channel)  This approach yields conservative results.

5.1 Transient Conditions at Rated Load

Cable No. 116 was selected from the Parametric Study for Route.
2, i.e. one section of 100 km across the Alenuihaha Channel
and another section of 152 km from Maui to Oahu.

In the Parametric Study, the maximum feeding length for Cable
No., 116 is given as 190 km. Further, in the Parametric Study
the requirements were such that the anomolous condition of
having the ceexistance of the maximum length and maximum depth
was considered. In this study, the suitability of the
hydraulic design is  investigated, using the actual
characteristics of the cable and routes.

5.1.1 Maui_ to_Oahu
CP 14 indicates the following:

1) Thermal transient identical to CP 11 but with a
time interval of 0.5 hour.

2} The maximum positive pressure transient variation
during the heating phase occurs after 120 minutes
into the Peating phase at a value of approximately
13 kg/cm® (185 psi)., The maximug differernce
between the water/oil head is 1 kg/cm (14.2,psij,
and the cable feeding pressure is 30 kg/cm™ (426
psi), the oil pressure is highea than the water
pressure by approximately 42 kg/cm® (596 psi), i.e.
(30+13-1). This is an acceptable value since it is
below the aqualification test intermal pressure
withstand value with a sufficient margin.

-fe—



5.1.2

3)

4)

The maximum negative pressure transient variation
during the worst possible cooling phase was
selected by the computer among all possible
transients when the load is switched off 1020
minotes after the beginning of the heating phase.
Under this condition, the maximum \;ralne-2 of pressure
variation is approximately 15 kg/cm® (213 psi)
after 150 minutes of the cooling phase. This is
not evident in CP 14 but was confirmed using a 1
hour time step. The maximum difference between
water/oil hegd along the longest section of Route 2
is 5 kg/em®™ (71 pﬁi), and the cable feeding
pressure is 30 kg/cm® (426 psi), the oil pressure
is highel:2 than the water pressure by approximately
10 kg/em™ (142 psi), i.e. 30-15-5, The safety
margin is larger than usual due to the anomolous
design conditions assumed in the Parametric Study
(See 5.1),.

In case of a severance accident at one end of the
cable, the positive oil pressurg gradient at the
severance peoint is 0.14 kg/cm®/km (3.2 psi/mi)
which is larger than the minimum required by
experience (0.03).

The results in 3) and 4) suggest the possibility that

the feeding pressure may be significantly reduced. ”

This aspect will be addressed later in the report.
EJ -l ] m 1 v

Similarly, CP 15 indicates the following for the
Alenuihaha Channel.

lD

2.

3.

The thermal transient is the same as shown in CP 11
except for the 0.5 hour time step.

The maximum positive pressure transient variation
during the heating phase occurs after 90 minutes
into thezheating phase at a value of approximately
10 kg/em” (142 psi). This is an acceptable value.

The maximum negative pressure transient during the
worst possible cooling phase was selected by the
computer among all possible transients when the
load switched off 1020 minutes after the beginning
of the heating phase as in the previous case.
Under this condition, the maximum valu3 of pressure
variation is approximately 11 kg/em™ (156 psi}
after 120 minutes of the cooling phase.
Since the mztzimmn difference between water/cil head
is 10 kg/em™ (142 fsi), and the cable feeding
pressure is 30 kg/cm” (426 psi), the o0il pressure
is highrir than the water pressure by approximately
9 kg/cm® (128 psi), i.e. 30-11-10=9. As before,
this pressure is higher than usual.

-7-




5.2

4. In the event of a severance accident at one end of
the cable, the positive oil pregsure gradient at
the severance point is 0.21 kg/cm“/km (4.8 psi/mi).
This value is larger than in the previous case.

The results in 3) and 4) suggest the possibility

that the feeding pressure may be significantly
reduced. This aspect will be addressed to later in
this report.

Trangient Conditions Duri 50% of Rated

Two different cor:d%tions o% starting gonductor temperature
were considered, 12°C and 3°C. The 12°C starting conductor
temperature is realistic since it 1Is the steady state
temperature determined in Section 4.2. The 3°C starting
conductor temperature is highly conservative. At the instgnt
of the loss of a pole, the cable could be cooler than 127C.
For example, when the load is reduced overnight, then
increased to full load and after a few minutes, before
reach%ng steady state conditions, there is the loss of a pole.
The 3°C starting conductor temperature is an extreme case and
can be considered ungealisticd A possible case would be
intermediate between 3°C and 127C,

5-2'1

uihaba -
12°C (TAMB in CP 16)

- CP 16 indicates the following:

1. The thermal transient is not particularly
significant since the assumed thermal conditions for
HYD are not stringent from a thermal point of view.
They are very stringent based on hydraulic
considerations.

2. The maximum positive pressure transient variation
during the heating phase occurs after 60 minutes
into the 2heating phase at a value of approximately
17 kag/em® {241 psi). The Adifference Between the
water/o0il head is conservatively 5 kg/em® (71 psi).
Hence, at this location the oil pressure is highe£
than the water pressure by approximately 42 kg/cm
{596 psi), i.e. 30+17-5, which is an acceptable
value.,

3. During the cooling phase, the meximum acceptable
negative value of transient pressure variation fOE
this program under regular conditions is 18 kg/cm
(255 psi). ‘The value of 18 was determined by
subtracting from the o0il feeding presgure of 30
ka/cm® (426 psi) the value of 10 kg/em™ (147 psi)
corresponding to the maximum difference o
water/oil head and the factor of safety of 2 kg/cm
(28 psi).



Based on preliminary calculations it was shown that
in some cooling transients the 18 kg/om® maximum
acceptable negative value of transient variation was
reached. For this reason, CP 16 was run with a
long series of cooling transients. The sults
indicate that the 1limit value of 18 kg/cm® (255
psi) is reached if the load ig interrupted after 3
1/2 hours into the heating (overload) phase, 90
minutes after the beginning of the cooling phase.
If interruption of the load cccurs up to 4 hours
from the beginning of the heating phase, the safety
margin is reduced but no dangerous pressures
appear. Further discussion on this point is
reserved until exsmination of the next transient
cordition in paragraph 5.2.2,

4. The last page of CP 16 shows that the oil pressure
gradient at the severancg point of this route is
negative at -0.1283 kg/cm“/km (-2.93 psi/mi). This
means that in the case of a severance accident at the
far end of the route (100 km) during the overload,
the sea water will enter the cable and some length of
the cable will have to replaced.

5.2.2 A%gng;h ha Channel - Startina Conductor Temmerature

iha
3°C (TAMB in CP 17)
CP 17 indicates the following:

1, The thermal transient is not particulariy
significant for the reasons cited previously.

2. The maximum positive pressure variation during the
heating phase occurs after 75 minutes into heating
(overioad) phase at a value of approximately 20
kg/em® (284 psi). ‘The difference bEtween the

- water/oil head is conservatively 5 kg/cm® (71 psi).
Hence, at this location the ¢il pressure is highei
than the water pressure by approximately 45 kg/cm
(639 psi), i.e. 30+20-5. This is an acceptable
value,

3. The maximum acceptabl§ value of negative transient
variation of 18 kg/cm® (255 psi) during the cooling
rhase is reached if the 1load is interrupted
approximately 2 hours into the heating (overload)
phase and approximately 2 hours after the beginning
cf the cooling phase. If the load is interrupted
after an overload duration longer than 2 hours
dangerous pressure variations can occur, i.e. the
water pressure will be higher than the oil
pressure, If the load is not interrupted but is
gradually decreased, this danger does not exist.
As a first approximation it can be proposed that
the load be decreased al the end of the overload to

—-0-



5.2.3

4.

the rated value of 250 MW over at least the same
period of time as the overload duration. After
this period, the load could be switched off, if
necessary.

In the case of cable severance during overload, the
situation is worse than indicated in paragraph
5-2.1-

Maui_to Qahu-Startino Conductor Temperature L2°g
(TAMB in CP 18)

CP 18 indicates the following:

1.

2.

3.

The thermal transient is not particularly
significant for the reasons cited previously.

The maxinum positive pressure variation during the

heating phase occurs after 90 minutes into heating
(over}oad) phase at a value of approximately 25.5
kg/cm® (362 psi). The difference between the water
head and o0il head is approximately 1 kg/cm” (14.2
psi). Hence, at this location the 0il pressure is
higher thafl the water pressure by approximately
54.5 kg/em” (774 pei), i.e. (30425.5-1). This is
in excess of the test value and is not acceptable.

During the cooling phase, the maximum acceptable
negative value of transient pressure variation for
this sprogram under regular conditions is 24.5
kg/cm® (348 psi). The value of 24.5 was determined
by suEtracting from the oil feeding prespure of 30
kg/cm”™ (426 psi) the value of 3.5 kg/cm” (50 psi)
corresponding to the maximum difference between thE
water/oil head and the factor of safety of 2 kg/cm
(28 psi).

The maximum acceptable negative valEe of transient
pressure variation of 24.5 kg/cm™ (348 psi) is
reached if the load is interrupted 3 1/2 hours into
the heating (overload) phase, 150 minutes after the
beginning of the cooling phase.

Another limiting value of 16.5 kg/cm (234 psi),
which will be explained in paragraph 5.2.5, is
reached if the load is interrupted 2 hours into the
heating (overload) phase, 150 minutes after the
beqginning of the cooling phase.

The last page of CP 18 shows that the oil pressure
gradient at the severance point is negative. This
means that in case of a severance accident during
the overload, the sea water enters the cable and a
length of the cable will have to be replaced.

=10-



5.2!4

Maui to Qahmt — Starting Conductor Temperature 1%
{TAMB in CP 19)

cp

1.

2.

3.

19 indicates the following:

The thermal transient is not particularly
significant for the reasons cited previously.

The maximum positive pressure variation during the

heating phase occurs after 90 minutes into heating
(overioad) phase at a value of approximately 28
kg/cm® (397 psi). The difference betwsgn the
water/oil head is approximately 1 kg/cm® (14.2
psi). BHence, at this location the 0il pressure is
higheﬁ than the water pressure by approximate 57
kg/cm™ (809 psi), i.e. 30+28-1. This is in excess
of the qualification test internal pressure
withstand value and is not acceptable.

During the cooling phase, the maximum acceptable
negative value of transient pressure variation for
this oprogram under regular conditions is 24.5
kg/cm™ (348 psi). The figure of 24.5 plus 3.5, the
maximum difference between water head and c¢il head
plus 3, minimum acceptable safety margin, equals 30
kg/cm® (426 psi) the feeding pressure.

The maximum acceptable negative va%ye of transient

- pressure variation of 24.5 kg/cm® (348 psi} is

reached if the load is interrupted 3 hours into the
heating (overload) prhase, 180 minutes after the
beginning of the cqoling phase.

If the load is switched off after an overload
duration longer than 3 hours, dangerous pressure
variations can occur, that is the water pressure
will be higher than the oil pressure, If the lcad
is not switched off but it is gradually decreased,
this danger does not exist.

The second limit considered of 16.5 kg/am® (224
psi) is reached when the load is interrupted 110
minutes into the heating (overload) rphase and
approximately 3 hours after the beginning of the
cooling phase. These values were determined
through interpolation of the data in CP 19.

The last page of CP 1% shows that the oil pressure

gradient at the severance point is negative. This
means that in case of a severance accident during
the overload, the sea water enters the cable and a
length of the cable will have to be abandoned.

_ll_



5.2.5

i to educed 011 Feeding Pressure Effects
o) r nditions

Bs sgpwn in paragraph 5.1.1., when feeding at 30
kg/cm“ the safety margin for both conditions:

.. difference between water head and 0il head during
the worst possible cooling transient phase and, -
.. 0il pressure gradient in case of severance accident

are much larger than usual.

Of the two conditions cited above, the results of
calculations indicate that the condition of
maintaining acceptable oil pressure gradient in the
case of a severance accident is controlling with
regard to a reduction in oil feeding pressure.

In CP220 it is shown that the feeding pressure of 22
kg/ecm™ (312 psi) could assure at the seveyance peint
an oil pressure gradient of 0.032 kg/cm“/km (0.731
psi/mi) which is an acceptable value. With a feeding
oil pressure of 22 kg/cm” (312 psi), adjusting for the
water/0il head pressure differential of 3.5 kg/cm” (50
psi) and the factor of safety of 2, the maximum
acceptable .wvalue of transient pressure variation
during cooling is 16.3 kg/cm“ (234 psi). Therefore

the value of 13 kg/cm” (185 psi) shown in paragraph

5.1.1 for the positive pressure transient wvariation
during the heating phase under rated 1load is
acceptable.

This is the basis for having made reference to the
16.5 kg/cm™ (234 psi) value in 5.2.3 and 5.2.4.

Adopting 22 kg/cm® (312 psi) shown in paragraph 5.1.1
for the positive pressure transient variation during
the heating phase under rated load is acceptable.

This is tEe basis for having made reference to the
16.5 kg/cm™ (234 psi) value in 5.2.3 and 5.2.4

Adopting 22 kg/em> (312 psi) as the oil feeding
pressure, the maximmm positive pressure wvariation,

-during the heating (overload) phase is added to 21

kg/cm2 (298 psi) of inpase& static pressure, i.e. 22
kg/cm® minus 1 kg/om® for the water/oil head
difference resulting in presgure differentials betweeg
0il and water of 46.5 kg/cm® (660 psi) and 49 kg/cm
(695 psi) for the conditions shown in 5.2.3 and 5.2.4,
respectively. These values are below the test value
although the safety margin is low. However, it is
possible that with minor changes in the cable design,
e.g. a small increase in the conductor core diameter,
a reasonable margin of safety could be achieved,

-12-



6.

There are of course more elegant solutions for the
link between Maui to Oahu, e.g. intermediate landing
in Molokai, different type cable, but they are outside
the scope of this study.

ELECTRICAL, CAICULATIONS

The results of a complete set of electrical calculations are shown
for Cable No. 116. The results are more detailed than in the
Parametric Study because both the cable characteristics and required
performances are now well defined.

6.1

6.2

Rated Ioad Conditions (833 Amps)

Hottest thermal conditions (SHA).
Temperature drop across the insulation (including shields) = 4
deg. C.

Electrical stress (kV/mm) Inside Qutside
Insul. Insul.

Capacitive 32.8 23.3
Resistive (in operation), cold 30.1 25,2
Resistive (in operation), hot 26.7 28.2
Resistive (load cycle test), cold 58.5 51.9
Resistive (load cycle test), hot 53.9 - 56.0
Impulse with no d.c. 84.7 60.2
Inpulse superposed d.c. opp. pol., cold 87.3 58.2

- Impulse superposed d.c. opp. pol., hot 90.7 55.2
Impulse superposed d.c. same pol., cold 81.9 62.0
Impulse superposed d.c. same pol., hot 78.5 65.0
Polarity reversal (at 1.5 Uo), cold 54.0 31.4
Polarity reversal (at 1.5 Uo), hot 58.1 17.8

All the above values are acceptable.
o] it] 2

The worst thermal conditions were chosen for the calculations:
INT, where after 4 hours overload the conductor temperature is
around 60 deg C with a temperature drop acress the insulation
(including shields) around 11 deg C (CP 13).

Electrical stress (kV/mm) Inside Outside
Insul. Insul.
Capacitive 32.8 23.3
Resistive (in operation), cold 30.1 25.2
Resistive {in operation), hot 22.8 32.0
Resistive (load cycle test), cold 58.5 51.9
Resistive (load cycle test), hot 48.5 60.9
Impulse with no d.c. 84.7 60.2

-13-



7.

Impulse superposed d.c. opp. pol., cold 87.3 58.2
Impulse superposed d.c. opp. pol., hot 94.6 51.4
Impulse superposed d.c. same pol., cold 81.9 62.0
Impulse superposed d.c. same pol., hot 74.6 68.8 *
Polarity reversal (at 1.5 Uo), cold 54,0 31.4
Polarity reversal {at 1.5 Uo), hot 62.9 23.3

(*) A1l the above values are acceptable, except the one marked
with an asterisk, The maximum allowable value for that
condition is 65.0.

6.3 Possible Test Conditions

If tests under overload conditions are required, the lo
cycle and peclarity reversal test should be carried out at 90°°C
conductor temperature and 1250 amps load. These conditions
could be obtained by inserting around the cable additional
material having high thermal resistance, e.g. asbestos tape.

The relevant electrical stress walues under the test
conditions with the cable hot are indicated below. The
results in case of cold cable would be unchanged.

Electrical stress (kV/mm) Inside Qutside
Insul, Insul.
Resistive (load cycle test) 49,2 60.3.
Inpulse superposed d.c. Opp. Pol. 94,1 51.9
Polarity reversal (at 1.5 Uo) 62.3 23.9

The above values are acceptable.

DISCUSSION OF RESULTS

Cable No. 116 can sustain 150% of rated load for greater than 4
hours from the thermal and thermomechanical aspects. The hydraulic
and electrical constraints are more stringent and require
consideration of - possible contingencies that may occur
gimultaneously.

In the following the significance of these contingencies will be
discussed to enable the system engineer to consider the likelihood
of their occurrence and to evaluate the consequences thereof.

7.1 Cable Severance

The probability of a simultaneous cable severance at one erd
during overload due to loss of a pole must be evaluated.
Since complete cable severance is a rare event *{once during
the cable life) during loss of a pole (first contingency) must
be considered as a low order of probability.
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7.2

7.3

However, in the event of cable severance, ©0il leakage could
occur. Some length of cable would have to be replaced in this
event due to ingress of water. The quantity of cable to be
replaced would be 1limited by the presence of o0il flow
restrictors in the cable.

Water Pressure Higher Than Oil Pressure During Cooling Phase
After Overload _

This is of concern since in the case of previous extemal
damage to the lead sheath instead of o0il leakage from the
cable, which would not impair its serviceability, the water
could gain ingress to the insulation precipitating an
electrical failure. In this event, some length of cable would
have to be replaced limited, as before, by the presence of o0il
restrictors in the cable o0il duct.

