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Mission Profile

Launch into Low Earth Orbit (LEO)
(mnominal orbit 1,600 km @ 28.5°)

Confirm nuclear safe orbit (by ground skin track radar)
Start up TOPAZ 2 reactor (by ground command)
Evaluate performance of reactor and spacecraft bus

Begin electric propulsion orbit raising;
spiral out with thrust vector parallel to velocity vector

Test each type of engine for 1,000 hours

Duty-cycle thrusters to separate reactor measurements
from thruster measurements; ~ 97% duty cycle

Perform life testing on selected engine types; use high
thrust engines first, low thrust engines later

Above 6.6 Ry, begin twice per orbit yaw maneuver to
change inclination, simultaneously raising orbit



NEP Satellite Configuration
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Major Milestones For The
NEP Space Test Program

Satellite Conceptual Design Review
Reactor Conceptual Design Review
Topaz Il Preliminary Safety Assessment Complete
Full Funded Start

Satellite Preliminary Design Review
Updated Safety Analysis Report Complete
Satellite Critical Design Review

Final Safety Analysis Report Complete
Propuision Module Complete

Instrument Moduie Complete

Reactor Modifications Complete

Topaz Il Modifications Complete

Launch Approval Received

Launch

September 16, 1992 NEP Space Test Program Overview
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Summary

The NEP Space Test Program is sponsored by SDIO. The objective of
the program is to launch an NEP satellite powered by a Russian Topaz
II reactor by December 1995 for a cost of $160M, excluding the cos® of
the launch vehicle costs. The cost distribution is $80M for the satellite
and $70M for the power system. The Applied Physics Lab (APL) is
responsible for the satellite and the Phillips Lab (PL) is responsible for
the power system.

Key Terms and Acronyms

Topaz II: 6 kWe, Russian SNPS based on thermionic conversion

NEP: Nuclear Electric Propulsion

SNPS: Space Nuclear Power System

SDIO: Strategic Defense Initiative Organization

PL: Phillips Lab

APL: Applied Physics Lab

SNL: Sandia Nationzl Laboratories

CDBliBl%:nhmer;: fi M;ch Building

3 tra ] reau for ine i

(St. Petersburg,) )

KIAE: Kurchatov Institute of Atomic Energy (Moscow)

CoDR: Conceptual Design Review

PDR: Preliminary Design Review

CDR: Critical Design Review

PSA: Preliminary Safety Assessment (of the Topaz II)

The Topaz Program was begun in April 1992. To date, the following
milestones have been reached:

* Satellite CoDR (APL)
* Reactor CoDR (PL)
* Draft Topaz PSA (PL)

A plan has been vstablished for reaching the objective of
hm:ﬂn NEP satellite by December 1995. .

NEP Space Test Program Fact Sheet
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Topaz Satellite Configuration
Topaz Modifications

ermodiﬁatimewillhmtobemadetothe'l‘opnllm
system:

* A reentry shield will be added to ensure the system meets the
safety requirement of an essentially intact reentry (SNL),

* A neutron poison may be added to the core to prevent criticality
in accident scenarios involving water immersion and flooding
(LANL),

* A new reactor control system will be edded because the

Russian system is not space qualified and does not meet US
safety standards (PL, SNL), and "

* US fuel may be used because of difficulties associated with
obtaining special nuclear material from Russia (LANL).



NEP Space Test Program Goals

Primary Goals

« Demonstrate The Feasibility Of Launching A Space Nuclear
Power System In The United States

« Demonstrate An Orbit Adjust Capability Using Nuclear
Electric Propulsion

e Evaluate The In-Orbit Performance Of The Topaz Il Reactor
~J » And Selected Electric Thrusters

e Measure, Analyze, And Model The NEP Self-Induced
Environment

Secondary Goal

« Conduct A Space Science/Engineering Mission Compatible
With The Primary Mission Requirements

| Flight Topaz CODR September 16, 1992 NEP Space Test Program Overview
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The Topaz Il is a Russian built thermionic space nuclear reactor. It is a single-cell
design that has several over multi-cell designs including: it permits full
system qualification testing using electric heaters in place of nuclear fuel, it doesn't
require early commitment of expensive enriched uranium (96% U-235), it allows
nmlofﬁnlfonhipplnganduongewlﬁchlmmuumyandnfegmm
enwmment,mduleopenamyoﬂheﬂngle-eellduimfadlimﬁuimm
escape (mitigating fuel swelling). The reactor is an epithermal system. The fuel
loading is low (<27 kg). The output of the reactor is 28 VDC when operating at
135 kWth and 6 kWe. The reactor is cooled by flowing liquid NaK. The coolant
loop is susceptible to single-point failures.

