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Question CS760.8

PSAR page 4.2-15 and Table 15.1.2-2 on PSAR page 15.1-53, |ist the acceptance
criterion for the "Extremely Unllkely Fault" of "Postulated Accident™. The
alm Is to preserve coolable geametry, and the acceptance criterion Is |isted
as coolant saturation; that is, no boiling. This appears to be a criterion
that may not be adequate of Itself for ensuring coolable geametry In the event
of a reactivity Insertion accident. While calculated cladding temperatures
have a high degree of uncertalnty, nevertheless gross fuel expulsion Is known
to occur In TREAT overpower tests at peak cladding temperatures as much as
2000K or more below coolant saturation, and In many cases 1009K or more below
the cladding design temperature gulideline. This behavior has now been
confirmed In a slow transient (HEDL's W-2 test). The phenomena Involved In
these overpower events are exceptionally complex, but recent calculations
Indlcate a fuel e thalpy |imit with appropriate al lowance for uncertalnty may
be an approprlate acceptance criterion to ensure coclable geometry for over-
power condltiorns, A criterion of that sort Is now used for the same purpose
In LWR reactors.

The applicant Is requested to comment on the adequacy of the no-boilling
criterion as an acceptance criterion to ensure coolable geametry In the |ight
of the TREAT test experlence.

Response

The areas addressed In this question regarding the adequacy of the no-bollling
criterion are simllar to those expressed In Question CS490.23, and reference
Is made to the response alreacy provided. |t was shown In that response that
there was conslderable margin for preserving coolable geametry In the
applicable design basls accldent, although the event Involved a conservatively
postulated set of conditions Including a |arge overpower transient, delayed
shutdown and release of fission gas from all the pins In the af fected
assembly. The emphasis of Question CS760.8 Is on the ravelance of observa-
tlons from TREAT and other tests to the no-sodlum=-bolling guldeline. In
general, the tests Impose far more severe conditions on the fuel than would be
applicable for the design basis events. Care should be taken In applyling
results from unterminated transient tests which exceed conditions typical of a
design base to the terminated conditions In a design base. Undercooling tests
have consistently shown that bolling precedes major damage to the cladding and
the fuei. Overpower tests have demonstrated the satisfactory performance of
CRBRP fuel within the design envelope. Where pin disruption has occurred In
overpower before the coolant reaches saturation, the fuel |Inear power rating
has far exceeded the predicted |levels In CRBRP design basis events. For
example, the test which Is noted In the question, W-2, was an unterminated
HCDA orlented test, and the peak |Inear power rating at the time of major
cladding fallure was 41,2 kw/ft (1351.5 W/cm). This should be compared with a
value of approximately 16 kw/ft (525 W/cm) maximum, corresponding to 15% over-
power at which a trip would have occurred In CRBRP for a similar reaciivity
Insertion rate.

QCS760.8~-1
Amend, 69
July 1982
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Question C5760.12

Since smal|l ramp rates take a long time to develop, Justify the assumption
that the hot fuel rod Is limiting, since the longer thermal Inertia of the
blanket rods does not apply here.

Response

For small ramp rates that take a long time to develop, the worst overpower
condition that can exist would be operating at just under the 15% overpower
trip level. |f the power exceeds this value, core shutdown would be iInitiated
through the plant protection system. The highest maximum cladding ?emgerafure
during sustalned ogeraflon at 13’ overpower would be 1496°F (30)/<1300°F
(nominal) and 1418°F (3¢)/<1300"F (nomlInal) for the fuel and blanket

assemb| les, respectively. With regard to fuel temperatures, all fuel and
blanket rods have been designed to operate at this condition with no molten
fuel as described In Section 4.4.3.3.6. After the overpower condition Is
terminated through scram, higher temperatures -.n be attained for the blanket
rod cladding In the subsequent shutdown heat removal phase due (in part) to
the large thermal inertia of the blanket rods alluded to In the question.

This mechanism |s described én Section 1561.4.1 where a maximum blanket rod
cladding temperature of 1587°F (3¢)/<1300°F (nominal) Is reported (attalined
~47 seconds after shutdown).

QCS760.12-1
Amend. 69
July 1982
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Question C35760,13

Section 15.2.2.2 analyzes a 60¢ radial movement (stick slip) Incident. The
analysis does not distingulsh between primary or secondary scram. (Only one
temperature curve Is glven). Provide analysis for this transient, listing the
approprleate primary and secondary trip functlions.

Response

For a 60¢ step reactivity Insertion the power Increases In almost step fashion
from 1008 to over 2008 as shown by Figure 15.2.3.3-3. Both the primary and
secondary high power trip signals are significantly below the Increased power
level and thus, both trips would occur simultaneously. The table below
summarizes results for the highest cladding temperature hot rod in FA-52
consldering both primary and secondary scram (each separately).

e - ~———

b MAXIMUM TEMPERATURES (3w)
REACTOR POWER CLADDING FUEL COOLANT
SHUTDOWN SYSTEM AT TRIP A B| C A C A Bl C

—— e —— —

Primary 14911 0.63

4576)|0. 1.3 0.63{1.6
o 1.7 0.83]12.1

1.6
__Secondary - 1544/0.83| 2.0 | 4752

A - maximum 3 e hot spct temperature attalned, °F.
B - time to reach maximum temperature, sec.
C - length of time temperature is above Initial steady state value, sec.

