





MURGATROYD - AN IBM 7090 PROGRAM FOR THE ANALYSIS OF
THE KINETICS OF THE MSRE

I. Introduction

This report is a description of an IBM 7090 program based on a par-
ticular model of the Molten Salt Reactor Experiment. The differential
equations of motion are discussed in Section II; since much of the de=-
rivation has appeared elsewhere,l only the additional derivations nec-
essary in the present problem are included. The fifth-order Runge-Kutta
procedure is a standard one which can be found in many numerical analysis
textbooks.2 Its previous successful use in the TO4 program PET3 indicated
applicability to the present problem and no revision has as yet been found
either desirable or necessary. The use of the program is discussed in
Section III, with instructions for the preparation of input data; sample

input forms and output sheets are included.

II. Differential Equations of Motion

A. Power, Fuel and Graphite Temperatures

The reactor model used as the basis of the program is a one=-point,
one=energy group representation, with up to seven delayed neutron pre-
cursors, which is described by the following set of differential equations:
(all symbols are defined in the Nomenclature; a dot over a symbol denotes

time derivative)
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The effective multiplication constant ke is assumed to be of the form
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(The subscript zero denotes the steady state value.)
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It is now necessary to specify some connection between the mean fuel

1
The assumption is made that the mean fuel temperature is a weighted mean

of the inlet and outlet; i.e., that

temperature Tf, the inlet temperature T, and the outlet temperature T2.

T, = al, + (1-a) T, ; (6)

the weight a(0 < a < 1) is an input number in the 7090 program.
Further it is assumed that the inlet temperature Tl is a constant.
With the definitions
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and the initial condition

n(T - T
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the following equations may be obtained

. fP_ WCp, h(1-£)P
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(l-f)Png = (@-£)(p-P)) - -—-3;—- Vg * -5;- Ve (11)

which, with the definition
x = P[P (12)

may be further transformed to obtain the equations used in Murgatroyd:
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If the definitions of y, and Vg equations (7) and (8), are introduced

into equation (3) the effective multiplication constant becomes
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[These are similar to the parameter Wﬁg in reference 1J

the equation for the normalized power becomes
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(20)
The differential equations actually used in the program are the set
20, 16, 13, and 1lh.




B. Pressure

The simplified model of the primary fuel salt system is shown in
Fig.III. It is assumed that compression of the gas in the pump bowl
is adisbatic, and that the behavior of the molten salt is adequately
described by the linear equation of state

o(T,) = o+ %%f (T, - Tg) - (21)

A force balance on the liquid in the outlet pipe yields the equation

M
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in” U= A(pc - pp - af u’) (22)

c

in steady state

py(0) = 2 (0) + 8, UZ . (23)

The assumption that compression of the gas in the pump bowl is adiabatic

can be stated as

p V" = pP(O) [VP(O)Jn (24)
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if we assume that Vp - Vp(o) << Vp(o) and neglect second order terms,

we obtain
nAv
PP = pP(O) [l - ngyp 5 } . (25)

The change AV? in the pump bowl gas space volume is now assumed
to be equal to the change in volume of the core fuel salt due to the
change in temperature of the core fuel salt during a transient; i.e.,
compression of the molten salt is neglected, as is heating of the ex-

ternal loop. The change in volume AVC is expressed as

- - = - 8p
AVP = AVC = cp
o
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= -V Py 5Tf (Tf - Tfo)

and substituting in (25) we obtain




nVc
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Solving equation (22) for the core pressure we obtain

M
2 T W
p, = pp + e U + iﬂﬂ"g:ﬁ' U ;

subtracting equation (23), we obtain

M.
2 2
bp = p, = p(0) = p -p (o) +a, (U -1, )’“1‘&11"""21&"“ ; (27)
c

the term pp - pp(o) is due to the compression of gas in the pump bowl, the

term af(U2 - Uoz) is due to the increase in friction losses, and the last
term is the contribution from the inertia of the fluid in the outlet pipe.

In order to proceed, a relation between outlet velocity and fluid
density change is needed. The equation of continuity for the fuel salt
in the core is approximately

. A .
p= - v;po(U"Uo): (28)

solving for the velocity U we obtain

and substituting the equation of state (21) we obtain
v .
_ c 1 9 ]
U = U - 3 o SP—-Tf T, 5 (29)

and taking time derivatives

Y_c-. a..
A p,oT, °f

U= - . (30)
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We now substitute equations (29) and (30) into (27); after some re-

arrangement we obtain
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With the definitions of y, and x (equations 11 and 16) equation (31) is

transformed into
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we obtain the equation used in the program:

sp = dl[ X+ dy vt Ve (L4 dg ve) } (33)

In terms of the dimensional groups of reference 1 and the parameter sz
defined in equation (18), the constants, d,, dyy end dy may be written

£P/S...

