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1. Radionuclide Data (Reforences - Mass and Ci Inventories DRF A41-00054; Decay Constants
and DCFs. Labrary Files from LOCADOSE as Documented in Controlled
Copy 0012611 of LOCADOSE NE319 Provided to Polestar by Bechte! at

Request of CEl)

1.1 Core Power - Radiological Calculations - 3758 Mw(1) (Reference CEl Calc 326 4, Rev 0,
Pg 3A of 33)

1.2 Core Inventory @ -0 (per seo) (102 Rem-m*/Ci-sec) (10* RemvCi)
Nuchde 10¢ Dhlambda  WB DCF Skin DCE Thyroid DCF
K--83m 1.214 1.05E04 0.00149 0.0136 0.0
Kr-85m 2.519 4.30L05 26 8.3 00
Kr-85 0.160 2.05L09 0.0355 5.01 0.0
Kr-87 4788 1.51E04 14.2 $2.3 0.0
hr-R8 6.509 6.73L05 358 549 0.0
ha-89 8.159 363E03 323 721 0.0
Xe-131m 0.115 6.82L07 0.136 1.78 0.0
Xe-133m 0.648 3.66E06 0472 3.84 0.0
Xe-133 19.84 1.53E-06 0.558 1.84 0.0
Xe-135m 4107 7.38L-04 682 113 0.0
Xe 135 7.170 2.11EQS 3.96 11.5 0.0
Xe-137 1801 3.02E03 3.03 $0.1 00
Xe-l38 1082 BISEQ4 199 =409 WL S
1-131 10.23 9.98L07 6.06 11.2 100.0
1-132 1474 B43L05 377 618 0.59
1-133 20 65 9.21E06 973 221 18.0
1-134 22.63 2.20E04 438 73.2 0.1
1-135 1935 291E05 2064 43 4 30
Cs-134 3.029 1.07E0O8 25.4 371 40
Cs-137 1.745 7.28E-10 0.0 2.8 29
Ba-137m Cs-137 daughter 4.53E03 9.70 146 00
Te-132 14 49 2. 46L06 346 5.04 21.0
1.3 Core Inventory by Mass ‘Bmdonllanllpmwer+105%umaclowpowaemm

(and low estimate of mass) is conservative for transport
Flaneri g/Mw(t) grml:‘

Cs 1. 3“' *02 4 74405
i 1L.OSE+01 3.76E+04
Te 2 13E401 7.62FE+04
Ra 6 5RF+01 2.35F+05
Sr 4 15FE+01 1.49F+05
Ce 1.22E+02 4.36F+05
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5.56E+0]
1 0D6E+02
393E+00
3.13E+00
B 87E-03
6 80E-06
9.79E-01
1.20E-06
4 90E +00
6.00E-02
231E03
7.92E+00
1.29E06
3.71E+00
2 96E-02
2 46E-03
6.17E03
8 03E-02
1.71E+01
9.30E-06
1 48E+02
1. 14E +0Q0
1.72E+02
5.63E+01
S 09E-+00
4 99E+0]
1.59E+01
1.71E+0]
1.31E+00
2. 58E+00
3.43F+01
1.10E-01
3 48FE+01
2.25E-06
2.31E+02
2 17E+01
4 70E-07
2 T0E-04
1.63E+02
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1.99E+05%
3.78E+05
141E404
1.12E404
3.18E+01
2.43E-02

3.50E+03
428803

1.75E+04
2. 15E+02
B.28FE+00
2.84E+04
461E-03

1.33E+04
1.06F 402
8.81E+00
2.21E+401
2.88E+02
6.11E+04
3.33E02

5.30F+08
4.09E+03
6.17E+05
2.01E+05
1.82E+04
1.79E+05
5.681+04
6.13E+04
4.68E+03
9.23E+03
1.23E+05
3.95E+02
1.25E+405
8.06E-03

B.26E+05
7.78E+04
1.68E-03

9.65F-01

5.82E+05

2. Source Terms (Reference Calc PSAT 04212H.01, Rev 0)

2.1 Fraction of core inventory, 0 - 30 scoonds no relcases
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2.2 Fraction of core inventory, 30 - 1830 seconds: Gascs - Xe, Rr - 2.8E-5 /sec (0.05 tonal)
Elemental | - 1 3E-6 /soc (2.4E-3 total)
Organic | - 4.2E-8 /sec (7.5E-5 total)

Acrosols - lodine - 2 6E-5 /sec (0.0475 total)
Cesium - 2.8E-5 /sec (0.05 total)

2.3 Fraotion of core triventory, 1830 - 7230 sevonds: Gases - Xe, Kr - 1.8E-4 /sec (0.95 total)
Elemental | - 2. 2E-6 /sec (1.2E-2 1otal)
Organic | - 6.9E-8 /sec (3.8E-4 total)

Aerosols - lodine - 4 4E -5 /sec (0.2375 total)
Cesium - 3.7E-5 /sec (0.2 total)
Tellurium - 9 3E-6 /sec (0.05 total)

3. Volumes and Volumetric Flowrates

3.1 Volume of Drywell - 276500 f* (Reference CEl Calc 3.2.6 4, Rev 0,
Pg 3A of 33)

3.2 Volume of Wetwell/Lower Containment (Unsprayed) - 684226 f* (Reference CEl Calc3.2.6.4,
Rev 0, Pg 3A of 33)

3.3 Volume of Upper Containmers (Spraved) - 481174 (Reference CE] Calc 3264 Rev0,
Pg3A of 33)

3.4 Volume of Suppression Pool - 114379 &' (Reference Sht 1, Design Change
Control for CL-ECA-036, Rev 0)

3.5 Volume of Upper Pool Dump - 32573 f° (Reference Table 4-1, NEDC-31940,
March 1991)

3.6 Volume of Annulus - 1.96ES f* (Reference CEI Cale 3.2.6 4, Rev 0,
Pg 3A of 33, including 50% decrease
1o accoun! for imcomplete mxing)

