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K, here goes on the attachment again...

Commerci al Space Transportation Reusable Launch Vehicle and

Bertram (reason, Inc. (Hereafter "B-G")is pursuing two
reusabl e | aunch vehicle designs that would be affected by
the NPRM W are seeking financing for both concepts, and
potential investors have expressed concern whether these
vehicles can be licensed for operation by US. entities.
Correspondence to B-G on the NPRM shoul d be directed to
Jeff Geason, 21505 Stage Drive, Tehachapi, CA 93561, or
by electronic mail to jgreason@ughes.net; we are quite
wlling to supply clarification on any of our comments that

may be uncl ear.

Bertram (G eason, Inc is a small business as defined in
t he NPRM

It is our belief that one key reason for the US

Congress' requiring FAA regul ation of the reusable | aunch
vehicle industry is to reduce the uncertainty regarding
vehicle licensing. The goal of these regulations should be
to provide clear guidance whether a |aunch license can be
expected for a given vehicle and |aunch profile. As
drafted, the NPRMfails to achieve this objective in
significant respects. This letter will suggest changes to
the draft regulations, which inprove the clarity of the
regul ations while protecting the public.

Definition of Launch: §401.5

B-G objects to the proposed definition of "launch" as
applied to a reusable vehicle. |n expendable vehicles,
there is no distinction between the assenbly of the vehicle
and the initiation of pre-launch preparation activities.

In a reusable vehicle, these are nore sharply defined. In
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expendabl e | aunch regul ation, the definition of 'launch”
was broadened to increase the scope of liability limtation
(as discussed in the release of the final rules effective

June 21, 1999).

Consi der a reusable vehicle, which is manufactured at

the same facility where launch will take place. A proad
interpretation of "launch", as drafted, could interpret
every act of assenbling and maintaining the RLV as a
"l'aunch activity". The safety of workers engaged in
routine activities of assenbly and mai ntenance is already
highly regulated by OSHA, and there is literally nothing
different about assenbly of an RLV from for exanple, an
aircraft or an ocean vessel which should cause a higher

| evel of oversight. Nor do we believe that the intent of

Congress was to limt liability for workers engaged in
vehicl e construction operations which do not differ
materially from those in other industries.

This broad interpretation of "launch" wll inpose a
substantial regulatory burden on the operations of RLV
compani es. §431.91 nakes clear that the launch is

subj ected to special environmental scrutiny, and requires
EPA review. This is a burden not faced by simlar
operations in other industries (aircraft, shipbuilding).
B-G therefore suggests that 'launch’ begin when the
vehicle is | oaded with propellants or other hazardous
materials as defined in 49 CFR 172.101 -- normally this
wi |l involve |oading propellants or pressurized gases or
mounting solid rocket motors on the vehicle. To be
specific, the definition of "hazardous materials" should
al so make clear that quantities greater than those all owed
on cargo aircraft are intended. These activities should
still be "preparatory to launch", excluding activities such
as proof-loading of tanks.

By defining the beginning of 'launch” in this way, the

manuf acture of an RLV becomes distinct fromits operation;
?nd thij*operation* of an RLV is really the activity being
I censed.

The proposed ending of "launch" is also problematic.

The NPRM proposes "launch" to end after the licensee's |ast
exercise of control over the vehicle. For a suborbital
trajectory, this nakes sense. However, consider a piloted
vehicle which will be used for resupply of an orbiting
asset, such as the International Space Station. Surelv the
[ aunch |icense does not cover orbital operations, which are
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beyond the responsibility of the FAA at this tine. he
NPRM itsel f recognizes this problem as p. 23 of the draft
requests comments on the circunstances under which is "may
be appropriate to separately assess the reentry risks of a
reentry vehicle fromthose presented by the entire
m ssion. "

B-G believes that the extended definition of "launch" is
the source of this confusion. W recommend that a "l aunch
termnate at the earlier of two events; the licensee's |ast
exercise of control over its |aunch vehicle, or the | aunch
vehicle is in an orbit with a lifetine under worst-case

at nospheric conditions of 30 days or nore.

