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SYSTEM CONSTANTS

Program
Symbolic Equation
"Code Symbols Meaning
TAU To Flux generation time constant
PHIB Pb Power Base _
NEGR - Residual Fraction
AF1l) Ay One-half of an active core sectional area between the -
AF2) . 3 fuel element and primary coolant for 1st pass and 2nd
pass sections resp.
2CWC1= 2¢/wc WC, = lst pass active core section heat capacity
ZCWCZ- 2c/WC2 WCZ = 2nd pass active core section heat capacity
1WCF1- l/fWCfl WCfl 1st pass fuel section heat capacity
1WCF2= l/wcf2 WC,, = 2nd pass fuel section heat capacity
2/WC1= WwC WC, same as above
2 /We 2= Wey Wy owoonoon
© PTAUL ) Ti
PTAU2. ) - . : .
PTAU3 ) 3 The four reactor plenums time constant
PTAUL ) 7
h .
HCAPI WCI/c WCI heat capacity of the lumped metal inlet plenum
HCAPA 2cEa/WCé WC, = lst pass inlet section heat capacity
B, = percent of total reactor flow passing through
this section
"HCAPC:: 2cEc/WCc WC; ‘= 1st pass exit section heat capacity
E percent of total reactor flow passing through
this section ,
HCAP2 WC,/c WC, = lumped heat capacity of the metal in the first
pass exit plenum
‘HCAPD ZcEd[WCd Wy = interpass heat capacity per section
Eg-= percent of total reactor flow passing through
this section
~HCAP3 'WCB/c W03 ~lumped heat cepacity of the metal in the second
pass inlet plenum
HCAPE 2cEe/WCé WC_ second pass inlet section heat capacity
Eé percent of total reactor flow pasalng through
this section
HCAPG 2cEg/WCg WCg second pass exit section heat capacity
E percent of total reactor flow passing through
€  this section
HCAPL WCL/c WCh Jumped heat capacity of the metal in the reactor

outlet plenum
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.Symbolic

Code

HCAPH

HEAP5)
HCAP6)

HCAPP
_FE1

“EE2
.E20
E2I

‘E1

30

‘E31
;E3
ELI

. E2

‘Ely
E5

2/WCB

A/2
AREA
HOTL1)
HOTL2)

© CLDL1)
CLDL2)

- SENL1

_SENL2

- STFLB
- ATSF
- KSF

Eduation

- Symbols

ZC/WCH

1/2 A

KSf e
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Meaning
WC, heat capacity of the boiler tubes per section
WC  heat capacity of the boiler plenums

Wy, weight of primary coolant per foot of pipe

;Peréent,of reactor flow passing through 1st pass

active core

Percent of reactor flow passing through 2nd pass
active core

. Percent of reactor flow passing through the interpass

plus leakage 35

Percent of reactor flow passing through first pass
exit section less leakageAzh

- Percent leakage flow £, (see reactor nodal repre-

sentation diagram)

‘Percent reactor flow passing through second pass inlet

section
Percent reactor flow leaving interpass section

‘Percent leakage flow 33
- Percent reactor flow leaving second pass exit section

Percent leakage flow £2

on n n g .
L see Figure 1, Part I

5 :
WCB heat capacity of boiler tube sections

" it " ‘

Boiler tube fouling resistance
One=half boiler tube area per section

Boiler tube area per section

Hot leg piping length (ft)

Cold leg piping length (ft)

‘Distance from reactor outlet to the hot leg sensing

point- (ft)
Distance from the boiler ocutlet to the cold leg
sensing point (ft)

Base flow '
Steam flow base. . ... ...
Steam flow to auxiliaries. ... . .

‘“Steam5pipewpnessnremdropmconstant

“Main turbine.steam flow constant
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NON-SYMVETRICAL MATN COOLANT SYSTEM ANALYSIS (NOMACS)

1. INTRODYCTION

.Non-symmetrical main coolant system analysis (NOMACS) is an IBM 7QL digital
program for calculating the reactor power generation, primary coolant temperature
distribution and éteam temperature, pressure, and flow to the main and auxiliary
turbines during a transient. period. -It is desirable to know the transient values
of thgse'variables when the system is subjected to a disturbance such as pump
switéhing, éccidental»bulk head valve closure, up and down maneuver and many other
conditions that cause transient disturbances. Such information is necessary in
planning the proper reactor contrels and safe guards needed for safe, efficient,
and fgst operation of the entire reactor system. o

This program represents a system composed of a two-pass high pressure water
cooled reactor with two main primary coolant looﬁs each having its own steam '
generat¢r, separator, and drum. The generated steam from each loop is piped into .-
a common header which is then piped to the main and auXiliary turbines and éther
steam loads in the system., ‘Such auxiliary piping and apparatus as the pressurizer,.
purging and drain piping, iselating valves, etc. are not included or described in
this report as their functions are not required in this study., Figure 1 is a nodal
representation of the reactor and primhry.coolant system. g

The representation of the system involves equations for the following
proceésess

1. Neutron generation described by the kinetics eéuationso

‘2, Reactivity due to temperature.

3. Reactivity due to control rod position.

4o Heat transfer from the fuel element to the coolant.

56 Heat transfer from the coolant to the steam generator feedwater to
produce saturated steam,

6, Steam flow from the two generators to the turbines.

7. Transport delays in the hot and cold leg piping.

8, Mixing in the reactor and boiler inlet and outlet plenums.,

9. Transport delays in the reactor and boiler.,

j'Primary coolant flow in each loop is'a known input function to the problem.
This flow may be constant and equal in both loops during a run or it may vary as

482 (o8
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a function of time and be equal or unequal during a run. At the beginning of a run
the reactor is assumed to be in a critical state at some given power and reactor
flow, .The transient can be initiated in one or more of the following ways:

1, Change in the primary coolant bump speed which results in a change in

coolant flow. ,
. 2. Change in the main turbine throttle position causing an increase or de-

crease in steam demand. , |

3. Accidental closure of the bulk head valve causing a sudden stdppége of
steam flow,

L. Change in the control rod position causing the reactor to increase or
decrease its power level.,

5. Any combination of the above items such as reducing pump speed with rod
drive down when power level has reached a given value,

The program is written in symbolic form describing all the arithmetic and
logical operation necessary to perform the desired calculations. The written
program is punched one instruction per card or what is called a decimal card.

