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EVALUATION OF HYBRID COMPUTER PERFORMANCE
ON A CROSS SECTION OF SCIENTIFIC PROBLEMS

R. D. Benham
ABSTRACT

Hybrid and smal | digital conputers were eval uated on
several types of technical problens, using a recently devel -
oped software system called SIMPL (Sinulation |nplenenting
Machi ne Progranm ng Language). Conparisons with batch pro-
cessing on a large digital conputer were made for 12 scien-
tific studies. Accuracy, time and cost (nman and nachine),
convenience and flexibility, and conputer requirements were
eval uated by a cross section of scientists and engi neers.

>
>
g e

’__’-I.-
i L

PNL Hybrid-1l Conputer System



CONTENTS

FI GURES
| NTRODUCTI ON
SUMMARY
ACCURACY
TI ME AND COST
CONVENI ENCE AND FLEXI BI LI TY .
LEARNI NG EFFORT .
EXAMPLES
CONCLUSI ONS .
CRI TERIA FOR COMPUTER C(]VPARI SG\I
PROBLEM SELECTI ON
GUI DELI' NES FOR COVPARI SON
PROBLEM DESCRI PTI ON AND ANALYSI S
U.S. NUCLEAR POVER ECONOMY
REACTOR VESSEL DYNAM CS .
NUCLEAR PLANT DYNAM CS
RI VER WATER OUALI TY DYNAMICS
METAL ANNEALI NG .
REACTOR CORE DESI GN .
STEAM PARTI CLE DEPGSI Tl ON
FUEL SI NTERI NG
ULTRA- CENTRTFUGE DATA ANALYSI S
SMOKE POLLUTI ON .
GROUNDWATER SYSTEMS ANALYSI S
LEARNI NG EFFORT
ACKNOW.EDGEMENT
REFERENCES.

BNWL-1278

~ U NN NN

15
15
22
31
42
45
49
55
S8
60
60
62
73
74
75



10

11

12

13
14

15
16
17

18

19

20

BNWL-1278

FIGURES

Fossil Plant Conparison of Linear Progranmm ng (LP)
Results to Those Generated by SIMP1 Techni ques

Conparison of Plutonium Stockpile for Linear Pro-
gramm ng and SIMPL Techni ques

Typi cal Display Show ng the Plutonium Stockpile "at
an Internediate Step in the Optim zation

Schematic of Reactor Core Showi ng Tenperatures and
Box Numbers for CYNASAR Sinul ation of Reactor Vessel

Conparison of Results FromHybrid and Digital Mdels
for Full Flow Reactor Scram

Comparison of Results From Hybrid and Digital Models
for Flow Transient Due to Doubl e-Ended Break at
Reactor Vessel Inlet Nozzle

Memory Map for Reactor Vessel Sinulation on PDP-7
Di gital Computer

FFTF Svstem Hybrid Sinul ation
Vessel Model Conparison, Qutlet Tenperature Transient

FI ow Model Conparison: Primary Flow Decay for Loss
of Punp Mot or

DHX Sodi um Qut |l et Response to Loss of Air Flow, Full
Sodi um Fl ow

Comparison of SIMPL-1 and FORTRAN for Col unbia River
Water Quality Sinmulation

HAP1 Display of Initial Defect Distribution

HAP1 Display of Defect Distribution After 200 Time
St eps

Schematic Di agram of SCFTM Parametric Study Model
SCFTM Paranmetric Study Cal cul ati on Procedure

ConFarison of Hybrid Oscilloscope Qutput and
Sepblotted Qut put for SteamCool ed Reactor Design
robl em

Conparison with HYBRID and FORTRAN for Velocity
Profile Adjacent to a Vertical Plate

Conparison of SIMPL-1 and FORTRAN Results for Fuel
Sinterinp Simulation

The Solution Surface for 100 Months Wth One Mnth
Cont i nuous Cont am nati on

17

18

21

23

27

28

32
33
37

38

39

43
48

48
51
52
54
57
59

61



21

22

23
24
25

BNWL-1278

Phot ograph Taken of SIMPL Conputer-Drawn Displ ay

Show ng the G oundwater Contours Under Part of

Hanford and the Spread of the Fan-Shape Contam nation
Front Resulting froma Hypothetical Leak at Position 1 62

CALCOVP Pl ot of UNI VAC 1108 Solution to LaPlace's

Equati on 64
Phot ograph of Hybrid Solution to LaPlace's Equation 65
Cross Section of Sinulated Reactor 68

Conparison of SIMPL-1, AD/4 Anal og, EASE 2133 Anal og,

and MM C (UNIVAC 1108), for a Two-Energy G oup

React or Physics Problemin Cylindrical Coordinates

wi th the Sane I nput Data 71



BNWL-1278

EVALUATION OF HYBRID CAMPUTER PERFORMANCE
ON A CROSS SECTION OF SCIENTIFIC PROBLEMS

INTPCDUCTION

A way of using hybrid and snall
has been devel oped at the Pacific Northwest
scal ed analog/digital sinulation techniques.

digital conputers that
Laboratori es uses

The hybrid

conmput er software system that enploys this technique IS

called SIMPL-1 (Sinmulation

Implementing Machine Progranm ng

Language - Version 1) and is imlemented on a pPhP-7 digita
conputer and an EASE 2133 anal og conputer designated

pL- 1. (1) (2)

The purpose of this report
of this

is to describe the capabilities

hybrid system on the follow ng scientific and engi-

neering problens:
1) U S. nuclear rower economny
2) reactor vessel dynam cs

3 nuclear plant dynam cs

4) river water quality dynam cs

5 netal annealing
6) reactor core design

7) steam particle deposition

8 fuel sintering

9 ultra-centrifuge data analysis

=
(=)

11)
12)

) snoke polution dynam cs
ground water systens anal ysis
t wo-group diffusion equation.

The points considered by a cross section of scientists
and engi neers who eval uated the above studies were:

(1) accuracy, (2
(3) operational

amount of conputer equi pnent
processing on a large digital

time and cost (both nen and machine) ,
conveni ence and flexihility, and (4)
required as compared to batch

conput er.

t he
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SUMMARY
ACCURACY

Hybrid (analog/digital) conputers have sufficient
accuracy and capacity to solve a wide variety of scientific
and engi neering problems at |ess cost with greater convenience
than on |arge (batch processing) digital conputers. Smal
digital conputers (8K to 16K of core) also have sufficient
accuracy and capacity to conveniently solve a wide variety of
probl ens when scal ed analog/digital techniques are used.

TIME AND COST

Twel ve conparative studies have been conducted at
Battel |l e-Nort hwest in the past year. These studies confirned
that a relatively small conputer can do many scientific simu-
| ati on problens nore quickly and at |ess cost than batch
processing on large digital conputers. Tine and cost savings
were greatest on parametric surveys or optim zation runs.

CONVENIENCE AND FLEXIBILITY

It is estimated that small hybrids can do an adequate job
on at |east 50%of the scientific and engineering problems now
bei ng solved on very large digitals. No scientific problens
were found that required nore capacity than 200 anal og anpli -
fiers and 16K of digital nenory. The studies also indicate
that many probl ems now being worked on large digitals can be
readily done on relatively small digital machines.

LEARNING EFFORT

A person already famliar with Fortran or simlar |an-
guages requires some famliarization with SIMPL-1 or related
machi ne codes. Wth this factor included, the hybrid or small
digital conputer, in the majority of cases, denonstrated a

cost savings while neeting accuracy and capacity requirenments.
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EXAMPLES

1)

2-3)

4)

In view of the time and resource allotnment for this study,
the complexity of the Nuclear Power Econony Mdel was
reduced from 900 equations to 300 equations and sol ved
entirely on the PDP-7 digital conputer. A qualified
3.2-to-1 speed advantage was denonstrated by the hybrid
met hod and it was determ ned that a 25,000 word drum
memory would allow the extra capacity for solving
expanded problemon the snall conmputer. The large digita
sol ution produced nore optimumresults by about $1 billion
with a different reactor mx. The dollar difference
represents only a small percentage (0.4% of the tota

cost but accounts for 10% of the savings between al

fossil and the conbination of fossil and nuclear plants.

The reactor vessel study denmonstrated cost savings of
75-t0-1 when conpared to DYNASAR programming on a

UNI VAC 1108 conmputer. An estimated cost savings of
100-to-1 was indicated in qualitative conparisons of
DYNASAR to the hybrid computer for the Fast Flux Test
Facility (FFTF) dynam c sinmulation. Conparisons from
both sinul ations denonstrated no significant loss in
accuracy. The time required for devel oping the reactor
vessel sinmulation was from 2 to 3 times greater than that
for the DYNASAR sinmul ation.

A 3.6-to-1 mninmum machi ne speed advantage and an over-
all cost advantage of 36-to0-1 was indicated for paraneter
surveys on the river water quality study. The cost of
one or two paraneter studies is about equal for the

| arge digital and hybrid because of hybrid conmputer setup
and checkout. For nodel optim zation studies, the

I ncreased effectiveness of engineering personnel is
multiplied by a 36-to-1 nmachi ne advantage to produce a
net econom ¢ advant age.
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11)

12)
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The metal annealing sinulation denmonstrated a cost
advant age of 35-to-1, a speed advantage of 3.5-to-1,
and a core nmenory savings of 30%

The steam cool ed fast reactor core and the steam par-
ticle deposition studies indicated a cost savings of
2-to-1 and time savings of 3-to-1.

Cost saving factors of 10-to-1 to 50-to-1 were denon-
strated on the fuel sintering, ultra-centrifuge, and
snoke pollution problems. The savings were prinmarily
derived from increased efficiency of technical per-
sonnel and accel erated work performance.

The ground water simulation was perforned at about the
same speed using SIMPL techniques on PDP-7 conputer as
when FORTRAN IV was enpl oyed on the UNIVAC 1108.
However, the hybrid denonstrated a 24-to-1 advantage in
manpower in preparing input to the conputer and a factor
of 1440-to-1 advantage in tinme required to analyze the
conputer results when conpared to batch processing on a
UNI VAC 1108.

