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Question CS760

Please provide decay heat data as a function of core reglon and |lfetime with
thelr respective uncertalnties,

‘HeCnNC L

» ]
it s ould

Section 15.1,.4 (Effect on Design Changes on An~lyses
been added to the origlnal PSAR to reflect the effect
of deslgn changes. Section 15,3 has not been changed In technical content
since It was originally written In 1974, The worst case Section 15.3
undercool Ing transient has been updated and the analyses Inc=rporated Into
Section 15,1.4,1, The current decay heat rates used In this update are
Included In the following Information, |f the 1974 decay heat data Is of
Interest, It too can be suppllied upon request.

be noted that
of Accldent cvents) 'as

The decay heat data used In the undercooling design event analysis presented

In PSAR Section 15.1.4 are provided In Tables QCS760.24~1 through -5, Data

are presented as a function of time after shutdown Including uncertalinty with

the assoclated uncertalnty value provided for each time polnt, Data are

provided for the speclflic assembl les selected for hot channel analysis (see

PSAR Flgure 4,3-3), Decay times ranging from shutdown out to 500 seconds

shutdown were consldered., The decay heat values are based on the

rogeneous core design In which the fuel and Inner blanket assemblles have
hed 2-year burnup and the radlal blanket assemblles have a 3.,2-year

nup.

QCS760.24-1
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Table

QCS760.

28 1
£9=1

CLINCH RIVER SINGLE ASSEMBLY DECAY POMER

VALUES W/ UNCERTAINTIES

TIME AFTER
SHUTD UWN
(SECONDS)

O.

2.0000E+00D

«+.U000E+00

6.0P00E+CO

8.0000E+00
1.0000E+0O1L
1.5000E+01
2.0000E+01
3.0N)0E+0!
4.0C00E+0OL
6.0000E+01
8.000NE+DIL
1.0000E+C2
1.2000E+0Q2
1.4000E+02
1.6000E+02
1.8000E+02
2.0000E+02
2.2000E+D2
2.4%000E+02
2.6000E+02
2.8000E+02
3.0000E+M2
¢.0U00E+C2
5.0000E+02

DECAY
POME R
(KiLUWATTS)
2¢ 682E+02
2.3719E+02
2. 201E+02
2. 090E +02
2.009E +02
le 945E+02
le B26E #+02
l. 7T39E#02
le 615E+02
l.527E+02
1« 404E #02
le 319E+02
L1« 255E+02
ls 205E #02
le 165E+02
l.132E+02
1. 104E +02
le DBOE #02
1.059€E +02
[« 041lE+02
le D24E +02
1.009€E+02
9« 956E +0 1
9. 409E+01
8.993E+01

CRBRP HETEIDGENEUUS CORE FUEL ASSEMBLY NU. 52

UNCERTAINTY
(PERCENT)

3.242E+01
2.742E+01
2.50TE+0D1
2.370E+01
2.2 164E+01
2.200E+01
2.0658+01
1.967E+01
1.825E+01
1.729E+01
1.592E+01
1.496E+01
1.426E+01
l«373E+01
l.334E+0]
1.3C5E+01
l.283E+01
L.266E+01
1.254E+01
le244E+ 0]
1.237E+01
1.232E+01
1.229E+01
1.218E+01
1.210E+01
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Table OC§ 760.

24-2

CLINCH RIVER SINGLE ASSEMBLY DECAY POHEI

VALUES W/ UNCERTAINTIES

TIME AFTER
SHUTD OwN
(SECONDS)

D.

2.0000E+00

©.0000E+NO
6.0000E+00
8.0C00E+00
1.00)0E+01
1.5000E+01
2.00COE+CL
3.0000E+01
4.0000E+0O!
6.0000E+01L
8.0000E+01
1.N000E+02
1.2000E+02
1.4000E+02
1.6000E+02
1.8C00E+02
2.0000E+02
2.2000E+02
2.4200E+02
2.6000E+02
2.8000E+02
3.0000€E+02
4.0000E+02
5.0C00E+02

DECAY
POWE R
(KILOWATTS)
3.393E+02
3.011E+02
2. TH6E #02
2.647TE 402
2¢ 545E+02
2. 464E 002
2. 313E¢02
2. 203E¢02
2.04TE®2
le Y36E+02
ie TOLE 02
Lo 673E +02
l«593E+02
L« S30E+D2
L 479E #02
l.43TE+02
1.402E+02
L«372E+02
le 345E¢02
1: 322E+02
1. 301E+02
1« 282E+02
L« 265E+02
le 196E #02
le 143E+02

CRBRP HET EROGENEOUS CORE FUEL ASSEMBLY NO. 101

UNCERTAINTY
(PERCENT)

3.231E+01
2.T32E+01
2.497E+01
2.361E%01
2.264E+01
2.191E+01
2.056E+01
1.958E+01
1.820E+01
l.T21E+01
1.583E+01
1.488E+01
le4I1TE+*OL
1.365E+01
1.326E+01
1.297E+01
1.275E+01
L.258E+01
1.246E+01
1.237E+01
1.229E+01
1.224E+01
1.221E+01
1.209E+01
1.201E+01
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TIME AFTER
SHUTDOwWN
(SECONDS)

0.