Met hods for calculating orbital lifetime are known to

the industry (see, for exanple, Wrtz and Larson, _Space
M ssion Anal ysis and Design, second edition_, p. 206ff).
There should therefore be little anbiguity in conputing
orbital lifetine. Once a vehicle is in a long-lived orbit,
l'aunch is over, whether or not it is the *intent* of the
operator to perform a deorbit burn and reenter quickly.

To summarize, the definition of "launch" in §401.5

should be nodified. Amend the definition to read "Launch
neans to place or try to place a launch vehicle or reentry
vehicl e and any payload fromEarth in a suborbital
trajectory, in Earth orbit in outer space, or otherwise in
outer space. The termlaunch includes the flight of a

| aunch vehicle and pre-flight ground operations beginning
with the | oading of hazardous materials in preparation for
flight. Launch ends after the vehicle is in an orbit with
an orbital lifetine of 30 days or nore, or after the
l'icensee's | ast exercise of control over its launch
vehicle, whichever comes first."

B-G believes this revised definition of launch to be
appropriate for both expendable and reusable vehicles;
expendabl e vehicles are viewed as hazardous earlier in
their life cycle due to the earlier integration of
hazardous materials. However, if the FAA does not wish to
amend the definition of launch for both expendabl e and
reusabl e |aunch vehicles, it would be acceptable if the
modi fied definition of |aunch applled only to launch of a
reusabl e launch vehicle, as defined in the proposed §401.5

Definition of Hazardous Materials, §401.5

As discussed in the comrents on defining "launch", this
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should be nodified to make clear that the applicable
standard is that applied to cargo aircraft. (One possible
wor di ng woul d be "Hazardous naterials means hazardous
materials as defined in 49 CFR 172.101 as applied to cargo

aircraft".

Applicability to Passenger Transport, §431.23

The comments attached to the NRPM particulary those on
page 9, are of concern. B-Gis pursuing an RLV intended to
provi de passenger transport on suborbital trajectories. W
fully recognize that the licensing of such a vehicle wll

be the subject of considerable cooperative work between B-G
and the FAA.  However, we do not wi sh potential investors
to be under the inpression that the FAA s | ack of

regulation in this area inplies that passenger transport is
forbidden. The fact is sinply that it is too early to

envi sion what regulations or certification procedures may
be appropriate to passenger carrying vehicles. As the NPRM
states on page 9, "The FAA envisions that future use of RLV
operations may include passenger transport . . . to and from
space". B-Gwould like this denonstration of the FAA's
intent to be enbodied in the text of the regulations, and
5431.23 would seem an appropriate place.

B-G woul d suggest that a section (d) be added to this
section, reading:

(d) Wiile specific regulations for passenger transport
RLV m ssions do not yet exist, passenger operations are
envisioned by the FAA.  Policy approval will be extended to
passenger transport m ssion proposals as |long as the other
requirenents of this section are net.

Thi s | anguage woul d encourage the industry to develop a
passenger-carrying industry, consistent with the FAA's

m ssion. By placing the | anguage in the policy review
section, it wll be nade clear that the issue of passenger
safety is distinct fromthe safety of the general public
being protected by the safety review

Launch and Reentry Ec Criterion, 5431.35 b.

B- G appl auds the use of an expected casualty criterion

as a quantitative assessnent of flight risk. The
procedures for calculating Ec as di scussed in Advisory
Grcular AC 431.35-1 are clear and unanbi guous.

