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Bl DOME Digital Procedure Deployment

* NRIC-DOME - a test bed for demonstrating and
evaluating advanced reactor technologies in a controlled
facility environment.

* Project Overview — Assess the feasibility of
implementing digital procedures for NRIC-DOME
operations.

— Define system requirements based on existing
operations, facility constraints, and procedural
needs.

— Install and integrate a digital procedure system with
prototype procedures on INL systems and networks
(DOME control room)

— Evaluate procedure authoring workflow and
integrate with document management process for
document approval compliance

— Develop a standard NRIC-DOME digital procedure
template.

— Establish verification and
validation methods.
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- Paper Versus Digital Procedures

Many names, one concept

— Computer-Based
Procedures
" B :
Traditional Paper Procedure "_:I Computerized Operating Procedure g?orgggaigged

Example: EOP Two-Column

-9

Example: EOP Two-Column

L

Electronic Procedures

Paper Procedure SIMILARITIES = Computerized Procedure
[ RespoNsE OBTAINED RESPONSE NOT OBTAINED 4 ff  EOPLOCAQOT  inProgress [ O sepst | M ] - Dyn amic I n Str u Ct IoNns

3.1 Verify Reactor Trip 3.1 Verify Reactor Trip

Provide step-by-step

instructions to guide RESPONSE OBTAINED RESPONSE NOT OBTAINED - Dyn am | C P roced ures
A. Confirm all control A. Confirm all control operator actions
rods fully inserted. rods fully inserted. 3.1 Verify Reactor Trip 3.1 Verify Reactor Trip H
B. Verify RCS pressure B. Verify RCS pressure Based on approved - Dyn amic Work
is decreasing. is decreasing. lant procedures A. Confirm all control A. Confirm all control .
C. Pressurize PORVs. P P rods fully inserted. rods fully inserted. I n StrU Ctl O n S
v Use plant-specific O i aiyies O B Werihes .
3.2 Verify Steam 3.2 Verify Steam terminology and . ise:efzreasmr;ressure ‘ isednef::lreasinmessure - S ma rt EI e Ct rO ni C
Generator Isolation Generator Isolation o ’ 9:
abbreviations P d
A. Verify MSIVs closed. A. Verify MSIVs closed. [ C. Pressurize PORVs. roceadaures
B. Verify feedwater B. Verify feedwater Include safety .
isolation. isolation. precautions and - CO m p u te r‘ G ul d ed
C. Align AFW system. prerequisites RCS Pressure 1450 psig
4 : oy - | Procedures and
. ) Reference plant Reactor Mode Shutdown .
3.3 Monitor and Record 3.3 Monitor and Record parameters, systems, &= — — J I n Stru C‘tl On S
A. Record RCS pressure. A. Record RCS pressure.
el y e ; and components .
L B. Notify Shift Supervisor. B. Notify Shift Supervisor. g e ' e Electronic display on computer/tablet —_— E Iectronlc WO rk
e Support safe an ; o, . .
e Static content on paper consistent plant e |Interactive navigation and branching logic P aCkageS

operations e Two-column format with dynamic path selection

e Linear, page-by-page navigation

— Digital Work Execution

e Two-column format for divergent actions e Subject to review, e Automatic placekeeping and step tracking

(Response Obtained / Not Obtained) approval, and

e Operator manually tracks progress (placekeeping) change control

e Real-time plant data integration and validation

e Built-in alerts, prompts, and links to references
e References to plant parameters,
components, and actions

b NG =\ J

e Electronic signature, audit trail, and reporting
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Il Digital Procedures — Key Advantages

T 5

Leomane Automatic placekeeping

=

Tracks completed, current, Lower workload; fewer missed

i -3 Reactor Trip Dr Safeguarts Actuation e 7|

8 Check al Main Stop and Control Vakves . a Perform the folkawi

T + MTSVODIA tha falawing

[m— T * MTS-VOD1B

b o MTS-VDO3A = Achuate Turbine Trig

« MTSVO038 + Achuale DAS Reactor And Turbine
MTS-VD02A, Tip

. mg:gga » Reduce Turbine load 1o 260

» MTSVOD4A

s 2) IE Turbane can HOT b ripped

THEM pesform the following:

a. Achuate Main Sieaming Isolation

w1 | FoP | b | g | ere

[s] rosaranc

[s] wrsvenris_msva

g E
CLOSED: 1) Stop steam fiow to Turbine per any of

and pending steps

or repeated steps

Integrated plant data

Embeds values, equipment

status, and trends

Less display searching;
improved situation awareness

Logic and decision
support

Evaluates conditions and
identifies applicable paths

Faster, more consistent
decisions

Role-based procedure
execution

Assigns execution and
approval permissions;

provides shared crew view

Clear responsibilities; improved
coordination and oversight

Westinghouse CPS

Rancor Prototype Procedure

Automated checks and
calculations

Evaluates limits,
prerequisites, and derived
values

Less manual effort; fewer
evaluation errors

» 1: VERIFY that one of steam generator (SG) levels is normal
¥ 2: Reactor cooldown using Bypass valve
Bypass

OPEN the bypass valve to 10%-15%:

VERIFY ALL
° VERIFY bypass valve position at 10% (Current: 0.00)

> 3: Manually Trip Turbine

Information access and
navigation

Links steps, references,
cautions, figures, and
procedures

Faster access to supporting
information

Procedure-based
automation

Executes specified actions

or procedure-step
sequences
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- PI’OjeCt Activities — Activities

Define system requirements based on
existing operations, facility constraints,
and procedural needs.

