MODULE 26 - ADVANCED MARS CURRICULUM - UNDERSTAND, CALCULATE, VERIFY.

Radiation, dosimetry and crew protection

This course develops a capability that was still missing from the core curriculum. It starts from
concepts and units, builds the necessary calculations, then connects each method to real Mars

engineering decisions.

Before starting — Prerequisites: modules 00 to 22 as relevant. Every important symbol is defined at first use.

Mastery objectives

e explain quantities, units and assumptions

repeat at least one calculation by hand

identify uncertainty, limits and failure modes

turn the result into a decision for a Mars architecture

1. Chronic galactic radiation and solar events

Galactic cosmic rays create a persistent background while solar particle events can rise rapidly. A

mission must manage cumulative exposure and short-term shelter response.
Shielding is not a perfect wall because energetic particles can generate secondaries.

Engineering reflex. Identify what is measured, assumed and calculated, then state what would

change the decision.

2. Absorbed and equivalent dose

Absorbed dose measures radiation energy deposited in matter. It is expressed in gray (Gy); one
gray corresponds to one joule of deposited energy per kilogram of matter. This is a physical
quantity and does not by itself say that two different radiation fields create the same biological

risk.



Equivalent dose starts from absorbed dose in an organ or tissue and applies a radiation
weighting factor that depends on radiation type and energy. It is expressed in sieverts (Sv). Two

radiation fields depositing the same energy can therefore produce different equivalent doses.

Effective dose then combines equivalent doses in different organs using tissue weighting factors
to form an overall indicator of stochastic health risk. It is also expressed in sieverts, but it is not

the same quantity as equivalent dose.

The reading rule is therefore qualitative before it is numerical: gray tracks deposited energy;
equivalent dose in sieverts adds radiation weighting; effective dose adds tissue weighting. A Mars
analysis must always state which quantity is being used, over what time interval and with which

weighting model.

3. Shielding geometry

A compact storm shelter surrounded by water, food or other hydrogen-rich stores can be more

efficient than adding the same mass everywhere.

Radiation protection is partly an architecture and storage problem.

4. Personal and area dosimetry

Crews need cumulative personal dose records while habitats, rovers and EVA paths need mapped

exposure.

Operational decisions connect solar forecasts, dosimeters, shelter location and the time required

to stop work.

5. Settlement protection

Long-term settlements can use geometry, hydrogen-rich materials and possibly regolith, but

burying structures creates access and maintenance problems.

The best solution reduces radiation risk without making other hazards unmanageable.



6. From physical measurement to medical decision

Radiation protection easily mixes quantities that do not mean the same thing. Gray measures
energy deposited per unit mass. Equivalent dose adds weighting for radiation type. Effective dose
then adds tissue weighting to form an overall indicator of stochastic risk. These conversions rely
on models and do not turn a dosimeter into a perfect prediction of individual health outcome.
Operations should therefore retain the physical quantity, the conversion model and the exposure

context.

7. Dose budget: time, location and activity

Cumulative exposure is not only a property of the Earth-Mars transit. It depends on time spent in
each location and the shielding available there. A budget can separate transit, habitat, EVA, rover
and storm shelter. That decomposition shows where an architecture change actually buys risk
reduction. Cutting ten minutes from one EVA is not equivalent to moving hundreds of sleep hours

into a better-shielded volume.

8. Solar event: design the warning time and path to shelter

A shelter is useful only if the crew can reach it in time. Procedures connect detection,
confirmation, work stop, system configuration, crew movement, accountability and life-support
continuity. On a large surface site the problem becomes geographic: which EVA routes are
acceptable if return to shelter takes longer than a credible warning interval? Radiation protection

therefore becomes part of activity planning and mobility architecture.

Radiation case: separate physical measurement, risk quantity and decision

A dosimeter alarm first provides dose or dose-rate information. The decision to enter shelter then
depends on event type, dose already accumulated, travel time to shelter and operational limits.
Measurements should not be collapsed into one generic “biological risk” number. Absorbed dose
describes energy per mass; equivalent dose applies radiation weighting for a tissue; effective dose

then additionally weights tissues. These quantities answer different questions.



9. Worked example step by step

A deliberately simplified campaign example uses a constant daily absorbed-dose rate over 180
days, then applies a teaching radiation-weighting factor. The complete rate-times-duration
arithmetic and the distinction between absorbed, equivalent and effective dose are developed in

the “Activity-based campaign dose ledger” mini-lesson below.

10. Progressive exercise

Build a budget with 150 days of transit, 300 days in habitat and 40 h of EVA. Choose different
teaching dose rates, compute each contribution and identify which activity dominates. Repeat

after a 30% reduction in the sleeping-shelter rate.

11. Reasoned solution

A shorter work-area example reaches the same lesson from an hourly rate: accumulated dose
depends on both the rate and the time spent in that field. The quantitative ledger below is the
canonical calculation; this prose example is retained only to emphasize that a numerically similar

mGy and mSv value does not make the physical quantities interchangeable.

12. Validation mini-project

Design an operational radiation-protection plan: personal dosimeters, area mapping, action
thresholds, storm shelter, retreat time, solar-event procedure, exposure records and medical

decision rules.

Radiation operations laboratory — convert measurement into
protected crew time

This radiation-operations extension connects dose rate, duration, shielding, dosimetry, activity
planning and shelter decisions so protection is managed as an operational budget rather than a

single material thickness.



Keep physical dose quantities distinct

Absorbed dose, equivalent dose and operational exposure limits are related but not
interchangeable. Instrument readings must be interpreted with the radiation field, detector
response and biological weighting appropriate to the decision. The course should train the learner
to state exactly which quantity is being reported before comparing it with a limit or mission

budget.

Map shielding as geometry, not just mass

Protection depends on where material is located relative to the crew and incoming field. A storm
shelter surrounded by water, food, equipment or regolith can use existing mass effectively, but
penetrations and thin directions matter. Additional material can also create secondary radiation

depending on composition and particle energy, so 'more mass' is not a complete design rule.

Budget dose by activity and location

Crew dose accumulates across transit, habitat occupancy, EVA, vehicle travel and contingency
operations. A dose ledger should preserve time and location so that a high-exposure activity can
be traced and future scheduling adjusted. Treating the mission as one average exposure rate hides

the operational levers available to reduce dose.

Design warning time and access to shelter together

A solar-particle alert is useful only if the crew can reach effective shelter before conditions
become hazardous. Procedures must include detection, confirmation, communication, crew
response, travel time and shelter configuration. The slowest part of that chain sets the practical
warning requirement. Remote EVA routes therefore need conservative turn-back and shelter

logic.

Use uncertainty explicitly in medical and mission decisions

Radiation risk models contain biological and field uncertainties. Operational decisions should not
pretend those uncertainties disappear because a numerical estimate is available. Record
instrument uncertainty, model assumptions and the margin to the applicable limit or internal
mission threshold. When uncertainty is large, conservative scheduling or additional measurement

may be the correct response.



Progressive mastery drills — eight linked checks

V¥ Drill 1 — Particles and ionization

Distinguish particle type, energy and ionization effect before discussing biological risk.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

V¥ Drill 2— Absorbed and equivalent dose

State which quantity is measured or calculated and do not compare unlike quantities.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

V¥ Drill 3 — GCR and solar events

Contrast chronic background exposure with a shorter intense event from an operational

viewpoint.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

¥ Drill 4 — LET and radiation quality

Explain why equal absorbed dose need not imply equal biological effect.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

¥ Drill 5— Dosimeter geometry

Show how detector location and shielding affect the reading and its representativeness for

crew exposure.



Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

¥ Drill 6 — Shielding and secondaries

Explain why material composition and geometry matter in addition to areal mass.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

V¥ Drill 7 — Storm shelter access

Build a timeline from alert to crew arrival in the protected volume.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

¥ Drill 8 — Cumulative dose log

Record exposure by activity and location so future scheduling can use remaining margin.

Expected reasoning. State the evidence, the assumption, the uncertainty and the

operational consequence. A label or definition alone is not a complete answer.

V¥ Integrated exercise — Eight-step radiation protection drill

Create a compact dossier covering particle type and ionization, absorbed versus equivalent
dose, chronic versus event exposure, LET/quality considerations, dosimeter geometry,
shielding and secondaries, shelter access time, and cumulative mission logging. For each

item, identify one common interpretation error and one control that prevents it.



Reasoned solution. The expected result is a chain from detector to decision. It should
never compare unlike dose quantities, should preserve location and time information, and
should show how alerting, shelter geometry and crew operations work together rather than

treating shielding as an isolated material problem.

Primary-source bridge for this extension. Official source 1 Official source 2 Official source 3.
These links are evidence anchors already present in the French reference module; values and

limits must still be checked against the source version applicable to the mission.

Primary sources and bridges

Use NASA-STD-3001 as the human-system requirements anchor for radiation exposure,
monitoring and crew protection. This module uses it to frame design decisions and operational
controls; mission dose limits and shielding decisions still require the applicable programme rules,
environment model and expert radiation analysis. For design review, the source should therefore
be paired with the actual mission radiation environment, vehicle geometry, shielding materials

and operational timelines rather than treated as a stand-alone Mars shielding recipe.

e NASA Space Radiation FAQ
e [CRP Publication 103

¢ NASA-STD-3001 Volume 1
¢ NASA-STD-3001 Volume 2

First Man radiation dossier — separate physics, dosimetry, shielding
and medical decision

Radiation protection becomes unsafe when every number is called “dose” and every kilogram of
shielding is assumed equally useful. This dossier teaches the learner to keep quantities distinct,
accumulate exposure by activity, reason about shielding geometry and warning time, and know

when a simplified ledger must hand over to professional transport and medical models.


https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm
https://www.nasa.gov/reference/nasa-std-3001v1/
https://www.nasa.gov/reference/nasa-std-3001v2/
https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm
https://www.icrp.org/publication.asp?id=ICRP%20Publication%20103
https://www.nasa.gov/reference/nasa-std-3001v1/
https://www.nasa.gov/reference/nasa-std-3001v2/

Name the radiation quantity before using the number

The NASA Space Radiation Analysis Group — FAQ distinguishes the space-radiation
environment from familiar terrestrial exposure contexts. In this course, a value is not operational
evidence until the physical quantity and unit are named. Absorbed dose in gray and protection
quantities expressed in sievert answer different questions; they cannot be swapped merely

because both are called dose in casual speech.

ICRP Publication 103 provides the broader radiological-protection framework. The learner does
not need to memorize every coefficient at this stage, but must understand that radiation type,
tissue weighting, organ response and uncertainty can matter. A single scalar is a summary of a

model, not the radiation field itself.

Separate chronic background from event-driven hazards

Galactic cosmic radiation and solar particle events create different operational problems. Chronic
exposure drives cumulative mission planning; an event can create a rapidly changing shelter
problem. The architecture should therefore include both long-duration dose management and a

short-warning path to a protected volume.

The relevant question during an event is not simply “how much shielding do we own?” It is
whether the crew can reach a geometry with adequate protection before exposure grows, while

life support, communications and medical monitoring remain available.


https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm
https://www.icrp.org/publication.asp?id=ICRP%20Publication%20103

Storm-shelter shielding geometry

A protected volume is surrounded by distributed mass while access time and life-support independence remain visible.

incident radiation field

water stores food / cargo
Storm shelter

distributed shielding distributed shielding

crew + dosimeter + comms + life support

polymer / supplies equipment mass

distributed shielding distributed shielding

Shielding review uses material, areal density, geometry, gaps and access time — not mass alone.

Delta-Sierra pedagogical synthesis - operational teaching diagram; not a mission-certified drawing

Distributed shielding mass, access path and shelter independence are treated as one protection geometry. Pedagogical synthesis by Delta-Sierra
from the primary sources cited at the point of use; not a mission-certified drawing.

Think in shielding geometry and areal density, not wall mass alone

Material between the radiation field and the crew matters because of composition, thickness,
coverage and gaps. Distributed water, food or polymer-rich stores can sometimes contribute to
protection if their placement is intentional and does not compromise other functions. A heavy

object on the wrong side of a gap is not equivalent to a continuous protective shell.

