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i
A. INTRODUCTION ;

.
,

General Design Criteria 35, " Emergency Core Cooling," 36, " Inspection i

of Emergency Core Cooling System," 37, " Testing of Emergency Core Cooling i

System," 38, " Containment Heat Removal," 39, " Inspection of Containment Heat
Removal System," and 40, " Testing of Containment Heat Removal System," of
Appendix A. " General Design Criteria for Nuclear Power Plants," to 10 CFR
Part 50, " Licensing of Production and Utilization Eacilities," require that
a system be provided to remove the heat released to the containment
following a postulated design basis accident (DBA) and that this system be
designed to permit appropriate periodic inspection and testing to assure its
integrity, capability, and operability. General Design Criterion 1,
" Quality Standards and. Records," of Appendix A to 10 CFR Part 50, requires

,

that structures, systems, and components important to safety be designed,'

fabricated, erected, and tested to quality standards connensurate with the
importance of the safety function to be performed. This guide describes a

1 method acceptable to the Regulatory staff for implementing these
i requirecents with regard to design, fabrication, and testing of sump or

suction inlet conditions for pumps in the emergency core cooling and
containment spray systems. This guide applies to pressurized water
reactors. The. |f. i::.t .C=;-# ttcc cr 9c: tcr SSg":rd: M: tct" ccard ted.

con:cr^g tM: g"ide and h:: ccncurred 'n the rc;u'Otcry pccition. (

B. DISCUSSION .- .

j

Surps or pump intake's serve the emergency core cooling system (ECCS)
and the containment spray systen (CSS) by providing for collection of-

reactor coolant and chemically reactive spray solution and allowing its
| recirculation for additional cooling and fission product removal.
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For optimum use of the available coolant, the sumps should be'placed at
the lowest level practical. There may be numerous places'within the
containment structure where coolant could accumulate during'contain:nent
spray application, and these areas should be provided with drains or flow ' '-

paths to the sump location to minimize coolant holdup in areas away from the.
sumps. This guide does not address design of the drains. Because of s

'

certain amount of debris may, flow toward the sump, the ' drains entering the
sump area should teminate in such a manner that the emerging flow would not -

tend to impinge upon the coolant sump.
3

Debris resulting from a loss-of-coolant accident has the potential for .

blocking the sumo screens; the corresponding increase in heaa loss could .

' "

result in a loss af net positive suction head (NP5H) margin. The debris
generation and transport should be analyzed to determine screen blockage and
attendant-head losses. Appencix A provides guidelines for evaluating insula-
tion cebris effects; References (1) and (2) provide additional information. , ''

Th'e debris resulting from a loss-of-coolant accident (LOCA) may be '

divided into two categories: (1) the pieces that by viftue of weight and . ;

volume will tend to float or sink slowly and (2) the heavy pieces thattwill !=
#

drop to the floor surface. Every effort should be made to prevent either !category of debris from accumulating at the sump location. Because the-

small drainage sump for collecting and monitoring narmal leakage within the
containment is separate from the coolant sump intended to serve the ECCS and

*

CSS pumps, the floor would normally slope down toward sthe drainage sump.
These sum,ns for routine building drainage should be atl a slightly lower
elevation than the coolant sumps so that water from minor leaks and-spills
cannot enter the ECCS-CSS sumps. The coolant sump location should be away
from the drainage sump, so that the normal floor slope would assist in

'

preventing heavier debris from accumulating at the coolant samp. In ,
~

addition, the floor.around the coolant sump shodld slope down and away from
that sump to discourage debris from collecting on any, part of the sump'-
structure. .

Pump intakes should be protected by screens and trash racks (coarse
outer screens) of sufficient strength :o resist impact loads that could be,

'

imposed by missiles that mey be generated by the initial LOCA or by trash.
Isolation of the coolant sump from hi importantconsideration in missile protection; gh-energy pipe lines is antthe sump screens and trash' racks should

-

be adeouately shielded from impacts from ruptured high-energy piping. The-

screen and trash rack structures should be located above floor level to
minimize the adverse effects from debris collecting on the screen
structure. Redundant coolant sump screens and pump suction pipes should be

'--

separated as much as practical to reduce the possibility that a partially
clogged screen or missile damage to one screen could adversely affect other
pump circuits. In addition, the design of suction intakes should consider
the avoidance of flow degradation by vortex femation.,

|
*
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Sump and suction intake placement should consider the avoidance of
undesireable hydraulics effects, such as vortex formation. It has been
experimentally detemined that air ingestion can be minimized or eliminated
if the guidelines provided in Appendix A are followed. References (1), (3),
(4), (5), (6), and (7) provide further technical information relevant to sump
hydraulic performance and design findings.

In addition, design of sump s_uction intakes should consider avoidance of -
vortex formation which could lead to air ingestion. However, for small amounts
of air ingestion, the' recirculation pumps can still be considered operable
providec> sufficient NPSH margin is demonstrated. Appendix A provides guidance

,

for correcting NPSH margin if estimated levels of air ingestion are low (i.e.,
4 2%). References 1 and 8 provide additional technical findings relevant to
pump operation and NPSH effects.

