
r
. .

"
' -

.

NUREG/CR-3492

oRNL/TM-8921/V4
,

_ m . _ . _ . m

|.-

(

TOAK: RIDGE:*

NATIONAL ~
-LABORATORY-

High-Temperature Gas-Cooled
Reactor Safety Studies for the. , ,., , m ,, , ,. ,. ,

: Division of Accident Evaluation
'

Quarterly Progress Report,
October 1-December 31,1983*

S. J. Ball, Manager
.

| J. C. Cleveland
. R. M. Harrington

1. Siman-Tov
J. H. Wilson,

.

p.
,

t

i

+

[.

e

i,

'
t .. Prepared for the U.S. Nuclear Regulatory Commission

.'

| Division of Engineering Technology
Under Interagency Agreements DOE 40-551-75 and 40-552-75

9

.~
'

*
,

_.

'

|

OPERATED BY

MARTIN MARIETTA ENERGY SYSTEMS, INC.

FOR THE UNITED STATES ,
.

84 8M g 1 840731
~.j. DEPARTMENT W ENERGY

CR-3492 R PDR
, . _ _ _.___ _ _ . _ _ _ . _ _ _ _ . . _ . _ _ . _ . - - . _ _ _. . _ . _ . . _ _ _ _ _ _



3

os. ;. .
.

e

e

-

Printed in the United States of America. Available from
National Technical Information Setvice

U.S. Department of Commerce..

5285 Port Royal Road, Springfield, Virginia 22161

Available from

.GPO Sales Program
Division of Technical Information and Document Control

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

' This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the U nited States Government nor any agency

a thereof, nor any of their employees, makes any warranty, express or implied, or
- assumes any legal list,ility or responsibihty for the accuracy, completeness, or

usefulness of a1y information,. apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein -

. to any specific commercial product, process, or service by trade name, trademark,
' manufacturer, or otherwise, does not necessarily constitute- or imply its .
endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Govemment or any agency
thereof.

.

,,

e

I
m s

.-

\

\

4



7
,- .

_ _ .

,

~ ,

''%- -

>

NUREG/CR-3492
Volume 4
ORNL/TM-8921/V4
Dist. Category R8

e

-e._

:HIGH-TEMPERATURE GAS-COOLED REACTOR SAFETY STUDIES FOR
THE DIVISION OF ACCIDENT EVALUATION QUARTERLY
PROGRESS REPORT, OCTOBER l-DECEMBER 31, 1983

'S. J. Ball, Manager
J.,C. Cleveland
R. M. Harrington
I. Siman-Tov
J. H. Wilson

l

- .

Manuscript Completed - May 25, 1984
Date Published -July 1984

NOTICE: This document contains information of a preimnary
nature. It is subject to revoon or correction and therefore does
not represent a foal report.

Prepared for the
'U.S. Nuclear Regulatory Commission
Office of Nuclear Regulatory Research

Under Interagency Agreement DOE 40-551-75 and 40-552-75

NRC FIN No. B0122

*..
Prepared by the

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831

operated by
'' MARTIN MARIETTA ENERGY SYSTEMS, INC.

for the
U. S. DEPARTMENT OF ENERGY

under Contract No. DE-AC05-840R21400



111

CONTENTS

s

PRIOR HTGR SAFETY REPORTS .......................................... V

FOREWORD ........................................................... vii
,

ABSTRACT ........................................................... 1

1. HTGR SYSTEMS AND SAFETY ANALYSIS ............................... 1

1.1 Development of the ORECA Code for Simulating FSV
Severe Accident Transients ................................ 2

1.1.1 Plenum elements .................................... 2

1.1.2 Core inlet plenum .................................. 3

1.1.3 Sidewall region .................................... 3

1.1.4 Circulator discharge plenum ........................ 4

1.1.5 Steam generator coolant temperature ................ 4

1.1.6 Primary coolant pressure ........................... 4

1.1.7 Fuel failure ....................................... 4

1.2 Fission-Product Release from HTGRs ........................ 4

1.3 Review of FSV Reactor Technical Specification on
Limiting Maximum Core Temperatures ........................ 6

1.4 Development of the BLAST Steam Generator Dynamics Code .... 8

1.5 Large-Scale Thermal-Hydraulic Experiment Planning -
Core Bypass Flow Tests .................................... 9

1.6 Model and Code Development for Fission-Product
Redistribution During Severe Accidents .................... 10

1.7 Cooperative Programs with FRG ............................. 10

2. TRIP MADE UNDER PROGRAM SPONSORSHIP - VISIT TO PUBLIC SERVICE
COMPANY OF COLORADO IN DENVER .................................. 18

REFERENCES ......................................................... 19

.