It should be noted that occurrence of a 60¢ step reactivity Insertion comblned
with fallure of the primary scram would be less probable than an extremely
unllkely category event In which case the primary shutdown of a Safe Shutdown
Earthquake (Section 15.2.3.3) would envelope the consequential core damage.

QCS760.13-1
Amend. 69
July 1982
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Question CS760.14

Reactivity Insertions during startup must be more ciosely assessed. Under
these conditions many of the PPS subsystems are bypassed and the PCS musTt de
relled upon to mitigate the transient, In iight of this, discuss the effects
of PCS maloperation or operator error under these condltions,

For the cold sodlum Insertion event:

a. The transient is analysed using Instantaneous core Inlet temperature
and flow rate changes. Shouldn't this be analyzed with more rea!listic
(l.e., ramp type) changes In these condltions?

b. Although the loop transient time Is 60s, the actual core Inlet
temperature will rise slowly., Therefore, shouldn't the transient be
analyzed longer than 60s? (Especlelly for secondary PPS trip).

c. With a minimum Doppler coefficlent, can you use BOC! values tor sodlum
denslty feedback coefflcient?

d. What are the mechanical effects on pins due to cold sodium Insertion?
Response

Al though specific subsystems may be bypassed, sufficient protection In both
the primary and secondary scram systems still exist to ensure that damage
Ilmits are not exceeded. Specifically, positive flux to delayed flux,
positive modlfied nuclear rate, flux to pressure (autamatical ly relnstated
above 15% power), flux to total flow, and startup flux subsystems would all

trip for unacceptable positive reactivity Insertions occurring during startup
caused by PCS maloperation or operator error,

With regard to the cold sodium Insertion event, the fol lowing are the
responses to the |tem=-by-Item questions:

a. The controlling mechanism of this analysis Is the positive reactivity
from Doppler feedback which occurs when the fuel Is Initially cooled
by the lower sodium Inlet temperature. Since It was not known "a
priori™ that this event would be benign, It was assumed that condi-
tions which would result in the most rapld power increase would be
iimiting. Thus, a step change In the Inlet coolant temperature was
conservatively used In the analysis. A slower change of Inle*
temperature would not increase the transient power level but would
decrease the rate at which the powar increases,

b. It Is estimated that the reactor Inlet temperature would increase at a
rate of less than 20°F in 300 seconds which would not cause any
signl ficant increase In core structural damage. This Incre:~e of
Inlet temperature would attenuate the equilibrium power atiained from
that shown in the analyses (Figure 15.2.3.1=1), If the analyses were
carried out until exact equilibrium is reached, the maximum tempera-

tures would still be less than those shown for full power steady state
operation,

QCS760.14~1

Amend. 69
July 1982
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€. Yes, but the transient would be less severe because less positive
Doppler feedback would result (see Item a).

d. The worst case hot rod cooldown rates shown by Figure 15.2.3.1-3 are
very simllar tc those experlienced during a normal scram and

Insignificant damage Is Incurred. This Is due to cladding being very
thin which mitigates thermal shock damage.

QCS760,14-2
Amend., 69
July 1982
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CS760,16

On page 15.2-2a of the PSAR, the first sentence of the fourth paragraph
states, "The first two of the above restricticns are obvious". Subsequently,
a8 third restriction Is alluded to . It Is not at all clear what the
referenced restrictions are. Please clarlfy,

Response

The treatment of Fuel-Cladding Mechanical Interaction (FCM|) was descrlbed In
response to Question CS490.10 and at the May 12, 1982 meeting with NRC.

Revisions to Section 15.2 of the PSAR wil| be made to clarify the treatment of
FCM| by August 15, 1982.

QCS760.16~1
Amend. 69
July 1982
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Quustion CS760,19

In Section 15,2, present or reference the fuel and claddin: temperature
histories for the worst fuel and blanket rod during the U2b event, Also,
present or reference a synopsis of this event and |ts consequences, as was
done for the other overpower transients In this section,

Response

The U2b event Is an enveloping condition for various types of accidents that
can be postulated which Insert positive reactivity to the core (elther In
steps or ramps). This event Is described In PSAR Appendix B, Section
B.1.2.2.2. It should be kept In mind that this event assumes the fallure of
the rod block at 103% power In elther the manual or automatic modes of the
PCS. The evaluation results In an analyslis of core temperatures at 15%
sustalned overpower for a perlod of 300 seconds. |f the power increase would
be any larger than this magnltude the reactor would automatical ly be shut down
due to scram from an overpower trip signal of the plant protection system.
Equil ibrium temperatures Indicative of steady-state operation at 1158 power
are reached within the 300 second hold even for the |arge dlameter blanket
slze rods.