The decimal deck is then compiled and assembled using the 704 computer and sub-
routine called CAGE; This-subéroutine assigns storage location to the instructions
and data and punches out a program deck in binary form which is the language of.the
machine, This binary deck along with another binary deck consisting of sub=-routines
necessary to the operation of the program then comes the input deck or program to
the machine to start calculation. Description of the contents of the sub=-routine
deck is givén in Apﬁendix IV. Briefly this deck contains an output program,

natural log, exponential, square root, table look-up, and binary punch sub-

routines,
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"II, INPUT FUNCTION SUB-ROUTINES

- The starting point of the program is used to program small sub=-routines thét
define the type of run. Five different sub-routines have been developed so that
many different runs can be made with only small changes and additions to the
program. Such sub=routines are as follows:

1. Main turbine throttle position. This is used to give a linear hand wheel
position as é function of time stérting at any initial position in either
closing or opening of ‘the throttle, A table look-up process is used to
give the throttle position constants as a function of hand wheel bositiono

2. A table lookwup sub=-routine for getting each loop flow as a function of
time., This is used in flow coastdown or start=up type of run. The loop
flow can be symmétrical or non-symmetrical.,

3, A pump switching sub-routine to similate the effect on flow when the
pumps are switched from half speed to full speed or full to half speed.
‘This pump switéhing occurs when the reactor power has reached a given

value during an up maneuver or a down maneuver.

L. A control rod drive down sub-routine is used to insert control rod into i
‘the reactor at rate to give negative excess of reactivity of so many ‘
cents per second. This drive down is initiated when the temperature dif- ‘
ference across the reactor has reached % degrees F and after a y* second |
delay. The drive down will contime for y* seconds after the temperature
difference has fallen below x* degrees. The temberature difference at
which the drive down is started and time delays can be Any'desired value.
'A-fIOW'diagrgm of how this sub=routine operates'can be found on page ix. .

5, Control rod-scram drive down. The sub-routine was first used to scram the
reactor; that is, to insert a negative excess reactivity at a certain rate
up to a max. of 25 dollars., However, with a few modifications this sub=
routine can be used to insert Or remove excess reactivity ainany rate and

cut off at any desired value.

#x,v,2, can be any predetermined values,
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III. SYSTEM EQUATIONS

A. Reactor Kinetics

H

Nuclear reactors produce, maintain; and control nuclear chain reaction. The
correct conditions must exist for the chain reaction to be self-sustaining. At
leastﬂone neutron must be produced, on the average, for each nucleus'capturing a
neutron and undergoing fission. This in turn causes fission of another nucleus.
The kinetic energy of fission degenerates immediately into heat; and the amount

"of heat generated or power level is proportional to the neutron density within the
reactor. However, some of the fission neutrons are lost by capture in the
structural materials; coolant, and fission products and others are lost outside
the reactor., Criticality.. of a nuclear reactor can be described in terms of its
reproduction constant, which is equal to the ratio of the number of neutrons born
in the second generation to the number of neutrons born in the first generation.
A -critical reactor is-bne in which the reproduction constant is unity. An increase
or decrease in reactivity will increase or decrease the reproduétion constant
.causing an inéreasg or decrease in. power, - The total reactivity is a sum of the
built-in reaéti@ity, reactiViﬁy due to poisons, reactivity due to temperature, and
reactivity due to position of the control rods. This study is concerned with a
.change of reactivity due to coolant temperéture and position.of control rods.

- Poisons and built-in reactivity are assumed not to change.

.The generation of the neutrons is described by the following reactor kinetic

equations.

. 'd¢= 6 ,

’TB,EEB'g :E xiyi.+’(AK -1) ¢n (1)
i=i
=6
dy, * : | |

a7 i - MYy ] )
. A . ) i=1 . ‘
@ =-¢n + R¢i (3)

‘AK (excess reactivity)«=*AKT3*“AKC;
'AKT2=.ex¢ess reactivity due to temperature.,

‘8K, = excess reactivity due to rod movement.

c
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N o | .

AxT - a[ >y @ --Tni):l W)

,Tn~= average coolant temperature in node n.

.Tﬂi = average coolant temperature in node n with critical reactor under initial
condition of flow and power. ’e

'an = fraction of the total temperature coefficient assigned to node n. :Z a =1

a = total temperature coefficient of reactivity (- § per ;F) 1

The £, and Xi are constants and depend upon the nature and fractional yields
of the various fission products whose decay produées the delayed neutrens. These
:factors are a function of the type of fuel used.

@ = total power generated in reactor.
~¢i~= initial power,

R = residual fraction.

During steady state condition R.is zero. For transients in which the power increases

.or degreases”R = 0:;03,

.The primary coolant temperature effect on the excess reactivity is calculated
by using four temperatures in the first pass, eight temperatures in the interpass
.and four temperatures in the second pass. The program is designed so that any or
all of the. reactor temperatures may ﬁave an effect on the excess reactivity. 'The .
present set up is such that only. the ébove listed 16 reactor temperatures ha#é an
effect on excess reactivity. This is accomplished by storing the desired value in
"the list of @, for each of the reactor sections and filling in the table with zeros
where this effect is not wanted.

- The delayed neutrons are produced by the decay of precursor fission products-
~and will be proportional to their concentration. . There are six groups of such
' fission producté, each having a specific decay constant. ufhe yields of these
precursor groups are calculated by equation 2 which is arranged as follows fpr\
digital solution. |

T b=yt bng)t T Tt b Tt b)) - (5)

AL N denotes the 6th precursor group
" the subscript (t) denotes the present time interval

the subscript (t-At) denotes the value of the variable at the previous .
time interval '

I

| - J2- ~12
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(e 6), rdenotes the rate of change of the 6th precursor group

At ' o - o

—EE'S 1/2 of the time interval used in-calculating the reactor kinetics
THb = (EO B - (e Oy e ) - (6)

Eqnatione 5 and 6 are solved together by an iteration process for each value
: of y in the six precursor groups° The summation. of hiyi is also calculated to be
used in calculating the flux generation in,equation 1.

