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6C Containment D%bris Protection for ECCS Strainers
&GC. 1 50Ck YO N
\WRC Bulleun No. 9302, “Debris Plugging of Emergency Core Cooling Sucuon

Strainers,” references NRC guidance and highlights the need to adequately
accommodate debris in design by focusing on an incident at the Perrv Nuclear Plant.
GE re-iewed the concerns addressed by NRC Bulleun 93-02 and has reviewed the design
of the ABWR for prtenual weaknesses in COpINg with the bulleun's concerns. GE has
determined that the ABWR design is more resistant to these problems for a number of

reasons as discussed in the following. QAA\*\,OM\ vidonee
¥ as A8S cr\¥50‘ balow . The

The ultimate concern raised by the Perry incid¢nt was the deleterious effect of debnsin
the suppression pool and how it could impact fe ability to draw water from the
suppression pool during an accident. The ABWRdesign has committed to following the
guidance provided in Regulatory Guide 1.82an ABWRis designed to inhibit debns
generated during a LOCA from preventing operaton of the Residual Heat Removal
(RHR), Reactor Core Isolatio. Cooling (RCIC) and High Pressure Core Flooder

(HPCF) systems. 4
6C.2 ABWR M, *aa \ne FaoTuwnveo

The ABWR has substanually reduced the amount of piping in the drywell reladve to
earlier designs and consequently the quantity of insulation required. Furthermore,
there is no equipment in the wetwell spaces that requires insulation or other fibrous
materials. The ABWR design conforms with the guidance provided by the NRC for
maintaining the ability for long-term recirculaton cooling of the reactor and
containment following a LOCA.

e evelopment wOrK Is i1 progress by varnous organizatons to achieve solutions of the
' ECCS strainers debris plugging problem. The ABWR design is committed to applv an
acceptable solution as this issue becomes resolved. Selection of insulauon, strainer

design, pump features. and applicable containment details will be addressed.

~—FHroweves, the Perry incident was not the result of a LOCA but rather debris entering the
Suppression Pool during normal operaton. The arrangement of the drywell and
wetwell /wetwell airspace on a Mark III containment (Perry) is significandy different
from that utilized in the ABWR design. In the Mark Il containment, the areas above the
suppression pool water surface (wetwell airspace) are substanaally covered by graung
with significant quantities of equipment installed in Lhescyjln these areas are no
Teal ba [éventsmall quanuues of debns from falling into the suppression pool
from the spaces located above the pool surface. This arrangement contributes to a
much greater potenual for debris to enter the suppression pool duning outage acuviues
as well as activities in the containment during power operaton, re
the wetwell airspace (contanment) of a Mark [111s allowed during power operauons. In
contrast, on the ABWR the only connections to the suppression pool are 10 drvwell
connecting vents (DCVs), and access to the wctwcl}\dunng power operauons is
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prohibited. The DCVs will have horizontal steel plates located above the openings that
will prevent anv material falling in the drywell from direct'y entering the vertcal leg of
the DCVs. This arrangement is similar to that used with the Mark 11 connecung vent
pipes. Vérucallv oriented trash rack construction will be instailed around the penphery
of the honzontal steel plate to intercept debris. The trash rack design sball allow for
adequate flow from the drvwell to wetwell. In order for debris to ener zne DCV it would

| have to travel horizontally through the trash rack prior to falling into the vertical leg of
the connectng vents. Thus the ABWR is resistant (10 the transport of debns from the

| drvwell to the werwell.

In the Perrv incident, the insulation material acted as a sepia to filter suspended solids
from the suppression pool water. The Mark L. 11, and I1I containments have all used
carbon steel in their suppression pool liners. This results in the buildup of corrosion
products in the suppression pool which settle out at the bottom of the pool unul they
are stirred up and resuspended in the water following some event (SRV lifting). In

| contrast, the ABWR liner of the suppr *ssion pool is fabricated from stainless steel which
| sign.ficantly lowers the amount of corrosion products which can accumulate at the
bottom of the pool.

