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1.0 ABSTRACT

This paper estimates the duration of eruption of a super volcano based on the depletion of a magma reservoir from 15 km depth. The reservoir is modeled as a perfect solution; depletion is through a single vent, subject to erosion. The model is run at 3 rates of erosion; 0.1, 1.0 and 10% of eruptive flow, and two initial diameters, 10 & 132 m dia. A 14º tube, 50 Km long is also modeled @ 132 m Dia

The eruption is found to be extremely dependent of erosion rate, and somewhat dependent on initial vent diameter. The angled vent has eruption durations similar to the vertical, but with significantly reduced environmental impacts. With a 10% erosion rate the period is 3 months, 1% is 6, and 0.2% is just short of 17 years. 

2.0 PREAMBLE.

9:1 “AND the fifth angel sounded, and I saw a star fall from heaven unto the earth: and to him was given the key of thea  bottomless

 HYPERLINK "http://scriptures.lds.org/rev/9/1b" \l "1b" b  pit• (Hell).

9:2 “And he opened the bottomless pit (Hell); and there arose a smoke out of the pit, as the smoke of a great furnace; and the sun and the air were darkened by reason of the smoke of the pit.
9:3 “And there came out of the smoke locusts upon the earth: and unto them was given power, as the scorpions of the earth have power.
9: 5 And to them it was given that they should not kill them, but that they should be tormented five months: and their torment was as the torment of a scorpion, when he striketh a man.

Orange Mine 

          Rev: 9; 1-3, 5

This paper is the result of a discussion on the Sime~Gen mailing list during the summer of 2004. The question was asked: How could an event that lasted moments affect the whole earth? The counter argument is that the event takes months.

During initial calculations, the above Biblical passage was brought to the author’s attention. This passage gives a vivid picture of the world after the eruption of a super volcano. There is no difference, to the victim between Scorpion poison and Maries Disease that is caused by the razor sharp dust blown out of the volcano.  The darkness and cold are well discussed elsewhere.

The issue is how long will the volcano continue to erupt? Viewing recent TV specials
 one might conclude that it would be over in a matter of moments. This did not seem reasonable to the author.

It occurred to the author that with a number of assumptions it would be possible to estimate the time it would take to drain a given volume of magma.

3.0 THE ASSUMPTIONS

3.1. The Magma Chamber

Reference 1 gives the dimensions of the magma chamber as 50 x 25 x5 mi, or roughly 80 x 40 x 8 km. It is located some 15 km below the unbroken surface of the earth. In the case of Yellowstone, this would be reduced by 500 – 1000 m due to previous eruptions. 

The calculation of the volume of the chamber was done using the equation of a 3 dimensional ellipse

1 =  
X2   + 
Y2  +
Z2

A2
B2
C2
Where A, B & C are ½ of the principal sizes. See Reservoirventandrelevingtunnel.jpg  or  Volcano Sim start 1.dwg if you have AutoCad
The values of the ½ height of ¼ of the chamber were calculated on a spreadsheet and summed. The result is the “class” volume is 14,404.47 = 8 x 1,800 (Km)3

The resulting eruption will dump 13 000 – 22 000 (km)3 of volcanic ash onto the surface (depending on bulking factor, taken as .52 - .30)
This paper assumes that NO additional magma enters the chamber during the eruption. This was NOT the case at Thera 3500 years ago (it lasted 40 years), and with some results running to 16 years this is not a good assumption

This is a quick and easy calculation to establish a volume. The correct method, entailing the drafting of the relative thickness of both the magma chamber and the overburden was explored, however time constraints prevented its use, and it is believed that the resulting error is less than the uncertainty from other sources (Erosion rate in particular).

The correct method would develop 2 sinh (hyperbolic) curves of the correct distance apart and the appropriate diameter, and stretch the overburden over them as well. The second function would be to ‘melt’ sufficient overburden in the center of the magma chamber to permit structural collapse at some point. 
3.2. The Pressures

In truth there is no pressure caused by the volcano. All of the pressure is the result of the weigh of the overlying rock on the liquid melt. Therefore, it is a straightforward calculation to determine the pressure on the top of the magma chamber. 