-Equation 1 is an'expression for calculating the generated flux .in the reactor
and is solved by use of the following equations.

My o . .
Pot = In,tent * 2 Pojp *'%,‘t-;a_t) (7
) én,t ,7/ [ E )"iyi + (AK“'l) ¢n t] ) (8)

The whole‘procees of the~solutlbn~of the reactor kinetics equations is by
'v an iteration method. ﬁ;q_uations 5 and 6 are solved by jteration to obtain the y

values and hence the xiyi. The summation of.xiyi is used in turn to calcu-
i=1
: late the flux which is’ solved for- by the iteration procedure of equations 7 and

8 UPOn obtaining improved values of ¢ this is used in getting improved valuesf? t}f

of y's and éi h Ve Hence, eqnations 5, 6, 7, and 8 are solved together by '

iteration to obtain improved values of y's and ¥ in the reactor kinetics equations,
The total reactor power can now be calculated by equation 3.

~Upon leav1ng the reactor kinetics calculation it is necessary to transfer the

newly calculated valuee of Vyo yi, ¢ ht? and ¢t to storage location of y£ -At?

' yt-At’ ¢n Ny and ¢ S teAt respectlvely to be ready for the calculation of the

next time interval.,

It is important to mention the time interval used in calculating the reactor
kinetics. Because of the nature of the equations, the stability of their solution
depends upon the size of the time interval (AtK/2) when the excess reactivity term

482 o1
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becomes a large negatire number say during a-scram or types of drive down in which
a large amount of AK is introduced, the time interval needs to be made smaller.

- For any partlcular run that the excess reactivity may be greater than about

negative one dollar, time interval (DELTK) = AtK/Z should be shortened. This
time interval is normally the same magnitude as (DELTA) = At /2, which is used
in the reactor nodal equations. Therefore, if it becomes necessary to shorten

“(DELTK) it must be shortened by some integral value such as 1/5 or 1/10 or 1/N.
‘This is necessary so that N. iterations will bring the elapsed time equal to that

which will occur in the nodal equations,
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‘B. -Reactor Nodal Representation

1. :Plenum;Seétions

The inlet plemum of the reactor is represented the same as the other three
plenum chambers in the reactor except the inlet plenum receives primary coolant
flow from two sources. In the past it was assumed that there existed in the
plenum a perfect mixing phenomenangwith a constant heat capacity-éomposed of the
volume of coolant plus a certain amount of lumped metal. However, based upon the

studies of the flow patterns being conducted»6ﬁwﬁﬁfiﬁﬁswéirﬁénd;waférwmodeis;;vhﬁ;w.

the heat capacity of the coolant in the plenum is represented by function of flow
through the plenum.

‘One possible form of the plenum equation which could be used iss

: daT
. : ' . . 1
w) Ty * wchoz - (ml +wy) Ty = [}1 (wl tw) e+ WCM} T (9)

This equation for digital solution is afranged as follows:

: 1 ;
T, " [ W, ] [ 1To1 * walop = (wy*wy) T } (10)
LG z>’T
s
T, " Tyt * 2 [Tl,t'*‘Tl,t-At] | Ay

The other three reactor plenum equations are identical to the above equation
with the exception of having only one -source of inlet flow with the poss1b1e

exception of a small amount of 1eakage flow to some of these sectlons°

2. Active-Core Sections’
The active core of the resctor for the purpose of this study is composed of
primary coolant, ﬁetgl and the fuekl. The,figure below shows the nodal division.

of the core.
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lumped metal with
¢// primary coolant heat

:, 1 ) 3 h_ capacity
(o 201 )%, I O A A Y
[ ) [ ] 2 9 ® ®
flow bt f ,
T

Tﬂ Tfé Tf3 | Tfh\ .
fuel

The core is divided into four edﬁal sections. The weight of primary coolant
and lumped metal make up the heat capacity of the node and adjacent to this node .
is the heat capacity of the lumped fuel. 'A-heat balance written for node (n) is
the following equations. ¥

Q + (wy*wy) Ejc (T_,-T.) = WC —- (—n—'l—’l) Heat balance of  (12)
: coolant node

' dT u . ) ]
P Q= WG . I8 jeat balance of the fuel section - (13)
Tn—l Tn ' : .
Q =‘Uf1Afl'Cmfn'7 ———5-——) Heat transferred from fuel to (14)
- : .coolant
- e T8 : L ' (15)
Ufl = Kfl [(wi*“z);EiJ Hegt t?ansfer coefficient 5)

The above eqﬁations arranged for digital solution are the followings:

) ) Ata o "o ) )
Tyt ™ Taeat * 2 Tyt * oy eeat) an)
T, (Prqq) o (18)

fn fo
s, R
Téngt = Tenyt-at * 2 Ten,t * Tinytat) (19)
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A
fl A
Qn Ufl 2 (2Tfn Tn 1 Tn) _ (20)
_ 8

Up =Ky [(mlfwz) El] (21)
Uy = Ky + .8 4n (w1+w2),El - (22)

« — -

X

3. Transport Lag Section

i The‘sections of the reactor that fall in this category are the inlet and exit

section of the first and second passes and also the sections in the interpass.
Their purpose is merely to transport the fluid and its temperature waves from one
location to the next without any addition or loss of heat. '

The equation for a transport lag is the following, °

. . T
~ N = nnl n ‘
we (T, )-T.) = W §p (B (24)
Therefore, .
Tn,t ™ WiC ‘(Tn*l,thn,t) - Th1,t . . (25)
N .
Thot = Tn,t-At t o Ty *Th poat) (26)

Cs Method for Propagating the Temperature Waves Through the Prlmary
Coolant Piping .