3.7 Volume of Control Room (CR)-3.4415 8 (Reference CEI Cale C1-M26-01 » Rev
1. Pg 3a)

3.8 Volume of One Main Steamline between MSTVs - 146 f (Reference Calo PSAT 04202H 08,
Rev 0)

3.9 Volumetnic Flowrate, Drywell 1o Wetwell/Lower Cont: (Reference Cale PSAT 04212H 02,
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Rev 0 with conversion from of's to ofm)
From t=0 to 1= 1830 seconds - 0
From t=1830 to t=7230 seconds - 6180 cfm
From t=7230 to t=7333 seconds - 0
From t=7333 10 17344 scconds - 5.4E4 ofm
From 17344 10 17356 scconds - 1 .3ES cfm
From 1=7356 o 1-7369 seconds - 1.8ES cfm
From 17369 to t=7383 seconds - 2.1ES ofm
From 1=7383 10 17397 seconds - 2.3E5 ofm
From t=7397 to t=7411 seconds - 2.5ES ofm
Fromt="411 to t=7425 seconds - 2.6ES ofm
From t=" 475 10 t=7439 seconds - 2.1ES ofm
From t=7439 to t=7451 seconds - 1.6ES ofm
From t=7451 to t=7463 seconds - 1. 0ES ofm
From 1=7463 10 1=7474 scoonds - 5.5E4 ofm
From 17474 10 1=7484 seconds - 1.2F4 ofm
From 17484 seconds to end of probiem - 500 ofm

3.10 Volumetric Flowrste, Wetwell/Lower Cont to Drywell  (Reference Cale PSAT 0421 21102,

Rev 0 with conversion from ofs to ofm)
From t=0 1o 1= 7484 seconds - 0

Froml'7484wouulstomdofproblan- 500 ofm
3.11 Volumetric Flowrate, Upper Cont to Environment - 0.67 cfm (Initral)
- 0.0675 cfm (Afler 40 seconds)

(Reference Perry Teohnical Specifications
Section 3.6.1.2, 0.2%vday x Item 3.3/24
hours/day for first 40 seconds, then from CEI
Calo 3.2.6.4, Rev 0, as modified by memo
Oralan to Bordley dated $/20/96, 10.08% of
initial value bypasses annulus after 40
seconds)

3.12 Volumetnic Flowrate, Lower Cont* 1o Environment - 1.34 ofin (Imitial)
(*mecludes Drywell volume)

= 0.135 cfm (Afler 40 seconds)

(Reference Perry Technical Specifications,
Section 3.6.1.2, 0.2%/day x liem 3.2/24
hours/day for first 40 seconds, then from CEl
Calc 3.2.6.4, Rev 0, as modified by memo
Oralan to Bordley dated 5/20/96, 10.08% of
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uiftial value bypasses annulus after 40
scconds)

3.13 Volumetric Flowrate, Upper Cont 1o Annulus - 0 (Initial)
0.603 cfm (Aficr 40 seconds)
(Same basis as Item 3.11)

3.14 Volumetric Flowrate, Lower Cont* to Annulus - 0 (Initial)
(*includes Drywell volume)
1.205 cfm (Afier 40 seconds)

(Same basis as ltom 3.12)

3.15 Volumetnic Muxing Flowrate betweer: Upper and L ower Cont - 71400 ofm
(Reference Cale PSAT 04212H.06, Rev 0)

3.16 Volumetnc Flowrate, Annulus to Environment (Filtered) - 2000 ofm
(Reference CEI Cale 3.2.6.4, Rev 0, Pg 10 of
33

3.17 Volumetnic Flowrate, ESF Leakage

From t=0 175 to t=720 hours - 15 gph (Reference 10 gph from CEl Cale 3.2 6 4. Rev
0.Pg9of33,cxoeptn&ting|ttimedmy
mitiation, scc ltem 9 1. Per Scope of Work
sttached to PSAT 042020 01, this value has
been moreased - see CEl memo Ortalan to
Bordiey dated 5/20/96 for 15 gph)

From t-24 10 t=24.5 hours - 3000 grh additional
(Reference SRP Section 1565, Rev 2. as 50
gpm)

3.18 Volumetric Flowrate, Environment to CR (Unfiltered) - 1375 ofm
(Referenoe CEI Cale 3.2.6.5. Rev 0, Pg 20 of
20, maximum flow of 1375 ofm for immediate
wolation case)

3.19 Volumetric Flowrate, CR Reowroulation (Fillered) - 2 7F4 ofm
(Reference Perry Technical Specifications
Section 3/4.7.2)
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3.20 Volumetnic Flowrate, Drywell to All Main Steamlines (7T otal Leakage)
- 298 ofh from 1=0 10 1=7484 scoonds
- 247 ofh from 1=7484 seoonds to end (Reference Cale PSAT 04202H 04, Rev 0)

3.2] Volumetnic Flowrate (Maximum), One Main Steamline to Environment - 191 ofh
(Refevence Cale PSAT 04202H .08, Rev 0)

3.22 Combined MSIV Tested Leakrutes - 250 scth (To be established by Perry Revised Aocident
Source Term Projeat - no referenoe required)

3.23 Per Lane MSIV Tested Leakrate - 100 scfh (Samc as 3.22)

3.24 Core Spray - One Pump Flowrate at Low RCS Pressurc - 7800 gpm (Reference Fex Spano
to Metcalf dated
1%96)

3.25 RHR Cont Spray Mode - One Pump - 5250 gpm (Reference Fax Spano to Metcalf dated 1/9/96) _

3.26 H, Mixing Fans, One Fan - 500 ofm or 3E4 ofh (Reference CEl Calc 3.2.6.4, Rev 0, Pg9of
33)

4. Filter Efficiencies, Removal Lambdas, end Decontamination Factors

4.1 Filter Efficiency - Amnulus Exhaust Gas Treatment System (AEGTS):
(Reference CEI Calc 3.2.6 4, Rev 0, Pg 10 of 33,
assumung other particulates behave like partioulate
1wiéhne)
®  For Partioulate lodine, Cesium (ncluding Ba-137m). and Tellurium - 99%
®  For Elemental end Organic lodine and Noble Gasses - 0%

4.2 Filter Efficiency - CR Recirculation: (Reference Gilbert & Associates, Inc. Bill of Material
for HVAC, Perry Nuclear Power Plant Units 1 and 2,
Sht 170, lssue 2, 4/6/77 and RG 1.52, Rev 2,
assuming other particulates behave like particulate
wodine. Per Soope of Work attached 1o PSAT
04202U.01, CR recirculation delayed - assumed 1o
start al start of fuel release )
From 10 1o 1- 1830 seconds.
®  For lodine, Cesium (including Ba-137m), and Tellurium - 0%
®  For Noble Gasses - 0%
From 11830 10 t-end of problem
® For lodine, Cesium (ncluding Ba-137m), and Tellurium - 95%
®  For Noble Gasses - 0%
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4.3 Removal (Sedimentation) Lambdas 1n Drywell:  (Reference Calc PSAT 04202H.04, Rev 0 -

valucs arc medians over cited imervals)

