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NASA Standards for Spaceﬂight

Knowledge Capture, Sets Agency Risk Posture, Generation of Program Requirements

Selection, Certification and
Crew Health Standards

Vehicle Design for Humans

OCHMO-STD-100.1A NASA Space Flight Human-System Standard

NASA Crewmembers Medical Standards NASA-STD-3001, VOLUME 2, HUMAN FACTORS..
- Selection and Periodic Certification Rev. C - Pending

NASA Space Flight Human-System Standard

NASA-STD-3001, VOLUME 1, Crew Health - Spacecraft Water Exposure Guidelines for Selected
Rev. B Pending Waterborne Contaminants JSC 63414

Detailed Guidance = . ; I Spacecraft Maximum Allowable Concentrations for Selected

-_— .8 Airborne Contaminants JSC 20584
NASA Handbook i
NASA/SP-2010-3407, Human Integration Design
Handbook, June 2014 - Update in Progress Guidelines for Assessing the Toxic Hazard
of Spacecraft Chemicals and Test Materials JSC 26895

AY

Technical Briefs

Engineering Application Notes
https://www.nasa.gov/offices/ochmo/human_spaceflight/index.htm



NASA OFFice ofF THE CHIEF HEALTH & MEDICAL OFFICER
Human Spaceflight Standards NASA-STD-3001 )

Spacecraft System Design
o Dynach Loads, V‘bratlon

omtectma Health Outcomes
o Cardiovascular Deconditioning.

o MusculW ‘
s oBoneLo —
-] oR
Renal Stones

ehavioral Support i
o Sleep v y, 1SS

= owomatlon

~ousabiity, Error Analysis, coMaa Sateway ’r )
> Displays and Lontrois, Lighting ‘ g ‘
o Acoustics

o shielding | Environment Levels‘j\“\,

o Nutrition - food system
o Microbiome o Air— co2
Performance Bands o Water Quality and Quantity
— . oAerobic o Maximum Allowable
o Muscular Concentrations of Compounds
o Orthostatic Mission Tasks Celestial Dust
o Sensorimotor o Microbial
o Cognitive

LEA/EVA Suit Design

o Performance
o Biometric Data

e . Ground Processing
edical Operations | o Ground Crew
" g .f' V. Roles and Responsibilities  Mission Operatiohs Human - H/W Interfaces
- == "= * o Flight and Ground Care oAutonomy, Task ® o Maintenance
=. 0 Console Operations Evaluations Requirements

o Training




Human Spaceflight Standards Hierarchy
Pyramid

e “Standards pyramid of hierarchy” was developed to aid in
the determination of individual standard's impact

Loss of Mission Objectives

missions. Lomo
FRness for Duty, Human ~ \
* The purpose of this tool is to help look “a€ross” all of the Vi & St
standards and assess their impact on a mission’s success “:ﬁzi:"im
related to loss of crew (LOC), loss of mission (LOM), and loss e
of individual mission objectives (LOMO). e

Human Health Countermeasares, Soclal Loss of Mission
well being, Privacy, Family LOM
Communication, Team Dynamics,
Circadisn Lghting

» Categorizes standards that increase the probability of
achieving mission objectives.

S - e g - Loss of Crew

a abase that can be searghed 1. BASKC HuMAN wEEDS

Life support -Air (02, CO2 levels), Pressure, Temp;

* StandardsareinaC
minimum hydration & nutrition; Waste disposal,

with keywords, ‘exported and linked to program ' S s

re u i re m eﬁ‘s -~ 0 - FUNDAMENTAL SYSTEM (VEHICLE/HUMAN) NEEDS
q Lauach System - cryogenic, tanks, engines, boosters, ovionis, software,
Copsule/habitat - pressurized volume - DCS prevention (ind. LEA Suits,
EVA atmospheres), human data set - anthropometrics & strength,
occupant protection, avionics, software, abort system. Landing - heat
shield, parachutes, vehide control recovery. Emergency Egress
Capabilities

Goal is to maintain proper risk posture while

determining the minimum applicability of standards for
programs during the formulation stage of development

https://www.nasa.gov/offices/ochmo/human_spaceflight/index.html|



OCHMO Human Spaceflight Standards - 3001

Educate vendors on Human Spaceflight Technical Briefs (4-12 pages)

Requirements and Implementation

Educate vendors on Human Spaceflight
Integration of Requirements, Evidence/r ce Data, Design and Application notes
Over 200 standards summari rated in Tech Briefs below:

