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1. INTRODUCTION 

A. Relation of Reactor to Over-a l l Space Powerplant Goals 

The present SNAP-50/SPUR powerplant development program concentrates on a system which p ro ­
duces a net e lec t r ica l output of 300 Kwe, using a reac tor thermal power of approximately 2 Mw. 
The development goals for this powerplant a re an unshielded powerplant specific weight of 20 l b / 
Kwe or less and unattended operation in space for 10, 000 hour s , 

The SNAP-50/SPUR powerplant is expected to be used pr imar i ly for exploration of our so lar system 
as the power supply for spacecraft using e lect r ic propulsion. Additional applications, such as p ro ­
viding e lec t r ica l power for large ear th orbiting sys tems and for lunar bases , a re also projected. 

It appears that the basic reac tor concept should be capable of increased power output to about 8 Mw, 
which is equivalent to a net e lec t r ica l output of 1 Mwe. Since the minimum reac to r size is l imited 
by cri t icali ty, and reac tor size increases moderately with increased power, a reduction of power-
plant specific weight is anticipated at higher power levels due to reac tor considerations alone. 
Fu r the rmore , in addition to those reductions in powerplant specific weight obtainable through im­
proved component design, additional specific weight reductions can be obtained through increased 
operating t e m p e r a t u r e s . 

B. Scope of Reactor Paramet r ic Studies 

The p r imary purpose of the current se r i e s of reac tor pa ramet r i c studies presented in this repor t 
is to investigate the effects of r eac to r fuels, fuel performance level and cladding mate r ia l s on 
SNAP-50/SPUR reac tor des igns . Other var iables affecting reac tor design a re not considered, ex­
cept as needed to implement the study of effect of fuels. The scope of the investigation is l imited 
to comparison of reac tor charac te r i s t i c s and does not include over-a l l powerplant optimization. In 
addition to providing guidance to reac tor design problems and the reac tor fuel and cladding develop­
ment program, the resu l t s of this study a r e intended to provide data for over -a l l powerplant optimi­
zation studies which will consider reac tor effects on nuclear shielding and powerplant envelope and 
weight. The present base point for reac tor performance requirements and all optimization studies 
is the current SNAP-50/SPUR powerplant concept (Ref. 1). 

The reac tor pa rame t r i c studies a re divided into two periods associated with what was at the t ime 
considered to be rea l i s t ic fuel performance assumpt ions . Prior to October, 1963, only uranium 
carbide (UC) fuel (uranium nitride (UN) is interchangeable from a reac tor design viewpoint) with 
Cb-1 Zr alloy cladding was extensively considered. Although UC/UN has the potential of providing 
the best reac tor power to weight relat ionship, because uranium density is high and has good thermal 
conductivity, evaluation of UC/UN irradiat ion test data showed these fuels to be burnup-l imited. 
Consequently, since October 1963, other fuels and cladding alloys have been considered more exten­
sively in an effort to es tabl ish the best balance between fuel development problems and reac tor pe r ­
formance for the lifetime and power requi rements of space powerplant s y s t e m s . 

Since a number of fuels and cladding ma te r i a l s , the charac te r i s t i cs and limitations of which have not 
been explored experimental ly, a re potential candidates for high tempera ture liquid metal space 
r eac to r s , it has been necessa ry to consider a range of operating conditions in order to guide immed­
iate and long range design and development work. The effect on the reac tor of each fuel and cladding 
combination of interest is examined considering performance levels which 1) it is expected can be 
achieved in the near future (1 to 3 years) and which a re within present capability to fabricate and 
test , and 2) might be reached in tlie future (beyond 3 years) after extensive development. 

The reac tor pa rame t r i c design study is based on both the physics and engineering principles involved 
in reac tor design and explores the variat ions in reac tor charac te r i s t i cs as influenced by operating 
conditions and mater ia l cha r ac t e r i s t i c s . The ability of such studies to accurately predict the final 
reac tor weight and size is only as good as the assumptions and models used as input. An engineered 
reac tor design, based on a set of specifications derived from pa rame t r i c studies might differ consid­
erably in weight and dimensions from paramet r i c study predictions because definition of the complete 
control dr ive, for example, is not available for the pa rame t r i c study. Fu r the rmore , continued m a t e ­
r ia l or physics studies might show that assumptions used for quantities such as thermal conductivity. 

7 



P W AC - 431 

burnup limit, and neutron cross-sections require refinement. However, the parametric studies do 
result in a consistent design comparison of major variables which influence the design of the reac­
tor, thereby providing the information to balance design and development work in the direction of 
best possibility of success in meeting the over-all reactor performance goals. 
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11. SUMMARY AND RECOMMENDATIONS 

Summary 

The fuels and cladding reac tor pa rame t r i c study resul ts and conclusions a r e summarized below: 

1. The pa rame t r i c r eac to r weights for the fuels studied a r e summarized for comparison in F ig . 
1 for both Present Capability and Advanced Capability at 2 Mw and 8 Mw design power l eve l s . 
The fuels which resul t in minimum reac tor weights a re : 

2 Mw UC/UN (95 percent dense), UC/UN - IW. ^ f ; v C ' S \ ^ ^ ^ 

8 Mw UC/UN-IW ' \ J I \ ^ ^ ' 

2 Tantalum alloy and tungsten-rhenium fuel clads do not provide a significant weight advantage, 
as compared to the present capability of PWC-U alloy (Cb-1 Z r - 0 . 1 C) clad for the leading 
candidate fuels having low design fission gas r e l e a s e s . This effect is attributable to the mmi-
mum cladding thickness requirement of 0.015 inch used m the study, the near mmimum PWC-U 
clad thickness for the low gas re lease uses , and the increased density and the negative r e a c ­
tivity effects associated with the tantalum and tungsten c lads . Carbide-fueled reac to r s with 
tungsten-rhenium clad weigh less than those with tantalum alloy, due to the lack of a diffusion 
b a r r i e r between the fuel and tantalum cladding. 

3 The fuel maximum tempera ture over the limited range of the study (200F to 400F differences) 
does not have a significant effect on reac tor weight for fuel pin d iameters >0.250 inch, but 
does appreciably affect the number of fuel pins in the r eac to r . 

Recommendations 

The following recommendations for the 2 Mw SN7^-50/SPUR reac tor immediate fuel element develop­
ment and reac tor design p rogram are made, based upon die resul ts of the pa ramet r i c study consider­
ing reac tor weight, core flow conditions, core fabrication and assembly, i . e . , minimum number of 
fuel elements , fuel fabrication and test capabilities and available fuel performance data (Ref. 2). 

1. Fuels 

The following fuels i r radiat ion testing is required for immediate development: 

a. UC/UN (95 percent dense) to verify required 2 Mw performance 

b . UC/UN-1 W and 90 UcAjN-10 m/o Z rC at 2 Mw requirements to verify performance 
as a backup fuel. 

2 . Cladding 

a . PWC-U alloy (Cb-1 Z r - O . l C ) be used for die PWAR-20. 

b Tungsten-rhenium clad to be developed as pa r t of the long range program to provide a higher 
strength alloy if experimental UC/UN fission gas re leases a r e higher than design va lues . 

3 . Reactor Design 

a . 2 Mw PWAR-20 for SNAP-50/SPUR powerplant 

Fuel - UC/UN (95 percent dense), maximum fuel burnup 1.5 percent (total uranium) 

Clad - PWC-U alloy (Cb-1 Zr -O . lC) 
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L. 

General Charac te r i s t i cs : 

Paramet r ic Cases 00,000, F ig . 6 

/«»t Maximum Fuel Tempera ture , W/HCF<2300F 

jUy Effective Core Diameter - 10 inches (approx.) 

Paramet r ic Weight - 1300 pounds 

f"-/ Est imated Actual Weight - 1500 pounds 

-./ b . 2 Mw PWAR-20 Back-up Designs 

(1) Fuel - 90 UC/UN-10 m / o Z rC or UC/UN-1 W 

Clad - PWC-11 alloy 

General Charac ter i s t ics : 

Paramet r ic Case 11, F ig . 6 

Maximum Fuel Tempera ture , W/HCF <2300F 

Effective Core Diameter, 10.5 inches (approx.) 

Paramet r ic Weight, 1350 pounds 

Est imated Actual Weight, 1600 pounds 

(2) Fuel - UC/UN (95 percent dense), maximum fuel burnup 1.0 a/o (total uranium) 

Clad - PWC-11 alloy 

General Charac ter i s t ics : 

Paramet r ic Case 6, F i g . 6 

Maximum fuel tempera ture , W/HCF _<2300F 

Effective Core Diameter - 11.5 inches (approx.) 

Paramet r ic Weight - 1650 pounds 

Estimated Actual Weight - 1900 pounds 

4 . Parametr ic Studies 

The following additional reac tor pa ramet r i c studies a re recommended: 

235 
a . 2 Mw reac tors with Plutonium and U fuels to determine dieir potential for 

this reac tor application. 

b . Uranium dicarbide (UC2) and UC2-coated par t ic le fuels at both 2 and 8 Mw to de te r ­
mine their relationship widi other uranium carbide type fuels considered in die p resen t 
study. 

c . Extend 2 Mw UC/UN base fuel studies to determine effects of increased fission gas 
re lease , coolant p r e s s u r e drop, fuel-to-clad thermal res is tance and fuel l imits 
of 0.350 inch and 0.250 inch on pa ramet r i c r e a c t o r s . 

d. Specific investigation of UN fuel at 2 Mw power level to determine pa ramet r i c design. 

12 
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III. DESCRIPTION OF PARAMETRIC METHOD 

General Procedure flM/"<i •, 

1. Model ' ' - '-^ 

The basic tool used for pa ramet r i c design studies is the Weight Optimization Paramet r ic 
computer code (Ref. 3) which calcidates reac tor weights and dimensions from given 
physics data, des i red operating conditions, and mater ia l p roper t i es , and selects the 
minimum weight r eac to r satisfying all input operating l imi ta t ions . 

The reac tor model assumed for these calculations (F ig . 2) consists of a hexagonal 
core made up of pin-type fuel e lements , ar ranged in a t r iangular pitch a r r ay with spacing 
between pins provided by spira l w i r e s . Fuel pins contain the fuel matr ix , end reflec­
tors on each end of the core , and a void region for containment of fission g a s e s . The 
fuel assembl ies a r e supported by a core support p la te . The reac tor p r e s s u r e vessel is 
a cylindrical shell with 2:1 ellipsoidal headers on each end. Core coolant inlet and out­
let pipes a r e both located in the bottom header, with inlet coolant reaching the upper 
header through an annulus between the core and p r e s s u r e vesse l . Reactor control is 
provided by a movable side reflector outside the reac tor p r e s su re vesse l . 

2 . Physics Input 

The optimization code requi res the fuel volume fraction, the total maximum-to-average 
power ra t io , the radia l - to-average power rat io, and the side reflector thickness over 
a range of the independent variables which are the effective core diameter , the core 
length- to-diameter rat io, the end reflector thickness, and the core coolant volume f rac­
tion. 

The number of physics calculations required is minimized by utilizing the Composite 
Design technique (Ref. 3) to p re - se l ec t the cases to be run within the given range of the 
independent va r i ab les . Each set of calculated values is fitted to a second-order equation 
in t e r m s of the independent variables by the method of least s q u a r e s . The coefficients of 
these equations a r e then used by the optimization code. 

3 . Optimization Procedure 

For each combination of the independent variables (core diameter , core length- to-diameter 
rat io, end reflector thickness, and core coolant volume fraction) considered during the opti­
mization procedure , the corresponding reac tor specifications a re calculated as follows: 

a . The second-order physics equations a r e solved for the core fuel volume fraction, the 
maximum-to-average power ra t ios , and the side reflector th ickness . 

b . The fuel pin diameter , mat r ix diameter , cladding thickness, and spacing a r e determined 
from the des i red maximum fuel tempera ture and the core volume fractions on a unit 
t r iangular cell b a s i s , 

c . The length of the fuel pin void region required for the containment of helium and fission 
gases is determined as a function of power level, r eac tor lifetime, and pin dimensions . 

d. The total reac tor p r e s s u r e drop is the sum of the frictional p r e s s u r e loss in the core and 
coolant annuLi and the expansion and contraction losses through the upper and lower head­
e r s and from the inlet and outlet p ipes . 

e . The p r e s s u r e vessel thickness is determined from the internal p r e s s u r e level and s t r e s s -
rupture strength of mater ia l including a safety factor . 

f. The core plate thickness is taken as the maximum of two calculations based on 1) design 
launch loads and the low tempera ture yield strength and 2) operating p r e s s u r e forces and 
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FIG 2 
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the high tempera ture s t r e s s - r u p t u r e s t rength. 

g. Using these dimensions, the code calculates the total weight of the reactor , the over -a l l 
r eac tor dimensions, and such quantities as fuel burnup and power densi ty. 