B )
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C. Effective Delayed Neutron Yields

In order to account for the reduction in delayed neutron production
in the core due to fluid flow, an effective yield is calculated for each
precursor, assuming constant flux and slug flow. The fraction vi of

delayed neutrons of the ith group which are released in the core is

given by(u)

-\ tc -KitL
- l =-e l~-e
vi= bt TRx N (T + ©.) (35)
1-e *+ C L

where tc is the core residence time, ki is the decay constant of the

ith precursor and tL is the external loop transit time.

III. Organization and Use of the Machine Program

The program is designed for use in parameter studies; therefore the
calculation is separated into two parts, the first of which deals with
the characteristics of the reactor which remain constant for a series
of cases, and the second of which deals with the characteristics which
change from case to case. Input forms are shown in Figures Ia and Ib;
in the usual procedure the first form would be filled out once to describe
the characteristics of the reactor, and a second form would be filled out
to describe each set of initial conditions and ramp insertions. The in-
put data symbols appearing on the input forms are listed in Tables 3 and L,
with their definitions, the names given them in the program, and the format
with which they are read from the input tape.

The standard CDPF Monitor input (logical 10) and output (logical 9)

tapes are used; no other tapes are required.
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Output for a typical case is displayed in Figures IIa and IIb.
Figure IIa is an edit of the input describing the reactor system, with
the calculated effective delayed neutron yields; Figure IIb is the in-
put for a particular case, and the continuations of Figure IIb show the

time behavior of the reactor. The two columns headed

PCT DK REMOVED BY
FUEL GRAPHITE
show the percent reactivity removed from the system by the temperature

rise of the fuel salt and graphite, respectively. The quantity labeled
"(1/P)(DP/DT)" is calculated from the expression

P(t) - P(t - At) 2
At * P(t) + P(t - At)

(0

and is therefore approximately the inverse period at t =- At/2, where At
is the input time step.

Since the frequency of printing is an input number, special provision
has been made for indicating the first power maximum, the first pressure
maximum and the subsequent pressure minimum. ("Meximum" and "minimum"
are to be taken here in the mathematical sense of points of zero first
derivative and negative or positive second derivative, respectively.)

The values labeled "VALUES AT POWER MAXIMUM" are the values at the time
t_ when the power has first decreased, and the values at the two previous

3

times, tl and t2’ as shown in Table 1.

Table 1. Power Maximum Indication

Time Power (1/P)(DP/DT)
t) P(’cl ) |
3,2
t, P(ta) ‘
02’ 3
t3 P('b3 )
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The criterion for printing is
>
P(tl) < P(ta) 2 P(t3)

and the quantities ai . are
2

_ P(tj) - P(‘ci) o
%,5 7 At RGO

Similar remarks apply, mutatis mutandis, to the values labeled "VALUES AT
PRESSURE MAXIMUM" and "VALUES AT PRESSURE MINIMUM."
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Table 2. Nomenclature

Definition

area of outlet pipe, ftg

friction factor, psi/(ft/sec)2

initial ramp reactivity input

specific heat of fuel salt

fraction of power generated in fuel salt
conversion factor

product of heat transfer coefficient times
wetted area of graphite

effective multiplication constant
prompt neutron lifetime
mass of fluid in outlet pipe, 1b

ratio of specific heats (CP/CV) for pump
bowl gas

power
core pressure, psi

pump bowl pressure, psi

initial core pressure, psi
initial pump bowl pressure, psi
fuel salt heat capacity
graphite heat capacity

fuel temperature

graphite temperature

time

core residence time

fuel salt inlet temperature

fuel salt outlet temperature

Equation
22

22

22

2k

22
22
23
23

[
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Table 2. = Cont'd

Definition
outlet speed in pipe, ft/sec
initial gas space volume in pump bowl, ft3
mass flow rate of fuel through core
total delayed neutron yield
yield of ith delayed neutron precursor
latent power due to ith precursor
initial step reactivity input

fuel salt density

Eguation
22

2k
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Table 3. Input for Description of Reactor System

