Jeffrey Hanley – NASA Constellation Program – Program Manager
Well, I’m Jeff Hanley.  I’m the Program Manager for Constellation.  I’m happy to be back here in Huntsville.  This team here in Huntsville that is managing the Ares I project and the center that supports the project and the community that supports the center has really embraced Constellation and has really gotten it moving here these past four years.  And some of that we will put on display here today.

I’m gratified by the words that and the display of understanding that Bo and Gary both portrayed.  I think the assessment that we saw here this morning as fair.  As Program Manager, I’m paid to be a pessimistic optimist to an optimistic pessimist.  I’m not sure which.  I, of course, have a different view based on the tools and the landscape that I see a different assessment and we can share that with the panel.  As to our executability, not quite as pessimistic as the Aerospace study but in the range particularly with schedule, the outcome of schedule… looking at schedule risks, we found to be a little bit like hurricane forecasting in trying to forecast which model to believe as to where land fall is going to occur.  There’s a range of models we used to assess the outcome of the program both from across the schedule perspective; those who are informing our decisions and we've shared those results with our independent assessors as we've gone through this process and we’re happy to provide those assessments as well.  But I think the assessment that you’ve seen here this morning stands on its own merits.

There’s a famous prayer that I’ve come to really appreciate in the past four years, the serenity prayer, that probably many of you know.  The serenity to accept the things I can’t change, change the things I can, and the wisdom to know the difference.  And that’s really been the emphasis of the last four years in learning for this team, for myself, and I think what you’ll see here today is the active management of the program here in the Ares portfolio.  The active management to address many of the challenges that we face in bringing Ares I and Ares V to fruition and so let me hand it then to Steve Cook, the Project Manager here at the Marshall Space Flight Center for Project Ares.

Steve Cook – NASA Marshall Space Flight Center, Project Ares – Project Manager

Thank you, Jeff.  And thanks to the panel for the opportunity this morning to speak before you for the second time.  And when you here the last time in Huntsville back at the end June; I enjoyed the opportunity for the dialogue and to show you the progress that we’re making around the center and our hardware.  And it’s good to be here again.  And this morning, we’re going to give… Actually, we’ll split over the morning and afternoon so way we set this up, Mr. Chairman, with your agreement is we’ve got an hour that we will go through part of the Ares programs.  We have an hour then after lunch.  We will finish up the Ares story and also talk some of the other parts of the Constellation program and we’ll allow… I think probably the best way to do this is to have Q & A after each one of those sections.  Otherwise, it gets late into the afternoon.  Is that acceptable, sir?

Norman Augustine (Chairman), former CEO of Lockheed Martin, former Chairman of the Advisory Committee on the Future of the United States Space Program
That sounds perfect.  Thank you.

Steve Cook – NASA Marshall Space Flight Center, Project Ares – Project Manager

Great.  Okay.

Next chart please.

So we’ve been off and running for four years.  In fact, I got… we had a task assigned to us four years ago almost exactly this week as we were completing the exploration systems architecture study.  By the way, four years into this, one of the things that I know is I look for trends.  One of the trends that I see is when I see five Macs and one PC and I know that the Ares project is mostly Mac, I feel good about that.  So I know when I’m supposed to read in to what you’re doing but I think that’s one thing we can do.

It’s really been both a blessing and an honor to be part of this team.  We’ve made tremendous progress from literally paper concept study four years ago to now, we're almost a year, pencils down on our preliminary design review, and well heading to CDR.

Ares is really a family who is designed to be a family.  I and V go together that was a big part of the approach that we’ve laid in early and it is shuttle derived as well as parts of the EELV system and, of course, the heritage from the Saturn program and that’s a good part of why we ended up with the system we ended up.  We’re trying to have a good transition from the Shuttle program basing our lessons learned over the last 50 years and bringing them into the systems we’re putting together today.  With the Ares I and V, we’re going to have 60% greater capacity to the moon than we had with the Saturn program and at substantially lower cost.  In fact, approximately if you look at the Saturn cost per pound to orbit compared to where we are on Ares V because we have designed in or we are designing it for sustainability.  We believe that we’ll be on the order of 60% cheaper than we could do in the Apollo program.  Again, difference in focus; the focus here is on sustainability, having that margin to do a significant number of programs out into the future.

I think we had a computer problem.  So I’ll just kind of keep talking and when the computer catches up, we’ll get there with that.