2.0D000E+N0

4.0000E+00

6., 0000E+00

8.0N00E+NO

1.0000E+Cl
1.5000E+01
2.0000E+01L
3.0000E+01
4.0000E+01
6.0000E+0D1L
8.000CE+"1
1.0000E+D2
1.2000E+0V2
1.4000E+02
1.6000E+02
1.8000E+N2
2.0000E+02
2.2000E+02
2.4000E+02
2.6000E+02
2.8000E+02
3.0000E+D2
4.0000E#N2
5.0000E+02

DECAY
POWER
(KILOWATTS)
1« 196E +02
L. 050E +02
9. 684E +01
9. 200E +01
8. B54E «01
8. 545E +01
8. 090E +01
T. 138E+01
Toa264E¢01
60 899€ ¢+01
6. 422E 401
6. 093E 01
Se B4 BE +01
S5« 656E «01
5. 50CE ¢+01
S« 372E +01
S5« 262E+01
5. 168E +01
S5« 085E +01
5.011E+01
4.945E¢01
4. GH4E +01
4. 829E+01
4.601E+01L
4o 423E 01

Tahle 0CS760.24-4

CLINCH RIVER SINGLE ASSEMBLY DECAY PONER
YALUES W/ UNCERTAINTIES

CRBRP HETEROGENEOUS CORE RADIAL BLANKET POSITION NO. 201

UNCERTAINTY
(PERCEKT)

2.936E+01
2+.%21E+D1
2.1TTE+01
2.035E+01
1.934E+01
1.857E+01
l.715E+01
l.615E+01
L.473E+01
1le375E+01
1.239E+01
L14T7E#+01
1.079E+01
1.029E+01
9.912E+00
9.626E+00
9.409E+00
9.245E¢00
9.117E+00
9.014E+00
8.933E+00
B8.871E+00
d.825E+00
8.66LE+00
Be549E+00
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Table QCS760.24-5

VALUES W/ UNCERTAIL

TIME AFTER
SHUTDOnN
(SECONDS!?

0.

2.0000E+00

4. 0G00E+O0

6.0000E+0Q0

8.0000E+00
1.0000E+01
1.50C0E+0O1
2.0000E+01
3.0000E+01
4.0000E+01
6.0000E+01L
8.0000E+01
1.0000E+02
1l«2000E+02
la @NDOE#N2
1.6000E¢02
1. 8000E#02
2.0000E+D2
2.2900E+02
2.4000E+02
2.6000E+02
2.8000E+02
3.0000E¢02
4.0000E+02
5.0000E+02

DECAY
PUHE R
(KILUWATTS)
9. 73BE +01
8. T7T57E+01
8. 096E #01
T. T04E 01
Te423E+01
T 205E+01
6. BO3E +01
6.516E¢01
6. 114E+01
S.832E 401
Se 442E +01
5« 173E+01
4. 912E+C1
4.8l4E+01
4o 6BTE #01}
4.5d1E+01
4. 491E+01
4, 413E+01
4. 344E 401
4. 283E+01
4e 228BE#01
4. LITTE+OIL
4e L31E+0D1
3.941E+01
3.791E+01

CLINCH RIVER SINGLE ASSEMBLY DECAY POMWER

NTIES

CRBR? HETEIUGENEUUS CORE KADIAL BLANKEY PUSITION NU., 203

UNCERTAINTY
({ PERCENT)

2.854E+01
2.351E+01
2.111E+01
1«9 72E+C1
1.873E+01
1.797E+0O1
1.660E+01
l.561E+01
le423E¢01]
1.326E+01
1.194E+01
1.104E+01
1.038E+01
9,897E+00
9.531E+00
9.254E+00
9.047E+00C
8.883E+00
H.758E+Q0
B8.654E+00
8.575E+00
8.518E+00
B.465E+00
8.309E+00
8.193E+00




Page 1 (82-0374) [8,22] #97

Question CS760.29

The Intent of Chapter 15, Section 3 Is to demonstrate the adequacy of the main
heat transport systems to remove reactor and plant generated heat during
protected undercool ing accident conditions. Our concerns Include:

Once a transient event Is initlated there are several factors that could
affect the outcome. In Sectlion 15.3, these possibilities are touched upon,
but not with any real conslistency. Our assessment of Important factors, and
how they may be expected to vary, Is organized In Table 15.3-2. It Is
Impllicitly assumed throughout the PSAR that one of the plant protection
systems can fall to recognize a problem. Therefore, these transients must be
analyzed with the more conservative signal, I.e., the one that |leads to more
severe conditions. The number of pony motors that come on |lne Is certainly
an Important varliable, especially since a pony motor driven pump in one |oop
could adversely affect the natural circulation in the other loops. Auxilliary
feedwater could be supplied by two diesel driven pumps, one (50%) diesel
driven pump (if one Is out for service and turbine driven one falls), one
turbine driven pump (which draws steam from the system), or none at all. The
protected alr-cooled condensers remove heat by natural draft air circulation.
When they are needed, louvers are opened and fans come on, supposedly. How
these varlous modes of operation Impact on the undercool Ing events must be
addressed.