Core characteristics

salt volume, ft3

residence time, sec (if fuel is not circu-
lating, enter zero)

weighting factor for mean temperature

heat transferred from graphite to sale per unit
temperature difference, Mw sec/ F

fraction of power generated in salt
fuel heat capacity, Mw sec/°F
graphite heat capacity, Mw sec/oF

fue% te%perature coefficient of reactivity,
("F)7

gr?gh%tf temperature coefficient of reactivity,
)=

prompt neutron lifetime, sec
fuel density, lb/fb3
fuel expansion coefficient, (OF)&l
-1

delayed neutron precursor decay constants, sec

delayed neutron precursor yields

External loop characteristics

residence time, sec (if fuel is not circulating,
enter zero)

outlet pipe area, ft2
outlet pipe length, ft
steady state outlet velocity, ft/sec

friction factor, psi/(ft/seca)

Fortran Name

HPALM

vC

TCPRE

ATMX

FRACT
HCAFF

HCAPG
TCEF

TCHG
FLT

DENSE

FLAM(I)

BETAS(I)

PLGTH

VEL@X

LY
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Table 3. Cont'd

Title Fortran Name

3. Pump bowl characteristics

Vp(o) initial gas volume, 3 VERS
pp(o) initial pressure, psi PPRS
N ratio of specific heat at constant pressure

to specific heat at constant volume for

gas in pump bowl CPgcv

Title card is read with formet 12AG; others with TELO.O.




Case number

Title

ngbol

P
o

Tfo

T
go
Ak (o)

b(o)
ot
NPg

KST@P

ST@P TIME

NTC

Table 4.

Definition

initial power, watts

initial fuel mean temperature, °F
initial graphite mean temperature,
initial step insertion, %

initial ramp rate, %/sec

time step, sec

printout frequency

power peak

total time to run
number of ramp rate changes
time to change ramp rate, sec

new ramp rate, %/sec

Input for Individual Cases

°F

number of time steps to be run after

Fortran name

Format

ICASE

HPLC

PZERf
TFO
TGO
STEP
RATE
HH

NPg

)

KST@P

YEND
NTC
TC

BNEW

|
'}

16, 11AC

6EL0.0, 2I5

F10.0, I5

6EL0.O

3 pairs to a card)

-



MURGATROYD INPUT |

——-—-

TITLE FOR SERIES OF CASES

HHHHHHIIHIHIHIIIHHHUHIHIHIIIIIIHIIII AREREREERRRNREER

T

CORE DATA

Ve

..'c

a

h

p

5 S
f 6l g

7|73

JEEREEREN

T

TTITIIIL

T

SEREERENN

ENRRRRRNRNNNRNNRREENE

T

9w 7l

\ lake / aTgl

P

21
IRRERERR

T

INEERRREEERERRRRNEN &HLHHII 5ll”||||||l”|lv”|||]

DELAYED NEUTRON DATA .

| M 1 M2 A3 Moo |, Xs s sl A n 80
VITTTTITI T e et d IHIIIJHIJHHIH |||||||.|||Hl”||||||||l||| RITREERE
\ A " Ba 21 A3 31 Ba a - Bs 51: Be sl B 7 {73 60
NN EN RN NN AN NN R RN RN NRREREEREREREERRNEEREERARERERRRN
EXTERMAL LOOP DATA o

I "L 1 A 21 L IR EY Yo 41 6' 51 ~ 73 80
HEERENEEEREEE RN EREENRERNRNRERNRERRRERRNERRERE ||I»|HL|H||||‘||L||H [TIIITT
PUMP ELWL DATA 4

| Yeto) | Pp (0) 21 " 31 73 80
T T O O O T O O T T T T T T vt

F\G. Ia‘ INPUT —DESCI’Z\B«NG QGACTOQ SYSTEM

LT



MURGATROYD INPUT-2

| CASE NO.

CASE TITLE

LT

U

7IlHlIl]lIJIIIHIHI'III_HﬂHIIHHHIIIiIIIlIlIUIIIIIlIIHUIU

Po

Tto

Tgo

Ak (0)

b

St

NPO K STOP
)

T

TTIIITIT

TTTITITTT

TTIITIIIT

T

31
HEEERERER

ENENERENENN

T

STOP TIME, sec
i

NTC
16

INEEREREN

TTTI

LITTTTTTT

TTTTIT

ﬂ||IIHIIIIIIHII||IlII‘IHIIIAIII.IIIIIHIHHH

- TIME, sec.

NEW RAMP % /saec.

TIME, sec.

NEVI RAMR %/sec.

TIME, sec.

