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| Power CALCULATION REVIEW

CALL R*Y Mg
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.
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-

M87-0088, Rev. O

PART | -

PART Il -

DESIGN ASSUMPTION/INPUT REVIEW: APPLICABLE [ Yes [] No

The following organizations have reviewed and concur with the design assumptions and inputs
identified for (s calculation

’
Nuclear Plant Technical Support (U'Qw-\(u u Hm,' [“,{ ) ] lt“ 77
SignetureDate ”

System Engr
7/% /¢

Nuclear Plant Operations

OTuEns

e0f - oPerarion % 7/5'/?‘7

Sghare/Date

Sanature/Date

RESU TS REVIEW: APPLICABLE [ Yes [ | No

The foi'owing organizations have reviewed and concur with the results of this calculation and
understand the actions which the organizations must take to implement the results.

Nur'sar Plant Technical Support q . H-L/u ’/3‘[!,7

Systern Engr Sgnature Day

Nuclear Plant Operations 7/3/A7
U sh Geae SR

Signaturd Date

Nuclear Plant Maintenance

D Yes N/A Signature/Date

Nuclear Licensed Operator Training
[J Yes E N/A Signature Date

Manager, Site Nuclear Services | oy
[j Yes @ N/A Sgnature Date

Sr. Radiation Protection Engineer

D Yes E N/A Signature/ Date
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CALCULATION VERIFICATION REPORT

Crystal River Unit 3
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Page 1 of 1
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Hydraulic Analysis for LPI Hotleg Injection to RCS
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Are inputs, including codes, standards, regulatory requirements, procedures, data, and
Engineering methodology correctly selected and applied?

Have assumptions been identified? Are they reasonable and justified? (See NEP 101, V.c,
for discussion on references).

Are references properly identified, correct, and complete? (See NEP 101, V.c., for
discussion on assumptions and justification.)

Have applicable construction and operating experiences been considered?

Was an appropriate Design Analysis/Calculation method used?

In cases where computer software was used, has the program been verified or reverified in
socordance with NEP 136 for safety related design applications and/or are inputs,
formulas, and outputs associated with spreadsheets accurate?

Is the output reasonable compared to inputs?

Has technical design information provided via letter, REA, I0C or telecon by other
disciplines or programs been verified by that discipline or program?

Has technical design information provided vic '=t1ar or talecon from an external Engineering
Organization or vendor been confirmed and accepted by FPC?

Do the calculation results indicate a non-conforming condition exists? If "Ves,"
immediately notify the responsible Supervisor.

Do the results require a change to other Engineering documents? if "Yes," have these

documents been identified for revision on the Calculation Review Form?

| have performed a verification on the subject calculation package and find the resuits acceptable.

Rev 297
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M87-0088 0

A single Building Soray train is assumed to be operating at a flowrate of 1326 gpm. This BS train takes
suction from the RB sump on the same piping as the forward flowing LPI pump and must be considered
when evaluating Decay “lest Pump NPSH,. Since the characteristics of the discharge of this BS pump are
not significant for the analysis being performed, an LPI pump curve has been used to obtain the 1326 gpm
flow.

Reactor Building pressure shall be modeled at O psi.

The flowrate through the hotleg injection shall be in the range of 500 - 1000 gpm as required by Reference
3

Flow through the L™! pump will be held to approximately “u60 gpm, in order not to exceed NPSH,.

Flow through the windmilling LP! pump must be within approximately 50 gpm of the value used in the *.dat
file in order fur the efror in the calculated pressure drop through the pump to be sufficiently small as to
justify leaving the mode! unchanged.

