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A COST ESTIMATE FOR REMOTE REFABRICATION
OF METALLIC FUEL

by

JNESAver, DAL Jones, D-D. Ebert,
T. A. Buczwinski, and J. V. Sana

ABSTRACT

This report describes procedures used to estimate
the cost of refabrication of two typical cases of metal fast-
reactor fuels. The estimate is extrapolated fromthe EBR-II
process of close-cycle fuel reprocessing followed by fuel
refabrication. A computer program was used to produce
refabrication costs against variations in plant throughput
and fuel and/or blanket diameter and length. It was found
that refabrication costs are particularly sensitive to equip-
ment use factor and fuel- or blanket-pin diameter. The
greatest contribution to refabrication cost results from the
cost of jacket material. The study is of value as a contrib-
uting factor necessary to optimize the cost of reactor
system operation.

INTRODUCTION

Recently, fast breeder reactors have received considerable atten-
tion,!”® reflecting a national interest® in such systems. A significant con-
tribution of ANL is Experimental Breeder Reactor-II (EBR-II).

1-

EBR-II and its close-coupled Fuel Cycle Facility afford an oppor-
tunity to establish a unique fuel-cycle technology. However, the develop-
ment of such a technology is desirable only insofar as motivation exists.
One of the prime movers of development is economic advantage. This
study of the cost of refabrication of metal fuels for fast breeder reactors
is intended as a contribution to the economics of reactor systems.

OBJECTIVES

The principal objective of this work is to provide a method by which
one may estimate the cost of fabrication of metallic fuels manufactured by
well-developed, remote-handling methods. The secondary objectives are
manifold, and among them are the: (1) determination of the contribution of



the several process variables to the cost of fuel refabrication, (2) resolu-
tion of the effect of some fuel-element design variables upon refabrication
cost, and (3) provision of costing data for specific design studies.’

FABRICATION PROCESS

The process upon which this estimation procedure is based is
short-cycle fuel reprocessing of the pyrochemical variety, followed by fuel
refabrication.®”? The fuel cycle is assumed to be at equilibrium state, and
the fuel is in a conventional jacketed-rod form. Two fuel subassembly de-
signs are considered One design is the segregated case in which the fuel
and blanket are separately jacketed and assembled An example of the seg-
regated case is the EBR-II Core I design as shown in Fig. 1.
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Fig. 1. EBR-II Core Subassembly



The second design is the integrated case where the fuel and blanket
occupy the same jacket. The proposed core element of a 1000-MWe fast
reactor’ shown in Fig. 2 is an example of the integrated case.
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Fig. 2. 1000-MWe Metal-fuel Reactor Subassembly

The point of departure for the generatioﬁ of cost-estimation data
was the EBR-II refabrication process for which many values are becoming
known. Among the knowns for the system are the capacity and capital cost
of each unit of in-cell process equipment, the cost of cell space, and the
cost of installation of process equipment and auxiliaries. The experience
gained in the fabrication of about one and one-half loadings for EBR-IELSL2
and the recent operations of the fuel-cycle facility upon irradiated fuels
contributed another series of facts for the bases of this study. Fabrication
experience provided knowledge of acceptance factors from each processing
step, man-hour requirements for each operation in the process, processing
rates for each operation, and inspection requirements.



A flow diagram of the metal-fuel refabrication process is s

Fig. 3. The process flow and unit operation are generally the same for

the manufacture of segregated or integrated subassemblies
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out-of-cell operations such as tubing cutting, inspection, and welding, and
subassembly hardware inspection are standard and assume no undeveloped
equipment or machinery. In-cell operations are based upon developed
remote-control methods!® of fuel refabrication.

Feed for the refabrication operation is the product of pyrochemical
refining and consists of an ingot of reprocessed fuel alloy. The ingot is
weighed before being charged to the injection-casting operation.!®!5 The
casting method produces semifinished fuel pins by the use of gas pressure
to force molten fuel alloy into evacuated, precision-bore molds. The molds
are stripped from the castings, and the castings are cropped to proper
length. Inspection of the finished fuel pin is the final operation before fuel-
rod assembly. Demolding, sizing, and inspection have been more highly
refined than would be required for an established production capability.“’

Fuel-rod assembly is the process by which acceptable fuel pins are
converted to acceptable fuel rods.!” In this phase, sodium is loaded into
preassembled and inspected jackets. The sodium is melted and settled into
the fuel tubes, which are then introduced into the remote facility. Accept-
able fuel pins are placed in the jackets containing sodium and are then
bonded. Bonding consists of heating and impacting the fuel rod until a con-
tinuous annulus of sodium is achieved between the fuel-pin exterior and the
inside surface of the jacket. Following bonding, a restrainer is inserted
into the jacket and welded into place. At this time, assembly is complete
and the fuel rod is ready for inspection.

A completed fuel or blanket rod is inspected for its leak-tight integ-
rity and may be inspected for discontinuities in the bond. Leak testing is
accomplished by a pressure-decay method that is sensitive to leakage of
approximately 5 x 107° standard cubic centimeters of helium per second.'®
The tendency toward providing generous clearances between fuel pin and
jacket to extend fuel burnup potential19 may obviate bond inspection. How-
ever, if it is found necessary to inspect for bond continuity, the technology
to do so exists.!?

The final refabrication operation is subassembly construction, in
which acceptable fuel and/or blanket rods are assembled into core or
blanket elements.?’ In this operation, preassembled top sections of fuel-
element shroud hardware are placed on an assembly machine jig Fuel
rods are loaded onto a grid, which is attached to a preassembled bottom
section, until a hexagonal, close-packed, fuel array is achieved. The two
sections are then brought together until the fuel array is enclosed by the
shroud. The two sections are then welded together, and the assembly is
complete. After inspection and testing, the fuel or blanket subassembly
is ready for insertion into the reactor.



10

MATHEMATICAL REPRESENTATION

Refabrication costs are estimated through the medium of a computer

tion of the refabrication process is

rogram. The programming informa
phithe : tions containing more than

characterized by more than 100 different equa
200 variables. The appendixes of this report contain the computer program
for the segregated case and a glossary identifying the variables.. Fixed-
value input data consist of such items as the capital cost of equ1pment of
the EBR-II type, amortization life of equipment, machine production capac-
ities, process-acceptance factors, density and cost of jacket alloys, and
void space in the fuel-jacket system. Independent variables imposed upon
the computer program are length and diameter of fuel and/or blanket, and
fuel throughput rate. Many dependent variables such as number of fuel
rods throughput, jacket thickness, length and diameter of jackets and sub-
assembly hardware, and process multipliers are arbitrarily related to the
independent variables by the use of algebraic expressions.

Three types of multipliers are used to compensate for the effects
of changing fuel-pin dimensions, numbers of processing units required,
and chronological time on the capital cost of processing equipment: (1). 2
volume and time multiplier, which is an estimate of the change in capital
equipment cost with chronological time and numbers of processing units
required; (2) a cost multiplier, which is an estimate of the change in capi-
tal equipment cost with changes in length and diameter of fuel pins; and
(3) a rate multiplier, which is an estimate of the change of processing
rate with changes in length and diameter of the fuel pin. The capital cost
of equipment for each operation is modified by at least one of the
multipliers.

Rate multipliers, denoted by a prefix AMR, influence the numbers
of mold coating, jacket eddy-current, diameter gauging, and end-fitting
welding units required by the process. The magnitude of the influence has
been determined by the estimates of personnel experienced in each opera-
tion. Volume and time multipliers have been applied to all mechanical
operations. These multipliers, identified by a prefix AMT, are determined
by the equation AMTxx = 1.15 ANxxx’'®, where ANxxx is the number of pro-
cessing units required to perform a certain operation at a fixed throughput,
pin diameter, and pin length. The value 1.15 is an arbitrary multiplier,
used to estimate escalation of the cost of processing units over that of the
EBR-II case. Since EBR-II equipment costs are based on 1960 prices and
the reference case for a 1000-MWe reactor feasibility study® was based
upon a 1975 economy, a straight-line escalation of 1% per year was as-
sumed. All estimated costs in this report are given for the year 1975
based upon this escalation technique. The exponent 0.8 is an estimating
factor, based upon proven engineering practice,?* which relates cost of
process units to plant throughput. The value 0.8 is used instead of 0.6 as
a conservative measure. Finally, cost multipliers, identified by the prefix
AMC, are determined on the basis of physical changes required on EBR-II



size equipment necessary to accommodate a product of different size than
the EBR-II pin. The values of cost multipliers are equipment-size oriented
and were based upon estimates of required design changes.