Provide the basis and analyses to support the position that all events |isted
in Table 15.3-2 have been addressed on a consistent basis. Note that for
several of the events, only a |imited number of cases may need to be
considered. In general, these are transients that are |imiting only In the
short term, I.e., In the longer term other related transients are |lkely to be
more severe. Therefore, the events |isted In Table 15.3-3 may need be
analyzed only for the plant protection system and number of loops Initially
operating cases. Hovever, at |least six events should be analyzed for all
reasonable cases. This Is because all could lead to difficulties In long term
heat removal, and bound some of the other events. These events are |isted In
Table 15.3-4,

QCS760.29-1
Amend, 69
July 1982




Page 2 (82-0374) [8,22] #97

TABLE 15.3-2 UNDERCOOL ING EVENT CASES

Plant Protection System Avallable (PPS)
Primary Shutdown System
Secondary Shutdown System

Pony Motor Pumps Available
0,1, 2 or 3 In Primary Loops
0,1, 2 or 3 In Intermedi ate Loops

Aux!|lary Feedwater (AFW)
Both Diesel Driven (100%)
One Diesel Driven (50%)
One Turbine Driven (100%)

Protected Alr Cooled Condensers (PACCs)
Natural Draft, Louvers Closed (0, 1, 2 or 3
Natural Draft, Louvers Open (0, 1, 2 or 3 loops)
Fans On, Louvers Open (0, 1, 20r 5

Number of Loops Initially Operating
- 3=Loop Operation
2-Loop Operation

QCS760.29-2
Amend. 69
July 1982



3 (B2-0374) [8,22] #97

TABLE 15.3-3 LIMITED CASE ANALYSIS EVENTS

Spurious Primary Pump Trip
Spurlous Primary and Intermediate Pump Trip
Spurious Intermed!ate Pump Trip
Inadvertent Closure of an Isolation Valve
Evaporator Inlet
Superheater Inlet
Superheater Outlet
Turbine Trip
Inadvertent Actuation of Na/H,0 Reaction System
Single Primary Pump Selzure
Single Intermediate Pump Selzure
Smali Water-to-Sod!um Leaks In Steam Generator Tubes
Primary Heat Transport System Leak
Intermed| ate Heat Transport System Pipe Leak
Loss of One Recirculation Pump

TABLE 15.3-4 FULL CASE ANALYSIS EVENTS

Station Blackout (LOEP)

Loss of Normal Feedwater

Fallure of the Steam Bypass System

Steam~- or Feed- Line Break
Main Steam Line Rupture
Steam Line from Superheater to Steam Header
Saturated Steam Line from Steam Drum to Superheater
Feedwater Line Break
Reclirculation Line Break

Dump of Evaporatory Water Inventory with Inlet Isolation
Valve Fallure (Open)

Large Water-to-Sodium Leaks In Steam Generator Tubes

QCS760.29-3

Amend. 69
July 1982




Page 4 (82-0374) [8,22] #97

Response

The evaluation of the undercool ing design events |s discussed In Section
15.1.4.2 of the PSAR., As noted In that section, the set of events |isted In
Table 15.3-1 which were analyzed ear|ler were examined to determine the
| Imiting undercool Ing event which turned out to be the loss of of fsite power,

The question expresses a concern that all the factors (cases) |Isted In Tables

15.3-2 were not considered In the evaluation of events glven In Tables 15.,3=3
and 15-3"40

Each of the events |isted In Table 15.3=1 of the PSAR which involved a scram
did conslder the ef fects of primary system shutdown only, as well as only the
secondary system shutdown. |In addtion, It was further assumed that the
highest worth rod In each of the shutdown systems was stuck In the out
position, Thls provided a consistent basls for Inclusion of a single fallure
in addltion to the Inltiating event,

Some general observations about the thermal-hydraullc response of the CRBRP
are In order:

1. The peak temperatures In the core (the real basis for the evaluation
of udnercooling events) are In general seen immediately (within 20
seconds) after the onset of the event, The exact magnltude of these
temperatures wiil be a function of the control rod worths, the delays

in reactor scram and the reductions In primary flow prior t0 rod
Insertion, This Is why the loss of offsite power Is the |imiting
event for that |Ist glven In Table 15.3=1 of the PSAR,

For the unique case of loss of all primary pony motors, (the natural
clrculation event) the peak core temperatures will| be seen between 200
and 300 seconds after scram after which the power to flow ratio begins
to decrease and the core temperatures |lkewlse decrease.

One primary pony motor will furnish more core flow than the case of no
primary pony motors (natural clirculation). Two primary pony motors
will furnish more flow than the case of only one operating primary
pony motor even |f the check valve falls open In the loop with the

Inoperable pony motor., Thus, the case of no primary pony motor
represents the |imiting case.

