
 





  

MURGATROYD - AN IBM 7090 PROGRAM FOR THE ANALYSIS OF 

THE KINETICS OF THE MSRE 

I. Introduction 

This report is a description of an IBM TO90 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 

3 
textbooks.2 Tts previous successful use in the TO4 program PET- 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) 

  

: k (1-p)~-1 N 
P = S - P + Z ATy (1) 

-l 

. Si P 

r, = 35— "ML ,i=1, N (2) 

The effective multiplication constant ké is assumed to be of the form 

ok ok 
- - e - s e - : k= 1+4+bt ST (Tp = Tpl) B—Tg ('rg Tgo) . (3) 

(The subscript zero denotes the steady state value.)
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i fP - wc_P_(tr.'2 - Tl) + h('rg - Tf) 

(5) n
 i (1-f) P - h(Tg - 'I'f) 

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 T090 programn. 

Further it is assumed that the inlet temperature Tl is a constant. 

With the definitions 

  

  

s (T, - T, ) 
. — £ 3 f fo Yo = = (7) 

O 

- Sg(Tg - Tgo) : 

yg - (l-f) Po 
( ) 

and the initial condition 

h(T - T 
go go) = (1-T) By : (9) 

the following equations may be obtained 

. fP_ Weo h(l-—f)Po 
fPOyf = f(P - PO) - “S“;"‘ yf<i-_-_—é- + h>+ "--é-g-myg (10) 

i h(l-f)Po hfP 
(l-f)Poyg = (l-f)(P-PO) - —-"-é'g-'-“-" yg + --é}-- Vg (11) 

which, with the definition 

x = P[P (12) 

may be further transformed to obtain the equations used in Murgatroyd: 

L d 
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‘ Vp = %=L [Zl~a§tc ¥ S, } Yp ¥ Sg r g (13) 

. © L o, £ 
Vg = XL -5Vt T8 I s (1) 

g f 

Similarly equations 1 thru 6 may be transformed with the definitions 

  

Cl = I'J'./Po 

and 7, = f3i/£ 

to 

k (1-B) -1 N 
¢« e | X = 7 X + .23 %i C, (15) 

i=1 

c'i = 7, x-AC, , i=1, N. (16) 

If the definitions of yp and Vg equations (7) and (8), are introduced 

into equation (3) the effective multiplication constant becomes 

  

  

  

  

‘ ak_e fP_ ake (1-f )Po 
k = 140 +bt=|c=| —=— y.- —_— Y. ; aT7) 

e 5Tf Sf f 3Tg Sg g 

with the definitions 

> ake fP_ 

e = |5T.| 52 (18) 
£r| f 

-f )P 

W82 = 65:8 (lsfi > (19) 
g g 

[These are similar to the parameter WNE in reference 1;} 

. the equation for the normalized power becomes 

( )( ) | : o c L+6+Dbt)(1 -B) -1 2 2 
X = [ ) - (1 - 6)(Wf Ve + Wé yg)} X +123 A, Cy 

(20) 

The differential equations actually used in the program are the set 

20, 16, 13, and 1h4. 

 



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 adiabatic, and that the behavior of the molten salt is adequately 

described by the linear equation of state 

p(Tp) = p + g%f (Tp = Tpo) - (21) 

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

M 
r . - 2 . 

m: U = A(pc - Pp - 8, u) (22) 

in steady state 

2 
p.(0) = p (o) +a, U . ‘ (23) 

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

can be stated as 

p_ V" = pp(O) [VP(O)]n (24) o
o
 

P P 

if we assume that VP - Vp(o)'<<: Vp(o) and neglect second order terms, 

we obtain 

nAv 
P, = PP(O) [l ~ \7;(%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 

ko -6V, = AV, - I 5 

and substituting in (25) we obtain  



nv 

Py = P(0) [l * \7—%5'5— 
b 

  

0 T 

%—- g,%-\(Tf - Tfo)] ‘. (26) 

Solving equation (22) for the core pressure we obtain 

M 
2 T . 