Let me talk a little bit about as well the benefits that we’ve got today with the Ares approach with Ares I and Ares V.  Ares I is really the stepping stone to Ares V.  We will learn significantly from the booster, from the first stage in flight, gathering critical flight data that will give us greater confidence when we move to the Ares V.  As the same applies to the upper stage engine, the J-2X which we use on both vehicles.  That’s a significant advantage as, again, I see Ares I-X, our test flight is a crawl, Ares I is a walk, and Ares V is a run.  We haven’t done something of like this in our industry in over three decades.  I think it’s important that we take it in a stepwise approach.  And so we and our industry partners are learning as we put this whole program together as we are successful.  If we look at Ares I itself, we look at the benefits of the Ares I and what it brings.  From a top down perspective, it is important to look at some of the characteristics that we believe that we get out of this approach.  Number one, top down is that commonality that I’ve already talked about between Ares I and V so you can crawl before you walk, before you run.  From the bottom up perspective though, what we get is because we’re using a first stage system, it’s the most reliable propulsion system today that is flying, Soyuz is just slightly behind it.  The system derived from the solid rocket booster on the Space Shuttle.  We believe that will give us a much greater chance of having both a reliable and a safe system.  And Dr. Joe Fragola will follow me and walk you through our safety story and our safety approach and how we have designed it from Day 1 and into the overall Ares family.  We believe that that based on our analysis, we’ll get at least a factor of 10 better than the Space Shuttle today and the factor of two better than other systems.

Why don’t you go forward please?  If it will work.  Alright.  Next chart please.  Next chart.  Thank you.

To start off, if we look at risk reduction, Ares I is again allows us to, much like the Saturn I-V flush out the issues on the Orion system both in ascent and then because we get it to orbit, our orbital environment re-entry on the smaller vehicle, on the cheaper vehicle upfront.  It is that stepping stone from one point to the other and also allows us to transition our shuttle workforce from one program to the next.

When we talk about heritage and we talk about heritage systems, we tend to focus on the hardware.  I think what’s even more important to talk about, and Robert hit on this, this morning, it’s more important to look at the workforce and the capabilities that we are driving.  We are taking the engineering teams from the Space Shuttle solid rocket motor and applying them to the first stage.  We’re taking expertise down in Michoud where we built the external tank today and applying that to the upper stage.  We’re taking expertise that Pratt and Whitney Rocketdyne has gained up through work on the Space Shuttle main engine and the RS-68 engine and applying it to the J-2X.  And so this is really an ability for us to transition appropriately from one system to the other.  And in the end, having a government system to LEO that is a stepping stone to a system for beyond LEO gives us a dependable U.S. human access to space.  Now, that’s Ares I.

Let’s talk a little bit about Ares V.  Ares V is really a game changer in terms of its capabilities.  It will give us seven times approximately the lift capacity of anything else that we fly today with significantly larger payload volume looking at on the order of 10 meters… almost 10 x 10 meters of usable space and the volume.  And if you talk to the user community, they're actually more interested outside of human exploration, they're more interested in the volume than in the mass that we’re going to give.  It allows us to look at a wide range of diverse missions.  The National Academy’s last fall published a report on the use of Constellation and we spend an awful lot of time on the Ares V and how that could be a game changer in terms of scientific missions whether they’re large aperture space telescopes and you’ll see an example of that this afternoon or flagship outer planetary missions in much, much lower time.  It really is an enabler for looking at missions being able to, for example, image another planet.  Having the capability to do that and that kind of volume and mass allows us to get there.  And whether the U.S. is in unique position to build a heavy lift system of this class, we got our legacy production and operations capacity for both the Space Shuttle from the EELV programs that we bring into the system and that includes the infrastructure you’ll see tomorrow down at the Kennedy’s Space Center, the vehicle assembly building, the crawlers, the pads, all of that and frankly, if that national capability is lost, it’s going to be very hard and we may never recover the ability to do something like this.  So I think when you look at were other countries are going, they don’t talk about something in this class because frankly they don’t have the ability to build off of something like we have today.  So I think that puts us in a very unique position and it’s important to consider as we look at our launch system capability.

Next chart please.