Operation of pony metors In the Intermediate |loops (with no operation
of primary pump pony motors) will enhance the primary natural
convection flows because of the faster shift In the primary sodlum
temperatures In the |IHX. Thus, this Is not a |imiting case.

Upsets In the steam generator system wil! not af fect the peak core
temperatures because of the long transport delays In the primary and
Intermedlate piping. For example, the evaporator sodlum outlet
transient produced by a steam or feedline break In the shortest |oop
(loop 2) would require more than 200 seconds to be seen at the reactor
vessel Inlet even If the pony motor speeds In the primary and
Intermecdl ate |oops were 108 of rated flow. The effect of the
transient procduced In the affected |loop would be further mitigated at

QCS760.29-4
Amend. 69
July 1982




Page 5 (82-0374) [8,22] #97

the core Inlet due *o the mixing of flows from the unaffected loops In
the large mixing volume !'n the reactor Inlet. The total decay power
at 200 seconds would be |ess than 3,3%, Consequently, events 4, 6, 9
and 12 of Table 15.,3=3 of the question are not |Imiting In the short
term,

6. Events which affect the heat sinks for all three heat transport |oops
(and assoclated steam generator systems), glven In Tables 15,3-3 and
15.3-4 of the question are:

a) Turbine trip - see Section 15.,3.1.5 of the PSAR,

b) Station Blackout = Natural Circulation Analysls provided In
CREBRP-ARD-0308 .

c) Fallure of the Steam Bypass System - see Sectlion 15,3.2.4 of the
PSAR,

d) Steam of Feedline Break - see Section 15.3.3.1 of the PSAR; Maln
Steam LIne Rupture and Feedwater Line Break,

As noted In the appropriate sections of the PSAR, none of these events
result In signflcant peak core temperatures,

7. Events which affect the heat sinks of Indlvidual loops (events 4, 6,
9, 12 of Table 15.3-3 and events 4 (except Maln Steam Line rupture), 5
and 6 of Table 15.3-4) wil| not affect the peak core temperatures for
the reasons glven In 5 above, 'n the long term, the plant Is fully
capable of removing decay powzr through a single loop., Loss of a
single loop due to the postulated events will not chal lenge the
plants' decay heat removal capablility; and In terms of peak core
temperatures, would not represent a true undercooling event,

The factors (cases) provided In Table 15,3-2 of the question were conslidered
and are discussed below:

"Plant Protection System Avallable (PPS)
Primary Shutdown System
Secondary Shutdown System",

The |Imiting event In Section 15,3, Loss of offsite power, was analyzed for
the secondary shutdown system only (PSAR pages 15.1=127 and 128). In
addition, the hot rod analyslis of the natural clrculation event given In
CRERP-ARD-0308 also assumed a secondary shutdown system only. Results of
analyses of the other events reported In Section 15.3 of the PSAR are glven
for both primary shutdown system only and secondary shutdown system only,
where thls aspect s Important to the event belng analyzed.

"Pony Motor Pumps Avallable
0, 1, 2 or 3 In Primary Loops
0, 1, 2or 3 In Intermediate Loops."

The Iimiting case Is that In which It Is assumed that there are no pony motors
avallable, Event | of Table 15.3-4 of the question, Thls case has been
reported In the natural clrculation assessment (CRBRP-ARD-0308).

QCS760.29-5
Amend, 69
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Page 6 (82-0374) [8,22] #97

The comblination of a primary pump selzure along wi~h fallure of the primary
pump pony motors In the other two loops would be bayond the design base and
has not, therefore, been consldered,

I+ should be noted that the pony motors do not "come on |Ine", They operate
continuously. The load Is picked up by the pony motors when the shaft speed
reduces to the polnt where the over-running clutch engages. In addition, the
two pumps In the same |oop (one primary pump and one Intermedlate pump) have
thelr pony motors furnlished with powe~ from the same buss., Thus, while [t may
be postulated that there may be many combinations of operable primary and
intermed| ate pony motors, there are no common cause fallure which could
provide a mechanism for this, Nevertheless, a case has been analyzed which
assumed the fol lowing: following a plant trip, the primary pump pony motors
In loops 1 and 3 fall (loop 2 primary pump pony motor is avallable) and
Intermed! ate pump pony motor Is not operating). The peak power to flow ratio
seen was <0.,9 (at 120 seconds Into the trans!ent). This event would be

consldered beyond the design basls because It Induces three Indenendent
fallures,

"Auxi| lary Feedwater (AFW)
Both Diesel Driven (100%)
One Diesel Drlven (50%)
One Turbine Driven (100%)."

The particular comblnation of AFW pumps that may be assumed wil| have no
Impact on the short term undercooling of the core, While the mot 't 'ven AFW

pumps are deslgnated "half capaclity"™, this Is with respect to the worst <ase
conditions of:

0o @ plpe break on loop #1 with flow |Iimited by the control valves,
0o steam drum venting on loop #2, and

o superheater venting on loop #3.

