\
\ A
W

Department of Energy
Washington, D.C. 20545
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Mr. Paul S. Check, Director

CRBR Progran Office

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Check:
RESPONSES TO REQUEST FOR ADDITIONAL INFORMATION

Reference, Letters, P. S. Check to J. R. Longenecker, "CRBRP Request for
Additional Information," dated April 30 and May 14, 1982

This letter formally responds to your request for additional information
contained in the reference letters.

Enclosed are responses to Questions 760.40, 105, 143, 145, 147, 150, 154,
158, 159, 160, and 161 which will also be 1ncorporated into the PSAR
Amendment 69; scheduled for submittal later in July.
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Question CS760,40

In the design evaluations presented In PSAR Section 4.2 and In the assessment
of stochastlic fallure effects presented In Section 15.4.1.1, the overall
predictions of the mathematical models and fallure criteria were ver!fled by
comparison with results of Iin-plle tests. Such verlfication was not presented
for the control and blanket assembly evaluations In Sections 15.4.2 and
15.4.3, nor for the assessments of the effects of molten fuel ejection or flow
blockages In the fuel assemblles In Sections 15.4,1.2 and 15.4.1.3. Utilizing
the In-pile experimental results that have been obtalned to date, and
considering the pertinent experiments that are In progress or are in the
planning stages, provide the fol lowing Information:

1. What Is the experimental evidence that the heat-generating blockage

conflgurations assumed In the Section 15.4 analyses occur In an actual
sltuation?

2. Based on experimental evidence, what Is the connection between the
amount of molten fuel ejection, size of the resulting flow blockage
that Is formed, and the Initiation of multi-rod fallure for CRBR fuel
conditions?

3. Are there any plans to use analytical methods and criterla which were
verified with in-plle safety test results to evaluate the ef fcts of
flow blockage and molten fuel ejection In the CRBR core assemblles?
Alternatively, have the analytical methods and criteria utillized In
the PSAR analyses of molten fuel ejectlon and flow blockage effects
been verifled agalnst in-plle safeiy test results?

4. |Is there any avallable experimental evidence (In-plle or out=of=plle)
that molten fuel ejection and flow blockage effects In CRBR blanket
assembl les are no worse than In fuel assemblles?

Response

1. Experimental and operational evidence to date Indicate that heat
generating blockages of any confliguration do not form under normal
operating condltions or the design basls events, The analyses presented

In Section 15.4 conslider postulated blockages to estimate the safety
margin avallable In the design,

2. Nomolten fuel ejection Is predicted during normal operating condltlons or
any design basls events, Nevertheless, If molten fuel ejection Is
postulated, any signiflicant fuel exposure to the coolant would be
annunclated on a time scale which Is short compared with that required to
Impact other pins In the assembly. Experiments simulating unterminated
overpower conditions have been reported as showing no Indication of

blockages what would suggest propagation to other assemblles (Reference
QCS760.40-1) .,
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3. The CRBRP Is malntainlng continuing cognizance of the tests such as the
SLSF P-4 and the Mol-7C., Analytical technliques have been appllied to
obtaln a physical understanding of the control lIng process In such tests.
Based upon the results from such safety tests as those mentloned above 1t
Is unlikely that such Information would be required to conservetively

predict In-core benavior under normal operating and design basis
accldents,

4. A detalled conslderation of the relative characteristics of molten fuel
ejection In blanket assemblies as compared with fuel assemblies Is not
necessary because signiflcant quantities of molten fuel are not predicted
during normal operating conditions and des gn basls events for elther the
fuel or blanket assemblles, Experimental data have been obtal ned
regarding the flow characteristics assoclated with passive planar
blockages In blanket pin geometry (Reference QCS760.40-2). These have
been compared with existing data on fuel assemblles to determine that the

blanket assemblles have a simllar ablllty to tolerate blockages of a glven
number of sub-channels,

References: QCS760.40-1 B, W. Spencer, D. R, Armstrong, L. Bova, et al.,
"Fuel=-Sodium Thermal Interactions In the CAMEL TOP
Safety Tests," FC| 4/P24, Fourth CSN| Speclallst
Meeting on Fuel=Coolant Interaction In Nuclear
Reactor Safety, CSN| Report No., 37, Bournemouth,
U.K., Aprll 1979, pp. 551-369.

QCS760.40-2 B. J. Vegter, B. Minushkin, "Radlal Blanket Assembly
Flow Blockage Tests," WARD=-SR=-94000-6,
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Question CS5760,100

In Section 5.5.3.6 (Evaluation of Steam Generator Leaks), the design basis
leak (DBL) appears to be based on |Imited operational experience, (with
different steam generators) a number of non-prototypical tests and a few
prototypical tests. Thus, It appears rather optimistic to conclude that "The
conseryvatism of this postulated DBL wil| be conflrmed through the LLTR test
program."

a. Assuming this tesr grogram does not progress as anticlpated, and that a
larger design basis leak must be considered, identify the largest |eak
which can be tolerated by the currently proposed design and discuss the
feasibi|ity of design changes to accommodate even |arger |eaks.

b. Are the systems (particularly the pressure rellef system) capable of being
mod! fled to accommodate a larger leak If further testing makes It
advisable?