Daily charges for five major cost areas are generated by the com-
putation. Daily charges for process equipment are determined by dividing
the estimated life of capital equipment (5 years for in-cell equipment, and
15 years for out-of-cell equipment) into the cost of each unit of equipment,
and totaling the quotients. Product material costs are totals of the costs
of such materials used each day. Direct-labor charges are based upon the
numbers of man-hours expended each day in all process operations, multi-
plied by an average wage of $3.50 per man-hour. An escalation of 15% is
applied to wages in order to anticipate 1975 charges. Indirect labor is
assumed at 30% of the direct labor required, and this labor is valued at
$5.10 per man-hour. Area cost, which is an estimate of the cost of housing
the refabrication process, is an extrapolation of the EBR-II case. Area
costs are calculated by totaling the in-cell area required for the various
processes, multiplying by the adjusted cost of the EBR-II fuel cycle facility
per square foot of cell space, and dividing by 10,950 (the number of days in
30 years). Figure 4 is a flow chart of the computer program that was used
in the segregated case. The FORTRAN program reads the set of input vari-
ables that describe the cost of refabrication. After the data are read, con-
trol passes to a nest of six do-loops. The index of the outermost do-loop is
used to set the fuel length, of which four are considered. The index of the
next do-loop is used to set one of three blanket lengths. Concurrently, the
maximum number of blanket rods in the assembly is set. Other do-loop
indices set the diameter of the fuel and the corresponding diameters of the
blanket. The index of the do-loop that precedes the innermost do-loop is
used to set five different throughput values. Finally, the index of the inner-
most do-loop is used by a "computed go to' statement to select the appro-
priate equations that describe the fuel, or blanket, or both. The cost per
day for refabrication and the cost per kilogram of fuel and/or blanket is
generated for 1080 different reactor-fuel subassembly configurations. As
by-products of these calculations, each of the 1080 determinations generate
such information as numbers of process machines required, numbers of
operators required, and numbers and weight of fuel and blanket pins
produced.

Five areas of cost are totaled for each fuel/blanket configuration.
They are the daily charges for capital equipment, materials, direct labor,
building, and indirect personnel. The cost figures are printed along with
corresponding Hollerith headings to aid in the interpretation of results. A
total of 540 pages are required to present the 1080 determinations. As
further help to the reader, 24 pages of summary and "index" are presented
where trends in cost and vital physical data for each determination may be
found as well as the numbers of the pages displaying more detailed
information.

11
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RESULTS

The results of the cost estimates for remote refabrication are shown
in the next five figures. All curves are based upon assemblies containing
331 rods in a hexagonal close-packed array. Figure 5 shows the relation-
ship between refabrication cost and fuel-pin diameter for various plant
throughputs. The plot is based upon an integrated fuel element with a 90-cm
(35.5-in.)-long fuel pin and two 36-cm (14.2-in.)-long blanket pins jacketed
in refractory alloy. The re-entrant curves shown in Fig. 5 reveal the influ-
ence of a low use factor for processing units. The use factor is a function of
the rate of fuel- and blanket-pin manufacture. Since a particular processing
unit has a definite cost and a maximum output rate, at low throughput the unit
may sit idle during a significant part of its finite life. Because the capital
charges and area costs are calculated in terms of calendar days, rather than
units of output, at low throughput each kilogram of product bears a dispro-
portionate share of these charges. A secondary influence upon the unusual
shape of these curves is the increased cost of process equipment to handle
fuel pins of large diameter. For the calculation method chosen, the re-
entrant nature of the curves disappears at use factors greater thanabout 75%.
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Fig. 5. Refabrication Cost versus Pin Diameter
at Fixed Plant Throughput
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The familiar curve of refabrication cost versus fuel-pin diameter
results when one normalizes the throughput rate to arrive at comparable
use factors for all fuel-pin diameters. Such a curve is shown in Fig. 6 for
the same fuel-rod configuration as used in Fig. 5. The increased cost of
refabrication with decreasing pin diameter is attributed primarily to geo-
metric factors. Since the volume, and thereby the weight, of enclosed fuel
and/or blanket increases geometrically with the diameter and the cost of
product materials and labor is affected to a lesser degree by diameter
changes, the result is a geometric increase of refabrication cost with de-

creasing rod diameter.
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Fig. 6. Refabrication Cost versus Pin
Diameter at Fixed Use Factor

Another example of the effect of fuel- and/or blanket-pin geometr

upon refabrication cost is shown in Fig. 7. In this curve, fuel-pin length H
plotted a.gainst refabrication cost with pin diameter as a 'parampeter Ig\s ilns
the previous instances, the integrated case is considered and an eq\;ipment
Es: factor' of about 75% is assumed. In this example the linear relationship
between pin length and enclosed volume, or weight, and the weak geometri
influence of product materials and labbr costs result in a nearly lin .
effect of pin length upon refabrication costs. ' S
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Fig. 7. Refabrication Cost versus Pin
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A graphical representation of the increments of refabrication cost
versus fuel-pin diameter for the integrated case is shown in Fig. 8. This
figure indicates the overwhelming influence of product materials upon re-
fabrication costs. The dominant role in the cost of product materials is
played by the jacket tubing. At this point it may be pertinent to mention
that V—ZOw/oTi is considered as the refractory jacket alloy. In lieu of
reliable costs for production quantities of V-ZOw/oTi tubing or rod stock,
some reasonable estimate of jacket costs for an existing productive capac-
ity had to be made. Tubing costs were generated by assuming that, in an

advanced technology, productive capacity for refractory-alloy tubing exists.

It was further assumed that V-ZOW/oTi tubing would be no more difficult to
form than seamless Type 304 stainless-steel tubing on which present-day,
reliable cost figures do exist. The cost of fabrication of the refractory
alloy jacket tubing, then, is assumed to be the cost of a similar size of
seamless stainless-steel tubing purchased in random mill lengths in lots
greater than 20,000 ft. The cost of the refractory alloy is taken as the
weight of alloy required, multiplied by a cost per pound of alloy. Finally,
the total jacket cost is generated by adding fabrication costs, alloy costs,
and cutting and inspection costs. In the case of stainless-steel jacketing,
represented in Fig. 8 by the dashed line, 33 to 46% of product materials

I'5
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costs, over the range of fuel-pin diameters of 3.66 to 14.6 mm, is attrib-
utable to tubing costs. For refractory alloy jackets, the cost of tubing
comprises 64 to 85% of product material costs. From Eig. 8 one also finds
that as the diameter of the fuel pin increases beyond about 9 mm, process-
equipment capital charges increase. This phenomenon is due to larger and
heavier process units necessary to handle the fuel and blanket pins. In
addition, certain basic changes in equipment are required; for example,
above about 6.5-mm (0.25-in.) diameter, a fuel rod is closed by a girth
weld instead of a single discharge weld; resolution of flaws in jacket tubing
by eddy-current techniques will not permit simple single-pass inspection;
instead the tubing must be spiralled past the sensors.
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Pin Diameter at 78 * 4% Use Factor
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: ere are, however, several compromises that must necessarily be
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made to achieve this degree of simplicity. One compromise impressed by
this design is the restriction of the role of the axial blanket. The blanket-
pin diameter must be nearly the same as that of the fuel. In addition, dis-
assembly of the core element for any reason carries the axial blanket
along. An obvious solution to this situation is the segregated case where
fuel and blanket occupy separate and distinct jackets. Figure 9 is a series
of curves showing the cost of refabrication of segregated fuel and blanket
elements. In this instance, it is assumed that a core assembly contains
331 fuel pins, 90 cm long, jacketed in refractory alloy, and the axial blanket
section contains 271 pins, 36 cm long, jacketed in stainless steel. In each
case the assembly is hexagonal close-packed. In spite of the increased
number of units of output, the refabrication cost is slightly less for this
design. The reason for the reduced cost of refabrication of segregated
assemblies lies in the choice of stainless steel as a jacket material for the
axial blanket. Although the cost reduction is small, an additional benefit
may accrue from the fuel-management aspect if it is found that blanket pins
may be recharged to the reactor for extended exposure. In this case the
blanket-fabrication rate can be controlled somewhat independently of the
fuel-refabrication requirement. In Fig. 9, the cost of bundle hardware and
assembly has been charged to the fuel, resulting in a much higher cost for
the segregated fuel than for the integrated fuel and blanket.
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Fig. 9. Comparative Cost of Refabrication of Inte-
grated and Segregated Metal-fuel Elements
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CONCLUSIONS

The information presented by the computer program does not include
reprocessing costs, waste disposal, scrap recovery, use charges, cost of
money considerations, or other refinements. It is intended to provide basic
data that may be modified by corporate fiscal policies, such as that indicated
by Collins,?? to arrive at fuel costs of a refined nature.

