Chemical Engineering 612

Reactor Design and Analysis

Lecture 17
Nuclear Safety




Spiritual Thought 2

« Sometimes we should express our
gratitude for the small and simple things
like the scent of the rain, the taste of your
favorite macaroniand cheese recipe, the
sound of a loved one’s voice. Pondering
the thmgs we are grateful foris a healing
Balm. It helps us get outside ourselves




Spiritual Thought 3

2 Kings 6:16

And he answered, Fear not: for they
that be with us are more than they
that be with them.




Shutdown Fission Heat

* Even after shutdown heat is produced

— Fissions
« Solve kinetic eqns. - large negative reactivity
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» | = neutron life, t = time after transient initiation, g = total
delayed neutron faction, p = reactivity change, y;= decay
constant for longest-lived delayed neutron precursor

» For 235U, water moderated with p = -0.09, (in seconds)
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Decay Heat 5

* Decay of Fission Products

— Simple approximations:
 B-energy release rate = 1.4t-12 MeV/fission-s
 y-energy release rate = 1.26t-12 MeV/fission-s

— Assuming 200 MeV, 3.1x10%° fissions/W
e Py = 2.18E11q,""[(t — 75) ™% — 77 *]MeV/cm3 s
« Py = 1.95E11q,""[(z — 75) ™% — t7*]MeVicm?3 -s

- T = time since reactor startup
- T, = operating time
 Total Power is thus:

. Pi = 0.066[(t — 7.)~2 — 17?]

(0]




ANS Standard 6

» Concentrated effort to provide uniform,
trustworthy decay heat curve

* Experiments run in 1961
* From 1 to 1E9 seconds

« 235U, 238U, and 239Pu

* Revised experiments (1985) are more
accurate

* Given in chapter 3 of the text




Design Basis Accidents (DBA)

Design-basis criticality: A criticality accident that is the most severe design basis
accident of that type applicable to the area under consideration.

design-basis earthquake (DBE): That earthquake for which the safety systems are
designed to remain functional both during and after the event, thus assuring the
ability to shut down and maintain a safe configuration.

Design-basis event (DBE): A postulated event used in the design to establish the
acceptable performance requirements of the structures, systems, and components.

Design-basis explosion: An explosion that is the most severe design basis accident
of that type applicable to the area under consideration.

Design-basis fire: A fire that is the most severe design basis accident of this type. In
postulating such a fire, failure of automatic and manual fire suppression provisions
shall be assumed except for those safety class items or systems that are specifically
designed to remain available (structurally or functionally) through the event.

Design-basis flood: A flood that is the most severe design basis accident of that
type applicable to the area under consideration.

Design-basis tornado (DBT): A tornado that is the most severe design basis
accident of that type applicable to the area under consideration.

_.» Most Common:

— LOCA, LOFA, Overpower



LWR CENTRIC
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https://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-appk.html

NRC DBA Debates
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Description

Results indicate that the probability of
double-ended guillotine break (DEGB) in the
reactor coolant loop piping of Westinghouse
and Combustion Engineering plants is
extremely low. It is recommended that the
NRC seriously consider eliminating DEGB as a
design basis event for reactor coolant loop
piping in Westinghouse plants. Pipe whip
restraints on reactor coolant loop piping
could then be excluded or removed, and the
requirement to design supports to withstand
asymmetric blowdown loads could be
eliminated. It is also recommended that the
current requirement to couple safe shutdown
earthquake (SSE) and DEGB be eliminated.
Recognizing however that seismically induced
support ... continued below

Physical Description




Beyond Design Basis Accidents

— Unlikely events e
— Extreme conditions -
* Extremely severe |
 Station Blackout

— Fukushima
— Significant focus




10 CFR 50 - Accidents and Safety

» “steady state” or operational margins
— Designed to prevent failures during operation
— Based upon best estimate calcs
— Technical Specifications — operation to avoid

* “transient” margins
— Accident based margins
— Defined in licensing
— Transient calculations to test limits
.~ — Prevent public exposure during accidents
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PRA Margins
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PWR Operational Margins

MDNBR

— Code evaluation
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PWR Transient Margins

PCT of 1200 'C

Maximum clad oxidation of less than 17%
of the clad thickness

Hydrogen generation of less than that
required for the deflagration limits for
containment integrity

Less than 1% clad strain or a MDNBR of
<1.0

-+ 18% overpower limit




BWR Transient Margins

Linear Heat Generation Rate
— 25 KW/t

Critical Power Ratio
—1.06

Average Planer Linear Heat Generation
Rate

Less than 1% clad strain or a MDNBR of
<1.0

18% overpower limit (16.03 kg/ft)