However, the confused definition of "launch" as

originally proposed has reduced this clarity of how the EC
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criteria applies to a RLV. Especially for RLVs With the
potential for a long orbital life, the use of "mssion" (a
term not defined) confuses matters. The explanatory notes
make FAA's intent clear -- that the combined risk of |aunch
and reentry shall not exceed Ec of 30 per mllion flights.
The regul ations should reflect that intent. W would
suggest rewiting sections (1) and deleting section (2) to
say:

(1) For public risk, the risk level associated with a
proposed m ssion does not exceed an expected
average nunber of 0.00003 casualties per m ssion
(or Ec criterion of 30 x 10-6) to nmenbers of the
public fromthe applicant's proposed activity
(l'aunch and reentry conbi ned)

The reason for this nodification is to inplenment the

FAA's intent of licensing RLV's on a "per mssion" basis,
wth a uniformEc criterion applying to the mssion as a
whole. There is therefore no need to i npose nore stringent
criteria on reentry than on other parts of the mssion.
Only for reentry vehicles launched by an ELV could a
separate criteria be needed, as ELV licenses do not require
the risk of payload reentry to be considered -- that is
properly addressed el sewhere in the regul ations, however
(as part of the payload review for an ELV |icense).

There is no justification for the EClimt of reentry
vehicles to be as lowas 1 per mllion flights -- this
places all the safety burden on the reentry operator
allowing the launch operator to "use up" all the risk

al | ot ment. B-G therefore suggests that this separate
limtation on entry be scrapped, and the sole criterion for
safety be that the conbined risk of Iaunch and reentry not
exceed an Ec of 30 per mllion flights.

Dwell Time Limts: §431.43 ¢ (2)

This section is very objectionable, as the | ack of
definition of key terns "substantial dwell tinme" and
"densely popul ated" renders the neaning of the section
conpletely obscure. As stated above, B-G believes a
primary purpose of Congress' authorization of RLV

regul ation was to bring predictability to the regulatory
envi ronnent so that business ventures did not face undue
regulatory risk. This clause defeats that purpose.

| f "substantial dwell tine" was 0.01 second, and
"densely popul ated" was 50 people per square nile, there is
no credible ground track which neets these criteria. If
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"substantial dwell tinme" is 1 mnute, and "densely

popul ated" was 5000 people per square mle, there is no

reasonable trajectory which fails. The devil is in the
details -- which are deliberately not defined. This is a
reci pe for uncertainty, and for "licensing by |obbying"

rather than on grounds of public safety.

Wy is this regulation here at all? wiat public

interest is being served by a restriction above and beyond
the EC limts which B-G enthusiastically supports? The
expl anatory notes in the NPRM pages 42ff, make the
rationale clear; "because of the costs and di sadvantages of
flight testing, the FAA expects that many RLV and reentry
vehicle operators will propose to validate vehicle design

t hrough the use of sophisticated computer sinulations

For these reasons, the FAA proposes to inpose operational
restrictions..."

Stripping away the diplomatic |anguage, this inplies

that the FAA does not believe that Ec cal cul ati ons w thout
supporting flight test will be sufficiently reliable to
ensure public safety. B-G does not necessarily disagree
with that assessnent, although assuming the FAA's advisory
circular AC 431.35-1 is followed, it is unlikely that the
Ec calculation will be grossly off, sone error is certainly
present until validated by flight test.

The apparent intent of the language in §431.43.c.2 1S
therefore to ensure that in addition to Ec calcul ations,
flights are planned in a way which mnimzes the
consequences of a failure. However, the present |anguage
IS so vague as to be conpletely unacceptable -- no RLV
busi ness venture coul d proceed with a reasonabl e assurance
of a license under this |anguage.

However, elsewhere, in §431.43 d, the NPRM pl aces

addi tional operational restriction on "unproven" RLVs.
This nmakes sense, as long as the limts are clear and
quantifiable (see the discussion in that section).

Consi der an analogy to experinental aircraft. Experinmenta
aircraft are not certificated -- neither will RLVs be, since
standards for certification do not exist. Therefore
experinmental aircraft are required to operated over

unpopul ated areas (airport airspace) until they have
denonstrated by flight tinme that they do not pose an undue
threat to the general public. W recomrend a sinmlar
approach.

Page 6




~me0000f
B-G therefore requests that subsection (2) of §431.43 C
be del eted and replaced by operational restrictions in

5431.43 d.

