Selection Logic
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Spectrum
Fuel Pin
Geometry
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Response

L oop
Configuration
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Conversion



Nuclear Core | ssues

Reactor Type

Mean Neutron Energy

Examples

Fast 0.30 MeV SP-100, Cosmos-1900
Epithermal 1-10 eV Rover (NERVA)
Thermal 0.05-0.1 eV SNAP-10A, TOPAZ

K ey Differences-Thermal vs Fast Reactors

e Low %*U Critical Massfor Thermal Reactor

- Advantage where unit cost is paramount or many unitsarerequired

- Unsuitable for long life time, very high power reactors
Overly large burn-up fraction
L oss of control capability
Fuel degradation

« Hydrogen Moderated Reactors Temperature Limited

(900 to 950 °K unless moder ator is separately cooled)




e Beryllium Moderated reactors Similarly Limited in Temperature
(Helium Formation)

» Graphite (Carbon) M oder ated Reactorslarge and Relatively Heavy
» Fast Reactor Restart Not Limited by Fission Product Poisoning
» Compactness Favors High Fuel Density Fast Reactor Designs

Fissle Fuel Depletion

« 1 MWd (thermal) = 1 g “*U burned
e 7yearsat 2.0 MW, = 5 kg “°U burned
Thisis:
50% of “°U loading of 2.0 MW, Thermal Reactor

3% of #*U loading of 2.0 MW, Fast Reactor
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Safety Rods (3)

Reactor Core De‘sign

Fuel Pins (858)

Reactor Vessel

AUX\ iﬁavx[ Cauévw#?" {/Qg

ACT U-tubes (52)

Honeycomb

Coolant inlet

Flow Passage

Radial Reflectors (12)
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PWC-11 Cladding
» Available

» Fabricable

» Successful Fuel Tests
« Compatible with Li

Re Liner
o Chemical Barrier

* Ductile
« Enhanced Flooding Subcriticality

« High Temperature Strength

Cross Section

UN Fuel

« High Thermal Conductivity

« Chemical Compatibility

« High Uranium Density

« Low Fission Gas
Release/Swelling

UN Fuel Pellet

BeO
 Neutron Reflector

PWC-11 Cladding

FIGURE 3. SP-100 Fuel Pin (Truscello and Rutger 1992).
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SIMPLIFIED SYSTEM DIAGRAM

TECH SPEC 2.4 MWI Subsystems: (O Reactor
+« PRIMARY HEAT LI @ Shield
TRARSPORT LIQUID METAL COOLANT
@ Heat Transport
+ MAX REACT. 1450°K
OUTLET TEMP : SECONDARY @ Reactor Inst. & Control
a HEAT TRANSPORT LOOP @ Power Conversion S/S
S —— L e— LN
1316° . N (® Heat Rejection
SHIELD EM : : @ Power Conditioning
PUMPS - Structural/Mechanical
= RADIATOR S
CONTROL & | | = PANELS 5
SAFETY ROD 4 1 WASTE
DRIVES == P G = ~—
| l VERTERS = HEAT
REACTOR . =t ‘
CONTROLLER @ 1
— N ——
. : e S =/ 846
HEAT TRANSPORT + A
POWER SHUNT | WASTE f
CONDITIONING RADIATOR HEAT
TEMPERATURES °K w

POWER TO LOADS

CHS
6-21-90




Operating Temperature Range for SP-100 Power Conversion Schemes

Amtec

Thermionic-out of core
Thermionics -in core
Stirling
Brayton
Rankine-K

Rankine-Hg i

Rankine-Organic

Thermoelectric

Z

0 500 1000 1500 2000 2500 3000

Temperature ° K



Amtec

Stirling

Rankine-K

Rankine-Organic

Brayton

Thermionics -in core

Rankine-Hg

Thermoelectric

Thermionic-out of core

Conversion Efficiencies for SP-100 Systems

Efficiency-%

35



Mass Distribution of SP-100 Power Source (1988)

Power Conditioning

Shield
23 %

. Power Conv.
8%

Structural
10 %

Heat Rejection
19 %

\ Primary Ht.
\ Transport

12 %

\
\
\
\

E Reactor—=\

\

15 %——\

Total Mass = 5422 kg



Mass SUmmary/History

Mass by Subsystem (kg)
SDR Baseline | Design Update | Current Status |
May 1988 Sept. 1990 June 1992 (99y

Subsystem ]
Reactor 803. 703. 647. e
Shield 1255. 975. 892. %90
Primary Heat Transpbrt 632. 480. 543. 5 Yo
Reactor 1&C 359. 310. - 377, X380
Power Conversion 409. 449, 543. X430
Heat Rejection 1149. 1106. 933. 760
Power Conditioning, Control 417. 393. 402. Yoo

