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1.0 INTRODUCTION

in May and June of 1996 a polyurethane foam mixture was iq}ected into the LaSalle,

i

service water tunnel. This tunnel is the supply for the emergency service water system (ESWS)
'

i

as well as the Non-Essential Service Water System (N-ESWS). SnWntly, foam pieces were,

observed to begin plugging some of the strainers for the nonessential service water system, |
|

! which take suction from the top of the turmel. Investigations into the cause of this showed a '

j substantini amount of foam material in the N-ESWS. Once this was determined, there were

i expdf Al investigations performed at the Iowa Institute for IIydraulic Research (IIHR) to

examine the response of polyurethane foam pieces to anticipated flow conditions in the service

1 water tunnel both during normal and emergency situations.

|
i

j This report analyzes the experimental infan==*ian as well as the flow distribution in the

| IIHR experiments in relationship to the LaSalle service water tunnel. In particular, the behavior

observed in the Iowa experiments is characterized to determine whether the behavior overstates
,

the likelihood that such foam particulate couki enter into the ESWS. 'Ihis analysis provides the;

|
technical foundation for the application of the ITHR exid..catal data to the Probabilistic Risit

Assessment (PRA), i.e. possible increase in core damage frequency that could have been caused

by the presence of this material in the service water tunnel.

2.0 ANALYSIS

The lasue with the foam response in the 12Salle service water tunnel is the duration over

which the material was neutrally buoyant. As the material is introduced into the tunnel, it is
3negatively buoyant with a density of approximately 1.04 gm/cm . After the caring process the

3expanded material has a density typically in the range of 0.9 - 0.95 gm/cm , with some small
3 isampics observed to be about 0.98 gm/cm . This curing piW.c.s appearn to be complete within

1

approximately ten minutes and, during this time, the material is essentially neutrally buoyant as

the experiments have illustrated that samples rise and sinit multipic times dunng the curing

interval. Only small particles exhibit this behavior. Once these become attached to a significant

piece they arc then either positively buoyant with a specific gravity in the range of 0.98 to 0.8

1:WAfWAA.RFr
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or negatively buoyant and remain on the bottom. Once the curing process is completed, the

material is either floating on the upper surface or negatively buoyant if the curing process was

water starved. I

It is helpful to develop a perspective of the effective rise velocities for those pieces which

are positively buoyant and compare these to the calculated flow distribution within the Iowa

Institute of Hydraulic Research (IIHR) r.ar.riments, as well as the flow distribution in the

service water tunnel. 'Ihc rise velocity for a piece of foam can be naarmaed by comparing the

buoyant forces with the turbulent dag forces as given by
,

g (p, - pp) V, - C A (1)
*

o y

In this expression, g is the acceleration of gravity, p, is the water density, pp is the foam ;

density, V is the volume of the foam particle and Ap is the effective cross-sectional area of fp

the rising piece. As a conservatism, let us assume that this foam mass has a disk-like
{

configuration such that the volume of the foam can be expressed by i

V, - A Lp p (2)

where L is the effective thicinnr**. Using this, the rise velocity is given then byp

iMe

EhUg=' - - 1-PF *

(3)C Pwtn g
,

where C is the drag coefficient for the rising disk. As illustrated in Figure 1, which isp

taken from Vennard (1954), the drag coefficient for a disk aligned perpendicular to the

velocity is essentially unity. This is true for Reynolds numbers of about 1000 or greater and

for the applications of interest here the Reynolds munbers are 30,000 - 40,000. Thus, the

rise velocity calculation reduces to:

7 cm-

PF
a- 2gL, 1 (4)U < "

Ew
i o
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Using this relationship and assuming a four inch (0.1 m) effective thickness of the example foam

particle, with a specific gravity of 0.95, the rise velocity is approximately 1 tt/sec (0.3 m/sec).;

| As illustrated by the above equation, this rise velocity only changes as the square root of the

effective length and the effective buoyancy. For cxample, if we were to consider the specific

j gravity to be 0.98, the rise velocity would be 0.67 ft/sec (0.2 m/sec).
'

i
; l

| These rise velocities can be comparul with the transverse velocities in the flow for both |
s !

i the IIHR experiments and the LaSalle service water amnel. These systems were evaluated I
i

; assuming a two-dimensional flow field (parantial flow solution) to determine the relevance (and

! the level of conservatism) in the IIHR expenments in relation to the LaSalle tunnel behavior
i

| (Epstein,1996). These two4imensional calculations were performed by assuming that the

incoming flow is through a slit configuration. In reality, the system is threMimensional which

j would result in the flows having somewhat higher velocities along the central core which is

approximately a straight line between the haming location and the discharge port. However,

these two41mensional analyses are sulTacient to illustrate the fundarpental relationship of the

HHR experiments to the LaSalle service water tunnel configuration.