Fundamental ly -- if you don't believe the Ec

calculations, the vehicle isn't proven. [|f you do believe
the Ec calculations, no further restrictions are required
to ensure the safety of the public.

Wrk Rest Standards: s§431.43 ¢ (4)

These work rest standards are clearly witten with a

view towards renotely operated vehicles. |n B-Gs view
there is no credible way to operate a piloted RLV under
these regulations as drafted. Consider a typical nission
profile -- the crew boards the vehicle 3 hours prior to

| aunch, conducts checkouts, and |aunches the vehicle. They
then stay on-orbit for 24-72 hours performng their

mssion, and then initiate reentry, fly to the Ianding

| ocation, and land the vehicle.

Cearly, the crew constitute "Vehicle safety operations
personnel”; in fact, in past spacecraft such as the Gemini

spacecraft, the critical operations can only be controlled
by the crew -- a nodel we believe will be nore common in
the future. B-G believes that the safety of the general
public and the reliable operation of the vehicle are
greatly enhanced by placing critical decisions in the hands
of the pilots aboard the vehicle rather than ground
controllers, and the regulations should foster this node of
operation. At the sane time, crew rest requirements do
enhance safety.

B-G woul d not object to this rule if it were made clear

that "rest" can take place aboard the RLV, during the

m ssi on. I n other words, being "off-duty", but on board
the RLV, counts towards crew rest requirenents. \W believe
that crewed RLV operations would then be conpatible with
the requirements of this section. Proposed |anguage woul d
add a subsection (v) to §431.43.c.4, such as:

(v) rest periods to comply with the requirenents of this
section can take place on-orbit, aboard the RLV, so long as
the resting crewrenber perforns no flight tasks during the

rest period.

Addi tional Restrictions on Unproven RLV: s§431.43 d
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This is the section of the greatest concern to B-G It

is our opinion that the rules in this section, as witten,
woul d prevent any RLV conpany from basing their business
strategy on U S. operation of their vehicle. This section
requires major revision if thereis to be a US RLV

I ndustry.

Subsection (1) suffers fromthe same defects as proposed
§431.43.c.2, discussed above. The sane renedies are
required here. B-G recognizes that unproven vehicles need
to operate with even greater attention to public safety
than a proven vehicle. However, in addition to the lack of
clarity in §431.43.c.2, we have added "unproven", an

addi tional undefined term

W point out that under a strict interpretation of this
section, NO EXI STI NG EXPENDABLE OR PROPOSED REUSABLE LAUNCH
VEH CLE COULD BE LI CENSED, EVEN | F LAUNCHED OVER THE OCEAN
FROM A GOVERNMENT LAUNCH RANGE.  The lack of definition of
terns in subsection (1) neans that any limt, no matter how
stringent, mght be applied. Even worse is subsection (2),
proposing a concrete neans of establishing acceptable risk
By assum ng probability of "failure" of 1, and not defi ning
failure, we must assune a worst-case failure, such as
breakup of the vehicle from aerodynamc forces. |f there

i s one person in a yacht, 500 miles downrange from the

Fl orida Spaceport, and an easterly vehicle is assuned to
fail, in the *worst possible way, at the worst possible

time, there will be at |east one casualty. Under section
(2), that launch should not be licensed. Therefore, the
only hope is to appeal to secticn (1), With none of the
terns defined, and hope that a license nay be allowed -- a
factor entirely dependent on the persons Involved and the
political climate of the tine.

Subsection (2) nust be deleted; there doesn't seemto be
any way to fix this which would be superior to the EC
calculation but still be possible to neet.

Subsection (1) mnust become clear and quantifiable. In
order to do this, the FAA nust take the additional step of
defining ternms. B-G would suggest the follow ng | anguage
in this section:
(1) The projected instantaneous inpact point (I1P) of

the vehicle shall not dwell for nore than 10
seconds over any area of popul ation density greater
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than 200 people per square mle.