Since the debris in the Perrv incident was created by roughing filters on the
containment cooling units a cc mparison of the key design features of the ABWR is
necessarv. In the Mark I1I design more than 1/2 of the containment cooling units are
effectively located in the wetwell airspace. For the ABWR there are no cooling fan units
in the werwell air s, ace. Furthermore the design of the ABWR Drnwell Cooling Svstems
does not utlize roughing filters on the intake of the containment cooling units.

In the event that small quantities of debris enter the suppression pool, the Suppression
Pool Cleanup System (SPCU) will remove the debris dunng normal operation. The __A
SPCLU is described in Section 9.5.9 and shown in Figure 9.5.1, - > The

| SPCU is designed to provide a continuous cieanup flow of 250 m3 ‘h. This flow rate is
sufficiently large to effectvely maintain the suppression pool water at the required
purity. The SPCU system is intended for continuous operauon and the suction pressure
of the pump is monitored and provides an alarm on low pressure. Early indicanon of
any deterioration of the suppression pool water quality will be provided if significant

| quantities of debris were to enter the suppression pool and cause the strainer to become

plugged resulting in a low sucuon pressure alarm.

| The ABWR will at 2 mimimum, size the ECCS suction strainers in accordance with Reg. )

: Guide 1.82 for all breaks required to be considered. Breaks involviag the Main Steam |

| Lines are expected to determine the strainer size per Reg. Guide 1.82. To address the
uncertainty regarding the potential non-conservausm associated with the head loss

-
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calculations performed for strainer sizing the following addiuonal requirement wili be
met:

For breaks other than those involving the main and RCIC steam svstems, the RHR
sucton strainers will have a constructed area at least 3 umes the basic strainer

surface area obtained from Reg. Guide 1.82, as required for the specific break unde:
considerauon.

The suction strainers at Perrv did not meet the current regulatory requirements. The
ABWR ECCS suction strainers will utilize a “T" arrangement with conical strainers on
the 2 free legs of the “T". This design separates the strainers so that it minimizes the
potenual for a contiguous mass to block the flow o an ECCS pump The ABWR design
also has additional features not utilized in earlier designs that could be used in the
highly improbable event that all suppression pool sucuon strainers were to become
plugged. The alternate AC (Alternaung Current) independent water addiuon mode of
RHR allows water from the Fire Protection System to be pumped to the vessel and
spraved in the wetwell and drvwell from diverse water sources to maintain cooling of the
fuel and containment. The werwell can also be vented at low pressures (o assist in
cooling the containment.

6C.4 Discussior Suwwmo
In summary, the ABWR design includes the necessary provisions 1o prevent deoris from

impairing the ability of the RCIC, HPCF, and RHR svstems to pertorm their required

it sl post-accident functons. Specifically, the ABWR does the following’

(1) The design is resistant to the transport of debris to the suppression pool
3

() The SPCLU svstem will provide eariy indicaton of any puteiiual problem
~

°©
(8) The ECCS sucton strainers meet the current regulaton reguirements unlike
the strainers at the incident plants.

5

(A) The equipmentinstalied in the dnwell and wetwell minimize the potenual tor
generauon of debris.

n addition ro the ABWR design features. the control of the suppression pool
cleanliness is a significant element of minimizing the potenual tor swraner plugging
(2) The g“ev,‘.sg\gn Pog\ fivaar s stavnlass S"%C\) -L-
. ,\SK‘F\M“J,.\.J R AALSO Cov /O SO PVO ol ¢ ¥s.

(4) Thhe SPCUV $v s +RAm o?—evoA’\um i W Monu‘{‘a\.«

vaepv-a.ﬂ\cvx Pcw‘ C\.o.a»wl inesSS .

| apply awn
(7)) Tw RHR s\.ag,‘\‘\gw s o vme S s \ Fe 'Y
: QJ;~¥\°WQI factor of 2 628\3»\ Mav-axm,

Containment Debris Frotection for ECCS Strainers — Amenoment 3< 6 -3



INSERT A

g
gy |

—

;C.3 e 1.8 Iw-(,vovevv\cv\'f

All ECCS ;(trainers will at a minimum be sized to conform with the guidance
provided in Reg Guide 1.8@ for the most severe of all postulated breaks.

