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EVALUATION OP THE GENERAL ATOMIC CODES TAP AND RECA 
FOR HTGR ACCIDEHT AHALTSES 

S. J. Ball 
J. C. Cleveland J. P. Sanders 

ABSTRACT 

The General Atonic codes TAP (Transient Analysis Program) and 
RECA (Reactor Emergency Cooling Analysis) are evaluated with respect 
to their capability for predicting the dynamic behavior of high-
temperature gas-cooled reactors (HTGRs) for postulated accident 
conditions. Several apparent modeling problems are noted, and the 
susceptibility of the codes to misuse and input errors is discussed. 
A critique of code verification plans is also included. The several 
cases where direct comparisons could be made between TAP/RECA 
calculations and those based on other independently developed codes 
Indicated generally good agreement, thus contributing to the 
credibility of the codes. 

1. INTRODUCTION 

This review of the TAP1 (Transient Analysis Program) and RECA 2' 3 

(Reactor Emergency Cooling Analysis) codes is based on work done over 

a 3-year period in the High-Temperature Gas-Cooled Reactor (HTGR) Safety 

Analysis Program at Oak Ridge National Laboratory (ORNL), which is 

sponsored by the Division of Reactor Safety Research (RSR), Office of 

Nuclear Regulatory Research, USNRC. Other work relevant to this review 

was done in similar ORNL programs sponsored by the Energy Research and 

Development Administration (ERDA) and the Division of Systems Safety (DSS) 

of the USNRC. It is important to note that both TAP and RECA are very 

complex and sophisticated general-purpose codes. In such cases, the 

adequacy and accuracy of any ?lven analysis will depend strongly on 

the user's input data, the severity of the postulated accident, and other 

factors that cannot be evaluated on the basis of the codes themselves. 

In spite of this, however, there have been numerous opportunities to 
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sake direct comparisons between the General Atonic (GA) and independently 

developed GRHL codes, and the agreement has been generally quite good. 

This evaluation includes discussions of the codes' approaches to the 

problem they address, some apparent modeling problems, comparisons of GA 

and GRHL analyses, and reviews of the two most recent TAP1 and RECA3 

documents. 

2. THE TAP CODE 

2.1 Background 

The TAP code1 was developed as a means of predicting the dynamic 

behavior of HTGR nuclear steam supply systems (NSSSs) for a variety of 

operational and accident cases. It is a flexible, general-purpose code 

that evolved from several "component" codes (e.g., for the core and 

steam generator). As with any production code of its type, trade-offs 

between complexity and computing speed made it necessary to simplify 

the major component models. However, in many cases the simpler models 

were derived from more complex ones or from experimental data, and the 

significant characteristics were retained. Especially in view of the 

complexity of the overall code, TAP is remarkably efficient. 

2.2 TAP's Approach to the Problem 

The philosophy used in the development of the TAP code was that it 

would be used primarily as a best-estimate code rather than a worst-case 

or conservative code. However, cor-servative results can be obtained 

through proper selection of input parameters. The senslclvity of the 

predictions to various model end parameter assumptions can easily be 
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tested and evaluated. Besides its use in safety-related analyses, TAP 

vas also Instrumental in developing HTGR plant control and safety systeas. 

Most of the detail in the TAP code is concentrated in the primary 

systea. The reactor core aodel utilizes a single-average-channel 

approximation (an equivalent cylinder with the coolant at the center 

surrounded by concentric rings of graphite Moderator ant! fuel) divided 

into 8 radial and 18 axial nodes and a point neutron kinetics approximation 

with 6 delayed neutron groups. The core aodel is primarily intended 

for at-power simulations and is not valid for analyses of very-low-

core-flow accidents, which are relegated v^ the RECA code. Accidents 

involving very large and sudden reactivity Insertions would also be 

beyond the doaain of TAP because of the point neutron kinetics assumption. 

TAP utilizes fairly detailed aodels of the reheater—steaa generator 

(which uses a single-average-tube approximation), the circulator turbine, 

and major plant control and safety systeas, while most of the balance-of 

plant (BOP) components are modeled with very simple algebraic input-

output relationships. The multiple coolant loops of the HTGR are approx

imated by a single average loop; therefore, postulated component failures 

that require a multiloop capability cannot be analyzed directly. 