For Particulate and Elemental lodine, Cesium (including Ba-137m), and Tellurium

From =0 1o t=30 seconds - 0'hour

From 1=30 1o 1=66 scoonds - 0.084 hour

From 166 10 1= 1867 seconds - 0 1 84/hour
From 11867 to t~ 3203 seconds - 0. 25 hour
From 1=3203 to 1~4384 seconds - 035 hour
From 1-4384 10 1~ 5862 sevonds - 0 45 hour
From t~5862 to t=7333 seconds - 0. 54/ hour
From t=7333 to t=7484 seconds - 0. 58 hour
From t=7484 10 1=9254 seconds - 0. 54 hour
From 1=9254 10 1= 15881 seconds - 0.45/hour
From t=15881 10 1=30669 scornds - 0.3%/hour
From 1=30669 to 1=51639 scoonds - 0.25hour
From 151639 10 1= 100000 scconds - 0.16hour
From 1= 100000 seconds 10 end - 0/hour

For Organic lodine and Noble Gasses

From 1=0 10 end - O/hour

4.4 Removal (Spray) Lambdas in Upper Containment-

(Reference Calc PSAT 04202H.05, Rev 0 - values are end points for cited intervals -
oonservative sinoe values arc genorally decreasing - sec ltem 9 1 for explanation of
initial time shift, 630 10 690 seconds and Item 9.5 for spray duration)

For Particulate and Elemental lodine, Cesium (including Ba-137m). and Tellurium:

From 1=0 1o 1<690 scoonds - 0/hour

From 1=690 10 =728 scoonds - 8 13/hour
From 1=728 10 1924 seconds - 4 32/hour
From 1=924 10 t=1317 seconds - 3.02Mmour
From 1=1317 10 1= 1710 seconds - 2.52hour
From 1=1710 10 1= 1897 seconds - 14.3hour
From 1= 1897 10 1=2070 seconds - 8 76 hour
From 1=2070 10 12529 seconds - 5.07hour
From 1=2529 10 t- 3141 seconds - 3 84/ hour
From 1=3141 10 1=4030 seconds - 325hour
From 14030 o 1=5339 seconds - 3.22/hour
From 1=5339 10 1=6702 scconds - 3.30Mhour
From 1-6702 10 1= 7377 seconds - 6.55hour
From 1=7377 10 1= 7760 seconds - 3.30Mour
From t=7760 10 111724 seconds - 1.19/hour
Franl:ll724lo|=l7l69laoonds-0.50/hmn
From t= 17469 10 130823 seconds - 0.27hour
From 1=30823 10 1=40039 seconds - 0.23/hour
From 1=40039 10 1=69513 seconds - 0.20/hour
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® From t=69513 1o t=87090 seconds - 0. 19/hour
®  From t=87090 scoonds to end - Ohour

For Organuc lodne and Noble Gasses
®  Jrom t=0 to end - O’hour

4.5 Mimmum DF for Flemeatal lodine in Contamnment - 70000 (Reference Cale PSAT
0421211.03, Rev 0)

4.6 Filter Efficiency for Flowpath From Drvwell through Man Steamlines, One Inboard MSIV Failed

(Reference Calos PSAT 04202H.08, Rev | and .09, Rev 0)
®  For Particulate lodine, Cesium (including Ba-137m), and Tellurium
=76 7% from 1t = 0 10t = 1200 scoonds
-94 5% fromt = 1200 10 t = 1800 seconds
= 96.9% from t = 1800 10 t = 5400 seconds
=97 4% from t = 5400 10 t = 10800 seconds
- 97 8% from t = 10800 101 = 18000 seconds
- 98 0% from t = 18000 10 1 = 25200 seconds
~97.6% from 1 = 25220 10 t = 32400 seconds
=97 1% from t = 32400 10 t = 39600 seconds
- 94 4% from 1 = 39600 seconds 1o end
®  For Elemental lodine - 50%
®  For Organic lodine and Noble Gasses - 0%

4.7 Filter Efficiency for Flowpath From Drywell thr-ugh Main Stcamlines, All Third Isolation Valves
Failed
(Reference Calos PSAT 04202H.08, Rev | and 09, Rev 0)
®  For Partioulate lodine, Cesium (including Ba-137m), and Tellunum
-84.2% from1 = 0101 = 1800 seconds
=91.2% from t = 1800 10t = 5400 seconds
= 93.0% from t = 5400 101 = 10800 seconds
=93 T% from t = 10800 to t = 18000 seconds
= 92.5% from t = 18000 to t = 25200 seconds
-90.4% trom1 = 25200101 = 32400 seconds
- B8.0% from t = 32400 10 1 = 39600 seconds
- 68.0% from t = 39600 scoonds 1o end
®  For Elemental lodine - 50%
®  For Organic lodine and Noble Gasses - (%

4.8 Release Fraction of Radioiodine n ESF Leahage - 0 1 (Reference SRP 15.6.5, Rev 2)

5. X/Q Values, Breathing Rates, and Occupancy Factors
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5.1 X/Q (sec/m’): LAB e CR
From t=0 to 2 hours 43k-4 4 8E-5 7E-S
From t=2 to t=¥ hours 4 8L-5 7E-5
From t=8 to t=24 hours 3 3E-5 S 6E-5
From t=24 10 1=96 hours 1 4E-5 4 3E-5
From =96 10 1=720 hours 4 1E-6 1.5E-§

(Reference CEI Cale 3.2.6 4, Rev 0, Pg 10 of 33 for EAB and LPZ, and Perry Design Input
Reoord 3.2.6.5, Rev 1, Attachmeru 1 for CR)

5.2 Breathung ratcs. (Reference CEl Cale 3.2.6.4, Rev 0. Pg 10 of 33)
0 - & hours - 3 47E-4 m”/sec (used i CR for 0 - 720 hours)
8 - 24 hours - 1.75E 4 m”/sec
24 - 720 hours - 2.32E-4 m*/sec

5.3 CR Occupancy Factors: (Reference SRP Section 6 4, Rev 2)
Fromt=0 w1=1 day- 1.0
Fromt-1tot 4 davs - 0.6
From t-4 10 1-30 days - 0 4

6. Chemistry Data
0.1 Intial Pool pH - 6.0 (Average Based on Reference RPI-1103. Rev 1 Data)

6.2 Mass of Chloride-Bearing Cable Insulation in Containment

(Reference Memo "L* SO-16662, Maloney 1o Spano
dated 10/27/95)

® Hypalon - 2 9E4 lbm

®  PVC - neghgible

6.3 Thickness of Hypalon Jacket - 45 mils (Reference Memo L™ $O-16662, Maloney 10 Spano
dated 10/27/95 and Rockbestos Letter, Konnik to
Zarca dated 10/1095)