The following clarifying assumptions will also be applied and will take
precedence:

() The debris generation model will uulize nght angle cones actung in brrh
directons;

(2) The amount of insulation debris generated will be assumed to be 100%
of the insulation in a distance of 3 L/D of the postulated break within the
right angle cones including targeted insulauon;

(3) All of the insulation debris generated will be assumed to be transported
to the suppression pool;

(4) The debris in the suppression pool will be assumed to remain
suspended untl it is captured on the surface of a strainer.

The sizing of the RHR suction strainers will assume that the insulaton debns
in the suppression pool is evenly distributed to the 3 pump suctions. The
strainer size will be determined based on this amount of insulation debris and
then increased by a factor of 3. The flow rate used for calculating the strainer
size will be the runout system flow rate.

The sizing of the RCIC and HPCF suction strainers will conform to the
guidance of Reg Guide 1.82 and will assume that the insulaton debns in the
suppression pool is proportionally distributed to the pump suctions based on
the flow rates of the systems at runout conditions. The strainers assumed
available for capturing insulation debris will include 2 RHR sucton strainers
and a single HPCF or RCIC suction strainer.



6C.5 Strainer Sizing Analysis Summary

A preliminary analysis was performed to assure that the above
requirements could be satisfied using strainers compatible with the
suppression pool design as shown by Figure 1.2-13i. The following
summarizes the results, which indicate strainer sizes that are
acceptable within the suppression pool design constraints.

Each loop of an ECCS system has a single suppression pool suction
strainer configured in a T shape with a screen region at the two ends
of the T cross member. Analysis determined the area of each screen
region. Thus, RHR with three loops has six screen regions. The HPCF
with two loops has four screen regions, and the RCIC has two screen
regions. The characteristic dimension given for the screers in the
results below indicates a surface area consisting of a circ . with a
diameter of the dimension plus a cylinder with a diameter and
length of the dimension.

By the requirements above, all of the debris deposits on the
strainers. The distribution of debris volume to the strainer regions
was determined as a fraction of the loop flow splits based on runout
flow. Debris on the screen creates a pressure drop as predicted by
NUREG-0897, which is referenced by R.G. 1.82. The equation for
NUKON™ insulation on page 3-59 of NUREG-0897 was used for this
analysis. The NUKON™ debris created pressure drop equation is a
function of the thickness of debris on the screen (which is a function
of debris volume), the velocity of fluid passing through the screen
(runout flow used), and the screen area. The debris created pressure
drop was applied in an equation as follows; the static head at the
pump inlet is equal to the hydraulic losses through the pipe and
fittings, plus the pressure drop through the debris on the strainers,
plus the hydraulic loss through the unplugged strainer, plus a margin
equal to approximately 10% of the static head at the pump inlet, and
plus the required NPSH. The static head takes into account the
suppression pool water level determined by the draw down
calculated as applicable for a main steam line break scenario. A
summary of the applicable quantitative information input is
provided in Table 6C-1, and a summary of the analysis results is
provided in Table 6C-2.



6C.5 Strainer Sizing Analysis Summary (continued)

By making realistic assumptions, the following additional
conservatisms are likely to occur, but they were not applied in the
analysis. No credit in water inventory was taken for water additions
from feedwater flow or flow from the condensate storage tank as
injected by RCIC or HPCF. Also, for the long term cooling condition,
when suppression pool cooling is used instead of the low pressure
flooder mode (LPFL), the RHR flow rate decreases from runout (1130
m3/h) to rated flow (954 m®/h), which reduces the pressure drop
across the debris.