Key Terms and Acronyms

Thermionic: The physical process whereby heat energy is converted directly into
electric energy via the mechanism of electron emission from an emitter to a collector.
TFE: Thermionic Fuel Element. The structure which contains the »mponents
nmlndwmmwliunwﬂmmbnkmmm.

TSET: Thermionic System Evaluation Test. The facility used to perform full scale
Topaz I1 system tests using electric heaters in place of nuclear fuel in the TFEs,
Single-cel/Multi-cell: Differing designs of the thermionic fuel elements where
tlcmmwadngkmymmmtdmmm
mmdinnﬂunmchamwlnaﬂnhligll.

NaK: mkmmammmmmuwum
primary coolant in the Topaz II reactor.

Moderator: mum:mmmmmmmmm
to thermal equilibrium levels.

Reflector: mlimmmmmmm.mmmm
MMW!MWMM'MM’WMIMoMm
region.

Core: mmmuomw«muormmmmm
where the peak neutron flux exists.

Radiator: A skirt consisting of small pipes, welded to copper plates, carrying the NaK

mwﬂchtuﬂmﬂnemhwﬁmnﬂwcodmtom
Radiation Shield: Lithium hydride filled stainless steel casing that is used to reduce

Topaz Il Description Fact Sheet

lhelevelofnetﬂmnmdpmnnnyndiaionlmmnyinﬂedimionmmtm

Al

Topaz Il System Diagram.

Key Facts

TkTopulldelhuwhdpdw the reactor, the
radiation shicld and the radiator/frame structure. Additionally, there are four
ﬂuidicsyummdiommme'ropum: NaK coolant, cesium in
mmmmn,ummupm.

mmwhqmcmmmmmm
erature is ~900 C. There are ~11 liters of NaK coolant in the Topaz system at
temperatures ranging between 500 C at the reactor inlet and 600 C at the outlet.
mmmnumnmzmummmmzim-
mmmmummm

mmmumumummmnmumm
radiator mass is 50 kg (filled with coolant). The frame structure has a mass of
45kg
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EXPERIMENTAL INVESTIGATION OF SPACECRAFT GLOW
OPERATIONS DURING FOUR ORBITER DARKNESS PERIODS IS DESIRED, AT LOW
EARTH ORBIT (LEO). TWO CIRCULAR ORBITS (<140 NM) AND TWO ELLIPTICAL

ORBITS (WITH PERIGEE ~90 NM) ARE DESIRED. IT IS REQUESTED THAT FOR THE
TWO ELLIPTICAL ORBITS, PERIGEE BE TARGETED FOR THE SUNRISE TERMINATOR.

ELLIPTICAL ORBIT GEOMETRY

SUN




MISSION OPERATIONS (PRIMARY SCIENCE)
ORBITS

-4 SHADOW PERIODS IN LOW EARTH ORBIT (LEO)

-2 ORBITS CIRCULAR
-ALTITUDE <140 NM

-2 ORBITS ELLIPTICAL, PERIGEE 90 NM (OR AS LOW AS POSSIBLE)
-PERIGEE AT ORBITER SUNRISE

-ATTITUDES PRIMARILY WITH BAY TO RAM WITH THERMAL
CONDITIONING

OPERATIONS
-GROUND ACTIVATION OF POWER/THERMAL
-UPLINK COMMANDS TO PREP EXPERIMENT

-DOWNLINK DATA S-BAND (SAMPLE) AND KU BAND (ALL DATA) WITH
TAPE RECORDER BACKUP

-TAPE RECORDER PLAYBACKS ON ORBIT PLANNED
-HANDHELD CAMERA OPERATED BY CREW
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EISG Program Milestone Schedule for 4th Quarter

YEAR 1991 1992 1993 1994
QUARTER 12 34 123 41 2 34123 4
L1 § | ]

EVENTS v v Vi Vi IV
PDR CDR INT. FLT RPT.

3/5-6 . 8/27-28 5/31 2/94 m

BRASSBOARD CAMERA & ELECTRONICS T T
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|FLIGHT HARDWARE DEVELOPMENT e
[FABRICATE ASSEMBLY s 5 s

SOFTWARE s
SYSTEM ASSEMBLY:
TEST- (PA) [
[ENVIRONMENT TESTS - (15C) o=
[INTEGRATION SUPPORT -
DATA REDUCTION =
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