Po = Pypta,U + iflfluézfif' U ; 

subtracting equation (23), we obtain 

pp= b -0 (0)= b -p(0)+a (P-U2)s T 7 ; (27) p= P, =P, - pp pp f o iflflfiézzf ’ 

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

term af(U2 - an) 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 oy P = - v;—-pO(U-UO), (28) 

solving for the velocity U we obtain 

_ . .1 % . . U = U — S Te (29) 

and taking time derivatives 

Vc o * = %...59.. T . (30) U= = 

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

arrangement we obtain 

 



  

Vv M 
_ c 1 O r 

Ap = - = 5;. 5%;'["IKE_§;K'Tf t Py (o) —~r-7- ) 

2 e, i -Vchp-é“ (3) 
o f £ ZAUO Py Tf T 

With the definitions of y. and X (equations 11 and 16) equation (31) is 

transformed into 

  

  

Ve Jp s M nA 

bp = - Kk o 3. S [um *+2.00) Gy Ve 
o T T p 

‘ Vv P " 
. 1l 93 o +2Uay<l-—-—--—~c = 9 -—--—y)] (32) 

o fvf 2AUO Py Tf Sf f 

With the definitions 

Lty M 
A Py Tf 1 gcA. £ 

144 g A 

dy = - Pp(o) v (o) M, 

14 g A 
al = 20U af T 

T 

amd. 
Vv P 

a = - MKS_. 1_ gQw — 
3 2-UO Ps T Sa 

we obtain the equation used in the program: 

Sp =dl[>'<+d2yf+als’rf(l+d35rf)J (33) 

In terms of the dimensional groups of reference 1 and the parameter ng 

defined in equation (18), the constants, d,, d,,, and d3 may be written 

  

* . e . 

It is assumed that T, = .fP/Sr.



  

  

2 
. fo \ 

4 = 2 
7oy 

a, = W°oc \ L) 2 H 2 (3 

= 2 / a, W /273 

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 v, of 

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

given by(u) 

ALt A by 
1 1 ¢ 31 e 
  (35) . e--?\i(tc + tL) 

where t, is the core residence time, %i is the decay constant of the 

ith precursor and t. is the external loop transit time. 
L 

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 la 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 kL, 

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 Ila and IIb. 

Figure IJa 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 Ilb 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 

o = EB(t) - P(t - At) 2 
At " P(t) + P(t - At) 

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, t., and te, as shown in Table 1. 
1 

Table 1. Power Maximum Indication 

Time Power (L/P)(DP/DT) 

t, P(tl ) B 

*,2 
ts B(t,) 

%,3 
t3 P(t3 )
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The criterion for printing is 

> P(tl) < P(ta) > P(t3) 

and the quantities ai 3 are 
2 

. ] P(tj) - P(ti) o 

i,3 At ’ P(tj) + P(ti) ’ 
    

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, ftz 

friction factor, psi/(f“t/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, 1lb 

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 

Eguation 

22 

22 

22 

24 

22 

22 

23 

23 

1]
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Table 2. = Cont'd 

Definition 
  

outlet speed in pipe, ft/sec 

initial gas space volume in pump bovl, 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 

2l 

 



Title 

14 

Table 3. Input for Description of Reactor System 

l. Core characteristics 

V 
c 

t 
c 

    

l (1/p0)(30/ an)l 

AL 
i 

B. 
1 

salt volume, ftB 

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)” 

graghitf temperature coefficient of reactivity, 

("F)" 

prompt neutron lifetime, sec 

fuel density, lb/f‘b3 

fuel expansion coefficient, (OF):';l 

delayed neutron precursor decay constants, sec-l 

delayed neutron precursor yields 

2. External loop characteristics 

t 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/secz) 

Fortran Name 
  

HPLM 

VC 

TCORE 

ATMX 

FRACT 

HCAPF 

HCAPG 

TCOF 

FLT 

DENSE 

FLAM(I) 

BETAS(T) 

TLPPP 

AREA 

L3
 

PLGTH 

VEL@X
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Table 3. Cont'd 

Title Fortran Name 
  

3. Pump bowl characteristics 

Vp(o) initial gas volume, £ VPRS 

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 | CP@CV 

Title card is read with format 12AG; others with TELO.O. 
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Table 4. Input for Individual Cases 

