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L E G A L N O T I C E 
This report was prepared as an account of Government sponsored work. Neither the 

United States, nor the Commission, nor any person acting .on belialf of the Commission: 

A. Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or that 
the use of any information, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liatvillties with reelect to the use of, or'for damages resulting from 
the use of any information, ai^aratus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any em
ployee or contractor of the Commission to the extent that such employee or contractor 
prepares, handles or distributes, or provides access to, any information pursuant to his 
employment or contract with tlie Commission. 
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PREFACE 

This report was prepared in partial fulfillment of the requirements of Atomic Energy Com
mission Contract AT(30-l)-2789 as amended in April 1962 and presents the preliminary 
development plan for the SNAP-50 reactor and primary system up through the SNAP-50-DR-1 
ground test. 

A companion report, CNLM-4100, presents the preliminary development plan for the complete 
SNAP-50 nuclear-electric powerplant. Final versions of these development plans are sched
uled to be issued by May 15, 1963. 
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I. SUMMARY 

This report presents the Pratt & Whitney Aircraft Preliminary Development Plan for the 
SNAP-50 reactor and primary systems. The stated objective of this program is the design, 
fabrication, development, and test operation of a series of reactors and the associated 
equipment leading to a fully qualified and accepted flight reactor and primary system. The 
LCRE (previously designated PWAR-16) program now in progress at CANEL is the impor
tant first step in this program. 

The SNAP-50 reactor and primary system consists of a lithium-cooled, uranium carbide 
fueled reactor, its shielding, and the primary system components which include the lithium 
pumps, boilers, piping, valves and associated subsystems. 

The final completion of the reactor system development program will require its integration 
with a prototype power conversion system and successful operation of the SNAP-50 space 
powerplant as a complete unit. These programs will be followed by a ground qualification 
test program and a flight test program. Recognizing that an extensive development program 
will eventually be required, this report describes only the development up to, and including, 
the initial ground test of the reactor and primary system. The preliminary development plan 
of the complete SNAP-50 nuclear electric powerplant is presented in Pratt & Whitney Aircraft 
Report CNLM-4100. 

Program Evaluation and Review Technique (PERT) will be the method of planning and progress 
evaluation in the control of the LCRE construction problem and the SNAP-50-DR-1 program. 
This technique used in conjunction with a system of cost control and analysis applicable to 
the CANEL project budget and funding will be the basic management tools. The ultimate 
objective is the systems management methods and approach described in the management 
section of CNLM-4100. 

The program estimates presented are based on a continuation of the present LCRE program, 
the availability of SNAP-50-DR-1 funding and new facilities as indicated in this plan, and the 
continued availability, on a no-charge basis, of the facilities provided or to be provided under 
facility contract AF 33(600)21099 and by the Atomic Energy Commission under its Use Agree
ment with the Air Force. Changes in the above assumptions may require revision to the pro
gram as presented herein. 
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A. BACKGROUND 

1. Objective 

The stated objective of the SNAP-50 reactor and primary system development program 
is the design, fabrication, development, and test operation of a series of reactors and 
the associated equipment leading to a fully qualified and accepted flight reactor and pri
mary system. The present LCRE program now in progress at CANEL is the important 
first step in this program. 

The prototype reactor and primary system will form an integral part of the SNAP-50 
powerplant. This powerplant will be suitable for space vehicle use as a power supply 
for electric propulsion, communications and environment control. 

2. Rankine Cycle Powerplant 

The SNAP-50 powerplant will utilize the Rankine cycle for generation of electrical power. 
A nuclear-electric Rankine cycle powerplant which has the same basic elements as the 
SNAP-50 powerplant is shown in schematic in Fig 1. This system consists of three liquid 
metal loops: the primary loop takes heat from the reactor and delivers it to the potassium 
boiler; the potassium vapor cycle loop in which potassium is vaporized in the boiler, ex
panded in the turbine, condensed in a condenser, and pumped back to the boiler by a con
densate pump; a lithium loop which rejects the heat of condensation to a space radiator. 
The turbine supplies shaft power to drive the condensate pump and the alternator. For 
development planning purposes a specific SNAP-50 powerplant system has been assumed. 
This powerplant, which is shown schematically in Fig 2, has a one megawatt electric 
rating. It is believed that the selection of this particular powerplant system provides a 
reasonable basis upon which to estimate a reactor and primary system development plan. 
It represents the latest in an evolutionary chain of such systems studied by Pratt & Whitney 
Aircraft during the past two years . 

3 . Over-All Development Program 

This report is concerned specifically with the development of the SNAP-50 reactor and 
primary system. For reference purposes, a brief discussion is presented in this section 
of what the over-all powerplant program might involve. 

The major development and test programs which are believed to be necessary to achieve 
a SNAP-50 nuclear-electric powerplant qualified for operational use are as follows: 

a. Lithium-Cooled Reactor Experiment (LCRE) 

Objective - one 10, 000 hour test 

Initial operation - April 1965 

b . Development Reactor Test (SNAP-50-DR-1) 

Objective - one 10, 000 hour test 

Initial operation - December 1966 

UUNI lULI'JI lA'C 
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c. Non-Nuclear Prototype Conversion Systems Tests 

Objective - four 10,000 hour tests using two test stands 

Initial operation - July 1965 

d. Initial Ground Test of Complete SNAP-50 Nuclear-Electric Powerplant 

Objective - one 10, 000 hour test 

Initial operation - December 1967 

e . Reliability Qualification Ground Test Program 

Objective - six 10, 000 hour tests using three test stands and one dynamic struc
tural test 

Initial operation - July 1969 

f. Flight Test Program 

Objective - four successful flight tests 

Initial test - October 1969 

g. Target date for limited operational use with unmanned payloads - 1970 

The lithium-cooled reactor experiment (LCRE) is a 10,000 hour test of a 10 Mw (thermal) 
compact, columbium alloy reactor fueled with U02-BeO and cooled with 2000F lithium. 
The general objectives of this experiment are: 

To obtain experience and engineering performance data from operating a high neu
tron energy spectrum, lithium-cooled reactor system fabricated of columbium-
zirconium alloy at temperatures up to 2000F, 

To obtain reactivity and control data including effects of temperature. 

To evaluate the structural integrity of the reactor and power distribution in the r e 
actor core by posttest inspection. 

The development reactor test, SNAP-50-DR-1, is a 10,000 hour test of the SNAP-50 
prototype reactor and primary system. Prototype components will include the reactor, 
controls, lithium pumps, and lithium heated boilers. The reactor will be made of 
columbium alloy, fueled with UC and cooled by lithium. As presently proposed, the 
reactor and primary system will be tested with a stationary heat rejection system prob
ably consisting of a spray condenser, pumps, and a liquid metal-to-air heat exchanger. 
Insofar as possible, components identical to those used in the LCRE experiment heat 
rejection system including pumps, valves, and liquid metal-to-air radiators will be 
used. 
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The non-nuclear conversion system test will consist of a 10, 000 hour test of the proto
type conversion unit. Each unit will include a boiler, a turbo-alternator-pump unit, 
eight condensers and eight radiator segments. Four such tests are proposed in devel
oping the conversion equipment. All tests will be run lander simulated environmental 
conditions. 

An initial prototype ground test will be conducted to verify that satisfactory integration 
of the prototype primary and secondary systems has been achieved. The complete 
powerplant, consisting of one reactor and two conversion units, will be operated for 
10, 000 hours under a simulated space environment. This test will be the means of 
working out the problems associated with over-all systems such as controls, startup, 
transient operation and part-load operation. 

The reliability qualification ground test program of the complete SNAP-50 powerplant 
will consist of six 10, 000 hour tests conducted in a simulated space environment. These 
tests, which are duplicates of the initial ground test described above, will utilize three 
test stands. One dynamic structural test will also be conducted. These tests provide 
the bulk of the long-term detailed reliability data. 

The flight test program parallels the ground qualification program. These tests will 
serve to verify the actual in-flight performance of the powerplant as it passes through 
the grovmd test program. Accordingly, each test flight will be scheduled within a few 
months after the ground test unit has achieved a significant milestone. The first flight 
could occur as early as October 1969, at which point at least two of the ground test 
powerplants would have run for 90 days. Four successful test flights would be required. 
Depending on booster reliability, this program might require five or six launch attempts. 
Limited operational use could be scheduled in calendar year 1970 at which time comple
tion of approximately three successful 10,000 hour ground tests could be expected. This 
would qualify the powerplant for 90 day operational missions with vmmanned payloads. 

A target date for operational use with manned payloads has not been estimated. The 
problem of determining the probable operational date for manned space missions is a 
function of several other parameters equally as important as the status of the powerplant 
development. A gross evaluation of the over-all SNAP-50 program indicates that devel
opment of this powerplant would proceed rapidly enough so that it would not be the limit
ing item in manned space missions. 