P= ρ*g*h = 2 700*9.82*15000    =  3 977 Bar




             =58 000 psi

The author has assumed a slightly low bulk density of crustal rock of 2700, rather than a more typical 3 300 due to the potential for previous layers of volcanic tuft, rather than more solid volcanic crust. 

It is further assumed that normal fluid pressure laws apply in liquid magma.

I have assumed that the atmospheric pressure at the discharge location to be 1 bar, which is sufficiently accurate for the purposes of this model. 

3.3. The Magma

There is appreciable discussion of the real make up of super volcano magma. The author is not entirely convinced they truly are “Hot Spot” volcanoes on land (this will not stop him from using this theory in his fiction). Clearly, the majority of these volcanoes are associated with contental crust. Most of them are close to major subduction zones. 
The author notes that only the Sumatran Super volcanoes are at all close to the subduction faults. More typically, these volcanoes are a substantial distance from the edge of the continental plate. 
It is therefore thought probable that real super volcano magma is deeply subducted oceanic crust that has finally melted and is returning to the surface, complete with gods own mixture of ingredients.

The important points about this magma are its high silica content 80%+, high volatiles content 10+, and high temperature 1500 C+. The result is a liquid that is quite runny under conditions where most normal liquid rocks are essentially stiff glasses. 

The important part about the mix is that its liquidity is caused by the high gas content. The second point to remember is that the volatiles is that they are liquid only under the extreme pressure.

The volatiles are H2​O, H2S, SO2, CO2 and others. The bulk of the non-silicate materials are iron, but there will also be traces of most other mantle metals as this material if not from the mantel certainly has transited a fraction of it. 

3.4. Simulated Magma

In order to simulate its behavior more conveniently it is modeled as a 3 component perfect solution.

A perfect fluid is one in which the volume of the solution is the same as the sum of the volumes of the various components.

The three components in the simulated magma, and their mass fractions are; water (10%), Iron (10%) and Silica (80%).

The resulting liquid magma has a bulk density of just under 1640 kg/m3. As a result, the residual pressure at the surface (from 15 km) is 1575 bar (22,825 psi) for comparison scuba tanks are filled to 200 bar. 

One feature of both the simulated and real magma is that there is NO significant refrigeration effect. The material is just too hot, the steam cools by less than 5 degrees as a result of the loss of 4000 bars of pressure at 1200 C. 

The eruptive fluid, which is mostly steam by volume, is taken as having a Ratio of specific Heats of 1.3 (the same as water). 

3.5. Eruption and Fluid Flow

In the real eruption, the magma first rises up through cracks in the overlying structure until the available residual pressure x area equals the local rock strength by its remaining area. At this point, the eruption begins with a bang, as the remaining rock is blown out. This results in an appreciable volume of magma undergoing violent de-compression, releasing its volatiles, and shredding the still liquid Silica and Iron solution into tiny fragments.

This event propagates down the discharge tube at the speed of sound in the liquid magma (565 m/s). There after flow will be limited by the speed of sound in the discharged compressible fluid (The Fluid) has a speed of sound at 0.9 bar of 369 m/s, and air 340 m/s. 

This ignores the effects on the vertical tube caused by both the natural variability of the rock, and the effects of near by tubes that did not reach the surface but are still full of hot magma. These tubes will explode into the working tube to some degree.
The model will allow for a certain amount of “Nozzeling”, which allows The Fluid to accelerate beyond the speed of sound as it exits the ground, due to the formation of a rocket nozzle. If the magma is moving at more than sonic velocity as it hits the exit it may well retain that speed, bending the shockwave outward. 
The working model ignores any transients at startup. 

It assumes that the material exiting the magma chamber undergoes a process like boiling as it crosses a shock wave anchored toward the inlet. The result is that the fluid flow is a straight gas flow through a “long” pipeline (long being defined as K> 100). It proceeds up the vertical tube, undergoing repeated shocks and a gradual loss of pressure until it exits the tube. 

One of the results of the calculation showed that in the initial phases the exit would be below the speed of sound of The Fluid at atmospheric pressure. After some time however the fluid began to exceed this, it is therefore concluded that at that point a shock wave forms at the discharge of the tube and maintains sufficient pressure to allow the follow of the fluid at higher densities. 