The results of the two dimensional flow application to the IIHR tests for a dimersionless

incoming flow of unity and an exit flow of unity is illustrated in Figure 2. These values can be

multiplied by a sp~ified inlet flow, which would be 3 ft/sec in the Iowa test (approximately 1

m/sec). This approximates the flow velocity distribution in the experiments. In particular, the

results shown in Figure 2 are for no transverse flow and only flow coming in through the suction

port (designated A in the experiments) and out through the discharge port (designated C in the

experiments). 1

As illustrated in Figure 2, the dimensionless velocity vectors have magnitudes typically

in the range of .4 to .6 which means that for an assumed incoming velocity of 3 IVsec the

transverne velocity is about 1.2 to 1.8 ft/sec (0.4 to 0.6 m/nec). These velocities are cos,.r ble

to but greater than the rise velocities for typical foam piocca used in the experiments. As a

result, buoyant material released from the floor could be effectively transported in a lateral

direction toward the discharge port.

wmm.arr
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With the combination of rise velocity calculation and the approximate transverse velocity-

created in the IIHR experiments, we can calculate the zone where foam particles release from

] the floor would have a stmng possibility of being swept into the discharge piping. In particular,
'

using the vector addition illustrated in Figure 3 we can calculate the distance away from the

; discharge pipe where particles would not rise su.fficient fast to avoid being swept into the
i

discharge flow. Taking the rise velocity to be 1 ft/sec as calculated previously in the transverse |

velocity to be about 1.2 ft/sec (which correspends to a dimensionless velocity vector of 0.4), the

angle 6 in Figure 3 becomes approximately 40*. In the IIHR test, the top of the discharge pipe

is 4 ft above the bottom of the hydraulic tank. Consequently, the region of influence to fimi in

] Figure 3 would be approximately 5 ft. As a note of caution, the velocity vectors shown in

Figure 2 indicate that the transverse velocity could be greater than 1.2 in some regions and it.

is also possible that the rise velocity is less than 1 ft/sec. Either of these would extend the

region of influence. However, the simple vector addition shown in Figure 3 enables one to

identify those locations where foam particles sownerged to the floor would not rise su&iantly

rapidly to escape the discharge flow. ' Ibis region of influence is in agreement with that deduced,

by the experimenters.

:

Similar two dimensional calculations are shown in Figure 4 for the I mMalle service water

tunnel. In the case addressed, flow comes in thmugh one location and is exhausted through
:

another location that is ahnost directly acmss the channal. Here again, the calculations were '

performed in a two-dhnensional manner and ieyse,a.,t the flow in and out of slit openings as
'

dimensionless values that are multiplied by the incoming velocity. As illustrated in the

calculation, the dimensionless flow velocities are less in the central configuration and in fact less

than the rise vclocity that would be anticipated for significant size pieces. Therefore, the region

of influence would he ===Her than that ohnerved in the HHR tests. Hence, from this '

configuration we conclude that these experiments are a conservative representation of the foam

behavior agirwam in the LaSalle service water nmnel.
,

'

Another calculation was performed to parametrically investigate the influence of an
4

adjacent intake port. In these calculations, the incoming flow was specified for the two ports

and was parametrically varied from 0.8 - 0.2 for the distribution between the favored and more

!