The study of factors affecting the cost of refabrication of metal fuels
for fast reactors has revealed several important facets in the economics of
the fuel cycle. In particular, an average equipment-use factor greater than
75% is necessary to realize the potential of fuel-cycle processes. The cost
of refabrication is heavily influenced by the cost of jacket materials, and a
penalty is exacted if refractory jackets are necessary to the reactor sys-
tem. Fuel-pin diameter has a marked effect upon refabrication cost to the
extent that an increase in fuel-pin diameter from 3.6mm (0.144 in.) to
5.4 mm (0.215 in.) can result in a 25% reduction in cost.

In general, since a large fraction of the cost of fuel refabrication is
associated with the cost of jacket material, one should examine closely the
conditions that impress high-cost materials upon the system. If the fuel-
surface temperature is a controlling variable and refabrication costs con-
stitute an appreciable fraction of the annual reactor-complex costs, one
should examine the entire system for possible optima between steam tem-
perature, fuel burnup, jacket-material costs, fuel-alloy requirements, and
fuel-pin diameter. If, upon performing a searching analysis, one concludes
that only small-diameter pins jacketed in high-cost refractory alloy are
acceptable for metal-fueled fast breeder reactor applications, one has a
compromise that may be examined. Since the blanket alloy is lower than
the fuel alloy in plutonium content, one might consider a segregated fuel
assembly jacketed in refractory alloy with the axial blanket clad in stain-
less steel. The radial blanket elements might then be of the integrated
type clad in stainless steel. Such a system would lower refabrication costs
by approximately 25%.

In any event, if the cost of fuel refabrication is a significant part of
the annual costs of breeder-reactor operation, the parameters that affect
such costs must be considered and optimized against other variables in the

reactor system. This study was made to contribute some of the data nec-
essary to determine such optima.



APPENDIX A

Computer Program for Segregated Case

SEQUENCE» 2099
JOB»99999, 10805996
AYER J 05388METI66X41491-20106360
/PRINT OQUTPUT TWO(2) TIMESetececcccccse
FORTRANsL X,

PROGRAM DJCNES

SEGREGATED CASE

DIMENSION AL(2)9D(2)9 ANOUW( 2)9 ANOUP(2)9ANPP(2)9ANC2)9ANCST(2)
JTTC2)9DEF(2)»TS(2)2ANRDA(2)9AMCCS(2)9AMCMO( 2)92RBO(2)9AMCBO(2)2
2ANBOC 2 )9 AMRMI( 2 )9 ANMOI( 2)9 AMRMC( 2)9ANMOC(2)9ANCRI(2)9ANOPP(2)s
3AMCPP(2)s TPPRA( 2)9ANOPC( 2 )9 ANXRA(2)9CEF(2)9ALFV(2)9RJEC(2)9ANJEC(2
4 )y ANJID(2)9AMCEC(2)sANJWL(2)9ANJLTC2)9AMCIL(2)9ANJCT(2)9ANNEC(2)0
SANNWT( 2 )2 ANNLD( 2 )9ANFCL(2)9ANECLC 2 )9 ANRWL( 2 )92 RRDWL( 2)9ANRDW( 2 )0
JAMTCS(2)9AMTBOC 2 )9 AMTPP( 2 )9 AMTMC( 2 )9 AMCRD( 2 )9 ANRL( 2 )9 AMCRL( 2)s
S8AMCREB( 2 )9AMCRT(2)9AMX(2)9ATX(2)»CIM(2)9 TOTMA(2)9 TOTLAC2)9 TOTACC(2)y
9TOTIP(2)9sTOTAL(2)sTOTCC(2)9DP(2)9RHOC2)»RHOA(2)9CEFAC2)sANRBD(2)

DIMENSION VF(2)sAMTOP(2)sAMTXR(2)9AMTEC(2)9AMTJIW(2)9AMTIL(2)
| yAMTRDC 2 )1 AMTRL( 2 )9 AMTRB( 2)9AMTUI( 2)9AMTJIC( 2)9AMTNC( 2 )9 AMTNW( 2)

DIMENSION PLOTIC1080)sPLOT2(1080)9PLOT3(1080)»PLOTU(10B0)9PLOTS(IO
180)»PLOTE( 1C80)NPG( 1080)

1002 FORMAT(20X»s8H FUEL7X9HBLANKET )
1003 FORMAT(SX» |SHKG OUTPUT 2F12.5)
1004 FORMAT(SXISHPINS PER DAY 2F12.5)

1005 FORMAT(SX» ISHDIAMETER 2F12.5)

1006 FORMAT(SX9 ISHLENGTH( INCHES) 2F 125 )

1030 FORMAT(STXUHFUEL ) I XTHBLANKET)

1020 FORMAT( |4XSTHTOTAL COST PER DAY FOR REFABRICATING FUEL AND BLANKET
| = $Fi14.2)

1021 FORMAT( I4XS7THTOTAL COST PER KILOGRAM OF FUEL + BLANKET
2 = SFI4.2)

1007 FORMAT( 10X237HCAPITAL CHARGE PER DAY= sFlUe29UH sk
IOOSG;EQMAT(IOX!37HMATERIAL COST PER DAY= SFlU.29U4H $FIy
|0097;§;MAT(lOXv37HDlRECT LABOR COST PER DAY= SFIUe.294H $F 1Y
|0|05;5;HAT(|0X’37HAREA COST PER DAY= $FIUa294H sFId
|0||u;3;MAT(‘OXI37HCOST PER DAY FOR INDIRECT PERSONNEL=S$F|14e294H $FI4
IOI23;S;NAT(I0X137HCOST PER DAY FOR REFABRICATION= SFIU.29U4H sFIy
IDI32;§;MAT(IOXv37HCOST PER KILOGRAM = $FIU4e294H $SFI4
le2/ )

1017 FORMAT( 1 2X | OHTHROUGHPUTSX | 3HFUEL DIAMETER2X |6HBLANKET DIAMETER4X |4
|HDOLLARS PER KG7XIIHFUEL LENGTHUX | 4HBLANKET LENGTHUXUHPAGE )

1014 FORMAT( IHI ISX24HREFABRICATION COST STUDYSX35HBY AYER»JONESI»EBERTsB
|UCZWINSKI»SANA |OXUHPAGEIB)

257 FORMAT(U4FI18.8)

1000 FORMAT(30X?25HNUMBER OF OPERATORS(FUEL) )

1101 FORMAT(30X»3S5HNUMBER OF PROCESSING UNITS(BLANKET))

J00I FORMAT(30X»32HNUMBER OF PROCESSING UNITS(FUEL))

1100 FORMAT(30X»28HNUMBER OF OPERATORS(BLANKET))

193 FORMAT(IH 10F12¢2)

1016 FORMAT(S(U4X9B6F18.51187))

3000 FORMAT (50X |OH#ssnoanaan/)
MSEP=0
NNN=0
READ 257
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300

301

ICCCST:ALCST!RHO(I)ORHO(2)vFSACAvFCDPP-HrRCSTvccRoAMTCRvAHTHOvCPAL

2 'AHTPL'AHCSTpRTTtAMTTrCClDGvALlDGvCCCO!ALCOoCCBOvALBO
3 'FACHUrkﬂkKEvRMOlvRMOCvRCRlvRPPiCCPPcALPP:CCOPC!ALOPC
4 JFPPRAyFOPCAsROPCIRXRAFXRAA9AMCEF»CCCUT

) nALCUTlCCJECvALJECvFTRvRJHLsCCJNLvALJNLsRJLT!CCJLTvALJLT
SIFRBEAITBvAMTJTsPJCTrCCNECtALNECvCCNHTnALNNTrAMTNA,CCNGB'ALNGB
77RNEC1RNHT:RNLD'RHOA(|)!CEFA(I)'VF(I)!FRARB:RFCLORECLvRRHLvFLTA
8 vCCRDN:ALHDN'RPLlCCRLvALRLvFRDBAvRRUBDvCCRBDvALRBD
S!CCSAC!ALSAClANRDA(I)1RHOA(2)1CEFA(2))VF(2)

READ 257
[} AMTAHPAMSACPRSAI tFRARvRDlS'CCDlSlALDIStRDECvRNAR’ALDEC'CCHPRI
| ALMPRCCDEC»TS( 1 )92CMO» ACST9APPIRJIDIALXRAIASACY
2 ADlSlADECDARDNLOARDLT!ARDBDlA"PRlANGHlATEBR'ANEBR’ACOST’
3ALBDGYCCXRAPTS(2)