Component relocation oi aelting accidents are also not modeled. 

In general, TAP uses detailed correlations for experimentally 

derived material and coolant properties, and well-established heat 

transfer and pressure drop equations. 

In reviewing the TAP report,1 we found it to give a clear, thorough, 

and adequately detailed technical description of the modeling techniques 

and methods of solution. Some of the more important apparent problem 
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areas are discussed here, and a sore detailed review of the TAP report 

appears in the Appendix. 

1. The coolant-channel-centered cylindrical model for the core may 

give unrealistic predictions of fuel and moderator temperatures: 

The core thermal Model description laplies that the radii of the 

fuel and Moderator "cylinders" in the coolant-channel-centered single-

channel cylindrical geoaetry model are determined on the basis of their 

total cross-sectional areas. If the effective conductances between 

nodes within "he fuel and Moderator are not "adjusted" to account for 

their actual geometries, both the short-term (high-frequency) response 

characteristics and the changes in average teaperatures with power level — 

and the resultant reactivity feedback — would be in error, regardless 

of how many nodes are used. If such "adjustments" are made in TAP, 

they should be noted. Also, if a triangular-shaped element is used to 

represent a typical channel, the ratio of heat generation Q to heat 

capacity MC p is significantly greater (~30Z) than the average Q/MCp 

for an entire fuel element, and this, in turn, is greater than the 

average for the entire core. As a result, assumptions of Q/NC which 

are conservative for one case may not be for others. Calculations of 

the response of average fuel and average Moderator and outlet gas 

teaperatures to transients involving changes in power, flow, and inlet 

gas temperature should be made for the simplified coolant-channel-

centered model for comparison with the actual triangular cell model 

to justify its use. 

2. The limitations of using a simplified, algebraic input-output 

model for the BOP are not clearly identified: 
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In the development of the ORTAP code,1**5 we considered the use of a 

detailed BOP model to be necessary in order to adequately represent 

the coupling between primary and secondary systems. In particular, 

the circulator-turbines derive their power from high-pressure turbine 

exhaust steam, and so a detailed representation of the components 

affecting this steam supply should be given. Modeling of the feedwater 

heaters, deaerators, and turbine extraction lines in detail may also 

have a significant .at'tect on the predicted steam generator feedwater 

temperatures. 

3. Neglecting the rotary moment of inertia for the circulator-

turbine may cause underestimation of the primary system flow during 

coastdowns: 

In ORTAP simulations, we hive found that neglecting the moment of 

inertia of the circulator-turbine rotor (as is done in TAP) gives 

significantly different results for certain transients. This was true 

for both the large HTGR (LHTGR) and the Fort St. Vrain (FSV) circulator 

simulations. 

2.3 TAr's Susceptibility to Misuse or Input Errors 

Our direct experience with operating the TAP code has been limited to 

our implementing the 1975 LHTGR version on the ORNL IBM 360 computers and 

running several test cases. This effort was hindered by the fact that a 

comprehensive user's manual and up-to-date, detailed input instructions 

were not available to us. 

A 12-page printout of the input data for an example TAP transient1 

giveu an indication of both the complexity and flexibility of the code. 

In such cases, it is obvious that casual users could easily misuse the 
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code and, unless they understood the models and their limitations, could 

end up with inconsistent and erroneous results. Once a consistent, 

"correct" data set is generated, however, it appears that parametric 

studies (involving changes in a few parameters) could be run with 

relatively low probability of error. It is probably safe to assirae 

that the prime users of TAP, (i.e., GA) are well aware of the model 

assumptions and limitations and have carefully documented input data sets 

for a variety of cases. 

TAP's susceptibility to misuse could be reduced significantly, at 

least for the case of implementing major design or model strucfure changes, 

if the component parts of TAP (e.g., the core, steam generator, etc.) 

could be isolated and tested separately. It is our understanding that 

this capability doesn't presently exist. 