The likelihood of water gaining ingress to the insulation as
described above is contingent on the probabilities of the
following simultanecus conditions:

. The existence of previous extemal damage to the lead
sheath.

. The location of this damage in the lead sheath to a cable
section of high depth, i.e. water pressure higher than oil
pressure. In this regard, based on experience the
1likelihood of external damage to the lead sheath in deep
water is very small.

*Submarine cable failure statistics are available in CIGRE
papers. The latest paper soon to be published is CIGRE 1986
Paper 21/12 entitled "Methods to Prevent Exteimal Damage to
Submarine Cables". Reference can also be made to PCC
document "Hawaii Deep Water Cable (HDWC) Program - Draft
Cable Repair Rationale.

. The duration of the overload condition for more than 2 hours
starting from a cold cable.

. A second contingency fercing sudden interruption of the
overload rather than a gradual decrease in the load as
discussed in 5.2.2.

Electrical Stress

The electrical stress on the outside of the insulation in the
case of impulse superimposed on dc of the same polarity with
the cable operating in the overload mode is 68 kV/mm compared
to the maximum acceptable value of 65 kV/mm., The first
consideration in this regard is the probability of the cable
being subjected to impulse while in the overload mode of
operation. A second consideration is as follows:




The electrical calculations involving impulse were performed
at the required BIL of 775 kV, i.e. 2.58 Uo.

The lightning arrestor level is 2.15 Uo. The 2.58 Uo BIL
corresponds to 2.15 Uo plus a safety factor of 20%.

Using 2.15 Uo, the electrical stress under consideration is
58.8 kV/mm, an acceptable value, compared to the value of 68.8
kV/mm corresponding to 2.58 Uo. The maximum acceptable stress
level of 60 kV/mm corresponds to 2.408 Uo Whlch corresponds to
a factor of safety of 12%.
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8. SUMMARY DATA

MAUI to Oahu-Rated Load

Thermal

Heating Phase

Cooling Phese

Severance

0.K.

42 kg/cm2 oil to water
pressure differential.
Acceptable

10 kg/cm2 oil to water
pressure differential.

.Higher than normal

Positive oil pressure
in case of severamnce

ALENUIHAHA CHANNEL - RATED LOAD

Thermal

Heating Phzse

Cooling Phase

0. K.

35 kg/cm2 oil to water
pressure differential.
Acceptable

9 kg/cmz 0il to water
pressure differential.
Higher than normal

SUMMARY DATA

MAUT to Qahu-1507% Rated Load o
Starting Conductor Temperature Tec=12"C

MAUI to Qahu-15
Starting Conduc

0.K.

54.5 kg/cm2 0il to water pressure
differential after 90 minutes into
overlcad phase not acceptable; excess
of test value

Safety factor of 2 kg/cm2 if load
is interrupted after 3.5 hours of
the overload phase; 150 minutes

after beginning of cooling phase

Negative oil pressure gradient in

case of severance during overload

condition

ALFNUIHAHA (CHANNEL - 150% RATED LOAD

0.K.

57 kg/cm2 o3l t
differential af
overlcad phase
excess of test

Safety factor c
is interxupted
the overload pt
after beginning

Negative o0il p1
case of severar
condition

ALENUTHAHA CHA?

Starting Conduq

Starting Conductor igmperatureTc=lsz*
O.K-‘

42 kg/cm2 0il to water pressure
differential.
Acceptable

Safety factor of 2 kg/cm2 if load
is interrupted after 3.5 hours of
the overload phase; 90 minutes after
beginning of cooling phase. Inter-

ruption of load 4 hours into over-
load phase also acceptable

-17-

G.K,

45 kg/cm2 oil f
differential,
Acceptable

Safety factor ¢
interrupted aff
load phase; 12(
of cooling rha:
later than Z h
pressure is hij

Not acceptable




8. SUMMARY DATA (CONT'D)

A\ALENUTHAHA CHANNEL - RATED LOAD

Severance Positive o0il pressure
- gradient in case of

ALENUIHAHA CHANNEL ~ 1507 RATED LOAD
Starting Conductor Temperature Te=120C

ALENUTHAHA ' CHANNEL -~
Starting Conductor Te

Negative o0il pressure pradient in case

Negative oil pressure

of severance during overload condition

of severance during ¢

-18~
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DESIGN  DATA
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| §y o e 23,00 531.90 53.18 THL00 Té.iB- o B2,80 i
e e e o inigide reinforcement 83.40 R R
- e reinforcement 84.60 - - = =
FE sheath PR.50 0 - 1hprmaL 1ua.=_3.5 “L,mfu
4.0

IO TR T B
]

TAFES ——- - armour - 94,40 e e -
JUTE or FPE Bedding: PhH.HO 1h91mdl Tes.=

R “C mfw
FIAT WIRES avmouwy .-

Coom 0240 e et et e e C
- JUTE or PFE bedding- = 135.80 ThPFMaL reg.= 4,0.° lm/u nn
- - FLAT WIRES avrmour - = 144.80 e g i -
- JUTE ov FPE bedding- = §18.40 thPrmal TEE.= 4, 0g°ﬁﬂm/H
--THERﬁAL AND- ELECTRICAL DATA OF THE CAELE MATEHIQLSM+~~?Q¥~LQWMF+

Pl THERMAL RESISTIVITIES (*Com/W) insulation = 5.0 Coground = 4 LH ol e

TEMPER.CQEFF. (1/°02)  cand.= 00403 sheath scr.= 00400 veinf. arm.= .003%
MAaX . OFERATION TEMPERATURES (*C) : cowmductor = 80 ambient = 44+

lELﬁTTVF IERHITTI?ITY = 3,50 TA&N DELTA AT OFERATING TEMF. = .00246
| LNVIRGNMLN]HL LﬂND;T}DNS B ZHL;” R

e b

? a~—_DﬂILY LDQD JALTUR = 1,00 -~ DfRFCT BHhFLD FABLES o laying depth =—10.00 m-
‘ -Laid in - FLAT FLRHHIJDH O SHEATHES = S0LID HUNDFD e e R e
el sl CARLES LALD ARFRANGEMENT  (mm) LA

e e e = S depth - - . interax.distance =, -
e e d L T ODOR S TN
e iy el __-Q;Zr;;"v_ F0000 - .o GOeDO '

| i; LT THERMAL AND ELECTRICAL CALCULATTIONS

: :"ELFUThIFhL RFSJaTﬁNLE OF THE REINFORCEMENT at 20 °C = O‘EJH uhm!kmmm—-u
Lo == INCREASE TN THERMAL RESISTANCE DUE TO MUTUAL HEATING (*C.m/W) e e
bwelcalcuLaTed respect of cable n* 1 = 0126 - of cable n® 2 = ., 9126w .
- GONDUCTOR RESISTAMNCE at 80 "C @ in d.oc. = 0,023 mhmfkm~-; e e o
e CAPACITANCE & L5664 wicvoF/ke =77 DIELECTRIC LOSSES & . 0.000 W/m—-
: Lﬁm-CABLE THERMAL RESISTANCES- --: T1§r;3®54-VTEw@.GOGOP~T3* ;1”65— ol O

‘ v SCRGASHEATHAREINF . RESTET. 6T &92.3 °0 1447 hFﬁCT. = 0 QOOO ohiskm
¥ SCR.O/SHEATH/ZREINF. : RESIST. AT &2.3 "0 = (1447 . REACT. = 0.0000 ohm/km .
L e o LOSS FACTOR centre cable o 0.O000 - . k..
e " * outer cable leading phase Q. ﬂOQO 2263t
! ! " " lagging ¢ Q.00 ¥ N K
ARMQUR : RESTSET. AT &%9.3 °C = P.3979 ohmkm
GROUND THERMAL RESISTANCE T4 = 1.399 ?C.a/W  {(daily L.f. heing considered)
EEUTVALENT MUTUAL HEATING 013 "Camsd (daily Lof. being corisidered)
(and each cable with its own losses beivg considered)
LOSSES © ZOMDUCTOR - = 34.14 W/m (For each phase)
EXTERNAL TEMPERATURE OF THE CaARLLE = 44,7 0
STak  REACTANCE = G,000 ohmSkm

LTI ]

CURRENT CARRYING CAPACITY = 1250 A



YR o - CP 7

CoTL T DESIGN DaTA

)f“* CARLE TYFE (Fireili's designation) = ACIHLBIENJZJIZNS 300
Voo i1 600 w2 300.0 kV 0 Hz
: )vw ELECTRICAL RESISTANCES AT 20 °C (ohm/km) ‘ : :
- cond .= QL0186 0 50 ey w R Shealh= 0.2589 _ arvmour= Q. 33337

L)*“ﬁ*”7 SAUS - ST CONSTRUCTTONAL DATA e {

—e— DIAMETERE (mm) : oll duct cond. cond.scr. insul. core scr. sheath/scr.
e 45,00 51.90 5%.18 T5.00 TH.98 g2.80
n)wvw-- ingide veinforcement = H35.40

e : reinforcement = b4, 40

R S - FE  sheath - = 9AG0 . thermal res.= 3.3 “L.mfw
‘ p;éaaiw~M&w e TARES - - armoure—- = “4 40 T T wf-

R — SUTE ar FRE bedding - LAY Thermal res.= 4.0° LanN%E
e e i FLAT WIRES avmour — §OR.60 o oo o e e
‘!mw@mummmmvﬂuv-;- JUTE or FFE bedding - 10%.80 . thermal res.=" 4.0 *Cum/l3, -

O

s cram e e FLAT WIRES armour- - = §11.80 SR L S
: = §18.40  thermal vesy=s 4.0 “C.m/ /W,

.b'“””””“”"w-4i ~ JUTE ov FPE bedding

THLRMﬁL ﬁNQ ELFCTRICAL DATA OGF THE CARLE MATERIALS

‘mLA THFEHQL RE%I&TIVTTTFS ( cC. mfw) : insulation = 5.0 : ground = 1.5 oo

— TEMFER.COEFF. (1/°0) @ cond.= 00403 sheath/scr.= 90409 reinf./arm.= 00RY

‘wm Max., OQPERATION TEMPERATURES (°C) : conductor = 81 amlrient = 25- S -
—_ HFLﬁTJVF FFRMITTIVITY = 3.50 TaN GELTA AT ﬂFLhﬁIlHG TEMP; = ‘Oﬂhé

[ S S - S S e O - a4 1 s vt i <+ e v B ‘.‘;;. T v

)" D _ ENVIRONMENTAL LDNDITIUH? o o

P DAILY LOAD FACTOR = 1.00 - PlhEPT BUhIED Lﬁﬂll? : lmyinq dwpih = . 3,00 m
| - laid in FLAT FORMATION - - - SHEATHES = SOLID RONDED o~ SR
e R LHBLES LATD ARRANGEMENT {wmm) SO
e - : n® : depth interax.distance. - -
Ll e e A EROOD - - e [0 RV S R A
: )y R 2 3000 - : 60@00 e

THbRﬂhL HND FLELTRFPAL CALFULQT1DNS w"fmwfl- -

§ mmmd cr R e mem e . - . T R S

e ELECTRICAL HEaISTﬁNCF OF THE hLFNFDhCFMLNT t ”0 L o= 0 '“? uhmfkm
e TMEREASE IN THERMAL RESISTANCE DUE 70 MUTUAL HEATING (*C.m/W)
‘ Dwm-caLuuLafed respect of cable n® § = ".0012 -~ of cable n“'" =7
wzer CONDUCTOR RESISTANCE &t 81 € : indic. = €.0231 cho/hkn ca LA
T CAPAGTITANCE @ L5468 microFZkem ~ 7~ DlLLLﬁTRIL.LDS>ES- 0 OOQ’ ufn";
1 lﬂ@uCﬁHLF THERMAL RESISTANCES ¢ Ti= 3034 T2=0.0000 T3=-i1265 '°C. mfw s
—- SLE N HEATH RLINF,. RESIST. AT &%.5% °C 448 HEACT. = O OOQO ohmﬁkmmﬁ
';)n»—-SER SEHEATHAREINF .. RESIST. AT &4%2.5 *0 = 1448 REACT. = 0.9000 - chm/km-=
e LGS& FACTOR centre cable = 0,0000 W
; ‘ww@yww#w*- " outer cable leading phage = 0.0000 WAEH L L e
: ' s " * - lagging - ° = 0, 0000 IR -
e ARMOUR : RESIET. AT &9.5% *L = D.3AY81 ahwkm : R LE
Y GROUND THERMAL RESISTANCE T4 = 1.403 “C.n/W  {daily L.f. being considered)-
EQUIVALENT MUTUANL HEATING : - L84 *ComsW (edaily L.f. being considered)
{and each cable with its own losses being considered) -
e LOSSES - CONDUCTOR = 36,14 Wim (for each phase)
y !ﬁ EXTERMAL TEMPERATURE QF THE CARBLE = &4.,% *(C
-oae STaR  READTANCE = 0,000 oha/lkm

.ﬂ01'

e o CURRENT CARRYING CAPACITY = 1250 A



DESTGN  DATA

- CARLE TYFE (Fivrelli's desiqnmﬁiaﬁ) = ACEAMLETENIELELS Z0H

—— x40 mma F00.0 k¥ O Hz

« b ELECTRICAL RESISTANCES AT 20 °C <ohw/hkm) :

e cond.= 0.0§840 Scr@Pn$M%%*%M% sheath= 0.,2589 armour= O, 3353

[“l."JH‘\ TRUCT L[JNM DﬁTﬁ

S DThﬁLTIhS (mm) :'oil duct cond. cmndiﬁcra insulbl., core scr. sheath/scr.
X Wt - 2%.,080 51,90 nE,4108 PEL Q0 TH.18 g .80 -
T et ingide reinforcement = HR,40
< reinforcemnsnt C T N

Dﬂffww'ﬂ»gwmmwfmt FE sheath - = 93,50 - thermal reg.= I J ﬁmfu*
e TAFES - armour = R4.40 - - : 7
i i JUTE oy PPE beddingl = 94,400 - lhﬁ1mni" TRE. 4 @ “[Am/UL_
‘ ';f Fl.aT WIRES armour = OB A0 i i e, g
! e JHITE or FRE bedding o fGE 300 Thmrmal T LT 4:9?“F'm!NW '
o FLAT WIRES armouy - = {4488 - T e e o

I ~@»'4n};  o Jllrh ar PPE bhedding = 183,49 thavma L'i“ﬁ£¥;== 4 0 “(,Anh H .

Naliers THFPMﬁL ﬁHB.ELEETRICﬂL DATA OF THE CABLE MATERIALS - - e

r - THERMAL RESISTIVITIES (*C.m W) : insulation = 5.8 - ground = 7 -

- TEMPERLCOEFF. (1/7°0C) & cond.= .00403 sheath/sar.= 004080 veinT. arm.s (00359
o oo MAXL OFERATION TEMPERATURES (°C) : cvownduector = 23 ° ambient = 3 R
- RELATIVE PERMITTIVITY = 3.3 TaN DELTA AT OFERATING TEMF. = .00626

LNULhU!HF&TAL FHVH[TIUNS B T TR T

- DATLY LOAD FALCTOR = QO - DIHEFT hUETFD LﬁBIFS : laving depth =  0.30 m-
- Lald ln . FLAT FDhMATJUN s SHEATHES = S0OLID BONRDED D T T
‘e A CARLEER LATD ARRANGEMENT (mm? e
e o depth infwraxadiﬂTaHQEMW3@¢¢T?¢¢¢.5‘ P
N : SO £ 1 I o) 5
B -2 300 . éQOOO . e

THrFﬁﬁL ﬁND LILC!??F&L PﬁIFULhTIﬂN.

a ..,-..‘. _— N L

. LLLCTHIFﬁL HESJ TﬁNLF ﬂk fdl fE]NFDPFFMkNT aT ”0 o= 9;22? uhmikm

— INCREASE IN THERMAL RESTETANCE DUE TO MUTUAL HEATING (“C.as/W) R I
) calculated respect of cable n® 4 = L0000 - mf'cahLE'n°'7iwifAOOOO

CONDUCTOR RESISTANCE at 23 °L : in d.ic. = 0.0788 oho/km. T

e CARFACITAMCE 2 L B6b micraF ke 7 =7 NIELECTRIC LOSSEST 2. 0 GGO u/mi
’-T-CQBLE~THERMHL RESISTANCES .= Ti= .3054 T2=0.0000 T3= .1245..°C. mzuw

SCRL/ASHEATH/REINF . RESIST. AT 14,3 ¢ = 0 OOQO ﬁhmikm

= L1183 uthr‘ =
'%r SCR./SHEATH/REINF.: RESIST. AT 14.3 °C =" 1183 = REACT. = 0.0000- Dhm!Lm e

LOSS FACTOR centvre cable = Q90000 | X%
- . " puter cable leading phase = Q,006050 36 3
- : * ! " " Lagyging 1 = Q. 000 336
ARMOUR - RESIET. AT 14.3 °C = 0.32589 abhimd km ‘ :
. - GROUND THERMAL RESISTAHNCE T4 = BT L wmAU {daily L.T. hPihq runﬁlﬁﬁiﬁd}
EQUIVALENT MUTUAL HEATING L0 *ComsW {daily Lof. being considered)
{and each cable with its own losses being considered)
_ LOSSES © CONDUCTOR = 29,47 Wem (Tar each phagse)
d EXTERNAL TEMPERATURE OF THE CARLE = 10.46 °C
EThaR REACTANCE = 0,000 ohmAkm

PN CURRENT CARRYING CAPACITY = 1250 A

BN W T R CP 8



- FPROGRAM

7=

1:~ A aaoeooeoeet o* EPS=

‘iﬁPACITANCE= 0

iruial cable Joul@

TRANSAEH --—= DA

HERMAL THRANSTENT
L SEGT.
1600

CURRENT
233 -

ARAMETERS

Gi= 4.7200000000E-04 (2=
N3= §.P400000000E-04 G4=
37 4.0200000000E-04 (b=

G.HTO3000000E-04 :

oy
,4.0300000000E-03

H1Z" )

: RH2
500

et

HICHOFA

XIAL DISTANCE = 60000.