NEW RAMP, %/sed

T

T

21
HEREREENE

TIITTIIT

41
ANERERER

ERRRRRRNA

HENEREREER

73 80
REEREER

-

ARERREERN

TITTTITT]

T

“TTTIITTI

TTIIIITT

HEEEERNEEN

T

ARRERREAN

T

T

21
HENERERN|

TIITTITT

I

T

HEREREREEN

73 80
HEREER

T

T

T

TIITIIIT]

41
IRRERRER

EEEEREREER

SERNEEEN

TTITIITT

T

TITITTIITT

T

T

T

INRENEEEN

EEEENNEREEN

73 -
HEER

I

T

TITITIITI

TITTIIIL

T

31
ENEREREEI

HENERERRER

73 80
HEEREER

SEEEEEED

TIIITIITI

T

TITTIIIIT

T

RENERENR

TITTIIIT

[TTTIITITI]

Fiec To. Iodor cor Ow~e Case

‘gt
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PROGRAM MURGATRQYD-11
MSRE NDRMAUTFLOW NO SOAR=UP ™~ 37277862

INPOT EDTY 7 T

HEAT TRANSFER RATE (GRAPHITE TO FUELY 0,020 MW

FRACGTION OF POWER GENERATED TN FUEL 70,940

RESTDENCE TIMES

19

Ta.
Fie. 2. Sampee Outpur

/DEG F

CORE 7,318 SEC
JLoop 17,334 sEC
HEAT CAPACITY,  GRAPHITE = FUEL
MW*SEC/DEG F 3,530 00 1,4708 00
DK/DT,/DEG F  6,000E=05 ~2,800k=U5
DEUAYED NEUTRON DATA o T
DELAY LAMBDA, GTATIC  EFFECTIVE  GAMMA(I), INITIAL **"GAMMA#BETA/LIFETIME
GROUP  SECe*-] BETA RETA SEC**~| cten C # GAMMA/LAMBDA
[ 0,00124 2,T12€=14 5,294E-05 2,170e-01 1,750 01
2 0,0305 |,402g~-03 4,258E-04 |,468e 00 4,813t 0
YT R VT T T Y 25 3ES T TR J 0GRS TATTTL, 8236 00 T A5 TE UT
4 0,3013 2,528E="3 |,513E-038 5,216 00 1,731 0!
g 17,7400  7,4006=14  6,5T3k=04 2,246€ 00 " T,970e 00~
) 3,0100 ?,700F-04 2,577E~D4 8,88BE-0| 2,953E=0]
TOTAL 6,4056-03 3,381E-03

NEUTRON LIFETIME 2,900E-04 SEC

FUEL TEMPERATURE # 0,5U*INLET + 0,5U®QUTLET

vESRERT R ?'i‘m"ﬁ'aTL‘E”f"' P"IP'E—"U'A—T‘E—""TTT‘ THERTERTE

VAREA, LENGTH, FLOW SPEED, FRICTION TERM,*
SNTFT FT FT/SEC PST/Z(FT/SECY**2%"
0.139 16,0 19,3 0,0203 .

DATA FOR PRESSURE CALCULATION

TERFEFRI RN "pUﬂP"HONL DATA LR XX X3 FHFEryaw CGRE SALT DATA XY R RS
* GAS VOLUME, PRESSURE, CP/CV * * VOLUME, DENSITY, =(1/V)tpv/pTd,
“¥TCUBIC FTC PST N $° ¥ TCU FT LB/CU FT  PER DEAF
. 2.5 5,0 1,67 * * 19,6 194,5 | ,26E=04

CAREGRAFAAAIRIRRAT IO T RGN AT IR CRTIORON FEETadensnsRoipasananssoanntoannee



CASE |

File. I b,

“PROMPT GRITICAL STEP AT 10 mMw

INTTIAL VALUES ~

POWER
FUEL TEMP

GRAPHITE TEMP

_STEP DELTA K
RAMP RATF
YIME STEP

1.000E 07 WATTS
100,000 DEGREES F

TT1230.000 DEGREES F

0.338 PERCENT

C -0, T PERCENT PER SECOND
. 5+U00E=03 SECONDS

PRINT EVERY 20 STEPS

o

‘)
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FieTb, (Cont.)