As Indlcated In response to Question CS760.12, the maximum cladding tempera-
ture during the sustalned operation at 15% overpower would be 1496°F

(36) /<1300°F (nominal) and 1418°F (3¢)/<1300°F (nominal) for the fuel and

bl anket assemb|les, respectively. WIith regard to fuel temperatures, all fuel
and blanket rods have been designed to operate at this condition with no

mol ten fuel as described In Section 4.4.3.3.1. After the overpower condltion
Is terminated through scram, higher temperatures can be attalned for the
bianket rod cladding In the subsequent undercool ing phase due to stored heat
and decay heat effects as described in Section 15.1.4.1. In this post-
shutdown period the maximum blanket hot rod cladding temperature of 15870F
(34) /<1300°F (nominal) can be attalned after ~47 seconds after shutdown.

QCS760.19~1
Amend. 69

July 1982
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Question CS760.20

The design guidel Ine for cladding temperature for anticlpated events Is |isted
'n Table 15.1,2-2 as 15000F, However, Table 15.2-2 |Ists temperature criteria
presumably cladding) of 14509F and 14000F (blanket rod reactivity Insertion).
Please explaln the relation between the |imits |isted In these two tables.
Please also provide In detall the basis for these two sets of guidelines.

Response

Table 15.1,2-2 does provide design guide!Ines which Includes the 15000F
cladding temperature for both fuel and blanket for anticipated events, The
basis for the guidelines was explained In response to Question CS490.21 and
addressed at the February 25, 1982 meeting with NRC.

There Is no Table 15.2-2 in the PSAR. Originally, In earlier revisions to the
PSAR, there were such conservative cladding temperature |imits as those
described. However, analyses consistent with those now appearing in Section
4,2 of the present PSAR showed the |Imits to be overly conservative and thus,
Is the basis for the 15000F guidel ine now appearing In Table 15.1,2-2.

QCS760.20~1
Amend, 69

July 1982
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Question CS5760.22

Discuss how the changes to a heterogeneous core affect reactivity effects for
the operating basis (OBE) and safe shutdown (SSE) earthquakes.

Response

The change to a heterogeneous core has no signlficant effect on reactivity
changes for the operating basis (OBE) and safe shutdown (SSE) earthgquakes.
This Is because parameters which control the response, the radial reactivity
worths and mechanlicai dimensions, are very similar., Uncertainties In the core
mechanlcal response to the earthquake and core motlion reactivity worth factors
wil| mask any reactivity differences between the homogeneous and heterogeneous
core desligns,

QCs760.22-1
Amend, 69

July 1982
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Question CS5760.25
Provide the basis for the assembly power distribution numbers.

Response

The CRBRP power distribution calculations and uncertainties are discussed In
depth In Section 4.3.2.2 of the CRBRP PSAR.

QCS760.25-1

Amend. 69
July 1982
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Question CS760.26
What |Is the effective bypass Inertia (L/A) eff.?

Response

The total reactor flow during a flow coastdown from full flow Is governed by
the Inertia In the pumps (the principal contributor) as well as the fluld
Inertia. The contribution of the fluld Inertia In the reactor 's small. For
example, the L/A for the flow path between the pump and the reactor vessel
Inlet Is 94.4 1.~ while that for the fuel region Is <3 tt.~1. The effective
L/A for the "bypass" reglon would be even smaller because of the lower L/A
value and the small fraction of total flow assocliated with the bypass reglon.
Flow redistribution between the four parallel flow paths In the DEMO model
(fuel, Inner blanket, radial blanket and "bypass"™) occurs when the total flow
derivative Is very small and inertial effects are negliligible. Thus, the

ef fective bypass Inertia Is ignored (l.e., set to zero) and the computation of
the redistribution of flow between the four parallel flow paths within the
reactor |s accomplished by balancing the flows between the four paths such
thai each path has an Identical pressure drop. The pressure drop for the
bypass Is the sum of gravitational and form pressure |osses.

QCS760.26~1

Amend, 69
July 1982
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Question C5760.31

The most notable change In the new natural clirculation analysls
(CRBRP-ARD-0308, Feb. 1982) Is the change In pump coastdown time from 55 to
120 seconds. This change Is attributed to a substantial decrease In |low speed
frictional torque seen In prototype tests. Since the previous estimates based
on design requirements have been replaced by the new best estimate torque,
will all future pumps be required to conform to this behavior (l.e., will any
pump with a higher frictional torque be rejected)?

Response

The coastdown requlrements speclfled for the CRBRP primary sodlium pump/pump
drive motors were stated In Reference CS760.31-1, These requlirements were
establ Ished In 1975 and were based on the results of analyses which examlned
the effects of varlous coastdowns on the plant's natural clrculation

capabll Ity as well as transient effects on structures such as the UIS. These
requirements provided a bas!s for the design of the pump and pump drive
system, Since the design of the pumps as well as the drive motors (and
assoclated bearing and seal assemblles) Is now completed, analyses are based
on the actual coastdown characteristics shown by tests of the pump/pump drive
prototype.