The RCS pressure used in this evaluation shall be 0 - 120 psig. Attachment 22 shows that at 1456 psig
RCS pressure, the backflow line i1s not capable of supplying 500 gpm. The case in this attachment
assumes that a flow of 600 gpm is entering the core via HPl and 500 gpm is entering the core via the
normal LPI injection flow path. These LP! and HPI flow values have not been adjusted for any instrument
errors.,

When the term “normal LPI flow path” is used, it refers to the core injection path normally used for LPI flow,

V. REFERENCES

10.

fov 698

FPC Dwg 310-641, Rev. 1, Decay Heat Removal

FPC Dwg 302-641, Sheet 3, Rev 40, Decay Heat Removal

Framatome Technologies letter INS-97-2747, R.J. Schomaker 1o K.R. Campbell, dated July 11, 1987
Ingersoil-Dresser Pump Company letter, P.J. Kasztejna to K. Campbell, dated June 26, 1997
M94-0047, Rev. 2, “CR3 Decay Heat Removal 8 .em Hydraulic Studies”

M90-0021, Rev. 8, “Building Spray and Decay Heat Pump NPSH A/R"

M90-0023, Rev. 4, “Reactor Building Flonding”

FPC Drawing 304-646, Rev. 7, “Reactor Building Recirculation Line A"

FPC Drawing 304-647, Rev. 7, “Reactor Building Recirculation Line B”

Framatome Technologies document 51-5000519-00, Rev. 0, “Boron Dilution by Hot-Leg Injection.”
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VI. DETAILED CALCULATIONS OR ANALYSES
EVALUATION OF ABILITY OF LPI TO SUPPLY 500 - 1000 GPM THROUGH DROPLINE

The model developed in M84-0047 was used as the starting point for the backflow model. Loops were created to
provide for backflow through DHP-1B, the recirculation line around DHP-1B, through the suction piping and DHV-
3/4, 10 the RCS hot leg.

A flow to a makeup pump, in piggyback configuration, and a building spray pump were also added to the mode!
and appropriate loops generated for these pumps. Dummy nodes were created on the discharge of these nodes so
that Decay Heat system piping pressures could be accurately calculated.

The resultant model 18 shown pictorially on Attachment 1,

This model was changed for RCS pressures varying from 0 psig to 120 psig and rerun for various RCS pressures.
At higher pressures when 1000 gpm flow through the dropline could not be achieved, flow through the normal LPI
injection path was throttlsd in order to maintain dropline flow greater than 500 gpm. At lower pressures, flow
through DHV-110/111 was throttled to maintain 1000 gpm through the dropline. Maximum flow through the LPI
pump was limited to approximate' 3050 gpm.

Results of these model runs are ymarized as follows:

RCS Pressure D:opline Flow Normal LPI Fl LPI Pump Flow Attachment
0 999.8 1350.1 3048.3 TRPO4GZ
10 999.9 13601 3048.5 TRPO4NH
20 1000.4 1350.0 3048.8 TRPO4F
30 1000.2 1349.2 3047.9 TRPO4E
50 1000.9 13601 30436 TRPOA4D
66 1000.+ 1349.9 3048.6 TRPO1DD
70 1000.1 1349.6 3048 1 TRPO4A
80 990.6 1350.86 3039.5 TRPO4C
85 8348 1626.2 3059.6 TRPO2BB
90 698.3 1650.0 3048.0 TRPO3AA
96 600.7 1700.6 2999.9 TRPO2AA
100 65956.8 16761 2872.0 TRPO1A
110 596.9 1275.3 2575.4 TRPO3BB
120 583.8 1000 3 2:.89.3 TRPO1BB

These model runs show that the operating LPI pump is capable of supplying 500 - 1000 gpm of flow through the
dropline throughout the range of RCS pressures for which backflow will be required

Each PIPF model run contain a message indicating that the pump in branch 68 did not converge to 0.1 ft. The
pump in this branch is the modeled Building Spray pump. This loop exists in the model to provide 1326 gpm flow
from the RB sump, through the common LPI suction line, and to the BS pump. That this loop does not converge
does not aftfect the convergence or resulis of the LPI loops.