It is expected that the water surface will be above the top of the ~
.

screen. structure after completion of the safety injection. However, the
uncertainties about the extent of water coverage on the screen structure,
the amount of floating debris that may. accumulate, and the potential for
edfly Clogging do not favor the use of the horizontal top screen.
Therefore, no credit should be taken in computation of the available surface
area for any top horizontal screen, and the top of the screen structure --

| sFould preferably be a solid deck designed to provide for the removal of
trapped air.

,

Slowly settling debris which is small enough to pass through the trash
rack openings could clog the inner screens if the coolant flow velocity is
too great to permit the bulk of the debris to sink to the floor level. The i
inner screen should be vertically mounted to minimize settling of debris on L
the screen surface, and sufficient unblocked screen area should be provided 6

to keep the coolant flow velocity at the screen'approximately 6 cm/sec (0.2
ft/sec). Such a velocity will allow debris with a specific gravity of 1.05
or more to settle.before reaching the screen surface.

Size of )penings in the fine screens should be de.temined by the
physical restrictions, including spray nozzles, that may exist in the
systems which are supplied with coolant for the emergency sump. As a -
minimum, consideration should be given to building spray nozzles, coolant
channel openings, and pump running clearances in sizing the fine screen. If
the coolant channel openings in the core represent the smallest flow-

restriction, the minimum opening in the core channels which will allow-

unblocked design operation of the ECCS should be used in sizing the fine
screen mesh size.'-

-

*

: Consideration should also be given to partial screen blockage in sizing
' the fine screen in order to assure an adequate margin of conservatism on-

free flow area.j
:; -

|| -

I

. .

i .

_ _ _ _ -__ - h



_ : - - - - =--

7|
*

-
. . .

;- il.

-4-

!
.

A significant consideration is the potential for degraded pump i

performance which could be caused by a number of factors, including the loss |

net positive suction head (NPSH) margin. If he NPSH available to a pump is
not sufficient, cavitation may significantly reduce the capability of the
system to accomplish its safety function. For the recommended design
velocity at the fine inner screens considered in this guide, a negligible
pressure drop.is anticipated across the screens. The effect of partially
blocked screens should be considered in the evaluation of the overall NPSH. -

To assure the readiness and integrity of the rack and screens, access
'

openings should be provided to permit inspection of the inside structures -

and pump suction inlet openings. Inservice inspection for trash racks,
screens, and pump suction inlet openings should be performed on a regular
basis at every refueling period downtime, and it should include visual
examination for evidence of structural distress or corrosion. Inspection of
the coolant sump components should be made late in the refueling program and
thus help to ssure the absence of construction debris in the coolant sump
area. Any requirements for preoperational or periodic substantiation of
adequate NPSH should be considered in the location and layout of the sump.

C. REGULATORY POSITION
~

Reactor building sumps which are designed to be a source of water for
the emergency core cooling system (ECCS) and/or the containment spray system
(CSS) following a loss-of-coolant accident (LOCA) should meet the fellowing*

;

criteria:

1. A minimum of two sumps should be provided, each with sufficient ,

capacity to service one of the redundant halves of the ECCS and CSS systems.

2. The redundant sumps should be physically separated from each other i
and from high-energy piping systems by structural barriers, to the extent |practical, to preclude. damage to the sump intake filters by whipping pipes
or high-velocity jets of water or steam.

3. The sumps should be located on the lowest flo' r elevation in theo
containment exclusive of the reactor vessel cavity. At a minimum, the sump

. intake should be protected by two screens: (1) an outer trash rack and (2)
a fine inner screen. The sump screens should not be depressed below the

{ floor elevatien.
i 4. The floor level in the vicinity of the coolant sump location should
.- slope gradually down away from the sump.

5. All drains from the upper regions of the reactor building should'

terminate in such a manner that direct streams of water, which may contain,

|
entrained debris, will not impinge on the filter assemblies.

'

i
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6. A vertically mounted outer trash rack should be provided to prevent
large debris from reaching the fine inner screen. The strength of the trash
rack should be considered in protecting the inner screen from missiles and
large debris.

7. A vertically mounted fine inner screen should be provided. The
design coolant velocity at the inner screen should be approximately 6 cm/sec
(0.2 ft/sec). The ;.;ihth :;rf::: r= :::d '- *te-4ai~; +ha dae4an -

n:hnt v heity :hald it t=:d = := h:lf Of th: 'r= :rfre va= a# +ha
fi.c . .. .. s ci .. tu cc.mm. . J r 1,7 .' w . r .-ti;I i k:k:g;.eouwww. 6

The available screen surface area used in determining the design coolant
.

velocity should be calculated to conservatively account for sump screen
blockage which might result from debris generation and transport. Only the
vertical screens should be considered in determining available surface
area.