If there are no leaks in the SG systems and normal venting takes place, elther
of the motor driven AFW pumps wil| furnish sufficlent water to maintain steam

drum levels, Thus, multiple fallures are required to result In loss of the SG
system as a heat sink from a feedwater standpolnt.

"Protected Alr Cooled Condensers (PACCs)
Natural Draft, Louvers Closed (0, 1, 2 or 3 loops)
Natural Draft, Louvers Open (0, 1, 2 or 3 loops)
Fans On, Louvers Open (0, 1, 2 or 3 loops)."

The Protected Alr Cooled Condensers for each of the |loops consists of two

units rated at 7.5 MW, each with Its own fan and set of louvers. The fans
for the two units on each loop are furnished power from the same division of
1-E power,

If It Is assumed that the louvers remaln closed and the fans do not operate,

the heat loss Is negligible (0.45 MW, per loop).

QCS760.29-6
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Page 7 (82-0374) [8,22] #97

It the louvers are assumed to open but the fans do not function, the heat
removal |s approximately 30f (4.5 MW,) of rated.

The PACCs are Intended for long term decay heat removal. In the event that
one or more unlts are not functioning, more venting (and thus more feedwater)
would be required, However, so long as the drums do not dry out, decay heat
and sensible heat wil| be removed |ndependent of PACC operation,

"Number of Loops Inltially Operating
3=Loop Operation
2-Loop Operation,”

NRC review of CRBRP on two-loop operation Is not being requested by the
aopl lcant at this time.

QCS760.29-7
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Page - 2 [82,0357] 8,22 #9”

Questlon CS760.41

What are the bases (or the plans for determining the bases) for setting the
conditions at which the DND signal w!l| alert the reactor operator? What will
be the operator responses to the DND signal In conjunction with other plant
parameters? |f these responses have not been determined, what are the plans
for formulating them?

Response

Plans for determining the bases for setting the conditions at which the DND
signal will alert the reactor operator are dependent upon results to be
obtalnud from the on-going Run Beyond Cladding Breach (RBCB) program. Fuel
assembl| les having Indications of fuel exposure beyond a deflned |Imit, are to
be removed from the core. Development of this |imit |Is dependent on the
devel opment of appropriate technology through the RBCB Program which wil|
assure the benign nature of operation with |Imited fuel sodium contact.

The applicant is committed to removing all falled fuel at each scheduled
refuel Ing outege. |If a falled fuel assembly Is characterized by the DND
during reactor operation as having fuel exposure beyond the defined |imlt,
then an orderly reactor shutdown wll| be Inltiated for the purpose of removal
of the fuel exposure to sodium at that shutdown, the other falled fuel In the
reactor may also be replaced.

Procedures for operator action will| be formulated based upon the rasults from
the on-going RBCB program and wil| be finalized during the OL review., A
general lzed approach Is dlscussed In QCS760.39.

QCS760.41~1
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Question C3760.45

What change wi!l| the Increased plutonlum content of the fuel have on the
of fslte doses due to fallure In the EVIM?

Response

The radloactivity source term for analysis of fuel fallure In the EVTM Is
based on the maximum design basis conditions during plant |ife, Including the

use of LWR recycle plutonium (see PSAR Section 12.1.3) which contains the
largest plutonium content,

QCS760,45-1
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Question CS760.77

Section 4,4,2.7 of the CRBR PSAR presents a dlscussion of pressure drop
calculations and experimental results at full flow conditions, |Is there a
sImilar analytical and experimentai base for low flow conditions? |f not, how
are pressure drops for low flow condltions determined? |f there Is a similar
data base for low flow conditions, please provide detalled Information In the
form of calculated and experimental pressure drop data Including uncertalnty
factors?

Response

The experimental results and pressure drop correlations and uncertainties
presented In Section 4.4,2.7 of the PSAR were based on data which generally
cover a range of Reynolds numbers from ~20 to 308 of the design Reynolds
numbers to 100§ or greater. |In addition, the fuel, Inner blanket and radial
blanket rod bundle friction factors were based on preliminary data which range
from less than 1§ to greater than 100% of the design Reynolds numbers. The
fuel assembly friction factor used In the PSAR Is shown In Figure QCS760.77~1.
It Is signlflicant that the fuel assembly rod bundle friction factor, the
|argest single primary system hydraulic resistance component was characterized
over the full range of reactor flow rates. The remaining high resistance
components are primarily orifice form losses which are not as

Reynol ds=number-sensitive as the friction losses. Consequently, low flow rate
calculations performed with the PSAR correlations are valld down to approxi-
mately 20 to 308 flow and are expected to be quite close down to 1% flow.

Additional data and correlations such as those shown In Figures QCS760.77-2
and -3 for the blanket and control assembly rod bundle friction factors are
under development, Also, a more recent fuel assembly friction factor
correlation than the preliminary correlation shown In Figure QCS760.77=1 was
devel oped based on 266 addltional data points (Reference QCS760.77-1) but
which dlffers from the Figure QCS760.77-1 correlation by only 0.2% at high
flow rates and a maximum of ~2% In the transition region.