I f that |anguage is unacceptable, we would suggest an
alternative criterion involving a new concept "time-
wei ghted density". Some exanpl e |anguage:

(1) The time-wei ghted popul ati on density (TWPD) beneath
the vehicle is the product of the dwell tine of the
projected instantaneous inpact point (IIP) of the
vehicle in a given area and the popul ati on density
in that area. In order to limt the likely
consequences of a vehicle failure, the TWD of the
vehicl e shall not exceed 2,000 person-seconds per
square mle over 'any segnment of the trajectory.

This alternative |anguage, while nore conplicated,
allows a realistic trade off between ground tracks with

long dwel | s over suburban areas and ground tracks with
very short dwells over urban areas.

In this proposal, the operational restrictions are only

| evied on unproven vehicl es. For this to be meaningful,
sone definition of "proven" nust be nade.

Since the stated rationale for limts on "unproven”
vehicles is the uncertainty in the Ec cal cul ations, the
best means of "proving" the vehicle would be to
denonstrate, in flight, sufficient capability to
denonstrate Ec below 30 per mllion flights. For exanpl e,
once the vehicle has flown through maxi num aer odynam c
stress conditions w thout breakup, the assunption that the
vehicle will not break up can be considered "proven". O
if the Ec calculations rely on abort nodes to contain the
effects of system failures, once those abort nodes have
been denonstrated, they may be regarded as "proven".
Therefore, if a nodified subsection (1) is retained, we
shoul d add a new subsection, simlar to:

(2) Once the assunptions in the Ec cal cul ati on have
been denonstrated by flight test sufficient to
validate Ec I ess than 30 per mllion flights, the
requi rements of subsection (d) will no |onger

apply.
Reentry Qperational Restrictions: §431.43 e

Again, as witten, this section cannot be reasonably
conplled with.  Subsection (1), requires that the operator
"monitor the status of safety-critical systenms imediately
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before enabling reentry fllght and verify that the vehicle
can reenter safely to Earth". NO MANNED OR UNVANNED
SPACECRAFT HAS EVER MET THI S STANDARD. Some exampl es: the
Space Shuttle cannot verify the integrity of its heatshield
prior to entry, the Apollo 13 and hkrcurK-Atlas 1 m ssions
bot h had serious grounds for concern of heatshield
integrity but could not verify those concerns, the Apollo
12 m ssion was concerned that the pyro actuators for the
parachut es had been danaged by |ightning, but had no way to
verify their integrity prior to reentry.

However, reentry vehicles have an excel |l ent operational
record in spite of these limtations. Eventual |y, the art
will be sufficiently well developed to neet this” standard,
but not today. The good operational record of reentry
vehicles makes it doubtful that this regulation is
necessary; econom cs requires RLV conpanies to make their
best efforts not to risk the hardware on reentry. (e
alternative is therefore to delete subsection (1).

Anot her alternative would be to accept the limtations
of the current art, which will evolve, wth |anguage |ike:
(1) For those safety-critical systens where

practical nonitoring techniques have been
denonstrated in other vehicles, nonitor the status
of safety-critical systens immediately before
enabling reentry flight and verify that the vehicle
can reenter safely to Earth; and

Note that B-G has no objections to subsection (2) as
witten.

Reporting Requirenments: §431.79 b

The proposed requirements are far too onerous to be
practical. W believe the intent of the 15-day
notification is to allowthe FAAto performcollision

avoi dance analysis with other space objects. For f1iaht
test operations of a new RLV, |aunch wi ndows wil|l *no?

hit precisely (nor are they in experinental aircraft
testing). Expendabl e | aunch vehicles al so sel domneet this
standard as witten. This rule needs to be inmproved in two
ways:

* Shorten the notification to 3 business days

~ * Allow a given license to include several |aunch
w ndows within the same |icense; for exanple, |aunch al ong
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the sanme track coul d take place between 0900 and 1100 GVl
on July 18, 2000, or between 0815 and 1015 GMI on July 19,
2000, or between 1445 and 1645 GMI' on July 20, 2000. This
woul d allow for repeated |aunch attenpts for the sane
mssion - simlar to current ELV practice.