3.6. Erosion Function

The Fluid in the tube is always moving at gas transmission velocities. However, it is a two-phase flow, with a semi-solid / liquid co-phase being carried along with it – without considering any solids in suspension in the magma, or ripped out of the wall of the tube near(er) the bottom. 

It is abundantly clear that there will be a lot of erosion of the tube as this hot enough to melt the rock; sand paper rushes through it at near sonic speed, but how to model this erosion? The author has no ready solution to estimating the actual erosion rate, however it seems unlikely that the amount of material eroded (once the initial gains of the not quite successful co-risers are absorbed) will be a small fraction of the actual fluid carrying away the eroded rock. 

The author therefore set up calculations with 10%, 1% and 0.1% on a mass over mass basis of the flow leaving the magma chamber. 

It was then a mater of calculating the mass of rock to be eroded before the next “flow Area Step” and allowing the appropriate multiple of that mass to flow by. 

The Flow Area Steps were chosen as approximately 2% of the previous in a fixed repetition of units between 1 and 1000. 

3.7. Break Out Diameter

It was expected that the size of the initial hole would have some influence on the result. A small hole will take a long time to get to the point where it can dispose of large enough quantities of the magma to make a significant difference in the volume in the reservoir. A larger hole gets there quicker. 

In truth, 50% of the material leaves the chamber in the last 40% of the eruption duration.

The author chose two “Break Out Diameters” 10 m and 132 m. The former is a bit on the small side, but allows for maximum growth time. The later is chosen as a moderate number, and because it is the same diameter as the hole left by a 1 MTonne Nuclear weapon. 
4.0 THE TOOLS

The principal tool for the development of this paper is “Flow of Fluids through Valves Fittings And Pipe – SI version” by Crane Valves Inc. and M$ Excel spread sheet. 

The MKS system is used exclusively in actual calculations. 

4.1. The Flow Equation

The last variant of Eq. 3-19 in Crane is:



        _________


w = 0.0003512 Yd2  √   ∆p /KV1

     =  rate of flow in Kg/s

Y= 
Net Expansion Factor

d =
Tube dia in mm

∆ = 
Differential between two points, 

p = 
pressure in bars gauge

K = 
resistance coefficient or velocity head

     
loss in Darcy Formula

V1=
Specific Volume of Fluid (initial) m3/kg.  


This is taken as the volume of The Fluid (after shock wave).

4.2. The Darcy Formula
The D’Arcy formula is used to calculate the fluid friction head in a moving fluid. It takes the form:

hL 
=    f
(L/d)
 v2



2g


=  head loss in m of fluid.

f
= Moody Friction Factor

L
= Length of Pipe / Tube

v
= Velocity of Fluid

g
= 9.82 m/sec2

Where K for straight pipe is f*(L/d) Given that the tube will grow over time the value of K from L/d will change. 

For other obstacles are listed in Crane section A. In this application, there are 2, 

KEntrance
= 0.5 


KExit

= 1.0 


Total
= 1.5 for “Fittings”.

It may be noted that the model does not allow for changes in cross section, or direction of the fluid flow.

4.3. The Moody Friction Factor
The Moody Diagram, Plate 2 hard copy ii only, shows the relationship between f and the Reynolds Number (Re), and the relative roughness of the tube  = ε/d. An electronic version can be found Ref.

Reynolds number relates viscosity forces to gravitational forces and is calculated as:

Re = dvρ
   μ

The value of ε is the root mean squared roughness of the tube, measured in mm, and taken as 100 mm (4”) which is representative of its condition in the ongoing mode. 

4.4. Net Expansion Factor Y
The net expansion factor is a linear function of K and ∆p/p’1, and γ the compressibility factor. Crane gives a table listing the Limiting Factors for Sonic Velocity at γ = 1.3 (and a list of substances) on Page A-22. 

In summary they very from 0.718 when K>100 to 0.658 when K= 3 (and structural collapse is immanent).  For values in between linear interpolation is used.

5.0 THE CALCULATION

5.1. Spread Sheet Set Up

The spreadsheet file was set up for an initial study at 10 m dia. and 1% erosion rate. The first sheets were devoted to developing the necessary characteristic numbers.