6.4 Mass of Sodium Pentsborate Available for Injection - 5236 tbm
(Reference Perry Tech Specs Section 4.1.9)

€.5 Tormula of Sodwum Pentaborate - Na,0-5B,0,-10H,0* *Natural boron

(Reference CE] telecon memo, J. Spano. J Ratchen. .
Leaver, dated 4/1996)

6.6 Water Volume in Contuinment (including RCS) - 1.715
*Note that this does not include all possible in-
contammment water which is conservative for iodine
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concentration cffect, pH not greatly sensitive
(Reference Fax Spano 1o Metcalf dated 3/22.2896)

©.7 Mass of ltem 6.2 Hypalon in Drywell - 3750 lbm  (Reference CE1 telecon memo. J. Spano. J.
Maloncy, dated 3/12/96)

6.8 Reference Cable OD (Approx Average for Chlonde-Bearing) - 2.26 om
(Referenoe J Wing, "Post-Accident Gas Generation from Radiolysis of
Organic Matenials”. NUREG-1081, Sep.ember 1984)

7. Fission Product Transport Data

7.1 Approximate Containment Dimensions:  (Reference Containment Definttion, 762E576, Rev §)
Radius of Drywell Cylinder - 36 5 feet

Height of Drywell Cylinder (Above Support Mat) - 76 5 fect

Heght of Drywell Head (Above Drywell Conerete) - 16.5 feet

Radius of Drywell Head - 16 feet

Height of Containment Above Suppression Pool Surface - 154 feet

Radius of Containment Cylinder - 60 feet

Thickness of Drywell Wall - § feet

Height of Containment Cylinder Above Suppression Pool Surface - 124 feet

Height of Containment Cylinder Above Operating Floor - 37.5 feet

7.2 Scdimentation Area in Drywell - 8712 ¥
(Reference Fax Spano to Leaver dated 11/1/95 giving date. that totals
o 4527 fi** msmbeuddodton’nplcm-waimof&ywellb
n(36.5 1Y = 4185 f to obtain the given value )
*Note that addition error in fax would give value 0 8% lugher, but
error is small and conservative

7.3 Sedimentation Area in Wetwell/Lower Contamnment - 5899
(Simple cross-section of containment outside drywell wall = n[(60 ftY
-(36.5 + S fiyY] = 5899 f*)

7.4 Vessel ID - 238" (Reference Fax Spano 1o Metcalf dated 1/29/96)
7.5 Steamline D - 23 36" (Reference Gilbert Calc IN 1G38A, Kev 6, Page
18.1)

7.6 Length of Sicamline, Inboard MSTV to Outhoard MSIV - 49 (Referenoe Calc 04202H.08,
Rev 0)

7.7 Length of Stcamline, Outboard MSIV 10 3rd Isolation Valve - 29' (Reference Cale 04202H.08.
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7.% Spray Svstem Paramcters (Reference Fax Ortalan to Leaver dated 6/21/95)

®  Mean Sprav Fall Height - 53 2
® 1, for drop size distribution - 0 025 am
® 0 for drop swze distribution - 2.9

8. Thermal -Hyd raulic Data

8.1 Containment Conditions after Blowdown. but Pnortob)dochbrisQumdx(Upto 7484
seconds (Reference Calc PSAT 04212H.02, Rev 0)

Maxi c Conditions:
Drywell Pressure Appotho&Ouwmuh(tpuysonnGBOwc)-npdn
630tolBJOwc(mdofgnp)-urdfmndeurene&omHtoZOpm
1830w7333m(lmafnumfranrcﬂood)-20p-u
7333 o 7484 sec (end of steam from reflood) - 32 psia

Drywell Temperature: 330 F

Containment Pressurc: Approx 0 to 630 scoonds (sprays on at 630 scc) - uniform inorcasc
from 20 to 24 psia

630 1o 1830 sec (end of gap) - uniform decrease from 24 10 20 psia
1830|o7333lec(¢mofﬂnmﬁomrcﬂood)-20ml
7333w7484m(mdoflamfmmrcﬂood)~24psia

Containment Temp Approx 0 to 630 seconds (sprays on) - uniform increase from 145 F 1o
160 F

630 10 1830 sec (end of gap) - uniform decrease from 160 F to 140
1830 1w 7333 sec (start of steam from reflood) - 140 F

7333wcw7484tec(mdofnumﬁ'mnreﬂood)- I1BS F

Mioi — ~onditions:
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Drywell and Containment Pressure. 1 psig (15.7 psia)

Drywell Temperature 215 F

Containment Temp 100 F

£.2 Contwinment Conditions after Debris Quench (Reference Calc PSAT 04212H.02, Rev 0)

Maxi . anduin,.

Drywell Pressure 7484 1o 86400 sec - 30 psia
ltolzdnys-mifamdooruuﬁ'olioZOpda
lleSOﬁys-quamdccrcmﬁwnZOpiawwpda

Drywell Temperature: 7484 1o 10800 sec - 330 F
10800 10 21600 sec - 320 F

21600 10 86400 sec - 250 F

110 12 days - uniform deorease from 250 1o 150 F
121030da)t-umfamdemuc&an150toll3017
Cmillnm:l‘rumrc:'IWlo6E5wc-24plh
SESIoclOJOdayn-unifamdemmcﬁunzuowpsia
Containmeni Temp: 7484 10 86400 sec - 185 F
110 30 days - uniform deorease 10 115 F
Migi Comai Conditions:
Drywell and Containment Pressure 1 psig (157 psia)
Drywell and Containment ‘T'emperature: 100 F

8.3 Core Power - Thermal-Hydraulic Caloulations - 3729 Mw(t) {Referenoe Table 4-1, NEDC-
31940, March 1991)

£.4 Reference Pressure for Determunation of Initial Steamline Temperature® - 1060 psia
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(*saturation temperature at the pressurc specified)
(Referenoe Tablc 4-1, NEDC-
31940, March 1991)

8.5 Maximum Suppression Pool Temperature - 212 F (Reference Cale PSAT 0421211.02, Rev 0)

K.6 Minimum ECCS Injection Tempersture Post-Blowdown - 100 F
(Reference Figure 5-6, NEDC-31940, March 1991 which shows
approx 10 F pool temperature increase during first 10 seconds of
blowdown and Figure 5-9, same reference, which shows pool
temperature i excess of 105 F at same 10 seconds after blowdown and
increasing thereafler. ECCS assumed 1o start at t=7230 scoonds.)

