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ABSTRACT 

CORTAP (Core Transient Analysis Program) was developed to predict 

the dynamic behavior of the High Temperature Cas Cooled Reactor (HTGR) 

core under nonsal operational transients and postulated accident condi­

tions. CORTAP is used both as a stand-alone component simulation and as 

part of the HTGR nuclear steam supply (NSS) syataa siaulation coda ORTAP. 

The core thermal neutronlc response is determined by solving the haat 

transfer equations for the fuel, Moderator and coolant In an average 

powered region of the reactor core. The space Independent neutron 

kinetics equations are coupled to the heat transfer equation* through a 

r.pldly converging iterative technique. The code has the capability 

to determine conservative fuel, aoderator and coolant temperatures in 

the "hot" fuel region. For transients Involving a reactor trip, the 

cere heat generation rata la determined from an expression for decay 

heat following a scram. Nonlinear effects introduced by temperature 

dependent fuel, moderator and coolant properties are included in the 

model. 

CORTAP predictions will be compared with dynamic teat results 

obtained from the Fort St. Vrain reactor owned by Public Service of 

Colorado, and, based on these comparisons, appropriate improvements will 

be made in CORTAP. 

Keywords: a 1* cooled reactors, dynmlc response, prog rata (computer), 

neutron kinetics, reactor core. 
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NOMEKCLATURE 

A - area 
A - coefficient matrix 
a - temperature coefficient of reactivity 
6 - delayed neutron fraction 
c - apeciflc heat of solid 
c „ - specific heat of heliuB p.ae 
C - conductance (in heat transfer equation); delayed neutron precur­

sor concentration (in neutron kinetics equationa) 
C' - conductance accounting for coablnatlon of conductance* in aerlea 
D - hydraulic disaster 
e - convergence criteria 
i - axial peaking factor 
C - nass flux 
h - heat tranafer coefficient 
I - unit matrix 
k - conductivity (in heat traaafer equations); or neutron multipli­

cation factor (in neutron kinetics equations) 
i - average neutron lifetime from release to loas 
m - mass 
M - heat capacity 
n - neutron density 
N - number of neutron kinetics time steps per heat tranafer time 

atep 
Q - heat generation rate density 
Re - Reynold's number 
R„ - radius of fuel stick 
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R.. - radlue of graphite aoderator in unit call 
0 - dansIt? (in heat transfer equations); or reactivity (la neutron 

kinetics aquations) 
r - dlatence aeaaared fran fuel stick centerliee 
s - dlatanca naaaurad fron foal stick terrorline to outer surface 

of a node 
t - tl*M 

At - ttee step 
T - teaperature 
T - vector of nodal teaoeraturea 
u - vlacosity 
V - voluae 
V - flow rate 
1 - forcing function vector 

Superscripts: 
a - axial 
F - fuel atick 
Lit - lover reflector 

M - aoderator 

r - radial 

R - reflectot 

UR - upper reflector 

Subscripts: 

b - bulk coolant 

I - centtrline 

F - fuel 
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G - graphite 
gss - denotes gas teaperature used In determining heat flow rate from 

moderator 
IT - denotes heat transfer tlae step 
IM - inner surface of Moderator 
III - inlet to node 
MLET - Inlet to core 
1 - radial nodal Index (In heat transfer equations); or delayed 

neutron group number (In neutron kinetics conations} 
I - outermost radial node In moderator 
J - aslal nodal index 
J - lowest axial node in active fuel section of unit cell 
H - aoderator 
MC - denotes neutron kinetics tine step 
MJR - nunher of axial nodes representing upper reflector 
Hit - aunt-T of axial nodes representing lower reflector 
OUT - outlet 
o - denotes value of variable at tiae -0.0 
Ref - reference value 
S - solid 



1. INTRODUCTION 

CORTAP alaulates the core thermal and cmitronic response of the 

RTCR to normal operational transients and to postulated accident condi­

tions. This response is determined by coupling the neutron kinetics 

equations '-o the heat transfer equations tor the fuel, moderator and 

coolant in an averaged powered region of thw realtor core. The model 

rep-esents a unit cell consisting of a fuel stick, the surrounding 

graphite moderator and coolant channels in the averaged powered region. 

The code also has the capability to determine conservative values of 

fuel, moderator and coolant temperatures In the "hot" fuel region. 

The present version of CORTAP has the following features: 

a) Up to 60 nodes may be used to represent an average or "hot" 

fuel stick, the surrounding graphite and coolant channels the 

top and bottom reflector elements and the core support block. 

The model Includes the temperature dependence of tte fuel and 

moderator conductivity, density and specific heat and the 

helium transport properties. Therefore up to 60 first order, 

nonlinear, iahomogeneous differential equations are used to 

represent the core thermal response. 

b) Heat transfer frcm the graphite to the coolant is calculated 

based on the helium flow regime (turbulent-tranaltional-laminar). 

c) The neutron kinetics behavior of the core is modeled using the 

space Independent neutron kinetics equations with six groups 

of deisyed neutrons. The "prompt jump" approximation is not 

made. 
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d) Fuel and moderator temperature coefficients of reactivity are 

considered to be temperature dependent. 

e) The neutron kinetics equations are coupled to the heat transfer 

equations through a rapidly converging Iterative technique so 

that correct fuel and graphite temperatures are used in deter­

mining the feedback reactivity rather than temperatures existing 

at the end of a previous time step. 

f) A smaller computational time step is used for the solution of 

the neutron kinetics equations than is used for the solution 

of the heat transfer equations since the response of the reactor 

power to reactivity changes is nuch faster than the response of 

fuel and moderator temperatures to changes in core power. 

g) For transients involving a reactor trip the core heat genera­

tion rate is determined from an expression for power decay 

following a scram. 

h) Input to the code includes the coolant flow rate and inlet 

temperature as functions of time. Axial relative power peaking 

factors are input and assumed constant during transients. The 

time dependence of the component of the reactivity change due 

to control rod motion must also be input. 

CORTAP was developed both as an aid in the evaluation of the General 

Atonic system transient analysis code TAP1 and as an independent method 

of analyzing transients affecting the HTGR core. 

This report contains a description of the HTGR core, the techniques 

used in the CORTAP simulation, comparisons of CORTAP results with results 
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obtained by General Auoaic, input Instructions and sample input. A 

deck and a listing of the code are available upon request. 

2. DESCRIPTION OF THE HIGH CORE 

The Fort St. Vrain (FSV) hexagonal fuel eleaents and their arrange-

nent within the reactor core are shown in Figs. 2.1 through 2.4. The 

FSV core design is quite similar to the large HTGR core design. Each 

hexagonal element (Fig. 2.1), which is -14 in. across the flats and -31 

in. high, consists of fuel sticks, containing bonded coated fuel parti­

cles, and coolant channels. During reactor operation hellua flows 

downward through the channels. 

The arrangement of the hexagonal eleaents in the FSV core is shown 

in Fig. 2.3. A stack of six layers of fuel eleaents with seven hexagonal 

fuel elements in each layer is referred to as a refueling region. The 

central hexagonal eleaent in each layer is a control rod eleaent (Fig. 

