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Westinghause Power Systems PWR Systems 0msm

Electric Corporation Company sc, m
Pittarp Psnsyuna 15230

September 26, 1978

SDP-78-514

(FSS-78-109)

Dr. K. H. Sun Mr. E. H. Davidson
EPRI PMG Member, FLECHT-SEASET Program NRC PMG Member, FLECHT-SEASET Program
Safety and Analysis Department Systems Engineering Branch
Nuclear Power Division Division of Reactor Safety Research
Electric Power Research Institute U.S. Nuclear Regulatory Commission
P.O. Box 10412 Washington, D.C. 20555
Palo Alto, California 94303

SUBJECT: FLECHT-SEASET Program
Informal Monthly Prog > ess Report - August 1978
Contract: NRC-04-77-127, EPRI No: RP959-1

Gentlemen:

Attached is an informal progress letter for the month of August 1978 for
FLECHT-SEASET.

Sincerely,

WESTINGHOUSE ELECTRIC CORPORATION
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H. W. Massie, Jr.

FLECHT-SEASET Project Engineer
Strategic Dev91opment Projects

HWM/bms

Attachment

cc: Dr. K. H. Sun (EPRI) 12L, 12A
Mr. E. H. Davidson (NRC), IL, lA
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FLECHT-SEAS!i DC' NM-

C0:. iRLC ' P~-C;-?7-127

PRO.15S Li. n i.P

cc:

Mr. S. Levine, Director Dr. L. S. Tong, Assistant Director
Of f ice o f Huc. lea r f.a.;ul a torj heseorch for Water Peactor Safety Research
fluclear Regulatory Cea .ission Division cf Reactor S.;fety Research
!!ashington, D.C. 20;55 f;uclea r Requietory Ccm. 'ission

W:shington, D.C. 20555
Dr. T. E. f:urley, Di rector
Division of f.eactor Safet ' FMearch
Nuclear Regulatory Co aission Dr. P. A. Lottes
Wasnington, D.C. 200SS Argonne Otional Laboretory

9700 South Cass Avenue
Dr. S. H. Hanauer Argunne, IL 60439
fluclear Regulatory Comission
1lashington, D.C. 20555 Dr. J. A. Dearien,i:anager

Ccde Verification a Applications Proaran
Dr. D. Ross EG&G Id;ho, Inc.
fluclear Regulatory Co.; cission P.O. Box 1525
Washington, D.C. 20bES Idaho Fclls, Idaho D3401

Mr. R. F. Fraley, Executive Dr. Peter Griffi th
Secre tary ACRS Departr.cnt of Mechanical Er.ginearing

fiuclear Regtla tory Ct oission !11T
Washington, D.C. 20h5 Can.bri dge, f *as setnusetts C.M 3T

Mr. P. Li tteneker Dr. D. C. Groeneveld
Idaha Operations Of fice Chalk River liuclear Laboratories
P. O. Box 210s Chalk River
Idaho Falls, ID 63-101 Ontario, Canada K0J1JO

Mr. J. O. Zane, Manager Dr. D. A. Pouars
Semiscale Prograu Division of St tr Se fety
I!iEL U.S. ,,u: iu c , -gul a torj Cai ni ssien
550 Second Street Washington, D.C. 20555
Idaho Falls, ID 83401

Professor U Y. Chon
f!r. G. Sozzi Dept. of Engineering Science
General Electric Co;.c ay Aerospace Engineering & t,uclear Erig.
175 Curtner Avenue State University of ';eu York
San Jose, CA 95125 Buffalo, nuu Yark 14214

Dr. J. H. Holderness Mr. Wayra l'odges
Cor.tus tion Engineering, Inc. fluclear Regulatory Commission - DSS
fluclear Power Departant Washington, D.C. 20555
P. O. Dox 600
Windsor, Connecticut 06095