_ .

8 An evaluation of: (a) sump design effects (e.g., geometric
effects, air ingestion, etc.), (b) LOCA generated debris effects (e.g.,
debris transport and screen blockage), and (c) pump NPSH margin requirements
should be performed to ensure that long-tenn recirculatior, cooling can be
accomplished. Any increases, due to sump hydraulic perfonnance or debris

-- considerations, with respect to NPSH margin should be considered in the sump
pump performance evaluation.

~
'

fre 9. A solid top deck is preferable, and the top deck should be
desigTed to be fully submerged after a LOCA and completion of the safety
injection. The solid deck should be designed to ensure the removal-of air
trapped underneath. -

t. 10. The trash rack and screens should be designed to withstand the '

vibratory motion of seismic events without' loss of structural integrity.

te: 11. The size of openings in the fine screen should be based on the
minimiiiii restriction found in systems served by the pump. The ninimum
restriction should take into account the requirements of the systems served.

it 12. Pump intake locations in the sump should be carefully considered
-

to prevent degrading-effects such as vortexing on the pump performance.

-- tih- 13. Materials for trash racks and screens should be selected to avoid
-

-~ degradation during periods of inactivity and operation and should have a low
kensitivity to adverse effects such as stress-assisted corrosion that may be

e induced by the chemically reactive spray during LOCA conditions.
'i+. 14. The trash rack and screen structure should include access openings

to facilitate inspection of the structure and pump suction intake.

|
j-

i-
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;Pkr' 15. Inservice inspection requirements for coolant sump components
(trasE racks, screens, and pump suction inlets) should include the following:

a. Coolant sump components should be inspected during every
refueling period downtime, and ,

~

b. The inspection should be a visual examination of the
components for evidence of str' ctural distress or corrosion.u

D. IMPLEMENTATION

The purpose of this section is to provide information to applicants
regarding the NRC staffs plans for using this regulatory guide. Except in
those cases in which the applicant proposes an acceptable alternative method
for complying with the specified portions of the Commission's regulation, the
methods described herein will be used by the NRC staff in the evaluation of .

all construction permit applications and all operating license applications
under review by the staff for which an hRC Safety Evaluation Report (SER)
has not been issued at the time of implementation of this Regulatory Guide.
With' respect to operating plants and near term operating license (NT0L's)
applicants, a generic letter will be sent to licensees and o)erating license
applicants whose SER's have already been issued requesting t1at an assessment
of sump screen blockage and associated impact on pump NPSH margin be
performed utilizing the guidelines provided in Appendix A of RG 1.82. If the
determination is made that excessive screen blockage or inadequate NPSH
could occur using the guidelines in Appendix A, the respondee should also
indicate what corrective actions will be pursued.

.

'This draft regulatory guide has been published to encourage public
participation in its development.

-
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APPENDIX A TO RG 1.82
-

CONTAINMENT EMERGENCY SUMP REVIEW GUIDELINES
.-

1. General .

The containment emergency sump should be evaluated to determine design

adequacy for providing a reliable water source to the ECCS and CSS

pumps during a post-LOCA period. Both sump hydraulic performance under

adverse conditions, and potential .LOCA-induced insulation debris

effects require adequate technical assessment to assure that long-term

recirculation can be maintained. Technical considerations can be
' subdivided into: (a) Sump Hydraulic Performance, (b) LOCA-Induced

Debris Effects, and (c) Pump Performance Under Adverse Conditions.

Specific considerations and the combining thereof are shown in Figure
s

A-1. '

,

'
i
i

2. Sump Hydraulic Performance j
.

Sump hydraulic performance can.be evaluated on the basis of submergence |
;- .

-,
level (or water depth above'the suction outlets) and required pumping ;

'

<
*

capacity (or sump suction outlet velocity). The water depth (s) and~

suction pipe velocity (V) parameters can be combined as a Froude number:'-
'

Froude number = V/ gs

j where g is the gravitational constant. The Froude number concept has
.

been shown to be an acceptable correlation for determining sump

hydraulic performance;
. .

l

. _ _ . . .
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Sump hydraulic performance can be judged on the basis of:

(a) zero air ingestion, thus avoiding pump cavitation -

(b) air ingestion 4,2%, a conservative level where degradation of

pumping capability is not expected
.-

(c) use of vortex suppressors to reduce air ingestion effects to a

negligible level.
.

.

Zero air ingestion can be assured by use of the design criteria set
,

forth in Table A-1. Determination of air ingestion levels <2% can be
_

obtained using Table A-2, and the. attendant envelope, placement and

screen guidelines contained in Tables A-3, A-4, and A-5. Table A-6

presents design guidelines for vortex suppression devices which have
' shown the capability to reduce air ingestion to zero. These guidelines

(Tables A-1 through A-6) have been developed from extensive full scale

sump hydraulic tests and provide a concise means to assess sump
,

hydraulic performance. If the sump design' deviates significantly from;

the boundaries noted, then similar performance data should be obtained

for verification of sump hydraulic performance. .

|
1

j 3. LOCA-Induced Debris Effects *

Determination of LOCA debris generation and the effect of debris'
|

-

migration is complex and plant specific. Thus debris assessments''
-

'

require consideration of the initiating mechanisms (pipe break
'

locations, orientations, and break jet energy content), evaluation

of the amount of debris that can be generated, short- and long-term '

i
*

. .

