{eneral Flectng Company

ot Avanue. San Jose, CA 45125

April 14, 1994 Docket No. 52-001

Chet Poslusny, Senior Project Manager

Standardization Project Directorate

Associate Directorate for Advanced Reactors
and License Renewal

Office of the Nuclear Reactor Regulation

Subject: Submittal Su%porting Accelerated ABWR Schedule -
Suppression Pool Strainers

Reference:  Letter, Jack Fox to Chet Poslusny dated April 11, 1994, Sa..

Subject
Dear Chet:

GE Nuclear Energy

»
A

Enclosed is a SSAR markup of Appendix 6C, addressing Open Item F6.2.1.9-1, which
incorporates the agreed upor Reference requirements and includes a sample calculation,

If you should have any questions, please contact Alan Beard at (301)770-5985.

Sincerely,
%MJ? Frox

Jack Fox
Advanced Reactor Programs

ce Alan Beard GE)
Norman Fletcher DOE)
Joe Quirk GE
Craig Sawyer GE;
Bill Taft (GE)
0
1 60 i 06

WA 2 A A \
INFINLOYY

9404180389 940414
PDR ADOCK 0520382!



23A6100 Rev. 4

ABWR Standard Safety Analysis Report

6C Containment D?Pris Protection for ECCS Strainers
LC. I Backgroan
NRC Bulletin No. 9302, “Debris Plugging of Emergency Core Cooling Suction

Strainers,” references NRC guidance and highlights the need to adequately
accommodate debris in design by focusing on an incident at the Perry Nuclear Plant.
GE reviewed the concerns addressed by NRC Bulletin 93-02 and has reviewed the design
of the ABWR for potential weaknesses in coping with the bulletin’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. o A A \ ’\'\,om\ 3 AN Aﬁw cR

as dascrbered below The
The ultimate concern raised by the Perry incidént was the deleterious effect of debris in
the suppression pool and how it could impact the ability to draw water from the
suppression pool during an accident. The ABWR design has committed to following the
guidance provided in Reg 'latory Guide 1.82an ABWR is designed to inhibit debris
generated during a LOCA . com preventing operation of the Residual Heat Removal
(RHR), Reactor Core Isolation Cooling (RCIC) and High Pressure Core Flooder

(HPCF) systems. n
6C.2 ABWR M.ty 04\“3 £ a ot ves

The ABWR has substantially reduced the amount of piping in the drywell relative 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 recirculation cooling of the reactor and
containment following a LOCA.

CCS strainers debris plugging problem. The ABWR design is committed to apply an
| acceptable solution as this issue becomes resolved. Selection of insulation, strainer
“._design, nump features, and applicable containment details will be addressed.

~wHoweves, [he Perrv incident was not the result of a LOCA but rather debris entering the
Suppression Pool during normal operation. The arrangement of the drywell and
wetwell /wetwell airspace on a Mark [l containment (Perry) is significantly different
from that utilized in the ABWR design. In the Mark Il containment, the areas above the
suppression pool water surface (wetwell airspace) are substantially covered by grating
with significant quantities of equipment installed in these areas)In these areas are no
vent small quantities of debris from falling into the suppression pool
from the spaces located above the pool surface. This arrangement contributes to a
much greater potential for debris to enter the suppression pool during outage acuviti
as well as activities in the containment during power operation.
the wetwell alrspace (containment) of a Mark Il 1s allowed during power operations. In
contrast, on the ABWR the only connections to the suppression pool are 10 drywell
connecting vents (DCVs), and access to the wctwcl}\during power operations is

/ﬂ?\-clopmenr WOTK 18 10 progress by various organizations to achieve solutions of the
E
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calculatons performed for strainer sizing the following additional requirement will be
met;

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

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

S—

The suction strainers at Perry did not meet the current regulatory requirements. The
ABWR ECCS suction strainers will utilize a “T” arrangement with conical strainers on
the £ free legs of the “T". This design separates the strainers so that it minimizes the
potential for a contiguous mass to block the flow to an ECCS pump. The ABWR design
also has additional feawures not utilized in earlier designs that could be used in the
highly improbable event that all suppression pool suction strainers were to become
plugged. The alternate AC (Alternating Current) independent water addition 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 wetwell can also be vented at low pressures to assist in
cooling the containment,

PDiscussiaown S arvan e Oy
In summary, the ABWR design includes the necessary provisions to prevent debris from

impairing the ability of the RCIC, HPCF, and RHR systems to perform their required

= ':WT post-accident funcrions. Specifically, the ABWR does the following:
(1) The design is resistant to the transport of debris to the suppression pool.
3
() The SPCU svstem will provide early indication of any potenual problem.
e

(8) The ECCS sucuon strainers meet the current regulatory requirements unlike
the strainers at the incident plants.