  

  

Fortran name Format 

Case number ICASE 16, 11AC 

Title HPLC } 

Symbol Definition 

Po initial power, watts PZER( 

Tfo initial fuel mean temperature, °F TFO | 

Tgo initial graphite mean temperature, °F TGO 6ELO0.0, 2I5 

Ak(o) initial step insertion, % STEP 

b(o) initial ramp rate, %/sec RATE 

ot time step, sec HH 

NP@ printout frequency NP@ 

‘ KST@P number of time steps to be run after 
power peak KST¢P 

ST¢P TIME total time to run YEND } 
| FE10.0, I5 

NTC number of ramp rate changes NTC 

3 pairs to a card) 

time to change ramp rate, sec TC 6EL0.0 

new ramp rate, %/sec BNEW



  

    

MURGATROYD INPUT | 

  

. TITLE FOR SERIES OF CASES T b WHHH—HHIH‘IHHHHIHHHIHIHHIHIHlll'llll-ll'liHIHHHHHHHHIHH_L 
  
  

  

CORE DATA 

  

Ve t a ~h | f . S¢ | Sqg ' 

OO O O O O O L T T LT T T O T         
  

  

|lake/an‘ 1 lake/aTgl 21 l‘ ‘31 P | l f' s 73 80 

HEERRRER H'HHHlTHHHHHHllh_[HI RENEREREEEEERNEREREEERERERREEENERRREER 
DELAYED NEUTRON DATA 

  

  

    Ay | N A3 l | e Ns re Az 
! 

5 71 80 

T L T L T L L T T T 

B Bs B B, Bs Be | B; 
i 21 3 41 71 

T O O T O OO T T T T T T T 
EXTERMAL LOOP DATA 

  

  

          
              
  

  

O T T 
PUMP EuVIL DATA 

L ‘ U as¢ G 

ENANNRANNANAANSNNNNNARNN NN NNRARAR NN AN NN AR RNANE   

              
  

  

Vp (0) Pp (0) n 

T T LT T LTI 
31 

SENANNARANARERNNNARENNNNANNRNNNRRNNNRRRNINRNAEE   

          

'F‘GJ Ia\ INP.UT DESC{Z\B(Q@ QGACT‘o{Z SYSTEM 

1 L
T



- MURGATROYD INPUT-2 

  

CASE NO. 
7 

A o b PP 

CASE TITLE 
- —— 

8c 
  

    TTIT   

TITTT IHIIHHIJHIHHH'IH"HHHIIHHHIJIilIIIIHUII[IHIIHIHU 
  

Po Tfo Tgo o A.< (0) by 3t NPO K STOP 
  TTITITL   LTI mmm   HHHH]   m'mm     s'ml     L TTIIIIL   

NRNRNNNEE 
  

STOP TIMF’ sec 

30] 
  

T         

HHILHLHIHHIIHIHHHIHIIHAHHHHHIIHHHHH TTTIIT 
  

- TIME, sec. NE‘I RAMP °/o/sec TIME, sec. NE\I RAMP °/o/sec TIME, sec. NE\I RAMP, "/o/scc' 

  T [TITTIIIT T IIHIHH TTTIITITS ,HHUH_[. “TTITTTT   IllIIHHH 
    3 

  T T TITTITIT] TITTIITIT LIE Il   TTTTT]   

s o v 

T TTITIIT 
  

  TOTTD I TITITTTT] TTTITTIT] T T L1 HERENNREER TITIIIL 
  

  

  IO TT T TITTIIITT TTTIITIT] T [TTITTITIT] T   TTITITTITI 
  

| 
  T TITITITTI TTITIITTTL.   ERRNER 

  1T TTTIIITT   TP PILedgy TITITT     
  

  

  T TITTITTIT] TIIIITIL   73 80 

LIt T] 
  
T TTTTTIIT] TTIITITITITIIIIIITII] 
  

73 
    TTTITTIII   TIITTTTIT   TITIITIII   TITITTIITL   HREERAER     T T T IIIIIL]       ITTTL   

  