9
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transport, the potential for sump screen blockage, and head loss
l

that could degrade available NpSH. Table A-7 outlines

considerations requiring evalutions to determine potential screen

blockage and attendant head loss.
.-

The evaluation of debris generation and screen blockage requires a -

systematic evaluation similar to that shown in Figure A-2. Types,

quantities and locating of insulation employed, along with plant i

!

layout (or design) have been shown to result in plant specific, ,

results, thus the need for calculations as described in Figure j

A-2. References (1) and (2) provide more information relevant to
-- .

j

assessment of debris effects.
.

4. Pump Performance Under Adverse Conditions

The pump industry historically has determined net positive suction head
,

requirements for pumps on the basis of a percentage degradation in
.

performance. The. percentage has been at times arbitrary, but generally

in the range of 1-3%. A 2% limit on allowed air . ingestion is

reconmended since higher levels have been shown to initiate degradation
'

,,
of pumping capacity.

' . .

The 2 percent limit on sump air ingestion and the NPSH requirement act'
-

independently. However, air ingestion levels less than 2 percent can

also affect NPSH requirements. Figure A-3 is, therefore, provided as a
.

e

:. .

,

e
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guide for evaluating conditions at the pump inlet, commencing at

the sump. IF air ingestion is indicated, correct the NPSH

requirement from the pump curves by the following relationship:

required (air / water) = NPSH required (liquid) x g)
NPSH

.,

where:

$ = 1 + 0.50 K p .

andof is the air ingestion rate (in percent by volume) at thep

pump inlet flange.
,,

.

5. Combined Effects

.__

As introduced in Figure A-1, these'three effects (e.g., sump hydraulic

considerations, debris effects and pump perfonnance) require
*

combination for determining long-term recirculation capability.

.

The combined interactions of these effects is shown in Figure A-4. Use
,

of this guidance and criteria provided can'be used to determine sump

design acceptability. If the proposed design falls outside of the' data
,

constraints noted, the applicant will need to address the need for

additional data, or calculations to arrive at a sump evaluation
_

| ,
position. *

|
.
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TABLE A-1 '

2ero Air Ingestion
Hydrat|lics Design Findings -- -

. . . __
.

Item Horizontal Outlets Vertical Outlets
Dual ISingle Dual ISingle

' '

Minimum Submergence, s (ft) 10 10

. .

Maximum Froude Number, F 0.25 0.25

Maximum Pipe Velocity, U(ft/s) 4 4
.

- .

. . .

-
.

-

,

'

*** "_ T,

U hetitsUht w ATrpr V088ATES
* i v uvu. .

.s a w i
-

:

$''
'

-

. ,
,

. . -

,

.

.

.
-

-.. . . ., .
* "

-. .

*
.

-
. ..

'

. Aspect Ratio: 1-5
*

Minimum Perimeter: 1 16 ft3

B - ey/d: >3ft .
~

C/d: , 21.5 for Horizontal Outlets, ,< 1 for vertical inlets j
-

,,

Minimum Screen Area: > 34 ft2:

;
. .

NOTE: See Tables A-3 and A-4 for definition of dimens. ions noted above.
- t

* '
, . .. ,;

*
. j

'
t

;
-

,
'. -

.
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TABLE A-2
Hydraulics Design Pindinos.

For Air Incestion 62% - -

Item Horizontal Outlets Vertical Outlets
Dual ISingle Dual | Single

Minimum Submergence, s (ft). 7.0 s.8.0 8.0 10. ..

.

Maximum Froude Number, F 0.53 0.40 0.41 0.33
,

.

Maximum' Pipe Velocity, U(f t/s) 8.0 6.5 7.0 6.0
.

Maximum Screen Face Velocity - - .

.. ,

(Blocked and minimum submer- 3.0 3.0 3.0 3.0'
*

gonce) (ft/s)

' -Minimum Water Level Sufficient to cover 1.5 f t of
*

-(inside screens and grates) open screen
.

.

Maximum Approach Flow Velocity 0.36 0.36 0.36 0.36

(ft/s) .
-

.

.

sump Loss coefficient, CL 1.2 1.2 1.2 1.2.

i-
,

.________'___________________________________________________________ ,

Air Withdrawal, ese ' "o _2. 4 7 - -4.75 -4.75 -9'.3'5-
.

'

e

as"co +.cl x F el 9.38 18.04 18.69 35.95-
.

(% air by Volume) .,.. . .

i
,

.

