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INTRODUCING
 IAASS-ISSB-S-1700-REV-B 

SPACE SAFETY STANDARD COMMERCIAL HUMAN-RATED SYSTEM

International Association for the Advancement of Space Safety
Kapteynstraat 1, 2201BB Noordwijk, The Netherlands

1.0 CONSENSUS STANDARDS

In February 2005 suborbital spaceflight industry leaders 
met to discuss establishing a voluntary industry consen-
sus standards organization with the purpose of develop-
ing industry standards to ensure the safety of passengers 
[1]. After more than 11 years there is no news about any 
substantial progress. 

Voluntary consensus standards are standards developed or 
adopted by voluntary consensus standards bodies. Even if 
nowadays the FAA/AST is forbidden to issue safety rules 
for the safety of those on board a commercial spaceflight, 
it is general policy of US Government to mandate the use 
of voluntary consensus standards in lieu of government-
unique standards in procurement and regulatory activities, 
except where inconsistent with law or otherwise imprac-
tical, and to encourage US Government agencies to take 
part in voluntary consensus standards bodies [2]. 

As general policy, recently the US Government has 
opened the door to the flexibility to choose among stan-
dards developed in the private sector, particularly stan-
dards developed for emerging technologies that may or 
may not precisely follow the traditional voluntary con-
sensus standards development process. Factors to consid-
er include, among others, the effectiveness and suitability 
of the standard for meeting agency regulatory need [2].

The IAASS-ISSB-S-1700 “Safety Standard for Commer-
cial Human-Rated System” is an heritage-based standard 
derived from NASA NSTS 1700.7b “Safety Policy and 
Requirements for Payloads Using the Space Transporta-
tion System” that responds perfectly to those criteria for 
effectiveness and suitability. 

Initially issued in 2006, the IAASS standard was created 
by by taking into account some modifications made when 
NSTS 1700.7b was adapted for use by the International 
Space Station Program, and considering NASA’s post-Co-
lumbia accident safety requirements policy in NPR 8705 
“Human-Rating Requirements for Space Systems”. The 
only non-heritage requirements included in the IAASS 
standard are quantitative probabilistic safety risk goals (as 
guidance: “should”), a requirement on crashworthiness, 
and a requirement on data collection (black-box). 

2.0 SHUTTLE PAYLOADS HERITAGE

2.1 Made to Fit Many Customers

The Shuttle program, officially known as National Space 
Transportation System (NSTS), was announced by Presi-
dent Nixon on January 5, 1972. The Shuttle was consid-
ered at the time the reusable launch system of the future, 
promising to revolutionize launch availability and costs. 
All kind of users were expected from government agen-
cies, to commercial customers and other NASA pro-
grams. As Shuttle development was progressing, NASA 
started to work on payload accommodation, interfaces, 
and safety requirements. 

A wide variety of payloads were expected including 
many that had never flown before in space. The Shuttle 
cargo bay was sized to accommodate huge payloads like 
Hubble telescope, entire satellites including rocket upper 
stages like Galileo and Ulysses, and habitable modules 
like Spacelab and SpaceHab. Smaller payloads, research 
facilities and experiments would be accommodated in 
racks, lockers in the pressurized crew compartment or 
externally in dedicated canisters in the cargo bay called 
Get Away Special (GAS). 

 
Fig. 1 - Hubble Telescope being released from the cargo 

bay of Shuttle Discovery
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2.2 Shuttle payloads requirements

Shuttle payloads preparatory activities started already 
in 1972 with work on safety and interface require-
ments, payload integration process, and implementation 
guidelines. There was also the preparation of so-called 
interpretation letters (because of their format) meant to 
be advisory. Interpretation letters were needed because 
the Shuttle program in view of providing transportation 
services in particular to commercial customers did not 
want to dictate design solutions. On the other hand, being 
many safety requirements generic and goal oriented there 
was the need to help customers understand purpose and 
rationale of some requirements, and to advise on design 
solutions that could be acceptable. 

Verification requirements (i.e. analyses and/or tests, in-
spections, and demonstrations) were also established as 
well as guidance for the preparation of payloads verifica-
tion plans to be issued by users to prove compliance with 
requirements. 

For customers benefit the Shuttle program created also 
documents describing accommodations in the way say of 
electrical power, cooling, or safety inhibits like switches 
and valves that could be made available (upon negotia-
tion) on the Orbiter side to help meet some safety re-
quirements levied on payloads. Whole series of technical 
standards support standards and handbooks were devel-
oped to help customer, design and verify their systems 
and to plan operations. Those standards were in areas of 
structures, mechanical systems, batteries, pyros, wiring, 
safe distances before allowing switch off of a safety in-
hibit for firing payloads propulsion system, etc. 