IO T T UTOE U239, 093 T T3 1629 Y 420w 0T

0
“0&3351”MW”UTF375“~"ﬁTUU§E'

MURGATROYD [1 CTASE |
TIMET TTTUPDWER, TTUUFUEL TEMP, U GRAPHITE TTPRESSURETT T ‘UEL’TA: K "PCT DR REMOVED BY = (T/BVY(DP/DT),
_SEC__ WATTS DEG F TEMP,DEG F RISE,PSI  INPUT,PCT  FUEL  GRAPHITE PER SECOND
0.100 2.170E 07 1200,369  l2d0,010  7,677€-01  0,3481  0,0010 0,000 50468E 00
0.200 3.388E 07 1201,479 230,041 9,016E~01 0,338 ...0.004) 0,U002 3,687E 00
0.300  4,673F 07  1203,346  1230,093  1,0406 00 0,338 0,0094 0,0006 2,811E 00
0.400  6,006F 07  1205,988  1230,170 1,159 00 0,338]  0,0068 10,0010 2,233 00
0,500 7,3318 07 1209,396  1230,270  1,235E 00 0,338  0.,0263 _ 0,0016 [+769E 00
VALUES AT PRESSURE MAXIMUM
TIME,SEC PRESSURE RISE,PSI - i} T T o )
0,560 1,2503 00
0.568 7 T,2504g 00U T N - B o
0,570 le2503e 00 N
0,600 8,562E 07 1213,519 1230,395 l.24bEw gvﬂ U.Sg&klr 0,9_:5_7»9_» 0.00247"_”7— .1+350€ 00
0,700 9,601E 07 1218,245 1230,541 |.184E 00 0,3381 0,U511 .0,0032 94576E-0|
0,800 1,036 08 1223,410 12380,706 1, 058E 00 0.3381 0,0655 0,0042 5,926E=0|
0,900 1,081E 08 1228,809 1230,883  8,922€-01  y,338] 0,0807 0,0053  2,677E-0|
VALUES AT POWER MAXIMUM B
TIMESSEC  POWER, WATTS DILN PY/DT -
0,990 1,093RE 0B
: TAYEVITESTS B
0,998 1, 0938E D8
- =1, 3330VE-T5 - o T -
1.000 1,0938E 08 e e
000 T U948 U8 T234,2733% T237,T69 7 T7eE=TT 0V3387T7770,0959 7 0, U083 ~2,6B85E-093
1,700 T,08TE U8 1239,503 1237 ,257 ~  5,594E=01 7 " 0,3381  0,1706 "0,0075 T <2,090Ewd]
1,200 I.050e 08 1244483 "~ 71231,445 7 4,335e~01 ~ 0,3387T 0.T248 09,0087 T «3,492E-01

1,400 9.653E (7 253,301 1231.807 2,797e=01 10,3381
1,500 9,204 U7 U257, TTIZ3T,981 T 2,3B4E=001 T 0,3381

1,800
I.700  8,436F 07 1263635

8,805¢F 07 (261,544

1,800 ~ 8,108E 07 1266,320 V232,472

1.900 7,818 07 Ti26R,932

1232,749 2 TUBE=TT U,3381
T232,313 7 1, 903Em00 01,3381

1 744e~01 0;338|"f
1232,627  1,607e=01 T 0,3381

«4,300E-01

0.1492 0.,0108 «4,634Ee0!
0.1599 0,00119 ' «4,637E=D1I
0,1695 " 0.0729 <4,440E-DT
041782 " T0.U139 4, |45E=0 |
TD,1860  0.0148 a3,812Er01
T0,1930° 7 0.0158 7 T .3,487Ee0]




MURGATROYLD

TIME,
SEC

2,000
2,100
2,200
2.300
2,400
2,500
2,600
2.700
2,800
2,900
3,000
3,100
3,200
3.300
3.400
3.500
3.600
3.700
3.800
3,900
4,000
4,100
4,200
4,390

4,400

11 Cast

‘puugu,
','Aljc

7.567¢L
7.836F
7,135k
6,305k
6,794k
6, 648L
6,216F
6.396F
6,287k
h, 1 RT7E
6, Y5F
6, ulne

5,939k

5.,h59E

5,793k
5.730F
5,673F
5,619t
5,269¢
5,52k
5,479k
5,436k
S.399F
5,4¢641

5,830k

u7
u7

"7

it7?

U7

47

w7

7
7
L7
37
u7

07

CUBL TR,
Nkw

171,20l
1e/3,255
1e27=,116
1270, R
1e7+, 34
1274,734
1201 ,107
123,125
184,208
12nd, 196
1289, el
1285,846
185,518
l?c/.loé
1237, 745
1234,271
(Zd”.?ﬂb
1289 ,174
133,521
1 289,391
1294, 192
12710,458
1290 ,698
127,857

291,074

BRAarH]TE
Yuir, ik ¢

12382,779
lede, 92t
755,474
fess,21e
128343010
1235,500
12838 ,h80
1283,775
1288,911
1234,145
1284,1 70
1234,310
1 234,440
12384,570
1234, ,hn9y
284,827
1284,95
1232 ,081
1282,29/
1285 ,33%2
123,496
1235,58)
123%,7338
l235,8¢z6

