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1.0  Purpose o A L
The purpose of this calculatlon is to demc‘anstrate that the pH of the suppression chamber (torus)
water remams continuously above 7.0 followmg a Loss of Coolant Accident (LOCA) for the 30-
day duration of the accident. Based on' Section 6.5.2 of the Standard Review Plan, NUREG-
0800 (Ref. 7.20), long- -term iodine retentlon may be assumed only when the equilibrium
suppression chamber water pH is above 7.0. The pH transient of the suppression chamber |
water is evaluated in this calculation to determme whether the uncontrolled suppression chamber
water pH remains above 7.0. If-not, the effect on final pH of adding sodium pentaborate to the
suppression chamber via the Liquid Pouson System (LPS) is subsequently determined to venfy
that the suppressnon chamber water pH can be maintained above 7 0. :
. . | .
|
|
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2.0 Methodology and Acceptance Crltena
21 Methodology
The suppression chamber water pH |s calculated usnng the methodology described in
NUREG/CR-5950 and in Grand Gulf Nuclear Station Engineering Report GGNS-98-0038. -Grand
Gulf was one of the NRC's Alternate Source Term pilot plants.

This methodology conS|ders the addmon of the following acids and bases to the post-LOCA
suppressnon chamber in the pH calculatlon _

'1.

and is bounded in the initial condmon selected for the suppression chamber water. pH..

3.

. -Nitric Acid — Nitric acid is produced by irradiation of water and air dunng the LOCA. Nitric

_insulation/jacketing during a LOCA. Only electrical cable exposed to free air or in cable trays'

" The acrds and bases are combined in, lthe suppression chamber water and the resulting pH
transient ‘response is calculated for a 30 day perlod This pH is the unbuffered suppression
chamber water pH.

|
i
)
|
I

!
1

Carbon Dioxide — Carbon dioxide is .absorbed from the air to form the weak acid carbonic |-
acid. ' This acid can reduce pH to a lrmmng value of approximately 5.65 (Ref. 7.13, §2.2.3)

Therefore, carbonic acid is not expllcrtly computed but.is accounted for in the pH calculation.

Hydrlodlc Acid - Hydriodic acid is produced by the release of iodine from the reactor core as |
fuel failure occurs. Hydriodic acid is added to the suppression chamber during the Gap
Release Phase and during the Early In Vessel Phase only. This occurs for. a two-hour period
at the begmnmg of the LOCA per Regulatory Guide 1. 183 (Ref. 7.10. 2).

Cesium Hydroxide — Cesium hydroxrde is produced by the reiease of cesium from the reactor
core as fuel failure occurs. Cesium hydroxrde is added to the suppression chamber during
the Gap Release Phase and during. the Early In-Vessel Phase only. This occurs for a two-
hour period at the beginning of the LOCA per Regulatory Guide 1.183 (Flef 7.10.2). '

acrd is added to the suppression chamber continuously during the LOCA.
Hydrochloric Acnd Hydrochloric amd is produced by radiolysis of chlonne~beanng electrical

is considered. Hydrogen chloride formed from cable enclosed in conduit or enclosures will
be: contained in the conduit or enclosure and will not be available to form acid in the
suppression chamber. Hydrochloric acrd_ is added to the suppression chamber continuously
during the LOCA. Hydrochloric acldI can also be. produced by pyrolysis of chiorine-bearing
electrical insulationfjacketing at temperatures near 572°F (Ref. 7.13, §2.2.5.3); however,
since post-LOCA containment- temperatures are much’ lower than this, pyrolysns is .not
consrdered herein.

Concrete Core Aerosols ~ Per NUREG/CR 5950 (Ref 713, §2 3. 2) ‘aerosols from llmestone
concrete- will contain the basic oxides CaO, Na,O, and K,O. However, the aerosols are
produced from the interaction of a molten core with concrete and, per SECY-94-302 (Ref.
7.21), core damage can be assumed to cease after the Early In-Vessel Phase Therefore,

concrete core aerosols are not consrdered in this calculation..
l
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A final pH after 30 days is then recalculated considering the addition of sodium pentaborate from
the LPS. This injection is manually initiated, so the pH transient is subject to the timing of the
injection. Since only acids are added to the suppression chamber water after the initial two-hour
releasé of cesium hydromde the flnal pH is the lowest pH that will be attained i in the suppressmn
chamber water. ; 4
22 Compdter Programs :
The analysns performed herem utlhzes Microsoft Excel® (Ref. 7. 1), which is commercnally
available. The validation of Excel is lmp|lCIt in the detailed review of all spreadsheets used in this
analysis. All computer runs were performed using PC.No. 9098 -under the Windows NT
operatmg system ‘

23 Acceptance Cntena : f

The acceptance crltenon is that the suppressnon chamber water pH is at or above 7.0 for the 30-
day period of the LOCA so that iodine re—evolutlon isnota source term.

i

|
i
;
|
i
|
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3.0 Assumptrons ‘ . SR

3.1 Hydrogen ion activity coefficients . are rgnored when calculating the pH of the suppression
- chamber.water. Because the suppression chamber is initially filled with demineralized water, the
ionic strength is low and any deviation fro'm ideality is negligible for purposes of this calculation.

3.2 The reductlon in reactor. coolant system (RCS)/suppressron chamber water mass due to steam
addition to the post-LOCA containment is neglected. This is acceptable since the mass of steam
in containment is a small fraction of the total mass of water in the suppressnon chamber

!

3.3 The initial pH in the suppression chamber water and in the RCS is assumed to be at the
: minimum suppression chamber water value, 5.5 (Design Input 4.1), expected during normal |
operation. Although the RCS generallyt operates at a minimum pH of 5.6, this assumption is
conservative because it leads to the lowest calculated pH. ,

3.4  The suppression chamber water is assumed to be sufficiently mixed so a single pH adequately
represents the pool contents.. Per Design Input 4.14, there are at least 0.3 complete exchanges |
of water in the suppression chamber per hour This is judged to provide adequate mixing.

3.5 The Cesium-133 reactor core mventory |s conservatrvely not included in this analysis. Cesium-
133 would form additional cesium hydroxrde in the suppression chamber water, increasing the
pH. . Exclusion of this stable isotope of cesium leads to a lower suppression chamber water pH.
Also note that the stable nuclide mventor'y is not provided in Reference 7.7. However, Reference
7.7 does include products from the activation of Cs-133 such as Cs-134 which is included in this
calculatron (see Attachment 1, Tables 1-2 and 1-4)

3.6 - Since Reference 7 7 does not provide the reactor core inventory of stable isotopes, it is assumed
. that the quantity of lodine- 127 is 30% of the quantity of lodine-129. Based on the cumulative
fission yields presented in Reference 7.26 for thermal neutron fission of U%®, U™, Pu®, and{ =

Pu®, this value is greater than will actually occur in the reactor core. The ratio of lodine-127 to
lodine-129 is computed in the table below based on Reference 7.26. Note that U?* does not
undergo thermal neutron fission. ;

i )

, , U™ Fission Pu™ Fission Pu” Fission
% Cumulative Yield 1-127'" 01137 0.46 ' ' 0.25
% Cumulative Yield 11297 1.0 ' 1.7 B L 1,02
n,.,27/n|.,'29 [= °/o;.127/0/0).129] ) . 137% 27.1% ' 24.5%

1) Recbmmended values from Reference 7.26 used herein.
Since rodme contributes to the post- LOCA suppression chamber water acrdrty this assumptron is
conservatrve as it bounds the actual amount of lodine-127 which may be in the reactor core.

'3.7 Itis conservatlvely assumed that 5% of ,the rodme released into containment produces hydriodic
acid. Per Regulatory Guide 1.183 (Refi 7.10.2), 95% of the iodine released from the RCS is in
the form of cesium iodide (Csl), 4. 85%l is in the form of elemental iodine, and 0.15% is in the

" form of organic iodide. NUREG-1465 (Ref. 7.14) indicates that at least 95% of the iodine
entering containment from the RCS is in the form of cesium iodide with no more than 5% as |
plus HI. Therefore, for this calculation, it is conservatively assumed that the combined | plus Hi

: !
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3.8

3.9

3.10

13.11

3.12

. as input are assumed to apply at electrical cable surfaces. If attenuation of air was not taken into

“»  Oit'in primary containment is confined and therefore any chlorine which could evolve from the

Ajudged to be acceptable for a minimum temperature

 The tractron of beta energy that is converted to bremsstrahlung (or gamma radratron) is

quantrty is the maximum 5% in order to maximize the acid contnbutlon from iodine to the
suppression chamber water, .

Radiation dose calcuiations for gamma and beta total integrated dose (TID) in the drywell used

account in the TID calculations (Ref. 7.6.2/7.6.3), this assumption is conservative in that it uses a

hrgher radiation flux and computes a hrgher hydrochloric acid production rate. If attenuation of |

alr was taken into-account in the TID calculatrons (Ref..7.6.2/7.6.3), this assumptnon |s moot.

Assumptrons made in the determination of the exposed cable rnventory are lrsted in Attachment 3|
. and repeated (with minor changes) below for convenience. i

o Al combustrble cable msulatron is actually cable jacketrng, therefore, the entire mass of cable
is exposed to both gamma and beta radiation smce no credit’is taken for shleldrng of the
insulation from beta radiation. {

o All cable is free-air routed and not in cable trays; thus, no credit can be taken for shielding of

. some of the cables from beta radratnon in cable trays (this assumption conflicts with the
combustible loading calculation, Reference 7.6.7, which assumes all cable is in trays;
however, since Reference 7.6.7 assumes the cable location, the assumptron of free-air
routlng is acceptable). '

o There is no.cable in the suppressron chamber (torus); this is acceptable since little, if any, )

~ cable is expected in the suppression chamber.

o Medium and high voltage cables are lnot considered.when determining the typical cable sizé;
this is acceptable since small cables maximize ‘HC| production and the medium to high
voltage power cables are larger than! the cables identified in Reference 7.23. In addition, the

. quantity of medium and high voltage power cables inside primary containment is small as the |

only 5 kV (medlum/large) cables in contamment feed the reactor recirculation pumps (Ref.
7.29). i

« The chiorine content of the rubber| hose and plastic covers is unknown; therefore, it is
assumed that these materials are PVC

» Filler material in the cables is mcluded in the combustible load provided in Reference 7.6.7.
Therefore, the filler material is accounted for as chlorine bearing material in this calculation.

oil to form HCI need not be accounted forin thls calculatron

The amount of sodium pentaborate 'added to the suppressron chamber as a buﬁer is
conservatrvely assumed to be the mlmmum mass contained by the LPS mjectron tank

The m,mrmum suppression chamber water temperature is modeled as 60°F. Thls temperature is
used to determine the maximum suppression chamber water mass, given the volume. Given
that containment is located within the envrronmentally controlled reactor burtdmg, this value is

The gamma radiation dose used herein ]rs increased by 5% to account for bremsstrahlung Thrs
conservative increase is justmed as follorvs ~

estlmated usmg the equation (Ref. 7.24 lp 110):
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Fracton=k*Z*E

}
where:

Fractron = the fraction of beta energy con‘vertéd to bremsstrahlung
k= 07x10 per MeV b I

Z = atomic number of the absorber ‘-

E= energy of the beta particle MeV] :

For this calculation, absorptron in air; water, .or PVC is.considered, so a conservative value for Z
would be 20. Similar to gamma énergy, the beta energy is different for each radionuclide.
Assuming the average beta energy per decay is the same as the average gamma energy per
decay, .and using a typical gamma energy of 1 MeV, the fraction converted to bremsstrahlung :
would be ' . : '

_ . ‘

Fraction = 07x1o°*2o 1=1.4% ‘;
Inspectron of the beta energles for noble gases, |odrnes and -cesiums in Reference 7.25( .
indicates- that, for most -radionuclides, the- gamma energy per decay is higher than the beta
energy per decay. Using a fraction of 5% is large enough to account for the. cases where the
beta energy per decay is larger than! the gamma energy per decay, and to account for
bremsstrahlung from pure beta emrttrng radionuclides.- Therefore, the assumption that the
bremsstrahlung contribution to the dose is equal to 5% of the gamma dose is consrdered
conservatrve : .

| : : : .- NEP-DES-08
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4.0 Deslgn Input ;.
41 The mrtral suppression chamber water pH is maintained between 5.5 and 8.0 (Ref 7.3.1). The

4.2

4.3

4.4

45

4.6.

“The maximum and ‘minimum suppressron chamber water level (referenced to mean sea Ievel)
. and volume for normal operatlon are grven below.

suppressron chamber water pH is no Ionger monitored at NMP1 per Reference 7.3.3; therefore,
this value is taken from'a prior (c. 2001) revrsron of the NMP1 Chemustry Manual

For Reactor Conditions 3 (reactor thermal power > 25%) and 2 (reactor water bulk temperature >
212°F), the Action Level 1 acceptable RCS pH range is 5.6 < pH < 8.6. The Action Level 2 pH
range is 4.9 < pH < 9.3 and the Action Level 3 pH range is 4 6< pH < 9 6 (Ref 7.3.2, P- 9).

The mass of water (Irqurd and steam) in the RCS during normal operatlon is 501,500 lbm (Ref
7 2.1). : .

Lrnear absorptron coefficients and densrty for PVC jacketed/insulated cable are determined in
Attachment 3 and are repeated below. The o/p values are taken from NUREG 1081 (Ref. 7.15).

Lrnear absorptron coefficient for gamma radlatron oy

o, /p=0.0637 cm?/g : : r

ppvc =1 16 g/crﬂ3

'oypvc'= 0.0637 x1.16=0.0739 ¢m™’

Linear absorptron coefficient for beta radratlon op:
l
cp /p=33.6cm 2/q :
Ppvc =1.16 g/cm’ |
S , ]
Oppve. = 33.6 x 1‘.16 =38.976 cm™’
* |

The 1 00% rated thermal reactor core power level is 1,850 MWt (Ref. 7.5, p. 3).

Downcomer

Suppressuon Suppressron Suppression Volume
Chamber Water | Submergence Chamber Water Chamber Water
Level | Level Level — Elevation
(Ref. 7.2.2) | (Ref. 7.6.1, p. 20-22) | (Ref. 7.6.1,p. 20-22) | [ft}
Maximum 4.25 ft ] 11.251  211.75f1 86,000'"
Minimum 351t .- 10.5ft 211t 79,800

)
2)

rounded up.
7.6.1.

Interpolated using “Vsp()* column in Table 1 of Reference 7.6.1.

Interpolated value (85,599 ft°) conservatively

Value obtamed from UFSAR Table XV-32a (Ref 7.11.1); note that thrs is not consistent with Table 1 of Reference
] " However, this is acceptable based on the following observation in Reference 7.6.1 (p. 19):
‘ caleulations are not the design basis 'calctjlations and therefore the values for Vsp {suppression pool water

*The EOP
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T volume] may be slightly different than those used in the Design Basis Containment Suppression Chamber Heatup
Analy5|s (Reference UFSAR Table XV- 32a & Calculation SOTORUS009, Rev. 1).*
4.7  The suppression chamber water temperature range is 60°F = T s 85°F for continuous plant

operation (Assumption 3.11 and Ref. 72 2). However, the maximum temperature can rise to
110°F before reactor shutdown is requnred (Ref. 7.2.2).

The inl'tial suppression chamber / drywell' pressure is 14 7 psia,. consistent with the original DBR
-containment suppression chamber heatup analysis as documented in UFSAR Table XV-32a
(Ref. 7:11.1). . .

48

.The reactor core cesium and lodme rnventones are determined in Attachment 1, and are|
repeated below for convenience since they are input to the pH analysis. These quantmes are
conservatlvely based on the activities at tlme t=0 followmg a LOCA. .
lodines: 43.2 gram-moles i
Cesrums 268.6 gram- moles :

a9

The above core mventones are based. on a core thermal power of 1,887 MWt (102% of licensed
core thermal power, 1,850 Mwt), conS|stent with Regulatory Guide 1.49 (Ref. 7.10.1).

It should be noted that the quantity of cesrum given above excludes Cesium-133, which is stable,
since it is not provided in Reference 7. 7./ The exclusion of the stable isotope is conservative as it
would form cesium hydroxide (CsOH). WhICh would raise the pH of the post-LOCA suppression
chamber water. The stable cesium would form cesium hydroxide since the number of moles of
non-stable cesium is greater than 95%1 of the number of moles of |od|ne (95% ol cesium is
released as cesium iodide, Csl see Assumption 3.7).

The gamma (y) dose in the drywell, wetlwell and suppressron chamber water is determined in
+ Attachment 2 and is repeated below for convenience since it is input to the pH analysis. The
- submersion dose is calculated for both the minimum and maximum suppression chamber water
volume since it-is dependent on the dllutlon volume. The dose provided below is based on the
core thermal power of 1,850 MWt and rlncludes a 5% increase to account for bremsstrahlung
{see Assumptlon 3.12).

4.10

Tlme E Drywell & Wetwell, Supp;ression Chamber Suppression Chamber
| Airborne yDose - Submersron YTID ~Min Vol : | Submersion y TID — Max Vol
Thr] [rad] . [rad) [rad]
1 - 1.035E+06 | 4.454E+05 3.779E+05
6 3.150E+06 - 1.641E+06 1.392E+06
24 | . 4.950E+06 . | 3.282E+06 2.785E+06
720. 1.350E+07 ! 1.875E+07 1.591E+07
2400 . 2.115E+07 ! 4.219E+07 3.580E+07
4320 2.835E+07 ! 6.446E+07 5.470E+07
8760 |  4.275E+07 1.102E+08 - 9.349E+07
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-4.11  The beta (B) dose in the drywell is determined in Attachment 2 and is repeated below for

412

4.13

4.14

* B-10 eniichment (see Ref. 7.9 for isotopic masses of B-10 and B-11). In this calculation,

plant documentatron . ,

" 85°F, respectrvely (Ref. 7.4, §2.7). Note that the minimum temperatures bound the Techmcal

of 0.030 inches in Attachment 3. This mass also includes the mass of any cable insulation and

convenience since it is input to the pH anaIysrs The dose provrded below |s based on the core
thermat power of 1 ,850 MWt.

2
|
Time ; Drywell Airborne [5 Dose

[hr] [rad]

1 ’ ' i - 3.011E+07
28 ' I 2.121E+08
2400 » - i 6.134E+08

l
Liquid Porson System (LPS) Parameters I

l
The IIQUId porson tank contains a mlnlmum of 1,325 gallons of boron bearing solution per
Technical Specification 3.1.2 (Ref. 7.2.1). © Sodium pentaborate solution with a minimum
concerntration of 9.423 weight % is used for the liquid poison (Ref. 7.6.4.a, p. 6). The specific
gravity (SG) of this solution is 1.048 per ITigure 1 of Reference 7.22. However, Reference 7.22 is
for Unit 2 which uses boron with less B*10 enrichment than Unit-1 (225 atom % for Unit 2 vs.
262.5 atom % for Unit 1). Therefore, lUnrt 1 will actually have a lower specific gravity. To
account for this, a specmc gravuty of 1. 0 IS conservatlvely used for the LPS solution.

The above welght percentage (9 423 wt %) is only valid for sodium pentaborate ennchments
greater than or equal to 62.5 atom percent B-10 (Ref. 7.6.4.a, p 6).

Sodlum pentaborate decahydrate has the chemical formula NazB,oOw-tOHzO (Ref. 7.22, §3.3. 1) .
and a molecular weight of 585.984. !This molecular weight is détermined using a boron|
molecular weight of 10.387 [(0.625%10.013)+(0.375*11.009)] to account for the- 62.5 atom percent

“sodium ,pentaborate” actually refers to sodrum pentaborate decahydrate for consrstency with

The sodium pentaborate solution shall be maintained betweéen 70°F and 105°F per the operating
procedure (Ref. 7.3.4, p. 3). The low and high temperature annunciators are set at 65°F and

Specmcatlon minimum allowable solutron temperature ot 40°F (Ref. 7.2.1, Figure 3.1.2b).

Each sodium pentaborate pump (NP02A and NP02B) has a 33 gpm rated capacity at 1,300 to
1,670 psig (Ref. 7.4, §2.1). However the nominal capacity is 30 gpm per the Technical
Specmcatron (Ref. 7. 2 1) and operating procedure (Ref. 7.3.4, p. 3)

| .
The chloride bearing cable inventory inl primary containment is determlned to be 1,400 lbm of
free-air routed PVC jacketed cable with an outer diameter of 0.22 inches and a jacket thickness

filler material. _ ;
The hmutmg Design Basis Accident (DBA) LOCA is identified in UFSAR Section VI-B.1.2 (Ref.
7.11.2) as an instantaneous double ended rupture (DER) of the RCS recirculation line (largest
line in containment). For this case, a diesel generator failure is the limiting single failure as it
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results.in only one core spray pump and one core spray topping pump being available per |
UFSAR Table XV-11 (Ref. 7.11.4). Grven that the reactor vessel depressurizes reasonably
quickly’ for a large break LOCA, the mrmmum flow rate from one core spray pump and one
topprng pump is expected to be between 2,000 to 3,000 gpm per UFSAR Table XV-9a (Ref.
7.11.3). In addition, at least one contamment spray pump will be operable with a minimum flow
rate of 3,600 gpm per UFSAR Table XV-32a (Ref. 7.11.1; also see p. Vil-14a of UFSAR). Thus,
~ a minimum flow.rate of 5,600 gpm is-expected when core.spray is actuated This flow rate
equates to approximately 0.5 complete egtchanges of the water in the torus per hour (1 complete
exchange in approxrmately 2 hours). If core spray is not actuated, the minimum expected flow‘
rate is 3,600 gpm which equates to approxrmately 0.3 complete exchanges of water in the torus
per hour (1 complete exchange in approxrmately 3 hours). These mixing times are based on the
rnaximum suppression chamber water volume

415 The post -LOCA suppressron chamber water temperature response for an- RCS recirculation line
break for the DBA LOCA is provided below The short-term temperature response (t=0 to 4.2 .
hours) is taken from the Calculation SO- TORUS MOO9 (Ref. 7.6.5), which is the torus pool heat- | -
up analysis. Case 4 of the heat-up. anatysrs is selected since it is consistent with the original
design basis (Ref 7.6.5,§2.4). The suppressnon chamber water temperature profile for Case 4
is presented in Figure 6-13 of Reference 7.6.5 (p. 42), but the values are taken from the
computer output in Attachment 2 of Reference 7.6.5 (p. 47-53). Cases 1-3 are sensitivity
analyses (Ref. 7.6.5, §2.0) and Case 5; is run to determine NPSH margins (Ref. 7.6.5, §2.5);

| ' therefore, these cases are not used. It should be noted that the suppression chamber water

iemperature response for Cases 1-5 is similar and therefore the case selection has neglrgrble
impact on the results of this calculation. :

:Tlme S Tpool ) L Tlme R . .Tpool Time . Tpool )
[sec (hn)} __I°’F] [sec (hn)] °F] [sec (hr)] °F]
0.0 (0.0) _ 85 15.2 (4.2x10°%) | 114.7 | 262258 (0.73) | 154.3.
2.81 (7.8x10™) 89.1 | 30.83(8.6x10%) 122.1 8349.58 (2.3) 160.3
5.83 (1.6x10°%) 95.77 - 99.58 (0.028) 126.5 9574.08 (2.7) ~ | 160.3
8.95 (2.5x10%) | 102.7 296.2 (0.082) ' 133.7 14925.33 (4.1) |- 158.7
_12.08 (3.4x10°) 109.4 | 91058 (0.25) | 143.5 ‘ ' '

| :
The iong -term suppression chamber water temperature response (t > 4.2 hours) is not provrded
in Reference 7.6.5 or the UFSAR. Srnce water temperature has negligible impact -on the.pH
calculation, the temperature at4.2 hours (158 7°F) is marntamed from that pornt until the end of |
the transrent at 30 days. A :
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5.0 Calculatlons

5.1 Suppressmn Chamber Water lnltlal Condmons

5.1.1

5.1.2

5.2  Hydriodic Acid (Hi)

Hydrlodlc acid is formed by the post-LOCA release of elemental iodine (l) and hydrogen iodide
(HI) trom the reactor core and its absorptlon in the suppressron chamber water.