6

-- . , . . -- , . . - . . ,



. . _ .

v

PRIOR HTGR SAFETY REPORTS

7
Quarterly Progress Reports

e

Ending date. Designation

e~ ' September 30,-1974 ORNL/TM-4798
December 31, 1974 ORNL/IM-4805, Vol. IV-
. March 31, 1975 ORNL/TM-4914, Vol. IV
June 30, 1975 ORNL/TM-5021, Vol.-IV
September 30, 1975 ORNL/TM-5128
December 31, 1975 ORNL/TM-5255
March 31, 1976 ORNL/NUREG/TM-13-
June 30, 1976 'ORNL/NUREG/TM-43

-September 30,'1976' ORNL/NUREG/TM-66
December 31, 1976 ORNL/NUREG/TM-96
March 31, 1977 ORNL/NUREG/TM-115
June 30, 1977 ORNL/NUREG/TM-138
September 30, 1977 ORNL/NUREG/TM-164
December 31, 1977 ORNL/NUREG/TM-195
March 31, 1978 ORNL/NUREG/TM-221
June 30, 1978 ORNL/NUREG/TM-233
September 3G, 1978 ORNL/NUREG/TM-293
December 31, 1978 ORNL/NUREG/TM-314
March 31,~1979 ORNL/NUREG/TM-336
June 30,-1973 ORNL/NUREC/TM-356
September 30, 1979 ORNL/NUREG/TM-366
December 31, 1979 ORNL/NUREG/TM-383
March 31, 1980 ORNL/NUREG/TM-397
June 30, 1980 ORNL/NUREG/TM-415

. September 30, 1980 ORNL/NUREG/TM-429
December.31, 1980 ORNL/TM-7809
-March 31, 1981 ORNL/TM-7889
June 30, 1981 ORNL/TM-8091
September 30, 1981 ORNL/TM-8128

. December 31, 1981 ORNL/TM-8260-
March 31, 1982 ORNL/TM-8443/V1
June 30, 1982 ORNL/TM-8443/V2
September 30, 1982 ORNL/TM-8443/V3
December 31, 1982 ORNL/TM-8443/V4
March 31, 1983 ORNL/TM-8921/V1
June 30, 1983 ORNL/TM-8921/V2
September ,30, 1983 ORNL/TM-8921/V3

-.

Topical Reports

'

e S. J. Ball, ORECA-I: A Digital Computer Code fbr Simulating the Dynamics
of HTCR Cores for D7ergency Cooling Analyses, ORNL/TM-5159 (April 1976).

.- - .. - , - .- - _ . - . , - - , -- , ,. -, - .



,

vi

T. W. Kerlin, HTCR Steam Generator Modeling, ORNL/NUREG/TM-16 (July
1976).

R. . A.- Hedtick and J. C. C1eveland, BLAST: A Digital Computer Program
for the Dynamic Simulation of the High Temperature Gas Cooled Reactor *

Rehcater-Steam Generator Module, ORNL/NUREG/TM-38 (August 1976).

J. C. Cleveland, CORTAP: A Coupled Neutron Kinetice-Heat Transfer .

' Digital Computer Program for the Dynamic Simulation of the High Tempera-
ture Gas Cooled Reactor Core,. ORNL/NUREG/TM-39 (January 1977).

J. C. Cleveland et al. , ORTAP: A Nuclear Steam Supply System Simulation
for the Dynamic Analysis of High Temperature Gas Cooled Reactor Tran-
sients, ORNL/NUREG/TM-78 (September 1977).

S. J. Ball et al. , Evaluation of the General Atomic Codes TAP and RECA
for HTCR Accident Analyses, ORNL/NUREG/TM-178 (May 1978) .

-J. C. Conk 11n, ORTURB: A -Digital Computer Code to Determine the Dynamic
Response of the Fort St. Vrain Reactor Steam Turbines, ORNL/NUREG/TM-399
(March 1981).

S. 3. Ba11 et al. , Summary of ORNL Work on NRC-Sponsored HTGR Safety
Research, July 1974-September 1980, ORNL/TM-8073 (March 1982).

.

4

.-



,

vii

FOREWORD

High-temperature gas-cooled reactor safety studies at Oak Ridge
National Laboratory are sponsored by the Division of Accident Evaluation
(formerly the Division of Reactor Safety Research), which is part of the*

Office of Nuclear Regulatory Research of the Nuclear Regulatory Commis-
sion.

This report covers work performed from October 1-December 31, 1983. -.