2.4 Comparisons of TAP Predictions with Those of Other Codes 

One of the objectives of the RSR-sponsored HTGR safety work at ORNL 

was to implement the TAP code on the IBM computers at ORNL so that 

comparisons could be made between TAP computations and those generated 

using the ORTAP-FSV program. No direct comparisons of output can be made, 

since the version of TAP implemented is set up to simulate the LHTGRs; 

however, the general features of the responses are comparable. For 

example, in both cases, following a turbine trip, the helium flow 

decreases to a minimum value and later Increases (by action of the control 

system) because :he main steam temperature is below the set point value. 

Subsequently, the helium flow decreases due to the dwindling steam 

supply. 
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Several more direct comparisons were made of the component response 

features. In the CORTAP report,6 a comparison was made of the steady-state 

core temperature conditions at 100Z power (Fig.l), and the agreement was 

excellent. Sensitivity studies made with the CORTAP code to determine the 

optimum node spacing for the fuel and graphite showed that 4 and 2 radial 

nodes each for the fuel and graphite, respectively, were sufficient for 

the fast reactivity insertion cases. In the TAP code, normally there are 

3 radial nodes each for each axial fuel and graphite section; this should 

be sufficient also, assuming that the thermal conductance of the coolant-

centered model is corrected properly (Sect. 2.2). Our studies also 

showed that the 16 axial nodes typically used in TAP for the core are 

sufficient over the helium flow range for which the code is Intended. 

Some comparisons were also made of the steam generator responses 

predicted by TAP and by BLAST,7 which is the steam generator subroutine 

portion of the ORTA? code. In all cases that were run, the agreement was 

very good in spite of the fact that the models used are quite different. 

Both codes use fixed node boundaries and model a single average tube. 

BLAST solves the tine-dependent conservation of energy, mass, and 

momentum equations in each node for both the water and helium sides in 

both the economizer-evaporator-superheater (EES) section and the reheater. 

In TAP it is assumed that the water-side pressure in each of the three EES 

sections is uniform, and incompressible flow is assumed for both fluids. 

An example comparison8 for a design-basis depressurization accident (DBDA) 

transient is shown in Fig. 2. As can be seen in the figure, the 

agreement is excellent. 
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ORNL studies of FSV rod pair withdrawal accidents were done 

recently,**10 and many of the cases corresponded directly to TAP-generated 

cases. 1 1 Where comparisons could be made, the agreement was good. Table 1 

shows the conditions for three such cases. In the two cases in which the 

scram signal was reheat steam temperature (RHST), the dynamics of the 

primary and secondary loops and the plant control systems affect the time 

of scram and thus all the maximum temperatures. Note that the scram times 

for TAP and ORTAP are only 2.5 sec apart out of >100 sec. 

»• ..Table 1. Results of rod pair withdrawal transients from 100Z power 

Case 

l a 2 3 

0.012 0.012 0.010 
Fully in Fully in Fully in 
EOC-EQ EOC-EQ EOC-EQ 
RHSTb 140% RHST 
102.5 39.2 108.4 
(105) c 

282 140 253 
1195 861 1146 
(1225)c (8^0)0 (1116)C 
994 d 801 962 
(1062)c (5796)c (1002)c 

3057e 1137 2685e 

(2870)c (1183)c (2364)c 

1654 862 1496 
(1650)c (£914)c (1414)c 

Rod worth, Ak 
Initial position of rod pair 
Kinetics parameters 
Scram signal 
Time at scram initiation, sec 

Power level at scram initiation 
Maximum core average fuel temperature, 

Maximum mixed mean core outlet 
temperature, °C 

Region experiencing rod withdrawal: t 

Peak centerline temperature, °C 

Peak region outlet temperature, °C 

aReference case. 
^Measured reheat steam temperature 42°C above normal. 
cValues derived from TAP calculations shown in parentheses. 
dAt initial steady-state conditions, the core average fuel tempera

ture is 8168C; mixed mean coolant outlet temperature 5.8 774°C; peak fuel 
centerline temperature is 1064°C; and region outlet helium temperature 
is 785°C. 

