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MARVEL Documented Safety Analysis (DSA) —

Background & Overview

MARVEL is a major modification to the TREAT facility 3
DOE-STD-1189 (Safety in Design) applies & requires ' }q

documented safety analyses (DSA)

TREAT Reactor Experiment Cell (TREX-C) Project also a major and Supports B

modification with same need for DSA

Safety Design Strategy (SDS) - combines
MARVEL & TREX-C designs into one
SAR Addendum

o Safety analyst embedded in design team
o Safety Design Integration Team (SDIT) —

resolves/integrates safety basis issues
across design, DSA, and organizations

o lterative process of design, hazard
evaluation, & accident analysis
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TREX-C Project

Institutionally-funded project to
prepare TREAT to host multiple
nuclear demonstrations
(MARVEL will be the first)

T-REXC Scope: (SPC-70454 T-REXC Interface Specification)
Pit shield structures (to prevent neutron * Fire detection, including Na and NaK

activation of the concrete) fires

Pit lid, with integrated top shielding * Fire mitigation systems, per TREAT fire
|&C infrastructure facility data and hazards analysis

demonstrator data displays)  Neutron source for startup

Electrical power infrastructure — interface  « Radial static neutron reflectors

panel, standby generator « Beryllium oxide (BeO) control drums for
Signal/data transfer between MFC-720 & neutron population control

MFC-724 Control Room  Asystem to preclude water intrusion into
Ventilation, including HEPA filter and the pit

exhaust monitoring * Radiation monitoring.

T-REXC safety-related design & SSCs
incorporated in MARVEL PDSA

Microreactor
Program




PDSA Development — Hazards Analysis

Final Design
documents,
presentations,
ECs, E(_:ARS* Identify
Drawings Fundamental
Safety Functions
l (Section 2.4)
Other Reactor Regulator\,f.
Licensing Documents Dor.:umen‘.t Review FCS, RCS, ICS, PGS,
(e.g., SAR-420, SAR- N (i.e, RG 1.70, TREXC FMEAs r
NUREG-0800 -
152, SAR-406, PRISM, - (ECAR-6440 Assign 55Cs
NuScale. VTR NUREG-1537, RG . .
' ' 1,206, ANSI/ANS- Appendices) Performing the
HERMES, PELE, etc.) : ;_5 21) Fundamental
. Safety Functions
(Figure 5)
l A 4
Identify Identify Bin Initiating Assign Initiating Perform Event
Hazard Hazard Internal External Events Into Event Sequence
Identification |—# Categorization > Initiating > Initiating »  Groups (See > Qualitative » Analysis
(Section 2.1) (Section 2.2) Events Events (Section Sections 2.3.1 Frequencies (Section 2.5)
(Section 2.3.1) 2.3.2) and 2.3.2) (Table 5) ’
Identify Selection of PDSA PDSA
MARVEL DBAs for Chapter 15 Chapter 16
Safety 5SCs »  Analysis in " Aap.der R Derivation
(Section 2.6 ECAR-6332 AC_C'I en of Tech
and Table 12) (Section 2.7) nalyses Specs
7y
|, ECAR- |
6332

Started during conceptual design, revised through final design

SAR Addendum TOC
Introduction and General Descnption of Facalsty

Site Charactenstics

Chapter 3

Design of Structures, Systems, and Components

Chapter4 | Reactor

Chapter 5 | Reactor Coolant Systems

Chapter 6 | Engineered Safety Features

Chapter 7 | Instrumentation and Control Systems
Chapter 8§ | Electnical Power Systems