%

(A)  The equipment instailed in the drvwell and wetwell minimize the potental for
generation of debris.

n addition to the ABWR design features, the control of the suppression pool
cleanliness is a significant element of minimizing the potential for strainer plugging.

(2) Tha supevassion poel hner 1s stanlass stael, L
w\/\\ct\ 3\3“‘P\m‘-\-\3 A &80 Covvad 1T In Py-o olve, S

(4) The SPCL §y s Favan owvof‘“\en vt W wso.n:‘*‘a\n
SM‘PMJ‘\GV\ Pool cleanwliness.
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protubited. The DCVs will have horizontal steel plates located above the openings that
will prevent any material falling in the drywell from directly entering the vertical leg of
the DCVs. This arrangement is similar to that used with the Mark Il connecting vent
pipes. Vértically oriented trash rack construction will be installed around the periphery
of the horizontal steel plate o intercept debris. The trash rack design shall allow for
adequate flow from the drywell to wetwell. In order for debris to enter the DCV it would
have to travel horizontally through the trash rack prior to falling into the vertical leg of
the connecting vents. Thus the ABWR is resistant to the transport of debris from the
drywell 1o the wetwell,

In the Perrv incident, the insulaton matenial acted as a sepia to filter suspended solids
from the suppression pool water. The Mark I, I, and IIl 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 until they
are stirred up and resuspended in the water following some event (SRV lifting). In
contrast, the ABWR liner of the suppression pool is fabricated from stainless steei which
significantly lowers the amount of corrosion products which can accumulate at the
bottom of the pool.

Since the debris in the Perry incident was created by roughing filters on the
containment cooling units a comparison of the key design features of the ABWR is
necessary. In the Mark I11 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 uniis
in the wetwell air space, Furthermore the design of the ABWR Drywell Cooling Systems
does not utilize 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 during normal nperation. The
SPCU is described in Section 9.5.9 and shown in Figure 9.5.1.&9M
SPCU is designed to provide a continuous cleanup flow of 250 m>/h. This flow rate is
sufficiently large to effectively maintain the suppression pool water at the required
purity. The SPCU svstem is ' ntended for continuous operation and the suction pressure
of the pump is monitored and provides an alarm on low pressure. Early indication 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 suction pressure alarm.

'.\..’
The ABWR will at a mimimum, size the ECCS suction strainers in accordance with Reg.
Guide 1.82 for all breaks required to be considered. Breaks involving the Main Steam
Lines are expected to determine the strainer size per Reg. Guide 1.82. To address the

uncertainty regarding the potential non-conservatism associated with the head loss
T s ———— Br——_—
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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 screens in the
results below indicates a surface area consisting of a circle 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 volume of debris on the screen, the velocity of fluid
passing through the screen (runout flow used), and the screen area.
The debris created pressure drop was equated to the difference
between the pump available NPSH and the required NPSH. The
available NPSH takes into account the pipeline losses to the pump
suction, which are the unplugged screen, the pipe, the valves and
fitngs, and 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 1s provided in Table 6C-2,

bl e
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All ECCS Strainers will at a minimum be sized to conform with the guidance
provided in Reg Guide 1.82 ge_v. ) for the most severe of all postulated breaks.

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

(1) The debris generation model will utilize right angle cones acting in both
directions;

(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 insulation;

(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 until it is captured on the surface of a strainer.

The sizing of the RHR suction strainers will assume that the insulation debris
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 insulation debris 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 suction strainers
and a single HPCF or RCIC suction strainer.



Table 6C-1
Debris  Analysis  Input  Paramefers

Estimated debris created by a main steam line break

RHR runout flow (Figure 54-11, note 13)

HPCF runout flow (Table 6.3-8)

RCIC comrolled constant flow (Table 5.4-2)
Debris on RHR screen region, 3 RHR loops operating
Debris on HPCFE 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 54-2)

RHR pipe and fittings hydraulic losses

HPCF pipe and fittings hydraulic losses

RCIC pipe and fittings hydraalic losses
Suppression pool static head above pump suction

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

26 m'.

1130 m’/h
890 m*/h
182 m'/h
0.433 m?.
0.367 m’.

0.097 m?’.
24 m
22 m
7.3 m
0.59 m
051 m
0.36 m
53 m

474 m* /1.1 m
1.21 m? / 0.55m
024 m* /025 m
3376 m’