These calculations a r e done throughout the optimization procedure where they a r e used in 
comparing reac tor weights and in determining relationships to limitations imposed as input 
conditions. 

The following procedure is used by the Weight Optimization Paramet r ic code to determine 
which cases to consider within the input range and finally to select the minimum weight r e a c ­
tor satisfying the input conditions: 

a . The fuel element cladding thickness is calculated over the range of the var iables , and 
the calculated values a r e fitted to a second-order equation in t e rms of the independent 
physics var iables by the method of least squa re s . 

b . Values a r e selected for the core length- to-diameter rat io, the core diameter , and the 
end reflector th ickness . The equation found above in (a) is solved for the core coolant 
volume fraction corresponding to the input value of the minimum allowable cladding 
th ickness . 

c . Five cases of varying coolant volume fraction from the bottom of the range to the vol­
ume fraction found in (b) a re run to find the coolant p r e s s u r e drop as a function of the 
coolant volume fraction. 

d. The case with the coolant volume fraction corresponding to the input value of the 
des i red p r e s s u r e drop is run . If none of the input l imits such as burnup, heat flux, 
or maximum side reflector thickness a r e exceeded, the specifications for the case 
a re s to red . Otherwise the case is not considered further in the optimization. 

e . Steps (b) through (d) a r e performed over the complete range of end reflector th ickness . A 
curve of reac tor weight ve r sus end reflector thickness is thus obtained for the selected 
core length- to-diameter rat io and core d iamete r . The specifications for the minimum ' ^ 
weight reac tor along this curve a r e s tored . ^ 

O 
f. Steps (b) through (e) a re performed over the complete range of core d iamete r . A curve r ~ 

of reac tor weight versus core d iameter is thus obtained for the selected core length-to- y> 
diameter r a t i o . The specifications for the minimum weight reac tor along this curve a r e CO 
s tored . ( / ) 

g . Steps (b) through (f) a re repeated for the complete range of core length- to-diameter ra t ios jpf̂  
to obtain a curve of reac tor weight versus core length- to-diameter r a t i o . The minimum Un 
weight r eac to r along this curve is the weight-optimized reac tor which satisfies the input ^^ 
conditions. 

During the Phase II and III studies, this full optimization procedure was used to examine the 
reac to r s under considerat ion. 

For the Phase II studies, the major assumptions affecting the reac tor weight were 1) the use 
of maximum fuel t empera tures of 3200F without hot channel factors , 2) a columbium alloy 
clad 10, 000-hour rupture strength of 4000 psi , and 3) thin side ref lectors (about 1.5 inches) 
giving a shutdown reactivity of 0.97 with reflector removed. 

During Phase III studies, lower values of fuel tempera ture and clad strength were examined and 
the Phase ffl r eac tor (Ref. Design 2) temperature of 2500F with hot channel factors and a colum­
bium alloy clad strength of 1500 p s i . Consideration of reac tor handling and safety problems r e ­
sulted in the side reflector thickness being increased from the approximate 1.5 inches in the 
Phase II studies to 4 .0 inches . 

15 
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The 4 .0 inches was est imated to be the minimum thickness required to insure that with the 
reflector removed the reac tor would be subcrit ical when reflected by an infinite thickness 

^ o f wa te r . This resul ted in lowering the pa rame t r i c reac tor base reactivity from 0.97 to 
.•C;about 0 . 9 3 . The core to reflector distance was increased to reflect engineering studies 

.•O which had been done at that t i m e . The Ref. 2 reac tor was based on a 19-can core configur-
C ' ation, r a ther than the 7-can configuration used in Phase II. 

r 
r 

^. Simplified Procedure 4 

S 1. Optimization Assumptions 

•^ Because of the limited t ime available for completion of the fuel survey study, it was necessary 
to reduce the number of physics calculations normally required for input to the weight optimi­
zation code. This was accomplished by reducing the number of independent physics variables 
from four to two, the core d iameter and the core coolant volume fraction. Experience with 
the pa rame t r i c studies showed that for reasonable input conditions, the weight-optimized r e a c ­
to rs usually have core length- to-diameter ra t ios and end reflector thicknesses of approxi­
mately 1.1 and 3 inches, respect ively. These values were chosen as constant values for this 
study. In addition to the reduction in the number of independent var iables , the number of ca l ­
culations for each combination of these variables was reduced to one, the determination of the 
core fuel volume fraction required for cri t icali ty assuming a constant 4-inch side reflector 
in i ts most react ive posi t ion. 

Physics Assumptions 

The physics model used on the Phase IV studies was based on the following assumptions: 

ô 

GO 
^^ ^' Constant end reflector thickness - 3 inches (each end) 

b . Constant core length- to-diameter ratio - 1.1 

c . Constant side reflector thickness - 4 inches 

•JID d. Maximum neutron multiplication factor - 1.05 

e . Core- to-s ide reflector gap thickness T, and volume fractions -

T = 0.07 D + 0 . 7 8 8 inch c 

Cb Volume Fract ion, VF j^ = D + 3.0/Dc -1-11.3 

Void Volume Fract ion, VF = 0 . 3 / T 

Li Volume Fract ion, VF,. = 1 - VF ^ - VF ._, 
li cb void, 

where ^ . , 
D IS the core diameter, 

c 
The equation for the thickness and composition of the core -s ide reflector gap was empirical ly 
derived from pre l iminary design studies in this region. 

The physics calculations were ca r r ied out with the use of the two-dimensional neutron t ranspor t 
theory multi-group code TDC. The neutron c ross -sec t ions used in these calculations, with the 
exception of the tmigsten c ross - sec t ions used for the tungsten ce rmet fuels, were taken from 
LAMS-2543, although the absorption c ross - sec t ions for columbium and tantalum were al tered 
to obtain bet ter agreement between calculated worth and measured mater ia l coefficients. Tung­
sten c ross - sec t ions were prepared from basic resonance data and comparison with cr i t ical ex­
per iment mater ia l coefficient r e s u l t s . 

The physics calculations for the tantalum alloy clad cases assumed a constant six percent volume 
fraction of columbium for the core s t ruc ture other than fuel element cladding. The physics data 
produced for these tantalum cases was assumed to hold also for the tungsten-rhenium alloy clad 
c a s e s . 
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Because all calculations were run with the side reflector m the maximum reactivity position, 
the s tar tup maximum-to-average power rat ios had to be obtamed by scaling the calculated 
end-of-life values to agree with previous calculations of s tar tup values . 

Engmeermg Assumptions 

The engmeermg model for the fuels study is fixed m the optimization code (Ref. Section III A-1) . 
However, the reac tor weight prmted out by the optimization code was scaled to reflect the follow­
ing charac te r i s t ics which a re in c loser agreement with resul ts of design and engineering accom­
plished to date and the configuration shovwi m F ig . 3 . 

a. Seven-can, rounded-edge core 

b . P re s su re vessel sized considering hoop s t r e s s only 

c . Approximately 250 pounds for local reac tor support s t ruc ture , bea rmgs , 
and control dr ives including drive shaft, gea rs , e t c . 

A 0.005-inch tungsten b a r r i e r was included between the fuel mat r ix and the fuel element 
cladding m all cases where columbium or tantalum alloy claddmg mater ia l was used with 
the following fuels: 

a. UC/UN 

b . 90UC/UN-10m/oZrC ' U N C L A b b l F l u t ) 
c . UC/UN-1 W 

Since the same physics data was used for both tantalum and tungsten-rhemum claddmg cases with 
these fuels, the only difference between the cases was the exclusion of the fuel-claddmg b a r r i e r 
in the tungsten-rhenium clad fuel e lements . 

In every case in the study, a factor of 90 percent was applied to the cladding s t r e s s ra te - to - rup ture 
to account for the possibili ty of small variations m tubing th ickness . Based on fabrication consid­
erat ions, the fuel pin claddmg thickness was limited to a minimum of 0.015 mch. 

In all cases , n was assumed that there was a constant fuel- to-matr ix contact res is tance equivalent 
to 0.0005 inch of hel ium. This assumed contact res is tance is the same as that used to calculate 
CANEL irradiat ion capsule maximum fuel t empera tu re s . 

Reactor design c r i t e r i a presently specify that the fuel pin swelling or creep due to hoop s t r e s s 
produced in the clad by mat r ix swelling and fission gas containment be limited to one percent m 
10, 000 h o u r s . The secondary creep s t ra in ra te is a function of s t r e s s and temperature and, at 
the conditions present iy anticipated to exist m the reac tor core, insufficient test data is avail­
able to allow satisfactory prediction of cladding behavior . For this reason, although resul t s of 
a pre l iminary analysis show that a fuel pin swelling of nearly five percent is required to ra i se 
cladding surface tempera tures to the 2200F design value, the maximum allowable s t r am is l imit­
ed to one percent , which will not be exceeded if more than one-half of the s t r e s s - rup tu re strength 
IS used as a design b a s i s . The foregoing is based on the established creep proper t ies of Cb-1 Z r 
alloy. The s t r e s s rupture c r i te r ia a re used to design the pa ramet r i c reac tor fuel pins for gas ­
eous fission product containment. Fuel swelling effects a re considered by applymg a fuel burnup 
limit to those fuels (UC/UN, U02-BeO) for which mat r ix swellmg is indicated to be a function of 
fuel burnup at SNAP-50/SPUR reac tor conditions based on irradiat ion testing to da te . For other 
fuels. It IS assumed that fuel pin diametral swellmg will be less than one percen t . 

Durmg the course of this study, it was found that many bumup-l imited cases were l a rge r and 
heavier than required, due to the assumption of a constant high fuel enr ichment . Consequently, 
the weight optimization code was revised to allow lowermg of the fuel enrichment if this r e ­
sulted m a weight saving. 
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IV. SUMMARY OF RESULTS OF REACTOR DESIGN AND 
PARAMETRIC STUDIES, 1961 TO OCTOBER 1963 

Three distinct steps in UC/UN reac tor studies for space applications a r e apparent, spanning the 
t ime from s ta r t of space powerplant investigations at CANEL in 1961 to October 1963, when the 
study was expanded to consider other fuels . The basic ground rules for these reac tor studies were : 

Reactor coolant Lithium 

Reactor s t ruc tura l mater ia l Cb-1 Z r alloy i t u t ^ 

Reactor coolant outlet t empera ture 2000F * - ' ' ^ v . ^ L t H S S i F ! E D 

Reactor lifetime 10, 000 hours 

Uranium carbide U^^^ enrichment 84 percent 

A summary of this work is shown in F ig . 4, which shows the his tory of predicted SNAP-50/SPUR 
reac tor weights as a function of fuel and cladding performance assumpt ions . 

A . Phase I, Prel iminary Conceptual Studies, November 1961 - July 1962 

The f i rs t space reac tor data (Part A) was scaled from the UC/UN-fueled PWAR-18 reac tor which 
was typical of the Lithium-Cooled Reactor E^qieriment (LORE) reac tor , then being designed at 
CANEL, and which featured liquid metal-cooled ref lectors with neutron absorber sections con­
tained in a rotating control drum configuration. The UC/UN fuel and clad performance design 
assumptions were identical to diose used in the LCRE reac tor design, and were considered r ea l ­
is t ic at that t i m e . The initial scaling included the effects of changing the coolant tempera ture 
drop from 400F to lOOF, reduction in design power from 10 Mw to 8 Mw, and revising control 
drive weights . 