' i

,00v5: PLATE--

l' eyesosasuht waWVOAATES*

i 1 Lavo. . . .

.s n w I I
.

.-

f
'

.- . . . .

--P-- - 'l i -
.,.

uiqQ. *
' '-ViT .:-

*
.
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TAnLE A-3_ _
. .

- - -
,

,
.

Geometric Design Experimental Envelop'Contraints' ~~ ' ' ~

. .

,

.

I I

I Size and Placement i Inlet Position ** Screens T. Grates
i I i
| | | | | | | | | Min. Screen Area

.

| Aspect Ratio | Min. Perimeter i e /d | (B-e )/d I c/d I b/d I f/d | e /d I (Plane face)y y x
i I I I l l I l'

~

I I I 1 I I I I i
-

>

d elDual i 1 to s I .3s f t | ~> o I i l I>4 1 1.s*| 75 f t2''

8tl I

| 2.1 5 I > 1 l ~
I | >3 1 l or 1

-

4%I I l | | | | 'I8 81 single i 1 to s I . 16 ft I<1 i | | | |>15l as rt2-
,*

1 1 ;

I i !
.

.. ] g iDual i 1 to 5 | 36 f t | 1.5*l |10 | |14 | 1 5*| 75 ft2 ;

o31 1
I or i <1 1 1 ~> 1 1 I or i :$41 I I l l l | | [

~

> uisingle I i to s I is te |> 1.s | I<1 l' |il | > 1.s I as rez ,-

I I i 1 1~ l i I .

L '

g og,ms ).*
---- ::r_________:- i airs

g
_ p____

| eeuw me 9
'

t | I
-

- -

1 1j . 6 i !
- ~

,.

Definitions I f j'"
.

.. g- e,. | e, ;.
,

,. . Y G_L E2, 'l e, ! t __[ q_i |

'

w ::===== , q _ _ _ _,_
1 scy,,,^= | g .c m ,,a

-

1 i-

I aerect nano,an-vs Q 4 ; p tE y 5 | *I
' " " ^ ' ' '

INiddSdd.
-

I ==== ec=ctra. c.*- n.+ m
i . ,I

i

-
,

** Preferred location.
"

,. ,.

*
Dimensions are always measured to pipe centerlisie. *

.

* -

.

,

.

'
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TABLE A-4 -

Additional Considerations Related . . . . .

To Sumo Size and Placement" -
..

. .

. -

.. ..
_

.
r.

1. Aspect Ratio, see Table A-3
1 > t.

-

'

2. MiniNum Sump Perim,eter, ',g _.,_.- - w,
- w . , = - -- = - - --i see Table A-3. i

~

|
,i
1

i*suw m * i 3. Sump clearance of 4 f t
%a L i _ between the screens / grates -

1 and any wall or obst'ruction
-

.

"
6 M-

) of length .t equal to or' -37h : greater than the adjacent -
.

d aa^ m screen / grates length (Bs.

- [ or Ls)-
---

.

.
~ '

4. A solid wall or large
obstruction may form the -

.
-

-- --------e, boundary of the sump on. =-=
,_

;l one side only, i.e., the
suw m .I sump must have three (3) -

gs 1*% sides open to th' approache
.

i flow.
m n -|

.

6-
'c._..p ---

b

-
_ , -

:;scamas a -

a. anans a
-

-

, L -

4 ,
-.n.

w .

. .

..., .

- . -

- -

:
_

.

.
.

*These additional codsiderations are provided to ensure that -the
experimental data boundaries (upon which Tables A-2 ' and A-3 !are~

-

,

based) resulting from the experimental studies at Alden Research ;
~

Laboratory'are noted. j-.

, ,

-
.

* e ,

.

e

. -
.

*

*m= o. . ,

I
-

.

e
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.

~

g,

. .

i. - '

, .. .

~ TABLE A-5

Screen, Grate, and Cover Plate Design Findings *
, , ,

1. ,Minimumplanefacescreenarea,seeTable).2.-'

2 .' Minimum height of open screen should be 2 feet.
-

.
-

3. Distance from sump side -

to screens, gsi 9s may
be any reasonable value._ .~

. #, .;. . D " . , , . . 4. Screens should be 1/4

.,

- -
*

;

t g,,,,g,. inch,,. mesh or finer.. .. Q -.a)
,
,-

! . = = = = >O ''';'
lg

-

'.*- ' '
5. Gratings should be.

' '
5

hf@'
s verticarly oriented 1 to3 ,

- d,i s

,

5 l-1/2 inch standard ~
grh ?? $lp f ' - floor grate or equivalent..

e- , .~

6. The distance between the. . .
,

-,

screens and grates shall
_

- '

be 6 inches or less. ~

7. A solid cover plate above the sump and extending to the
screens and grates is required; the cover plate must be
designed to ensure the release of air trapped below the plate
(a cover plate located below the minimum water level 'is ,

*

preferable). . . .,

'
.

s u
-

,.