The two-group diffusion and steam particle deposition
probl ems were sensitive to equipment resolution, con-
figuration, and scaling. Acceptable solutions were
obtained with third generation anal og computer equipnent
on the steam particle deposition problem Acceptable
results for such functions as fewgroup flux and power
profile studies were obtained with the PDP-7 digital
conputer and a fourth generation anal og conputer. There
is some question about the applicability for reactor
physics perturbation studies. |t appears that the only
way to resolve the question is for the hybrid or small
digital conputer to solve the conplete problem of deter-
m ning reactivity coefficients for accuracy conparison
with large digital methods.
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CONCLUSIONS

The optimal way to use hybrid and | arge conputer sinul a-
tion programs is to use each method in a conplenmenting rather
than a conpeting manner. For |arge expensive conputer sinula-
tions, situations often occur where independent conputer check
solutions are extrenmely valuable. \When one or two conputer
runs are needed, batch processing on large digital conputers
excels. Small problens generated by a | arge-user clientele
may be nore econom cally solved on large conputers; however,
when paranmetric surveys or optimzation runs are needed, the
SI MPL concept is nore econom cal
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CRITERIA FOP COMPUTER COMPARISON

This study was designed to evaluate the cost savings
potential of using hybrid and small digital conputers. The
follow ng sections explain howthe conparative problenms and
performance gui delines were sel ected.

PROBLEM SELECTION

The object of this study is to evaluate small conputer
t echni ques on problems fornul ated and programed for |arge
digital computers prior to the devel opment of hybrid conputer
technology. The only restrictions were:

1) Availability of conparison information

2) Future potential for cost and time savings.

The resons for selecting the problens for this study are
presented in the follow ng paragraphs.

U. S. Nucl ear Power Econony. The Nucl ear Power Econonmny
probl em was sel ected because of its cost savings potential.
The problenﬁs) al so uses linear progranm ng which nost text
books consider the domain of the large digital conputer.

In viewof limted time and funds, the conplexity of the
probl emwas reduced from900 equations to about 300 equations
to see if this problemcould be refornulated for hybrid com
puter application and to see how nmuch hybrid equi pnment was
required to solve the problem

Reactor Vessel and Nuciear Plant Dynam cs. These studies
were sel ected because:
1) Conparative information was avail abl e.
2) The problems provided an opportunity to test and
eval uate the nodul ar conmponent concept previously
devel oped for the dynam c sinulation.
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River Water Quality Dynam cs. Proper use of natural
resources is a subject often discussed by Governnent, industry,
and professional societies. The problemconsidered in this
area was the Columbia River water quality nndel.(4) It pre-
sented a special challenge to hybrid methods because the
digital nmodel was based on discrete digital concepts rather
than differential equations. Since the digital nodel is
capable of sinulating river flows and tenperatures from
Lake Roosevelt to the ocean, there was doubt about the hybrid
conputer's ability to accurately sinulate the nodel with
8192 words of nenory and 160 anal og anplifers, conpared to the
30, 000 words of UNI VAC 1108 nenory required to solve the
problemdigitally.

This problem was sel ected because:

1) There is a growng need to sinulate natural resource
systens.

2) The hybrid method could benefit the work effort while
relieving the economc penalties associated with sole
use of a large digital computer

3) It provided an opportunity to evaluate such factors as
probl emrefornul ation requirements, equi pnent require-
ments, and conputer accuracy.

Metal Annealing. The conputer sinulation of radiation
damage phenonena uses the ANNEAL code.[s) The nodel perforns
a Monte Carlo walk through lattice points to sinulate the
random notion and interaction of lattice defects. A large
quantity of UNI VAC 1108 digital conputer tine is required to
obtain statistical significance.

The reasons this code was sel ected are:

1) It provided an opportunity to evaluate problem
reformul ation and equi pnent requirements in a problem
area unfam liar to simulation engineers.
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2) The hybrid method could benefit the work effort while
relieving the econom c penalties associated with the
sol e use of a large digital conputer

3 Irradiation effects sinulation is a growing field.

Reactor Core Design and O her M scell aneous Probl ens.
The reactor core, (657) fuel sintering, smoke pollution, steam
particle deposition, (8 ultra centrifuge, ©°) and ground wat er
deposition, (10) problens were brought to the hybrid conputer
facility as regular jobs during the time that the eval uation
studi es were being made. These are included since they pro-
vide useful additional information

Two-Group Diffusion Equation. A one-di mensional, two-
energy-group reactor diffusion nodel was selected to eval uate
accuracy considerations on the nost accuracy-sensitive equa-
tions known at the tinme of this study.

GUIDELINES FOR COMPARISION

Primary consideration in performnce guidelines are
accuracy, time and cost benefits, operational convenience and
flexibility, and conmputer requirenments.

Accuracy. Scientists and engineers who use |arge digital
conputers are famliar with double precision techniques
necessary to preserve accuracy. Several applications (such as
recursive equations, subtraction of |arge nunmbers, division by
smal | nunbers, etc.) will produce inherent errors independent
of word length and conputer precision. One manufacturer pro-
duces a machine with a 60 bit word length to overcome double
preci sion problems. Some conputer users are now using
scaling methods to inprove library subroutine precision for
the 60 bit word length conputer. Wth this background many
scientists, engineers, and mathematicians tend to conpare
anal og and hybrid conputer accuracy. The one part in
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ten-t housand precision of an anal og conputer or one part in

217 for small digital conputers appear inadequate when com

pared to precisions of one part in 1057 available with | ar ge
digital conputers.

Wth analog or small digital conputers, precision for
solving technical problems is nmore a function of what is done
with available hardware. Inaccuracies resulting fromnuneri-
cal approxinmations are overcone by applying different nodeling
techni ques, anplitude scaling, and tinme scaling.

Most of the accuracy conparisons nade in this report were
made by visual conparison of plotted results. Sone conpari -
sons show (1) the percent deviation between two nethods,

(2) the percent deviation fromthe maxi mum val ue, (3) the
Integral of the squared deviation, (4 bounded areas between
curves and axis.

Time and Cost Benefits. Some of the factors that deter-
m ne conputer chargeout rates are:

1) Rental (depreciation) of the conputer

2) Conputer operator costs

3) Mai ntenance

4) Systenms software devel opnent

5 General adm nstrative functions

6) Building utilities and maintenance

7) Rent (depreciation) of building,

Since the hybrid conputer used in this study is owned by
the U S. Atom c Energy Conm ssion, depreciation of the com
puter and buildings are not included in the normal $18/hr
charge rate. The normal charge rate includes maintenance and
some systenms software devel opnent. Sinulation engineers who
program and devel op math nodels also operate the hybrid com
puter. These costs are not included in the conmputer rate.
Since nost large conputers rates include equi pment

10
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depreciation, and extra $20/hr is added to the nornal hybrid
charge rate to arrive at the $38/hr value used in this study.
Hybrid conputer equi pment anortization was established by
depreciating $400, 000 over 10 years.

Chargeout rates for large hatch processing digital com
puters vary widely ($100/hr to $1,200/hr) across the country.

Rates are usually established to |iquidate total cost which
includes all major itens |isted above. This study uses a

nom nal value of $400/hr for a UNIVAC 1108 conputer. This is
sufficient to anortize the computer, provi de conputer operators
and mai ntenance, and |iquidate adm nistrative overhead for a
modest conputer operation. Costs for devel oping and program
m ng mat hemati cal nodels are not included in the conputer rate.

Manpower cost conparisons must be on a equitable basis.
For an ideal conparison, identical problens would be given to
two (or nore) conpetent scientists or engineers to carry from
probl em definition through problem fornulation, progranmm ng,
debuggi ng, and anal ysis stages. Since ideal conditions are
difficult to achieve, care nust be exercised to insure that
Inequalities are identified and properly weighted. For
exanple, it is inappropriate to include nodel devel opment costs
in a conparison if one nmethod was used in devel opi ng the node
and the other method nerely invoved programm ng and running a
devel oped nodel. However, the reprogramm ng, computer running
cost, the total elapsed time, and percentage of effort
required to get the job done can be identified.

Every effort was nade to insure a conparison of machines
and techni ques and not people because different people have
different degrees of expertise. It is not prudent to conpare
a progranmer with two years of college experience with an
experienced scientist, engineer, or mathematician.

To factor out people conparisons, six different hybrid-
oriented sinmulation staff nenbers participated in the study.
Three were electrical engineers with Bachel or of Science

11
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degrees, two were physicists with Bachelor of Science degrees,
and one conpleted tw years of college (however he received
help from a physicist and engineer). The steam particle
deposition problem(both hybrid and digital) was conducted by
a PhD Chem cal Engineer on an open-shop basis with help from
an experienced el ectrical engineer. The education and expe-
rience of people solving the problemon the digital computer
include a phD Electrical Engineer, four B.S. Mechanica

Engi neers, one M'S. Mechanical Engineer, and a MS. Sanitary
Engi neer. The noticeable differences in people would appear
to be in their disciplines.

The other factors such as progranmm ng and anal ysis, com
puter debug time, conputer running time, analysis tinme to
present results, and total costs are dependent on the circum
stances surroundi ng each problem and are discussed in nore
detail in the PROBLEM DESCRI PTI ON AND ANALYSI S section

Operational Convenience and Flexibility. Mst scientists
and engineers share fam liar experiences with |arge batch
processing digital conputers and know that for an additiona
10%in programm ng effort they can get a factor of 3 increase
inline printer or plotter output.