& Distribution

Mechanical/Structural 425. 221. 238 250

Total 5449, 4637. 4575. Y000

ATM 92 - GFS Design

n- 22
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SP-100 Scalability / Flexibility

SYSTEM MASS (metric tons)

100

wd
o

| ll]ll'

’,N Cj&/ WJ

BB

THERMOELECTRICS
Z=0.85x103

i

100 . 1000 | 10000

SYSTEM POWER OUTPUT (kWe)

SP-082 91-471-04
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Comparison Of Specific Power In Space Nuclear Technologies

25

i I 1
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0

1

Mod-RTG SP-100

Level of Technology
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ATM 02 - Space Subsystems



5000 i | - 1 T ! . .
Early Technologies Mature SP-100 Technology
RTG Unicouples to GFS 2000 km Orbit O
Si-Ge Converters ' | I
4000 L (Options A Through G) ' . | 8
Closed Cycle Brayton Outer Planets
Si-Ge Converters |
Fuel Pellet
— 3000 - Optimization
2
n
%)
<
= 6 Mature SP-100
(g’f 2000 |- OO Technology
o
n Si-Ge (GaP) Converters
Mature SP-100
Technology
1000 |- Hardened Designs
' (Shaded Region)
0 l | | | § | . l | | |
0 10 20 30 40 50 60 70 80 90 100
POWER (kWe)

FIGURE 3. Effect of Technology Development on Mass Versus Power Relationship.



SP-100 TECHNOLOGY RAPID
DEVELOPMENT APPROACH

1994 — NEAR-TERM TECHNOLOGY
10-40 kWe

5 YEAR LIFE/3 YEAR FULL POWER
200-80 Kg/kWe

1996 — INTERMEDIATE TECHNOLOGY
10-60 kWe |

7 YEAR LIFE/5 YEAR FULL POWER
180-55 Kg/kWe | |

1998 — MATURE TECHNOLOGY
10-300 kWe

10 YEAR LIFE/7 YEAR FULL POWER
160-30 Kg/kWe

JM-3



SYSTEM

Power

Lifetime
REACTOR

Fuel

Coolant

Clad

Structure

Outlet
Temperature
REACTOR 1&C
Mode

Safety

Control

HEAT TRANSPORT
Pump '
Material

TE Material
CONVERTER
Type

Power

TE Material
RADIATOR
Heatpipe

Fins

Armor

Duct

SP-100 REACTOR THERMOELECTRIC TECHNOLOGY

NEAR-TERM

10-40 KWe

‘ 3/5 Years

UN
Lithium
Nbl1Zr/Re
NblZr

1350 K

Dual
In-Core
In-Core

TEM
Nbl1Zr/PWC-11
SiGe-0.67X10-3/K

Multicell
8.8We/Cell

SiGe-0.67X10-3/K

K-Ti\2.5cm Dia.
Ti
Ti
Ti

INTERMEDIATE

10-60 KWe
5/7 Years

UN

Lithium
PWC-11/Re
NblZr

1375 K

| Dual

In-Reflector
In-Reflector

TEM
Nb1Zr/PWC-11
SiGe(GaP)-0.72X10-3/K

Multicell
10.8We/Cell
SiGe(GaP)-0.72X10-3/K

K-Nb1Zr\2.5cm Dia.
C-C

C-C

NblZr

MATURE

10-300 KWe
7/10Years

UN

Lithium
PWC-11/Re
PWC-11

1400 K

Seperate
In-Core
Reflector

TEM
PWC-11
SiGe(GaP)-0.85X10-3/K

Multicell
12.8We/Cell .
SiGe(GaP)-0.85X10-3/K

K-Ti\l.3cm Dia.
C-C
C-C

T



20-kWe SPACE REACTOR
THERMOELECTRIC SYSTEM

6.876 m »|

Radiator Panel

Reactor
Shield

Gas Separator
Accumlator (GSA)

—~ Payload
Interface

Power Converter
Assembily (6 Pl)

Key System Parameters

Net Power EOM 5 yr 20.6 kWe
System Mass 2350 kg
Reactor Outlet Temp. 1375 K

Total Radiator Area 30.8 m?




20-kWe REACTOR AND SHIELD SUBSYSTEMS

) In-Core
Fixed Control/Safety
Reflector Rods
Thaw
/ fety Rod
Accumulator ﬁ.' ) f:tshy
' ' In-Core
i . } 4 Control/ Fuel
Fuel Pin ' Y~ Safety Rods Pins
o ' Reactor Subsystem

R }1 Reerty

Reflector !‘ ' gtonrjecture

Be : Forward Flowing Aft Flowing

B.C G Coolant Path Coolant Path

4 .