2.2) which contains two control rod channels and a channel for the 

reserve shutdown spheres. Reflector eleaents are located both above 

and below each active fuel column as well as around the circumference 

of the active core. The core is supported on support blocks (Fig. 2.3) 

which rest on core support posts located in the lower core plenum. 

The inlit to each refueling region contains an adjustable orifice 

which is used to control the coolant flow to the refueling region so 

that the power to flow ratios for all refueling regions are essentially 

equal. The orifice is positioned based on the value of each refueling 

region's outlet gas temperature, which is monitored by thermocouples 

located In the core support block. The fact that the coolant flow to 
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eac!i refueling region ia controlled by orif icea and ia directed througti 

chaanela elmpllfies HTCt core nodeling compared to LMt core nodeling 

eapecially in the calculation of peak fuel tanperaturea aince the un-

certaintlea in predicting the coolant flow to the "hot" region should 

be leaa for the HTCt. 

3. MODEL DBVELOfMEVT 

3.1 Active Core Heat Tranafer Kodel 

Ae can be aeen in Fig. 2.1, except for the deviations around the 

fuel handling pickup hole and near the edge of the element, the regular 

hexagonal elements are composed of an array of triangular cells aa 

ahovn In Fig. 3.1»a. For conditions in which there la sufficient 

coolant flow so that the heat flow between a refueling region and 

adjacent regions la negligible compared to the heat renewed by the 

coolant through forced convection, the three lateral aurfacea of the 

triangular element shown in Fig. 3.1-a (and actually the surfaces of 

the smaller element bounded by the dotted lines) cac be modeled aa 

aurfacea of xero heat flux. If thla approximation of an adiab*tlc 

cell ia made when determining peak fuel temperatures, conservative 

results are obtained since in reality heat flow to adjacent regions 

would be away from the hot region. 

For the coupled neutron klnetlca-heat tranafer calculations, CORTAP 

determines the fuel and moderator temperaturea and the axial cedent 

temperature within a triangular unit cell containing an average fuel 

stick; i.e., a fuel atick with a radial relative power denaity factor 

of 1.0. The temperature feedback components of the core reactivity are 
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GRAPHITE 
MOOCRATOR 

• fOf L STICK 

COOLANT FLOW 
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GRAPHITE 
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Fig. 3.1. (•) Triangular syaaetry element in HTGR fuel block; 
(b) equivalent cylindrical unit cell. 
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determined baaad on changes in tra aveiage fual and graphica camperacurea 

wichln chla unit call. 

Tha deviation of Cha fual at. :k and coolant channel geometry from 

a repetitive pattarn of triangular calla t-aar Cha adgaa of tha hexagonal 

al—anca and naar Cba control rod and reserve abaorbar channala raaulta 

in a fual Co aodarator volume ratio In cha triangular call that la 

greatar than cha fual Co aodarator volume ratio on a rtfuallng region 

beale.2 To account for Chla difference, the denalty of Che graphite 

In cha unit call la appropriately increaaad during long cam tranalenca 

Co correccly depict Che heat capacity effecca of the graphite. Thla 

modification doaa not change tha steady-state tesperature diatribucion 

within cha fual and Moderator. For abort cars tranelente laaclng no 

•ore Chan approximately 20 minutes, chla aodlficaclon la not aada thua 

reaulclng In coneervatlve prediction* of fuel and graphite temperatures. 

For calculatlonal purpoaee it la convergent Co convert tha triangu­

lar call (Fig. 3.1-a) to an equlvalest cylindrical call ahovn in Fig. 

3.1-b. Thla equivalent cell conaiata of a fual stick surrounded by an 

annular ring of graphite which la cooled on the eurface by helium flow. 

The heat conduction equatlona can than be aolved In cwo-dlaanaional 

(r-f) geometry rather than three-dimensional geometry. To enaure that 

tha equivalent cell represent at.4 or. adaquacaly models che dynamic raaponae 

of Cha triangular element the following modeling techniques are uaad: 

a) Tha volume of Che moderator in tha triangular element la con-

eerved i*s che cylindrical call due co che Importance of che 

graphlec heat capacity In transient calculatlona. 
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b) The f11B heat transfer coefficient la modified by the ratio of 

the actual moderator to coolant heat tranafer area in the tri­

angular element to the moderator to coolant heat tranafer area 

In the .cylindrical cell aince the actual heat transfer area 

la not conaerved in transforming to the cylindrical cell. 

c) A detailed ateady-atate temperature distribution la obtained 

for the triangular element outlined by the dotted llnee in 

Fig. 3.1-a. This is done with the ORNL general heat conduction 

code HEATIHG3' using approximately 400 nodal polnta for the 

simulation. 

d) The reaulta of thla calculation of the detailed temperature 

distribution within the triangular cell are compared with 

reaulta of a calculation using the cylindrical model. The 

moderator conductance in the cylindrical model la then modi-

fled by a "snap* factor" to account for the change from the 

moderator's actual geometry. This "ahape factor" forcea the 

temperature drop acroaa the moderator aa calculated by the 

cylindrical model to agree with the difference between the 

average moderavor temperatures at the eurface of the fuel 

hole and the coolant hole reapectively aa calculated by 

HEATING3. Table 3.1 shows an example of the agreement obtained 

between the triangular and cylindrical representations for 

ateady-atate full power conditions. 

Comparisons of results obtained by the cylindrical model with re-

sulte obtained by the detailed HEATING3 representation of the triangular 

element for the tranalant response of fuel stick centerllne temperature 
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Tabla 3-1. Triangular call aodal 
va cylindrical call aodal. 

Triangular call Cylindrical call 
(BEATOK3) (COftTAP) 

A T F I U I ( # C > 229 

A TH0OnATO» { * C ) 113* 

^CAP C-O 56* 

A TFUEL <* C ) 129* 

TOTAL C O 527 

228 

114** 

53 

139 

534 

'Calculated ualng avaraga fual and aodarator surfaca 
taaparaturaa. 

**Calculattd using a "ahapt factor" forcing agreaaant 
with tha triangular call calculation. 
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and changes of average fuel and moderator temperatures at an axial loca­

tion whose axial power peaking factor is unity are shown in Figs. 3.2, 

3.3, and 3.4 respectively for the following transients: 

1. A 25Z step lacreaae in reactor power from full newer condi­

tions. 

2. A 139aC (250*F) step Increase In bulk coolant temperature 

from full power conditions. 

3. A 501 step decrease In film heat transfer coefficient 

from full power conditions. 

It Is Important that the time response of the changes in average fuel 

and average moderator temperatures as calculated using the simpler 

cylindrical cell model agree with those calculated with the more detailed 

HEATIMC3 representation because these temperature changes determine the 

temperature feedback reactivity effecta. The good agreement shown in 

Figs. 3.2, 3.3, and 3.4 provides verification of the approximations 

used in representing the triangular element with an equivalent cylin­

drical cell. 