Fie To. Iudor tor One Case 

‘9
1:



ey
 

.y 

DK/DT,/DEG F 

‘PROGRAM MURGATKoYD=-11 

MSRE NORMALUTFLOW NO SOAK=-UP ™ 3727782 

INBOT EDTT ——— 

19 

Ta 

Fiec. 2. Sampee Ourtpur 

HEAY TRANSFER RATE (GRAPHIYE 7O FUEL)Y 0,020 MW/DEG F 

FRACYION OF POWER GENERATED TW FUEL " 770,940 

RESTDENCE TIMES 

  

CORE 7,318 SEC 

_Loop 17,3384 SEC 

flgglwqggpchv. GRAPHITE FUEL 
MWE*SEC/DEG F 3.53UE 0 is470E 00 

T 6,000E=-0%  2.,800E=U5% 

  wrerean 

DELAYED NEUTRON DATA 

  

  

  

  

DELAY LAMBDA, GSTATIC EFFECTIVE GAMMA(T)Y, INITIAL ***GAMMA#BETA/LIFETIME 
GROUP SECe*-] BETA RETA SEC**= | Cel) C # GAMMA/LAMBDA 

| 0,0124 2,T12E=N4d 5,294E-05 2,170E=-0T 1,750& 01 
2 0,0305 1,402g=03 4,258E-04 |,468¢ 00 4,813 0 g T T T 25 AR ST S UE ST T B3¢ 0T T A5 TE TT 

4 0,3013 2,528E="3 | ,513E-03 5,216 00 1,731 0! 
g I, 1400 7,400e~14  6,513c-04 2,246€ 00 T,970& 00 
6 3.0100 2,700F=14 2,577E~D4 8,88B8E~01 2,953E=01 

TOTAL 6,405E-43 3,381E-03 
  

NEUTRON LIFETIME 2.900g=04 SEC 
  

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

DATA FOR PRESSURE CALCULATION 
  

  

  

  

rE st R PR E D QUTLETY PIPE DATA 63'4000‘u¢lni FFFRNFRIREY TODUMP ROWL DATA TR L X KRR CORE SALT DATA Teasntee 

'AREA, LENGTH, FLOW SPEED, FRICTION TERM,* * GAS VOLUME, PRESSURE, CP/CV * * VOLUME, DENSITY, =(1/V)(DV/DT), 
‘SN FT FT FT/SEC PST/UFT/SECY**2% # CuBlC FT PS1 B * ¥ CUFT LB/CU FT PER DEG F 

0.139 16,0 19,3 0,0203 . . 2.5 5,0 1,67 * * 19,6 154,5 | y26E=D4 
  

PR R PP IR TR AN AT F R FRNFIITHEINIFAFETRRAT ARG TR 
  

SN EZXERERERNEEE A A NN KN X R X N K N N N NN TR TatNIRadpsRgaaaneassnpnnsanpnas



CASE l 

20 

Tie. I b, 

"PROMPT CRITICAL STEP AT |4 MW 

INTTIAL VALUES 
T 

FUEL TEMP 
 GRAPHITE TEMP 
STEP DELTA K 
‘RAMP RATE 
TIME STEP 

- 14000 07 WATTS 
. 1e00,000  LEGREES F 
T1230.000 DEGREES F 

0,338 PERCENT 
" «0s  PERCENT PER SECOND 
.. 5.000E=03 SECONUS 

PRINT EVERY 20 STEPS 

) 
‘
)
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Fie T b, (Cont.) 

MURGATROYD 1 CASE | 

. TEMP,DEG F RISE.PSI  INPUT,PCT  FUEL  GRAPHITE PER SECOND 

TIM ETWM"Mm"pUWEW ;TR IEL T EMP G 

SEC_ WATTS  DEGF 

0.100 2.170E 07 1200,369  1280,010  7,677€-01 0,381  0,0010 0,0000  5,468E 00 
0.200  3,388E 07 1201,479 120,041  9,006E=01  0,338]  0,004]  0,0002 S:687E 00     

0.500  4,873F U7 1203,346  124u,093  1,040E 00 0,338)  0,0094 0,0006  2,8(|E 00 
0,400 6,006F 07 1205,988 1230,170 1,159 00 (0,338 0,0168 0,0010 24233k 00 

|«769E 00 

  