If we plot here then the various missions that the various architectures A through E that the panel has been looking at, both lunar surface missions, go to a lot of different destination missions, go near earth objects, then eventually onto Mars, you see those plotted A through E and you see down below, where the Ares I, Saturn V, and the I + V, stack up against that.  What you see is that the Ares I + V gives us a very robust capability to address all the missions that the panel is off assessing today and Dr. Crawley’s team has been looking at.  I’d like to think he’s got a slightly different version of this chart that he’ll show tomorrow in terms of the various launch vehicle architectures.  The other thing that you can pull off of this is, it’s very interesting and instructive, about 50 tons to trans-lunar injection is really a gateway point for enabling a wider array of missions whether that be lunar surface, NEOs, or Mars assembly missions down the road.  That is a real key driving point and so what that tells you is the folks building Saturn, we have that legacy here in this town and if you go upstairs and you’ll see it lying there, they had it about right in terms what it takes to have that sustainable approach for exploration because we’re trying to enable several destinations.

Next chart.

So let’s talk a little bit about Ares I.  We’ll spend most of our time today and tomorrow talking… or today and this afternoon talking Ares I and then we will also give you an overview of Ares V and where that stands.

Now let me start off by saying our acquisition model here is somewhat different and General Lyles, you asked the question yesterday of Mark about this new model and I think we had an opportunity to chat when you were here in Huntsville about this.  So and the model is really the Saturn model where NASA is serving as the prime integrator for the entire launch vehicle.  We… the government is the prime.  We have key contractor partners obviously in this.  The first stage is being developed by ATK Launch Systems, the upper stage engine by Pratt and Whitney Rocketdyne.  You see the relative current contract value that is for DDT&E only.  Then we have the instrument unit and the upper stage where we have another unique model.  Again, very similar to parts of the Saturn where NASA is leading the design and we brought on Boeing about six months prior to PDR in order to help us build a more producible design and then to produce that.  And as we are moving now through the design cycle, Boeing will take on larger and larger chunks of that work because the sustaining engineering by the time we get to the design certification review will be the responsibility of Boeing.  So we’re on that hand off stage as we move from PDR to CDR, Boeing takes more and more responsibility.

Now, the reasons we chose this model early on was first of this is a multi-generational program and we haven’t done something like this in a long period of time.  And it’s going to be here for a long period of time.  I think there’re some lessons learned from the Space Shuttle in terms of intellectual property and where the intellect lies for solving problems 20 and 30 years in to a project’s life.

We applied…., when we started this program, there were some pretty critical reviews coming out on space acquisition in general.  One of my favorites is Mr. Tom Young’s report on space acquisition that came out in 2004 and a couple of key recommendations there was that the government was losing some fundamental internal system engineering capability and hand in hand with that is our capability to manage large projects.  And so this was a means to start ensuring that we take the core capability that we have in a government and rebuild that capability.  It’s not the intent that we would pursue this model to this degree once we move in Ares V.  In fact, we know that we can’t because frankly we are at capacity in working on Ares I with this model.  But now we got a lot of smarter buyers within the project management realm, safety mission assurance, and engineering that have gotten their hands dirty.  And I think as you saw on the tour here the last time, there’re a lot of folks getting their hands dirty every day.  And that’s going to make us better when we go build the largest launch system ever developed, the Ares V, and put that into place.

So we believe in this phase this is an appropriate transition into a longer term model with the government still has much more active role but it won’t be to this extreme as we move into Ares V, but we do believe this marries is the best of industry skills and NASA skills for the Ares I.

Next chart.

Here is the team we got today.  We got over 4000 folks nationwide, over 324 organizations across 38 states.  It takes a nation to put together a system like this.  And we got small businesses ranging from up in Oregon to Minnesota down to South Alabama that are helping to put this project together and make it successful.  This is really about the people and so we’ve gone from basically employee one, four years ago this week to about 4000 folks on board, which you’d expect as we’re heading into the critical design review phase.

Next chart.

Here’s our schedule.  This is just a top level summary view.  You can see the blue line there in the middle.  That shows the demarcation of what’s been completed over the last four years.  We've completed over 200 design reviews to date ranging from components through subsystem elements and full-up systems.  Of course, we've completed the preliminary design review for the stack itself and all of its associated elements and where we’ve actually completed last November the critical design review for the upper stage engine, the J-2X, and now we’re into manufacturing for the first development engine to put that system in place.  We got a lot of milestones, a lot of runway behind us.  We're about a third of the way through the development from an overall dollar standpoint in terms of executing the project.  And we got some pretty key milestones up ahead and you see it right there later on in about a month, on August 25, we got development motor number one for the first stage which is our first five segment motor firing that is set up for the Ares I and Ares V.  So that’s our next really key milestone followed by Halloween.  We promise we hope to not to make that a trick or treat.  On Halloween to have Ares I-X flying which is going to be a really key part of our strategy because that’s something else that’s different.  And since Apollo, we hadn’t had a development flight test.  Where we could actually have engineers in a relatively short cycle from start to finish, just a little over three years, go through a full development cycle on a test rocket.  One, the learning for that work force has been enormous and the lessons we’ve learned have been almost immediately transferred over into the main line Ares I and Ares V projects.  But we have over 900 pieces of data and 900 channels of information that we will get off of this system that will allow us to validate a lot of the design work that we’ve already done to date.  And we’re doing it sufficiently ahead of critical design review.  If we find some things that aren’t working like we thought they were, and I know that will happen, that we can inform our design.  And that’s a critical part of the risk reduction path and we’ll talk about Ares I-X and what it does for us later on this afternoon.