Mr. E. L. Halnan, Director
Dr. B. Binghara Division of Contrac::
Cubcou. . . ii tox C: . . , .u u .u . . . . u . c. i o ry % . . assico
P 0. Box 1206 Washington, D.C. 20565
Lynchburg, VA 24505 g.sm, u.1. .q
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Ad, ires s e e

fir. R. Jensen Professor R. A. Setan
Inten ountain Technology Departrent of I:echaMcal Enc.
Dor 1C04 University of f alifcmia
Idaho Falls, ID 03:01 Berkeley, CA 94720

Mr. F. D. Lang Professor I. Catton
Energy Incorporated Dept. of Chemical, l'uclear and
P. O. Box 736 Thernal Cncineering
Idano falls, Idano U3401 University of California

Los Angeles, CA 90024
Dr P. North Manager
Code Developlent & Analysis Program Mr. G. F. ErackettEG5G Idaho, Inc. Interr.ountain Technolooies, Inc.
P.O. Cox 1623 P.O. Cnx 1604
Idaho Falls, Idaho 83401 Idaho Falls, Idaho 83401

Dr. David G. Thomas, fianager Dr. G. E. Dix
P'.; > nD::T Proc ra: fHcar rne my Divinien, fi/C 5S3
L.n. Ri % u1cnal Laboratary Ga r.e rel Electric Corpany
P . O . Bo <. Y 175 Lartner Avenue
Oak R Hge, Tennessee 27330 San Jose, CA 95125

Mr . 11. Fa rue r Mr. K. V. Moore
fluclear Regulatory Cornission Energy Intorporated
Wash ington , D.C. 20555 P.0, Cox 736

Idaho Falls, Idaho 83401

M r. U. f.l y r.e r Dr. Z. Rosztoczy
Exxon Nuclear f.'uc! car Renula*ry Co=1ission - DSS
2101 Hoco Rapids Road Washington, D.C. 20555Richland, t!asningica 99352

Mr. T. Charlton
Mr. G. E. Wilson (TSB) EG!.G Idano, Inc.
EGSG Ideno Inc. P.O. Box 1625
550 Second Street Idaho Falls, Idaho 83401
Idaho Falls, Idaho 83401

Dr. H. Suilivan
EG&G Idaho, Inc.
P.O. Cox 1625
Idaho Falls, Idaho 83401
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- FLECHT-SEASET PROGRAM

Contract: f1RC-04-77-127

EPRI Project flo: RP959-1

IfiFORICL MONTHLY PROGRESS REPORT

AUGUST 1978

PROGRAM ADMIrilSTRAlI0rl - H. W. l'ASSIE, JR.

An August 30-31, 1978 PMG fleeting was held to discuss the f!RC problem of lack
of additional funding for the revised FLECHT-SEASET Program (includes new flow
blockage program). Various funding alternatives were discussed and reviewed.
No obvious alternative existed that would reduce the costs of the revised program
back to the original contract level. This issue is unresolved for future dis-
cussions. Also, the PMG reviewed and approved the basis for the cost estimates
of the flow blockage program, specifically the 21 Rod Bundle Task. All major
procurement items for the Unblocked Bundle Task and the Steam Generator Separate
Effects Task have been delivered.

JE_ST PLANNING AND AtALYSIS - L. E. HOCHREITER
__

(1) Unblocked Bundle (Task 3.2.1)

Design of the bundle and determination of heater rod placement has begun for the
unblocked bundle. Some problems have surfaced with knowing exactly what the
angular placement of the rod therrocouples (T/C's) are. Additional thermal search
measurements for axial and azinuthal location of heater rod thermocouples were
conducted on 6 representative heater rods. The results indicated differences be-
tween the l!estinghouse thermal search results and the heater rod vendor measure-
ments. The !!estinghouse results indicated that thermocouple locations were as
much as 1-1/2 and 2-1/8 inches from nominal axial locations and as much as +45
degrees and -133 dcgrees from radial locations. These results are being further
evaluated before actual rod placement in the bundle is initiated. This is not
believed to be a probicm since subchannel heat transfer variation is small for
the unblocked bundle. An improved thernal scarch technique is being developed for the
21-Rod Bundle.