Per Regulatory Guide 1.183, Table 1 (Ref 7.10.2), 5% of the iodine core inventory is released
into containment during the Gap Release Phase and an additional 25% of the iodine core
inventory is released into containment dunng the Early In-Vessel (EIV) Phase. The Gap Release
Phase has an onset of 2 minutes and a duratlon of 30 minutes and is followed by the EIV Phase
with a duration of 90 minutes per Table 4 of Regulatory Guide 1.183 (Ref. 7.10.2).

-calculation. The total suppresswn chamber water volume for this calculation is the sum
‘of the initial suppression chamber water volume plus the added RCS volume. The
- .complete RCS mass is added to the suppression chamber-at the start of the LOCA for the

“minimum volume case. - l‘ .

. . . i .
‘The suppression chamber water volume at the maximum water level is 86,000 ft>. The
:Reactor Coolant System (RCS) has a total mass of 501,500 Ibm. Once the RCS mass'is |
‘added to the suppression chamber the total suppression chamber water volume is |
. .approximately 94,000 ft® (Attachment 4, Table 4-9). The mixed water volume is based on|. .
" the initial density of the suppression chamber water. . The suppression chamber water | -

Initial pH

.The suppressuon chamber water lls maintained at a pH between 5.5 and 8. 0 Lower pH
levels are conservative for this analysns so an initial pH of 5.5 is used. This pH also
;accounts for dnssolved carbon dioxide. :

. |

-The RCS pH is maintained at a pH between 5.6 and 8.6 for Reactor Condmons 2 and 3,
.and between 5.3 and 8.6 for Fleactor Condition 1 (reactor water bulk temperature <
“212°F). Since the large break LOCA in which the entire RCS inventory is spiiled to the
_suppression chamber is postulated to occur at-full power, the pH at Reactor Condition 1 is
- not used. A conservative initial RCS pH of 5.5 (bounds 5.6) is used for this analysis. The
- choice of this conservative input does not impact the final result of this caiculation due to
“the small (<10%) RCS water masis relative to the suppression chamber water mass.

- The pH of the suppression chamti)er contents after addition of the RCS is 5.5.

Suppressuon Chamber Water Volume

The maximum and. minimum suppressmn chamber water volume. are used in this

maximum volume case. The FlCS mass is not added to the suppress1on chamber for the

volume at the minimum water Ievel is 79,800 3.
: |

i

]
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r - The reactor core inventory of iodine, the Gap Release Phase iodine release, and the EIV Phase

iodine release are determmed in Attachment 1 and listed in Attachment 1, Table 1-1.
l

Per Sectlon 3.5 of Regulatory Guide 1. 183 (Ref. 7.10. 2) 95% of the rodme released from the

RCS is in the form of cesium iodide, 4. 85|% is in the form of elemental iodine, and 0.15% is in the
form of organic iodide. Section 3.5 of NUREG-1465 (Ref. 7.14) and Section 4.2 of NUREG/CR- |

5732 (Ref. 7.16) indicate that at least 95% of the iodine entering containment from the RCS is in
“the form of cesium iodide with no more than 5% as | plus HI. For this calculation, it will be
‘conservatively assumed-that the combmed I plus Ht is the maximum 5% in order to maxrmrze the

acrd contnbutlon from iodine to the suppressron chamber water. -

The formatlon of hydriodic acid in the suppressron chamber water is equal to the molar addition | .
of iodine. Computations are shown in Attachments 4 and 6, Tables 4-2 and 6-2. During the Gap
Release Phase, 5% of the Gap Release Phase iodine release produces hydriodic acid in the
suppression chamber water. During the EIV Phase, 5% of the EIV Phase iodine release
produces additional hydriodic acid in th‘e suppression chamber water. The concentrations are
determined at the end of the Gap Release Phase, at one hour, and at the end of the EIV Phase.|. -
The rates of addition during the Gap Release Phase and during the EIV Phase are linear per
Section 3.3 of Regulatory Guide 1.183 (Flef 7.10. 2) No additional hydriodic.acid is formed after
the EIV Phase. l

5.3 besrum Hydroxnde'(CsOH) o l

Cesium hydroxnde is formed by the release of cesium from the reactor core and its absorptron in
the suppressron chamber water. ;
Per Regulatory Gurde 1.183, Table 1 (Ref 7.10.2), 5% of the cesium core inventory is released
_into containment during the Gap Release Phase and an additional 20% of the ‘cesium core
inventory is released into containment dunng the Early In-Vessel (EIV) Phase. The Gap Release
Phase has an onset of 2 minutes and a duratlon of 30 minutes and is followed by the EIV phase
- with aduration of 90 minutes per Table 4 of Regulatory Guide 1.183 (Ref. 7.10.2).

The reactor core lnventory of cesium, the Gap Phase cesium release, and the EIV 'Phase ceSiurn
release are determined in Attachment 1 and listed in Attachment 1, Table 1-2. ~

Cesium released in the form of cesrum rodlde does not contribute to” formatron of cesium
hydroxide. The quantity of cesium iodide is 95% of the molar quantity -of iodine released,
consistent with the determination of hydriodic acid production (see Section 5.2). The amount of
cesium as cesium iodide is subtracted from the Gap Phase cesium release and the EIV Phase | -
cesiurn_ release to obtain the quantlty of cesium hydroxide in the post-LOCA ‘suppression

chamber water ;

: | . . :
The formatlon of cesium hydroxrde in ‘Ithe suppression chamber water is equal to the molar
. addition of cesium not'in the form of cesium iodide. Computations are. shown in Attachments 4
and 6, Tables 4-5 and 6-5. The concentratlons are determined at the end of the Gap Release
- Phase, at one hour, and at the end of the EIV Phase. The rates of addition during the Gap
Release Phase and during the EIV Phase are linear per Section 3.3 of Regulatory Guide 1.183
(Ref 7 10.2). No addmonal cesium hydroxrde is formed after the E!V Phase.
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5.4 Nitric Acid (HNO) |

5.5

“The methodology for computrng hydrochlorrc acrd production in GGNS 98 0039 Revrsron 1 (Ref.

~surface area ‘and on.the energy release per unit volume of containment, diminished by

Nitric acid is formed by irradiation of arr and water in the suppression chamber by gamma
radiation. Per Section 2.2.4 of NUREG/CH 5950 (Ref. 7.13), the generation rate of HNO;, G, is
0.007 molecules HNO; per 100 eV. Thl generation rate converts to 7. 3x}10*3 g-mole/liter per |
MegaRad as follows: ' , :
. | o ' i
_ 0.007 molecule x' " mole | N 241><1o11 eV 100><1o6 erg 10009
. ~100eV 6022x1023 molechle erg MegaRadg , lrter

, .
Total mtegrated suppression chamber gamma radiation doses were multrphed by this value to
compute the nitric acid concentration at varyrng times. Computatrons are shown in Attachments
4 and 6, Tables'4-3 and 6-3. i A .

Hydrochlonc Acrd (HCI)

Hydrochlorrc acrd is formed by radrolysrs of chloride- beanng electrical cable in the. drywell. .

|
The chlorine bearing cable inventory |s determined in Attachment 3. The cable inventory is
based on the NMP Unit 1 combustible |oadrng calculation, SO 0- FPE—002 (Ref. 7.6. 7)

7.12.1) differs from that used in GGNS- 98-0039 Revision 3 (Ref. 7.12.2). The hydrochloric acid | .
production rate in GGNS-98-0039, Revrsron 1, is based on the mass of cable jacket and on the.
radiation dose rate at the cable jacket surface multiplied by a flux averaging factor. However, the| . .-
hydrochloric acid production rate in GGNS 98-0039, Revision 3, is based on the cable jacket |

attenuation in air between the center of containment and the cable surface. Both methodologies
use the same G value (with units converted to rads in GGNS-98-0039, Revision 1) and the same
expression for energy absorption fractron in the cable jacket. Consistent with Assumption 3.8,
which . is conservative, the GGNS- 98-0039 Revision 1, methodology for hydrochloric acid
production is used herein.. The benchmark (§5.8) demonstrates that both methodologies yield
very similar results, and therefore the chorce of the GGNS-98-0039, Revision 1, methodology
used in this calculatron is considered acceptab!e

Hydrochloric acid generatron in chlonne -bearing material in the cable is détermined using the
following equation from Appendix B of NUREG/CR 5950 (Ref. 7.13) and further developments
from Grand Gulf Engrneerrng Report GGNS 98- 0039 Revision 1, Appendrx A (Ref 7 12 1)

f.R GXSxPxA |
. where:

: - R = HCI production rate I
- G =radiolysis yield , |
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- fluxin the cable jacket

The HCI-generation equatlon then becomes

. S = cable jacket surface area
: ¢ = average radiation energy flux in the cable jacket
: A = absorption fraction of energy flux in the cable jacket

A laclor for computing the average radlatlon energy flux ¢, in the jacket is developed based on
attenuation of radiation flux at radius rin tihe cable Jacket (Reference 7. 12 1 Appendlx A, Section
A2): ;
‘ ' 4 !

Y o(r) = 0(Ry) x e;“(,F_‘°_')_ '

~ where: ;
r = cable radius . .
R, = outside cable radius - |
p = linear absorption coefficient

Integration of this equation over the cal)le jacket thickness leads to an ekpressmn for a flux
averaging factor that can be multiplied by the flux at the cable jacket surface to give the average

1 [ef"y(uy+1 1]- o ° (g 1)

yl
21

¢ ¢(R )x &
Roy -

~ where: - l
6 = average radiation energy flux in the cable jacket
(R,) = radiation energy flux at the cable jacket surface
= linear absorption coefﬁcnent.
y = thickness of cable Jacket ;

The absorptuon fraction of energy flux |s calculated as follows per Sectlon 4 2 of NUREG 1081
(Ref. 7. 15) ! ‘
: ' j
A =1-gxy j
‘where" :

A= fractlon of radlallon energy flux absorbed by cable Jackel
p = linear absorption coeffncnent|
y = thickness of cable jacket q

|

' — .
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ey +0-1-Befew )
R= GxSx¢(no)x“ N * xfi-ev) .
. v | y
t .- . Boy__z-

_ MegaRad per hour (or MegaRad when mtegrated over time) as is typlcally available:
I

|
The last two terms are the previously developed flux averagmg factor and the absorpllon fraction, |
respectlvely ,

i

. . i . B
Grand Gulf Engmeenng Report GGNS- ,98 -0039, Revision 1, Appendix ‘A (Ref. 7.12.1), then
derives from this the following equation in order to use radiation dose reported in units of

1 oy P

;4;R=Gx'meX(R°)x"l : (T-e"”‘y)

2
g

‘where: .
R =HCI production rate !
G = radiolysis yield ;
my = mass of cable jacket :

X (R,) = radiation dose rate at the surface of the cable jacket
Ro = outside cable radius ; :
¢y = linear absorption coefficient!
' y = thickness of cable jacket !

The follownng linear absorptlon coeﬂlments are determined for PVC (see DeS|gn Input 4.4);

- u=0. 0739 cm™ for gamma radlatlon
u= 38 976 cm™ for beta radlatlon

Per NUREG/CR- 5950 (Ref. 7.13) the G value for PVC is 7.7 molecules HC) per 100 eV (ln a
vacuum). This corresponds to7. 98x1 0%! g -mole HCl/g PVC per MegaRad:

_7 7molecule « mole , 6.241x1o“ ev. 100x10% erg
100eV 6. 022 x1023 molecule erg MegaRadg

The basis for the selection of this G value is provnded in Attachment 3.

Hydrochlonc acid formed by gamma radlatlon is computed at varying times usmg the TID for
gamma radiation in the drywell multlplled by the generation rate. The total mass of cable
;acketmg lS determined and then used i ln the computation. '

l

i .
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Hydrochlonc acid formed by beta radlatlon is computed at varymg times usmg the TID for beta
radiation in the drywell multiplied by the |generatron rate. Since all cable is modeled as free -air
routed no localized shielding from beta radlatton for cables in cable tray is included.

The mass of hydrochlonc acid. generated by gamma and beta radiation is divided by the post-
LLOCA suppression chamber water volume to determine the total concentratlon of HCI formed by
irradiation of electncal cable as a functron of time. ' :

The computatlons determining the hydrochlonc acrd generatron are presented in Attachments 4
and 5, Tables 4-4 and 6-4. ;
o

56 Transrent pH Calculation

The transnent pH was" computed by combrmng the contnbutlons of acids and bases. The
concentrations of [H*] and [OH] were summed and the net resultant concentratlons from
self-neutralization determrned by the relatlonshrp

(z[w] x)x (" [0H"1- x) K~

|
where: ' :
i

Kw = dissociation constant for water

= [H*'] and [OH] self- neutrahzed
):[H*] sum of acids added [g~mo|e/||ter]
I[OH] = sum of bases added [g mole/liter}

| ' Solvmg for x:

C[OH1+ M) - fOH 1 # H')f - 4 x (OH IH"1-K,)

= T2 -
The dISSOCIatIOFI constant is temperature dependent, and the temperature functlon is per the
CRC Handbook (Ret. 7.17, consistent wrth correlation used in Ref. 7. 12)

- log(K,) = 15.5129 — 2.24 'x 10T + 3.352 x 1072

where: | '

T= temperature, °F‘ !
Finally, the suppression chamber water pH is determined:
] = Ml - X |

1
|
!

pH = — log(H*])
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57 - Sodium Pentaborate Addition _ t
: Sodrum pentaborate can be added via the Liquid Poison System (LPS) to buffer the suppression
chamber water, resultrng in hrgher pH values
|
The LPS contains an aqueous solution of sodium pentaborate (NazB10046010H:0). The solution
is prepared by mixing borax (NazB4O7o1OH20) and boric acid (H3BOs) in a 1:6 stoichiometric |
molar ratio in distilled water (Ref. 722 1§4 4) This yields sodrum pentaborate (NazBmOm or

Nazo.58203) and water. '

Sodrum pentaborate drssocrates in waterlrn accordance with the followrng equrlrbrrum
Na2810016 *10H,0 +6H,0 <—>|2Na + 2B(OH)4 + BB(OH)3

This buﬁers the pH in accordance with:

_ _ . [anion]
3 pH = pK, + log acid]
f [B(OH) ]
H = pK, + log e
PH = PK. + 10 5 o]

!
i
where:. -

K, = equilibrium constant for theI sodium pentaborate dissociation

The sodrum pentaborate dissociation constant is temperature dependent in accordance wrth the
followmg correlation (Ref. 7.12.2, §6.1): | .

i 4
© Ko = (0.0585 T.+ 1.309) *10™° |~ temperature in °F

" This correlatron is based on temperature data from 5-10°C (41- 122°F) However, Reference

7.12.2 states the following regarding the correlation: "...linear extrapolation of this data to

temperatures above 50°C is expected to result in conservatrvely high dissociation constants and

correspondingly. lower pool pH valuesr Therefore, use of this correlation with suppressron

chamber water temperatures greater than 122°F is conservative.

Due to the nature of the correlation for the pentaborate dissociation constant, a bounding 30-day
suppression chamber water temperature of 200°F is used.. Use of a hrgher temperature results
ina lower frnal pH. : 1
‘ ! : .
The minimum volume of the LPS injection. tank is 1,325 gallons and the concentration of the
sodium pentaborate solution is 9.423% at that volume based on the decahydrate (includes water
of hydration) as defined in Technical Specmcatron 3.1.2 (Ref. 7.2.1) and Reference 7.6.4.a. The
specific gravity of this solution is 1. 048 (Ret 7.22, Frgure 1). The minimum mass of sodium
pentaborate can be calculated:

I
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Mass = volume * density * cbncentration
I
where the densrty is taken at the maxrmum LPS injection tank- temperature 105°F (Ref 7.3.4, p
3). :

The number of moles of sodium pentabOrate added to the suppression chamber is determined
using a molecular weight of 590.224 srnce the concentration is based on the decahydrate. The
amounts of anion and acrd are 2 and 8 tlmes this amount, respectively, by stoichiometry.

The equnvalents of acid in the unbuﬁered suppression chamber water neutralize the equrvalents
of conjugate base and shift the equrlrbrrum S0, by mass balance :

2 x mole SPl mole H*
8 x mole SP '+ mole H*

PH = pK, + log

where: l
| .
mole SP = moles of sodium pentaborate added to the suppressron chamber water
- mole H* = moles of acid in unbuffered suppressron chamber water
58  Benchmark l
5.8.1 : Input for pH Calculation Benchmérk
. The pH transient developed in this calculation is determined using a Microsoft Excel (Ref.
~7.1) spreadsheet. In order to benchmark the spreadsheets, the design input from Grand
“Gulf Nuclear Station (GGNS) Calculation No. XC-Q1111-98013, Revision 2,
_"Suppression Pool pH Analysis," (Ref 7.12.3) is input into the spreadsheets developed.
-herein.  Since Grand Gulf was an NRC pilot plant for Alternate Source Term
; rmplementatron the calculation has been accepted by the NRC and is part of the publrc
. record. ! :

. ! : ' _ .
Case 1 of this GGNS calculation is used to benchmark the model herein. This case

- assumes that all source terms (except noble gases) are deposited upon release into the |-

* suppression pool water. This. maxrmrzes the suppressron pool dose and the generation of
nitric acid.

‘ The design input taken from the rGrand Gult post-LOCA suppressron pool pH calculatron
' (Ref. 7.12.3) is provided in the foliowing table. Input which is unchanged.in the
benchmark (e.g. core inventory fractions released into.containment, etc.) is not re-stated.
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. Table 5.8.1-1: Desi sign Input from GGNS Post-LOCA Suppression Pool _pH Analysis
Parameter- ; Value Source

Suppression Pool (SP): - i » E .
SP volume . . 4.841x10° liters Ref. 7.12.3, p. 2
SP initial pH ' i 5.3 ' Ref. 7.12.3,p. 2
RCS initial pH - - _ | 5.3 Ref. 7.12.3,p. 2

| SP temperature profile "1 ] seeAt.5 Table5-8 Ref. 7.12.3, Att. 3, p. 1

| Reactor Core Inventory: - | ) N »

| lodine inventory = 1‘ 325 g-atoms? | Ref.7.12.3,p. 4

| Cesium inventory - | 2,400 g-atoms® " |'Ref.7.12.3,p. 4
Radiation Dose: i S : :

| _Suppression pool gamma dose Correlations provided Ref. 7.12.3, Att. 2, Case 1

Ref.

7.12.3, Att. 2, Case 1

Containment gamma dose’ | ] SPydose correlation | Ref. 7.12.3, Att. 2, Case 1
| Drywell beta dose’ ! is in Mrad; other Y& B [ Ref.7.12.3, Att. 2, Case 1

-1 Ref.

7.12.3, Att. 2, Case 1

| Cables: 3

'| Cable material o Hy@long ~ -

‘[ Hypalon® density i 1.55 glem® Ref. 7.15, p. 13

'I'G value for Hypalon® : 2.115 molecules HCI Ref. 7.13, App. B, p. B.3
] - ~ ? per 100 eV .

‘[ TypicalVmodeled cable outer radius | - 0.35 inches Ref. 7.12.3,p. 8

‘| Typical/modeled cable jacket thnckness 0.28 inches Ref. 7.12.3,p. 8

Drywell cable masses: : ' '

: mass of jacket and insulation .' 873.65 lbm Ref.7.12.3,p.3 . . .
{combined) in exposed cable trays . , .
mass of jacket and insufation 1 - 873.65 Ibm Ref. 7.12.3,p. 3
(combined) in free air drops. . i : ‘ :

Containment cable masses: i . .'

" mass of jacket and insulation i 14,049.27 Ibm . Ref. 7.12.3,p. 3
(combined) in exposed cable trays . L
mass of jacket and.insulation | - 1,561.03 Ibm Ref. 7.12.3,p.3

___{combined) in free air droL -

SLCS:

Neutron absorber ! anhydrous sodium

. . f pentaborate 1.
Molecular weight (Na;B1;01s) ' 410 Ref. 7.12.3, p. 15
.| Final suppression pool temperature 120°F Ref. 7.12.3, p. 16
| Mass of sodium pentaborate injected 5,800 Ibm Ref. 7.12.3, p. 15

: 1) Dose in MeV/cc converted to rad using 1 rad = 8.071x10" MeVi/cc for air at S.T.P. (Ref. 7.8, p. 23).

2) Per the CRC handbook (Ref. 7.17), a gram-atom is defined as “the mass in grams numerically equal to
t . the atomic weight,” which is essentlally the same as the definition for a gram-mole. The CRC handbook
. defines a gram-mole as the "mass in grams numerically equal to the molecular weight.”* The inventories
: presemed above are given in gram- atoms tobe cons;siem with Reference 7.12.3.

The benchmark is performed mlAttachment 5 by unhzmg the above design mput in the
spreadsheets developed for the [current calculation in Attachment 4. Wherever an input
“has been changed or added, the cell is italicized. Similarly, additional
- mformatlon/equatnons which are added are italicized. The addition of new equatnons/cells

l
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: ©is necessary since, in some mstances the input provided in Reference 7.12.3 is in a
different form than used herein. j

582 Benchmark Results R
. The results of the benchmark p?ovxded in Attachment 5 are. compared to the results

reported in Reference 7.12.3. Thns comparison is .llustrated m Figure 5-1, repeated
jbelow for convenience. |

Figure 5-1: GGNS Benchmark

Post-LOCA Suppression Pool pH Analysis
pH Response without SLCS'

10.000

+ 9.000

8.000

7.000

! .
1 N N - T
. <) .
| ) . : '
5.000 : ! _ v .
4.000 N L ! _
i
|

. 0.01 0.1 bl 10 100 " 1000
' Time After LOCA (hours) ' '

—#-GGNS

1 E=T

Suppression Pool pH

' |

, Figure 5-1 demonstrates the successful benchmarkmg of the model deve|oped herein.

. The results are identical to 2 hours post-LOCA, thus indicating that the gap release phase
and early in-vessel release phases are modeled in the same manner for both GGNS and

‘the benchmark. Beyond 2 hours nitric acid and hydrochloric acid are produced as a
' result of radiolysis. The nitric acncij contnbutlon is the same for GGNS and the benchmark.

. Slight dlfferences between the'benchmark and GGNS curves beyond 2 hours are
, attributed to differences in methodologles between GGNS-98-0039, Revision 1 (Ref.
7.12.1), adopted in this calculatlon and GGNS-98-0039, Revision 3 (Ref. 7.12.2), which
“is the. basis for Reference 7. 123 {the benchmark), for computing hydrochloric ac»d

- production.” The hydrochloric acnd production rate in GGNS-98-0039, ‘Revision 1,
' based on the mass of cable jaqket and on the radiation dose rate at the cable ;acket
. surface multiplied by a flux: averaging factor. However, the hydrochloric acid production
. rate in GGNS-98-0039, Revnsuoms is based- on the cable Jacket surface area and on the

l
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energy release per unit volume ot containment, diminished by attenuatlon in air between
the center of containment and the cable surface. Both methodologies use the same G

. value (with units converted to rads in GGNS-98-0039, Revision 1) and the same
expression for energy absorptlon fraction in the cable jacket. The benchmark also
demonstrates that both methodologres yield very similar results. :

The final suppression -pool pH| calculated by the spreadsheets herein is 4.07 in
-comparison to 4.03 in the GGNS .calculation. This is considered- sutfrcrently accurate to
benchmark the model developed for this calculation.