The first atlas figure makes the shelter a volume with access and support functions. This prevents

“shielding mass” from being treated as an isolated spreadsheet line.

Use dosimeters as instruments with calibration and context

NASA-STD-3001 Volume 1 and NASA-STD-3001 Volume 2 are mission-level references for
human-system requirements, not shortcuts for a classroom threshold. An operational dosimetry
record should include instrument identity, calibration state, location, time interval and the

quantity being reported. Personal and area dosimeters answer complementary questions.

A surprising value should trigger cross-checking rather than immediate storytelling. Compare
neighboring instruments, operational events, shielding configuration and known anomalies.

Preserve the raw record so a later analyst can reconstruct the exposure estimate.


https://www.nasa.gov/reference/nasa-std-3001v1/
https://www.nasa.gov/reference/nasa-std-3001v2/

Accumulate exposure by activity and location

The formula below is intentionally a ledger, not a risk model. It trains the student to multiply
each activity’s rate by its duration and sum like quantities. That is enough to expose which
activity dominates a planning scenario and whether a proposed extension consumes a protected

allocation.

Do not infer medical safety from the illustrative values. Real career and mission decisions belong
to the applicable medical, radiation-protection and program standards with individualized context

and uncertainty.

Activity-based dose budget

A campaign dose ledger accumulates exposure across habitat, rover, EVA and shelter states before a decision gate.

low ratp - short pegk - 20 h sum + unceftainty - gate

Rover Shelter

higher - 5d reduced - event

Campaign dose is accumulated by activity and location; uncertainty and operational ceilings remain separate from medical risk interpretation.

Delta-Sierra pedagogical synthesis - operational teaching diagram; not a mission-certified drawing

Exposure is accumulated by activity and location before being compared with a campaign planning gate. Pedagogical synthesis by Delta-Sierra
from the primary sources cited at the point of use; not a mission-certified drawing.

Design warning time and shelter access together

A shelter that takes forty minutes to reach can be functionally weak if the relevant event gives
little warning. The architecture should model detection latency, alert confirmation, crew location,
donning or translation time, ingress and closure. Drills should test the end-to-end chain rather

than only the alarm.

Alternative refuges can reduce travel time but create life-support and communication
requirements. The best geometry may not be the thickest single shelter if distributed protected

nodes preserve more operational options.



Keep uncertainty visible in the decision

Radiation transport, environment forecasts, dosimeter response and biological interpretation all
contain uncertainty. A review board should know which uncertainty dominates the decision and

whether added measurement, added shielding or shorter activity time meaningfully reduces it.

When uncertainty is large, a conservative decision may be justified even if the nominal estimate
is under a planning gate. This is not “adding safety factor everywhere”; it is identifying how close

the decision is to a boundary that the model cannot resolve precisely.

Board scenario — a solar event begins while two crews are separated

One crew is near the habitat; another is on a rover traverse. The event warning is uncertain, the
rover has a locally shielded compartment, and the central storm shelter offers greater protection
but requires travel. The board must compare exposure during transit, shelter quality, vehicle

reliability, communications and the possibility that the event evolves faster than forecast.

A strong answer may place the two crews in different refuges temporarily. The important
competence is to preserve a chain from environmental evidence to dosimetry estimate, route

choice, shelter geometry and medical follow-up.

Operational review drills — explain the evidence, not only the answer

1. Quantity drill. Give one example of why Gy and Sv cannot be treated as
interchangeable labels.

2. Geometry drill. Identify a shielding gap that would defeat an otherwise heavy
shelter design.

3. Ledger drill. Find which activity dominates a simple dose budget and explain
whether reducing time or rate is the better control.

4. Alert drill. Break warning-to-shelter time into detection, confirmation, transit and

ingress.

Ul

. Instrument drill. List metadata needed to interpret one personal dosimeter record.

D

. Uncertainty drill. Write a HOLD condition for an exposure estimate whose

uncertainty overlaps a planning boundary.



Qualification notebook — radiation protection decisions without false precision

Radiation decisions become dangerous when a simplified number acquires more authority than
the model that produced it. These cases force the learner to name the quantity, preserve

uncertainty and connect shelter geometry to time and access.

Review-board ledger

¢ Radiation quantity and unit
 Instrument / model source

e Activity or location

¢ Duration

e Shielding geometry

¢ Uncertainty

* Planning allocation remaining

e Medical / operational disposition

V¥ Case 1 — two dosimeters disagree

Situation. A personal dosimeter and an area instrument in the same shelter disagree by

35%. Both pass basic self-test. One was recently moved behind a water container.

Reasoned disposition. Do not average the numbers blindly. Confirm that both instruments
report comparable quantities and integration periods, inspect geometry and shielding
differences, verify calibration and preserve both records. The disagreement may be
evidence about local shielding rather than instrument failure. Operationally, use a
conservative interpretation while the cause is investigated if the decision is close to a

boundary.

V¥ Case 2 — the heavier shelter has a bad access path

Situation. Shelter A has more shielding mass but requires a long translation through an
exposed corridor. Shelter B has less mass but can be reached quickly and has no major gaps

around the occupied volume.



Reasoned disposition. Compare integrated exposure across the complete sequence:
detection, confirmation, travel, ingress and shelter occupancy. “More shielding” is not
automatically “lower total exposure” if the crew spends much longer reaching it. A robust
design may use distributed refuges so access time is not traded against shielding quality in

every event.

V¥ Case 3 — a spreadsheet mixes mGy and mSv

Situation. A planning sheet adds one detector output in mGy directly to an operational

allocation expressed in mSv because both values are numerically small.

Reasoned disposition. Stop the calculation. Absorbed dose and protection quantities are
not interchangeable labels. Identify the physical quantity each instrument reports and the
conversion model, if any, required for the intended decision. If the necessary radiation-
quality or tissue information is absent, the correct state is “not comparable with current

evidence,” not a guessed conversion.

V¥ Case 4 — the nominal estimate is below a gate but uncertainty overlaps it

Situation. A transport model gives a central exposure estimate below the provisional
planning ceiling, yet model and environment uncertainty extend above it. Schedule

pressure favors proceeding.

Reasoned disposition. The board should state the uncertainty explicitly and decide
whether additional measurement, shielding, shorter duration or a different timing window
can reduce it. A central value below the line is not automatically GO when the uncertainty
distribution crosses the decision boundary. The exact treatment belongs to the applicable

program standard; the pedagogical skill is refusing to hide uncertainty.

V¥ Case 5 — one crew cannot reach the central shelter in time

Situation. A solar event alert arrives while a rover team is far from the habitat. The rover
has a smaller local refuge and adequate life support. Returning to the central shelter would

add transit exposure and consume energy margin.



Reasoned disposition. Evaluate the rover refuge as a real protection state: shielding

geometry, life support, communications, dosimetry and duration. It may be safer to shelter

locally until the environment improves. The architecture should have defined this option

before the event; improvising refuge criteria under radiation pressure is a design failure.

Activity-based campaign dose ledger

D total = £ (D i x t i)

1

Concrete question

How much dose accumulates across activities that have
different dose rates and durations?

Intuition without symbols

For each activity, multiply the dose rate by time. Then add
the contributions. Keep the physical dose quantity and unit
consistent before summing.

Quantities first

D total is accumulated planning dose; D i is the dose rate
for activity i; t i is time in that activity. This teaching
ledger uses mSv consistently, but real radiation protection
distinguishes absorbed dose, equivalent/effective quantities,
radiation quality and organ-specific risk.

Formula

D total = £ (D i x t i)

Read aloud

“D total equals the sum, over activities i, of D-dot i times
ti.”

Symbols

¥ means sum; D is dose rate; t is duration; i labels an
activity or location.

Pronunciation

'] 1

Y is Greek capital sigma, read “sum”. D-dot means dose rate.
Units

mSv/day x day or mSv/hour x hour gives mSv. Convert all
contributions to a common dose quantity before summing.
Convention

The numerical rates below are illustrative training values,

not NASA medical limits or predictions for a specific Mars



mission. Do not mix Gy and Sv as though they were
interchangeable.

10 — Why this operation
Dose accumulates over time. Activities with high rate but
short duration and low rate but long duration can both
matter, so the ledger keeps both variables visible.

11 — Assumptions
Each activity is represented by a constant average dose rate
over its duration and all terms represent the same dose
quantity and reference basis.

12 — Unit check
Each product D i t i has units of mSv, so their sum also has
units of mSv.

13 — Numerical case

Teaching case — habitat: 0.15 mSv/day for 20 days - 3.0
mSv .

Rover operations: 0.40 mSv/day for 5 days - 2.0 mSv.
EVA: 0.05 mSv/hour for 20 hours - 1.0 mSv.

Campaign total = 3.0 + 2.0 + 1.0 = 6.0 mSv.

14 — Why each operation
Multiply each rate by its own duration, convert units where
necessary, then sum like dose quantities. Never average rates
first unless the time weighting is preserved.

15 — Algebra check
If a planning ceiling D gate and all other contributions are
known, the maximum duration of one activity is t j = (D gate
- ¥ {i#j}D i t i)/D j, provided the remaining dose budget is
positive.

16 — Mental estimate
Three plus two plus one is six; the result is easy to cross-
check before a spreadsheet is trusted.

17 — Interpretation
The illustrative campaign ledger accumulates 6.0 mSv under
the chosen training rates and durations.

18 — What it does not prove



It does not quantify individual medical risk, define an
acceptable career exposure, predict a solar particle event or
replace radiation transport and dosimetry.

19 — Sensitivity or limit case
If EVA rate doubled while EVA hours stayed at 20 h, EVA
contribution would rise from 1.0 to 2.0 mSv and total would
rise to 7.0 mSv. A short high-rate event can therefore
dominate quickly.

20 — Practice

Guided exercise. Using illustrative rates, calculate
total dose for 12 days at 0.18 mSv/day in habitat plus 8
h EVA at 0.06 mSv/h.

Detailed guided correction.

1. Habitat contribution = 12 x 0.18 = 2.16 mSv.

2. EVA contribution = 8 x 0.06 = 0.48 mSv.

3. Total = 2.16 + 0.48 = 2.64 mSv.

4. State explicitly that the values are a training
ledger, not a medical standard.

Autonomous exercise. A planning exercise has a
provisional 8 mSv campaign gate. Other activities have
already accumulated 5.6 mSv. A rover task is represented
by 0.30 mSv/day. Find the maximum rover duration under
this simplified gate, then name two reasons a real
mission might impose a different decision.

v Autonomous correction — open after attempting the
exercise

One defensible worked solution.

1. Remaining planning budget = 8.0 — 5.6 = 2.4 mSv.

2. Maximum duration = 2.4 / 0.30 = 8 days.

3. A real decision must account for uncertainty,
event forecasting, individual history, radiation



quality, transport modelling and medical
standards rather than treating 8 days as a

universal safe duration.

21 — Mission decision
Maintain a dose ledger by activity and location, but make
medical and operational decisions against the applicable
mission standards, uncertainties and radiation environment —
never against an invented universal threshold.

Closure rule. The learner should be able to reconstruct the model, challenge its assumptions,
preserve the relevant safety or quality margin and state what additional evidence a real mission

would require. This course does not confer operational certification.

Radiation protection qualification dossier — connect physics,
dosimetry, geometry and crew action

Radiation numbers are easy to misuse because particle environment, absorbed energy, biological
weighting, shielding geometry and mission time are different concepts. The qualification layer
deepens the operational chain: what is measured, what is estimated, where uncertainty enters,
how shelter access is protected and how dose information changes activity planning without

pretending to provide individual medical prognosis.



Storm-shelter geometry and access

crew route

._ g Shelter

sector A: low mass sector B: water / stores

Shelter protection varies by direction and crew route; higher-mass sectors and access time are both visible. Pedagogical synthesis by Delta-
Sierra from the primary sources cited in this dossier; not a mission-certified drawing.