Duriag this phase (Part B), the reac tor concept was revised to use radiatively-cooled re f lec to rs . 
Fuel and cladding design assumptions remained unchanged during this concept revis ion. The 
weight data available from engineering work accomplished on the LCRE reac tor type was scaled 
and adjusted to obtain the 1300-pound reac tor weight shown for the initial radlatively-cooled 
reac tor concept. During this t ime, powerplant considerations specified an 8-Mw reac tor weight 
target of 1150 pounds. 

Also during this phase of space reac tor design, pa ramet r i c studies as described in this report 
were not conducted. The proposed r eac to r s were scaled from work accomplished on the LCRE 
type r e a c t o r . 

B. Phase II, Paramet r ic Design and Application Studies, December 1962 - October 1963 

The first pa rame t r i c studies were accomplished in this period, based on the reac tor concept 
evolved in Phase 1. The first s e r i e s of studies was conducted to provide data for powerplant 
optimization studies and included reac tor power levels of 2, 5 and 8 Mw, reac tor coolant tem­
pera ture r i s e var ia t ions of 50F to 150F and reac tor coolant p r e s s u r e drops of 10 to approxi­
mately 120 p s i . The studies showed the reac tor weight difference between the 2-Mw (250 to 
300-Kwe space powerplant) and 8-Mw (1 Mwe) reac tor designs to be approximately 200 pounds. 
Because this predicted weight difference was smal l , a single 8-Mw reac to r design having the 
capability of being used in 250-Kwe to 1000-Kwe powerplants was selected as the most pract ica l 
reac tor approach for the SNAP-50/SPUR power s y s t e m s . 

These reac tor pa rame t r i c study resu l t s were utilized in a powerplant optimization study (Ref. 4) 
which showed 8-Mw, lOOF coolant tempera ture r i s e , and 30 psi coolant p r e s s u r e drop to be opti­
mum for a 1-Mwe powerplant . The weight of the reac tor meeting the above requi rements was 
determined to be 890 pounds, including meteoroid shielding. The reac tor was selected for the 
SNAP-50/SPUR F i r s t Flight Powerplant Prel iminary Design Specifications (Ref. 5) and designated 
Reference Design No. 1. 



HISTORY AND COMPARISON OF UC REACTOR WEIGHT ESTIMATES <A 
FOR SNAP-50 APPLICATIONS % 

LIFE 10,000 HOURS 
COOLANT LITHIUM 
COOLANT OUTLET TEMPERATURE - 2000F 
UC FUEL - 84% ENRICHED 

•P.^ 
•-^•z.' 

Reactor Data as Published Unpublished 1 I and Comments 

Bare 
Power, Burnup, Core Matrix 
Mw % K Temp, F 

No. Pms 
& Pm 

Diameter, 
inches 

Clad 
Thickness 
Cb-1 Zr, 

inches 

Core Diameter, 
Fuel Length, 
Void Length, 

mches 

Reflector 
Thickness, 

mches 

Total 
Weight, 

lb 

Distribution of Total Weight, lb 
^d 

End 
Side Reflector Liquid 

Reflector & Core Metal 
Pressure Structure 
Vessel & Drives 

Phase I - Preliminary 
Conceptual Studies 

A. BeO Reflectors, 
L .M. Cooled, 
Rotating Poison 
(B4C) Drum Control 

11-7-61 CNLM-3886, 
Prelimmary Design 
Specifications for 
the PWAR-18, UC 
Reactor 

CNUVl-4083, 
Prelimmary SNAP-50 
Reactor Weight 
Parametric Study 

Radiatively Cooled 
External Reflector 

CNLM-4068, 
SNAP-50 Reference 
Requirements 

MPR-62-4-1, 
Monthly Progress 
Report, April 1962 

CNLM-4168, 
SNAP-50 Reference 
Requirements 

7-18-62 CNLM-4167, 
SNAP-50 Basic 
System Requirements 

Phase II - Parametric Design and 
Application Studies 

7.87(1) 2700, 
max 

217(3) 0.295 0.025 

Fission Gas Release 7.5% 
Clad Strength 3400 psi at 2200F 

*1932 PWAR-16 reactor- reflector *400 
(2340) configuration. Coolant AT 400F. (810) 

Bare core K estimate 0.85. 

*Weight underestimated -
correct figures shown m 
parentheses 

1632 This reactor scaled from 
PWAR-18 coolant AT lOOF. 
Optimized control drives. 

1200 lbs stated to be a 
guessed weight 

Parametric studies for Phase II 
were initiated April 16, 1962 

Major reasons for weight change 
from 5-22-62 are power reduced 
7.76 Mw to 6.5 Mw, outlet pressure 
mcreased 21 psia to 51 psia, 
reactor AP increased 30 psi to 
40 psi . 

Intended to guide component 
designers mdicating attamable 
target with vigorous design 
and development 

4̂  

cNuvi-4357, 2 
SNAP-50 System 5 
Optimization Studies 8 

CNLM-4385, Optim.2 1.77(1) 0.97 
SNAP-50 Reactor 8 5.21(1) 
Development 8 at 2 1.30 
Concept 

CNLM-4372, 8 
Parametric Results 
for UC Fueled 
SNAP-50 Type 
Reactors 

0.97 
0.97 
0.97 

0.97 

3200 
3200 
2262 

3200 

0.746 
0.405 
0.405 

0.405 

0.0304 
0.015 
0.015 

0.015 

9 
10 
10 

10 

1.89 
7.3 
7.3 

7 . 3 

1.5 
1.7 
1.7 

1.5 

510-
660-
718-

500 
710 
710 

830 

•627 
•769 
1020 

Maximum matrix temp, 3400F 
Fission gas release, 10% 
Clad strength, 4000 psi 

Without meteoroid shield 
(120 lb) 

Without meteoroid shield 
(120 lb) 

Including meteoroid shield 
(120 lb) 

80 
120 
120 

122 

PWAC-631, 
Quarterly 

4.9(1) 3200 434 0.432 0.025 10.43 10.43 3.00 Including meteoroid shield 
weight estimate revised 
from 2-4-63 



HISTORY AND COMPARISON OF UC REACTOR WEIGHT ESTIMATES 
FOR SNAP-50 APPLICATIONS 

CONTINUED 

R e a c t o r Data a s Publ i shed Unpubl i shed Data and C o m r n e n t s 

Power , 
Mw 

Bare 
Burnup , C o r e M a t r i x 

Vo K T e m p , F 

N o . P m s 
& Pin 

D i a m e t e r , 
i n c h e s 

Clad 
T h i L k n c s s 
C b - 1 Z r , 

i n c h e s 

C o r e D i a m e t e r , 
F u e l Length, 
Void Length, 

m c h e s 

Ref lec to r T o t a l 
T h i c k n e s s , Weight , 

inches lb 

Dis t r ibu t ion of T o t a l Weight , lb 
End 

Side Ref lec to r Liquid P r e s s u r e S t r u c t u r e 
R e f l e c t o r 8J C o r e M e t a l V e s s e l & D r i v e s 

C N L M - 5 1 1 8 , 
SNAP-50/SPUR F i r s i 
F l igh t Powerp lan t 
P r e l i m i n a r y Design 
Spec i f i ca t ions 

PWAC-406, Study ot 
A d a p t m g SNAP-50 
Space Powerplan t 
to a L u n a r Base 

M P R - 6 3 - 7 - 1 , 
Monthly P r o g r e s s 
R e p o r t , July 1963 

C N L M - 5 2 7 5 , 
P r e s e n t a t i o n of 
A d a p t m g SNAP-50 
Powerplan t to a 
L u n a r Base 

Phase 111 - P a r d m e i r i c and 
P r e l i m i n a r y L n g i n c e r m g 
Design S tud ies 

MPR 6 3 - 9 - 1 , 
Monthly P r o g r e s s 
Repor t , S e p t e m b e r 
1963 

PWAC-633 , 
Q u a r t e r l y P r o g r e s s 
R e p o r t , July 1, 1963 
to S e p t e m b e i 30, 1963 

1603 0 . 2 5 4 0 . 0 2 2 12 .0 13 . 2 

1603 0 . 2 5 4 0 .022D 12 0 13 . 2 

Inc ludmg m e t e o r o i d s h i e l d . 
R e v i s e d weight e s t i m a t e 
f rom 2 - 4 - 6 3 . 

S p h e r i c a l c o r e shape , no 
m e t e o r o i d s h i e l d . Des ign not 
c o n s i d e r e d to be p r a c t i c a l . 

Based on p a r a m e t r i c s t u d i e s 
2 3 0 0 F - 3 2 0 0 F . 
F u e l t e m p e r a t u r e 1200-6000 p s i 
C l a d s t r eng th , 3-50% 
F i s s i o n gas r e l e a s e 

Rev i sed weight e s t i m a t e 
f r o m 2 - 4 - 6 3 , with 
m e t e o r o i d shie ld 

M a x i m u m m a t r i x t e m p , 2500F 
F i s s i o n g a s r e l e a s e , 10% 
Clad s t r eng th , 1500 p s i at 2200F 
C o r e d i a m e t e r , 12 i n c h e s 
Re f l ec to r t h i c k n e s s , 4 inches 
Burnup, 4 37o(2) 

Major Reasons for R e a c t o r 450 850 
Weiglit Change , Phase II to III 

C l a d s t r eng th , 4000 to 1500 p s i (47 % weight eh mge) 
Bare c o i e K, 0 . 9 7 t( 0 ^3 ( l / o weigh t change) 
Upgrad ing 11 n u c . data (17'^ weight change) 
M a t r i x t e m p , 3200F to 2300F (18 y weight change) 
• I n c l u d e s 17^ lbs of SNAP-50 
powerp lan t w i r i n g and piping not 
inc luded in o t h e r wt . e s t i m a t e s . 

CD 

CO 
CO 

m 
Q 

Phase IV P r e s e n t 

C N L M - 5 3 4 0 , 
SNAP-50/SPUR 
Kefe renee i>;sign 
N o . 3 

M P R - 6 M 1 - 1 . 
Monthly P r o g r e s s 
Repor t , 
N o v e m b e r 1963 

12 0 13 2 

8 4 .3(2) 

2 1.5(2) 

2500 
m a x 
2300 
m a x 

M a x i m u m m a t r i x t e m p , 2300F 
F i s s i o n gas r e l e a s e , 10% 
C l a d s t r eng th , 1500 p s i 
M a x i m u m fuel bu rnup , 1.5*7 

F l igh t tes t r e a c t o r wt goa l 

Same a s 10 -18 -63 
E s t i m a t e d w t . of SNAP-50 
in i t ia l flight l e a e t o i des igned 
for 2 Mw (Ref. Design No . 3 ) . 

(1) Avg t >tal bu rnup , "-g U m a s s 
(2) M a x , f ission bu rnup , to t a l u ran ium m a s s 
(3) 7 c a n s - 1519 p m s . 

W g . T o 
Burnup, 
U235 Ma 

7 87 
1 .77 
5 . 2 1 
1.30 
4 . 9 0 

Burnup C o n v e r s i o n 
a l 
'̂n 

s s 
M a x . 

Vo To t 
F i s s i o n Burnup, 

i l U r a n i u m M a s s . 

6 . 1 0 
2 . 0 4 
6 . 1 0 
1.521 
5 . 8 9 
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The fuel operating tempera ture in these studies during the ear ly part of Phase II (3200 w/o HCF) 
was selected on the same bas is a s in U02-BeO reactor design (LCRE) - 75 percent of the fuel 
melting t empe ra tu r e . The clad strength assumption (4000 psi) was also known to be optimistic 
for present ly available m a t e r i a l s . It was recognized that an extensive development p rogram was 
required to substantiate these fuel and clad performance assumptions, with a fair possibili ty that 
these conditions could not be successfully demonstra ted. 

Therefore, a new se r i e s of pa ramet r i c studies was initiated in the la t ter pa r t of Phase II to de te r ­
mine the effect of fuel performance assumptions on 8-Mw UC/UN-fueled r e a c t o r s . A range of fuel 
and cladding conditions was investigated, the lower l imits of which now appear to be within present 
fuel and clad capabili ty. In addition, the nuclear mockup was for this study changed to a 19-fuel 
can core configuration and nuclear c ross -sec t ions were modified. Paramet r ic reac tor weights 
ranging between 1100 and 2700 pounds were indicated by this study. 