The time interval used in the reactor calculations is 1/5 that used in the

boiler and steam system, this means that every fifth reactor outlet temperature

-is an input temperature to the hot leg piping. -These input temperatures are

stored in a table. The distance inﬁwhich these temperatures have propagated
during the time interval is calculated and stored in an adjacent table.
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-Distance propagated

At

&K = (e x2Vol) o ( 2 )

(27)

e.? density of coolant lbs/ft
Vol = volume per foot

AX = distance in feet

w = coolant flow lbs/sec)

Aty = time interval

The summation of these AX's is maintained in two separate counters used to
determine, first when the tempefature has reached the sensing point and second
when it has reached the end of the pipe. For example, thé.contents of the sensing
point summation counter is tested against the length of pipe to the sensing point.
If the test fails, then the program continues to the next part. If the test is
satisfied, then the difference between the contents of the address field of the
instruction referring to the stored table of temperatures and that of the index
register tagged will give the effective storage‘location of the temperature that
has propagated to the sense point; This temperature is stored in the sense point
storage location to be used later. The contents of the table remains unchanged.
The sense point summation counter is reduced by the amount of AX adjacent to the
above temperature. This distance is obtained from its table in the same manner
as the temperature. The new contents of the summation counter will be the total
propagéted distance of the next temperéture that will eventually reach the sense
point. -

The temperature propagation to the end of the pipe; i.e., to the boiler inlet
or to the reactor inlet; is accompllshed in the same manner as described above using

the other summation counter and proper. tagged index reglst.er°

The number of'storage looafions in each table for storing é%mperatures and
0X's was chosen so that ‘in the majority of the runs made the tabie:ﬁas of sufficient
length so that when the table was filled and the next témperature would be stored
at. the beginning of the table, this temperature had already propagated the full
length of the pipe and was no longer needed. However, if a run is made in whi ch
the coolant flow decreases to a very low value (2 or 3 percent) and remains at
this #alue,it is possible that the temperatures at the beginning of the table
.havé not reached ﬁhe ..end’ of the pipe when the tabie is again filled and starts
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storing at the beginning. In this case the temperatures at the start of the
table would be destroyed before having served their purpose. To prevent this
from happening it is necessary to increase the time interval or it is possible
~to alter the program so that every nth input temperature will be stored in the

table.

D. Boiler and Steam System

® Steam flow
8 ——> turbines
and aux.
AN
' A
// \\ e
T T T - N
, A
, \
i) I ,
! | ‘
\ - ©
T - 2
ot T | =
o QOBl . EQBZ L
'T27 Boiler , P 'T%T5.5 Boiler ?'e =
Tubes fﬁ Tubés .
- R i ' ) Coolant
g;giam | , T ’ - | - I T l | flow
60 ‘ ‘ (w5)
~(w1) _ 4 Feedwater 2
T ...~ Feedwater ' (Wa )

1

The above figure is a schematic diagram of the boiler and steam systém
representation used in_t@is"Stﬁdy; The primary coolant flow through the boiler
. tubes is divided into 12 e@ual sections used to calculate the heat transfer

between coolant and secondary water.
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The secondary side of the system is considered to be one lumped heat capacity

composed of the waten portion of the boiler tubes and surroundlng metal, The

=following equatlons describe the operation of the system studled.

. +T7
.hmc~(Tn_1f QB “WC = dt (—2—1;—2) Boiler tube section

dT

‘5mc.§Tn_l~ ) -WC EE‘ | Boiler'plenum section

[Tn+Tn-l

7Q31-7'UT1A1 ~ "-Ts]v Heat transferred

Ui = Total heat transfer coeff.,

.8 'BTU
w. 8 — BV

5 o Inside film coeff.
sec ft© -F

Ps/900

. o 75 __ BIU
‘Uo ko e QBl

sec ftz QF

Outside film coeff.

rf.é constant (fouling resistance)

P o= steam pressure (psia)

Two boiler operation in the boiling state
gy * Wen = Oy
mﬁ;+§. -w.h =% (W.nh.)
swibow ¥ 2 981 7 9a1lg = 3t Wil

h, =h_..

£1 7 P2
- (3ba) QBG»&Q

dwwl = . d'WWZ o -

at - Yol T Y%LTat T “twe T Vg2

Turbine flow equation

WT =-KT47T PT PTY “Main turbine

—ﬁzf-ﬂ throttle position

. (28)

(29)

(30)

(31)

(32)

+ (33)

(34)

(35)

(36)a and b

(37)

021
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‘“v?T*z'Ps 7'KSFws -Steam piping pressure drop (38)
WA_v constant  Auxiliary steam flow

- Arranging these boiler and steam systém equations in the form fqr digital solution
we have the following.

IR S AN J ‘ ~ tyl .
Tn,t e (Tn-l Tn) T3 e Qg BQiler tube node (39)
‘iV' =88 (p. 1) -BOiler'plenuﬁ - {40)
n,t .WC.-‘'n-1 "n , '
. ] Atb (] : . )
Tt = Tojtat * 2 (Tn,t * Tn,tent) (41)
Qn = U Al pwr. . 227 | : (42)
B Tl 2 n n-l" s .
| o a . :
Ui .1, . (43)
. A P /900 -
Uy = k', U =k e Qg - (bk)
Two boiler operation in the boiling state
| g1 * Wg2 T ¥ o - | (45)
W W ' ' :
w2 - 1 w2 4 w2 :
W, =T W YT EE:Q —f——-:E:Q .'+{;n -(g—— ’ g Ty
g2 W, el hfg |: B2 W, B1 fw2 W 4 mfwl)(hf.w hy) ‘ (aé)‘
W o W,
: 1l w2 . w2 .
®s =k, [Z Oy = 7o 2% * O = “’fwl)(hfw‘hf)] .
: fg » wl _ wl . )
g = , — (47) . |
1 +* __V_l_z_ :
wﬁl
i R [ = Qpp * gyt vgg (phe) - mglhfgl] (48)
b ] Atb e - . A
he v = Be gt © 3 Pe,p * Bejpent) (49)
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Table Look Up

he t > TgeFg hpg

When operating with two boilers in the boiling state a test on w

made to determine when boiling stops in boiler #2.