Name the quantity before discussing the number

Primary-source bridge: NASA Space Radiation Analysis Group — FAQ.

Absorbed dose, equivalent concepts, particle fluence, energy spectrum and dose rate do not mean
the same thing. A review should state the quantity, unit, averaging period, detector location and

model assumptions before comparing numbers from different sources.

This prevents a common failure: treating any radiation number as directly interchangeable with
any other. The same external field can produce different detector responses and different organ-

level estimates depending on geometry and particle quality.

Environment is a spectrum, not one particle

Galactic cosmic rays, solar energetic particles and secondary particles produced in shielding
differ in composition, energy and time behaviour. Chronic background and an event-driven spike

therefore create different operational problems.

A protection strategy needs both long-term exposure management and rapid-response shelter
logic. Optimising only average dose can leave the crew vulnerable to a short, high-rate event;

optimising only the storm shelter ignores cumulative campaign exposure.


https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm

Shielding is geometry plus material plus spectrum

A wall mass expressed only in kilograms says little about protection. What matters is the material
along the particle path, often expressed as areal density, and how that material interacts with the

relevant spectrum. Added material can also create secondary radiation.

The habitat map should therefore identify protected directions, penetrations, local mass
concentrations and the geometry of the designated storm shelter. Crew procedures must know
which spaces actually provide the intended shielding rather than assuming the whole habitat is

equivalent.

Dosimeters need placement, calibration and interpretation

Primary-source bridge: NASA-STD-3001 Volume 1.

A personal dosimeter, area monitor and external environment instrument answer different
questions. Detector orientation, saturation, calibration and local shielding can all affect the

reading.

A decision should compare instruments when the event is unusual. One surprising reading is a
reason to investigate, not automatically a reason to ignore the detector or to evacuate the entire

site. Instrument-health evidence belongs in the same incident log as the dose data.


https://www.nasa.gov/reference/nasa-std-3001v1/

Campaign dose ledger

Activity dose ledger

Habitat EVA A m EVA B Shelter

time - cumulative exposure - planning decision

Do not hide uncertainty
instrument + model + biology

Habitat, EVA, rover and shelter activities form a campaign ledger rather than isolated dose numbers. Pedagogical synthesis by Delta-Sierra from
the primary sources cited in this dossier; not a mission-certified drawing.

Shelter value includes access time

A heavily shielded shelter is less useful if a distant EVA crew cannot reach it before a rapidly
developing event. Radiation protection therefore couples warning, communications, rover

availability, route time, suit state and shelter geometry.

The architecture should protect several response layers: immediate local actions, nearest practical
refuge, habitat storm shelter and post-event dosimetry. A plan that assumes everyone is already

inside the habitat is incomplete.

Activity ledgers expose avoidable exposure

Mission exposure is accumulated across places and tasks. Some activities are scientifically
valuable but flexible in timing; others are unavoidable maintenance or emergency work. A ledger

helps identify which exposure can be rescheduled, shortened or transferred to robotics.

The purpose is not to reduce all activity to one threshold. It is to make trade-offs visible and to
prevent several individually modest tasks from accumulating into an unexamined campaign

burden.



Uncertainty should widen the decision margin

Primary-source bridge: NASA-STD-3001 Volume 2.

Radiation risk estimates carry uncertainty from environment prediction, transport models,
detector response and biology. Operational decisions should not hide that uncertainty behind

excessive numerical precision.

When evidence is weak, protect options: shorten exposure, move to better-shielded locations,
increase monitoring frequency and delay discretionary work. The decision can become less

conservative when new evidence reduces the uncertainty.

Post-event recovery includes hardware and people

After a radiation event, the job is not finished when dose rate falls. The team must reconcile
personal and area dosimetry, inspect exposed electronics where relevant, review any medical

symptoms, restore inventories and document which assumptions were wrong.

That debrief updates the next shelter drill and the next EVA gate. A protection system improves

when every event tests both the physical shielding and the organisation that must use it.

Qualification casebook — six board decisions

1. 1. One area monitor spikes but personal dosimeters do not. The crew is in a shielded

corridor.

¥ Reasoned disposition — open after making your own decision

Check detector health, geometry and neighbouring monitors while preserving a

conservative posture. Divergent instruments require diagnosis, not automatic averaging.

2. 2. A solar event alert arrives while a rover crew is far from habitat. A smaller refuge is

closer.

V¥ Reasoned disposition — open after making your own decision


https://www.nasa.gov/reference/nasa-std-3001v2/

Compare time-to-refuge with expected event development and verified shielding. The
best shelter is the one that provides adequate protection before the crew can realistically

arrive.

3. 3. A proposed storage wall adds mass around the storm shelter. The material

composition is mixed.

¥ Reasoned disposition — open after making your own decision

Evaluate areal density and secondary production, not mass alone. Confirm that

penetrations and weak directions do not dominate the geometry.

4. 4. A science campaign accumulates many short EVAs. No single EVA appears excessive.

¥ Reasoned disposition — open after making your own decision

Use the activity ledger to reveal cumulative exposure and move flexible work to

robotics or lower-exposure periods where appropriate.

5. 5. Forecast uncertainty doubles. The nominal dose estimate remains below a planning

line.

V¥ Reasoned disposition — open after making your own decision

Widen the operational margin and increase monitoring. A precise-looking central

estimate does not erase uncertainty.

6. 6. Post-event readings return to background. The crew wants to resume the schedule

immediately.

¥ Reasoned disposition — open after making your own decision

Close the event with dosimetry reconciliation, medical review as appropriate,

equipment checks and updated shelter/alert lessons before declaring recovery complete.



Mastery studio — four extended review problems

Use these radiation problems to connect detector evidence, geometry, time and uncertainty before

deciding where the crew should be and what can be deferred.

1. 1. Storm shelter route under degraded mobility. A solar-particle alert arrives while two
crew are 12 km from habitat and the primary rover develops a mobility fault. A smaller

refuge is 4 km away.

V¥ Extended reasoned answer — open after attempting the problem

Compare time to each shelter using the degraded mobility state, not nominal rover
speed. Include communication, suit consumables, terrain and the verified shielding of
the nearer refuge. If the nearer refuge provides adequate protection sooner, it may be the
correct first destination even if the habitat is better shielded. Preserve options for later
transfer after the event stabilises. The exercise shows that radiation protection is a

geometry-and-time problem as much as a shielding problem.

2. 2. Detector disagreement during an event. The habitat area monitor rises sharply while

personal dosimeters show only a modest change.

V¥ Extended reasoned answer — open after attempting the problem

First preserve a conservative posture, then test the measurement chain: detector
location, shielding, saturation, calibration, orientation and neighbouring instruments.
The habitat monitor may be exposed in a weakly shielded direction or may be faulty;
the personal devices may sit deeper inside shielding. Do not discard either result
because it is inconvenient. Reconcile the physical geometry with the instrument

evidence before changing the protection state.

3. 3. Campaign exposure allocation. Two science teams request additional EVAs late in the

mission. Their cumulative exposure histories differ significantly.

V¥ Extended reasoned answer — open after attempting the problem



Treat exposure history as one input to task allocation along with competence, fatigue,
medical status and scientific need. Consider robotics, schedule changes, crew rotation
and shorter EVA designs. Avoid converting the ledger into a single automatic rule; its
purpose is to make cumulative burden visible and support a documented trade. Any

high-consequence decision should remain inside the mission’s approved radiation and

medical governance framework.

4. 4. Shielding upgrade with mixed materials. Stores are proposed as extra shielding around

the shelter, but their composition and placement vary over time.

V¥ Extended reasoned answer — open after attempting the problem

Map the areal density and material distribution that will actually exist during the event,
including doors, penetrations and weak sectors. Verify that moving inventory does not
create a false sense of protection or block access. A shielding plan must be
configuration-controlled: if the protective geometry depends on stored water or
supplies, the logistics system must preserve that arrangement or flag when protection

has changed.

Radiation-event handover — preserve the evidence after the alert ends

Radiation protection needs a post-event evidence package because the operational memory of a
fast incident degrades quickly. The handover should preserve the event timeline, alert source,
environmental monitor readings, personal dosimeter histories, crew locations, shelter entry times,
relevant shielding configuration and any instrument anomalies. If one detector was suspected of
error, the record should show why, what cross-checks were used and whether the instrument was

removed from service or returned after calibration.

The medical and operations records serve different purposes and should remain linked without
being casually merged. Operations needs enough information to understand exposure locations,
task decisions and future route or shelter changes. Medical follow-up needs the appropriate
individual evidence under the mission’s medical governance. Neither record should invent
biological certainty from a physical dose estimate. The handover should therefore preserve what

was measured, what was modelled, what was inferred and which uncertainties remain open.



The event closes only when the organisation learns from it. Update shelter routes if travel time
was longer than planned, update inventory configuration if stored mass was part of the shielding,
and update alert procedures if communication or authority was ambiguous. A return to
background dose rate restores the external environment; it does not automatically prove that

instruments, procedures and crew readiness have all returned to the pre-event state.

Radiation operations ledger — connect dose, location, time and
protective action

Radiation protection becomes operational when the team can reconstruct where dose came from
and what action would have reduced it. The course therefore treats the crew dose record as an
activity ledger rather than a mission-average number, and ties shelter decisions to warning time,

access time and measurement confidence.

Radiation ledger — integrate dose by where the crew actually spends time

Teaching rule: dose contribution « dose rate x duration. Bar heights are schematic relative dose-rate cues, not a calibrated axis.

warning + access time

schematic relative dose rate 1

SPE alert

rate cue t

EVA / rover

Habitat background higher rate cue
storm shelter / lower rate

Oh 8h 16 h

Ledger fields: location - duration - measured dose rate - dosimeter confidence - cumulative dose ‘- uncertainty.

Use measured mission values for decisions; this diagram illustrates bookkeeping logic only.

Decision atlas — Radiation operations ledger — connect dose, location, time and protective action. Pedagogical synthesis by Delta-Sierra; use
the full-size link for fine labels.

Dose rate and accumulated dose answer different questions

Dose rate describes how quickly exposure is being accumulated in a location and condition;
accumulated dose integrates that exposure over time. A short EVA in a higher-rate environment

may contribute less than many days in a lower-rate habitat. Operations therefore need both the



instantaneous situation and the integrated crew history.

The ledger should record location, duration, measured or estimated dose rate, dosimeter

identity/confidence and cumulative total. The objective is traceability, not false precision.

Personal dosimetry and area monitoring complement each other

An area monitor describes one location. A personal dosimeter follows the crew member through
changing shielding geometries and activities. If the values diverge, the team should ask whether
the person spent time elsewhere, whether placement differs or whether calibration/data handling

is at fault.

This is why a radiation dashboard should not collapse every instrument into one number. NASA
Space Radiation Analysis Group material is a primary bridge for the radiation environment and

operational protection context.

Shelter value includes access time and occupancy constraints

A highly shielded refuge that takes forty minutes to reach can be less protective for a rapidly
developing event than a nearer moderate shelter. The plan therefore includes detection/alert
latency, crew response, travel path, door/airlock operations and the time needed to reach the

protected configuration.

The shelter must also support the number of people expected, communications, thermal control
and life support for the intended duration. Shielding mass without habitability can create a refuge

that cannot actually be used.

Shielding trades include secondary effects and mission geometry

More material is not a universal monotonic answer across all particle spectra and materials. The
protective design depends on radiation type, energy spectrum, areal density, composition and
geometry. The course should therefore avoid teaching a single centimetres-of-wall rule as if it

applies to every environment.

For decisions, the team compares qualified designs and measured/validated performance rather
than extrapolating from one simplified attenuation example. NASA-STD-3001 Volume 1 is used
as a primary source bridge for human-spaceflight health standards; exact exposure limits and

medical interpretation belong to the governing program and professionals.


https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm
https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm
https://www.nasa.gov/reference/nasa-std-3001v1/

Post-event recovery includes people, dosimeters and systems

After an elevated-radiation event, the crew does not simply leave shelter and resume the
schedule. Personal and area dosimetry are reconciled, data gaps are flagged, crew health
protocols are followed, external equipment is inspected as needed and deferred operations are

replanned around remaining margins.