Phase III, Paramet r ic and Prel iminary Engineering Design Studies, October 1963 

A review of fuel and cladding performance potential indicated that the performance assumptions 
associated with 8-Mw reac tor weighing less than 1000 pounds (Reference Design No. 1) were too 
opt imist ic . Accordingly, fuel and cladding design assumptions were reduced: 

Maximum fuel tempera ture from 3400F to 2500F W/HC F 

Fuel cladding strength from 4000 to 1500 ps i and a compatibility b a r r i e r incorporation 

These reduced fuel assumptions and the incorporation of a four-inch thick side reflector for handl­
ing safety considerations (core base reactivity reduced from 0.97 to 0.93) with the 19-can core 
reac tor pa ramet r i c model resul ted in an 8-Mw reac tor weight of 2000 pounds. 

The major factors, and their relat ive effect in increasing the reac tor weight from approximately 
890 pounds in Phase II to 2000 pounds in Phase III, a s determined by changing the var iables one at 
a time using the Phase II reac tor mockup a r e : 

Factor and Change % of Weight Change 

Fuel cladding strength, 4000 psi to 1500 psi and 47 

incorporation of compatability b a r r i e r 

Fuel maximum tempera ture w/o HCF 3200F to 2300F 18 

Nuclear mockup, 7 to 19 can, and more accurate 18 
mater ia l c ross - sec t ions 
Reactor K . reduced, 0.97 to 0.93 17 

mm 
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V. RESULTS OF PARAMETRIC STUDIES, OCTOBER 1963 TO PRESENT 

Fuels and Clad Assumptions • ''^Ipr^ 

Late in the Phase II effort, it was determined that the fuel design assumptions used in these studies 
could not be substantiated (Ref. 2) and further reduction in pa rame t r i c study design assumptions 
was requi red . Using conservative fuel design assumptions, the weight of optimized 8-Mw r e a c ­
tors was clear ly in the o rder of two t imes the weight of 2-Mw r e a c t o r s . Accordingly, the pa ra ­
met r i c studies were expanded to consider other fuel and clad possibi l i t ies at 2-Mw and 8-Mw power 
l eve l s . The range of fuel and clad assumptions is shown in F ig . 5 . The performance levels cover 
values which 1) appear with reasonable confidence to be demonstrable and a r e considered within 
present capability of fabrication and test , denoted as Present Capability, and 2) advanced per form­
ance, denoted Advanced Capability which might be demonstrated in the future if sufficient p romise 
in powerplant performance improvement warran ts such an approach. 

As noted in F ig . 5, the fuel cladding mater ia ls studied were columbium alloys with assumed 10, 000-
hour rupture strengths ranging from 750 to 2000 psi , a tantalum alloy and a tungsten-rhenium alloy, 
each with an assumed 10, 000-hour rupture strength of 4000 p s i . The fuel candidates examined were 
high and low density UC/UN (UC and UN fuel have approximately the same uranium density and ther ­
mal conductivity, so that in pa ramet r i c studies they a r e examined as one fuel with reasonable accur­
acy), UO2, U02-BeO with 50 volume percent BeO, UC/UN-Zrc with 10 m / o ZrC, UC/UN-1 W, UC/ 
UN-W ce rme t s with 20 and 40 volume percent tungsten, and UO2-W cermets with 20 and 40 volume 
percent tungsten. 

The low density UC/UN fuels assuming 100 percent gas re lease were considered as one alternative 
to improve UC/UN dimensional-stabil i ty, tempera ture , and burnup limitations by eliminating fission 
gas p r e s s u r e buildup in the ma t r ix . The UC/UN-W and UC/UN-ZrC fuels appear to offer an a l t e r ­
native approach to this problem by increasing the matr ix creep s t rength. This is indicated by out-
of-pile creep tes ts of UC/UN-1 W (Ref. 6) which show this mater ia l has a significantly higher creep 
strengdi than UC/UN. Also hot hardness tes ts at CANEL indicate the UC/UN-10 m / o Z rC hardness 
is g rea t e r than for UC/UN (Ref. 7) . Each fuel was examined with each appropriate cladding mate ­
r i a l . 

The UC/UN fuel was investigated for three dens i t ies . The high density fuel was assumed to have 
relatively low fission gas re lease ranging from one to ten percent , and the lower density fuels to 
have 100 percent fission gas r e l e a s e . The other fuel candidates were generally assumed to have ten 
percent fission gas re lease , except for U02-BeO, The U02-BeO was assumed to have a 25 percent 
fission gas re lease which is est imated to be equivalent to a 100 percent fission gas re lease plus a 
20 percent helium re lease based on helium to gaseous fission product generation ra tes determined for 
the LCRE reac to r . (Ref. 8). 

Fuel maximum centerl ine tempera tures were varied over a range which seemed consistent with the 
assumed values of gas re lease and fuel element swelling as indicated by presently available da ta . In 
general , this res t r i c ted tempera tures to 2300F for present capabilities and up to 2700F to 2900F for 
advanced fuel capabil i ty. Where presen t data seemed to indicate required limitations on burnup 
in o rder to maintain limited swelling or gas re lease , these l imits were imposed on the fuels . 

Fuel thermal conductivities for the UC/UN, U02-B30, and UO2 fuels used in the studies a r e based on 
experimental measu remen t s . Those for the cermet and UC/UN-ZrC fuels were determined analytically 
by the volumetric ratio of constituents, or for the la t ter from elec t r ica l resist ivi ty measu remen t s . 
The fuel conductivities (Btu/hr-f t-F) used for each fuel a r e : 

UC/UN, 95% theoretical density 11.0 

UC/UN, 87% theoretical density 10.1 

UC/UN, 80% dieoretical density 9.26 



1 . Fuel Density 

2 . Maximum Fuel 
Tempera tu r e , F 

Present Capability 
Advanced Capability 

SUMMARY 

UC / 

0.80 
0.87 

2500 
2700 
2900 

2-

UN 

0.95 

2300 
2500 
2700 

OF FUEL 

MW AND 

PERFORMANCE 

8-MW DESIGN 

VARIATIONS STUDIED AT %J-, 

POWER 

Fuels Studied for 
Present and Advanced Capability 

90 UC-ZrC 

0 .95 

2300 
2500 

60 UC-W 

0.95 

2300 
2500 

U02 

0.95 

2300 
2700 

60 UO2-W 

0 .95 

2300 
2700 

LEVELS 

U02-BeO 

0.95 

2300 
2300 
2500 

Fuels Studied for 
Advanced Capability Only | 

UC-IW 80 UC-W 8OUO2-W 

0.95 0.95 0.95 

2500 2500 2700 -̂  

3 . % Gas Release 

Present Capability 
Advanced Cdpability 

100 
100 

% Burnup (Design Limit) 

Present Capability 

Advanced Capability 

Fue l Claddings 

Present Capability 

Advanced Capability 

1,10 
10 

1 
1.5 
2 .0 

1.5 

10 
10 

10 
10 

10 
10 

10 
10 

2700 

25 
25 

3.0 

3.0 
6.0 

10 10 

PWC-11 (Cb-1 Z r - 0 . 1 C) and Cb alloys 

PWC-11, T-222, a n d W - R e 

to 

10 
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90 UC/UN-10 m / o ZrC 

UC/UN-1 W 

80 UC/UN-20 W 

60 UC/LJN-40 W 

UO2 

50 UO2-50 BeO 

80 UO2-2O W 

60 UO2-4O W 

2-Mw Reactors 

10.4 

11.0 

15.6 

23.2 

1.4 

6.7 

8.3 

16.8 
UNCLASSIFIED 

Results of the 2-Mw reac tor fuel pa ramet r i c studies a re tabulated in F i g s . 6 and 7. 

8-Mw Reactors 

Results of the 8-Mw reac tor fuel pa ramet r i c studies are tabulated in F i g s . 8 and 9. 

Effect of Fuel and Clad Variables on Reactor Weight 

1. Fuel Versus Reactor Weight 

In Table 1 is presented the approximate range of reac tor weights for each fuel mater ia l as 
extracted from the study (neglecting very low-strength columbium alloy cladding strength 
c a s e s ) . Two-Mw reac tor weights for operating conditions in the category of present fuel 
capability fall in the range of 1200 to 3000 pounds, while the present capability 8-Mw reactor 
weights a re generally heavier than the minimum 2-Mw reac tor weights by a factor of two or 
m o r e . 

Table 1 
Summary of Reactor Weights From Paramet r ic Studies 

2-Mw 8-Mw 

UC/UN 0.95 density 

UC/UN0.87 , 0.80 density 

50 UO2-5O BeO 

90 UC/UN-10 m / o Z rC 

60 UC/UN-40 W 

60 UO2-4O W 

80 UC/UN-20 W 

80 UO2-2O W 

UC/UN-1 W 

Present 
Capabilities 

1200^^^-

1600^^^-

•1600<^> 

•1900 

1700-2000 

1800^'^^-2000 

1400 

1900 

3000 

Advanced 
Capability 

1200^^^ 

1500-1900 

1500-1800 

1800-2200 

1300 

1800 

2600-3100 

1300 

1700 

1200 

Present 
Capabilities 

>4200^^^ 

3200^"^^-

2900 

2700^^^-

4000^^^ 

2500 

3600 

•4000 

•3400^^) 

Advanced 
Capability 

>4200^^^ (1900) 

2700-3800 

2300-3000 

3000-3400^'^^ 

1900-2100 

2400-2550 

3400-3500 

1800-1900 

2300-2400 

1800-1900 

(a) Fuel burnup limit 1.5% total uranium 
(b) Fuel burnup limit 1.0% total uranium 
(c) PWC-11 clad design tempera ture 2100F 
(d) Fuel burnup limit 3.0% total uranium 
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FIG 6 

S N A P - 5 0 2 - M W REACTORS PRESENT CAPABILITY 

COOLANT OUTLET TSVIPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PS I 

0 

UC/UN 

0.95 

10 

(4) 
00 

UC/UN 

0.95 

10 

000^^^ 

UC/UN 

0.95 

10 

;§" 
Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , psi 

Fiss ion Burnup, % 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Ptn Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. TK. , m . 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

235 
(1) Atoms of U fissioned pe 
(2) Case reached design burnup l imi t . Enrichment lowered. 
(3) Case run at a reac tor p r e s s u r e drop less than 5 p s i . 
(4) Coolant p r e s s u r e drop 10 p s i . 

UC/UN 

0.95 

10 

2 

UC/UN 

0.95 

10 

3 

UC/UN 

0.95 

10 

2100 

PWC-11 

2200 

1500 

1.28 

0.025 

0.36 

0.250 

0.018 

1653 

12.00 

13.20 

6.0 

1.9 

4 .0 

31.0 

22o0 

4300 

1639 

original 

2150 

PWC-11 

2200 

1500 

1.5<2) 

0.016 

0.42 

0.250 

0.014 

1212 

10.15 

11.16 

6.0 

5.2 

4.0 

30.9 

19.9 

5900 

1276 

2300 

PWC-11 

2200 

1500 

1.5^2) 

0.020 

0.42 

0.350 

0.016 

599 

9.85 

10.83 

6.0 

7.2 

4 .0 

32.4 

19.6 

8600 

1240 

2300 

PWC-11 

2200 

1500 

1.5<2) 

0.019 

0.42 

0.357 

0.029 

576 

10.15 

11.17 

6.0 

5.7 

4 .0 

31 .5 

19.9 

8500 

1255 

uranium atom, maximum. 

2300 

PWC-11 

2100 

2070 

1.5(^> 

0.017 

0.42 

0.354 

0.029 

575 

10.05 

11.06 

6.0 

3 .4 

4 .0 

28.9 

19.8 

8600 

1205 

2300 

Cb Alloy 

2200 

750 

1.36 

0.038 

0 .38 

0.406 

0.029 

563 

11.30 

12.43 

6,0 

12.0 

4 .0 

39.8 

21.2 

7700 

1647 

•Linuum.. 
26 
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FIG 6 

S N A P - 5 0 2 - M W REACTORS PRESENT CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI |4HLL#\-^o iFiED 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , ps i 

Fiss ion Burnup, % 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Ptn Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. T K . , in . 

P ressu re Vessel Length, in . 

Reactor QD, in . 