1:WAh9H6.RFT
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removed location to a situation in which the flow is evenly distributed, i.e. 0.5 and 0.5. 'Ihose

parametric calculations are illustrated in Figures 5, 6 and 7 respectively. As expected, these

show that the result of some flow coming through an adjacent port is to further reduce the flows

in the central region of the tunnel near the discharge port. In particular, the transverse velocities

are now in the range of one-half of the risc velocity. Therefore, even those pieces with marginal

buoyancy (0.98) rise to the surface before they could he transported acmss half of the chanel
1w dth, i

l
L

| As discussed previously, some of the foam material was found on the floor of the service j
1

,

tunnel and was thus negatively buoyant. It is interesting to perform calculations on the extent

of lift that would be created by the induced service water hm=1 flows to assess the extent of

negative buoyancy that would be nece=ary to impose these lift forces. Using the information

in Figure 4, there is a dimensionless velocity of 0.22, as a reasonable average in the central

| region which corresponds to an upward lift pressure

'
AP = p, U '

2

(5)
| 2r s

3
of 3.5 x 10 psi (24 Pa). We can use this to determine the extent of negative buoyancy

required to impose the lift using the expression

AP = F - Ap L g (6)yA

or solving for the density difference

AP
Ap = I 0)

t5

Using an effective thickness for the foam of 4 in. (0.1 m) we determine that a specific
|

l gravity of 1.024 is sufficient to oppose the lift configuration annuming a perfect lift

geometry.

|
t

I
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f 3.0 CONCIESIONS
;
!

"

From the analyses carried out with respect to rise velocities for foam pieces, the two-

| dimensional velochy distribution in the IIHR test, the velocity distributions in the laSalle service
,

water tunnel and the lift calculations for pieces that could be lying on the floor of the service

hmnel, the following conclusions can be drawn.

:

!

; 1. The rise velocities for foam pieces that are of sufficient size to plug the suction

j ports or the strainer inhke for the emergency service water system have rise

velocities of approximately I n/sec and would rise to the top of the service water

tunnel in about 10 secs.'

!

2. The IIHR ng: ..a were performed in a way that is a conservative

representation of the Imhlie service water hmnel f}oW distrhItion. More,

specifically, the potential for ingesting foam particulate in the discharge port is

greater in the IIHR er;- .: .eri* than would be the case for the LaSalle service

: water tunnat. Therefore, information taken directly from the Iowa experiments

f and used in the PRA analyses overstates the hkelihood that material could be

! ingested into the emergency service water system.
! 1

|

! 3. The observations from the Iowa tests are readily understandable in terms of the

j transverse and rise velocities and the possible path that a foam particle would

) follow if it was submerged to the floor of the test apparatus and released in the
.

flow stream. These analyses tend to show that there would be a region of,

j inflem of approximately 5 ft. around the discharge port. This is in agreement

; with the observations from the Iowa test.
.

>

5
'

'4. Given the substantial rise velochy and the two-dimensional velocity vectors in the

Iowa test, those particles which rise to the top of the apparatus will remain there.

This was also observed in the experiments.
,

e

*
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5. The assessment of the potential flow for the LaSalle service water tunnel indicates

that the velocity vectors from the entry of the water into the service water umnel

and out through the discharge port are considerably less than those observed in
,

the Iowa tent. Thus, the Iowa expi . ids conservatively represent the transverse
'

flow in the Ish11e system. As a result, there is an even smaller region of

influence for foam particulate in the l2Salle service water system than was

observed in the Iowa test. Furthermore, with the reduced velocities, there is a i,

4 ,

greater potential for particles which rise to the top of the service water tunnel and i

remain there. I

|

! 6. Parametric analyses for varying incoming velocities through parallel inlet ports |
t ;

i show that the participation of an adjacent inlet post further reduces the velocities

in the service water tunnel even if only 20% of the incoming flow is eQ

; through the adjacent port.
,

:
1 7. Analyses of the lift forces on negatively buoyant pieces must be less than

j approximately 1.02 before lift forces would move the configuration off the floor

of the service water tunnel given a perfect lift configuration.

|

In anmmary, the analyses of the LaSalle service water hmnel and the HHR test show that

the examinations which have been performed overstate the likelihood of foam particles being

drawn into the discharge port. Thus, the analyses that have been performed with respect to the

likelihood of initiating a core damage event are a conservative representation (overstatement) of

| the likelihood of such an event could being initiated.
!

!
|

"

.