In order to determine the transient teaperature distribution In the 

fuel and moderator, the two-dimensional cylindrical cell Is divided 

radially and axialiy into nodal volumes. Figure 3.5 shows a typical 

node in an axial segment of the cell between r end x+Az. The distance 

from the fuel stick centerllne to the outer surface of node i is denoted 

s.. The equation for heat conduction in the solid is 

V.(kVT) + Q - ̂  (pcpT) . (3.1) 

Neglecting, for the time being, heat transfer in the axial direction 
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ORNL-DWG 76-19438 

Z + Az 

Fig. 3.5. Typical radial node in cylindrical cell. 
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and Integrating this over the volume occupied by node 1 gives 

• j * £ « - i > * - | k = ( 2 i r si-l ) d * + Ql Vi 
*1 (3.2) 

outer surf act* inner sur'ace 
of node 1 of node 1 

where T = ^- TdV , 

volume of 
node 1 

and it has been assumed that both the heat generation rate density Q 

and the volumetric heat capacity pc are Independent of position within 

the nodal volume. The first term in the above equation represents the 

rate of heat transfer from the ith radial nodal volume between z and 

z+Az to the 1+lst radial nodal volume. Assuming that the rate of heat 

transfer per unit area from radial node 1 to radial node 1+1, k(dT/dr), 

Is Independent of z over the outer surface of node 1, 

k £ (2».t) dz -
outer surface 
of node 1 

<2irs ) Az 
8i * 

(3.3) 

It is customary to define a radial conductance C from node 1 to 1+1 

such that this rate of heat transfer [Eq. (3.3)] Is equal to the product 

of C. and the difference in volume average temperatures of the ith and 

i+lst radial nodal volumes, I.e., 

(*£) a (2*8.) Az 
8i i 

(3.4) 
( T i+ i - V 
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It is possible to obtain an expression for C , defined above, in terns 
of geonetrical quantities and conductivity by considering the steady-
state values of (dT/dr)| s , T and T it; Eq. (3.4). In addition to 
the assumption of unifora heat generation rate density, if It is assumed 
that the conductivity Is independent of radial position, the steady-
state radial temperature profile within the ith nodal volume In the fuel 
stick .8 parabolic, I.e., 

T(r) * T SL r
2 . 

£ 4 k F 

Substituting for (dT/dr) | 8 , T. and T ĵ  in Eq. (3.4) gives 

2 
8kffs Az 

C± - -5 ^-y— . (3.5) 
8 i + l " 8 l r - l 

If equally spaced Intervals are used to define the nodal surfaces, i . e . , 

If 

8i+l " 8 1 + A r • 

and 

V i • 8i " A r • 

Eq. (3.5) reduces to the more familiar form 
kA 

ci ' I T ' ( 3' 6 ) 

where 
A, » 2irs., Ai . 
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Therefore, if the user selects nodal surfaces which have a constant 

spacing Ar, the heat transferred radially froa the ith nodal voluae to 

the i+lst nodal voluae can be written as (kA./Ar)(Y — T. - ) . 

A similar technique is used to determine the conductances in the 

bulk aoderator. However, it is assumed for conservatism that all of 

the power is generated in the fuel stick and none in the bulk moderator. 

Therefore the steady-state temperature distribution in the moderator 

is logarithmic rather than parabolic, i.e., 

T(r) - T(R D 1) - ~ t n U / R ^ , 

so this form of the temperature profile is used in Eq. (3.4) to obtain 

conductances for aoderator nodes. For transient problems, CORTAP uses 

conductances obtained by the above technique allowing the conductivity 

to vary with temperature during the transient. 

For conservatism, axial conduction between refueling blocks Is 

allowed only in the aoderator portion of the unit cell. CORTAP results 

Indicate that under full flow conditions, axial conduction within the 

aoderator portion decreases peak teaperatures In the average powered 

region at 100Z power conditions by only ~2*C out of ~850*C and therefore 

could be r. lected. Also, conservative results are obtained by neglecting 

axial conduction. However, axial conduction within the aoderator por­

tion of the unit cell aay be Included in CORTAP at the option of the 

user. The conductance between axial nodes is C • (kA/Az) where A 1* 

the area of the axial conduction path, and Az is the axial nodal spacing, 

taken to be the height of a hexagonal eleaent. 
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Thus the cylindrical cell is represented by a aesh of nodal points 

representing the Basses associated with concentric rings of the cell. 

Each node la coupled to neighboring nodes according to the equation 

of heat conduction in nodal fora (j increases in the downward direction): 

C i - i , i ( V l . J ~ T i , J ) * C i , i+1 ( Ti-H,J ~ T i . J } 

+ C j V l " i . i - l " T i . J } + C U l ( T i .3*l ~ T i . J } 

where the terms representing axial conduction are oaitted for fuel 

stick nodes, and the ten containing Q. . la oaitted for Moderator 

nodes. At the option of the user, a value for radial gap conductance 

between the fuel sties and Moderator nay be input and is included in 

the appropriate conductance tens. The nodal heat generation rate 

density in the fuel stick ia conputed froa 

where Q is the initial average heat generation rate density in the o 
fuel stick, f. is the input axial peaking factor (assuaed conatant 

* »J 

during transients) and (n(t)/n ) ia the ratio of neutron density at 

tlae t to that at tlae zero. The calculation of n(t) is discussed 

in section 3-2 of this report. 

For the outermost moderator nodes in the cylindrical cell, the 

tecond tens In the conservation of energy equation (Eq. (3.7)] is 

replaced by the appropriate expreaulon for heat tranafer to the coolant 
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resulting in 

c w . i ( v i J - T i J ^ c ; ( T g . . . j - T i . j ) 

* c;.i-i ( T I .^I - T U ) + C J \ J * I < T I . j*i - T I . J ) 

• ( P C P V ) I . J ^ • ( 3 - 9 ) 

where I is the lumber of radial nodes in the representation, and C' is 
the combined conductance froa node I,j to the surface of the moderator 
and the fila conductance over the axial length Az. The aethod of 
relating T .to nodal inlet and outlet gas teaperatures is the saae 
as is reported In ORECA-1." The change in hellua teaperature with 
distance along the jth axial segment of the cylindrical cell, which is 
located axlally between (j—l)*Az and j*Az is deternined by the equation: 

"S.H.^-ni^I.J-1^1 ' (3-10) 

where T(z') is the hellua teaperature at z', and (J-l)*Az < z' < J*Az. 
Solving the equation to obtain the outlet heliua teaperature froa the 
jth axial segaent, T , in terms of the segment's inlet gas teapera­
ture, T T U , and the solid temperature, T , gives 

T • » J D » H e T • 1 0 - e J P' * T (3 11) TOUT,j * IN.j L 1 U e J J i p i ' U- 1 X> 

