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7. BODY OF CALCULATION 

"7.1. Main Steam Line Brei-k (MSLBh utside:Containment [FSAR Section 1.5.l.  

Description:. For dose calculations the Following three cases are analyzed: 

I ~ (An SRP 15'iS. ApendixA. parerp1 1,41a) EvenAreco t EsrC -e I i odin"te s m ry c ol n iodlin 

transient has cccurrcd prior to the- postulated NISLB and has raie th prmr oln cine 

s tho re hcortcetrtaoo to the Technical Specficaton limic of 60 P.Ci/gm 1-131 eq. limit identified in Ref 

I .. The secondary coolant activity is assumed to be at the Technical Specification 1im',t of 0. 1 

.CIlgn 1-131 eq. identified in Ref. 12. No fuel failure is assumed.  

2. •..ccident Generated io dine s pike case (An SR.P 15 .15- Apedix ýA. Prng ra h ( 11.4. b Event: 

The reactor trip and/or primary system depressurization associated with the MSLB creates an 

iodine spike in the primary system. The spiking model is b,sed on an increase in the iodine 

release rate from die fuel rods to the primary coolant to a value that is 500 times greater that the 

values that yields an equilibriumn reactor coolant iodine concentration of I uCi/gm. The resultLing 

releases to coolant used in this assessment are based on appearance rates provided in Ref. 7 

3.td Fuel FailAS 15.1. 5 A ndixEven A MSLB 

outside containment with a bounding fuel failure assumption of 1% fuel cladding failure, and 

0.7% centerline melt. This activity is released instantly to reactor coolant.  

Other parameters applicable to both cases include: 

"* Steam Releases and Feedwater Flows are from Ref. 14, used as shown in Attachment U.  

" A. primary to secondary leak rate of I gpm (Ref. 10), with 0.30 gprn to the affected steam 

generator, and 0.70 gpm to the unaffected steam generators. The definition of the affected steam 

generator for this purpose is that one that is nearest the break, and more importantly, that the event 

single failure is a failure to close the associated NISIV. This results in primary to secondary 

leakage in the affected steam generator to be through the break, rather than tlrougk the 

atmospheric dump valves. No partition factor credit is taken for the affected steam generator. A 

factor of 100 is taken for the unaffected steam generators. This is consistent wvith Ref.  

45.guidance. Note that HNP T.S. 3.4-2 limit leakage through any I steam generator to 150 gpd 

which is 0.104 gpm. Therefore, the above values are a significant conservatism.  

" Releases during the 8-hour cooldown penod are also modeled in the same manner as in Ref. 13.  

At 3 hours, the reactor cooling is assumed to be by the RI.R. system, and cooling using the steamn 

generators and the atmospheric dump valve is assumed to have ceased. Thus, releases from the
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not-affected steam generators have ceased. Some release from the affected steam generator could 

continue if the isolation valve is not closed However, given the above consCratsm in primaP' to 

secondary leakage rate treatment it is considered acceptable to cease the radiological evaluatiofl a, 

9 hours for this pathway as well. The assumed leakage is almost three times the expected value 

for the First 8 hours Improved XQs would also apply during the 8-24 hour period. Thcrefore, ,he 

existing 8 hour analysis is bounding.  

Radiologicai Criteria: EAB and LPZ doses less than 10% of IOCFRIO0 limits of 25 rem whole body 

(EDE) and 300 rem dwtroid, for cases I and 2, and 100% of die limits for case 3.  

Attachment A contains the spreadsheet which is used to determine EAB, LPZ, CR, TSC, and EOF 

doses.  

The resulting doscs are: 

CASE 1: Pre-Existing Iodine Spike, no Fuel Damage 

SRP 15. 1.5, Apendix A, Section III.4.(a) based Event EAB L z - IS O 
3,67E-+00 )2.17+00 '7.72-01 2 .92-E oL 1. 16E-0 :I oa1ThyroidDose (rem)

I .Oi-03•" [.14E-04 1.03E-03 4.3E0 To.W VWhole dD~e(rem) 

CASE 2: Accident Generated Iodine Spike, no Fuel Damage 

SRP l5.., A endix A, Section III.4.(b) based Event 
.3ABlD LPZ. ,,ot C66€+o TSC EOF' -

5,3F,+0 131E01 .66+001,7E+0 7.01E-Oi JTotal Thyroid Dose (rein) 

T.0[1F-03 9.1,E-04 1.03E-03 4.73F,-o.04 2.03E.05 Total Whole Body Dos (rem) 

T2i &F .0o3 1 . 'E-03• 3.40E-02 1. 5 1 -02• 9.16H-0. , ot,_T lp-Sk ia ose_(rein) 

CASE 3. Bounding Fuel Damage 
SRP 15.1.5, Apendix A, Section ITI.5.based Event ___ 

S EAB [LPZ C P,-- T$C EOF.  