Previous quarterly reports and topical reports published to date are
listed on pages y and vi. Copies of the reports are available from the
Technical Information Center, U.S. Department of Energy, Oak Ridge, TN
37831.
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HIGH-TEMPERATURE GAS-COOLED REACTOR SAFETY STUDIES FOR
THE DIVISION OF ACCIDENT EVALUATION QUARTERLY
PROGRESS REPORT, OCTOBER l-DECEMBER 31, 1983

*- S. J. Ball, Manager

J. C. Cleveland I. Siman-Tov
R. M. Harrington J. H. Wilson*

ABSTRACT

Development work continued on models and codes for pre-
dicting source terms in both the Fort St. Vrain (FSV) and
2240-MW(t) lead plant reactors. Experimental work on fission-
product vapor-pressures and diffusion rates through graphite
continued at temperatures up to 2775 K, and a mathematical
model of the experimental system was developed to aid analysis
of the results and to guide improvements in the system and
experiment design. Benchmarking.of the BLAST steam generator
. code continued using FSV data, and more support work was done
for proposed FSV core bypass flow model verification. Progress
was made.in setting up cooperative high-temperature gas-cooled
reactor (HTGR) safety research with the Federal Republic of
Germany. A review of a FSV technical specification on limiting
maximum core temperature was begun.

1. HTGR SYSTEMS AND SAFETY ANALYSIS

S. J. Ball

Work for the Division of Accident Evaluation (formerly Reactor
Safety Research) under the High-Temperature Gas-Cooled Reactor (HTGR)
Systems and Safety Analysis Program began in July 1974, and progress is
reported quarterly. Work during this quarter included continuing
development and benchmarking the Oak Ridge National Laboratory (ORNL)
HTGR codes and their applications to safety and' severe accident analyses

. of both the' Fort St. Vrain (FSV) and lead plant HTGRs, small-scale
j' experiments for studying fission-product (FP) release and transport

behavior, and plans for large-scale thermal-hydraulic tests.*

'.
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1.1 Development of ORECA Code for Simulating
FSV Severe Accident Transients

R. M. Harrington
l - .

The effort to modify the FSV version of the ORECA codel (ORECA-FSV)
to calculate thermal response of reactor core and prestressed concrete
reactor vessel (PCRV) during unmitigated core heatup accidents was .

initiated in March 1982. This effort has consisted primarily of adding
new capabilities, with very little modification to already existing
coding. As features have been added to ORECA-FSV, they have been dis-
cussed, and typical results of their use have been presented in previous
quarterly reports.

In October 1983, nuclear engineering department personnel at the
FSV parent utility, Public Service Company of Colorado (PSC), expressed
an interest in becoming familiar with the programming of the severe
accident version of ORECA-FSV. To maximize the exchange of information,
an effort was made to improve the documentation of the code before
releasing the listing. Comment statements were added to highlight and
label new segments of code, and a separate document was written that
contained a brief explanation of the organization of the modifications.
This document is included in the following subsections.

1.1.1 Plenum elements

A plenum element (PE) sits atop each fuel column. The purpose of
the pes is twofold; the bottom part of each PE is filled with crushed
boronated graphite that reduces neutron streaming from the core, while
the top part is open on the inside and provides a plenum that distrib-
utes coolant from the single refueling region flow control orifice to
each of the seven (or five) fuel columns in the region.

pes were neglected in previous versions of ORECA because their
effect on most normal operational or postscram transients is not sig-
nificant. However, in prolonged loss-of-forced-convection (LOFC) acci-
dents, radiant heat transfer from the top of the core to the PCRV above

,becomes a prime consideration. pes comprise a multiple barrier to
radiant heat transfer and have therefore been included in the modifi-
cations. Two nodal temperatures are calculated for each of the 37
refueling region pes: a temperature for the bottom (boronated graphite)
cart and one for the top (metal structure) part.

Various parts of the PE calculation are computed in ORECA-FSV-SA
subroutines.

1. dynamic nodal heat balances: subroutine INPL;
2. convective heat transfer from PE nodes to reactor coolant

flowing inside them, coolant temperature at exit of nodes: sub- *

re2 tine CONVEC; and
3. all other heat exchange with surroundings: subroutine INPL.

.

During initial planning of the modifications, it was determined
that the calculation of all variables needed for or related to the
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severe accident version should be entirely separate from the existing
ORECA-FSV routines. Therefore, the bulk of the calculations of PCRV
cover plate temperatures, heat transfer rates, etc. is done in the new
subroutine INPL. It was not deemed advisable to separate the calculation
of internal PE convective heat transfer and coolant temperatures because.

the pes are an extension of the refueling region coolant channel, and
the normal operation of ORECA-FSV typically requires channel coolant
temperature to be calculated more than once per time step. Therefore,,
part of the PE calculations are done in CONVEC and the rest in INPL.

The user may elect not to calculate PE temperatures by setting a
control flag KPEC = 0.

1.1.2 Core inlet plenum

For the core inlet plenum, calculations are made for a single bulk
coolant temperature, a temperature of the PCRV insulation cover plates
(or of the liner if cover plates have failed) directly above each of the
37 refueling regions, and a single average PCRV insulation cover plate
temperature for the PCRV inlet plenum region not directly above active
fuel.

An average liner temperature is calculated for the PCRV liner
directly above active fuel and for the inlet plenum region not above
active fuel. Heat transfer to this liner region must be calculated from
37 different cover plate temperatures. The average liner cooling system
(LCS) water exit temperature and the temperature of the PCRV concrete
(at different depths into the concrete) are also calculated for each of
the two inlet plenum regions.