Note that this technique assumes that the solid temperature T_ is 
1»J 

constant over the entire length of the node, and that the helium 
transport time is negligible compared to the thermal time constant of 
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the solid node. The conservation of energy for the belli* associated 

with the jth axial segment is represented by 

j I,j gas.J p,He TUT.j IN,J 

The he l iua f l o v i n each a x i a l node i s assuaed equal to the channel i n ­

l e t f l o v thus n e g l e c t i n g a a s s s torage e f f e c t s i n the hel i to i . S u b s t i ­

tut ing Eq. (3 .11) i n t o Eq. (3 .12) g i v e s 

r -(c;/wc „ )"| 
l l .O-e j P ' ^ J l , 

>I> I C. (T . — T_ . ) * Wc „ , ,, - ._„ . 
j g a s . j I ,J p,He«- III.J 

Wc 
P 

f "(C;/Wc >*| 
t J l . 0 - e * ' • • • J T ^ . (3.13) 

However, from Eq. ( 3 . 1 1 ) 

-(CjVWc > 
T » T * e T 

I N . j OUT.j-1 I N . j - 1 

+ Ll .O-e j l ? ' H e j T I j H . (3.14) 

Substituting this into Eq. (3.13) gives 

f -(C.'/Wc )"| - ( C ' /Wc ) 

j g a s . j I , j p , H e u J I N . j - 1 

r -(c;/wc u n r -cc: ./wc u >i 
+ Wc p H e [ l .O-e J P ' H e JLl .0 -e J"1 >'«« J T, ^ 

r -(c.vwc )i 
- Wc H l l - O - e J P * " e J T. , . ( 3 .15 ) 

p ,ne i , j 
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When the right-hand aide of the above equation is substituted for the 

second ten in the conservation of energy equation for the solid node 

I,J, i.e., Eq. (3.9), it is obvious that the solid node I,j is coupled 

to the solid node I.J—1 through heat transfer to the coolant (second 

term in the above equation) as well as through heat transfer axially 

through the Moderator [third tern in Eq. (3.9)]. In like aanner, the 

coupling between the solid nodes I,j and node I,J—2 can be derived by 

replacing J by J-l in Eq. (3.14) and substituting for T I M . x ("TQ^ 1 - 2 > 

in the first tern iti Eq. (3.15). By using this technique, CORTAP in­

cludes the coupling, which is due to heat transfer to the coolant, of 

each of the outermost aoderator nodes to all of the aoderator nodes 

axlally above it. This technique also couples each of the outemost 

aoderator nodes to the core inlet temperature and flow rate. 

The unit cell in the active fuel is represented in aore detail 

than the upper and lower reflector eleaents and support block prlaarily 

due to the need for accurate fuel and aoderator teaperatures for the 

reactivity feedback calculations. The extensions of the unit cell 

through the upper and lower reflectors are divided into axial nodes, the 

nuaber of which is determined by the user (generally two or three nodes 

each). The unit cell In the reflector eleaents is not divided radially. 

Therefore the conservation of energy equation for the Jth upper or lower 

reflector node, when axial conduction is considered, is 

C R (T* . - T*) + C* (T* - T*) 
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10 _ .-«,'%...>] T 
,He«- 1 U e -» T1H,J 

d T* 

Uc 
P 

(pc pV) J - ^ . (3.16) 

The coupling of reflector nodes to other solid nodes which transfer 

heat to the coolant through the T „ term in Eq. (3.16) is acccBplished 

in the same uanner as has been described for the segment of the unit 

cell in the active core. 

The unit cell Is not extended into the core support block (Fig. 

2.3) due to the such larger coolant channels in the support block. The 

support block is nodeled with two nodes. The upper node represents one-

sixth of the mass of that portion of the block which contains alx coolant 

channels (see Fig. 3.4) and the lower node represents the mass of that 

portion of the block which contains one large coolant channel. The 

upper node transfers heat with one-sixth of the region's coolant flow 

while the lower node transfers heat with the total flow through the 

region. The heat transfer coefficients and heat transfer areas are 

based on the appropriate flows and channel dimensions. 

CORTAP also models the heat transfer to the coolant flowing through 

the control rod channels as discussed in Sect. 3.4. The fruction of 

core power supplied to the coolant in these channels as well a* the 

fraction of total core flow which passes through these channels are 

assumed to remain equal to their Initial steady-state values during 

the transient. The outlet temperature froa these channels and the 

outlet temperature from the unit cell calculation are weighted by 

flow rates to obtain a mixed mean gas temperature. This mixed 
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•can tcaperature is then used as the inlet teaperature for the core 

support block (see Fig. 2.3). 

The fila heat transfer correlation used by CORTAP for turbulent 

flow (Re >. 4000) is s Dlttus-Boelter type correlation: 

h - (0.02) £ (0.88)(Re) 0 8 , 

where 0.88 Is approxiaately the 0.4 power of the Praadtl nuaber. For 

laminar flow (Re < 2100) CORTAP uses the correlation given in Reference 

5. 

Gc 
h - (0.656) P.H« 

(Re)' 6 6 7 ' 

2 
where G is the aass velocity of the heliua in lba/hr-ft . In the tran­
sition region (2100 < Re < 4000) the value of h is obtained by inter­
polation on the Reynolds nuaber between the value of h(laalnar) at 
Re • 2100 and the value of h(turbulent) at Re » 4000. 

The physical properties of helitat are represented by 

U - 5.9178 * 10~ 4 T 0 - 7 (lba/ft-hr) , (Ref. 6) 

k - 1.29 * lb"3 T ° - 6 7 A 

• 8.15 x io~ 4 (P - 14.69)°'28 (Btu/hr-ft-'R) , (Ref. 7; 

c _ - 1.2425 (Btu/lba-*F) , p,ne 

where T is in degrees Rankine, and P is In psla. 

The fuel and aoderator conductivities aay be input to CORTAP 

through user supplied subroutines as functions of teaperature. CORTAP 
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presently contains subroutines representing the temperature dependence 
of the volumetric specific best, pc , for the fuel and aoderator based 

P 
on Information presented in Ref. 6: 

Fuel 

pc - 48.265 - 41.121e- T / 1 0 0° - 9.6347e- 2 T / 1 0 0° Btu/ft3-'F . P 

Moderator 

pc - 55.605 - 41.059e" T / 1 0°° Btu/ft3-'F , P 

where T Is In 'F. and 400*F < T < 2800#F. 

The equations representing heat transfer in the fuel and moderator 

and heat transfer to the coolant [Eqs. (3.7), (3.9) and (3.15)1 as well 

as the equations representing heat transfer from the upper and lower 

reflector elements to the coolant (3.16) can be written as 

A.(T,V)T • Z(Q,W,f , T I N L E T ) - ~ , (3.17) 

where T is a column vector whose components are T ,..., T , T ,..., 
1 NUR 1,1 

TI,1' T l , 2 ' " - ' T I , 2 " " ' T 1 , J ' ~ " TI,J' T l '"•* TNLR' ~ U * 
matrix whose elements are determined by temperature dependent fuel 
and moderator conductivities and volumetric specific heats, helium 

flow rate and film heat transfer coefficients. Z is a vector determined 

by nodal heat generation rate densities Q, helium flow rate, temperature 

dependent volumetric specific heat, film heat transfer coefficient and 

core inlet helium temperature. During the transient, the elements of 

A which are temperature dependent due to the temperature dependence of 

fuel and moderator conductivities and specific heats and which are flow 
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rate dependent are recomputed whenever a nodal temperature or the flow 

rate changes by a given amount, supplied by the user. The components 

of Z are recomputed after each time step. 
-»• Assuming that the elements of £ and the components of Z can 

change only at the end of a time step, At, and therefore remain constant 

during a time step, Eq. (3.17) becomes an lnhomogeneous constant coef­

ficient first order differential equation during that time step and 

its exact Incremental solution is 

T(t + At) « e*** f(t) + (e*** - p A _ 1 Z(t) . (3.18) 

The Incremental solution T(t + At) is obtained using the KATEXP' code. 