Table 6C-1

Debris Analysis Input Parameters

Estimated debris created by a main steam line break

RHR runout flow (Figure 5.4-11, note 13)

HPCF runout flow (Table 6.3-8)

RCIC controlled constant flow (Table 5.4-2)

Debris on RHR screen region, 3 RHR loops operating
Debris on HPCF screen region

Debris on RCIC screen region

RHR required NPSH (Table 6.3-9)

HPCF required NPSH (Table 6.3-8)

RCIC required NPSH (Table 5.4-2)

RHR pipe, fittings and unplugged strainer losses™
HPCF pipe, fittings and unplugged strainer losses*
RCIC pipe, fittings and unplugged strainer losses*
Suppression pool static head above pump suction

* (Calculated hydraulic losses

Table 6C-2
Results of Analysis

RHR screen region area / characteristic dimension
HPCF screen region area / characteristic dimension
RCIC screen region area / characteristic dimension
Total ECCS screen region area

2.6 m’.
1130 m®/h
890 m/h
182 m/h
0.434 m".
0.369 m’.
0.097 m".
24 m

22 m

7.3 m

0.60
0.51
0.39
5.05

gg88

5.66
1.46
0.27
40.0

/ 1.20 m
/ 0.6l m
/ 0.26 m

3 8

3
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Table 6.2-2b Net Positive Suction Head (NPSH) Available to RHR Pumps

moo o »

Suppression pool is at its minimum depth, El. ~-3740 mm.

Centerline of pump suction is at El. =7200 mm.

Suppression pool water is at its maximum temperature for the given operating mode, 100°C.
Pressure is atmospheric above the suppression pool.

MinimUum _ i
Wsucnon strainer josses-ara-b-24m- . reo. as commied to by
Apperdix

C methpdg
NPSH\: Harm + Hg ~Hyap -Hg
where: *vailable
Hatm = Atmospheric head
Hg = Static head
Hyap = Vapor pressure head

mum
He = Frictional head including strainer allowed

MinimumA Expected NPSH

RHR Pump Runout is 1130 m¥h.

Maximum suppression pool temperature is 100°C.

Hatm  =10.78m

Hg =3.46m

Hyap =10.78m

He =086 0. 71 Mm a7l

NPSH available = 10.78 + 3.46 - 10.78 - L.80"= 2:66m 2.75 m
NPSH required = 2.4m

Containment Systerns — Amendment 34 6.2-107
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Table 6.3-9 Design Parameters for RHR System Components (Continued)

(4) Type water
(8) Fouling factor
(3) Strainer (D0O8)
Location
Size ]
(4) Restricting Orifices
Location (D003)
Size
Location ({D002)
Size
Location (D004)
Size
Location (DOOI)
Size
Location (D005)
Size
Location (D00S)
Size
(5) Flow Elernents (FE009)

Location

Rated Flow
Head Loss

Accuracy

{6) Vessel Flooder Sparger
Flow Rate
Minimum Exit Velocity
(7) Wetwell Spray Sparger

I Flow Rate
(8) Drywell Spray Sparger
Flow Rate

Reactor Building Cooling Water
0.0005

Suppression Pool

B e L e e
As reguired for nswlation debris per
Aprendix 6C

Vessel return line

Limit flow to vessel to 954 m¥h

Suppression pool return line

Limit flow during suppression pool cooling to 954 m3/h
Fuel pooi return line

Limit flow during fuel pool cooling to 350 m*/h
Pump minimum fiow line

Limit pump flow through the bypass line to 14% m*h
Discharge line to wetwe!l spray

Limit wetwell spray sparger flow to 114 m*/h
Discharge line to drywell sparger

Limit drywell spray sparger flow to 840 m*/h

Pump discharge line, downstream of heat exchanger
bypass return

954 m/h
6.1m w.g. maximum% 954 m¥/h

+2.5% combined element, transmitter and indicator at
rated flow

954 m*/h
11 m/s @ 954 m3/h

114 m3/h

840 m3/h

Emergency Core Cooling Systems — Amendment 34 6
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Table 6.2-2c Net Positive Suction Head (NPSH) Available to HPCF Pumps

Standard Safety Analysis Report

A.
B.
| C.
D.

Suppression pool is at its minimum depth, Ei. -3740 mm.
Centerline of pump suction is at El. <7200 mm.
Supgpression pool water is &t its maximum temperature for the given operating mode, 100°C.