L9. 4" -'+Ot 1[- 7.svE- -,70Et 1 1.0 +-"40F+ TtlTY~ oe rm 

7.-_F• ' I i.38E 3.0 02D o'i 1f..42E-02 TotalWhole Body Doses (rem)! 

-63E-01 .9 -01 2.02Et " 5 -00 5 44E-OI Total -Skn Doso (rem) 

These doses aru within the identified acceptance criteria,
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3 CASE 1: Pre-Event Iodine Spiking Case [ C 

4 ]SRP 15.1.5, Appendix A, Paragraph 111.4.(a) Event 
c! 

6 Dose from Initial Blowdown of Secondary Coolant __]__•_1____ 

7 
_ 

8 0.1 Seconda Coolant AoIvt (uCfgm)1-13, EqugvalentT_ S. Limt .  

9! 7 35E+07iSecondary Coo!ant Blowdown (gins) Based on 162,000 _bs from Ref. 14 4C____.. -__-• 

10 7.35E+0O1Reease (Ci~of 1-131 equivalent I . -_I 
11 1.O0E+068 = ha arian Dose Conver=on Factor (Rem/Ci) for 1-131 1_____.... ____

12_I __ ____-__ 
12 .. . o na l n I ,- 132 m cleanup and 1 0 uCUgm -r> 

13 EAB I LPZ CR TSC EOF (Ci/min) appearance rates at 500x normal, coarespondig t a nm1 gpo cl.nu aon 0 u•q . ~ ~ ~ ~ 1 ,,to,,___ ._ ] 

14 6.17E-04 I 1.40E-04 4.C8-:-03 1 81E-03 1.10E-04 XIQ 'secu.,) _-__ . . ---. . .. . ..  
15 3.47E-04 3 -7E-04I 3.47E-04 3.47E-04 3.47E-04 Breahing Rate (cu.m.lec_)-.  

16 1 • S I 81 I 96.0 * 14.7 I~odineProtectionrFacto _ ____ ___- -- --_- ---___---_.. .._• 

17 1.70E+00 3.86E-01 1.37E-01I 5,19E-021 2.07E-02 Thyroid Dose from Secondary Coolant Blowdown(rem) __ 

18 Noble Gas Release considered negligible and no Whole Body or Skin Dose Calculated 

20 Dose from Reactor Coolant Leakage and Secondary Releases During Cooldown Period I___...  
21, (pre-existing iodine spike case) I i i I-_•. - -- J -i....  

22 
__ T___ 

_ 

26 1 Primary to Secondary Leak Rate (gpm) I T1Z- - _ 

27 0.3 gpm through affected SG O.7gpm through intact SGs ____-__----_

28 0-2 hr ,1" 0-2 hr I2-8 hr 2-8 hr UPRATE STEAM AND FEEDWATE FLOW ADJUSTMENTS ____.  

29 Steaming Feedwater Steaming Feedovater _ __ _ _ ----- L_ .....___ __-- - - - - -- - .  

30 386,0000 482.000 892,000 967.000 From Ref 14 L---
3 1 ... .................... ......  

32 100. Iodine Partition Factor for Leakage through intact steam generators _--__ --- -- - - . .... . .  
33 Itllodine Partition Factor (or Leakage through affected steam generators _' 

"" " [ II __, 1341 +00E1-131 Eq. ReDease over 0-2 si5n Four pernod (C) f 1 I- ... . I I , - -- .  
42 254+E-0131 Eq. Release over 2-8 hour pe aod (Ci -MI " Sc o e _-

361 2.83EN+02Xe-1033 RBEq. Release over 0-2 hour per11d ACi)t--_-m.n- . ... 7 
37 8.49E+02 Xe-1 33 W8 Eq. Release over 2-8 hour period (CQ) [ / ---- -r- .. •---I .. .T....  