Next chart.

The other thing I think is important is that we have to earn our value everyday in what we do and so we brought in rigorous earned value metric management throughout this project.  This is our latest June-July report.  You can see our CPIs and SPIs up there.  I won’t walk through those.  By the way, those always look green.  Alright.  That’s where we are today and that’s one of… we use this tool to help us manage to put focus on where we have problem areas as we go through the development of this project.

I’m proud to say that our team won the NASA EVM Award of Excellence just a little over a month ago for the implementation of EVM on in-house projects.  Our contractor partners, in a large part, are very used to working EVM and developments.  We had not done that on the government side and so we’re well into working through that process.

Next chart.

I mention the people.  We talk about hardware a lot.  We’re going to talk and you’re going to see a lot of progress on the hardware front as I bring up some of the key leadership for the Ares team.  But it really comes down to the people and so how we ensure that we’re getting a quality product?  Well, we’ve met our milestones and from that growth standpoint, we believe that we’re meeting our norms and you see up there on this screen what are the norms that we live by and the number one norm we live by is that the team members have got to have fun.  This is a tough job.  It hasn’t been done in a long period of time and frankly, if we’re not enjoying what we’re doing, putting this together this once in a lifetime opportunity that we’re really blessed to have then we’re not going to get the most out of workforce to make it happen.  So the managers have to walk the walk and talk the talk.  We’ve got to encourage openness and diversity in ideas; I think we have done that.  Constant communication is important whether that being… and by the way in my mind, e-mail is not a form of communication.  It’s get into the room, have a conversation, work things out.

And frankly, we were given a pretty straight forward mission.  Go get this rocket built and get it done as soon as we can.  Some of the challenges in doing that is we’re taking a culture that’s largely an operational culture, had been, and technology culture and turning and honing overseers into producers.  Now that’s been a challenge but it’s been also a great opportunity because when we started this project, if we look at the history of what have led up to this throughout the ’90s, we were in a very much a stop start mode.  We probably had two- or three-year cycles and direction would change and we’d head off down another path.  We got four years under our belts on this one.  And I think the folks really want to fly this rocket and make it successful and knowing that, we’ve got to do that confidently but with humility because the hardware is going to teach us a lot as we get into the test and we put these things together.

The other key aspect to this that I think is very important is that training all of our engineers and our managers to think as a system engineer.  You’re not focused on just reviewing one discipline or one subsystem.  What are the impacts across the board?  And so how do we inculcate that into the culture has been a very critical aspect?  In addition to how can we do this leaner?  Alright?  We had… we’ve brought lean thinking in and lean practices in over two years ago.  We’ve had, I don’t know, oh, well over a hundred I’m sure, lean events across the project to really focus on value-added items and where it doesn’t make sense, let’s push back on the requirement.  Let’s do that whatever we can to make this successful.  It’s all this plus the heritage we bring together that will allow us to have a successful program in the end.

Now, let me start turning over to some of the folks, next chart, that are going talk you through some more of the details.  We’ll come up after the morning session and we’ll all be available for questions.  I want to first introduce Dr. Joe Fragola; many of you know him.  He will be walking through our safety story and the work that we have done to drive safety into the design and then again, we’ll have a session at the end for questions.  Joe?

Joe Fragola – Valador Inc. – Vice President

Thank you, Steve.  Mr. Chairman, members of the committee, and members of the audience, I’d like to say what an honor and privilege it is to speak before you today to tell you a story.  A story that I’d been sort of passionate about for the last 40 years.  A story that is directed at what Bo challenged us to talk about, which is developing some thing that’s a lot better than what we have today.  And in this case, a lot safer than what we have today.  Now this story didn’t begin with ESAS and it didn’t begin with Ares I.  So I’d like to take you to that story.