Calculation neglected latent heat of fusion of UC 2 kemals at 
2500*C by extrapolating a homogenized fuel stick heat capacity beyond 
2500°C. 
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3. THE RECA CODE 

3.1 Background 

The RECA code was developed to analyze postulated accidents which 

result in a loss of normal core cooling and a subsequent reliance on the 

emergency cooling systems. For such accidents, it is essential that the 

analyses include a three-dimensional model of the thermal-hydraulic 

behavior of the core. For normal power and flow operation, almost all the 

heat generated in a refueling region is removed directly by convection 

heat transfer to the helium coolant, and the flow through each refueling 

region is established as a fixed fraction of the total core flow by the 

region's variable orifice setting. Hence, for normal conditions, a single-

average-channel core model would be appropriate, and hot-channel calcula

tions can be made by simulating the channel of highest power density, and 

therefore, highest flow, as is done in TAP1 and CORTAP.6 However, for 

very-low-flow situations, a significant fraction of the heat removed from 

a region may be by means of conduction radially to an adjacent region. 

Furthermore, the fraction of the total core flow through a refueling 

region will vary markedly as the effective flow "resistances" of the 

regions become less dependent on the orifice settings and more a function 

of temperature-dependent channel friction and bouyancy effects. Clearly, 

for the case in which the flow reverses in some channels, which can occur 

if the system remains pressurized, the original core flow distribution 

pattern has been markedly disrupted. 

3.2 RECA's Approach to the Problem 

The RECA code concentrates most of its detailed modeling on the core 

and may rely on other codes, such as TAP, OX1DE-3,12 and RATSAM,13 to 
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provide interface information, such as core net flow, coolant inlet tem

perature, and, in the case of ingress accidents, coolant composition data. 

Interregion conduction in the core is typically modeled by using a 

single node to represent each refueling region block, which normally 

consists of a cluster of seven hexagonal fuel columns, each -355 mm (-14 in.) 

across the flats by -787 mm (-31 in.) long (Fig. 3). Six of the refueling 

regions around the perimeter have only five fuel columns. A seven-

element block weighs -900 kg (-1 ton); so this typical RECA core node 

represents a rather large mass. RECA also typically uses one node each 

for Che upper and lower reflector blocks and the core support block 

associated with each refueling region. The side reflector for each axial 

section [e.g., adjacent to a 787-mm-long (31 in.) fuel block] is typically 

modeled by a single node corresponding to the entire ring of reflector 

blocks encircling the core (Fig. 4). 

The coolant flow through each of the refueling regions is calculated 

by an iterative scheme which satisfies the input specification of total 

OB«fl OWC >n 6747 

Fig. 3. Plan view of typical refueling region. 
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OBNL D«r. 1 6743 

Fig. 4. Typical RECA code radial subdivision of the Fort St. Vrain 
core model. 

net core flow and at the same time ensures that the pressure drops across 

all regions are equal (i.e., the pressure gradients in the upper and lower 

plenums are assumed negligible). 

The calculation of heat transfer between a solid node and the 

adjacent coolant uses an end-point-weighting (EPW) model, in which 

the mean temperature of the coolant is assumed to be equal to the exit 

temperature of the coolant from that region. 

Throughout the code, detailed equations and correlations are used 

for solid and coolant node properties and regime-dependent pressure drop 

and heat transfer characteristics. 
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Nuclear kinetics are not simulated, and since the gross lumping 

scheme for the refueling region blocks makes no distinction between fuel 

and moderator temperatures, it would be difficult to incorporate in the 

model. Hence, total core power vs time is defined as an input function. 

The spatial distribution of the core's relative power density Is input 

as a three-dimensional function and is assumed to stay constant during a 

transient. 

Special provisions are made for modeling other core and primary system 

components and for analyzing special cases such as water and air ingress 

accidents. A block diagram of the overall RECA3 modeling scheme3 is 

shown in Fig. 5. 

In general, we have found that GA's approach to the problem has been 

sound, that the model developments and assumptions have been reasonable, 

and that the documentation3 (RECA3) is very well written and usually 

contains adequate details on the models and methods of solution. Several 

of the more significant problem areas are discussed below, while a more 

detailed review of the RECA3 report is given in the Appendix. 