HEdT 11mp(h0urs) “Gond
0.25
- B.50 .
T R.75
.00 - -
1.5 0 .-
2.09
3,00
4,00
i2.00 . .
24.00
M IE I IE N I M

—t

B =
o

Lus

ascH -
4.0000000000E-03

655 @ﬂ,;;

_Qﬁé

om0

Temperature vari

4.3 ' 3

S D 0D A

»>
o O

ses/conductor

TE 22701786

VOL TAGE
200

o) .
53.54600000000E~-04
?.4400000000E-04

L RHOFR
214

“ 7 RH4 -
. 150

Rﬁkam

lectric
T

ucimr Die

DD U100 N O
PR BT U ST NPR
T

B » * > [ ] * » »*
>

HREAC IS IE 6 B S v

o

m_h
-l O
5 ¥ H

losgpy =

ations

cep 9

U RHOEL -

_;";Tmnn;”o,g;gg;%r; ,,

EMEBEDDING DEFTH = 400090

vy

4,000

Calra

pRclelelotele)

S TaME -
1218.47647853795 3

fiii

T4

s EER I« NN S U I 7 e
o0

[ PR LI . L)
MR DR DESNWE

Tnl




CpP 10

FROGRAM : TRANSAEH --- DATE : 22/01/84

THERMAL TRHN?IINT

CR.SECT. CURRENT , VOLTAGE
1690 833 300
 FPARAMETERS

| Gi= 4.7200000000E-04 GI= O

CE3= 6.7400000000E~04 G4= 5.546400000000E-04
- Go= 4,0300000000E~-04 Ga= 9. 4400000GOOF -04

f.G?— 6. 6?@009@69¢F~04 7 | ‘ .
Aoy - ASGH - RHOPE RHOBL
4 O:OOOOGGOQE 03 4.0000000000E~03 214 Y 1000OGO '
CRMEC - RHZ . RH4 - ALFA - 3 TAKE
500, -a-tn_ipg.r?a {i;“- _ I =1 B S A21BLATEATRE3T?E 14
1'3é0uoeeoﬁnc -2 rr = Q..o . TAND= @ ng;;ﬁ;;%;f;;fpffpz_o .
‘ :APQCIT%NCE= o MICRGF&RAD/km' 7
CARTAL DISTANCE = &0000.  mm - | . EMBEDDING DEFTH = 100090 i
o : o Temperature variations f“Cj _
Heat.timedlhours) - Conductor Dielectric : Sheath
0.25 15.4 14.7 14,4
@.530 - 6.4 - . 15.4 : N
0.75 ‘ 7.3 : 16,0 - 15,0
1.00 o 48. O KN . 15.3
§.50 S . i7.4 i5.9
2.00 : 20.0 18.0 6.3 _
3.00 21,0 . 18.8 i7.0
4.00 21.6 19.3 o 17.4
_ t2.00 - . 23.2 21.0 . 19.0
P . 24,00 24.3 - 2201 , 20.1
P SN MM 39.5 37.1 3501

Total cable Juulﬁ lurz@sf(nnduLfﬂr losses = 4,000



_ CP 11
FROGRAM : TRANSAEH -—- DATE : 22/01/84
THERMAL TRANSTENT
. CR.SECT.  CURRENT VOLTAGE
1600 833 300
‘PARAHLTIR
Gi= 4.7200000000E-04 Gz= 0
G3= 4.9400000000E-04 G4= 5.5400000000E-04
C5= 4.0300000000E-04 Gé= ?.4400000000E-04
G7= 6.6700000000E~04 |
aCUC . aScH - RHOFE |  RHOBL
©4.0300000000E~03 4.0000000000E-03 214 1000000 |
| mﬁ”‘"“'“=  ° RH2 RH4 o ﬁlrﬁrrli' T vaMe
500 i e T9F e e 70T 224, 87670967476 3
'fRiAj Béaeuooeoor 02 EFS= .0 . ,f%;;iLJm,”TmTﬁNDﬁ_O, ;m;.ugg;ﬁ};7¢,9=_e R
3 CAPECITANGE= 0 ﬁICRGFARﬁkam | |
AXIAL DISTANCE = 60600  wa . EMBEDDING DEFTH = 300

CTemperature variations (°C)

Heat 1amp(huur*) Conductor . Dielectric Sheath
~ 25 4,3 X.7 2.3
PRI ¢ N ¥ ¢ ‘ S3.4 0 L 4.4 3.7
Q.75 5.2 4,9 4.9
S 1.00 . 4.7 54 4.2
- 1.50 T.9 ha 4.7
S 2.00 8.5 Ah.b 3.0
- 3.00 2.2 T.1 5.4
4,00 2.5 7.4 Dty
12.00 - 19.3 8.2 6.4
7 24,00 Tf0.8 8.4 4.8
330 D6 3 3 3690 2 3 3 - 11.8 Y.5 Ta.d

Total cable Joule lmssﬁw/L;nduLiui losses =  §.900



y P TR : CP 12
. FPROGRAM : TRANSAEW ~-- DATE @ 22/01/86

Q.. . THERMAL TRANSIENT

1) CR.SECT. CURRENT VOLTAGE
ETT 1600 1250 300

FAaRAMETERS

TGS ALTRO0000000E-04 G2= 0 _
COG3E A.9400000000E-04 Ga= 5.5600000000E-04

G5= 4.0300000000E-04 Gé= 9.4400060000E~04

G7= &.6TOOODOONOE-04 . . o

S ACU . ASCH . RHOFE . .. . RHOBRL . ... ..

| 4,0300000000E-03 4.0000000000E-03 214 1006000 -

LU RWE L RH2 | 14 . ALFA . . TAME
5 50 . %5 | §50 . i21B.4T44785ITIS 49
N

R= 1.8600000000E-02 EFS= 0 TAND

H
<

CAFACTITANCE= 0.  MICROFARAD km = R S SO

i .- = e

> AXTAL DISTANCE = &0080. wm e  EMBEDDING DEFTH = Q0000 wm

) R T . Temparature variations (°C)
. Heat.time(hours) Conductor . Dielectric Sheath
DLl LS T 43.4 1 41.8 49.9 ..
d .. 0.50 . L 464 B .. 49.7° .
RAETOR SRS < N Lo 48,4 43,0 42.6
C t.00 . 50,3 : 46 .4 4F .4
L : f.50 . . 33.2 o 48.5 44.8

o 2,00 5, 0 50,1 Ab. O
T . . 3.00 L 57,7 o, g AT .4
y 4,00 . 59,4 53X, 3 49,8

e e ARG 63.6 , 7.7 . . 53,0

-}:f‘ “i 24,00 - &b.b . . 8B4 55,9

~;Tm‘Tm}aL'cable Joule losses/conductor losses = 1,000

Lomgpde e e

S AT



e 509

T o pXIal DISTANCE =

iy el

- FROGRAM TRAMSAEN —~~ DATE QA0 /86

 THERMAL TRANSIENT

i LA i AR AR GRS AR Aam i e See AT bR ey

CROSECT.
400

CURRENT
1250

VOLTAGE
300

- PARAMETERS
i= 4,.7200080000E-04 G2= 0

GA= 6,9400000000E-04 G4= 5.5600000000E-04
GS= 4.0300000000E-04 G6= 9.4400000000E-04

 G7s 6,6700000000E-04

=y

ACU ASCH RHOFE ©
4.0300000000E-03  4.0000000000E-03 214
RH1 b2

775

R4
450

T R= 1.8600000000E-02 EFS= 0 TAND= ©

- DAFACITANCE= ©  MICROFARAD /km =

HO000. mm

Temperature viriationg (°C)

Conductor Dielectric

43. 4 41.8
4é .2 43,4
48,5 45 .1
50.4 45,5
3.4 42,7
55.5 RN

Heat.timwe(hours) -
: Q.25 -
- 9,50 |
S 04?5 n‘.,‘ ol mlee
) C 1.00
Cemer 4 B

) 2.00

. - 3.00 S8.1 32.5
o 4,00 39.46 5AELY

12,00 T

s S E4.2
24.00

6H7.2

50,3
— . 61 "2,-,, —._'_.-. e .

g

1 5 ' . .
Total cable Joule logsses/conductor losses = 1.000

. EMEEDDING DEFTH

RHORL

cp 13

TRORH00

ALFA

1218.4764TB33795 40

TAMER

Fuo O

TGO nin

Sheath |

40.9
41.7
42,6
43,4

44,8

44.0
47 .7
48.9

S PR
56,1




)

- 4.6300000000E-03  4.0000000000E-03 214  1]_1aaaa90'

"AXIAL DISTANCE = 60000 MM . EMBEDDING DEFTH = 300 MM~

CP 14-1

TRANSTENT TEMPERATURE AND FRESSURE VARIATIONS
IN OIL FILLED CARLE IN CASE OF SEVERANDE

"YU HIGH DENSITY OIL

THERMAL Tth IENT

e LML 1 e BA sred 444 e bt bk Mas eeim s e —

CR.SECT. CURREENT - VOLTeEE

R 833 300

FERSMETERS

CGim A.TR00000089E-04 GR= O
CG63= 6.5400000000E-04 GA= 5.5606000000E-04

GF= 4,0300000000E-04 Géb= ? 440000000004

G7= &.4700000000E~04

acy ascH FHOFE RHOEL

o RHA | RH2 . RH4 COALFA TANE

500 795 ¢ S R34, HFé.G?éKﬂ?é 3

“TUR= 1.B600000000E-02 EFSs 0 TeMp= 0 T T R g

| CAFACITANCE= ©  MICROFARAD/KM

T T TEMPERATURE ¥ARIATIONS (*0) ‘ N
HLﬁT TLML(HUUF?) CONDULTOR DIELECTRIC SHE&TH
' - 3.50 5.4

LR.00 . 6.9
1.50 ‘ 7.9
2.00 8.5
h.;o o BLY
G 3.Be‘;u' 9.4
ot W00 PLE
TITT 4,897 T 96
5.00 9.7
I 9 BE B IEIEW MR ‘ 1.4
Total cable Joule logsses/conductor losse

LN

» - L

P U L s N3O = s
H

O ISR R - N 2N
i
SRS
o

= 1.000

FRESSLRE ThﬁN?IFNT Vﬁh1ﬁT1GN?

B e el o L T YT S — 2 o111 rin earn mane

Reinforc.thick. = 9.4600 fmm) Cahle half terngth = T4H,000 (ko)
il duct diam. = 25.00 Cmm)
Modulus of elasticity of the veinTorcement = 1540000000 e I N T

Pl L e R L L R L R TR T LR S T S R T R LR LR I R A G i e L R R L L R IR R

Dielectric oil volume = 148 Llitvri/km tActual value )



» . B o e CP 14-2

. Total cable il volume = 14%4 Llitri/kmn (fctual value }
LR IE 0696 666 M B M I I D0 B 6 I D IC D6 I 36 I I HE I 15 06696 W6 35 6 36 9 9 T 3 IE B 36 9 6 D 96 96 I N 2 I 96 Mo 96

Starting phase of the heating

HEATING TIME FRESE. VYARITIATION 0734 FL.OW
(minutes) (kg /5. cm (dmbd hour®ka)
K1e] Hobb D.4%
G0 , F0.61 0H.78
70 2.5 PD.Y6
120 ' 13.10 1.05
150 L 2.74 Ci.06
180 o 12,34 o 1.02
210 - 11.58 ' Q.97 5
240 _ v;f'm 10.72 _ 0.9
270 - o 9.84 S 0.83
300 ' ". L, 8.9%9 ‘ s Q.77 Coaam
K10 I P 2.70
J40 . 5;;: 7.46 & 0.464
Ave. o 4.8 0.58
420 ‘ - TR E - . P.53
) - Bl 0 - H.48
L .44
: _ B Y- - Q.49
54Q S 4,22 o .37
570 3.84 , _ _ 0D.33
G009 _ . - 3.50 : 0,39

&30 R 3.20 : } 0,28 '
&40 2.93 i 0,24
590 B . 2.48 o S 0.23
720 _ 2.44 S 0. 22
750 2.26 5 Q.70
780 ' ' 2,08 o 0.18
810 : ' 1.99 : Q.17
8490 _ 1.76 0.16
. 879 , S Y- e O.14:
Coeee .51 R S e.13
. 730 ; - 1.40 , o o.12°
)

U Starting at 1020 (minutes) of heating phase-

) -~ Cooling time Pres.variation Temp.variation 0il flow
; ' (minutes) {kgssq.0m) {°0) {odm3 ourdkm)

b & .14 .57 .10

1 30 -y, 75 5,273 @, R

. &0 | -9, 48 3.TR ) HY

) =1o) -4, 40 Iy gy, 88

120 -14,52 .o2.t4 I

: 150 L =45, 06 s -0, P8
) CIRCEE O THANSE 7

by

: circes i
f) o Qil density = 987 kg/dm3
. Expevimental coefficient due lto restrictor device



inserT@d in the oil duct = 479

- Feeding pressuve (movmal pump relief pressure) (kg/om?)?
30
Starting pressure = 30.0 kyg/cm?

Cable ltenglth up to severance point = 152.0  kmn

wea water preszsure at severance point = 1,00 kagrsomd

Cperating pumnp

‘ thigtance hetween two restrviclor devices = 2000

.)q Ingide diameter of restrictor device = 7.0  mn

e, DL pressure gradient at the severance point = 0.14040ke/cw2 kmY

CMorst oil pressure distribution from the sevevance accident= 450.6 (min.)
Jil flow {da3/hour) at the severance point based on S L

pressure gradient = 24,2014 ' o

TRANSIENT FRESSURE DROP _ , LT

Severance point Fressure along the gil flow
digtance (km) cable (kg cm?) tdm3 hour?
9,60 . 1.00 27.0
13.82 3.00 ' 28.5
P64 - ' 5.12 ‘ 3041
49 .45 : Va5 3.4
L 53,27 _ 2.4y . 33.1
T 49,09 ‘ - i2.14 R4.7
82.71 o 4.7 - _ 35.7
26.73 7 17.43 . 38.9
F10.55 20.31 : 44,3
L 124,36 ‘ 23,37 _ 43,77
438,18 "””  206,60 ' ‘ 45.8
o 182,00 : O 30.00
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TRANSIENT TEMPERATURE AND FPRESSURE VARTIATIONS
IN OIL FILLED CABLE IN CASE OF SEVERANCE

" HIGH DENSITY QTL

e Load T
N e I L

THFHHﬁI TIGNSIINT

CR.SECT . CURKENT - VOLTAGE
1600 B33 | 300

T PARAMETERS R - S e

b Gi= 4.7200000000E-04 G2= o | _ R

T G3= 6.9400000000E-04 G4= 5.5600000000E-04

G5= 4,0Z00000000E-04 Gé= 9.4400000000E-04
G7= 6.6700000000F ~04

Tacul T ascH 7T RMOFBR RHORL
4.0300000000E-0F  4.0000000000E~03 214 i 1600000

CRHY FeH 2 o RH4 o ALFa - o TAME
500 795 70 _ R241.874670967476 3
= jﬁ%;inaso@oomoour-uz EFS= 0 T TaNp= 0T CoEmoo
- e - . N ) ) )

L CAFAClTﬁN[L_ Q MICROFARAD km

AXIAL DISTANCE = 60000  um ' .. EMBEDDING PEFTH = 300 mm

I Temperature variations (°0)
Heat 1|mP(huuxa) Conductor DBielectric., .~ Sheath
o : 0 30 5.4 4.4 ’ 3.7
TR 1n59
Sy 2.150
- ke el . .-'..._... 3“‘:-)(:) .
B 981
b AL0
B 1N
‘ . T.00
b S 3696 3% e I 36 95 5 2 ,
Total cable Joule losseg/conductor losgses =  §.000

S Ty

ES
=y
o

»
]

00 - o
> B 0B
Pos LR B RO RR D

~

[y
» » B

~) g O
. > 2
"

N RN DU P, Y N Y
Vos Ul D Ol o0 > b
x|

-~

H]

=i
> -

by
o

lFFéﬁURE TRANSTENT VﬁhlﬁilﬂN?

Reinforc.thick., = 2,600 {mm) Cable half length = 50,000 (ka)
. it duct diam. = Z%5.00 {mnl
.) Modulus of @Lax%ici%y af the veinforcement = 1440000000 (/59 . 0m)d

:) 690 36 36 96 36 36 I 36 96 I I 96 36 I I D 96 I 66 96 95 W6 T I 96 I M 26 36 I 96 36 66 I 4 96 26 6 I6 I D6 IC 96 IE I I B 36 I 96 I WA 9 36
Dielectyic oil volume = 1148 Litvi/Rm (rctual value )



. ‘ . CP 15-

Total cable oil volume = $465%1 Litvi/km (hactual value )
B0 D669 D6 I 06 DG B D6 B I B IE I I 6 IE I IE I8 35 96 96 36 36 I IE I 36 I 3 36 I HE I 96 H D6 IC 2 D B T 0T W HE I A I NI A I

Starting phase of the heating

HEATING TIME FRESS. VARIATION O FLOW
. Cnivutes) (kalsq.cmd fdmisourkm)
I Z0 5.3 O

el a0 8.78 i.49

90 ?.54 i.70
120 ?.14 P.49

150 _ 3.22 .55
1830 T.12 .36
240 6H.03 .47
240 5.04 - 0.%8
279 , 4.19 G.82
300 ~ L 3.47 0.48 -
330 B 2.87 D57

360 : 2.39 ) . Q.47 AT ’
390 ' 2,00 0. 40
426 o 1.68 0.34
459 1A _ 029

: 480 Cofl22 ‘ 0.2

T 510 i.06 Q.24
Y
L Worst cooling pressuve transient variations B

© Starting at 9020  (minutes) of heating phase

Conling time Fres.variation Temp,variation Qil flow
(minultes) (ka/s1.cm) (G Cdmi3shour®kn)

Lo} : .28 7.57 0.06
30 L4, 79 OBLRE I
&0 -8.55% 3.72 : -1 .43
20 1D, E7 ' 2.4 T L A5

120 ~§ 0. &4 2.14 -t L &4

E . _mf5w~ i50 _ - $.74 ~1.50
' CIRCEE O TRANSE ?