B- G woul d suggest |anguage such as:

(b) Not later than 3 business days before each
licensed RLV nmission, a licensee nust notify the FAA in
witing, of the range of tinmes and dates of launch attenpt
opportunities for the intended | aunch and reentry or other
| anding on Earth of the RLV.

Costs of Conpliance: page 98 of NPRM

In the attached notes, on page 98-99, the FAA assunes
that application for a policy review w || consunme eight
hours of time for each application, and that conpliance
wth the safety application requirenents will consunme the
equi valent of one full time staff position. These

requi rements are used to evaluate the cost burden of the
regul ations.

In the opinion of Bertram Geason, Inc. these

assunptions greatly understate the regul atory burden placed
on RLV conpanies. Qur own assessnent based on tinme spent

eval uating the regulations is that each policy application
will require roughly one nonth's work by a skilled

enpl oyee, for a cost estimate of $8583 per application.
The eight-hour estimate is nore appropriate for the
application of subsequent flights of a given type of

payl oad. B- G contenpl ates operation of two different types
of vehicle. One vehicle would fly roughly one sortie per
week, wth 5-6 different types of m ssions per year; for
this vehicle, the burden would be on the order of $72,300
per year. Another vehicle would fly nostly simlar

m ssions on suborbital flights at a high mssion rate of
one per day -- inplying a burden of roughly $104, 000 per
year. W believe these are nore realistic estimates for
the burden of the policy review.

Revenues used in assessing burden: Page 115 of NPRM

The revenue projections the FAA use in determning the
regulatory burden are unrealistic. They assune that RLV
operations will be fundamentally simlar to the operations
of existing ELVs -- few nmissions per year at high revenue
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per mssion. Neither of the vehicles B-Gis pursuing fit
this nodel. Both will fly a large nunber of m ssions per
year (50-400) at relatively low revenue per flight. For
the suborbital vehicle, revenue per flight is expected to
be in the neighborhood of $90,000, while profits per flight
(available to pay for regulatory costs) nmay be as low as
$10,000 per flight. That vehicle woul d produce annuali zed
profits of $2 mllion to $3 mllion. Even the orbita
vehicle is expected to generate profits above costs of only
$50 mllion to $100 nmillion per year. The discrepancy is
that once RLVs are operating in a conpetitive environnent,
t he market-supported price of launch is expected to drop
significantly.

Agai nst that, the expected annualized costs of

conpliance are given at $700,000 on p. 115 of the NPRM

That does not apply to the first year of operation, but is
"snoot hed" out over many years. In the first year, the FAA
estimates the cost of conpliance for determning safety
risks alone to be $757,000, and there are many ot her

bur dens.

Therefore, it appears that the regulatory burden is in
fact very significant. For a devel oper and operator of a
purely suborbital vehicle (a reusable sounding rocket or
tourism vehicle, for exanple), the costs of conpliance in
the first year could equal or exceed the total potenti al
profit of the venture. Therefore, Bertram G eason, Inc
di sputes the conclusions of p. 115-116, where it is
asserted:

* A regulatory flexibility analysis is not required

* The proposed rule is not likely to cause small
busi ness failures or adversely inpact their position
relative to |arger businesses.

In particular, B-Gw shes to draw attention to the

entire market segnent of suborbital or very small payl oad
l aunch, which is inherently a niche market with revenues,
profits, and margins nuch | ower than the space | aunch
business. The current regulations are tailored to very

| arge vehicles for space |aunch, and so many regul atory
steps required for orbital launch (driven by conpliance
with the Quter Space Treaty of 1967) are being needl essly
i nposed on suborbital ventures. \Wile these requirenents
(such as the 15-day notification for each flight) nmay be
nerely onerous to a space |aunch venture, they would Iikely
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be crippling to a venture focused on suborbital flight.
B-G strongly suggests that a distinction be nmade between
orbital and suborbital flight, wth the presunption that
the regulatory burden can be relaxed for suborbital
appl i cati ons.
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