SEICIWASYRIGCINE

* Required for licensing
* Prevent Public Dose
* Designed to protect in DBAs

 For BDBAS

— Provide some credit
— Inadequate
— Fukushima

7 typical safety systems in PWRs and
wu. BWRs
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The Reactor Protection System (RPS)

« Control rods
« Safety Injection/Standby liquid control




Essential Service Water System (ESWS)

SERVICE WATER SYSTEM
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Emergency Core Cooling System (ECCS)

* High Pressure Safety Injection System
(HPSI)
— Initiated by:
» Low pressurizer pressure

» High containment pressure
« Steam line pressure/flow anomalies

» Automatic Depressurization System
— 7 SRVs in vessel head
— Rapidly decrease system pressure
avu. — Initiated by low level + time delay




ECCS (continued)

* Low Pressure Safety System (HPSI)

— Only functions after blowdown
« Larger supply
 Later in accident

« Containment cooling system
— Spray system

» Actuated by high containment
pressure/temperuture

« Core Spray System
“ovo. — (BWR only)




Emergency Electrical Systems (EES)

* Diesel Generators [y e
» Flywheels "
« Batteries




Containment Systems

» Clad
° Contal n ment Typical Pressurized Water Reactor
® Secondar’y Containment eel-lined, reinforce

concrete containment

MARK Ill CONTAINMENT e AT SMES

FREESTANDING STEEL CONTAINMENT
UPPER POOL

REFUELING PLATFORM
REACTOR WATER CLEANUP
REACTOR VESSEL

STEAM LINE

FEEDWATER LINE
RECIRCULATION LOOP

10. SUPPRESSION POOL

11. WEIR WALL

12, HORIZONTAL VENT

13. DRYWELL

14. SHIELD WALL

15. POLAR CRANE

DENIOREN

*AUXILIARY BUILDING*
16, STEAM LINE TUNNEL
17. RHR SYSTEM
. ELECTRICAL EQUIPMENT ROOM

*FUEL BUILDING=

18, SPENT FUEL SHIPPING CASK

20. FUEL STORAGE POOL

21. FUEL TRANSFER POOL

22, CASK LOADING POOL

23. CASK HANDLING CRANE

24. FUEL TRANSFER BRIDGE

25. FUEL CASK SKID ON RAILROAD CAR

Source: U.S. Nuclear Regulatory Commission

EENERA[@ELECTHIE




Standby Gas Treatment Systems (SBGT)

» Secondary Containment
— Maintain negative pressures
— (pull air in, rather than release radioactivity)

* Primarily for BWRs

e,
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Ventilation and Radiation Protection Systems

* Prevention of radiation gas release
— Auxiliary Building
— Shield Building
— Reactor Building
— Turbine Building
— Radwaste Building
— Control Room
— Screenhouse

¢ Vent, Filter, Blowers




AP1000
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Gravity Driven Cooling' System (GDCS)

Automatic Depressurization Isolation Condenser System (ICS)

System (ADS)

Standby Liquid Control System (SLCS)
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Westinghouse SMR

UHE Tank SnEAm
(Lof2) Dnzn
g_ 4 v
A & CMT Balaaps N
< Lioe (lof 4) N e
.-"'H-F- T
T 1 el AN
| | ,.-’# ¢ Pressugizes b \\ | =
] ) |
= = |77 ,—J -
- - MSTY
ad e
- " e
e E| - |E
= E“ B|o Recirouiation
- = | 2 4]
N e e N e B A AFIV ‘:)—|
CMT (L af 4) 4 -

|

FCF (1 0f &) ——

Sump [njection
| Lime (1 of Z)

DAT Lme —7
(L ofds Flanixm

‘ [
8
i
g
----..
=]
N IJHUL‘.LeJJlﬂ

i

HE 3
B |
|
vy ?‘
im
L

1P Core ICP
l..:}-x | Lowe | -'ﬁ"lll Chitside
Ty —
o VE P_IE = _r"lll :1'3__;:_. I_I'.":I‘:EI:I.!'D-E':II
T"'\-\_!' - L | Pl
‘-\-\-\--\-\--\-\___ - _'_,-I-'_'_- ‘-_-




What's the Worry?

Annual Death rates per TW*hr

* Frequency? Us
Electricity
e Immediate Deaths? Source Deaths Percentage
o Coal 161 39%
» Radiation”? il 36 1%
Natural Gas 4 27%
* Land ImpaCt? Biofuel/Biomass 12 1.70%
e Cost? Solar 0.83 0.40%
Wind 0.15 4.40%
« Cancer? Hydro 1.4 6%
Nuclear 0.04 20%

 Public Stress?

_.*» Nuclear power has infrequent, but
= SEVERE social impact due to accidents!
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