The inlet plenum calculations are done primarily in the INPL routine;
the bulk c.oolant temperature calculation is in MAIN.

The INPL routine calls other subroutines as required to complete
details of the above calculations; for example,

1. DETLCS calculates LCS heat removal and water temperatures;
2. EMATS and MSOLVE compute PCRV concrete temperature profiles;
3. RADFAC provides radiant heat transfer view factors in core inlet

plenum; and
4. HPLUME calculates the heat transfer coefficient between the plume

from a refueling region in upward (reverse) flow and the cover
plate directly above.

1.1.3 Sidewall region

The sidewall region is divided into ten axial regions that correspond
to the ten axial regions of the ORECA core model. For each of the ten
regions, core barrel temperature, PCRV insulation cover plate temperature,
and coolant outlet temperature are calculated. A single average PCRV'

liner temperature and an average LCS heat removal and cooling water exit
temperature are also calculated. Primary coolant temperatures are
calculated in CONVEC, and all other sidewall calculations are performed.

in INPL.

___ -. _ _ _ _ _ _ . _ _ - _ _ . _ _ _. . _ . _ _ _ _ - _ _ - _ _ - _ _ - _ _ _ - _ _ _ - _ _ - _ _ - _ _ _ _ _ _ - _ _ -
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1.1.4 Circulator discharge plenum

For the circulator discharge plenum, bulk coolant temperature, PCRV
insulation cover plate temperature, and temperature of the metal floor
that separates the circulator inlet plenum from the circulator outlet .

plenum are calculated. These calculations are conducted in ORECA-FSV-SA
routines

.

1. bulk coolant temperature in MAIN; and
2. cover plate and metal floor temperatures in INPL.

There are no liner, LCS, or PCRV concrete temperature calculations
for the circulator inlet or discharge plenums in the present code.
Because these regions of the PCRV are separated from the core, the
assumption is made that the average liner temperature remains at'100'F.

1.1.5 Steam generator coolant temperature

If the Kloop = 1 option is selected, temperature in subroutine TIN
is interpreted as steam generator tube temperature instead of steam
generator primary coolant exit temperature. A very rudimentary calcu- I

lation in MAIN calculates the steam generator primary coolant outlet
temperature from the input tube temperature.

1

1
1.1.6 Primary coolant pressure |

By selecting the KPREC = 1 option, the code will ignore the input
pressure in the PRESS subroutine and calculate the primary coolant
pressure throughout the transient. The pressure calculation is done in
the INPL subroutine, using the initial helium total mass calculated in

i

MAIN. The PRESS subroutine must still be included to specify initial
pressure.

1.1.7 Fuel failure

2 has beenThe ORNL adaptation of the Goodin fuel failure model

included in the ORECA-FSV code (as the GOODVT subroutine). For each of
the 222 active fuel nodes, G00DVT calculates the cumulative failure
fraction as a function of time. The fuel failure is defined in this
context as the inability of the fuel particles to contain noble gas fps.

1.2 Fission-Product Release from HIGRs

J. H. Wilson A. L. Weinberger

.

The objective of this task is to generate experimental data required
for the analysis of fission product (FP) release in HTGR severe accidents.
Initial efforts involve the determination of FP vapor pressures and i

'

diffusion rates through graphite. The experimental procedure consists I

of measuring the rate of loss at high temperatures (maintained by a
graphite-resistance furnace) from a mixture of powdered graphite and

|

1

|

t
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simulated fps (using noaradioactive species) that has been placed in a
6.4-mm-diam graphite tube. As the products diffuse through the tube
wall, they are transported through a cold collection tube by argon
carrier gas.

Chromel-Alumel thermocouples were inserted at various locations in*

the cold collection tube, and the furnace temperature was raised until
the temperature limit of the thermocouples was approached. By extrapo-

lating the measured temperature gradients in the collection tube,e
estimates can be made of the temperatures at which deposition of the
simulated fps occurred in the previous experiments. At a furnace tempera-
ture of 1900 K, a temperature drop of %400 K occurred over a distance of,

35 mm from the sample source. At this location, deposits were observed
in the experimental runs. If the temperature gradient increases with
increasing furnace temperature as expected, direct measurement of the
temperature in the deposition region of the collection tube when operating
at a furnace temperature of 2775 K may be possible. For this purpose,

the Chromel-Alumel thermocouples have been replaced by platinum vs
platinum-rhodium thermocouples.