‘One Boiler Operation - Boiler #2 has stopped boiling.

by Fhgy
\
Wy = Wgs Wgy = 0
h . > Quq +waq (ha=h.) -w_.h
Poe tw L 2% e PP T Caira
h =-;L--:§: +w,, (hy-h.)
2,6 "W - | 2 B2 " “rw2 £2

- When operating with boiler #1 in the boiling mode a test of hge

to determine when boiling will exist in boiler #2.-

g2

= h

" DF-57-AD-30
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+= 0 can be

(50)

(51)

(56)

can be made

‘When the primary coolant flow goes to zero in one loop it becomes necessary

to modify the equations-representing the insidé film coefficient and the boiler

tube node equations. Since there is no convected heat in the section the only heat

being transferred to the steam side will be that which is giveén : up from the storage

heat capacity. For . zero flow in one loop these equations becomes:

We d
“ BT @

where

(Tn*Tn—l) 

2
T == B~ Tha

(53)

(54)

The inside film coefficient is a function of the inside film temperature difference,

Y

AT

&

]

&3
W
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A relationship between the heat transferred through a median of several

materials is

Q=U

ATy ¢ AT, % ... = AT total temp, diff.

. Therefore, the heat transférred from coolant to the steam is’

Q-Ui i

B

, ‘A new relation can be calculated from the above‘curve that will relate the
inside £ilm coefficient to the heat transferred term

7 ——
ATi‘x Uy x A QB

At zero flow the inside film coefficient is obtained by a table look up process -
‘knowing the heat flux per section.
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. IV.. PROGRAM OPERATING HINTS AND EXAMPLES-

A, Time Intervals -

There are five different time.intervals used in this program and there will
be cases where it will be necessary to alter some of these time intervals. These

time intervals are as follows:
-Symbolic Code

»DEETK Used in reactor kinetics

;DELTA Used in reactor nodal equations

DELTB Used in boiler and steam system and piping temp. prop.
. INTVL Used in calculating system average volume

DELTP Used in éalculating system average temp.

-The reactor kinetics calculation is sensitive to large values of negative excess
reactivity and also large values of temperature coefficient, therefore, there ﬁéy"
be cases where a shorter time interval is necessary in the reactor klnetics calcu-

lation to give a stable and accurate solution,

Ed

If the coolant flow in a loop becomes small, 2 or 3 peréent, and remains at
this value for a long period of time, there is a possibility of over running the
tables used in the pipe line temperature propagation. One way of correcting this
is to increase the time interval DELTB, This means that less storage locations
are required to propagate the temperature the full length of pipe.

- If ahy of the time intervals are changed, make certain that the correct
adjustment is made in the program so that the elapsed time in.each part will be
the same for one pass through the complete program. '

~ Be - Program Continuity

The program should be examined part by pﬁrt to insure that none of the
necessary parts are by-passed and also it is conservative time wise to by-pass
the parts that are not needed. "For exqmple, if steam flow to the main turbine is
to be held constant then it is wise to- bypass that part of the program that

calculates steam flow to the turbine. . ,
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-Ce - Primary Coolaht~Flaw.vs.,Time

To add flexibility and speed in preparing a run several flow tables have
been compfiled° ' The sub-routine for introduéing flow into the problem uses these
flow function tables. This sub-routine should be checked and the necessary
corrections made to be sure the corrqét flow function table is used for the
particular run being made. The following is a list of the compiled tabless

Symbolic Code

1. Flow 1) flow loop #1  flow coastdown
Flow.’2) flow loop #2 of loop #2 100% to O

2, Flow 4) Start up of one dead loop
_Flow 5) 0 to 100%

3. Flow 6) flow coastdown loop. #2
‘Flow 7) 50% to O

Lo Flow 8) start up of dead loop
Flow 9) 0 to 50%

TIME I Argument for above eight tables.
5. TIME 3) Argument and flow function

‘Flow 3) Simultaneous pump switching from 1/2 to full speed,
symmetrical flow.

-Ds Preparing for a Run

A description of the program changeé necessary in preparing to make a 15

second up maneuver run will be discussed..

‘The initial conditions for this run are:
20 percent reactor power
50 percent reactor flow
20 percent steam flow to auxiliary turbine

~Main turbine throttle to travel from the closed position to full open in
15 seconds. Main coolant pumps will be switched from half speed to full speed

when reactor power has increased to 50 percent,
-After calculating elapsed time transfer to (MITPO) main turbine throttle

position opening. The throttle will start opening at time = zero, therefore, THPO
is zero. The initial position of the valve is closed, thereforq} IVOOP is zero,
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This sub=routine contains two transfer instructionsv(TRA); which should transfer

to pump switching (PUMP). Reactor power is tested and when equal to 0.5 a branch

is made and flow is increased as a function of time. When 100%‘flow is reached a
branch operation adjusts the program to by—paes the Pump switching sub-routine.
After, pump switching transfer is made to the reactor kinetics program. The reactor
kinetics calculation ecounter should be one; i. €.y ITERA = one and ITEM:= one.

:Since the time interval used in the kinetics is equal to that used in the reactor
nodal equations only one pass is necessary to allow the elpased time to be equal [
in these two parts. After completing the kinetics and reactor nodal calculations

the program then contimues to the temperature propagation in the hot leg plping

and then to:the boiler and steam system.

B Outpgt‘Program»

The output program is composed of three parts, each controlled to print at

any desired time.

1. Part 1 is set up to print the following every 0.l seconds. Time in seconds,
reactor power, total excess reactivity minus one, reactivity due to |
temperature, reactivity due to rod position, first pass‘eore outlet
temperature, second pass core outlet temperature; reactor outlet temper-
ature, fourth fuel element section temperature, eighth fuel element sectionA

temperature, and rate of change of reactor power.,

2. Part 2 is set up to print the following quantities every 0.5 seconds,
-Reactor flow, flow in each loop, reactor inlet temperature from each loop,
each of the sensing point temperatures, temperature difference between the
hot and cold leg sensing point temperatures, inlet and outlet temperature
of each boiler, system volume, rate of change of system volume, boiler
steam temperature and pressure, total heat transferred in each boiler,
feeder water flow in each boiler, weight of equivalent water in -each boiler,
turbine steam pressure, rate of evaporation in each boiler, total steam
flow from boilers, main turbine steam flow, auxiliary turbine steam flow,
astern turbine steam flow, system average temperature, main turbine
throttle position, and astern turbine throttle position.. ) .

