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Heat Pipe Reactor &4
2. Final Design — Residual Heat Removal
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SEOUL NATIONAL UNIVERSITY

Energy Systems Integrated Design: Application of high temperature reactor

Economics-by-Design
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Initial fuel load
18.96%

Building and
utilities 13.27%

O ME Al

*& TERR

TERRA (Thermal Energy from
Reactor for Refined Ammonia)

DESIGN A
-63067, 2021

&8): A2, 254 2817] T

Reactor coolant

Interest 11.05%

Reactivity
control
system

7.77%

ing 6.64%

Turbine
system

1&C 6.92% | 3.18%

system 9.23%

Decommission

Reflector

Turbine systems

DESIGN A’

Reactor
coolant
system 8%

Mainten
ance 4%

Interes
t2%

Other
(<1...

Yardw
ork 2%

Reactivity
control
system 4%

Shield 4%

| Design & Reference Data
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1. Revenue
1. Production
2. Price

2. Cost
1) Capital
2) Manufacture
3) O&M
4) Fuel
5) Decommision

ol

H =

2
S

o

Ho| ofof =

Initial fuel
IGELE: 3

Community
outreach
7%

Decom | On-site
missioni toperat

ors 3%

15

WACC Weighted Average Cost of Capital 8.47%
o Dept 60.00%
E Equity. 40.00%
v Total Capital 100.00%
I Nominal debt nterest te 1000%
e Equity rate of return 12.00%
T Corporate tax rate 38.90%
11} inflation rate 2.19%
WACC_real real-WACC 6.14%
lifetime 30
CRF Capital Recovery Factor 737%
Capital Cost 6.264,636.593
Manufacturing cost 3300260009
Totl cost 7929157802
Levelized cost Ammonia($/US ton) $6465

Nitric Acid(S/US ton) 84184
Urea($/us ton) $7392
Ammonium Nitrate(S/US ton) §5749
Oxygen($/US ton) from Electrolyzer r #DIV/0!
lm!llzed cost Ammonia($ /ton) $586. !
LCOA A&t
e i
|Ammania producton 3360 uS tenvday vear
cacty or s2uon [Ri— w
mmans e s 550 s nmora s o
wea s 5865 §/bor Total Revenues (Ot
[ Manufacturing cost s 330926910 §
pconmionoocor 8 sussaran g cot ®
o oot o s e
vt e 2 s
cromc v 0
ot Ouandng
Capital Structure Dt - Interest Expanse. =%
[Debst Term. 20y Dett - princoal Paymet SUEF 0
ekt 0% Levelized Debt Service: 8TF O
oDt Py
[Real Cost of Debt. 216% Deprecaton THE ®
ey o i o e
Cost of Equity 80% Tax Banefit (Liability) (W= () tanate
contacion faid w
WA 534n Equty ™)
[ After-Tax Net Equity Cash Flow M=+l +N)
ruc
combied s b en
oepreton eres s
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High Outlet Temperaturos Provide Increased
Eloctrical Conversion Efficiency

* Fuel handling most

maintenance -infensive
port of plont

Ideal Brayton Cycle
=
P:_Ps

pop

Tp? = constant

ah = c AT

Ideal Gos Brayton Cycle

Complex Brayton Cycle

Helivm Brayton Cycle

VL1. What is HTGR

« Fuel Block

DY DRIAR(HTGR) A4 - 4R HEY = D
-, -

VAR WA HUR SRRY W LY 48N

11T

CIXEEIE
D2IAMKIR JIE OHE

Heat Pipe Cooled Nuclear Reactor Development at LANL

?’}\

2024 Curriculum Development & Implementation

Total: 10 courses opened (SNU, KAIST, PNU)
Total students enrolled: 224

By Institution

Seoul National Univ.: 5 courses, 143 students
KAIST: 4 courses, 47 students

Pusan Nat’'l Univ.: 1 course, 34 students
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i Volume 1. Introduction to HTGR !
. 1.What is an HTGR? !
2.History of HTGR development
3.Advantages of HTGR
4 Future outlook of HTGR

Volume 2. HTGR Nuclear Fuel
1.0verview of HTGR fuel
2.Structure of TRISO fuel
3.Fabrication of TRISO fuel

4 Failure mechanisms
5.Performance of TRISO fuel

Volume 3. HTGR Core Characteristics
1.0verview of HTGR cores

2.Prismatic vs. pebble-bed
3.Neutronic characteristics
4 Heat transfer characteristics

Volume 4. HTGR Systems and

Components

1.0verview of HTGR systems
Reactor system

1.Heat transport system

2.Power conversion system
3.Reactor shutdown cooling system
4.Reactor control system

5.Fuel reloading system

6.0ther systems

Volume 5. HTGR Materials and
Equipment

1.0verview of HTGR materials and
structures

2.Metallic materials

3.Graphite and ceramic materials
4 High-temperature equipment

Volume 6. HTGR Safety
1.Safety characteristics of HTGR
2.Safety systems in HTGR
3.Design basis accidents

4 Safety analysis of HTGR

Volume 7. HTGR Fuel Cycle and
Radioactive Waste
1.Characteristics of HTGR fuel cycle
2.Generation and management of
radioactive waste in HTGR

3.HTGR and non-proliferation

Volume 8. Applications of HTGR
1.Electricity generation
2.Process heat utilization
3.Hydrogen production

4 Seawater desalination
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Publication of
Technology Trend
Report in 2025

Vo1. HTGR Development
Trend Report

Vo2. Nuclear Hydrogen
Production Development
Trend Report

Vo3. Heat Pipe Reactor

Development Trend Report

Vo4. Thermal Energy

Storage Develgpment Trend
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1 Kang, K. J. “South Korea has embarked on a 44.5 billion won project--* KED Global, 2024-07-31
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HP heat removal rate
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Internal heat conduction
+ Heat conduction between each adjacent pair of pieces
calculated by discretized Fourier's law of conduction.
ar kitky , Ti=T
q=—kA--q= —%HUT'
+ A;;: Area between a pair of pieces
*+  Djj: Straight or arc distance between the centroid of a
pair of pieces

-~ External heat conduction
+ Outer pieces on contact participate on static conduction.
Qi = H(T; = T})

e
H = Fop = 26,1, — 0%

——— Radiative heat transfer

« Each of the 8 outer pieces per pebble exchanges radiative
heat with those of other pebbles based on the view factor.

View factor calculation using MCRT
Ry

— ¢

1

Effective Thermal Conductivity
P
k=3

s o .
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\ES
N / ¥: ray dirams: 3
= Irection
F_;= L R
. L = — 2
1—=>] N C,
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Graphite Zirconia (ZrO2)
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o e . !
o : Teadiig « 0 *‘3“:‘-@1:--4—‘1—.".4'
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Angular subdivision Mt
Dimensionless
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10 100
Solid Conductivity / Emissivity Dimensionless Thermal Conducvity / Emissivity
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