4. Development Plan Scope 

This report describes a preliminary development plan for the reactor and primary sys
tem portion of the SNAP-50 powerplant. This program, consisting of the LCRE and the 
SNAP-50-DR-1 reactor test, constitutes the logical development of a prototype space 
reactor system through initial ground test . The continued development of the SNAP-50 
reactor system, including its integration with a prototype power conversion system and 
the testing of a complete space powerplant, is described in a companion report, CNLM-
4100. 

Prototype components to be developed xmder this plan include the reactor, its shield, and 
the primary coolant loop consisting of lithium pumps, boilers, valves, piping and asso
ciated subsystems. 
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B. LCRE PROGRAM SUMMARY 

1. Introduction 

For the past several years Pratt & Whitney Aircraft Division-CANEL has been conduct
ing engineering and development work on small, compact, lithium-cooled reactors . This 
type of reactor is unique in its high performance per unit size and weight. The small 
core volumes which can be achieved are due to the superior heat transfer properties of 
lithium. The small cores and the favorable nuclear properties of lithium permit mini
mum shield weights. A lithium-cooled reactor has the further advantage of absolute 
containment of fission products. These characteristics make this reactor ideally suited 
for space powerplant applications. Since details of the LCRE program have been pub
lished in numerous reports, only a summary of the program is presented in this section. 

2. Objective 

The basic objective of the LCRE project is to test a small, compact, lithium-cooled r e 
actor using the liquid metal technology which has been developed at Pratt & Whitney Air-
craft-CANEL. The reactor experiment will utilize U02-BeO fuel and will be designed to 
operate at a thermal power of 10 Mw for 10, 000 hours. The general objectives of the 
experiment are : 

a. To obtain experience and engineering performance data from operating a high neutron 
energy spectrum, lithium-cooled reactor system fabricated of columbium-zirconium 
alloy at temperatures up to 2000F. 

b . To obtain reactivity and control data including effects of temperature. 

c . To evaluate the structural integrity of the reactor and power distribution in the r e 
actor core by posttest inspection. 

3 . Technical Description 

The LCRE reactor will utilize U02-BeO as a fuel. The structure of the reactor including 
the pressure vessel, core support structure and the fuel cladding will be Cb-1 Zr alloy. 
The end reflector will be beryllium oxide. The reactor will be enclosed with a type 316 
stainless steel jacket annuli containing the side beryllium reflector segments and B4C 
control drums. The design of the heat transfer and pumping system will incorporate 
available units or units concurrently under development. A regenerative heat exchanger 
system will be used to reduce the operating temperatures at the lithium and NaK pumps 
and thus permit longer operating lifetime. The test goal is 10, 000 hours of operation. 
A sketch of the test installation is shown in Fig 3. 

4. Test Facility 

Existing facilities in the ANP area of the National Reactor Testing Station will be utilized 
for testing the reactor. Buildings 629 and 630 will comprise the reactor test facility; 
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Building 607 will serve as an assembly and maintenance building; Building 606 will house 
the Health & Safety facilities; and Building 603 will be utilized as a service building. A 
site plan showing these structures is presented in Fig 4. 

Schedule 

A summary test schedule for the LCRE is shown in Fig 5. Also included is the associated 
facility construction schedule. 

^uigpiutiu I \m. m 
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TEST SITE PLAN - NRTS 

TEST BUILDING - 629 

CONTROL BUILDING - 630 

REACTOR TEST FACILITY (RTF) 

ASSEMBLY AND MAINTENANCE BUILDING - 607 

HEALTH AND SAFETY BUILDING - 606 

SERVICE BUILDING - 603 
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PROGRAM SCHEDULE 
LCRE FABRICATION, ASSEMBLY, TEST AND DISASSEMBLY 

CONTRACT AT{30-1)2789 

FISCAL YEAR 

1962 1963 1964 1965 1966 1967 1968 1969 o 

LCRE 

.Hi. bESIGN 

PROCURE a FABRICATE 
• 

ASSEMBLE & INSTALL 

fACILlTY DESIGN 
• 

FACILITY CONSTRUCTION 

FACILITY CHECK-OUT 

PRE-NUCLEAR TESTS 

REACTOR TEST 

DISASSEMBLY 
POST-TEST 
EXAMINATION 

THIS SCHEDULE IS BASED ON THE 
FOLLOWING ASSUMPTIONS: 

o 
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1. REACTOR TESTS SITED AT NRTS, 
FLIGHT ENGINE TEST FACILITY. 

2. FACILITY BENEFICIAL OCCUPANCY 
BY DECEMBER 1, 1963. 
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C . SNAP-50-DR-1 PROGRAM 

1. Introduction 

The SNAP-50-DR-1 program is the second step in the over-all SNAP-50 program and will 
culminate in a ground test of the prototype reactor and primary system. For planning 
purposes the following design characteristics are assumed: 

Power rating - one megawatt electric 

Reactor type - lithium-cooled, refractory alloy structural metal 

Reactor fuel - uranium carbide 

Service lifetime - 10, 000 hours 

This section outlines the Pratt & Whitney Aircraft development plan for the SNAP-50-DR-1 
primary system. A discussion of the major technical problems associated with the pr i
mary system components is presented. A development program is outlined by comparing 
present technology to that required by the SNAP-50 application, and then identifying the 
major steps to be achieved in reaching this advanced technology. A program schedule is 
presented together with estimated facility and cost requirements. 

The SNAP-50-DR-1 program plan presented in this report is based on the continuation of 
the present LCRE program, the availability of development funding and new facilities as 
indicated in this report, and the continued availability, on a no-charge basis, of the facil
ities provided or to be provided under facilities contract AF33(600)21099 and by the U.S. 
Atomic Commission under its use agreement with the Air Force. Changes in the above 
assumptions may require revision of the program as presented herein. 

2. Development Approach 

a. System Engineering 

The SNAP-50-DR-1 reactor and primary system will eventually be integrated with a 
power conversion system to form the complete SNAP-50 powerplant. This power-
plant must then become an integral part of a space vehicle designed to perform a 
useful mission. Therefore, the requirements and constraints of the complete power-
plant, vehicle and mission must be considered before and during the design, develop
ment and qualification phases of the reactor and primary system. 

The following studies are planned to insure that the above considerations receive 
adequate evaluation. 

(1) Analytical cycle studies of the complete powerplant will be performed to estab
lish a good compromise in reactor and primary system design temperatures, 
pressures, and flow rates to achieve the lowest weight per kilowatt output con
sistent with the powerplant operational requirements. 

1:7: 
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(2) Parametric studies will be made of the components of the reactor and primary 
system to define the minimum weight system consistent with realistic limits 
on the physics and engineering parameters . 

(3) Surveys will be made of existing data on present and projected rocket boosters 
to determine the constraints on the physical arrangement of the reactor and 
primary system design and the launch vibrations and accelerations which must 
be considered. 

(4) Studies will be made of the NASA and Air Force projected space missions which 
will require electrical power in the order of one megawatt to establish a typical 
duty cycle and to determine the design requirements of the powerplant. Included 
in these studies will be a survey of the payloads and vehicles for applicable mis
sions to determine the constraints placed on the powerplant. 

(5) Liaison will be established and maintained with the SNAP-50 power conversion 
system contractor, vehicle contractor, and contracting agency as these organ
izations are identified. 

(6) The powerplant startup procedure will be determined and analyzed to establish 
the reactor and primary system fill and startup requirements. 

(7) Analytical studies of various powerplant control concepts will be performed to 
assist in establishing the reactor control requirements. 

(8) Preliminary design studies will be made of the major components of the power-
plant, exclusive of the reactor and primary system, to support the analytical 
studies described above. 

(9) Preliminary arrangement studies will be made of the complete powerplant and 
possible vehicles to support the analytical studies described above. 

(10) Models of the complete powerplant and power conversion system components will 
be built as required to aid visualization of arrangement and packaging problems. 

(11) A data center will be established to monitor all test results connected with the 
SNAP-50 program. Once this data system is operating, past test work at CANEL 
will be summarized and incorporated into the system. 

(12) Liaison will be established and maintained with appropriate government agencies 
and industrial programs to maintain an up-to-date set of component reliability 
data and to monitor improvements in environmental testing techniques. 

(13) Probable powerplant environment conditions will be continually monitored and 
reviewed to assure realistic design criteria and test conditions. 

(14) Redundancy studies will be conducted, evaluating trade-offs of reliability with 
weight, performance, and cost. 
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(15) Exist ing failure r a t e data at Prat t & Whitney Aircraft and e lsewhere will be 
surveyed to provide a base line for " s t a t e -o f - the -a r t " evaluat ions . 

(16) Tes t planning se rv ices will be provided in design of exper iments , qualification 
tes t definition, and evaluation of tes t goa l s . 