Part 2 contains two sub-routines for calculating the system primary
coplant volume due to changes in temteratﬁre and also the system average

482 Q27
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temperature. These sub-routines involve time intervals‘(INTVL and DEETP)
in their calculations, therefore, if the printing interval is changed it
is necessary to change these two time intervals to correspond with the
time elapsed. o ' ' '

Part 3 is set up to print the following every 5 seconds.
The complete primary coolant temperature distribution, and the boiler

“heat transfer coefficients of sections-#l; L, 9, 12 in each boiler(

482 028
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This program is designed so that the necessary initial conditions are -
calculated and stored in the exact location as used in the main program, .Given"
the percent power and flow the program.ﬁill calculate the initial conditions and
punch out a binary deck that can be added to the main deck to begin a run. The

program is intended for calculating a balanced two loop operation.

If an un-

balanced system is wanted it will be necessary to study this sub-routine and make

the necessary changes.
%

The following are the éteady state equations used in calculating the initial

conditions.

Gi#en Input Quantities
. @ = percent power (PHI)
Flow = per reactor flow (FLOW) '
- Percent steam flow to auxiliaries (PERCT)

Neutron Decay Groups
fi ¢
Y, ==
L

.Fuel Temperature
oot T2y
T UfAf 2

"Power Generation Distribution Per -Section

Qpy = FRAC, x POWER

i.= 8 sections,

Temperature Rise Across Reactor

Power Base x ¢
¢ X Flow Base x Flow

AT =

Temperature of Active Core Sections.

- Q
e LN
n we n-1
where w = reactor flow less leakage
c:= specific heat coolant .

029
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Plenum Temperatures Due to Mixing of Leakage.Flows
T, ¢ £,T. . .

T, = Tt i 11l First pass exit plenum
8 _E20
E,.T., + £,T | )
7, = o118 32 Second pass inlet plemm
19 . E,.
“30
‘126. hi 25 + 2 T o+ th7 +'£5T8 Reactor outlet plemm

Steam Tempefature

Ugh
_ BIT - Bor &“°
5 T UA

we
l-=-e

Up = overall boiler heat transfer coeff.
A-= total area of boiler tubes

w = boiler primary coolant flow

¢ = specific heat primary coolant

BIT .= boiler inlet temperature
BQT.ﬂ'boiler outlet temperature

After steam temperature is calculated, the other steam properties (pressure;,

enthalpy) are obtained by a table look-up process.

B01ler Sectional Heat Transfer Coefficient and Primary Coolant Temperature
‘Distribution

1 » ' _ '
Tn Tn—l T we ()
T =-2-Q =27 -T | (2)
n AU *B . s ‘n-1 C o -
U = 1 L . constant - (3)
. .]_'_.4.2_-4.1- Ui . C
U U f
i o :
Therefore5‘
=;_l——— g o= '75
U=7 , U, = k' Q-
ﬁ—'@'c .
o

Solve (1) and (2) eliminate Tn
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1 e 2
Tl " B =T T * 20 % | (&)
1 .8 o L 5 25, -
Gzt ) 9 * Tkr OB To-1 - Ts | | | (5)“

TS is known. from steam temperature calculation
Tnnl is the boiler inlet temperature when calculating the first boiler section,

and thus becomes the sectional temperature of previous section calculated.
BEquation 5 is solved for QB by iteration.

Then from equations (1) and (3) the primary coolant temperature-and sectional

heat transfer coefficient are solved.

Steam Flow from Boilers

g x Power Base
s h -h
g fw

w

hg = enthalpy of saturated steam
hfw = enthalpy of feedwater

The steam flow to the main turbine and throttle position is calculated as

follows::
Wp = wg =Wy

wg = total steam flow from boilers

W, aux. steam flow (fixed percentage)

W

~QT=———f
| Kp Py
P&;’turbine steam pressure

O turbine steam density
‘KT constant
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APPENDIX :II

Equations Used in Calculating the System Rate of Change of Volume Due to
Changes ‘in Primary Coolant Temperature '

av_ P . a foef
i " P ZI"VPTP"-?—Va )

m.

e (Tao = TB11 * TBo1 ~ TRi1)
Wy

oy (Tro = TBi2 * TBoz ~ TRi2)

}VP’- plenum volume

TP = plenum temperature

P.= number of plenums in system
Va = sectional volumes

Ta = gsectional outlet temperature
T,.q = sectional inlet temperature
a = number of sections in system
TRO.= reactor outlet temperature
T.., = boiler #1 inlet temp.
T

Bil

TBol = boiler #1 outlet temp.
T 3 boiler #2 inlet temp.
boiler #2 outlet temp.
reactor inlet temp. loop #1

= reactor inlet temp. loop #2

Bi2
Bo2

-"Ril
Ri2

T
T

8 =1.2x 1072 %= (expansion coefficient)
F

e =-primary coolant density (average value).

A positive value of dVS/dt means an out surge from main system.

-8
@
4V
2
o
™D
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APPENDIX III

Equatibns Used in Calculating the System Average Temperature

<r4

T =
‘sa

1

P a_ Ta + Ta;l o L
A ;% Vol ¢ :E*Va (=) + v, (PATL + 3§T3)4+ Vo (PAT2 + PATL)

PAT, = PAT

w 1
t t-at ¥ PVOL o % =T

P (Tin out)

sa = system average temperature
= gystem volume ft3
= plenum volume

= plenum outlet temp.

= average node temp.

= volume of hot leg piping
YC = volume of cold leg piping
"PAT1 = hot leg pipe #l average temperature

APATB = n " n #2 ] 1]
‘PAT2 = Cold " 1] #1 1 "o
PATL = ‘" ] #2 " n

w = pipe flow (lbs/sec)

PVOL =.pipe volume (ft>) |
p = average primary coolant density (1bs/ft3)
PAT, = pipe average temp. at time t

t
PAT

tbt = pipe average.temp. at previous time interval
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APPENDIX IV

».General Purpose. Sub=Routine .Package

This package contains six sub-routines used in operatihg the program. These
sub-routines have been assembled by CAGE independently of the main program and
occupying the first 809 storage locations. The control cards ares

OUT - EQU 30
“LAGIN  EQU 136
N EQU 566

EXP EQU 616

SQRT  EQU 67%
“PUNCH  BQU 701

The following is a brief description of these sub-routines and their calling

sequence.,

-Identification

. General Purpose Output*Program,.GLGUT Original Program by Georgia Division of
- Lockheed Aircraft Modified by‘Jéne"E: King, 8-10=56, G.E., LST-G, Schenectady,
New York. )

'Purpose
To set up and print one line (72 or 120 columns) or to output a complete line
to tape, or both, Any desired format may be-used and conversions from floating
binary to fixed de01mal, floating blnary to floating decimal or fixed blnary to
fixed decimalgafeomadegas indicated. Locations of words to be output may be
indexed if desired.