2. Install and integrate a digital procedure
system with prototype procedures on
INL systems and networks (DOME
control room)

Codified

3.

4.

Evaluate procedure authoring workflow
and integrate with document
management process for

document approval compliance

Develop a standard NRIC-DOME
digital procedure template.

Establish verification and validation
methods.

Procedure
authoring

|—¢onverslon0‘

Paper
procedure

| logic
Document

official record
accessible for
exeuction and auditing

Representation
& Interactions Digital procedure system IT
ter::jplattes procedure leect network access architecture
widgets,

Communication
with 1&C Network

Electronlc Document
Management System

Static Data Live Data

Change
Request
review,
approval,
revision
Document Converted to
control Static Records

Records
management

Executed Dynamically
Operator
execution

steps,
placekeeping,
shared common view,
logging

A

Completed Record

Remained of presentation will present outcomes and lessons learned.




- Lessons Learned — Procedure Authoring and Curation

* Authoring complexity

— Content distributed across procedure
files, runtime behavior, live-data
checks, user roles, and calculations

— Dynamic presentation based on plant
conditions, reducing reliance on
operator interpretation

— Writers must define both procedure text
and object behavior

— Configuration of widgets, logic,
acknowledgments, branching, required
inputs, logged fields, and status
displays

» Developed Writers Guide
procedure

— Greater need for software, database,
and nuclear operations expertise

* “You almost have to be an
operator to build these
[procedures]”

©
=
&
5
&
]
&

)
<
U
@

Dynamic Aulhonng

=, v Document Viewer

3

Forms ~ Workflow ~ Revision Workflow ~ Help ~

ome-nop-0003 x

PURPOSE/SCOPE/APPLICABILITY

This procedure provides instructions for operation of the Demonstration of Microreactor Experiments (DOME) Containment Ventilation System.
This procedure is performed by DOME Operations unless otherwise noted.
Subsection order within this procedure may be overridden, if necessary. Steps within subsections must be worked in the order written.

PREREQUISITES

2.1 Certification/Qualification/Training Required

Qualification/Training/Special Skills Craft/Performer

DOME Shift Supervisor DOME SS
DOME Auxiliary Operator DOME AO

2.2 Precautions and Limitations

2.2.1 Al manipulations of plant electrical gear shall be performed per LI-728, “Operating Switches, Disconnects, Overcurrent Protection Devices, and Insertion or Removal (F
boundaries, or work on energized equipment, shall be performed per a Maintenance Work Order and LI-623, “Energized Electrical Work,” controls which are not covere

2.22 Normal power to the MFC-767 is fed from Substation 11 (at MFC) via MFC-758A, Breaker 535, via N-SWGR-768-5B (5B11-1-5B), N-SWGR-768-6A (5B516-6A) and N
Inca Af nnwer tn MEC.7R7
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- Procedure Elements Data Structures

 Knowledge Graph Database - Authoring with Templates - Grouping

— Reusable procedure objects allow content to be — Templates and reusable functional blocks
defined once and used consistently require strict configuration control because

- Significant upfront effort to build supporting changes may propagate globally
knowledge-graph database infrastructure * Procedure sequence grouping moves
- Initial proof-of-concept developed with beyond traditional document structures

technical specification — What is the atomic procedure
element? - Instruction?

DIGITAL PROCEDURE DOCUMENTS REUSABLE SNIPPET LIBRARY TECHNICAL SPECIFICATIONS — Whati m g bl p d
(Different Procedures) (Unified Reusable Chunk) (Referenced Documents) a IS a a n a ea e roce u re
C . . 1] . ” .
cwss— A collection, i.e. “snippet” = object
1. r—_l —— Step 1 (reusable) H t t d d th 1
;- i Al . = N Tech Spec Document = Step 2 (reusable) O rI e n a e p roce u re a u O rl n g
) \
4 g \\ Reusable Snippet: “Start Pump and Verify Flow" (Ts-1234) am Step 3 (reusable
5. Qifmemanas N 8 with data value
6. \ ‘\\ ------- e parameter)
T W | NS 5 ——  Step 4 (reusable)
8. }
9. N = Step 5 (reusable)
10. N e an »| 3 _@_O_ - Other steps
\ ; » _‘——( ) (unique to
Procedure B k X costment)
SN mmmmee > 4.
E d ‘/tl D Data Value
2 ¢ N (parameter)
3. I »| s
4. s/ O Technical Spec Link
5. m— — B i L Jd
6 (oW O -~ ,
7. 7 Circle on snippet step indicates link
8. | e ’ to specific technical specification
9. DATA VALUES / PARAMETERS that applies to the step.
10. (Database)
(FLOW_RATE} = 125 GPM KEY CONCEPTS
Procedure C k S i
{(PUMP_SPEED) = 1800 RPM + Reusable snippets are maintained
% = once and used across multiple
2. {SETPOINT} = 68 °F procedures.
3. E
{PRESSURE_LIMIT} = 150 PSI « Parameters in snippets are
;’ e} - populated from the Data Values
6‘ database.
7 | | + Technical specifications are linked
8 Dataivalues populate parameter to individual steps for traceability.

placeholders in reusable snippets.
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- Assessment Results — Change Management System

« Regulations require storing procedure for operational access and audit — static or dynamic or both?