Stmrlarty, the model determining the final suppression pool pH followmg SLCS addition is
benchmarked. Both the modet herem and the GGNS calculatron predict a final pH of

846
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6.0 Results . _ C i

6. 1 Maxrmum Suppressron Chamber Water Volume Case

61 1 The pH in the unbuffered post—LOCA suppressron chamber water initially rises due to the
influence of cesium hydroxide addition atithe beginning-of the LOCA, but falls to below a pH 7.0
between approximately 9 to 10 hours (sée Figure 4-1, repeated below for convenience). The
final pH at 30 days without buffering is}3.5, so the suppression chamber water pH does not
satisfy the Acceptance Cntenon of a pH greater than 7.0.

6.1.2 Additio'n of sodium pentaborate via therLiquid Poison System (LPS) buffers the: suppression

“will satisfy the Acceptance Criterion of a pH greater than 7.0 with use of the LPS. The LPS

chamber water and results in a final pH at 30 days of 7.9 The suppression chamber water pH |

should, be used prior to the suppression chamber water pH falling below 7.0. When determining
the approprrate time to inject the sodrum pentaborate, the duration of ‘injection .should be
considered as well as the amount of trme to achieve a homogenous mlxture in the suppression

chamber water. _ C
: !
-
_ Figure 4-1: Nine Mile Polnt Unit 1 -
! o Post-LOCA Supprlesslon Chamber Water pH Analysis
Maximum Suppression Chamber Water Volume Case
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20
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6.2 '
6.2.1

6.2.2

6.3

) chamber water.

Mummum Suppressnon Chamber Water Volume Case

The pH in the unbuffered post-LOCA suppressron chamber water mntnally rises due to the
influence of cesium hydroxide addition at the beginning of the LOCA, but falls to below a pH 7.0 |
between approximately 9 to 10 hours (see Figure 6-1, repeated below for convenience). The
final pH at 30, days without buffering rs} 3.4, so the suppression chamber water pH does not -
satisfy the Acceptance Cntenon of a pH greater than 7.0.
|

Addmon of sodium pentaborate via the; Liquid Poison System (LPS) buffers the suppression
chamber water and results in a final pH at 30 days of 7.9. The suppression chamber water pH
will satisfy the Acceptance Criterion of a pH greater than 7.0 with use of the LPS. The LPS
should be used prior to the suppression chamber water pH falling below 7.0. When determining
the appropriate time to inject the sodlum pentaborate, the duration of |n1ect|on should be
considered as well as the amount of tlme to achieve a homogenous mixture in the suppressron

Figure 1‘5-1 Nine Mile Point Unit 1
Post-LOCA Suppresslon Chamber Water pH Analysis
Minimum Suppresslon Chamber Water Volume Case

pPH Fltesppnse without LPS

9.0 —

8.0, [— e —
‘ | . '
70 F : S

80 ,
H /

5.0

Final pH with LPS would be 7.9

Suppression Chamber Water pH '

Final pH without LPS = 3.4

C 40 |-

30 - .
0.0i 0.1 : 1 10 100 1000
o : ] Time After LOCA (hours) ’ '

‘I'nhere"htConservati'sms in this Calculation . -

|
This calculation contains conservatisms which have an impact on the final. pH determined hereln
Several of the srgnrtlcant conservatrsms are as follows: :
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6.4

L | . :
* Al cable in primary containment is modeled as PVC although it is probable that a great deal
s Al eable iri'primary containment is mbdeled as being free air routed. Thus, self shieldrng of

* The core mvehtory ef cesium-133 is not'mcluded in this analysis. This stable isotope would

of this cable is a chlorosulfonated polyethylene (CSPE) such as Hypalon. The hydrochloric
acid production rate for PVC is 3.7 t_im;es greater than for Hypalon.

“cable from beta radiation is ignored. |- This has a significant impact as beta radiation is the
main source of HCI production due to lits; high (~1) absorption factor into the cable.

increase the pH in the post-LOCA suppressron chamber water smce rt would form cesrum
" hydroxide. !

Conclusions _ 4 |

Therefore based on the results presented in Sectlons 6.1 and 6.2, the LPS is requrred at NMP |
Unit 1 to control the post-LOCA suppression chamber water pH. The LPS will not be required
until approxnmately 9 hours post LOCA, even postulatmg the worst case scenario, i.e. with the |
conservatisms listed in Section 6.3. ;
1
|

]
|
i
!
|
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7.0
7.1

7.2

7.3

7.4

75

|76

7.7

7.8

7.9

7.10

| NMPNS Unlt 1 Procedures

- 7.3.2 .GAP-CHE-01, Revision 09, "BWR Water Chemistry Operating Limits."

N, "Nine Mile Point Unit 2 24-Month Cycle Fission Product Inventory Evaluation,” dated February

Radlologrcal Health Handbook, U.S. Department of Health, Education, and Welfare, Public
. Health Service, Compiled and Edited by the Bureau of Radiological Health and the Training

"'Nuclldes and Isotopes — Chart of the Nuclldes " 15" Edition, GE Nuclear Energy, 1996.

7.10.1 Regulatory Guide 1.49, Revnsnon 1, "Power Levels of Nuclear Power Plants " dated

1
1
!
i

References

Mlcrosolt Excel 97 SR-2 S&L Program No 03.2.081- 1:0, dated 04/28/1 999
l
NMPNS Unit 1 Techmcal Specifications |
7.2.1 TS 3.1.2, Amendment 166, “Liquid Poison System." ‘
7 2.2 TS 3.3.2, Amendment 170, "Pressure Suppression System Pressure and Suppressron
“Chamber Water Temperature and Level."

7.3.1 :Chemistry Manual, Revision 3, Attachment 10, "Chemlstry Control Levels ! (Hlstoncal)

7.3.3 .S-CTP-V666, Revision 01, "Auxiliary Chemistry System."
7.3.4 N1 -OP-12, Revision 27, “Liquid Ponson System."”

NMPNS Unlt 1 Design Basis Document N1 SD 022 “quwd Porson System Revrsnon 3
l

NMPNS Unit 1 Facrllty Operating-License, Docket No. 50-220 Amendment 172..
l

NMPNS Calculations

7.6.1 . SOTORUSMO03, Revision 2, "Volume of Air Displaced by Torus Internals Above 207.5'|.

} . Elevation.” (Unit 1)
7.6.2 S3.11-DWLOCA-BETA, Revision: 0 "Beta Dose Calc. for Containment Post-LOCA." (Unit
‘1)

7.6.3 'PR-C-21-Q, Revision 1, "Post- LOCA Radiation Env:ronment (Gamma) in Drywell and

, . Wetwell due to Airborne and LIQLIId Sources."™ (Unit 2)
7.6.4 S14-41-M002, Revision 2, "LPS Ennched Boron." (Unit 1)
: '7.6.4.a S14-41-M002, Revision 2, Disposition 02A.
7.6.5 ' SO-TORUS-MO009, Revision 2, "NMP-1 TORUS Pool Heat Up Analysis." (Unit 1)
7.6.6 "PR-C-20-F, Revision 3, "Dose Rates versus Distance and Dose Rate to Dose Conversion
Factors for Piping Containing Post LOCA Fluids." (Unit2)
7.6.7 - S0.0-FPE-002, Revision 1, "Unit 1 Combustible Loading Calculation.” (Unit 1)
7.6.8 H21C-097, Revision 0, "Post-LOCA Suppressnon Pool pH Analysis." (Unit 2)

GE Nuclear Energy (GENE) Document No GE-NE-A41-00097-00-01. DRF A41-00097-00, Class
1999. |
1
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u.S. Nuclear Regulatory Commission Regulatory Guides -
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7.11.3 UFSAR Revision 17, Table XV- 9a "Core Spray System Flow Performance Assumed in
'LOCA Analysis."
7.11.4 UFSAR Revision 16, Table XV-11 "Single Failures Considered-in LOCA Analysrs
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7.12 'Grand Gulf Nuclear Station Documents l :
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.Re-Evolution Methodology." (lncluded as Attachment 7 to Letter GNRO-2000/20005 from
l 'GGNS to the NRC)
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: September 1984. ;

7.16 lNUl-"lEG/CR 5732 "lodine Chemlcal Forms in LWR Severe Accndents" Publlshed April, 1992. .
1717 CRC Handbook of- Chemlstry and Physucs 73"’ Edition.
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Purpose : - B i

. The purpose of thls attachment is to document the lnventory of all iodine and cesium isotopes in
the reactor core. .
’ Methodology '

!

l
The reactor core inventory is calculated usrng 'GE document GE-NE- A41 00097-00-01, DRF
A41-00097-00, "Nine Mile Point Unit-2 24- Month Cycle Fission Product Inventory Evaluation,”
(Ref. 7.7 in main body). Case 3, which addresses a single batch core with 1,400 Effective Full
Power Days (EFPD) and 34,000 MWd/ST Expected Core Average Exposure (CAVEX), is
conservatrvely used to determine the mventorres The inventory at both =0 and t=30 days (720
hours) is calculated to demonstrate that the values at t—o are conservatlve

The use of the Unit 2 fission product mventory is| consrdered boundmg tor Unit 1 for the following
reasons. First, the inventory of short lived nuclldes is nearly proportional to power level, so that
for these nuclides normalized activities (Cl/MWt) generated at a power level of 3,467 MWt would
be essentially identical to normalized activities generated at a power level of 1,850 MWt
Second, the inventory of long lived nuclides is more dependent on burnup. The average burnup
at the end of cycle for Unit 1 is approximately 3]'0 000 MWd/ST [(44,000 MWd/ST)*(2/3)] based
on an equilibrium reload batch discharge exposure of 44,000 MWdA/ST and the replacement of
approxrmately 1/3 of the core during each refueling (UFSAR' Section IV-A.1.0, main body
Refererice 7.11.8). Theretore the use of the 34 000 MWJ/ST Unit 2 activities is bounding for
long lived nuchdes ,
GE- NE-A41 00097 00- 01 presents the activity i |n Cr/MWt To convert this to core inventory, the -
methodology on p. 29 of the Radlologlcal Health Handbook (Ref. 7.8 in the main body) is used.

AN< ln(2) N In{ 2) N, o __MN [Cr:l In@)-Ny
tye Y ty2 3.7x1000gm | 3.7x10'% M-ty
R o |
where:: "
AN specific activity [dls/sec/gm] !
N number of atoms per gram [atoms/gm]
o half life [sec]
- N Avogadro constant [atoms/mole]
.M molecular weight [gm/mole] = [amu] :

¢

3.7x10" dlsmtegratrons per second per Curie '

v ‘
Once the total core lnventory is known, the fractlons released during the gap release phase and
early in-vessel (EIV) phase are determined in accordance with the guidance provided in Table 1
of Regulatory Guide 1.183 (Ref. 7.10.2.in main body) This table is summarlzed below for alkali
metals such as cesium and halogens such as lodrne

l

Group . . Core lnventory:Fractron Released into Containment
_ - . | Gap Release Phase | Early.In-Vessel Phase | Total
Halogens . - 0.05 ) 025 . - ' 0.30
Alkali Metals 0.05 ! 0.20 . 0.25
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~ Attachment 1 - ' S - Calculation No. H21COBI
“Nine Mile Point Nuclear Statlon o ' Revision 0
Unit 1 : ! Page 1-3
. _ | '
Notes/Assumptions :
See the text in the main body for the basis for thése items.
1. Stable cesnum is conservatnvely not included | |n the cesium mventory
2. The mass of iodine- 127 is assumed to be 30% of the mass of iodine-129.
Resuits '
_ _ i
The results below are taken from Tables 1-1 thrdugh 1-4.
o : Reactor Core Inventory [gram -moles]
Element | L =0 t-30 days
Gap Release “ElV : Total Gap Release |© " EIV ‘Total
|lodine - |- 7.2 . 36.0 - 43.2 7.0 35.1 421
Cesium | = 53.7 . 214.9 268 6 | 535 214.0 267 6

It can be seen that the reactor core mventory of both iodine and cesium does not change
appreciably during the duration of the accndent Therefore, use of the values at time=0 is both -
" reasonable and conservative. . .

i
+
i
]
]
i
1
b
t
1
i
1
]
i
t
i
i
i
i
1
t
i
}
|
i
i
4
4
i
b
1
I
1]
] ! . .
e ——————— e ]



U

Attachment 1- _ Table 1-1: Core lodine Inventory Determination (=0 Post-LOCA) ) Calculation No. H2'1(_30€5{‘f
Nine Mile Point Nuclear Station (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) Revision 0
Unit 4 . - s ] Page 1-4.
Time post-LOCA 0 sec ' Core Inventory Fraction Released in Containment for Halogens
Neutron Mass - - 1.008665 amu (Ref. 1) Gap Release Phase 0.05 (Ref. 4, Tbl 1)
Core Thermal Power (100%) 1,850 MWt (Retf. 5) Early In-Vessel Phase 0.25 (Ref. 4, Tbl 1)
Core Thermal Power (102%) " 1,887 MWt (Ref. 6) - T : .
1 Curie : 3.70E+10 dis/sec (Ref. 1)
vAvqg‘aq_ro's Number 6.022137E+23 atoms/mole (Ref 2)
o Atomic Mass | Half Life o 1 o Acthl - Activity Specific - Core | . -Gap EIV Total
Isotope (Ref. 1) - | (Ref. 2) iz units | Half Life {Ref. :?; perCore | Activity | Inventory | Release | Rel Ral
. Jamu] [sec] [CYMWR]. | [Ci/core] [Ci/gm] m/corg] [mole] [mole] [mola]
1-1279 [ 126.904470 | stable | ] T _ | 1.61E+00 | 8.07E+00 | 9.69E+00
1-128 127.905838 25.00 m 1,500 4286402 | 8.08E+05 | 5.88E+07 1.37E-02 5.37E-06 2.68E-05 3.22E-05
1-129 128.904987 | 1.57E+07 " a 4 .95E+14 1.30E-03 | 2.45E+00 1.77€-04 1.38E+04 | 5.38E+00 | 2.69E+01 3.23E+01
1-130 129.906676 . 12.36 .h ‘44,496 1.09E+03 | 2.06E+06 | 1.95E406 { 1.05E+00 | 4.06E-04 2.03E-03 | 2.43E-03
1-130M 129.906676 9.0 m 540 4.23E+02 | 7.98E+05 | 1.61E+08 | 4.96E-03 1.91E-06 | 9.55E-06 1.15E-05
1-131 . | 130.906127 { 8.020 . d 692,928 2.71E+04 | 5.11E+07 1.24E+405 | 4.11E+02 1.57E-01 '7.85E-01 9.42E-01
1-132 - | 131.907981 2.28 _h. 8,208 3.92E+04 | 7.40E+07 | 1.04E407 | 7.10E+00 | 2.69E-03 1.35E-02 1.61E-02
1-133° 132.807750 20.8 h 74,880 5.51E+04 | 1.04E+08 | 1.13E406 | 9.17&+01 3.45E-02 1.73E-01 2.07E-01
1-133M 132907750 | . 9 S 9 1.70E+03 | 3.21E+06 | 9.43E+09 }' 3.40E-04 | 1.28E-07 6.40E-07 7.68E-07
1-134 133.809850 52.6 . m 3,156 6.03E+04- | 1.14E+08 | 2.67E+07 | 4.26E+00 | -1.59E-03 7.96E-03 9.56E-03
1-134M" | 133.909850 3.7 m : 222 - | 6.00E+03 | 1.13E+07 | 3.79E+08 [ 2.98E-02 1.11E-05 5.57E-05 6.68E-05
: : 1-135 134.910020 6.57 h 23,652 5.16E+04 | 9.74E+07 | 3.54E+06 |- 2.75E+01 1.02E-02 5.10E-02 6.12E-02
e e o136 ] ~135:914740-] - 1.3 — |-~ - —m —._].—_-83——_| -2.44E+04.-.4,60E+07 ]| -9.95E+0B_|._4.63E-02_|_1.70E-05_| 8.51E-05 | 1.02E-04 e
' 1-136M 135.914740 47 "8 47 1.43E+04 | 2.70E+07 1.77E+09 1.53E-02 5.62E-06 2.81E-05 3.37E-05
1-137" 136.923405 | 24.5 S 24.5 '2.38E+04 | 4.49E+07 | 3.36E+09 1.34E-02 4.88E-06 2.44E-05 2.93E-05
1-138" 137.932070 6.5 s 6.5 1.18E+04 | 2.23E+07 | 1.26E+10 |. 1.77E-03. | 6.41E-07 3.21E-06 3.85E-06
1-139" 138.940735 2.30 S 2.30 5.22E+03 | 9.85E+06 | 3.53E+10 2.79E-04 1.00E-07 5.02E-07 6.02E-07
1-140" 139.949400 0.86 S . 0.86 1.47E+03 | 2.77E+06 | 9.37E+10 | 2.96E-05 1.06E-08 5.29E-08 6.34E-08
1-141"7 140.958065 0.45 S 0.45 2.43E+02 | 4.59E+05 1.78E+11 2.58E-08 9.15E-10 4.57E-09 5.49E-09
1-142Y | 141.966730 0.2 s . . 0.2 3.53E+01 6.66E+04 | 3.97E+11 | - 1.68E-07 5.80E-11 2.95E-10 3.54E-10
1-143MQ) | 142 975395 n/a 2.33E+00 | 4.40E+03 ) ] )
1-14479 } 143.984060 . n/a - 1.90E-01 3.59E+02 - . . .
. ' ) - Tota| 1.44E+04 7.20 36.02 43.23

Notes

1) Atomic mass not given for these |sotopes in Reference 1; therelore, a multiple of the neutron mass is added to the atomic mass of |-136M.
2) Since I1-127 is a stable element, its quantity is not presented in Reference 3. The mass of I- 127 is assumed to be. 30% of the mass of I-129.
3) Haif-lite information not available in Reference 2. - . . . . '/

Reterences
. Radiological Health Handbook, 1970 (main body Reference 7.8)

. Chan of the Nuclides, 15th Edition (main body Reference 7.9)

. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product Inventory Evaluation-(main body Reference 7. 7)
. Regulatory Guide 1.183 (main body Reference 7.10.2) .

. NMP1 Site License (main body Reterence 7.5)

. Regulatory Guide 1.49 (main body Reference 7.10.1)
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Attachment 1 - Table 1-2: Core Ceslum Inventory Determination (t=0 Post-LOCA) Calcutation No. H219°&?’?‘-
Nine Mile Point Nuclear Station (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) Revision 0
Unit 1 . ) Page 1-5 .
Time post-LOCA 0 sec Core Inventory Fraction Released in Containment for Alkalis
Neutron Mass 1.008665 amu (Ref. 1) Gap Release Phase 0.05 (Ref. 4, Tbl 1)
“Core Thermal Power (100%) 1,850 MWt _(Ref. 5) Early In-Vessel Phase 020  (Ref.4, Tbi 1)
Core Thermal Power (102%) © 1,887 MWt (Ref. 6) R S
1 Curie 3.70E+10 dis/sec (Ref. 1)
. Avogadro's Number ... 6.022137E+23 atoms/mole (Ref. 2)
' " | Atomic Mass.| Half Life S . Activity Activity | Specific - ‘Core Gap EIV " Total
Isotope | *(mer. 1) | (Ref.2) | teumits |- Halflife | por'sy | perCore | Activity | mventory | Release | Release | Release
' {amu] _ - - [sec] _[cimwt] | [Cilcore] [Ci/igm] [gm/core] [mole] {mole) [mole]
CS-132 | 131.906393 6.48 d 559,872 . ] 7.96E+00 | 1.50E+04 | 1.53E+05 | 9.83E-02 | 3.73E-05 | 1.49E-04 | 1.86E-04
€S-133" A ' ’ ‘ - .
CS-134 | 133.906823 { 2.065 -a 65,121,840 7.29E+03 | 1.38E+07 | 1.29E+03 | 1.06E+04 | 3.97E+00 | 1.59E+01 | 1.99E+01
CS-134M | 133.906823 2.90 h 10,440 - | 1.70E+03 | 3.21E+06 | 8.07E+06 | 3.98E-01 | 1.48E-04 | 5.94E-04 | 7.42E-04
CS-135 | 134.905770 | 2.30E+06 a 7.25E+13 | 2.51E-02 | 4.74E+01 | 1.15E-03 | 4.11E+04 | 1.52E+01 | 6.09E+01 | 7.61E+01
CS-135M | 134.905770 53 . m 3,180 8.81E+02 | 1.66E+06 ]| 2.63E+07 | 6.32E-02 | 2.34E-05 | 9.37E-05 | 1.17E-04
CS-136 | 135.907340 13.16 d 1,137,024 | 2.28E+03 | 4.30E+06 | 7.30E+04 [ 5.89E+01 | 2.17E-02. | 8.67E-02 | -1.08E-01
CS-137 | .136.906770 { 30.07 a 9.48E+08 | 4.35E+03 | 8.21E+06 | 8.69E+01 | 9.45E+04 | 3.45E+01 | 1.38E+02 | 1.72E+02
CS-138 | 137.910800 32.2 m 1,932 5.00E+04 | 9.44E+07 | 4.23E+07 | 2.23E+00 | 8.08E-04 | 3.23E-03 | 4.04E-03
CS-138M | 137.910800 2.9 m 174 2.39E+03 | 4.51E+06 | 4.70E+08 | 9.59E-03 | 3.48E-06 1.39E-05 | 1.74E-05
CS-139 | 138.912900 9.3 m 558 4.73E+04 | 8.93E+07 | 1.46E+08 | 6.13E-01 | 2.21E-04 | 8.83E-04 | 1.10E-03
CS-140 1 139.9171107]  ~ 1706 |~ ~~m~ | ~ 64~~~ | 4:26E+04~|-8.04E+07]--1:27E+09-|6:34E-02--|-2.27E-05--|] -9.06E-05—|—1.13E-04 | — . ..____ —_
CS-1419] 1409257751 24.9 s 24.9 3.16E+04 | 5.96E+07 | 3.22E+09 | 1.85E-02 | 6.58E-06 | 2.63E-05 | 3.29E-05
CS-142@ | 141.934440 1.8 s 1.8 1.91E+04 | 3.60E+07 | 4.42E+10 | 8.16E-04 | 2.88E-07 | 1.15E-06 | 1.44E-06
CS-143@ | 142.943105 1.78 s 1.78 9.33E+03 | 1.76E+07 | 4.43E+10 | 3.97E-04 | 1.39E-07 | 5.56E-07 | 6.94E-07
CS-144@ | 143.951770 1.01 s 1.01 2.70E+03 | 5.09E+06 | 7.76E+10 | 6.57E-05 | 2.28E-08 | 9.12E-08 | 1.14E-07
CS-145'9 | 144.960435 0.59 s 0.59 6.79E+02 | 1.28E+06 | 1.32E+11 | 9.71E-06 | 3.35E-09 | 1.34E-08 | 1.68E-08
Cs-146® | 145969100 | 0.322 s 0.322 9.96E+01 | 1.8BE+05 | 2.40E+11 | 7.83E-07 | 2.68E-10 | 1.07E-09 | 1.34E-09
Cs-147? | 146.977765 0.227 s 0.227 1.65E+01 |.3.11E+04 | 3.38E+11 | 9.21E-08 | 3.13E-11 | 1.25E-10 | 1.57E-10 N
CS-148® | 147.986430 0.15 s 0.15 1.07E+00 | 2.02E+03 | 5.08E+11 | 3.97E-09-| 1.34E-12 | 5.37E-12 | 6.71E-12
. : - Total| 1.462E+05 |. 53.72 214.87 268.59
Notes :

1) Stable cesium is conservatively not accounted for in this analysis as |t forms cesium hydroxide (CsOH)
2) Atomic mass not given for these isotopes in Reference 1; therefore, a multiple of the neutron mass is added to the atomic mass of CS-140.