381 2.1E XeF_÷ 1X• 33 D-s:-jn Eq- Release over 0-2 hour period (Ci) i | .. -- }-- .. • . . .. J-• -. . ..  

3!41 6"44 ÷02Xe- 1331 P-Skini Eq. Release[ over 2-13 hour period, ( Ci). _ -...--- _ _..- -l_ - .. ... ,]--.. ... .... .  

41 1.08E40611nhalation Dose Conversion Factor (RemlCi) for 1-131 , = FL------

425.77E-031A~r S~uubmersionVWB Dose Conversion Factor (Ren-MW/ Ci-Secl for Xe-133 _ [ ;. ........  

43 97)-3Air Submnersi-on R•-S'kin Dose Conversion Factor( Rern-M / i-Sec)for Xe-133-,__ _ _ .  

Ca][c. HNP-FJNFSA-0072, Rev. 0 MSLB (FSAR 15.1.5) Attachment A. Pa,.ge 9 of 71
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gs CASE 2: Accident Generated Iodine Spiking Case , _-_ 

96 ISRP 15.1.5, Appendix A, Pararpt I..b Event ____ 

97 I*_____ 

98 Dose from Initial Blowdownl of Secondary Coolant T- __ 

0 0.1 S da ICooa-nt.Av;ty(uC.Vgm) t131 EquivalentT. S. _imit _______, -- --- ,T- - " 

101 7.35E107 Seconday Coolant BlooWl (9 S based an 162,000 lbs from Ret. 14, -_ . .

02 7.35E+00 Release (Ci) of 1-131 equivalent 

103 1.08E+06 Inhalat1on Dose Conversvon Factor (RernrCi) for I -131 .

104 
- - ------. - ,. .  

105 EAB LPZ 1 CR TSC EOF I L -
40ýý-.J 4,8E0 1.8 I ' . .. t sedtum t rI• •L 

1 • 

106 6.17E-04 43 4.I .OE-04 ! secmcu.,, I ----- _-

107 3,47E-04 3.47E-04 3 47E-0i 3.47-E-04 3.47E-04 
-Breath-ng .a.e -cuMsec)

108 1 1 18 96.0 14.7 jlodine Plotectiof Factor ____ 

109 O00ý 3.86E-01' 1.37E-01 I6.19E-02 z.7E-02 6Thyroid Dose from Secondary Coolant Blowdown (rem) 

110 Noble Gas Release considered negiiIe andno Whole Bodyor Skin Dose Calculaied 

112 Dose from Reactor Coolant Leakage and Secondary Releases During Cooldown Period 
13(Accident-genierated iodine spike case) --- ,----1... L jL------- ----

i 5 aameters u f %-r Rees Assessmnent 
,'. -- - - F 

116 143.4 Reactor Coolant tuCilgm) 1-131 Equivalent Dunng the 0-2 hour post-MSLB pe.-od 

117 540.3•eactor Coolant AcbvIty (uCgm) t-.3. Equia;a-- uflfn9 the 2-8 hour post-MSLB peno d 

1 1 Pi ma "o sec-iary-eak Rate (gpm) i[I---.. ---- •" • . ...  

120 0.3 m through atiected SG 0.7 gm trgh inta:1 SGs ...  
12 -2h0- 2 h'!m rug" 2-8 hr 2--8 n , UPRTE STE-'-AM AN--- FFEDWArE FLOW- -A -•JU.STMK-EEN-rTS{1...... 

.  

"1 2-st"a-M-,ng tFeedwaterJ Steaming W eedwaterl 
-- - -. -•-- 

-

12 3B .O 48 ,U --- --I .. . ..Fr m Re 1 -

125 10. Iodine partition Factor for Leakage through intact steam generators ..

126 1 Iodine Partition Factor for Leakage through aftected steam generators.. .  