PRINT 2579
ICCCST:ALCST,RHO(l)oRHO(2)vFSACA’FCDPPpH'QCST'CCRoAMTCPDAHTHO'CPAL
2 vAMTPL:AHCSTvRTTvAMTTvCClDG!ALlDGlCCCOtALCODCCBOvALBO
3 vFACHO!RBAKEvPMOInRHOCvRCRlvRPPrCCPPoALPPrCCOPClALOPC
L) oFPPRAvFOPCAvROPCyRXRAIFXRAAIAMCEFDCCCUT
5 vALCUTvCCJECIALJECvFTRrRJNLvCCJHLlALJNL'RJLT'CCJLYvALJLT
6vFRBEAvTBvAHTJTvRJCTiCCNECDALNEC'CCNNT'ALNHToAHTNArcCNGBrALNGB
7!RNEC'RNNT!RNLDIRHOA(|)'CEFA(|)!VF(|)DFRARB'RFCLIRECL'RRNL'FLTA
8 »CCRDWsALRDWIRRLICCRLYALRLIFRDBA»RRDBDYCCRBDYALRBD
99yCCSACIALSACIANRDAC | )9RHOAC2)9CEFAC2)9VF(2)

PRINT 2579
| AMTAHSAMSACPRSAT »FRARIRDISICCDISIALDISIRDECIRNARYALDECYCCMPRY
| ALMPRYCCDEC»TS( |1 )sCMOy ACST9»APPIRJIDIALXRAIASACY
2 ADISyADECYARDWL9ARDLT»ARDBOyAMPRYAWGHIATEBRYAMEBRIACOSTy
3ALBDGYCCXRATS(2)

MP=0
M= |
DO 9939 K=255
AK=K
ALC 1 )=T el 8AK+T .|
ALFVC 1L )=ALC 1 )8C )4+ VFC(C 1))

DO 999 KB=|»3
AKB=KB
AL(2)=T7.12AKB+7,1
ALFV(2)=AL(2)8( 1 +VF(2))

SEQ=2.6
JSTOP=7

DO 997 J=216

AJ=J

DC1)=.,0728AJ
ANRDA( 2 )= ANRDA( 1)

B=5,

DO 996 JB=|9»JSTOP
DO 998 I=119992
Al=1
D0 998 L=1192
GO TO(300930|)sL
ANOUW( | )=50.2A1
ANOUP( | )=77470ANOUW( | )/(D( | )8028A o
ANPP( | )=ANOUP( | )/(FPPRAeFRARearnst;l;s‘::g()I ¢
AFCPD=ANOUW( | )/57.5
ANC | )=ANPP( | )/AFCPD
TTC1)=,07160( | )+ |426TB+.005
DEFC 1 )=DC 1 )+2,8(TT(1)+TB)

DH=(DEF( 1 )+2.8TS( | ))oANR
GO TO 321 sl
ANOUP(2)=2,5A
s )f EANRggtJ;()l::fN:ou 2)/ANRDA( | )

¢525))00H=2,0TS(2)


http://RJCT.CCNEC.ALNEC.CCNwT.ALNWT.AMTNA.ee
http://AMTPL.AMCST.RTT.AMlT.ee
http://JEC.ALJEC.FTR.RJWL.ee
http://jeT.CCNEC.ALNEC.CCNWT.ALNWT.AMTNA.ee
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D(2)=(DEF(2)-2.2848TB=0.01)/1.142
TT(2)=,0712D(2)+. 1422TB+,005

ANOUW( 2 )=ANOUP( 2 )#D( 2 )a#28AL(2)8RHO(2)/77.7
ANPP( 2 )=ANOUP(2)/(FPPRA®#FRARB#FRBEA®FSACA)
AFCPD=ANOUW(2)/57.5

AN( 2 )=ANPP(2)/AFCPD

321 ANCST(L)=ANPP(L)/(FCDPPosH&AN(L)®RCST)

303 DP(L)=((DC(L)+«10)®122,)/(D(L)I*RHO(L )I*AL(L)#=*0.5)
AMCCS(L)=1.+.005#(AL(L)=14,2)+,1%(DP(L)=B.0)
AMCMO(L)=(2.852D0(L)+.0598( AL(L )+4.)+.355)/CMO
RBO(L )=( 3320.#RBAKE )/((D(L)+.10)2a2a(ALI(L)+4,))
ANBO(L )=ANPP(L )/(FCOPPaH#RBO(L )#FACMO)
AMCBOCL)=((D(L)#a28AL(L))/e295)082
AMRMICL)=14.2/ALCL)
ANMOI(L)=C o | #ANPF(L))/(HaFCDPPaFACMO®RMOTI&#AMRMI(L))
AMRMC(L)=2,2/(DC(L)I®AL(L))
ANMOC( L )=ANPP(L)/(HaFACMO#FCDPP#RMOC#AMRMC(L ))
ANCRICL)=ANPP(L)/(HaFCDPP&AN(CL )#RCRI)
ANOPP(L )=ANPP(L)/(HaRPP)
AMCPP(L)=1.62D(L)+.01U40AL(L)+.5
TPPRA(CL )=FPPRAaANPP(L)/H
ANOPC(L)=,2aTPPRA(CL )/(ROPC#FOPCA)
ANXRA(L)=,2aTPPRA(L)/(RXRA4FOPCA&FXRAA)
CEF(L)=,0567#RHOA(L)sCEFA(L)®DEF(L)®a342,448DEF(L)
IF(DEF(L)=e25)17591759176

176 RJEC(L)I=2120e/(ALFV(L)®120e#DEF(L)+1.91)
GO TO0 177

175 RJEC(L)=555./ALFV(L)

177 ANJEC(L )=, 18TPPRACL)/(RJEC(LI®FTR)
ANJIDCL)=TPPRA(L)/(RJID SFTR)I® .2
AMCECCL)=1o+(D(L)=e 1UU)B2+4(ALFV(L)=1U8:2)0a1 |
IF(DEF(L)-.25)18591859186

186 AA=3000.

GO TO 187

185 AA=0.

187 ANJWL(L)=TPPRA(L)/(RJWLSFTR)
ANJLT(L)=TPPRACL)/(RJLTAFTR)

AMCJUL(L)= |o+({0(L)=ollU)a B+(AL(L)=|U.2)8.003
ANJCT(L)=TPPRA(L)/(RJCT=FTR)

ANNEC(L )=TPPRA(L )/RNEC

ANNWT(L )=TPPRACL )/RNWT

ANNLD( L )=TPPRA(L)/RNLD

ANFCL(L)=TPPRA(L)/RFCL

ANECL(L)=TPPRA(L)/RECL

ANRWL( L )=TPPRA(L )/RRWL
IF(DEF(L)=¢25)10221029103

103 RROWL(L)=30.0
GO TO 104

102 RROWL(L)=60.0

JO4 ANRDW(L )=TPPRA(CL)/(FLTASRRDWL(L))

AMCROCL)=1 o+(AL(L)=1U.2)0,]

ANRL(L )=TPPRA(L)/(FLTASRRL)

AMCRL(L)=1.+(D(L) =olUU)IEs8+(ALFV(L)I=14.2)2.003
ANRBD( L )=FRARB&@TPPRA(L )/( FROBA®RRDBD)
AMCRB(L )= o+(D(L)=s UL )B24(ALFV(L)=14.2)0,]
AMCRT(L )=AMCRB(L)

GO TO(3049305)sL

304 ANSAC=FRARBeTPPRA( | )eFRBEA/( ANRDAC | )oFSACA®SU400./( ANRUAC | )860.+136
100.))

AMCSC=e7780H+.00758( ALFV( | )+2,8ALFV(2))+,.8
ANSAI=TPPRA( | )oFRARB&oFRBEA/( ANRDA( | )¢RSAT&FSACA)
305 GO TO(3229323)sL
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3 ANSAC=0.