Core Coolant Reynolds 
Number, average 

Weight, lb 

4 5 6 7 8 

UC/UN UC/UN UC/UN UC/UN UC/UN 

0.95 0.95 0.95 0.87 0.87 

10 10 100 100 

2300 2300 2300 2500 2500 

PWC-11 PWC-11 PWC-11 PWC-11 PWC-11 

2200 2200 2200 2100 2200 

1500 

1.5(̂ > 

0.015 

0.42 

0.351 

0.028 

575 

9.95 

10.95 

6.0 

0.9 

4.0 

26.3 

19.7 

8700 

1158 

1500 

1.55 

0.016 

0.44 

0.344 

0.032 

582 

9.95 

10.95 

6.0 

8.2 

4.0 

33.6 

19.7 

8600 

1224 

1500 

1.0̂ 2) 

0.020 

0.28 

0.441 

0.025 

512 

11.50 

12.65 

6.0 

6.7 

4.0 

34.9 

21.5 

8000 

1652 

2070 

1.40 

0.030 

0.36 

0.486 

0.041 

360 

10.90 

11.99 

6.0 

23.4 

4.0 

50.4 

20.8 

10,000 

1630 

1500 

1.33 

0.043 

0.34 

0.520 

0.039 

356 

11.50 

12.65 

6.0 

26.6 

4.0 

54.7 

21.4 

9500 

1893 

anmnnu 
27 
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FIG 6 

S N A P - 5 0 2 - M W REACTORS PRESENT CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - lOOF 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fiss ion) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t res s , ps i 

Fiss ion Burnup, %^ ' 

Clad Thickness , t a . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in. 

Core Length, in . 

End Reflector 
Tota l Length, in . 

Gas Void Length, in . 

Side Refl. T K . , in . 

P ressu re Vessel Length, in. 

Reactor OD, in . 

Core Coolant Reynolds 
Number, average 

Weight, lb 

9 

UC/UN 

0.80 

100 

10 

UC/UN 

0.80 

100 

11 
90 UC 
10 ZrC 

0 .95 

10 

12 
60 UC 
40 W 

0.95 

10 

13 

U02 

0.95 

10 

2500 

PWC-11 

2100 

2070 

1.31 

0.031 

0 .31 

0.507 

0.036 

362 

11.25 

12.38 

6.0 

21.6 

4 .0 

49 .3 

21.2 

9700 

1691 

2500 

PWC-11 

2200 

1500 

1.28 

0.039 

0.30 

0.527 

0.037 

357 

11.60 

12.76 

6.0 

28.6 

4 .0 

56.8 

21 .6 

9400 

1921 

2300 

PWC-11 

2200 

1500 

1.5<2) 

0.018 

0 .38 

0.368 

0.030 

582 

10.50 

11.55 

6.0 

6.4 

4 .0 

33 .3 

20 .3 

8200 

1353 

2300 

PWC-11 

2200 

1500 

1.32 

0.027 

0.22 

0.655 

0.016 

275 

12.10 

13.31 

6.0 

7.1 

4 .0 

36.4 

22 .1 

10, 300 

1882 

2300 

PWC-11 

2200 

1500 

1.12 

0.016 

0.24 

0.202 

0.015 

2747 

12.60 

13.86 

6.0 

2 .1 

4 .0 

32.4 

22 .7 

3100 

1733 

28 
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S N A P - 5 0 2 - M W REACTORS PRESENT CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 10OF 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI CUSSIFIED 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium 
Fiss ion) , % 

Design Fuel Temp, F 
WHCF 

Plus 

13-A 

UO2 

0.95 

10 

2300 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , psi 

Fiss ion Burnup, %^ ' 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Ptn Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Ref. TK. , in . 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

14 
50 UO2 
50 BeO 

0.95 

25 

15 
5OUO2 
50 BeO 

0.95 

25 

16 
5OUO2 
50 BeO 

0.95 

25 

17(3) 

6OUO2 
40 W 

0.95 

10 

2300 2300 2300 2300 

PWC-11 PWC-11 PWC-11 Cb Alloy PWC-11 

2200 2200 2100 2200 2200 

1500 

0.80 

0.015 

0.17 

0.237 

0.017 

1800 

11.90 

20.50 

6.0 

2 .9 

4 .0 

39 .1 

21.9 

4100 

2000 

1500 

1.41 

0.023 

0.15 

0.497 

0.018 

596 

13.70 

15.07 

6.0 

11.1 

4.0 

43.0 

24.0 

6200 

2031 

2070 

1.53 

0.016 

0.16 

0.465 

0.020 

617 

13.15 

14.47 

6.0 

9 .3 

4 .0 

40.0 

23.3 

6300 

1809 

750 

0.94 

0.067 

0.10 

0.691 

0.007 

502 

17.00 

18.70 

6 .0 

11.0 

4 .0 

48.7 

27.8 

5400 

3381 

1500 

0.80 

0.038 

0.10 

0.912 

0.020 

229 

15.30 

16.83 

6.0 

5.8 

4 .0 

40,9 

25.8 

8900 

2596 

raa 
29 
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^ S N A P - 5 0 2 - M W REACTORS ADVANCED CAPABIL ITY 

xC> 
NS ^ 

COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI 

1 

UC/UN 

0.95 

10 

2500 

PWC-11 

2200 

1500 

1.5<2) 

0.022 

0.42 

0.452 

0.035 

351 

9.95 

10.95 

6.0 

7.7 

4 .0 

33 .1 

19.7 

11,100 

1237 

2 

UC/UN 

0.95 

10 

2700 

PWC-11 

2200 

1500 

1.5(2> 

0.029 

0.42 

0.537 

0.036 

255 

9.95 

10.95 

6.0 

6.0 

4 .0 

31.4 

19.7 

13, 000 

1223 

3 

UC/UN 

0.95 

10 

2500 

T-222 

2200 

4000 

1.5<2) 

0.016 

0.42 

0.442 

0.032 

363 

9.85 

10.84 

6.0 

2 .0 

4.0 

27.1 

19.6 

11,000 

1216 

4 

UC/UN 

0.95 

10 

2500 

W-Re 

2200 

4000 

1.5<^) 

0.017 

0.42 

0.435 

0.033 

365 

9.75 

10.73 

6.0 

1.8 

4 .0 

26.9 

19.4 

11,100 

1202 

5 

UC/UN 

0.87 

100 

2700 

PWC-11 

2200 

1500 

1.35 

0.046 

0 .35 

0.594 

0.045 

259 

11.30 

12.43 

6.0 

30.4 

4 .0 

58.3 

21.2 

11, 500 

1880 

6 

UC/UN 

0.87 

100 

2900 

PWC-11 

2200 

1500 

1.39 

0.049 

0.36 

0.676 

0.051 

194 

11.00 

12.10 

6.0 

34.2 

4 .0 

61.2 

20.9 

13,500 

1851 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, F 
WHCF 

Clad Material 

Design Clad Temp, F 

Design Clad Rupture 
Stress, psi 

rrr(l) 
Fission Burnup, %̂  
Clad Thickness, in. 
Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter, in. 

Pin Spacing, in. 

Number of Pins, approximate 

Effective Core Diameter, in. 

Core Length, in. 

End Reflector 
Total Length, in. 

Gas Void Length, in. 

Side Refl. TK., in. 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

235 
(1) Atoms of U fissioned per original uranium atom, maximum. 
(2) Case reached design burnup limit. Enrichment lowered. 
(3) Case run at a reactor pressure drop less than 5 psi . 

30 
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S N A P - 5 0 2 - M W REACTORS ADVANCED CAPABIL ITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATUFE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 

t l ' . - ' \ 
. p3i:)L?|^T\tRisSURE DROP 5 PSI 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , psi 

nv(l) 
Fiss ion Burnup, % 
Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w /o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in. 

Gas Void Length, in . 

Side Refl. TK. , in . 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Nvmiber, average 

Weight, lb 

7 8 9 10 11 12 

UC/UN UC/UN UC/UN UC/UN UC/UN UC/UN 

0.87 0,87 0.80 0.80 

100 100 100 100 

0.80 

100 

0.80 

100 

2700 

T-222 

2200 

4000 

1.34 

0.021 

0 .35 

0.559 

0.044 

257 

10.50 

11.55 

6.0 

17.5 

4 .0 

43 .7 

20 .3 

12, 300 

1563 

2700 

W-Re 

2200 

4000 

1.39 

0.022 

0.36 

0.541 

0.044 

261 

10.30 

11.33 

6.0 

16.6 

4 .0 

42 .5 

20 .1 

12, 500 

1513 

2700 

PWC-11 

2200 

1500 

1.26 

0.049 

0.30 

0.627 

0.037 

260 

11.65 

12.82 

6.0 

26.5 

4 .0 

54.9 

21.6 

11,000 

1919 

2900 

PWC-11 

2200 

1500 

1.29 

0.053 

0 .31 

0.713 

0.042 

195 

11.45 

12.60 

6.0 

28.8 

4 .0 

56.7 

21.4 

13.000 

1898 

2700 

T-222 

2200 

4000 

1.30 

0.022 

0 .31 

0.575 

0.037 

276 

11.05 

12.16 

6.0 

14.9 

4 .0 

42.0 

20.9 

11,300 

1662 

2700 

W-Re 

2200 

4000 

1.36 

0.022 

0.32 

0.550 

0.040 

280 

10.75 

11.83 

6.0 

15.8 

4 .0 

42 .5 

20.6 

11,500 

1596 

31 
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S N A P - 5 0 2 - M W REACTORS ADVANCED CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI 

Case No. 

Fue l 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t res s , ps i 

Fiss ion Burnup, %^ ' 

Clad Thickness, in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Ptn Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Tota l Length, in . 

Gas Void Length, in . 

Side Refl. T K . , in . 

P re s su re Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

13 

U C - I W 

0.95 

10 

2500 

PWC-11 

2200 

1500 

1.57 

0.022 

0.44 

0.443 

0.037 

354 

9.85 

10,84 

6,0 

7.6 

4 .0 

32.7 

19.6 

11,200 

1213 

14 

U C - I W 

0.95 

10 

2500 

T-222 

2200 

4000 

1.51 

0.015 

0.42 

0.443 

0.032 

362 

9.85 

10.84 

6.0 

2 .0 

4 .0 

27.2 

19.6 

11,000 

1219 

15 

U C - I W 

0.95 

10 

2500 

W-Re 

2200 

4000 

1.58 

0.015 

0.44 

0.422 

0.034 

368 

9.55 

10.51 

6.0 

2 .0 

4 .0 

26.7 

19.2 

11,300 

1140 

16 
90 UC 
10 ZrC 

0.95 

10 

2500 

PWC-11 

2200 

1500 

1.61 

0.022 

0 .41 

0.450 

0.033 

378 

10.25 

11.28 

6.0 

7.0 

4 .0 

32 .9 

20.0 

10, 400 

1282 

17 
90 UC 
10 ZrC 

0 .95 

10 

2500 

T-222 

2200 

4000 

1.51 

0.016 

0 .38 

0.456 

0.029 

386 

10.40 

11.44 

6.0 

1.8 

4 .0 

28.0 

20.2 

10,100 

1323 

18 
90 UC 
l O Z r c 

0.95 

10 

2500 

W-Re 

2200 

4000 

1.59 

0.015 

0.40 

0.433 

0.031 

394 

10.05 

11.06 

6.0 

1.9 

4 .0 

27.5 

19.8 

10,400 

1251 

^QjSISDOBî  
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FIG 7 

SNAP-50 2 - M W REACTORS ADVANCED CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI 

Case No, -.cAX^^ 

Fuel x\\\CV^ 
Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, F 
WHCF 

- " 19 
60 UC 
40 W 

0.95 

10 

2500 

20 
60 UC 
40 W 

0.95 

10 

2500 

21 
80 UC 
20 W 

0.95 

10 

2500 

22 
80 UC 
20 W 

0.95 

10 

2500 

23 

UO? 

0.95 

10 

2700 

24 

UO2 

0.95 

10 

2700 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t res s , ps i 

m(l) 
Fiss ion Burnup, %^ ' 
Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. TK. , in . 

