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Confidence Governance for Nuclear Operations

by Nick Clark | Published March 27,2026 | PDE

Nuclear facilities represent the highest-stakes environment for autonomous systems. A decision to continue operations when conditions are uncertain can
have catastrophic consequences. Current safety systems use binary trip logic: conditions are either within limits or they trigger shutdown. Confidence
governance introduces a continuous confidence state computed from multiple inputs, a non-executing mode that pauses autonomous operations when
confidence drops below safety thresholds, and hysteretic recovery that requires sustained confidence above a higher threshold before operations resume.
Execution becomes a revocable permission rather than a default state.

Beyond binary safety logic
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Nuclear safety systems are designed around binary logic: if a measured parameter exceeds a limit, the protection system activates. This approach is
essential and will remain the foundation of nuclear safety. But between normal operations and emergency shutdown lies a region of degraded confidence
where the autonomous management system is uncertain about conditions but no single parameter has breached a safety limit.

In this region, current systems continue normal operations because no trip condition has been met. Human operators may notice the accumulating
anomalies and intervene, or they may not. The ambiguous region between clearly safe and clearly unsafe is where the most dangerous operational
decisions are made, because the system is operating with reduced confidence but full authority.

Confidence governance addresses this region by computing a continuous confidence state from multiple inputs: sensor agreement, model prediction
accuracy, equipment health indicators, environmental conditions, and historical anomaly patterns. When the composite confidence drops below a safety
threshold, the autonomous system enters non-executing mode, pausing discretionary operations without triggering emergency shutdown.

Non-executing mode for nuclear operations

Non-executing mode is not a shutdown. It is a governed state where the autonomous management system continues to monitor, analyze, and recommend
but stops executing discretionary operational changes. Power level adjustments, fuel management operations, maintenance scheduling, and load-following
maneuvers are paused. The system continues to monitor safety-critical parameters and will activate emergency protection systems if hard limits are
breached.

In non-executing mode, the system enters an inquiry posture. It actively investigates the source of confidence degradation: which sensor inputs are
anomalous, which model predictions are diverging from observations, which equipment health indicators are declining. This investigation occurs
structurally rather than depending on an operator to diagnose the source of the anomaly.

The transition to non-executing mode is immediate when confidence drops below the threshold. There is no delay for confirmation and no override for
convenience. The safety-critical threshold is a structural property of the confidence governance system that cannot be bypassed by operational pressure to
maintain power output or meet production schedules.

Hysteretic recovery prevents oscillation

A system that pauses at a confidence threshold and resumes at the same threshold will oscillate when confidence fluctuates near the boundary. Hysteretic
recovery addresses this by requiring confidence to recover to a higher threshold before operations resume. If the pause threshold is set at a specific
confidence level, the resume threshold is set meaningfully higher. The system must demonstrate sustained confidence recovery before resuming
autonomous operations.

This asymmetry is deliberate. Entering non-executing mode should be easy: any confidence degradation below the threshold triggers the pause. Resuming
operations should be harder: the system must not only resolve the condition that caused the confidence drop but demonstrate that confidence has been
restored with margin. The asymmetry prevents premature resumption when the underlying condition has not been fully resolved.

The rate of confidence change is also monitored. A rapid confidence decline triggers earlier intervention than a gradual decline, even if both are
approaching the same threshold. The differential alarm detects situations where confidence is falling fast enough that waiting for the threshold breach may
not leave sufficient margin for safe transition.

Structural safety for the nuclear industry

For nuclear operators, confidence governance provides a governance layer between normal automated operations and emergency protection systems. It
addresses the operational region where conditions are degraded but not yet dangerous, the region where human operators have historically made errors by
continuing to operate with insufficient confidence.

The confidence computation is auditable. Regulators can examine the inputs, weights, and thresholds that govern the confidence state. The transition to
non-executing mode is logged with the confidence state and the specific inputs that drove the degradation. Recovery is logged with the evidence that
supported resumption. The entire confidence governance lifecycle is available for regulatory review.

For the nuclear industry moving toward greater automation of plant management, confidence governance provides the structural safety primitive that
ensures automation enhances safety rather than introducing new risk. The autonomous system operates with full authority only when its confidence is
high. When confidence degrades, authority is revoked and must be re-earned through demonstrated recovery.

Confidence Governance All 21 steps —
Execution is a revocable permission, not a default.
Primary Technical Disclosure

o Confidence-Governed Execution: When Agents Pause, Reassess, and Resume Safely.
Secondary Technical

Discovery Traversalo Biological Signal to Confidence Couplingo Multi-Agent Confidence Propagationo Confidence-Governed Embodied Executiono
Deferred Execution and Temporal Reauthorizationo Execution Authorization Recoveryo Confidence Contagion in Delegationo Confidence History,
Calibrationo Attention Field

Applications (General)

o Autonomous Vehicle Execution Safety Through Confidence Gatingo Clinical Al That Pauses When It Should Not Acte Confidence Governance for
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Governance for Bridge Structural Monitoringo Confidence Governance for Food Safety Inspectiono Confidence Governance for Chemical Plant
Operations

Applications (Specific)

o Agentforce Executes by Defaulto Microsoft Copilot Has No Confidence Stateo OpenAl Operator Cannot Govern Its Own Execution Authorityo
Claude's Safety Has No Computed Confidence Variableo Gemini's Multimodal Confidence Is Not Computedo Cohere Command Generates Without

Governing Executiono Google Vertex Al Safety Filters Without Confidence Stateo NVIDIA NeMo Guardrails Constrains Dialogue Without Governing
Confidenceo Guardrails Al Validates Output Without Governing Execution Authorityo Lakera Guards Inputs Without Governing System Confidence
Confidence Governance overview —
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