In establishing payloads safety requirements, the Shuttle 
program decided to take some “comfort margin” or in 
other words to be more conservative than for Shuttle sys-
tems. This was not meant to be a penalty but just the price 
to be paid for allowing more design freedom to payloads 
developers. For example, for Shuttle systems rigorous re-
quirements were applied on procurement, selection and 
testing of EEE components, on software development, 
and on quality control and configuration management. 
Instead payload developers were allowed to use whatever 
EEE components they considered suitable, and their own 
software development methods. In the case of small com-
panies or universities it was even expected that some of 
them could lack familiarity with basic quality control and 
configuration management techniques. Overall it was a 
matter of trading reliability for cost. Payloads failures 
were acceptable as long as they did not lead to higher 
safety risk. (Years later during actual operations the reli-
ability of some experiments was found to be so poor that 
it risked defeating the entire scientific purpose of their 

research program. Some payloads were failing 2-3 days 
into the mission!). 

In general, payloads do not have ‘must-work-function’ 
(active functions vital for keeping the crew alive), but 
can often include ‘must-not-work functions’. These are 
functions that if operated inadvertently or untimely (e.g. 
propulsion ignition, or access to a live high-power laser) 
can kill or injury the crew, or cause damages. Payloads 
may include some inherent hazards such as high volt-
ages, high temperature, toxic compounds, etc. 

The classification of ‘hazard severity’ was defined to 
be used to drive the amount of fault tolerance required. 
According to requirements, potential catastrophic haz-
ards required two-fault-tolerance, while critical hazard 
required single-fault-tolerance. A critical hazard was 
defined as potentially resulting in injury to the crew or 
impairment to the vehicle or the mission. A catastrophic 
hazard could lead instead to loss of crew, loss of Orbiter, 
and loss of mission. 

An important concept was to assume payload software as 
zero-fault-tolerant thus counting it as providing only one 
level of hazard control. All additional controls had to be 
hard-wired, unless payload developer opted to apply the 
same strict software development and independent veri-
fication and validation processes required for Shuttle sys-
tems. The possibility to achieve two-fault tolerance (i.e. 
3 controls) by computer was basically discouraged. (The 
Shuttle system relied extensively on computer control 
of many ‘must-work-functions’. For example, the flight 
control system had 4 redundant computers plus a back-up 
to be fail-operational/fail-safe). 

The ‘margin of comfort’ consisted essentially in requir-
ing up to two-fault-tolerance and larger safety factors 
for hazard controls, and applying some conservativism 
when classifying the severity of a hazard. For example, 
structural failures and pressurized systems failures where 
always classified as ‘catastrophic’. Some conservativism 
would be also applied when classifying the toxicity level 
of chemical compounds. 

2.3 How the safety standard was used

The selective application of safety and technical require-
ments was the source of the versatility that made the 
NSTS 1700.7b standard a great success. The performance 
of a hazard analysis was the prerequisite for using the 
standard because it allowed to identify the hazards that 
actually existed in the payload. Furthermore, not all re-
quirements would usually apply because not all subsys-
tems envisaged by the standard would be actually present 
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in a payload. In other words, the NSTS 1700.7b require-
ments were not meant to be a blueprint on how to design 
a specific type of payload to be safe, but gave rules for 
controlling hazards determined to exist in the payload. 
The complexity of the payload and the hazards it actually 
included determined the selection of safety requirements, 
which in turn drove, without prescribing, the detailed de-
sign. Differently from a ‘safety code’ that prescribes in 
detail how to build a product to make it safe, the Shuttle 
payloads safety standard left up to the developer to decide 
how the detail design would meet the safety requirements.

2.4 The payload safety review panel

As work on safety and technical requirements pro-
gressed, consideration was given to the organization of 
the payload safety review panel (PSRP). This was to be a 
novel kind of organization. 

Until Apollo 1 fire accident in 1967 there was no safe-
ty program at NASA and no safety organization. After 
the accident, hazards analyses were systematically per-
formed, and safety divisions established starting with 
Johnson Space Center. 

Safety divisions fulfilled their function through so-called 
‘concurrent engineering’, consisting in participating with 
representatives to various project reviews, but without 
playing a role in the decisional process. In other words, 
the safety function had no independent voice and had to 
compete with engineering and operations representatives 
to have its voice heard during project review meetings. 