¥.7 Arca of Equipment Transfer Opemung in Refueling Floor - 340 ft?
(Reference 207" x 16'6" Opening on Dwg D511025, Rev D)

9. System-Reluted Data (Other than Volumetric Flows)

9.1 Spray Initiation Time - 10 minutes after low vessel level if 9 psig reached in containment®
(Reference Loop Diagram 808-309, Shi S. Rev D)
*Prelinunary data of 10 minutes/® psig used i thermal-hvdraulic and
mowlhmbdncalculmo::-mdnng:mqumdmmof
thermal-hydraulic caloulation (for dose caloulatons of record ) would
bclmdungedmdompmsd'removnllmbdaulculaimm
Wwfwdoxcdcuhmnmumhlnelu 30 seconds
formolorblowdowﬂouoﬂcvel)isnwdmhdououlwlniau-
sec ltem 4.4

9.2 Thurd Steamline Isolation Valve Closure Time -  Manual action at 1=20 min
(Referenoe s Aoceptable Asssumption - Fax

Spano to Metcalf dated 3/22,28/96)
9.3 RHR HX Kvalue - 440 BTU/sec-F (Reference Tabel 4-1, NEDC-31940, March 1991)
9.4 Service Water Temp - 85 F (Reference Tabel 4-1, NEDC-31940, Maroh 1991)

9.5 Spray Duration - 6 hours or 24 hours afler spray star( (Reference CEl Cale 3.2.6 4. Rev 0.
Pg 11 of 33 for 6 hour duration. 24
hour duration being treated
parametnically)
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Purpose
The purpose of this calculation is to relate the source terms of Reference 1 to their application to
the CEI Perry Nuclear Power Plant.
Methodology
The application of the revised

of the plant type (PWR or BWR) and a decision as to the time of th

Assumptions

Assumption | The 10CFR100 Design Basis Accident (DBA), for
the revised DBA source terms of Reference
loss-of-coolant-accident (MSL LOCA)

purposes of applying
1, 1s a large main steamline

Justification: This accident is the current limiti

ng DBA for the containment design, and will also
lead to a slower core damage

progression and a greater time-integrated airborne
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activity in the drywell (the source of the MSIV leakage and a region not benefitted

by the mitigating effects of containment spray) than would a recirculation line
LOCA

For application to Perry the PWR timing for the start of release is applied.
This timing is approximated by the use of a 30 second delay from the time
of reactor shutdown to that of the start of the gap activity release. Once
begun, the gap activity release is assumed 1o be at a uniform rate over the
30 minute duration of the gap release phase.

By the commentary of Reference 1, this is conservative for Perry. Reference 1
states that for accidents where long-term cooling of fuel is maintained (eg. fora
fuel handling accident), the release of the gap activity in failed pins (during the
transient overheating of the fuel or immediately after mechanical damage) must be
assumed to be instantaneous. This is a reasonable position. It also states that for
accidents where long-term cooling is not maintained (e. g., for the 10CFR100 DBA
which is the subject of this caiculation), the release of the gap activity in the failed
pins would be instantaneous, followed by an additional release (equal to 2/3 of the
instantaneous release) over the full duration of the "gap release" (that release
which occurs prior to the onset of fuel melting). This may be a reasonable position
for an individual pin that has been operating at a high power level, but the timing
of pin failures and the subsequent temperature rise in individual pins varies across
core. This variation needs to be considered, as well as the fact that the magnitude
of the gap inventory will not be uniform, i.e., higher burnup pins will, to a degree,
exhibit higher gap activity.

According to Reference 1, the failures of the first pin is predicted to occur for
PWRs at about 30 seconds after the loss of coolant; other pin failures will follow
A review of some of the analyses supporting Reference | (e.g., those listed on
Tables 3.1 and 3.2 of Reference 1) indicate that the average core temperature can
lag the peak core temperature by many minutes, and while this effect accounts for
both radial and axial temperature distributions (and only the radial distribution is
significant for the issue of relative timing of pin failures), it still suggests that the
assumption of all pins failing in unison at approximately 30 seconds after the loss
of coolant accident is excessively conservative.

A more reasonable assumption is one of 2 uniform reiease (over the duration of the
8ap release) totaling 1.67 times the assumed maximum gap inventory available for
release at the start of the accident. This takes into account both the progressive
nature of the pin failures and the additional release which will occur as pins
Increase in temperature after failure (but prior to fuel melting). In other words, if
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one assumes hat 3% o°the core inventory of a radionuclide of interest is in the
82p at the time of the coolant loss, then 5% would be assumed to be released
uniformly over the 30 minute duration of the gap release. This would correspond
to & rate of 0.17 % of the core inventory/minute for that radionuclide.

HI may be neglected in terms of containment behavior and all iodine other
than particulate Csl and organic iodine may be considered I,

Reference 2 states that I and HI will coexist and that | will be favored if hydrogen
pressur s are low and/or if temperatures are relatively high in the location where
equilibnum is attained. Specifically, is seven accident sequences studied in
Reference 2, the only sequence in which the overall I + HI release exceeded 0.1%
of the total iodine was a large break PWR LOCA. For this case, the relatively high
temperature gradients within the RCS and the relatively low production of
hydrogen (both due to the low steam generation rates characteristic of large break
LOCAs) contributed to a relatively high percentage of non-Csl iodine (about
3.2%)butalsoto a relatively low ratio of HI to | (only 0.4% out of the 32%). It
should be noted that a large break BWR LOCA was also studied (as one of the
other six sequences for which almost no HI or I was found). Given these findings,
it is evident that for relatively large release fractions of non-Csl iodine
(characteristic of a PWR large break LOCA), little HI will be found, and that for
BWRs, even for large break LOCALs, little HI will be found L,, on the other hand
has non-RCS sources as well as RCS sources and must be considered even for
BWRs. Reference 1 also requires its consideration.

Once in containment, both I, and HI are reactive. "he sclubility of HI, however, is
considerably greater than I, (nearly 3000 times greater on a molar basis); therefore,
one would expect the persistence of HI as an airborne component to be less than I,
in a steam and water environment For this reason, as well as for its small release
relative to I under the conditions where non-Csl iodine releases occur, it is
considered reasonable to treat all non-particulate, non-organic iodine in
containment as I,

References

Soffer, L, et al , "Accident Source Terms for Light-Water Nuclear Power Plants",
NUREG-1465, February 1995

Beahm E C, et al, "lodine Chemical Forms in LWR Severe Accidents”,
NUREG/CR-5732, April 1992
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Reference 3.  Taylor, J., "Propnsed Issuance of Final NUREG-1465, 'Accident Source Terms for
Light-Water Nuclear Power Plants™, SECY-94-300, December 15, 1994

Calculation
Specificati ‘Rel Pl

Reference 1 describes four release phases gap, early in-vesse!, ex
Reference 3 establishes & precedent for advanced reactors (judged to be applicable to operating
plants, as well) that only the first two phases need to be considered for DBA applications.
Therefore, two release phases will be referred to: the gap release phase and the fuel release phase,
with the fuel release phase making use of only the early in-vessel contribution from Reference 1.

