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Background

A volcano is a rupture in the crust of a planetary-mass
object, such as Earth, that allows hot lava, volcanic ash,
and gases to escape from a magma chamber below the
surface.


https://en.wikipedia.org/wiki/Rupture_(engineering)
https://en.wikipedia.org/wiki/Crust_(geology)
https://en.wikipedia.org/wiki/Planetary-mass_object
https://en.wikipedia.org/wiki/Planetary-mass_object
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https://en.wikipedia.org/wiki/Lava
https://en.wikipedia.org/wiki/Volcanic_ash
https://en.wikipedia.org/wiki/Volcanic_ash
https://en.wikipedia.org/wiki/Volcanic_ash
https://en.wikipedia.org/wiki/Volcanic_gas
https://en.wikipedia.org/wiki/Magma_chamber
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Internal Failure Cost & External Failure Cost

1. Failure to do periodic equipment 1. Unprepared to combat
audit earthquakes

2. Not maintaining emergency 2. Most of people were not
supplies prepared

3. Untrained/Overworked staff 3. Equipments were not extremely

accurate



List of individuals to interview

1.
2.
3.
4.
5.

Lost home victim

State of Hawaii, Department of Health
Medical reserve corps

Government officials

Tourists



Problem & Answer

1. How was the volcanic eruption aftermath? 1. It was followed by an earthquake
2. How many breathing problems were 2. 172,000
encountered? 3. Five million dollars
3. How much help was gathered from the 4. Five hundred people
federal government? :
o 5. 20 minutes
4. How many victims?
5. After the eruption, what was the warning 6. Insome cases yes
time ? 7. $100,000,000
6. Was the equipment at fault? 8. 800 hundred tourists
7. What was the total monetary damage? 9. Unfortunately No
8. How many tourists were affected? 10. No, they weren't
9. What was the percentage of people
11. Yes
evacuated?
12. No

10. Were the food and shelters enough ?

11. Were the residents warned to have
enough emergency supplies?

12. Did the residents have enough supplies?



Fishbone Chart

Factors Impacting Management of People and Property During Volcanic Eruptions
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Customer Requirements

Quality Function Deployment in Management

Correlations:
@ Strong Positive
Positive
Strong Negative
© Negative

+

+
+
+
2
[E} c
—‘2 5|5 0| 2
So|8|&|,|s I
c5|s|2| &8 £12|8|z
S=|ElglEle 815153,
o 2| 5 o o o| | > 2|5
- S|o| 2| gl|la? slels| 5| e
| o| B o s O ®© | = =4 =
clelS|3E9E|5(5]2|E|3
Customer (A I - = - = v Il
Priority
Food and Water 10 ool o
Medical Supplies (10 0e|©
PPE 10 00O e O
Clothes 6 O °
Shelter 10 @)
Security 10 @ |e oo
Communication raryc O oo
Reuniting families |8 |© Qe o
Importance Rating 102 | 7 |146| 40|177 52202 156]120| 136

Relationships:
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® Stock enough PPE and medical
supplies

® Ensure the Hawaii has reliable
satellite communication

® Purchase vehicles that can withstand
different terrains for emergency
relocations



e Buy new equipment with better predictive accuracy
e Stock enough PPE and medical supplies
e Ensure the Hawaii has reliable satellite communication

e Purchase vehicles that can withstand different terrains for emergency
relocations

Solution Focus:

Better equipment with better predictive accuracy which will allow timely response
and management of people



Process Capability Analysis

1. To check the accuracy and reliability of the Seismic Spectral Amplitude
Measurement (SSAM) compared to the Real-time Seismic Amplitude
Measurement (RSAM) in predicting volcanic eruptions

2. Estimators: Process capability Ppk and Cpk
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Here we do the OC plan for Seismic
equipment GOOD SAMPLE; Here we
have N=80 and C=7 so the first run that we
did is with PD= 0.04, which is less than
0.05 which is our a, so we find the number
of samples throughout the lot which are
more than 7, after testing 100 lots
(randomly) we find that only one lot is
more than 7 (highlighted in red colour).

BAD SAMPLE: We do the second testing
but this time it is to check whether our
PD=0.16 produces 5 or more good lot or
not, and safe to say that it produces all the
batches (except 2 of them which passed in
error highlighted in green) which failed, so
our 3 value is correct as well.
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OC plans example

Now we can see that since
our N=80 and C=7 we fall into “J” bracket.

And from the figure below we ARk bR ek e

can see that lot size is between 500-1200.
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Thus we can see that both
procedures lead to same result.

So we can see that the
statisticians and quality engineers who
made the ANSI table used Nomograms and
binomial distributions over a lot of data
samples to get the fairly accurate table.