- Method

-For floating to fixed conversions; fractional and integral parts are converted
separately as integers., A polynomial approxlmatlon method is used in the floating
to floating conversions. A11 output words are converted to. binary coded decimal
form and are stored aééording to the print wheel p031t10n specified. Conversion to

_.card image is made just before printing. )
- Usage
The calling sequénce consists of the machine language instruction

- TSX OUT,4
£ 9
kY J
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followed by psuedo-operations which give the type of conversion desired. One

word of calling sequenée'is needed for each word to be output in the line (ekcept
for Hollerith inforﬁation where one word of éalling sequency initiates printing of
‘up to lZO-éolumns). The éalling~sequency is éompleted by giving a~pseudo=operation
to specify the type of output desired.

‘The pseudo-operations which maj be used are:

.OP A,T,D OP MNEMONIC SIGNIFICANCE
’ Indexable ,
F#F k,T,1000D, +PP Floating to Floating
F¥X k,T,1000D,, +PP Floating to. Fixed
I*I k,T,FP ‘Integer to Integer
BB k,T;1000N+PP BCD to BCD
XX kT 41000D,,+PP Fixed to Fixed
Non-Indexable
ZER BP Binary Point
WR¥* INSTR. Write
FRT. INSTR. Print

In these pseudo-operations, PP specifies the rightmost print wheel position
which will be used for this calling sequence instruction and consecutive print wheel
positions from right to left will be used as needed. Characters using print positions
less than 1 will be lost. Specifying a print position greater than 120 will cause an
error indication. It is the coder's reSponsibility to avoid unintentional over-
lapping of fields, If fields should overlap; a later éalling sequence word will

take precedence over any earlier one of this calling sequence.

In any of the calling sequence words which may be indexed, T may have. the value
0, 1, or 2 and the effective address L will .be k minus the contents of the-corres-

ponding index register.
- Output may be to both printer and tape. In this case the WR* instruction must

precedeAthe'PR* instruction.

‘The efror indication mentioned above or those described later undéf X will
give the octal address of the calling sequence word causing the error by replaéing
positions 2-19 of the incorrect line with "ERROR IN-LOC IXXXX", The incarreét
calling sequence word will be destroyed. '
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Specificatibns for the output pseudo-commands are given in the following

‘paragraphs,

-FHF
- The operation F#F will convert the word in location L from floating binary

to:floating decimal. The answer is rounded to Dl significant digits where IﬁDiiea

~The format of the answer will be

" #YY, ¢ XXXXXX

- Positive characteristic signs are indicated by blanks and lead zeros in the charac-

teristic YY do not print. If the mantissa is zero, ‘no characteristic will print.

-FX :

‘The operation F¥F will convert the word in location L.from floating binary to
fixed decimal rounded to.D2 decimal places. D2 should nqt.exceed 8, If D2 equals
zero, a rounded integer will be entered without a decimal point. If the number is
negative, a minus sign will print immediately to the left of the leftmost character,

.No lead zeros to the left of the decimal point wiil print. If the number is zero,

it will be printed with D2 zeros to the right of the point. If the absolute value-
of the number exceeds 34, 359, 738, 367, it will be printed in floating decimal form

as descrlbed above.

I*I

The operation I*I will convert the word in location'L to a decimal integer and
print it without a decimal point. ' If the word is negative, a minus sign will print
immediatély to the left of the high order digit.

.B¥B

The B*B operation is used in printing headinés or words of alpha-numerie
information. The N words of information starting in location L will be set up for
printing across from left to right so that the rightmost character will fall in the
print position specified. N should not exceed 20. Normally, the calling sequence
for a full line of heading will be: .

“TSX OUT,L4
B*B L, ,20120
PR%*

The words from L through L + 19 will print from left to right across the sheet,

482 r3b
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X*X

The operation X#X must be followed by the operatlon code ZER., (XX not
followed by ZER‘9 or ZER not preceded by X¥#X will give an error indication). BP}gives
the binary point of the word in location L.of the preceding X*X operation., This
word is converted to fixed decimal rounded to- D2 decimal places and printed with a
format similar to that for the F¥X operation., 02 should not exceed 8. A BP value
outside the range 0 through 35 gives an error indication.

WRH

The operation WR¥ signifies that the entire line which has been set up is to
be written on tape unit #3 unless sense switéh'#B is down in which case WR* will be
interpreted as PR¥*, Two special operations are possible with either WR¥ or PR¥.
If the address of the instruction is RESTO, the paper will be restored before
printing; and if the address is ZSPAC, an extra space will be inserted after printing.

. PR%
The PR* command initiates the setting up of the card image(s) and the printing
of the output line. The use of the address is described under WR¥%,

Coding Information

The sub-routine including all constants occupies 396 storages and uses COMON
thru COMON#50. The symbols used are OUT, RESTO, and ZSPAC.

Special Notes

- Print position 1 may not be used with WR3,
When output is to tape, the record is checked for a tape error. If an error

occurs, the record is rewritten until correct and a card is punched showing the

number and type of tape errors encountered.

An attempt to print an illegalvBCD character will cause a blank to be inserted
in its place. '
The on~line printer may be restored independently of the subroutine by the

instructions
WFR

SFR 1
If any of the print positions specified exceed 72 for some line, then two print

cycles are required to print that line.

82 03T
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A modified version of MCAGE is available which contains the special operation
codes described above, The feature which causes the paper to restore when a LOC

card is encountered has been removed from this version of MCAGE.