Baioniog. Duruion, nd Relass Miagaiadesofthe G Bekemae

By Assumption 2 the gap release starts at 30 seconds and is uniform over time. By Reference 1
the duration of the gap release is 30 minutes Release magnitudes are as follows (from Reference
1) given as fractions of core inventory and fractions of core inventory per second:

-vessel, and late in-vessel

Noble Gas - 0.05 or 2 8E-5 /sec
lodine® - - - - particulate (Csl) - 0.0475 or 2.6E-5 /sec
==« elemental - 2 4E-3 or 1 3E-6 /sec

===~ organic - 7.5E-5 or 4.2E-8 /sec

Cesium - 0.05 or 2.8E-5 /sec *Based on 95% particulate, 4.85%

elemental (see Assumption 3), and
0.15% organic

et Bities a2 — :

This phase begins at 1830 seconds (i.e, at the end of the gap release phase). The duration (from
Reference 1) is 1.5 hours for BWRs;, therefore, this release phase ends 7230 seconds after the

beginning of the accident. Release magnitudes are as follows (from Reference 1) given as
fractions of core inventory and fractions of core inventory per second:

Noble Gas - 0.95 or 1. 8E-4 /sec

lodine® - - - - particulate (Csl) - 0.2375 or 4 4E-5 /sec
=~~~ elemental - 1.2E-2 or 2 2E-6 /sec
===~ organic - 3 8E-4 or 6 9E-8 /sec

Cesium - 0.2 or 3.7E-5 /sec

Tellurium - 0.05 or 9.3E-6 /sec *Based on 95% particulate, 4 85%
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Results
Fraction of core inventory, 0 - 30 seconds: no releases

Fraction of core inventory, 30 - 1830 seconds’ Gases -

Aerosols -

Fraction of core inventory, 1830 - 7230 seconds: Gases -

Aerosols -

Conclusions
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elemental (see Assumption 3), and
0.15% organic

Noble Gas - 2. 8E-5 /sec (0.05 total)
Elemental I - 1.3E-6 /sec (2.4E-3 tot)
Organic | - 4.2E-8 /sec (7.5E-$ total)

lodine - 2.6E-5 /sec (0.0475 total)
Cesium - 2 8E-5 /sec (0.05 total)

Noble Gas - 1.8E-4 /sec (0.95 total)
Elemental I - 2.2E-6 /sec (1.2E-2 tot)
Organic I - 6.9E-8 /ser, (3 8E-4 total)

lodine - 4 4E-5 /sec (0.2375 total)
Cesium - 3 7E-5 /sec 0.2 total)
Tellurium - 9.3E-6 'sec (0.05 total)

The source term specification based on Reference 1 has the fc liowing characteristics:

1. Two release phases: a Gap Release Phase beginning at t=30 secoi.. lasting 1800 seconds, and
a Fuel Release Phase beginning at t=1830 seconds, lasting 5400 sec onds.

2. lodine is in either particulate (dominant, as Csl aerosol) or in gaseous form (as I, or organic).
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Appendices A - "Use of a Uniform Sweep-Out Rate During the Release Phase” - 3 Pages

B - "Steam Generation During Reflood" - 1] pages

Purpose

The purpose of this calculation is to specify the volumetric exchange rates between the Perry
drywell and containment during two periods of the problem: during the fission product release
(gap release phase from 30 seconds to 1830 seconds and early in-vessel or "fuel" release phase
from 1830 seconds to 7230 seconds - see Table 3 .6 of Reference 1) and after the fission product
release phase (7230 seconds until 30 days which is the end of the dose calculation interval from
Reference 2) During (and immediately after) the fission product release phase the flow is only
from the drywell to the containment and may be referred to as the "sweep-out” rate

Methodology

In order to specify the volumetric sweep-out rate, it is necessary to know the quantity of water
remaining in the vessel after the DBA blowdown, the thermodynamic state in the drywell, and the
rate at which steam is produced from the core debris in-vessel up to and including the point in
time where the core debris quench is complete (assuming that 1o be shortly afier 7230 seconds,
the end of the in-vessel release phase) Beyond 7230 seconds + the reflood/quench time, the
drywell and wetwell/lower containment are assumed to be well-mixed, but a mixing rate must be
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specified to reflect that assumption (Note that the mixing rate between the upper containment
which is sprayed and the wetwell/lower containment which is not sprayed is the subject of a
separate calculation)

A manual calculation is shown below which

® Quantifies the minimum water mass remaining n the vessel after DBA blowdown,

® Determines & minimum steaming rate (as a function of time) for that remaining water, and

® Calculates the volumetric flowrate rate (drywell to wetwell/lower containment) that
corresponds to that steaming rate and to the final quench of the core debris.

Assumption |

Justification

Assumption 2.

Justification

Assumptions

Reactor vessel reflood occurs at 7230 seconds, terminating the release and
quenching the core debris.

This assumption reflects the position that Reference 3 takes with respect to the
release phases of Reference 1. Reference 3 refers to an NRC position taken on the
advanced light water reactors in Reference 4, which is.

“In a forthcoming paper, the NRC staff will indicate that for evaluation of
design basis accidents (DBA) for evolutiona,v and passive light-water
reactor designs, only the releases as: ociated 1 vith the gap and early in-
vessel release phases will te used. The inclusion of the ex-vessel and late
in-vessel releases are considered to be unduly conservative for DBA
purposes. Such releases would only result from core damage accidents
with vessel failure and core-concrete interactions."

This NRC position, as extended to operating reactors by Reference 3, means that
vessel failure is not to be included in the DBA. This position also implies, then,
that debris coolability must be re-established at about the time of the end of the in-
vessel release phase, otherwise, reactor vesse! failure would likely follow

Suppression pool scrubbing is neglected

It is conservative to neglect pool scrubbing  However, it is also technically true
that should design levels of pool bypass exist (AWK = 1.7 fi? from Section 4 of

Reference 5), then most of the flow from the drywell to the wetwell would bypass
the pool in any case.
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Assumption 3 Drywell and wetwell/lower containment are mixed by the H, mixing fans

Justification

Assumption 4

Justification:

following the core debris quench at t = 7230 seconds + time to reflood and
quench.

Once the core debris is quenched in-vessel, the production of hydrogen will cease.
However, the degree of core damage implied by Reference 1 is such that the
hydrogen concentration in the containment necessitating operation of the mixing
fans will certainly be exceeded during the core degradation prior to quench.
Therefore, it is reasonable to consider the drywell and wetwell/lower containment
(i.e., the entire unsprayed containment) to be mixed post-quench by at least one of
the mixing fans and to continue that mixing for the 30-day dose calculation period.