The avallabll ity of prototype pump water test data has made It possible to
develop and refine predicted pump characteristics for opertion In sodium,
Correlations for pump head-flow and pumping torque characteristics were
developed from water test head-flow and efficlency data. A value for pump
Inertia was obtalned by using water test coastdown speed vs. time data, and
approximation for loss torque at high pump speeds and the equation of motion
for the pump., trial-and-error procedure was then used to select a set of
coefflclients for frictional torque correlations at |low pump speeds that most
closely matched the measured results of water test coastdown runs. This
method ensures that Inaccuracles In the pumping torque correlation due to
departures from simllarity at |low speeds wil| be absorbed in the frictional
torque correlation,

The prototype pump coastdown character!stics developed from water test results
represent an accurate model of sodlum pump performance In CRBRP, Coastdown
tests conducted during the Maximum |sothermal System Tests (MIST) for FFTF
primary and secondary malin coolant pumps showed only slight variations In
pump-to-pump coastdowns. For example, at 30 seconds after trip, the
respective pump speeds In primary loops 1, 2 and 3 were 155 RPM, 156 RPM and
155 RPM, The greatest differences between measured pump speeds occurred below
4% speed Immedliately prior to the pumps stopping. The variation In coastdown
time for the primary pumps was approximately 158, while for the secondary
pumps It was 128, Since a siml|ar correspondence In coastdown performance can
be expected for CRBRP sodlum pumps, variations In frictional torque |arge

QCS760.31~1
Amend, 69
July 1982
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enough to warrant rejection are unlikely to occur. |f, however, pump coast-
down characteristics In the plant pumps result In pump coastdowns that occur
ear|ler than used In the analyses, the Project wil| demonstrate adequate
natural clrculation condltions still|l exist or provide modifications to the
pump coastdown characteristics to achieve acceptable natural circulation
conditions.,

Reference

CS760.31-1 R. R, Lowrlie and W. J. Severson, "A Preliminary Evaluation of the
CRBRP Natural Circulation Decay Heat Removal Capabllity",
CRBRP-ARD-0132, November, 1977.

005760.3 l -2
Amend. 69

July 1982
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Question CS760.33

In the revised natural clrculation report (CRBRP-ARD-0308, February, 82) by
Severson, et al., It Is stated that no credit Is "taken for Inter- and Intra-
assembly fiow and heat redistribution."” This Is consistent with the DEMO-REV4
which has a fixed flow fraction to each group of assemblies. However, It Is
also stated that "the code calculates flow redistribution between the four
reglons,” This appears to be a major change from the previous conservative
approach.

What would the hot-spot temperature be if the fixed flow fraction were
malntalned throughout the transient?

Response

A four reglon reactor model which provides for flow redistribution between the
fuel assemblles, Inner-blanket assemblies, outer-blanket assemblles and bypass
channel has been added to DEMO since the publication of DEMO-REV4
(WARD-D-0005, REV 4, January, 1976). Flow distribution between the four flow
paths Is computed by equating the pressure drop for each path. Flow redistri-
bution Is a more physical ly accurate approximation to a two dimensional
reactor flow model than the fixed flow fraction model. This flow redistribu-
tion modei was used In the DEMO analysis (which generated the total reactor
flow rate vs., time) reported In CRBRP-ARD-0308.

The DEMO analyslis employing the four reglon reactor model which accounts for
redlstribution between the above mentioned reglons results In slightly lower
reactor flows than that which would be computed by the earlier fixed flow
fraction model. The reason |s that the fuel assembly flow which establishes
the plenum to plenum AP In the fixed flow fraction version of DEMO wil !l be
higher in the redistribution model thus Increasing the dynamic pressure |osses
and at the same time reducing the thermal head. Thus, the redistribution
model produces a conservatively low total reactor fiow.

The highest core temperatures at the hottest locations of the hottest rods for
the fuel, Inner-blanket and radial blanket assembllies were then computed usinrg
FORE-2M based on flxed fractions (equal to thelr Initial fractions) of the
total reactor flow. In this hot channel analysis, no credit was taken for
inter- and Intra-assembly flow and heat redistribution.

No analysis of hot-spot temperatures using a forced flow fraction has been
performed which could be directly compared with the valves reported In
CRERP-ARD-0308, however, because of the Increased flow assoclated with using a
fixed flow fraction the hot-spot temperatures would be |ower for such a case
and therefore the valves reported In CRBRP-ARD-0308 can be considered bounding
for thls aspect.

QCS760.33"1
Amend. 69
July 1982
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Question C5760.34

There is a bullt=In time delay In reverting from perfect mixirn In the upper
plenum to stratified flow. What is the basis for the specific delay and what
Is the effect If no delay Is added?

Response

The DEMO upper plenum uses two distinct modes of mixing, the fully mixed and
stratified mode, to simulate the mixing In the reactor upper plenum. At the
inltiation of a transient, perfect mixing was assumed in the outlet plenum.
The transition from perfect mixing to stratified flow mode depends on jet
height. A Jet height of 20 ft. was assumed In the analysis reported In
CRBRP-ARD-0308. The stratified flow portioin of the mode! begins with the
filling of the lower reglon of the outlet plenum by the cold sodium existing
from the top of the chimney. During this time and unti| the time the hot/cold
sodium Interface reaches the bottom of the outlet nozzle, the reactor vessel
outlet temperature Is set equal to the hot outlet plenum temperature at the
start of the stratification. This time period Is the delay referred to in the
above question. When the hot/cold sodium Interface rises above the bottom of
the outlet nozzle, the outl!et nozzle temperature starts to decrease as a
function of the cold flow area In the outlet nozzle. The cold flow area Is
that portion of the outlet nozzle ccvered by the cold fluid. The remaining
outlet nozzle area Is assumed to be covered by the hot plenum fluid. The
outlet nozzle temperature is calculated by assuming perfect mixing of the hot
and cold sodium. The resulting temperature Is, therefore, given by:

Tvo = TCH + (THL - TCH) EXP (=(t - ff)/t) (1)
where TVO Is the vessel outlet temperature

T ls the mixed mean temperature of fluld entering the upper plenum
fFﬁm the UIS chimney

THL Is the hot sodium temperature In the upper plenum

¥ Is the transient time

t, Is the time when the stratified cold sodium rises to the bottom of
the nozzie

v Is a convective time constant relating to the rate of change of the
hot/cold sodium Interface from the bottom to the top of the outlet
nozzle.

wWhen the cold fluld rises to the top of the outlet nozzle, the flow through
the nozzle and Its temperature will be the same as the cold sodium. The level
of the hot/cold Interface Is assumed to be constant and the temperature above
the Interface Is hot and below the interface Is cold.

It Is clear from this mode! description that a delay between switching from
fully mixed to stratiflied mode of calculation Is required by virture of the
physical dimension of the plenum and the fluld transport time. It should be
pointed out that the model assumptions used are quite conservative. Credit

QCS760.34~-1
Amend. 69
July 1982
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for heat transfer to the cold fluld from both the hot plenum metal and the
plenum sodlum was not accounted for In this stratlfled mode plenum
calculation. In addition, the values of t

Feported In the CRBRP-ARD-0308 report were' 39 Bole tohseryative fhan the
actual data., This was done dellberately to allow the cold sodium entering the
plenum to !eave the outlet nozzle eariler. Since the sodlum exiting the
reactor plenum rises abruptly Into the vertical run of the primary hot leg
plpe, this would result In a lower overall primary loop thermal head. This
lower thermal head In turn, would result In a more conservative estimate of
the primary loop flow.

"he effect of neglecting the delay totally would mean that the cold sodium
entering the plenum wil| appear Instantaneously at the reactor vessel outlet
nozzle. This Is not only overly conservative, It Is physically Impossible.
The two mode model described above Is both adequate and conservative for the
analysis of a natural clrculation transient event,

QCS760.34-2
Amend. 69
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Question CS760.42

In Section 15.4.1,1.5 (page 15.4-12), It Is stated that "...cladding defects
(In the fuel zone reglon) of 0.1 of the fuel rods...would result In an
end-of~-life plutonium concentration of 0.1 ppm In the primary system sodium."
Please provide the reference from which these data were taken,

Response

The deslign baslis |Imit for plutonium release to the primary coolant Is 100 ppb
(0.1 ppm). This has been related to a continuous 0.1% fallure rate of the
fuel rods for 30 years based on a Pu escape rate coefficlient of 9.9/ x 1014
atoms/cm? sec 1f each of the fallures correspond to a 0.03 iInch hole.

QCS760.42-1
Amend. 69
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Question C2760,53

This section on extremely unllkely events treats only the first case on the

core component pot. Have all of the other cases been treated and what are the
resul ts?

Response

PSAR Section 15.,7.3.1 discusses the event of |eakage of the sodium from a core
component pot (CCP) suspended In the EVTM, resulting In overheating of a
contained fuel assembly. A single evert is considered, however, extensions of
It beyond |ts expected termination are considered, The event would result In
partial melting of the cladding and fuel assembly ducts but the columns of
fuel pellets would stay Intact., Hypothesized extensions of this event
discussed In this section of the PSAR are the col lapse of the pellets to the
bottom of the core assembly and the redistribution of the pelliets outside the
fuel assembly duct in the bottom of the CCP, In all cases, the core assembly
materials would be contained within the CCP, The only material which would
escape from the CCP would be fisslon products which are volatile before the
maximum temperature |s reached by the fuel. While this temperature Is high
and the release would include many elements, most would be deposited on the
colder Interior walls of the EVTM,

The release of materials outside the EVTM pressure boundary Is through EVTM
elastomer seals which are more than 6 ft below the bottom of 1,e suspended
CCP, The highest seal temperature for the event (Including the hypothesized

extenslions) would be 260°F, The worst case release would be of elements which
are volatile above this temperature and this Is the enveloping release for all
cases described In PSAR Section 15,7.3.1. |Is It the same release as for the
unlikely event described In PSAR Section 15.5.2.3, single fuel assembly
cladding fallure and subsequent fisslon gas release during refueling (In the
EVTM). That event Is referenced In PSAR Section 15,7.3.1.3 for the offsite
exposure from the extremely unlikely CCP |eak event, (It should be noted that
the treatment of the [sotopes which are volatile above 200°F Is described In
the response to NRC Question 001.212 (15,5.2.3.2). The 200°F temperature
consldered there and in PSAR Section 15.5.2.3 is equivalent to the 260°F real
temparature In PSAR Section 15,7.3.1, since the only Isotope with a melting
point between the two temperatures, lodine (see PSAR Table 15.7.3.1-3), Is
Included among the elements consldered).

QCS760,.53-1
Amend, 69
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Question CS760.54

Regarding Secticn 15.7.1.3 on sodium leaks. Sometimes (as In the Phenlx
Reactor), the IHS springs a leak as a result of the strains which occur with
shutdown and startup. |f the primary loop pumps come up before the secondary
pump loops, then It may be possible for contaminated primary sodium to be
driven Into the secondary loop. Please discuss thls possiblility with an
undetected IHX !eak.