I

i

!
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Figu2e 5 Plan vicw showing the two-dimensional distribution for the
LaSalle service water tunnel with 80% flow in one port and
20% flow in an adjacent port.
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i Figme 7 Phn view showing the two-dimensional distribution for the
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LaSalle service water tunnel with 50% flow in one port and'

50% flow in an adjacent port.....

..e gy.



_.

,

!

,.

. .
.

.

,

i: TENERA '

!

September 23,1996 q

SFM96-029/SFM96A

Dr, Pctros Antonopolous
Comed j,

LaSalle County Station s!

2601 N. 21st Road
Marsellies,1L 61341-9757

j Dear Petros:
,

',
This letter contains the summary ofmy assessment of the strainer issue related to the scalant
hdection event. It reflects my myiew of the strainct related sections of Comed's "Probabilistic

!

Risk Assessment Report of the Impact of Foam Sealant Injection in the LaSalle County Nuclear
Station Servico Water Tunnel."

.

I have provided information here which I believe supports the statement that the PRA evaluation
!

conservatively represents the potential impact of the foam upon the com damage frequency. The
j potential forriskimpact was small.

The resolution to the strainer issue can be capsulized as follows:

CSCS-ESW Strainer Failure Made Resolution

Strainer blockage due to ineffective
ESW surveillance and flow tests indicated ibackwash.
no degradation offlow. The density of I

material in the tunnel that could be ingested
and impact the strainers would have been

highest during this time. Since degradation
of flowdid not occur, and no unusual

;
amount of backwash operation occurred, it
appears that the strainers were not being
unduly stressed with blockage, and the
backwash operation was effective. (Note: if
excessive backwash fico,uency had been
observed, the suryciliance would have been
terminated and the plant would have been

shut down. This is because this would have
invalidated the then-current assumption that
the material floated; that assumption
coupled with the surveillance test was used
as a basis for continued operation.)

One Market Spoor Tour, SuHe 1850. San Francisco, Colsornia 94105-1018. (415) 536-4744, FAX: (415) 536-4714
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Strainer backwash lines plugged. See above.

The Comed report indicates a ammfl increase in core damage frequency as a result of the
assumption that scalant could impact the strainer operation. ~lhe C=W report concludes that
the failure rate is near zero; however, for the purposes ofits +%ns an additional failure rate
of 0.001 (i.e., one chance out of one thousand) for strainer failure as a result of blockage. The
low failure rate is based upon interpretations ofthe University oflows studies, which indicato a
nominal 10% chance of material becoming entrained during the curing process and therefore
being available for ingestion by the ESW suction nozzle. From the Comed report, only 10% of
the material removed from the tunnel by divers was assumed to be avaliable to plug strainers;
this amount (~2.75 gallons) was concluded to be too small to plug the strainers to the point
where the strainer operation would be impacted.

Additional support for concluding that the safety signi6cance of the sealant injection was small
prior to cleanup activities commencing can be added by noting that operation of the non-cssential
service water pumps acts to " dilute" the concentration of the active materiallin the service water
tunnel. Thus, a calculation can be parformed to determine how many tunnei turnovers must

occur before the amount of active material left in the tunnel is too low to create the amount of
blockage in the strainer tubes required to inhibit design flow (blockage = 90% by volume in the
tubes to inhibit design flow). In other words, we can estimate the amount of time the N-ESW
pumps must have c,A in order to remove a suHicient amount of active material from the
service water tunnel to ,,.m ! 90% blockage of the strainer tubes.

The " dilution" of the concentration of active material in the service water tunnei is a mass
balance problem involving the computation of the change in mass as a result of the volume of
water / foam mixture being swept out of the tunnel by the N ESW pumps. As the ccs%s. tion
decreases with time, the amount being swept out is also decreasing. This pattern is represented
by an exponential decay equation.

I
9

! '
; " Active material" is defined as material which is small in size and near neutrally buoyant. *This

material acts like a tracer (see the IIHR report). From observations and the IIHR report, mosti
; material in the amnel was actually larger and positively buoyant; the tests ladicate that this

material would not be pulled down to the B5W suction.
'

i
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. The following equation is used for the calculation:
!

| m(t) == m eiM'le
Eqn. I

where m(t) = concentration of active material in tunnel as a funcdon of time
m -initialconcentration
V = volume ofservice water tunnel
Q = volumetric How rateI

! t = time

!