1289 ,94x
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Fie. Ub (cont)

PRESSURF
RISE,FS]

| ed433km 3|
lad56E=01
bo2b6==041
lo k=11
1o 023E~1)1
9.606k=)2
B8,787k=02
7.924r=102
7.104z=2
6,456E=)2
L.7%8=2-02
S.l56==02
4,616z=4y2

4,087t:-02

8,59 )E=02

S.141E~02
2,718&-02
2,327iz=02
1.964E=012
lo627e=02
Io3l16k=02
l.028E=02
7.608E=03
5.183e=338

2.858%=1)3

NELTA K

InFUTLPCY

UeS3H I
Led381
Ueda81
Ledd8I
vesdul
ted3b 1
UeddBi
Led38|
UeddB I
UeddB |
Ued381
LUe3481
Jed381
(AR T-T]
e 3438
de B
Ued381
Ued38 |
iedSb !
Ueddtil
Ueddb I
Ue 381
Ueddbi
[N R TN

veddb|

PCT UK REMDvED hY

Fuel

Uelt994
GeclD!
0.¢103
fecind
0.c194
0.62383
Je.e268
De.2300
0.2330
D.2356
0.2881

06,2403

shAP4] Tk
Deulb7
J.ulle
Dellld
TIREER
Deiicle
D.0210
Neu2le
0,0227
0.U235
0,043
n.u2y1
0.u259
N,U266
0.U274
0.u242
0s0290
N.ue97
0.U305
n.ud1e
N.13820
fet327
0,U335
0.0342
0.,L350

D.iid57

Cl/P)(DF/DT)

PEk SELOND
=8, 184F=01
-2.911k=n1|
~Z£e66BE=-01
~2.45¢ck=0 |
=2.260E-01
~2.0N88E=01

-1 oQ&‘E’D'

=1e795E=01

=le670E=D]

| 4550E=01

BEARER-RRI AN

-14356E=~01
| ¢ 268E-01
=l |8BE-0I
-lel14E=D1
el snNd45E=( |
=9.822E-02
-9,236FE=02
~8.694E=02
-8, 189E=12
«7.e722E=02
~7.284E=02
“6,881F=02
~6.50/7E=02

=6+151F=02
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MURGATROYD {1 CASE

TIME T TTTPUWERY T UTFUEL TEMPY U GRAPHITETT

23

Fig Th. (cont)

PRESSURE 7" 'DELTA K " "PCT DK REMOVED BY

C1/P) (DP/DTY,

SEC_WATYS  DEGF  TEMP,DEG F  RISE,PSI  INPUT,PCT FUEL ~ GRAPHITE  PER SECOND _
4,500 5.298E 07 1291,225  1236,070  7,4136~04  0.338]  0,2554  0,U364  -5,827E-02
4,600 5.268F 07 291,853 236,191  =1,2136708  0,3981  0,2558  0,037) _ _~5,528€E-02
4.700 5,240 07 1291,459 246,311  ~3,0186-03  0,3381  0.2561  0,0879 . =5.239E~02
4.800 5.213E 07 1291,545 = 1236,43)  ~4,676E€03  0,3381  0,2563 0,0386 -4,9726-02
4,900 5.188E 07 1291,613  1286,55)  =6,219€-03 0,338 _  0,2565  0,0393 =44726E-02
5,000  5,164E 07 129,663 1286,670  »7,6416703 0,3381  0,2567  0,0400 ~4,496E-02
5,100  5,142E 07 1291,697  1286,789  =B,956E=03 0,338 0,2568  0,0407 -4,283E-02
5,200  5,120E 07 1291,717 1236,907  =1,017E=02 0,3381  0,2568  g,0414 ~4,083E-02
5.300 5,100 07 _ 1291,728  1237,025  =|,1286-02  (0,3381  0,2568  0,0422 ~3.894E-02
5,400  5,080E 07 1291,717 1237,143  «),23(En02 0,338 0.2568  0,0429 ~3,722E-02
5,500 5,062 07 12914699 1237,260 vl,SZEE’UZ 0.3381 0.2568 0.0436 «34.559E=02
5,600 5.044E 07 1291,670 1237,376 | ,413E=02 0'336l‘ D.é5b7 0,0443 ~34408E%02
5.700 5,028E 07 129,63 1237,493  w| ,494Em02 0,338 0,2566  0,0450 -3,269€-02
5,800 5,012 07 1291,584  1237,609 =l ,567E=02 0,338 0,2564  (0,0457 -3, 135E-02
5,900 4.996E 07 1291,528 1237,724 .-|.634E-Q?7 0,338 0.2563 10,0463 -3,013E~02
6,000  4.982E 07  1291,464  1237,839  «],697€-02 0,338 0,2561  0,0470  -2,898E=02
6,100  4,967E 07 129,393 1237,954  =|,755E=02 0,338 0.2559 10,0477 -2,794E-02
6,200  4,954E 07 1291,315 1238,069  ~1,806E-02  0,338] 0,2557 00,0484  -2,698EmD2
6,300 4,941 D7 129,232  1238,183  =|,854E-02 0,338 0,2554 0,049 ~2,601€=02
6,400  4,928E U7 1291,143 1238,297 .=1,8986-02 0,338 0.2552 . 00,0498 =2,515E-02
6,500 4,916E 07 1291,048 1238,410  =1.939€=02 0,338 0,2549  0,0505 ~2.437E-02
6.600  4.904E 07  1290,949 1238,524  w|,975E6-02  0,338) 0.2547 0,051 -2,359E~02
6,700 4,893E 07 129,846 1238,637 -23999E-02 0,338 0.2544 0,0518 ~2¢292E-02
6.800  4,882F 07  1290,749  1238,749  -2.039E-02  0.338)  0.254)  0.0525 -24225€-02
__q‘.ﬂ?'qvn 4, 871 07 1290,628 1238,861 -2.0676’0?0‘”_”9 !338[" _[)_._5536 0.0532 =2, 165E=02