It is Important to note that the Inverse of £ need not be calculated by 

MATEXP since 

ie^-Vt-1-UU)+^ + * ^ + . . . + £ ^ + . . . . 
(3.19) 

The advantage of the MATEXP Integration technique compared to techniques 

such as Euler integration is that the only approximation is in the choice 

of the truncation Integer, k in the above expansion. Unless the compo­

nents of A must be recalculated at t + At (based on the user input for 

the allowable change in nodal cemp**ratures and core flow), the c lution 

at t + 2(At) can be computed without recalculating (e- — J)A since 

f(t + 2At) - e ^ T(t + At) + (e*^ - I) A _ 1 Z(t + At) . (3.20) 
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3.2 Keutron Kinetics Model 

The neutron kinetics model used in CORTAP is a point (space Inde­

pendent) , one energy group kinetics model with six groups of delayed 

neutron precursors. The Importance of space and spectral effects in 

HTGR neutron kinetics analyses has been investigated in Reference 10. 

The conclusion presented i* that a point kinetics model with one energy 

group is sufficiently accurate for slow reactivity changes such *a those 

resulting from fuel or moderator temperature changes and/or slow rod 

removal transients. The latter transients have reactivity insertion of 

-$2.0 at a rate of <2c/sec. However, for transients such as a fast rod 

removal transient (rod ejection) with a reactivity insertion of -$2.0 

In 0.1 sec the point kinetics model does not necessarily give conserva­

tive results. Transients considered credible in HTGR safety analyses 

Involve reactivity changes of less than one or two cents per second 

and are therefore within the range of applicability of a space Inde­

pendent, one energy group model. 

The point kinetics equations with six groups of delayed neutron 

precursors are 

d C < nk 
It ~XlCi + T B i ' * " * 6 « °- 2 1 ) 

. 6 
S2 - 5 [ k ( 1 _ B , _ n + I > c f ( 3 #22) 

1*1 

where 

C H delayed neutron precursor concentration for group i, 
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X = delayed neutron decay constant (sec ) for group 1, 

8. = delayed neutron fraction for group 1, 

n = neutron density, 

k = neutron multiplication factor (k - (1.0 — p) , where p 

Is the core excess reactivity], 

i-1 

i. = average neutron llfetlae from release to loss. 

It Is convenient to select a unit volume for C. and n such that for 
i 

the initial steady-state, n is numerically 1.0. Therefore as n changes 

during a transient, the reactor power can be obtained by multiplying 

the initial steady-state power by n(t). 

Equations (3.21) and (3.22) can be written as 

A(p)X - H , (3.23) 

where X is a column vector whose components are C.,..., C,, n. Mote 

that certain components of A will change with p. A smaller time step 

is used for the solution of the neutron kinetics equations than is used 

for the solution of the heat transfer equations since the response of 

the reactor power to reactivity changes is much faster than the response 

of fuel and moderator temperatures to changes in core power. The time 

steps will be referred to as the neutron kinetics time step, At™, 

and the heat transfer time step At.—.; At is obtained by dividing 

it by N where S, supplied by the user, is the integer number of HT 
neutron kinetics time steps per heat transfer tima step. CORTAP 
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assumes that p is constant over the heat transfer time step, At,-., and 

changes after each of these time steps. 

To begin the iterative coupling procedure between the heat transfer 

calculation and the neutron kinetics calculation, CORTAP estimate? the 

temperature at each node in the unit cell at t + (At__)/2 given the 

nodal temperatures at preceeding time steps. Then the corresponding 

mass average fuel and graphite temperatures T_ and T. are obtained as 

follows: 

all fuel 

T V 
i .j i .j 

- . stick nodes t - i t i \ 
" F • jj , (3.24) 

fuel st ick 

T [ p ( M ) V 1 + V * T I p ( F ) V 1 f 
' i . j ^ G V i , j J jL, "i .J^G V i , j J 

T 
a l l moder- a l l fuel 
ator nodes st ick nodes 

G
 P

( M ) V + p ( F ) f V 
G moderator G fuel stick 

where 

T - nodal average temperature from t to t + txtrT for node i , j , 
1,J HT 

V • volume of node i,j, 

CM) P G • density of graphite in the moderator, 

(F) P G - density of graphite in the fuel stick, 

f « volume fraction of graphite in fuel stick. 

The above formulation for T allows the faster response of the tempera-
G 

ture of the graphite in the fuel stick, as opposed tu the graphite in 
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the bulk moderator, to be accounted for In the reactivity feedback 
calculation. 

Next, the reactivity feedback due to temperature changes Is 
determined from 

feedback " / * W d T F + ' ° W d TM • ( 3" 2 5 ) 

TF,Ref TG,Ref 

where 
a_ = the temperature dependent fuel temperature coefficient 

of reactivity (Ap/0F), 
(x, = the temperature dependent moderator temperature coeffi­

cient of reactivity (Ap/°F), 
T„ „ , = the reference fuel temperature, I.e., when p • 0.0, "F, 
r , Ket 

TC R f ~ t n e r e f e r e n c e graphite temperature, i.e., when p • 0.0, 
"F. 

The temperature dependent coefficients of reactivity are determined by 
user-supplied subroutines. The to*al reactivity Is determined from 

p M feedback * A P r o d . (3.26) 

vhere 
Ap . = the change In reactivity due to control rod motion, rod 
Since the value of p used in Eq. (3.23) is assumed to be constant 

from t to t • At,, that equscion can be considered to be a constant HT 
coefficient, homogeneous first order differential equation for the N 
neutron kinetics time steps from t to t + At._. Thus the exact solution 
Is 
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AAt _ 
X(t • l ^ t ^ ) • e~ Xlt • ( i - D A t ^ ) , where ( 1 - 1 , . . . , N). 