The review also asks whether the warning and access plan worked. A near miss caused by slow
alert routing can be more important than the final dose number because the same weakness may

recur.

Operational review board — five decisions to defend

1. 1. Area monitor low, personal dosimeter high. One crew member reports a higher

integrated value.

¥ Reasoned disposition — open after making your own decision

Reconstruct activity/location and instrument state before averaging the readings.

Personal history can legitimately differ from area monitoring.

2. 2. Alert arrives while crew is far from shelter. A rover crew needs twenty-five minutes to

return.

¥ Reasoned disposition — open after making your own decision

Compare event evolution and available intermediate refuge options; shelter design

must include access time, not only shielding.

3. 3. A shield modification adds mass. A denser material is proposed as automatically better.

¥ Reasoned disposition — open after making your own decision



Require spectrum/material analysis or validated data. More mass can change

secondary-particle behaviour and vehicle constraints.

4. 4. Dosimeter data gap after event. One instrument lost telemetry.

¥ Reasoned disposition — open after making your own decision

Preserve uncertainty explicitly, use redundant measurements where justified and

follow program medical/radiation protocols rather than inventing a precise value.

5. 5. Crew schedule is unchanged after a major event. Dose margin is reduced.

V¥ Reasoned disposition — open after making your own decision

Replan avoidable high-exposure activities and preserve remaining margin according

to the governing radiation protection framework.

Mission rehearsal notebook — reason through evidence before revealing the disposition

Protection drill — shelter occupancy creates another constraint

A radiation shelter has excellent areal density but limited cooling capacity and only enough life-
support throughput for six people. The nominal crew is eight. The protection plan must therefore
include occupancy, duration and alternate protected locations rather than quoting shielding alone.
A strong physical barrier that cannot support the expected crew is not a complete storm-shelter

capability.
Protection drill — dosimetry uncertainty near a decision threshold

Two dosimeters differ enough that one estimate remains below a planning threshold while the
other exceeds it. The team checks calibration, placement, data quality and activity history, then
reports the uncertainty rather than selecting the convenient value. The governing
radiation/medical authority determines the operational response. The teaching point is that

uncertainty belongs in the decision, particularly when a boundary is close.

Protection drill — schedule optimization after accumulated exposure



A crew member has accumulated more exposure than planned because several contingency EVAs
were necessary. The remaining campaign includes optional high-exposure maintenance and
lower-exposure indoor work. The scheduler reallocates avoidable exposure without pretending
risk is eliminated. This shows how individual dose history can influence future work assignment

while still requiring fairness, medical oversight and mission priorities.

Primary-source bridges used in this operational rehearsal

e NASA Space Radiation Analysis Group — FAQ
e NASA-STD-3001 Volume 1

Closure standard. The learner can explain the evidence chain, identify the limiting uncertainty
or dependency, defend a degraded-state decision and state what a real mission would still need to

verify.

Closure review — keep radiation quantity, measurement, protection
and medical decision separate

A mature radiation course does not collapse every number into “radiation level”. It names the
physical or protection quantity, states where and how it was measured, carries uncertainty,
accumulates exposure by time and location, then passes the result into the appropriate health and
mission decision process. The engineering team owns measurement integrity and

shielding/operations evidence; clinical interpretation has its own authority.

Dose accumulation needs both rate and duration

The activity ledger is now explicitly labelled as schematic: rectangle height is only a visual cue
for relative rate, while horizontal duration is time. The lesson is the product of both. A short EVA
at a higher rate can contribute less than a much longer lower-rate exposure, and a shelter can

reduce rate only after the crew reaches it.

Shelter performance includes occupancy and access
A shielded volume is not a complete capability if the full crew cannot reach it, remain there with
adequate atmosphere and thermal control, or communicate. Warning time, route, occupancy and

life-support endurance therefore belong beside shielding geometry in the readiness review.


https://srag.jsc.nasa.gov/spaceradiation/faq/faq.cfm
https://www.nasa.gov/reference/nasa-std-3001v1/

Uncertainty becomes most important near a boundary

If dosimeters, models or placement produce different estimates near a planning threshold, the
team should not select the convenient value. It records the discrepancy, investigates calibration
and geometry, widens operational margins as required and gives the medical/mission authority

the uncertainty rather than a falsely exact number.

¥ Closure case — the shelter is excellent but supports only six of eight crew
The protection function is incomplete for the nominal crew. The architecture needs another
protected location, a different occupancy plan or a redesign of life-support capacity. Shielding

quality alone cannot close the storm-shelter requirement.

Closure drill — never infer individual risk from one unlabeled dose number

The same numeric value can represent different radiation quantities depending on units and
weighting. The operational record therefore carries quantity, unit, instrument, location, time
interval and uncertainty. Health interpretation then uses the appropriate standard and medical

authority rather than an engineering shortcut.

Closure drill — storm response is a timeline

Detection, confirmation, crew notification, EVA termination, travel to shelter, ingress, occupancy
and release are distinct stages. A shelter with excellent shielding but a long access path can
deliver less protection than its material properties suggest. Drill the timeline, not just the wall

thickness.



R74 PEDAGOGICAL AND QUANTITATIVE SUPPLEMENT

Quantitative parity laboratory — dosimetry from measurement to margin

These ten mini-lessons rebuild the FR calculation chain explicitly from deposited energy through
equivalent and cumulative dose, shelter timing, model checks and protected margin; the existing
campaign dose ledger remains as an additional integrative lesson.

Absorbed dose — energy deposited per unit mass

G= E dep / m

1 — Concrete question

For BGVAISEE D = E dep / m Mlaiielanalilaldlale]

deposited ionizing-radiation energy to the irradiated mass and the operational choice “Use the correct dose
quantity in logs and decisions; do not compare unlike quantities as if they were interchangeable.”?

2 — Intuition without symbols

Radiation dose begins with deposited energy: the same energy spread through more mass
produces a smaller absorbed dose, while concentrating it in less mass produces a larger one.

3 — Quantities first

E_dep is deposited energy; m is irradiated mass; D is absorbed dose.
4 — Formula

D=Edep/m

5 — Read aloud

“D equals E deposited divided by m.”

6 — Symbols

E _dep is deposited energy; m is
irradiated mass; D is absorbed dose.

7 — Pronunciation

Say QOEGREKEIWALY. For Absorbed dose — energy deposited per unit mass, use the step-
three names tied to linking deposited ionizing-radiation energy to the irradiated mass. Speak each Absorbed
dose — energy deposited per unit mass unit with the quantity it measures.
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8 — Units
J/kg = gray (Gy)
9 — Convention
For Absorbed dose — energy deposited per unit mass, keep linking deposited ionizing-radiation

energy to the irradiated mass on one declared boundary. Apply QEGH=EIJWAI under that convention.
Absorbed dose is a physical energy-per-mass quantity; it is not by itself a complete biological-risk estimate.

10 — Why this operation

DR NG STOWANI) answers the Absorbed dose — energy deposited per unit mass
question because it represents linking deposited ionizing-radiation energy to the irradiated mass. In this case
it yields: The absorbed dose in this teaching calculation is 28.6 microgray.

11 — Assumptions

Treat the Absorbed dose — energy deposited per unit mass values as one teaching case. For
linking deposited ionizing-radiation energy to the irradiated mass, keep a single physical or operational
boundary. Absorbed dose is a physical energy-per-mass quantity; it is not by itself a complete biological-risk
estimate.

12 — Unit check

Reduce EGRECEI WAL for Absorbed dose — energy deposited per unit mass. The required
dimension is @VACESECLEVAEOR)D. A different dimension invalidates “The absorbed dose in this teaching
calculation is 28.6 microgray.”.

13 — Numerical case

E dep = 0.0020 J
m = 70 kg

D = 0.0020/70 = 2.86x10"-5 Gy = 28.6 UGy

14 — Why each operation

For Absorbed dose — energy deposited per unit mass, substitute E_dep = 0.0020 J; m
= 70 kg; D = 0.0020/70 = 2.86x10"-5 Gy = 28.6 uGy into (ORI Then verify the independent
statement “28.6 uGy x 70 kg = 0.0020 J”.

15 — Algebra check

Reverse QRS JWAL for Absorbed dose — energy deposited per unit mass using “28.6
MGy X 70 kg = 0.0020 J”. The recovered input should follow “For the same deposited energy, halving the
mass doubles absorbed dose.”. If not, recheck units and boundaries.
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16 — Mental estimate

Round the dominant inputs for Absorbed dose — energy deposited per unit mass.
Compare that rough scale with “The absorbed dose in this teaching calculation is 28.6 microgray.”. If they

diverge sharply, inspect QRSO for units, signs or boundaries.

17 — Interpretation

For Absorbed dose — energy deposited per unit mass, The absorbed dose in this teaching
calculation is 28.6 microgray. Operationally: Use the correct dose quantity in logs and decisions; do not
compare unlike quantities as if they were interchangeable. The interpretation remains limited by “Absorbed
dose is a physical energy-per-mass quantity; it is not by itself a complete biological-risk estimate.”.

18 — What it does not prove

Absorbed dose — energy deposited per unit mass cannot support claims outside
linking deposited ionizing-radiation energy to the irradiated mass. Absorbed dose is a physical energy-per-
mass quantity; it is not by itself a complete biological-risk estimate. Use the result only to justify: Use the
correct dose quantity in logs and decisions; do not compare unlike quantities as if they were interchangeable.

19 — Sensitivity or limit case
For the same deposited energy, halving the mass doubles absorbed dose.

20 — Practice

If 0.0012 J is deposited in 60
kg, calculate D.

Guided correction — Absorbed dose — energy deposited per unit mass
1.D = 0.0012/60 = 2.0x10"-5 Gy = 20 uGy.
2. Keep absorbed dose distinct from equivalent and effective dose.

Build a second case
from “For the same deposited energy, halving the mass doubles absorbed dose.”. Re-evaluate
D. Name the changed input. Decide whether “Use the correct dose quantity in logs and decisions; do not
compare unlike quantities as if they were interchangeable.” still follows.

Autonomous correction — Absorbed dose — energy deposited per unit mass

For Absorbed dose — energy deposited per unit mass, state the altered case. Preserve
({&72P. Match the direction in “For the same deposited energy, halving the mass doubles absorbed dose.”.
Respect “Absorbed dose is a physical energy-per-mass quantity; it is not by itself a complete biological-
risk estimate.”. Finish by retaining or revising: Use the correct dose quantity in logs and decisions; do not
compare unlike quantities as if they were interchangeable.
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21 — Mission decision

Use the correct dose quantity in logs and decisions; do not compare unlike quantities as if they were
interchangeable.

Equivalent dose — weight absorbed dose by radiation type

(H = sum(w_R x D_R)

1 — Concrete question

For B[ Ae[I M H = sum(w R x D R)

inform teaching how radiation quality changes a protection quantity and the operational choice “Base
operational decisions on the mission-approved dosimetry framework and uncertainty, not on an unlabeled
number.”?

2 — Intuition without symbols

Different radiation types can cause different biological effects even when the absorbed energy is
similar. Radiation protection therefore applies weighting factors before comparing exposures in a common
protection quantity.

3 — Quantities first

D R is absorbed dose from radiation type R; w_R is its radiation weighting factor; H is equivalent dose.
4 — Formula

H = sum(w_R x D _R)

5 — Read aloud

“H equals the sum of w R times D R.”

6 — Symbols

D_R is absorbed dose
from radiation type R; w_R is its radiation weighting factor; H is equivalent dose.

7 — Pronunciation

Say (GEEEENLUICASESDEND. For Equivalent dose — weight absorbed dose by radiation type,
use the step-three names tied to teaching how radiation quality changes a protection quantity. Speak each

Equivalent dose — weight absorbed dose by radiation type unit with the quantity it measures.
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8 — Units
Gy x dimensionless = Sv

9 — Convention

For Equivalent dose — weight absorbed dose by radiation type, keep teaching how radiation

quality changes a protection quantity on one declared boundary. Apply GEGETUICEESNVEND under that
convention. Weighting factors are protection quantities defined by radiation-protection frameworks; this

classroom example is not a medical limit or mission dose criterion.