In 1986, the Aeronautics and Space Engineering Board 
that evaluated the Shuttle risk assessment and manage-
ment processes after the Challenger disaster stated in 
their report [6] that: “The multi-layered system of boards 
and panels in every aspect of the NSTS may lead indi-
viduals to defer to the anonymity of the process and not 
focus closely enough on their individual responsibili-
ties in the decision chain. The sheer number of NSTS 
related boards and panels seems to produce a mindset 
of “collective responsibility.” They recommended that 
“NASA should periodically remind all NASA personnel 
that boards and panels are advisory in nature. He should 
specify the individuals in NASA, by name and position, 
who are responsible for making final decisions while 
considering the advice of each panel and board. NASA 
management should also see to it that each individual 
involved in the NSTS Program is completely aware of his/
her responsibilities”. 

The Shuttle Challenger disaster investigation report 
branded the safety program as the ‘silent program’. 

In 1977 the Shuttle Program decided to establish the 
PSRP (Payload Safety Review Panel). The approach was 
completely different from Shuttle systems project re-
views, and gave to safety a leading and authoritative role, 
clear lines of responsibility, and ample technical support. 

The safety review panel would be chaired by a safety staff 
and composed by representatives of different technical 
groups and organizations (engineering, operations, astro-
nauts office, etc.). The chair had sole authority for signa-
ture of hazard reports, and had direct access to Shuttle 
Program Manager. A pillar of the overall approach was 
the concept that the payload organization (i.e. the cus-
tomer) bore responsibility for the design and verification 
of their payload. The safety review panel had instead the 
responsibility to ascertain that customers understood the 
safety requirements and carried out correctly identified 
hazards, hazard causes, and relevant controls. 

The customer had also to prove to the panel that agreed 
controls had been incorporated first in the design and 
then in the builds. In the process the payload organization 
had to obtain concurrence from NASA specialist groups 
on specific items such as construction materials usage, 
as meeting requirements for flammability, offgassing and 
stress corrosion, toxicological assessment of hazardous 
chemicals, etc. 

At the end of the safety review process, the chair would 
issue a letter certifying that safety reviews had been suc-
cessfully completed for that payload on a specific Shuttle 
mission. In case of re-flight on a subsequent mission any 
change had to be discussed with the panel. Any anomaly 
encountered in the previous mission had also to be dis-
cussed with the panel for safety relevance, and proposed 
corrective actions agreed. 

Following the Challenger disaster it was decided to de-
emphasize the commercial aspects of the Shuttle Pro-
gram and encourage commercial customers to fly on 
expendable rockets. Commercial customers had been a 
central consideration when establishing the Shuttle pay-
loads safety requirements and the modus-operandi of the 
PSRP. Now the Shuttle was expected just to serve other 
NASA programs. Things may have been organized dif-
ferently if this had been known from the very beginning. 
However, the goodness of the overall payloads safety ap-
proach was confirmed when an unexpected customer ap-
peared: the Russians. 

The PSRP had gained experience in dealing with foreign 
payloads since the early Spacelab missions with the Eu-
ropean Space Agency. ESA had already adopted/adapted 
many of NASA technical standards as their own stan-
dards. Working with Europeans was not much different 
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than working with a NASA center. In 1994 NASA agreed 
with Russians to use the Shuttle to deliver a Russian 
docking module to the Space Station Mir. So the Russian 
docking module became a Shuttle payload and PSRP had 
to take care of the safety review process. “The Russians 
had no clue about what are these silly payload require-
ments, what’s all this paper you guys are working, we 
don’t need all that paper business.” [7]

What NASA learned was that the Russians had a ro-
bust and safety-minded design that had been thoroughly 
tested. It was not difficult to show that it met the Shuttle 
payloads safety requirements because they were goal 
oriented and not prescriptive. Eventually the NASA-JSC 
engineering Directorate ended up doing most of the pa-
per work, and some analysis like fracture mechanics. Not 
a big deal!

The ‘natural’ separation between Shuttle program and 
payloads projects gave the rare benefits of independence, 
strong management support and outstanding technical 
support to safety reviews. The PSRP operated flawlessly 
since the beginning of Shuttle operations, and was re-
confirmed after Challenger and Columbia accidents. But 
there was more come!

3.0 THE INTERNATIONAL SPACE STATION

3.1 Historical overview of the ISS

Until May 1960, when the U-2 spy aircraft flown by US 
Central Intelligence Agency pilot Francis Gary Powers, 
was shot down over Soviet Union, aerial reconnaissance 
was considered superior to satellite reconnaissance be-
cause of the efficiency engendered by the pilot on-board. 
The heritage of the International Space Station can be 
tracked back to the political decision to develop orbital 
reconnaissance capabilities with human on-board as a 
substitute for risky aerial reconnaissance. The USAF ini-
tiated in 1963 the development of the American military 
space station MOL (Manned Orbiting Laboratory), the 
Soviet Union responded with the Almaz program which 
was a series of military space stations under the cover of 
the Salyut civil station program. 