Response

The IHTS Is designed to Insure the pressure In the IHTS Is always higher than
the PHTS by at least 10 psid. IHTS design alsc Incliudes a low IHTS/PHTS Ap

alarm on the Main Control Panel (MCP) to alert the operator of a problem.

It Is possible to bring up the Primary Heat Transport System (PHTS) pumps
before the Intermedlate Heat Transport System (IHTS) pumps and achlieve a
pressure In the PHTS higher than the IHTS, however, CRBRP operating procedures
would have to be Ignored or violated and the low IHTS/PHTS &p alarm would have
to fall to alarm or be Ignored when It Is recelved.

Assuming normal IHTS pressure when the PHTS pumps are started, the PHTS flow
would have to be Increased to >85% flow before the PHTS pressure would exceed
IHTS pressure.

Therefore, If one assumes an undet:cted leak In the IHX combined with several
operator errors and alarm fallures, It is possible to get primary sodium Into
IHTS system, although It Is considered a very unllkely event,

Assuming the PHTS t*o IHTS leak did occur, the IHTS boundary would prevent any
release of radloactivity to the atmosphere and the health and safety of the
publlc would not be endangered from the event.

QCS760.54~1
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Question CS760.56

The PSAR claims, In Sectlion 15.7.1.6 regarding NaK spllls In the EVST system,
that the NaK will be non-radioactive, It Is possible, however, that some
radioactivity could get Into this NaK by such sources as the 1§ falled fuel or
carryover sodium from the fuel transfer. The cover gas could also become
contaminated by leakage of fission gas from falled spent fuel rods.

a. Does CRBR have Instrumentation In the EVST to detect radlioactivity In the
cover gas and In the NaK?

b. Does the EVST have any Instrumentation for local detection of activity,

temperature, or local bolling within a possibly partially blocked
subassembly?

Response

The NaK wil| be non-radloactive because It Is kept separate from the EVST
sodium which Is the primary coolant. EVST heat Is transferred from sodium to
NaK In a heat exchanger (see PSAR Section 9.1.3.1). The EVST sodium will
contaln radioactivity from carryover of primary sodlum during refueling and
perhaps from fuel assembly flsslon gas releases In the EVST. The activity
wiil not be transferred to the NaK because of the sodium and NaK separation.
The NaK Is kept at a higher pressure than the sodium at the heat exchanger to
prevent contamination of the NaK In the event of a l|leak (see PSAR Section
9.1.3.1.3). The plant deslign provides the capabllity to detect NaK |eaks Into
the EVST sodium so that NaK |levels and pressures could not decrease to the

point where radloactivity could leak from the EVST sodium Into the NaK
coolant,

The plant deslgn provides the capabil ity to detect radiocactivity In the EVST
cover gas and sodium ccolant. The cover gas activity Is continuously

monl tored by maintaining a flow of cover gas through a radlation detector.
The sodlum activity Is monitored by sampling the sodium perlodically for

| aboratory analysls of Its radioactivity concentration,

Individual core assembllies In the EVST are not Instrumented because the
condltlons are not severe enough to requlire it., Core assembly power levels
(20 kW maximum power per assembly versus several MW In the reactor) and
cladding temperatures (Ww600°F versus ~1100°F In the reactor) are both low
compared to reactor operating conditions, and the coollng method Is such that
the ef fect of partial blockage of a subassembly Is minimized, The flow of
EVST sodium coolant Is outside the core component pots (CCPs) In which core
assembl les are stored. Heat removal by thls coolant Is from the CCP walls.
There Is no signlflicant mixing between this sodium and the sodium In a CCP,
Core assembly decay heat Is transferred to the CCP walls from the fuel rods
conduction and by convection of the sodium In the CCP. Since the driving
force for the convection flow Is the fuel temperature, any partial blockage
causing a temperature rlse would be sel f=correcting by Increasing the flow
through the assembly rather than diverting flow through a lower reslstance
asserbly as would occur with forced flow coolling.
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Question C3760.92

Frequent changes In power level (e.g., following plant trip) can entall swings
of up to several hundred degrees In the coolant temperatures. Thus, large
thermal stresses may appear in the reactor vessel, coolant piping, or other
components, which may eventually threaten the system Integrity. What are the
methods and models presently used to determine these temperature swings? How
are they factored In to provide assurance that they conservatively cover the
entire duty cycle of the plant?

Response

The basis for NSSS component structural evaluations Is the plant Design Duty
Cycle. The translents specifled for the structural evaluation of plant
components are general ly the results of the DEMO code output. The DEMO code
Is described In Appendix A.21 of the PSAR,

The plant Design Duty Cycle transient events were selected to be representa-
tive of operating conditions, which are considered to occur during plant
operation and which are sufficliently severe or frequent to be of possible
signi flcance to components. These transients are based on a conservative
envelope of plant operation and were developed primarily for use In component
stress analyses. The events, as well as thelr assoclated frequencles, are
based on LWR, FFTF, and fossi| plant experlence; system and component
rellabl| ity estimates; and engineering Judgment. The description of the
translent events that are used In CRBRP component analyses, and thelr assigned
frequenclies are presented In Appendix B of the PSAR.