The story was enhanced and was started with the Challenger effort…as a post Challenger effort.  It was enhanced by the Columbia Accident Investigation Board asking us that in the next build of a vehicle to replace the Space Shuttle that we give overriding priority to crew safety and the Astronaut Office at about the same time, it set a very challenging goal of a 1 in a 1000 loss of crew during ascent.  I think those two motivations were the motivations behind the work that eventually led to what you see today as Ares I.

Next slide please.

Going through the history a little bit after the Challenger accident, we had the Rogers Commission Report and the Slay Report.  That motivated people to concentrate on revisiting safety and try to understand in the shuttle vehicle how we could enhance the safety significantly.  The crew office under the Bryan O’Connor investigated ways to escape from the shuttle system.  Despite all the efforts that were done, we recognized that everything that we did, it was going to increase the mass of the shuttle and decrease the payload to the shuttle so that for the ISS missions, the payload decrease was such that the number of missions that had to be flown to bring the payload to the station would be increased to the point where the overall integrated risks will actually go up rather than down by the number of missions increased.

At about that time, there was a first integrated assessment of… of the shuttle risk done in 1995 and we began to realize that the shuttle although it’s a tremendously capable vehicle and reliable as a launch vehicle had genuine problems because of the safety limitations of the vehicle.  So that led to two efforts, one directed at the improvement of the launch vehicle itself and its reliability, so called shuttle upgrades were considered and added to the vehicle, and then to consider alternatives to the shuttle in it’s a launch vehicles that included abort.  The reason for that is very clear that we saw with the shuttle since escape was not possible without degrading the payload significantly and the upgrades only added incremental to the safety enhancement of the shuttle, the next generation of vehicle to meet the challenges of safety would have to include some sort of abort capability.  That led to the consideration of the so called orbital space plane program, which just about that time the conclusion of that program, the Columbia Accident occurred.  The crew office issued the memo that I showed you and the Columbia Accident Investigation Board issued their charge to the next generation of designers.  The orbital space plane considered alternatives that were winged bodied, lifting bodies, and capsules.  We found that in the descent and landing phase of the mission both the winged body and the lifting body had advantages from a safety perspective.  But those advantages were overwhelmed by the disadvantages in the ability to sustain a loss of mission and loss of vehicle accident in ascent which led us to the capsule concept which we felt was more robust.  At that time, the search was for a launch vehicle to allow us to incorporate the more robust and what we thought safer concept of capsule.

We investigated at that time the full spectrum of the available launch vehicles and proposed launch vehicles.  Safest by far were those launch vehicles that included a single core and a single engine, but the problem was the payload capability of the single core single engine vehicles was incompatible with the size of the capsules we were talking about.  So that left us with the dilemma.  And the crew office came up with a possible solution to that dilemma and that was to consider a safe, solid first stage as opposed to a liquid first stage with the enhanced 2.5 million pounds of thrust, it might be possible to incorporate with the newly designed second stage a vehicle that would incorporate the safety features and abort system and also allow us the payload capabilities.  That led us to the beginning of the so called ESAS report where we again investigated the full spectrum of launch vehicles and so quite quickly that the alternatives allowed for payload enhancements required us to go beyond a single core vehicle to a so called heavy vehicle which increased the complexity of this system and you’ll see in a moment the reliability was decreased.

Next slide please.