P ressure Vessel Length, in . 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

2500 

PWC-11 

2200 

1500 

1.34 

0.036 

0 .23 

0.837 

0.016 

168 

12.00 

13.20 

6.0 

6.8 

4 .0 

35.9 

22.0 

13, 300 

1854 

2500 

T-222 

2200 

4000 

1.38 

0.016 

0.23 

0.804 

0.015 

173 

11.70 

12.87 

6.0 

2.9 

4.0 

31 .5 

21.7 

13,500 

1757 

2500 

PWC-11 

2200 

1500 

1.68 

0.023 

0 .38 

0.535 

0.028 

272 

10.10 

11.11 

6.0 

8.5 

4.0 

34 .1 

19.8 

12, 500 

1308 

2500 

T-222 

2200 

4000 

1.61 

0.017 

0.36 

0.540 

0.022 

276 

10.20 

11.22 

6.0 

1.7 

4.0 

27.6 

20.0 

12, 200 

1314 

2700 

PWC-11 

2200 

1500 

1.26 

0.016 

0.26 

0.268 

0.020 

1342 

11.60 

12.76 

6.0 

3 .4 

4 .0 

32.0 

21.6 

4900 

1500 

2700 

T-222 

2200 

4000 

1.02 

0.016 

0 .21 

0.294 

0.017 

1317 

12.40 

13.64 

6.0 

0 ,8 

4 .0 

30.7 

22.5 

4600 

1787 

33 
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FIG 7 

x ^ 
c ^ SNAP-50 2 - M W REACTORS ADVANCED CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , ps i 

^(1) 
Fiss ion Burnup, %^ 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Ptn Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. TK. , in . 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

25 
5OUO2 
50 BeO 

0.95 

25 

2500 

PWC-11 

2200 

1500 

1.41 

0.032 

0 .15 

0.633 

0.017 

375 

13.70 

15.07 

6.0 

9 .3 

4 .0 

41.0 

24.0 

7800 

2006 

26 
5OUO2 
50 BeO 

0.95 

25 

2700 

PWC-11 

2200 

1500 

1.44 

0.034 

0.15 

0.710 

0.020 

298 

13.55 

14.91 

6.0 

15.9 

4 .0 

47.4 

23.8 

9300 

1985 

27 
50UO2 
50 BeO 

0.95 

25 

2300 

T-222 

2200 

4000 

1.12 

0.015 

0.12 

0.541 

0.012 

580 

14.50 

15.95 

6.0 

3.0 

4 .0 

36.2 

24.9 

5900 

2202 

28 
5OUO2 
50 BeO 

0.95 

25 

2500 

T-222 

2200 

4000 

1.24 

0.016 

0.13 

0.643 

0.013 

380 

13.90 

15.29 

6.0 

4 .0 

4.0 

36.2 

24.2 

7600 

2026 

29 
5OUO2 
50 BeO 

0.95 

25 

2700 

T-222 

2200 

4000 

1.33 

0.015 

0.14 

0.722 

0.015 

284 

13.50 

14.85 

6.0 

5.6 

4 .0 

37.0 

23.7 

9100 

1918 

30^3) 

6OUO2 
40 W 

0.95 

10 

2700 

PWC-11 

2200 

1500 

0 .81 

0.053 

0.10 

1.329 

0.021 

105 

15.00 

16.50 

6.0 

7.8 

4 .0 

42.4 

25.5 

13, 400 

2886 

34 
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FIG 7 

S N A P - 5 0 2 - M W REACTORS ADVANCED CAPABIL ITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - lOOF 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 5 PSI 

Case No. ' ' y | S l C t A ^ ^ ^ ^ 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 

Design Fuel Temip, F 
WHCF 

Clad Mater ia l 

Design Clad T e m p . F 

Design Clad Rupture 
S t r e s s , ps i 

Fiss ion Burnup, %^ 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. TK. , in . 

P re s su re Vessel Length, in . 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

6OUO2 
40 W 

0.95 

10 

2700 

T-222 

2200 

4000 

0 .83 

0.020 

0.10 

1.272 

0.026 

105 

14.40 

15.84 

6.0 

5.4 

4 .0 

38.9 

24.8 

14,000 

2645 

32 
8OUO2 
20 W 

0.95 

10 

2700 

PWC-11 

2200 

1500 

1.21 

0.030 

0.20 

0.681 

0.023 

244 

11.95 

13.15 

6.0 

7.3 

4 .0 

36 .3 

22.0 

11,100 

1716 

33 
8OUO2 
20 W 

0.95 

10 

2700 

T-222 

2200 

4000 

1.17 

0.016 

0.20 

0.669 

0.022 

247 

11.84 

12.98 

6.0 

2 .3 

4 .0 

31.0 

21.8 

11, 200 

1659 

35 
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FIG 8 

S N A P - 5 0 8 - M W REACTORS PRESENT CAPABILITY 

Û  cj cV c\^5> 

COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 30 PSI 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fiss ion) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , psi 

Fiss ion Burnup, %^ 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, 
approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Tota l Length, in . 

Gas Void Length, in . 

Side Refl. TK. , in . 

P ressu re Vessel Length, in . 

Reactor OD, in . 

Core Coolant Reynolds 
Number, average 

Weight, lb 

1 

UC/UN 

0.95 

10 

2300 

PWC-11 

2200 

1500 

1.5<2) 

>17(^) 

2 

UC/UN 

0.87 

100 

2500 

PWC-11 

2200 

1500 

4.04 

0.030 

1.04 

0.295 

0.041 

1440 

14.00 

15.40 

6.0 

64.3 

4 .0 

97 .6 

24,6 

15,600 

3935 

3 

UC/UN 

0.80 

100 

2500 

PWC-11 

2100 

2070 

4.04 

0.025 

0.96 

0,290 

0.035 

1480 

13.75 

15.13 

6.0 

44 .1 

4 .0 

76.9 

24 .3 

15,600 

3183 

4 

UC/UN 

0.80 

100 

2500 

PWC-11 

2200 

1500 

3.87 

0.025 

0.92 

0.297 

0.042 

1425 

14.00 

15.40 

6.0 

73.2 

4 .0 

106.6 

24.6 

15, 700 

4032 

5 
90 UC 
10 ZrC 

0.95 

10 

2300 

PWC-11 

2200 

1500 

1.5<2) 

>17<3) 

235 
(1) Atoms of U fissioned per original uranium atom, maximum. 
(2) Case reached design burnup l imi t . Enrichment lowered. 
(3) Exceeded Paramet r ic Study Limits 
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FIG 8 

S N A P - 5 0 8 - M W REACTORS PRESENT CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 30 PSI 

UNCf.ASS 
Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , psi 

Fission Burnup, %^ ' 

Clad Thickness, in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in. 

Number of Pins, 
approximate 

Effective Core Diameter , in. 

Core Length, in . 

End Reflector 
Total Length, in. 

Gas Void Length, in . 

Side Refl. TK. , in. 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

6 
60 UC 
40 W 

0.95 

10 

iFlED 

7 

U02 

0.95 

10 

50 U02 
50 BeO 

0.95 

25 

9 
50UO2 
50 BeO 

0.95 

25 

10 
50UO2 
50 BeO 

0.95 

25 

2300 2300 2300 2300 2300 

PWC-11 PWC-11 PWC-11 PWC-11 PWC-11 

2200 2200 2200 2100 2100 

1500 

4.35 

0.016 

0.73 

0.323 

0.020 

1292 

13.50 

14.85 

6.0 

12.5 

4.0 

44.8 

24.0 

17,100 

2474 

1500 

3.10 

0.015 

0.65 

0.131 

0.012 

9729 

15.80 

17.38 

6.0 

4.0 

4.0 

40.6 

26.7 

5,300 

2902 

1500 

4.48 

0.016 

0.47 

0.270 

0.020 

2411 

15.65 

17.22 

6.0 

20.7 

4.0 

56.9 

26.5 

10,800 

3045 

2070 

3.0̂ 2) 

> 17̂ '> 

2070 

4.57 

0.016 

0.48 

0.267 

0.018 

2429 

15.45 

17.00 

6.0 

11.5 

4.0 

47.1 

26.3 

10,900 

2714 

37 
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FIG 8 

,>^NAP-50 8-MW REACTORS PRESENT CAPABILITY 
(;> (CONTINUED) 

t COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 

^ - SIDE REFLECTOR THICKNESS - 4 INCHES 
V - ' COOLANT PRESSURE DROP - 30 PSI 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fiss ion) , % 

Design Fuel Temp, F 
WHCF 

) 
J Clad Mater ia l 

J ' Design Clad Temp, F 
J 

^ Design Clad Rupture 
) S t r e s s , psi 

md) 
Fiss ion Burnup, %" ' 
Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, 
approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. T k . , in . 

P ressure Vessel Length, in . 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

11 
50UO2 
50 BeO 

0.95 

25 

2300 

PWC-11 

2200 

1500 

3.0<2) 

>17<3) 

12 
50UO2 
50 BeO 

0.95 

25 

2300 

Cb Alloy 

2200 

750 

3.0<2) 

>17<3) 

13 
6OUO2 
40 W 

0.95 

10 

2300 

PWC-11 

2200 

1500 

2.86 

0.018 

0.36 

0.440 

0.019 

1025 

16.00 

17.60 

6.0 

17.0 

4 .0 

53.6 

26.9 

16,100 

3602 
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FIG 9 

wmmamf 

S N A P - 5 0 8 - M W REACTORS ADVANCED CAPABILITY 

COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 30 PSI 

UNCLASSIFIED 
Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, 
WHCF 

F 

1 

UC/UN 

0.95 

10 

2500 

2 

UC/UN 

0.95 

10 

2500 

3 

UC/UN 

0.95 

10 

2500 

4 

UC/UN 

0.95 

10 

2500 

5 

UC/UN 

0.87 

100 

2700 

6 

UC/UN 

0.87 

100 

2700 2500 

PWC-11 

2200 

1500 

4 .88 

0.026 

1.37 

0.258 

0.026 

1581 

12.40 

13.64 

6.0 

7.6 

4 .0 

37.7 

22.7 

16, 800 

1900 

2500 

PWC-11 

2200 

1500 
1.5^2) 

> 17<3) 

2500 

T-222 

2200 

4000 

1.5<2) 

>17<3) 

2500 

W-Re 

2200 

4000 

1.5<2) 

0.016 

0.42 

0.437 

0.013 

1185 

16.90 

18.59 

6.0 

2 .5 

4 .0 

41.5 

28.0 

14, 200 

3985 

2700 

PWC-11 

2100 

2070 

4.56 

0.026 

1.18 

0.312 

0.045 

1104 

13.00 

14.30 

6.0 

53.8 

4 .0 

85.2 

23.4 

19, 200 

3073 

2700 

PWC-11 

2200 

1500 

4.14 

0.037 

1.07 

0.346 

0.044 

1050 

13.80 

15.18 

6.0 

63.9 

4.0 

96.8 

24.3 

18, 600 

3833 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t res s , ps i 

Fiss ion Burnup, %^ ' 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w /o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. TK. , in . 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

235 
(1) Atoms of U fissioned per original uranium atom, maximum. 
(2) Case reached design burnup l imi t . Enrichment lowered. 
(3) Exceeded Paramet r ic Study Limits 
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FIG 9 

S N A P - 5 0 8 - M W REACTORS ADVANCED CAPABILITY 

,0 

c-

Case NoS^^ 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 100 

Design Fuel Temp, F 

WHCF 2700 

Clad Mater ia l T-222 

Design Clad Temp, F 2200 

Design Clad Rupture 

S t res s , psi 4000 

Fiss ion Burnup, %^ ' 3.92 

Clad Thickness , in . 0.019 

Maximum Power Density 

Kw/cc, w/o HCF 1.01 

Pin Diameter , in . 0.324 

Pin Spacing, in . 0.038 

Number of Pins, approximate 1045 

Effective Core Diameter , in . 12.80 

Core Length, in . 14.08 

End Reflector 

Tota l Length, in . 6.0 

Gas Void Length, in . 31 .3 

Side Refl. T K . , in . 4 .0 

Pressure Vessel Length, in. 62.2 

Reactor OD, in. 23.2 

Core Coolant Reynolds 
Number, average 20,000 
Weight, lb 2845 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 30 PS! 