352 TOTLACL)= (ANBO(L)‘AN"O!(L)#ANCST(L)OANOPP(L)OANHOC(L)OANCRI(L)O
IANOPC(L)#ANXRA(L)#ANJEC(L)/S.OANJID(L)#ANJNL(L)OANJLT(L)/S.OANJCT
2(L)‘ANNEC(L)*ANNNT(L)#ANNLD(L)*ANFCL(L)OANECL(L)OANRNL(L)0ANRDN(L)
3‘ANRL(L)/5.04NRBD(L)/2.)DRTTOAHTTOH

GO TO(3069307)sL

306 TOTLA(I)-TOTLA(I)O(ANSACOAMSACOANSAI)ﬂRTTﬂAHTTDH

307 CJM(L)*(II.JUGDEF(L)ﬂTT(L)GRHOA(L)GCEFA(L)/IOO.*((3700.DTT(L)050.“
1 JeDEF(L)+20.)/1200. )#ALFV(L)

TPPRA(L)=TPPRA(L)&H
TOTHA(L):(CCROAMTCRGANPP(L))/(AN(L)OFCDPP)O(CHOOANPP(L)OAHCMU(L)O
|AHTHU)/(FCOPPHFACHO)O(CPALOAn]PLﬂANPP(L))/(AN(L)OFCDPP)O?.GTPPRA(L

2)aCEF(L)ﬂAMCEF/(FOPCAGFXRAA)o(CJM(L)oTPPRA(L)oAHTJT)/FTRoAHTNAa
<l TPPRA(L)#1.583e(D(L)I+TB)I=TBaALFV(L)/100.
GO TO(3089309)sL

308 TOTMA(l)tTUTHA(l)0(TPPRA(L)GFRARBDFRBEA/ANRDA(I))’(I2S-°DH*I.25°
JCALFV( | )+ALFV(2))+107. )8AMTAH

309 MP=MP+|
GO TO (30960960260)2MP

30 PRINT 1014»M
M=M+ |
60 IF(MP-4)3U39344»343

344 MP=0

343 GO TO(3409341 )L

340 PRINT 1000

GO TO 342

341 PRINT (1100

342 PRINT l93lANBO(L)vANCST(L)lANDPP(L)oANHOC(L)DANRDN(L)vANRL(L)l
| ANRBD(L )2 ANSAC y ANOPC( L )9 ANXRACL )9 ANJECCL )9 ANJWLEL )2 ANJLTCL )y
2ANJIDCL )PANJCTCL )2 ANNWTCL )9 ANNEC(L )9 ANRDACL )9 DH

NBO=ANBO(L)+1.
NCST=ANCST(L)+ I
NOPP=ANOPP(L )+ |
NMOC=ANMOC(L )+ 1|
NRDW=ANRDW(L )+ 1.
NRL=ANRLCL )+ 1.
NRBO=ANRBD(L )+ 1.
NOPC=ANOPC(L)*+1.
NXRA=ANXRA(L )+ 1|
NJEC=ANJEC(L )+,
NJWL=ANJWL(L )+ 1.
NJLT =ANJLT(L)#+1.
NJID =ANJIDCL )+ 1.
NJCT =sANJCTC(L)+!.
NNWT=ANNWT(L )+ |
NNEC=ANNEC( L)+ |,

GO TOC3109311)sL

310 NSAC =ANSAC 4.

311 ANBOCL )=NBO
ANCST(L )=NCST
ANOPP(L )=NOPP
ANMOCC(L )=NMOC
ANRDW( L )=NRDW
ANRL(L) =NKL
ANRBD( L )=NRBD
ANOPC(L )=NOPC
ANXRA(L )=NXKA
ANJEC(L )=NJEC
ANJWLOL ) =NJWL
ANJLTCOL)=NJLT
ANJIOD(L)=NJID
ANJCTCL I=NJCT



312

313
347
345

346
314

319
320

iS5
316

317
318
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ANNWT(L )=NNWT
ANNEC( L )=NNEC

GO TO (3129313)2L
ANSAC =NSAC

GO TO 347

ANSAC =0

GO TO (3452346)9L
PRINT 100!

GO TO 314

PRINT 110OI

PRINT 1939ANBO(CL )»ANCST(L )9 ANOPP(L)»ANMOCCL )9 ANRDW(L )9 ANRL(L )

| ANRBD( L )2 ANSAC s ANOPCCL )2» ANXRACL )9sANJEC(L )9 ANJWLIL )9 ANJLT(L )
2ANJIDCL )9 ANJCTCL )2 ANNWTCL )9 ANNECCL )9 ANRDACL)

AMTCS(L)=CANCST(L )oa,8%|,15)/ANCST(L)

AMTBOCL )=C ANBO( L )#a,8%1,15)/ANBOCL)

AMTPP( L )=( ANOPP(L )#%,8%|,15)/ANOPP(L)

AMTMC(L )=( ANMOC( L )#nqe8a(|415)/ANMOCC(L)

AMTOP(L) =( ANOPC(L )#uo,8%|415)/ANOPC(L)
AMTXR(L)=( ANXRA(L )et 62|, 15S)/ANXRACL)
AMTEC(L)=( ANJEC(L )2a.8%|,15)/ANJEC(L)

AMTUWCL)=CANJKWL(L )5 ,8% )¢ 15)/ANJWLIL)

AMTULCL)=CANJLT(L )#==e8%)415)/ANJLT(L)

AMTROCL )=( ANRDW( L )&% 48%|¢15)/ANRDW(L)

AMTRLCL )=( ANRL(L )#®.8%|415)/ANRL(L)

AMTRB(L )=( ANRBO(L )eaqeBa|415)/ANRBD(L)
AMTNCCL)=( ANNEC(L )®%q48%|415)/ANNEC(L)

AMTNWC L )=CANNWT(L )0 e8| o 15 )/ANNWT(L)

GO TO (3199320)L

AMTSC=( ANSAC##,8%|415)/ANSAC
AMTUICL)=CANJID(L)®=#,88|415)/ANJIDCL)
AMTJC(L)=CANJCT(L )28 ,82),15)/ANJCT(L)

AMTMC(L )=( ANMOC(L )5 ,8%|,15)/ANMOC(L)
TOTCC(L)=ANCST(L)¢CCCST°AMCCS(L)aAMTCS(L)/ALCST#CCIDG/ALlDG#CCCOv
IIoIS/ALCO¢ANBU(L)“CCBOnAMCBO(L)*AMTBO(L)/ALBO+ANOPP(L)aCCPPuAMTPP
2(L)aAMCPP(L)/ALPP+ANOPC(L)§CCOPC$AMTOP(L)/ALOPC#ANXRA(L)DCCXRAa
3AMTXR(L)/ALXRA+ANJ!D(L)aCClDGuAMTJl(L)/ALIDG*ANJCT(L)aCCCUYnAMTJC(
4L )/ALCUT+ ANNEC(L )#CCNEC#AMTNC(L )/ALNEC+ANNWT(L )5CCNWT#AMTNW(L)/AL
SNWT +CCNGB%| o 15/ALNGB+ANRDW( L )#( CCRDW+AA )#AMCRD#AMTRD(L )/ALRB
SD¢CCMPR°I.IS/ALMPROANJEC(L)#CCJEC#AMTEC(L)ﬂAMCEC/ALJEC¢ANJLT(L)b
7CCJULT*AMTJL(L)I®AMCUL/ALJLT

GO TO (3159316)2L

TOTCC( | )=TOTCC( | )+ANSAC=#CCSAC#AMCSC=#AMTSC/ALSAC
AMX(L)-ANCST(L)ﬂACST*ANOPP(L)nAPP¢ANRDN(L)GARDNL*ANRL(L)ﬂkRDLT

| +ANRBO( L )#ARDBD+AMPR+AWGH

GO TO (317+318)sL

AMX( | )=AMX( | )+ANSAC®ASAC

ATX(L)=AMX(L)#(ATEBR/AMEBR )##0,6

TOTAC(L)=ATX(L)®ACOST/ALBDG

TOTIP(L)=TOTLA(L)®#5.10%0.30/3.50
TOTAL(L)-TOTCC(L)&TOTHA(L)tTOTAC(L)#TOTlP(L)*TOTLA(L)

GO TO (9989351 )L

PRINT 1002

PRINT 100590(1)90(2)

PRINT 10069ALC I )9ALC2)

PRINT J0OO04 9 ANOUPC | )9 ANOUP( 2)

PRINT 10032ANOUWC | )2 ANOUW( 2)

PRINT 1030

PRINT 1007»T70TCC(
PRINT 10082 TOTMAC
PRINT 1009 TOTLA(
PRINT 10102TOTAC(
PRINT 101 12TOTIP(

)»TOTCC(2)
)2 TOTMA(2)
)9 TOTLAC2)
)»TOTAC(2)
12 TOTIPC2)
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PRINT 10122 TOTAL( 1 )92 TOTALC2)
CPKGF=TOTAL( | )/ANOUW( | )
CPKGB=TOTAL(2)/ANOUW( 2)
PRINT 10139CPKGFCPKGB
SUM=TOTALC( | )+TOTAL(2)

PRINT 1020 »SUM
SUM=SUM/( ANOUW( | J+ANOUW( 2))
PRINT 1021 »SUM

NNN=NNN+|

NPG(NNN)=M=|

PLOT IC NNN)=ANOUW( | )+ANOUW( 2)
PLOT2(NNN)=DC | )
PLOT3(NNN)=D(2)
PLOTU4(NNN)=SUM
PLOTSCONNN)=ALC 1)
PLOTB(NNN)=AL(2)

MSEP=MSEP+|

GO TO (9902991 )92 MSEP

990 PRINT 3000

29|
998

996

897
999

850

GO TO 998

MSEP=0

CONTINUE

ANRDA( 2 )=( ANRDA(2)=(30++6.%8))
B=B-1.