Pressure is atmospheric above the suppression pool.

i
msucnon straingr Mﬂ- area as committed to by

Arprendix &C rng
NP - HATM + Hs -HVAP -ﬁs'

where: —~ @vailable

Hatm = Atmospheric head

Hg = Static head
Hyap = vapor pressure head
Maxi mr.m ) . )
Hs = Frictional head including strainer allowed

Minimum Expected NPSH
HPCF Pump Runout is 890 m®/h
Maximum suppression poc! temperature is 100°C
Hatm =10.78m
Hg = 3.46m
Hyap =10.78m
He = $02m— 0.9 pny
.91
NPSH available = 10.78 + 3.46 - 10.78 - 3,02 = 2dém— 2 + S 5 vy
NPSH required = 2.2m

Margin = 0.35 = NPSHavailable — NPSHre%w'red

6.2-108 Containment Systems — Amendment 34
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Table 6.3-8 Design Parameters for HPCF System Components

'(1) Main Pumps (C001)
Number of Pumps 2
Pump Type Centrifugal
Drive Unit Constant ;ped induction motor
! Flow Rate 182 m3h @ 8.22 MPaA reactor pressure’ |
| 727 m3h @ 0.79 MPaA reactor pressure*
| Developed Head 890m @ 8.22 MPaA reactor pressure
| 190m @ 0.79 MPaA reactor pressure
| Maximum Runout Flow 890 m3/h @ 0.10 MPaA reactor pressure
| Minimum Bypass Flow 73 m3h
Water Temperature Range 10° to 100°C*
NPSH Required 2.2m
(2) Strainer (D001}
l.ocation Suppression Pool
Size WWGHW
(3) Restricting Orifice (D002) ZSP Nytioy 'x"eg C‘("" Wnsnlalion debris per
Location Pump discharge line
Size Limit pump flow to values specified
(4) Condensate Storage Tank 570 m? reserve storage for HPCF and RCIC Systems combined |

(5) Flow Elements (FE00S)

Location Pump discharge—downstream of minimum flow bypass line
Accuracy +2.5% combined element, transmitter and indicator at

|
|
| |
| |
i
| | Headloss 6.1m w.g. maximum @ 727 m%h .
, \
|

% maximum rated |

(6) Core Flooder Sparger ‘

| | Flow Rate 727 m®/h minimum @ 0.79 MPaA reactor pressure |

| | Pressure Drop 50m w.g. maximum @ 727 m*h }
(7) Piping and Valves

i
| ‘ Design Pressures 0.31 MPaG—suction and discharge connected to suppression |
|

i pool .
| : 2.82 MPaG—pump suction ;
| 10.79 MPaG—pump discharge

6.3-34 Emergency Core Cooling Systems — Amendment 34




! 23A6100 Rev. 4

ABWR Standsrd Safety Analysis Report

Table 5.4-1a Net Positive Suction Head (NPSH) Available to RCIC Pumps

A  Suppression pool is at its minimum depth, El. -3740 mm.

B. Centerline of pump suctiorﬁ's at El. =7200 mm.

C. Suppression pool water is at its maximum temperature for the given
operating mode, 77°C.

D. Pressure is atmospheric above the suppression pool.
Minjrum " Tarea as committed to by
Maximua suction strTnﬂ S g
Appendix & ™Methods.
Npsw = Harm + Hs = Hyap - He

where: - @vod lable

m

Harm = Atmospheric head

Hg = Static head

Hyap = M;/:?gr“;:;essure head

He = sFrictional head including strainer &l lowed

Minimum Expected NPSH 3
RCIC Pump flow s IBZM/k‘
Maximum suppression pool temperature is 77°C

HATM = ey |0462. ™
HS = 3.46m
Hyap = R r aa2 23 m
H: = % z:|0
TPVl SPOP WP . -1 - S
1062 4,33 2.10

NPSH available = 048 + 3.46 - 498 - 82 = 845m~ /.65 m
NPSH required = 7.3m

Marginz 0.35m = NPSHauaiiable = NPS"‘{reZuired

»# NPSH Reference Foint

5.4-60 Component and Subsystem Design — Amendment 34