1. The potential problems with interfacing RECA and TAP are not 

clearly identified: 

For the case of the LHTGR (ca. 1975), RECA includes a model of the 

entire emergency cooling loop with the core auxiliary cooling system 

(CACS). Herce, for LHTGR accidents In which the normal primary loop 

is not involved, no Interfacing with the TAP code is required. For LHTGR 

accidents in which the primary loop cooling is significant and for all 

FSV reactor accidents, TAP-generated input (core inlet temperature and 

flow vs time) is required for RECA. In the RECA3 report, it is implied 
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that the behavior of the distributed (RECA) core need not be considered in 

(or fed back into) the TAP calculation. However, in general, we would 

expect both the core outlet temperature and pressure drop to be different 

in Che RECA and single-average-channel (TAP) calculations and thus affect 

the TAP-detdrained values of core inlet temperature and flow. 

2. The afterheat generation curve following a reactor trip appears 

to decrease too rapidly: 

The equation for the FSV afterheat (Eq. 6-8, Ref. 3) appears to 

apply to a hypothetical case in which the prompt (neutron) power falls to 

?ero instantaneously, while for an FSV scran in which it is (conserva

tively) assumed that all the rods are initially fully withdrawn and take 

152 sec for full insertion, the resulting decrease in total power is 

much slower (Fig. 6). The use of such slower-scran curves results in 

significantly higher fuel and coolant temperatures for certain accidents. 

3. The assumption of instantaneous dspressurization for all blowdown 

accidents limits the scope of accidents that can be analyzed: 

It appears Chat with minor additions to the RECA model, cases 

involving more gradual depressurizations than a D8DA could be 

simulated. Such a feature would be particularly useful for investigating -

potential core flow reversal problems and for evaluating CACS blower 

performance at intermediate pressures in the LHTGRs. 

4. The assumption of a single ring-shaped node for the side reflector 

at each axial level may lead to nonconservative peak temperature 

predictions: 

In studies of FSV DBDAs using the ORECA code,1" there were some 

cases in which the maximum refueling region temperatures occurred in 



17 

OPNL O'.'.G / / 196S8 °\ 

a. 
a. 

C9 

08 

0.7 

06 

0.5 

0.4 

0.3 

0.2 

0.1 

\ 

\ 

t 

T I 1 : 1 
NOTES RECA3 PER EQ 4-8. REF. 8 

ORTAP ROD BANK WORTH PER TABLE 3 5 5 
OF FSAR EQUILIBRIUM CYCLE 
OPERATION 0 137 Ik LESS0016 
Ik FOR STUCK ROD 152 SEC FOR 
FULL INSERTION 

\ 

RECA3 

^ 

\ 

\ 

.ORTAP TRIP 

\^ 

\ 

V 

**r x. 

0 10 20 30 40 50 

TIME (sec) 

60 70 

Fig. 6. Comparison of RECA3 and ORTAP total core power vs time after 
reactor trip. 



18 

blocks at the side reflector boundary, and a significant amount of the 

heat generated in these blocks was removed by conduction to the adjacent 

side reflector nodes. It appeared that if the side reflector had ueen 

•odeled by "average-ring" nodes instead of individual blocks (as in ORECA), 

the higher heat capacity and lower average temperature of the large rings 

would have provided an unrealistically good heat sink for the hot region. 

3.3 RECA's Susceptibility to Misuse or Input Errors 

Our only direct experience with the RECA code has been our attempt 

to implemeat it on the TJJM 360 computers at ORNL. This implementation 

project has been a low-priority job, which began in early 1975 and has 

not yet resulted In a successful RECA run. Many of the problems were 

related to the different FORTRAN versions used and to the fact that 

several binary tape implementation steps were required. Also GA's Univac 

1110 and the IBM 360 use different computer word configurations. Another 

major impediment was the extremely complex procedure required to run a 

case with the 1975 version of RECA. (The RECA3 User's Manual 1 5 is not 

yet available to us.) A detailed description of this procedure was 

written by J. P. Sanders16 and is summarized in block diagram form in 

Fig. 7. Subsequently, it was learned that the FORTRAN programs created 

by the preprocessor program (CINDA-3G),*7 which are designated the Steady-

State RECA and Transient RECA prgrams, are typically not used by GA. 