Chapter 9 | Auxshary Systems

Chapter 10 | Power Generation System

Chapter 11

Radsation Protection Program and Waste Management

Chapter 12 | Radsation Protection

Chapter 13 | Conduct of Operations

Chapter 14 | Test Programs

Chapter 15 | Accident Analyses

Chapter 16 | Denvation of Techmcal Specifications

Chapter 17 | Qualsty and Relability Assurance

ﬁM R Microreactor

Program
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e Seismic Event [Beyond DesignBasis] . Twmewin |
e Loss of Coolant Accident (LOCA) Fuel Temperature during Loss of Flow & Coolant Accidents
Fuel Temp (°C) SS Ops LOFA LOCA
Evaluated for Consequence: T 512 18 T8
* NaK Spl” and Fire T Fuel meat surface 586 692 692
e Radioactive or Hazardous Material = Acceptance Criteria:
Release, or Direct Radiation Exposure, (';"lf‘si(n'éofg FS/;'feiSﬂ y 1Fuel meat peak : 9732202
from an SSC failure o * | Fuel meat surface
MPA (compressive) e T Bulk Coolant < 704°C

» Core remains coolable

No safety concerns identified ﬁMRPMmm
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PDSA Development — Engineered Safety Features (ESF)

Reactivity Control
* Passive inherent reactivity feedback SR e
* Control Drum & Central Insurance Absorber T

Core Flow & Heat Removal
e Natural circulation & decay heat removal
* Fission & decay heat removal

Confinement of Radioactive & Hazardous Material
* Fuel cladding, & primary coolant (NakK), |
* Primary Coolant Boundary including reactor barrel -

& piping (downcomers)
e Guard vessel, upper confinement structure, and

* T-REXC SSCs
Control of Direct Radiation Exposure

» Shielding/containment of radioactivity & radiation sources
» Radiation/radioactivity monitoring instrumentation

Reactivity Control
System (blue)

Fuel & Core
System (green)

« ESFs mitigate the consequences of DBASs to maintain consequences

with Evaluation Guidelines (RG 1.206)
« SSCs needed to meet ESFs for reactor safety, protection of the public, _
collocated/facility workers, & the environment are safety-related. M R L"r';;"r;erﬁc"‘"




PDSA Development — Process-to-date, Status, and Path Forward

PDSA Development process from
completion of 90% Final Design

ECAR-6093,
ECAR-6332

Chapter 2, Site

Characteristics

(SAR-420 NPH
and Seismic

Path Forward:
* Finish Internal Reviews
« Submit for review Revise to develop

January 1-— March 1 - Criteria)
March 30 March 30 riteria FDSA based on:
o DOE-ID review (~90 days
h 4 . . . ( y ) .
Reference, o Madifications in fab/construction
Interim, Final Chapter 1 ) . .
Desizn (General Overall Chapée_rt3 Design o Develop operating limits
d > Pl D . Jiteria
o e (POCs, NPt and | Janvary 1- o Develop TS/Ss
' ’ ' ismic Criteri March 30 » Submit for final approval at end of
ECs, E(-:ARS, summary) Seismic Criteria) pp
Drawings construction
¥ January 1-
v v h 4 v ENElﬂﬁOW h 4 ¥ l March 30
Chapter 4 W:(;RST Chapter 8, 9, Chapter 13, 17
oy Chapter 5, Chapter 7, Chapter 10, 11, 12 (MARVEL Chapter 14
Ezgs_’li{;z} {MRS) (1CS) (PGS) |—> {(MARVEL / T- Changes to (Startup Plan CAR-6332
EC.—1756_]’ [EC-1755] [EC-1758] [EC-1757] REXc Changes Conduct of Ops, and Testing)
to SAR-420) QA Program)

ECAR-6580, 6594 l

'

'

v

I

N

h . h 15 Chapter 16 Internal
- hapter . ap_ter | Derivation Review/ »| TORC/SORC | Final Doc Submit to
» (FSFs, Safety > Aca:im.]t > of Tech Consistency Review Prep DOE-ID

SSCs) Analysis Specs Check
Jan 2 — Feb1- Mar1 - April 1 - May 1 - July1- Julv 31
Feb 1 EcaR. ECARS127, Feb 29 Mar 30 April 30 June 30 July 30 Y
6332, ore,
ECARs

6440



Thank-you

M R P Microreactor
Program

Questions?