NPSH EVALUATION
Ref. 6 previously evaluated NPSH requirements for the Decay Heat Pumps taking suction from the RB sump at a

flow rate of 3066 gpm and concluded that adequate NPSH was available to preclude cavitiation within the pumps.
Rev 0798 RET: Lite of Plant RESP: Nuciear Er ginsering



DESIGN ANALYSIS/CALCULATION

Crystal River Unit 3

COMPONENT EVALUATION




@E‘g&‘?‘.} DESIGN ANALYSIS/CALCULATION

Crystal River Unit 3




DESIGN ANALYSIS/CALCULATION
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Ingersoll-Dresser Pump Company

Bervices Business Unht
P42 Memorial Parkway
Fhilltpsburg, NJ 08865

P

June 26, 1887

NG T-CO Y REVE
a X y | ( !

Kevin Campbell

Flr<- 1 Power Corp

C .ystal River Unit 3
15760 Power Line St
Crystal River, FL. 34428

Re Your 11 June 97 Fax
Subject Verification of Reverse Flow

Dear Kevin

This letter will confirm previous fax submitting reverse flow, speed and head
conditions for zero torque conditions.

GPM Head Drop Reverse Speed

F)oc 28"'0
4% 18!0

These conditions are basis the BHMN Decay Heat Pump, ocasis a desi
condrion

3000 GPM
320 Feet TDH
1780 RPM

Sincerely,

N NO |/ =
’,;I‘g((/ \7/' (;Cl‘;)«qu;:':‘_.-
Paul J. Kasztejna
Supervising

Design Engineer

PJK:kg

Ingersoli-Rand Pacific Worthington Pleuger Sclenco Jeumont-Schneider Pumps




Integrated Nuclear Services
July 11,1997
INS-97.27

Mr K R. Campbell

Flonda Power Corporation
Crystal River Energy Complex
| 5760 West Power Line Street
Crystal River, FL 34428.67.8

Subject FTTJob 4110100 - Long Term Boron Control Following SBLOCA
“ECCS and Hot Leg Injection Flows for post-LOCA Boron Control”

Gentlemen
in a fax sent to Ed Organ, (FT1) on July 1, 1997, K. R. Campbell (FPC) requested FTI to provide

a letter defining the minimum required flows for both ECCS (LPI) and hot leg injectior by Juls
11, 1997 The following material was prepared per that request

FT1 has performed numerous analyses and provided licensing support tor CR-3 and the other
B&W Owners to demonstrate adequate boron dilution following a postulated cold leg pump
discharge (CLPD) ioss of coolant accident (LOCA) During March of this year, a summarv was
sont to the NRC to report the latest set of gencnie analyses for small and large LOCAs.  The
largest LOCAs quickly depressurize and reach an equilibrium with the containment pressure
within 20 to 25 seconds. These postulated break sizes in the CLPD pipe have the lowest long
lerm saturation temperatures and correspondingly the lowest horon solubility limit that eould he
achieved within § hours post LOCA, without credit taken for reactor vessel vent valve (RVYVV)
liquid entrainment or hot leg nozzle gap Oow. The NRC lus eaxpressed unwillingness (o allow
credit for the hot leg nozzle gap flow dilution except as a backup to active dilution methods
Credit for RVVYY liquid entrain nent could be taken for the largest LOCAs, but as the break size
decreases, so will the liquid ¢ ‘rainment The TRIOCA analyses did not credit the RVV\
‘nirainment to bound the spectrum of possible break sizes This conservative approach defined
the i tiowe o vpeaion initstion of an wetive boron diiution mechanism at $ hours post.
LBLOCA. For the larger break sizes, in which the reactor coolant system (RCS) and containment
pressure are in near equilibrium, the dump-to-sump method through the decay heat drop line can
he 1sad withaut cancern for sump screen integrity. This is not the case for the smaller LOCA;
with elevated RCS pressures

= mY7.00%% ReVO ™~
“\“{"i(‘l){lﬂ,f'*'_ e _ Pn{‘!‘;‘__.'