Assume the following:

1.- Flow rate is based upon a nominal now of 10,000 gpm through a single non-essential service
water pump (ref. - conversation w/ Steve Brown, 8/22/96). Four pumps wem in operation at the
time of the event, and therefore a total nominal flow rate of40,000 gpm is M (Note - the
flow rate is conservative, in that design flow is 15,000 gpm per pump, with optimal flow in the
12,000 to 14,000 spm perpump range).

j
2. No additional dilution occurs due to ESW operation, i.e., the ESW pumps do not remove anyI additional foam from the tunnel. ,

!
,i

! Calculation !

| |

| A. Volume, V, ofservice water inanel == 180' x 13' x 7' = 16,380 A3

B. Volumetric flow rate, Q, = 10,000 gpm/ pump x (.002228 (A3/secygpm) x 4 pumps = 89.12R%ec
r

Result #1
|

At this flow rate, one tunnel turnover occurs approximately every 184 seconds, or about
i

every 3 minutes: 16,380 ft3 / 89.1 A%ec = 183.7 seconds

Conclusion

The " dilution" of the service water tunnel occurs rapidly due to the high volumetric flow
| rate provided by the N-ESW pumps. Foam scalant " particles" that are positively or

neutrally buoyant would be swept out quickly by this How.

| *

.

!
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C. Next, calculate the amount of material mquimi to fill the strainer tubes to 90% by volume.
;

Strainer tubes are 2.75" la diameter,34" long. TL.J% the volume ofone tube is
a

Vr = ar l = 3.14159 x (2.75/2)2 x 34 = 201.95 in' = .117 ft2

90% by volume = .9 x .117 = .105 ft3

mass of material to 611 this volume = .105 ft' x 59.31 lbs/ft8 = 6.25 lbs (per tube)

D. Total number of tubes (using information supplied by Comed):

Sirmiar E=W ofTi>W
f

Unit 1:
i
'

DG 1 cooling water 13
DO 2 cooling water 10
DG 3 cooling water 10
RHR-WS 1 40
RHR-WS 2 40

subtotal iI3

Unit 2:
DO 2 cooling water 10
DO 3 cooling water 10
RHR-WS 1 40
RHR-WS 2 40

subtotal 100

TOTAL 213

Insufficient material to clog all strainers to 90% by volume would exist once the total mass drops!below (213 tubes) x (6.25 lbs/ tube), or 1,331.25 lbs. In other words,1,331.25 lbs of foam sealant
are required in the tunnel to clog all tubes to the point where their operation is significantlydegraded,

b.uso g2
i

.

At any given time,1,331.25 pounds of scalant must have been in the tunnel and in a form
susceptible to being pulled into the ESW pumps in order to possibly plug all ESW

I

SFM5029.WPtsFMD6A
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strainers. If the amount ofmaterial was below this amount, the strainem could not be
{ plugged to 90% volume.
;
,

i Exanple Calculationt
.

] As a test of the assumptions in the Comed PRA evaluation, sample calculations were performedj
to determine the susceptibility of the strainers to blockage given the dilution effect.

J

he following additional assumptions were employed:
!

!

1. Service water tunnel is well-mixed so that offluent concentration of active material is the same -|
thmughout. (Note: thus, this assumes all smalant is at least neutrally or slightly positively

| buoyant, and that none adheres to the floor surface.)
i

.

11. Initial concentration ofmaterialis based upon a mass of30 cubic feet offoam. This is based
!

upon discussions with Steve Brown (Comed, LaSalle; 8/1996 and 8/23/96), and represents an
{ upper bound for the amount of material removed fiern the tunnel by divers. De amount
i removed loosely filled five 55-gallon drums (275 gallons total, as used in the Comed PRA
t

evaluation). The amount of material actually in the tunnel at any given time cannot be estimatad
i

with wi.iiity, since the foam was irdected over different time periods and dilution was or could
have been occurring throughout the time ofconcern. Tests gh.wd on material from two of

:

i

the drums at the IIHR facility indicate that much of the material was mlatively largo (>10") and
positively buoyant; test results show that this material would not be pulled down to the ESW3

i suction. Thus, the actual amount of active material that had the potential to be pulled down into;

the ESW suction is believed to be much less than the 30 cubic feet used in this calculation.
Therefore, using 30 cubic feet as a starting point is conservative.'