Containment spray mode of RHR is actuated 10 minutes after start of
fission product release (i.e., at 630 seconds)

Since ECCS is not being credited for reflood for the first 7230 seconds and since
reflood can be accomplished by core spray operation alone (high- or low-
pressure), one loop of RHR containment spray is assumed to be actuated as
designed after a delay of 10 minutes following low coolant level being reached in-
vessel. This actuation time would be no more than 10 minutes afier the start of the

assumed fission product release as long as the containment pressure permissive is
satisfied. i

Nine psig (23.7 psia) in the containment is needed to satisfy the pressure
permussive for spray actuation (Reference 6, Item 9.1). It is assumed that pool
scrubbing is neglected on the basis of design levels of suppression pool bypass
being present (as previously discussed) and since the containment will reach a
pressure of at least 19 psia and 1.04 times the initial temperature due solely to
airspace compression by air purged from the drywell (see Short-Term Containment
Response in the Calculation section, below), it is judged likely that steam bypassed
from the drywell will raise the containment pressure the additional 4.7 psi needed
for spray actuation. Referring to Exhibit 1 from Reference 7, a steam partial
pressure of 4 7 psi requires (1) a saturation temperature of about 160 F (66 F
higher than the 94 F given on Page 25 as the expected post-blowdown
containment temperature) and (2) an amount of water vapor equal 10
approximately 15000 Ibm (containment free volume of 1.17 x 10° ft* from
Reference 6, Items 3.2 and 3.3 divided by 79 ft*/Ibm for saturated steam at 160 F
and 4.7 psia - see Exhibit 1). If the energy to raise the containment atmosphere
temperature also comes from leaking steam, the amount of steam required would
be roughly the constant volume heat capacity of the containment atmosphere
(approximately 110000 Ibm of air x 0.17 BTU/Ibm-F) times the temperature
change (66 F) divided by 1000 BTU/Ibm for condensing steam or slightly more
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TABLE 2. SATURATION: PRESSURES
ks Pease. Specific Volume Enthalpy Entropy Internal Energy  Abs Preue.
b Temp Sol. Sat. Set. Sal, Sat. Sot. Seot, Sot. b
Sq ln, L4 liquid  Vepor lquid  Evep  Voper liquid Evap  Vepor liquid  Evep  Veper S8qin.
P U v v by ey b, " "~ ‘e vr Vie vy P

10 10174 001614 3338 69.70 10363 1106.0 0.1328 18456 19782 6970 9746 10443 1.0
20 120608 001623 17373 0399 10222 11162 01749 17451 19200 $398 9579 10519 20
30 14148 001630 11871 10937 10132 11226 02008 16855 18863 10036 9473 10567 3.0
40 15297 001636 9083 12088 10064 11273 02188 16427 1.8625 12085 9393 10802 4.0
60 16224 001840 7352 13013 :001.0 11311 02347 16084 18441 13012 9330 1083.) 6.0

60 17006 001645 €198 13796 9965 11342 02472 15820 18202 13794 9275 10854 6.0
70 17685 001640 5364 14476 992.1 11369 02581 15586 18167 144.74 9207 10674 7.0
8.0 182868 001653 4734 15079 9885 1139.3 02674 15383 18057 15077 184 10692 8.0
90 18828 00165 4240 15692 8852 11414 02750 15203 L7962 156.1¢ 9146 10708 8.0

10 18321 oo0185% 382 16117 982.1 11433 02835 15041 17876 161.14 9111 0722 10

21200 001872 2080 18007 9703 11504 03120 14446 17568 180.02 8975 10775 14696

213.03 001672 2620 18111 900.7 11508 03135 14415 L7540 18106 8967 10778 15
22796 001683 20089 196.16 960.1 1186.3 03356 13962 1.73190 19610 8858 10818 20
25033 001701 13746 21882 8453 11641 03680 13313 1.6993 21873 8601 10878 30
26725 001715 10498 23803 833.7 1160.7 039190 12844 16760 23500 8561 10920 40
28101 001727 8515 250.09 9240 11741 04110 12474 16585 24903 8454 10853 B0

20271 001738 7175 28209 9155 11776 0.4270 12168 26190 8360 10979 60
30282 001748 6208 327281 8078 11806 0.4409 1.1908 27238 8278 11002 70
31203 001757 s472 28202 9011 1183.1 04531 1.1676 £281.76 8203 11021 80
32027 001766 4896 £3056 8947 11853 04641 1.1471 20027 Bl34 11037 0 i
32781 00ITT¢ 4432 £96.40 B88E 11872 04740 1.1286 208.08 807.1 11052 100

1.6438

1.8315

1.6207

1.6112

1.8026
34125 001789 3728 31244 ETTIS 1180.4 04916 10062 15878 31205 7856 11078 120
35302 001802 3220 4B 888e 1183.0 05009 10882 15751 32435 78582 11008 140
36353 001815 2834 33593 8598 1185.1 05204 10436 15640 33539 7758 11112 160
37306 001827 2532 34600 8508 11969 05325 10217 LSS42 34542 767 11125 180
38179 001839 2988 35536 8430 11884 05435 10018 15453 35468 7590 11137
1.5283
15104
1.4066
14844
14734
1.4834
4542
4454
4296

g
-

% SS8EE BREEE UEEIN Sgeae mases

200

40095 001885 18438 376.00 8251 1201.1 05675 08588 37514 7407 11158 280
41733 001890 15433 39384 B809.0. 12008 05870 0©.9228 39270 7243 11170 300

431.72 001913 13260 40069 7TH42 12039 0.6056 08910 40845 7088 11180 350
44459 0.0103 L1613 4240 7805 19045 0.8214 0883 422.6 6859 11185 400

45628 0.0185 10320 4372 7674 120486 0.8356 08378 4355 6832 11187 «50

48701 o©.0197 09278 4494 7550 12044 0.6487 08147 476 6710 11186 800
47683 0.0199 08422 4608 7431 120389 0.6608 0.7934 1. 458.8 6584 11182 850

486.21 0.020] 07608 4716 7316 12032 0.6720 0.7734 1. 4094 6483 11177 600
503.10 0.0208 08554 4015 7087 12012 0.6925 0.7371 1. 4888 8275 11163 700
51823 0.0209 05687 5007 6889 11988 07108 07045 14153 5066 6078 11144 800
53198 o0.0212 05000 5266 0888 11054 07275 06744 1.4020 5231 5800 11121 800