3315 Old Forest Road, P.O. Box 109358 Lynchburg, VA 245060935
Telephone: BO4-832-3000 Fax: B804 832 3663
internet. hitp//www.irarnatech .com
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The required hot leg injection flow must exceed the core boiloff rate plus the hot Jeg nuade xuy
provide long-term boron

Oow rate {0 it ate a net reverse flow through the core that would
dilution. The CR-3 total hot leg gap flow at isothermal conditions at 300 F post-SBLOCA is 14 |
Ibrr/s (107 gpm at 140 F) (from FT1 Doc 32.1266110.00 Table 7A) Only one nozzle gap would

pass the hot leg injection flow, so only one-half, or 51 5 gpm of gap flow should be considired
18 22.3 r 164 gpm (from

1

Fora LBLOCA, one-half of the non-isothermal steam cooldow!

FT1 Doc. 32-1266110-00 Figure SA). The ECCS injection rates needed 1

1971 decay heat boiloff rate at 75 psia and £ hours, 24 hours, and | week post-LOCA are 191
The caleulations

0 match the 1.2 ANS

gpm, 119 gpm, and 65 gpm, r spectively, as shown in the following calculations

show that core bolling could pressed with core ECCS throughputs of

rs, 24 hours, and | week respectively. Using

decay heat levels (0 ies the 1.2 ANS 1971 fissior ot cecay plus B&W
; \ .

3 ling ) "y b (
re bouing could be suppressed with

|
731 gpm, and 410 gpm at 73 ps d 5 hou

respectivel

b oA

als ‘Y'.t' vl mechanisn

concentrauion

cay heatisat 00113 2 * 948 = 28,084 Btu/sec

of 140 F,

2




Al 24 hours, the decay heat is st 0.00703 * 2508 * ) 02 * 948 = 17,457 Buw/'sec
At 75 psia with an ECCS inlet temperature of 140 F, the ECCS flow needed to matzh core
boiloff is
W= (17,457)/(1182 « 108) = 16.3 lbm/sec = 119 gal/min
Bulk core bolling could be suppressed with an LPi flow o/
W (17,457)/(278 - 108) = 102.7 Ibmvsec = 741 gal/min

At 147 psia with an ECCS inlet temperature of 140 F, the ECCS flow needed to march
core boiloff is

W= (17,457)/(1151 < 108) = 16.7 Ibnvsec = 122 yal/min
Bulk core boiling could be suppressed with an LPI flow of
We (17,457)/(181 - 108) = 235.]1 Ibm/sec = 1748 gal/min

Al ] week, the devay lical is ul 0.00384 * 2568 * |1 02 * 948 ~ 9535 Bru/sec
At 75 seitv with an ECCS inlet temperature of 140 F, the ECCS flow needed to match core
boiloff is
W (9535)/(1182 - 108) = B 88 Ibm/sec = 65 gal/min
Bulk core boiling could be suppressed with an LPI flow of
W (9835)/(278 « 108) = 56.1 Ibmy/sec = 410 galmin

At 147 psia with an ECCS inlet temperature of 149 F, the ECCS flow needed to match
core boiloff is

W (9535)/(1151 - 108) = 9 14 lbm/sec = 67 gal/min
Bulk core boiling could be suppressed with an LPI flow of

W= (9535)/(18] - 108) = 130.6 Ibm/sec = 955 gal/min

4
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Based on these required flows, the hot leg injection flow must be 191 gpm plus 32 g or
spproximately 250 gpm at § hours post-LOCA at 75 psia 1o match decay heat and gap flow
through one nozzle. Additional fiow, however, is needed to initiate a reverse flow to provide
baron dilution  FTT ie eonnfident that » hat lag flow with a 260 .- | excess above the decay heat
and gap flow is adequate for core boron dilution with or without an operator-assisted RCS
cooldown '