For an additional 10% of hybrid conputer progranmm ng
effort a factor of 10 increase in machine output is easily
obt ai ned. Analog and hybrid data are al nost al ways graph-
ically displayed for immedi ate analysis. Readout devices
i nclude x-y records, strip chart recorders, oscilloscopes,
bl ack and white CRT menory displays, color displays, teletype,
and line printers. The quality of display output is adequate
for on-line analysis but for permanent record storage or
report docunmentation, sone inprovenents are in order
Specific exanples of display output are given with the
techni cal discussion of each problem

12
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Conmputer Requirements. It is difficult to make conpre-
hensi ve equi pment comari son anong anal og, hybrid, and digita
conputers because of operational differences. The purpose of
the conputer equi pment conparisons in this report is to
identify the type and quantity of equipment required to solve
the cross section of problens. The unique circunstances
affecting the quantity of equipnent required are discussed in
t he PROBLEM DESCRI PTI ON AND ANALYSI S section. This informa-
tion should be useful in sizing other problens for hybrid and
smal | conputer solution and for designing nore efficient soft-
ware for large time-shared conputers.
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PROBLEM DESCPIPTIPN AND ANALYSIS

This section of the evaluation study contains a general
description of each problem along with a detailed eval uation
by custoner engineers.

U.S. NUCLEAR POWEP ECONOMY - (L. H. Gerhardstein, W. E. Black,
R. L. Engel)

A large progranm ng system was devel oped to eval uate the
U S. electrical power econony between the years 1970 and 2020.
For this evaluation study, one subsystem of the overall power
economy nodel was selected for a conparative optimzation
study. The model is in the formof |inear programming(!3) and
is solved with the Bonner & Moore LP Systenﬂll) as nodified
for the UNI VAC 1108. The nodel incorporates the detailed
characteristics of individual nuclear reactor types. Solution
of the nodel provides the mxture of specific nuclear reactor
types and fossil plants that result in the minimum di scounted
cost while satisfying the power requirenent projected over an
extended tine interval. The model sinulates the interaction
of fossil and nuclear plants in ten geographic regions, with
each region consisting of the area where fossil fuel costs are
nearly equal. Additional features of the LP nodel include:
(1) fissile Pu, 233U, and enriched tails stockpiles, (2) ura-
nium price increasing as a function of uranium used (step
function), and (3) introduction constraints on new reactor
concepts. The full-scale nodel results in about 900 equations
for atime interval of 35, two-year periods.

It was obvious fromthe inception that the problemcould
not be fornmulated in terns of a linear programming schene on
the PNL-1 hybrid conputer. Hybrid conputers are not generally
designed to enploy linear programming (or matrix manipul ation)
techni ques. However, it appeared that another optim zation

15



BNWL-1278

techni que could be devel oped after a conplete rewite of the
mat hemat i cal nodel . (12)  To nininize the reformulation effort,
the size of the nodel was reduced to about 25% of the conplete
model . The principal questions considered in the evaluation
were:
1) Can large optimzation problens such as the one
under consideration be run on a hybrid conputer or on
a small dedicated digital conputer?
2 Can the smaller conputer systenms offer economc
benefit?
3) Does the hybrid or small digital conputer increase
decrease the power of a total conputing nethod?
4) |If the problemis so large that a |arge amount of
core nmenory or a mass storage device is needed, what
portion of the larger problemcan be run on a snmall
conputer with limted core nenory?
5 What is the accuracy of the smaller machine and
speci alized method conpared with that of the |arger
machi ne?

Accuracy

Simlar systenms were nodeled on the hybrid conmputer and
on the UNIVAC 1108. Conparison curves for fossil plants are
plotted in Figure 1. They show a good conparison for tota
fossil plant construction. However, nuclear plant construc-
tion does not agree nearly as well (see Table 1. Figure 2
shows the conparison for the plutoniumstockpile. The linear
progranm ng optim zation nodel produced a slightly smaller
pl ut oni um st ockpile (9.96 x 108 kg conpared to 10° kg for the
hybrid nodel over the 70-year period).

The deviations in the hybrid output fromthat of the
UNI VAC 1108 m ght be attributed to fixed point scaling
t hroughout the hybrid simulation. Since the optimization

16
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TABLE 1 Comparison of Nuclear Plant Built as Function of Tine

Reactor Types
WU3H WU3H WU3L WU3L WPOH WPOH WPOL WPOL YP2ZH YP2H YP2L YP2L

TIME etc. etc. etc. etc. etc. etc. etc. etc. etc. etc. etc. etc
PERIOD (LP) (Hybrid) [(LP) (Hybrid) (LP) (Hybrid)  (LP) (Hybrid) (LP) (Hybrid) (LP) (Hybrid)
1970 8.74 8.73 4.03 4.03 0.0 0.0 0.0 0.0
72 5.19 4.16 6.73 7.79 0.0 1.02 1.06 0.0
W 74 13.88 12.11 1.03 2.77
76 17.54 14.26 0.0 3.39
78 0.37 0.0 3.04 16.09 0.0 0.37 16.96 4.96
80 1.93 1.93 22.35 38.17 0.0 0.0 0.0 0.0
82 1.89 3.22 15.99 23.23 0.0 0.0 7.24 0.0
X 84 5.68 5.68 7.58 24.46 0.0 0.0 16.88 0.0
86 2,46 7.46 0.0 23.52 5.00 0.0 23.52 0.0
88 0.0 10.97 0.0 24,20 10.97 0.0 24,20 0.0
90 23.05 16.96 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.77 25.94 43.57
92 17.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.03 25.77 25.77
94 17.47 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.47 30.03 30.03
96 13.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.75 38.20 38.20
98 5.03 47.11 0.0 0.0 51.70 9.62
2000 62.73 103.58 0.0 0.0 0.0
02 66.92 66.92 0.0 0.0 0.0
04 8.03 0.0 12.99 8.81 0.0 0.0 7.61 0.0 5.03 13.06 29.82 50.48
06 4.99 23.16 0.0 56.68 0.0 0.0 0.0 0.0 18.17 0.0 0.0
08 2.62 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.46 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.72 0.0 23.66
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.91 28.71 0.0
14 0.0 0.0 0.0 65.25 0.0 0.0 0.0 0.0 0.0 31.91 0.0 0.06
16 0.0 25.12 0.0 0.0 0.0 0.0 0.0 0.0 9.36 32.56 0.0
z 18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.05 36.05 0.0
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.76
22 0.0 0.0 0.0 43,70 0.0 0.0 0.0 0.0 3.47 3.47 0.0 34.83
24 0.0 0.0 0.0 109.34 0.0 0.0 0.0 0.0 43,36 43,36 0.0
26 0.0 86.49 0.0 76.39 0.0 0.0 0.0 0.0 20.88 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 36.39
30 0.0 0.0 0.0 0.0 0.0 0.0 113.80
32 0.0 0.0 0.0 0.0 0.0 0.0 24.28
34 0.0 0.0 0.0 0.0 0.0 0.0 54.91
36 0.0 0.0 0.0 0.0 0.0 0.0 53.00
38 0.0 0.0 0.0 4.95 6.59 0.0
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program nust conpare very small nunbers to determ ne |east
costly choices, the optim zation program could make an
i ncorrect choi ce.

VWhen the final cost (objective function value) for the
two met hods, were conpared the LP solution total cost was
slightly less than the hybrid solution total cost.

LP cost $259.59 billion
Hybrid cost $260.57 billion
The difference figure of $0.98 billion is approximately 10% of

the total cost change in reaching optinum when an all fossi
condition is used initially.

Ti me and Cost

Time and cost information is useful in docunenting man-
power requirenents in reprogramming using SIMPL. A total of
528 manhours and 200 hr of conputer time were required to
conplete the study. O this, 80 hr were required to refornu-
| ate the nmodel, 48 hr were required to develop the interactive
di splay techniques, 170 hr were required to program the nodel,
and 230 hr were required to debug and document the study.

The PDP-7 conputation time was 4.5 min while the
UNIVAC 1108 conputation time was 14 mn and 26 sec. However,
t hese conputation times should be qualified because:
1) The LP nodel arrived at a nore optinum sol ution,
2) The LP nodel includes two additional stockpiles which
conplicate the optimzation.
3) The sinplex nmethod (the algorithmused in solving
| i near programs) is a generalized mathematical tech-
ni que and does not take advantage of physical charac-
teristics nmodeled. The optim zation used for the
hybrid, on the other hand, considered the physica
properties being nodeled and this resulted in a nore
opti mum program
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The results of this conparison are rather inconclusive
to evaluate hybrid versus large digital computers. However,
there is a definite conputing tine advantage indicated.

Qper ati onal Convenience and Flexibility

The maj or advantage of the hybrid method for nobdeling of
the economcs problemis that the operator can manually and
visual ly comunicate with the optim zation problemin realtine.
Figure 3 shows a typical oscilloscope display of plutonium
stockpile at an intermediate step in the optimzation. The
operating systemused with the econom cs nodel allows the
operator to make changes in the input functions (through the
osci |l | oscope display) and immediately see the effect by
exam ning the various output functions of the problem

FI GURE 3. Typical Display Showi ng the Plutonium
Stockpile at an Intermediate Step in
the Optim zation
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Computer Requirements

The problem modeled and run with the nonlinear hybrid
method represents approximately 25% of the ten region problem
that was run with the linear program method. The " 25%
problem” requires approximately 6K words of the PDP-7 &
memory.

To solve the expanded problem on the hybrid computer
would require the 25,000 word drum interfaced to the PDP-7
computer. This would also provide the extra memory for evalu-
ating only two convolution integrals for each partial deriva-
tive evaluation in the optimization procedure. With 8192
words of core available it was necessary to evaluate at |least
20 convolution integrals for evaluating each partial
derivative. Since very little time is sacrificed in drum
reading and writing, the computation time would be reduced a
factor of 5 to 10 with this programming change.

The Power Economy Model reauires 39,565 words of
UNIVAC 1108 memory to solve the fully expanded problem.

REACTOR VESSEL DYNAMICS - (C. D. Flowers and G. A. Worth)

The reactor model is based on the FFTF vertical core
reactor concept V-A. The model divides the reactor into 44
separate nodes where reactor temperatures are calculated. The
nodal breakdown is shown in Figure 4. Inlet and outlet mixing
plena are simulated with four flow paths through the reactor:
(1) average driver fuel tube coolant, (2) average leakage
coolant outside of driver fuel tubes, (3) average radial
reflector coolant, and (4) vessel wall coolant.