Acceleration
Acoustics

\ Apollo Lunar Lander

an e Cabin Architecture
e’(:tsxqf * Cognitive Workload

Behavioral Health ;
'+ Bone Loss ' * Health Stabilization l e
 DCS Technical Brief Al i ™ Program

¢ Behavioral

* Carbon Dioxide (CO2) edlcal Care ° Longitudinal Health Health
ehicle tﬁ' Electrical Shock * Food and Nutrition and Surveillance * Decompression
ﬁystemfbesigﬁ‘ * Lighting Design  Lunar Dust Spaceflight -+ Medical Care * Entry L_andlng
- ! ‘l* Hatch Design e Orthostatic Intolerance Experience * Pharmaceuticals * EVA Mishaps

m * Radiation Protection * Waste Management m“
ion .

* Usability, Workload, Error D-3001 Water Con
\ Toxicology
Vehicle Design Notes on how to
design hatches, implement acoustics,
electrical shock, radiation protection

Provides information to develop
end to end medical care, Selection,

Health Stabilization, In flight
Medical, Pharmaceutical list, and
Post flight care

Waste Mgmt System
Considerations, food, water

Decompression Sickness
Application Notes — Resources vs.
DCS Risk

https://www.nasa.gov/offices/ochmo/human_spaceflight/index.htm



Technical Briefs - Examples

Vehicle Hatches cal B Design for lonizing
V2: 4005; 4012; 6010; 6020; Radiation Protection
8014; 8022-8032; 3040; 8041; Reference Data V1:4.2.10.1
8043; 8045; 8053; 12006

Ray Tracing tools and Effectiveness of Shielding V2: 6095-6101

m”ﬂw’“ acing e 1wology examines the
= AP L[S T PR TR v 1 B tiveness of shielding tools in blocking 5
B 8014; 8022-8032; 8040; 8041; SRR EcRlC ’ 4 Acoustics
ackground PRSP OV : (0 sta from Gase paint and end
Pressure Equalization Valves - - !

hde the vehicle. Each ray records 3001-V2-6073-6088,-6106
Positive Pressure Equalization Valve (PPEV) e and respective density of the parts Ba‘:kground

A s. Areal mass density is cakulated dlground
* The PPEV signed to regulate pressure during launch and Amit the pressure differential across a > I = sRnys % Acoustic levels are measured in the decibel - d8
ng Lransit 1o ¢ used n transport code that evaluates -
o e flux 3t doce point Frequency and time weighting is apphed in the processing stage of sound
The PPEV drives the hatch closed while the Negative Pressure Relief Valve (NPRV) protects against . SN G, Sris g e measuremant to make statistical descriptions of sourd (0.g., peak or average
Ouarpeassury That can push the hatch cpen. 0 quarier evel) and/or to make the measurements batter correspond Lo human
perception

e
“

The PPEV & lccated inside the module and aliows cabin air to ext in the event of over pressurzation. TG »
5 Effect of ISS Shielding on crew daily dose

When the pressure drops back to the acceptable level then the PPEV closes, maintaining the cantents

of the envircnment. The PPEV also allows sampling of the module atmoasphere prior to change out.

Average Predicted risks of hearing damage are based on the noise source's

] evel (typically reported in dBA) and duration of exposure,

*  “A.wecighting” - dBa - compensates far the fact that the car is
comparatively less sensitive to lower and very high frequencies,

. Weighted between 1000 -5000H:.
achievable from that side of the pr re hatch by a suited or unsuited ocewmember. NASA Standard : . Sound pressure level uses a logarithmic scale to represent the sound
[v2 8028)

— pressure of 3 sound relative to a reference pressure, The reference sound
ISS Hatch Specifications associated with NASA 3001 Standards d ot~ —m . 8 : pressure @ typically the threshold of human hearing: 2 x 10 Pa,
Hatch cover - Hatch shall be operable by single crewmember in <80 seconds fram both side . o

NASA Standard [V2 8024] Noise Limits for On-Orbit Phase

*  Strength - Task must not require more strength than can be exerted by weakest crewmern e Vb e b V28083

The EV will e mour
equabzation valve wil P ‘:
Fach sidke of ich hatch shal hive manual peessure equalization capability with its opposite sice