(17) Analytical safety evaluation studies will be performed to indicate the re la t ive 
hazards conditions for the system and to a s s e s s proposed safety features in 
the design, operating l imits , and instrumentat ion and control r e q u i r e m e n t s . 
Pre-launch, launch, flight and r e - e n t r y phases of operation will be considered 
with special attention given to design features which will el iminate haza rds 
during construction, assembly and shipment of the reac tor and p r i m a r y sys 
t e m . 

(18) A safety p rogram will be ini t iated. Current aerospace safety p r o g r a m s for 
other SNAP sys tems will be surveyed to determine if SNAP-50 exper imental 
p rog rams can be incorpora ted . Areas of exper imental in te res t include fission 
product r e l ease and d i spersa l during meltdown and chemical f i res , meltdown 
charac te r i s t i c s of the fuel ma te r i a l , r e - e n t r y burn-up of r eac to r ma te r i a l s 
and system break-up on impact . 

b . Reactor 

(1) Description 

A compact nuclear r eac to r will be used to supply the the rmal energy for the 
SNAP-50 space powerplant. This r eac to r will be l i thium-coo led, will operate 
in the high neutron energy range and will uti l ize Cb-1 Z r alloy for the p r e s s u r e 
vesse l , core support s t ruc ture and fuel pin cladding. The fuel will be uranium 
carbide with e i ther BeO o r beryl l ium metal used as a ref lector m a t e r i a l . 

The r e su l t s of over -a l l sys tems optimization studies will be requ i red to set 
other features of the r eac to r design including the method of ref lector cooling, 
the method of control, and the physical a r rangement of the r eac to r and bo i l e r . 
Mater ia l selections for control and for the ref lector will be optimized for min
imum weight, consistent with meta l lurgical and engineering l imi ta t ions . T o 
a r r ive at a minimum weight r eac to r with maximinn rel iabi l i ty and per formance , 
extensive reac to r component test ing at the operational and environmental con
ditions will be n e c e s s a r y . 

(2) Required Performance 

The SNAP-50 reac to r must supply about 8 Mw the rmal power with a lithium 
coolant inlet t empera tu re in the 1900F range and an outlet t empera tu re in the 
2000F r ange . It must operate for approximately 10,000 hours at full power 
with maximum re l iabi l i ty . Other features include stable operation, uniform 
tempera ture distribution and fuel burnup, and proper coolant flow dis t r ibu
tion, all to be consistent with minimvim weight. 

The flight operational considerat ions will r equ i re provis ions for jacketing, p r e 
heat and s tar tup, s c r a m and r e s t a r t , ability to withstand launch accelera t ion and 
vibrat ional loads, safeguards p r io r to and during laimch, and during r e - e n t r y . 
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These requirements will necessitate component testing in the following areas: 
reactor core hydrodynamics; dynamic reactor structures tests; hig^ tempera
ture reactor pressure vessel and core support structures; fuel irradiation at 
reactor power density, temperature and burnup; critical experiments; control 
mechanism endurance. Mechanical and physical properties data must be de
termined for the material selection process and then for the engineering design 
process . 

(3) Present State-of-the-Art 

Of major importance is the fact that the basic state-of-the-art of the LCRE, 
using Cb-1 Zr alloy structure, forms the design foundation for the SNAP-50 
reactor system. The SNAP-50 design basis will be somewhat different from 
for the LCRE since this was not a requirement. For example, the gravity 
load requirement for launch was not included in the structural design of the 
LCRE; the core coolant temperature r ise, and core inlet and outlet pressures 
were not optimized with respect to the over-all space powerplant system. The 
space mission was not given consideration in the choice of control mode, pre
heat, start-up and fill procedures. While these are design features which will 
have to be incorporated in theSNAP-50 reactor, the LCRE will provide an ex
tensive background of analytical and experimental information. 

(4) Critical Development Areas 

A number of problem areas unique to the space application must be solved be
fore the reactor can be designed with the desired reliability for the specified 
lifetime and specific w e i ^ t . These problem areas and the testing required 
for their solution are as follows: 

(a) The design of the core support structure to withstand launching loads -
Though design analytical methods are good, they must be augmented by ex
perimental s tress analysis techniques and by actual component proof test
ing in order to minimize w e i ^ t in the structure. 

(b) The design of the pressure vessel for uniformly limited creep deformation. 

(c) Determination of the coolant flow distribution to attain uniform core temper 
atures - A water flow test of the core is required to determine this distr i
bution . 

(d) The reliability of control mechanism components under the possible temper 
ature, liquid metal, vacuum environments and radiation fluxes - Tests of 
bearings, gears, and electrical components are required in the appropriate 
environments. 

(e) Reflector heat transfer component tests are needed to confirm the design, 
particularly if the reflector is radiation cooled. 

(f) Mechanical and physical properties of the reactor materials in the appro
priate space environment must be determined. 

i ! '! I '! ! .• 20 Hf 
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In addition to these specific problems other less well defined problems will have 
to be considered and evaluated. Depending on the reactor installation location, the 
meteoroid damage problem may affect the reactor design and test program. If the 
reactor is vulnerable to meteoroid collisions, reflector design, pressure vessel 
design and simulated meteoroid impingement testing must be part of the develop
ment. The vacuum environment of space will affect the jacketing of the reactor and 
primary system, and in turn the jacketing requirement will affect the arrangement 
features of the reflectors and operation of control mechanisms. 

It is important to note that while the development areas discussed above must 
all be carefully considered, analyzed and evaluated, there are no feasibility 
areas which require breakthroughs. Each problem is amenable to a direct ap
proach of test and analysis. 

(5) Development Program 

(a) Core and Fuel Elements 

Fuel specimens will be irradiated at reactor temperature in lithium at power 
density and for the burn-up required for 10, 000 hour life. Gas release, matrix 
integrity, cladding integrity and chemical compatibility will be studied. Fuel 
pins and fuel assembly will be tested in lithium at reactor design tempera
tures to evaluate performance under thermal cycling and environmental 
conditions. Photoelastic and strain gage tests on the core plate and core 
support will be performed to arrive at a minimum structure. Vibration 
tests of the core structure will be performed to simulate launch conditions 
of 1 to 12 g's at frequencies of 20 to 1000 cps. Resonance with core struc
ture and other effects will be studied. Drop tests of the core mounting will 
be performed and a study of the effect of short duration acceleration will be 
undertaken. Core flow distribution must be correlated with power distribu
tion variations during the life of the reactor . To set the distribution, orif-
icing devices will be required. Confirmation of the engineering analysis 
must be obtained by hydrodynamic testing. 

(b) Pressure Vessel 

Four to six inch models of pressure vessels, including different configura
tions and design features, will be studied. Nozzle opening reinforcements 
will be tested for creep compatibility. Head shell transitions will be stud
ied for strain concentrations. A minimum weight shell will be evolved 
from this sequence of tes ts . Confirmation of the final vessel design will 
be obtained with full scale pressure vessel tes t s . Fabrication history and 
weld location effects will be an important part of the evaluation. 

(c) Reflector and Control Region 

Control element bearing hot tests in a simulated environment will be ac
complished. Tests of various bearing combinations will allow selection 
of the control element bearings for proper wear performance. A hot long
time support test and pressure tests of the reflector structure will be per
formed for a minimum weight structure. A creep deformation test of this 
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type at operating temperatures is necessary to verify the design. Distor
tion in bearing alignment, reduction in coolant passage size plus reactivity 
changes are related to creep deformation. Cold short-time launch load 
dynamic tests of the core structure described above will be performed 
under similar conditions. The reflector or portions of the reflector may be 
made to function as "armor plate" to protect against meteoroid damage. 
Ballistic tests of various reflector sections may be required. Reflector 
material thermal shock and thermal cycling tests, with BeO or Be as the 
most likely candidates, will be required. Both have thermal cycling limits 
which must be established to predict the reliability and establish lifetime 
consistent with the rest of the reactor . Reflector cooling tests will be r e 
quired to evaluate design concepts. Feasibility of a design depends on a 
balance between heat generation and physical properties of the reflector 
material . The coolant flow distribution, in the case of a liquid metal-
cooled reflector, or geometry, in the case of the radiant-cooled reflector, 
is important. Optimum system performance and minimum weight require 
an accurate prediction of reflector cooling. Thus, reflector heat transfer 
tests with simulated nuclear heat will be required to optimize a reflector 
configuration. 

(d) Reactor jacket and support structure tests under simulated environmental 
launch load and temperature conditions will be required. Jacket heat t rans
fer and preheat system tests will be required to determine the jacket ar 
rangement and location. 

(e) Control drive mechanism tests will be required. This will include vibration 
and impact tests, hot environmental endurance tests of components and 
mechanisms, and irradiation of electrical components. 