) circee- _

Qi density = 987 koldmn3 :

) Experimental coefficient due to vestvictor device
o inserted in the il duct = 471

_ Feeding pressure (novmal pump relief pressure) (kglfocmd)?
N 30
Starting pressure = 30.9 kgsom?

i Cable length up to severance point = 108,090 kn

5 Sea water presgure at severance point = 1,00 kg/cm2
Qpevaling pump

) diztance beltuesen two restrictor devices = 2000 m
Inzide dianeter of restrictor device = 7.0  mm

. il pressure gradient at the severance point =  0.2083 (kg cmd/ R

P Worst oil pressure distribution from the severance accidents= 240,00 {min,)
il flow (dw3/haguv) at the severance point bazed on



).,., L -.. ' LT - ‘._':,': Pt ) .‘? o CP 1 5- 3

T opressure gradient = 39,540

TRANSIENT PRESSURE DROF

. Severance point Pressure along the Oil flow
Y digtance (km) o gable (kgZcm?) fdm3 honi )
‘ .00 : 1.00 41.5
Yy 9.09 2.7 44 &
i8.18 5.09 47.4
20.27 734 49 .9
34,36 P70 52.2
4% .45 2.8 _ 34.5
54.5%5 14.78 o B3
63.64 17.50 . 650.4
72.73 20.346 ‘ 63.9
a1.82 23.40 57.4
90.91 26.61 1.3
190.00 30.00
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:)fm'{ TRAWSTENT TEMFERATURE AND PRESFURE VARTATIONS
AR ITH OIL FILLED CABLE IN CASE OF SEVERANCE

yZ HIGH DENSITY (7L

THERMAL TRANSTE HI

[

- GRLOSECT. CURRENT VOLTAGE
1AL ' 1250 ST Joo

T PARAHETERS

Gi= 4. TRZOO0OGO0QE-04 G2= @

brden L FAD0000G0OE-04 GA= 5.5400000000E-04
U RS A4 GB00000000E-04 G F.4400D00000E~04
SN EYs HLET00000000E-04

y  ACU © ASCH o RHOFR - ' RHOBL -
T 4.0300000000E-03  4.9009000000E-03 214 ' 1900009

y o RHA ' O RMZ2O O RMA4 EETR aLEA ot © TAME
500 TS 70 o R41.87670967476 11

) R= £.8600000000E-02 EFS= O T TAND= O T T Fw 9
© CAFACITANCE= 0+ MICROFARAD/KM -~ - - e e

AXTAL DISTANCE = &0000 MM - "‘EMHEDDI&G DEFTH = 308 MM:

s I TEMFERATURE VARIATIONS (20
o MEATSTIME(HOURSY 0 CONDUCTOR - = DIELECTRIC COEHEATH
3 O.RS B B 15,3 12.4
R 250 oo LR o 14.8 ' 13,2 g ) T
Gﬁ?E . f9.2 Tha.e 13,9
T 1,09 0 20,9 iP.4 P46
1 . 1.25 _ a2 o 18.3 L iP5
T j.50 oo 2FLF 1924 IR 1546
' 24 .04 19,7 : T14.0 _
..A_‘_'__ : 4 Q e . '-)On-\- . ) 1‘5“4 e s .
25,4 207 ta. 7
259 2.0 16.9
PhHLR 1.3 1.9
2. MLh ) 17.3
245.8 ' 21.8 17.5
96 9% D6 96 I 590 0 98 KA L4 :5,?
Total cable Joule Losrsesconductor losses = 1,000

I'-"FL'EI.‘.&'S[.JF‘.’F II f”si‘!‘s I ERT VAR rﬂ’ IUN N

) e v e e e e

! CReinforcothick. = 9.409 Cmm)d Cable half lenagth = 59,000 (km) -
f) i L oduct diam. = 2N 000 (mm) - oo




s
S

CP. 16-2

Modulus of elagticity of the reinforcement = 1550000500 (gl sa.0m)

D,

DA B 06 D6 66D I I D6 06 96 I 6 6 3 06 A 96 DAL I 36 B 96 36 6 I 36 D6 I I 96 I I 96 95 B I 6 3 D 96 I 36 36 96 3 3% e 9 36 9 9
af{:;}?ﬁ;‘ Dielectric il voluwe = 41448 Litri/km fRactual walue )
T Tatal cable oil valume =  §14651 Litvi/Zkm (hactual value )
i SRR YR M 06 36 96 U DE 3 06 96 IE 90 I 36 6 B D6 I6 b I N 30 I IE D 96 D6 J6 I 6 3B 26 W6 36 4 36 B B 6 F M- 209 96 96 1 6 B 904 9 96 9 98 06 2k

o 'Starting phase of the heating

HEATING TIME PRESS . VaRIATION 7L FLOW
(minutes) (kg/sq.cml : Cdm3shour %lomd
i5 T.77 - : .94
30 : 13.08 A 3.68
45 146.07 _ 4,92
GhR 17.31 : . 545
0] 16.47 - : ' 5.87
{05 - i%5.18 D.0T
120 ' ' 13,67 I I
135 : 12.09
150 ) 10.57
165 FAN 03
180 F.av : A i S
195 &, T4 2.0
240 N 2,33
205 4,93 o 2. 00
240 4.22 a T I
2B HoAD - . I 1
270 ' : 3.4 ’ o §.28
a5 : 270 : T T I SR
390 o 24053 R - C N R
315 .\ 2,08 R I
330 : §.81 Cee -~~-_94?é a

A A

A3
L1

L

PR Y g

T

"Worst cooling pressure transient variations

"- atavting at 15 iminutes) of heating phase

prarom- Gooling time - Pres.variation Temp.vaviatlion Dit flow -
Cminutey)d Tkgs s om) §70) Colmd hourwkmd
& T.TE ' ' R.09 : .96
15 ) T 2,48 §.7%2
LA 30 5,00 2.03 ERE L
S 4% A,.10 1.65 C0.T3
y &0 120 _ 1.4 H.28
‘ T ' w), TH ' .08 -, B
F0 L& o, 87 =0, 30
ol B .70 . 44
DLET -0, B0
R O S ¥ ~ {3, 5B
&L R -, 5
332 -0, &7
0,27 -y, A2
B.22 -, BT
.99 ~0 A3
.47 {3, 28




v v

“\J '.

_‘)‘f Cooling

S o
D J 15

P/ P

D 478

gl

240
CE )
' 270
2E5
A00
A g
R30
A5
340

‘ 375
) A
0%
420
AR5
A0
445
H4EQ
495
B0
]
40
5hE
5T

starting at 30

tTime
fminiules)

30
A%
5]
7
do)
1 0%
{55
135
150
165
180
195
210
el
D40
s
270
2
300
315
EEG
a4%

T A
Sk

356
405

435

=1.,09
-, 82
L
L A
-0, %3
—{, 44
-0, 37
-8 .39
~Q .24

ity T
A W s

-0, 18
-B.16
~0.13
-0,
-9.10
~{ .07
-9.08
-0.07
~-0.064
—9.05
—3.05
-9, 34
=i}, 04

minutes) of heating phase

Frezs.variation
(ko /sqe.cm)

13.06
19 .02
FooHa
4.019
0.87
~] L2
G I
-4 .08
s 1Y
-4, 3
R R
-4, 01
~A. b0
“3.17
2. T4

- 5
200
-1 .68
- L 44
1 .21
-0 .97
- 81
-, A8
~ 57
- .48
=), 40
=0 R4
) 29
w4, 25
-8, 2

G.15
0.3
D12
0.0
.10
Q.0
.08
D.08
Q.07
D.07
.07
D98
0.06
2,04
0.98
0.5
0,65
Q.03
G.95
0.05
0.05
Q.05
Q.34

Tewp.vavriation
(%0

5.57
S S|
368
.99

. 2.41

.24
§.57
.27
.03
0. 8%
0. 70
0.58
949
DLz
A
G319

-, 24
~6. 20
) AT
R
~@ .12
-0, 49
-0 . BR
), D7
-8, 064
@, O
-0, 04
-0, 03
~ . 0F
-0, O
-0, 0
~8. 02
-0, B2

G0
~9. 91
-0, 01
-0, 9
-0, 01
-0, 01

Oil flow
Cdm3 heur®ln)

- 3.68
2.96
1.78
1.014
Q.21

. R

=LA

~QL P4

-1, 03

-1 .03

-0, P8

i), 90

-, 80

Q.0

-0 . D
-0 L B
), D%

CPp

16-3
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3 4750 ~0.,14 .11 ~f), B4
S 465 .14 0.9 -0, 04
YT ~0. 4 0.10 ~t, O

y 495 L 43 0,10 ~8) . O3
) e 560 8}, 44 H.10 (. O3
. 505 0,40 H.40 0. DR
y 540 -3, 09 0,09 ~0., 0
: 515 -0, 08 . .09 02

Starting at 45 tminutes) of heating phass

" Cooling Time Fres.variation Temp.varviation Qil Tlow -
e minutes) (kg ssq.cmd - - (¥ Cadmdshauydlomy

14.07 N Y- I T 4.93
12,78 L b.14 369
8.19 : 5.0 : DL
3.57 o 4.04- 0.94
-9.33 o 3.08 \ ), H8
~3.24 D64 -0, 5O
~5 44 - DS ¥ w2
~6.19 o 4.73 : .46
& .59 fo4d N
-6.52 S IR T ~4 .50
w46 0.56 ‘ =1 .49
~5 .63 S U0 T RS ~f L 2T
~5.92 0.68 i, 13
~4.3% .58 ), 98
-39 .51 (), 34
~F.2 .44 -, 7%
P 4 L bLaY ~€) , &4
-2 .35 .35 , ~9.52
L5 0.34 -0, 43
-1 . b4 ey ~0.36
-1, 33 Ce.RT S,
~4 .11 .35 ), 24
0.3 Q.24 - - ~0.3D
~3.,78 0.2 ~Q, 17
-0 .66 0.2 0,44
~9.56 0. 20 -, 12
-0, 47 : T R PR T R
w8, 40 9.18 -, B
-G 54 9.18 - 0,08
~f) 30 B.17 -0, 06
w8, R 0.14 -, B
“), 23 D.46 L5
), 20 0.4% - -8, D4
SRR G153 | ) . D4
A DA ), OF
-, 14 §.14 ., 0F
SO @14 @) B

) Ttarting at &9 tminwtes) of heating phase

Caooling time Freg.vaviation Temp.variation il flow
)- (minuteg) (kogdeq.omd A fdmdshour ®km)

o 177 .34 W.an 3,603




oy I CP 16-5

3 15 13,01 7,50 39T
e 30 759 .19 249
i 45 2.8 4,93 . 0. 44
: 460 ~1.98 .58 —f) 53D
;agﬁmé. 7 : ~%. 14 3.2 ~1 .30
o ' 0 ~Tal5 b0 B A
Ty 105 ~8.18 2044 -4 .57
dETR 120 -, 48 .73 - -2 .00
135 ~8. 04 .43 R

150 S =7 : P19 ~§,78

- 145 -7 .00 1,00 -4 L A0
S §21o) x ~&.2f 0.85 4 .49
1975 -5 .40 - e O.73 e
210 ST P 0.464 S 1. 04

205 -3.98 ©. 5 )L EBY

240 S =3.40 0,49 : ), Tl

253 _EABC" . . @e. J:}.i'} . v ""':”;(.’)3

279 : ~2. 39 - 0.40 : -0, %53

265 L =200 - - 0.3 : (1, 44
300 - -4 .63 - 0,85 o -0, %4

35 S TP ¥ RS .33 T 0,30

330 =i .15 0.3 : 0,25

345 -0.96 - 1 H,29 -, &4
S 360 ~Q. 81 0.28 5,98
LT 375 ~0,59 - 0. 24 ~0, 15
L 390 -6.58 - . 2% —, 4%
S e - 408 -1 R 9,24 -3,

) 429 (. 4% .23 ~ {1, 0%
o 435 @, X7 0.2 -, 08

s 450 -9 32 0.2 -5, 07
. 4as -0.28 0.4 ~0.06
R . 480 -0, 25 o 0.20 . 0. 04
495 ~§ .23 - 9. 20 0, 08
549 , @20 0.1% ~0.04
505 -0 .18 9.19 _ -0 .04

‘34 s Starting at 7EH tminntes)y of heating phase

Cooling time Fres.variation Temp.wariation il flow
Cofminutes) kgl sq.cm) A {dm3 hour®lim)

R Lk o N 16,59 5. 9%

PR R 15 \ 12,07 ‘ 857 S0 B

%0 4.3% 6.98 i L0
- A% 6.73 . 5,63 : D21
. 60 ~F L B 4,55 -t .03
S \ B L =7.05 . B AR - 33
/ 90 — 04 | 098 27
) B 0% T ' 04 , L 44
120 TRE: L6 4T
y 135 “8 77 1,45 T
: 150 B 1,38 40
: 4% ~8. 4 b ~ 414 ~1.88
' 1o ~Y L 1.00 |
) §95 ey o TP 0. 84 R
C 216 i 3G 0.7% AT
> 205 il b 0,66 ~i O
- D40 wEL 50 0,59 - T
s R TR 0,53 )T



270
205
300
ER B
30
4%
KY0)
i
3y
405
420
435
450
G
400
495
el

Cooling time
(miviutes)

0
it
39
45
&0

75 -

20
195
120

&3

150G

163 -

189
195
210

223

240
255
270
285
300
315
230
345
L)
ATE
A0
405
45
4R
450
4a5
480

{5

-7 a
-3y
- L 88
Rl B 1 -
=4 .32
=f.id
~0, 94
0L 30
RN
=), 158
-0, 50
- . 44
-0..38

@, 34
~0.30 -

~Q. 7
-0,24

16.48
10.97
4.73
=3 .03
5. 63
3. 8%

-i0.75

~141.58
~11.59
=105
“iD.1F
~{.04
. 7YH
Rt IRCR
A I
-4, 31
-3, 462
~X.04
~a .54
-32.09

-i.47

-4 .24
i L 05
- B
-0, T
-, &5
“8, 57
i}, A5
) A
i), ARG
i) L34
)R

Fres.variation
(kassq.cm)

0.49
0. A%
LI
.40
.57
0,35
9,34
0. A
0.3
0. A0
L
9.328
0,27
0.4
Qa5
Q.24
D.724

“”:gﬁartina'af 0 {minutes) of hegating phase

Tenp.varia
()

14.66
9,44
vy
4,00
5,
4.6
3. 30

2.
DL
f.594
f .55
1.3
1,93
5.8
0, 85
0.76
.48
9.4
9.7
0.52
.50
0,46
0. A%
5,42
.40
.78
0. R
0. 35
(.34

.8

0,31

.30

0. A0

0,09

tion

1L
RO I
- RS
RO AT
P PR
LIy
-9.18
-0, 95
-0, 13
Lt I |
=.,18
=098
=7
-G, 07

~0.06 -

—-0. 0%

Dil flow
(dmA  our ¥km)

5.87
B
1. 4%
g, A9
-1 .55
- B3
-2, 74
—-2. 84
-2.80
~2 .62
w8
~2.41
w84
o L
R BT
~§ .15
~G. 97
-0, 81-
-1, &8
.56
wf, A
@, 39
R SRR
.27
-0} 3
=i, )
w7
= .14
.12
-, 41
Lo B 0]
-, 08
L0 IO TS
-y, 0




ﬁ) - Starting at 10%  (uinutes) of heating phase

Cooling time Fres.variation Temp.variatian il Tlhow
Coinutes) Chos s .o {°0D Cdmis oy ke

S o) 5,19 9,53 ' 557
y 15 9,40 10,14 3,47
30 3.07 6,073 D.95

45 ~2.78 bbb ), 82
: ) 754 5.5 wd B
) 75 $0. A8 4,57 2. 8D
90 i2.07 54 ~3.16
165 e 9,90 ~3.724
120 . {2,872 - 2. 44 N
S 185 {213 2,04 2250
e S 150 : =44 .11 1.49 WY

I Y -5.54 L 4,44 3%
gt 18 = T 1“34 ' - B
) g T L —7.59 | .08 i . T4
R 1T ~6.50 5. 0% -4, 48
A - B 5D 0.85 - w205
2 1 &, H5 : 0.74 -§ .05

Y e e ~3. 91 .70 -0, B8
‘ 270 ~F, 06 D .64 L 0.7
« s C -2.74 - 0.59 - . A
A 300 - 0.54 .50
P 3 -1.99 L H,5% -0, 42
‘) - 330 1. 60 0.%50 0 b
S 345 -t LB : 0,48 ~0.30
- 7.X: -i.14 .45 :
O & £ -9.97 : G.43
) o U0 398 -0, 03 = .40

| N -0.70 .40
L 4m0 : -0, b2 9.3%
I B A 435 -, 54 9.37
e 450 ~@. 48 . 0.34
| A5 ), 4% 0, 35 :
B L 4BO - -0, 53 9. 34 -, 08

S%arlinq at 129 (minutes) of heating phage

Fnullnu time Fres.variation Temp.variation il flow
| = 0 Caminutes) - - (kg/sq.cm) - (") CdmE Mour #lom)

0 4347 §3.23
o R 7.74 19,71
Lo : 70 1,34 0,76
- 45 —4 L AT 7.6%
b | 40 ~8 .50 %7
] 75 ~i4.93 4. 64
D) .50 3.7
) i o5 ~14,13% = PRE
: 120 ~1 3. 8% T
: 135 XL Gt é
) 58 ENT i.87
i 65 18 .60 t.56
: 80 ? 5 1,34
B : § 4155 0,064 § .17
B .89 i.