MURGATRQAYD

TiMe,
SEC

7.000
7,100
7,200

7.300

11 Cast

PUWER,
WATTS

4,861k 07
A.821E8 07

C4uBalE 27

4,831F 07

CUEL TEMP,
DEG F

1299,513

_‘l29ﬂq3?6

EREITATENS

1299,276

1223.;9;

VALUES AT PRESSURE MINIMUM
' " PRESSURE RISH,Ps]
“2,1544E=D 7
2t enpoge
2, I595E=02

TIME,SEC
7.320
7.325
7,331

7,900

_7.500

7.600

7.700

J7.800

7,900
3,000
8,100
8.200
B.300
8.50?_”
8,500
8.630"
8.700
A.BOD
8,990
$.000

9,100

LAl87Rr 07
4,813k 97
4.804€ 07

407958 07

4.778E 07
4.770F 07
4.7618 07
4,753k 07
42745 07
4.738E 07

4./30E 07
4.722% 07

4,715t 07

4,707 07

4.70C0F U?

4.653F 07

4.686F U7

4.766E 07

GRAPHITE
TEMP,DEG F

1236,973

1289,196

o 1289.807

1290,028

I289,900

g8,

V28u,507

1289,238

1289,640

1289,378

Nesv ol

1288,968

285,824

1284,685
1284 ,544
128K,403

|e84,261

1288, 119

1240,725

1287,976

1287 ,803

1287 ,68Y9

139,418

749,529

(299,639

1239,749

1249,858

1289,968

240,077

240,186
1240,294
740,402

(240,510

_J24n.618

1244,833

1240.989

1241,046

1241.152

1241,25H4

2L

Fiq. 2b (cond)

" PRESSURE
RISE,PSI

“2,093k=02

-2, 1 15E~02

-2,136E-02

"2Q‘55E'02

.2,172E702

2. 1B6E=02

-2.,201E-02

=2,218e-02
=2.223e-02

+2.233E-02
_m2.24)E=02
-2,250E-02
~2,256E-02

~2,26|E=02

~2,266E=02

=2,270E-02

-2,273E=02

f2.276§j02

~2,2785-02
r2.279€-02

r2.281E02

~2.28|E=02

"DELTA K

INFUT.PCTY

0,3381

043381

~ U.38381

V..Dﬁsse',,
L U338
_bh3s81

01,3381

0.3381

043381

Ue3381

0.3381

Ued38I
Ue3384

03381
[EX)
0e338)

(03381

HeS8381

Ue338y

U.3%81

Les381
e3381

FUEL
0.,2534

0.2¢531

0.2528

0.2524

0.2521

0,2517

0.2510

0,2506

042502

0.2499  0.0605
0.2495  0.U6l 1
0.249|  0.u618
0.2487  0,0624
0.2483 0,063
0,2479  0.0637
0.2475  0.0644 .
0.2471  0.U650
0.2467  0.06%6