At the point where additional modeling was begun, it was found much easier to start a new file and adjust the calculation rather than repeat it on a new sheet. 

Where calculating from a larger base diameter the unnecessary rows were hidden. 
In part due to the complexity of the calculation, and in part due to past experience in doing this type of calculation in this type of program each step of the calculation of the flow at a particular time was given its own column. 

The first steps calculated fixed values preparatory to the flow calculation and these occupied the upper rows. From there the Reynolds Number and Relative roughness (ε/d) were calculated. 

5.2. The k & f  Factor Fix

An examination of the Moody Diagram shows that for values of Re>>107 you are at the end of the graph and fluid friction is entirely a function of relative roughness (ε/d). 

A good first approximation to this is:

f =  f(ε/d1 ) *
Ln (ε/d1)



Ln (ε/dstep)

The author then when through and corrected the value of f at the fixed values from the end of the Moody Diagram. 

The result is a reasonably close approximation of f, and thus of K (= f*L/d) throughout the system of time steps. 

The author notes that in the multipule runs he can not be absolutely sure all such corrections were installed at the correct locations. 
5.3. The Various Runs

As is typical of the computation business it proved easier to run a new file for each condition. 

The lower erosion rates required the deletion of “area Steps” while the higher rates required the addition of time steps.

The “tilt” run is a look at the major mitigation strategy, having the exit at a low angle relative to the ground. The duration is similar to the vertical runs with the same assumed erosion rate. 

5.4. End State

The run was considered complete when the magma reservoir was 98% drained. This is probably too long, as structural collpas will occur much sooner. After the computation was finished, the author learned that super Volcanoes typically only discharge 50% or so of the magma in their chambers. 
6.0 RESULTS
The results summarized in Table 1 below. There are two significant results for each run, the duration of the eruption in days, converted to years for clarity, and the final diameter of the tube. 

Once the eruption is over there will be a period of several years of poor crops, and wide spread famine, assuming there are survivors left to starve.

	DURATION OF SUPER VOLCANO ERUPTION

	Erosion Rate
	0.10
	% base Flow
	1.00
	1.44
	4.56
	10.00

	Start Size
	
	
	
	Biblical Reference
	

	Dia m
	
	
	
	
	
	

	10
	6,188
	Days
	701
	
	165
	83

	
	16.95
	Years
	1.92
	
	0.45
	0.23

	
	666
	m Dia
	1,980
	
	4,485
	4,886

	
	
	
	
	
	
	

	132
	1,447
	Days
	227
	165
	
	66

	
	3.96
	Years
	0.62
	0.45
	
	0.18

	
	681
	m Dia
	2,006
	2,513
	
	47,068

	The Tilt Option

	132
	1,897
	Days
	281
	165
	
	72

	
	5.20
	Years
	0.77
	0.45
	
	0.20

	
	681
	m Dia
	2,006
	2,513
	
	47,068

	
	
	
	
	1.78
	%
	


You may click to the file from this table or the references at the back except for the 1.44 erosion rate runs which are not included

6.1. The Good, The Bad, and The Ugly
It appears that the erosion rate has been bracketed, and the author does not recommend conducting the experiment unless absolutely necessary.

The results of the 0.1% runs make it clear that this is going to be an extinction event, with a significant threat to end the human species if the initial tube is as small as 10 m – which still gives all of the horrific environmental damage, and will last for not quite 17 years before structural collapse. (This is at the 98% criterion, but 8½ years plus the 4 – 6 it will take for the temperature to recover will be just as bad).

The results at 1% and those forced to 5½ months (165 days) suggest that the year of the volcano will be that, and that there is a reasonable outside chance that civilization will survive, particularly if it has several years in which to plan. Joseph’s time in Egypt makes a good model for this. 

Unlike a boloid, this event does not impose saver worldwide thermal shocking and indeterminate overpressures. 

It is clear from the results that anything like a 10% erosion rate will result in almost immediate structural collapse (the 47 Km dia. tube is larger than the reservoir and so over states the duration. 

7.0 THREAT ANALYSIS
7.1. Threat Count
Plate 3 mapsupereruptcopy
 shows a map of the world with 18 known super volcanoes, and 2 Traps volcanoes (Traps Volcanoes are NOT part of this study. Recent programming [2007 April 12 – no reference] suggest they are anti-pole to major Asteroid Hits).