Data are becoming avallable on the overall fuel, blanket and control assembly
pressure drops similar to those shown In Figure QCS760.77-4. Correlations to
those data are under development. Flow tests to characterize orifices down to
~2% flow have been completed for the fuel and control assemblles. Simllar
testing of the radlial blanket orifices located In the LIM Is In progress.
Orifice testing Is under development for the Inner and radial blanket assembly
orifices down to low flow rates. The remaining hydraullc resistance
components In the reactor Inlet and outlet reglons are all low pressure drop
componenis which have been tested at high flow rates and will be extrapol ated
to low flow rates with an approprliate Increase In uncertalnty.

QCS760.77-1
Amend. 69
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Rigorous data-based hydraullc correlations and uncertalnties are belng
developed for al| major reactor pressure drop components over the full range
of operating flow rates. Final results will be presented In the FSAR,

Reference

QCsS760.77-1 D. R, Spencer, R. A. Markley, "Fricticn Factor Correlation for
217=PIin Wire Wrap Spaced LMFBR Fuel Assemblies™, ANS

Iransactions, 39, pp. 1014-1015, November, 1981,

QCS760.77=2
Amend. 69
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Question CS760.79

Do the uncertalnty factors presented In Tables 4.4-18A through 4.4-31 apply to
low flow conditions? |f not, have uncertainty factors been determined for |ow
flow condltions? |f the aforementioned uncertainty factors do not apply to
low flow conditions and none have been determined for |low flow conditions, are
there plans to perform experiments and calculations to determine these
uncertalnty factors? |f the above referenced uncertalinty factors do apply to
low flow conditions, please provide uita In the form of experimental and
calculated results to support thelr use for low flow conditions,

Response

A) The uncertalnty factors presented In Tables 4.4-18A through 4.4-31 were
developed using data for high flow rates. Hydraullc uncertainties at low
flows are discussed In the response to Question CS760.77.

MaxIimum (highest) core hot rod temperatures are calculated for the |ow
flow conditions of natural clrculation. These are used for design and
safety evaluations, Appllication of full power and flow uncertainties Is
conservative since:

0 At the low power flows and conditions of natural clrculation, the
ef fect of uncertainties which local ly af fect rod temperatures Is
Insignl ficant since heat fluxes are small, l.e., local temperature
dl fferences between fuel, clad and coolant are minor for a particuiar

axlal poslition,

Maximum cladding/coolant temperatures for natural clrculation occur
near the top of the heated core axlal position and are thus the
Integrated ef fect of coolant over channel length. Uncertalinties which
af fect Integrated coolant temperature (enthalpy rise) are for full
power and flow. At low flow, these uncertalnties would be smal ler for
maximum temperature channels because of significant Increse In Inter-
and Intra-assembly flow and heat redistribution which results In a

smal ler temperature consequence due to an uncertalnty In el ther power
or flow.

QCS760,79=1
Amend, 69
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C)

D)

E)

for natural clrculation analyses the full power uncertainties are
Increased multiplicatively for 3w decay heat uncertainties. After the
Initlal cooldown phase and during the period when maximum temperatures are
reached the hot rod power |s essentially all from decay heat, thus

Puc

Px (1 +8P") x (1 +§P")

where

HC = hot rod power generation from decay heat;

P = nominal decay power calculated for hot rod (Includes
radlal and axlal peaking);
$P' = total full power uncertalnty;

§P" = 3o decay heat uncertalnty from ENDF-B4 data files

Numerous other uncertalnties/conservative assumptions In addition to the
ones previously mentioned are Incorporatec Into all transient evaluations,
These are summarized In Table QCS760.79-1. Conservatively all the
aforementloned assumptions/uncertainties are assumed to occur

simul taneously.

A prime example of the conservatism In this approach of maintaining full
power/flow uncertalinties for |low flow plus the other assumptions of Item D
Is the comparlson of calculated predictions using this method as compared
to prototyplic FFTF natural circulation experimental data shown by Figure
QCS490.38-3. The second curve from the top cshows 3¢ hot channel
calculations Inforporating Inter- and Intra-assembly heat and fiow
redistribution ef fects; the |lowest curve shows the measured temperature
for the highest temperature core rod. The large difference between the
top and bottom curves demonstrates the extreme conservatism of the overal!
uncertalnty approach.