Neutron activation analysis (NAA) results from the second run
(2775 K for 25 h) were received. The sample originally contained carbides
of Si, La, Nd, Ce, Sr, and Zr dispersed in graphite. Whereas only 20.5%
of the zirconium was lost from the sample after heating, essentially
100% of each of the other elements was lost (silicon was not detected by
NAA and will be analyzed by another method). As in the first run, very
rapid diffusion through the wall of the graphite sample tube was indi-
cated. For both the first and second runs, the amounts of the elements
that were found to have deposited downstream on the cold collection tube
were 1% for zirconium and from 7 to 27% for the other elements (excluding
silicon), as based on the original sample weights. Analysis of a
composite sample of_the carbon felt insulation that surrounds the
heating element indicated that diffusion of the elements through the
outer graphite tube, which is concentric with the sample tube, could
account for the low recovery on the cold collection tube, with sub-
sequent deposition on the felt insulation.

A mathematical model of the experimental system was developed to
aid in the analysis of the experimental results as well as to provide
insight for modifications to-the system that potentially could improve
the quality of the data. Calculations showed that with the present
system, the low recovery on the cold collection tube was in fact due to
loss by diffusion through the outer graphite tube. To reduce the loss
to the felt insulation and to allow the experimental determination of
both diffusion coefficients and vapor pressures, the model indicated
that either the wall thickness of the tube surrounding the sample tube
must be increased or this outer tube must be fabricated from a more
impervious material.

A fourth run was made at 2675 K for 12 h. The sample contained the,

same components (Si, Ce, Nd, Ba, Zr, Nb, Ru, Rh, Pd, and Mo as metals
and metal carbides) as those in the third run at 2675 K for 26 h. The

argon flow rate was increased so that a larger fraction of material*

would deposit on the cold collection tube. The run length was decreased

- ___________ _ ___ _ - _ _.
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because a preliminary analysis showed that in the third run the losses
of the elements from the sample were high (i.e., essentially 100% loss).
Lower losses are necessary to accurately determine the rate of loss that
is'needed for calculation of the diffusion coefficient.

Preliminary results from the fourth run also indicated high losses *

of the elements from the sample tube. Consequently, a fifth run was
made at 2675 K for 3 h, the shorter time again for the purpose of
obtaining a better measure of the rate of loss. In the fourth and fifth *

runs, additional carbon felt insulation was added to maintain a less
steep temperature gradient along the cold collection tube. From an x-
ray of the cold collection tube, a better separation of the elements
that deposited from the argon carrier gas was achieved.

Because'of the long delay time involved for the NAA, future runs
will be made where only one element at a time will be charged to the
sample tube and where the rate of loss will be calculated by weight
loss. This will allow data for the individual components to be generated
very quickly. After building this data base, mixtures will be run to
study possible interactions, with neutron activation again being used as
the analysis method.

1.3 Review of FSV Reactor Technical Specification
on Limiting Maximum Core Temperctures

S. J. Ball

At the request of the Nuclear Regulatory Commission (NRC) Region
IV, ORNL is providing technical support in their review of the FSV
limiting condition on operation (LCO) 4.1.9. The intent of this tech-
nical specification (tech spec) is to ensure that during low-power and
low-flow operation (0 to 15%), core region temperatures will be limited
to acceptable maximum values. The major basis for this concern is that
at low core flows (and hence low core pressure drops), the effects of
higher buoyancy forces of the pressurized helium coolant in the cooler
channels, coupled with the higher flow resistances in the hotter channels,
may lead to flow stagnation and reversals in some channels. The uncer-
tainties of the region heat removal processes under these circumstances
make it desirable to ensure that region flow stagnation and reversals do
not occur at all. The basis of the current LC0 4.1.9 is to specify a
set of conservative operating limits for both startup and shutdown, with
the reactor either hot or cold, or pressurized or not pressurized. NRC,
PSC, and General Atomic Technologies (GAT) have all identified problems
with consistency, accuracy, and conservatism of the current and interim
tech specs, and NRC has indicated that a thorough independent review and
analysis is warranted.

The initial work on the task included a review of the basis for the -

LCO and identification of the problems in the analyses, measurements,
and operation.

To conduct detailed analyses of the reactor operating conditions, ,

the model verification version of the ORECA-FSV code was modified to

;

i.
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facilitate startup and shutdown runs, including typical refueling region
orifice maneuvers. For startups, the calculation begins with a zero-
power uniform-temperature core and follows user-input trajectories of
total circulator flow, thermal power, primary system pressure, and core
inlet temperature. Guidelines for typical startup scenarios have been.

obtained from the FSV DC-5-2 (Issue C) manual both for startup from
refueling conditions and for startup with full inventory. For shutdowns,
the power and flow rundown conditions are arbitrary user inputs. In,
both cases, orifice manipulation routines are executed to go from approxi-
mately equal-flow to equal-temperature rise settings, or just the oppo-
site, at specified times. Other user inputs include the refueling
region peaking factors (RPF) and orifice positions and the various core
and refueling region bypass flow fractions. A watchdog routine was also
added to ORECA that detects violations of the existing LCO (for both LCO
4.1.9 Figs. 1 and 2 conditions), noting the beginning and ending times
for the violations and, for the Fig. 2 case, the value of the maximum
region temperature rise. The code includes a model of the dynamic
response of the region outlet thermocouples, which have fairly long
response times, especially at the low flows associated with startup and
shutdown. Calculations for the LCO of core thermal power and region

* temperature rises are made based on these simulated thermocouple measure-
ments rather than " actual" region outlet temperatures, since the measure-
men.ts are used by the operators to determine the coordinates on the two
figures.