Although the development program described above may vary with changes in per
formance requirements, the types of development problems will be quite similar to 
those described. 

Shield 

(1) Description 

Radiation shielding will be required to prevent radiation damage to certain com
ponents and subsystems of the space vehicle. The shielding must be considered 
during the powerplant optimization phase. Failure to do so will undoubtedly r e 
sult in undesirable system characteristics due to excessive shield weight. 

It is desirable to disperse radiation directly into space. Since air scattering will 
not occur, it will be possible to utilize shadow shielding to attenuate "line-of-
sig^t" radiation. However, system components, such as the radiator, that are in
sensitive to radiation damage may not be arbitrarily located outside the shadow of 
the shield. Radiation scattering from these components combined with capture 
gamma-rays is likely to be severe. Capture gamma-rays may also be emitted 
from the shield itself. The concept of a divided shield to supplement the shadow 
shield may be used. 
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Materials which are under consideration include lithium hydride, depleted uran
ium, zirconium hydride, borated graphite and tungsten. Shield cooling may be 
accomplished by either a circulating liquid metal or by direct radiation to space. 

(2) Required Performance 

The sMeld must provide adequate protection for system components for a period 
of at least 10, 000 hours. Structural design of the shield must withstand the pre-
launch, launch and space environment while maintaining minimum weight. 

(3) Present State-of-the-Art 

Substantial work on minimum w e i ^ t shields has been done by CANEL and others. 
This work has provided considerable knowledge of engineering and nuclear physics 
properties of hig^ performance materials and of techniques for optimizing con
figurations . 

The ability to predict performance is not adequate for applications, such as the 
space shield, where surplus weight imposes a severe penalty on over-all per
formance . Existing computer programs can be adapted for space shield use . 
Experimental and analytical shielding evaluations of several of the materials 
being considered for space use have been conducted. 

(4) Critical Development Areas 

Work is needed to improve methods of computing radiation scattering from struc
tural components. Additional effort is required on the problem of determining 
energy deposition by radiations. A basic requirement will be to maintain ade
quate coordination between shield design and optimization of the remainder of 
the powerplant. 

(5) Development Program 

The shield development program will consist of analytical, experimental and de
sign work. Analytical studies will include calculations of the reactor radiation 
leakage; selection of the shield materials based on nuclear, chemical, thermal 
and structural characteristics; analysis of shield conceptual designs to evaluate 
the physics and engineering characteristics; a detailed analysis of the radiation 
leakage from the shield, doses to equipment, radiation heating, temperature 
distribution in the shield, shield coolant requirements, structural integrity, 
and the arrangement to satisfy the requirements for safe and efficient power-
plant operations. 

Nuclear physics experiments to be considered are as follows: 

(a) Additional measurements at the ORNL Lid Tank Shielding Facility on atten
uation and the effects of secondary gamma ray production in shields, em
phasizing new combinations of materials and geometry. 
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(b) Measurements at the ORNL Tower Shielding Facility on the scattered 
radiation from the main radiator. 

(c) Measurements in conjunction with the critical assemblies at CANEL to 
obtain data on the activation of coolants and radiation leakage from the 
reactor. 

(d) Measurements in conjunction with the SNAP-50-DR-1 ground test . 
Data would be obtained on radiation transmitted through the space shield, 
including its angular distribution. Dose rates from induced radioactivity 
will also be measured together with radiation heating effects. 

Additional experiments to evaluate the physical and structural properties are 
as follows: 

(a) Determination of thermal properties including structural integrity under 
conditions of high temperature and large temperature gradients. 

(b) Acceleration and vibration tests on shield materials and support structure. 

(c) Compatibility tests of materials with coolants and stability of materials, 
particularly hydrides, in vacuum. 

(d) Design layout and detail drawings prepared from an acceptable conceptual 
design and the established shield design specifications. 

Boiler 

(1) Description 

Two types of boilers which are applicable for Rankine Cycle Powerplant space 
operation are the once-through 100 percent vaporization type and the recircula
tion or partial vaporization-separator type. 

The type of once-through boiler being considered for the SNAP-50 application 
is a shell and multi-tube design in which the potassium outlet vapor quality is 
either 100 percent, or slightly superheated. A boiler preheater section in 
conjunction with proper orificing is used to control flow instability. Individual 
boiler tubes have internal swirl or turbulence inducers to improve heat transfer 
and permit operation in a zero gravity environment. 

The recirculation or partial vaporization type boiler under consideration for 
the SNAP-50 application is also a shell and tube design. Outlet vapor from 
the boiling section is designed to have a quality less than 100 percent and hence 
must pass through a liquid-vapor separator from which the 100 percent quality 
vapor goes to the turbine and the liquid is recirculated back to the boiler by a 
pump. A boiler of this type may eliminate some of the uncertainty in heat 
transfer calculations as compared with the once-through design, but introduces 
the problem of separation of the liquid-vapor output from the boiler in zero 
gravity. 

^ftOifiinffiiTint la 
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(2) Required Performance 

The SNAP-50 boiler system must be capable of supplying saturated potassium 
vapor at 1800F when receiving lithium at 2000F. The structural material 
will be columbium alloy throughout and must be designed for a minimum lifetime 
of 10,000 hours. The system must exhibit stable operation imder all anticipated 
operating conditions. 

(3) Present State-of-the-Art 

Satisfactory data are not available for predicting boiling heat transfer in con
figurations necessary for lightweight boiler design. Recent investigations of 
boiling heat transfer enhancement devices have given encouraging results, 
although only a limited amount of this work has been done with alkali metals . 
Programs have been hampered by lack of understanding of the boiling mecha
nisms and by very difficult experimental requirements. 

The present status of columbium alloy heat exchanger fabrication technology 
is reasonably well advanced. Space boilers will impose certain difficulties 
such as small tube diameters, minimum weight and long life. The present 
fabrication technology should serve as a suitable base for accomplishing this 
program. 

A considerable background of corrosion data for columbium alloys has been 
compiled by CANEL in the desired temperature range. These data, which 
are largely for single phase fluids, are being extended to 10, 000 hour test 
periods under the LCRE program. Basic experimental information is lacking 
for two-phase potassium flow in single metal and bimetallic loops, Limited 
analytical approaches to this problem are available. 

(4) Critical Development Areas 

Several critical development areas exist in connection with the boiler program . 
These problems are discussed below: 

(a) Boiling heat transfer experimental data are required for configurations 
suitable for space boiler designs. Associated pressure drop information 
is also needed. 

(b) Stability of multi-tube boiling flow conditions requires experimental in
vestigation . 

(c) The ejqjerimental development of zero gravity liquid-vapor separators 
must be undertaken. 

(d) Material and fluid corrosion compatibility data must be obtained. 

(5) Development Program 

(a) Liquid metal heat transfer: 

A heat transfer experimental program will be established in which local 
heat transfer coefficients and local pressure drop will be measured as a 
function of temperature difference between the boiling fluid and its 
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confining wall, mass flow rate, and qiiality for various flow passage configu
rations. These data will permit optimization of the boiler design, since 
the exact heat flux will be known at all qualities. These data will also show 
the best method of changing boiling fluid flow area for minimizing boiler 
weight. 

The test apparatus will consist of a forced convection potassium loop, where 
the boiling occurs in three separate sections. The first section will boil 
the potassium to any desired quality within a tube for obtaining local heat 
transfer coefficients in the subsequent two test sections, which differ in 
s ize. The smaller test section will be designed for studying the flux regions. 
Condensipg liquid metal will be used to heat all three boiling sections since 
the temperature difference between the boiling fluid and the heating fluid 
will remain approximately constant throughout each test section and will 
then be accurately determinable. Work at Pratt & Whitney Aircraft has 
shown the critical importance of the temperature difference variable on 
boiling within tubes. The boiler tube will be equipped with a flow stabili
zation orifice. The effect of changing heat input on flow stability will 
also be studied experimentally on the test apparatus and analytically. 
The above heat transfer and pressure drop work will be conducted with 
Haynes alloy No. 25 as the material of construction to facilitate testing 
and change of test sections in the work horse apparatus. 

(b) Liquid Metal Corrosion? 

Experimental verification of the selections of materials and material 
combinations made for the SNAP-50 powerplant will be obtained by opera
tion of two-loop corrosion e3q)eriments for 10,000 hour periods and 
posttest examination of the e:5q)eriments. Corrosion of the powerplant 
materials of construction will be studied by using lithium at 2000F to 
boil potassium to 100 percent quality in loops having flow passage configu
rations suitable for zero gravity operation at high average heat transfer 
flux. These corrosion tests will be conducted in test stands providing for 
an appropriate vacuum environment. 