QCS760.79-2
Amend, 66
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TABLE QCS760.79-1

MAJOR ASSUMPTIONS USED IN
JRANSIENT HOT ROD ANALYSIS

Conservative plant THDV inltial cond!tions (e.g., 750° reactor inlet)
Worst case Doppler coefficlient Including uncertalinties

Minimum control rod shutdown worth (one stuck rod)

Highest power and temperature hot rods at worst time In |ife

Worst end of uncertainty range used for properties (e.g., fuel C ) and
fuel/clad gap conductance for both power and temperature calculations

MaxImum decay heat |oads Including time In | Ife effects

No credit taken for Inter- and Intra-assembly flow and heat
redlstribution

Negative reactivity feedbacks neglected (e.g., core radial expansion,
bowing, axlal expansion of fuel and cladding)

Conservative 0.2 second delay used for PPS logic, scram breaker and
the control rod unlatch time delays

QCS760.79-3
Amend. 69
July 1982




Page - 7 (82-0358) [8,22] #91

Question C376€0.96

In Section 5,5.2.3.3 It Is stated that the plpes were sized to |Imit mass flow
rates to 20 feet per second for water through 175 fps for superheated steam.
What are the maximum anticlpated mass flow rates for steady-state operation
and also during the various postulated events?

Response
Section 5.5.2.3.3 states that the steam and water plping Is sized to |imit

fluld velocities at 1008 power to the values Indicated In the question, The
fluld velocities at 100§ power are glven In the fol lowing table:

Pipe Size, Velocity,

Piping Section Fluld In, fps
Feedwater Inlet to Steam Drum Water 10 17
Drum tc Reclrculation Pump Water 18 1
Pump to Tee Water 12 24
Tee to Evaporator Inlet Water 10 17
Evaporator Outlet to Drum Water/Steam 16 32
Drum to Superheater Inlet Saturated Steam 12 104
Superheater Outlet to Isolatiornn  Superheated Steam 16 164

Val ve
Drum vraln Line Water 6 5

The fluld velocity design |imits are based primarily on acceptable pressure
losses In the system. Thus, the 24 fps velocity In the 12=-Inch pump-to-tee
IIne was judged to be acceptable, since the pressure drop calculated for this
section of line Is only 5 psl, [ (uding the tee and 12 x 10 reducer. In
addition, the standard outlet nozzie size for the selected recirculation pump
was 12 Inches.

The various postulated events (Table 5.7-1 of the PSAR) begin from Initial
conditions of 1158 power. At this power level, the fluld velocity In the
feedwater Inlet, evaporator outlet, superheater Inlet, and superheater outlet
Ilnes, will increase by 158 from the above values. The fluld velocitises In
the other |ines will remaln essential ly constant.

The postulated events where |Ine rupture Is Involved would have maximum
anticlpated fluid velocltlies dependent upon the nat -e of the rupture, but
plant safety Is malntained by Isolation of the ruptured |ine section while
other system components function to a safe shutdown situation,

PSAR Section 5.5.2.3.3 has been updated to reflect average water velocitlies
nct to exceed 25 fps.

QCS760,98-1
Amend. 69
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Piping shall be designed with sultable access to permit In-service
testing and Inspection,

All "horizontal™ piping shall be sloped. Steam traps and dralin valves
shal | be located at the |low points to permit ccnplete dr-alning of th=
piping.

Piping sizes shall be chosen such that average fluld velocities at +he
1008 plant power condition will not exceed the following values:

a. water 25 fps

b. water-steam mixture 50 fps

¢c. saturated steam 125 fps

d. superheated steam 175 fps
System Description

Al | Steam Generation System piping Is shown in Figure 5.,1-4, The design
characteristics and ASME Code classlflications are presented In Table 5.5-7.

The only fleid run piping planned for the steam generator system Is non-safety
class plping. The Internal diameter of the piping wil! be 2 inches or |ess
anu |s used for draln |ines from steam traps. The design pressure would not
exceed 100 psla and the design temperature would be less than 300°F,

The Selsmic Category | design requirements are placed on the Steam Generation
System's steam-water piping. Superheater and evaporator modules and the steam
drum are provided with quick acting Isolation valves. Design pressures of all
plping are nominally 1108 of the operating pressure at rated power,

The use and location of rigld=-type supports, varlable or constant spring-type
supports, and anchors or guides will be determined by flexibllity and stress
analyslis. Piping support elements wil| be as recommended by the manufacturers
and wil | meet applicable code requirements, Direct weldment to thin wall
plping will be avolded where possible.

Attachment and penetrations shal! be designed and fabricated according to the
ASME Code requlrements,

Amend, 69
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Question CS760.124

The design bas!s assumes flve (5) natural circulation occurrences per |ifetime
but the fuel damage analysis assumes only one,

Does this Imply that a new fuel loading will be required after any natural
clrculation event?

Response

The CREBRP plant duty cycle Is glven In Appendix B, Table B-1, of the PSAR.
For an emergency event |lke the natural clirculation event, five (5) such
events are consldered per plant |ifetime (one every 6 years) plus two
consecutive occurrences of the most severe type (glving potential ly seven
total emergency events), For replaceable components such as the fuel
assembly, one event of this type during the assembly I|ifetime Is
conservatively assumed for fuel design damage analysis.* However, after such
an event, an assessment of core damage (including analytical methods) of
course must be made before resumption of normal operation. |f It were
determined that there was |Ittle fuel rod damage and that acceptable fuel rod
| 1fetime remalned such that another event of this type could be taken, a new
fuel loading would not be required.