CONTINUE
JSEQ=SEQ
JSTOP=JSTOP-JSEQ
SEQ=SEQ=.S
CONTINUE
CONTINUE

Ki=|

K2=45

DO 850 IPL=1»24
PRINT 101U4»M
PRINTIOI7

PRINT 10163(PLOTICIPLOT)»PLOT2(IPLOT)»PLOT3(IPLOT)»PLOTHU( IPLOT )
|PLOTSCIPLOT )sPLOTBC1PLOT) »NPGUIPLOT )y

M=M+ |

K2=K2+45

KI=K|+45

STOP

END
SCOPE

IPLOT=KIK2)

LOAD»69
RUN»793600093

31000.00
«980
23.00
1«00
4000.00
3250.00

90.0
3750040

«96

« 35
16000,
30000.
S47S.

20.
1825,
88

38.0

1825.00
0.99
0.70
100
S475.0
SU75.
50.0
182540
«95
«70
SU47S.
5475,
«98
20000,
I
88.
| o4

16.0
0.50
3.50
750040
«95
2.0
7600.0
90.
17000
«90
30.0

«0145

Su7S.
45000.
88.
« 965

18.8
O. 148
9.70
130
S475.0
«20
40.0
S475.0
90.
S47S.
2.
3200.
98
3000.
S475.
Se72
20.
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20. 20. «93 28000
1825, 100 3200. 1825.
«98 S0.0 10000 1625
85000. 1825, 331. 7.90
0.0 lelO
1.0 le0 10 «02
0.167 60000 1825, 30.
180 1825 20000. 1825,
50000 «06 1«85 18,
42. 90.0 S47S. 35.
96. 36. 5 le
3. s 1 3000.0
259. 2600. 10950 24000
«060

END OF FILE



APPENDIX B
Glossary Identifying Variables

AA JACKET CLOSURE WELDER COST ADJUSTMENT WHEN DEF .GE. 0425 IN. $3000
ACOST REFABRICATIONS SHARE OF BUILDING COSTS - $2600 PER SO, FTe

ACST HOT CELL AREA OCCUPIED PER CASTING UNIT - 18 SQ. FTe.

ADEC HOT CELL AREA OCCUPIED PER DECANNING UNIT = 36 S0. FT.

AUIS HOT CELL AREA OCCUPIEU PER DISASSEMBLY UNIT - 96 SQ. FT.

AFCPD NUMBEK OF CASTS PER DAY

Al FLOATING POINT VALUE OF 1

AJ FLOATING PUINT VALUE OF J

AK FLOATING POINT VALUE OF K

AKB FLOATING PUINT VALUE OF KB

ALCL) LENGTH OF A FUEL OR BLANKET PIN - 14.2 TO 42.6 INCHES

ALBDG AMOKTIZATION LIFE OF WREFABRICATION FACILITY - 109950 DAYS

ALBO REPLACEMENT LIFE OF BAKE-OUT OVENS-5475 DAYS

ALCO KEPLACEMENT LIFE OF MOLD COATING EQUIPMENT-5475 DAYS

ALCST REPLACEMENT LIFE OF CASTING EQUIPMENT=-1825 DAYS

ALCUT REPLACEMENT LIFE OF JACKET CUTTING EQUIPMENT-5475 DAYS

ALDEC REPLACEMENT LIFE OF DECANNING EQUIPMENT=-1825 DAYS

ALDIS REPLACEMENT LI1FE OF DISMANTLING EQUIPMENT=-1825 DAYS

ALFV(L) LENGTH OF CORE OR ELANKET ROD IN INCHES

ALIDG REPLACEMENT LIFE OF MULD AND TUBING GUAGES-5475 DAYS

ALJEC REPLACEMENT LIFE OF EDDY CURKENT INSPECTION ECUIPMENT-547S5 DAYS
ALJLT REPLACEMENT LIFE OF JACKET TUBING LEAK TESTER-5475 DAYS

ALJWL REPLACEMENT LIFE OF WELDER FOR JACKET LUWER END FITTING=5475 DAYS
ALMPR REPLACEMENT LIFE OF MELT PREPARATION EUUIPMENT=-1825 DAYS

ALNEC REPLACEMENT LIFE OF SOOIUM EXTRUDER AND CUTTER=5475 DAYS

ALNGB REPLACEMENT LIFE OF SODIUM HANDLING GLOVE BOX-5475 DAYS

ALNWT REPLACEMENT LIFE OF SODIUM WEIGHING EQUIPMENT=S475 DAYS

ALOPC REPLACEMENT LIFE OF UPTICAL CUMPARATORS-5475 DAYS

ALPP REPLACEMENT LIFE OF PIN PRUCESSING EQUIPMENT=-1825 DAYS

ALRBD REPLACEMENT LIFE OF KROD BONUING EQUIPMENT=1825 DAYS

ALRDW REPLACEMENT LIFE OF FUEL KROD CLOSURE WELDER-1825 DAYS

ALRL REPLACEMENT LIFE OF FUEL ROD LEAK DETECTORS=-1825 UAYS

ALSAC REPLACEMENT LIFE OF SUBASSEMBLY CONSTRUCTION EQUIPMENT=-|825 DAYS
ALXRA REPLACEMENT LIFE OF X=RAY EQUIPMENT=-5475 DAYS

AMCBO(L) PIN SIZE COST MULTIPLIER FOR BAKE-OUT OVENS
AMCCS(L) PIN SIZE COST MULTIPLIER FOR CASTING EQUIPMENT
AMCEC(L) PIN SIZE CUST MULTIPLIER FOk JACKET EDOY CURRENT EQUIPMENT
AMCEF PIN S1ZE COST MULTIPLIER FOR END FITTINGS = .70
AMCJL(L) PIN SIZE COST MULTIPLIER FOR JACKET LEAK TESTING
AMCMOCL) RIINSSTZE COST MULTIPLIERSEOR MOLEDS

AMCPP( LY PIN SI1ZE COST MULTIPLIER FOR PIN PROCESSING UNITS
AMCRBC(L ) PIN SIZE COST MULTIPLIER FOR RUD BONDERS

AMCKODCL) PIN SIZE CUST MULTIPLIER FOR RUD CLOSURE WELDERS
AMCRL(L) PIN SIZE COST MULTIPLIER FOR RUD LEAK TESTERS
AMCKT(L) PIN SIZE COST MULTIPLIER FUR BOND TESTERS

AMCSC PIN S1ZE COST MULTIPLIER FOR SUBASSEMBLY CONSTRUCTION EQUIPMENT
AMCST CASTING FURNACES PER MAN=|.00

AMEEBR HOT-CELL AREA UCCUPIED BY EBR-II REFABRICATION ECUIPMENT=259 SQ, FT.
AMPK HOT-CtLL AREA OCCUPIED BY MELT PREPAKRATION EQUIPMENT - 9 SQ, FT.
AMRMC(L) PIN SIZE RATE MULTIPLIER FOR MOLD COATING

AMRMICL) PIN SIZE RATE MULTIPLIER FOR MOLD INSPECTION

AMSAC SUBASSEMBLY CONSTRUCTION MACHINES PER MAN=-|,00

AMTAH VOLUME AND TIME FACTOR FOR SUBASSEMBLY HARDWARE COSTS=-|.00

AMTBOCL) VOLUME AND TIME FACTOR FOR BAKE=OUT OVEN COSTS

AMTCR VOLUME AND TIME FACTOR FUR CRUCIBLE COSTS - .70

AMTCS(L)  VOLUME AND TIME FACTOR FOR CASTING FUKNACE COUSTS

AMTECC L) VOLUME AND TIME FACTOKR FOUR JACKET EDDY CURRENT INSPECTI . 3
ON PMEN
AMTJCC(L) VOLUME AND TIME FACTOR FOR TUBING CUTTING EWUIPMENT e