7 

UC/UN 

0.87 

8 

UC/UN 

0.87 

100 

2700 

W-Re 

2200 

4000 

4.20 

0.017 

1.08 

0.300 

0.042 

1071 

12.30 

13.53 

6.0 

35 .3 

4 ,0 

65 .3 

22.6 

20,500 

2709 

9 

UC/UN 

0.80 

100 

2700 

PWC-11 

2100 

2070 

4.17 

0.028 

0.99 

0.333 

0.040 

1076 

13.40 

14.74 

6.0 

48.4 

4 .0 

80.4 

23.9 

18, 800 

3115 

10 

UC/UN 

0.80 

100 

2700 

PWC-11 

2200 

1500 

3.90 

0.035 

0.93 

0.356 

0.041 

1040 

14.00 

15.40 

6.0 

63 .1 

4 .0 

96 .3 

24.6 

18, 300 

3856 

11 

UC/UN 

0.80 

100 

2700 

T-222 

2200 

4000 

3.89 

0.018 

0.92 

0.328 

0.034 

1126 

13.30 

14.63 

6.0 

29.9 

4 .0 

61.7 

23.8 

18, 600 

2985 

12 

UC/UN 

0.80 

100 

2700 

W-Re 

2200 

4000 

4.14 

0.017 

0 .98 

0.307 

0.038 

1153 

12.80 

14.08 

6.0 

32 ,3 

4 .0 

63.2 

23.2 

19, 100 

2818 

40 
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FIG 9 

S N A P - 5 0 8 - M W REACTORS ADVANCED CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - 100F 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 30 PSI 

• » C ' 

ma, 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission), % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

13 
U i ^ -' 

UC/IW 

;-;om' '" 
UC/IW 

15 

UC/IW 

16 
90 UC 
10 ZrC 

17 
90 UC 
10 ZrC 

18 
90 UC 
10 ZrC 

0 .95 

10 

Design Clad Rupture 
S t ress , ps i 

Fiss ion Burnup, %^ ' 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in. 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. T K . , in . 

P ressure Vessel Length, in . 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

1500 

5.09 

0.016 

1.42 

0.239 

0,031 

1547 

11.70 

12.87 

6.0 

12.5 

4 .0 

41.6 

21.9 

18,000 

1768 

0 .95 

10 

2500 2500 

PWC-11 T-222 

2200 2200 

4000 

4.52 

0.015 

1.26 

0.252 

0.025 

1603 

12.20 

13.42 

6.0 

3 .3 

4.0 

33 .3 

22 .5 

17,000 

1933 

0.95 

10 

2500 

W-Re 

2200 

4000 

4.78 

0.016 

1.33 

0.235 

0.027 

1641 

11.70 

12.87 

6.0 

3,4 

4 ,0 

32.5 

21,9 

17,500 

1796 

0.95 

10 

1500 

5.31 

0.016 

1.35 

0.241 

0.028 

1671 

12.10 

13.31 

6.0 

11.6 

4 .0 

41.4 

22.4 

16, 800 

1856 

0.95 

10 

2500 2500 

PWC-11 T-222 

2200 2200 

4000 

4.46 

0.016 

1.13 

0.263 

0.023 

1653 

12.75 

14.13 

6,0 

3.0 

4 .0 

33.9 

23 .1 

16, 000 

2094 

0.95 

10 

2500 

W-Re 

2200 

4000 

4.76 

0.016 

1.21 

0.244 

0,024 

1712 

12.20 

13.42 

6,0 

3 .1 

4 .0 

33.0 

22 .5 

16,400 

1931 

41 
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FIG 9 

S N A P - 5 0 8 - M W REACTORS ADVANCED CAPABILITY 

\<!S^ 
^cV 

(CONTINUED) 
?OLANT OUTLET TEMPERATURE - 2000F 

^\^jtx)OLANT TEMPERATURE RISE - 100F 
^\< SIDE REFLECTOR THICKNESS - 4 INCHES 

C-; COOLANT PRESSURE DROP - 30 PSI 

Case No. 

Fuel 

19 
60 UC 
40 W 

20 
60 UC 
40 W 

21 
80 UC 
20 W 

22 
80 UC 
20 W 

23 

U02 

24 

U02 

Fuel Density, % 0.95 0.95 0.95 0.95 0.95 0.95 

Gas Release (Helium plus 
Fission), % 10 10 10 10 10 10 

Design Fuel Temp, F 
WHCF 

Clad Material 

Design Clad Temp, F 

Design Clad Rupture 
Stress, psi 

^(1) 
Fission Burnup, %^ ' 
Clad Thickness, in. 
Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter, in. 

Pin Spacing, in. 

Number of Pins, approximate 

Effective Core Diameter, in. 

Core Length, in. 

End Reflector 
Total Length, in. 

Gas Void Length, in. 

Side Refl. TK., in. 

Pressure Vessel Length, in. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

2500 

PWC-11 

2200 

1500 

4.52 

0.020 

0.76 

0.415 

0.023 

762 

13.20 

14.52 

6.0 

14.7 

4 .0 

46.4 

23.7 

22,700 

2410 

2500 

T-222 

2200 

4000 

4.13 

0.015 

0.70 

0.435 

0.017 

747 

13.50 

14.85 

6.0 

3 .5 

4 .0 

35.8 

24.0 

22,400 

2457 

2500 

PWC-11 

2200 

1500 

5.06 

0.016 

1.14 

0.288 

0.026 

1154 

11.70 

12.87 

6.0 

13.1 

4 .0 

42.1 

21.9 

20,900 

1812 

2500 

T-222 

2200 

4000 

4 .51 

0.015 

1.02 

0.307 

0.020 

1140 

12.10 

13.31 

6.0 

3 .0 

4 .0 

32 .7 

22.4 

20,200 

1913 

2700 

PWC-11 

2200 

1500 

3.77 

0.015 

0.79 

0.164 

0.016 

4964 

14.10 

15.51 

6.0 

5.9 

4 .0 

39 .3 

24.7 

84,000 

2313 

2700 

T-222 

2200 

4000 

2.66 

0.016 

0.56 

0.191 

0.013 

4615 

15.40 

16.94 

6.0 

1.6 

4 .0 

37 .3 

26.2 

79, 000 

3022 
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FIG 9 

S N A P - 5 0 8 - M W REACTORS ADVANCED CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 
COOLANT TEMPERATURE RISE - lOOF 
SIDE REFLECTOR THICKNESS - 4 INCHES 
COOLANT PRESSURE DROP - 30 PSI 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t r e s s , ps i 

Fiss ion Burnup, %^ ' 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in . 

Number of Pins, approximate 

Effective Core Diameter , in . 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. T K . , in . 

Pressure Vessel Length, ta. 

Reactor OD, in. 

Core Coolant Reynolds 
Number, average 

Weight, lb 

UNCL/\oSfFI£D 
25 

50UO2 
50 BeO 

26 
50UO2 
50 BeO 

27 
50UO2 
50 BeO 

28 
5OUO2 
50 BeO 

29 
5OUO2 
50 BeO 

30 
5OUO2 
50 BeO 

0.95 

25 

0.95 

25 

0.95 

25 

0 .95 

25 

0.95 

25 

0.95 

25 

2700 

PWC-11 

2200 

1500 

4.73 

0.023 

0.50 

0.394 

0.024 

1100 

15.15 

16.67 

6.0 

22.9 

4 .0 

58.0 

25.9 

16, 400 

2980 

2700 

PWC-11 

2200 

1500 

3.0<2) 

>17<3) 

2700 

T-222 

2200 

4000 

3.46 

0.015 

0.36 

0.447 

0.016 

1030 

16.20 

17.82 

6.0 

7.4 

4 .0 

44.4 

27.2 

15, 900 

3067 

2700 

T-222 

2200 

4000 

3.0<2) 

0.017 

0.32 

0.484 

0.013 

985 

17.00 

18,70 

6.0 

6.5 

4 .0 

45 .1 

28 .1 

15, 600 

3403 

2300 

T-222 

2200 

4000 

>17(3) 

2300 

T-222 

2200 

4000 

3.0(2> 

>17<3) 

43 



P W A C - 4 3 1 

FIG 9 

S N A P - 5 0 8 - M W REACTORS ADVANCED CAPABILITY 

(CONTINUED) 
COOLANT OUTLET TEMPERATURE - 2000F 

^ COOLANT TEMPERATURE RISE - 100F 
O-- SIDE REFLECTOR THICKNESS - 4 INCHES 

"^-' COOLANT PRESSURE DROP - 30 PSI 

X3' 

Case No. 

Fuel 

Fuel Density, % 

Gas Release (Helium plus 
Fission) , % 

Design Fuel Temp, F 
WHCF 

Clad Mater ia l 

Design Clad Temp, F 

Design Clad Rupture 
S t ress , psi 

Fiss ion Burnup, %" 

Clad Thickness , in . 

Maximum Power Density 
Kw/cc, w/o HCF 

Pin Diameter , in . 

Pin Spacing, in. 

Number of Pins, approximate 

Effective Core Diameter, in. 

Core Length, in . 

End Reflector 
Total Length, in . 

Gas Void Length, in . 

Side Refl. TK. , in . 

P ressure Vessel Length, in . 

Reactor OD, in . 

Core Coolant Reynolds 
Number, average 

Weight, lb 

31 
60UO2 
40 W 

0.95 

10 

2700 

PWC-11 

2200 

1500 

2.93 

0.031 

0.37 

0.666 

0.018 

451 

15.80 

17.38 

6.0 

14.0 

4 .0 

50.3 

26.7 

24,600 

3470 

32 
6OUO2 
40 W 

0.95 

10 

2700 

T-222 

2200 

4000 

2.82 

0.016 

0.36 

0.661 

0.016 

444 

15.50 

17.05 

6.0 

5.5 

4.0 

41.2 

26.4 

25, 400 

3356 

33 
8OUO2 
20 W 

0.95 

10 

2700 

PWC-11 

2200 

1500 

4.00 

0.019 

0.67 

0.361 

0.026 

1001 

13.40 

14.74 

6.0 

13.5 

4 .0 

45,4 

23.9 

19,500 

2296 

34 
8OUO2 
20 W 

0.95 

10 

2700 

T-222 

2200 

4000 

3.44 

0.015 

0.58 

0.384 

0.021 

976 

13.80 

15.18 

6.0 

3.5 

4.0 

36 .1 

24.4 

19,200 

2394 

44 
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The resu l t s of the study can be further summarized by ranking the fuels with respect to 
weight. The first and second candidates for 2-Mw and 8-Mw reac to r s limited by present 
capability considerations would be: 

2-Mw 

0,95 UC/UN 

90 UC/UN-
10 m / o ZrC 

8-Mw 

a . (Cases 00 and 000 - F ig . 6) 60 UC/UN-40 W (Case 6 - F ig . 8) 

b . (Case 11 - F i g . 6) UO2, U02-BeO (Cases 7. 10 - F ig . 8) 

The U02-fueled present capability reac tor , a second choice candidate for the 8-Mw reac tor 
based on weight considerat ions, r equ i r e s approximately 9000 fuel pins, which is considered 
excessive from an assembly and fabrication viewpoint. 

For the advanced technology or long range design and development reac to r s the candidates 
would be: 

2-Mw 

UC/UN (0.95); UC/UN-1 W 

90 UC/UN-10 m / o ZrC; 
80 UC/UN-20 W 

a . (Cases 1, 2, 13 - F i g . 7) 

b . (Cases 16, 21 - F i g . 7) 

8-Mw 

UC/UN-1 W; 80 UC/UN-20 W 
(Cases 13, 21 - F i g . 9) 

90 UC/UN-10 m / o ZrC 
(Case 16, F i g . 9) 

UNCLASS\F\EC> 

The fuels resul t ing in a minimum reac tor weight a r e : 

2Mw 0.95 UC/UN, UC/UN-1 W 

8 Mw UC/UN-1 W, 80 UC/UN-20 W 

Comparing the above fuels with optimum UO2 and U02-BeO r eac to r s at the 2-Mw power level, 
the UO2 r eac to r s a r e approximately 300 to 800 pounds heavier and the U02-BeO 600 to 1000 
pounds heavier than the minimum weight UC/UN r e a c t o r . At the 8-Mw power level, the UO2 and 
U02-BeO reac tor a re respectively, >500 pounds and">900 pounds heavier than the minimum 
weight UC/UN-1 W r e a c t o r . 