Several solid material regions have been simulated using
from one to nine separate nodes for each area. The nodal tem-
peratures represent average conditions within the reactor
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vessel. The solid material regions are fuel, fuel cladding,
lower and upper axial reflectors, driver fuel duct wall (in
core zone), inlet plenum metal, outlet plenum metal, radial
reflectors (includes radial reflectors, shields, control rods,
etc.) and a region that represents the fucl storage region
outside of the reactor core barrel (simulated as stagnant
sodium). lHeat transfer between all adjacent regions is
included (indicated by double point arrows in Figure 4).

Heat generation is included in the following regions:
fuel, axial reflectors, and radial reflectors. The total
reactor power includes power generated by fast (prompt)
neutrons and power generation by beta and ganma decay of
fission products. The neutron nower is calculated by the
simple point kinetics equations with the assumption that the
neutron lifetime is small enough (neutron lifetime is about
10"/ for fast reactors) to make the neutron power calculation
algebraic (i.e., neglect ¢* dP/dt term - restricts reactivity
step insertions to less than +1$). Three reduced neutron
decay groups are assumed for input to the neutron power cal-
culation with, the following reactivity feedback terms:
Doppler, sodium temperature, and structural effects. Three
groups are also assumed to represent the fission product decay
heat generation. A reactor power controller is also simulated.

Other miscellaneous temperatures that are calculated
include average fuel, average driver fuel channel coolant, hot
channel core outlet, and hot channel maximum clad.

The total reactor simulation contains 52 differential
equations of which 44 calculate reactor temperatures, six cal-
culate total reactor power, and two calculate power controller
response. The remainder of the simulation consists of alge-
braic calculations and function generators.
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All sodium, fuel, cladding, and driver tube wall material
properties are computed as a function of temperature at each
node point. Reflector and plenum metal properties have been
assumed constant.

The hybrid model was developed entirely on the digital
portion of the hybrid computer (on the PDP-7). The comparison
which was made was not one of hybrid versus digital computers
but rather one of structured assembly language (SIMPL-1 on the
PDP-7 computer) versus a large general purpose dynamic digital
code (DYNASAR(H) on the UNIVAC 1108). The hybrid method
uses a fairly simple rectangular integration scheme as com-
pared to the more sophisticated fourth-order predictor-
corrector scheme used by DYNASAR

Accuracy

Steady-state reactor temperatures and power were found
to be identical in both simulations. Four transients were
studied to make a comparison of the dynamic response of each
simulation. They were:

1) Full flow reactor scram

2) Simulaneous reactor scram and primary flow coastdown

3) Flow transient for double-ended break at reactor
vessel inlet, with scram 2 sec after break, and pump
coastdown 1 sec after scram. Input flow data were
taken from previous DYNASAR pipe rupture studies with
1 ft3/ft inlet downcomer standpipe.

4) Flow transient for one square foot hole type break at
reactor vessel inlet with scram 2 sec after break and
pump coastdown 1 sec after scram. Input flow data
were taken from previous DYNASAR pipe rupture
studies with 1 ft3/ft inlet downcomer standpipe.
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The results fromRuns 1 and 3 are shown in Figures 5 and 6.

The results show that there is alnost perfect agreenent in the
dynam ¢ response of the two nodels. For Run 3 (see Figure 6)

the core outlet tenperatures and the average fuel tenperatures
di sagreed by approximately 5 °F during the first 2 sec. From
that point on there was perfect agreement throughout the two

model s. These differences are felt to be insignificant and it
has been concluded that both nodels performin essentially the

Sale manner.

Ti me and Cost

There were 323 hr spent in developing the hybrid sinula-
tion. Of this about 48 hr, including 24 hr of computer tine,
wer e spent in devel oping a general programto handle al
aspects of the sinulation aside fromactual problem sinmulation
(time synchronization, input/output, man-machi ne interaction,

i ntegration programs, etc.). This general program can be used
for any sinmulation, and time used in its developnent will not
be required in future sinulations. The remainder of the tine
(275 hr including 99 hr of conputer tine) was spent in program
m ng, debugging, and in making the conparison transients.

The tine spent in devel oping the DYNASAR sinul ation can
only be estimated since the reactor nodel is a portion of an
overal | system which has gone through several stages of
devel opment. A rough estimate of the anpunt of time that
woul d have been expended in the DYNASAR simulation of only the
reactor portion of the systemwould be a mninmumof 2.5 to 3
weeks or roughly 100 to 120 hr. This is approximately 30 to
45% of the time required for the SIMPL-1 sinulation.

For a sinmulation which will be used over an extended
period of time, the primary concern from an econom cal stand-
point often switches from devel opnent cost to conputer cost
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for making transient studies. Table 2 shows the amount of
conputer tinme required per second of transient in the sol u-
tion of the four transients described previously. As can be
seen, the DYNASAR programrequires from16 to 88 tinmes as
long in the problemsolution as the SI MPL-1 program One
point of interest is that Runs 3 and 4 nore closely approach
the type of transient for which the nodel is needed (pipe
rupture studies) thus, for this particular need, the ratio
of problemsolution tine is between 15 and 2Cto-1.

TABLE 2. Conparison of Conputer Time Reauired
Per Second of Real Process Tine

Run SI MPL-1, sec DYNASAR, sec Ratio
1 1 88 88

2 1 32 32

3 2 32 16

4 2 36 18

Cost and speed ratios are somewhat m sl eadi ng because
time is required on the PDP-7 to setup for a transient. A
fair conparison mght be made in the follow ng manner. |f
1 hr were required for a DYNASAR solution to sinmulate a 1 or
2 rnin transient, the same solution could be obtained at the
same cost ($400) with SIMPL-1 even if 10 hr were required.
In general, with SI MPL-1, about 10 rnin are required for
probl em setup and about 2 to 3 rnin are required for the
setup of a particular transient. Since the 1 to 2 rnin
transient would require 2 to 4 mn, a single transient would
require a maxi mum of 15 to 20 mn, nmuch less than the
allotted 10 hr. \hen several transients are run, the 10 rnin
necessary for problem setup is averaged between all of the
transients, and the time required for a single transient
becomes less than 8 mn. Seventy-five transients could be
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run for the same $400. It is difficult to make absolute
statements in a cost comparison of this type, but it is
certain that SIMPL-1 has a definite cost advantage over
DYNASAR

Operational Convenience

Use of the UNIVAC 1108 requires a full day for transient
turnaround. The hybrid computer must be scheduled in advance
(usually a few days). Both of these are disadvantages.
However, the hybrid system offers the advantage of having
almost instant turnaround between transients once the program
is operating

Hybrid output is immediate and can be either plotted or
presented in tabular form, or both. For the comparison
studies, the maximum number of variables that could be output
in tabular form was six. This, however, has been modified
and now all necessary variables can be output. Tabular out-
put now occurs on a line printer simulaneously with the
problem solution or it can be transferred directly to
magnetic tape for permanent storage and listing at some |ater
date.

The hybrid system also provides more flexible man-machine
interaction. The user can make changes in the program on-line
and see the immediate results and significance of the changes
made.

Computer Reauirements

The UNIVAC 1108 computer has 65,000 core memory locations
of which 52,000 are needed by the DYNASAR program even though
it may not use them all. 1t has an effective machine cycle
time of 0.750 psec. The SIMPL-1 simulation uses a PDP-7
digital computer which has 8192 core memory locations and has
a machine cycle time of 1.75 psec.
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Even though the PDP-7 computer is smaller, its full capa-
bilities were not reached. Besides the fact that the analog
computer was not used, the digital program used only 6100 of
the available 8192 core locations. Figure 7 shows a memory
map of the simulation program. As shown in the figure, the
actual reactor simulation used 2700 locations plus general
subrountines. The simulation could be expanded by about 75%
if the 2062 free locations were used.

The PDP-7 has an 18 bit word length as compared to the
36 bit word length of the UNIVAC 1108. Accuracy was main-
tained on the PDP-7 by scaling ail variables in the system.

NUCLEAR PLANT DYNAMICS - (G. A. Worth)

The development and use of Fast Flux Test Facility (FFTF)
simulation models started during conceptual design in 1965 and
will procede through construction and operation of the
plant. (14,15) The modeling and simulation effort has nro-
gressed through several phases in response to conceptual design
needs and subject to availability of hybrid software and
hardware. A parallel all-digital effort employing the DYNASAR
simulation code has been used for detaiied calculations and
for checking the adequacy of the hybrid models. However,
direct time and accuracy comparisons have been made.

The major elements of the FFTF plant simulation are
illustrated in Figure 8. The figure also illustrates the split
in computational work between the hybrids analog and digital
computers.

Neutron kinetics in the reactor vessel are simulated with
three delayed groups, as in the method of Albrecht and
I\/btelmann(lm. An algebric expression for neutron dynamics is
used to eliminate the need for extremely high-grain analog
integration. Heat generation due to fission product decays
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is separated from the total power generation and is also rep-
resented by three decay terms. Reactivity feedbacks include
linear terms for sodium and core expansion (based on average
sodium temperature), and for core bowing (based on core AT),

as well as a logarithmic term for Doppler (based on average
fuel temperature). Inlet and outlet plenum models assume
perfect mixing throughout the plenum volume, with heat transfer
to steel structures in the region being represented by a single
node for each plenum.

Heat transfer within the core is divided in three parts
by three coolant streams: fuel coolant, leakage, and radial
reflector coolant. The radial reflector region is modeled by
a single node as though heat were generated directly in the
coolant. Simulation parameters account for the stored heat in
the reflector and to approximate the time constant of coolant
temperature response to power changes. Leakage coolant
acquires heat from the fuel coolant through the reactor tubes,
and is also simulated by a single axial node. The core itself
is simulated by two lumped nodes representing fuel and
coolant. The fuel is divided into three radial nodes of equal
volume.