(3.27) 

The solution i s obtained using the MATEXP' code. Now that n(t + l A t ^ s 

Is known for ! • ! , . . . , N, CORTAP determines the average neutron density. 

denoted as n, froat t to t + ^ tirr * r O B 

i - t + A t H T IT - -—— I n i n(t )dt . (3.28) 
A tHT t 

This value of n Is then used to determine nodal heat generation rate 

densit ies Q from 
* • J 

Q. , « Q. . W/n . 
i , j i . J . o o 

That is, the tens In the "constant over A t'' Z vector of Eq. (3.18) 

which depend on nodal heat generation rate densities are determined by 

the average values of these nodal heat generation rate densities over 

the time step At,— . The heat transfer equations are now solved to yield 

nodal temperatures at tiae t + At—, which are then used to improve the 

estimate of nodal temperatures at t + (At„_)/2 upon which the reactivity 

feedback calculation is based. The entire procedure is then repeated 

until convergence on of . , is achieved. Convergence is rapid because 

fuel and moderator temperatures change slowly due to the large heat 

capacity of the core. The iteration procedure is outlined in Fig. 3.6. 

Following a reactor trip, the neutron kinetics calculations are 

oaitted, and the nodal heat generation rate densities, Q. ., are deter-

mined from 
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OOHi O K X I M S 

f 
N » 0 

i « t • At„ 

7 \ . 
1 r 

EXTRAPOLATE TO FIRST GUESS AT T , (i • a i M T 2) 
T. r (t • A l M T 21 » T ,(» • 1 2 IT, ^i) - T f (i - J « H T I | 

N - N • 1 

IMPROVE ESTIMATE OF T , (I • i i M T 2> 
T, , (i • < l l M T /2 ) * [T, ,'tl • T, f It • A i M T l | / 2 . 0 

SOLVE HEAT TRANSFER 
EQUATIONS. KNOWING 

w AND T , „ L € T AT 
TIME t. TO DETERMINE 
NOOAL TEMPERATURES. 

CALCULATE NOOAL HEAT 
GENERATION RATES 
FOR TIME STEP FROM 

t TO t • A t M T 

0 • n Q. If •" 01 

SUIROCTINC AVGT 
CALCULATE 
T, AND T c 

SmWOUUNC Tf O W 
CALCULATE 
p FEEDBACK 

p TOTAL - pFEEOtACK • 
A*ROO 

SUtROUTlNE ANK 
CALCULATE A MATRIX 

FOR NEUTRON 
KINETICS EQUATIONS 

SUtROUTlNE MATEXP 
SOLVE EQUATION 

FOR X (I • i • &\HK> 
FOR i - 1 N 

WHERE N • i » M T i l N K 

FUNCTION AVGN 
CALCULATE K 

i" • 4 l M T 
n(()dt 

f 
: ^ i / A i M T / « 

Fig. 3.6. CORTAP iteration procedure for determining feedback re­
activity. 
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where f(t) Is an expression for powe* decay following s scrar:11 

f(t) - 0.128(t + 3.796 * l O - 4 ) " - 2 6 1 , (3.30) 

where t is in seconds. 

3.3 Heat Transfer in Control Rod 
Channels and Side Reflector 

The heat transfer to the he H U B flowing through the control rod 

channels and to the heHUB flowing through the side reflectors is not 

treated in as such detail as the heat transfer to the helium flowing 

through the coolant channels associated with the unit cell. Nor does the 

heat transfer in the control rod channels and the side reflector have 

any effect on the neutron kinetics calculations since the reactivity 

feedback effects are based only on the fuel and graphite temperatures 

determined by the unit cell calculation. The effects of heat transfer 

in the control rod channels and side reflectors are Included primarily 

to determine a core mixed mean outlet gas temperature. The control rod 

channel heat transfer calculations are discussed below; the side reflec­

tor calculations are done in a similar manner. 

The fraction of total core power supplied to the mass of graphite 

which transfers heat with the control rod channels and the fraction of 

total core flow which passes through these channels are assumed to remain 

equal to their initial steady-state values during the transient. This 
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avoids the difficulty of defining an equivalent conductac.e from an 

average fuel stick to the control rod channel In order to determine 

the heat deposited in the coolant. The aass of solid transferring heat 

to the coolant flowing through the control rod channels Is divided 

axlally into nodes. The temperatures T of the solid axial nodea 

are determined tree) 

^^"VA-j-V^j • ( 3 ' 3 1 ) 

where T. . is the bulk teaperature of the coolant associated with the 

jth axial solid node. Integrating from t to t + At_ and assuming that 

t + A t w r i 
4 T S f j

( t ' ) d t ' ' I i TS,J ( t + A t H T 5 + TS.J C t ) 1 A tHT • ( 3' 3 2 ) 

gives 

l f c j I I s f J ( t + A t n ) - I s . j ( t ) 1 

|_ tT , ( t * 4 U • T (t)] 
h j V C H T Tb,J " ^ T ^ 1 + ( A tHT> Qj • ( 3 3 3 ) 

where 

t+At„ 
,J A t " 4 Tb.J d t ' b... - H T 

with 

Q, - Q.(t - C) • n/nQ , 

or, if the reactor has been tripped 
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- - t + i t H T Q - Q (t « 0) jJ— j m f(t')dt' , J 3 ^ m 

with f(t') detemlned from Eq. (3.30). Using 

and 

p.He OLT.j IN.j j j S,j b,j 

Tb,j " °-5(T0UT,j + W » ( 3" 3 5 ) 

Eq. (3.33) can be solved for T c .(t + At-..) in tens of T_ .(t), Q. and 
i,j HT b,j J 

T .. Due to the assumption {Eq. (3.35)] that T. . is the arithmetic IN,J b,j 
average of T.. and T , the user must be careful to select the 

number of axial nodes representing the graphite associated with the 

control rod channels or with the side reflector such that (hA/Wc „ ) < 2 
p,He 

is satisfied.12 If the core inlet temperature, T T vs time from t 
IN LEI 

to t + At u_ is known, it is possible to determine T T M .. If T T„ T__ is 
Hi LN,i. INLET 

known only at time t, T T„ . is set equal to T T„ T t,». Then T 0 . (t + At„_) 
IN,1 INLtl •>»* HI 

and T Q U .(t + At„_) can be calculated. The calculation then proceeds 

to the second axial node with T _ being determined from T (t) and 
TOUT 1 ^ + A tHT^' 0 n c e ^ U T ^ + A tHT^ f r 0 ° t h e c o n t r o 1 r o d channel is 
known, the inlet helium temperature to the core support block is deter­
mined by appropriately mixing t.Is helium with the helium exiting the 
smaller diameter coolant channels through the active fuel as determined 
from the unit cell calculation. A similar calculation to that described 
above is done to determine the outlet temperature from the core support 
block. Helium with this outlet temperature is then appropriately mixed 
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with the helium exiting the side reflector to determine the core 

•ixed mean outlet helium tenperature. 

3.4 Comparison with Gensral Atomic Company Calculations 

As a first step in the verification of CORTAP, comparisons were 

aade with General Atomic Company (GAC) results. Figure 3.7 shows steady-

state axial temperature profiles computed by CORTAP and by GAC as re­

ported in The Preliminary Safety Analysis Report,11 for an average fuel 

region in the Summit r?»ctor (Delmarva Power Co.) at 100? powtr. Each 

of the circles in Fig. 3.7 representing the fuel centerline and aaxiaum 

graphite temperatures calculated by CORTAP should be considered as 

representing averages over each one-eighth of the active core height. 