References

. Radiological Health Handbook, 1970 (main body Reference 7 8)
. Chart of the Nuclides, 15th Edition (main body Reference 7.9)
GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product Inventory Evaluation (main body Reference 7. 7)
. Regulatory Guide 1.183 (main body Reference 7.10.2)
. NMP1 Site License (main body Reference 7.5)
. Regulatory Guide 1.49 (main body Reference 7.10.1)
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Attachment 1-

Nine Mile Point Nuclear Statlon

Unit 1

Table 1-3: Core lodine Inventory Determination (t=30 days Post-LQCA)

(Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX)

30 days

2
: 4//:{:3‘

Calculation No. H21C08Z %

* Revision 0
Page 1-6 .

Time post-LOCA Core Inventory Fraction Released in Containment for Halogens
Neutron Mass - 1.008665 amu (Ref. 1) Gap Release Phase | 0.05 (Ref. 4, Tol 1)
Core Thermal Power (100%) 1,850 MWt (Ref. 5) Early In-Vessel Phase 0.25 (Ref. 4, Tbl 1)
Core Thermal Power (102%) 1,887 MWt (Ref. 6) : :
1 Curie 3.70E+10 dis/sec (Ref. 1)
Avogadro's Number 6 O22137E+23 atomslmola (Ref 2)
Atomic Mass | HalfLife | . B Actwnty Activity Specific Core: Gap EIV Total
Isotope | "Tiner 1) | (Ret.2) | -heuMts | Halflile | g3y | perCore | Activity | Inventory | Rel Re! Release
. Jamu] [sec] - | [CUMWI] { [Cilcore] {Cilgm] m/core] [mole Imole] _[mole
1-1 27(55 126.904470 | stable B . . 1.61E+00 | B.07E+00 { 9.69E+00
1-128 127.905838 25.00 m 1,500 0.00E+00 | 0.00E+00 | 5.88E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
1-129 128.904987 | 1.57E+07 - a 4.95E+14 1.30E-03 | 2.45E400 | 1.77E-04 | 1.39E+04 | 5.38E+00 | 2.69E+01 | 3.23E+01
1-130 129.906676 12.36 h 44,496 3.18E-15 6.00E-12 1.95E+06 3.07E-18 1.18E-21 5.92E-21 | 7.10E-21
I-130M 129.906676 9.0 m 540 0.00E+00 | 0.00E+00 | 1.61E+08 ] 0.00E+00 | 0.00E+00 | '0.00E+00 ]| 0.00E+00
1-131 130.906127 8.020 d 692,928 2.10E+03 | 3.96E+06 | 1.24E+05 | 3.19E+01 1.22E-02 6.08E-02 7.30E-02
1-132 131.907981 2.28 h 8,208 6.71E+01 1.27E+05 | 1.04E+07 | 1.22E-02 4.61E-06 2.30E-05 2.76E-05
1-133 132.807750 20.8 h 74,880 2.14E-06 4.04E-03 1.13E406 |- 3.56E-09 1.34E-12 6.70E-12 | .8.04E-12
1-133M 132.807750 | . 9 S 9 . 0.00E+00 | 0.00E+00 | 9.43E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 } 0.00E+00
. 1-134 .133.909850 52.6 .m 3,156 0.00E+00 | 0.00E+00 | 2.67E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+Q0
|-134M ‘| 133.909850 3.7 m. . 222 - 0.00E+00 | 0.00E+0D0 | 3.79E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
[-135 134.910020 6.57 h 23,652 0.00E+00. | 0.00E+00 | 3.54E+06- | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
~-{—1:136~—{-135:914740-}—1-39- ~|- -— -m-—- - |- —83— =—| -0.00E+00. |-.0.00E+00-]_9.95E+08_}_0.00E+00_]_.0.00E+00_|_0.00E+00 ] 0.00E+00
1-136M 135.914740 47 ) a7 0.00E+00 | 0.00E+00 | 1.77E+09 | 0.00E+00 { 0.00E+00 | 0.00E+00 | 0.00E+00
137" 136.923405 | 24.5 S 24.5 0.00E+00 | 0.00E+00 | 3.36E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
1-138¢" 137.932070 | = 6.5 ° S 65 0.00E+00 | 0.00E+00 | 1.26E+10 [ 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
1-139™" 138.940735 | ~ 2.30 S ~ 230 0.00E+00 | 0.00E+00 | 3.53E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00.
{-140'" | 138.849400 | 0.86 s . 0.86 0.00E+00 | 0.00E+00 | 9.37E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.0CE+00
1-141" | 140.958065 0.45 s 0.45 0.00E+00 | 0.0DE+00 | 1.78E+11 | 0.00E+00 | 0.00E+00 | 0.00E+00 |} 0.00E+00
1.142" 141.966730 0.2 S 0.2 0.00E+00 { 0.00E+00 | 3.97E+11 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
1-143"9 | 142.975395 n/a 0.00E+00 | 0.00E+00 -
11449 | 143.984060 . na - ' 0.00E+00 .
: Total| 1.39E+04 7.01 35.05 42.06
Notes. ’

[ B¢ LN )

1) Atomic mass vnot given for these isotopes in Reference 1; therefore, a multiple of the neutron mass is added :d the atomic mass of I-136M.
2) Since I-127 is a stable element, its quantity is not presented in Reference 3. The mass of |—127 is assumed to be 30% of the mass of I- 129
3) Half-lite information not.available in Reference 2. .

References

1. Radiological Health Handbook, 1970 (main body Reference 7.8)
2. Chart of the Nuclides, 15th Edition (maln body Relerence 7.9)

) lodine t=30d

. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product Inventory Evaluation (mam body Reference 7.7)
. Regulatory Guide 1.183 (main body Reference 7.10.2)
. NMP1 Site License (main body Reference 7.5)
. Regulatory Guide 1:49 (main body Reference 7.10.1)




Attachment 1 -

Table 1-4: Core Cesium Inventory Determlnatlon {t=30 days Post-LOCA)

I/
///'7'6'

Calculation No. H21C08# 7’

Nine Mile Point Nuclear Station (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) Revision 0
Unit 1 : o . : . o Page 1-7
Time post-LOCA 30 days Core Inventory Fraction Released in Containment for Alkalis
Neutron Mass ) 1.008665 amu (Ref. 1) Gap Release Phase - 0.05 (Ref. 4, Tbl 1)
Core Thermal Power (100%) 1,850 MWt (Ref. 5) Early In-Vessel Phase 0.20 (Ref. 4, Tbi 1)
Core Thermat Power (102%) 1,887 Mwit (Ref. ) - - e -
1 Curie 3.70E+10 dis/sec = (Ref. 1)
_Avogadro’s Number ~_6.022137E+23 atoms/mole (Ref. 2}’
Atomic Mass | Half Life . s Activity Activi Specific Core Gap ElV Total
,'Ieotope _(Ref. 1) (Ref. 2) larg UNILS - Half Life (Ref. 3) per Cot?e Aclivity |- Inventory Release Release Release
' famu] B ~ fsec] [CimMwi | [Cilcorel [Cirgm] [gm/core] | [mole) [mole] mole
CS-132 | 131.906393 6.48 d 559,872 | 3.21E-01 | 6.06E+02 | 1.53E+05 | 3.97E-03 1.50E-06 6.01E-06 7.52E-06
Cs-133% ‘ . ' ‘ ' L . A
CS-134 | 133.906823 .2.065 . a 65,121,840} 7.09E+03 | 1.34E+407 .| 1.29E+03 | 1.03E+04 | 3.86E+00 | 1.54E+01 1.93E+01
CS-134M | 133.906823 2.90 h 10,440 - 0.00E+00 | 0.00E+00 ] 8.07E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-135 | 134.905770 | 2.30E+06 a 7.25E+13 | 2.51E-02 | 4.74E+01 |- 1.15E-03 | 4.11E4+04 | 1.52E+01 | 6.09E+01 | 7.61E+01
CS-135M | 134.905770 - 53 . m 3,180 0.00E+00 | 0.00E+00 | 2.63E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-136 | 135.907340 | - 13.16 d 1,137,024 | 4.66E+02 | 8.79E+05 | 7.30E+04 | 1.20E+01 |. 4.43E-03 1.77E-02 2.22E-02
CS-137 | 136.906770 30.07 a 9.48E+08 | 4.34E+03 | .8.19E+06 | 8.69E+01 | 9.42E+04. | 3.44E+01 | 1.38E+02 | 1.72E+02
. CS-138 | 137.910800 32.2° m 1,932 0.00E+00 | 0.00E+00 | 4.23E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-138M | .137.910800 2.9 m 174 0.00E+00 | 0.00E+00 | 4.70E+08 | 0.00E+00. | 0.00E+00 | 0.00E+00.] 0.00E+00
.| C8-139 | 138.912900 9.3 m 558 0.00E+00 ) 0.00E+00 ) 1.46E+08 ] 0.00E+00 ].0.00E+00-} 0.00E+00 | 0.00E+00
T T T T eSS 1407 713919171107 1:06" "~ m—— - |- —64-— ~|--0.00E+00-|~0:00E+00~] 1-27E+09-]|-0:00E+00..]-.0.00E+00_]..0.00E+00_}_0.00E+00_}__ _ __ . __ e
CS-141? | 140.925775 24.9 s 249 | 0.00E+00 | 0.00E+00 | 3.22E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-1429 | 141.934440 1.8 S 1.8 0.00E+00 | 0.00E+00 | 4.42E+10 | 0.00E+00 | 0.00E+00 { 0.00E+00 |} 0.00E+00
CS-143% | 142.943105 | . 1.78 s - 1.78 0.00E+00 | 0.00E+00 } 4.43E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CcS-144® | 143.951770 1.01 S 1.01 0.00E+00 | 0.00E+00 | 7.76E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-145%) | 144.960435 [ 059 s 0.59 (0.00E+00 | 0.00E+00 | 1.32E+11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Ccs-1462 | 145.969100 0.322 S 0.322 0.00E+00 -} . 0.00E+00 | 2.40E+11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-1479 | 146.977765 0.227 S 0.227 0.00E+00 | 0.00E+00 | 3.38E+11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CS-148® | 147.986430 0.15 S 0.15 0.00E+00 | 0.00E+00 | 5.08E+11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
' Total| 1.457E+05 53.5 ]: 2140 267.6
Notg : .

1) Stable cesiumis conservatwely not accounted for in this analysis as |t forms cesium hydroxide (CsOH)
2) Atom|c mass not gnven for these isotopes in Reference 1; therefore, a muitiple of the neutron mass is added to the atomlc mass of CS-140,

References
. Radiological Health Handbook, 1970 (main body Reference 7.8)

. ‘Chart of the Nuclides, 15th Edition (main body Reference 7.9)
. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product |nventory Evaluation (main body Reference 7. 7)
. Regulatory Guide 1.183 (main body Reference 7.10.2)
. NMP1 Site License (main body Reference 7.5)
. Regulatory Guide 1.49 (main body Reference 7.10.1)
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Attachment 1 -

Table 1-1 Equatlons Core lodlne Inventory Determlnatlon (t-O Post-LOCA)

_ lodine t=0 Eqs

///%’.r;

Calculation No. H21Co8¢ #

Nine Mite Point Nuclear Statron (Single Batch COre with 1400 EFPD and 34 000 MWdIST CAVEX) * Revision 0
-Unit 1 Page 1-8,
A B 1 c D E
1 |Time post-LOCA - 40 sec
2 |Neutron Mass 1.008665 amu
3 |Core Thermal Power (100%) 1850 MWL
4. |Core Thermal Power (102%) =D3"1.02 MWt
5 {1 Curie ‘|37000000000  |dis/sec
1 -6 -JAvogadro's Number 16.022137E+23... {atoms/mole — L e B
Isotope Au;:;"?ss 7;';,}2‘; ty2 units Half Life
8 .
9 [amu} [sec]
0] F127%_ [126.90447 stable . ——— <
11 1-128 127.905838: 125 . m =iF(D11="s",C11,IF(D11="m",C11°60,IF(D11="h",C11*60°60,IF(D11="d",C11°24°60°60,IF(D11="a",C11*365*24°60"60, n/a"))}})
12 1-128 128.904987 15700000 | a =IF(D12="s",C12,IF(D12="m",C12°60,IF(D12="h",C12"60°60,IF(D12="d",C1224*60"60,IF(D 12="a°,C 12°365°24°60"60, ‘n/a"))}}))
13| 1-130 129.906676 12.36 h =IF(D13="s",C13,IF(D13="m",C13"60,IF(D13="h",C13°60*60,IF(D13="d",C13°24°60"60,IF(D13="a",C13*365°24°60°60,"n/a")))})
14| -1-130M  ]129.906676 - |9 m =IF(D14="s",C14,IF(D14="m",C14"60,IF(D14="h",C14°60"60,IF(D14="d",C14°24°60"60,IF(D14="a",C14°365°24°60"60,"n/a")))))
15 1-131 130.906127 - |8.02 . d . [=IF(D15="s",C15,IF(D15="m",C15°60,IF(D15="h",C15'60"60,IF(D15="d",C15°24*60°60,IF(D15="a",C15*365°24°60"60,"n/a")}}))
16 1-132 131.907981 2.28 _h =IF(D16="s",C16,IF(D16="m",C16*60,IF(D16="h",C16°60°60,IF(D16="d",C16°24°60"60,IF(D16="a",C16°365°24°60°60,"n/a"))))) -
17 1-133 132.80775 120.8 h =|F(D17="s",C17,IF(D17="m",C17*60,IF(D17="h",C17*60°60,IF(D17="d",C17*24°60"60,IF(D17="a",C17°365'24°60°60,’n/a"))))}
.18 -133M_ 1132.80775 9 - S _|=IF(D18="s",C18,IF(D18="m",C18*60,IF(D18="h",C18"60"60,IF(D18="d",C1824°60°60.IF(D18="a",C18'365'24°60"60,"n/a"))}))
19 1-134 133.90985 52.6 m =IF(D19="s",C19,IF(D19="m",C19°60,IF(D19="h",C18'60*60,}F(D198="d".C 19°24°60°60,IF(D 19="a",C19°365*24"60"60,°n/a")))))
20 1-134M _ {133.90985 3.7 .m =IF(D20="s",C20,IF(D20="m",C20*60,IF(D20="h",C20*60*60,IF(D20="d",C20°24°60°60,/F(D20="a",C20*365°24'60"60,"n/a*)))))
21 1-135 134.91002 _|8.57. h =IF(D21="s",C21,IF(D21="m",C21°60,IF(D21="K",C21*60*60;,IF(D21="d",C21*24*60*60,IF(D21="a",C21'36524°60°60,"n/a" )} | ~— -~ -~ ~
22 1-136 _ |135.91474 1.39 m =IF(D22="s",C22 IF(D22="m",C22*60,IF(D22="h",C22°60*60,IF(D22="d",C2224"60°60,IF(D22="a",C22*365'24°60"60,"n/a"))))}
23 -136M  [135.91474 47. s =|F(D23="s*,C23,IF(D23="m",C23"60,IF(D23="h",C23'60"60,/F(D23="d",C23*24*60"60,IF(D23="a",C23'365°24'60°60,"n/a")))})
24| 1-1137"  [=B23+1°'D$2  [24.5 S =IF(D24="s",C24,IF(D24="m",C24*60,IF(D24="h",C24'60°60,IF(D24="d",C24°24*60°60,IF(D24="a",C24" 365 24°60°60,"n/a")))))
25| 1-138" |=B24+1°D$2 165 s =|F(D25="s",C25,IF(D25="m",C25"60,IF(D25="h",C25'60°60,F(D25="d",C25*24°60°60,IF(D25="a",C256365°24'60"60, "n/a")})))}
26} .1-139" |=B25+1'D$2_ [2.3 s =|F(D26="s",C26,IF(D26="m",C26*60,IF(D26="h",C26'60"60,IF(D26="d",C26*2460*60,IF (D26="a",C26°365°24°60"60."n/a")})}) | -
1271 140" }=-B26+1°D$2  J0.86 s =IF(D27="8",C27 IF(D27="m",C27"60,IF(D27="h" C27"60"60,IF(D27="d" C27"24"60°60,IF(D27="a",C27"365'24°60°60,"/a”))})} |
28 1-141"  |=B27+1'D$2__ [0.45 S =|F(D28="s",C28,IF(D28="m",C28"60.IF(D28="h",C28°60"60,IF(D28="d".C2824*60"60,IF(D28="a",C28"365°24'60"60,'n/a"))))) |
.29 1-1 gﬂ =B28+1°D$2  |0.2 _ [ =IF(D29="s",C29,IF(D29="m",C25'60,IF(D29="h",C29°60"60.IF(D29="d",C29°24"60"60,IF(D29="a",C29*365°24°60"60,"/a")}})) _
30| 143" |=B29+1'D$2 =IF(D30="s",C30,IF(D30="m",C30"60,!F(D30="h",C30"60*60,/F(D30="d",C30"24*60*60,IF(D30="a",C30°365°24°60"60,’n/a")))))
31] 1-144"®  ]2B30+1°D$2 =|F(D31="s",C31,IF(D31="m",C31*60,IF(D31="h",C31*60"60,IF(D31="d",C31*2460°60,IF(D31="a",C31°365"24'60"60,"n/a"))}))
321, : ) - .
_33No;gs L R . . L .
34 |1) Atomic mass not given for these isotopes in Reference 1; therefore a muttiple of the neutron mass is added to the atomic mass of I-136M.
35 }2) Since 1-127 is a stable element, its quantity is not presented in Reference 3. The mass of I-127 is assumed to be 30% ol the mass of I- 129
36 {3) Half-life mlormatron not available in Reference 2. .
371
38 Rglgrgnce§ I L
39 |1. Radiological Heafth Handbook 1970 (main body Reference 7.8)
40 |2. Chart of the Nuclides, 15th Edition (main body Reference 7.9)
.41 j3. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product Inventory Evaluation (main Weference 7. 7)
42 |4. Regulatory Guide 1.183 (main body Reference 7.10.2)
43 [5. NMP1 Site License (main body Reference 7.5)
44 16. Regulatory Guide 1.49 (main body Reference 7.10.1)




_Aftachment 1 .
Nine Mile Point Nuclear Station

Table 1-1 Equations: Care lodine Inventory Determination (=0 Post-LOCA)

(Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX)

Unit 1
F .G H | | J | K L
1 _|Core Inventory Fraction Released in Containment for Halogens
2 |(Ref. 1) Gap Release Phase 0.05 (Ref. 4, Th 1)
1.3 {(Ret. 5) Eaily In-Vessel Phiase 0.25 J(Ret. 4, THI 1)
4 |(Ref. 6) - ; -
5 {(Retf. 1) -
1-6-{(Ref.2)- - - - - - PN R,
{171 i
Activity Activity Specific Core Gap - EvV Total
(Ref. 3) per Core Activity Inventory . Release Release ' Release
8| - A : :
9 | [CUMWY] | . [Cilcore] _[{Ciigm] _lam/core} -_[mole] -___[mole] _mole]
10 =0.3'J12 =0.3"K12 =J10+K10
111428 =F11'D$4 _ |=LN(2)'D$6/(D$5°811°E11) [=G11/H11 S111°J$2/B11 [=11°J83/B11 |=J11+K11
12 10.0013 =F12'D$4 {=LN(2)'D$6/(D$5°B12°E12) [=G12/H12 =112*J$2/B12 =112*J$3/B12 =J12+K12
13 [1080 =F13'D$4  |=LN(2)*'D$6/(D$5°B13*E13) |=G13MH13 . =113*J$2/B13 =113*J$3/B13 =J13+K13
14 |423 =F14'D$4  |=LN(2)‘D$6/(D$5°B14*E14) |=G14/H14 |=114°d$2/B14 - {=114°J83/B14 - [=J14+K14
15 [27100 =F15°'D$4 =1L N(2)*'D$6/(D$5*BI5'E15) |=G15/H15 1=115*J$2/B15  |=115"J83/B15 =J15+K15
16 39200 =F16°D$4 |=LN(2)'D$6/(0$5°B16°E16) |=G16/H16 =116°J32/B16 _ [=116*J$3/B16 =J16+K16
17155100 =F17°D$4 _ |=LN(2)*'D$6/(D$5°'B17°E17) [=G17/H17 =117°J$2/B17 _ |=117"J$3/B17  [=J17+K17
18 {1700 =F18°D%4 |=LN(2)*'D$6/(D3$5'B18°'E18) |=G18/MH18 =118*J$2/818 =118"J$3/B18 =J18+K18
19[60300-  [=F19'D34 |=LN(2)"D$6/{D$5'B19°E19) [=G19/H19 =119°J$2/819 _ |=119°J$3/B19 =J19+K19
20 |6000 =F20°'D$4  |=LN(2)*'D$6/(D$5°B20°E20) [=G20/H20 =120°J$2/B20  |=120*J$3/B20 =J20+K20
21[51600 '1=F21°'D$4  |=LN(2)*'D$6/(D$5°B21*E21) [=G21/H21 =121°J$2/B21_ |=121°J$3/B217 T [=d214K21T T Tf
22 124400 =F22'0%4 [=LN(2)'D$6/(0$5:B22°E22) [=G22/H22 =122°J$2/B22  |=122°3$3/B22 =J22+K22 )
23 [14300 =F23°'D$4  |=LN(2)*'D$6/(D$5°B23°E23) |=G23/H23 =123'J$2/B23  |=123'J$3/B23 =J23+K23
24 (23800 |=F24'D3$4 - [=LN(2)'D$6/(D$5°B24 E24) - |=G24/H24 =[124*J$2/B24  |=124*J$3/B24 =J244K24
25 [11800 =F25°D$4  {=LN(2)*D$6/(D$5°B25°E25) [=G25/H25 =125"J$2/B25  |=125°J$3/B25 =J25+K25
26 15220 =F26°'D$4 |=LN(2)*D$6/(D$5°B26°E26) |=G26/H26 =126*J$2/826 ' |=126°J$3/B26 =J26+K26
27 (1470 =F27'084 _ [=LN(2)'D$6/(D$5*B27°E27) |=G27/H27 - =127*J$2B27  |=127°J$3/B27 =J27+K27
28 (243 =F28'D$4  {=LN(2)'D$6/(D$5°B28°E28) |=G28/H28 =128'J$2/B28  |=128"J$3/B28 =J28+K28
29135.3 =F29°D$4 _ |=LN(2)'D$6/(D$5°B29°E29) |=G29/H29 =129*J32/829  |=129°J$3/829 - |=J20+K29
30]2.33 =F30°D$4 _ : : :
31.0.19 =F31°D$4 o E .
32, : Total|=SUM(110:131) |=SUM{J10:J31) |=SUM(K10:K31) |=SUM{L10:L31)
33
34
35
36
37
38
1391
40
41
42 j
43
44
-+ lodine t=0 Eqs -
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Attachment 1 - Table 1-2 Equations: Core Cesium Inventory Determination (=0 Post-LOCA) Calculation No. H21CO£¢ 4~
Nine Mile Point Nuclear Stanon (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) Revision 0
Unit 1 . : . L Page 1-10
A ] B |1 C D. E