Instead, versions of these programs which were generated several years 

before are modified to suit the specific problem. And, currently, the 

CINDA-3G preprocessor is executed only to produce the packed binary data 

tape. The size of the defined arrays in the RECA programs must be 

modified manually to accommodate change in nodal structure. 
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The use of a nodal-point generator (RFCCEN, Fig. 7) and a preprocessor 

(CINDA-3C) both tend to reduce the susceptibility of the code ro input 

errors. However, the unusually complex procedure required to run A case 

would appear to us to far overshadow the advantages of using RECCES and 

CINDA-3G, at least in terms of RECA's "ease of operation." In short, it 

appears that RECA (1975) is relatively susceptible to misuse and input 

errors. 

3.4 Comparisons of RECA Predictions with Those of Other Codes 

Several independent calculations were performed at ORNL to determine 

the response of the FSV reactor to a specific DBDA. GA also performed 

calculations for the same accident assumptions using RECA; therefore, 

direct comparisons can ba made. In this postulated accident, it was 

assumed that only two of the four auxiliary (Pelton wheel) drives operate 

their respective circulators and that the circulator speeds are reduced 

from the normal 10,550 rpm to 7,000 rpm. The core inlet temperature and 

net flow histories were provided by GA from a TAP code calculation and 

were used in both the RECA and ORNL codes. The initial core power level 

was assumed to be 1052, and the initial regional flow distribution was 

adjusted such that the helium outlet temperatures from all regions were 

equal. Following the DBDA, the effective adjustable-orifice pressure 

drop coefficients were assumed to remain constant. 

Predictions by the 0RECA code,1* shown in Fig. 8, indicate good 

agreement with RECA results, especially considering that the maximum 

core region outlet temperature is the limiting factor in the DBDA. (This 

is due to the fact that the temperature limits of lower core thermal 

barriers which are exposed to the outlet gas ore approached more closely 
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Fig. 8. Predicted system response of the Fort St. Vrain plant to 
a depressurization accident [°C - 5/9(°F - 32)]. 
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than are the fuel temperature Units.) The ORF.CA results indicated in 

Fig. 8 note that core conductivity (K) and specific heat (C p) values 

are included as a function of temperature (T), and that a "greater mass" 

is assumed for the lower reflector and core support blocks. This is 

to denote distinctions between this and previous analyses in which 

conservatively low (constant) values of K and Cp were used and the lower 

core mass was underestimated. 

A second ORNL RECA-like code called FLODIS, 1 8 developed under DSS 

sponsorship, was also used to analyze the same DBDA, and a comparison of 

the results with RECA predictions is shown in Fig. 9. The major difference 

between the FLODIS model and those used for RECA and ORECA is that FLODIS 

uses rectangular (rather than hexagonal) radial mesh spacing for the 

core structure nodes, and the nodal spacing used for the DBDA analysis 

reported was much finer than either RECA or ORECA's. The main reason 

given 1 8 for the higher temperatures predicted by FLODIS is that the finer 

mesh spacing in FLODIS accounts for temperature gradients and flow 

distributions within the refueling regions. In spite of these differences, 

the results are still comparable. 

4. CONCLUSIONS 

The most recent technical reports describing the TAP1 and RECA3 codes 

are well-written, useful documents. They both give enough details to 

evaluate the modeling and solution techniques, but not the coding details. 

The approach used in most of the model development was based on first 

principles and is thus likely to avoid the serious errors that can occur 

if the alternative (i.e., "black box") models are used and applied beyond 

their useful range. 
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Fig. 9. Comparison of FLODIS and RECA temperatures during a postu
lated Fort St . Vraln DBDA with 7000 rpm circulator speed [°F » 9/5(K -
273.15) + 32] . 
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Considerable flexibility has been built into the codes to allow for 

simulation of a variety of component designs, for adjustment of node 

spacing, and for variation of model parameters and controller parameters, 

etc. Along with the benefits of such flexibility, however, comes the 

enhanced susceptibility to user input errors. We have concluded, however, 

that it is safe to assume that GA has carefully generated, well-documented, 

and error-free data sets for the standard HTGR designs and operating 

conditions, thus lending confidence to the results they generate. The 

remarkably complex procedure required to run RECA (1975), however, tends 

to shake this confidence. 