*Assuminy a | Inear distribution of emergency events over the 30 year plant
I1fe would result In a 7/15 probabll ity of occurrence over the 2 year fuel
Iifetime. This frequency fraction has been rounded-off to a single
occurrence,

QCS760.134~1
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Question C3760,137
Please provide a |Ist of the Instrumentation and thelr functional requlrements
which are necessary to monitor ard control the heat transport cystems,

Emphasize those Instruments tha’ the operator will use for decay heat removal
under both normal and emergency condltlions,

Response

A. Tables QCS760.137=1 through 3 provide the Instrument |ist for the Heat
Transport System (HTS) which may be used to monitor and control the
systems,

The !nstruments the operator may use for decay heat removal under both
normal and emergency conditions are |dentifled below:

© Primary Heat Transport System (PHTS) Temperature Hot Leg

0 Intermedl ate Heat Exchanger (IHX) Outlet Temperature (PHTS Cold Leg)
PHTS Pony Motor Speed
PHTS Flow
Intermediate Heat Transport System (IHTS) Temperature Hot Leg
Evaporator Outiet Temperature (IHTS Cold Leg)
IHTS Pony Motor Speed

o IHTS Flow

All the Instruments Identiflied as being used by the operator for monltoring
decay heat removal are provided on the Main Control Panei (MCP).

QCS760,.137-1
Amend, 69
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TABLE QCS760.137-1

PHTS INSTRUMENT CHANNELS

FUNCT ION SENSOR TYPE MEASUREMENT NUMBER

USE OF SENSORS

Pump Outlet
Pressure

Reactor Inlet
Press

Pump Outlet
Temp

Reactor Inlet
mep

Main Loop
Flow
Evaluation

IHX Outlet
Temp

Nak Capll lary

Nak Capl| |ary

pM
Flowmeter

CA-T/C

Survel | lance
Per formance
Evaluation
PHTS/IHTS AP

Survel | lance
Performance
Evaluation

Survel | lance
Performance
Evaluation

Calorimetric

Surveil lance
Performance
Evaluation
Calorimetric
Loop to Loop

Survel |l lance

Performance

Control, PPS

QCS760.137=2

2/ Loop

2/ Loop

2 dual/
Loop

2 dual/
Loop

300~
12000F

0=

40000 gpm

300~
1000°F

Amend. 69
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TABLE QCS760.137-2

IHTS INSTRUMENT CHANNELS

FUNCT ION SENSOR TYPE MEASUREMENT NUMBER
USE OF SENSORS

IHX Inlet RTD Survel | lance 1 Dual/ 300~
Temp Calorimetric Loop 800CF

IHX Outlet RTD Survel | lance 1 Dual/ 300~
Temp Calorimetric Loop 1000°F

IHX Qutlet Nak Capll lary Survel | lance 1/ Loop 0-275
Press pslg

Pump Inlet Nak Capl| lary Survel | lance 1/ Loop 0-150
Press psig

Pump Outlet Nak Capl| lary Survel | lance 1/ Loop 0-350
Press psig

Main Loop PM Flowmeter PPS, Control 1/ Loop (1) 4000-40000 gpm
Flow

Evap. Outlet CA-T/C PPS 3/ Loop 300-800°F
Temp.

(1) PPS operating range. Functional range and Indlcation are from zero.

QCS760.137=3
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TABLE QCS760.137-3
PHTS MAIN SODIUM PUMP INSTRUMENTATION

FUNCT ION SENSOR TYPE MEASUREMENT NUMBER RANGE
USE OF SENSORS
Pump Shaft Magnetic Per formance 2/pump 0-1200rpm
Speed Survel | lance
Pony Motor Speed Survel | lance 1/pump 0-120rpm
Speed Indlcator
IHTS MAIN SODIUM PUMP INSTRUMENTAT ION
Pump Speed Magnetic PPS, Control 5/Pump (1)120-120rpm
Pony Motor Speed Survel | lance 1/Pump 0=120rpm
Speed Indicator

(17 pps operating range. Functional range and indication are from zero.

QCS760.137-4
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Question CS760,138

Please Include the core thermal response for Item h (Section 5.7.3 - loss of
one primary pony motor wlth check valve fallure).

Response

This particular transient was analyzed using minimum decay heat along with
varlous other conditions which were Included to make the transient
conservative from a plant plping and component design thermal transient
standpoint., As such, the core thermal response from the analysis which
produced the pump Inlet transient for item h shows very modest temperatures.
The core flows are, however, sufficiently high to keep the power to flow ratio
well below 1.0. For example, at the time the flow reverses (100 seconds Into
the transient) In the loop with the falled pony motor (and a stuck open check
valve), the core flow Is 8.68. At 600 seconds Into the event, the reverse
flow In the loop with the falled pony motor has steadied out at 200 Ib/sec
(5.2% of Inltlal steady state loop flow) and the core flow Is 6.9% of Its
Inltial flow., Thus the core temperatures will be less than thelr Initial
steady state temperatures.

QCS760.138~-1
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