10 — Why this operation

H = sum(w_R x D _R) JEISWE (RNl [=lgl oo [XREl V=] (o] gl =] oXYo) g of=To Mo o)1= )%

radiation type question because it represents teaching how radiation quality changes a protection quantity.
In this case it yields: The illustrative equivalent dose is 0.90 mSv under the stated weighting choices.

11 — Assumptions

Treat the Equivalent dose — weight absorbed dose by radiation type values as one teaching
case. For teaching how radiation quality changes a protection quantity, keep a single physical or operational
boundary. Weighting factors are protection quantities defined by radiation-protection frameworks; this
classroom example is not a medical limit or mission dose criterion.

12 — Unit check

Reduce (GESETLICEEIEND for Equivalent dose — weight absorbed dose by radiation type.

The required dimension is VARG EHIFTMICITRERNY. A different dimension invalidates “The illustrative

equivalent dose is 0.90 mSv under the stated weighting choices.”.

13 — Numerical case

photons: D=0.50 mGy, w R=1
protons: D=0.20 mGy, teaching w_R=2

H = 1x0.50 + 2x0.20 = 0.90 mSv

14 — Why each operation

For Equivalent dose — weight absorbed dose by radiation type, substitute photons:
D=0.50 mGy, w_R=1; protons: D=0.20 mGy, teaching w R=2; H = 1x0.50 + 2x0.20 = 0.90 mSyv into
SIAARSESEND. Then verify the independent statement “Weighted components 0.50 and 0.40 mSv sum to
0.90 mSv”.
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15 — Algebra check

Reverse (GESEENUICTEESIDEND for Equivalent dose — weight absorbed dose by radiation
type using “Weighted components 0.50 and 0.40 mSv sum to 0.90 mSv”. The recovered input should follow

“Changing the radiation field changes the weighted sum even if total absorbed dose stays the same.”. If not,
recheck units and boundaries.

16 — Mental estimate

Round the dominant inputs for Equivalent dose — weight absorbed dose by radiation
type. Compare that rough scale with “The illustrative equivalent dose is 0.90 mSv under the stated weighting

choices.”. If they diverge sharply, inspect (GRSEEILWICTANESEND for units, signs or boundaries.

17 — Interpretation

For Equivalent dose — weight absorbed dose by radiation type, The illustrative equivalent
dose is 0.90 mSv under the stated weighting choices. Operationally: Base operational decisions on the
mission-approved dosimetry framework and uncertainty, not on an unlabeled number. The interpretation
remains limited by “Weighting factors are protection quantities defined by radiation-protection frameworks;
this classroom example is not a medical limit or mission dose criterion.”.

18 — What it does not prove

Equivalent dose — weight absorbed dose by radiation type cannot support claims
outside teaching how radiation quality changes a protection quantity. Weighting factors are protection
quantities defined by radiation-protection frameworks; this classroom example is not a medical limit or
mission dose criterion. Use the result only to justify: Base operational decisions on the mission-approved
dosimetry framework and uncertainty, not on an unlabeled number.

19 — Sensitivity or limit case

Changing the radiation field changes the weighted sum even if total absorbed dose stays the same.
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20 — Practice

A field has 0.30
mGy photons at w=1 and 0.10 mGy of a teaching component at w=2. Find H.

Guided correction — Equivalent dose — weight absorbed dose by radiation type
1.H=0.30 + 0.20 = 0.50 mSv.
2. Document the weighting factors used; do not invent them from measured LET alone.

Build a
second case from “Changing the radiation field changes the weighted sum even if total absorbed dose stays
the same.”. Re-evaluate (GESETIIAEESDEIND. Name the changed input. Decide whether “Base operational
decisions on the mission-approved dosimetry framework and uncertainty, not on an unlabeled number.” still
follows.

Autonomous correction — Equivalent dose — weight absorbed dose by radiation type

For Equivalent dose — weight absorbed dose by radiation type, state the altered case. Preserve
. Match the direction in “Changing the radiation field changes the weighted sum
even if total absorbed dose stays the same.”. Respect “Weighting factors are protection quantities defined
by radiation-protection frameworks; this classroom example is not a medical limit or mission dose
criterion.”. Finish by retaining or revising: Base operational decisions on the mission-approved dosimetry
framework and uncertainty, not on an unlabeled number.

21 — Mission decision

Base operational decisions on the mission-approved dosimetry framework and uncertainty, not on an
unlabeled number.

Cumulative dose — add exposures that use the same dose quantity

(D_cum = sum(D_1i)

1 — Concrete question

For , how does

inform campaign bookkeeping across multiple compatible exposure entries and the operational
choice “Maintain a traceable activity/location ledger so cumulative exposure can be audited and reduced.”?

2 — Intuition without symbols

Separate exposures accumulate when they are expressed in the same dose quantity. Keeping a
ledger of compatible contributions shows the total burden carried into the next mission decision.
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3 — Quantities first

D_i are individual exposure entries expressed in the same dose quantity and unit; D_cum is their sum.
4 — Formula

D _cum = sum(D i)

5 — Read aloud

“D cumulative equals the sum of D i.”

6 — Symbols

D_iare
individual exposure entries expressed in the same dose quantity and unit; D_cum is their sum.

7 — Pronunciation

Say QORI IOIERY. For Cumulative dose — add exposures that use the same dose
quantity, use the step-three names tied to campaign bookkeeping across multiple compatible exposure
entries. Speak each Cumulative dose — add exposures that use the same dose quantity unit with the
quantity it measures.

8 — Units
mSv + mSv + ... = mSv

9 — Convention

For Cumulative dose — add exposures that use the same dose quantity, keep campaign
bookkeeping across multiple compatible exposure entries on one declared boundary. Apply
under that convention. Do not add absorbed dose, equivalent dose and effective dose into one
ledger just because all are colloquially called dose.

10 — Why this operation

DIV RSN (OB answers the Cumulative dose — add exposures that use the
same dose quantity question because it represents campaign bookkeeping across multiple compatible
exposure entries. In this case it yields: The three compatible entries sum to 0.75 mSv.

11 — Assumptions

Treat the Cumulative dose — add exposures that use the same dose quantity values as one
teaching case. For campaign bookkeeping across multiple compatible exposure entries, keep a single
physical or operational boundary. Do not add absorbed dose, equivalent dose and effective dose into one
ledger just because all are colloquially called dose.
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12 — Unit check

Reduce ORI IDIERY for Cumulative dose — add exposures that use the same dose
quantity. The required dimension is @USVAESIN\AE NN ). A different dimension invalidates “The three
compatible entries sum to 0.75 mSv.”.

13 — Numerical case

D1 = 0.35 mSv

D2 = 0.22 mSv

D3 = 0.18 mSv
D cum = 0.35+0.22+0.18 = 0.75 mSv

14 — Why each operation

For Cumulative dose — add exposures that use the same dose quantity, substitute
D1 = 0.35 mSv; D2 = 0.22 mSv; D3 = 0.18 mSv; D_cum = 0.35+0.22+0.18 = 0.75 mSv into
. Then verify the independent statement “0.75—-0.35-0.22=0.18 mSv".

15 — Algebra check

Reverse QEAWIERDIIOIERY for Cumulative dose — add exposures that use the same
dose quantity using “0.75—0.35—-0.22=0.18 mSv”. The recovered input should follow “Every additional
positive exposure increases the cumulative total.”. If not, recheck units and boundaries.

16 — Mental estimate

Round the dominant inputs for Cumulative dose — add exposures that use the same dose
quantity. Compare that rough scale with “The three compatible entries sum to 0.75 mSv.”. If they diverge

sharply, inspect QELWESNLTQEERP for units, signs or boundaries.

17 — Interpretation

For Cumulative dose — add exposures that use the same dose quantity, The three
compatible entries sum to 0.75 mSv. Operationally: Maintain a traceable activity/location ledger so
cumulative exposure can be audited and reduced. The interpretation remains limited by “Do not add
absorbed dose, equivalent dose and effective dose into one ledger just because all are colloquially called
dose.”.

18 — What it does not prove

Cumulative dose — add exposures that use the same dose quantity cannot
support claims outside campaign bookkeeping across multiple compatible exposure entries. Do not add
absorbed dose, equivalent dose and effective dose into one ledger just because all are colloquially called
dose. Use the result only to justify: Maintain a traceable activity/location ledger so cumulative exposure can
be audited and reduced.

Delta-Sierra Space Academy - R74 pedagogical supplement - page 9




19 — Sensitivity or limit case
Every additional positive exposure increases the cumulative total.

20 — Practice

Add 0.12,
0.28 and 0.16 mSv.

Guided correction — Cumulative dose — add exposures that use the same dose quantity
1. D_cum = 0.56 mSv.
2. Verify all entries use the same dosimetric quantity before summing.

Build
a second case from “Every additional positive exposure increases the cumulative total.”. Re-evaluate
. Name the changed input. Decide whether “Maintain a traceable activity/location ledger so
cumulative exposure can be audited and reduced.” still follows.

Autonomous correction — Cumulative dose — add exposures that use the same dose quantity

For Cumulative dose — add exposures that use the same dose quantity, state the altered case. Preserve

. Match the direction in “Every additional positive exposure increases the

cumulative total.”. Respect “Do not add absorbed dose, equivalent dose and effective dose into one
ledger just because all are colloquially called dose.”. Finish by retaining or revising: Maintain a traceable
activity/location ledger so cumulative exposure can be audited and reduced.

21 — Mission decision

Maintain a traceable activity/location ledger so cumulative exposure can be audited and reduced.

Linear energy transfer — energy deposited per path length

[LET = dE / dx

1 — Concrete question

For BTGl LET = dE / dx Mlalielaal

describing how densely energy is deposited along a charged-particle track and the operational choice “Use

LET to characterize radiation quality while keeping dose quantity and protection weighting conceptually
separate.”?

2 — Intuition without symbols

Radiation can deposit energy sparsely or densely along its track. Comparing deposited energy
with path length describes how concentrated that energy transfer is through matter.
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3 — Quantities first

dE is energy lost/deposited over path segment dx; LET is energy per unit length.
4 — Formula

LET = dE / dx

5 — Read aloud

“LET equals d E divided by d x.”

6 — Symbols

dE is energy lost/
deposited over path segment dx; LET is energy per unit length.

7 — Pronunciation

Say (UIANEHGISWANWY. For Linear energy transfer — energy deposited per path length, use
the step-three names tied to describing how densely energy is deposited along a charged-particle track.

Speak each Linear energy transfer — energy deposited per path length unit with the quantity it measures.

8 — Units
keV/um or J/m

9 — Convention

For Linear energy transfer — energy deposited per path length, keep describing how densely
energy is deposited along a charged-particle track on one declared boundary. Apply under
that convention. LET depends on particle, energy and medium and should not be used as a stand-alone
biological-risk number.

10 — Why this operation

M= SRV answers the Linear energy transfer — energy deposited per path
length question because it represents describing how densely energy is deposited along a charged-particle
track. In this case it yields: The illustrative LET is 5 keV per micrometre.

11 — Assumptions

Treat the Linear energy transfer — energy deposited per path length values as one teaching
case. For describing how densely energy is deposited along a charged-particle track, keep a single physical
or operational boundary. LET depends on particle, energy and medium and should not be used as a stand-
alone biological-risk number.
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12 — Unit check

Reduce Q(UIMEHGISWANWG for Linear energy transfer — energy deposited per path length. The
required dimension is GEYAWNIgNIAY. A different dimension invalidates “The illustrative LET is 5 keV per
micrometre.”.

13 — Numerical case

dE = 50 keV
dx = 10 pum
LET = 50/10 = 5 keV/um

14 — Why each operation

For Linear energy transfer — energy deposited per path length, substitute dE = 50
keV; dx = 10 pm; LET = 50/10 = 5 keV/um into QRS JWAKNG. Then verify the independent statement “5
keV/um x 10 um = 50 keV”.