>

;
m. The initial concentration of active materialincludes any material that would have been

;
dislodged from the floor after initially adhering to the floor. In other words, no additional

;

material is added to the mix from that stuck to the floor. This is supported by the divers';
observations and experience regarding the difficulty in removing the adhsred material from the

! floor.
i
j

iv. Using data supplied in the IIHR report, the density of the foam is nominally chosen to be
{ 0.95 gm/cm (which is 59.31 lbs/ft2, using the conversion factor of 62.428 to convert to lbs/ft'

3

{ from sm/cm')
$

i
v. For the baseline calculation it is assumed that flow through the ESW related strainers isi
equally distributed among all 9 strainers, so that there is an equal likelihood of any specific;
strainer receiving foam material. In actuality, the observed accumulation ofmaterial was biased

i

i
:
'
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towards the Unit 2 side of the tunnel (the northern side of the tunnel), where the injection
occurred. Therefore, a senaltivity analysis is included here usingjust Unit 2 strainers.

v1. For the baselino calculation which rollows, all 275 gallons (30 cubic feet) are assumed to be
available for ingestion by the ESW suction (as W_ to the 2.75 gallons used in the Comed
PRA evaluation baseline). This assumption represents the situation covered by the sensitivity
analysis included in the Comed report, in which the failum probability of the strainers is
increased by a factor of10.

Calculation

I. Initial mass offoam, m ,- (.95 gm/cm x 62.428 (lbsJA'y(gm/cm )) x 30 ft' = 1,779.2 lbs.3 8

The total number ofstrainer tubes that could be filled to 90% by volume is themfom:
1,779.2 lbs/6.25 lbs/ tube = 285 tubos

Thirty cubic feet of foam is thus enough mass to clog all strainers to 90% by volume.

II. Concentration offoam in tunnel = 1,779.2 lbs/16,380 ft2 = .11 lbs/A)

The first second ofpump operation removes (89.12 A' x .11 lbs/A8) ofmaterial, which is
about 9.8 lbs. Every subsequent second removes less, as the concentration in the tunnel
is raiM (diluted).

With these assumptions and calculations, a total of(1,779.2 - 1,331.25), or 447.95 pounds of
foam must be removed through the non-essential service water pump system to drop the amount
of foam remaining in the tunnel to below the required amount for blockage.

III. We can now solve Eqn. I for t, the amount of time rcquired to reduce the mass in the tunnel
to 1,331.25 lbs by setting m(t) to 1,331.25.

1,331.25 = 1,779.2 exp [(-89.12 A5/secy(16,380 A2) x t]

Solving for1:

.748 = exp ( .0054t)
In (.748) = .0054t
t = In(.748y( .0054) = ( .29005y( .0054) = 53.31 W = < 1 minute

sFM96-029.WP/SPM96A
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This result means that the concentration c fmaterial in the service water tunnel would bel|

lasufficient to plug all strainer tubes to 9C % by volume after less than I minute of operation of;

| four N-ESW pumps at the nominal flow rtte assumed. The time window ofvulnerability for
i

!

strainer plugging is only 1 minute (less than 1/3 of a tunnel tumover). Thus, it is extremely
unlikely that the strainers would have plugged during any emergency operation required of the
ESW system.

SenshMtyAnabels

The above calculation is repeated assuming that only the Unit 2 strainers neceive material, i.e.,
that all foam flows through the Unit 2 strainers. Thus, the number of tubes susceptible to
plugging drops to 100 (see Step D above), and the volume required for 90% plugging of these
100 tubes dmps to 625 lbs. j

i
Substituting 625 lbs. for 1,331.25 lbs. In the calculations, we get:

i

625 = 1,779.2 exp [(-89.12/16,380) x t]i

Solving for t:

.351 - exp ( .0054 t) i
1

t-In(.351)/ .0054 |
i

t = -1.047 / .0054 = 193.9 seconds, or appmximately 3.23 minutes.