The local power steps for each heater rod is being calculated from the
vendor supplied X-ray data. Some anomalies have been observed and are being
checked before the rods are placed in the bundle.

Data reduction prograus are being upgraded to reflect the need for retric and
English plots in FLECHT reports. A new method has been developed to maintain an
updated list of heater rod thernoccupie channel connect'ons as a hedge against
high thermocouple failure rates. Also, a way of improv ng the mass storage cal-
culations above the quench front for the Code FFLOUS is being investigated.
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NASA Lewis at Cleveland, University of California at Berkeley and Wichita State
University were contacted to discuss techniques for taking st,ll photos of water
droplets in a highly dispersed flow regime during reflood. In general, all of
them successfully used a microflash in conjunction with a fJ ikon or Canon 35 MM
camera for this nurpose. These techniques will be incorporated in the photog-
raphy procedures.
The task plan has been reviewed for publication.

(2) 21-Rod Bundle est (Task (3.2.2)

Work has continued on the steam probe design which includes the associated
temperature correction and flow velocity calculations. The optimum desicn from
a minimum flow blockage / quenching standpoint and maximum measuring capability is
a 20 mil thermocouple enclosed in a 3/32" 0.D. hollow tube with flow holes spaced
approximately 0.25" apart. This design will not be tested in the Lehigh University
facility due to the penetrations limitations. However, this probe will be placed
in the unblocked bundle test facility for comparison to the aspirating steam probe.

Testing the steam probe in the University of California at Berkeley Single Tube
Test Facility is also being investigated by EPRI.

Work has been completed on the bundle instrumentation plan for the first three
21-rod bundles. The axial, radial and azimuthal distribution of heater rod thermo-
couples; and the axial and radial distributicn of steam probes; and the radial
and azimuthal distribution of blockage sleeve thermocouples have been specified.
These specifications will be used as input to a mock-up of the bundle mid-section
which will be built to investigate methods of bundle assembly and .nstrumentation
routing.

The hydraulic design of the downcomer/ cross-over/ leg lower plenum hardware has
been completed. A 1-1/2" diameter bi-directional turbine meter will be specially
built to obtain the desired flow measuring capability and associated pressure
losses.

The hydraulic characteristics of the concentric flow blockage shape was analyzed
using both COBRA, paper and references in the literature. The p oblem is deciding
how long the low strain tails of the blockage burst should be to have a meaningful
representation of the blockage hydraulic effects. Longer simulations would require
longer sleeves thereby covering up heater rod T/C's. A quick review of the
literature on separated flow effects and the concentric blockage shape indicates
that the separation effects of the blockage can be preserved with a shcrt sleeve
simulation. Heat transfer studies indicate that the separation and reattachment
points significantly effect the local heat transfer and thus should be preserved.
The COBRA calculations for four rods blocked indicated that with longer sleeves,
more flow would be diverted out of the blocked channel lower in tt bur.dle as
compared to the more desirable short sleeves. However, if this flow is integrated
up to the blockage plane, the flow difference is only approximately 10% for the
longest possible sleeve. A letter was written to the PMG and their consultants
to again recommend the short concentric sleeve.
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FACIlllY ENGINEERING /TFST OPERATIONS - L. R. KATZ/C. E. FUCHS

(1) Unblocked Bundle (Task 3.2.1)

The low mass housing was received and inspected. The upper and lower plenums and
housing extensions were attached to the housing and the assembled unit was in-
stalled in the support stand. The support stand will be installed vertically for
bundle loading.

The grids, fillers and upper seci plate were installed in the bundle strongback
and the fillers were welded to the grids and this completed structure was attached
to the upper seal plate. The unit is now ready for bundle assembly which is
waiting a decision on rod location (heater rod preparation and QC are complete).

(2) 21-Rod Bundle Test (Task 3.2.2)

Considerable effort was spent developing steam probe fabrication and themocouple
lead routing techniques. Several prototype steam probes were fabricated. The
steam probes consist of a 20 mil thermocouple centered in a 3/32 inch diameter
tube. The themocouple is centered using an inner sheath. The steam proba assembly
is completed by crimping the outer tube down onto the inner sheath and themocouole.
A roll crimping tool was faoricated for this purpose.