Response

a. The completed LLTR Test Program has conflrmed the conservatism In the
design basis leak. PSAR Section 5.5.3.1.5.1 has been updated to reflect
the results.

b. The IHTS piping and IHX are adequately protected by the pressure relief
system as presently designed. |f a change Is made to Increase the leak
slze,changes may be required in the IHTS piping Instal lation, as well as
changes In the pressure relief system.

QCS760.105-1
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0o The natural frequency of the steam tubes In alr and water
o The damping rate of the tubes In alr and water

© Tube, support plate, shroud, |iner, baffle and shell| response to
prototyplic flow=Induced forces

0 Vortex shedding frequencies In the cross flow region

Flow clstribution tests were conducted for sodium flow rates from 10§ to 100%
of rated flow for the superheater and at 40 and 100§ for the evaporator mode.
Pressure measurements were made using two and three dimensional pltot probes;
approximately 30 penetrations were made In the model. Flow measurements were
made wlth a magnetic flowmeter having a callbrated accuracy of + 260 gpm.

Schedule of Tests
Testing with the HTM was conducted between July 1975 and June 1976,

Summary of Results

Vibration tests Indicated that the vibration |levels are small and that
excesslve stress |evels should not occur, Preliminary nnalysis determined the
maximum vibration Induced tube stress to be about 2000 ps! (13.8 MD). This
would occur In the cross flow region. The maximum tube peak-to-peak
displacement amplitude was measured to be 6 mils and occurred In the static
reglon, The corresponding tube stress was determined to be 400 psi by
preliminary analysis. Vortex shedding was found to be not a dominant source
of tube excltation,

The flow tests showed that the flow became unlform at an L/D of 21 (105 om
below the bottom of the Inlet window) and remained uniform unti| about 15 cm
above the outlet window. Relatively strong mixing occurred between the maln
body flow and the |lower stagnant reglon. However, this condition did not
appear to persist In the region of the tubesheet where near-stagration
condltions are desirable,

b. Large Leak Tests
Objective

The objective of the |large |leak tests was to support establishment of adequate
dasign and operational methods to accommodate |arge sodlum-water reactions
within the steam generator system of a LMFBR,

The large leak tests provided data In support of efforts to vallidate interim
and advanced computer codes for |arge |eak SWR analysis programs.

5.5-18b
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Data were obtalned from the |arge |eak tests for assessing the potential of '
secondary tube fallures,

Data were also obtalned on rellef system performance and on cleanup and |
recovery techniques employed to return the system to operation following the
major tube |eaks,

Program Description

The Serles | tests utillzed, as a test article, the Atomics International |
modul ar steam generator (MSG) thermal hydraullc model previously tested In the
sodlum components test Installation (SCTI) at Santa Susana, Callfornia. The

mode! was converted +o a large |eak test articic by replacing selected tubes |
with tubes des!gned for controlled rupture upon signal command. The |arge

leak tests were conducted In the Large Leak Test Rig (LLTR), located at the |
Energy Technology Englneering Center (ETEC) at Santa Susana, California. The

water Injection system of the LLTR provided water under the desired conditions '
for the large leak Injection device (LLID). The LLID for these tests

consisted of a cylinder with a pneumatic piston which applies an axlal load to i
the clrcumferentlal ly weakened tube. The gas pressure Is ap'iled to the

plston, the tube Is pul led apart at the weakened spot, crez . Ing a gulllotine

type fallure.

The MSG test article Is an approximately 70' Lg. x 16" |.D. hockey stick steam
generator contalning 158 steam tubes each of which Is 0.625 Inches 0.D. with a

wal | thickness of 0.109 Inches. The tube materlal Is 2-1/2 Cr-1 Mo steel and

the tubing Is spaced on centers 1,042 Inches apart. The Intentional rupture

tube for a glven test Is pressurlzed by water/steam from the LLTR water

Injection system tanks, The remalning tubes are suppllied by common headers at

each end ot the steam generator. The steam generator was assembled with four

(4) Inplace pre-weakened rupture tubes, and a capabllity for an additional |
four (4), using replaceable rupture tubes In the horizontal short leg of the

A"mGo
The Al-MSG Instrumentation conslsted of approximately 130 thermocouples, 13 |
high=-frequency pressure transducers, and 18 straln gauges. These sensors were

provided to monltor bubble growth and pressure wave propagation, mechanical
ef fects deformation, and to deflne the potential for secondary tube fallures.

The test data capabllity provided for the modifled Al-MSG Includes:

1) Pressure wave magnltude and propagation mapping.
2) Bubble growth mapplng.

3) Visual damage Inspection,

4) Rec.lts of pneumatic and hellum |eak tests,

5.5-18¢
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5) Ultrasonic signature comparison of tube wall thickness with original
(full treatment depends on technique development in the bend regions).

