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I. 

MONTHLY PROGRESS REPORT FOR NOVEMBER 1975 

HTGR SAFETY STUDIES FOR THE 
DIVISION OF TECHNICAL REVIEW 

U.S. NUCLEAR REGULATORY COMMISSION 

INTRODUCTION (J. P. Sanders) 

This is the fifth in a s~ries of ~onthly reports describing work 

performed for t.he Diyision of Technical Review, USNRC, concerning the 

analysis of the transient respo~se of HTGR systems under abnormal con

ditions. As in the previous report, the work descr~bed is for the peri

od from October 15 through November 15 to provide for a timely publi~ 

cation schedule. 

A draft of the report (ORNL-TM-5140) describing the results of the 

computations at ORNL for the Fort St. Vrain design basedepressurization 

accident (DBDA) followed by opera:tion with two Pelton wh.eel drives at 

7000 rpm has been completed. The draft report was transmitted to the 

Gas Cooled Reactors Branch of the Division of Reactor Licensing and to 

the Division of Technical Review for their comments and imme~iate infor

mation .. The final report is being prepared, ~nd it should be in· final 

reproduction by the end of November. 

A draft report (ORNL-TM-5144) was completed and transmitted to the 

Division· of. T.echnical Review for comment. This report describes a com

puter code that had been written to predict the air·ingress rate from 

the containment volume into the primary system of a large HTGR following 

a depressurization accident. The final report is in the process of re

production. . This computer program will be incorporated as a subroutine 

in the overall operational analysis program for the CACS. 

A modification of. the FLODIS calculation has been incorporated in 

the HEXEREI code as·a subroutine to determine the flow distribution at 

the low coolant flows provided by the auxiliary systems. HEXEREI is a 

·multi-channel, lumped-node, coupled conduction-convection code to evalu-

ate the thermal cond.itions in the core. Trial runs for-the Fort St. 
0 • 

Vrain DBDA have been executed with this combination for short periods 

into the transient .. After all aspects of the calculation have been 

evaluated, the ~omplete transient will be executed. . 
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This combination has also been coupled with the ACHERONS package, 

which is a CACS performance code, and the combination has been executed 

as a total loop calculation. 

The 189 No. B0004 describing these studies for the Division of 

Technical Review has been modified to reflect the level of funding in 

the program letter from R. E. Heineman toR. J. Hart, dated August 5, 

1975. The work to be accomplished has been modified to reflect the task 

areas outlined in the program letter as consist·ent with the funding level. 

This revision has reflected recent information obtained from personnel in 

the Di vis.ion of Technical Review. 

II. THERMAL CALCULATIONS FOR THE FORT ST. VRAIN HTGR (J. P. Sanders) 

A report (ORNL-TM-5140) has been prepared to present the. results 

of the studies relative to the Fort St. Vrain DBDA. This report is in 

the process of reproducti<;m •. The abstract for thE!" report is as follows: 

Independent computations have been performed at ORNL to 
determine the thermal and hydraulic response of the primary 
system of the Fort St. Vrain reactor to a specified design 
basis depressurization accident (DBDA). For this accident 
it is stated that two of the four auxiliary drives on the 
circulators start operating at 7000 rpm after a 5-min delay. 
Dctailod t~bul~t~nnR ~As~ribini this response were provided 
by the vendor, General Atom.ic Company (GAC) . · The calculations 
at ORNL supported the values given for primary system flow 
and pressure loss, and they confirmed the heat removal capacity 
of the flooded steam generators. The fuel and outlet helium 
temperatures calculated by ORNL generally reached higher values 
during the transient due to the fact that the ORNL calcula.tions 
were performed using a single-channel calculation that could 
not include the effect of interregional heat conduction. An 
ORNL code that.is developmental, but which includes inter
regional conduction, agrees well with the GAC values. The 
results of these calculations are presented graphically. 

III. HEXEREI CODE DEVELOPMENT (G. E. Giles, B. R. Becker, R. M. DeVault) 

The HEXEREI code now consists of the basic core package (conduction

convection calculations with flow redistribution) and the ACHERONS package. 

Thus the code is capable of calculating the core thermal hydraulic per

formance and checking the performance of the CACS. The code is capable 
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of using ACHERONS. to drive the core calculations but at present this has 

not been checked out. Calculation of specific test:cases has been com

pleted and shows good agreement wi·th other ORNL codes or analytical re

sults. In addition, the Fort St. Vrain reactor was modeled on HEXEREI 

for a DBDA and compared well with ·the single· ax·ial node results of 

D. D. Paul for the steady state. ·Significant differences occur during 

the transient and are currently. being investigated. 

IV. AIR INGRESS TO THE PCRV FOLLOWING DEPRESSURIZATION (J. P. Sanders) 

A short comput~r program has been written to determine the air in

gress rate from the containment to the primary system of a large HTGR 

following a depressurization accident.· This program will be incorporated 

as a subroutine in the CACS-loop performance code in the near future. 

This computer program has been independently· doc·u'fu~nted in .i report (ORNL

TM-5144) that is currently being· reproduced and di.stributed. The abstract 

for this report is as follows: 

v. 