A mockup of the bundle mid-section is to be built to investigate methods of assembly
including installation of steam probes and blocka'Je sleeves and routing and attach-
ment of thermocouple leads. The mockup will be based upon the bundle instrmenta-
tion requirements.

A request for quote and equipment specification have been issued for the low
mass housing. In addition, long lead items were ordered. Purchase orders have
been issued for the loop turbine meters. A special turbine meter has been ordered
for use in the reflood line.

(?) Steam Generator Separate Effects (Task 3.2.6)

Bench testing of the hemispherical lower plenum was completed. Distri' ution of
air ed water flow into each of the " steam" tubes was measured under urious flow
conditions. The simulated FLECHT lower plenum has been installed in .he bench test
loop and air-water tests have been initiated. All air-watec tests will be complete
by 9/15/7e.

Boiler house construction is complete with the exception of electrical hookup
of the air intake louver and exhaust fan, installation of door knoos, completion
cf the dike and fence around the oil supply tanks.

Installation of the piping Las completed and facility shakedown was started.
Boiler stcrtup and checkout has been completed and the steam generator steam probe
manifold flow checks have been performed. Delays in shakedown testing are antici-
pated due to problems in the software-data acquisition system (DAS) interface.

The electrical construction of the facility has been completed except for installa-
tion of the DAS. The DAS installation will follow repair by the vendor. Presently,
the data tape contains repeated information from a previous record file. Com-
puter software cannot be finalized until this prSlem is eliminated from the data
tape.
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(3) Steam Generator Separate Effects Tests (Task 3.2.6)

The two phase air / water testing was initiated on August 7. Data reduction of the
first series of air / water tests indicated in uncertainty in the inlet air and
water mass flow rates, fiodifications t.ere performed on the f acility by installing

a main line air flow orifice and a rotaueter in the water line. All prcceeding
air / water tests were repeated and their results indicated improved nass balances.
On August 25, the facility was modified by installing the FLECHT plenum end the
first air / water test resulted in good mass balances.

The air / water inlet plenum data includes the air and water mass flow rates in
each tube and the total inlet plenum air and water rass flow rates. Test results
from the henispherical inlet plenun and one test with the FLEC'IT steam generator
shaped inlet plenum show the following:

1) Air flow rate distribution across the tube sheet is independent of the total
mass flow rate.

2) The air / water tests with Qair >250 CFi! and 015n <l.44 GPil have the same air
flow rate distribution as the single phase tests.

3) From the replicate runs, tl.e star.dar d deviation of the air flow rate is 2%
and the water flou rate is 1 C in a given tube.

130 CF!!, Q jq = 2.9 GP|1) the air and liquid flourateIn one run (Qair4) N

distributions are significant)ly different than runs with higher air flow and
lower water flow indicating a flow regire change in the inlet plenu.n.

5) The FLECHT plenum test resulted in a flat air flow distribution ano a largely
rectangular liquid distribution with the highest liquid cor:entrations in
tubes adjacent to the baffle and the louest concentration in the column of
tubes furthest away from the baffle. The liquid concentration varies by a
factor of three over this range. This reasured flo.1 distribution supports

the choice of instrumented tubes made for the steam /viater tests.

The mass and energy balance program (SG FLO'.15) is coa.plete. The temperature
interpolation program (SG TEl') is N70| complete and the prograu r.hich calculates
the steam generator tube bundle heat flux is 1507 conplete. These pregrans will
be needed to reduce the shal ednun test data fru the tube wall T/C calibration
test and the spray nozzle thernodynanic characteristics test.

The task plan for the steam generator separate effects tests was formally issued.

(4) FLECHT-SEASET Presentations

A presentation was made to t'e ACRS l.'orking Group One on the FLECHT-SEASET pro-
gram. The ACRS urites . report to Congress each year on the HRC safety related
R&D program. The FLECHT-SEASET program is one of the programs in the ACRS yearly
re v i e,i .
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