10,2459

042455

042514

042463

"PCT DK REMOVED BY.
~ GRAPHITE

0.4538

0.,0558

. 0.0565

_ 0.0572

0.4598

0.0669

N.0676

0.0545

0.U5%2

0.0578
0.0585

n.05%92

. D.uees

TTei/PrprILTY,

PER SECOND
-2 K} 'E-02
-2.057€-02

y?lalﬂE-OQ

_=1e966E~02

_=ls929€-02

_=1882E-02

~=14847E=02

=1eB13E-02

=1.781E-C2

=~ 4758w

_=1e726€E-02

. jlq?ﬂdﬁ*ﬂg

=l s678EwDZ

__=ls656E-D2

~le637E=02
_-'yﬁ[@&'ﬂg
= 11600E-02

~1,584E-02

- 14569E-02

-l 454k =()2

-leB2BEm02

=1+554E~02

<™

-



MURGATRQOYD 11 CASE

25

pnﬁ, b ( ca-,.J-)

TIMEY™ ~~ "POWER, ~UFUEL TEMP,  GRAPHITE PRESSURE  DELTA K PCT DK REMOVED BY  ~¢1/BT(BP/DTT,
SI‘E‘CE’ _,,w,ATTS - ‘DEG F ) TEMP,DEG F RISE,PSI INPUT.PCT FUEL GRAPHITE ~PER SECOND
9.200 ) 4_,‘6?786 ,07 1287,545% 1241,364 =2,283Er02 Ua3381 0.245| 0,U682 :!".752727&-:_9%7
(9,300 4.671E 07 1287,401 | 1241.470  -2,283E-02 U,3381  0,2447  0,0688  -],513En02
_ 9:490 o 4,664E 07 ":267!7257 ) l)4| 575 »2,282E-02 U.C_NBI 0,2443 0.0695 ) »1¢502Em02
9,500 4,657E 07 1287,112 241,680  ~2,282E-02 03381 0,2439  0,070] m12494Ew02
(9,600 4.650€ 07 1286,967  1241,785  =2,280E-02 U,3981  0,2435  0,0707 =],485E~02
9,700 4.643F 07 126,622 241,889  ~2,278E-02  0,338]  0,2431  0,0713  -1.475€e02
9,800 4,637k 07  1286,6/7  1241,994  ~2,277€-02  0,338]  0,¢427  0,0720 -1+469E-02
9.900 _ 4.630E QZN;MJ?Eﬁ:ﬁiﬁmW_ml?iEJQPﬁN,szs%7§E:E?mmhuhﬂ:ééﬂlmm_ﬁﬂifi?im. 0:9726 =1:46%En02
10,000  4,6236 07  1286,367  1242,20)  =2,274E+02 0,338)  0,2419  0,0732 <] 4459E=02
10,100 4,616F 07 128,242 1242,305  =2,2726-02 0,3381  0.2415  0,0738 -1,4536-02
10,200 4,610F 07 1286,097  1242,408  =2,270€-02  0,3381  0,2411 0.0744 -1 ,448Ew02
10,300  4.603F 07  1285,952 124,511  =2.267€-02  0,3981  0,2407 0,075 <1144 1E-02
10,400 4,596€ 07  1285,807 1242,614  =2,265E702 0,348) 0.2403 10,0757 -1 ¢440E=02
10,500  4.590F 07  1285,662 (242,76  =2,263E-02  0,338)  0,2399  0.0763 -14437E=02
10,600  4,583F 07  1285,517  1242,8]9  -2,260€-02 0.3881  0,2394  0,0769  ~].432Er02
10,700 4.577€ 07 1285,372 242,921  «2,257E=02 _ 0,3381  0.2390 0,077 -1.427€-02
10,800 4.570F 07 1285,228  1243,022  -2.254€-02 U381 0,2386 0,078 =1.425E-02
10,900 4,564E 07  1285,083 243,124  =2,2526=02 0,381  0,2362 0,0767  -1.42En02
11,000 4.557E 07  1284,939  1243,225  ~2,249Er02  0,338]  0,2378  0.0793 -1.421€-02
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Addendum to ORNL~TM~203

An addition has been made to the IBM-7090 program MURGATROYD to produce
a rough graph of the reactor power versus time. A logical tape 6 is required
for storage of the power versus time results in addition to the standard input
and output tapes. The plotting frequency (analogous to the printout frequency)
is specified in columns 16-21 of the card containing the stop time and the num-
ber of ramp rate changes (see p 18, ORNL-TM-203). A sample of the graphical
output is attached for the case given as an example on pages 19-25. If the
plotting frequency specified in the input is zero or blank, no plot is produced;

however, a logical tape 6 must be specified even if no plot is desired.

Corrigendum
On page 15, in the last sentence, for "l12AG" read "12A6".
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