AMTJIC(L)
AMTJLCL)
AMTJT
AMTJW(L)
AMTMCC(L)
AMTMO
AMTNA
AMTNC(L)
AMTNWCL)
AMTOPCL)
AMTPL
AMTPPCL)
AMTRBCL)
AMTRD(L)
AMTRL(L)
AMTSC
AMTT
AMTXR(L)
AMX(L)
ANCL)
ANBO( L)
ANCRICL)
ANCST(L)
ANECL(L)
ANFCL(L)
ANJCT(L)
ANJEC(L)
ANJIDC(L)
ANJLT(L)
ANJWLC(L)
ANMOC( L)
ANMOICL)
ANNEC(L)
ANNLDCL)
ANNWT(L)
ANOPC(L)
ANOPP(L)
ANOUP( L)
ANOUW(L)
ANPP( L)
ANRBOD( L)
ANRDACL)
ANRDW( L)
ANRLC(L)
ANRWLC(L)
ANSAC
ANSAI
ANXRA(CL)
APP
ARDBD
ARDLT
ARDWL
ASAC
ATEBR
ATX(L)
AWGH

B

cceo
ccco
ECLCST
CCCuUT
CCcDEC

VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
VOLUME
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VOLUME
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VOLUME
VOLUME
VOLUME
VOLUME
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VOLUME

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

TIME
TIME
FIME
T IME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME

WAGE ESCALATION
VOLUME AND TIME
TOTAL HOT-CELL FLOOR AREA OCCUPIED BY REFABRICATION MACHINERY
PINS PER CAST
BAKE=0OUT OVENS REQUIKED BY PROCESS

NUMBER
NUMBER
NUMBER
NUMBER
NUMBEK
NUMBEK
NUMBER
NUMBER
NUMBER
NUMBE K
NUMBER
NUMBER
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NUMBER
NUMBER
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NUMBER
NUMBER

NUMBER
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NUMBEK
NUMBEK
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HOT=-CEL
HOT-CEL
HOT-CEL
HOT-CEL
HOT-CEL

CAPITAL
CAPITAL
CAPITAL
CAPITAL
CAPITAL
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A
L A

L AREA
L AREA

LA

co
co
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CrRUCIBLE

FACTOr FOR
FACTOR FOR
FACTOKR FOR
FACTOR FOR
FACTOR FOR
FACTOR FOR
FACTOR FOR
FACTOk FOR
FACTOR FOR
FACTOR FOR
FACTOR FOR
FACTOrR FOR
FACTOR FOR
FACTOR FOR
FACTOR FOR
FACTUR FOR
FACTCR FOR
FACTOR FOR

PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PLANT OUTPUT IN RODS PER DAY
PLANT OUTPUT =
PINS TO PIN PROCESSING PER DAY

PERSONS EMPLOYED AT ROD BUNDING

RODS PER ASSEMBLY

PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
PERSONS EMPLOYED
REA OCCUPIED PER
REA OCCUPIED PER

OCCUPIED PER
UCCUPLED PER

REA OCCUPIED PER
TOTAL HOT-CELL AREA FUR EBR-11 FCF =-3000 SQ. FT.

TOTAL HOT-CELL AREA FOR REFABRICATION PKOCESS
HOT-CELL AREA OCCUPIED PER WEIGHING UNIT - 7.0 SUe FT.
VARIABLE USED TO CALCULATE ANRDA(2)

BAKE=-OUT OVEN -$3250

COATING FACILITIES=-$7500

CASTING UNIT=-$312000

TUBING CUTTING UNIT=-$17»000

A DECANNING MACHINE=-$509000

ST OF
ST 0F
ST OF
ST OF
STE0E
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TUBING GUAGING EWUIPMENT

TUBING LEAK TEST EQUIPMENT

JACKET TUBING-0,9Y5

WELUER FOR JACKET LOWER END FITTING.
MOLD COATING EQUIPMENT

MOLDS=0.50

SODIUM COST=1.00

SODIUM EXTRUSION

SODIUM WEIGHING

OPTICAL COMPARISON EQUIPMENT
PALLETS=-1.00

PIN PROCESS UNITS

ROD BONDING EWUIPMENT COSTS

ROD WELDER COSTS

ROD LEAK TESTERS.

SUBASSEMBLY CUNSTRUCTION EQUIPMENT CUS
TECHNICIANS=-|.30

X=RAY INSPECTION EQUIPMENT CUSTS

INSPECTORS EMPLOYED IN PROCESS

IN THE CASTING OF PINS

IN LOBDING END FITTINGS INTO JACKETS
IN LOADING PINS INTO JACKETS

IN JACKET TUBING CUTTING

IN EUDY CURRENT INSPECTION OF TUBIN
IN TUBING GUAGING

IN JACKET LEAR TESTING

IN LOWER ROD END FITTING WELDING

AS MOLD COATERS

AS MOLD INSPECTORS

AT SODIUM EXTRUDING AND CUTTING.

AT SODIUM LOADING OF JACKETS,

AT SODIUM WEIGHING

AT OPTICAL COMPARATOR INSPECTION.
AT PIN PROCESSING

50 TO S50 KG. PER DAY

- 33| FOR FUEL» VARIABLE FOR BLANKET
AT ROD WELDING

AT ROD LEAK DETECTION

AT WELDER LOADING

IN SUBASSEMBLY CONSTRUCTION

AT SUBASSEMBLY HARDWARE INSPECTION

AT X=RAY INSPECTIONS

PIN PROCESSOR = 42.0 SQ. FT.

ROD BONDING UNIT - 3,0 SCe FT.

KOD LEAK TESTER - 1.0 SQ. FT.

ROD WELDER =-5,0 SO. FT.

SUBASSEMBLY CONSTRUCTION UNIT -35 S0. FT.



CCcDIs CAPITAL COST OF A DISASSEMBLY MACHINE=-$601000

PMENT=-$45000
CCIDG CAPITAL COST OF A UNIT OF DIAMETER GUAGING EQUI

CCJEC CAPITAL COST OF AN EDDY CURRENT INSPECTIUg UNIT-$169000
CCULT CAPITAL COST OF A JACKET LEAK TESTER-$320

CCUWL CAPITAL COST OF LOWER END PLUG WELDING UNIT=-$309000

A
CCMPR CAPITAL COST OF A MELT PREPARATION STATIUN-$209000
CCNEC CAPITAL COST OF A SODIUM EXTRUDING AND CUTTING UNIT - $209000