The analysis of each Design Duty Cycle event |s based on conservatively blased
parameters for each system and/or component using the DEMO computer code. The
analysis of each event was performed such that the rates of change and total
range of temperature change were conservatively computed for each run of
plping or component, The rated power Inltial condltions included hot and cold
leg temperatures blased upward 200F to account for temperature measurement and
cointrol uncertalnties., For some transients an alternate set of Initial

condl tlons were used which employed hot to cold leg temperature di fferences of
3000F for the primary system and 3400F for the Intermediate systems (with a
total temperature dlfference of 3900F between the PHTS hot leg and IHTS cold
leg). In addition, some of the plants sensible heat (plping heat capaclty,
for example) was neglected, energy dellvery rates from reactor to SGS were
maximlzed by conservatively high pony motor flows and reactor upper pienum
stratification was Included or not included to assure conservatism. Other
plant parameters such as system pressure drop, pump Inertia, pump loss
torques, decay heat, pony motor speed, PPS actuation time, rod reactivity and
delay and valve stroke time and capacity are individually biased In the most
conservative direction. These conservatively developed duty cycle transients
are then Included In all NSSS component/plping histograms as discussed below.

All normal events (and frequencies) are applied to each component In the
system at thelr speclifled frequency. Upset events are grouped Into a smal ler
set of umbrel la events (typlcally 10 to 13). Less severe transients are
combined with more severe transients by Increasing the event frequency of the
umbrel |a event, such that the frequency of the umbrella event equals the sum
of the frequency of that event and the frequency of each event umbreilaed
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under It, Emergency events are Incorporated by determining the most
significant event and applyling It five times (evenly spaced In time) plus two
consecutive occurrences of the most severe event or combination of events.

Al| events that are deflined as a faul ted event for a component are included In
that component evaluation,

These duty cycle translents are In general applied approximately evenly In
time over the thirty year |ife of the CRBRP, divided Into ten three year
perlods., Worst case sequencing |s assumed within these periods consistent
with physical possibllity. This combination of events results In a
conservative histogram for component evaluation,

In conclusion, due to the combined use of:

o design thermal transients based on worst case plant conditions for the
component under evaluation for that event;

o conservative estimates of events and thelr assoclated frequencles;
o conservative umbrel lalng techniques; and
o applylng a worst case histogram.

the components have been evaluated agalnst temperature swings that will
conservatively cover the translients that are expected to occur In the plant.
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Question C3760.96

The recirculation pump Is described as single speed, yet will| experlience
varying mass fiow rates at different power levels and will go through varying
speeds while coasting down after a trip. How does the pump head vary with
flow rate and speed, l|.e., what does the homologeous pump curve look |Iike?

Response

The pump curves are attached as Figures QCS760.96-1, 2. The curves were
establ Ished by actual vendor pump testing. The recirculation pump Is a single
speed unit with a Design Speed of 1794 rpm, a Design Flow of 5920 GPM, and a
Design Dynamic Head of 397 ft. This design point Is marked on the attached
curve. The pump conditions given In the "Coast Down Curve" are measured on
the suction slde of the pump.
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Figure QCS760.96~1
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Question CS760,111

What |s the flow area through the SGAHRS vent val ves when they are fully open?
Response

The flow area of a fully open SGAHRS vent valve Is 9.01 square Inches.

QCS760.111=1
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Question C3760,119

In Section 5.6.2.3.2 of the PSAR, 't Is stated that the DHRS Is not designed
to provide heat removal by natural circulation, Since the overflow concept
requires pumping In order to function within Its design objectives please
provide a discussion of the fol lowing:

8, How Is the DHRS diverse for electrical power (onsite and of fslte
fallure)?

b. Other potential common mode fallures,

Response

DHRS Is not designed, nor Intended to be, diverse for electrical onsite and
offsite fallures., The diversity provided In the plant for onsite and offsite
elactrical fallure Is the natural clirculation capabllity through the the
PHTS/ IHTS/SGS/SGAHRS, DHRS provides diversity for those fallures which could
disrupt heat removal through the IHTS and steam generator system,
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Question C3760,124

In reviewing pump coastdowns how were ef fects of extended coastdown
considered? How were dl fferences between "luentical"™ pumps conslidered In your
analysis?

nesponse

It |s assumed that the above question relates to a natural clrculation event,

Extended coastdowns for maln coolant pumps beyond those presently used In the
DEMO p'ant simulation code enhance the natural clrculation decay heat removal
capabl| ity of CRBRP, The critical period for the natural circuiation decay
heat removal mode occurs shortly after the primary and Intermediate pumps have
stopped. At that time, thermal driving heads necessary to promote adequate
fiows are required to prevent resulting core temperatures from exceeding
acceptable |Imits, Maximum core temperatures reached during the natural
circulation transient are largely dependert upon the decay power., Extended
pump coastdowns al low time for reductions In both decay heat and reactor
sens|ble heat and consequently provide greater margins to bolling In the core,
The analysis of the natural clrculation event used pump coastdown character| s~
tics developed from prototype pump waier tests,