15 — Algebra check

Reverse QUINENI=WENWY for Linear energy transfer — energy deposited per path length
using “5 keV/um x 10 um = 50 keV”. The recovered input should follow “For the same dE, a shorter path

segment gives a larger LET.”. If not, recheck units and boundaries.
16 — Mental estimate

Round the dominant inputs for Linear energy transfer — energy deposited per path
length. Compare that rough scale with “The illustrative LET is 5 keV per micrometre.”. If they diverge sharply,

inspect @RSNEHWANWE for units, signs or boundaries.

17 — Interpretation

For Linear energy transfer — energy deposited per path length, The illustrative LET is 5 keV

per micrometre. Operationally: Use LET to characterize radiation quality while keeping dose quantity and
protection weighting conceptually separate. The interpretation remains limited by “LET depends on particle,
energy and medium and should not be used as a stand-alone biological-risk number.”.

18 — What it does not prove

Linear energy transfer — energy deposited per path length cannot support claims
outside describing how densely energy is deposited along a charged-particle track. LET depends on particle,
energy and medium and should not be used as a stand-alone biological-risk number. Use the result only to
justify: Use LET to characterize radiation quality while keeping dose quantity and protection weighting
conceptually separate.
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19 — Sensitivity or limit case
For the same dE, a shorter path segment gives a larger LET.

20 — Practice

A particle deposits
72 keV over 12 um. Find average LET over that segment.

Guided correction — Linear energy transfer — energy deposited per path length
1. LET = 72/12 = 6 keV/um.
2. Call it an average over the stated segment.

Build a
second case from “For the same dE, a shorter path segment gives a larger LET.”. Re-evaluate (R=1NEE¢|=0
. Name the changed input. Decide whether “Use LET to characterize radiation quality while keeping dose
quantity and protection weighting conceptually separate.” still follows.

Autonomous correction — Linear energy transfer — energy deposited per path length

For Linear energy transfer — energy deposited per path length, state the altered case. Preserve
. Match the direction in “For the same dE, a shorter path segment gives a larger LET.”. Respect
“LET depends on particle, energy and medium and should not be used as a stand-alone biological-risk
number.”. Finish by retaining or revising: Use LET to characterize radiation quality while keeping dose
quantity and protection weighting conceptually separate.

21 — Mission decision

Use LET to characterize radiation quality while keeping dose quantity and protection weighting conceptually
separate.

Dose rate — exposure quantity per unit time

(Ddot = Delta_D / Delta_t

1 — Concrete question

For BRI Ddot = Delta D / Delta t Niglielga!

comparing environments and estimating short-term accumulation and the operational choice “Use dose rate
to prioritize sheltering and task timing, then confirm cumulative dose in the ledger.”?

2 — Intuition without symbols

Dose rate describes how quickly exposure is accumulating. The same total dose delivered over a
short interval represents a different operational situation from the same total accumulated slowly.
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3 — Quantities first

Delta_D is dose change over interval Delta_t; Ddot is average dose rate.
4 — Formula

Ddot = Delta_D / Delta_t

5 — Read aloud

“D dot equals Delta D divided by Delta t.”

6 — Symbols

Delta_D is dose change over interval
Delta_t; Ddot is average dose rate.

7 — Pronunciation

Say QLEOEEEDEIRERDIVADCIREIRG. For Dose rate — exposure quantity per unit time, use
the step-three names tied to comparing environments and estimating short-term accumulation. Speak each
Dose rate — exposure quantity per unit time unit with the quantity it measures.

8 — Units
mSv/h

9 — Convention

For Dose rate — exposure quantity per unit time, keep comparing environments and

estimating short-term accumulation on one declared boundary. Apply QLEISEEVEIS VAR IRY under

that convention. An average can hide peaks; event response may require higher-time-resolution data.

10 — Why this operation

Ddot = Delta D / Delta_ t ERSWEERGENIIT NIt  olel ] g=NeVF-1alu18%8 =1 VIsll8

time question because it represents comparing environments and estimating short-term accumulation. In
this case it yields: Average dose rate over the interval is 0.15 mSv/h.

11 — Assumptions

Treat the Dose rate — exposure quantity per unit time values as one teaching case. For
comparing environments and estimating short-term accumulation, keep a single physical or operational
boundary. An average can hide peaks; event response may require higher-time-resolution data.

Delta-Sierra Space Academy - R74 pedagogical supplement - page 14




12 — Unit check

Reduce OLIECEIRERDIVADCIREIRS for Dose rate — exposure quantity per unit time. The
required dimension is . A different dimension invalidates “Average dose rate over the interval is 0.15
mSv/h.”.

13 — Numerical case

Delta D = 0.60 mSv
Delta t = 4.0 h

Ddot = 0.60/4.0 = 0.15 mSv/h

14 — Why each operation

For Dose rate — exposure quantity per unit time, substitute Delta_D = 0.60 mSy;

Delta_t = 4.0 h; Ddot = 0.60/4.0 = 0.15 mSv/h into QLESEEIN-RHAVADIIRS:-IRY. Then verify the

independent statement “0.15x4.0=0.60 mSv”.

15 — Algebra check

REVEIEEE Ddot = Delta D / Delta t Riol@blel-Ne-l=Rl=)qolol Va-Ne VE:gluis'A oJ=IV slI M [ ap]=

using “0.15x4.0=0.60 mSv”. The recovered input should follow “At fixed rate, doubling time doubles
accumulated dose.”. If not, recheck units and boundaries.

16 — Mental estimate

Round the dominant inputs for Dose rate — exposure quantity per unit time. Compare
that rough scale with “Average dose rate over the interval is 0.15 mSv/h.”. If they diverge sharply, inspect

Ddot = Delta D / Delta_ t RiJJ@V[alic-ei(elai-oIgl oTol0lale FEIg[IH

17 — Interpretation

For Dose rate — exposure quantity per unit time, Average dose rate over the interval is 0.15
mSv/h. Operationally: Use dose rate to prioritize sheltering and task timing, then confirm cumulative dose in

the ledger. The interpretation remains limited by “An average can hide peaks; event response may require

higher-time-resolution data.”.

18 — What it does not prove

Dose rate — exposure quantity per unit time cannot support claims outside
comparing environments and estimating short-term accumulation. An average can hide peaks; event
response may require higher-time-resolution data. Use the result only to justify: Use dose rate to prioritize
sheltering and task timing, then confirm cumulative dose in the ledger.

19 — Sensitivity or limit case

At fixed rate, doubling time doubles accumulated dose.
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20 — Practice

0.42 mSv accumulates over 3.0 h.
Find average rate.

Guided correction — Dose rate — exposure quantity per unit time
1. Ddot = 0.42/3.0 = 0.14 mSv/h.
2. Do not infer the peak rate from the average.

Build a second case from “At

fixed rate, doubling time doubles accumulated dose.”. Re-evaluate QLIISEEEISCRVVANEIRCIRY. Name the

changed input. Decide whether “Use dose rate to prioritize sheltering and task timing, then confirm
cumulative dose in the ledger.” still follows.

Autonomous correction — Dose rate — exposure quantity per unit time

For Dose rate — exposure quantity per unit time, state the altered case. Preserve @S\74. Match the
direction in “At fixed rate, doubling time doubles accumulated dose.”. Respect “An average can hide
peaks; event response may require higher-time-resolution data.”. Finish by retaining or revising: Use dose
rate to prioritize sheltering and task timing, then confirm cumulative dose in the ledger.

21 — Mission decision

Use dose rate to prioritize sheltering and task timing, then confirm cumulative dose in the ledger.

Shield areal density — mass per unit area from density and thickness

[Sigma_m = rho x x )

~

1 — Concrete question

For , how does

inform comparing shielding mass distributed across a surface and the operational
choice “Map shielding in areal density and geometry so weak directions and penetrations remain visible.”?

2 — Intuition without symbols

Shielding performance is often related more directly to how much material lies in the path than to
thickness alone. A dense thin layer and a light thick layer can therefore be compared by mass spread over
area.

3 — Quantities first

rho is material density; x is thickness; Sigma_m is areal density.
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4 — Formula

Sigma_m = rho x x

5 — Read aloud

“Sigma m equals rho times x.”

6 — Symbols

material density; x is thickness; Sigma_m is areal density.
7 — Pronunciation

Say . For Shield areal density — mass per unit area from density and
thickness, use the step-three names tied to comparing shielding mass distributed across a surface. Speak

each Shield areal density — mass per unit area from density and thickness unit with the quantity it
measures.

8 — Units
g/cm3 X cm = g/cm?

9 — Convention

For Shield areal density — mass per unit area from density and thickness, keep comparing
shielding mass distributed across a surface on one declared boundary. Apply under
that convention. Equal areal density does not guarantee equal radiation response across all particle spectra;
composition and geometry matter.

10 — Why this operation

answers the Shield areal density — mass per unit area from
density and thickness question because it represents comparing shielding mass distributed across a surface.

In this case it yields: The layer has an areal density of 20 g/cm?2.

11 — Assumptions

Treat the Shield areal density — mass per unit area from density and thickness values as one
teaching case. For comparing shielding mass distributed across a surface, keep a single physical or
operational boundary. Equal areal density does not guarantee equal radiation response across all particle
spectra; composition and geometry matter.
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12 — Unit check

Reduce for Shield areal density — mass per unit area from density and
thickness. The required dimension is VAN« BEMAdIEY. A different dimension invalidates “The layer
has an areal density of 20 g/cm?2.”.

13 — Numerical case

rho = 1.0 g/cm3

Sigma m = 1.0x20 = 20 g/cm?

14 — Why each operation

For Shield areal density — mass per unit area from density and thickness, substitute

rho = 1.0 g/cm3; x = 20 cm; Sigma_m = 1.0x20 = 20 g/cm? into . Then verify the
independent statement “20 g/cm?/ 1.0 g/cm3® = 20 cm”.

15 — Algebra check

Reverse for Shield areal density — mass per unit area from density
and thickness using “20 g/cm?/ 1.0 g/cm3 = 20 cm”. The recovered input should follow “At fixed material
density, doubling thickness doubles areal density.”. If not, recheck units and boundaries.

16 — Mental estimate

Round the dominant inputs for Shield areal density — mass per unit area from density
and thickness. Compare that rough scale with “The layer has an areal density of 20 g/cm?2.". If they diverge

sharply, inspect for units, signs or boundaries.

17 — Interpretation

For Shield areal density — mass per unit area from density and thickness, The layer has an

areal density of 20 g/cm?. Operationally: Map shielding in areal density and geometry so weak directions and

penetrations remain visible. The interpretation remains limited by “Equal areal density does not guarantee
equal radiation response across all particle spectra; composition and geometry matter.”.

18 — What it does not prove

Shield areal density — mass per unit area from density and thickness cannot
support claims outside comparing shielding mass distributed across a surface. Equal areal density does not
guarantee equal radiation response across all particle spectra; composition and geometry matter. Use the
result only to justify: Map shielding in areal density and geometry so weak directions and penetrations
remain visible.
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19 — Sensitivity or limit case
At fixed material density, doubling thickness doubles areal density.

20 — Practice

Water at
1.0 g/cm?3 forms a 35 cm layer. Find areal density.

Guided correction — Shield areal density — mass per unit area from density and thickness
1. Sigma_m = 35 g/cm>.
2. Treat this as geometry/mass characterization, not a universal attenuation factor.

Build a second case from “At fixed material density, doubling thickness doubles areal density.”. Re-evaluate

. Name the changed input. Decide whether “Map shielding in areal density and
geometry so weak directions and penetrations remain visible.” still follows.

Autonomous correction — Shield areal density — mass per unit area from density and
thickness

For Shield areal density — mass per unit area from density and thickness, state the altered case. Preserve
[oy4e ERRe BERYAd Bl). Match the direction in “At fixed material density, doubling thickness doubles areal
density.”. Respect “Equal areal density does not guarantee equal radiation response across all particle
spectra; composition and geometry matter.”. Finish by retaining or revising: Map shielding in areal density
and geometry so weak directions and penetrations remain visible.