* How to track changes for dynamic procedure?
— Changes made to procedure object must be tracked for approval
Use digital procedure authoring tools for tracking changes and approvals
— OQOutput static tracked change style document for records

‘ ] f Sandbox Simulator E
N ([ N 7 : i

1. Author / Edit 2. Reviewer Workflow 3. Approval Workflow | Connected to Native

1 Procedure System
Reviewers access Open in Native Reviewers make Submit back to Approvers access Open in Native Accept / Reject

changed document Digital System changes Change changed document Digital System Changes \
Create / Edit Management : : E
Digital Procedure . W . : System . : : 0 Accept E
j - 87— i1- *g f > &7 il ;

Procedure : : : : 3 e Reject : Simulator Data Points

Author A . 0 ? . 0 L e iue vias
H i « Equipment Status
b | ! |
i l——» Send back \ * System Parameters

Track Changes for * ' Review & Reconcile for edits ' e

Procedure Objects Changes !
T Change Management System A ] Simul e i
ext generates: v Compare Changes pprove i imulator Interface
; % 3 v ' ese
¥ Logic Static Tracked v Validate Logic : ot
Native Digital Change v Calculations Changes Version Change v Check Impacts Change Management System ! — e (D
Procedure System M o v P (PDF) Ma;agemem . (Add Comments generates versioned record: —— @D
ystem < Roles/ Staps —— ystem Static Tracked Changes —Q@ @
L ) v Attachments Object (updated) 3 Version with Approvals Toggle / Adjust for
) (PDF) s i
Testing Logic
\ J Digital Procedure | | = Seeeeeeeemieoooeaooe
b %
t Object (Approved) ™ (4. Approved & Published
Legend
Digital Procedure
Digital Procedure Object Object (Approved)
(Native System) D
i WE!
T e 5. Operator Execution ppPRo
8 (PDF) Operators access
approved digital Digital procedure pulled Operator executes Close out procedure Execution record Print Copy in Worst ‘
Change Management procedure from EDMS to tablet in control room procedure on tablet filed in EDMS Case Scenarios e <
System (Repository) — | Stored in EDMS (Repository) |
A —— 0 — G ™ H Dig i
User Role e / ‘ . igital Procedure {
| A %Q ——p: )@ (V] —p 8 P - — : Object (Approved) |
| —> Workflow / Data Flow ° Procedure == [F=)\ i - : i
o Execution log includes: : Finel Statlc Frooshee
o~ : g PROCEDURE ! PDF for Audit) !
[ + Reference / Access o « Steps e ) i ( r ) ‘
| €> System Integration EDMS + Operator Inputs ) i Approvals and Audit |
. « Time Stamps ! Record i
(Repository) + System R Y= VR I e J

« Completion Status



- Assessment Results — Infrastructure Integration

- * Where should procedures be stored
[ Gontrol ystem } and accessed?
— Authoring and approvals occur on
CD business network
g - Live data exists on control
(e i b network...
{ } ________________ — Operators use tablets in control

. § room to access procedures

{ e - |dentified network isolation pathway
e } to access data for live values and

procedure logic evaluations

. 4

—— Workflow / approval / authoring reference

- = Live data via data diode (one-way)
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- Results — Operations Study

« Formal validation study planned for early FY27

- Experimental protocol under development
— Scenario based evaluation in simulator (not actual control room)
- Widget implementation alternatives and credentialing microtasks
— Prototype procedure displayed on tablet and 2-in-1 laptop

« Conducted preliminary control room operations observation
— Display lag induced by data access report as nonconsequential
— Operator logging identified as most beneficial use case for digital
procedures

 Portability reported

— Operators will have a dedicated tablet
* |IT/networking device requirements for credentialling
« Control room space constraints and mobility factors

IDAHO NATIONAL LABORATORY



- Next Steps

* Developing a simulation testbed based on existing control room
 NRIC-DOME is engaged in preparation for criticality test with vendor
» Dedicated simulator based on emulated control system and human-
machine interfaces from actual control room
 Integration with digital engineering ecosystem
« Technical specification tracing
* Proof-of-concept = implementation in deeplynx and digital procedure

* Live data
« Develop Type-2 digital procedure specification and writer’s guidance
« Couple vendor API service with data acquisition application
+ Develop additional visualizations for timeseries data (trends, conditional

logic)
IDAHO NATIONAL LABORATORY



ldaho National orotory

Battelle Energy Alliance manages INL forthe U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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