Some basic problems and limitations were noted with the restrictions
and the bases for both the existing and temporarily imposed LCOs. The
idea of the tech spec is to limit the maximum core temperature by
ensuring that region flow stagnation will not occur. Because there is
no direct way of measuring stagnation, the calculation needs to be
fairly conservative and, for the sake of simplicity, cover a wide range
of possible values for operating parameters such as RPFs and orifice
positions. Simply ensuring that no stagnation will occur does not
necessarily mean that the core will not overheat. Another simplifi-
cation that increases the conservatism is that the LCO is made to apply

to both startup and shutdown conditions.
Several specific problems were noted: (1) There may be problems in

the measurement accuracy for low reactor powers, because of the inherent
limitations of low-flow measurements. (2) There are also large uncer-
tainties in the fraction of the total circulator flow that bypasses the
core entirely and the bypass fraction for the refueling regions within
the core. These fractions could change significantly with changes in
operating parameters such as total flow and refueling region orifice
positions. (3) The GAT analyses established the operating limits by
using only steady state codes, while in fact, in typical startup and
shutdown scenarios, the reactor is not necessarily in steady state. It

is important to know if the consideration of the dynamic effects would*-

impose more restrictive conditions. Dynamic effects should also be
considered in determining how much time should be given for corrective
action in case limits are exceeded. (4) The current LCOs indicate an-

" equal-flow orifice positions" mode but do not specify what these orifice
positions are. The tendency for flow redistribution is very sensitive

|. _ - _ _ _ _ _
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to the absolute, rather than just the relative orifice positions. For
nearly closed orifices, it is very difficult to slip into re. arse flow.
At the same time, however, higher region flow resistances-lead to higher
region bypass flow fractions.

Based on our initial review, two preliminary observations and .

recommendations were made for discussion purposes: (1) An LCO that
would nearly satisfy the intent of the tech spec (limit core temperatures)
would be used to have the region orifice positions set according to

.

calculations of the RPFs, with verification of the success of the maneu-
vers made via measurement of region temperature rises. In cases where
the total circulator flows are low, stipulations could be made about the
absolute orifice settings such that significant flow redistributions due
to heatup effects would be avoided. For such an LCO, a single upper
limit on power-to-flow ratio would probably be sufficient. As long as
the temperatures did not get too far out of line, there could be reasonably
long compliance times for correcting off-normal flows. (2) Verification
should be considered an important part of the proposed LCO revision,
because the success of the orifice manipulations would depend on the
accuracies of the calculation of RPFs and the estimate of flows resulting
from orifice position changes. Most of this verification work could
probably be based on existing data system records of several startups
and shutdowns; however, some tests to verify the models for calculating
region flow redistributions or reverse flows may be justified.

1.4 Development of the BLAST Steam Generator Dynamics Code

J. C. Cleveland

As a part of our code benchmarking activities, BLAST 3 results were
compared with measured FSV steam generator data for a loop shutdown
transient, which occurred on November 9, 1981. The computed results for
a steam generator module in the shutdown loop predict thac steam generator
flood out should occur %4 min into the transient. However, measured
data imply'that flood out had not occurred even 25 min into the transient.
One possible explanation is that the feedwater flow measurement, which
can be quite inaccurate at low flows, was indicating a higher-than-
. actual flow. The differences in calculated and measured conditions will
be investigated further and discussed with PSC personnel.

The most recent version of the BLAST steam generator dynamics code,
the code documentation, and a sample problem were sent on request to
PSC. PSC plans to use the BLAST code ~to investigate the response of a
steam generator module to postulated leaks of cold helium through the
buffer seals.

The BLAST HTGR steam generator simulation code, the documentation,
and a sample,, problem were also provided to Rheinisch Westf*lischerd .

Technischer Uberwachungs Verein e.v. (RWTUV) of Essen, Federal Republic
'i-

of Germany (FRG) at their request. This version con,tains all modeling
; improvements and refinements made by ORNL to the RWIUV/KFA version of

,

BLAST, which was provided to ORNL in December 1981.

i

:
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-1.5 Large-Scale Thermal-Hydraulic Experiment
Planning - Core Bypass Flow Tests

S. J. Ball*

An updated proposal for verification work on the core bypass flow
models was submitted to NRC and PSC for comment. The additional material-

is based on-input from both PSC and GAT and on further analysis of FSV
plant data.