. If this were a LBLOCA, 197 gpm is needed for core
bolloff makeup at 147 psia, and & maximum single gap flow of 27.25 [bia/s or 199 gpm
(Estimated CR-3 gap at 14.7 psia with Tayy » 212 F and Tyy = 400 F st § hours post.LOCA RV
cooldown in steam) is needed in this LBLOCA case, the recommended 500 gpm flow still
exceeds the 197 gpm plus 199 gpm or approximately 400 gpm needed for boiloff makeup and gap
flow considerations. This example has only 100 gpm excess flow for boron dilution. The excess
will increase with time as the decay heat boiloff and gap size and flow decrease. At 24 hours, the
boilof is 122 gpm and the gap 8:v is extrapolated to be less much less than 100 gpm. The
excesw hot leg fiow at this time will be greater than 250 gpm.  For L3LOCA the excess ECCS
can be smaller, since the boron concentration does not have to be reduced to compensate for
possible solubility increases due to subsequent RCS depressurization after § hours. Therefore. the

tation sontrol as well

With a minimum of 500 gpm of hot leg injection flow, 600 gpm for HPI flow, that leaves roughly
1600 gpm of the 2700 gpm LPI pump tlow for instrument uncertainty and LPl nozzle flow
Historically, 1000 gpm per LPI nozzle has been a target value for securing the HP1 pumps When
using the hot leg injection alignmen, it is reasonable to ta=get 1000 gpm for the one flowing LFI
line, which leaves 600 gpm of real pump flow for instiuiment wnve: tainly or Qow imbalance at 74
psia. Below 75 psia, the pump flow will increase and additional flow may be available to the hot
leg injection path, such that, once initiated, the flow may be adequate to suppress core boiling
with bestecu.inat salistic docre Leat levels

In summary, FTI recommends that the hot leg injection alignment provide flow for one HPI
pump, a minimum reverse flow of at least $00 gpm through the decay heat drop line for boron
dilution, and approximately 1000 gpm into one CFT nozzle. If possible, the hot leg injection flow
should be increased from a minimum of 00 gpm to roughly 900 gpm. This flow rate is capable
of both suppressing core boiling and removing the core boron concentration mechaniim when
realistic decay heat contributions are considered
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If you have any questions regarding this material please contact John Klingenfus at (804) 832
1294
or

Reviewed by

Very truly yours,

J

d /:7\""/ y =

¢ s
R.J. Schomaker
Project Manager
B&W Owners Group Management

JAK/RJS/mel

PR 7-C68RES
mi x 1D

- |




IDP LETTER, KASZTETN,
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CAMPEELL, DRTED ¢/24/97
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5400 Wast Osion Gires!
Moo Grove Ik 60083 USA
Tolgproe 700 967 2400
Faosimie: YOB 967 2857

Muguat 13,1996

Mr. Phil Baltswan- MAC o+
Florida Power CO ration
Cryetal River NucCléa:r plant
15760 W. Power Line Street
Crystal River, Florida 34428-6708

Subiect: Deany Heat Removal Pump Seal

Dear Phil,

This i® in reply to your fax of August 13tk and tO gonfirm owr
relephone COTVErsation of today regarding the affect of the
ryverse flow on the seal

we discuseed that in normal operaAtion of the pump the low

pressure is at the eye of the impeller and the high preesure 18

at the tip of the uﬁ‘.ler.lr. the case of revesrse fiow, the low

prae re still will at tha eye of the impeller and the high
vegoure will be at the tip of the ;rrgellor however the pregsure
fference between the two goinu; will be much smaller

(app 2951@) . 1 assume, tha® the pressure in the stuffing oox
wisli De egqual to the low pregsure,

gince you indicated that the seal flush piping 18 connected to
the high pressure lise of the punp ! agree that the pressurs
Aifferantial of 2 PSIC between the oe:? cav;:¥ pressure and the
pea. flush line pressure will Dot afiecs the furction of the
genl. Since the flusb line will have & highexr paessure it will
provide enough flov o remove the heat genaration petwear the
weal faces

whan we desigo a seal, theore 18 alwayv a epx resgure 18
calculated into the design in addition to the 1ic pressule
in order to keep the sealling faces cloped in tha event of 1O
pressure difference This average Spring preasure ig 20 PSIC and
trar is more than adequate in your sicuat_on.