This is my favorite slide.  It’s not a very elegant slide but I come from the era of the slide rule, the nomograph, and the carpet plot and this is my favorite from that standpoint.  It explains very simply how one converts from launch vehicle reliability to crew safety.  What it says is that the conditional probability given on an abort condition is important in establishing the overall safety of the vehicle.  What that means is even if you had a shuttle with extremely high launch reliability, if it has no abort capability, there’s no way to handle the conditional probability of failure given an abort requirement.  It also suggests that for the full spectrum of existing launch vehicles at the time this was done, you would require an extremely high so called abort effectiveness in order to meet the goal that was sent by the Astronaut Office of 1 in a 1000.  So that was our challenge.  Our challenge was to enhance the abort effectiveness and yet maintain the reliability of the launcher.  Now a subtle fact that’s in here that wasn’t spoke of before and something I’d like to challenge a bit of what Bo said is that this chart indicates that it’s not only important that the launch vehicle be reliable but what is also important is that it be robust in enabling abort capability given a failure.  And I think I should repeat that.  What I’m saying is it’s not only the probability of requiring your abort that’s significant, it’s the condition that requires that abort that is also significant.  And if the conditions requiring abort are benign then the effectiveness of that abort is enhanced.  If the conditions requiring that abort are not benign then the abort effectiveness is degraded.  And the things that led us to the alternatives we considered were not only the probability that there would be a failure in the first stage or second stage of the vehicle, but what sort of condition did that abort situation impose upon the capsule and on its vulnerabilities.  And I think that something that hasn’t really been said.  And that leads to the challenge of what Bo just said.  I believe it’s true, in my own personal opinion, that launch vehicles to earth orbit have gotten to the point where commercial people can take over but it’s another thing to talk about a crewed launcher because for a crewed launcher one not only has to consider the reliability of the launch vehicle but the effectiveness of the integrated launch escape system and the robustness of that escape system against the likely failures of the vehicle.  That is not a trivial exercise.  Having been the person who sat with the leader of the Chinese Safety Program and spoken to him by hours about their conversion of their Long March to a human rated vehicle, I can tell you that was no easy challenge for them.

Next slide please.

What this chart also told us was that it was no longer sufficient to consider only the logical models, the logical probabilistic models in the design process.  We had to also integrate at every step of the design phases the physical processes that gave us the conditions that imposed environments upon the crew's escape process given an accident.  So through the beginning of ESAS, we attempted to what I called sculpt the risks.  Sculpt the risks by identifying, using the probabilistic process from the top-down, to identify the likely scenarios and then using physical simulation models to simulate the environment created by those likely scenarios to determine the abort effectiveness.  We did this through SRR, through SDR, through PDR, and then to CDR by stepwise enhancing the accuracy and the faithfulness of both our logical models and our phenomenological models.

Next slide please.

In cartoon fashion, we began to evaluate the individual alternatives.  And you can see from this chart, in a cartoon like way are the driving influences basically the number of engines in the stage, the number of stages, and the ability to abort given an accident.  Those are the things that influence the establishment of the loss of mission probability and then the conversion from loss of mission probability to loss of crew probability.  As I’ve said, the loss of crew probability involves not only the accident but the ability to abort given the accident environment.

Next please.

Every step of the process then going from the ESAS to what we call the single stick, today what we call the Ares I vehicle, use the combination of the best tools available from those on the probabilistic side that is scenario development using probabilistic risk assessment theory and the physics side that is the best computational fluid dynamic simulations available using the best super computers available to establish the environment and it’s the confluence of the logical and the phenomenological that gave us the confidence that we have today that we we’re on the pathway to achieving that significant difference that Bo talked about in our crew launch vehicle.

Next please.

Now, in a qualitative way, I show in this chart how one converts from loss of mission to loss of crew.  Basically with the various alternatives, you assess the actions and conditions in groupings which we call bins each of which give us an implication of a particular accident environment imposed upon the crew module.  In three basic areas, one is fragmentation, one is in impulse, pressure wave progression, and then lastly in a radiant form from a thermal standpoint of the blast.  And what you see here is an assessment qualitatively of the effectiveness of the abort system against those types of insults and on the bottom we show the probability of being in each one of those buckets or bins for each alternative.  So it’s the combination of those two things that produce what I’m going to show you on my last and final chart.

Next please.

What you see here is the relative results of an independent assessment.  Independent in the sense that the loss of mission calculations were done by our team independent of anything that NASA or anybody else has done.  And what we looked at was how much better would the Ares I vehicle be from a safety perspective that is from a loss of mission and loss of crew perspective as compared to other launch vehicles.  So here you see Ares I as the baseline, unity.  And what we’re speaking about are factors of safety above the baseline of the Ares I that the others would be worse.  In other words, the worst risk as Steve said.  And you’ll see that in every vehicle across the line at the mean, Ares I is at least a factor of 2 safer from a loss of crew perspective and in some cases closer to a factor of 3.  You’ll also see from a loss of mission perspective, the Shuttle C since it is significantly based on the existing shuttle is closer to the Ares I than any of the other alternatives.  But the fact is that the conversion from loss of mission to loss of crew on the side mount which makes the side mount a factor of 3 worse from a loss of crew perspective.

So there you have it.  It’s something that we’ve tried to do to address the goal that Bo talked about.  Getting something, not just a little bit better, but generationally better and safer from a crew standpoint.

Thank you very much.

I’d like to now introduce Alex.