The Smithsonian Institution’s Global Volcanism Program lists
 1500 volcanoes world wide, of which 84 are marked as Calderas. 

The author would endorses the suspicion that a number of other volcanoes in fact produce super volcano eruptions, but are currently covered by either pumice cones, or strato-volcanos. He also points to a number of suspicious bays, Naples Bay & Rural Harbor outstanding in this class, that may be partly submerged Super Volcano Calderas. 

7.2. The New Map
The source of Plate 3 (in the hard copy of this paper only) is unknown. After an unsuccessful search of the internet for it, the author turned to his own resources to deploy an alternative. 

The Smithsonian institution’s list of volcanoes was taken and sorted for Calderas. A world map was found on the internet and used as the basis for an AutoCad drawing. The world map used had grid lines at 10 degrees of latitude & longitude (but they were not uniformly space on the jpeg used). The lines were re-drawn in AutoCad and the continental and island outlines splined in. 

The locations of Calderas were then found by drawing lines for lat and long and cropping to the size of 10 degrees. They were then proportioned to the differential from 10 degrees of the Caldera. A circle was placed at the resulting point.  See Super Volcano Sites Model (1).pdf  or Super Volcano Sites.dwg   for the map without text, or Super Volcano Sites W text'.dwg  or Super Volcano Sites W text' Model (1).pdf for the map with text.
Two phenomenon became apparent in the process of producing this image: 

1) Calderas cluster, 

And Indonesia has more than a fair share of these… 
2) Almost all of them are in line with continental boundaries.

The following noteworthy clusters can be seen;

1) Italy (3)

2) Ethiopia (5)

3) Sumatra (3 + ) [West Indonesia]

4) Karakatoa / krakatau) [Cent Idnonesia]

5) Moluccas Islands (3) (East Indonesia) 

6) Honshu (3) Japan

7) Hokkaido (4) Japan

8) Ecuador (4)

9) Chile (6)

To show a cluster the diameter of the circle was increased, or if appropriate, a single ellipse was drawn around the multiple circles (Italy, Sumatra). 

Due to its historical importance Krakatoa / Krakatau  was moved southeast of its calculated position. The author also notes that the Alaskan Calderas appear to be at sea, but have landside names (probably due to poor base map).

The author has grave doubt about the explosive nature of the volcanoes sited in Iceland and Ethiopia, they are on spreading centers, not the edges of continents subducting ocean bottom (which is an excellent source of water & organic material). 

Two additional volcanoes are shown on the map, Tambora (1816) and Santorini or Thera, which erupted about 1650 BC, and one of them, is the largest eruption in recorded history. They are shown as Yellow triangles.
7.3. Toba, Tombora, and Krakatoa
7.3.1. Toba 
The last Super Volcano Eruption was Lake Toba, Sumatra 72 000 years ago. Recent reports indicate that the human population prior to this eruption could have been as high as 500 M. There is also evidence of casualties of this eruption in Sumatra. 

DNA studies have looked at this event and it appears that there were remarkably few survivors, perhaps less than 100 000 total. 
7.3.2. Krakatoa 535 
The debate about whether this was or was not a Super Volcano eruption will continue for a while. However, BBC Horizons has identified this eruption as one of the great crisis points in history. 

They indicate that in addition to the famine that can be expected as the result of a VEI 8 plus eruption major outbreaks of the Black Death (from Ethiopia into the Easter Roman Empire & Britain) occurred.

The documentation on this eruption is sparse, but both Indonesian and Chinese records show it occurred in Feb. 535, and was seen for a very large distance. Further, there is significant evidence that Sumatra and Java was one island until that time. 

The Selat Sunda (or Sunda Straight) was formed at this time, with an area some 100 km in diameter settling about 100 m. 

This is the time of Justinian’s attempt to re -conquer the western empire, and the end of Authorial Britain. (It is also the jumping off point for my novel “Ride Byfrost Bridge” in development)

7.3.3. Tombora 
This mountain in the Flores Sea (Indonesia again) erupted in the spring of 1816 ‘and froze to death’. It caused massive famine, but there is no report of major plague at the time – possibly due to improved public health. 