1 |Time post-LOCA 0. sec

2 |Neutron Mass 1.008665 amu

3 |Core Thermal Power (100% 1850 MW -

4 |Core Thermal Power (102%) =D3"1.02 Mwt

5 11 Curie 37000000000 |dis/sec

- - -6-]JAvogadro’'s-Number 6.022137E+23 - |atoms/mole. . - . . .. .. . . . L. R o
7 - ) ) :
‘ Isotope _ Ato(r;;h:;ass T;gf%)e t, UNits Half Life

8

9 J[amu]l . . . - sec _

10 CS-132  ]131.906393 6.48 d =IF(D10="s",C10,IF(D10="m",C10*60,IF(D10="h",C10*60*60,IF(D10="d",C10"24"60"60,IF(D10="a",C10*365*24"60"60,"'n/a’)}}))

11] cs-133% A ' ‘ ' :

12 CS-134  1133.906823 2.065 a =IF(D12="s",C12,IF(D12="m",C12"60,IF(D12="h*,C12*60*60,IF(D12="d".C12'24°60°60,IF(D12="a",C12°365°24°60°60,'n/a")))))

13] CS-134M ]133.906823  ]2.9 h =IF(D13="s",C13,iF(D13="m",C13'60,IF(D13="h",C13*60"60.IF(D13="d",C13*24°60"60,IF(D13="a",C13°36524"60"60,"n/a")}})}

14 CS-135_ 1134.80577 2300000 a =IF(D14="s",C14,IF(D14="m",C14'60,IF(D14="h",C14*60°60,IF(D14="d",C14*24*60°60,IF(D14="a",C14'365'24"60"60,"'n/a")}}))

15| CS-135M {134.90577 53 - - m =IF(D15="s",C15,IF(D15="m",C15°60,IF{D15="h",C15°60*60,IF(D15="d",C15°24°60°60,IF(D15="a",C15"365"24"60"60,"'n/a"))))) -

16 CS-136_ [135.90734 13.16 d - - |=IF(D16="s",C16,IF(D16="m",C16*60,IF(D16="h",C16*60°60,IF(D16="d",C16°24*60"60,IF(D16="a" C16°365°24°60°60,"'n/a")}})))

17 CS-137  |136.90677 30.07 a . |=IF(D17="8",C17,IF(D17="m",C17*60,IF(D17="h",C17*60*60,IF(D17="d",C17°24*60*60,IF(D17="a",C17°365°24"60"60.'n/a"})}}))

18 CS-138  [137.9108 32.2 m =IF(D18="s*,C18,IF(D18="m",C18"60,IF{D18="h",C1860"60,IF(D18="d",C18°24°60"60,IF(D18="a",C18°365"°24"60"60,"'n/a"}}}))

~~—-———---[-19|—CS-138M—[137:9108 ——-|2.9 —-- —| ———-m-——|=IF(D19="8",C19,|IF(D19="m",C19:60,IF(D19="h",C19:60*60,IF(D19="d",C19:24°6060,IF(D19="a" C19:365°24"60"60,"'n/a")}}))

20 CS-139  [138.9129 = [9.3 ‘m =IF(D20="$",C20,IF(D20="m",C20*60,IF(D20="h",C20*60"60,IF(D20="d",C20"24°60"60,IF(D20="a",C20°365"24"60"60,'n/a")))))

21 CS-140  ]139.91711 1.06 m =IF(D21="s",C21,|F(D21="m",C21'60,IF(D21="h",C21*60*60, F(D21="d",C21*24*60*60,IF(D21="a",C21"365'24"60"60,'n/a"))}))

22|. cs-1419° [=B21+1°D$2 _]24.9 S =IF(D22="s",C22,IF(D22="m",C22"60,IF(D22="h",C22"60"60,IF(D22="d",C22"24"60"60,IF (D22="a",C22"365"24"60"60,"n/a")}}))

23| cs-1429 |=B22+1°D$2 1.8 s =IF(D23="s",C23,IF(D23="m",C23"60,IF (D23="h",C23°60"60,IF(D23="d",C23'24°60"60,IF(D23="a",C23'365"24"60"60,"n/a"))))) -

24| ©5-1439 |=B23+1°D$2 . |1.78 S =|F(D24="s",C24,IF(D24="m" C24"60,IF (D24="h",C24"60"60,IF(D24="d",C24"24"60"60,IF(D24="a",C24°365"24"60°60,"n/a")))))

25| ©S-1449 [=B24+1°D$2  [1.01 S =IF(D25="s",C25,IF(D25="m",C25'60,|F{D25="h",C25"60°60,IF(D25="d",C25"24°60"60,IF(D25="a",C25"365"24"60"60,'n/a"))))) .

26| €S-145° |=B25+1°D$2 - |0.59. ‘s =|F(D26="s",C26,IF(D26="m",C26°60,IF(D26="h",C26°60*60,IF(D26="d",C26"24"60"60,|F(D26="a",C26"365"24"60"60,"n/a"))}}))

27| cs-148® |=B26+1'D$2  ]0.322 S =IF(D27="s",C27,IF(D27="m",C2760,IF(D27="h",C27°60"60,IF(D27="d",C27°24°60"60,IF(D27="a",C27°365"24"60"60,'n/a"))}))

28| €s-147% [=B27+1°D$2__ |0.227 S =IF(D28="s" C28 |F(D28="m",C28'60,IF (D28="h",C28"60"60,IF(D28="d" C28*24*60*60,IF(D28="a" C28'365"24"60"60,"n/a")))))

29| ©S-148¥ [=B28+1'D$2 _[0.15 S =IF(D29="s",C29,IF(D29="m",C29"60,IF(D29="h".C29"60"60,IF(D29="d",C29"24"60"60,IF(D29="a" C29"365"24"60"60,"n/a"))}))

30 - R .

31 Notg;

32 |1) - Stable cesium is conservabvely not accounted for in thns analysrs as it forms cesium hydroxide (CsOH) :

33]2) Atomic mass not given for these isotopes in Reference 1; therefore, a mulhple of |he neutron mass is added to the alomlc mass of C5-140,

34

35 Referenceg

36 |1. Radlologxcal Health Handbook, 1970 (main body Reference 7.8)

37 |2. Chart of the Nuclides, 15th Edition (main body Reference 7.9)

38 |3. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product Inventory Evaluatlon (mam bodLeference 7. 7)

39 |4. Regulatory Guide 1.183 (main body Reference 7.10.2)

40 |5. NMP1 Site License (main body Reference 7.5)

4116

. Regulatory Guids 1.49 (main body Reference 7.10.1)
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Table 1-2 Equations: Core Cesium Inventory Determination (t=0 Post-LOCA)

.Attachment 1
Uin::w"e, Point Nuclear Station (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX)
n
F G H i | | J 1 K L
1 Core Inventory Fraction Released in Containment for Alkalis
2 |(Ref. 1) . Gap Release Phase’ . 0.05 j (Ret. 4, Tbl 1)
3_|(Ref. 5) Eariy In-Vessel Phass 0.2 (Rat. 4, Tbi 1y
4 |(Ref. 6) - 4 - ;
5 |(Ref 1)
- T lRet2y — ~ -
7 ,
Activity ‘Activity Specific Core Gap EIV Total
(Ref. 3) per Core Activity Inventory Rel Rel Release
8 . ' : A
9 [CUMWY] [Ci/corg] [Ci/gm : gm/core] [mole] mole : mole
1017.96 =F10‘D%$4 =LN(2)'D$6/(D$5°B10°E10) =G10/H10 =110*J$2/810 =110*J$3/B10 =J10+K10
11 . - o R
1217290 =F12*D$4 =LN(2)"D$6/(D$5°B12°E12) =G12/H12 =12*J$2/B12  |=112°J$3/B12 =J124K12
13]1700 =F13°'D$4 _|]=LN(2)*D$6/(D$5°B13°E13) =G13/M13 =113"J$2/B13 =113"J$3/B13 =J13+K13.
14 10.0251 =F14°D%$4 =L N(2)*D$6/(D$5°B14"°E14) =G14/H14 =114*J$2/B14 =|14"J$3/B14 " |=J144K14
15881 =F15°D%4 J=LN(2)"D$6/(D$5"B15°E15) =G15/MH15 |=115"J$2/B15 =115"J$3/B15 - [=J15+K15
16 }2280 =F16°D%4 =LN(2)°D$6/(D$5°B16°E16) =G16/H16 =116°J$2/B816 =116°J$3/B16 =J16+K16
17 ]4350 =F17*D%$4 =LN(2)*'D$6/(D$5°B17°E17) =G17M17 - =117*J$2/B17 - |=117"J$3/B17" =J17+K17
18 ]50000 . =F18°D3%4 =LN(2)*D$6/(D$5"'B18"E18) =G18/H18 =118°J$2/B18 =118°J$3/B18 =J18+K18 _
T 11912390~~~ — ~I=F19*D$4-— -~~~ {=LLN(2)*"D$6/(D$5'B19°E19). —{=G19/H19-— —|=119:J$2/B19— |=119J$3/B19 - |=J19+K19___ _.} ..
.20 147300 =F20*D$4 =LN(2)*D$6/(D$5"B20"E20) =G20/H420 =120*J$2/B20 =(20*J$3/B20 =J20+K20
21142600 =F21*D3%4 =LN(2)'D$6/(D$5°B21*E21) =G21/H21 - |=121*J%$2/B21 =121*J$3/821 =J21+K21
22131600 =F22°D$4 =LN(2)'D$6/(D$5'B22'E22)  |=G22/H22 =122*J$2/B22 _ [=122°J$3/B22 . |=J22+K22
23 119100 J=F23*D%4 =LN(2)°D$6/(D$5°B23°E23) =G23/H23 =123°J$2/B23 =123"J$3/B823 - |=J23+K23
2419330 =F24*D%$4 =LN(2)*'D$6/(D$5°B24"E24) =G24/H24 =124*J$2/B24 _ [=124*J$3/B24"  |=J24+K24
2512700 =F25°D$4 =LN(2)*D$6/(D$5"B25"E25) =G25/M25 . =125"J$2/B25 =125°J$3/B25 =J25+K25
26 {679 =F26°D$4 =LN(2)’D$6/(D$5'B26"E26) =G26/H26 =126*J$2/B26 =126*J$3/B26 =J26+K26
27 199.6 =F27'D%4 =LN(2)*'D$6/(D$5°B27°E27) =G27/MH27 - =127+J$2/B27 . |=127°J$3/B27 = |=J27+K27
28116.5 =F28'D%4" =LN(2)*D$6/(D$5'B28°E28) =G28/H28 =128"J$2/B28 =128°J$3/B28 =J28+K28
29 1.07 =F29°D$4 =LN(2)*D$6/(D$5°B29"E29) =G29/H29 =129°J$2/B29 - {=128°J$3/B29  |=J29+K29
30 : Total[=SUM{110:129) |=SUM(J10:J29) |=SUM(K10:K29) {=SUM(L 10:L29
31 i )
32,
33
34
35
36
37
38
39
40
41

Cesium t=0 Eqs
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Attachment 1 -

Table 1-3 Eqs: Core lodine Inventory Determination (1=30 days Post-LOCA)

35 12) Since I-127 is a stable element, its quantity is not presented in Reference 3. The mass of -127 is assumed to be 30% of the mass of 1-129.
36 |3) Half-life information not available in Reference 2.

37 .

38, Referenceg

39 |1. Radiological Health Handbook 1970 {main body Reference 7.8)

4012. Chart of the Nuclides, 15th Edition {main body Reference 7.9) . -

"41 13. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Produd Invenuy Evaluation (main body Reference 7. 7)

42 |4. Regulatory Guide 1.183 (main body Reference 7.10.2)

43 15. NMP1 Site License (main body Reference 7.5)

4416

._Regulatory Guide 1.49 (main body Reference 7.10.1)

lodine t=30d Eqs

V-

Catculation No. H21C08#

Nine Mile Point Nuctear Sta""“ (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) " Revision 0
Unit 1 . . Page 1-12
A B | C D E
1 1 [Time post-LOCA . . {30 days
2 |Neutron Mass 1.008665 amu
'3 |Core Thermal Power (100%) 1850 MWL
4 [Core Thermal Power {102%) =D3'1.02 MWt
5 |1 Curie 37000000000 |dis/sec . .
- 6 {Avogadro's-Number. - 16:022137E+23 [atoms/mole. - - ... .. L . e s L P
> - - - - -
Atomic Mass | Half Life . g .
Isotope. (Ref. 1) (Ret. 2) ti2 Units Half Life
8 .
9 [amu] “[sec]
10 1279 [126.90447 stable
11 -128 127.905838 = |25 . m =IF(D11="s",C11,IF(D11="m",C11*60,IF(D11="h",C11*60°60.IF(D11="d",C11°24°60°60,IF(D11="a",C11°365°24°6060,"n/a"))}))
121 - I-129 128.904987 15700000 a_- =IF(D12="s",C12,IF(D12="m",C12°60,IF(D12="h",C12°60°60.IF(D12="d",C12'24°60°60,IF(D12="a",C12'365°24'60°60,"n/a")))))
13 1-130 123.906676 12.36 h =IF(D13="s",C13,IF(D13="m",C13°60,IF(D13="h",C13"60°60,IF(D13="d",C13*24'60°60,IF(D13="a",C 13'365'24°60°60,"n/a"})}})
141 -I-130M  |129.906676 9 ] m =IF(D14="5",C14,IF(D14="m",C14°60,IF(D14="h*,C14°60°60,|F(D14="d",C14°24"60°60,IF(D14="a",C14'365°24'60"60,"n/a"})}))
15 1-131 130.906127 8.02 d =lF(D15="s",C1 5,IF(D15="m*,C15"60,IF(D15="h",C15°60*60,IF(D15="d",C15°24*60°60,IF(D15="a",C15*365°24'60°60,"n/a")))))
16 1-132 131.807981 2.28 h =IF(D16="s",C16,IF(D16="m",C16*60,IF(D16="h",C16"60°60,IF(D16="d",C16'24"60°60,IF(D16="a",C 16365246060, n/a"}))))) -
171 1-133  {132.90775 20.8 h =IF(D17="s",C17,IF(D17="m",C17*60,IF(D17="h";C17*60"60,IF(D17="d",C17'24'60'60,[F(D17="a",C17365°24°60°60, "/a")}}))
18 1-133M  [132.90775 9 - ) =IF(D18="s",C18,IF(D18="m",C18'60,IF(D18="h",C18*60'60,IF{D18="d",C1824*60"60,IF(D18="a",C18°365°24"60°60."'n/a*))}}))
19 1-134 133.90985 52.6 m =IF(D19="s",C19,IF(D19="m",C19*60,IF(D19="h",C19*60*60,IF(D19="d",C19'24'60"60.IF(D19="a",C 19°365°24"60*60,"n/a")))})
1201 _[-134M___}133.90985___ |3.7. m_. =IF(D20="s",C20,IF(D20="m",C20"60,IF(D20="h",C20*60°60,|F(D20="d",C20"24*60*60,IF(D20="a",C20°365°24"60°60,"n/a")}}))
21]-  1-135 -1134.91002 6.57 h =IF(D21="s",C21,IF(D21="m",C21*60,IF(D21="h",C21*60°60,F(D21="d",C21*24*60°60,IF(D21="a",C21°365"24"60°60,"n/a"p)))) ~ |~~~ ~~—~-—"~
- 22 -136 . [135.91474. 1.39 . m =IF(D22="s",C22,IF(D22="m",C22°60,IF(D22="h",C22°60"60,|F(D22="d",C22'24°60*60.IF(D22="a",C22'365'24'60*60,"n/a"))}}}
23 1-136M  .]135.91474 47 . S =IF(D23="s",C23,IF(D23="m",C23"60,IF(D23="h",C23'60°60,IF(D23="d",C23°24*60*60,IF(D23="a",C23"365"24"60°60,'Va")))))
24| 1137 |=B23+1°D$2  |24.5 S =|F(D24="s",C24,IF(D24="m" C24"60 IF(D24="h",C24*60"60,IF(D24="d",C24"24°60"60,|F(D24="a",C24°365"24°60"60,"n/a")}}})
25 1-138'"  [=B24+1°D$2 |65 S =IF(D25="s",C25,IF(D25="m",C25"60,IF(D25="h*,C2560"60,IF(D25="d",C25°2460"60,IF(D25="a",C25365*24"6060,"n/a"))}))
26 1-139"  |=B25+1°D$2  |2.3 S =IF(D26="s",C26,1F(D26="m",C26"60,IF{D26="h",C26°60°60,IF(D26="d",C26*24"60°60,IF(D26="a" C26*365°24 6060, 'n/a")))))
27] 140" [=B26+1°D$2  0.86 S =IF(D27="s",C27 IF(D27="m",C27°60,IF (D27="h",C27°60°60,IF(D27="d",C27'24°60°60,IF(D27="a",C27'365°24'60"60,"n/a")))))
28 1-141"  |=B27+1°D$2__ l0.45 S =IF{D28="s",C28,IF(D28="m",C28"60,IF(D28="h",C28°60"60,IF(D28="d",C28"24"60°60,IF(D28="a",C28°365°24°60°60,"'n/a")))))
29 1-142"  [-B28+1°D$2 (0.2 S |=IF(D29="$",C29,IF(D29="m",C29"60,/F(D29="h",C29'60°60,IF(D29="d",C29°24"60"60,|F(D29="a",C29'365°24°60"60, 'Va"))}))
30| 1-143M®  [=B29+1*D32 =IF(D30="s",C30,IF(D30="m",C30"60,F(D30="h",C30*60"60,|F(D30="d",C30"24°60°60,|F(D30="a",C30"365°24"60°60,"'n/a"))}})
31] 1.144"%  |-B30+1°D$2 =IF(D31="s",C31,IF(D31="m",C31'60,IF(D31="h",C31*60"60,IF(D31="d",C31°24"60"'60.IF(D31="a",C31*365°24°60°60,"n/a")))))
32 : - . .
33 |Notes : T K -
34 |1) Atomic mass not given for these |sotopes in Reference 1; therefore, a multiple of the neutron mass is added to the atomic mass of |-136M.
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Attachment 1 - Table 1-3 Eqs: Core lodine Inventory Determination (t=30 days Post-LOCA) Calculation No. H21C08¢ #
Nine Mile Point Nuclear Station (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) Revision 0 -
Unit 1 : .- B ’ Page 1-13
F. G H 1 1 | | K L
1 Core Inventory Fraction Relg§ed in Congalnmeng for Halogen )
2 |(Ret. 1) . : Gap Release Phase - 0.05 (Ret. 4, Tb! 1) ‘
1.3 J(Ret. 5) ] Early In-Vessel Phase i 0.25 {Ret. 4, Tol 1)
4 |(Ref. 6) ] i
5 |(Ref. 1) - . . . . .
6‘(“8'2) I - . e e e - | - o) P J. L . . .. | P N .. e e e e — [
Activity Activity Specific " Core Gap EIV Total
"(Ref. 3) per Core . Activity - Inventory |  Release . Release Release
8 ‘ ) ] -
I [cimwil -1 [Cilcorel - [Cilgm] _lam/core] [mole] [mole] . [mole]
10 ' i . |=0.3"J12- =0.3'K12 =J10+K10
11]o =F11'D$4 __|=LN(2)'D$6/(D$5*B11°E11) [=G11/H11 =11°J$2/B11__ |=111°J83/B11_ [=J11+K11
12[0.0013 =F12'D$4 _|=LN(2)'D$6/(D$5'B12°E12) [=G12H12 _ [=112°J$2/B12 _ [=112°J$3/B12 _ [=J12+K12
13 10.00000000000000318 [=F13°D$4 _ |=LN(2)"D$6/(D$5°B13°E13) [=G13/H13 =113°J$2/B13_ |=113'J83/B13 [=J13+K13
1410 =F14'D$4 _|=LN(2)'D$6/(D$5°B14°E14) [=G14/H14  ~[=114°J82/B14  [=114°J33/B14  [=J14+K14
15 j2100 =F15'D$4 _ |=LN(2)°'D$6/(D$5*B15°E15) [=G15/H15 =115°J$2/B15__ [=115°J$3/B15 _ [=J15+K15
16]67.1 =F16'D34 _ |=LN(2)'D$6/(D$5*B16*E16) [=G16/H16 . - [=116*J$2/B16  |=116°J33/B16 _ [=J16+K16
) 170.00000214 ~___|sF17'D$4__[=LN(2)'D3$6/(D$5'BI17°E17) |=G17/H17 =117°J$2B17 _ [=N7°J$I/B17 _ |[=J17+K17
1810 =F18°D$4 - [=LN(2)'D$6/(D$5°B18°E18) [=G18/H18 =118'J$2/B18__ [=118°J$3/B18~  |=J18+K18
19]0 =F19'D$4 _ |=UN(2)'D$6/(D$5°B19°E19) [=G19/H19  [=119°J$2/B19  [=H8'J$3/B19 - [=J19+K19
e . J20]o_— =F20'D$4 __ |=LN(2)*D$6/(D$5°'B20°E20) [=G20/H20 =120"J$2/B20  [=120°J$3/B20 _ [=J20+K20
210 =F21‘D$4 _ [=LN(2)°D$6/(D$5'B21°E21) |=G21/H21 =I21°J82/B21  [=121°083/B21  |=J214K21 [T U7 T T ST mm T s e e e e o
22]o =F22'D$4 _ |=IN(2)*'D$6/(D$5°B22°E22) [=G22/H22 =122°J$2/B22 _ [=122°J83/B22  [=J224K22 oo
23]o =F23'D$4 _[=LN(2)°'D$6/(D$5°'B23°E23) [=G23/H23 =123°J$2/B23  [=123°J$3/B23  [=J23+K23 . :
24 |0 =F24'D$4 _ |=LN(2)'D$6/(D$5°B24°E24) |[=G24/H24 - |=124°J$2/B24  |=124°J33/B24  |=J244K24
2510 =F25'D$4 _ |=LN(2)'D$6/(D$5°B25°E25) |=G25/H25 =125°J$2/B25  [=125°J83/B25  [=J25+K25
260 =F26'D$4 _ [=LN(2)'D$6/(D$5°B26°E26) |=G26/H26 =126°J$2/B26 _ [=126°J$3/B26 " }=J26+K26
27 o =F27°D$4  |=LN(2)°'D$6/(D$5"B27°E27) |=G27M27 _ - |=127°J$2/B27  [=127°J33/B27  {=J27+K27
28 {0 =F28'D$4 _ |=LN(2)*D$6/(D$5'B28°E28) |=G28/H28 =128°J$2/B28 _ |=128'J$3/B28 _ ]|=J28+K28
290 =F29°'D$4 _ [=LN(2)*D$6/(D$5"B29°E29) |{=G29/H29 =129'J$2/B28  [=129°J$3/B29  [=J29+K29
300 =F30°D$4 _ - . -
31, =F31°D$4 . ; y :
32 . : N Tolal|=SUM(110:131) [=SUM{J10:J31) [=SUM(K10:K31) [=SUM(L10:L31)
34
35
36
37
38
{39
40
41
42
43
44 |
lodine t=30d Eqs
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Attachment 1 - Table 1-4 Eqs: Core Cesium Inventory Determination (t=30 days Post-LOCA) Calculation No. H2}CO¥
Nine Mile Point Nuclear Statnon (Single Batch Core with 1400 EFPD and 34,000 MWd/ST CAVEX) - Revision 0
Unit 1 ] ’ . . . Page 1-14
A | B C D E
1 |Time post-LOCA . {30 days
2 |Neutron Mass 1.008665 amu
3 |Core Themmai Power (100% /o) 1850 MWt o o RS : . - - .-
4 |Core Thermal Power (102%) =D3"1.02 MWt ) :
5 |1 Curis . 37000000000 |dis/sec .
6 |Avogadro's Number - - -~ - - {6:022137E+23- |atoms/mole- - -- - L S S DU
7 . . . . . . .
Isotope A"’(’;‘::f'_":‘)’ss '(*;g"'g;’ t,/2 units - HalfLfe
8 .
9 [amu] EE fsec]
10 CS-132  1131.906393 6.48 d =|F(D10="5"C10,IF{D10="m",C10"60,IF(D10="h", C10'60'60 JF(D10="d", C10'24'60‘60 IF(D10- a ,C10°365"24°6060,"'n/a")))))
11| cs-133"
12] - CS-134  ]133.906823 2.065 a =|F(D12="s £12,IF(D12= m ,C12'60,IF(D12='h;C12'60'60.IF(D12='d',C12'24'60‘50,IF(D12= a ,C12'365'24'60'80,'n/a')))))
13] CS-134M ]133.906823 2.9 h =|F(D13="s",C13,IF(D13="m",C13*60,IF(D13="h",C13'60*60,IF(D13="d",C13'24*60*60,IF(D13="a",C13°365°24°60°60,"n/a")))))
14 CS-135  |134.90577 - . |2300000 a =IF(D14="s",C14,IF(D14="m",C14"60,IF(D14="h",C14*60*60,IF(D14="d",C14'24*60*60,IF(D14="a",C14"365°24°60"60,'n/a"}})))
15] CS-135M _ ]134.90577 53 - m =IF(D15="s",C15,IF(D15="m",C15'60,IF(D15="h",C15"60"60,IF(D15="d",C15"24*60*60, [F(D15="a",C15'365°24°60°60,"'n/a"))))) -
16 CS-136_ {135.90734 13.16 d - =IF(D16="s",C16,IF(D16="m",C16"60,IF(D16="h",C16*60*60,iIF(D16="d",C16'24*60*60,IF(D16="a",C16°365°24°60"60,"n/a")))))
17 CS-137 136.90677 30.07 a =IF(D17="s",C17 IF(D17="m",C17*60,IF(D17="h",C17°60"60,IF(D17="d",C17°24"60"60,IF(D17="a",C17365°24"60"60, ‘n/a"))))
18 CS-138  ]137.9108 _ |32.2 m =IF(D18="s",C18,IF(D18="m",C18"60,IF(D18="h*,C18"60*60,IF(D18="d",C18'24*60*60,IF(D18="a",C18°365°24"60"60,"n/a"})))) .
“19]-CS:138M~[137.9108" - ~|2.9———| ——- m- -—--|=IF(D19="s",C19;IF(D19="m*C1960;|F{D19="h~.C19'60:60,IF(D19="d*,C19:2460:60,IF(D19="a",C1 9°365°24°60260,'n/a’)))))... ..
20 CS-139  1138.9129 9.3 m . |=IF(D20="s",C20,IF(D20="m",C20"60,IF(D20="h",C20*60°60,IF(020="d",C20'24"60"60,IF(D20="a",C20°365'24°60"60, '"n/a"))})
211 - CS-140  {139.91711 1.06 m =IF(D21="s",C21,IF(D21="m",C21*60,IF(D21="h*,C21*60*60,IF(D21="d",C21*24*60*60, F(D21="a",C21'365°24"60°60,"n/a"))}))
22| Cs-1419 [=B21+1°D$2_ [24.9° S ‘|=IF(D22="5",C22,|IF(D22="m",C22°60,IF{D22="h" ,C22"60"60,|F(D22="d",C22"24"60"60,|[F(D22="a",C22"365"24"60"60,"n/a"))}})
23] Cs-142®  [=B22+1°D3$2 1.8 S =IF(023="s'.CZ3,IF(023='m',023'60,|F(023£'h',023'60'60,lF(QG:'d',CZS'ZfGO'GO,fF(D23='a',C23'365'24‘60'60,'n/a'))))) )
24] Cs-143% |=B23+1'D32  [1.78 S =|F(D24="5",C24, IF(D24="m",C24"60,|F(D24="h",C24°60"60,IF(D24="d",C24"24°60°60,IF(D24="a",C24"365°24"60"60,"n/a")))))
25| Cs-144? [=B24+1°D$2 1.09 S =IF(D25="s",C25,IF(D25="m",C25°60,IF(D25="h",C2560"60,|F(D25="d",C25°24"60*60,| F(D25="a",C25"365°24"60°60,"n/a"))))) .
26| cs-1459 1=B25+1'D$2_ {0.59 'S =IF(D26="s",C26,IF(D26="m",C26"60,IF(D26="h",C26"60*60,IF(D26="d",C26°2460"60,IF(D26="a",C26*365"24"60"60,'n/a*)}))}
27] cs-146®  |=B26+1°D$2__ 0.322 S =IF(D27="5",C27,IF(D27="m",C27"60,IF(D27="h",C27*60"60,IF(D27="d",C27*24"60"60, F(D27="a",C27*365°24°60"60,"'n/a"}))))
28] Cs-147% |=B27+1°D$2 _ J0.227 [ =IF(D28="s",C28,IF(D28="m",C28"60,IF(D28="h",C28"60"60,|[F(D28="d",C28'24°60"60,|F(D28="a",C28"365°24°60"60,'n/a"))}))
29| Cs-148% {=B28+1'D$2_ [0.15 - 8 =IF(D29="s",C29,IF(D29="m",C29"60,IF(D29="h",C29°60*60,IF (D29="d",C29"24"60'60,IF(D29="a ,£29"36524°60°60,"n/a")))))
30 - -
31 |Notes .
32]1) Stable cesium is conservatlvely ‘not accounted for in thls anal ysls as it forms cesium hydroxide (CsOH)
33 |2) Atomic mass not given for these isotopes in Reference 1; therefore, a multipie of the neutron mass is added to the atomu: mass of C8-140.
34 )
35 Hgigrgnggs
36 1. Radiological Health Handbook 1970 {main body Reference 7.8)
37 |2. Chart of the Nuclides, 15th Edition (main body Reference 7.9)
38 {3. GE-NE-A41-00097-00-01, NMP2 24-month Cycle Fission Product lnventory Evaluation (mam body Reference 7.7)
39 |4. Regulatory Guide 1.183 (main body Reference 7.10.2) e
40 |5. NMP1 Site Licenss {main body Reference 7.5) .
41 16. Regulatory Guide 1.49 (main body Reference 7.10. 1)
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Table 1-4 Eqs: Core Cesium Inventory Determination (=30 days Post-LOCA)