“~t

3 228 -1, 85 8,93 ~1 . &3
240 L83 O, 34 -4 .12

- _ 255 4145 .77 RO
é S 270 ~3.48 .71 ~Q . FH
e 285 -2.91 0,66 -0. 465

‘ ' 300 -2 A4 0.63 0. %54

y 315 -2.02 0.59 -0 4%

339 .70 0.5 -0, 33

345 -1.44 0.53 ~{ .32
340 -1.22 0.51 I
375 \ ~1.04 0.49 -~ 2E
390 -0 90 0. 47 ~0 ., 20
405 -0.77 - 0. 45 ~0.147
420 ~-0.67 - - 0,43 o =0.45
e 435 -0.59 - - S 0.42 ~@. 13
oy T - A% ' ~9.52 - D, 44 5.2
ERCUEC I 485 ~0.46 ®.39 ~0.10

T Starting at 135 (minwtes) of heating phase

3 ,‘Q Cooling time Fres.vaviation Temp.variation  0il flow
- (minultes) (kalssi.cm) - - CeC) (dm3Ahourdlem)

S o f2.40 . 1%.80 4.43
) i5 6.13 14.17 0,44
R %0 ~0.924 . 9.08 ~0.08
3 4% ~5.92 7.346 -4,80
) 3N 40 -10,29 5,98 -2.95

- 75 ~43.48 . 4.86 -3, 60
'y 50 ~14.71 3.99 : ~3.86
| 105 ~15.42 3.23 ~3.54
ine —§4.71 - 2,73 3,55

135 ~i3.77 .25 o ~3.34

) 150 -12.53 f.94 - 2,59
e §65 : ~11.18 1,66 - .. 63
| §50 ~ .77 §.44 T
) 195 ~5. 44 1.06 -1.95

' 240 —7 .09 §.12 —1.65
o 295 ~b. 47 £.04 4. 4D
-y 240 -5 .14 0.92 .47
SRS a5 ~4.34 . 0.84 - ~6.983

270 -3 .54 0.78 0. B

ITT“_. . 285 ~3.05 0.73 - —0.47

200 ~D. 53 G.69 G5
315 ~2. 13 0.45 -, 48

} 23 -1.80 0.62 , —§ .40

: 345 -§.50 .59 -0, 34
S 340 —4,2¢ 0.56 ~p, 029

7 Y D.54 .,
390 ~0.95 0.52 .4
v 4075 -0, 2 0.%50 9,18
4710 -9, 72 0. 48 .16
| 4735 ~0, &3 S 9.4 .14
) 450 -0.56 0. 4% 3,40

)-w Starting at 150 {winutes) of heating phase

Cooling time Fres.variation Temp.variation Qil flow



' P {minnutes)

o
o T
s 39
e 45
L 40
» e
o]
$ 05
i 20
35
150
Tas
iED
195
719
25
740
S ams
Ce 278
o oass
300
345
' E45
T
375
399
405
420
435

Cooling time
fminuetes)

0]
)
30

' : 45
i;Jﬁﬁlhffﬁm &0
: ' kg

- PP 7
J 405
e 4ip0

o i3

) . %50
§ 45

186

195

(hass.cmd

T8

4,642
-1 .47
-7 A4
~-14,48
o I
e )
-4 5,95
~15.43
R I A
~{3.08
i .41 -
=1 Q.14
I
-7.48
w34
IR 7.
-4 BG
~3.78
~3.47
—2 .63
w2
—-§ .87
-] B
-1.35
-5 .14
—~9 .00
-{.87
-2, 74
0. AT

Fregs.variation
Chgleq . om)

E=H

P
F

in
24

e

R F
2,94
~3.38
i 2.5
R B T
~i &, 44
~14.63
~16H,02
~14.92
~13.50
-§1.97
~40.4%5
-5 ]
1.0
-6 .53
R PR
-4, Hd
-390
32T

L B e |
O R

(0D

1,558
FARNS
VL&A
&.20
G086
4,15
3.43
2.4
2. A0
2.04

1,29
.08
D.99
0.9
.84
Q.7Y
Q.73
DLV
D.47
2.64
0.6
D.59
Q.57
.55
Q.33
Q.59

'Siartiﬁg at  145% {minutes) of heating phase

(g

14.65
i1.87
&b
7. a5
B39
B.22
4,29
3.54
287
2,50
2.94
1,85
1.61
1. 43
i.28
.15
.04
9.e7
D.90
D85 -
L 89

Tenr . variation

(A Mour wim)

404
1,64
-, 55
-3,
R PR
R, R
w14
~a, 08
I 36
R B
~5.14
-32.5
-2, A7

CP

16-9

W3A03.myﬁm). m‘T3m

~1.72
~§.45 -

- o

-1, 02
-0 .86
L T2
-0, 59
(.50
@ A2
~0, k6
~0,30
), 26

.:) “ e e ]

B
~0.17
""':'}n 1 5 .

Ol Tlow
Coin 3 hourtlkem)

Ao
1,47
-0, P27
B0
R b
-4 .21
R
- 28
AL hd
-R. 325
8B4
—2 . A5
~am. 40
=150
I
S P01
-, 38
~0, 74
= &




y R R P o CP 16-10

y - o 35 -2, 29 .76 Lo I g
LR 330 - S N4 9,732 ). 44
345 . %! . 0. 55 0,37
360 : g 41 Q. a6 -, 32
K e Y Q. b4 S 0,27
39e : -f.05 B R
495 - - : ), 59 0,59 -0, 20
420 ‘ = 80 9.5 =, 18

- Starting at B0 {minutes) of heating phase

Cooling time Fres.variation Temp.varigtion il 1low
~hminutes) o {hgssq.cm) ] {dmI hour®im)

@ - T.BE 14,94 o BB e e
t5 - ' 2.06 T2.14 T LTa e
300 -4, 03 - ?.38 o =1.35
45 ‘ -9,.37 £.04 S -o=2.92
R 4D ~3 3. A7 6.56 ~3.93 -
AT 75 ~15.91 3.37 0 v 4,44 -
‘)L;“;,_ 70 47,10 Lo 44l =458
PP - 05 ~17.49 - X467 - -4, 45
: 120 -14.%3 3.97 ~4.,416
) 135 ~15.32 : .50 P i
: 150 -4 3. 84 2083 ~3. 3%
S 165 —42.246 - o 1.93 o =292

y 180 S =i0.69 - - .69 : ~2.52
A - 195 -9.,22 1.50 2,45
g e 240 _ — P BT e o 4,35 - =-1.83

o 225 —-4,468 - e 4,22 o ~-1.54
240 ~5.64 - 0T 4,42 4,29
255 ~4.75 - 1.03 - —-1.08
270 : QO - 0,94 - -0, 94
et - ~R.36 - - o 0.9¢ : -~ P4
i EoT B R Rl ¢ 1Y - - R - -D.63
315 2,34 S 0.8 : -0.53
330 : =200 - 0,78 o 0,45
345 ~i.7T0 0.74 - -0, 38
340 , —-1.44 SRR - T £ I 0,33
375 -1 .25 - 0. 48 -0, 28

A0% -0, 95 C L 0.A4 -0.29 L

3 ~ Starting at 195 fminules) of heating phase
) Coaling time Fres.variation Temp.variation Dil flow
) SR fminutes) Ckassq..om) {90 (3 hour®lm)

— o 4.7 §5, 03 2,74
§5 Y § 7,34 .37

> 30 iy, 7 10,08 —f &7
- 4% -9, 00 Y w1

| 40 L eidL A 4.7 177

) L VY 55O s 5
R P ~17.63 4,54 —d 7S
) - 105 \ 17,48 2,0 wdy . B0
| B § 70 14,91 .47 -4, 08
135 A5 45 9,69 w7

390 ~4.09 . et 0,66 e <Y S R



) 2 S : : - CP 16-11

3 150 -4, 12 2.5 -3, 43
S 165 ~12.,49 2,04 w2 99
180 -4 0,89 t.77 -3 58
1975 | -, Y 1,57 - 20
210 ~8.032 1.44 -1 L B7
ST 225 ~é . 8 (L 57
y 240 ~5.75 .18 -1 .32
255 , ~4. 85 1,67 -1 .11

270 ~4 .08 1,02 ~0.93

'y 285 ~%, 43 0.96 ~0.,78
Ed 300 -Gt .51 ~0. 4%
315 -2 42 0.87 0,55

SRR +: 10 -3, 0% .83 - -0.46
S 345 -4 .75 0.79 . =0.39

3H0 ~4 .50 C0.76 -0.34
] : ~4 .29 ' 0.73 e @, @R
390 ~f L iR O.70 - 0,255

?}STarTiﬂg at 290 A{minutes) of heating phase

Cooling time Fres.variation Tempﬁvariafimﬁ il flow
(minutes) kgl e . imm) B G (dmA/ hour %hem )

R 0 5,77 15,45 2,33
o i5 9.12 10,55 0,04
ot 36 -5.77 10,2 -1 .95
- 4% NN 8.36 3. A4
» . 50 ~14.70 6.94 ~4.37
IR 75 -17.05 5.62 LB e
o 94 ~18,10 \ 4.4 ~4 .90 -
»o 05 1805 3.87 N I

120 -{7.22 .26 ~4.,38

135 : ~15, 91 S 2.77 ~3.95

156 - —i4. 54 : 2.39 ~3.50

165 . . ~12.68 .. 2,08 . ~3. 05

1680 ~i1,05 : §.84 L G2

195 5,53 1. 64 L e, 24

240 —f .14 1.44 .90

225 =& .79 - §.35 - .60
240 i B4 i.24 -1, 35
T S ~4,93 §.45 -{.43 .-

270 ‘ -4, 45 1.07 ~0.95 o= 7

D85 . ~R. 49 1,04 ~RL B0 e e e

200 -l PR | 0.96 ~0 . b |
R O 1 ~ 47 0.9 ~0.564
L 33 T 1 - SRR O - C 2 ~.48
R 345 L 0.84 —0. 44
- 34D ~§ .54 0. 80 LA
o 375 S 0.77 ~0.30

Stavting at 225 fmimutes) of healting phare

g Cooling 1ime Fres.variation Temp.variation 0l T low
D {(oinules Ckgssy.cm)d [ Codm3Ahour®lm)

~ f 4,93 55, b 5 OO
> ‘ 1% i), ) i, v ), 24
%0 Y £, RO R



A

v

: e 2

45
o9
T

94
105
30

A5
150
14%
180
195
2199

o oy e
e 225

240
25%
278
8%
F06
315
, 330

Lo 345
360

Starting at 240

Cmﬁling time
(minutes)

.‘_; — 0
T T 15
B0
43
50
FE
SRy
Qs
i3

135

‘f. 1Y c I

145
186 -
195
290 -
22%
240
25%
2709
265
040
A1
0]

A45

Stavting at 25%

Coaling time
Cminutes)

o I A
1519
=1F.50
~18 .45
~i8. 354
—1 7. 47
—fa 12
14,52
~12.84
-1§.19
-% .44
-8.24
~7.00
-5.92
-4.99
~-4.21
-3.55
-2.97
-2.51
-2.14
-1.83
-1 .57

.4y
B. 7?5
R
4,74
.94
Y
2.8
L I
2.15
.90
1.70
.54
i.449
i.30

§.2

§.43 e

1,06
.99
0.96
5.92
.88
0.85

(minutes) of healting phase

Fres.varialion
(kg e . cm)

4,23
-1.528
~7 .50

~14.95

15,473

~47.83

~4 4,7

~1 8,58

17,47

6.2

-14,67

S -

T R IN-1"

~9.73
-8, 32
~7.07
ST
~5.6%
—4 26
~3., 50
-3, 01
- 55
.18
ST

Tewmp .variation
{7) i

15,819
12.87
10.52
£2.40
T .05
LR
4.83
4,04
3.42
2.93
2.53
2.20
.97
1.76
1.49
i.44
1.35
1.24
1.18
fod1
1.06
1.2
0,97
.93

(minutes) of heating phase

Fres.varialion
Chassq . 0md

Temp.variation
Ee0)

e L, A8

0,57
~0 .49

gt _..9‘ 41 .

R ~0.36 o

il flow == « -
(dm3 houy®kom) NIRRT

TR e Eae
I A

- -R,.39

CP

16-12

~4, 468

~5.08 .-

S BT

~4,8%
~4,52
-4, 08
~3 .60
-3.14
-2 . ?a .
-2, 30
-1.95
1 .65
-1 .39
-1.17
~0.98
-0 .82
~0 ., 69
-0, 58
@50
-, 42

Gil flow
Colmd A hoorr ¥ km)




) e ‘ T CP 16-13

) Q J.62 15.96 1.49
A 15 =1, 84 13,00 ~0, 68
' - 30 = A 19,64 T
45 -1 AT 8.70 ~3.94
6 -§5.95 K s : -4.,80
TS =i8.90 .90 5. 47

i

1

1

59 .84 4,71 -5.019
105 ~{8.76 4,12 e PR
120 St S 350 -4.548
133 ~ia. 43 .99 e N D
50 ~-14.78 2.60 —E. 64
t &S =i 3. 04 2.28 : Rt B
1HQ ~-14.38 2.03 : 2.3
195 ‘ ~9.8f - §.82 S -2, 353
2149 ~8,39 1.66 - ~{1.97
225 7,43 o ALBR - 4,67
240 =L 04 1 .40 E —-1.40
255 . =510 1.31 - =4.48
270 _ ' -4, 31 1.23 - ), PP
o 235 ~3.H4 .16 -0 .84
e R - ~%.,05 104 S ~0 ., 70 -
S15 ~2L Y 1.94 -0.59
330 ~a 2 T.91 ~Q . 50

j),ﬁ Ftarting at 270 {minutes? of heatine phase

Coaling time Fres.variation Temp.variation il flow -
tminutes) tkaseq . om) (0D Cdmd gy ®lkm)

) %40 16,09 - 4,39 = .
15 ~2 0 43,41 T Teplma R
%0 ~7.86 - 10.74 N
4% i ~12. 43 .80 4,07
&b Y 704 - ~4.90
775 - i, 32 . 5.99 R
2 w1944 4,99 B R

§05 .. .92 4,20 5.0
550 7,96 5,5 . B3
135 - ~i6.54 3.07 4.1
50 -14,008 o, &7 ~%. 48

e o 465 . 13,14 2,35 ~F. 00

490 -4 .45 2.0 . 75

Do es -9 87 t.89 w2, BE e

o 240 -5 45 ' § .71 -1,59

| o Y § .57 68
| I 4 —& . 09 i, 44 i, 40
ST 255 R 1,34 - ~4.49
-, 35 1,08 480
gy w7 §.09 —fy, 8%
200 -3 08 45 fy P
.40 ), B0

» 510 i

')~ S Etartivng at 28 (minutes) of heating phase

; Cooling time Fres.variation Temp.wvariation il flow
i)- ‘ (minutes? Chygs sy . om) (RN Cdm3 A haurnlm)

o 270 Jé&.E20 1.1%



- 15
D : 30

i ‘ 4%
L a0

V5

‘: 1} ()

{05
120
135
5
&S
180
1957
210
25
240
255
270
285
300

RQFSTQTTEHQ at 360
» Cooling time
iminutes)

. o
) ‘ %
el 30
R S 60
‘ )
: 90
d. 105
SR 42D
135
150
165
R ‘ 180

3’ 195

C i L 249 ...

C 225 -

; DMW‘ e DA

[ 255

L 2D

y o 285
ltavting at 3%

y Cooling time
fminutes)

f
15
30
; | 4%
2 4

75

364
L
=1 2.594
K-
-{a.49
-i9.248
=19 .03
-tE. 06
~1 4,42
4.9% -
-13.21
=14 .51
iy DR
-3, 49 .
~F.2%
~&6.43
-5.18
R L EE
3.7
&, 11

{minutes) Df‘h@afiﬂﬁ

Fres.variation
vhkassq.om)

T e g

2.54
~2.74
~-8.42

-13.15
~156.57%
-18.63
-19.37
—19.43
-48.43 -
~ihL AT
I O B
13,24
il B I T
-9,.97
.53
=726
-ty ti 6‘
-3 .22
L 4
~3.74

fmiviutesy of heating
Fregs.variation
{hglsqg . om?

2,05
I
.63
AR
A WS
=48 74

14,30

Temi .

13,31

160,83
Y
KRt
H5.07
Ba0ab
4.,

P
T =i

[~

SR

&E LA

[

(LR
-
s P B ",
\."“‘v‘:‘-a"‘x!'—h:":"
=
S

e dn et B
PR
Tre ~d WL
o~ il

phase

SHaritation

1)

1.3.31
RO
0.98
T.40
ad.14
.14
4,33
.70
319
2.9
2448
2020
1.5
i.84
f .67

1

1 ;
.37
.30
[ by A

waryiation
[

Q.99
—2. 83
ot P
-4 0
Rl R ¥4
=5,
—% .06
=4, &7
"ﬂnﬂﬁ

3,70

E.PJ
- n'.. A ' l?
-2, 37
-2 04
4.V

CP 16-14

o AR

IR

=0, Ba
~6, 72

Dil flow

Cobmd A hawr ko)

"'l

A
&

LR
i1
)

5
QGJ

Pt
bb4=~a

-_Sa:.";g o

5.3

_"5'4.‘10

~4.70
-4, 23
~3.73
-3, 24
- "".' I? @

?ﬁﬁﬂ

—RDR g

1.7

44;cﬂﬂmf;ﬂ

- it

Ly .