6) Measurements of water/steam Injection flow conditions.

7) Piping and vessel transient pressure, temperatures, and strain.

8) Rellef system transients Including pressure, temperature, flow, and
strain responses at representative positions In the system out to and
Including the stack.

9) Translent pressures and temperatures in reaction products tank
resulting from the entry of unreacted steam into the tank.

10) Vent system flow vs., time, and particulate size, distribution, and
chemlical composition In the vent stack.

Six large leak tests were conducted In the MSG during the Series | LLTR tests,
The first three Investigated double-ended guillotine (DEG) breaks In the
evaporator. The first test was of a break near the sodium outlet window. The
second test, a break about twenty feet above the lower tube sheet. The third
test, was of a break In the hockey stick region. The remaining three tests
Investigated a DEG In a superheater, DEG with Inert gas and a |arge break
(equivalent to 3 DEGS) in the superheater.

The results and data obtalned from the LLTR Series | tests demonstrate that
the TRANSWRAP Code predictions of pressures and velocities resulting from
large SWR events are conservative (Reference 25). The methodology which
val ldates the TRANSWRAP code for use In the design of the CRBRP SWRPRS
utillzed the following procedures:

1) The Injection flow transients on the water slide were computed with the
RELAP/MOD5 code (Reference 9).

2) These flow Injection rates were Input to the TRANSWRAP code to compute
pressures throughout the sodium side of the system. The calculations
were based on a sodium water reaction with an assumed hydrogen yleld
of 658 of the Injected water to hydrogen gas and a resulting bubble
temperature of 1700°F,

3) A dynamic rupture disc model was incorporated Into the TRANSWRAP code
to conservatively predict pressures within the LLTR.

4) A statlic rupture disc mode! was used In TRANSWRAP to conservatively
predict velocities throughout the system and pressures within the LLTR
SWRPRS

The Serles | Test Article was disassembled and examined following the sodium-
water reaction tests. This examination (reported In Reference 28) showed no
evidence of secondary tube fallures. Tube deformation and locallzed wastage
was found In the reglons of the tube rupture sites. The maximum wastage found
was 0.019 iInch adjacent to the test no. 2 site. Wastage at other tube rupture
sltes was In the order of 0.004-0.005 Inch.

5.5-18d
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Flve large leak Sodlum/Water Reaction (SWR) tests (two non-reactive and three
reactive), and three Intermediate size (reactive) leak tests have been
conducted In the LLTR Serles || Program. These tests were conducted In a half
length, full-dlameter prototyplc cross-section steam generator with prototypic
rupture disk assembly. These tests Invoived nitrogen gas as the non-reactive
fluld and both subcooled water and superheated steam as reactive fluids that
were Injected Into the sodium. A comparison between the key fluid parameters
In the reactive tests and those In CRBRP at normal on-load conditions Is
tabulated below.

CRERP Range Jest Range
Inltial Sodium Pressure, psig 110-220 80-255
Initial Sodium Temperature, . 400-935 580~-900
Water/Steam Pressure, psig 1500-2024 1550-2000
Water/Steam Temperature, °F 548-906 543-700

The test results are reported In detall In References 26, 27, 30, 31, and 32,
and are summarized In Table 5.5-13, The three reactive large leak tests A2,
A6, and A7 each had rapid DEG tube fallure with the injection rate averaging 5
Ib/sec of subcooled water for 36-40 seconds, In half-length, full size cross-
section, prototypic model of the CRBRP steam generatcr. These tests were
fltted with a prototypic, full-slize, reverse buckling, double rupture disk
assembly. These tests resulted In no subsequent tube fallures.

Three reactive, Intermedlate size leak tests have been conducted in the LLTR
Serles || Program. A short duration superheater |eak test (AB) resulted In no
secondary tube fallures (Ref. 32). The most recent |eak test (A5), concucted
in April 1982, Is being evaluated. The A3 leak progression test (Ref. 27)
producec a number of secondary tube fallures. This test was Inltlated by
rapidly pullling apart a pre-notched tube to expose an Injection tube
containing a pre-drilied apart a pre-noiched tube to expose an injection tube
contalining a pre-drilled 0.040 Inch diameter hole. This hole, representing
the self-wastage leak depicted in Step 5 of Figure 15.3.3.3-1, was aimed at a
target tube two rows away. The alming and spacing had been previously
determined by bench scale experiments to yleld the maximum wastage rate on the
target tube. Observed secondary fallure sequence Is tabulated below. For
reference, an EDEG fallure area (two cross sections) Is 0.26 sq. In.