Attachment 1
hdi’\rgflMile Point Nuclear Station (Single Batch.Core with 1400 EFPD and 34,000 MWd/ST CAVEX)
¥ .
F G ] H_ . | [ | J K L
1 Core Inventory Fraction Released in Containment for Alkalis
2 {(Ref. 1) Gap Release Phase’ - 0.05 (Ref. 4, THl 1)
3 |(Ret. 5) Eariy In-Vessel Phase - 0.2 {Ref. 4, Tbl 1)
4 |(Ret. 6)
5 [(Ref. 1)
" 6 |(Ref:2) - -
7 -
~ Activity Activity Specific Core Gap EIV Total
- (Ref. 3) per Core Activity Inventory Release Releass - Release
9 _[C/MWH] [Ci/core] Cilgm [am/core] [mole) [mole] ~__[mole]
10 [0.321 =F10°D%$4 =LN(2)"D$6/(D$5"B10°E10) =G10/H10 =110~J$2/B10__ [=110"J$3/B10 =J10+K10
11 : : o : R
12 {7090 =F12'D%$4 =LN(2)*'D$6/(D$5°B12*E12) =G12/H12 =112"J$2/B12 . [=112"J$3/B12 =J12+K12
1310 ' =F13°'D$4 - |=LN(2)*D$6/(D$5°B13°E13) =G13/H13 =113"J$2/B13 _ [=113°J$3/813 =J13+K13
14 10.0251 =F14'D$4 =LN(2)'D$6/(D3$5°B14°E14) =G14/H14 =114*J$2/B14 =|14'J$3/B14 ~ " 1=J14+K14
15{0 |=F15'D$4 =LN(2)*'D$6/(D$5"B15*E15) =G15H15 =115*J$2/B15  |=115"J$3/B15 =J15+K15
16 [466 =F16°D%4 =LN(2)'D$6/(D$5'B16*E16) =G16/H16 =116*J32/B16  |=116"J$3/B16 =J16+K16
17 [4340 =F17'D%$4 - =LN(2)*'D3$6/(D$5°B17°E17) =G17/MH17 =17*J$2/B17 - {=117"J$3/B17 =J17+K17
1810 . =F18'D$4 =LN(2)'D$6/(D$5°B18°E18) =G18H18 - |=118°J$2/B18 . 1=118"J$3/B18 =J18+K18 -
T oo T = 1=F19°D$4 - - {=IN(2)'D$6/(D$5 B19°E19) -—|=G19/H19———[=119°J$2/B19- - |=19°J$3/B19— |=J194+K19. — _|..
20]o =F20°'D$4 =LN(2)"D$6/(D$5°B20*E20) =G20/H20 =i20°J$2/820  |=120"J$3/B20 =J20+K20
2110 =F21*D$4 =LN(2)*D$6/(D$5°B21°E21) =G21/H21 =121"J$2/B21 =121°J$3/B21 =J21+K21
22|0 =F22'D$4 =LN(2)'D$6/(D$5'B22"E22) =G22/H22 =122°J$2/B22  |=122"J$3/B22 =J22+K22
2310 |=F23'D3$4 =L N(2)*D$6/(D$5°B23°E23) =G23/H23 =123*J$2/823  |=123"J$3/B23 =J23+K23
240 =F24°D%4- - |=LN(2)°D$6/(D$5°B24°E24) =G24/H24 =124°J$2/B24 _ [=124'J$3/824 =J24+K24
2510 =F25°D%4 =LN(2)‘D$6/(D35°B25°E25)  |=G25/MH25 . =125*J$2/B25  |=125°J$3/B25 =J25+K25
26 |0 =F26°D$4 =LN(2)'D$6/{D$5'B26"E28)  |=G26/H26 - |=126"J$2/826  |=126"J$3/B26  |=J26+K26
2710 =F27°D$4 =LN(2)'D$6/(D$5'B27°E27) =G27/H27 . =127*J$2/B27 ' |=127°J$3/B27 =J27+K27
2810 =F28'D$4 =LN(2)*D$6/(D$5°B28*E28) =G28/H28 =128*J$2/B28  |=128'J$3/B28 =J28+K28
29 {0 =F29'D$4 - " 1=LN(2)*D36/(D$5'B29°E29)  |=G29/H2% =129°J$2/B29  }=129°J$3/B29 =J29+K29
30 ] : . - Total|=SUM(110:129) [|=SUM(J10:J29) [=SUM(K10:K29) |=SUM(L10:L29)
31 . . N . .
32
33|
-34
35
36
37
38
39
40
41
Cesium t=30d Eqs
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Calculation No. H21C08Z ¢

i
|
Attachment 2 ; : 4
Nine Mile Point Nuclear Statuon | _ : Revision 0
Unit 1 : Page 2-2
i
Purpose X
l

The purpose . of this attachment is to document the gamma and beta radiation dose in the
Idrywell wetwell and suppressnon chamber water

‘Methodology.

|
Beta Dose ‘
l

The beta radiation dose is taken from Calculatlon S3 11- DWLOCA BETA Revision 0 (main
body Reference 7.6.2). _ _

The beta dose in $3.11-DWLOCA- BETA is presented for three scenarios:
, ] _
1. No halogen plate-out (p. 41) -
- 2.- For plate-out of elemental iodines (p. 48), and

3. For mstantaneous plate-out (p 50).

~ Since the values for the scenario with no halogen plate -out are greater than the other two
scenarios and hence more conservative, they are used herein.” The values reduced by 50% to

i

account for self shielding are used herein. - |
The beta dose for Unit 2 is smaller than for Unit! 1 because Unit 2 assumes all halogen activity is
plated out while Unit 1 assumes it is airborne. For the Unit 2 beta dose calculation, 100% of the -
noble gases are airborne, iodines are reduced by suppression pool scrubbing, and 100% of
remaining iodines are plated out (Calculation PR-C-19-C, p. 5). For Unit 1, 50% of the iodines
are assumed to remain airborne along wnthl 100% of the noble gases in the beta dose
calculation (Calculatlon S3.11-DWLOCA-BETA,/p. 3) .

Since the pe'netratlng ability of beta radiation is orders of ‘magnitude less than that of gamma
radiation, the beta dose from the suppressuon chamber water is considered negligible _in
comparison to the suppression chamber submersxon gamma dose. Therefore, the suppressnon
. chamber submersuon beta dose is not modeled

Drywell and Wetwell Alrborne Gamma Dose ;

The gamma radiation dose is formulated usmg the total integrated dose (TID) from NEDO- .
' 24290 (main body Reference 7.27) and the Unit 2 gamma radiation dose proflle from
Calculation PR-C-21-Q, Revision 1 (main body Reference 7.6.3). The Unit 1 gamma radiation
dose is obtained by normalizing the Unit 2 proflle to the Unit 1 6 month TID (provided in Table 4-
3 of NEDO-24290) as follows: '

Tle _sitbome = TIDU2 aivorrie ~ (T1Du1_gmo / TIDy2 GHI\O)

The drywell and wetwell airborne accudent gamma TID is taken from Zone 1 in Table 4-3 of
‘NEDO-24290. The Zone 1 TID is for the drywell with no vessel shield and bounds all other
‘zones analyzed in NEDO-24290, including the wetwell and therefore is conservatlve ‘

i i .
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. above expression is also equuvalent to:

"TIDy1_siv = TIDuz sub (Pm/Puz) (Vusz)

Suppressmn Chamber Water Submersmn Gamma Dose -

. | . . .
The Umt 1 suppressnon chamber water. submersion gamma dose is scaled from the Unit 2
suppression pool submersion gamma dose provnded in PR-C-21-Q. The Unit 2 submersion
gamma dose is taken from environmental zones PC 175101, PC 196112, and PC 215121,
which represent the suppression pool, in PR-C- 21 -Q:

The Unit 1 submersuon gamma dose is scaled by ‘the core thermal power (P) and dilution
volumes (V). This scaling is consistent with \PR-C-21-Q, where the TID is. determmed as
follows: |

¥

TID = DCF * (AN) S l'

( _ ,
The DCF is a dose conversion factor [rad/(Ct/cc)] A is the amount of activity released to the .
suppression pool [Ci},-and V is the dilution volume (volume of the suppressnon chamber water)
[cc]. From this expressnon it is clear that the TID can be scaled.

TID, / TID, = [DCF *(A/V))/ [DCF*(AN)]

T’Dz =TIDy * (Az/A1) * (V1N2) -

l
[
i
or, since the DCF is a constant, }
l
l
|

Since actlwty is directly proportional to core thermal power level (see Attachment 1) P, the

i
|
i

General Comments on Gamma Dose Determmatuons

l -
It should be . noted that all Unit 2 radiation dose profiles used herein are for the ongmally o
analyzed core thermal power level of 3,323 MWt not the uprated core thermal power level of
3,467 MWt. ThlS has no impact on the results of this analysis. :

Both the dryvjvell/wetwell airborne gamma dose.and the suppression pool submersion gamma
dose are increased by 5% to account for brems'strahlung. _

l
. ] )
The radlatlon doses to be used are shown in Ta}bles 2-1 and 2-2. ¢

Results

il
i
|
1
.
|
|
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Table 2-1: Beta Dose

Drywell Airborne Beta Dose (No Piate-Out)
~ Time ' TID @ 1,850 MWt -
- "~ Th - - [rad]
1 ~3.011E+07
28 2.121E+08
2400 6.134E+08

Notes

1) Suppression pool beta dose is negligible and is therefore not included.

References

1) $3.11-DWLOCA-BETA, Rev. 0 (main body Reference 7.6.2)

Bé}a
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Attachment 2 . Table 2-2: Gamma Dose Calculatlon No. H21CO&1 4
Nine Mile Point Nuclear Station . . : Revision 0
Unit 1 : o o _ . " Page 2-5
Bremsstrahliung Factor (5% incr.) - , 1.05 : Assumption -
Unit 16 month (4320 hr) Drywell Acmdent TID . 27E+407 rad . .Reference 2, Table 4-3 _
Unit 1 minimum dilution volume ' . . 79,800 , e Attachment 4, Table 4-9
_Unit 1 maximum dilution volume . %4040 - 1 " Attachment 4, Table 4-9
Unit 2 dilution volume for submersion ydose 160,000 . ft* " Refs. 1, 3 (also see Ref. 4, Att. 2)
: " Drywell & Wetwell Airborne Gamma Dose , Suppression Pool Submersion Gamma Dose
Time © unit2TiD" @ Unit 1 TID? @ Unit2 TiDY @ unit1 TID¥ @ - unit 1 TID¥ @
L 3323 MWt ' _ 1850 MWt - 3323 MWt 1850 MWt - Min Vol 1850 MWt - Max Vol
[hr] [rad) . . [rad] - frad] = : [rad] : [rad]
1 2.3E+06 - 1.035E+06 3.8E+05. "~ 4.454E+05 3.779E+05 -
6 7.0E+06 . 3.150E+06 . 1.4E+06 . " 1.641E+06 1.392E+06 .
24 | - - 11E+07 = - - 4.950E+06 . | - 2.8E+06 ; 3.282E+06 2.785E+06
720 3.0E+07 ' 1.350E+07 = 1.6E+07° . - 1.875E+07 1.591E+07
2400 o 4.7E+07 . 2.115E+07 e 3.6E+07 . |- 4.219E+07 - 3.680E407. - -
4320 ' 6.3E+07 2.835E+07 , . 5.5E+07 6.446E+07 ’ . 5.470E+07
. 8760 9.5E+07 4. 275E+07 ; 9.4E+07 - 1102E+08 .. 9.349E+07
Notas - Ao e — — T e T T e T i

1) Maximum environmental zone TlD as given in Reference 1 (Zone PC289684, p. 270)
- 2) TIDyn1=(1.05)*(T1Dyni)*(T1Dsmo_u1/T1Dgmo_uz)-

3) TID for suppression pool environmental zones (PC175101, PC19611 2, PC215121) in Reference 1 (p. 202)
- 4) TIDyn1=(1.05)" (TIDU,.m)*(1850 MWt / 3323 MW1)* (Vition vz / Vdmn u1)

References

1) PR-C-21-Q, Rev. 1 (main body Reference 7.6. 3)

-2). NEDQO-24290 (main body Reference 7.27)

3) PR-C-20-F, Revision-3 (main body Reference 7.6.6)
4) H21C-097, Revision 0 (main body Reference 7.6.8)

Gamma
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Unit 1 Page 2-6 Final.
] A B C D E F
1 . : . L
2 |Bremsstrahlung Factor (6% incr.) 1.05 . Assumption
3 |Unit 1 6 month (4320 hr) Drywell Accident TID 27000000 rad Reference 2, Table 4-3
4_|Unit 1 minimum dilution volume 79800 ft° Attachment 4, Table 4-9
1 5. [unit.1. maximum._dilution.volume.. ... _|9404g ft® Attachment 4, Table 4-9
6 -|Unit 2 dilution volume for submersion y dose (160000 - 3 Refs. 1, 3 (also see Ref. 4, Att. 2)
7 - . )
8 ) " Drywell & Wetwell Airborne Gamma Dose Suppression Pool Submersion Gamma Dose
Time ' ' '
Unit2TIDM @ Unit1 TID® @ unit2TiD®. @ Unit 1 TIDY @ unt1TD¥ @ -
9 3323 Mwit 1850 MWt 3323 MWt 1850 MWt - Min Vol 1850 MWt - Max Vol
10 [hr] _[rad] [rad] [rad] [rad] {rad]
111 2300000 =B11*(C$3/B$16)'C$2  |380000 =D11*(1850/3323)*(C$6/C$4)°'Cs2  |=D1 1'(1 850/3323)*(C$6/C$5)*C$2
126 7000000 =B12*°(C$3/B$16)°C$2  [1400000 =D12°(1850/3323)*(C$6/C$4)*CS2 |=D12°(1850/3323)*(C$6/C$5)*C32
13 {24 11000000 =B13*(C$3/8$16)*C$2  |2800000° =D13%(1850/3323)*(C$6/C$4)*C$2  {=D13*(1850/3323)*(C$6/C$5)*C$2
14 [720 30000000 . =B14*(C$3/B$16)"C$2  |16000000 =D14*(1850/3323)*(C$6/C$4)*C$2 |=D14*(1850/3323)*(C$6/C3$5)*C3$2 -
15 12400 47000000 |=B15*(C$3/B$16)*C$2  |36000000 =D15"(1850/3323)*(C$6/C$4)*C$2  |=D15*(1850/3323)*(C$6/C$5)°'C$2
16 14320 63000000 =B16*(C$3/B$16)'C$2 55000000 =D16*(1850/3323)*(C$6/C$4)*C$2 |=D16*(1850/3323)*(C$6/C$5):C$2
17 |8760 95000000 =B17*(C$3/B$16)'C$2 94000000 -D17J1 850/3323)’(C$6/CS>4)'C€52 =D17*(1850/3323)"(C$6/C$5)*C$2
——— b »18 NOIEE-.—.-- T T T e e e e e e e e e e e e e e ——— — B Ty e SR T S P -
19 |1) Maximum environmental zone TID as given in Reference 1 (Zone PC289684. p. 270)
20 [2) TIDyy=(1.05)*(T!Dyz)*(T1Dgmo_ut/T!Dsmo_uz).

21 |3) TID for suppression pool environmental zones (PC175101, PC1961 12, PC215121) in Reference 1 (p. 202)

22

4) TIDymy=(1.05)*(TIDyyirr)*(1850 MWt / 3323 MW1Y* (Vesiuion_uz / Vaion_uy)

231

24 |Beferences

25

1) PR-C-21-Q, Rev. 1 (main body Reference 7.6.3)

2) NEDO-24290 (main body Reference 7.27).

27

3) PR-C-20-F, Revision 3 (main body Reference 7.6.6) -

28

4)- H21C-097, Revision 0 (main body Reference 7.6.8)

_ Gamma-Egs
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Purpose .
|

The purpose: of this attachment is to determme the pnmary contannment exposed cable
inventory. |

'lt is expected that NMP Unit 1 will require use of the Liquid Poison System (LPS) based on
previous experience, regardless of how the cable inventory is determined. Therefore, use of the
conservative methodology presented herein is consudered acceptable

I

Mass of Cable Insulatlon/Jacketmg in Prlmary Contamment

Smce cable msulatuon and jacketlng IS combustlble |t is included in the combustlble load for fire
area/zone FA3/R1, "RB 225’ to el. 332' anary Containment Torus Area® (Ref. 1, p. B5). The
total combustlble load for FA3/R1 is given iin the following table. Quantities from the
combustible Ioadmg calculation (Ref. 1) and; Table 3.1.1 of Appendix 10A (Fire Hazards
Analysis) to the UFSAR are presented since they are different. For the purposes of the post-
LOCA suppression chamber water pH calculation, the calculation (Ref. 1) values are used.