Even in this situation, the time period is very short, and the potential for a transient event
t

occurring during this particular time period is insignificantly small. Thus, it appears that there
was very little potential for strainer plugging and loss of ESW operation.

suit #3

'Ihe amount of time required for N-ESW pump operation to dilute the concentration of
material in the tunnel to below the point ofstrainer vulnerability is loss than 3.5 minutes,
even in the extreme case of(l) only Unit 2 strainers must be plugged and (2) all 30 cubic
feet of foam could be ingested by the ESW pumps. If either of these conditions is relaxed,

(for example, if entralament is limited to 10%, u used in the Comed report), the time|

window ofvulacrability decreases dramatically. A significantly higher amount of foam
(much greater than the 30 cubic feet assumed for the calculations) would have been
required in the service water tunnel before the time window of vulnerability became

;

!

{ signincant (e.g., a window greater than 10 minutes would have required over 500 cubic
feet of foam naalant)

|
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! )
! Conclusion

:
A strainer failure rate close to zero seems appropriate for use in any calculation which is'

;
performed to estimate the potential increase in core damage probability as a result of thei
ycsse of foam sealant in the service water tunnel. The use of a failure rate of 0.001, as

;

in the Comed PRA evaluation, appears to be conservative a rate closer to zero would bc j;

j more reasonable; a rate of 0.01 (a factor of 10 higher - which would cormspond to the I

i

example calculation performed above) is even more conservative given the conservative
4

nature of the assumptions employed (e.g., inkially high -x+=-.a;on of foam; all foam

! available to be pulled in by ESW pumps).
,

|

| AdditionalIssues
!

!
1. Reliability of bidw.rai system - the material condition of the backwash equipment was

! reviewed by Comed, and the condition of the equipment is satisfactory.
'

i
2. Backwash activity - no unusual amount of backwash activity occurring during the

| surveillance operation was noted, providing a data point indicating that material was not being
| drawn into the strainers. (Normal surveillance does not continuously monitor strainer
i

performance - only one data point is taken in the initial surveillance, and it did not indicate a
i problem. When the flow tests were performed later, when the pwece of the foam was known,:

}
the strainen were monitored - once again, no problem was indicated.)

|:
3. Manual backwash onpability - credit can be taken for manual backwash as a backup since (1);

It can be demonstrated that the procedures are well understood, and (2) the staffis tmined os |
|

'

them. Based upon conversations with Comed staff (8/23/96), manual backwash can be
| accomplished in less than I hour (in fact, it can be performed in appt=Imdaly 10 minutes). In
| addition, operation of ESW is not impeded during this procedure. Afere, in the event ofj

failure of the automatic system it would be possible for manual action to be s'-=%I in a short
i period of time. Due to the slow pace at which accumulation of material within the strainer tubesj

would oocur (extrapolating from the calculations presented above), h is concluded that adequate
| time exists for manual operation well in advance of any significant impact on flow through the
I

i ESW system. !
.

:

| Overall Conclusions |

! I believe that the possibility of strainer tube plugging was very small during the time period of|

conccrn. In addition, although I haven not estimated a value, I believe that the likelihood of a,

|

j transient event requiring ESW operation combined with the subsequent degradation of ESW
|

operation as a result of sealant material in the strainers was an extremely small probability. I
i

'

]
1
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!

base this conclusion on the results of the Iowa studies, the observations made by the plant staff

during subsequent survcillance activities, and the calculations provided here.

The strainer-related conclusions reached by the Comed PRA report appear to be reasonable and i

conservative. 'lhe changes in core damage pmbability (CDP) estimated in the PRA report aro |

consistent with the conclusions I draw from the calculations performod above. 'Ihe PRA basis
using " input probabilities x 10" (Table 1 of that report) calculates a change in CDP of only
1.7E-5, which isjust above the guideline for "potentially risk significant"(Table 2 of the report).
Given the conservatisms in the calculation, the high degree of dilution, and the fact that no

significant strainer blockage was or has been observed, I believe the actual change in CDP was
much smaller (i.e., near zero), and existed for only a very short time,

i

Sinceral

.#
Was B Id

!
Senior Consultant
TENERA. Inc.

|
!

|

I

!

sname.wnsnesA

i