5.5-18da
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JIME-SECONDS SECONDARY FAILURE ~  FEAILURE AREA-SQUARE INCHES
0 Injection Tube Pre-drilled 0.0013 sq. In,
60 1
72 2 (Same Tube) 0.017 (total area of
two holes)
97 3 (Thin Wall) 0.125
108 4 0.029
113.7 Rupture Disks Opened
114 5 0.109
114-120 6 0.200
114-120 7 0.170

The first seconcary leak required one minute to develop and was about 7% of an
EDEG. These results are a conservative representation of how an actual leak
would progress because: (1) Both the sodium and the water were static, (2)
the Initial leak was almed and spaced to produce maximum wastage on the target
tube (wastage rate Is observed In Yench scale tests to be sensitive to
confliguration), (3) the third secondary fallure occurred at 97 seconds in the
injection tube Itself which was of non-prototypic (thin) wall thickness
(Injection tube original thickness was 0.025" compared to 0.109" prototypic)
and the size of this fallure was sufficlient to cause signiflcant wastage/over-
heating of other tubes In the leaksite region, and (4) the tubes contalned
Initlally subcooled water which was static; as the test progressed, the water
flashed and was expelled into the supply system. The pressure In the
secondary tubes rose from 1700 psi at 97 seconds to 2600 psl! at 119 seconds.
The tubes were thus both undercooled and overpressurized as compared to CRBRP
conditions, Secondary leaks 5,6 and 7 occurred after rupture disk burst had
further Increased the AP across the tube walls. The three wastage/over-
heating/overpressure fallures occurred approximately 17 to 23 seconds after
the causative event (secondary fallure number 3) occurred and together totaled
less than two EDEG. The CRBRP Design Basis Leak is seen to be conservative In
both the magnitude of and timing of secondary fallures.

5.5-18db
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As a final level of protection against tube leaks In a steam generator, the
steam generators and the IHTS are being designed to withstand the effects of a
large sodium water reaction (SWR). The ASME Code categorles being applied In
the design of the steam generators and IHTS pliping and components for the
large SWR event are given In Table 5.5-10.

The design basis leak (DBL) for the CRBRP was selected based upon examination
of the physical processes which exist for leak inltiation and growth. Two
types of tests have been reported which provide Information on the |eak growth
mechanism - smal| scale tests which model effects of a SWR on materials, anc
large scale tests which model a large water leak in a model of a steam
generator. Smaller scale sodium-water reaction tests have been done to
develop an understanding of the effect of a SWR on nelghboring iubes In a
steam generator. Three mechanisms have been Identified for leak growth:

sel f-wastage, Impingement, and overheating (mechanical damage from pipe whip,
al though extremely unlikely, could be considered another mechanism, as
discussed later In this section). §8lf-wasigge has been shown to occur for
very small leaks In the range of 10 - to 10 ° Ib/sec (Ref. 13). The process
is depicted In Flguse 15.3.3.3-1. The result of this process Is a leak size
of the order of 10-~ to 10-“ Ib/sec. which can produce wastage on another tube
in the vicinlity of the !eaking tube.

Wastage can occur on the outside of a steam generator tube from a leak In
another tube In the vicinity., Tests of this mechanism have typically been
done by using a water Jet directed fhrough4sodlum to a target material sample.
Water Injection rates of approximately 10-" Ib/sec to 1 Ib/sec have been
tested. The wastage mechanism results in erosion of the target material at
maximum rates of 0.001 to 0.007 inches per second (Ref. 14, 29). The wastage
rate Is found to be a function of the water Injection rate, tube spacing,
sodlum temperature and |eak geometry. Wastage occurring on the surface of a
CRBRP steam generator tube at these rates could cause a secondary water |eak
from tube penetration. However, this would require at !'oast 20 seconds to
penetrate the 0.109 Inch thick tube wall assuming 2" In:tiating leak of the
proper characteristics to produce maximum wastage.

The slze of a secondary water leak resulting from wastage Is difficult to
quantify since wastage tests are typically done on materials samples rather
than pﬁossurlzed ubes. The wastage areas observed In tests have ranged from
0.1 In“ to 1.5 In“, Fallure areas corresponding to the highest observed
wastage areas would result In water |eak rates corresponding to that of a
doub!e-ended guiliotine tube fallure. However, the entire wastage area wcild
not be expected to blow out. The wasted areas are typically p!t-shaped with
the area of the pit decreasing with depth. It would be expected that the
smal| area at the bottom of the pit would fall, ylelding a return water |eak
which halts the wastage. Therefore, while the size of a seconcary fallure
caused by wastage Is difficult to predict, It Is expected to be smaller than
the leak rate corresponding to a double-ended guillotine fallure.