Detailed scoping calculations were done for the FSV shutdown tran-
sient from 100% power on November 9, 1981. Extensive data (from the
plant data logger) were made available by PSC, and numerous comparisons
were made of the data with ORECA code predictions and with other calcu-
.lations,. This was an excellent transient to use for bypass flow modeling

investigations, because it involved a transition from full-power steady
state conditions to part-load operation on one loop, and finally to the
resettirs of the refueling region orifices (to 417% open) after 3 h.

'Using a model for the FSV circulator performance developed for use
in the ORTAP code," predictions could be made of expected flow and loop
(or circulator) AP and circulator temperature rise, given the circulator
speed, inlet temperature, and pressure as inputs. Absolute values of
and changes in core AP were also calculated by ORECA for various sets of
assumptions about core bypass flows. While some of the data logger
readings obviously had bias or other errors, most appeared to be quite
reasonable and checked out well with the predictions.

The total primary flow resistance ( is assumped to be related to
the loop pressure drop AP (or circulator pressure rise), the ratio
of absolute temperature to pressure T/P, and total loop flow W by

.AP = ( (T/P) W .

Making'use of the ciruclator model, calculations show that the data
indicate a decrease in effective loop resistance of N40% due to the loop
trip and accompanying' reduction in flow and pressure drop. Only an
insignificant part of that (<2%) is due to a change in core flow resis-
tance. .The' resetting of the refueling region orifices increased the
core resistance 61% while increasing the total loop resistance 23%.
Using a variety of " reasonable" bypass flow assumptions, preliminary
ORECA calculations predicted increases in core resistance due to the
or?.fice changes of between 54% and 59% (vs 61%); however, the absolute
values of' calculated core AP were 18% to 43% higher than measured. Part
of this discrepancy.may be due to the fact that some of the core flow
bypasses the orifices, an effect that is not modeled in ORECA. One PSC*

estimate for this bypass flow is N16% which could account for a signifi-
cant part of the AP error.

Refinements in the ORECA model are planned, including an option to*

incorporate circulator performance, so that core inlet temperature and
flow can be derived from' circulator speed and pressure drop' data. An
option to specify an orifice bypass flow fraction will also be added.
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Detailed bypass flow experiments planning would include simulating
proposed scenarios using the updated ORECA code, accounting for uncer-
tainties in models and parameters by sensitivity studies, and taking
advantage of enhanced plant data logger capabilities. .

1.6 Model and Code Development for Fission-Product
*Redistribution During Severe Accidents

I. Siman-Tov

A list of fission products, heavy metals, and activation products
S andpresent in an HTGR, composed of the nuclides described by KFA

GAT,6,7 are presented in Tabic 1. The tabic also includes the mobilit.y
groupings and boiling points given in Refs. 5-7. Since melting points
may be of greater significance in determining the mobility of the
diffusing and stationary fiscion products, they are also included with
boiling points as given by two sources in the Chemical Engineering
Handbook (CEH)8 (Table 1). For some nuclides, there are major unex-
plained differences between the boiling points from the two CEU sources.

For purposes of present code development, five fps were chosen:
one stationary, one volatile, and three mobiles with different rates of
mass diffusion. These can later be replaced by groups with effective
mass transport, nuclear decay, and production properties. A final
decision on the particular five nuclides will be left open until the
relevant parts of the code are ready for testing.

A block structure established for the code that is presented in
Fig. 1 forms the basis for the stepwise refinement process and presents
the main flow of the program. Stepwise refinement is in progress and
is a continuous process during the entire code development stage. A
card image file is being created that includes the documentation of the
code as it is being developed. At present the file consists of the
problem description with its basic as captions and limitations and the
main block description.

1.7 Cooperative Programs with FRG

J. C. Cleveland

,, A meeting was held at ORNL on October 21, 1983, with K. D. Paul of
RWTUV to discuss possible c,ooperative programs for HTGR accident analysis
and code verification. RWTUV is using our BLAST steam generator dynamics
code for THTR and SNR (liquid-metal-cooled fast breeder) reactor analyses
and has compared BLAST predictions with steady state and transient data
taken at the AVR reactor. RWTUV is obligated to have all parts of their '

codes " verified" by comparison with experimental data (preferred) or
with independent codes; hence, our work on BLAST comparisons with FSV
reactor data is of interest to them. A major effort at RWTUV is to .

complete an extensive series of THTR postulated accident sequence
analyses by May 1984, as a part of the assessment required for THTR's
30% power operating license. The plant vendor, HRB, has altcady done

o
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.

#T&ble 1. Nuclides for FP distribution model
.