(c) Prototype Boiler: 

A suitable prototype boiler test unit will be tested in the south section 
of the Heat Exchanger Laboratory at CANEL. Electrical energy will 
be used to heat flowing lithium and this in turn will be used to boil 
potassium in the boiler test unit. It is planned to add a "work-horse" 
spray type potassium condenser and a LCRE heat dump design "work
horse" potassium pump and potassiimi to air radiator to the laboratory. 
The heat rejection components for this test program will be identical to 
those to be used for the SNAP-50-DR-1 reactor tes t . 

e . Primary Pump 

(1) Description 

The primary pump is an electric motor driven centrifugal pump with the 
shaft supported by lithium film bearings. The pump consists of a partially 
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shrouded mixed flow impeller discharging through a radial vaned dlffuser into 
a toroidial shaped housing. The bearings are supplied with intermediate tem
perature lithium, with the discharge from the bearings directed to the drive 
motor for cooling purposes. The drive motor will probably be of the "canned" 
type although an open motor approach is being studied. A dynamic seal is 
used to prevent lithium leakage into the motor. 

(2) Required Performance 

The primary pump must operate for 10,000 hours at temperatures in the 
range of 1900F. Minimum weight and high efficiency are required with opera
tion directly from the alternator output. Satisfactory operation without ex
cessive coolant loss must be achieved under the environmental conditions of 
space. 

(3) Present State-of-the-Art 

Pratt & Whitney Aircraft-CANEL has been actively engaged ia liquid metal 
piunp development since 1954. This work has included the development of 
a number of pumps varying in flow capacity from 50 to 3000 gpm and design 
operating temperatures in NaK up to 1500F . Currently a 1600F lithium pump 
is being developed. Extensive testing of cermet materials has been performed 
under this program. Pump hydravilics have been advanced to a high degree, 
largely by means of water flow apparatus, during this period. 

The status of liquid metal bearings does not appear to be very far advanced. 
Lower temperature hydrodynamic film bearings are currently in development 
under the SNAP-8 program while Oak Ridge National Laboratory has achieved 
good success with hydrodynamic journal bearings operating in molten salt at 
temperatures up to about 1500F. 

(4) Critical Development Areas 

Three areas appear critical in the development of the primary pump. One is 
associated with the bearing and seal design. It will be necessary to design 
either hydrostatic or hydrodynamic liquid metal bearings which will operate 
for 10,000 hours in high temperature lithium. A second problem area is the 
hydraulic design of the pump which involves the impeller, dlffuser and dis
charge collector. The suppression of cavitation will be particularly important 
in achieving 10, 000 hour operational life. The third critical area is the piunp 
drive motor. Problems will be largely associated with materials of fabrication. 
The ptimp materials must operate at high temperature in the space environment, 
be subjected to both high nuclear radiation and lithium corrosion conditions and 
still possess effective electrical and magnetic properties. 

(5) Development Program 

Development in the following areas is planned: 

SSBBSStm^i-
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(a) Bearings and Seals 

Journal and thrust bearing configurations will be designed, fabricated 
and tested in water throughout the load and speed range of interest to 
the primary pump design. A series of screening tests will be conducted 
in lithium to select candidate materials for bearing and seal construction. 
Prototype bearing and shaft face seals will then be tested in high temper
ature lithium to establish the basic soundness of the design. 

(b) Impeller and Scroll 

An impeller and scroll assembly that satisfies the speed, flow and head 
requirements of the primary pump will be designed, fabricated and 
tested in water throughout the required performance range. A series 
of tests will be carried out to select cavitation resistant materials for 
impeller construction. Physical properties for these materials will 
be obtained and correlated with damage cri ter ia . Water tests of complete 
pump units will be performed to determine the influences of pump and 
motor radial loads, critical shaft speeds, pressure drops, bearing 
stability, start up loads and power consumption. 

(c) Motor 

Environmental tests of materials possibly suited for motor construc
tion will be conducted. Emphasis will be placed on temperature and vac
uum tes t s . It is planned to utilize one or more subcontractors for the 
development of the drive motor. 

(d) Center Section 

Prototype pump liquid metal center section tests will be performed under 
suitable environmental conditions. These units will contain all pump 
elements except the impeller and scroll . 

(e) Prototype Pump Assembly 

Final component proof-testing will be accomplished with complete pump 
assemblies operating under simulated environmental conditions. 

f. Valves, Piping, Acciunulator 

(1) Description 

A highly engineered sxibsystem consisting of valves, piping and accumulators 
will be required in the SNAP-50 system. Throttle and isolation type valves will 
be needed to control liquid metal flow, isolate parts of the system and aid in the 
filling and draining operations. Accumulators will be required to stabilize 
fluid flow and compensate for fluid losses in the system. Other accumulators 
will be needed during the pre-launch and start up phases. 
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Valves will generally be of the plug and seat type, utilizing a double stem sea l . 
Position indicators will normally be included. Accumulators will be of two 
types. One consists of a container in which gas is trapped above the fluid with 
the gas acting directly on the fluid without a separating membrane. These 
accumulators use liquid level probes to control pressure and are suitable for 
operation under gravity conditions. The second type consists of a cylindrical 
container which incloses a sealed bellows. A gas valve is positioned on one 
end and a fluid port on the other. The bellows is welded to the end of the 
container, creating a leak-tight enclosure. The bellows may be gas or 
mechanically actuated. This design is suitable for zero gravity applications. 

(2) Required Performance 

The primary system requires minimum weight reliable valves, piping and 
accumulators which have low pressure losses and are capable of withstanding 
the vibratory, acoustic and acceleration loads imposed by the powerplant. 
The valves are required to operate at high temperatures with negligible stem 
leakage for periods up to 10,000 hours. Seating and bearing materials must 
be compatible with liquid metal. Accumulators are required to operate at 
liquid metal temperatures. 

(3) Present State-of-the-Art 

Considerable development work on valves has been accomplished at CANEL. 
Extensive tests of seat and bearing materials and associated surface treatments 
have been performed. Several columbium valves for operation at temperatures 
up to 1600F have been designed and are currently being fabricated. Accumu
lators of the free surface type have been used successfully in all liquid metal 
systems at CANEL to control pressure . Although these devices operated at 
reasonably low temperatures and were not directly adaptable to space use, 
this background combined with the extensive experience available in the liquid 
metal and material areas should serve as a strong base for the SNAP-50 accumu
lator program. 

(4) Cricital Development Areas 

Critical development problems for valves will center on seat and bearing 
material selection. The fabrication of reliable bellows for the accumulator 
will also be a critical development area . 

(5) Development Program 

The valve program will begin with a materials screening effort after which 
static test rigs will be used to conduct performance tests to evaluate the 
valve actuating mechanism, stem profiles, stem seals and seating and bearing 
materials compatibility. Dynamic test rigs will be used to conduct performance 
tests on seal leakage and to provide endurance testing on the complete valve 
assembly. 
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A series of accumulators will be designed and fabricated, using bellows as 
supplied by appropriate manufacturers. Each of these units will be subjected 
to elevated temperature liquid metal tests to demonstrate their integrity and 
performance. Suitable designs will be subjected to endurance testing. 

g. Control and Instrumentation 

(1) Description 

The control and instrumentation systems hardware must maintain system 
variables within the operating limits required for the proper control of the 
reactor and powerplant system. Candidates for consideration as control 
methods include temperature control on reactor outlet and/or other system 
temperatures and neutron flux control. The components selected and the 
system design will have to satisfy requirements for life, reliability, perform
ance, environment (including high and low temperature, vacuum, accelera
tion, shock, weightlessness, vibration), minimum volume, minimum weight, 
as well as conditions experienced on the ground prior to launch and in the 
atmosphere during the launch. 

(2) Required Performance 

The control system selected for SNAP- 50 will be based on the requirement 
that the reactor and associated heat control systems must have optimum 
steady state performance and reliability through the full range of power. 
Dynamic performance must be adequate for keeping the powerplant variables 
within safe bounds when subjected to operational disturbances. Dynamic 
analysis will be used to provide the information necessary to establish the 
most suitable control method. Consideration of start up and in-flight operation 
will be included. An analysis will provide the information needed to establish 
a safety mode of operation. The use of a mode short of a scram action will 
be considered wherein the reactor power level might be reduced but not com
pletely shut down in the event of an abnormal situation and then returned to 
full operation when the situation is corrected. The selected scram action 
will consider the requirements associated with re-entry. 

(3) Present State-of-the-Art 

Components suitable for use in the SNAP-50 control system have been de
veloped in other programs involving nuclear propulsion systems at Pratt & 
Whitney Aircraft and elsewhere. Work is presently in progress on high tem
perature, radiation resistant motors, synchros, instrumentation, limit 
switches, connectors, seals, • insulations, unlubricated bearings and other 
items which are showing promise of meeting requirements typical of what 
may be expected in this application. Some success has been reported in 
the development of magnetic amplifiers for use in nuclear rockets which are 
suitable for extreme environmental conditions. Recent developments in the 
field of micro-electronics may be applicable in sensor or safety logic circuits. 
Although it appears that hydraulic control systems may not be suitable for this 
application because of radiation damage to fluids and because of possible wide 
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range of operating temperatures, pneumatic systems should be considered. 
Considerable progress has been made in the development of compact, l i ^ t -
weight, high performance pneumatic control systems for use in extreme en
vironments . 