Differences between "lIdentical™ pumps were not considered In analysis of the
natural clrculation event, Differences In pump-to-pump performance during
plant operation are not expected to be signlflcant enough to justify Inclusion
of separate models for Indlvidual pumps, Further discussion of this point Is
provided In the response to Question C5760.31.
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Question C3760,125

In reviewing the progression of uncertainties how were the fol lowing |tems
cons| dered:

o Pressure drop

core
pump
piping
IHX
val ves

0 Flow Coastdown
= pump Inertia

= pump friction
- dlfferences between "identical" pumps

o Stratiflcation

= upper plenum
- plping

0 Intra-assembly heat and flow redistribution
o Inter-assembly flow redistribution

0 Heat losses to outslde

0 Bypass flow

o Decay heat.
Response

The Indlvidual data sources for the current natural clrculation assessment are
discussed In the response to Question CS760.28.

In developing the transient response of the CRBRP, each of the Design Duty
Cycle events, has a set of parameters Indlvidual ly chosen a* thelr |Imits and
a serles of models Indlvidually Incorporated or deleted to the DEMO computer
code that are appropriate for that duty cycle event., The Individual uncer-
talntles requested are dlscussed In the following table.
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Earameter
Pressure drog

core

piping

pump

Flow coastdown

- pump Inertia

- pump friction

- dlfferences between
"I dentical pumps"

Stratification

- upper plenum

- plping
Intra-assembly
heat and flow
redl stribution

Inter-assembly
flow redlstribution

Heat |osses to
outs! de

Bypass flow

Decay heat

Conslideration

Max!mum or minimum used as requlred
assure conservatism,

Included with IHX In analyslis.,

Head flow characteristic assumed at the
minimum for all analyses and |ocked rotor
res|stance assumed to be at the maximum,
Piplng and IHX pressure drops combined and
chosen as maximum or minimum as required to

assure conservatism,

MaxImum or minimum used as required to
assure conservatism,

Chosen conslstent with the maximum or
minimum speclfled requlirement for the pumps,

Chosen consistent with the maximum or
minimum specl fled for the pumps,

None - See response to Question CS760.124.

Fully mixed or stratifled model used to
provide the most severe transient,

See response to Question CS760.28.

No credlt taken,

No credit taken,

No credit taken,

No uncertalnty applled.

MaxImum or minimum chosen to provide most
severe transient.
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Question C5760,128

ODuring the descent from 108 power, what are the safeguards to prevent
unacceptably high usage of feedwater from the protected water storage tank?

Bﬂamg nse

The Auxi|lary Feedwater System (AFWS) Is not used during normal descent from
108 power; therefore, no water |s drawn from the protected water storage tank
(PWST). The AFWS Is only operated when the Steam Generator Aux!|lary Heat
Removal System (SGAHRS) Is inltiated. The PWST water use Is discussed In PSAR
Section 5.6,1.3.9.
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Question C3760,133

Very |ittle basis Is glven for the assumed frequenc, of events, Please
categorlze the frequency as to source (In order of preference).

a. Commerclal reactor experlence
b. Test reactor exper!ence
c. Other data

d. Englineering judgment
Resgponse

This response |s prepared assuming the question refers to Table 5.7-1,
"Prel Iminary Summary at Heat Transport System Design Transient".

The frequency for the overall plant duty cycle events was Initially determined
from a review of avallable commercla! reactor experlience and speclflc meetings
wlth commerical reactor vendors. The selection of speclflc duty cycle events
and the al location of frequencles to the speclfic events was developed based
on englneering Judgment and an understanding of the design differences between
an LWR and an LMFBR, The structural evaluation of the ef fects of each
Indlvidual duty cycle event on each reactor plant component was analyzed by
grouping the duty cycle events for each component Into a single transient
event (umbrella) which Is conservatively representative of the group with the
frequency of the entire group. Since the Individual transients have different
effects on dlfferent components, the umbrella transients and the fransierts
grouped under that umbre!la are developed differently for each component.
Different frequencles are therefore assigned to each umbrella transient for
each component, The selection of umbrella transients, and the groupings under
each umbrella transient, was based on preliminary analysis of the effects
(temperature, pressure, and resul tant stresses) of each duty cycle transient
on each component., This englneering effort resulted In the frequencies shown
In Table 5.7=1 of t,e PSAR for each major component of the Heat Transport
System,
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Question C2760,126

Discuss the leak test method used fol lowing replacement of the equlpment
hatch, How were the permissible |eak rates determined?

Response

The leak test method to be used for periodic testing of the equlpment hatch
af ter compietion of each refueling will be local pneumatic pressurization of
the dual compressible hatch seals utiiizing the In-place test connection,
Determination of the actual leak rate will be by measuring the pressure decay
for a prescribed time duration,

In the case of anticlpated actual replacement of the equlpment hatch, special
Instal latlion checks such as dye and chalk tests for al ignment verlflication
coupled with pneumatic pressurization of the dual seals will be performed.

Permissible |eak rates to be flnallzed In early 1983 wil| be consistent with
the acceptance criteria for type B tests as del Ineated In '0CFR50, Appendix J.

It should be noted that the equipment hatch Is always closed during all
Reactor Plant operations and Is oniy opened for refuel Ing and/or malntenance
activities,
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