Identification

‘Lagrangian Interpolation Subroutine (LAGIN)

L. J. Dwyer ,
General Electric - Evendale
10-18=55
Purpose.
To compute y = £(x), given a set of values for x and y.
" “Method

- P X=X :

= z 1 ¥ I S
y k - X

P U S 3 S

It is assumed that X, < x, < xnfl

The program finds and uses the best P points of the given sets,

Usage

Floating normalized x in accumlator
Calling sequence
SXJ LAGIN, 4
ZER L(xi);‘o, L(yi) i denoting initial
ZER N, O,.P :
Error Return, indi¢ator in accumlator, decrement field
Normal Return, floating normalized.y in accumlator,
N.is the number of x, y pairs and P is the number of points to be used in
interpolation. , o
Two types of input storage are accommodated. Normally x values are stored
sequentially in one table and y values are stored seduentially in another table.
In this case
L(xk) = L(xi) + k=1
L(y,) = L(y;) # k-1
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However, values of x and y may be stored alternately in one table. In
this case

L‘xk)”a L(xi).f 2K--=2

L(y,) = L(yy) # 2k -2 |

'L(yi).>.L(xi)

The error return will be made if the given x lies outside the given table pf
x values, The indicator will be 1 if X < X, 3 the indicator will be 2 if x >
Accuracys Complete floating point calculation.
‘Space Required: 123 locations.,

Coding Information

Constantss 3 constants are a part of the subroutine,

Subroutine Témporéry Storége: FREE - .FREE + 7

Timings Approximate time for 3-point interpolation, x in the first interval
assuming minimum cycles for floating operationss 7.728 m.s.

. Identification

Natural Logarithm Subroutine (LN)
L. Jo Dwyer
- General Electric - Evandale
10=18-=55

Purpose
To compute the natural logarithm of a floating point number

- Metheod
In x = 1n(£.2%) = 1nF + Eln2

Continued fraction approximation for %'-f.F 1.

InF = 1n0.725 ¢ r
- 0.725 +_r

273 +r
5.075 + r
where r = (F - 0.725) 0.5

Accuracy: At least 26 significant binary digits except near x = 1, where the

result is accurate to 26 binary places,
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Usage

Floating x in accumlator
Calling Sequence
SXJ IN, 4
Error Return for x £ 0,"x in accummlator
Normal Return, flpatébg@normalized 1nx in accumilator

Space Required: 46 locations

Coding Information

Constantss 14 constants are a part of the subroutine.
Subroutine Temporary Stora%ez' FREE - FREE 4 3
Timing:s 4.728 mss8. assuming minimum cycles for floating wvsrations,

Identification

Exponential Subroutine - EXP2
D. L, Shell

General Electric -~ Evendale
12-=15-55

Purpose

To compute the exponential of a floating point number.
Hethod |

Range of values: |x| <& 88,

eX = |1 ¢ —t—]| N1
1=%F

where F = AO.(

#424»18)
P
¥y o+ 42

X = fo.?.,E

for ®B.L =3, y=xand N=1
E >3, y=f.22 and N=E + 4

ok oy

Accuracys 26 significant bits for x| £
at least 26 - n for |x|4;€%)2n

B
=
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Usage
Floating normalized x in Accumilator
Calling Sequence:

SXJ EXP,l _

Error Return:: for |x| > 88, x in accumulator
A Normal Return: floating normalized e* in accumlator
Space Required: 58 locations
Coding. Information
Constants: 7 constants are a part of the subroutine
"Common" Storage: FREE - FREE + 4
Timings 2.148 m.s. for E & -3

[2.244 ¢ .276(N-1)] m.s. for E> -3
For positive x: add .38, m.s.
Identification
Square Root Subroutine - SQRT
L.J. Dwyer
General Electric - Evendale
10-18-55
Purpose
To compute the square root of a floating point number,
Met hod
_ E
¥ = /% = (F.2
Y, = E % (F=.5) ¢ ,5] 2% where e is the integral bart of % (E+1), E odd,
or-]2= (E), E even.

=% E_ ‘

Inel = 2 Vn ¥
n .
Accuracys At least 26 significant binary digits.
Reference: Preliminary Report on R-S.
Usage
Floating normalized x in accumilator.
Calling Sequence:
SXJ SGRT, 4 S 482 r41

Error Return, for x <0, x in accumulator
Normal Return, floating normalized \/x in accumulator

I
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Usage  (cont'd) ¢
Space Required: 23 locations

Coding Information

Constants: 3 constants are s part of the subroutine.
Subroutine Temporary Storage: FREE - FREE + 3
Timing: 1.610 m.s. assuming minimum cycles for floating 6peratiohs.

Identification

Binary Punch Subroutine - PUNCH
J.A. Porter and G. Williams :
General Electric -~ Evendale
August 24, 1956

-Purpose

This subroutine is designed to punch out a block of memory in 704 type binary
cards. The nine left side of the card will contain a punch in column one, word ¢oﬁnt;
~ in columns 14 to 18 and the initial location in columns 22 to 36, The nine right
side will contain the check sum. The contents of the initial location will appear -
in row eight left with succeeding locations being punched in 8-right, 7-left, 7-right, .
etc. ' |
Optional Feature

At the option of the programmer, an additionsl control word may be given in the
calling sequence, This control word‘specifies the location of the initial address

where it is desired to relocste the punched cards.

Note: When the programmer uses the additional control word, index register C

will be reduced by one.

Usage
Calling sequence
SXJ  PUNCH,C
ZER IA,0,FA .
JA - - - is the initial address of the block to be punched.
FA - - - is the final address.
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Usage (cont'd)
Optional calling sequence
SXJ PUNCH#l,C
ZER - IA OF RE
ZER IA,O,FA
L
FA - - -
. IA'OF RE is the initial address where it is desired to relocate
| punched cards. |
_.Space required: 60 locations.

I‘Coding1lnformation'

-Subroutine temporary storage 'FREE - FREE + 2
" .Timing - 100 cards per minute.

) ) .
R.C.’ﬁzlsen,Control,SystemsEngrge Unit
Analyticel Engineering Section

. September 11, 1957
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