5.5-24a
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water Injection rates and sodium temperatures. Japanese, German and US large
leak SWR tests have produced no secondary fallures,

The Japanese have conducted seven |arge |eak SWR tests ranging from 7 to 10
seconds, The Germans have conducted flve |arge |eak tests of durations 4 to 9
seconds., SIx large leak tests (In near-prototype conflgurations) have been
conducted In the U.S. The U.S. test have ranged from 2 to 40 seconds In
duration, Signlflicant wastage was observed In only one U.S. test In which one
tube In the leaksite region exhiblted a 0.016 Inch reduction In wall
hickness. Thls corresponded to a wastage rate of 0.016 Inch/sec. The U,S.
large leak tests are described In Section 5.5.3.1.5.1.b.
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TABLE 5.5-13

COUNTRY TEST DES IGNATION/ TEST VESSEL
OBJECTIVE

u.S. LLTR Series~1, Al=MSG 16~ inch
SWk-1/0ne Double ID Vesse! Proto-
ended Guillotine typic Helght
(DEG) Fallure near
lower nozzle, sub-
cooled Hy0

LLTR Series 1,
SWR-2/Same as SWR-1
€ mid-span

Same as SWR-1

LLTR Series 1,

SWR-3 One DEG @ 1,75
In from upper tube
sheet, Two-Phase “20

Same as SWR-1

LLTR Serles 1,
SWR-4 Same as SWR-3
with superheated
stean

Same as SWR-1

LLTP Serles 1,
SWR-5 Same as SWR-4
with 700-F Nltrogen
Injected

Same as SWR-1

LLTR Series 1,

SWR-5 Same as SWR-4
with Three Equivalent
DEG

Same as SWR-1

5.5-53b
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SUMMARY OF U.S. LARGE SODIUM/WATER REACTION TESTS

TEST BUNDLE

158 tubes of
prototypic

material and
dimensions,

prototyplc-
al ly spaced

Same as SWR-1

Same as SWR-1

Same as SWR-1

Same as SWR-1

Same as SWR-1

INITIAL PRESS/TEMP,

SODIUM
PSIG ©F
122 600
B1 628
116 800
80 800
% 800
9 800

WATER
PSIG ©OF

1900 543

1900 543

1900 700

1900 700

1900 700

1900 700

WATER INJECTION

METHOD DURATION WEIGHT
SEC

Rapid

DEG of
pre-weakened
tube

Same as
SWR-1

Same as
SwWi-1

Same as
SWhR-1

Same as
SWR-1

Same as
SWR=-1

10

10

LB

80

60

ero

SIGNIF ICAMT

RESULTS

No Secondary
fallures, Maxi-
Imum wastage on
one tube near
leaks!te = 0,016
inches. Only
signi ficant
wastage In all 6
Serles | tests,

No secondary
fallures

No secondary
fallures

No secondary
fal lures

Served to call-
brate RELAP code

No secondary
fallures., Serles
1 served to

val idate the
TRANSWRAP Code.



COUNTRY

U.S.

5.5=53¢

TABLE 5.5-13 SUMMARY OF U.S. LARGE SODIUM/WATER REACTION TESTS

TEST DES IGNAT ION/
OBJECTIVE

TEST VESSEL

LLTR Serles II, T¢ it Same as A2
Ala, One DEG @

Lower Midspan,

Injected Nitrogen,

Prototypic Rupture

Disk Assembly used

on all Series || Tests

LLTR Series |1, Test Same as A2
Alb, Same as Ala ex~

cept Alb used double

dlsk and minor

difference in |eak

location,

LLTR Serles |1, Prototyplic
Test A2, One DEG @ Cross-Section
Lower Midspan, sub- 1/2 Length
cool ed Hzo
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TEST BUNDLE

Prototypic

Same as A2

Prototyplc

INITIAL PRESS/TEMP.

SODIUM WATER
PSIG OF PSIG ©OF
125 580 2000 580
125 580 2000 580
125 580 1700 580

WATER INJECT ION
METHOD DURATION

Same as
SWR-1

Same as
SWR-1

Same as
SWR-1

SEC
30

43

LB

0

SIGNIFICANT
WEIGHT RESULTS

Prototyplc rup=
ture disk
assembly used on
all Serles ||
tests, Served
to verlfy RELAP
cal lbration

Served to verlfy
RELAB callibra-
tion

No secondary
fallures. Max-
Imum measured

secondary
wastage equals 4
mlls, Prototypic
double disc
assembly served
to calibrate
TRANSWRAP rup=
ture disc model



COUNTRY

U.S.

5.5-53d

TABLE 5.5-13

TEST DES IGNATION/
UBJECTIVE

TEST VESSEL

LLTR Series 11,
Test A3, One sel f-
Wastage Leak
Simulation @ sub-
cooled H,p ¢ 0.1

| bm/ sec 3?-«! for
max|mum secondary

damage.

Same as A2

LLTR Serles |1,
Test A6, One DEG @
Lower Midspan Peri-
phery, subcooled

Hao.

Same as A2

Amend. 69
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A% NNALAXY

SUMMARY OF U.S. LARGE SODIUM/WATER REACTION TESTS

TEST BUNDLE INITIAL PRESS/TEMP,
SODIUM WATER

PSIG ©F PSIG ©F

Same as A2 145 580 1700 580
Same as A2 125 580 1700 580

WATER INJECT ION

M. "HOD DURATION WEIGHT

SEC
Raplid pul l- 145
apart of
prenotched
tube to
expose 0,040"
dia. hole.
Same as 36
SWR-1

LB

144
plus

200

SIGNIFICANT
RESULTS

Secondary
fallures (less
than an EDEG)
after long de—
lays (one
minute and

longer).