Considering this, the results compare favorably with those reported by 

GAC. 

Results for both steady-state and transient conditions obtained 

using CORTAP to simulate the Fort St. Vrain reactor core have been 

compared to results obtained at ORNL using BL00ST-5,11* a CAC coupled 

heat transfer, neutron kinetlc3 code. Both codes model the core with 

a single average channel and represent the neutron kinetics with the 

space-independent model. Therefore, they can be expected to give 

quite similar results. The steady-state comparison was made for 100Z 

power conditions. Although a much finer mesh approximation was used 

for the BL00ST-5 calculations, for the steady-state the two codes agreed 

to within less than 6°C on fuel centerline temperatures it. the average 

fuel stick. (Fuel centerline temperatures range from ~566°C to ~900°C 

In the average fuel column, depending on the axial location.) The 
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perature distribution. 



4U 

transient case considered for the BLMST-5 comparison was a one cent 

step Increase In reactivity at full power conditions. "Beginning-of-

cycle-one" neutron kinetics parameters and reactivity coefficients 

were used. Figures 3.8-a, b, and c compare the noraallzed power, core 

excess reactivity, and average channel outlet teaperature obtained by 

the two codes. As can be seen, the agreement is quite favorable. The 

above coaparisons provide an analytical verification of CORTAP. Further 

verification of CORTAP can be achieved when results of test on the FSV 

reactor become available. 

4. FUTURE APPLICATIONS OF CORTAP 

In addition to transient analyses of postulated accidents performed 

for both ERDA and NRC, CORTAP has been coupled with codes which simulate 

the KTGR helium circulator and circulator turbine, reheater and steam 

generator (BLAST15) and the turbine generator plant resulting in the 

ORTAP code. ORTAP is being used Initially to analyze the effect on 

the core of the postulated system transients, outlined In reference 16, 

for the Fort St. Vrain reactor. 

Because CORTAP uses a cylindrical cell model, it could be used as 

a coupled heat transfer-neutron kinetics simulation of the GCFR core, 

or any other core involving cylindrical fuel pins, with only minor 

modification. 
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APPENDIX 

CORTAP INPUT INSTRUCTIONS ANT SAMPLE INPUT LISTING 

The input Instructions and a saaple irput listing for a Fort St. 

Vrain simulation with CORTAP follow. The instructions car. be more 

easily understood by referring to the saaple input listing. 

Card No. 1 (FORMAT 20A4> 

Title card. 

Card flo. 2 (FORMAT 10X, 315) 

IPOWER - Flag indicating how core power will be determined. 

1 - core power vs tine information is supplied by user. 

Note: * subroutine is available which allows the 

user to supply power, flow rate and inlet temperature 

vs time for "hot stick" calculations. For these 

calculations the power vs time function should be 

obtained fro* an average fuel stick calculation with 

IPOWER - 0. 

0 - core power is calculated from neutron kinetics equa­

tions or from decay heat curve depending on whether 

the reactor has been tripped or not. 

IROD - A parameter specifying whether control rod motion will 

introduce reactivity during the transient or not. 

0 • no control rod motion. 

1 - control rod motion. 

If IROD - 1, rhe user must supply a subroutine to be 

called fror the main program specifying the reactivity 
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change due to rod motion as a function of time. 

Note: If IPOVER - 1, this option is Ignored. 

IPPNCH - Flag Indicating whether power vs time is to be punched 

on card8 for a subsequent "hot stick" calculation. 

1 • punch. 

0 - do not punch. 

Card No. 3 (FORMAT 10K, SD10.4) 

CORPWR - Initial thermal power l=vel in MW. 

FPC - Fraction of total thermal power deposited to coolant 

flowing through coolant channels in active core. 

FPSR - Fraction of total thermal power deposited to coolant 

flowing through side reflector elements. 

FPGT - Fraction of total thermal power deposited to coolant 

flowing through control rod channels. 

FPAFS - Fraction of FPC*CORPWR that is generated in the entire 

axial length of an average fuel stick column. 

Card No. 4 (FORMAT 10X, 5D10.4) 

FLOW - Initial total core flow Clbm/hr). If total core flow is 

tine dependent, the user should provide a subroutine to 

be called from the main program which expresses this time 

dependence. 

FFC - The fraction of the total core flow which flows through 

coolant channels. 

FFSR - The fraction of the total core flow which flo./s through 

side reflector. 

FFGT - The fraction of the total core flow which flows through 

control rod channels. 



47 

FFACC - The fraction of FFC*FL0W which flows through the average 

coolant channel. 

Card Ho. 5 (FORMAT 10X, 715) 

JMAX - Number of axial nodes in the active fuel portion of the 

unit cell. 

NF - Number of radial nodes in the fuel stick. 

NM - Number of radial nodes in the moderator. 

NATR - Number of axial nodes in top reflector. 

NABR - Number of axial nodes in bottom reflector. 

NGTN - Number of ?-*iai nodet. representing mass of graphite 

transferring heat with coolant flowing through a control 

rod channel. 

NSRN - Number of axial nodes in side reflector. 

The restrictions are 

JMAX*(NF+NM) + NATR + NABR <. 60 

NGTN <. 8 

NSRN <. 8 

Card No. 6 (FORMAT 10X, 2D10.4) 

RPF - Radial power peaking factor. If RPF - 1.0, calculation 

is for average stick. If RPF * maximum radial peaking 

factor, a "hot stick" calculation will be performed. 

Note: For this case, the user should use IPOWER - 1 on 

card 2 and supply power vs time from an average fuel 

stick calculation. 

RFF - Radial flow factor for coolant in cell being simulated. 
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Card No. 7 (FORMAT 10X, 4D1C.4) 

RF - Radius of the fuel stick (In.). 

GA? - Width of gap between fuel stick and aoderator (In.). 

Note: This Is used to determine gap conductance, 

C - (h *A)/GAP. g»P g«P 
RM - Outer radius of graphite annulus in cylindrical cell 

slaulatlon (in.). This should be calculated to conserve 

the graphite volume in the triangular cell. 

HEIGHT - Active core height (in.). 

Card(s) No. 8 (FORMAT 10X, 7D10.4) 

AXZ(J), J-l, JMAX - The axial location of the centers of the nodal 

volumes in the active fuel (in.). By definition r-0 

at the top of the active fuel column Increasing in the 

dcAivsrd direction. 

Card(8) No. 9 (FORMAT 10X, 7D10.4) 

R(I), 1*1, IMAX where IMAX « NF + NM. 

Distances from the fuel stick centerl<ne to the radial 

surfaces of the nodes in the cylindrical representation 

of the unit triangular cell (in.). 

Card No. 10 (FORMAT 10X, 2D10.4, 215) 

SRH - The height of the side reflector (in.). 

SRAREA - The cross-sectional area of a side reflector symmetry 
2 elcmont (in. ). 

NCCSRE - The number of coolant channels In a side reflector element. 

NSRC - The lumber of s ide reflector columns. 
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Card No. 11 (FORMAT 10X, D10.4) 

TRT - The rMcknesa of the top reflector (in.). 