21 — Mission decision

Map shielding in areal density and geometry so weak directions and penetrations remain visible.

Shelter access time — travel time plus protected operational margin

[t_shelter =d / v + t_margin

1 — Concrete question

For ROV He[ I t shelter =

CRVARYAE SR G EIge k) inform planning whether a crew can physically reach protection after an alert and the
operational choice “Design shelter location and procedures so response time stays inside the mission-
approved hazard clock.”?

2 — Intuition without symbols

A shelter is useful only if the crew can reach it before the protected response deadline. Travel time
and the operational actions required to secure the shelter must both fit inside that interval.
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3 — Quantities first

d is route distance; v conservative travel speed; t_ margin covers donning, routing or operational delay;
t_shelter is protected response time.

4 — Formula

t shelter = d /v + t_margin

5 — Read aloud

“t shelter equals d divided by v plus t margin.”

6 — Symbols

d is route
distance; v conservative travel speed; t_margin covers donning, routing or operational delay; t_shelter is
protected response time.

7 — Pronunciation

Say QEEIGCEIS ISR BVARAE IR @ Elgeki]). For Shelter access time — travel time plus

protected operational margin, use the step-three names tied to planning whether a crew can physically reach
protection after an alert. Speak each Shelter access time — travel time plus protected operational margin
unit with the quantity it measures.

8 — Units
m/(m/s)+s = s

9 — Convention

For Shelter access time — travel time plus protected operational margin, keep planning
whether a crew can physically reach protection after an alert on one declared boundary. Apply
under that convention. Route obstacles, pressure boundaries, suit state and alert
latency can dominate; a straight-line distance is insufficient.

10 — Why this operation

t shelter = d / v + t margin JESVEIERGERY g o=t =Rl = 1= R o=

plus protected operational margin question because it represents planning whether a crew can physically
reach protection after an alert. In this case it yields: The protected access estimate is 4.5 minutes.

11 — Assumptions

Treat the Shelter access time — travel time plus protected operational margin values as one
teaching case. For planning whether a crew can physically reach protection after an alert, keep a single
physical or operational boundary. Route obstacles, pressure boundaries, suit state and alert latency can
dominate; a straight-line distance is insufficient.
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12 — Unit check

RGN t shelter = d / v + t margin AOESEICIglaa= 01| l-Rig= =R [N o) [V W o) ol d=Tain=le]
operational margin. The required dimension is QQUALWAIELEEEEY. A different dimension invalidates “The
protected access estimate is 4.5 minutes.”.

13 — Numerical case

d =180 m

travel = 180/1.2 = 150 s
t margin = 120 s
t shelter = 270 s = 4.5 min

14 — Why each operation

For Shelter access time — travel time plus protected operational margin, substitute d
=180 m; v = 1.2 m/s; travel = 180/1.2 = 150 s; t margin = 120 s; t shelter = 270 s = 4.5 min into

IR TR RVARYAE SR Jl  EXge k). Then verify the independent statement “150+120=270 s”.

15 — Algebra check

REVEIEEN t shelter = d / v + t margin AI@S g lae=X R oo - i =) =] M oo 1= o) [V
protected operational margin using “150+120=270 s”. The recovered input should follow “If conservative
speed falls to 0.8 m/s, travel alone becomes 225 s.”. If not, recheck units and boundaries.

16 — Mental estimate

Round the dominant inputs for Shelter access time — travel time plus protected
operational margin. Compare that rough scale with “The protected access estimate is 4.5 minutes.”. If they

NI SR aE I\ olsladl t shelter = d / v + t margin AfeJUlaTid-Fs{{e[al-Ne]gl oToI¥alo EIa(=IH

17 — Interpretation

For Shelter access time — travel time plus protected operational margin, The protected
access estimate is 4.5 minutes. Operationally: Design shelter location and procedures so response time stays
inside the mission-approved hazard clock. The interpretation remains limited by “Route obstacles, pressure
boundaries, suit state and alert latency can dominate; a straight-line distance is insufficient.”.

18 — What it does not prove

Shelter access time — travel time plus protected operational margin cannot
support claims outside planning whether a crew can physically reach protection after an alert. Route
obstacles, pressure boundaries, suit state and alert latency can dominate; a straight-line distance is
insufficient. Use the result only to justify: Design shelter location and procedures so response time stays
inside the mission-approved hazard clock.

Delta-Sierra Space Academy - R74 pedagogical supplement - page 21




19 — Sensitivity or limit case
If conservative speed falls to 0.8 m/s, travel alone becomes 225 s.

20 — Practice

A crew is
240 m from shelter, conservative speed 1.0 m/s, margin 90 s. Find total.

Guided correction — Shelter access time — travel time plus protected operational margin
1. travel=240 s; total=330 s=5.5 min.
2. Compare this with the event warning and exposure model.

Build a second case from “If conservative speed falls to 0.8 m/s, travel alone becomes 225 s.”. Re-evaluate

LIS AT BVARVAE R i EYehNi)). Name the changed input. Decide whether “Design shelter location and

procedures so response time stays inside the mission-approved hazard clock.” still follows.

Autonomous correction — Shelter access time — travel time plus protected operational margin

For Shelter access time — travel time plus protected operational margin, state the altered case. Preserve
LWAGVAIEERENY. Match the direction in “If conservative speed falls to 0.8 m/s, travel alone becomes 225
s.”. Respect “Route obstacles, pressure boundaries, suit state and alert latency can dominate; a straight-
line distance is insufficient.”. Finish by retaining or revising: Design shelter location and procedures so
response time stays inside the mission-approved hazard clock.

21 — Mission decision

Design shelter location and procedures so response time stays inside the mission-approved hazard clock.

Dose accumulation from changing rates

[D_cum = sum(Ddot_i x Delta t i)

1 — Concrete question

For BRI D cum = sum(Ddot i x Delta t i) Algielan

combining time spent in different radiation environments and the operational choice “Use the ledger to
redesign schedules toward lower-exposure locations when mission objectives allow.”?

2 — Intuition without symbols

Radiation conditions change over time, so total exposure is built by adding the contribution from
each interval. High-rate periods can dominate the ledger even when they are brief.
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3 — Quantities first

Ddot i is dose rate in interval i; Delta_t_i duration; products are compatible dose entries summed into
D_cum.

4 — Formula

D_cum = sum(Ddot_i x Delta_t i)

5 — Read aloud

“D cumulative equals the sum of D dot i times Delta ti.”

6 — Symbols

Ddot_i is dose rate in interval i; Delta_t_i
duration; products are compatible dose entries summed into D_cum.

7 — Pronunciation

SEWA D cum = sum(Ddot i x Delta t i) MFeI@ibleXY-R-lela¥lsalVi - ulelsRigolsaRels1alel gl Na=10=EH
use the step-three names tied to combining time spent in different radiation environments. Speak each Dose
accumulation from changing rates unit with the quantity it measures.

8 — Units
mSv/h x h = mSv

9 — Convention

For Dose accumulation from changing rates, keep combining time spent in different radiation
IV CeTalaa (=T ol Mol g WoT g (=R (Yol EET(=To M oToIWalo EYRYAWAYSJ\A D cum = sum(Ddot i x Delta t i) AV[ple[SI@dst]s
convention. Rates must refer to the same dosimetric quantity and be representative of each interval.

10 — Why this operation

D cum = sum(Ddot i x Delta t i) JEISWEEROENBIER-Iaal IV laloJsRigJsRe s ale]lale]

rates question because it represents combining time spent in different radiation environments. In this case it
yields: The 24-hour teaching ledger accumulates 1.60 mSv.

11 — Assumptions

Treat the Dose accumulation from changing rates values as one teaching case. For combining
time spent in different radiation environments, keep a single physical or operational boundary. Rates must
refer to the same dosimetric quantity and be representative of each interval.
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12 — Unit check

SHINOL SRR IRERBY for Dose accumulation from changing rates. The
required dimension is (SZ4URSUBERIN. A different dimension invalidates “The 24-hour teaching ledger
accumulates 1.60 mSv.”.

13 — Numerical case

8 h at 0.12 mSv/h = 0.96 mSv
16 h at 0.04 mSv/h = 0.64 mSv

D cum = 0.96+0.64 = 1.60 mSv

14 — Why each operation

For Dose accumulation from changing rates, substitute 8 h at 0.12 mSv/h = 0.96

mSy; 16 h at 0.04 mSv/h = 0.64 mSv; D_cum = 0.96+0.64 = 1.60 mSv into (QEKeVIURNEEEIV]{]e[o) e
. Then verify the independent statement “1.60/24 = 0.0667 mSv/h average over the full day”.

15 — Algebra check

REVEIEEE D cum = sum(Ddot i x Delta t i) RieldibleXY-X:lea¥loslViF-1ulelsRigelaRels-Ialellsle Ne=11=)

using “1.60/24 = 0.0667 mSv/h average over the full day”. The recovered input should follow “Moving one
hour from the 0.12 environment to the 0.04 environment reduces the total by 0.08 mSv.”. If not, recheck
units and boundaries.

16 — Mental estimate

Round the dominant inputs for Dose accumulation from changing rates. Compare that
rough scale with “The 24-hour teaching ledger accumulates 1.60 mSv.”. If they diverge sharply, inspect

D cum = sum(Ddot i x Delta t i) A{e]gUIalis-HE{le]al-No] gl ool Lo ETIIH

17 — Interpretation

For Dose accumulation from changing rates, The 24-hour teaching ledger accumulates 1.60
mSv. Operationally: Use the ledger to redesign schedules toward lower-exposure locations when mission
objectives allow. The interpretation remains limited by “Rates must refer to the same dosimetric quantity and
be representative of each interval.”.

18 — What it does not prove

Dose accumulation from changing rates cannot support claims outside combining
time spent in different radiation environments. Rates must refer to the same dosimetric quantity and be
representative of each interval. Use the result only to justify: Use the ledger to redesign schedules toward
lower-exposure locations when mission objectives allow.
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19 — Sensitivity or limit case
Moving one hour from the 0.12 environment to the 0.04 environment reduces the total by 0.08 mSv.

20 — Practice

6 h at 0.10 mSv/h and 18 h at 0.03 mSyv/
h. Find daily total.

Guided correction — Dose accumulation from changing rates
1.0.60 + 0.54 = 1.14 mSv.
2. Preserve location/activity labels for each interval.

Build a second case from “Moving
one hour from the 0.12 environment to the 0.04 environment reduces the total by 0.08 mSv.”. Re-evaluate
D cum = sum(Ddot i x Delta t i) MNEInt=Rual=RelsE-Tale[=loMlalolViMuDI=Tello (SR T=1dal=I g ULTRu (=W (Yo o] =Tgh i)
redesign schedules toward lower-exposure locations when mission objectives allow.” still follows.

Autonomous correction — Dose accumulation from changing rates

For Dose accumulation from changing rates, state the altered case. Preserve . Match
the direction in “Moving one hour from the 0.12 environment to the 0.04 environment reduces the total by
0.08 mSv.”. Respect “Rates must refer to the same dosimetric quantity and be representative of each
interval.”. Finish by retaining or revising: Use the ledger to redesign schedules toward lower-exposure
locations when mission objectives allow.

21 — Mission decision

Use the ledger to redesign schedules toward lower-exposure locations when mission objectives allow.

Model-versus-measurement relative error

[e_rel = abs(x_model - x _meas) / abs(x_meas)

1 — Concrete question

For BUNACLIN ¢ rel = abs(x_model - x _meas) /

inform checking whether a radiation-environment model tracks instrument data and the
operational choice “Escalate model review when mismatch exceeds the validated uncertainty envelope, not
an arbitrary percentage alone.”?

2 — Intuition without symbols

A model should be judged against measurement on the scale of the measured quantity.
Expressing the mismatch relative to the observation shows whether the disagreement is small or large
compared with what was actually seen.
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3 — Quantities first

x_model is modeled value; x_meas measured value; e_rel is mismatch relative to measured magnitude.
4 — Formula

e rel = abs(x_model - x_meas) / abs(x_meas)

5 — Read aloud

“e rel equals absolute x model minus x measured divided by absolute x measured.”