NASA Standard [V2 4012) b m
Size - The design of all physical items that interface with crew Is to account for crew body
NASA Standard [V2 4005)

torce - The forces required to operate hatch covers and doors shall be designed to the str k . Effect of using water bags/stowage as a shelter during an SPE ¢
the weakest crewmember. NASA Standard [V2 8025) Y beyond low earth orbit in a Capsule
Without tools - Hatch covers, and doors shall be uniatched and opened, and latched and B — - ——
without the use of tools from esther sade by & single crewmember, NASA Standard [V2 80
Operations - Hatch shall require two distingt and seguential operations Lo unlatch. NASA

1 atien - g < rqealoation Vatve
(V2 8023]

N v Prenure

PN Press.ne

ound kvl

Window - Hatch shall provide a window for direct non-electronic visual observation on opp M
Manual Pressure Equalization Valve (MPEV) Effective Dose £
of hatch. NASA Standards [V2 8029) 9 {

Pressure Equalization Valve - Each side of hatch shall have manual pressure equalization cag Allows air fram either sicke of the hatch 1o mix with air on the other side, thas equalizing the pressure
with oppaosite side by suited of norsuited crew member, NASA Standard [V2 8028) on both sides. This ensures that the hatch can be safiely apened

Effective Dose (Optimired Returr Stowage) 83
Allows manual sampling of the air on the other sde he hatch o ensure that & is pure enough for

EMective Dase [Optimaed Pre-Launch Stowage)

e human occupancy, especially after 8 comtingency tontamination scenario

Medical Officer (OCHMO)
. = “‘hmm!y' Operational Note - 'When the hatch & dased against 2 vacuum for 3 length of time, the space between
4 m“wmus‘ the seal beads can bleed down to the vacuum. This can make it more ddficult for the crew to open the *  “Impuse” is delned as noises lasting shorter than one second
hatch after cpening the MPEV, as the MPEV on 155 does not vent the interstitial cavity between beads * Intermittent limits are defined through durations up to 8 howrs. For
The Orion hatch MPEV was modiied 10 vent this volume when the MPEV & opened

Sta n d a rd S re I ated to durations longer than 8 hours, the continuaus limits take over,

actual designs Operational e Explanation of
Considerations Requirements

*Note the different doses based on locaton within a vehide
AcchTc with monitaning and penper depwecs of the voctiede ara

Duration

https://www.nasa.gov/offices/ochmo/human_spaceflight/index.html|




OCHMO Radiation Standards

600 mSv




Space Flight Human System Standards — NASA-STD-3001, Vol 1
Crew Career Permissible Exposure Limit for Space Flight Radiation

Sample Calculation — Male & Female Crew Members - 3 Missions

Female
Mean
REID %

Universal
Effective Dose
mSv

Duration
DE S

Location

ISS
ISS

Lunar Surface

Fission Power
Source on Lunar

Surface (Standard is
< 20 mSv/year)

SPE Event in Orion

Shielded (low
probability occurrence)

540 Days

Effective dose equivalent is based on known variations in human organ susceptlblllty to radiation (weighting
factors) to radiation of the various organs of the body and is sex dependent. To determine career dose,
female weighting factors (most conservative) are utilized for both male and female crew calculations.
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Earth Independent Operations
Less Reliance on Ground Support

Hardware and Software Design to enable Automation

Engineering

Vehicle, Environment
- Crew Control vs Earth control

Vehicle Operations
- Command and control
- Monitoring of subsystems

In Mission Operations Planning

Daily/Dynamic Situational Planning

- Crew In mission “self” scheduling

- . e N
Weekly Planning — Earth consult

External Environment Monitoring & Assessment

— navigation, debris detection, radiation

Automation Levels — may vary by subsystem

Displays and controls

Human - Vehicle

Design

Information Analysis — On Board vehicle data, trend analysis,

Information Presentation - graphic
-Efficient and Accurate interpretation

Human - Vehicle
Design

= | Alarms and Alerts

Safe Modes — LOC priorities

Vehicle Design for Maintenance & Anomalies resolution

Smart Diagnostics

Human - Vehicle
Design

Human - Vehicle
Design

Information Analysis — On

Board vehicle data, trend
analysis, interpretation

Logistics/Sparing

Human
Human Interface with Vehicle
- In mission vs. Earth crew

Task performance, operability, Usability,
cognitive workload, error, automation
interface, maintainability

Human Level of Engagement

Automation Levels

- Partial to fully automated

Automation Aspects

Perception — data collection

-
—

- ™8 Information Analysis

Decision Making — human vs. system

Task Execution - —human vs. system

On Board vehicle data &

information access




OCHMO
Summary

There are many opportunities for collaboration
to reduce the human risks of exploration!
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OCHMO Human Spaceflight Standards
Backup

4.8.2 Career Space Permissible Exposure Limit for Sp Radiation

ve radiation Jue to space flight radiation exposure shall be less than

[V1 4030] An individual astronaut’s total career ef
600 mSv.