, ,.

t
-

*These additional ^ details are pertinent to the Alden Research.
*'

Laboratory's full'sc' ale tests and were fo6nd to yield satisfactory
, sump ' hydraulic performance. ,

,.9 .

. g

g O

. -

-
. .

. t
-

-

, p,

,. .

me

e

.

.

.

.
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-
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TABLE A-6

Findings For Selected Vortex Sucoression Devices *
. . . .

1. Cubic arrangement of
een.e w covo. standard 1-1/2 inch-

{T or deeper floor.

Iv}yg ** grating (or its
caA m . equivalent) with a

g* =- ..

. g.jp' characteristic l

t

.
<

I;,3, g length, Ay, that isg

g 3 > 3 pipe diameters;
t i

M 'f ~ .

h the top of the cube
.

'

must be submerged ax

minimum of 6 inches'

below the minimum
water level. Non-

--

-f cubi~c designs, where '
.

? Ay is > 3 pipe diameters .

.

erneue for the horizontal' '

$ij' l /,"$-$ ,| the depth and distances
P" i upper grate, satisfying

.

..
' '1.

vi to the water minimum7. .._.

O' m ueb) .

water surface given..

d 84 6
'

' for cubic designs
-

are acceptable.
.

'

2. Standard 1-1/2 inch '.

. eeuo w cova s T "* or deeper floor
*

? ,,,x 7 M f
m

grating (or its
* '

'
.

o
5* u.*x- equivalent) located"'

g;Pd gu,,u ,. ', horizontally overY ',

[g'g . the entire sump and
" N **Ga^ * '

.,

*

, containment floor'.o
~~

' ' '
- - inside the screens '. -

N and located between
j 3 inches and 12~

-

inches below the. . . -
" ..

.
, , ,

minimum water level.- -

-
.

_

.

*These types of vortex suppressors were tested at Alden Research
Laboratory and have demonstrated the capability to reduce air'

.

ingestion to 0%, even under the most adverse conditions simulated. -

*
-

.
. .

* .

.
.

.

e

.
== % *

.

.

.
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'TABLE A-7

Debris Assessment Considerations
. . . . .

CONSIDERATION EVALUATE-

1) Debris Generator O Major Pipe Breaks & Location
(Pipe Breaks & Location O Pipe Whip & Pipe-Impact
as identified in SRP O Break Jet Expansion Envelope
Section 3.6.2) (This is the maior debris

~

generator) '

2) Expanding Jets O Jet Expansion Envelope ,,

O Piping & Plant Components
Targeted (i.e. , steam
generators)-

0 Jet Forces on Insulation
O Insulation Which Can Be

' Destroyed or Dislodged by i
Blowdown Jets. I

-

i
- O Sump Structure (i.e.,

screen) Survivability*

3) Short-Term Debris Under Jet Loading
Transport (transport O Jet / Equipment Interaction ,

8~
~

by blowdown jet O Jet / Crane Wall Interaction
forces) O Sump Location Relative to.

Expanding Break Jet.

'
.

4) Long-Term Debris Transpdrt O Containment Layout & Sump. Loc'ation ..

I(transport to the sump during C Heavy (or " Sinking") Debri's *
-

the recirculation phase) O Floating Debris . |
O Neutral Buoyancy Debris *
- **

5) Screen Blockage Effects O Screen Design
(impairment of fl,ow and/. O Sump Location -

or NPSH margin) O Water Level Under Post LOCA,

'

Conditions
O Flow Requirements*

.

,
.. , , , ,

------------------------------------------------------------------------
.

.
-- e.

Key Elements for } O Estimated Amount of Debris-

Assessment of + That Can Reach Sump-

Debris Effects O Screen Blockage.

- 0 AP Across Blocked Screens. .

'
. .. . .. . ... .. -. -- - . .-. --

}
.

.

p == ,

*
. y

'

. '. .
-

,
.

-q.
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Pump: . ' Sump Design . Dabrio*

,

* Pump Design and Oper. * Geometric' Details * Types, Quantities, and -

! Characteristics Location of Insulations'

* Location in Plant Dnployed ,

* Sump and Suction Piping' *

l and Layout . . Screens , Guards , e tc. * Containment La'yout and.

| Break Locations*

.

' Air Ingestion Effects allydraulic Characteristics'

** Air Ingestion
' * Estimating Quantities

* Cavitation Potential ** Swirl in Pipe of Debris
i * Inlet Design ** Number of Inlets

* * Temperature Effects . * Water Levels * Blowdown Effects j-
.

* * Temperature, e tc. !

* Particulate and Debris * Long-Term Debris j

Inges tion - Ef fects Migration ;
*

!

*HPSil Requirements * Potential for Sump j
'

.

Screen Blockage
-

,

!

.

t

* Air Ingestion Ef fects * *Ilydraulic Acceptability * 0uantity and Type' of

* NPSII Required *Need for Vortex Suppres- Debris f. ~~

* Piping Layout sion? * Screen Blockage
'

*NPSil Available * Sump llead Loss * Loss of Available NPSit !
,

'

. .
-

.