Sodium hydraulics are simulated by the standard equation
of motion for incompressible fluid. Flow versus head loss is
expressed by a single exponential term, with an exponent of
1.8. Pump and motor dynamics are simulated with speed control
by an eddy-current clutch. Pure temmerature delays are used
as a conservative approach, since stored heat in the piping
dampens thermal transients moving down the pipe. Each coolant
circuit is capable of simulating one, two, or three of the
actual circuits.

The intermediate heat exchangers (IHX) are simulated as
counterflow exchangers with each exchanger divided into 4 nodal
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segments with fl owdependent m xing plena at inlets and
outlets. Finite difference approximtions for the parti al
differential equations are used, enploying central difference
and three-point backward expressions (backward with respect to
flow direction). The heat transfer coefficients are flow and
t enperature-dependent. Stored heat in the tube netal is
equal |y divided between tube and shell sodium

I n spite of their crossflow design, the dunp heat
exchangers (DHX) are sinmulated as three node counterflow
devices with flowdependent sodium m xing plena at the inlet
and outlet. Heat storage in the finned tubing is lunped with
that for the sodium This assumes the netal tenperature
behaves substantially |ike the sodium tenperature. Finite
di fference approximations for the standard partial differential
equations are enployed, with central difference and three-
poi nt backward expressions. The heat transfer coefficients
are simulated as a function of both coolant flows and
t enperat ure.

Anal og simulators of proportional-plus-reset controllers
are used separate fromthe anal og console of the hybrid.
Switching arrangenments allow a wide variety of process contro
| oops to be formed. Reactor control sinmulation is based on
a reactivity-neutron flux [oop which noves a sinulated control
rod when the flux signal noves outside a preset deadband. A
pl ant protection systemis sinulated on the digital portion of
the hybrid with the capability of |ooking at any conputer
variable, conparing it to a setpoint, and initiating control
or protective action in any desired sequence (e.g., power
set back, controlled shutdown, and reactor scram,
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Accuracy

As previously mentioned, identical cases have not been
run for accuracy conparisons. Rather, the adequacy of each
hybrid nodel conponent has been checked with nore detailed
DYNASAR nodel s. The adequacy of a single node core nodel in
provi di ng good vessel outlet tenperatures is shown in Figure 9.
This conpares the vessel outlet tenperature with that conputed
froma detailed digital nodel (4 axial nodes, 3 fuel nodes
‘plus clad and coolant radially). The adequacy of the sinpli-
fied flow versus head |oss relationship was denonstrated by
conmparing (as shown in Figure 10) flow decay curves with
curves generated by a nore detailed hydraulic nodel which
accounted for head |osses from bends, entrance, and exits.
Finally, the adequacy of the 3 node counter flow dunp heat
exchanger nodel as opposed to an 18 node counter flow nodel
was verified by conparing outlet tenperature for transients
such as air flow |losses of full sodiumflow as shown in
Figure 11.

After accuracy verification, the hybrid nodel has been
used for (1) providing scoping information for early conponent
conceptual studies, (20 providing consevative "worst case"
val ues for thernal transients, and (3) providing preliminary
eval uation of plant control schenes.

Ti me and Cost

The devel opment of both hybrid and digital nodels pro-
ceeded in response to conceptual design needs of the plant and
subject to avail able hardware and software. Direct time and
cost conparative information are not available, but qualitative
information suggests that conventional large ii:itai program;
woul d cost at least 100 tines nore to run than the hybrid
comnut 1T, (1‘5I
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FI GURE 10. Flow Mode Comparison: Primary Flow

Decay for Loss of Pump Motor

38

)__.
——  'HYBRID MODEL
0 DETAN LED MODEL (DIGITAL)
|
|
o
| | ]
0 5 10 15 20
TIME, sec




BNWL-1278

0€

MOTA umTpos TInd

MOTd ITY FO 2207 O3 SsUoCady 3IDTIN0 WNTPOS XHA °*TTI mNOIL

G2

99s ‘JWIL
0¢ Gl 0l § 0

(1vLI9IA) 1300W MOT4SS0dD JAON-8L (o]

(QIY49AH) 130A0W MOT4¥ILNNOD 3IAON-E

009

089

009

099

“3¥N1YYIdWIL 137100 WNIAOS

1o

39



BNWL-1278

Operational Convenience and Flexibility

A dynani c keyboard nonitor program(DKM) provides the
capability of making on-line decisions to initiate control
actions or transients or to alter controller setpoints or
safety trip points. This is done by way of the teletype while
the conputer is in conpute node without returning to initia
conditions, and this capability will provide the basis for

future operator training. |In addition, DKM makes possible the
changing of instructions during operation of the sinulation,
providing a powerful debugging tool. It also allows comnmands

to be given to selectively load any of several support pro-
grans from magnetic tape into a buffer portion of menory.
These progranms (di scussed below) can be | oaded rel ocatably and
are | oaded on an interrupt level so as to not disturb the
operation of the sinmulation. Once they are | oaded, DKM can

be used to transfer control and initiate program action by

t hese prograns.

Several support progranms sharing a buffer zone in nmenory
are | oaded when needed and replaced by other programs upon
conpleting their functions. The first of these autonmatically
sets potentiometers on the anal og conputer. This provides for
easily changing paranmeter values or initial conditions when a
new study is to be perforned.

A separate programis used for nonitoring steady-state
conditions. It stores the steady-state values of all inte-
grators for use as initial condition settings at a later tine.
The program includes both digital and anal og vari abl es.

To assist in determ ning whether the sinulation is
operating correctly, several programs can be | oaded to nonitor
st eady-state conditions and cal cul ate energy bal ances through-
out the sinmulated system Heat balances are calculated for
the vessel, | HX, and DHX including percent error deviation for
each conponent.
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When the simulation is operating, a simulated protection
system program replaces the preoperational support programs
mentioned above. This program monitors any number of variables
comparing their values to preset trip points. |If a trip point
is reached, action is automatically taken as specified by the
user. This program is used not only for protective functions
but also provides the user with the capability of initiating
accident conditions. This prevents the necessity of patching
special relays and integrators on the analog patch board
merely to initiate a particular transient.

During a transient condition a user-specified number of
variables can be monitored and their values can be stored in
preselected time increments. These values can then be printed
out together with a heading describing the transient.

Computer Requirements

The division of labor between the analog and digital
portions of the hybrid computer has been established primarily
on the basis that high gain operations function better on the
analog computer. |If the entire simulation were placed on an
analog computer (see Figure 8) 320 amplifiers, 60 integrators,
55 multipliers, 25 function generators, over 250 potentio-
meters, at least 20 differential relays and 8 variable time
delays would be needed. The hybrid simulation uses 120 ampli-
fiers, 36 integrators, 30 multipliers, and 130 potentiometers.
The digital computer provides the remainder.

The digital program is broken up into about 20 subpro-
grams, each of which can be entered at a varying rate. The
overall frame-time of the digital computer program is about
16.5 msec which corresponds to 0.165 sec problem time.

However, many variables are updated three, four, or even five
times during this single cycle. The frequency of iteration can
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be varied for each subprogramto provi de stable output signals.
For exanple, high gain integrations, such as punp noter speed,
require a higher iteration rate than flow integrations to

mai ntain stability.

The sinulation itself occupies about 5000 of the avail able
8192 core menory 1locations on the PDP-7. OF the renaining
3000 nenory | ocations, about 1000 are used. by an on-line
moni toring program Dynamic Keyboard Monitor (DKV.

RIVER WATER QUALITY DYNAMICS = (R. T. Jaske, D. G Dani el s,
R. A. Burnett)

The water quality sinulation(COL HEAT) is a FORTRAN |V
program for the UNI VAC 1108 conputer. The program cal cul ates
a history of the'rivertenperature at spaced intervals along
a specified river reach. The basic mathematical nodels used
in COL HEAT were converted into a hybrid program the current
version of which is called RIVER4. The results of the hybrid
study(17) are summari zed bel ow.

Accuracy

The hybrid programwas as accurate as the all-digital
program The integral of the squared error over the length
of the conparison run was slightly lower for the RI VER4 si mu-
lation than for the all-digital simulation. Figure 12 is a
plot of the results of the conparison run. The hybrid nodel
closely duplicated a set of coL HEAT tenperature cal cul ations.

Time and Cost

The total time required to devel op, evaluate, and docu-
ment RIVER4 was 450 manhours and 120 hr of hybrid conputer
time. The solution tine for a run covering 168 days of real-
time was 33.6 sec with RIVER4., The COL HEAT solution time on
the 1108 for a run of the same nmagnitude was 1 m n, 55 sec.

42



BNWL-1278

OF

UOT3RTNUWTS AJTTend I93eM IDATH BTqUNTOD
I03 NYEINOd pue T-TdWIS FO uosTaedwo)

(SAVQ) 3IWIL

oel 0ot 08 0

(o]
o
<t

2T TNHII

3 1 ] |
T | EERaCENES Exumzmnnes
, r EEEl NN * AepuapReaREE. e
1] ﬁ T m v A AEpASeENNERRpEEN
| : T
! [ ‘wmﬁww T \ﬁ Sl R N A
_ | Lt | | | { -
7 [ P17 [
L] T | PP {“ ] ! Lo .
BN T LT REREEEER RN RE 1
, T a‘ﬁ T LT r CTATE
N R BpEN mull B r T
! ! T 1 T I I , m
=T TT T 1 [ ™ 4
— T |an B : -H

] . 15 1 ANREN 1 \1 iWWM N A 1]
] B I A O I A 1 - I T
! I RN FREEERN | [
] | Bassssspaansans ERBRES T ap
- L e | i i g
—] *UOTINTOS NYYLHMOA QOTT OVAINN © ST SAJImO i B e # \‘ ]
deqs-1T838 3Y3 PUB UOTINTOS AUH.HQTQ\C FET ] T ! L L[]
- T~TdWIS U3 ST 9AINO SNONUTIUOD oYL  :HAION R T
, T T SEEdEEsleRsnsa
: -+ ~
- B VAV S
Vi [ 1
N4 o
Sl mal:
— 1 J | i
- L I -

oL

el

vl

9l

81

0¢

*3YNIVYIdHIL

Jo

43



BNWL-1278

The hybrid thus has a 3.6-to-1 minimum speed advantage. At
$?/minute for the UNIVAC 1108. the hvhrid has a 10.5-to-1

cost advantage for an overall advantace of 36-to-1. However,
the time recguired to set uv and initialize PTVER4 (including
not setting and analog checkout) is about 30 min. The cost

of obtaining oniy one set of river temperatures is thus about
equal for both models. For narameter surveys and model
ontimization Studies, where a larce number of consecutive runs
must ne made, the increased effectiveness of an engineer should
te muitiplied by the 36-to-1 machine advantape to produce the

overall economic advantacge.