Both TAP and RECA have a long history of development and use for a 

variety of designs and transients, of use and scrutiny by many different 

investigators, and of extensive use for sensitivity studies. There have 

also been numerous comparisons made both with simpler and more complex 

codes (at least for the lu.jor components), and the comparisons have 

generally been satisfactory, as noted earlier in this report. All of these 

factors contribute to the credibility of the results that GA generates. 

The most satisfactory way of enhancing code credibility is, of course, 

by (good) comparisons with actual HTGR transients. Program plans for 

making such comparisons are outlined briefly in the two reports.1'3 We 

have found, however, that it is typically not sufficient to make comparisons 

of theoretical computations vs experimental data that rely on data derived 

from "normal operating transients." Much care and planning is required 

to ensure against extraneous perturbations such as unexpected or unrecorded 

operator actions. In particular, in order to verify dynamics codes, It 

is necessary to design the input perturbations so that the dynamic features 
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of the component of interest will be excited and measured properly. We 

feel that CA should pursue detailed verification plans and tests more 

aggressively. The utility that owns the plant, Public Service of Colo

rado, would benefit from such tests by using confirmation data to reduce 

the uncertainty, which would reduce the imposed conservatism in the pre

dictions and hence relax operating restrictions. 

Several possible problem areas in the codes' models and assumptions 

are discussed in Sects. 2.3 and 3.3; other less significant points are 

mentioned in the reviews of the reports in the Appendix. 



i.1 

APPEKDIX 

A.l REVIEW OF TAP REPORT LTR-21 

The following comments supplement those made in Sect. 2.2 and are 

listed by TAP report section number. 

Sect. 1. The Introduction would be a good place to state what types 

of transients can and cannot be reasonably predicted by TAP. For example, 

TAP is not intended for use with very-low-flow (RECA-type) accidents, nor 

with component failures that require a multiloop capability, nor with 

effects of core or primery circuit component relocation. 

Sect. 2.1 The report indicates that there is coolant flow through 

the reserve absorber channels. Design drawings reviewed at ORNL seem to 

indicate that this is not the case; the reserve absorber channels are 

closed at the bottom to contain the reserve absorber spheres. 

Sect. 2.2 In Sect. 2.2.1, it is stated that TAP uses the space-

independent, one-energy-group neutron kinetics model with six groups of 

delayed neutron precursors. Some indication of the range of validity 

of this approximation should be included; for example, Ref. 19 indicates 

that this model would significantly underestimate the peak core power 

during a transient resulting from a fast rod removal transient (rod 

ejection) with a reactivity insertion of -$2.00 in 0.1 sec. 

It is not apparent from the discussion whether significant differences 

in the response of temperature reactivity feedback are seen when the 

optional scheme (Eq. 2-16) of including moderator material in the fuel 

region is used. Figure 2.6 indicates that the fraction of total worth 

for all rod pair^ is skewed much more coward the lower portion of the 
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core than is the fraction of total worth for one rod pair. The extent 

of the skew appears to be greater than for corresponding light-water 

reactor curves. Reasons for this should be included. 

It is noted In Sect. 2.2.6.5 that a decay heat equation is in Sect. 

2.2.S (it is not) and that the decay heat (curve) is proportional to the 

total neutron power at the tlae the reactor is tripped. Such an assumption 

does not account for the fact that many of the decay heat precursors 

take a long tlae to build up (or down} to an equilibrium value at any given 

power. This would make TAP calculations unduly conservative for high-

power transient trips and vice versa for low-power trips. 

Sect. 3.1 We believe that some heat capacity should be included for 

the high-pressure (HP) and low-pressure (LP) feed heaters and piping and 

do not understand why the HP heaters have zero terminal temperature 

difference (TTD) while the LP heater TTDs are 5 to 10°F. 

The description of the model for the deaerator indicates that the 

outlet (water) temperature is (instantaneously) equal to the saturated 

steam temperature. We believe that the lag due to the large water 

Inventory would be considerable and should be Included. 

Sect. 3.2 It may be noted that in several cases where the ORNL steam 

generator code BLAST has been compared with the TAP model, the results 

were in good agreement. This is comforting in that the two codes use 

many different modeling schemes and solution techniques. 