I

/ Is There Adequate NPS!! Nargin I_ '
- m

" (Under All Postulated Conditions?/ ~ f
i

-

.
.

'

Figure A-1 Per.formance_ Considerations. Relevant to -,

Containm,ent Emergency Sump Perfonna.nce t

t

)

t
'

.
.

.
.

,

>

.
. .
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(t)|SRE AM LOCATIONS AND ORIENT ATIONS |
|

X (3) 4 N (4)ni . .

|PPE WMcP,(Pw)| | PsPE euP ACT (PI) | | JET MdPm0EWENT (JO| ,,

!(S) t *

. #
DETERWME CONTAMMENT .*
VOLuut MTERCEPTED BY JET -

***(e) (7)
DETERutNE JET VOLUME DETERMINE JET YOLUME SE0WENT.

*

SE0 MENT OUT TO CONE AIS F7 TOW CONE AIts DISTANCE OF .

DISTANCE OF 10 L/De 10 L/D* TO 0 8 Pol.
*

.

(8) ''

IS MSULATION ENCAPSULATED .
.

''
OR NONENCAPSULATED FISROUST *

.

"I ggry ir
*

CETEnest AREAS AND VOLUWES ,

CF sNSULATION REWOVED AS YES NO 2
i MSULATION DISLODGED BY JET.

SMIEDDED F88ROUS DESRIS.
Y ,. Ypg Vjg. (SUS SCRIPTS (10) I' *

p

GIEFE*) TO FORWATION
'

DETERumE AREAS AND VOLUMES-

WE CMANISM S). OF FmROUS MSULATION REMOVED
sY AT. VOLUME = Vgg-

,

(11)i'
,

DETERumE VOLuut FRACTIONS gggy gggy,

CF SMREDDED FISROUS PROWPTLY!

TRANSPORTED TO SUWP. CALCULATE WAElWUM FLOW VELOCITY ' NO AS4AsmeCATED DESR SDOES .

e FOR FLOW PATHS WITMW CONTAMWENT NOT WeeRATE TO SUWFep,,apg ,g -
gg DURWG RECIRCULATION WODL DOES *

WAMIMUW FLOW VELOCfTY EQUAL 04 . .-. g,g
EXCEED DEBRIS TRANSPORT VELOCITY .

VCLUut OF SMREDDED reROUS REOUiREDT ASSUut DEDR S BECOMES ALIONED
DEMS AT SUWP S VERTICALLY ON SUMP SCREEN TO
Y,*Ypg * Y,g * Y met 0MT OF AS4AsRICATED'
p

M ARIMUM DadENSION. N.

(14) I' (21)
00) U *

* YOLUWE OF SMREDDED FisROUS ARE A NOT SLOCKED BY AS.
IS A /M. A 1M OR (A *Am3/N LESS . .DEBRIS AT SUwP 88 FABRICATED MSULATION 88 4 t g

A- A . A* Am OR A-( Ag* Am) TMAN TME FUMP PERMETER, Pt* e pg pg* eggVgg = V 9YVepq p

.(tS) V1'

,

CALCULATED TMICKNESS OF gggg 3 ,

SHREDDED FSROUS DEGRIS AT (23) <'*
r

CALCULATE HEAD LOSS THROUON *gUup.t V/
hWBLOCKED SUMP AREA FOR ,

AREA NOT SLOCKED BY AS=
FABRICATED mSULATION IS A-MPDEBRIS TMsCKNESS.t

*

(PS)
*

OEsRl$ ANALYSIS INPUT TO SUMP
|.. .

DESIGN (SEE FIGURE 5.4).

f- .

S **
Y , - VOLUWE OF SMREDDED FleROUS INSULATION REWOVED BY PsPE WMrP. (FT )- p 3
V = YOLuut OF SMREDDED PseROUS INSULATION REMOVED SY PIPE IMPACT. (FT ) gp,

S,

V, = VOLuut OF SMREDDED FISROUS INSULATION REWOYED SY JET adPINC(WENT.(FT ) t
j I

epw- FRACTION OF YOLUut OF SHREDDED IN",ULATION CAUSED BY PPE WMe> PROWPTLY TRANSPORTED TO SuuP.
. apg - FRACTION OF YOLUME OF SMREDDED INSULATION CAUSED BY PIPE euPACT PROMPTLY TRANSPORTED TO SUMP.

= FRACTION OF YOLUME OF SMREDDED MSULATION CAUSED BY JET MdPINGEMENT PROMPTLY TRANSPORTED TO SUWP.
*

s .9
LIO = RATIO OF PIPE LENGTM TO PPE DeAWETER.

.
,

3
. y - TOTAL WOLUWE OF SMREDDED DEER 18 TRANSPORTED TO SUMP SCREEN (F1 )

'

*.
S

* * A, . ARE A OF AS-F ABRsCATED FleROUS MEULATION DISLODGED SY JET. (FT ) .
~ 2A., . AREA OF AS-FAaRCATED REFLECTIVE WETALLIC MSULATION DISLODGED SY JET frT )

*

*.