127 1.59E+01 1-131 Eq. Release over 0-2 hour period (Ci) 

128 2.26E+02 1-131 Eq Release over 2-8 hour period (Ci) 

129 2.83E+02 Xe-1 33 WB Eq. Release over 0-2 hour perod (Ci 

130 49E+02 Xe-133WB E Reease over 2-8 hour period (Ci) 

12.15E+02Xe-1 33 -Skin Eq. Release over 0-2 hour peiod (Ci) 

132 6.44E+02;Xe-133 n-Skin Eq. Re~ease over 2-8 hour period (Ci) _____ 
.L--- -- -- 

13 108E-+06 Inhalation Dose Conver'sion F-actior (Rerr]Ci) for 1-131 • ____ '-" °i" 
135 5 77E-03 Air Submersion WB Dose Conversion Factor (Re n-ki Ci-Sec) for Xe-133 

13 9.70E-03 Air Submersion cl-Skin Dose Conversion Factor (Rem-Ml Ci-Sec) for Xe-133 

Calc. HNP-FINFSA-0072. Rev. 0 
MSLB (FSAR 15 1.5) 
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Thyroid Dose for Case 2; ___ 

I W13 Dose (rem) for Ca~se =2 -___ 

~InDose (rem) for Case2j 

se, (rem) IntiaI B~lowdOwn + Cooldow 
< 

II> 

MSLB(FSA 151.5)Attchmet 
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AB C D E •L N 

CASE 3: Bounding fuel damage case (highest worth rod stuck out of core) !_ _ _ _ _ 

19 ISRP 15.1.5, Appendix A, Paragraph 111.5 Event i ..... I F.  

191 9406 !Rea:tor coolant lI•uid volume (cu.,.i at 593F, 2250 psia) I _____ i 

192 0.0229 Specri Vo~umne 2' 5913F, 2250 tsia cJl/brT _____ ___ 1
193 4 1 1E÷05 lReactor Coolant. mass (Inm) 

,c• 

194 1.86Et08 Reactor Cootant mass (gins) 
0,i- 

.. - ) 

T95 1. 13E+08 1-131 equ? alent in Core (Ci) • .... : _ 'I . . ..
r-,JC 

196 1.29E t07 1-131 equ ý;vale nt in Gap (Ci) t. . .. t

T9 -7 1-. -CoE+08 1-131 Iequivalent in Fuel, and not Gap 'Ci)*. .. 
: 

195 1.141E+15 Xe-133 WB equvln nCr (Ci) 
]...."......  

T919 11+091Xe-1 33 WB equivalen~t in Gap (Ci)l 

2 00 19.98E,091 Xe-1 33 WB3 equivalent in Fuel, and not Gap (CP 

201 7.16E+091 Xe-1 33 p•-S-in equivalent in Core (C0) i._J 

-

202 7.17E 0BiXe-133 B-Skin equivalent in F ad not G (C.... - r . ...  

203 6.44E+O- Xe-133 ,-Skin equivalent in Fuel and not Gp-. 
.

204 0 01 Assumed Cladding Failure 
______ _.....__ • -. .  

205 0.007 Assumed Centerfine Melt (of which, 50% of Iodones and 100% of noble gasses are released to coolant) I ---

208 4.80E+05 1-131 equivalent activt release to coolant (Ci) 

207 2.58E+03 Inital 1-131 equivalent coolant concentraton (uCi/gm) - - ----

208 8.10E÷07Xe-133 WB equ'valent actvity release to coolant (Ci) 

209 4.35E÷05',lnitiPl WB equivalent Xe-133 coolant concentfabon (uC':gm) ___ 

210 5.23Ei07Xe-133_•-Skdn equivalent activity release to coolant (Ci) ! r 211 2.81E05 Initial [5-Skin equivalent Xe-133 coolant concentraion (uClgm) / .  
2 12 . . .__ _. 

/_ - -
_ __ 213 Dose from initial Blowdown of Secondary Coolant ___. 

.  

"2 1 4 EIi_ 
__ 

> 

216 7.35E+07 Se .dry Coolant Blowdown.(gin Based on 162,000 lbs from Rel 14 -- -.... 
.-_ 

217 7-.35E+0 Release (Ci) of 1-13 equivalentqL L . 1_l•.. ...- .... : . .  
218 1 .0 Ihalation Dose Conversion Factor (Re nr a tio 131 (_ l 

•-

2'9- 
-

35. 