Operational Convenience and Flexibility

The present cornfiguration of RIVER4 is not as flexible
as COL HEAT for accenting all possible input data. Program
changes in RIVER4 require longer setup time. COL HEAT is
cimple to set up since it is standardized. Turn-around-time
Is 6 to 12 hr per run, so consecutive runs take longer than
with RIVER4. In addition, graphical output from COL HFAT
requires 6 to 12 hr longer per run. The COL HEAT digital

.1 = most effective ¢n a linmited production basis while
PIER4 is most effective on an experimental basis. RIVER4
teccmes a powerful tool for parameter surveys and optimization
studies because of the ability to make rapid rarameter and
procram changes and the availa™ility of graphical output dis-
nravs for ciservinrs the effects of these chanpes.

Corruter Peaulrements

The hvbrid model as presently constituted does not posses
all of the carabilities of COL HEAT. UIowever, consideration
cf the expansicn area available and the existence of optima
programming technigues, which can he used to condense the
existing program, indicate that capabilities could be added
to RIVFR4.
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Approxi mately 50% of the 8K nmenory of the pDP-7 digita
conputer and 70% of the conbined capacity of the EASE 1132
and 2133 anal og conputers are required by RIVER4 to sinulate
21 river sections with two flow troughs in each section.

Twel ve of the EASE 1132 nultipliers are used, with the

remai nder of the anal og portion of the sinulation being
handl ed by the EASE 2133 anal og conputer. Forty-two inte-
grators, seventy summers, and forty-two nmultipliers were
required. About 30K of UNIVAC 1108 core memory was required
to solve the problemdigitally when three flow troughs and
all features of the nodel were included.

METAL ANNEALING - (R. A. Burnett and D. G. Doran)

ANNEAL is a UNI VAC 1108 FORTRAN program whi ch sinmul ates
the anneal ing of radiation-induced lattice defects in a-iron.
The sinulation perforns a correlated randomwal k of inter-
stitial and vacancy type point defects on a bcc lattice. The
aggl omeration of |ike defects and the nutual annihilation of
unli ke defects are treated. During one time step, each nobile
defect is considered for a junp to a neighboring lattice site;
junp probabilities are functions of the detailed positions of
near by defects.

ANNEAL operates in three separate nodes. Mdel 1 is a
| ow tenperature sinulation (300 °k) in which only interstitial
motion occurs. Mddes 2 and 3 are operated alternately to
perform an el evated tenperature sinulation. The ratio of tine
steps in each nmode is a function of tenperature. Mode 2
permts interstitial nmotion only but differs fromMdel 1 in
jump probabilities and annihilation criteria. Mde 3 permts
vacancy notion only.

A hybrid program HAP1, (Hybrid Annealing Program
Version 1) was devel oped to performthe same functions as
ANNEAL. The added capability of displaying the relative
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defect positions on a storage oscilloscope was al so provided.
Due to limted tine and funds, HAPl was programmed for Modes 1
and 2 only. As the programmng logic is simlar for all three
modes, it can be assumed that a Mode 3 hybrid simulation woul d
al so be conparabl e.

The hybrid program(aside fromthe display capability) is
actually an all-digital programwhich receives one anal og
input: a signal froma random noi se generator. The out put
voltages of the anal og noise generator follow a normal
(Gaussian) distribution curve. HAPI contains a subroutine
whi ch converts these voltages to a set of random nunbers having
a uniformdistribution. These nunbers are then used in the
determ nation of junp directions, junp execution, and order
of defect selection.

Accur acy

A Mode 1 problem consisting of an initial population of
105 defects was run for 200 tinme steps. Fixed nunber sequences
repl aced the random nunber routines such that the results
woul d be determnistic. The HAPI output data agreed perfectly
wi th the ANNEAL out put over the entire 200 time steps.

Time and Cost

The HAPl solution tinme (output listing tinme excluded) for
the determnistic runwas 1 mn 43 sec. The correspondi ng
ANNEAL solution(witten in FORTRAN) tine was approximately
6 mn, or nearly 3.5 times |longer. The random nunber routines
were then reinserted in HAP1, and the running time was recorded
for ten runs. Due to the random processes involved, the
solution times varied from 13 to 65 sec. The average sol ution
time was 28 sec. Typical ANNEAL solution times for the random
case were in the 1.5to 2 mn range. The speed advantage
gai ned by HAPI was thus again in the neighborhood of 3.5-to-1.
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Thi s advantage conbined with a 10-to-1 conputer cost rate
reduction results in an econom ¢ advantage of 35-to-1. |If
the cost of a sinulation specialist is included, the economc
advantage is about 28-to-1 in favor of the SIMPL technique.

It is significant to note that nost of the SIMPL-1 hybrid
versus FORTRAN | arge digital conparison prograns involve the
solution of many sinmultaneous equations. The ANNEAL-HAP1
simul ati on does not contain any differential or algebraic
equations and therefore provides a nore accurate neasure of
relative logic progranmng efficiencies. The relative com
puter speeds nust also be factored in. The cycle times of the
UNI VAC 1108 and the PDP-7 are 0.75 and 1.75 usec, respec-
tively. Conmbined with the 3.5-to-1 speed advantage, SIMPL-1
efficiency advantage of roughly 8-to-1 over FORTRAN | ogic
programmng is thus indicated for machines with equal cycle
tines.

The time required to devel op, debug, and eval uate HAP1
was approxi mately 540 manhours. A total of 110 hr of conputer
time was accunul ated, much of which was spent in program
preparation and editing. The initial progranmng effort
required a lot of time because of the conplex interconnected
| ogic and the [ arge amount of bookkeeping involved. Due to
the conceptual and sequential evolution of ANNEAL to its
present form a conparable figure for the tinme required to
devel op and program ANNEAL cannot easily be obtai ned.

Oper ational Convenience and Flexibility

The HAP1 programwas conbined with a storage oscill oscope
di splay. The operator can then visualize the relative
position of the defects as the sinulation progresses. The
simul ation can be tenporarily stopped at any point for making
phot ographs of the display. Sanple photographs are shown
in Figures 13 and 14,
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HGURE 13. HAP1l Display of Initial Defect
Distribution.
(X = Interstitial, 0 = Vacancy)

HGURE 14. HAP1 Display of Defect Distri-
bution After 200 Time Steps.
(X = Interstitial, 0 = Vacancy)
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Addi tional convenience features of HAPlI include sinpli-
fied reprogrammng and the ability to make repeated runs with
on-t he-spot supervision and control of paraneters and input
dat a.

Conput er Requi renments

HAPI consists of approximately 2800 words of instructions
and requires an additional data storage area of five words
per interstitial and three words per vacancy. |If a junp
history (a chronol ogical record of the time, direction, and
defect involved in each junp) is desired, the present version
requires two 512-word nenory buffers for use by the sub-
routines which store this information on a magnetic drum A
buffer size of 128 words could be used at the expense of a
slight increase (2 to 4 sec) in conputer run tine.

The ANNEAL program uses 4000 words of programinstructions
plus output buffer areas, and an additional eight |ocations
are required per defect of either type. A problem consisting
of an initial defect population of 500 vacancies and 500
interstitials would thus require 12K words of UNI VAC 1108
core nenory. The same problem solved with HAPI would take up
7.8K core locations. However, ANNEAL contains the capability
of Mdde 3 operation, and HAPl does not. It is estimated that
the addition of Mbde 3 operation to HAPI could be acconplished
with [ess than 500 additional menmory words. The nenory
savi ngs achieved by HAPI is thus roughly 30%for a problem of
this size. Smaller problems would result in a correspondingly
| ower percentage of savings.

REACTOR COPE DESIGN - (D. T. Pase, H. P. Foote)

A considerable portion of this study was attenpted on
both UNI VAC 1108 and 1BM 7090 conputers. Convergence of
I ntegral control |oops was requiring nore engineering time
than available to conplete the study using batch processing
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met hods. Wth two weeks remaining, it was decided to conplete
it with the hybrid conputer. |In this tine the problemwas
reprogranmed and checked for accuracy, and all paraneter

studi es, were conducted.

The basic purpose of the study was to establish the sen-
sitivity of power density in a SteamCool ed Fast Reactor core
to certain design and operating paraneters. Figure 15 indi-
cates the magni tude of the problem and shows the independent
parameters and integral control |oops used to maintain the
design constraints during the sensitivity studies. Reference 6
presents the format of some of the equations and reference 7
sunmari zes the results of the study.

Figure 16 shows the procedures necessary to solve the
problemusing the digital and hybrid approaches. The solid
lines in Figure 16 indicate the actual path used to perform
t he study. MMcU®) js a digital analog sinmulator and it is
relatively easy to switch fromone approach to the other. In
fact, since anal og techniques are used in both cases, parallel
prograns are sonetinmes witten. The MMC program gives a
prelimnary check on programlogic and also provides a set of
calculations to use in scaling the hybrid program

Accur acy

Spot checks nade with the MM C programwere used to
verify hybrid conputer accuracy.