~1.,02

-8.84

ait
Tdmis

Filow
Mour®km)

0 55
i.20



y.o SRS CP 16-15

3 90 ], AH 5 a0 40
T AU 105 =4 9,20 4,40 -5, 14
120 18,19 3.74 4, TR
135 ~ié .74 3.0 dy 2
150 : ~1%,0% 2. 84 ~ R TS

165 S =i 330 _ N wF .2

180 RN L5 - B

e i D, 00 2.04 i, 40

210 -0,57 1.84 2,04

et w750 §.12 -4, TR

20 ~6.19 § .60 ~1 .45

25 w5 24 § .50 = LR
270 —4 44 .41 ~fL0F e

s starting at 330 (minutes) of heating phase -

Cooling time - Fres.variation Temp.variation il flow - e e
fminates) lkgssq.cm) o0 CdmB A hour ®lkom)

0o i 1.8 16.49 C0.Té
15 Lo ~3.39 - 13,48 - -i.28
30 -3.80 Coif.0% ~3.07 -
. : 413 -13.45 9.43 -4, 37
'y &0Q ~146.84 7.5 %, 15
- . LE] ~18.83 G008 -t A7
R PR ] ~$9,55 .. 5.27 - -5 .44
R e 10% ~-19,25 4.464 T s
D iz ~18.24 3.82 wd .76
s e e 135 ~-16.78 3,34 P
R RECTIRRI 8.1 : ~-15,09 2.90 ~3. P
165 e R P 2,57 ~3.28
150 -11.63 : 2.39 -2.82 S
195 -19.63 - . 2.09 I S
210 R, 5 S 1.94 : —-2.95 -
2R L - S A o S ok IO - S
240 &, 22 .65 .46

255 S e C P.54 : -4 .23

- -

Starting at 345 (minutes) of heating phase

Cocling time Fres.variation Tewp.variation il flow -
- fminutes) (ka/sq.cm) - - ("8 - tdm3/hourdkm) - -

o) : {.42 16,54 : 0. 48
Chaas i3 ~%.56 13.56 i RS
el 30 -3, 94 i1.14 ~3.43
. : 3 e Nl B, 26 —~4, 47
L - 4D A, B3 R o ~5, 17
P SR rgi -4, Y &.34 -5, 50
I 10 LX) 5. 33 o X
3 : {6 ] G, G 4,50 Y
. 120 -, 2 3. 88 -4, 78
. i35 SR L 3.36 | 4,29
) 156 . R B DL L
1 4% -] X Boh PL

r 1839 R
) I § 95 ~10,

LI e 1
210 AR f.54 RN

& 2.14 ~2.42



y , e : CP 16-16
‘*jﬁ 20 -7 A5 1.89 -1, 74

‘ 240 oy a4 Ta6% -4 .47

”iSTarTing at 340 dminutes) of heasting phagse

Cooling time Fras.varviation Temp.variation il flow
Conutes) Ckass.cm) {50 Cebma o Mlm

o §.45 16,45 0.61
5 ~3.70 13,64 -4, 41
30 -, 05 14,23 L =37
4% NENY 5,27 -4, 46
A0 16,99 7.68 S =5LaR
75 SR, 6.4 ~E 53 s
90 —i9.44 - - - S5.3% B D —
BN 105 ~19.33 4.58 - TR S
e 120 ~18.30 3,937 4,800 e
EiE 1683 3.41 4B
L. 156 ~45. 14 3,600 o eELBe -
S 1465 ~13.38 2,67 CELB
oy T w147 D140 S 2.B5
e L2 ~10.08 2.18 2,483
e 218 -8, 64 2,01 ~3. 07
vy 22 ~7.37 - §.84 —1.75

’-3' Star%ing at 373 {minutes) of heating phase R
o Coaling +ime Fres.variation Temp.vaviatltion Oit flow
. Lminules) (kg5 . 0m) {0 Cdm3shour dkmy -

o - 1.4 16.73 0.55 -
i5 | -3, 82 43,74 kL, AG e
20 : -5, 44 11,730 - T e
45 - ~1FLIR 9.33 w49 L L
&0 47,04 7,74 O
713 | -1 8,98 4.486 L
90 PG 5, 44 - 5
B 7 ~1 9.5 ’ 4,67 LD
) §20 -~ 8,32 3,98 -4, 39
e S35 L -i4,05 3,47 L w4 BT e
A £ A i 3. 05 -3, &1 :
L Y ~iEL 40 2T R V- R

i 620 ~11.49 ' 0. 4% -2 84

| i 95 ~48.,40 5,03 Y

b‘;_“ 210 -8, &4 : 2,05 ~2.08

!‘ Starvting &t 390 inrivintes) of heating phase

‘ Cooling Time Freg.variation Temp.variation il flow
‘ {minules) (kg lsq.omd O Cedm3 hour ®lkom)

g o §.20 T 0,50
» 5 w35 RN, L5

30 6,00 51 R e
: 4% RENT 9.3 5D
) 3 40 47,08 vLED T

TH SR EINOY B R I 3114



lb—1 7/

~5.53
A e )
e R

-4, 33

5 90 i, 48 5,50
SR SR 105 —-19.34 4

20 il I I

135 ~ié. 08 F.52

1130 =151 i R S P
ER 165 ~413. 49 2LTY G I

: )” T ygaie] S I B 2.0
. ' . ]

1% -2.87
i iRt ! -2, 45

Starting at 405 iminutes) of heating phase

il fFlow -

Fres.variation o
CCdm3Arourgkbn) oo

(kg/s9.cm?

CTemp . variation

. ’*ﬁii Coaling Time
: (°C)

tminutes)

- Starting at

0
13
20
4%
&
73
70

105
120
135
150
§&5
ige

Coaling
(inutes)

Q
iP5
A0
4%
&0
TH
7?0

0%
120
i35
150
a5

420

i

P.10
-4.00

'I_;) . 28

(minutes)

of

Fres.variation

(kg/sy.cm)

(R
L O
-8 .33

-3, b
=17.14
—i. 04
=19 T
-19.38
~18.34
~16.87
-1%.18
~fR.43

heating

té4.87

13.84

11.42
.45
T.8646
65.37
5.55%
4.74
4.08
3.54
3015
2.81
2.54

phase

(o)

16,973
T13.90
11.48
PR
7.9
!
B L H0
4,79

Temnp . vaviation

4,13

2,41
IR B
2.84

S D.46 -
-{.53

—-4.5%5
~5.30

555

-5.246

-4, B34

"‘4 a 3‘5 ;

~3.83

N7 R
2,88 e

tdm3/ hour®km) o

3L ER

R I

5,32

.61
~B.56
~3.28
-4, 85
-8, 3
5L B
-3, 35

;‘ Ftavting at 435 (minutes) of healing phage

Frag.variatlion

» Cooling time
(ka/sq.mm)d

{minutes)d

il flow
CdmAB lour®lm)

Temp.varialion
1)

1 &
) i%

o 50

. 4%
D &0

Lo

]

Th.7
13.%4 o IR
i1 .54 R R B
.56 o
TL.PE - R P
& Ha R S

0.40

T
R
r o M
;o=
ER ST

=i Eed 2
P
P
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- 90
D o 105
S § a0

1345

150

)-. Etavling at 450
E ) Cocling time
fminutes)

2
i
39
4%
i)
)
ciol

195

ja0

il -

;ﬁ  Starting at 4453

Caonling time
(minutes)

&
15
K36]
45
6
)
20

105

120

sl 7N

-19.34
~18.354
=146.87
~15.48

{minutes)

Fres.variation
Lkadeq . cind

0.89
~4.47
=9 .41

=i3.91
e G
~i19.08
-39, 71
~i9.38
-18.34
-1&4.87Y

P
4.83
4.18
b

AL24

af healting phase

Tamp . var ialion ail
(D)

17.05
i4.02
11.5%
PLh2
.09
h.73
5.7
4,848
4,23
.70

fminutes) of heating phase

Fres.variation
(kg /sq.cm)d

0.84
-4, 21
~9, 44

~13,93

~17.47

-9, 06

~19,71

~19 .37

-18.34

Temp.variation gil
(o) v

17,44
14.97
14.65
DAY
B3.94
et
5.7
G493
.37

P Starting at 489 <(minutes) of heating phase

D Coaling lime
PP 0 (minutes)

- 0
b 45
S 30

455
:‘ &HO
i 75
| 90
¥ § 6%

) Sltarting at 495

i) Cooling ine
minintegd

Fres.variation
fkads . cmd -

0,79
-4, 24
-9 44

~13,94
-17.18
~15.06
—19.70
~1 5, B

{mittules)

Fyoms.variation
Chassg . omd

Temp ovariation it
{700}

iP.16
14,412
19.70

T

Foa 0l
Bai
G add
BLT
b9

of heating phase

Temp var tation il
PG

Tlhiow
CldmA3 Ao *km)

(.38
—f .51

—-5.34

CP 16-18

-5.35

-5 b

—5.39
~5.30
~4 87

iy BE

T Low

(dm3 A hourtiim)

Q.34

R PRV

~3. 34
s 3
=5 .34
I Yo
-5 . H0
. E

~4,88 - -

fliw

T 1 e
fdoddhaur shm)

tda3 A hour Ehnd) o e
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f)‘ Starting at 540

Teon Cooling time

Cw (minutes) -
y

K : &

B e |

AR 30

HO
75

Ky

starting at 525

‘T Cooling ltime

) ‘ 15
‘ 30
‘ ‘ 45
) . : L

Starting at 549
Cooling Time
(minutes)

0
. i5
' 45

38301

Starting at

Caaling time
{minutes)

6}
HRATI i5
) 30

) Starting at 570

E. Cooling time
) } {minutes)

Q.75
s By
-4, 44
=395
b IR B
R, 0%
=49.70

17.22
ta.4¥
11,75
Q.7
B.16
H.87
5.84

(minutes) of heating phase

Fres.,variation
{kasgq.cm)

.73
—4 .30
~-52.50

~13.96
-t 8
-{%.05

(minutes)

Pres.variation
(kglz.cm)

.68
-4 .33
-85

=1E.PH
~17.18

Tenp .variation
19002

i7.27

f4.20

i1.309
9.81
8.2
H.71

of heating phase

Temp . variatlion
]

1732

14.4

11.84
.84
3.35

twinutes) af heating phase

Pres.variation

(kg /sq.0m)

'::) “ f’!‘lﬁ
~hi. 34
-, 52

=13.97

tminutes) aof

Fres.variatiaon

(kg 59 .Cm)

0. 63

i) R

P I
tminuley)

e,
Clkassy . cm)d

heating

of heating

wvav ialian

Tamp.variation
{*C)
17.3%
i4.332
14.89

D90

phave

Temp .variation
{90

T4
f4.057

11.73

prhase

Tenip , wariation

R

CP 16-19

il flow
(dmidshourdtkm?

0.3
~4 .67
~3.40
- 65
-5 F9
S

0il flow -
(dm3 hoursky

1? ,
0.599 -
-1.488 "
~S.41
4,66 =-
~H. 80 .

Oit flow
{dmI/ hourdkm) .

9,08 e
=4 .67 o
~A.42
~4 &7

Oil ¥Flow
{3 hour ®km)

il flow
CdmIhonrwlim)
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}f ' 0 GO N 17 .44 @.26
173 ~4, 36 4,41 =T

o CIRCEE O TRaNSE 2

~ “

civeee

o il density =0 (9BY kgldm3

‘,' Esperimental coefficient due to restrictor device

s tviserted in the oil duct = .47%

Feeding pressure (normal pump velief pressuve) (kygfcm?)? o e s T

30
- Ftarting pressure = 30.9  kalon?

Cable Lenuth up to severance point = 100.9 km

fea water pressure at severance point = .00 kg /cm2
Opegrating pump = - - R - SRR
diztance hetween two res 1V:C101 tdevices = 2000 m
Inside diameter of restrictor device = 7.0 wmm : B .
il pressure gradient at the severance paoint = -0, 1RH7(kq1rm’fkm) T
Morst il pressuwre digstribution Trom the sevevance accidents= 105.0 (min.)
Oil flow {dm3/hour) at the severance poinl based on S S et e
pressure gradient = -30.871. , . e

THANSIENT PRESSURE HRUF

cTEVerance point Frursuru alung 1hP Gil flow
digtance (ka) cable (kg/rm I e fdm3 S haar y e e
9.00 1,00 . -  - ~33.9 ‘
g.09 L2 e B 0L
i 18.18 OIRMNES 31.2
-1 e Y27 0.74 - - R D594 e
346,38 A ' g%.4a
Co 45 .45 .28 - i P94.4 -
ED"- 54,55 : 4.84 - . - . §37.4 -
63,64 10,02 1657 ‘
TR.73 F5.86 - vy o 19ALE -
: - 81.82 18.42 : ATD.5
) 9p.93 23.79 2661
i00.00 E0.00 :

, . 3
3’ stop
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= G1~ 4. 7200000000~ 04 GL“ 0]
- G3= H.7400000000E~04 F4= 5. 5690000000E O4

CQPHCITANCE“ 0 HICROFARAD km

CP 171

TRANSIENT TEMPERATURE AND PRESSURE VARTATIONS
IN OIL FILLED CARLE IN CASE OF SEVERANCE

‘o HIGH DENSITY OIL

THERMAL TRAMITENT

B el L R p—

.. CR.SECT. CURRENT VOLTAGE : e e

1600 250 00

L= 4.0300000000E~04 Gé= 9. 44@9900000& Q4

,G7= 6.6700000000E-04

ACU ASCH RHOFR RHOBL
4, 0300000000E-0%  4,0000000000E-03 214 T 1000000

RHE - RH2 © . RH4 B aLFA | T MR
560 79 7o 2241 . 8?6?0“5{4{& 3

= 1. aaeoeoaaour 0% EPS= 0 COTAND= 00 " Fz o

CAXIAL DISTANCE = 50000  wm D EMBEDDING DEFTH = 300 mm:c 7

Temperature varialtions (°C)
, Heat time(hours) Conductor DI“[ELTFIC-"---" Theath
e 0.25 &, : S 3.8
0.50 8.4
: , 0.75 0.3
T 1.00 - - 19.9
' 25 13,2
: i
i
i

*

» F K ¥

]
z
1.5 4.2
1,75 .. 5.4
2.00 5,0
2.25 . 16,3
2,50 : 14,0
2.75 H7
3.00 7.
7.

s

: i

3.25 i
P

[ [

[ >

m~a¢nb-*a3uamrﬁLﬁm.he~&

P e

3 366 T 3 I I 9 5.
Total cable Joule lossesdconductor loss

S RMNRNR=> =D g0-Jt D

"t

1
L\-e-»_-b-“
= 0+ B

_.

'- A AT N U e S

-J"
it

LU00

FRESZSURE ThﬁNS1LNT VHhIﬁTIﬂ?i - - e

Reinfnrc.fhiﬁk. = 0,400 {mm) Lable half length = 50,009 (k)
OilL duct digm. = 25,00 Cmm)
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,,' MODULUSE OF ELASTICETY OF THE RETNFORCEMENT = 1440000000 (G7S0LCM)

‘.‘7; AN 6N I D6 6 e D 2 6 I M 60 E I I 6 IEIE 366 I I I W I A0 IE I I A0 I I 6 I DE D6 I 6 IE TE I B I A e M 6
S DIELECTREC QIL VOLUHE = 4148 LITRIASEM AT VALLIE )
oo TOTAL CABLE OIL VOLUME = 1654 LITRI/ZKH CACTUAL Val.UE )
‘) D63 I D6 Vi D6 I I FE IE I6 W D6 Mo T A6 I I I IE 9P I 06 o I I6 6 I IEAE I T e W I6 I I I 96 IE I I D6 36 I D590 JE I ;e 69096 I

STARTING FPHASE OF THE MHEATING

OIL FLOW
COM3/ MO EM)

HEATING TTIME
CHMINLTES )

FRESE . VARTATION
CRG/ER.LCM

15
FQ
47
)
3
70
163
129
135

80
]
210
2323
249
255
270
- 25
S0
315
330
345
260
AT
390

§50 .
165

.74
13.83
17.44
19.70
9. 40
29.494
Ti9.23
TV.98
76,41
P4.83
13.26
T1.77
i0.33

.93

3.00

T.00

&.13

5.34

A7

H.02

O

J.21 -

.85
2,35
2.28

2.06

i.28
myooae
A &l S

.58
4, B4
4,79
4.97
4,94
4,75
4,45 -
4,90
3.73
.35
2,79
2.45
2.4
2,07
§.82
i.80 .
LR & R
f.pa T
1,10
.97
0.87Y
0.78
H.70

DLEF  toe e Ry

&' CWORST COOLTME FRESSURE TRAMSIENT VARIATIONS

. STARTING AT 45  (MINUTES) OF HEATING FHASE B
OTL FLOW

é’ = ROOLING TIME FRES . VARIATION  TEMP.OVARTATION

(KGEASE.CMY (=12

e e e (MIMUTES)

£

TR
.01
a. v
HL0S
3.0V
1.04

.24

2.99
2R
.96
1.5
1.29
1.t
0,84
D AR
45N
Cr, 4%

EDMI /A HOURNKM)

1.3249
.05
1.05
B.Ta
0,45
0.18
i3, 18
iy, B
LI S0
-0, &Y



1A)f' o iah
T 180
o ' 195
210
225
_ ‘ 240
N I Y
) 270
285
00
315
FIEO
245
340
L
370
40%
420

%)i  FTar%ingtat 30

poTE Cmoliﬁg time
 )7 - Aminutes)

e 15
e 45
S - &0 -
b )
el

o 129
R & .
o 150
‘_"i‘” - 16}5
SR 4B
- - 195
Al 210
. 255

: 240

) .

L L T =y

o .