_ 

220 EAB LPZ CR , TS EOF 

221 6.17E-04 1.40E-04 4.08E-03 I 1.81E-03 1.10E-04 [XJQ (seclcu.m.) 
__,____' 

222 3.47E-04 3.47E-04 3.47E-04 i3.47E-04 3.47E-04 :Brealhing Rate (cu.m.Isec) .I __.___....___ 

223 11 81.8 I 96.0 14.7 {Iodine Protection Factor Ii • 
224 1.70E300 3,86E-01 t,37E-01 5.19E-02 2.07E-02'lhyrold Dose from Secondary Coolant Blowdown (rem) _...  

225 Noble Gas Release considered negligible ad no Whole Body or Skin Dose Calculated ... _ ...  

227 i 
228 Parameters for Release Assessment_ 

-

229 2.58E÷*03 Reactor Coolant Activit (uCilgmn) 1-131 Equivalent, wi~th bounding luel fa_!Iur~e_

230' 0.1 Secondary Coolant Activity (UCifgn 1-3 ivalentlT. S. LiMrt

231- 1 iPrimary to Secondary Leak Rate (gpm) _ ja 1620 
-- . . .. , 

232. 0.3 gpm through affected SG " 0.7copra Through intac-t SGs .... _.__jI _ 

233 0-2 hr -0-2 hr 2-8 hr j 2-8 hr UPSRATE STEAM AND FEEDWATE FLOW ADJUSTMENTS I ___ -

2 3 4 1.08a i 6 FInha ater Stea nin I Feedwater 1-1311 -4 

Calc. HNP-FINFSA-0072, Rev. 0 MSLB (FSAR 15.1.5) Attachrnent A, Page 13 et 77
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235 386,000i 482,0001 892,0001 967,000j'From Ret. 14 V
236 I I 
237 100llod~ne Parttion Factor for Leakage through intact steam generators i 

238 1 Iodine Partition Factor for Leakage through affected steam generatcrs '_-_. ...  

239 3.59E+02 i-131 Eq. Release over 0-2 hour period (CI) I ____....__"_..........  

240 1.08E+03 11-131 Eq. Release over 2-8 hour period (Ci) I __-____ 

241 1.97E+05 Xe-133WBEq. Release over 0-2 hour periad (Ci) .__-.... _ 

242 5.92E+05 Xe-133 WB Eq. Release over 2-8 hour period (Ci) -- __......_____ 
243 1.27E+05iXe-133 3-Skin Eq Release over D-2 hour period (Ci) - - ........  

244 3.82E+05oXe-133 O-Skin Eq. Release over 2-8 hour perod (Ci) 
245I I.--- i - ....  
246 1.08E+06!lnhatabon Dose Conversion Factor (Rem/Ci) for 1-131 p -

247 5.77E-03.Ajr Submersion WB Dose Conversion Factor (Rem-?,4 I Ci-Sec) for Xe-1 33 "_"_ 

248 9.70E-03lAir Submers.-on fl-Skin Dose Conversion Factor (Rem-M-/ Ci-Sec) for Xe-1 33 i '_.__ 

249 - i.___. .........  250[ 
251 ...

252 CASE 3 DOSE ASSESSMENT RESULTS iI _ 

253 EAB LPZ =CR TSC T EOF -- 

254 6.17E-04 1.40E-04. 4.08E-03 1.81E-03 1.10E-04 XJQ (se_.cu.m.) I .
255 3.47E-04 3.47E-04 3.47E-04 3.47E-04 3.47E-04 Breathing Rate (cu.m./sec_._ I _ 

256 1 1 81.8 96.0 I 14.7 Iodine Protection Factor j _

257 8.28E+01 7.53E+01 2.68E÷01 1.01E401 4.04E+00 Cooldown Period Thyrold Dose forCase 3 
258 1 1 25.8 25.0 35.3 Geometry Factors _ _....  

259 7.03E-01 6.38E-41 7.20E-01 3.30E-01 1.42E-02 Cooldown Period WB Dose (rem) for Case 3 
260 7.63E-01 6,92E-01 2.02E+01 8.95E+00 S.44E-01 Coo-lown Period p-Skin Dose (rem)_for Case 3 
2601 Co l I o __ 1 ........  
262 9.45E+01 I 7.57E+01 2.70E÷01 1.02E'+01 4.06E+00 Total Thyroid Dose (rem) Initial Blowdown + Cooldown

I-I 

C) 

C-) 

FTI 

C) 

C-

:) 
0_)

C)>
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