U238

B,C - Parameter Value

3S. / Thermal power (kW) 596

L —2 7 Reactor mass, kg 420

7 f Fuel column height (cm) 30.7

Reactor vessel 0.D. (cm) +30.8
Radial reflector thickness (cm) 8.1
Reactor vessel length (cm) 108
Shield mass, kg : 660




@ | Basic SP-100 Safety Strategy

« Keep The Reactor Free Of Radioactive Fission Products Until A Safe Operating
Orbit Is Achieved.

- Launch With A Non-Activated Core
- Design To Prevent Criticality Under Launch and Ascent Accidents Conditions

- Provide Secure Command and Control Communications To Prevent
Unauthorized Startup And Operation

- Start Operation Only After Successful Attainment Of Orbit

«  Select Operating Orbits So That Radioactive Can Decay To Negligible Levels Before
Reentry Or Provide Highly Reliable Boost Capability.

« Design To Assure Intact Reentry and Burial, Even Though This Is An Unplanned
Event

Soace Power Briefng Bock 10 w0



POTENTIAL MISSION ACCIDENTS AND HAZARDS

7. PERMANENT DISPOSAL

e BOOSTER FAILURE
e REENTRY AND IMPACT

BEER NON-ACTIVATED CORE

B33 FISSION PRODUCTS IN
CORE FROM POWER OPERATION

6. IN-ORBIT |
OPERATION E

5. TRANSFER TO
OPERATING

ORBIT o BOOSTER FAILURES

e REENTRY AND IMPACT

4. ASCENT TO
PARKING ORBIT

® MISSION ABORTS

3. LAUNCH PAD ® REENTRY AND IMPACT

® LAUNCH VEHICLE EXPLOSIONS
o INTENSE FIRES

o SHRAPNEL
2. TRANSPORTATION

TRANSPORTATION
ACCIDENTS
1

ASSEMBLY

ASSEMBLY
ACCIDENTS

89-176-01



KEY SAFETY FEATURES

STRUCTURE AND REACTOR
VESSEL PREVENTS FUEL
PIN SPREADING ON MMPACT

AEENTRY HEAT SHIELD
ASSURES INTACT REENTRY
AND REACTOR INTEGRITY

FOR BURIAL

SITUATIONS

ROD LATCHES RETAN
SAFETY RODS IN CORE
FOR MPACT AND EXPLOSION
ACCIDENTS

AUXILIARY COOLANT LOOP

PROTECTS AGAINST

LOSS OF COOLANT
ACCIDENT

CONTROL ELEMENTS

AUTOMATICALLY SHUT REACTOR
DOWN UPON LOSS OF POWER

TWO INDEPENDENT SHUTDOWN
SYSTEMS

PROMPT NEGATIVE REACTIVlﬁ
COEFFICIENT ASSURES STABLE
REACTOR CONTROL

ONLY 4 OUT OF 12 REFLECTORS
REQUIRED FOR SHUTDOWN

NON-ACTIVATED CORE AT LAUNCH

LARGE NEGATIVE VOID COEFFICIENT
ENHANCES SHUTDOWN UPON LOSS
OF COOLANT

CONTROL ELEMENTS MOVED
INDIVIDUALLY AND IN INCREMENTAL
AMOUNTS TO PREVENT RAPID
REACTIVITY ADDITION

RHENIUM POISON PROVIDES
THERMAL NEUTRON ABSORPTION
FOR WATER FLOODING

6 4/7/89 6:
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SPACE ENVIRONMENT REQUIREMENTS AND

LOCA
Los Alames ALLOCATIONS
TECHNICAL SPECIFICATION
® ASSUMED DEBRIS SPHERICAL Al IMPACTS AT 10 km/sec
® ASSUMED METEOROIDS 0.5 gm/cm3 IMPACTS AT 20 km/sec
® MASS FLUENCE DEBRIS 1100 km
AND METEOROIDS -
® PROBABILITY OF ZERO
PENETRATIONS OF CRITICAL
COMPONENTS BASED ON 0.99 FOR 10 years
NASA-SP-8042
® ATOMIC OXYGEN AND 500 km ALTITUDE
EARTH ORBIT PLASMA 28° INCL /_/
Be OR C/C RADIATOR NEXTEL BUMPER MATERIAL
HEAT PIPE ARMOR PROVIDES 0.98 PROBABILITY OF
MATERIAL 11 OR 12 LOOPS SURVIVING
REENTRY SHIELD 7
/

PROVIDES 0.99983 PROBABILITY OF
NO PENETRATION OF UNDERLYING
PRIMARY COOLANT BOUNDARIES

-

NEXTEL BUMPER MATERIAL
PROTECTS PRIMARY PIPES TO
ACHIEVE A 0.99017 PROBABILITY
OF NO PENETRATION