(4) Critical Development Areas 

The items requiring special attention in the development of a SNAP-50 con
trol and instrumentation system are unlubricated control element drive 
mechanisms; control actuators; sensors for neutron flux, temperature, 
pressure, flow rate, e tc . ; and electronic circuits (including amplifiers for 
sensor signals and operating control actuators and logic circuits for safety 
systems). If pneumatic control means are selected, the development of 
suitable gas operated devices and systems might be required. 

(5) Development Program 

The development program will require the early definition of the system to 
be controlled, the flight profile including launch, environmental conditions, 
regimes of operation (power levels versus time), life, and all other special 
requirements such as those imposed by ground handling techniques or other 
procedures prior to launch. A dynamic analysis will be performed using 
analog and digital techniques. This will result in the selection of control 
modes and safety modes and the preparation of control system criteria and 
hardware specifications. The state-of-the-art will be determined on types 
of components of interest by vendor contacts and literature search. Develop
ment work will involve design of system circuits and components, the fabrica
tion and/or procurement of parts, and testing for performance, life, and 
environment. 

h. Secondary System 

(1) Description 

A secondary heat rejection system is required to test the SNAP-50-DR-1 
reactor and primary system. The secondary system will receive thermal 
energy generated by the reactor via the boiler. Potassium vapor from the 
boiler will be condensed and cooled by means of a spray condenser. The 
cool condensate will then be circulated through a potassium to air radiator 
where the thermal energy will be dissipated into atmospheric a i r . It is 
planned to incorporate portions of the LCRE heat dump into this heat rejection 
system. In particular, the liquid metal-to-air radiator system and a modified 
NP-1 potassium pump will be utilized in the system. 

A heat rejection system, substantially identical to the SNAP-50-DR-1 heat 
dump, will be required to test the prototype boiler. For this reason, develop
ment of the secondary system will be directly connected with the boiler de
velopment program. 
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The secondary heat rejection system must be able to dissipate 8 Mw of heat 
to ambient a i r . Potassium will enter the condenser at 1800F and must be 
cooled to 1350F. This 1350F potassium will be further cooled to 900F in the 
radiator. Minimum design life of the system must be 10,000 hours. 

(3) Present State-of-the-Art 

Development of those components which are to be derived from the LCRE 
program is well under way. It is believed that sufficient basic data are 
currently available to fulfill all aspects of this program. 

(4) Critical Development 

There appear to be no areas which are critical from a development stand
point in order to design and fabricate the heat dump system. Certain 
material difficulties may occur at the transition point from columbium pipe 
to either stainless steel or Haynes alloy No. 25 pipe. Existing co-extruded 
joint technology or mechanical joining techniques is believed to be adequate 
for this application. 

(5) Development Program 

(a) The NP-1 type pump will be adapted to the long time operation and 
different operating conditions associated with pvimping potassium at 
1350F for 10, 000 hours. 

(b) Development of a liquid metal spray condenser will be undertaken. 
Particular attention will be given to the nozzle and spray head a reas . 

(c) The SNAP-50-DR-1 Experiment heat dump systems components will be 
developed as part of the boiler program. 

i . Experimental Physics 

(1) Objective 

The objective of the Experimental Physics program is to provide data required 
for checking and supplementing nuclear analytical design work through a 
series of critical experiments on mock-up reactors . In addition, physics work 
pertaining to the shielding as described above under the heading of "Shielding", 
forms a part of this program. 

(2) State-of-the-Art 

A critical experiment program on uranium carbide fueled reactors was 
initiated in connection with the ANP program. Although terminated just prior 
to fuel loading, most of the materials are directly useful on this program. 
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Other CANEL critical experiments have provided basic information on lithium-
cooled columbium reactors but have not covered uranium carbide fuel or thin 
reflectors. Experiments have indicated that current analytical design methods 
are not adequate for SNAP-50 work in the areas of control effectiveness, 
power distribution and material reactivity coefficients. 

(3) Development Program 

Flexible, dry, room temperature critical assemblies will be used to provide 
the required nuclear information on the reactor . Blocks and strips of 
material identical or nuclearly similar to materials of interest in the reactor 
design will be assembled to form physics mock-ups of the reactor in a split 
table system. Planning for these experiments will include equipment design, 
evaluation of experiment hazards, and studies and designs reflecting the best 
utilization of mock-up materials . 

Preliminary experiments will consist of a parametric study of simple con
figurations to establish a set of reference data points. Final e}qperiments 
will mock-up the geometry and composition of selected design configurations 
to provide data on individual nuclear parameters . Addition measurements 
for hazards evaluation purposes will be included. 

Simple critical or subcritical assemblies which simulate and evaluate crit-
icality hazards of handling core material components will be tested. 

Fuel Development 

(1) Description 

The reactor fuel will be uranium carbide contained in columbium alloy tiibes 
about 0.3 inch diameter. There will be a total of about 900 close-packed tubes 
in the reactor core. While final fuel assembly arrangement may change, the 
preliminary design arrangement calls for 217 tubes to be located in a central 
hexagonal can, 2.95 inches across the flats with the remaining tubes to be 
contained in six partial hexagonal cans, arranged S3mietrically around the 
hexagon. The tubes will be approximately 28 inches long with only the middle 
10 inches fueled. At each end of each tube, there will be about five inches of 
BeO and a four inch void to serve as end reflector and fission gas collector 
chamber, respectively. The uranium carbide, at approximately 84 percent 
enrichment will be used in the form of 1/4 inch diameter pellets of approxi
mately 95 percent theoretical density. 

(2) Required Performance 

The fuel will be required to operate for 10,000 hours at a maximum surface 
temperature of 2200F. Burn-up will be approximately six percent. The fuel 
must not, under these conditions, show deleterious reactions with the cladding 
alloy but must possess good radiation stability and fission gas retention. 

•.53 :•*-
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(3) Present State-of-the-Art 

Carbide research and development work, primarily at Pratt & Whitney Aircraft, 
has demonstrated the feasibility of laboratory scale production of high purity, 
fine particle size uranium carbide to close composition limits; colmnbium 
pressing and sintering techniques capable of producing 95 percent of theoreti
cal density pellets with negligible contamination, no catastrophic inter-reactions 
with Cb-1 Zr alloy cladding and satisfactory irradiation characteristics under 
preliminary test conditions. 

(4) Critical Development Areas 

The following development work is required to fully validate the design 
feasibility of UC fuel for the SNAP-50-DR-1 application. 

(a) Scale up of production methods. 

(b) Comprehensive irradiation evaluation under design conditions. 

(c) Comprehensive cladding compatibility evaluation imder design time-
temperature parameters . 

(5) Development Program 

The following program will be undertaken. 

(a) About thirty inpile fuel capsules will be built and tested to determine 
irradiation behavior under selected reactor design conditions for periods 
up to 10,000 hours. Included in this test program will be tests with fuel 
produced by pilot plant production methods which will duplicate core load 
production methods. 

(b) Tests will be conducted to determine the compatibility of uranium carbide 
with Cb-1 Zr alloy cladding at temperatures between 2000F and 2400F 
for periods up to 10,000 hours. Additional tests will be made to ascertain 
compatibility of uranium carbide with other potential cladding materials 
such as tantalum and tungsten alloys under the most severe design condi
tions . The effect of minor additions of zirconium to uranivim carbide on 
cladding reactivity may be determined. Fuel pin burst tests will be 
conducted and thermal properties of uranium carbide will be investigated 
as required by the design analysis studies. 

3 . Program Schedule 

This section presents the development schedule for the SNAP-50-DR-1 reactor and 
primary system program. The discussion is divided into two par t s . The first 
relates the component development program and the second describes the reactor 
system test . 
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a. Component Development Schedule 

A summary component development schedule is shown in Fig 6 . This schedule 
of work is based on the individual development programs described earlier for 
each major component. The component development program, as presented, con
tinues until December 1966, which is the latest date that any component testing can 
influence the start of the prototype reactor test . It is anticipated, however, that 
this component development program will actually continue uninterrupted past this 
date in support of the follow on development programs of the complete powerplant 
system. This continuing effort is therefore not included as part of this reactor 
and primary system development plan. Programs which will continue in this 
manner are indicated by arrows on the (Fig 6 ) development schedule. 