The early US civil station developed by NASA was the 
Skylab. However, it was in 1984 that the US began de-
signing Freedom, a permanent manned space station, and 
called upon the G7 Group of countries to join in the pro-
gram. Two years later the Soviet Union launched Mir, the 
first modular space station. 

In 1993 the Clinton Administration decided to broach the 
subject of joint cooperation to construct the ISS between 

US and Russia, together with the international partners 
of the previous Freedom station program, Japan, Europe, 
Canada, and Italy. In 1998 Russia launched a Proton 
rocket from Baikonur Cosmodrome in Kazakhstan, car-
rying the first element of the ISS, the Zarya module. Lat-
er before the end of the same year the US Space Shuttle 
was launched carrying the second element of the ISS, the 
Unity Module.

3.2 ISS agreements

Legally, ISS is not a single national spaceship, although 
the US has a leading program management role, and it is 
also not truly an international one.
The ISS partners had four possible legal options to orga-
nize the program: 
1) a national space station, under the jurisdiction and 

control of one country; 
2) a multinational space station, under the joint juris-

diction and control of several nations; 
3) a multinational space station, the individual modules 

of which are under the jurisdiction and control of 
separate nations; or 

4) an international space station, under the jurisdiction 
and control of an international governmental organ-
isation similar to INTELSAT.

The option 3) above was the one eventually selected 
for ISS, thus recognising the “fundamental objective” 
of each partner to retain “responsibility for design, de-
velopment, exploitation and evolution of, …identifiable 
elements of the space station together with the responsi-
bility for their management…” (ESA/C-M/LXVII/Res.2, 
January 31, 1985).

The ISS Inter-Government Agreement (IGA) states in 
fact in Article 5 that: “Each Partner shall retain juris-
diction and control over the elements it registers...and 
over personnel in or on the Space Station who are its 
nationals”.

Safety is an exception to the multinational set-up above 
in the sense that it is defined in the ISS IGA, and in the 
MoUs between NASA and the international partners, as a 
shared responsibility which is discharged by each partner 
under the lead role and overall certification responsibility 
of NASA.  

3.3 ISS safety requirements, organization and 
 processes

When NASA started discussing possible requirements 
and safety organizations for the ISS certain similarities 
with the early considerations about Shuttle payloads 
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emerged. A large number of ISS elements would be de-
veloped at remote locations and not under the direct con-
trol of NASA ISS Program Manager, and following to 
a large extend local technical standards. In addition, all 
modules and payloads except those from Russia would 
be transported to the station by Shuttle and had therefore 
to comply with Shuttle payload safety requirements. 

It was in the best interest of everybody that the ISS safety 
requirements of ISS would not conflict but complement 
those of Shuttle payloads. The solution was very simple: 
adopt the Shuttle payloads requirements with some ad-
aptations. There were two main kind of modifications. 
One was the use as applicable standards of the space sta-
tion technical standards, the other was to remove require-
ments about propulsion and pyros safety (the only mod-
ule including propulsion was Russian and relevant safety 
requirements were left TBD). 

For what pertains compliance assessment with safety 
requirements, the safety review process and panel orga-
nization was modelled after the Shuttle payloads PSRP. 
The ISS payload safety reviews became a responsibility 
of the Shuttle payloads PSRP that was renamed NSTS/
ISS PSRP. A separate SRP (Safety Review Panel) was 
created for ISS systems safety review, which later was 
merged the PSRP in a single safety review panel when 
the Shuttle was retired from service in 2011. 

In 2002, a new chapter was inaugurated with the de-
centralization of safety review panels. A “franchised” 
NSTS/ISS Payload Safety Review Panel was established 
at the European Space Agency in The Netherlands, to 
operate according to the same rules and practises and 
under the oversight of NASA. It was soon followed by 
a similar agreement with the Japanese Space Agency 
JAXA, while equivalent arrangements had been made 
also with Russians. 

In the words of Bob Wren, engineering representative in 
NSTS/ISS and ISS SRP: 
“We set it up, copied the exact same approach that we 
did for the PSRP, for the Shuttle payloads. It turned out 
that that was a good move. That was a smart move. I 
guess, and it worked fine. So that way we could come in 
and have reviews, phase reviews, and I guess I didn’t talk 
about that, but we’d have a series in both payload pro-
cess and in this SRP process where we keyed the reviews 
to where the customer was in their development cycle.…
So we set up that same approach for the Station modules 
and it worked great” [7].
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