Combustible Material - Quantity (Ref. 1) Quantity (Ref. 3 — UFSAR)
Cable insulation. [ 744 : 744
Rubber - ' ' : C 36 ’ "~ pla
-Oil f - i f 1,104 o : 1,310
- | Wire insulation ' L 41 1 25
Plastic C : ; 180 n/a -
Motor insulation ' . - 363 . ' 250

Of the combustible loads listed above, the cable insulation, wire insulation, motor insulation,
rubber, and plastic could be chlorine-bearing material. The total weight of these materials is
1,364 .lbm [744+36+41+180+363}, of which 1,148 Ibm [744+41+363] is -insulation. This
inventory excludes cable routed in conduit and junction boxes (Ref. 1, p. 5, Assumptlon 1),
_which is consustent with the methodology used to determine HCI production for pH analyses.
The rubber hoses and plastic covers on lead blankets (Ret. 1, p. A25) are included since they
may contain chlonne and therefore may contnbute to HCI production. The mass of the rubber
and plastic are modeled .the same as cable jacketing. Oil may include chlorine-bearing
compounds such as chlorinated solvents, but |s enclosed and would contain any HCI that might
be formed. . , A ‘

- Note that the total chlorine bearing material wefght for Unit 1 (1,364 lbm) is greater than that for
"~ Unit 2 (~620 Ibm per Ref. 2, p. 4-7) For conservatism, 1,400 lbm is used for the- post-LOCA
suppression chamber water pH calculation. ; _

Chemical Composmon of Cable InsulatlonIJacketlng

~There are three types of cables used at Nine Mtle Point Umt 1. power cable control cable, and
instrumentation cable. All of these cable types can contain a chlorine ‘bearing insulation or
jacket material. Per Section IX-B.3.4 of the UFSAR (Ref. 3), some of the possible chlorine
bearing insulation and jacket matenals are neoprene, polyvinyl chloride- (PVC), chiorosulfonated
polyethylene (CSPE), and Hypalon® (a CSPE).; It is noted that this differs slightly from the 600V
cable specifications' (Refs. 6-8) which state that the cable jacketing is all black CSPE. The
chemlcal properties of these matenals are prowded below

|
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Material Formula Molecular Weight- | % Chlorine by wt. | Reference
Neoprene (C4H:Cl)y, 88.5 L 40% ' Ref. 5
PVC (CH3Cl)y 62.5 ﬁ 57% Ref. 5
Hypalon® . CgsH157CH3S0O, 1,702.5 | 27%* Ref. 4, §2.2.5.1 -
Kerite CSPE n/a na ! 18% | Ref. 2, p. 3-28

We:gm % chlonne varies from 24-43% per NUREG/CR-5950 for commercnal product with filler.

Thus, based on the above mformatron rt is conservatlve to model all cable msulatnon and
jacketing in containment as PVC. - Note that this: 'differs from NMP Unit 2 m which the majority of
cable in containment is Kerite CSPE, conservatrvely modeled as Hypaion®.
The rubber hose and _plastic covers are also modeled as PVC since more detarled mformatron
regarding their chlonne content is not available. | .
Propertnes of- PVC InsulatnonlJacketlng _

!
The properties of cable insulation/jacketing requrred for the post-LOCA suppressron chamber
water pH analysis are as follows: density, linear absorption coeffncuent and radratlon G value.
These propertles are provided below for PVC. '

" Per Reference 10 (p. 6-200), the specrftc gravrty of flexible PVC ranges from 1 16 to 1 7, thus
the density ranges from 1.16 to 1.7 g/cm®. Note that the density of Hypalon 1.55 g/lcm?®,
similar (Ref. 11, p. 13). ,

~ Since carbon’is a major constituent of PVC, (égHacl)n, the following values relating the linear
absorption coeffrcrent (o) to material density (p) | from Reference 11 (p 13) can- be used:
i .
o/p=0. 0637 cm /g
ogp = 33.6 cmz/g

For the purposes of this calculation, a smaller hnear absorption coefﬂcrent is conservatwe since
it leads to greater radiation -penetration and hence a greater quantity of insulation/jacketing -
affected by radiation. Therefore, when determining the linear absorption coefficient, the lower
‘bound PVC density (1. 16 g/cm) is used. !ThIS leads to the following linear absorption
coefficients for PVC i :

o, = 0.0739 cm"' [(0.0637 cm?g)*(1.16 g/cm®)] |
op = 38.976 cm’ [(33.6 cm?/g)*(1. 16 glem?)] !

The G value for PVC is 7.7 molecules HCI per- 100 eV in a vacuum at room temperature, which
is greater than the 2.1 molecules HCI per 100 eV G value for Hypalon® in a vacuum at room
temperature (Ref. 4, §2.2.5.2). The G value ||n a vacuum at room temperature is meant to
represent a balance between the increased HC! production at elevated temperatures expected
during accidents and the neutralization potentral of fillers in 'the cables. Although the
neutralization potential of fillers in PVC jacketed/insulated cable is less than in . Hypalon®

jacketed/insulated cable per- NUREG/CR- 5950’ the G value in a vacuum at room temperatures
is still consrdered acceptable for the following reasons

‘i
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* The NMP Unlt 1 primary containment vessels (drywell and pressure suppression chamber)
are purged with nitrogen to maintain less than 4% oxygen per UFSAR Section VI-E.1.1 (Ref
3). Therefore the G value i in a vacuum is reahstlc for NMP Umt 1

'. . Since all 600V cable jacketing is actuaily CSPE per the cable specmcatlons (Refs. 6-8), it is
probable that much of the insulation combustrble load is CSPE or Hypalon®. Therefore, the
appllcatlon of the PVC G vaiue to the entire rnsulatlon mass |s conservative.

Thus the G value to be used herein for PVC i IS 7.7 molecules HCI per 100 eV. Note that thrs'
represents an HCI productlon 3.7 [7.7/)2.1) tlme]s greater for the radiolysis of. PVC than for the ’
radiolysis of Hypalon Thrs is the primary drfference between the use of PVC versus Hypalon®.

It should also be noted that the use of the G value in a vacuum at room temperature is
consistent wnth the G value suggested for use with Hypalon® in NUREG/CR-5950 (Ref. 7.13).
Grand Gulf, an NRC pilot plant for AST implementation, also adopted the G value in a vacuum
at room temperature for Hypalon® in Engmeenng Report GGNS-98-0039 (Ref 12, Appendix A).
Selectlon of Typlcal Cable Slze '

; o ,
The typlcal cable size is selected based on the NMP Un|t 1 cable specmcatrons (Refs 6-8).
Typlcal cable’ srzes are presented in the follownng table.

: : NMPC ltem No. ! Approximate Outer Diameter Avg Overall Jacket Thickness “Reference '
A . - in ) { , (in] [

:600VeTwistediPairinstruméntation Cableiwith Individual PairiShielding:
N3A101 j 0.045 Ref 6, Tbl. IA/B
N3A102 "0.060. Ref. 6, Tbl. IA/B
N3A103 ] , 0.080 Ref. 6, Tbl. IA/B
N3A104 1.17 0.080 |
£600ViTwisted: Pairinstrumentation:Cablelwith:Qverall Shielding;
N3A105 ° 0.62
N3A106 . 0.77 -
N3A107 : 1.03
£600ViNon:Shielded:ControliCables 7
T N3AT
N3A2
N3A3
N3A4A |
N3A4B
N3A5
M3A6
N3A7
. N3A8-
N3A10
N3A11 . .
T600ViShicldediControliCables.
N3A20 * -
N3A21 .
N3A22
N3A23
N3A24 °

Bt NaneE)
Ref 6, Tbl IIA/B
Ref. 6, Tbl. lIA/B
Bef 6 TbVI‘IIA/B

Ref 7 Tbl. IIA/B
Ref. 7, Tbl. 1A/B
Ref. 7, Tbl. IA/B |
Ref. 7, Tbl. IA/B
- Ref. 7, Tbl. IA/B
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NMPC item No. | Approximate Outer Diameter || Avg Overall Jacket Thickness | - Reference
o I [in] ! [in] U
N3A25 : 0.66 l 0.060 Ref. 7, Thi. HA/B
N3A26 0.83 i 0.060 - - Ret. 7, Thl. IIA/B
N3A27 0.97 i 0080 : Flef 7, Tbl. NA/B
@Goov,ﬁsmélded~Twrst‘é“6gPari§C’6’ﬁt’F&‘l”‘ca’Bl e
__N3A32 0.88 ' ’ Ref. 7 Tol. A/
N3A35 - 0.98 | Hef 7, Thl. IA/B

il Wﬁ‘lﬁlﬁwéwowerec*aﬁl g ey

Ref' 8 Tol. IAB

N5A1 0.698 e . .
l’ N5A2 0.962 D . _ | Ref. 8, Tbl. 1A/B
H600VTiplexed withiGroundillowaVoitageiPawer Cabler il et il il A Y
NSB . 0.545 : ' . Ref. 8, Thl. lIA
NsD _0.688 ! .__0.065 - Ref. 8, Tbl. HA
NSE 0.794 L 0.065 ' Ref. 8, Thl. lIA
NSF _ ~ 0.976 f 0.065 = = Ref. 8, Tbl. 1A

Maximum : .
Minimum : - 0.22
" average rndrvrdual cable jacket thickness

** values for rndrvrdual cables presented (conservative for HCl prloductmn purposes)

A typical cable size is selected which maximi'z'es predicted HCI production.. Based on the flux
averaging factor and absorption fraction-(Ref. 2 §5.5), the minimum cable outer diameter and
minimum jacket thickness yield conservative results For smaller cables with thin jacketing, the
amount of radiation applied to the jacket is nearly equal to the incident radiation on the surface;
hence HCI production is greatest with said cables

Therefore, a cable with an outer diameter of 0. 22 mches and a jacket thrckness of O 030 inches

is used for the pH analysis. f

Modeling Assumptlons A ' l

The lollowrng assumptlons are used in the determrnatlon of the. pnmary containment cable

inventory. The cumulatlve effect of these assumptlons is extremely conservative.

l .

e Assume all combustible cable msulatron |s actually cable jacketing; therefore, the entire .

"~ mass of cable is exposed to both gamma|and beta radiation since no credit is taken for .
shielding of the insulation from beta radiation -

e Assume all cable is free-air routed.and not in cable trays; thus, no credit can be taken for
shielding of some of the cables from beta radratron in cable trays (this assumptron conflicts
with the combustible loading caiculation, Reference 1, which assumes all cable is in trays;
however, since Reference 1 assumes the cable location, the assumptron of free-air routing
is acceptable)

¢ No cable.is assumed in the suppression chamber (torus); this is acceptable since little, if
any, cable is expected in the suppression chamber .

l

)
1
1
|
é

i
|
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e Medium and high voltage cables are not considered when determining the typical cable size; -
this is acceptable since small cables maxlmuze HCI production and the medium to high
voltage power cables are larger than the cables identified in References 6-8. In addition, the
quantity of medium and hlgh voltage power cables inside primary containment is small as
the only 5 kV (medium/largé) cables in contalnment feed the reactor recirculation pumps
(Ref. 9). -

s The chlonne content of the rubber hose. and plastic covers is unknown; therefore |t is

- assumed that these materials are PVC. |

o ltis assumed that any filler material in the cables is included in the combustnble load

provided m Reference 1. Theretore, the tlller matenal would be accounted for as chlorine
" bearing material in this calculation. g

e It is assumed that the oil in primary contamment is confined and therefore any chlorine

which could evolve from the oil to form HCI rlteed not be accounted forin thls calculation.

Summary of Cable Inventory in Prlmary Contamment'

For the post- {LOCA suppressnon chamber water pH analysus the primary contalnment cable
inventory is as follows ; . ! :

s 1,400 lbm of free-air routed PVC ;acketed cable wrth an outer diameter of 0.22 mches and a
jacket thlckness of 0.030 inches - '
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Attachment 4 - _Table 4-1: Post-LOCA pH Calculation without LPS Calculation No. H21C0§{ 4
Nine Mile Point Nuclear Station - Revision 0 -
Unit 1 o Page 4-3 .
Initial conditions -
SC water mass 5,364,128 Ibm. Table 4.9 (maximum values)
RCS mass . 501,500 lbm Table 4.9 (maximum values)
" Total post-LOCA'SCmass .~ 5,865,628 Ibm R R R - - .
suppression chamber water pH - 55 Design Input 4.1 (minimum value)
reactor coolant pH - ' 5.5 Design Input 4.2 (minimum value) N
inftial [H] © 3.16E-06 g-molel  weighted average
initial [OH] 3.16E-09 g-mole/l  weighted average
. . Poal HE | [HNOS [HCIE | [CsOHP? | Total [H] | Total [OH]]-  Pool ‘Water | - Kyat’ x [H] Pool
Time | Volume' , R ' - Temp ‘Density - | Pool Temp . pH
(hr) (liter) -moles/l)] (g-moles/l) | (g-molesA)| (g-moles)| (g-moles/l) | (g-molesi) (°F) (Ibm/it®) () (g-moles/) |(g-moles/) {-)
0 2,671,619 : 3.16E-06 | 3.16E-09 85.0 - 6217 1.409E-14] -1.29E-09 | 3.16E-06 55
- 0.034 | 2,696,573 9.15E-08 ] 6.163E-07}. | 3.87E-06 | 3.16E-09 127.3 .61.60 6.240E-14| -1.20E-08 3.88E-06] .54
0.534 | 2,714,331 1.336-07 | 1.44E-06 | 9.72E-06 | 1.73E-05 [ 1.45E-05 | 1.73E-05 { - 149.9 61.19 1.234E-13 1.44E-05 4.32E-08 7.4
i e e 1. _]-2,719,033..3.38E:07_|_.2.70E-06__{1.818E-05| _3.79E-05 ] 2.44E-05.] 3.79E-05 155.3 61.09 |[1.438E-13]| 2.44E-05 1.06E-08 8.0
2 2,722,378 | 7.94E-07 | 4.46E-06 | 2.726E-05} 8.36E-05 | 3.57E-05 | 8.36E-05 159.1° 61.01 1.594E-13{. - 3.57E-05 3.33E-09] 85 | T 7T
2.034 | 2,722,492 | 7.94E-07 | 4.52E-06 | 2.753E-05| B.36E-05 | 3.60E-05 | 8.36E-05 159.2 61.01 1.599E-13 3.60E-05 3.36E-09| 85
~ 3 2,723,132 | 7.94E-07 | 6.00E-06 | 3.456E-05| 8.36E-05 | 4.45E-05 | 8.36E-05 159.9 60.99 1.63E-13 4.45E-05 | 4.17E-09 8.4
4 . 2,722,165 | 7.94E-07 | 7.39E-06 [ 4.092E-05{ 8.36E-05 | 5.23E-05 | 8.36E-05 158.9 _ 61.02 1.583E-13 5.23E-05 5.06E-09 8.3
5 2,722,024 | 7.94E-07 | B.70E-06 | 4.664E-05] 8.36E-05 | 5.93E-05 | 8.36E-05 158.7 61.02 1.577E-13 5.93E-05 6.49E-09 8.2
6 2,722,024 | 7.94E-07-| 9.93E-06 |5.189E-05| 8.36E-05 | 6.58E-05 | 8.36E-05 158.7 61.02 1.577E-13 6.58E-05 8.85E-09 8.1
7 2,722,024 | 7.94E-07 | 1.07E-05 | 5.68E-05 | 8.36E-05 | 7.15E-05 | 8.36E-05 158.7 61.02 1.577E-13 7.15E-05 1.30E-08 7.9
8 2,722,024 ] 7.94E-07 | 1.15E-05 | 6.142E-05| 8.36E-05 | 7.68E-05 | 8.36E-05 158.7 - 61.02 }1.577E-13] = 7.68E-05 2.33E-08 7.6
9 2,722,024 | 7.94E-07 |~ 1.22E-05 ] 6.58E-05 | 8.36E-05 | 8.19E-05 } 8.36E-05 158.7 61.02 1.577E-13 8.18E-05 8.98E-08 7.0 :
10 |2,722,024| 7.94E-07 | 1.28E-05 | 6.999E-05| 8.36E-05 | 8.68E-05 | 8.36E-05 158.7 61.02 |1.577E-13 8.35E-05 3.23E-06 5.5
11 . | 2,722,024 ] 7.94E-07 | 1.35E-05 |7.401E-05] 8.36E-05-| 9.14E-05 | 8.36E-05 158.7 61.02 |1.577E-13 8.36E-05 7.85E-08 51
12 2,722,024 ] 7.94E-07 | 1.40E-05 |7.788E-05| 8.36E-05 | 9.58E-05 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 1.23E-05 4.9
13 2,722,024 | 7.94E-07 | 1.46E-05 |8.162E-05| 8.36E-05 | 1.00E-04 | 8.36E-05 158.7 81.02 1.577E-13 8.36E-05 1.66E-05 4.8
14 2,722,024 | 7.94E-07 | . 1.52E-05 | 8.524E-05] 8.36E-05 | 1.04E-04 | 8.36E-05 | 158.7 61.02 1.577E-13]- 8.36E-05 2.08E-05| 4.7
15 2,722,024 | 7.94E-07 | 1.57E-05 | 8.875E-05| 8.36E-05 | 1.08E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 2.48E-05 4.6
16 2,722,024 | 7.94E-07{ 1.62E-05 | 9.217E-05| 8.36E-05 | 1.12E-04 | 8.36E-05 158.7 81.02 1.577E-13 8.36E-05 . | 2.88E-05 4.5
17 12,722,024 7.94E-07{ 1.67E-05 | 9.551E-05| 8.36E-05 | 1.16E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 3.26E-05 4.5
18 - | 2,722,024 | 7.94E-07 { 1.72E-05 | 9.876E-05] 8.36E-05 | 1.20E-04 | 8.36E-05 168.7 61.02 1.577E-13 8.36E-05 3.63E-05 4.4
19 2,722,024 7.94E-07 | 1.77E-05 |0.0001019| 8.36E-05 | 1.24E-04 | 8.36E-05 168.7 61.02 1.577E-13 8.36E-05 | 4.00E-05 4.4
20 2,722,024 7.94E-07{ 1.81E-05 | 0.000105 | 8.36E-05 | 1.27E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 4.36E-05 4.4
21 2,722,024 | 7.94E-07| 1.86E-05 10.0001081] 8.36E-05 | 1.31E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 4.70E-05 4.3
pH




1) Pool volume is computed as follows: (mgp / psp)*28.31685 Uit®
2) The HI, HCI, and CsOH concentrations calculated in Tables 4-2, 44 and 4-5 are based on the SP volume from Table 4-9.
To adjust for the SP volume as it changes throughout the LOCA, the concentratlon from Tables 4-2, 4-4, and 4-5 ls multuphed by the following factor; Vbas,stp

where Vi i is the volume in Table 4-9 and VSP is calculated in this sheet.
3) The HNO, concentratlon does not directly utilize the SP volume and therefore is not adjusted as described in Note 2. However.

the HNO; generation is based on p,,0=1000 g/l. To account for the denS|ty in the post-LOCA SP the concentration from Table 4-

is mumphed by pse / 1000 g/t * 453.6 g/bm / 28.31685 i

pH

V2 )
. Vfos
Attachment 4 Table 4-1: Post-LOCA pH Calculation without LPS Calculation No. H21C08Z %
Nine Mile Point Nuclear Statlon - : Revision 0
Unit 1 Page 4-4 .
Pool HI? [HNOZ® [HCI? | [CsOHJ? | Total{H*] | Total {OH]| Pool Water K, at X H] | Pool
Time Volume' . ’ Temp Density | Pool Temp| : : ©p pH
" (hr) (liter) (g-molesfl)] (g-moles/l) | (g-moles/)) | (g-moles/l} | (g-moles/l} | (g-moles/) (°F) (Ibm/it%) (-) (g-moles/l) |(g-molesn) (-)
- 22 -- | 2,722,024-} -7.94E-07-] 1.90E-05. | 0.00011111..8.36E-05..]..1.34E-04.] 8.36E-05 |.. 158.7 61.02 |1.577E-13} 8.36E-05_ | 5.05E-05 4.3
23 - |-2;722,024 § 7.94E-07 | 1.95E-05 | 0.000114 | 8.36E-05 | 1.37E-04 | 8.36E-05 | . 158.7 61.02 | 1.577E-13] 8.36E-05 5.38E-05] - 4.3
24 2,722,024.| 7.94E-07 | 1.99E-05 ]0.0001169| 8.36E-05 | 1.41E-04 | 8.36E-05 158.7 61.02 1:577E-13 8.36E-05 5.71E-05 4.2
28 2,722,024 | 7.94E-07 | 2.15E-05 |0.0001279} 8.36E-05 { 1.53E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 6.98E-05 4.2
48 2,722,024 | 7.94E-07 | 2.83E-05 | 0.0001455| 8.36E-05 | 1.78E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 9.42E-05 4.0
72 2,722,024 | 7.94E-07 | '3.49E-05 |0.0001603| 8.36E-05 | 1.99E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 116E-04| - 3.9
96 2,722,024 | 7.94E-07 { 4.04E-05 [0.0001717| 8.36E-05 | 2.16E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 1.32E-04 3.9
120 2,722,024 | 7.94E-07 | 4.53E-05 | 0.000181 | 8.36E-05 | 2.30E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 1.47E-04 38. -
144 2,722,024 | 7.94E-07 | 4.98E-05 |0.0001891| 8.36E-05 | 2.43E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05_ | 1.59E-04 3.8
168 2,722,024 | 7.94E-07 | 5.39E-05 |0.0001962| 8.36E-05 | 2.54E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 1.70E-04 3.8
192 2,722,024 | 7.94E-07 | 5.77E-05 ]|0.0002025| 8.36E-05 | 2.64E-04 | 8.36E-05 158.7 61.02 1.677E-13 8.36E-05 | 1.81E-04] 3.7
216 2,722,024 | 7.94E-07 | 6.13E-05 ]0.0002083| 8.36E-05 | 2.74E-04 | 8.36E-05 158.7 61.02 1.577E-13} 8.36E-05 1.90E-04 3.7
240 2,722,024 § 7.94E-07| 6.47E-05 |0.0002138| 8.36E-05 | 2.82E-04 | 8.36E-05 158.7 - 61.02 1.577E-13 8.36E-05 1.99E-04 3.7
288 2,722,024 | 7.94E-07 | 7.10E-05. | 0.0002231| 8.36E-05 | 2.98E-04 | 8.36E-05 158.7 . 81.02 1.577E-13 8.36E-05 ] 2.14E-04 3.7
' 336 2,722,024 | 7.94E-07'| 7.68E-05 |0.0002315| 8.36E-05 | 3.12E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 2.29E-04° 3.6
e |_._384__{ 2,722,024 | 7.94E-07.] 8.23E-05 |0.0002389] 8.36E-05 | 3.25E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 2.42E-04 3.6
432 2,722,024 | 7.94E-07 | 8.74E-05 |0.0002458| 8.36E-05 | 3.37E-04 | 8.36E-05 |7 158.7 61.02 |1.577E-13 8.36E-05- | 254E-04] 36 | T 7T T
480 2,722,024 | 7.94E-07 ] - 9.22E-05 | 0.000252 | 8.36E-05 | 3.48E-04 | 8.36E-05 158.7 61.02 | 1.577E-13] 8.36E-05 2.65E-04 1" 3.6
528 . | 2,722,024 | 7.94E-07'] 9.68E-05 |0.0002578| 8.36E-05 | 3.59E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 2.75E-04 | - 3.6
576 2,722,024 |1 7.94E-07 | 1.01E-04 | 0.0002632| 8.36E-05 | 3.68E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 2.85E-04 3.5
624 2,722,024 | 7.84E-07 | 1.05E-04 |0.0002683{ 8.36E-05 | 3.78E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 2.94E-04 -3.5
672 2,722,024 | 7.94E-07 | 1.10E-04 ]0.0002731| 8.36E-05 | 3.87E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 3.03E-04 3.5
720 2,722,024 | 7.94E-07 | 1.14E-04 |O. 0002776 8.36E-05 | 3.95E-04 | 8.36E-05 158.7 61.02 1.577E-13 8.36E-05 3.12E-04 3.5
Notes : '
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Attachment 4 ' " Table 4-2: Hydriodic Acid (HI) Production  Calculation No. H21008¢4" c
Nine Mile Point Nuclear Station S CoT ' _ _Revision 0
Unit1 . g i S ' 4 , Page 4-5

Core iodine imﬁ)entont : A ‘
Core iodine - gap release 7.20 g-mole 'lAttachment 1, Table 1-1
Core iodine - EIV release 36.02 g-mole Attachment 1, Table 1-1

Fraction of release as HI - 0.05  max ]Heg Guide 1.183 (main body Ref. 7.10. 2)
Gap release onset 2 minutes Reg Guide 1.183 (main body Ref. 7.10. 2)
Gap release duration .. 30 minutes [Reg Guide 1.183 (main body Ref. 7. 10.2)
EIV duration _ ‘90 minutes Reg Guide 1.183 (main body Ref. 7. 10.2)
. [ suppression .
s o ' cumulatnve | chamber water cumulative
' Time HI | volume H! .