1. The X axis is Percent
defective and Y axis is OC.

2. This is our OC curve with 10
points between 0.05 to 0.15

3. Ifthere were more points
taken then it would give
even more details and it
would look like an “S”
shape, hence the name.
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DOE analyze
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; . Design of Experiments Analysis
actorial E *3 R reatment) Run Results
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Pareto Chart of Effects

1)

1

We first calculate the CI half width. The half width is the multiplication of the Pareto Chart of Factors
Effects std Deviation times the Student T value, in this case 2.473., note the T 12.00
value is based on a confidence value along with degrees of freedom.
10.00
To determine significant factors we compare the factors “Effect” which is the
delta between the AvgY+ and the AvgY-, see figure 2-5, factors and .00
interactions that are significant are those that have an effect that is greater than 6.00
the CI half width calculated above. The below figure 2-7 shows the significant
effects. 4.00 — —
2.00
0.00 |_| -
2 3 4 5 & 7
Var. of Model 10.09 StdDv 3.18
Var. of Effect StdDv 1.59
Student T (0.025;DF) = 2752
C.l. Half Width = 4.370




DOE minitab

9 10 cn ciz ci3 c14 | cis |
StdOrder RunOrder Blocks CenterPt Humidity (A) Temperature (B) Production Process (C)
The figure above shows the experiment ! ! ! ! - B !
design created by Minitab. The design 2 2 ! ! ! . !
includes three (3) factors (A, B and C), two 3 3 ! ! B 1 .
(2) levels and sixteen (16) runs. Minitab 4 4 ! ! 1 1 1
randomizes and provides the order in which 3 5 ! ! A i 1
each run should be performed in the © & ! ! 1 1 1
RunOrder column. 7 7 1 1 -1 1 1
8 8 1 1 1 1 1
9 g 1 1 -1 -1 -1
In this example the RunOrder is the same as 10 10 1 1 1 -1 -1
the StdOrder, therefore, the runs are the n 11 1 1 -1 1 -1
same. The experimental runs are thus 12 12 1 1 1 1 -1
performed according to the default Minitab 13 13 1 1 -1 -1 1
row numbers. After each run the results are 14 14 1 1 1 -1 1
recorded in the Yield column. 15 15 1 1 -1 1 1
16 16 1 1 1 1 1

Ci16
Yield



Yield results

co cn e cB ci4 15 - c6
StdOrder RunOrder Blocks CenterPt Humidity (A) Temperature (B) Production Process (C)  Yield
1 1 1 1 = a 1 61017
Each experimental run is performed twice. Therefore, two 2 2 1 1 " a A1 so1s3
data points are obtained per run. 3 ] 1 1 -1 1 A 70425
a N 1 1 1 1 1 93788
5 5 1 1 = " 1 7.8481
6 6 1 1 1 -1 1 163283
7 7 1 1 - 1 1 7.4667
8 8 1 1 1 1 1 23307
9 9 1 1 4| a1 1 3450
10 10 1 1 1 " 1 32046
1 1 1 1 1 1| -1 -14078
12 12 1 1 1 1 -1 109332
13 13 1 1 | | 1 12.0250
14 14| 1 1 1 1 1 143038
15 15 1 1 4| 1 1 127647
16 16 1 1: ' ' 1 27.7887



P value

From the coded coefficients table above, for factor B and interactions A*C, B*C and A*B*C
hypothesis tests we fail to reject the null hypothesis. The p-values for each are 0.059, 0.064,
0.327 and 0.711, which is above the alpha value of 0.05 (95% confidence). Therefore, the
yield in this experiment is governed by humidity, the production process and the interactions
between the humidity and temperature.

Coded Coefficients

Term Effect Coef SE Coef T-Value P-Value VIF

Constant 10397 0794 13.09  0.000

A £.0944 2472 0794 437 0.002 1.00
E 3408 1749 0794 220  0.059 1.00
C 9612 4806 0794 6.05 0000 1.00
A*B 4365 2182 0.794 275 0.025 1.00
AFC 3410 1705 0794 215 0.064 1.00
B*C 1.656 0.828 0.794 1.04 0327 1.00

A*BEC 0610 0305 0794 038 0711 1.00



Minitab regression

The table below formerly used in the DOE with the response (yield results)
populated is used for the analysis. For the first regression analysis all the
factors (humidity, temperature and production process) and their
interactions are analyzed.

. ' ' . " . ' '
it | | | dn | ||| S S| ||| |2
L alala AERERE
R R R e A R
' [ 0 & [ '
s | o | | o | o | o | o | k| o | | e | omd | om
AR AN

I A R e i A ]
v ' . " ' '
e | | | e | | S i | | i | | | |

ra

—

—

=

-

o




Reliability

Emperical CDF of Fail Mean =14000
Normal
The Red circles denote the important points: oo Mean 17019
StDev 14970
N 20
209% of the failure are less than 215 o

Last 10% of the failure are higher than 54,936 g




Reliablity

N=14000 T=20 K1=340376;K2=680751

Chi- square with 40 DF P=0.025 24.43

Chi square with 40 DF P=0.975 59.34

K3=K2/59.34 =11,472.0

K4=K2/24.43 =27,865.4

K5= 1/K4 =0.00003588

K6= 1/K3 =0.00008716 K7=5000

K8=0.646719 K9= 0.835743

So as this is not good as the highest is just 0.84 (which means that with 95% certainty the
equipment will fail 2 out of 10 times), we will change time to 10 hours (which is very
aggressive but we want to check how safe we can get)

K10= 0.999129 K11= 0.999640So as we can see that there is always 99.9% or more
certainty that the equipment would not fail, which is almost certain that the setup is very
robust.
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X =

X+ + X+ + x5
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Conclusion

e The Seismic Spectral Amplitude Measurement (SSAM) is more precise and
reliable compared to the Real-time Seismic Amplitude (RSAM) in predicting
volcanic eruptions.Therefore, offers a better chance for volcanic eruptions
management.

e We also have colaboration with the weather and news channels and the radio
as well so we can forecast the eruption and let all the people know in
advance.

e The tourists will be stopped during the months of high risk.

e The Evacuation vehicles need to ready to work at a short moment of notice.



THANK YOU!