1 hope, this will dlear all unanswersd JQUeSTiOns regarding the
seal, in the reverse flow situation

A membw o &) 71 aRove

Y760 88 RevD e
B Fane !l _of &

PAGE




3525634660

09: 2 2529634660
TR DR LR L

pB/B4/1997
07/31/19%97

1¢ vou have further questions, please call me &t (047) 9673728

SiLpperely,

-~

I/q
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Power RECORD OF TELEPHONE CONVERSATION

NUCLEAR OPERATIONS GINEERINC NTSA
Use of Crane 10" - 300 ib "AU" Series G - ) I ¢ par Trim in reverse f
(DHV-110/11% for Boron Precit
PARTICIPANTS Trent Powers (FF

~

Gary H {[E

3IGNATURE




Florida
Power RECORD OF TELEPHONE CONVERSATION

Corpargtion
~NUCLEAR OPERATIONS ENGINEERING _..B.Iif.‘..._ -2 1
FNCL 5\(‘.\[

SUBJECT wse of Crane 10" - 300 [b "AU" Series Glove Valve H _L.me_.mar__;;mrevcfsc flow cqndition

o —

<. > (')

(OHV. 110114 for Boron Precipitation gensern)  YRAW J6 = PT7 700 Re

!

PARTICIPANTS: Trent Powers (FPC)

Gary Hilus (Crane Vaiea)

~iSCUSSION: | called Crane Valve (Gary Hllils) to inquire about the ablity of the subiect valves to oparate in a_reyerse

AP condition, Specifically, my concerns were ({the AP characteristics of the vajve would ragemble the chargcternstics
 with tiow In the forwarg Qirgstion, as whether the valve would be able 1o control with reverse flowrates (n the

Gary Hillis called back later in the day and informed mse that the AP profile would be similiar (n both the fonward and

averse dicections (o this flow angs

— L — - —— -

U-‘W u ~ "(‘,| P" "1t .’q ¥3 5 :-:\ . Le C3,7 a L ‘-!— at nq- Q'J- a\& ; i Qs:‘v:h" of j:‘."l_.ﬁea "‘q 15\—(.‘:
cenditiens, Strongly recommanded was inspecting aihe vyaves following any such post aceident ope QQQ "” B A

(Yol nht e ) - ~ 3 ¢ 3 - . - -. tmir " -
potential oparational impact wouid be if the valve ware taking ~70% of the total system presgure drop I told Gary

that this was vary unlikey dus to the configuration ineup wat we would ba in while |n 2 reverse flay situation

- | - T

[,'i /J/i /
ReUB 7|
‘\ff‘ﬁ"'“"*.mq-"wﬁ v ch /*,!”’o? _ \

LTI IR .

et s S e - Z -

cC Participants & File

e e————

L




ATTACHMENT C
TO 3F0298-07

Ingersoll-Drcsser Pump Company letter to FPC dated November 12, 1997
"8SHN-194 Decay reat Pumps, Typic>! S/N - 1624920/21"




Services Botioess Unit
942 Memorial Parkway

Phullipsbwrg, NJ 08865
Bus 908-859-7000

Fax 908 859.7988

November 12, 1997

Kevin Campbell

Florida Power Corp

Crystal River Unit 3

15760 Power Line Street

Crystal River, Flonda 34428

Re 8HN-194 Decay Heat Pumps
T'ypical S/N - 162492021

Jear Kevin

»
:

We at Ingersoll-Dresser Pung Company (IDP) have reviewed the subiect pum

gard to ruaning in reverse rotation

L 3

" ' 1 T
Ne reverse rotation being caused Oy reverse tiow
passing from d;;:h:ugf to suction, with the motor not energized

This pump, as most all

- . sval - w2l hat " Wl " Py 2 t 111
centntugal pumps, will not have a pr JIE rurLal
= t ¢

em wug up to full
§peed 1 reverse. Therefore, you shouid not €Xpect 1o see any damage on loss of service

$
life when the pump is subjected to this mode of operation

Sincerely,

Paul J. Kaszteina
Supervising Design Engineer

Ingersoli-Rand Pacific Worthington Pleuger Scienco Jeaumont-Schneider Pumps




ATTACHMENT D
TO 3F0298-07

FPC CALCULATION M97-0098, Revision 6
Borot. Dilution by Hot Leg Injection
(FTT Report 51-5000519-06)