UH Uh
KFA( CAT (Table 3-1) (Periodic Table)

o Ie Nuclide Group b.p. Group Group b.p. m.p. b.p. m.p. b.p.
symbol No. ('C) No. No. ('C) (*C) ('C) ('C) ('C)

Ag 3 2212 2 2177 961 1950 961 2210
Am 5 2607
As 1 593 5615 5615
Ba 3 1640 3 2 1637 850 1140 714 1640
Br 1 57 5 1 58 -7 59 -7 58
Cd 1 165 321 767 321 765
Ce 4 3257 2 3 2927 645 1400 795 3468
Co 6 2870 1480 2900 1495 2900
Cr 6 2482 1615 2200 1875 2665
Cs 3 690 5 1 685 29 670 29 6900
Dy 3 2327 1407 2600
Eu 4 1597 4 2 1427 826 1439 826 1439
Fe 6 2750 1535 3000 1536 3000
Gd 2 2727 1312 3000
Ce 2 2827 937 2830
1 1 184 5 1 183 114 184 114 183
In 2 2047 156 2000
Kr -152 5 1 -152 -169 -152 -157 -152
La 4 3454 2 3 3367 826 1800 920 3470
Mo 4 5560 1 3 4827 2620 3700 2610 5560
Nb 4 4927 1 3 4927 2568 3300
Nd 4 3127 2 3 3087 840 1024 3027
Np 5 3902 637
Pa 1 (1230)
Pd 4 3140 3 3 3121 1555 2200 1957 3980
Pm 4 2700 3 3 (2727) (1027)
Pr 4 3212 2 3 3017 940 935 3127
Pu 5 3327 640 .'235
Rb 3 688 5 1 701 39 700 39 688
Rh 4 3730 2 3 (3727) 1995 32500 1966 .500
Ru 4 3900 2 3 (3727) 2450 >2700 2500 4900
Sb 4 1750 5 2 1637 6 31 1380 631 1380
Sc 6 2832 1200 2400 1539 2730
Se 2 685 5 1 685 217 688 217 685
Sm 4 1778 3 2 (1587) >1300 1072 1900
Sn 2687 232 2260 232 2270
Sr 3 1384 4 2 1367 800 1150 768 1380
Tb 1 3 (2527)
Tc 4 4927 2 3 4627 2140
Te 2 890 5 1 987 452 1390 450 990
Th 5 3800 1845 33000 1750 1850
U 5 3818 1833 3500 1132 3818
Xe 1 -107 5 1 -108 -140 -109 -112 -108
Y 4 3337 2 3 (3227) 1490 2500 1509 2927
2n 6 907 419 907 420 906
2r 4 4377 I 3 4377 1700 *2900 1852 3580
Tritium 7 -253

#
b.p. * boiling point NFA groupinbst '0AT grouping f or CORCON AT grouping in FSV-FSAR
m.p. * melting point 1. gaseous fps e.ach group c hara. t erised I. t. . p , 122 7'C
v.p. * vapor pressure 2. volatile nonmetals by: 2. intermediate between
D = diffusivity 3. metain adsorbing 1. v.p. and D of PA 1 and 3

'
S * sublimation on graphite 2. v.p. of L.i. D of Ce 1. v.p. cf eleme;nt or

4. nonvolatile metals 3. v.p. cf 8.a. D of B. carbide 10-
5. heavy metals 4. v.p. of $r. D of Sr atmosphere .it 122 ''C
6. activation producta 5. volatile
7. tritium

L__
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Fig. 1.
Structure diagram for FP and heat source redistribution for ORECA code.
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'these analyses using their~ independent codes (which have typically
checked out well at RWTUV's codes), and thus no ser,ious problems are
expected. Mr._ Paul hopes to discuss results of RWTUV's analyses with
ORNL next spring as a part of an overall cooperation between NRC and the

. Ministry of the Interior (BMI) of.FRG. Such collaboration would be very*

beneficial to both ORNL and~RWTUV and should be pursued.

o
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2. TRIP MADE UNDER PROGRAM SPONSORSHIP - VISIT TO
PUBLIC SERVICE COMPANY OF COLORADO IN DENVER '

R. M. Harrington
e

R. M. Harrington visited R. M. Bliss of PSC in Denver on October 14,
1983, to discuss several topics pertaining to the FSV reactor, including
Bliss' new version of the ORNL ORECA code, FSV data for use in verifying
the BLAST steam generator code, the ORNL proposal to do code verification

,

on ORNL's modeling of the PCRV LCS, and the current severe accident
version of the ORECA-FSV code.

Bliss' work has been mainly reprogramming ORECA to make it more
" user friendly," that is, so it can be used by more utility people.
Bliss has recently developed a more elaborate core bypass flow model,
incorporated it into the PSC version, and tailored it to accommodate
operational data from FSV. ORNL has been reviewing PSC's ORECA model
development routinely.

Bliss is assembling the package of FSV steam generator data requested
by J. C. Cleveland and will send it to ORNL soon. PSC requested a
current version of ORNL's BLAST code to aid in calculating change in
steam conditions for various size leaks in the steam generator bellows
seals.

PSC will cooperate with our proposed LCS model verification work
whenever NRC indicates that this study should be done.

PSC agreed to informally review ORNL's latest ORECA-FSV severe
accident model development work.

e

%

i
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