Time and Cost Factors

By the time the gains on two control |oops of Figure 15
were set using the digital conputer, four weeks of cal endar
tinme and a total of approximately $1500 ($660 for conputer
tine) were spent. Wth the two control |oops set at nearly
opti mum gai n, each conputer run required 20 mn of IBM 7090
time. Setting the gain on the third control |oop would have
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FIGURE 16. SCFTM Parametric Study Calculation Procedure
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required about two additional hours ($550) of IEM 7090 com
puter time and 1.5 to 2 weeks of calendar time, or a total

cost of approximately $1200. To conplete a m nimum paranetric
study beyond that would have required approximtely 9 hr of
conputer tine spread out over about 1 nmonth of cal endar tine
and cost of approxi mately $4200. Thus, the total cost for the
digital conputer study woul d have been $6900 and 2.5 nonths

of calendar tine.

The hybrid conputer was enployed before the latter two
tasks were started, prinarily because of the remaining cal en-
dar time involved. It was programed and debugged, and the
study was conpleted with $2140 in 2 weeks of cal endar tine.
Assuming it would have taken $1500 and 2 weeks of additiona
cal endar tine to programthe problemon the hybrid w thout the
benefit of a debugged MM C program the hybrid approach
woul d have required 1 nonth of calendar time and about $3600.
Table 3 summarizes cost estinmates for the two approaches.

TABLE 3. SCFTM Paranetric Study Cost
and Time Conparison

Cal endar
Appr oach Ti me, Mont hs Cost
Di gital Conputer 2.5 $6900
(MIMIQ
Hybrid 1 $3600

Oper ational Convenience and Flexibility

About three times nore information was generated with
the hybrid conputer than was considered a mninmumfor para-
metic design studies. However, because a character generator
was not available for labelling results, all information was
replotted by hand. Figure 17 shows the conparison of
replotted results to conputer generator generated photographs.
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Computer Requirements

The problem required 7%of the EASE 2133 analog computer
and 45%of the PDP-7 digital computer's 8192 word memory.

STEAM PARTICLE DEPOSITION - (J. M. Hales and P. J. Dionne)

The purpose of this study is to evaluate aerosol trans-
port in a laminar boundary layer of condensing steam. The
four equations describing the physical system are coupled,
,nonlinear differential equations and possess boundary condi-
tions at time zero and infinity.(ls) Solution of such problems
using available numerical techniques depends on convergence
schemes that are inefficient and time-consuming. Hybrid
simulation provides efficient iterative solutions with manually
(or automatic) controlled convergence through adjustment of

initial conditions.
Accuracy

Table 4 compares four hybrid computer solutions with a
UNIVAC 1108 digital computer solutions using a Runge-Kutta
integration routine. From this appears that the hybrid com-
puter solutions are accurate to within about 1% pased on
maximum values of the variables.

TABLE 4. Conparison of Hybrid and Large
Digital Computer Results

5 nF!

£ 1’ T, ¢
Run %dev hdev %dev %dev
1-1 +1.0 -1.0 0 -0.5
2-1 +1.0 +1.0 +0.6 -0.9
1-4 +1.5 -0.4 -0.1 +0.7
2-4 +1.8 -1.1 -0.5 -0.7

Figure 18 is a graphical comparison of one of the computer
experiments. The initial conditions were adjusted a few tenths

of a percent to obtain the most appropriate solution. This
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reflects the extreme sensitivity of the solutions to initia
condi tions val ues.

Ti me and Cost

This study was conducted by an engi neer who had no prior
experience with hybrid sinmulation techniques, but was intro-
duced to anal og conputers in college. Three days of instruc-
tions from an experienced sinmulation engineer over a period
of three weeks was required to develop the hybrid program and
learn the conputer operating procedures. During the first
week, a basic famliarization of the systemalong with tech-
niques for circuit layout were stressed.

The second week was devoted to nodel devel opment and
obtaining solutions to | ess sophisticated equations to form
bases for the final nodel. This requirement is inherent in
probl em devel opnent and bears little relation to interaction
with the sinulation system except for the insights created
through intermediate solutions. A conceptual error in nodel-
ing was discovered as a result of the sinulation system
behavi or.

The remai ni ng week was spent in progranmm ng and debugg-
ing the final equations. The final solutions to the problem
were obtained in one day of conputer tinme. An additiona
three days were required to obtain the conparative accuracy
dat a.

Operational Convenience and Flexibility

Fifteen solutions to the differential equations were
obtai ned. These represented a range of physical conditions
expected in post-accident containment systens. Different
scaling was used for each of the solutions. Once appropriate
scaling factors were chosen, the correspondi ng potentioneter
settings were calculated and tabulated with a UNI VAC 1108
comput er program
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Once the systemis set up, solutions of the equations
t hrough repeated iteration on the hybrid conputer could be
obtained in about 5 min. This conpares with an estimted tine
of 15 mn expended in solving simlar equations on an IBM 360
model 75. This execution time seens unduly high and probably
arose from an inefficient convergence scheme. Nevertheless,
the indicated cost advantage of using sinulation techniques
for solution of this problemis inpressive.

Conmput er Requirenents

About 15% of the EASE 2133 anal og conputer and 5% of the
PDP-7 digital computer's 8192 words of core menory were required
to solve the problem

FUEL SINTERING - (R. D. Leggett, R. L. Fish and W. F. Lenzke)

The purpose of the fuel sintering sinmulationis to inves-
tigate the influence of fuel fabrication paraneters, irradia-
tion conditions, and basic irradiation behavior on fue
el ement structure and to display the results for rapid visual-
I zation. Early work required hand plotting of conputer gener-
ated tenperature cross sections for hand correlation to fue
structure. Two days to a week were required to generate
sufficiently detailed plots to identify the axial void, colum
nar, equiaxed, and original grain structure. The hybrid com
puter coupled to a Heath-kit color TV and novie camera were
enpl oyed to generate a color novie for four different power
| evel s using animated filmng techniques. Each power |evel
produced 3600 col or cross sections. This nmovie, to our know -
edge, is the first conputer-generated color production.

The entire effort required about one cal endar nonth of
manpower . About 5% of the analog conputer and 37%of the
digital conmputer was required for this study. An accuracy com
parison between SIMPL-1 and UNIVAC 1108 FORTRAN is shown in
Figure 19. Note, when plotted on 8 1/2 x 11 graph paper the
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0.2 to 0.4%difference in the results cannot be detected by
the eye. One plot falls on top of the other,

ULTRA- CENTRIFUGE DATA ANALYSIS - (W. H. Matchett and
C. R. Cole)

A slight nodification of "pulse-height" nethods of qual -
itative and quantitative analysis of radioactive sanples was
enpl oyed to anal yze radioactive ultracentrifuge sanples. (9)

The hybrid technique enploys an iterative rather than a
closed formsolution. Conputer speed was traded for nenory.
The "brute-force" hybrid nethods required about 3000 iterative
solutions to solve the 18 paraneter optimzation problem The
cost of analyzing one data curve (including man and machi ne
charges) is about $10. Automatic optinization techniques can
be devel oped to reduce the cost further. Typical results from
the method are accurate to 0.02%

About one-man nonth of effort was required to develop a
hybrid conputer technique and analyze the first 50 sanples.
About 30%of the anal og and 10%of the digital conputer were
required to solve the problem by brute-force techniques.

SMOKE POLLUTION = (W. R. McSpadden, Jr. and C. R. Cole)

The following partial differential equation for diffusion
of pollutants in the atnosphere was solved using a conputer
program and the solution was effectively displayed (see
Figure 20) as a surface in time and distance.

P(z) %)— = s(t) & [O(ZDK(Z) B_C_Lz_»_t_)_] >

9Z 02

In this equation, C(z,t) is the concentration of the poll utant
as the function of the height z and tine t. X(z) is the dif -
fusion constant, P(z) is the air density, and s(t) is a peri-
odic tine function which accounts for seasonal affects. From
previ ous work, these coefficients were known exponential and
gaussi an functions. The boundary conditions were as given

bel ow.
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3C(0,t _ a for 0 < t < 1
az ofor t =1 (2)
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FI GURE 20. The Sol ution Surface for 100
Months Wth One Mnth
Cont i nuous Cont am nation

The diffusion equation was witten as a difference equation,
and the surface was divided into 10 segnents over the range of
the distance variable z. The conputer programwas designed to
give solutions as a function of tine for each segnent. The
sol ution was displayed both on strip-charts with continuous
tinme recordings and on photographs taken froma CRT displ ay.

There is no known anal ytical solution to this equation,
and the use of normal nunerical approximtion techniques
coul d be quite costly because of the conplexity of the time-
and di stance-varying coefficients. However, the project
engi neer was able to obtain solutions on the hybrid conputer
quite inexpensively and to display the solutions in a very
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effective manner. One of the obvious advantages of this form
of the solution was the ease with which parameters coul d be
changed and the corresponding effect immedi ately observed.

GROUNDWATER SYSTEMS ANALYSIS = (D. B. Cearlock and H. P. Foote)

The need for man-machine interaction and instantaneous
visual output (required for efficient devel opment and appli -
cation of conmputer routines used in analyzing groundwater flow
systens) provided the inpetus to use the hybrid computing
facility. Figure 21 shows one of the nmany displays produced
by application of the SIMPL concept to groundwater problens.

HGURE 21. Photograph Taken of SMPL Computer-
Drawn Display Showing the Ground-
water Contours Under Part of
Hanford and the Spread of the Fan-Shape
Contamination Front Resulting from a
Hypothetical Leak at Position 1. The
Project Boundary Along Rattlesnake
Mountain is at 2, and the Boundary
Along the Columbia River is at 3
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In contrast to most of the simulation programs discussed
in other parts of this report, the groundwater modelling effort
conducted on the hybrid system, in general, had not been pre-
viously done on a large computer. 1t is therefore difficult
to obtain quantitative comparisons on the effectiveness of
large and small computers. However, since the personnel using
these programs developed on the hybrid system have had con-
siderable experience with a UNIVAC 1108, a qualitative evalua-
tion of the benefits of the small computer in a large research
and development environment can be made.