270
} | 285
) 300
- 315
: 350
). 345

RG]

Fres.varviation

—2.T70 .80
2. B0 Q.26
=244 0.32
—2.33 019
-2, 01 .16
4,79 D.14
-1.54 0.13
-4 .38 Q.11
-f.24 0.419
-1 .03 .09
-0.89 9.0
-0.7Y 6.08
-0.46 0.08
- =0.57 Q.07
~-D.49 0.7
-0 .42 D.06
—0.36 2.04

-0.34 - 0.06 -

-0.27 .04
-0G.,23 G, 05
~0,28 - - 0,05
~9.48 L .05
-3.15 ' 0,05
-, 14 .85
-@.42- - : 0., 0%
-0.11 .05
-0.0% - - - .04
o -0.09 .04

Uninutes) of heating phase

(kassq.cm) {00

13,684 5. 37
12,25 4.35
CA0,B6 -
7.54 .88
4.07 . 2,33
0.96 .87
=45 1.51

-5 .05 ' 9.8
-5, 28 0.7
-5.22 9.56
97 0.47
Y .40
iy, D4 - .35
o P &.30
-3, A% B.27
- .94 0,54
Sy - 0.3
—2.04 0.9
SEPL-Y G018
~1.4% D17
w4 (a1 d
- L2 G.45
~f L O D.54

Temp.varialion

55

CP 17-3

s B B
-, 09 e
-=0.08 - AU
_Oh()? N el e
a I T R
Q.65
—-3.04
-0.04
-~ .03

Dil flow -
{dmI our ®km

=D AES
LY
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CP 17-4

ATE 29 O.13F =0, 12
AP0 “Q .77 0,13 ~0.11
405 ~Q. &7 H.12 ~0,0%
420 =L 5T R.13 3,08
4%3 -0.50 PR ~0 .07
450 ~0.43 D1 Q.06
4465 - .38 0.10 -0, 05
480 -.33 ‘ .10 -Q.05
4973 -6.29 .10 ~0.04
10 -0.25 0.H9 —-0.03
BRAN ~.32 .09 -3.03
540 -.20 0.0y : ~0.03
55h ~9.48 Q.09 -.02

f iwm Starting at 45 (minutes) of heating phage - - e

Cooling time Pres.variation Temp.variation il flow-
Cmiviutes) Lkg/sq . cm) [ Cadmd eur ko)

R : 17.653 7.33 3.58 -8
1% 44.48 5. 54 3,06
20 , 12,67 4.84 .26
i
)

‘ 4% 4,20 3,92 39

3 &0 3,67 3,14 3. 40
. 75 T 2,55 ~0.04 .
S 0 C-3.E7 2,04 —9.52 -

:)*; 105 T .47 o B

A 26 - &L E8 T ~1.02

- L .75 R ~1.10
.Jj*w : 158 o I B : : 0.%3 ek I I B

R 165 -7 p.78  -i.08
Lo qge —7.10 046 —§.0F e
IR i 595 T 0.5 ~0.93
e 219 5. 9% 0.49 T “ L
T nps o “F.EO .43 m@LTA e e e
o na0 & 69 6. 38 ~0.66
AF5 e 445 0.33 , . 9 7- FR N
270 Y 0.30 -0, 50
285 o =343 0.28 ~Q.44 o
300 Y 0.24 ~9.37 SRR
PR T T- S -2.09 0.24 ~0.32 .-
Ly E®e o -9 eLag o —guRpE s R
Y 35 IS - BERE - OF- - SRR 59 A

‘ 3460 ~{ .46 ' 0. 26 ~G.20 I
A N 0.19 ~0.17

) T 1. 08 0,19 ~0.45

s 4075 ~9,93 0.8 Lo TR B
13' : 420 . SO 215) .17 =011
; AR5 =), D D.14 =010
: 450 1Y) Q.14 -0, 08
) 4565 - T I .15 (.07
§ AEE -8 4 013 RO R T
! 493 -, 44 ToD.ia ~{ . 6
) 310 -0 3 0.14 R Gl

525 -, 332 : O.14 RO IO R
5460 -, 28 B.13 =i, 4

Startivg at &40 tovinutes? of heating phase



" Cooling time

(minuteg)

S' tar i ng 1 5

Cooling time

fminutles)

Q
15
E30;
4%
&0
v
90

10N
120
135
P50
145
18

Fres.variation

(ka5 . 0m)

192.70
1788
12.95
Tethd
244
-2 .08
-5.52
~7.838
-~ .28
wG 90
~2.94
-9.59
~-3.98

~8,24

=743
~Ha B2
~3.68
-5.94
~4.47
PR g
-3.30
~2.84
2.4
=210
-1.81
-1.54
=1 .34
~f.14
=§ .00
—-0.87
-Q.75
=0, Hb
-Q.58
~0.51
-0, 45
-0, 40

Fres.variation

Thkglsg . om)

20,41
]
1,02
a3

.46
R I I
~T. 75

QL1

~§2.04
~fi.%4
-5 .41
~10.H3

Tempravartation

, R W

&.92
Va3
5.4
4075
COREE: |
A.10
P
204
fa.67
1.38
.14
0.96
0.82
0.70
D.614
0,54
0.48
@.43
D.39
2.34
0.34
.33
0.3
0.8
Q.27
0.2%
0.324
9.23
D22
G.22
9.2
0.20
0.9
Q.18
D.18

{minutes) of heating phase

Temp.variation

(IR

0.2
8.26
Hhat
A
R

B.EE

il fiow

Cdm3 four ko)

4,54
3051
2,44
.53
0.41
. F4
), 8
.2

N I Y

~f .45
~i .39

m1a2??J  =
.-.1 . 1 ? W e e = s

-1.03
-9.93
~6.B3
~§ T2
-, 63
), 54
-0, 46
-8, 40
.54
) 29
-0, 25

o ey
L IR

0.1
~0.16

=Q.14
-0, 5 d
.10
-, DY
-9, 08
(), 27
£ . D
-0, 08

it flow

fedlmid s hour®km) s

4,79
.49
2,40
1.16
.11
=6y
-4, 24
-{ .58
- .75
1.8
~-i.16
o Y

-1, 154




e 17-6

9.

195 -G LT 0. 83 - L RG
240 3, PR 0.73 -4 .24
225 -7y 0.64 SR
D40 ~d 8% 0.57 =0, 97
5 =5, 99 0,51 -, E4
ST 270 -5, 20 B.4a7 ), PR
'y RES ~4 ., %0 0.43 ~0, 63
. 300 -3, 84 0,49 (), 54
, 315 - % .34 0.38 0, 4h
Yy 330 -3, 85 036 ), 40
R 3455 ~2. 45 6.34 -, %4
340 -2 SN : i), 29
375 ‘ -{ .81 0. 31 SR LS
390 -4, 5 0.30 S 0,22
405 ~4 .35 0.29 0.9
A0 SRR S A DLAT o 0L b e
435 -1.02 Q.27 - - R R e
450 , ~Q.89 CoBLRE s B2 e e e
445 ~(. 78 0.2% -0, 91 :
430 -0, 68 D.24 oL
495 ~0. 40 0.23 ~0.H8 -
590 , -, 54 G.23 ~0.07

b | starting at 20 (minutes) of heating phase

Coaling time Fres.variation Tewp.variation (il flow
)-“ {minules) Chy/sy.cm) {0 v Cdm3 houwrskm)

o) 20,14 11.25 4,97
i5 - 16483 9.1 A48 o
30 19,86 7.3 DL B :
45 4 .64 598 o 0. 87
AD ~4 .32 4.8% ~{, 34
TH ~& .24 : B 0~ -1 .54
PO e N SRR 348 wd 63
165 -§R2.32 - D60 : - .55 RO
§2¢ .- -413.59 - 2014 - 5 L S P
{35 _ ~{R.97 . i.78 3,14 -
150 o -13.71 i.49 - -2, 04
i3 -4, 04 i .24 4, P9
180 -12.,0% . .08 - TS R
195 - - “f 0L BA o 0.94 : BB e
216 . A C AT : .82 E e TP 5 D
275 -8.75 ‘ G.73 SR
240 ~F.H8 D.théd 4§, 09
255 - -6, 71 - G ho L P
270 w3 o 0,55 -G, 32
a5 -3 OF .59 =y, 74
300 el 3O . 46 -0 . &1
( 35 T &, 45 () 53
j“ﬁ o 3RO R 1P &, 42 wfd, 45
= : 345 -5 T G. a0 (i, 38
! 340 T O W £+ (), A3
- SRS 04 8L ET
) E9a - ~4 T £, %5
SEEREEE 405 i.50 . A
=)¢g : 420 ok £, 32
4 -1 .15 0.0
450 .00 B, 00




-

AAH%
D 480
ol 495
D

Starting at

-

Coeling

{minutes)

¢
i5
30
i : 4%
T &0
- . )
. , - . .:?Q
S 05
: 1210
‘?*iﬁ;' 135

150 - -

1463
180
195
210
225
255
270
205

v v

-

e 30 -
J. BOSF gt
P ' 4WD‘

435
4 450
445

- Stavting at

Cool ing

A fminutes)

240 - -

. 300 -
315
3G -

SO 345 -

el 480

Fregs.var
{kyl/sq.cmd

-0, 583
-7
-0 . 6%

(minutes) of

Fres.variation
(lkgssq.cm)

J¢.23
1504
P16
2.4
~3.34
-8, 35
-1 .99
-14,29
~15.44
-15.68
-i15.24
-14.449
-13.08
- 2.08
=18, 8D
-9, 5
-83,37
-7 .32

~hH.35

-5, 49
~4., 69

—4,04
~%, 48

~3.00
-2.58 -

P | "‘i 3

-1.92
“1 A 'f)?
-1 .45
=f . 264
~4 .40
s

~0.86

civiutes)

P93
13.42
V.AR
0.75
—M. 34
=41, 30
~§3.8Y
K< W Gy
7L 08
Sk A

iation

.29
028
LA

heating phase

~variati

CenD

12.08
.78
7.4
!.'.!) » 43
5.2
4.2
.44
2.82
2,33
.94
.43
i.39

.20
§.04
Q.92
0.82

0.74

.67
O.AaD
.57
0.54
Q.59
.48
&.464
0.44
Q.42
B, 40
0.3
V.37
O.54
B35
&.34
§.33

of heating phase

Variation

CEED

12.764

10,52

&8, 38
.7
L
4,47
.63
. 6T
2.49
2.08

-9.12
-0, 11
@10

T 1w

Cdm3 ey e )

A, e
K Y

1 [ i

¥

9.52 -

0,61
=1.44

CP 17-7

—fog Tl

—2.38

-2, 40

=2.37

4) a a}c.? -

~i3

'—-1 94 -
-1 .75

~1.9é8
-1 .37
~1.320
.04
=, 90
-~ .78
~0.46
=0, 57
-8 4
.42
= 3h
0.5
L7
-, 23
=, 20
~0.18
I I
-0, 14

Tlow

A our dkm)

\_
A1

4.
LIRE

oy

Y
i

A "‘-""-\.

.N")

(

Hé
-2, 32
I A
A
ROt

)
o
~1.
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w4 h, G0 1. Th i, B0
] 5L 50 .50 -3 R
4L A0 1.9 ~2.12
= R D0 .43 L, Q0
=14 .60 .08 -] .68
o RO IR D.90 ~f ., 48
3,99 &, 01 ~ L 29
-7 .83 O ok D B
LTy 0, 4% i) 9T
~-5.87 .64 -{, 03
-5, 03 0. o -0 7
R . K1 6,57 - -0 . 61
~B.7H hﬁmq -0, 53
S 0.5 L =D, 45
i 0.,4% -0, 37
-3, ARG G.AT () R
-2.07 .45 QLR
-t .79 Q.43 =025 e e
~1.54 0.4 -,
-1 .36 9,49 ~0,19 R
-1 9 G.3Y T B A
-1 .95 . 9.38 : ~G. 15 e

) ‘ Starting at 135 (minutes) of heating phase

Coocling time Fres.varfation Temp.variation 0il flow
Cminules) kg s L) {70 ; Cdwd ourska)

e (oS 16,42 1%, 314 4,45

e 15 - - Y SR § o I & - 2.u2
30 - S A7 : 8,75 - ipaic)

) 47 -1.14 : 7,10 - - RF

’?w~ &9 : ~7.024 A S —~{.35

L 75 w240 , 4. 469 —2 .14

e LR : -i5.57 - - .04 - R 63
: ,f - 105 47 . &4 3,14 ~-2.87

. 15:'5;:'1;'_ ‘ 120 - . ~i8.52 - : 2.03 R : -2 83

s - 135 ~§8, 47 0LE0 -2, R5
B 150 ~4 7.5 {.87 -2 70
e 145 14,65 .60 ~2.49
e _ {50 L 1 I A i.39 umﬂ¢5 -
A S - 290 - : ~fR.2r - - f.08 - - niﬁ?Qm,~~

: S S -8, 83 ¥ ' H,97 -1.57 v

) 246 w4 0,848 -4 .37
% - 255 = 6.8 -4 .49

o 270 “T. 47 Q.7% - ~§,02
) . S285 0 G.70 -0.88
; RO : 5 4 B.H4 -, P
Lo 345 - GaHF -, &5

)] 30 B.59 -0, %54
0 : A4 N iy, 48

360 : £}, 44

i, R
)R
i) Y
~Q), 23 .
), 20 -
iy, ] e

C 375
Zep
B 495
420

) 4735
A%
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CP 17-9

starting at 150 (mivutes) of heating phase

Coalina time Preg.vaviation Temp.wvariation il flow
{minutes) (hg/sq.cm) ) w3 owr % lm)

) 14,03 13,75 4.40
‘ 15 G904 14,14 2.45
f).; : 30 R.69 .06 0,82
B 45 -l 9 AR -, 5y
e ~3.91 5,949 : “«§ . &9
75 i3 7 4, B8 -2, A5
s 70 : 7.7 4,00 Y
AT 193 ~19,02 2,30 R P B ST
l ,a;w o 120 : R T 2,75 I e
- 135 -i 5,58 2.3 : 305 o T
R 1580 : ~48.,78 $.97 - = RLBT
) $ 45 ] L {69 -2, 63
YA 1 86 . 1. 02 .47 -R,38
T e 155 o e {4,473 .30 : 2.2
fiwgq o 290 o {2, 54 1.14 -4 .88
. : 225 ~-11.3% 1.0% ~f .44
, 240 B 0,95 ~1 .43
2 3 255 _— -B.44 0LH8 -{.024
: 270 ) ~-7 . DG ). 84 .07 R
Lo :)ﬂ::i' oL 4 ‘ T -4 N 48 . o, ?‘,':‘ . -0 . ?3 B
3 Kt . 0. B 0,72 - . =0, -
R AR 315 R T T & : 9,48 -0.48
- 330 Y A I 0.4% ~ .59
.f);y S 345 - o =3.36 DR e -0.51 T
R BA0 e . J0 -1~ N G.59 -, 44
P IS - L =R b6 O.L57 - .38
Loy 390 - £ : 0.5 S o e
y 405 - 01 .53 0. 78
S 420 S I £ T 0.54 -, 25
\ 435 : -§ .53 0,49 -, 2

5 ) Starting at 165':(miﬂuT95} of heating phase

. Cooling time Fres.variation Temp.vavriation il flow R
D : {minutesy - -~  (ka/sqa.cm) - [ M R o fdm3 S hour ¥kmy o - v Thile

o o437 © §4.,47D 3,73
‘ i g.54 §4.44 D07
V- 30 9.04 5.2 0.46
S | 45 - 555 757 -0, 53
) A0 -1 3,44 .l
| - 7 {4 W 0.4
L 90 g, 4,14
y | § o 0. 21 3. 4%
? 520 0 O o
: § 3% NNE, Y
e 50 . A 504
D fa% -5, 95 i
. §80 i A Y
o 195 14, 58 T
) 210 RS i 0
205 BT f.11




RO
255
270
205
AR
315
X0
%)
Ky e
A5
Y0
405
A2Q

Starting at 180

Coaling time
Cininutes)

4]
i3
1o
4%
&
)
g

R
ad]
135
1589
145
180
§95
243
225
240
Loans
270
285
A00
315
F30
245
XHG

ey
P

AP
405

Startivg atl 1559

Coaling time
fminutesl

0
15
K10}
45

i)

P28
o ﬂj A (?35

1,92
9.94
a.87
.42
0.77
0. T3
Q.70
D.6467
0. 44
0.1
0.59
0.5

60.5%

(minutes) aof heating phase

FPres.variatiaon
Chg /e . i)

11.77
L
.52

-5

-41,80
~§9.53
21 .24
~21.79
-39 L R7
~20 .32
~18.84
“~§F. 4%
-{%.45
Bl I SN
-§3.30
"'1(')«59

-9,.22

0,00

L W

=53.93

R Ty

~-4 .42

-5 .82

=335

-2.87

R A

-2, 47

Temp.variation
(R0

14.43
P1.70
G.5%
e
GaAR
5.18
4. 24
A.54 i
2.98
L
LI
1.36
1.63
1.45
1.30
1.8
i.08
§.00
.93
G877
0.83
0,78
B.T7H
.79
0.4%
Babha
0.63
. b

fminntersd of healting phase

Fres.variation
{kagfsq..om)

10,39

5, A8
-8, 63
w2
~42, 99

Temp ,variation
R

14,68
1.9
G .7
P90

.
AR ¥

=1, 49
-1.29
~f .2
~8 .96
-0, 82
~0 . 61
- L5
-0 . 4%
A
~0. 34
- . 30
-0, 24

Gil Tlow
CdmA hourkkind

3.35

.71
9.12
-4 .24
-3 27
-2 9T
~X.37
~B.53
R P
~3.36
~-3.13
~a .06
~-2.58
ALY
—-2.02
ok B
-~ .54
-1.34
~1,45
-, 2
-H.85
R
~-Q.63
-..G N 54 .
-} 47
), A9
-, X5
-l R4

il flow
Lol Aol )

2.5

1,37

CP 17-10
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CP 17-11

V5 ~17.48 503G
20 A 4,38 X504
R B . .64 - P

R TR - it Lol =& 65
Wi L 13% ~22.05 IR ' -3.48
e 150 ~29.,919 ” a3 ~B.324
‘) ' § &5 =19, 38 .94 -2 RS
140 =17.44 F.70 B

P95 ~1% ., 84 1
) AR L 07 .34 -2 08
. 2R =42, 40 i.24 o I
rri ey 240 -, 85 1.14 : : ~1.,58
Yy R - .44 .05 —-§.37
Pl e e a7 o =819 - 0.98 B P LA
285 o =T.09 ¢.92 ~§.02
300 =, 0P - H.88 -Q.88 . e e
5 -5 .24 .63 - R R I
WAL -4 54 0,80 e T S TR
345 -5.93 .76 ~0. 56
360 x -3, 40 .73 Q.49 -
CEL I -2.95 .70 L QA2 e e
Co3we 257 G.68 | ~Q 37 o e