The computer program INGRES was written to calculate the 
rate of air ingress into the prestressed concrete reactor 
vessel after a design-basis.depressurization accident in a . 
high-temperature gas-cooled reactor. The model includes the 
free convection loop that can 'occ~r in a cold-leg break, the 
expansion and contraction air exchange mechanisms,.and the 
l:onversion of oxygen to carbon mon~xide. R.esult~. are pre
sented for the 2000-MW(t) Summit Power Station and the 3000-
MW(t) Fulton Generating Station and are compared to compu
tational results provided by ·the· General Atomic Company. The 
results agree reasonably well even though some differences 
exist ln Llie Lwu models. 

CONVECTIVE HEAT TRANSPORT MODELING IN THE FLODIS CODE (D. D. Paul) 

There h~ve.been so~e quest~ons concerning the vaLidity of techniques 

currently used to describe convective heat transport in energy balanc~ 

equations. Commonly, a driving potential for heat transfer is based on 

the difference between the solid node temperature and the ·arithmetic 

average temperature of the inlet and outlet coolant temperature for the 

length of coolant channel associated with the node~ It is very difficult 

to ascertain the accuracy of such an arbitrary procedure; co~sequently, 
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alternative methods were investigated. Within the framework of equations 

derived for use in the FLODIS code, an exact solution of the convective 

heat transport term has been obtained. 

The coolant: energy balance equation may be integrated directly-if 

the assumptions are made that .the capacitance term is negligibly small 

compared· with the other terms and that the solid node temperature is 

constant over the length of the node. The resulting. solution· of the 

differential equation is 

where 

where 

0(z) = T 
w 

0 = the bulk coolant temperature, 

T = the corresponding soli_d node wall temperature, w· 
z = the axial node length, 

a = the decay constant defined by 

HP 
a= we 

p 

H the local convective heat·transfer coefficient, 

p the wetted perimeter of the channel, 

W ='the coolant mass flow rate in· the channel, 

C = the heat capacity of the coolant. 
p 

(1) 

(2) 

Figure 1. shows two temperature profiles over a single node depending 

on the node spacing L. The solid temperature is constant over the node, 

and it may be interpreted as the volume averaged temperature of-the node. 

The coola~t temperature approaches the solid node temperature exponential

ly according to Eq. (1). 

For the differential segment dz, the differential quantity of heat 

tra·nsported by convection is 

dQ = HP [T - 0(z)] dz •. 
w 

(3) 

Equation (1) may be substituted into Eq. (3), and the differential quan

tities summed by integration to give 

• 
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L = 2.5 ft (RECA.spacing) · 

= 0.25 ft (FLODIS spacing) 

L 
NODE LENGTH 

Fig •. 1. '·Typical wall and 'c.oolant temperature profiles for different 
node spacings. Plots are based on a= 2.0 ft-1, w~ich is typical for the 
Fort St. Vrain reactor following a DBDA. ~· · · •"~ 

... 

(4) 
•' 

The expression in the brackets can· be interpreted as the average tempera

ture difference between the wall a·nd coolant ov~r a sfngle node. For con

venience, the averaging factor can be defined as 

(5) 

and the convective heat transport term becomes 

(6) 
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This expression is now exact in that it correctly accounts for the vari

ation of the temperature difference between the wall and the coolant. 

Examination of Fig. 1 indicates that the arithmetic average technique 

will produce errors for "large" node .spacings. By large, it is meant node 

spacings such that 

o.L » 0.1 . (7) 

Typical values of o.L used in the FLODIS code are on the order of 0.5. 

For the arithmetic average technique to be valid, the number of axial 

nodes would have to be increased by a factor of 5; this would bring the 

total number of nodes to 500 per refueling region. This is impractical 

from a computational standpoint, and, in fact, unnecessary if the aver

aging factor derived in Eq. (5) is used. However; the foregoing develop

ments raise some serious questions about the validity of gross lumping 

methods such as those used in the RECA program. In this respect, the 

planned review by the Division of Technical Review of the topical report 

on the RECA_ code should prove interesting. 

A report describing the FLODIS code is presently being prepared, and 

a draft should be available for review by the end of December. Included 

in the report will be an analysis of the Fort St. Vrain design basis de

pressurization accident. 

VI. USE OF THE COMMON DIGITAL MODEL OF ANC FOR HTGR ANALYSIS (K. W. Childs) 

In response to a letter, dated August 5, 1975, from L. H. Sullivan 

of the Division of Technical Review·, the CDM (Conunon Digital Model) com

puter program developed by the Aerojet Nuclear Company has been reviewed. 

The purpose of this review was to determine the_ applicability of this pro

gram with its modular structure to HTGR transient analysis modeling. The 

conclusion of this review is that it would not be practical to use the CDM 

directly because of the extensive modifications which would be required. 

The major difficulties are outlined below: 

(1) The CDM was written to analyze the NERVA rocket engine. Because 

of the dissimilarity of the components in the NERVA system as compared to 

the HTGR, it would be necessary to either write new predictqr and corrector 

.~. 
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models or extensively modify existing ones for all components·of the 

HTGR system. 

(2) Th~ NERVA rocket engine is a once-through system, whereas the 

HTGR is a closed system in which the coolant is recirculated. The CDM 

would require additional programming added to represent this difference. 

(3) HTGR system control restraints would have to be included in 

the CDM. 

Considering the extent of the modifications necessary to use the 

CDM, it appears that a greater effort would be required to modify it 

than would be required to develop an independent program specifically 

for the HTGR analysis. 

The predictor-corrector method of solution used in the Common Dig

ital Model appears to have merit in reducing computing time when modeling 

complicated systems. Because of the potential to reduce computing time, 

this method should be considered in the development of the HTGR analysis 

methods • 
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