6 — Symbols

x_model is modeled value; x_meas
measured value; e_rel is mismatch relative to measured magnitude.

7 — Pronunciation

SEWA e rel = abs(x _model - x meas) / abs(x_meas) JFeI@leleSIRVEIIEE s oAV Ig=loa - gl8
relative error, use the step-three names tied to checking whether a radiation-environment model tracks
instrument data. Speak each Model-versus-measurement relative error unit with the quantity it measures.

8 — Units
same unit / same unit = dimensionless

9 — Convention

For Model-versus-measurement relative error, keep checking whether a radiation-environment
el EIR =T RTINS daUTaa [T o I e Y e Mol NI s T-We [T ETa=To Moo INa e EIQYAWNSJJIA € rel = abs(x model - x meas) /
under that convention. This metric is undefined when x_meas=0 and does not say whether
the discrepancy comes from calibration, statistics or model physics.

10 — Why this operation

e rel = abs(x _model - x meas) / abs(x_meas) JEUSEERIEE Y elo[=IRV=IgIEH

measurement relative error question because it represents checking whether a radiation-environment model
tracks instrument data. In this case it yields: The model is about 18.2% away from the measured value
relative to the measured magnitude under this convention.

11 — Assumptions

Treat the Model-versus-measurement relative error values as one teaching case. For checking
whether a radiation-environment model tracks instrument data, keep a single physical or operational
boundary. This metric is undefined when x_meas=0 and does not say whether the discrepancy comes from
calibration, statistics or model physics.
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12 — Unit check

RGN ¢ rel = abs(x _model - x meas) / abs(x_meas) Rid@ele IRV iz VIg=loal=1gl8

ICIEIN=N=Ta g A N R IV N IS I same unit / same unit = dimensionless MANCliiiIg=laiaeliagl=lati[o]g]

invalidates “The model is about 18.2% away from the measured value relative to the measured magnitude
under this convention.”.

13 — Numerical case

x_model = 1.30

e rel = |1.30-1.10|/1.10 ~ 0.1818 = 18.2

14 — Why each operation

For Model-versus-measurement relative error, substitute x_model = 1.30; Xx_meas =

R ORI R T B B OV B OO RN R RSP L M alte) ¢ rel = abs(x model - x meas) / abs(x meas) }

Then verify the independent statement “18.2% of 1.10 = 0.20".

15 — Algebra check

REVEIEEN e rel = abs(x_model - x _meas) / abs(x_meas) RiJ@i[ele[SIRVIEIEE
measurement relative error using “18.2% of 1.10 = 0.20". The recovered input should follow “For a fixed
0.20 absolute mismatch, relative error grows as measured magnitude falls.”. If not, recheck units and
boundaries.

16 — Mental estimate

Round the dominant inputs for Model-versus-measurement relative error. Compare that
rough scale with “The model is about 18.2% away from the measured value relative to the measured

magnitude under this convention.”. If they diverge sharply, inspect (CEREISSRCIEE Sl (=1 SN gl | - 1) Iy
for units, signs or boundaries.

17 — Interpretation

For Model-versus-measurement relative error, The model is about 18.2% away from the
measured value relative to the measured magnitude under this convention. Operationally: Escalate model
review when mismatch exceeds the validated uncertainty envelope, not an arbitrary percentage alone. The
interpretation remains limited by “This metric is undefined when x_meas=0 and does not say whether the
discrepancy comes from calibration, statistics or model physics.”.
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18 — What it does not prove

Model-versus-measurement relative error cannot support claims outside checking
whether a radiation-environment model tracks instrument data. This metric is undefined when x_meas=0
and does not say whether the discrepancy comes from calibration, statistics or model physics. Use the result
only to justify: Escalate model review when mismatch exceeds the validated uncertainty envelope, not an
arbitrary percentage alone.

19 — Sensitivity or limit case
For a fixed 0.20 absolute mismatch, relative error grows as measured magnitude falls.

20 — Practice

Model=0.84, measurement=0.80. Find
relative error.

Guided correction — Model-versus-measurement relative error
1. e=0.04/0.80=0.05=5%.
2. Inspect uncertainty before deciding the model is unacceptable.

Build a second case from “For a
fixed 0.20 absolute mismatch, relative error grows as measured magnitude falls.”. Re-evaluate

abs (x_model - x meas) / abs(x_meas) MNElal=RuslNelat-1gle[<loMialol0] s DI=Tei o [SRNYoT1d o= g =ITere] Y (Mg loTo (]!

review when mismatch exceeds the validated uncertainty envelope, not an arbitrary percentage alone.” still
follows.

Autonomous correction — Model-versus-measurement relative error

For Model-versus-measurement relative error, state the altered case. Preserve

same unit / same unit = dimensionless MY EItdsReal=Nol[g=ladlcIaNIghal eIdCR N le ROWPANC] o] (V=N a1 de B

relative error grows as measured magnitude falls.”. Respect “This metric is undefined when x_meas=0
and does not say whether the discrepancy comes from calibration, statistics or model physics.”. Finish by

retaining or revising: Escalate model review when mismatch exceeds the validated uncertainty envelope,
not an arbitrary percentage alone.

21 — Mission decision

Escalate model review when mismatch exceeds the validated uncertainty envelope, not an arbitrary
percentage alone.
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Remaining dose margin — subtract accumulated and forecast exposure
from a planning limit

@_dose = D_limit - (D_cum + D_forecast)

1 — Concrete question

For

LI Me[lSX A M dose = D limit - (D _cum + D forecast) MaliJaaalelETalallaleMale)\Maol0lelal=T oY o fo)¥/=To M=o ol{V]qc]

budget remains in a teaching mission ledger and the operational choice “Protect planning margin for
uncertainty and contingencies; do not spend it automatically on optional work.”?

2 — Intuition without symbols

A planning limit is consumed by both exposure already received and exposure expected before
the next protected state. The remaining margin is what is left after accounting for both.

3 — Quantities first

D_limit is planning limit; D_cum already accumulated compatible dose; D_forecast expected additional
compatible dose; M_dose is remaining margin.

4 — Formula

M_dose = D_limit - (D_cum + D_forecast)

5 — Read aloud

“M dose equals D limit minus D cumulative plus D forecast.”

6 — Symbols

D_limit is planning limit; D_cum already accumulated compatible dose; D_forecast expected
additional compatible dose; M_dose is remaining margin.

7 — Pronunciation

SEWA M dose = D limit - (D _cum + D forecast) M I@t=InEllallgleNeloX{=NasElge] sl
subtract accumulated and forecast exposure from a planning limit, use the step-three names tied to planning
how much approved exposure budget remains in a teaching mission ledger. Speak each Remaining dose
margin — subtract accumulated and forecast exposure from a planning limit unit with the quantity it
measures.

8 — Units

mSv — (mSv + mSv) = mSv
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9 — Convention

For Remaining dose margin — subtract accumulated and forecast exposure from a planning
limit, keep planning how much approved exposure budget remains in a teaching mission ledger on one
(o [Tl 1T Mol lU[alo EIaYAWANOJJA M dose = D limit - (D _cum + D forecast) RVale[=I@uaF-|aee]a\/=Io\d[c] g W Nol=]
numerical limit here is illustrative; real crew limits and risk frameworks depend on agency, mission,
individual and updated evidence.

10 — Why this operation

M dose = D limit - (D _cum + D forecast) JERSWEIERGQENC 0 llgloNe ok =NasE1ae]la]
— subtract accumulated and forecast exposure from a planning limit question because it represents planning
how much approved exposure budget remains in a teaching mission ledger. In this case it yields: Twenty mSv
of the stated planning budget remains after including the forecast exposure.

11 — Assumptions

Treat the Remaining dose margin — subtract accumulated and forecast exposure from a
planning limit values as one teaching case. For planning how much approved exposure budget remains in a
teaching mission ledger, keep a single physical or operational boundary. The numerical limit here is
illustrative; real crew limits and risk frameworks depend on agency, mission, individual and updated
evidence.

12 — Unit check

N[N M dose = D limit - (D _cum + D forecast) Rigat=lesEllsllgleNoleX-NarEIge ][V olvg-1as

accumulated and forecast exposure from a planning limit. The required dimension is SRS GISIAE SN SRS
uS\®. A different dimension invalidates “Twenty mSv of the stated planning budget remains after including
the forecast exposure.”.

13 — Numerical case

D limit = 100 mSv

D cum = 62 mSv

D forecast = 18 mSv

M dose = 100 - (62+18) = 20 mSv

14 — Why each operation

For Remaining dose margin — subtract accumulated and forecast exposure from a
planning limit, substitute D_limit = 100 mSv; D_cum = 62 mSv; D_forecast = 18 mSv; M_dose = 100 —

(CPERI IR S\AlIN M dose = D limit - (D _cum + D forecast) JLERRAZEIOVAGERIle [ ollale[Slold

statement “62+18+20=100 mSv”.
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15 — Algebra check

REVEIEEE M dose = D limit - (D _cum + D forecast) Ril@atCluElallgloNe ok -Nas1ae]lals
subtract accumulated and forecast exposure from a planning limit using “62+18+20=100 mSv". The
recovered input should follow “Every extra 1 mSv forecast exposure reduces margin by 1 mSv.”. If not,
recheck units and boundaries.

16 — Mental estimate

Round the dominant inputs for Remaining dose margin — subtract accumulated and

forecast exposure from a planning limit. Compare that rough scale with “Twenty mSv of the stated planning
budget remains after including the forecast exposure.”. If they diverge sharply, inspect
M dose = D limit - (D _cum + D forecast) R{oJ@Clalié- I (es]al- o] gl oloT0]qlo E1aI=IH

17 — Interpretation

For Remaining dose margin — subtract accumulated and forecast exposure from a planning
limit, Twenty mSv of the stated planning budget remains after including the forecast exposure. Operationally:
Protect planning margin for uncertainty and contingencies; do not spend it automatically on optional work.
The interpretation remains limited by “The numerical limit here is illustrative; real crew limits and risk
frameworks depend on agency, mission, individual and updated evidence.”.

18 — What it does not prove

Remaining dose margin — subtract accumulated and forecast exposure from a
planning limit cannot support claims outside planning how much approved exposure budget remains in a
teaching mission ledger. The numerical limit here is illustrative; real crew limits and risk frameworks depend
on agency, mission, individual and updated evidence. Use the result only to justify: Protect planning margin
for uncertainty and contingencies; do not spend it automatically on optional work.

19 — Sensitivity or limit case

Every extra 1 mSv forecast exposure reduces margin by 1 mSv.
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20 — Practice

With limit 80 mSv, accumulated 45 mSv and forecast 20 mSyv, find margin.

Guided correction — Remaining dose margin — subtract accumulated and forecast exposure
from a planning limit

1. M=80—(45+20)=15 mSv.

2. Do not interpret an illustrative margin as a medical safety threshold.

Build a second case from “Every extra 1 mSv forecast exposure reduces margin by
IR SIYARCECIWVEINEYGE M dose = D limit - (D cum + D forecast) MNEIGERGEReaE alel=le MiglolVi bl Tel e[S

whether “Protect planning margin for uncertainty and contingencies; do not spend it automatically on
optional work.” still follows.

Autonomous correction — Remaining dose margin — subtract accumulated and forecast
exposure from a planning limit

For Remaining dose margin — subtract accumulated and forecast exposure from a planning limit, state
the altered case. Preserve . Match the direction in “Every extra 1 mSv
forecast exposure reduces margin by 1 mSv.”. Respect “The numerical limit here is illustrative; real crew
limits and risk frameworks depend on agency, mission, individual and updated evidence.”. Finish by
retaining or revising: Protect planning margin for uncertainty and contingencies; do not spend it
automatically on optional work.

21 — Mission decision

Protect planning margin for uncertainty and contingencies; do not spend it automatically on optional work.
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