(1) System Studies 

System studies will be initiated in fiscal year 1962. This work will consist 
of three types; cycle analysis, component parametric studies and system 
engineering studies. Effort during fiscal year 1964 and beyond will con
centrate on the component development program and system integration 
problems. A system reliability program will be established and liaison 
maintained with contractors and government agencies participating in the 
SNAP-50 powerplant program. 

Major Milestones: 

Fiscal year 1963 - Completion of cycle studies, parametric studies, booster 
and mission studies, and preliminary design of power 
conversion components and powerplant arrangement studies. 

Jime 1966 - Completion of all studies associated with the DR-1 design. 

(2) Engineering Design 

A preliminary design and a final engineering design will be prepared for the 
reactor and primary system. Preliminary design layouts of the power con
version system in support of the system study effort will be made. The final 
engineering design drawings will be supplemented by a complete design analy
sis which will incorporate hazards and reliability considerations. A detailed 
breakdown of the design program as it relates to each component is depicted 
on the development schedule (Fig 6); a black section is shown for each com
ponent which represents the time during which the final design will be pre
pared. 

Major Milestones: 

June 1963 - Completion of preliminary design layout. 

December 1965 - Completion of SNAP-50-DR-1 design. 
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FIG 6 
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(3) Fuel Development 

A program will be established to develop fabrication and inspection methods 
and to test UC fuel elements under simulated reactor conditions of tempera
ture, pressure, s tress and fluid flow. This effort will comprise both inpile 
tests and out-of-pile t es t s . About 30 inpile fuel capsules will be fabricated 
and tested for times up to 10, 000 hoxrrs. Approximately 100 tests will be 
conducted through fiscal year 1963. During the program 12 fueled tube burst 
tests are planned. 

Major Milestones: 

May 1962 - Start of inpile tes t s . 

June 1965 - Completion of program. 

(4) Materials Development 

Data on the properties of materials and their compatibility with the opera
tional environment are required for the design of the SNAP-50-DR-1 reactor 
and primary system. It will be necessary to formulate successful fabrica
tion techniques for selected materials . Specific materials problems have 
been described earlier for the various components of the reactor and primary 
system. This materials program represents the composite effort to solve 
these problems. Approximately 150 material tests will be conducted over the 
course of this program. Specific test programs include: 

(a) Liquid metal compatibility tests to screen control, reflector, shield and 
bearing materials . 

(b) Lithium vapor compatibility tests on selected materials for use as motor 
stator pottiag compounds^ motor electrical insulation and shaft face seals . 

(c) Vacuum tests of operating gears and bearings, motor insulating materials 
and motor stator potting compounds. 

(d) Friction and wear tests on potential lithium bearing materials . 

(e) Cavitation tests of materials for the primary piunp impeller. 

Major Milestones: 

May 1962 - Start of test program. 

June 1965 - Completion of scheduled program. 

(5) Primary Pump 

Development of the primary pump will begin in fiscal year 1962 with development 
programs on bearings and seals and on the impeller and scroll . Effort will be 

» • • •* 
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extended to include the pump motor and center section starting in January 1963, 
Testing of the complete pump-motor assembly is scheduled to start during 
July 1964. A total of approximately 12 equivalent pump assemblies will be r e 
quired for the component development program. 

Major Milestones: 

October 1963 

July 1964 

December 1966 

(6) Boiler 

- Completion of pump design. 

- Start of pump assembly testing. 

- Completion of scheduled test program. 

The SNAP-50 boiler will be developed by an extensive testing program which 
will include heat transfer testing of single and multi-tube configurations, 
system corrosion experiments and full scale testing of prototype units. A 
liquid metal heat transfer program was started in May 1962. This will be 
followed by a companion liquid metal corrosion program starting in July 1962. 
These efforts will lead directly to development testing of a full scale boiler. 
Fabrication of 4 prototype boilers is planned under this program. 

Major Milestones: 

November 1963 

July 1964 

December 1966 

- Completion of prototype boiler design. 

- Start of prototype boiler testing. 

- Completion of scheduled test program. 

(7) Valves, Piping, Accumulators 

Prototype luiits of the valve piping and accumulator system will be developed 
under this task. Extensive testing of components and critical parts of com
ponents under simulated environmental conditions is planned. The equivalent 
of approximately ten complete systems will be fabricated for this program. 

Major Milestones: 

September 1963 

May 1964 

December 1966 

(8) Reactor System 

Completion of design. 

Start of testing. 

Completion of scheduled test program. 

Non-nuclear development testing of reactor components is planned. Adequate 
component design verification by experimental means is required before nuclear 
operation will be attempted. Specific development items include the following: 

3& 
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(a) Pressure vessel 

(b) Hydrodynamic 

(c) Environmental 

(d) Core and internal structure 

(e) Reflector 

(f) Jacket and moxmting 

(g) Shield 

Appropriate test programs will be established for each of these i tems. Full-
scale, partial-scale and component hardware will be used in the test work. 
Approximately 40 test units will be required during this development program. 

Work will begin in July 1963 and will extend imtil December 1966. The major 
portion of the test program will have started by October 1964. 

Major Milestones: 

July 1963 - Start of program. 

December 1966 - Completion of scheduled test program. 

(9) Control Element and Drive 

A control element and drive mechanism suitable for reliable operation at 
high temperature in the presence of nuclear radiation in the space environ
ment will be developed. Work will start in fiscal year 1964, during which 
design and detailing of the system will be completed and mechanical tests 
started. Effort will continue until December 1966. Approximately 12 test 
units will be used in the course of this development effort. 

Major Milestones: 

July 1963 - Start of program. 

December 1966 - Completion of scheduled test program. 

(10) Secondary System (Heat rejection system) 

Development of heat rejection components for the SNAP-50-DR-1 reactor 
test will begin in fiscal year 1964 and continue into fiscal year 1967. This 
program will include at least "acceptance" testings of the components. 

Major Milestones: 

November 1963 - Completion of design. 
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July 1964 - Start of testing. 

December 1966 - Completion of testing. 

(11) Experimental Physics 

A series of critical experiments on mock-up reactors and associated shields 
will be undertaken to check and supplement analytical design work. This 
program was started in April 1962 and will continue until December 1965. 
A series of preliminary critical configurations will be evaluated during the 
first half of fiscal year 1963. These tests will be followed by a series of 
design reactor tes ts . 

Major Milestones: 

September 1962 - Start of preliminary tes ts . 

February 1963 - Start of design reactor tes ts . 

December 1965 - Completion of scheduled program. 

(12) Development Planning 

Development plans will be established for the SNAP-50 reactor and primary 
system and for the over-all SNAP-50 powerplant. These plans will contain 
enough significant detail to delineate a near-term development program as 
well as fulfilling the needs of long-range planning. Areas to be evaluated in
clude schedules, subcontract program, facility and equipment requirements, 
and estimated program costs. 

Major Milestones: 

June 15, 1962 - Preliminary development plans completed. 

May 15, 1963 - Final development plans completed. 

May 15, 1964 - Updating of existing plans and completion of preliminary 

flight test program plan. 

May 15, 1965 - Completion of program with final updating of existing plans. 

(13) Control and Instrumentation 
A program is planned to develop the SNAP-50 powerplant controls and instrumenta
tion to a fully qualified and accepted flight status. Component fabrication and 
testing will start in fiscal year 1964. It is planned to accomplish a portion of the 
analysis and design effort dvuring fiscal year 1962 and 1963 as part of other tasks . 
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Major Milestones: 

June 1964 - Start of component testing. 

October 1964 - Start of prototype control system testing. 

December 1966 - Completion of scheduled test program. 

b . SNAP-50-DR-l Reactor Test 

A nuclear test of the prototype reactor and primary system will represent the 
conclusion of the subject program. It is planned to conduct this test at the 
National Reactor Testing Station. A schedule for both the facility construction 
and test operation of the reactor is shown in Fig 7 . The facility construction 
period is governed somewhat by the LCRE test program because both tests will 
be conducted in different cells in the same building and heavy construction work 
cannot take place while the LCRE test is in progress . It is planned to fabricate 
parts for both component tests and the SNAP-50-DR-1 test concurrently. This 
arrangement is similar to that being employed on the LCRE program. In all cases, 
however, component testing will be under way before corresponding parts are 
assembled for the reactor experiment. Further, all component test programs will 
have achieved between 500 and 1,000 hours of successful prototype testing before 
nuclear operation is started. Although this overlapping program technique may 
result in somewhat larger total hardware requirements than a sequential plan, 
it does offer the most expeditious program for early reactor development. 

Major Milestones: 

December 1966 - Start of nuclear operation. 

March 1968 - Completion of 10, 000 hour nuclear test . 