No secondary
fal lures,

System mod| f led
as gas~-free
Actual test con-
tained large gas
space to S.G.
TRANSWRAP over-
predicted
measur ed
pressures where

comparabl e,



COUNTRY TEST DES IGNATION/

OB JECTIVE

u.S. LLTR Series 1|1,
Test A7, One DEG @

Lower Midspan, sub~-

cooled H,0 higher
Inlﬂal"Zodlug
pressure,

LLTR Series |1,
Test A8, Intermed-
late-slzed super-
heated steam
Injection,

LLTR Series |1,
Test A5, Inter-
med|ate~sized
superheat In-
Jection

5.5~53e
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TABLE 5.5-13

TEST VESSEL

Same as A2

Same as A2

Same as A2

SUMMARY OF U.S. LARGE SODIUM/WATER REACTION TESTS

TEST BUNDLE INITIAL PRESS/TEMP,
SODIUM WATER

PSIG °F PSIG OF SEC LB

WATER INJECTION

Same as A2 255 580 2000 580 Same as 2 15

SWR-1

Same as A2 180 900 1550 700 Rapid pull- 40
apart of
prenotched
tube to ex-
pose 0.054"

dla. hole.

Same as A2 50 625 1450 625
apart of
tube to ex-
pose 0,25"

dia, hole

METHOD DURATION WEIGHT

Raplid pull 58 8D

SIGNIFICANT

RESULTS

Secondary tubes
filled with
nitrogen @ 400

PSIG.

No secondary

fal lures deduced
from Instrum
entation and
post test hellum
leak checks,
Final conflrm=
atlion awalts
post test
destructive
examination,

Test Report not
aval lable.
Exam!nation of
of test article

In progress,




VERY SMALL INITIAL “20 LEAK FLOW

Na
F 7/
:?/// 0% g 2010 ow/sec)
‘ Leakage probably plugs, or 18 no higher
STEP ) 01 ‘o, «g/uma / orior 16 5100 § below
[‘ L

‘\/-\STE AM

REACTION/EROSION

EROSION BEGINS BRIEF INTERMITTENT LEAKS

/, : Probably pluggea for long oeriods

QEVELQPME_P!T OF LARGE CRATER
7 Leakage path may open tor longer periods
STEP ) /
i .

(';RATER NEAR: §T§AM ilgg

Leakage continuaus but veriable.

STEP 4 / stll no higher than step |
/s A

ELAPSED TIME FROM STEP ' HOURS, DAYS TO MONTHS

15
0 RAPID EROSION AT INNER WALL

"
Rapwd -zncrnu n leakage 10 15 g/s
/ (3x10 ° by sec)
/S

{0 J8c
008"

STEPS 4 ; ; ; SA
I 0 13emi

ELAPSED TIME FROM STEP 4 ONE MINUTE OR LESS
(SUPERHEATER CONDITIONS)

Figure 15.3.3.3-1. Development of a Large Leak From a Small Steam Leak in 2 1/4Cr-1Mo
Tubing Exposed to Sodium

'50 3‘49
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Question C5760,143

At several locations In CRBRP-3, Volume 2, Revision 0, the applicant states
that the concrete structures being analyzed can wlthstand the Imposed |oads
with additional relnforcement, One example Is In Section 3.2.2.5.1.2, at the
bottom of page 3-48. To make the statement relevent, the app!!cant needs to
Indicate what the basis for the statement Is (l,e., additional to what?).
Does the current design Include this additional relnforcement?

Response

In CRBRP-3, Volume 2 "base desl?n" Is consldered to Include the requirements
for operating conditions and all accident conditions other than TMBDB,
Wherever there |s reference to "additional relnforcement", It means that It Is
additional over the base design. The current design does Include the addi-
tional reinforcement required for TMBDB.

QCS76J. ‘ ‘3-1
Amend. 69
July 1982
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Question C3760,145

In Table 3-10 In CRBRP-3, Volume 2, Revision 0, the applicant presents

contal nment capabl|lity In terms of pressure for a range of temperatures. How
were the stresses calculated to compare with Sy and Su? Were penetrations and
discontinulties consldered?

Response

The stresses were calculated by the ASME Code formula setting the al lowable
stress at yleld for the Sy case and using the ASME Code formula for faulted
conditions for the Su case., Penetrations and discontinuities were considered
In accordance with the ASME Code Rules. Deformations and local ylelding were
consldered acceptable because for a one cycle highly unlikely event, this
could not cause gross fallure except by a possible buckling mode, which Is
consldered In Sections 3.,2.2.5.2 and 3.2.3.3.1.3 of CRBRP-3, Volume 2.

QCS760.145-1
Amend. 69
July 1982
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Question C5760,147

In CRBRP-3, Volume 2, Revision 0, Sections 3.2.3.5.2 and 3.2.3.3.1.3, the
applicant refers to a 2400F critical contalnment vessel buckling temperature,
wWhere does this come from? Are the buckling criteria presented In the PSAR
used? |If not, what criteria are used? Possible buckling at points other than
the base of the cyllinder should be considered and any appropriate assymmetries
should be Included.