Equations 3-32 and 3-33 of the TAP report define a measured or lagged 

temperature T. by 

T — T . J* ^LP 
TL " LP + — " C 
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where 

T Lp - value of T from previous time step, 

T. * actual temperature. 

While the report defines C as a "time constant of the respective lag, 

(sec)," it should be defined as a factor related to the time constant 

T and the time step interval A9 by 

C - l / ( l - e - & 6 / T ) . 

The TAP code calculation '•'. C is correct. 

The report states that for both the helium and the secondary fluid, 

the nodal average temperatures are taken as the arithmetic mean of the 

boundary temperatures and the exit boundary temperature for one node is 

the inlet for the next. For the case of the gas, 

AT 
go i n i t i a l l + n / 2 A V ' 

where AT and AT . are the i n i t i a l changes in gas out le t and i n l e t go g i 6 6 -

temperatures, and 

n - hA/WC . 
P 

The value of n grows both with increasing node length (<* A) and decreasing 

mass flow rate W, since h/W <*• W ~ 0 , 2 , at least in the turbulent range. It 

can be seen from the equation for initial changes in gas outlet temperature 

that values of n > 2.0 cause "wrong-way response" of the outlet temperature. 

Hence, depending on the node lengths and flow ranges encountered, this 

model may yield nonphysical results. Furthermore, in the case of liquid 

(with MC >> 0), the initial "wrong-way response" problem would be more 

pronounced, since T • 2T. - T., and T would not change instantaneously. 
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Sect. 6 Hoping that its importance is not underestimated, we would 

like to add our encouragement to GA's TAP model verification program. The 

use of FSV dynamics data to verify TAP will be a difficult task, but 

could be of long- and wide-range benefit in the designing of models for 

the gas-cooled fast-breeder reactor (GCFR) and the very-high-temperature 

gas-cooled reactor (VHTR), as well as for the HTGR. Because of this, we 

would recommend that more data be acquired o-. steam generator dynamics 

(from the FSV specially instrumented module) than is presently implied 

from the report. 

A.2 REVIEW OF RECA3 REPORT LTR-22 

The following comments supplement the points made in Sect. 3.2 and 

are identified by RECA3 report section number. 

Sect. 1. The Introduction gives a good summary of the code 

capabilities and history of the code development. We believe, however, 

that it should note RECA3's dependence on the TAP code for FSV analyses. 

Sect. 2.2 It is stated in this section that in accidents analyzed 

using RECA the reactor is "immediately tripped." This would imply that 

a large and significant class of excursions that eventually result in 

the use of emergency cooling is not covered by RECA. Why not? 

Sect. 3. Acknowledging the fact that the ultimate heat sink portion 

of the CACS i c normally designed by an architect-engineer, we think that 

inclusion of the dynamic behavior of a typical cooling tower in RECA would 

be desirable to investigate effects of possible CACS startup problems such 

as icing, etc. 
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Sect. 4.1 The discussion of the calculation of the effective mean 

fluid node temperature in the core model (with elaborations in Appendix A) 

notes comparisons between RECA's end-point-weighting (EPW) model and an 

integrated profile (exponential approach) model, which is taken as a 

reference. A sensitivity study of a postulated DBDA using the ORECA code 

was made to note the effect of making the EPW assumption. (ORECA normally 

uses the exponential approach model.) Ve found, as did GA, that the 

differences were not significant. 

The apparent problem with the afterheat decay equation (Eq. 4-8) is 

discussed in Sect. 3.2 of this report. It should also be noted that if 

large computation time steps are used, the average, or integrated, value 

of heat generation over the interval should be used instead of the 

instantaneous value of the function at the end of the time rtep. 

A term for the coolant channel diameter was apparently omitted 

from the denominator of the expression for friction loss in Eq. 4-16. 

It is stated that the coolant outlet temperatures are assumed to be 

"well mixed" in the plenum. It should be noted that special studies 

involving potential damage to overheated liners assume some stratification 

effects. 

Sect. D. In the sensitivity studies showing the effects of varying 

certain parameters on peak temperatures, the base temperature should be 

identified in the ratio; that is, is it °F/°F, °R/°R, or °AT/°AT? 

General. It would have been useful to include a sample RECA3 transient, 

both to give the reader a clearer idea of the response characteristics of 

a shutdown HTGR and to assure the skeptic that RECA3 is operational. 
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