This mountain is only now coming under study, and has an impressive caldera on top of its cone (some 4-9 miles around and 1 mile deep).

7.4. The Threat 
A full-scale super volcano eruption will cause the full three horrors, cold, dark, and toxic dust worldwide. It is questionable whither our civilization will survive. 

The key to survival will be getting enough food, and what little bit of extra kit we need together before the eruption starts.  

Work on the 535 eruption of Karackatoa by the PBS
 suggests that in addition to the problems outlined above some endemic diseases (Bubonic Plague) break out of their heat-induced traps. 

8.0 MITIGATION MEASURES
There are two potential mitigation measures. Both somewhat dependent on how sure we are that there IS going to be a super volcano eruption, and both involve significant “Nuclear Engineering”. 

8.1. And Open The Mouth Of Hell
How it is to be decided that a magma reservoir is about to erupt is unknown. The political difficulties in setting this up are horrendous – about as bad as the consequences.

Whatever the method it becomes clear to a dominant power that somewhere in the world a super volcano is going to erupt in the next year. IF that volcano is on their or a really close allies territory they can drill down in to the devil’s brew. If not they wait until their harvest is in before using a penetrator.

Modern penetrating rounds are capable of penetrating significant depths from aircraft launches. This penetrator would be orbital.

The key factors in the design of this mitigation plan is to get the eruption started right after the harvest is in, and started with the largest tube possible, say 132 m dia., which happens to be the size of hole left in Nevada from a 1 Mtonne nuclear device.

The result will be that the eruption starts “on time”, and the upper part of the tube will not be the restriction. It may be anticipated that if a reasonable picture of the underground structure has been obtained then the last bit bill be the area of maximum probability for a restriction. 

A second penetrator might be possible to complete the job, if needed. 

8.2. The Tilt Option
This option is only possible when there is a lot of time to do the preparatory work. There are two problems, the line must be drilled, and the drilling will be through ground that is undergoing intense tectonic activity. 

The result is that a hole that will ordinarily take 2 – 3 years to complete will be broken any number of times as the ground shifts. The result is that the installation will take a very long time. There will be a number of drill shafts, in addition to as much tunneling as is possible from the surface. 

The drilling will stay several Km from the actual magma, the last segment will have to be cut using “Laser Heads” (possibly in steam, rather than drilling mud, to improve energy transfer). 

This option does provide serious mitigation, with the maximum height of a flying lump being only 500 – 1000 m (assuming a 14º from the horizontal, 76º from the vertical). This does not allow for the buoyancy effect of the hot gas on the air. 

The result is that far less SO2 and dust are rammed into the stratosphere, where it will remain resident for so long (and do SO much damage by cutting off the sunlight).
It also has the potential to seriously alter the spin of the earth as the Richter 9 Earth quake of 2004 Dec 26 did, depending on the bearing (direction) of the “tilt” tube, but this detail has not been calculated. 

It will make a spectacular mess of the area of discharge. This site should be chosen for its fantastic drainage. Given the length of the eruption, it may be expected that a permanent “Low Pressure” will form drawing a continuous storm of rain to the area of the vent. 
8.3. The Nuclear Waste
Given the significant toxicity of the volcanic ash in the first place, and the requirement for a minimal number of things to go wrong the devices will be largely fusion to start with, i.e. “Clean” bombs. However, this is a circumstance where few if any of the choices are “desirable”. 

Also given the immense volumes of dust that the early, contaminated, material will be mixed with – will not matter, because if you breathe it in the sharp edges will kill you anyway. 

8.4. The Water Option

One option that may be available with the “tilt” plan is to terminate the tube under water – ideally a fresh water lake (something on the order of Ontario for example). This will help to trap / dampen, and reduce the temperature of the discharged fluid.

The use of ocean for this application is not strongly indicated, and may be STRONGLY counter indicated due to the high chlorine counts, which would do terrible damage to the Ozone layer.

Any fresh water source will be exhausted by the end of the eruption, and so will avoid the effect of a major steam explosion like the one that happened toward the end of the Thera initial Eruption. The last part of a marine eruption will be exciting.
9.0 WORK NOT DONE
The modeling of the roof of the magma chamber leaves it in an ellipsoidal shape, while the correct form would be hyperbolic (sinh) curves. 