1000 54461 0.0216 04456 5424 6404 11018 07430 06487 1.3897 5384 5710 11084 1000
1100 55631 0.0220 04001 5574 6304 11278 0.7575 0.6205 13780 852.9 5535 11064 1100
1200 56722 0.0223 03619 ST1.7 €117 11834 07711 03856 13687 5667 5363 1103.0 1200
1300 57746 0.0227 03293 5854 5832 11786 0.7840 05719 13550 $580.0 5104 10994 1300
1400  587.10 00231, 03012 S887 74T 11734 07963 05401 1.345¢ 5027 502.7 10054 1400
1600 59623 0.0235 02765 61186 5563 11678 0.8082 05289 13351 60S.1 486.1 10912 1500
2000 63582 0.0257 0.1878 €717 4834 11351 08619 04230 12840 6622 4034 10856 2000
2500 6688.13 0.0287 0.1307 7306 3605 1091.1 09126 03197 12322 7173 3133 10306 2500
3000 60538 0.0M0 00858 8025 2178 10203 08731 0.1885 1.1815 7834 1893 9727 3000
32082 70540 0.0503 0.0503 902.7 o 902.7 10580 ¢ 10580 8729 0 8729 3206
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than 1000 Ibm of additional steam Therefore, raising the containment atmosphere

temperature to 160 F and saturating that atmosphere with steam would require
about 16000 Ibm of steam

From the section below on Shorn-Term Containment Response, the design bypass
flowrate iy approximately 100-150 Ibm/sec duning blowdown and will be sustained
even after blowdown as the drywell and the containment equalize. Even if the
bypass were only one-half this value, sufficient steam would bypass the pool over
the approximately 360 seconds of blowdown to reach the necessary 4.7 psi steam
partial pressure in the containment for the spray permissive. It should also be
noted that in Reference S, Section 4 it is stated that the containment design
pressure of about 30 psia would be exceeded during blowdown for a large LOCA
if a bypass area three times design (i.e, AVK greater than § ft”) were present.
This 30 psia represents an increase over the "design" post-blowdown pressure (i.e.
without bypass) of about 10 psi. One would therefore expect that for the design
bypass case an increase in the containment pressure (over the design case without
bypass) of at least 3-4 psi would be expected during blowdown, bringing the
pressure to nearly that for the spray permissive. Given that some hydrogen
production, drywell heat-up, and drywell equalization will be occurring post-
blowdown for a large steamline LOCA without ECCS, it is certain that the spray

permissive pressure would be reached within 10 minutes of start of fission product
release for a DBA with design pool bypass

L4

Following the DBA (main steamline large LOCA inside containment) the
water mass remaining in the vessel is that corresponding 1o the initial

inventory from Reference $ (Section 3.2.1) less the integrated blowdown
from Reference 5 (Table 33 | 1)

The use of a main steamline large LOCA as the DBA is discussed in Reference 8.
Since the mass and energy releases from Reference § are maximized to maximize
the containment design conditions, this assumption yields a conservatively small
value for the water mass remaining in the bottom of the vessel after blowdown.

In order to calculate the steaming rate from the core debris, it is assumed
that the fraction of the core participating in the boil-off of the water mass
remaining in the bottom of the vessel post-blowdown increases uniformly
from zero at 1830 seconds (end of the gap release phase) to 50% at 7230
seconds ‘end of the in-vessel release phase).

This assumption is based in part on Assumption 1. At the end of the in-vessel
release all of the core debris will be quenched, both that which has relocated to the
lower part of the vessel and that remaining in the original core region. For
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conservatism, the debris remaining in the core region is negiected in the calculation
of the steaming rate during core degradation: only the assumed 50% of the core
debris which relocates to the lower part of the vessel and its interaction with the
residual water (Assumption 5) is included in the quantification of the steam
production during the in-vessel release phase

The exchange rate between the drywell and the wetwell/lower containment
is assumed to be constant during the release phase (up to 7230 seconds).

This assumption is slightly non-conservative because it overestimates the removal
rate from the drywell early in the release phase. However, it does simplify the
analysis, and for relatively low removal rates (of the order of one per hour) the
underestimate of the |ate removal compensates nearly completely for the
overestimate of the early removal A further demonstration of the adequacy of this
assumption is presented in Appendix A

The final core debris quench requires the time it takes munimum ECCS (one
core spray pump) to refill the core region, and it involves only the energy
stored in the one-half of the core debris assumed not to relocate to the
lower part of the vessel A bottom-up quench is assumed; i.e., the core
spray is assumed not to interact with fuel debris on.the way down, but
rather collects in the vessel head and refloods from below. This mirimizes
steam production which is conservative

Leaving one-half the core uncovered for a period of 7230 seconds (less the
blowdown/core uncovery time) results in core debris left in the core region with
significant stored energy. The restoration of minimum ECCS will remove this
stored energy at a rate determined by the coolant injection rate (drawn from the
suppression pool) and the rising water level (reflood rate). To determine the
reflood rate, the ECCS injection rate must be reduced by the rate of steam
production. The rate of steam production in this analysis corresponds to a low
estimate of stored energy in only one-half of the core debris.

If a top-down quench were modeled, steam production would begin immediately
as individual spray droplets (at an injection rate of more than 1000 Ibm/sec) come
in contact with the debris. These droplets have the potential to remove heat at the
rate of more than 1000 Mw (i.e, >10¢ BTU/sec), producing steam at a rate
approaching one-tenth that of the initial blowdown or about one drywell volume
per minute or 60 volumes per hour This steam would vent from the core debris
counter to the spray flow, and some of the steam would be condensed by the
counterflowing spray, but since the subcooling of the injection water would be less
than 200 BTU/Ibm even at an elevated vessel/drywell pressure, only a small
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fraction (e g., 20 percent or less) would condense. Therefore, & botgom-up
quench, with its delayed and reduced steam production, is conservative.

Reference 9 indicates that the sweep-out rate corresponding to the final core debris
quench would be expected to be of the order of 10 drywell volumes per hour.

Assumption 9. Core debris remaining in the core region duning reflood may be
characterized as naked fuel pellets and similar sized debris. It is further
assumed that the height of the debris bed is approximately one-half the
original core height or six feet.

Justification.  Much of the core debris observed at TMI-2 and in various core-damage
experiments using LWR or LWR-like fuel which has not melted or relocated has
exhibited these characteristics

Assumption 10 Sprays operate for six hours (minimum) after the initiation.
Justification: It is likely that the RHR system operating mode would be changed to pool or

shutdown cooling at some point, but six hours of spray operation after initiation
reflects a conservative minimum estimate of spray duration
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