CCNGB CAPITAL COST OF A SODIUM HANDLING GLOVEBOX-$459000

CCNWT CAPITAL COST OF SODIUM WEIGHING EQUIPMENT-$3000

CCOPC CAPITAL COST OF AN OPTICAL COMPARATOR-$7500

CCPP CAPITAL COST OF A PIN PROCESSING UNIT-$379500

CCR COST OF ONE CRUCIBLE=-$23

CCRBD CAPITAL COST OF A ROD BONDING UNIT=-$109000

CCRDW CAPITAL COST OF A ROD WELDER=-5285000

CCRL CAPITAL COST OF A ROD LEAK TESTING UNIT-$3200

CCSAC CAPITAL COST OF A SUBASSEMBLY CONSTRUCTION UNIT-$855000

CCXRA CAPITAL COST OF AN X=KAY UNIT=$249000

CEF(L) COST OF A ROD END FITTING

CEFA(L) COST OF AN END FITTING ALLOY BILLET - 0.» 38.» 839. $/LB ALLOY

CUM(L) COST OF ONE LENGTH OF JACKET TUBING

CMO COST OF AN EBR-I1 VYCOR MOLD-$1.85

CPAL COST OF A CASTING PALLET-$9.70

CPKGB COST PER KG. OF BLANKET

CPKGF COST PER KG. OF FUEL

(L) DIAMETER OF FUEL OR BLANKET PIN - 0.144 TO 0.504 INCHES

DEF(L) DIAMETER OF FUEL OR BLANKET ROU IN INCHES

DH DISTANCE ACROSS FLATS OF FUEL CLUSTER SHKOUD IN INCHES

DPC(L) DIAMETER OF PALLET IN INCHES

FACMO FRACTION OF MOLDS ACCEPTED UPON INSPECTIUN-0.95

FCOPP FRACTION OF PINS FROM CASTING TO PIN PROCESSING -0.99

FLTA FRACTION OF RODS ACCEPTABLY WELDED - 0.93

FOPCA FRACTION OF END FITTINGS WHICH PASS DIMENSIONAL INSPECTION-0.95

FPPRA FRACTION OF PINS TO PROCESSING ACCEPTABLE TO ASSEMBLY =-0.96

FRAR FRACTION OF RODS REJECTED AT SUBASSEMBLY CONSTRUCTION = 0.02

FRARB FRACTION OF RODS FROM ASSEMBLY TO BONDING = 0.96S

FRBEA FRACTION OF RODS WHICH PASS FROM BONDING TO SUBASSEMBLY
CONSTRUCTION - 0.98

FRDBA FRACTION OF RODS ACCEPTED DURING BONDING =-0.98

FSACA FRACTION OF SUBASSEMBLIES ACCEPTABLE FROM ASSEMBLY =-0.98

FTR FRACTION OF TUBING PASSING EDOY CURRENT INSPECTION-0.90

FXRAA FRACTION OF FITTINGS WHICH PASS X=RAY INSPECTION-0.95

H WORKING HOURS PER DAY-I6

I DO-LOOP INDEX USED TO SET FUEL THROUGHPUT

IPL 00-LOOP INDEX USED TO COUNT PAGES

1PLOT PRINT INDEX

J DO-LOOP INDEX USED TO SET FUEL DIAMETER

JB DO-LOOP INDEX USED TO SET BLANKET DIAMETER

JSTOP MAXIMUM VALUE UOF JBb

K DU-LOOP INDEX USED TO SET FUEL LENGTH

K| LOWER LIMIT OF IPLOT

K2 UPPER LIMIT OF IPLOT

KB DO-LOOP INDEX USED TO SET BLANKET LENGTH

(4 VARIABLE USED TO CHOOSE FUELs(L=] )s0R BLANKET»(L=2)sVALUES
AND/OK STATEMENTS

" THE CURRENT PAGE OF OUTPUT

MP VARIABLE USED TO FIX OUTPUT PER PAGE

MSEP VARIABLE USED TO INSERT ASTERISKS BETWEEN PRINTED CASES

NBO NUMBEK OF BAKE=-OUT OVENS REQUIRED BY PROCESS

NCST NUMBEK OF CASTING FURNACES REQUIRED BY PROCESS

NJCT NUMBEK OF

JACKET TUBING CUTTING LATHES REQUIRED B8Y PROCESS
NJEC NUMBEKR OF EDDY CURKENT INSPECTION MACHINES REQOUIRED BY PROCESS
NJID NUMBER OF JACKET 1D GUAGES REWUIRED BY PROCLSS



NJLT
NJWL

NMOC

NNEC

NNWT

NNN

NOPC

NOPP

NPG( NNN)
NRBD

NRDW

NRL

NSAC

NXRA
PLOTI( NNN)
PLOT2(NNN)
PLOT3(NNN)
PLOT4(NNN)
PLOTS(NNN)
PLOTB(NNN)
RBAKE
rRBOCL)
RCRI

RCST

ROEC

RDIS

RECL

RFCL
RHO(L)
RHOA(L)
RJCT
RJEC(L)
RJID
RJILT
RJWL
RMOC
RMOI
RNAR
RNEC
RNLD
RNWT
ROPC

RPP
RRDBD
RRDOWL
RRL

RRWL
RSAI

RTT

RXRA

SEQ

SUM

B
TOTACCL)
TOTALCL)
TOTCC(L)
TOTIPCL)
TOTLACL)
TOTMACL)
TPPRACL)
TSCL)
TTC(L)
vVF(L)

NUMBER
NUMBER
BY PROC
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
SUM OF
FUEL OI
BLANKET
COST PE
FUEL LE
BLANKET
NUMBER
CAPACIT
CRUCIBL
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RATE OF
RATE OF
RATE OF
PER MAN
RATE OF
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JACKET
JACKET
JACKET
JACKET
LOWER E
MOLD CO
MOLD IN
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SODIUM
SODIUM
SODIUM
OPTICAL
PIN PRO
BONDING
RATE AT
RATE AT
RATE UF
RATE OF
PAY RAT
X-RAY R
VARIABL
cosT FO
BOND TH
TOTAL A
TOTAL C
TOTAL C
COST OF
COST OF
TOTAL M
FPPRA®A
SPACE 8
THICKNE
RATIO O
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OF JACKET LEAK TESTERS REUWUIRED BY PROCESS
OF MACHINES FOR LOWER END FITTING WELDING REQUIRED
ESS
OF MOLD COATING DEVICES REQUIRED BY PROCESS
OF SODIUM EXTRUDERS REQUIRED BY PROCESS
OF BALANCES FOR SODIUM WEIGHING REQUIRED BY PROCESS
REFERENCING FUEL-BLANKET CONFIGURATIONS
OF OPTICAL COMPARATORS REQUIRED oY PROCESS
OF PIN PROCESSORS REWUIRED BY PROCESS
OF PAGE AT WHICH CASE NNN IS LOCATED
OF ROD BONDERS REQUIRED BY PROCESS
OF ROD WELDERS REQUIRED BY PROCESS
OF ROD LEAK DETECTORS REQUIRED BY PROCESS
OF SUBASSEMBLY CONSTRUCTION COMPLEXES REQUIRED BY PROCESS
OF X=RAY UNITS REQUIRED BY PROCESS
FUEL-BLANKET THROUGHPUT FOR THE NNN CONFIGURATION
AMETER FOR THE NNN CONFIGURATION
DIAMETER FOR THE NNN CONFIGURATION
R KG FUEL-BLANKET FOR THE NNN CONFIGURATION
NGTH FOR THE NNN CONFIGUKRATION
LENGTH FOR THE NNN CONFIGUKATION
OF BAKE-OUT CYCLES -0.20 PER HOUR
Y OF BAKE-OUT OVENS IN MOLDS PER HOUR
E COATING AND INSPECTION RATE = 2.0 UNITS PER MAN-HOUR
OF CASTING CYCLES -0.148 PER HOUR
SPENT ROD DECANNING = 300 RODS PER MACHINE-HOUK
DIASSEMBLY - 0.167 ELEMENTS PER MACHINE-HOUR
INSERTION OF END FITTINGS INTO JACKETS - 20,0 UNITS
HOUR
INSERTION OF PINS INTU JACKETS =-20.0 UNITS PER MAN-HOUR
UF FUEL OR BLANKET - 17.0- 18.8 GRAMS PER CC.
OF END FITTING AND JACKET ALLOY - 5.72 AND 7.30 GRAMS PER CC.
TUBING CUTTING RATE - 20.0 UNITS PER MAN-HOUR
EDDY CURRENT INSPECTION RATE IN UNITS PER MAN=-HOUR
TUBING GUAGING RATE = 30.0 UNITS PER MAN-HOUR
TUBING LEAK TESTING RATE - 30.0 UNITS PER MACHINE=HOUR
ND FITTING WELDING RATE = 12. UNITS PER MAN=-HOUR
ATING RATE - 50 UNITS PER MAN=-HOUR
SPECTION RATE = 90. UNITS PER MAN-HOUR
SODIUM REMOVAL - 180. RODS PEr HOUR
EXTRUSION AND CUTTING RATE - 88. UNITS PER HOUR
LOADING RATE = 88+ UNITS PER MAN-HOUR
WEIGHING RATE - 88 UNITS PER MAN=-HOUR
COMPARISON RATE - 90 UNITS PER MAN-HOUR
CESSING RATE = 40 UNITS PER MACHINE-HOUR
RATE - 50 RODS PER MACHINE-HOUR
WHICH RODS ARE WELDED -30 OR 60 RODS PER MAN=HOUR
WHICH RODS ARE LEAK TESTED - 10 RODS PER MAN-HOUR
WELDER LOADING = 20 RODS PER MAN-HOUR
SUBASSEMBLY HARDWARE INSPECTION - 0.100 UNITS PER MAN=-HOUR
E OF TECHNICIANS = 3.50 DOLLARS PER HOUR
ATE - 90 UNITS PER HOUR
£ USED TO CALCULATE NUMBER OF BLANKET RODS
R REFABRICATION OF FUEL AND BLANKET IN $/KG AND $/DAY
ICKNESS - 00145 INCHES
REA COSTS IN DOLLAKS PEK DAY
0ST OF REFABRICATION IN DOLLARS
APITAL CHARGES IN DOLLARS PER DAY
INDIRECT LABOR IN DOULLARS PER DAY
DIRECT LABOR IN DOLLARS PER DAY
ATERIAL COST IN DULLARS PER DAY
NPP(L )/H=FINS OUTPUT PER HOUR
ETWEEN RODS IN HEXAGONAL ARRAY = 0,060 INCHES
S5 OF JACKET TUuBING IN INCHES
F ROC VOID LENGTH TU PIN LENGTH = 1,24 AND 410
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