The above fuel candidates, except for the UC/UN (95 percent dense), 90 UC/UN-10 m / o Z rC and 
UOo-BeO cases indicated, a re assumed not to be burnup-limited, i . e . , fuel pm diametra l growth 
is -SI percent at the design fuel t empera tures and the fuel burnups mdicated in F i g s . 6 to 9 . Ex­
perimental verification of these performance requirements must be accomphshed to msure valid­
ity of these r eac to r des igns . 

The effect of a burnup limit on the potential of fuels is considerable, especially at the 8-Mw 
power level, as evidenced by comparison of specific cases in F i g s . 6 to 9. Comparison of 
8-Mw pa rame t r i c designs for UC/UN (95 percent dense) (Fig . 9, Cases 1 and 2) and 90 UC/UN-
10 m / o Z rC (F ig . 8, Case 5 and F i g . 9, Case 16) indicates that the weight of 1.5 percent burnup-
limited designs a r e in excess of a factor of 2 g rea te r than s imi la r non-limited burnup c a s e s . At 
the 2-Mw power level for UC/UN (95 percent dense), the 1.5 percent burnup limit resu l t s in a 
negligible weight penalty while a 1 percent burnup limit increases the reac tor weight by approx­
imately 35 percent as compared to the non-burnup-limited case (F ig . 6, Cases 1, 5, and 6). 

All 2-Mw pa rame t r i c cases were based on a 5 psi reac tor p r e s s u r e drop except for Cases 
00 and 000 in F i g . 6 which have 10 ps i p r e s s u r e d rops . The negligible weight difference 
between UC/UN-fueled Cases 000 and 1 (F ig . 6) ,s imilar except for coolant p r e s s u r e drop, 
IS felt to be p r imar i ly due to the 1.5 percent burnup l imit constramt and is not considered 
indicative of weight t rends for non-bumup limited design. 
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h I 

2, Cladding Mater ia l Versus Reactor Weight 

Table 2 p resen t s selected, approximate reac tor weights for various fuel and cladding mate ­
r ia l combinations studied. The PWC-11 columbium alloy clad was assumed to have a 10,000-
hour rupture strength of 1500 ps i and the tantalum and tungsten-rhenium alloys assumed to 
have a strength of 4000 p s i . It can be seen that there is not always an advantage from a 
weight standpoint in going to the advanced alloys and, in some cases , it is a distinct disad­
vantage . 

In general , a change to the advanced alloys reduces reac tor weight if the pa ramet r i c design 
optimizes with a thick PWC-11 clad. Under this condition, the reduction in clad thickness, 
which can be achieved in going to the strong alloy, more than compensates for the negative 
reactivi ty effect caused by the increased neutron captures in these alloys and their 
increased density. At columbium cladding thicknesses of about 0.020 inch, the effects 
just compensate so that no weight change occur s . For columbium cladding thicknesses 
of about 0.015 inch, which is the lower limit of thickness allowed in the study, the 
reactivity effect predominates and higher weights resu l t . 

Table 2 
Reactor Weights for Various Fuel-Clad Combinations 

Advanced Capability 

2-Mw 8-Mw 

UC/UN 0.95 density 

UC/UN 0.87 density 

UO2 

50 UO2-5O BeO 

90 UC/UN-10 M/O ZrC 

60 UC/UN-40 W 

60 UO2-4O W 

80 UC/UN-20 W 

80 UO2-2O W 

UC/UN-1 W 

Cb 

[(1200) ] 

1900 

1500 

2000 

(1300) 

1850 

3100 

[1300] 

1700 

1200 

Ta 

1200 

1550 

1800 

1800 

1300 

1750 

2600 

1300 

1650 

1200 

W-Re 

1200 

1500 

[1250] 

[1150] 

Cb to Ta 
Difference 

Same 

-350 

4-300 

-200 

Same 

-100 

-50 

Same 

-50 

Same 

Cb 

>4200 

3800 

[(2300) ] 

[(3000) ] 

[1850] 

r(2400) ] 

3500 

flSOOi 

2300 

[17501 

Ta 

>4200 

2850 

3000 

3400 

2100 

2450 

3350 

1900 

2400 

1900 

W-Re 

4000 

2700 

1900 

1800 

Cb to Ta 
Difference 

- -

-950 

+700 

+400 

+250 

+50 

-150 

+100 

+100 

+150 

Optimum 2 and 8-Mw reac to r s , 1st choice 

1st and 2nd choice if comparison is limited to present capability ( ) 

1st and 2nd choice if comparison is based on long range design and development [ ] 

The clad cases of in teres t for the first and second choice fuels a s determined in Section 
V - D - i , and the weight differences between PWC-11 and tantalum alloy clads a re shown in 
Table 2 . The data shows that for the fuels of interest , tantalum or tungsten-rhenium alloys 
resul t in little or no weight savings as compared to PWC-11 alloy. 

The indicated weight difference between the tungsten-rhenium and tantalum alloy clads is 
due to the elimination of the 0.005 inch diffusion b a r r i e r required between the UC/UN fuel 
and the tantalum clad in the tungsten-rhenium clad c a s e s . 
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Columbium Alloy Cladding Strength Versus Reactor Weight 

The following t rends a r e indicated from the limited columbium alloy cladding strength var ia ­
tion cases included in the study: 

a . In general , improving the strength of the cladding mater ia l will reduce reac tor weight 
appreciably until the clad thickness reaches its minimum thickness of 0.015 inch. The 
effect is grea tes t for high gas re lease sys tems which require the la rger clad th icknesses . 

b . Fo r the optimum 2-Mw uranium carbide or nitride fuel with low gas re lease r a t e s , an 
increase in cladding strength from 1500 to 2000 psi r e su l t s in a weight reduction of ap­
proximately five percent . This relatively small difference is due to the common burnup 
l imit . A decrease in clad strength from 1500 psi to 750 psi resu l t s in a weight increase 
of approximately 35 percent . 

Maximum Fuel Centerline Tempera tu re s Versus Reactor Weight UpjOJ AOQir-

Table 3 presen ts some selected resu l t s of reac tor weights as a function of fuel maximum 
t e m p e r a t u r e s . For the range of t empera tu res and conditions examined in this study, the 
effect on reac to r weight of changes in fuel tempera ture was, in general , relatively small 
(five percent or less for fuel tempera ture variat ions of 200F to 400F), except for UO2 fuel. 
In general , the maximum fuel mat r ix tempera ture variat ions between 2300F to 2700F appear 
to have little effect on reac tor weight for cores with fuel pins - 0 . 2 5 0 inch in d iamete r . 
However, since centerl ine tempera ture affects p r imar i ly fuel pin diameter , the number of 
fuel pins can be cut approximately In half in going from 2300F to 2700F t e m p e r a t u r e s . UO2-
fueled reac tor weights vary up to 15 percent over the range of 2300F to 2700F. 

Table 3 
Reactor Weights for Various Maximum Fuel Centerline Tempera tu r e s 

2-Mw 8-Mw 
Tempera tu res 2300 2500 2700 2900 2300 2500 2700 

UC/UN 0.95 density 

UC/UN 0.87 density 1890 1880 1850 3930 3830 

UO^ 1730 1500 2900 2310 

1250 

1730 

2030 

1350 

1882 

1240 

1890 

2000 

1282 

1854 

1220 

1880 

1500 

2000 50UO2-50BeO 2030 2000 2000 3040 2980 

90 UC/UN-10 m / o ZrC 

60 UC/UN-40W 1882 1854 2474 2410 

The calculated maximum fuel centerline tempera ture depends strongly on the assumed fuel-
cladding contact res i s tance , which was assumed constant for all fuels . If, because of failure 
to maintain intimate contact between the fuel matr ix and the cladding, the contact res is tance 
increased, the centerl ine tempera ture could be appreciably h igher . This effect would be 
more pronounced for the ce rmet fuels of high fuel matr ix conductivity because the temper ­
ature drop a c r o s s the gap is a la rger percentage of the total t empera ture drop ac ros s the 
pin. If the desired centerline tempera ture were held constant, increased contact res is tance 
would resul t in increased reac tor weight. The effect of a factor of five increase in the con­
tact res is tance is shown in Table 4 for fuels containing varying amounts of tungsten. The 
resu l t s indicate the gap res i s tance has little effect on pa ramet r i c reac tor weights at 2-Mw 
power leve ls . However, at 8 Mw, the reac tor weight is increased appreciably with the in­
creased gap res i s tance , but the weight trend between the fuels remains essential ly unchanged. 



r-̂  

-

Fuel to Clad 
4- Gap Resis tance 

--^ UC/UN-1 W 

80 UC/UN-20 W 

60 UC/UN-40 W 

2-: 

Design Value 

1213 

1308 

1854 

P W A C - 431 — 

Table 4 

Mw 

5X Design Value 

1286 

1368 

1909 

M P 

8-Mw 

5X Design Value 

1768 2286 

1812 2224 

2410 2741 

E . Effect of Core Flow Conditions on Reactor Weight 

The reac tor is to be designed for operation in a turbulent flow region to insure flow stability in 
all core coolant passages , thereby precluding the possibili ty of flow oscillations causing ther ­
mal cycling of fuel pin clad in local a r e a s . A minimum local coolant Rejmolds Number of 3000, 
based on design coolant flow, was selected as the lower design l imi t . This is considered ade­
quate, since spira l wire spacers used on all fuel pins in the element (except the boundary pins) 
promote flow mixing throughout the e lement . Prel iminary evaluation of several reac tor cores 
in a seven-fuel can configuration indicates the minimum coolant Reynolds Number in the fuel 
element boundary passages is approximately 50 percent of the core average Reynolds Number . 
Thus, a core average coolant Reynolds Number of 6000 was considered the minimum acceptable 
value for evaluation of pa ramet r i c c a s e s . 

One small pin UC/UN and severa l UO2 2-Mw reac to r s (Cases 0, 13, 13a - Fig . 6 and cases 23, 24 
Fig . 7) do not meet this c r i t e r i a and, ^therefore, a r e not considered des i rable for the 2 Mw r e ­
ac to r . Two non-weight optimum U02-BeO cases also do not meet the c r i t e r i a . The 8-Mw present 
capability UO2 reac tor (Case 7 - F ig . 8) also fails to meet the flow c r i t e r i a . In general , the study 
indicates fuel pin d iameters >0.250 inch for 10-inch diameter cores and >0.350 inch for 11 to 
11.5-inch diameter cores a re required to provide the 6000 core average Reynolds Number and 
turbulent flow. 

F . Possible Differences Between Paramet r ic Results and Final Design 

The pa rame t r i c studies a r e based on a consistent set of assumptions and, therefore, the resu l t s 
do represen t a fair compar ison. However, because of the simplifying physics and engineering 
assumptions it i s necessa ry to make in the pa rame t r i c studies, it is possible and indeed probable 
that the absolute value of reac tor weights and s izes may be changed as a resul t of final design 
and ana lys i s . 

The engineered reac tor weight can be influenced appreciably by the reac tor mechanical design 
concepts and nuclear safety requirements which cannot be accurately es t imated due to lack of 
detail design or definition at this t i m e . The following a re typical of such features: control 
method and drive, support s t ruc tures including launch locks for which an est imated weight is 
used, and detailed core and p re s su re vesse l design, i . e . , removable fuel element, vesse l 
c losures , vessel head pipe reinforcements and possible nuclear safety devices (destruct mech­
anisms which a re not considered in the pa ramet r i c s tudies) . The es t imated control drive and 
support s t ructure weight used in this study (Ref. Section ni-A-3) accounts for approximately 20 
percent of the weight of the optimum 2-Mw UC/UN reac tor (Case 00, 000 F i g . 6); thus the engi­
neered reac tor weight will be quite sensitive to the final control method and drive and support 
s t ructure design. In addition, resu l t s of reac tor engineering and nuclear analytical and exper i ­
mental p rog rams and fuels and ma te r i a l development p rograms may requi re revision of the 
pa ramet r i c study assumptions and, consequently, the PWAR-20 reac tor design. 

Since the final PWAR-20 reactor design will be predicated on achieving an optimum between min­
imum weight, high reliabil i ty and the development program required to substantiate all phases 
of the design, further weight changes may be encountered. 
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