Response

Section 3,2,3.5.2 does not exist, Section 3.,2.3.3.1.3 refers to "critical
contal nment vessel buckling temperature" and 3,.2.2.5.2 and 3.2.2.5.2.2 dlscuss

this general subject.

Buckling stresses In the entire shell were examined and |t was determined that
the control ling area was the discontinulty at E1 B16'. This controlling area
was therefore, analyzed further.

The PSAR deslign criteria were used to determine that the Interacting stresses
were 92% of the allowable value at 2400F, (The safety factor was set to 1.0
to determine this parameter.,) This 2400F temperature Is referred to as the

"cr-1tical contalnment vessel buckling temperature" in CRBRP-3, Volume 2.

QCS760.147-1
Amend. 69
July 1982
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Question CS760,150

How Is the temperature of a new fuel element In an EVST preheat tube deter-
mined? What Is the maximum AT al lowed when a new fuel element Is put In a
sodlum-filled CCP? Where Is the temperature of the fuel determlined by the
operator of the fuel handling equlpment?

Response

The temperature and rate of temperature rise of new fuel assemblles are
Inherently and passively determined by the preheating procedure, The assembly
Is heated by placement In a preheating station in the EVST which is argon-
fllled but surrounded by EVST sodlum. Heat transfer to the assembly In this
oven |s sufficlently slow to avold excessive thermal transients but gradual ly
ral ses the assembly to the temperature of the EVST sodlum. The assembly
resides In the preheat station for at |east the predetermined time required to
ralse the temperature of each reglon to be sufficiently close to the sodlum
temperature to avold excessive thermal stresses. Conservative one-dimensional
calculations (considering heat transfer by radlal radlation and convectlion,
but not axial conduction) show that sufficlent preheating will be obtalned In
a perlod of 8 hours, This time Is reasonable In terms of Impact on overal |l
fuel handling time. At the end of the specifled time period, the EVIM
operator will transfer the assembly to a sodlum=fl| led core component pot.
There 1s no measurement of the assembly temperature since, with the passive
heating, temperature wil| depend only on the |ength of heating time.

QCs760.150~-1

Amend. 69
July 1832
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Question C2760,154

Describe the "emergency coolling™ process Instituted In case of electrical
power fallure to the fuel transfer port cooling Insert blower during CCP

transfer. For each case, what |Is the maximum time al lowed without heat
removal for the hottest fuel subassembly?

Response

PSAR Sectlion 9.1.4.7.3 has been revised In response to NRC Question CS410.4
(9.1.4),

QCS760,154~1
Amend, 69
July 1982
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Question CS760,158

In alr-fllled cells, the PSAR states that the catch pan slides extend up the
wal| to a height sufficlent to prevent spilled IIquid metal from flowing over
the edge of the plate between the plate and the wall., Additionally, a con-
tinuous |lp plate Is provided at the top of the catch pan side walls to
prevent sodium or NaK from running down the structural concrete walls Into the
reglon behind the catch pan plate sidewalls, Also, In the event of a Iiquild
metal splil, the catch pan contalns the |lquid metal and prevents contact
between the |lqulid metal and the concrete structure., If |iquid metal can run
down the structural concrete walls, what prevents |Iquld metal-concrete reac-
tlions on the vertical structural concrete wall areas above the catch pans?
What penetration or degradation of the fire wal| between equlpment spaces
would be expected? Discuss your acceptance criterla for this event,

Response

Postulated |iqulid metal spiil events In alr-filled cells may result In
ImpIngement on vertical concrete surfaces depending on break size charac=-
teristics and hydraullc head effects, The Project Is Investigating technliques
to accommodate |liqulid metal jet Implngement on vertical concrete walls whereby
any degradation to the vertical concrete walls does not result In |loss of wall

structural Integrity or propagation of the event to the operable decay heat
removal loops.

QCS760,.158=1
Amend. 69

July 1982
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Question CS760,159

Along with question 2 above, has any al lowance been made on the helght of the
catch pan walls to allow for thermal expansion of the |iquld metal and for

addition of any fire extingulishment? Can the catch pans be expected to per=-
form thelr functions under all anticlipated events?

BResponse

Thermal expansion of the |Iquid metal was considered In the sizing of catch
pans, However, the effect Is minimal. No flre extinguishment Is requlred
since flire suppression decks are provided for this function,

The catch pans wil! perform thelr design function for design basis |iquid
metal splil events,

QCS760.159-1
Amend, 69
July 1982
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Question C3760,160

It Is not clear from CRBRP-3, Volume 1, Revision 2, what criteria have been
used In developing the component margin requlrements presented In Section 5.2,
Section 5.1.1.4 Indicates that the REXCO-HEP Code has been used to generate
these loads and !n Section 5,1,1,3, the applicant presents several reasons why
the REXCO-HEP calculations are conservative approximations to the loads that
would actually be experienced by the structure. The applicant Is expected to
glve some experiImental basis for the general assumption of how the REXCO-HEP
calculations were compared with the SM-4 and SM-5 scale model test results.
The comparison shou!d Include peak pressures, total Impulse del Ivered to the
component In question and a dlscussion of frequency content where dominant
frequencies In the loading function may possibly be In tune with natural
frequencies of vibration for structural components, For any component margin
requirements that are not taken directly from REXCO-HEP predictions at the
obvlious polnt of application, such as the |load to be applied to the UIS given
In Figure 5-19, a full description Is needed of how the requirements are
derlved.