The fluid flow model is elementary, and it really should be reviewed to be sure the simple application of theory has no major errors in it.

Some of the inputs of moody friction factor need to be upgraded, and the use of a juried formula for its calculation would be a nice addition.

There is no modeling of the melting of the parent rock around the magma chamber, nor the structural collapse of the roof at a reasonable percentage of discharge. 

NO work has been done on the discharge jet to asses its properties, or how much of it would be entrained in the lower atmosphere and how much ends up in the stratosphere blocking sunlight for years, however with a jet measuring hundreds of meters it is doubtful that a large percentage of it would. 

This becomes important in a dry jet case where it is the entrained air that then rises by convection.

No consideration either in this paper nor in the popular literature has considered what a ferocious source of heat like this one will do to the regional, and for that matter global weather pattern (on a purely heat injection basis). 

The assumption that NO additional magma enters the chamber during the eruption must be adjusted, and a flow rate evaluated.

Current reports in the popular literature / on the web, suggest that only 50% of the magma is liquid – at pressure. What this does in terms of the volume to be expelled, will take more geochemistry & physics than the author has at his disposal.

10.0 WRITING & THANK YOUS
The Author must thank Jacqueline Lichtenberg for her encouragement, and advises that this paper will be posted on the Sime~Gen website. (http://www.simegen. com)

Karen MacLeod, a professional editor, for doing a quick edit on it.  She may be reached through the Simegen.com website.

This paper also skirts the background of a novel of Skinner’s World titled “And Open The Mouth Of Hell” in development by the author. 

� 	National Geographic Channel: Naked Science: Super Volcano. FRIDAY 9P et/pt Scientists have discovered that an active super volcano exists under Yellowstone National Park.  See: www.nationalgeographic.com/channel/highspeed/2005/05/20050502news.html - 28k


�  	Calculators are given at: � HYPERLINK "http://www.engineeringtoolbox.com/moody-friction-21_617qframed.html" ��http://www.engineeringtoolbox.com/moody-friction-21_617qframed.html� or � HYPERLINK "http://www.fluidmech.net/jscalc/vmd03.htm" ��http://www.fluidmech.net/jscalc/vmd03.htm� The author does not use these.


	The diagram itself is shown at: �http://www.engineeringtoolbox.com/moody-diagram-21_618qframed.html


� 	This was found on the web, but I failed to take the site name, and so it is attached without permission. 


� 	See http://www.volcano.si.edu/world/summary.cfm?summpage=alpha


� 	PBS Program — "Secrets Of The Dead" � HYPERLINK "http://www.pbs.org/whatson/press/winspring/secretsofdead.htm" \t "pbs" �www.pbs.org� " Catastrophe! " �( 5–15–2000, 8:00 p.m. ) 





Data Files:





Calculation runs:





File			Initial Diameter	Angle to Vertical	Erosion Rate





Karen / Jacquline all of thes files should be linked here – delete this line.





SV D 10 E 1		10 m			0		  0.1   %


SV D 10 E 10		10			0		  1.0   %


SV D 10 E 46		10 m			0		  4.56 % (YIELD 165 DAYS)


SV D 10 E 100		10 			0		 10.0    %





SV D 132 E 1		132			0		   0.1  %


SV D 132 E 10		132			0		   1.0  %


SV D 132 E 100		132			0		 10.0  %





SV D 132 A 76 E 1	132			76		   0.1 %


SV D 132 A 76 E 10	132			76		   1.0 %


SV D 132 A 76 E 100	132			76		  10.0 %








Graphics





Super Volcano Sites Model (1).PDF		Super Volcano Sites Map w/o text


Adobe Acrobat


Super Volcano Sites w/text  Model (1).PDF	Super Volcano Sites Map w/ Caldera Names								Adobe Acrobat





Super Volcano Sites Model (1).DWG		Super Volcano Sites Map w/o text


							AutoCad (Native File)





Super Volcano Sites W text.DWG		Super Volcano Sites Map w/ Caldera Names								AutoCad (Native File)





Super Volcano Sim start 1.DWG			Super Volcano Simulation starting assumptions


							AutoCad (Native File)