2A - EFFECTIVE ARE A OF SUMP SCREEN.(FT )
N = idAItMUM LINE AR DlWENSION OF AS-FASR;CATED MSULATIO8L(FT) .

P - PEmiutTER OF EFFECTfYE SUWP SCREEN.(FT), . . ,* *

*

t - CALCULATED TMsCKNESS OF SamEDDED DESRIS WAT ON SUMP SCREEN.(eN) ,. , .

*CALCon.Aric=AL wTwCDS ARE AS orvtM w nape =NCEp 2.
*

~

Figure A-2 'l Debris Generat$on| Transport and Sump
.

*~
-

Blockage Potential
*

.

.. . . . . . .

.
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W

SUMP CEOMETRY.
BLOCKAGE.
FLOW RATE

6

V-

sump - .

WATER
LEVEL *

. .

V -

AIR /
INCE$ TION /YES j NO, w

| . s. ...

QUAUTY
AIR *

.

PIPING '"
' " "LOSSES *

.

s PUMP '
' "ELEVATION

.

. .

.

WATER k-s
' "TEMPERATURE

.

'
..

CONTAIMMENT.

4 AIR PARTtAL > .
*

PRES 5URE---

.

'

VELOCITY
4 HEAT AT *

PUMP
,

.

V -

CALC PUMP NPSMR
INLET ITATIC

, + FROM puup g
PRESSURE CURVE*

-

Y*

-
.

CALC
* *

NPSH
AVAILASLE -

.

it

V Y
'

|
. CALC AIR

*
15 AIR

DENSITY. PRESENT
AIR VOLUME -

FLOW RATE TES
- -

.. p ,

kIFe,[*NO NO ,
TEI \ >2% , y ggjgp. ,

'

s NnxR.
.

|,2 .

.
*

15NPSMAy > NP$MR '.NO YES*

RUECT ",
.

.

.

FLOW CHART FOR CALCULATION OF PUMP INLET CONDmON
,

.

i = *
, ,

,

Figure A-3 ~ *
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ECCS SUMP DESIGN !
1

-

\
SUMP DESIGN DEBRIS ANALYSIS

e DESIGN FLOW RATE *
; REDESIGN SUMP > e LOCATION IN PLANT e TYPES, OUANTITIES, AND

e HYDRAULICS + LOCATION OF INSULATION
*

.

e INSULATION DEBRIS GENERATED
V

e DEBRIS TRANSPORTED TO SUMP- _
*

SCREENS & GRATES
ARE -

NO HYDRAULICS e SCREEN AND GRATE BLOCKAGECORRECT DEFICIENCIES
DESIGN CRITERIA AND LOSSES

MET -

e USE VORTEX SUPPRESSORS
.

e SCALE MODEL TESTS V | KEY SUMP PAR AMETERS
e PROVE ADEOUACY OF .

DESIGN, e.g., DATA ARE e SUMP LOSSES
NO GEOMETRIC YES '

* IN-PLANT DEMONSTRATION DESIG ITERIA * AIR WUHDRAWAL a s

y e MINIMUM SUBMERGENCEr.--->-
.

, I e SCREEN AND GRATE LOSSES
,

NO AP OVES: YES I e SUCTION INLET CONDITIONS;
'

DEFICIENCY -- I< Ps. T ,Vs, etc.s
REMOVED

.

, . .__. -- ------- PUMP PERFORMANCEy
*DETERMINE NPSH PARAMETERS LOCATE PUMP AND

DESIGN PIPING
o MINIMUM WATER LEVEL p e CAVITATION AND PARTICULATEBETWEEN SUMP .

. AND PUMP INGESTION BEHAVIOR I
o SCREEN AND GRATES LOSSES \

'e PUMP PERFORMANCE CURVES~

o SUMP AND PlPING LOSSES.
e AIR INGESTION EFFECTS

o PUMP INLET CONDITIONS; P ,
T ,a ,p ,Y , etc.

p* DEFINITIONS
,

. -

p p p p
o CONTAINMENT CONDITIONS NPSH - NET POSITIVE SNCTION HEAD

NPSHA - NPSH AVAILABLE
.

NPSHR - NPSH REOUIRED
f

,y .
*

* .

a - VOID FRACTION (% BY VOLUME)
YES 'IS YES "AIR ESENT

,
*g .1 * oap > 2% (ap > O)

-

| .
~ . .

NO .

, y -

,

~

CALCULATE '

,. -->- $ = 1.O + 0.50a
<
rp NPSHA

.
,

Y
,

-

gg .

NO YES SATISFACTORYGRE TER HAN
B x NPSHR DESIGN

.

.. . -
. .Figure A-4 7 combined Technical. Considerations -

., for Sump Performance '
.
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