  

o
 2500 7,331E 07 1209,396  1230,270 1,285 00 ,338]  0.0263  0,0016 

VALUES AT PRESSURE MAXIMUM 
    

  

TIME,SEC PRESSURE RISF,PSI - “ 
0.560 I,2503 00 ) ] B 5 EEs T ToesIAETU— _ 

0,570 | 2503 00 -   
      

0,600  8,5626 07 1213,519 1230,395 | ,246E 00 0,338 0,0024 1,350 00   

0,700 

0.800 

9.601E 

i « 038F 

07 

08 

1218,245 230,541 

1223%,410 l230,706 

o) 84E 

| +058E 

00 

00 

0,3381 

0ed381I 

0,U511 

0,0655 

. 00,0032 

0.0042 

9.576E~0 | 

5,926E=~0] 

0.900 I, 081E 08 {228,809 1230,883 8,922E=0| U.3381 0,0807 0,0053 2¢677E=0| 
  

VALUES AT POWER MAX[MUM 
TIMEL,SEC POWER, WATTS 

0,990 | o 093RE 0B 

  

DELN P) /DT 

  TATETITESTS 
0,995 |, 0938E DA 
  =T 3Z30E-TUS 
1.000 I1,0936E 08 
    

  
  

I, 000 . 0G4E 178 1234 ,234 V201,069 7, 172E=0T1 0,33817 0,09%59 00,0064 e 682E»03 

  
  1. 100 I.UBIE 08 235,503 1237,257 5,594E~T1 0.,33817 0,1106 0,0075 =2,090e~01 

  
  7200 [ U508 U8 1249,483 231,345 4,335€~01 " 0,3387 0.7246 10,0087 =3,492E-0] 

  
  

1,300 IQUIOE U8 l24@70?3W””WT?3T752@”WWW3fJZUE%UTWWWW”U}33BTMMNWUTI375 0.0098 «4,300E=01 

0.0108 
    1.400 9.653F U7 1253,301 231,807 2,797E=01 " 0,3387 7 0,1392 ~ =4,634E-0) 

    
1,500 9,214 07 12570110 TT1@3T,981 2,384E-01  0,338) ~4,637E=01 

GITeT 

gL s HIaTTy 

  
    1,600  BR,B(UBF 07 ey ,544 1232,149 2.l 05E=DI 0.1695 0.Ul29 - =4,440E-D 1| 

‘T;7fifimnflmé;435?"fiVMMWT?637639W””"T?3?:3T3”mwwT{§U3Eéfif"”"M”U;3380 - 0.1782 0.UI39 wd,|45E=0| 

0.1860 
  

I.800  8,1C8E 07 1266,420 1232,472 1.744e-01 (,3381 0.0148  «3,812E~0| 

17900 7,81BE 07 268,932  1232,627 1 6076~00 T 0.3381° T 0.1930° G 0iSE T n3.487Eep]



MURGATROYL 

TIME, 

SEC 

2,000 

.?9!90 

5,930k 
5,659 

11 Cast 

CPQUER, 

WATTS 

7.962¢ 

7.336F 

7.135¢ 

6,305k 

$£,794 

A BABE 

6,516F 

6.396F 

6,287 

AL IRTE 

- 6,UY5E 

b, ulINE 

5,793k 

5,730k U 

5.673F - 

5,619k 

5.569¢ 

.52k 

5,479 

5,43HF 

5,359F 

5., 364F 

5,.83nF 

7 

g7 

L7 

7 

7 

el T, 

NEL F 

171,20 

be/3,255 

lel~, 116 

17n,Rub 

V27,34 

1279.734 

201,107 

123,125 

lend, 21 

bend, 196 

lZdb,Utl 

1285, 86 

g oA 

1o/ ,163 

12¢d7,74b 

12834,271 

1285 ,749 

12389 ,174 

1287 ,991 
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Addendum to ORNL-TM-203 
  

An addition has been made to the IBM-T090 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. 1If 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 "12AG" read "12A6". 
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