[Rationale: This limit is universal for all ages and sexes. The total career dose limit is based on ensuring all astronauts (inclusive
of all ages and sexes) remain below 3% mean risk of cancer mortality (risk of exposure-induced death [REID]) above the non-
exposed baseline mean. Individual astronaut career dose includes all past space flight radiation exposures, NASA biomedical
research exposures, plus the projected exposure for an upcoming mission. The effective dose is calculated using the NASA Q
(based on the NASA cancer model of 2012 -year-olc ie'modelpanameters (weighting factors, quality factors, etc.) for

both males and females. This stand octs the caréer limits or all organ:s abl Dose Limits for Short-Term or Career
Non-Cancer Effects (in mG r mG )(see

[V1 40: Du Ja arlablllty and subje'ct|v1 of the selectlon of model parameters,
the model should notbe updated unless a 25-30% chang s seen in the effectlve dose associated with, the 3% mean REID
calculation.] - ' ' s

'\‘s

-

https://www.nasa.gov/offices/ochmo/human_spaceflight/index.html
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OCHMO Human Spaceflight Standards Team
Backup

4.8.3 Short-Term Radiation Limits — Solar Partic

[V1 4031] The program shall protect crewm to the Design Reference Solar Particle Event

(SPE) Environment Proton Energy Spectrum (sum of the October 1989 events) to less than an effective dose of
250 mSv).

[Rationale: The 250 mSv effective dose threshold was chosen to minimize acute effects and protects for the
short-term limits for all organs listed in Table 3. See Table 3 for short-term dose limits. In the design process,
ALARA ensures optimization of the design to afford the most protection possible within other constraints of the
vehicle systems. The additional protectionssi | y contril giesthe mitigation of long-term health effects
such as cancer (refer to crew.e radiation dose standarc 031])

]V - /]

a
U : ~ -
—— -~ .

.3

—

o < # e RS
The Design Re erence SPE Environment Proton Ene gy Spectrum is referenced in Table 4, Design,Reference SPE

Environment Proton erySpectrum. o

- -
y

R —— -
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OCHMO Human Spaceflight Standards

4.8.4 Crew Radiation Limits for Nuclear technologies

itting ionizing radiation (e.g., radioisotope power systems,
tive dose of 20 mSv per mission year

[V1 4032] Radiological exposure from nuclear technologie
fission reactors, etc.) to crew members shall be less than
(prorated/extrapolated to mission durations) and AL

[Rationale: This limit is based on not adding more than 10% radiation exposure beyond the space environment radiation of the mission.
Based on an analysis for a surface-based mission (see Figure 2, Effective Dose (mSv per Mission Day) Variation with Solar Cycle), the
radiation environment exposure is approximately 0.5 mSv per day; and 10% of this value sets the standard to 0.05 mSv per day and ~20
mSv/mission year. This standard is applied to both surface and free-space missions.

For a typical surface power application, the allowable astronaut dose can be converted to an effective reactor dose for shield sizing. The
effective reactor dose would be calculated by estimating the time an astronaut spends in a shielded habitat versus the time spent during
unshielded EVAs over a typlcal mission tlmellne Exact mission.a hould be considered when performing the calculatlon

fraction (67%) in the habitat, habitatsshiel _. ling, di ; ‘ lineof sight to source, and time fraction
(33%) of performing EVAs. _ c ‘ I el

» i -_ 5 =
Space radiation and.’ra‘i:ibeﬁgiﬁsource tradeoff for a waiver of standard consideration: For missions that are Ie%puclear sources for a
propulsion system, the tradeoff of reduced mission duration due to faster transit which reduces the crew exposure to spacé flight radiation
exposure should be considered compared to the increased exposure due to the nuclear source. For example, if the nuclear propulsion
system saved 90 days of exposure during the transit to Mars which equates to 1.5 mSv/day x 90 days = 135 mSv “saved” space flight
radiation exposure and the source generates 150 mSy, then the net exposure is +15 mSv. Other considerations for reduced mission time on
engineering risks (systems reliability, logistics, etc.) and other human risks such as bone loss, renal stone development, and medical care
should also be considered in the waiver process.]
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