LB S

‘ Starting at 290 (minutes) of hea ting phase

P Cooling Yime - Fres.vaviation Tewmp.variation 0il flow -5 o
) fminutes) {karldsa.om) CHE0 \ Cldma3shour®hmd
VI 4,90 2,465
4.13 12,40 R I 1 e
-~2.03 ) 9. 88 T R e
R : P 8,04 ~1.Th
-14,08 &5 S 2074
-8, 42 e ~3%. 38
—~24.38 447 ~3.73 - -
~22.89 .73 =3.84 0 5T
~23 .21 3,04 I T C P
=22 62 248 ~-X.59 - e
-24 .41 2.30 ~3.33%
-19 .21 AROR ~3.03
~46,02 _ 1.7 =272
-t4. 17 1.58 2L A2
-i4.38 - _ .43 S B SRR
P .30 -4 .86
~14.06 ' .09 -4, 62
-9 . 44 1.4 - e, 40
i ~8.34 1.04 -4 .29
y e =704 - DT -§.05
B {61¢) e 0n.93 ), PO
395 -5 B B, 688 I
3" 3EQ -4, b4 0,54 ~{ . &7
SRR 345 -4, 02 7,81 -,'58
: 340 ~%. 48 TORLTT ), 0
3) : k¥ ~3.03 &7 0. 43

~) Starting at a2o% tininntes) of heating phage

Cooling time Fres.variation Temp.varitaltion il flaw



Yoo Ly o . CP17-12

(minmutoy) (gl omd {0 {dmBAhour%lkm)d

5
Lo e 0 9,01 15,08 7.34
D-«; S 1% .02 13,24 0.8
R 30 -3, 08 16,02 ), 73
45 34 8.18 -1 .98
HO ~1 4,99 G.V0 -2, 93
7 Al 5L 3,55
: 90 e et 4,57 -3, 88
oy 5075 ~23.51 3.682 -5, 96
: 120 AL TS X, o0 -3, 68
135 ~A3.10 DTS : ~3,68
156 ~21.83 2.38 B B T St
165 ~20.18 2.08 S =FA0 0
180 ~18.34 1.84 L -2.78
CpiEoT o 495 16,45 1.44 R i
| P - 290 14,40 1.48 : —-2.47 - RS
s el ~§2.84 .34 T T B
oy 240 ~14.25 .25 S ICL R
| T 255 ' -5 .80 .16 -4 A3 s
R~ -850 .09 ST - B
) TR R -7.34 | 1.0 i 07 o
o e E00 -6.33 0.98 —Q.,FR
- 345 -5, 47 H.93 -0, 79
‘ 3% ~4.73 0.8% ~0.68
e 345 ~4,10 6.85 0,59 .
Lo 40 ~3.54 5.82 QLB e

-

l Yo Ftarting at 240 (minutes) of heating phase

R SR

Coaling time Fres.variation Temp.variation il Flow
(minutes) (kag/sq.cm) (°CH Cdm3/ /hour®skm) - -

,;- - e

7.0 15,24 2.07

- 15 2.0% 12.40 0.53 - o
5 30 -3, 99 10.14 0,73 -

R AT 4% —§0.18 - 8.30 -2.47

40 —{5,70 &.80 ~E. 10

Ny 75 D Y ~B. 70

- 20 R L 68 4,65 -4, 00

o 105 ~24,03 3.90 “4, D7
y 120 ~24.29 S 3.30 - ~3.97 -
I L 135 Co ~23.58 2.82 - R S R

150 2247 ' 2.44 =3.47
) 1465 ~20 . A48 2,14 5. 15

f89 S 5 I 1.96 - 2,83
b - 195 16,468 ' §.70 -2 51
3 218 =4, BD 1.54 2
| e =03 ' t.81 I
| : 2404 -i1 .40 1 .30 o I
» AR -5y i1 =1L 4h
' 2T I T.14 Y
; AL 35 A Y B B I e, G
‘D : S0 L 4 E .02 LI
| 1% ~H.0G F.97 =]
: J30 -4, 8 0.93% LG
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. c .. CP 17-13
)la]llﬁq at 255 twinutes) of heating phase

Cooling ltime Fres.variation Temp.variation il flow
D Cminutes) Chygssq.0m) {90 (eI hourskm)

@ .13
i5 1.21
A0 ~4, 78
_ 4% ~10,9%
5)*. &Ha ~-14,.34
: - F) —-dB .09
e 0 RN A
Ty 105 ~24, 84
R $~1:) —d4 .59
Salo 135 -23.83
oy 150 22,46
R R Y'S: DTS
e 480 ‘ —-i8.82
.{'7‘ : BT ~14.87
VR 290 wh XY

- v

el ane ~13.18
R D40 . ~11.54

Y e e o —iH .05
270 -8.73

285 ~7.57

L 360 ~6.51
-y o 45 ~H.H4
» TED -4,.838

-)«; Starting at 270 (minutes) of healting phase

: Cogling time Fres.variation Temp.variastion Oil flow
;’5 {minutes) (kgssqg.om) 0D Codm3 A houralm)d

e ) 5,37 Nt i .60
o 15 0.47 - 5. 44 5.1%
d 3 -5 48 § G 3% . L RO
a5 —41.54 2. 40 -1, 49
a0 | 44,88 &, 98 ~3, 87
o 75 10,04 , 577 w2
— 20 23,59 . 4.6 T I
IR Y S R - S 4.05 ~4.024 ot be
. § 20 ~14. 90 3,44 w11 o
i i35 ~24,10 ey ey
o 150 -2 70 T, Y
B 5 675 0. 04 ey L
S §80 49,00 2,01 Y
’*' , {65 X .89 i EE
| 210 RTRT e .
L oo ~1%. 31 § .5 .98
3 240 4. A% .49 -
| g {015 i, -
i ; g 00
e i, i3
§,41 L
Y -, 03

L 270 -8, 82
Ty 285 =7 45

- 309 - 583
Z15 55,

Starting at 28% (tminutes) of heatlting phase



Cooling time
(minutes)

Ftarting

Cooli

0]
15
A0
45
40
s
o)

195
120
1AS
150
145
180
195
290

235

240
255
oy

AN IR Y
205
L6101

at

g

300

Time

(minutes?

Starting

Cooli

0
iP5
30
45
S
i
90

105
129
135
PEO
145
180
P95
2960
a5

240

F;l r"

H?Q
205
atl

4]

315

time

Carinuter)

8

Y

Fres.varia
Chyg/ s

40714
-8,17
““;) 'F:h/)
2.0
? A4
1mné
nEA L4

“?? 90
-2 014
~i%.1é4
~1T. 16
~15.23
=R 49
-i1.74
~i0.374

8.0

-7 2

=& A5

itminutes)

Froes.varia
tkgs sy .o

4.42
=07
=& 54

-12.49
—{7.T2
~2f LT
Dy,
ASLEY
....LZ'T'; . ”C}
285
—A% . 04
—ai 25
-i9.28
—-47.:28
S
S B 1 ¢
~i1.82
Reh RO
= R

.78

Cminutes)

Fres.vavia
|‘|-'.«1,r« 9.

e -
A

tion
i}

of heating

tion
mn)

of heating

tion
i}

Temp .

Temp .

Temp .

vaviation

L

15,62
fa.7a
10,94

9.5

4.4
250

TRL03

1563
I') J"
L AN

2.07
.87
1.70
§.568
§.4%
iaAd
1.8
i.21
.15

Friva s

varia
L)

15,72
j2.83
P53
g.a5%
Tatd
i J
£, B
4,18
I
.08
269
LR
298
i.92
1.75
‘1 S
.50
1 46
.33
1,25

phase

vVaria
S

§5 L

tion

i

il filow

Cadmd o e s km)

i .41
-0, 08
- .44
-2, &
I N g
s PR R
F - A
R A
s A

—3. 93

a2
Rl PR &
-2.94

=260

~2.29

-390

~1.,74

B
-1 .31
=-4.13
Q.97

Oil Tlow

CP 17-14

Cdmd hourskkm)  ~ 0

1.24
~0. 19
-4 56

-:) . 7Y

~Z. 54
—dh, OF
4,34
4, B
-, 23
N

~J.hb

~-3.32
—— "') (l;l ?
a. w Ll " "5
aﬂoi
.02
—§ .7
N
1 HEYy

PR

f.14

il Flow

ComE oy ¥ o
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i
el
473
a0
TS
20
o5
20
1A%
50
1 \‘.r.\ I {
186
195
20
232%
240
255

270

'11‘STmTTing at 330

Cooting time
(minutes?

9
i5
A0
45
&9
TS
20

195
120
135
150
165
180
i?n
290 - -
2235
240
255

Starting at 345

Cooling time
tmivittes)

0
i%
A
43
10
[
Y0

| Rils

—i 17

“$.96
~12 L 86
~18., 04
~21.,97

~33.19
S B
-1, A8
=i .37
15,49
-1 3,58
-11.879
-19.37

-G B2

(minates) of

Fyos.variation

fkg/sq.cm)d
3.22
-§.5353
PR S
-13.17
~-18.31
~2R 20
24,65
~ah T4
-35 .49
2479
-23.30
~21 .44
~{9.47
T
-15,.48
- X, A4
549,95

j2.72
19,61
#7.7A
1.2
5L
H5.02
4,324
F.ad
213
S
2,43
L
.97
1. 80
P.64
§.54
1.4%

V.38

heating phase

Temp.varia
{70

15,90
13.00
P0.AY
H.80
T2
G A5
.08
4. 58
G.68
d.19
2.9
2.48
2.3
2.01
1 .84
.70
.59

Tion

i .49

(minvwtaes) of heating phase

(kgslsqg.om?

.8
-1 .89
~T . b

~§A. 435

~1 .53
~22 39

5
-

R

2L
£

‘e

A,

Tomp .varia
{0

N Y

FEL SN B s S 5w e S 0
E » or ox b o b b

Tion

~4 ., &7
-2, 81
~3. 64
4,16
—dy 40
Y
26
-4, 01
~%. 69
~3. %4
wd g
—2.65
-2 .53
-2, 04
....1 R 'I') 7
~1 .54
-1.33 -

il flow
w3/ hour #km)

Q.97
Q.43
Sl
—a . 88
,:'5 N "l? 1
et I
t P T
....4 N 45
—4 ., 309
-4, 04
-3.72
~E. 37
~3.01 - -
-2, 57
~2.35
~2.05
—-{.79
~1.55% =

il Flow
Cohind A hour®lom)

CP 17:15



- 150 L ER o,
) 1% w4 : <
o . a0 —{ 9, 54 e
3 14% -4 7,51 D04
2 Ko w554 i B
LT CToaey “i%, 4y 1.5
y 240 4L 00 1L AX

i)‘f Starting at 3469 ifminutes) of heating phase

Cooling tima Freg,variation Temp.varia
tminutes) Tlhglfey.cm) CE0)

: 2) 253 : f4.06
y L A -7 13,15
: : B 1 ~7 B 10, 8%
, 4% 43,464 3,93
) ] &0 ~{8 .71 T .40
e 7 2354 G.i7
e ST oy —34,94 5.9
y 195 ~25 9y 4,49
: - 120 ~2'3,90 3.79
G 04,54 7,29
) P50 T3 LA 2.89
S 16% ~24 , 40 257
P 180 —§9, 59 : 2.32
Y § o3 RN Dot
: 29 ~45,59 1.93

o Starting at 375 (minutes) of heating phase

Looling time Frez,.varviation Temp.wvaria
fminutes) Thg sy .cm)d e

L o - 2,29 : 14.13

wle 15 ~2 .41 t3.22

oy - H.07 i10.89
LA 4% —13.63 Q.36
N 49  -iB.86 ' 7,48
et N 4 : -2 . 66 - h.23Z
b, e g0 - -2 054 5,05
105 ~24.,07 ) A A4

oy R 1o -2%5, 97 5,84
a - : 135 . -, 01 X.354
§ 50 L5 B.94

y i &' I L b5 T b2

L §89 Y ;ﬁuﬁ
195 =7 AD e B

)y 210 w5, A3 §.78

) Ftarting at 390 (minutes) of heating phase

Coaling Time Fres.variation Temp.vavia
1)' (miviutes) Classg..cm)d (o)

9 2.07 16,20

tion

S ~13.74 1,79

tion

Tion

"' . )4
‘.j- e"(
mEL 03
,:' “ L‘(I)

‘_a.. a \.'g 6)
a0V

=1 .80

il Tilow
{3 by wiom)

Q.78
-, 58
-1 .90

=301

~ 3. 81
-4, 39 .
e I . T
=4, ma
~4 X4
-4, 0
—A.Té
~A5.48%
=-R.05
—d.T0
2. 3T

=208

it flow
Celmd oyl

0.70
~Q. 43
= . 9b
=3 .06
=3.84

~4, E5

—4,54
-4,55
e N0
e
~3.78H
R
AL
—a. 7
—d LR

it Fliow
(dmdhowr wlom)

{9

17-16
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= Ftarting at

i5
K10]
A5
30)
5
20
F05
120
135
150
i &5
130
)

40%5

Coalbing Time
Tminules)

Q
%
30
4%
30]
75
4"

195
120
135
150
&%
180

Conling time
{iminutes)

0!

Starting at 435

Cooling time
ipinntes)

]

b3

Lk I
~13.%8
- R
w@d2A
A N
73
R WG
35,07
25,55
3L aHY
9. hE
~17.64

(minutes) of

Fres.variation

kags/sq.0m)

1.87
~2.79
~-8.40

“fq.10
.1 (;rﬂ;::)(?
~@22. 84
-23.19
2 1Y
~2b6.07
. A%
—23.54
-21.72

~19.71

Fres.varitation

kgl sq o)

1.7
-R2.94
-~8.53 -

h a2
-19.47
~22.91
25033
2. 22
—Z6H.10
=314
=3 A
_':1.:.’.1 E ?E:;

tmivintes) of

Fres.variation

(kg doaq . omd

.57

hteating

haating

PA.28
10.95
P.06
T2
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5RO
4.5
3.8y
.39
2.99
SALAT
P

2.1%

phase

Temp . vaviatiaon

(L

ih.2

15,54

T1.0914
Y.t
.57
iy
5L.A5
457
3.949
.44
R.035
|

245

-- starting at 420 {minutes) of heating phase

Temp variation

{°0)

P6.32
13,40

11.07

PN
T.h3
A7,
W 2]
A6
X974
3.48
.08
Lar B | I:;

EEVRFI

phaze

Temp.variation

e

.38

.:) Y "’i"i
-2, 0
~%.10
-3 89
-, 38
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-4 57
~4.40
~4.13
~3. 80
~3. 44

CP 17-17

.-.3.0‘? e v e

- T S

Ril flow
Cadmd our®km)

0,58
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2,05
~X.14
-R, 00
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& b1
el A
o ST,
EE N RS
~3. 84
-3.45
~3.,.0%

il flow

Cdmd howrshm)

0.53%
-5, 00

~2.09
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~3.9%
-4, 43
I X
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....,g"} - "2"’4
Rt Y
AL BT
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il Lo
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Coftarting at 430

_ Coaaling time
cy e dminutes)

. LE ‘ 0
G 15
b 3D
. 4, .'-l. = _45

- HG

, 70
v 105
A 120

P 35

Starting at 445

Cooling time
Cminutes)

StarTing at 80

o Cooling time
)' {minutesd

o

| 15
) 30
455

60

J 75
G ey

5 0%

~3 L0

.54
g L3
~19 .54
2R 94
RAm AT
—2hL 25
—2H.12
=216
A3 E3

tminutes)

Fres.variation
vk Ss . cm)

fa.44
-3.18

~§.73

~-i4.36

R
-2 .97
-35.30
s i
24014

=35 .47
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1,03
N
LR B
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phase

Teup.varia

(*0C)
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1.1
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o
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Fres.variation
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Fres.variation
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e
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-8V
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~2h L2

Temp.varia

CeED
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130T
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5.54
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4,12

tminutes) of heating phase

Temp . varia

£

w

P LAY
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wd B4
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il flow
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-3, 24
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il flow
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Lol § . CP 17-19
‘mi' Starting at 495 (winutes) of heating phase

i - ' Cooling time
)‘:11_ Cmiviutes)

Fres.variation
(kg5 .0m)

Temp cwvariation il Tlow

£°0) ComdAouy#km)
P 0 f.17 Péh. a0 D34
) CEe 15 , ~3.42 TELAT -0,94
A A0 il W2 11.33 w2
e 4Ty 14,51 Y.49 ~3.28
}’ R 4 -419.39 <7.87 -, 05
‘ ) ~ AR08 G dH2

RS
3 20 =25.33 s 0 -4,T0

Ftarting at 510

(miviutes) of heating phase

Temnp.variation Dil Flow =& = o
{°0C)

Coaling time
iminutas).

Fres.variation
Ckyss4.0m)d

(AMF/MOur#km) ~ - - e

a5’

Starting at

o )
30
45
&
124]

Coaling time

(minutes)
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15
30
45
69

B35

Q i.i0

—A.4d
-8.97
~i4.54
-] Q. 49
AL

fminules) of heating

Pregs.variation
(kg /50 .0m)

T.03
-5.53
-9 .01

R I -
-19.42

Temp .

1 ff!l Py \'.{:' LS

13.71

i1.37
AN T N
T
h.ay
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variatlion
e

16,70
13.76
19 .42
@.00
T.95

0.34
~0.96
-3, 2R
~3.29
~4. 06

Ny

il Fflow
Cdm3 hour*km)

9.32
~0.98
~2.24
-3.30
-4, 87

_XTarting at 5407 fmiviutes) of heating phase

Cooting time
e dminutes)

FPres.variation
(kg/sq.cm) -

Temp.variation il flow ,
(°0) Cdin3/hour®kn) -

6.34
—f. 9

-2.24

fiet b B

~%.32-

Lm0 g 0.8 16.74
‘ 15 ~3.58 13,81
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, a5 ~14.59 9.55

Starting at 535 {minutes) of heating phase

_ Cooling time Fres.vaviation Temp.vaviation il Flow
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