Response

The overall criterion used In developing the SMBDB requlrements In Section 5.2
of CRBRP-3, Volume 1 was:

The reactor vessel, closure head, PHTS and other p!ping systems connected to
the reactor vessel shall continue to function as |imited |eakage barrlers
following dynamic |oads that would result from bubble expansion as def Ined by
the pressure-volume curve of Table 5-1 of CRBRP-3, Volume 1. (The expansion
of this bubble to the point of sodium Impact with the head would release 101
M)

The dynamic loads for the various components and systems were calculated using
the methods and computer codes described In Section 5.1 of CRBRP-3, Volume 1.
Addl tional Information Is as fol lows:

Upper Internals Structure

Since the REXCO-HEP Code cannot mode! the fluld response of the upper Inter-
nals struciure, It was not Included In the system model. However, because of
the dissipative nature of this component (principally through fluid turbu=-
lence), a model which excludes the upper Internals structure would be expected
to provide general ly conservative |oads on other components such as the
closure head, This was confirmed In scale mode! experiments (e.g., compare
the experimental results In Figures 4,1-16 and 4.1-17 of Peference 14, PSAR
Sectlon 1,6, "Structural Response of CRBRP Scale Models to a Simulated
Hypothetical Core Disruptive Accident”, October 1978). To assess the response
of the upper Internals structure and the load on the closure head transmltted
by the upper Internals structure columns, a dynamic load was deflined for the
upper Internals structure. This load was taken from the REXCO-HEP calculation
at the location of the top of the core barrel. This location approximates the
elevation of the underside of the upper Internals structure.

QCS760.160-1
Amend, 69
July 1982
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Head Mounted Components

To assess the response of head mounted components to the slug Impact |load, the
SMBDB slug load, as defined In Figure 5-18 of CRBRP-3, Is used. The load Is
appllied to a detaliled three-dimensional finlte element model! of the head and
essoclated shielding. This dynamic model developed with the ANSYS Code al lows
plastic ylelding of the head plates to occur, where appropriate. Additional
loads resulting from vesse! movement, upper Internals structure response and
direct under-head gas pressurlzation are also applied. The translational and
rotational motions defined at locations appropriate to each of the head

mounted components are then used to evaluate component responses to head
motion,

An experimental program was performed using scale models to simulate the
response of the reactor vessel system to the expansion of a bubble as defIned
by the pressure-volume curve of Table 5-1 of CRBRP-3, Volume 1. The experi-
mental program and analyses are provided In Reference QCS760.160-1, REXCO-
HEP and ANSYS calculations are compared to the scale model experimental
results In Section 4.1 and Appendix A of the reference.

In addition to a generally higher level of loading In the analytical simula-
tion, there Is also a signiflzantly greater higher freguency excitation In the
analytical cases. While detalled frequency response assessments are not per-
formed In all cases, It Is judged that considerable conservativeness Is In-
herent In the loadings as speclfled.

QCS760.160-2

Amend, 69
JU'Y 1982 |
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Question CS760.161

In CRBRP-3, Volume 1, Revision 2, It Is unclear how the component marglin
requirements are to be applied. Are any to be appllied simul taneously? Where
the requlirements are given In terms of pressure hlstories, how are the !oads
to be distributed? What boundary conditions wil| be used or what wiil| be the
criteria for choosing boundary conditions when separate components are
analyzed?

Response

Discussion of the application of component margin requlrements and associated
boundary conditions Is provided In Section 5.4 of CRBRP=3, Volume 1., This
dlscusslon, together with the requlrements of Section 5.2, general ly furnish
sufficlent Information for component analysis to be performed. The require-
ments Indicate cases In which simul taneous loads are to be applled (e.g., see
Section 5.2.1B).

In some cases (e.g., the vessel wall), CRBRP-3 does not show loadings at all
axlal Intervals simply because of the large quantity of loading zones In-
volved, Therefore, only representative ones are shown In CRBRP-3, In the
actual analyses of the components, however, additional loading curves at
points other than those shown are used In addition to the representative ones
shown In CREBRP=3,

With respect to the vessel head loading, the load, as shown In Figure 5-18 of
CRBRP-3, Is appiled to the Impact surface In a unlform manner. The unlform
impact assumption Is justifled by the fact that the slug surface remalns
nearly flat at the time Impact takes place (see Figure 5-2a of CRBRP-3).

QCS760.161=1

Amend, 69
July 1982