Card No. 12 (FORMAT 10X, D10.4, 15) 

HDGT - The hydraulic diameter of the control rod channels (ft). 

NGT - The number of control rod channels. 

Card No. 13 (FORMAT 10X, D10.4) 

VOLGTT - The total volume of graphite which the user allows to 
3 transfer heat with the average control rod channel (in. ). 

This is used for heat capacity effects. 

Card No. 14 (FORMAT 10X, 6D10.4) 
3 RHOFUL - The density of the fuel stir'' (lbm/ft ), See note. 

3 
RHOMOD - The density of the bulk noderator (lbm/ft ). See note. 

DENRAT - The ratio of the density of the graphite in the fuel 

stick to the density of the graphite in the bulk modera­

tor. 

F - The volume fraction of the graphite in the fuel stick. 

RHOGT - The density of the graphite in the mass transferring 

heat with coolant floving through the average control 
3 rod channel (lbm/ft ) . See note. 

3 RHOSR - The density of the side reflector (lbm/ft ). See note. 

NOTE: If the tenperature dependent heat capacities in subroutines 
3 

CPFUEL and CPMOD have units of Btu/ft -°F, the corresponding 

"densities" (RH0FUL and RH0M0D) should be input as 1.0. If it 

is desired to account for the larger graphite to fuel stick mass 

ratio in the refueling region than in the unit cell, the value 

input for RHOMOD can be used to account for this. 
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Card No. 15 (FORMAT 10X, 3D10.4, 15) 

BRT - The thickness of the bottom reflector (in.). 

BRCHAN - The radius of the coolant channel through the bottom 

reflector (in.). 

ABR - The cross-sectional area of the triangular graphite 
2 symmetry element in the bottom reflector (in. ). 

NCCEUf - The number of coolant channels in the active fuel feeding 

the bottom reflector channel. 

Card(s) No. 16 (FORMAT 10X, 7D10.4) 

AXPF(J), J-1, JMAX - The axial pover peaking factors for the fuel 

stick. 

Card No. 17 (FORMAT 10X, 3D10.4, 15) 

TZERO - Problem beginning time (sec). 

TFINAL - Problem end time (sec). 

DELTTH - The time step for heat transfer calculations (sec). 

NINC - The number of neutron kinetics time steps per heat 

transfer time step. 

Card No. 16 (FORMAT 10X, 4D10.4, 315) 

DELTMP - The maxlfflum amount that any nodal temperature can change 

without recalculating the components of the A matrix 

[Eq. (3.18)] (°F). Some experimentation on this parameter 

by the user is advisable to minimize computer time while 

maintaining sufficient accuracy. In general, the "weaker" 

the temperature dependence of fuel and moderator con­

ductivities and specific heats, the larger this value can 

be. 
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DLMDOT - The maximum amount that the total core flow rate can 

change without recalculating the components of the A 

matrix [Eq. (3.17)] (lbm/hr). No single value for this 

parameter can be recommended since the value which would 

maintain sufficient accuracy while keeping computer 

time as low as possible depend** on how low the core 

flow becomes in any given transient. Some experimenta­

tion on this parameter by the user is advisable to 

minimize computer time while maintaining sufficient 

accuracy. 

DTOPTT - Should be input greater than DELTTH (Card 17) unless 
AAtnx user desires printout of the A matrix, the e" matrix 

AAt H T _ x and the [e - I]A matrix for Eq. (3.18) calculated 

by MATEXP (sec). 

DTOPTN - Should be input greater than DELTTH unless user desires 
AAttfK printout of the A matrix and the e~ matrix for Eq. 

(3.27) calculated by MATEXP (sec). 

NOUPDT - Flag for updating the A matrix [Eq. (3.17)] due to tempera­

ture dependence of Its elements after each iteration on 

feedback reactivity. 

• 0 update A. 

* 1 do not update A. 

This option is somewhat obsolete and NOUPDT - 1 is recom­

mended. If NOUPDT - 0 is used, problem execution time Is 

greatly Increased with essentially no Improvement in 

accuracy. 
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NPT - Number of heat transfer time steps between printouts. 

IPUNCH - Flag for punching nodal teaperatures and coolant tempera­

tures existing at end of execution. 

• 1 punch. 

• 0 do not punch. 

Card No. 19 (FORMAT 10X, 3D10.4) 

HGAP - The heat transfer coefficient of the gap between the 
2 fuel and aoderator (Btu/hr-ft -°F). 

D - The hydraulic dlaaeter of a coolant channel (ft). 

TINLET - The initial inlet teaperature (°F). Note: If inlet gas 

temperature is tlae dependent, the user should provide a 

subroutine to be called froa the aaln prograa which 

expresses the time dependence. 

Card No. 2^ (FORMAT 10X, 15, 2D10.A) 

NG - Number of groups of delcyed neutron precursors. 

EPSLON - The convergence criteria for reactivity feedback. 

Recommend 1.0D-9. 

RLSTAR - The average neutron lifetime [I in Eqa. (3.21) and 

(3.22)] from release to loss (sec). 

Card No. 21 (FORMAT 10X, 7D10.4) 

BETA(I), I«l, NG - The delayed neutron fraction for precursor 

group I. 

Card No. 22 (FORMAT 10X, 7D10.4) 

RLMBDA(I), 1-1,..., NG - The decay constant for precursor group 

I (sec ). 
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Card No. 23 (FORMAT 10X, 2D10.4) 

TMREF - The reference graphite temperature for reactivity feed­

back [Eq. (3.25)] (°F). 

TFREF - The reference fuel stick temperature for reactivity feed­

back [Eq. (3.25)] (°F). 

Card No. 24 (FORMAT 10X, D10.4, 5X, 15, D10.4) 

This card contains information pertaining to the MATEXP integration 

technique. For further details see reference 9. 

P - Precision of e*^ and [e A A t - JJA - 1 . Recommend 10~ 6 or 

less. 
AAt 1TMAX - Maximum number of terms in series approximation of e~ 

The value of 64 for this parameter is sufficient. 

VAR - Maximum allowable value of largest coefficient matrix 

element *At (Recommend VAR-1.0). 

Cards No. 25 (FORMAT 10X, 7D10.4) 

XICT(I), 1-1,..., NET, where NET - IMAX*JMAX + NABR + NATR 

Initial nodal temperatures in upper reflector, active 

fuel cell and lower reflector (°F). If a steady-state 

solution is desired, these are reasonable guesses at 

the nodal temperatures; if a transient calculation Is to 

be performed, these are the results of a previous steady-

state calculation with IPUNCH - 1. 

Cards No. 26 (FORMAT 10X, 7D10.4) 

TBULK(J), J-l, JEND where JEND - NATR + JMAX + NABR 

Gas temperatures corresponding to each solid nodal incre­

ment in the upper reflector, the active fuel c«.-ll and the 
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lower reflector. These are the teaperatures froa which 

the teaperature dependent helium transport properties are 

obtained (°F). 
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