4 . E stimated Funding Requirements 

The estimated funding requirements for the SNAP-50-DR-1 program are shown in 
Fig 8 . Part A indicates the needs for Operating Funds and is presented on a cost 
basis . Part B shows the anticipated Construction Fimding on an obligations basis . The 
expected costs for Architect and Engineer support (A&E) are indicated by an asterisk. 
Limited funding for this purpose will be required for component construction work at 
CANEL in fiscal year 1963. The actual amount is too small to show up on the funding 
chart because values are rounded off to the nearest hundred thousand dollars. 

Both charts include allowances of escalation. 
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D. ADVANCED MATERIALS PROGRAM SUMMARY 

The purpose of the Advanced Materials program is to continue and extend research efforts 
directed toward the development of materials for advanced high temperature, compact, 
nuclear reactor power systems. The principal areas of research and development are struc
tural alloys, advanced fuels and alkali metal liquids and vapors. The objectives of these pro
grams are listed below. 

1. Structural Alloy Research and Development 

a. Demonstrate design feasibility of selected columbium base alloys for high tempera
ture service up to 2400F. 

b . Develop high quality, ultra high temperature tubing. 

c. Establish the basic parameters for the effective dispersion hardening of columbium 
base alloys. 

d. Determine the protective mbchanisms of silicide and aluminide coatings against oxida
tion of columbium alloys. 

2. Advanced Fuel Research and Development 

a. Determine the effect of minor compositional variations on the performance of uran
ium carbide, 

b . Develop alloy carbide fuels capable of service in the 4000F temperature range. 

c. Continue the development and evaluation of uranium carbide fuel. 

d. Investigate the properties of highly refractory carbide systems, both fueled and im-
fueled. 

3 . Alkali Metal Liquid and Vapor Research and Development 

a. Establish physical properties data required for advanced design analytical studies. 

b . Determine the solubility of structural metals in liquid metals under advanced system 
design conditions. 

c. Determine the compatibility of structural and component materials in boiling alkali 
metals . 
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E . ADDITIONAL FACILITY REQUIREMENTS 

Additional facility construction will be required to accomplish the presently scheduled AEC 
programs with Pratt & Whitney Aircraft-CANEL. Certain facilities are related to individual 
programs while the remainder are common to two or more programs. For this reason, all 
facility items are considered in this section. New facilities will be located at either CANEL 
or at the National Reactor Testing Station (NRTS), Idaho. 

1. CANEL 

The following construction projects are required at CANEL. 

a. Environmental Control of Machine Shop - This project is common to all programs. 
It consists of changes to existing heating-ventilating systems in the Machine Shop, 
Building 10, to provide environmental control and minimal zoning between clean and 
"dirty" areas used for fabrication. 

b . Welding Chamber and Clean Room - This facility consists of an inert atmosphere 
welding chamber, with its associated controls and accessories, and a clean room. 
All items will be located within, or adjacent to, the Machine Shop. This facility 
will provide the controlled environmental conditions necessary for efficient, high 
quality fabrication of columbium alloys. Hardware fabrication for both the LCRE 
and SNAP-50-DR-l reactor experiments will be accomplished in this facility. 

c. Housing for SNAP-50 Components - Modifications to existing facilities will be needed 
for the SNAP-50-DR-l component development program. It is planned to house the 
boiler test facilities in the present Heat Exchanger Laboratory which will be modified 
to accept three fluid systems and two test a reas . The cells will contain space cham
bers to make possible proper environmental tes ts . Addition of rectifiers, modifica
tion of the heat dumps and of the present inert gas system, and building additions and 
modifications are included. 

d. General Plant Projects - Funds for these items are required each year. This is a 
recurring annual request for funds to cover those miscellaneous sub-projects of 
varying magnitude arising from the program. It also covers the conversion and 
modification of existing plant items required to improve efficiency of operation. 

2. National Reactor Testing Station 

Two reactor test facilities are required; one for the LCRE test and one for the SNAP-50-
DR-l test . Separate facilities are needed because of the overlap in reactor test periods. 
It is anticipated that much of the facility design effort associated with the LCRE program 
will be directly applicable to the SNAP-50-DR-1 work. 

a. LCRE Facility - A brief discussion of the LCRE facility has been presented in Sec
tion B,"LCRE Program Summary". A basic feature of this facility is that it utilizes 
existing facilities in the ANP area at NRTS. 

b . SNAP-50-DR-l Facility - It is planned to utilize existing buildings in the ANP area of 
the NRTS as the test and support facilities for testing the SNAP-50-DR-1 reactor . 
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The reactor and primary system will be housed in a vacuum vessel. This vessel 
will be located in a shielded, gas-tight concrete test cell. The test cell, hot cells, 
and various areas for auxiliary equipment and operations associated with the test 
will be located in the northwest half of the former Flight Engine Test Facility (FET), 
Building 629. 

The test installation will be separated from the adjacent LCRE test facility by a full 
curtain wall. A control building will be constructed adjacent to the test building. 

The test assembly and inspection will take place in portions of the existing Assembly 
and Maintenance Building. Posttest operations will be accomplished through the use 
of remotely operated equipment installed in the test cell and the adjoining hot cells . 
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F . TOTAL PROGRAM-ESTIMATED FUNDING REQUIREMENTS 

A summary of estimated funding requirements for all AEC programs presently scheduled at 
Pratt & Whitney Aircraft-CANEL is shown in Fig 9. Part A contains the requirements for 
Operating Funds and is presented on a cost basis . Part B shows the anticipated Construction 
Funding on an obligations basis . The expected A&E costs are designated by means of an aster
isk in part B. In several places an asterisk is shown and no funding listed. This indicates 
that such funds are so small that they drop out when the values are rounded-off to the near
est $100, 000 ( i . e . , less than $50, 000). All values contain appropriate escalation allowances. 
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ESTIMATED FUNDING 
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General Capital Equipment 

Total 

15 .3 

0 .1 

1.0 

0 .6 

17.0 

16.5 

1.1 

3 .5 

21.1 

16 .6 

1.2 

16.1 

1.5 

35.4 

7.4 

1.3 

31.4 

1.5 

41 .6 

4 .1 

1.6 

26.3 

1.0 

33.0 

3.0 

2.0 

12 .3 

0 .5 

17.8 

1.1 

2.0 

3.6 

0 .1 

6.8 

2.0 

2.5 

0 .1 

4 .6 

2.0 

0 .9 

2 .9 

64.0 

0 .1 

14.2 

97 .2 

4 .7 

180.2 

B. Plant Acquisition or Construction 
(Obligations basis) 

Environmental Control-
Machine Shop 0.7 

Welding Chamber and 
Clean Room 

SNAP-50 Components 
Housing 

General Plant Projects 
(CANEL) 

LCRE Facil i ty 
(NRTS) 

SNAP-50-DR-1 Faci l i ty 
(NRTS) 

Total 

*A&E funds 

0 . 1 * 

0 .1 

0.4* 

0 .6 

1.3 

* 

0 .5 

4 .6 

0.5* 

6.9 

0 .6 

1.1 

7.5 

9.9 

0 .5 

0 .5 

0 .5 

0 .5 

0 .5 

0 .5 

0.7 

1.4 

0.6 

3.2 

5.0 

8.0 

18.9 

o 

4^ 
O 

• • • • 

• • • 
• • • 
• • • 
• • • 
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G. ESTIMATED MANPOWER REQUIREMENTS 

An estimate of manpower requirements for the AEC sponsored Pratt & Whitney Aircraft-
CANEL program is shown in Fig IOL Values are not projected beyond fiscal year 1965, 
since such figures may not be indicative of the actual requirements beyond this period. 
This may be explained by noting that since the SNAP-50-DR-l program is postulated in this 
report to conclude after the prototype reactor test, there is some drop in manpower needs 
in 1965 and a rapid drop in manpower needs at the end of 1966. Such a drop is unrealistic 
since it has been assumed that an active over-all powerplant program will be in effect by 
1966. The follow-on programs such as the non-nuclear systems test program and the ini
tial ground test of the complete powerplant system would actually result in a manpower 
buildup in 1964, 1965 and later years . 
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FIG 10 

ESTIMATED MANPOWER REQUIREMENTS 

CURRENT AEC PROGRAMS 

(YEAR*.END EMPLOYMENT) 

Direct 

A . 

B. 

C . 

LCRE 

Salary 

Hourly 

Sub-Total Direct 

Advanced Mater ia l s 

Salary 

Hourly 

Sub-Total Direct 

SNAP-50-DR-1 

Salary 

Hourly 

Sub-Total Direct 

Indirect 

Total 

Total Indirect 

All P rograms 

1962 

470 

404 

874 

41 

4 

45 

95 

30 

125 

470 

1514 

F i sca l Year 

1963 

450 

430 

880 

47 

4 

51 

197 

96 

293 

551 

1775 

1964 

338 

287 

625 

46 

5 

51 

497 

387 

884 

802 

2362 

1965 

115 

110 

225 

47 

7 

54 

565 

605 

1170 

730 

2179 

.* so: • • •• 
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