To support the qualitative evaluation, a problem involving
the numerical solution of LaPlace's equation

K2l w2

S
+
-
|
o

was run on both the hybrid system and the UNIVAC 1108. On the
UNIVAC 1108 it took approximately 2 manhours over a period of
a week to produce the graph shown in Figure 22. Approximately
5 manminutes were required to input the data, solve the problem,
and produce the photograph shown in Figure 23 on the hybrid
system. |t took the 1108 approximately 1.75 min and 184
iterations to converge to the same accuracy as that obtained
on the PDP-7 after 500 iterations and 2.5 min of computer
time. 1t took approximately 1 additional minute of 1108 com-
puter time to search the data for a plot. Since the data in
both programs were scaled, it was concluded that word length
differences (36 bit and 18 bit word lengths for the

UNIVAC 1108 and PDP-7, respectively) in the two systems
resulted in less round-off error in the 1108 which therefore
required fewer iterations for convergence.
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FIGURE 22. CALOOMP Plot of UNIVAC 1108
Solution to LaPlace's Equation
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FI GURE 23. Photograph of Hybrid Solution
to LaPlace's Equation

Three pertinent conclusions can be drawn from the above
information.

First, the PDP-7 can be programmed to perform certain
calculations at about the same speed as equivalent calculations
programmed in FORTRAN-V on the UNIVAC 1108. It should be
noted that the FORTRAN compiler converts mathematical state-
ments, such as LaPlaces's equation, from program language to
machine language more efficiently than it converts logical
statements. This implies that the computational time, for a
program containing more logical statements than the one used in
this evaluation, would be less on the PDP-7 than on the
UNIVAC 1108, provided the programs were written in SIMPL-1 and
FORTRAN for the PDP-7 and UNIVAC 1108, respectively.

Second, the hybrid systems showed a definite advantage in
minimizing manpower requirements (2 hr to 5 min or a factor of
24/1). The reduction of manpower associated with the hybrid
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system is a direct result of using the specially developed
analog control devices for inputinp data and program control
parameters to the PDP-7. This system has not only proven to
be rapid, but also has reduced the chances of input errors and
reduced the quantity of input required. In contrast, input
to the UNIVAC 1108 requires transferring data to keypunch
sheets, keypunching the data, verifying the punched cards with
the original data, and then submitting the program for
processing.

Third, the hybrid system showed a definite advantage in
minimizing analysis time (5 days to 5 min or a factor of
1440/1). The advantage of minimum analysis time associated
with the hybrid system is that the low cost of the system time
allows the user total machine dedication. When input errors
are made, they are readily noticeable and rapidly corrected.
Programs required in an analysis sequence can be run in close
succession. Results can be immediately displayed and decisions
and/or alternatives made while all thought processes are
oriented toward the problem being analyzed. The long analysis
time associated with the UNIVAC 1108 can be attributed to the
mode of operation (batch processing) and the high machine
costs. Using the batch processing mode as presently employed
on the UNIVAC 1108, a user can expect two turnarounds per
day-shift. It usually takes several computer runs to elim-
inate errors in the input control parameters and data. |t
also takes a minimum of a day to obtain a plot, and usually
two plots are required to obtain the desired output. All of
these factors contribute to the long analysis time associated
with a large batch processing digital computer.

The only major disadvantage associated with the small
computer encountered in the hybrid system was the computer's
limited amount of core storage. In the investigators opionion,
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there are many large sinulation nodels that could not be
practically solved on the small conputer. However, the small
conputer can be used effectively to cal cul ate nodel input, to
debug nodel input, and to analyze the nodel output.

It is the authors' opinion that the optinmm conputationa
capability could be achieved through use of a small conputer
with display output capability connected (via telephone lines
or directly) to a large conputer. This would allow scientific
productivity to be increased significantly through man-machine
i nteraction and could provide the conputational capability of
the | arge conputer when necessary.

TWO-GROUP DIFFUSION MODEL

The accuracy of analog, small digital, and hybrid com
puters, were tested on a one-di mensi onal two-energy-group
di ffusion nmodel for an infinitely long cylinder (as shown in
Figure 24) that was solved by the follow ng nethods:
) BECKMAN 2133 anal og
) AD/4 anal og
) MM C(UNIVAC 1108)
4 HYBRID(PDP-7 digital - 2133 Beckman anal og)
5 PDP-7 digital using nunerical integration techniques

Equati ons

W nNn =

2 d T
d¢1=__1¢1+1¢ o
5;7— r dr ﬁ; 1 1
d2¢ d
2 1% % ol
—7 ST TI ‘YD, % T % 0 <1 <Ry
dr 2 1

when r > R1 the first derivatives are changed by the addition
of a constant term
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GPAPHITE GRAPHITE
LATTICE REFLECTOP

INFINITELY

FI GURE 24. Cross Section of Sinmulated Reactor
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R
dé, _ déq ' nge, ( 1)
dr r > R1 dr R1 D1
d¢2 d¢2 £¢2(R1)

Bt T N T i
dr r > R1 dr R1 DZ
The constants have the follow ng val ues:
%

: _
1 _ -3 "2 _ -4
5o = 2.994 x 1077 5= = 3.306 x 10
1 2
D; = 0.936 = Dy & = 0.1269

n_ = 1.7357

Comparative Results

A MM C conpuatation fromthe UNI VAC 1108 served as an
accuracy base for the curves shown in Figure 25 for the AD/4
anal og, EASE 2133 anal og and PDP-7 (SI MPL-1) conputati ons.
Hybrid conputer results (not shown) possessed about the sanme
accuracy as the AD/4 or PDP-7 conputations. Conputer experi
ments were than performed on the AD/4 anal og conputer to
verify the extreme sensitivity of the problemto paraneter
changes. A 0.05%change in n is required to conpensate for a
1% change in Z2/D. I n the conputer experiment, the boundary
condi tions (¢ = 9, = 0) at r = 120 were manual ly mat ched
with a potentiometer to within 1%while an oscilloscone was
used as a readout device. The boundary condition for ¢, at
r = 0 was autonatically matched with an optim zing schenme to
within 0.05% The val ue of ¢ = 10 at r = 0 was constant.
Under this situation the value of n neasured from the AD/4
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computer (or PDP-7) was accurate to 0.015%. However, the
value an, the important variable in perturbation studies, was
only accurate to 30%.

Conclusions

The results of the study show that fourth generation
analog computers, hybrids, or small digital computers are
sufficiently accurate for few-group flux and power profile
studies. There is still some question about their applica-
bility for perturbation studies. |t appears that the only way
to completely resolve the problem is for the hybrid computer
(or small digital computer) to solve the complete problem of
determining reactivity coefficients for accuracy comparison
with large digital methods.

The comparative results in Figure 25 shows the |imits of
accuracy on the most sensitive problem known at the time of
this evaluation study. The error in ¢4 and %, at r = 120 for
the AD/4 and PDP/7 computations is about 4% of the maximum
values obtained from the 1108 solution. The EASE 2133 analog
computer values are in error by 28%. The difference between
the EASE 2133 and AD/4 analog computations graphically illus-
trate the improvements in fourth generation analog computers
over third generation machines. This difference is not
normally seen because most differential equations solved on an
analog computer have sin, cos, and decaying expontentials as
major components in their analytical solutions. Precision
errors in computing hardware is minimized through negative
feedback loops to analog integrators. In this environment,
the resolution of an 18 bit word computer (1 part in 130,000)
or the resolution of analog computers (1 part in 10,000)
coupled with appropriate scaling techniques is more than
adequate to solve scientific problems.
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This plot shows resolution limits on the most
accuracy dependent problem known at the time of the
evaluation study. The boundary condition at r = 120
is in error by 4% (of max value of ¢) for the AD/4 or
— PDP-7 computers when compared to the MIMIC solution.

® B VIMIC (1108)

AD/4 ANALOG

—— —— SIMPL-1 (PDP-7)

EASE 2133 ANALOG

0 20 40 60 80 100 120

HGURE 25. Comparison of SIMPL-1, AD/4 Analog,
EASE 2133 Analog, and MIMIC
(UNIVAC 1108), for a Two-energy
Group Reactor Physics Problem in
Cylindrical Coordinates with the
Same |Input Data
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The reactor diffusion equation, when expressed in cylin-
drical coordinates and linearized, has sinh and cosh components
in its analytical solution. When formulated for a parallel
solution as normally required with SIMPL-1, MIMIC, or analog
computers, any error in the computer solution is amplified
through two integrations in a positive feedback loop. Pre-
cision is therefore a paramount problem. Usually sophisti-
cated amplitude scaling, more precise hardware, or double
precision techniques will produce the required precision.
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LEARNING EFFORT

Direct comparisons of the time required to successfully
learn and apply hybrid programming methods as compared to
large computer methods were not made. The purpose of this
section is to report the learning effort required by two
recent chemical and electrical engineering graduates.

Both engineers had prior FORTRAN experience in college.
In addition, the electrical engineer attended a one week
symposium on hybrid computation. Each engineer required
about three weeks to obtain a basic familiarity with analog
and SIMPL-1 programming concepts. At the end of three weeks,
the engineers solved two or three small problems consisting of
5 to 10 coupled differential equations.

Under the direction of an experienced simulation engineer,
each engineer was then assigned a more complex problem that
required up to three months to complete. The new engineering
graduates gained more confidence with the hybrid system and
kept learning right up to the successful completion of their
assignments.

The electrical engineer developed a multidecade nuclear
reactor simulation using automatic rescaling techniques. (19)
The major assignment of the chemical engineer was to become
familiar with the mathematical model and hybrid simulation of
a waste solidification pilot plant. He then prepared a
variable process feed modification to the model and developed
the mathematical model and hybrid program for a spray calciner
variation to the simulated pilot plant process.
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