- (hr) (g-mole) | (liter) (g-molef))
onset 0.033 0.00

. 2,662,924 _ 0.00E+00
end of gap re!ease 0.533 . 0.36 2,662,924 1.356-07
\ 1.000 0.92 2,662,924  3.46E-07

I
]
|
1
1
I

end of ElV.  2.033 " 2.16 2,662,924 8.12E-07




_ Attachment4 Table 4-3: Nitric Aéi& (HNO;) Production - Calculation No. H21C08fF
Nine Mile Point Nuclear Station. ) ’ . ) -Revision 0’
Unit 1. : ' Page 4-6'

i

NUREG/CR-5950 (main body Ref. 7. 13)

. HNO,3 genération' 7.3E-06 g-mole/l ber MRad :
- o
i

Suppression

Chamber Water cumulatlve ]
. TID @ |
! Yime - 1,850 MWL HNO, |
- (hr) rad) __ (g-miolefl) ,
onset : 0.034 ~  1.27E+04 9.27E-08 :
end of gap release 0.534 2.02E+05 ° 1.47E-06 -
R 3.78E+05 2.76E-06 | -
" end of EV .2 6.26E+05 4.57E-06 |
2034 . B.33E+05 4.62E-06 -
3 © 8.41E+05 6.14E-06 |
4 1.04E+06  7.57E-06 !
5 . 1.22E+06 -8.90E-06 |
6 1.39E+06 1.02E-05 |,
7 1,50E+06 1.10E-05 !
.- 8 1.61E+06 1.17E-05 |
©9 1.71E+06 1.24E-05 |
10 - 1.80E+06 1.31E:05 |
1 1.89E+06 1.38E-05 |
12 1.97E+06 1.44E-05 |
13 2.05E+06 .~ 1.50E-05 !
14 2.13E+06 1.55E-05 |
, 15 2.20E+06 1.61E-05 |
16 2.27E+06 1.66E-05 |
V4 | 234E+06.  1.71E-05 |
18 241E+06 1.76E-05 !
19 - 2.48E+06 1.81E-05 ;
20 2.54E+06 1.86E-05 |
21 2.61E+06 1.90E-05 |
2  267E+06 1.95E-05 |
23 . 2.73E+06 1.99E-05
24 2.79E+06 2.03E-05 |
28 3.01E+06° = 220E-05]
. 48 3.97E406 2.90E-05 |
.72 4.89E+06 3.57E-05 |
96 5.67E+06 4.14E-05 ]
120 6.35E+06 4.64E-05 |
© 144 6.97E+06 5.09E-05 |
., 168 - 7.55E+06. 5.51E-05
192 8.08E+06 - 590E-05
' 216 . B.59E+06 6.27E-05,
{240 ' 9.06E+06 . 6.61E-05'
. 288 9.95E+06 7.26E- 05;l
336 1.08E+07 7.86E-05 1
384 1.15E+07 8.42E-05 : .
432, 1.22E407 8.94E-05 |
480 1.29E+07 °  9.44E-05!
528 1.36E+07 . 991E-05;
. 576 . 1.42E+07 1.04E-04 I
624 -1.48E+07 1.08E-04 I
. 672 - 1.54E4+07 1.12E-04/
720 1.59E+07 1. 165-04,
. - . |
I
: |
!
: _
HNO3
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Attachment 4 4 Table 4-4: Hydrochloric; Acid (HCI) Production Calculation No. H21C081.‘/'
Nine Mile Point Nuclear Station - ] i : ) ~Revision 0
Unit 1 _ o - _ b : ‘ g ‘ Page 4-7
Cables :
PVC propehiesz ' | ' ' :
radiolysis yield, G ' 7.980E-06 g-mole HCI per MRad-g main body §5.5
linear absorption coefficient 38.976 cm™ for beta radiati{on - Attachment 3.
linear absorption coefficient 0.0739 cm™ forgamma radiation ~ * Attachment 3
. Cable jacket and insulation: :
Typical Cable - |
cabeOD 022 in i
jacket thickness 30 mil !
jacket material  PVC. L
insulation thickness 0 mil ‘
insulation material  n/a |
chiorine-bearing material: o
mass in free air  1,400.0 fbm i
massintray ~ 00  ibm |
mass in free air 635,026.0 gram i
mass in tray 0.0 - gram :
Irradiation: '
. ‘ Typical Cable o
: beta i
e amma | freeair | tray -
o A ]
cable radius (cm) 0.2794 0.2794. 02794
“jacket thickness (cm) 0.0762 0.0762 0.0762
mass irradiated (g) 635,026.0 635,026.0 0.0i
flux averaging factor . 0.997337 0.341356 0.341356
absorption factor ' 0.005615 0.948695 0.9486'9'5 .

i
]
i
:
1
i

1
1
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* Attachment 4 - " Table 4-4: Hydrochloric Acid (HCI) Production _ Calculation No. H21C08£f
Nine Mile Point Nuclear Station : ; o C Revision O
Unit 1- oo ‘ . :. _ . : Page 4-8
pool ‘gamma . beta Drywell HCI
Time volume -TID' " TID . gamma beta - HCI

o - (hr) (iter)  (rad) (rad). _ (g-mole) _(g-mole) (g-malef)
| 0.034 2,662,924 3.48E+04 1.01E+06 9.87E-04 1.66E+00 6.24E-07
: 0534 2,662,924 5.52E405 1.61E+07 157E:02 2.64E+01 9.91E-06 |
1 2,662,924 1.04E+06 3.01E+07 2.94E-02 4.94E+01 1.86E-05
2 2,662,924 1.59E+06 4.52E+07 4.52E-02 7.42E+01 2.79E-05
2034 2,662,924 1.61E+06 4.56E+07 4.57E-02 7.49E+01 2.81E-05
2,662,924 2.05E+06 5.73E+07 5.81E-02 9.41E+01 3.53E-05
2,662,924 2.45E+06 6.78E+07 6.95E-02 1.11E+02 4.18E-05
2,662,924 2.81E406 7.73E+07 7.98E-02 1.27E+02 4.77E-05

3
4
5 o 5
B '2,662,924 3.15E+06 B8.60E+07 8.94E-02 1.41E+02 . 5.3E-05
7
8
9

.2,662,924 3.31E406 9.41E+07 9.40E-02 1.55E+02 5.81E-05
"2,662,924 3.46E406 1.02E+08 9.82E-02 1.67E+02 6.28E-05
2,662,924 a_soa}os 1.09E+08 1.02E-01 1.79E+02 6.73E-05
10 2,662,924 3.72E+06 1.16E+08 1.06E-01 1.90E+02 7.15E-05
11 2,662,924 3.84E+}06 1.23E+08 1.09E-01 2.01E+02 7.57E-05
12 2,662,924 3.95E+06 1.29E+08 1.12E-01 2.12E+402 7.96E-05
13 2,662,924 4.05E+06 1.35E+08. 1.15E-01 2.22E+02 8.34E-05
14 2,662,924 4.15E406 1.41E+08 1.18E-01 232E+02 B.71E-05
15~ 2,662,924 4.25E406 1.47E+08 1.21E-01 241E+02 9.07E-05
16 2,662,924 4.34E+06 1.53E+08 1.23E-01 2.51E+02 9.42E-05
17 2,662,924 4.42E»%06 1.58E+08 1.26E-01 2.60E+02 9.76E-05
18 2,662,924 4.51E£+06 1.64E+08 1.28E-01 2.69E+02 0.000101
19 2,662,924 4.59E406 1.69E+08 1.30E-01 2.77E+02 0.000104
.20 2,662,924 4.66E+06 1.74E+08 1.32E-01 2.86E+02 0.000107
‘21 2,662,924 4.74E+06 1.79E+08 1.34E-01 2.94E+02 0.00011
22 - 2,662,924 4.81E406 1.84E+08 1.37E-01 3.02E+02 0.000114
23 2,662,924 4.88E4+06 1.89E+08 1.39E-01 3.10E+02 0.000117 .
24 2,662,924 4.95E+06 1.94E+08 1.40E-01 3.18E+02 0.000119
28 2,662,924 5.18E406 2.12E408 1.47E-01 3.48E+02 0.000131 .
.48 ' 2,662,924 6.07E+06 2.41E+08 1.72E-01 3.96E+02 0.000149
72. 2,662,924 6.84E+08 2.66E+08 1.94E-01 4.36E+02 0.000164
96 . 2,662,924 7.45E+06 2.85E+08 2.11E-01 4.67E+02 -0.000175
120 2,662,924 7.96E+06 3.00E+08 2.26E-01 4.93E+02 0.000185
144 2,662,924 B.40E+06 3.13E+08 2.38E-01 5.14E+02 0.000193
168 2,662,924 8.79E+06 3.25E+08 2.49E-01 5.34E+02 0.000201 -
192 2,662,924 9.14E+06 3.36E+08 2.59E-01 5.51E+02 0.000207
216 2,662,924 9.4eE;+os 3.45E+08 2.69E-01 5.67E+02 0.000213
240 2,662,924 9.76E+06 3.54E+08 2.77E-01 5.81E+02 0.000218
288 2,662,924 1.03E+07 3.70E+08 2.92E-01 6.07E+02 0.000228
.336 2,662,924 1.0BE+07 3.84E+08 3.06E-01 6.30E+02 0.000237
. 384 - 2,662,924 1.12E+07 3.96E+08 3.18E-01 6:50E+02 0.000244
432 2,662,924 1.16E+07 4.07E+08 3.30E-01 6.69E+02 0.000251
480 2,662,924 1.20E+07 4.18E+08 3.40E-01 6.86E+02 0.000258 .
528 2,662,924 1.23E4#07 4.27E+08 3.50E-01 7.01E+02 0.000264 .
576 2,662,924 1.26E4+07 4.36E+08 3.50E-01 7.16E+02. 0.000269
624 2,662,924 -1.295{+o7 4.45E+08 3.67E-01 7.30E+02 0.000274
672 2,662,924 1.32E4+07 4.53E+08 3.75E-01 7.43E+02 0.000279
720 2,662,924 1.35E407 4.60E+08 3.83E-01 7.55E+02. 0.000284

'
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Attachment 4 © " Table 4-5: Cesium Hydroxide (CsOH) Production ~ Calculation No. Hz1C082
Nine Mile Point Nuclear Station : b B .Revision 0
Unit 1 ., , - 1 SR : _ ‘Page 4-9
Core cesium - gap release - 53.72  g-mole Attachment 1, Table 1-2

Core cesium - EIV release 21487 g-mole Attachmént 1, Table 1-2

Csl-gap reléase = - 6.84 g-fnole fr:ac'tion iodine release in form.of Csl
Csl - EIV release . 34.22 . g-mole »fr;action jodine release in form of Csl
CsOH - gap release 4688 g-mole !
CsOH - EIV release 180.65  g‘mole !
Gap release onsei: 2 minutes F_:!eg Guide 1.183 (main body Ref. 7.10.2)
Gap release duration © 30 ~minutes  Reg Guide 1.183 (main body Ret. 7.10.2)
EIV duration 90 minutes ©  Reg Guide 1.183 (main body Ref. 7.10.2)
_ ’ . ] E
‘suppression .
- cumulative |  pool - cumulative
- Time CsOH : volume CsOH
P (Hr) (g-mole) ;| (liter) (g-mole/))
onset  .0.033 © 0.00 1 2,662,924  0.00E+00
end of gap release 0.533 46.88 ' 2,662,924  1.76E-05
_ " .1.000 103.08 2,662,924 3.87E-05
.end of EIV 2.033 227.53 | 2,662,924 8.54E-05
i
: |
? |
!
;
, |
% i
' 1
!
i
i i : ' S .
. i o
b CsOH. ‘ ' : _ :
. |
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. Attachment 4 . - . Table 4-6: Effect of LPS Addition - Calculation No. H21COB["L
Nine Mile Point Nuclear Station  on Post-LOCA Suppression Chamber pH A ) Revision 0
Unit 1 i ' _ o : | Page 4-10.
A : ' B i'
. Buffering by Liquid Poison System ’

LPS: ' A _

Nominal LPS pump flow rate ! 30 gpm Design Input 4.12

Min LPS injection tank volume '1,325 gal Design Input 4.12

Max LPS temp . . P 105 °F Design Input 4.12

MinLPStemp : i 70 °F Design Input 4.12

LP$S SPB concentration by weight . ' 9.423% ~ Design Input 4.12

Specific gravity o i 1.0 - Design Input 4.12

Water density at max LPS temperature -~ |- 61.93 Ref. 7.18
'LPS solution density at max temperature i 61.93 bm/t® '

Final suppression pool'temp (bouhding) | 200 °F

Boric acidK © D130B08 at 200 F

MW sodium pentaborate (Na,B1,0:6*10H,0) : 585.984 : Design Input 4.12

Volume sodium pentaborate 1 1774

Mass sodium pentaborate ; 1,033.6  Ibm

Mass sodium pentaborate ' : ‘ 800.1 g-mole

Unbuffered pH b 3s

~ Unbuffered [H'] : _ 1 3.115E-04 g-mole/l

Suppression chamber water volume | 2,662,924 liter

Equivalents unbutfered [H*] ‘ i 8295 g-mole

FinalpH | - | S E 79

Time to inject boron = } 442 minutes

e

PS
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Table 4-7: Gamma and Beta Radiation Dose
used to Determine Post-LOCA pH
i .

!

j
i

Wi fe S~

Calculation No. H21C08Z 4

Revision 0

" Page 4-11

gamma dose beta dose | |
Torus Drywell & :
I Water Wetwell Drywell |-
;. Tib@ TiD @ TID @ I '
Time |. 1850 MWt | 1850 MWt | 1850 MWt | |- Source for y Values Source for B Values
(] 1 [rad] _[rad]. [rad} i [ 1
0 O 5 .
0.034 1.3E+04 3.5E+04 1.0E+06 | | linear interpolation linear interpolation
0.534 2.0E+05 5.5E+05 1.6E+07 linear interpolation linear interpolation
1 23:779E4055[6417035E406E[E 3103 EF075] [Attachment 2, Table 2-2 | "Attachment 2, Table 2-1
2 ‘ 6.3E+05 1.6E+06 4.5E+07 log-log interpolation log-log interpolation
2.034 | 6.3E+05 1.6E+06 4.6E4+07 log-log interpoiation log-fog interpolation
3 8.4E+05 2.0E+06 5.7E+07 log-log interpolation - log-log interpolation
4 - 1.0E+06 2.4E+06 6.8E407 - log-log interpolation - log-log interpolation
- 5 " 1.2E406 2.8E+06 - § 7.7E+07 | : . log-log interpolation log-log interpolation
6 %ﬁ&awsmsg EINS0EX06E] 8.6E+07 | | Attachment 2, Table 2-2 10g-log interpolation
7 _ 1.5E+06 3.3E+406 9.4E+07 | i log-log interpolation log-log interpolation
8 . 1.6E+06 3.5E+06 1.0E+08 ]! log-log interpolation log-log interpolation
9 i 1.7E+06 3.6E+06 1.1E+08 | ! log-log interpolation __log-log interpolation
10 1.8E+06 - 3.7E+06 1.2E408 }! log-log interpolation log-log interpolation
11 1.8E406 3.8E+06 1.2E+08 |/ log-log interpolation log-log interpolation
12 . 2.0E+06 3.9E+06 1.3E408 ]| log-log interpolation log-log interpolation
13 2.0E+06 4.1E+06 1.4E+08 |' log-log interpolation log-log interpolation
14 2.1E+06 4.2E+06 1.4E+08 | i Jog-log interpolation log-log interpolation
15 2.2E+06 4.2E4+06 1.5E+08 |: log-log interpolation log-log interpolation
16 2.3E+06 4.3E+06 1.5E+08 | _log-og interpolation log-log interpolation
17 2.3E+06 - | 4.4E+06 1.6E408 1! log-log interpolation _log-log interpolation
18 2.4E+06 4.5E+06 1.6E408 |: log-log interpolation log-log interpolation
19 2,5E+06 4.6E+06 1.7E+08 ]!  log-log interpolation log-tog interpolation
20 - 2.5E+06 4.7E+06 1.7E408 |/ log-log interpolation log-log interpolation
21 2.6E+06 4.7E+06 1.8E408 ]: log-log interpolation log-log interpolation
22 2.7E+06 4.8E+06 1.8E+08 |: log-log interpolation log-log interpolation
23 2.7E+06 4.9E+06 1.9E408 | log-log interpolation log-log interpolation’
24  [:2:785EX061]4:950E5067] 1.9E+08 | Attachment 2, Table 2-2 log-log interpolation
28 3.0E+06 52E+06 |62 21E508]] ! log-log interpolation ' Attachment 2, Table 2-1
48 4.0E+06 6.1E+06 2.4E+08 ]! log-log interpolation log-log interpolation
72 49E+06 .| 6.8E+06 2.7E+08 || log-log interpolation log-log interpolation
96 5.7E+06 7.5E+06 2.8E+08 | log-log interpolation log-log interpofation
120 " 6.4E+06 "B.0E+06 §. 3.0E4+08 }| " log-log interpolation log-log interpolation
144 7.0E+06 8.4E+06 3.1E+08 i log-log interpolation log-log interpolation
168 7.5E4+06 8.8E+06 3.3E+08 |}| log-log interpolation log-log interpolation.
192 8.1E+06 9.1E+06 3.4E+08 || log-log interpolation log-log interpolation
- 216 8.6E+06 9.5E+06 3.5E+08 ]I log-log interpolation log-log interpolation
240 9.1E+06 | 9.8E+06 3.5E+08 }! log-log interpolation log-log interpolation
288 9.9E+06 - | 1.0E+07 3.7E+08. |i log-log interpolation log-log interpolation
336 1.1E407 1.1E+07 3.8E+08 }i log:-log interpolation log-log interpolation
384 1.2E+07 1.1E+07 4.0E+08 |' log-log interpolation log-log interpolation
432 1.2E+07 1.2E+07 4.1E+08 |’ log-log interpolation log-log interpolation
480 1.3E407 1.2E407 4.2E+08 |: log-log interpolation log-log interpolation
528 1.4E+07 1.2E+07 4.3E+08 . log-log interpolation log-log interpolation
576 1.4E+07 1.3E+07 4.4E+08 | log-log interpolation log-log interpolation
624 1.5€+07 1.3E+07 4.4E+08 || log-log interpolation log-log interpolation
672 1.5E+07 1.3E+07 4.5E+08 '§i log-log interpolation log-log interpolation
720 [E1i591ERO’ 1 4.6E+08 Attachment 2, Table 2-2 log-log interpolation
2400 _]g I6BOEED; 46134E508%]| Attachment 2, Table 2-2. | Attachment 2, Table 2-1
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Attachment 4 . . - _ Table 4-8: Post-LOCA Suppression Chamber Water Calculation No.‘H210081 4
. Nine Mile Point Nuctear Station . Temperalu[b Response ’ . . Revision 0
Unit1 ' Lo , : " Page 4-12
i .
' From Data (Ret. 7.6.5) ' | . Used for pH Analysis
Time Post-LOCA Temp ' ’ Time Temp
: 0 85.0
i 0.034 1273
0.534 149.9
| 1 156.3
i 2 159.1
2.034 159.2
3 159.9
4 158.9
5 158.7
6 158.7
7 158.7
; 8 158.7
i -9 158.7
- 10 1587
‘ 1. 1587
o 12 158.7
; 13 158.7
. 14 -158.7
15 158.7
i 16 - 1587
. 17 158.7
; -18 1587
; 19 . 158.7
20 1587
21 158.7
22 1587
23 158.7
24 1568.7
28 158.7
) 48 158.7
Z 72 - 1587
: 96 158.7
' 120 158.7
: 144 158.7
v 168 1587
: 192 158.7
) 216 . 158.7
' .240 158.7
288 158.7
338 158.7
: 384 158.7
. § 432 158.7
2 48 158.7 . 480 158.7
3 72 - 158.7] 528 158.7
4 96 158.72 ' - 576 158.7
5 120 158.7: 624 - 158.7
-8 144 158.7 - : 672 158.7
3 7. 168 158.7: 720 158.7
. 8 o182 158.7)
. 9 216 1587,
' : 10 240 158.7 : : .
: 12 288 ° 158.7 The shaded values are taken | . ,
s . 14 336 158.7. - |from Reference 7.6.5 (Design
' 15 - 360 ) 155‘7‘: Input 4.15). Other other
; ’ 384 158.7, values are either interpolated
i . 432 1 58.7, or extrapolated. - The long
. R 20 480 158.7 tarm temperature is
! 528 158.7; maintained at 158.7°F.
' 576 158.7, : .
; 25 600 158.7,
I C . 624 - 158.7;
; : ‘672 158.7,
: 30 720 158.7,

* Seconds are the units for t=0 t{:
24 hours; days are the units for |
t=48 to 720 hours. y
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Table 4-9: Post-LOCA Suppression Chamber Water Voluhes

T

Calculation No. H21C087 ¥

‘Attachment 4
. Nine Mile Point Nuclear Station Revision 0
Unit 1 Page 4-13-
Parameter Symbol Unit Minimum SC Mass | Maximum SC Mass Reference
Suppression Chamber Water (SC) B

Suppression chamber water volume Vsc ft> 79,800 86,000 Design Input 4.6

- |Suppression chamber. water temperature. | .. Tsc CE ). 85 . _ .60 . .. _ |Designinput4.7" ;
Suppression chamber pressure Psc ‘psia 14.7 14.7 Design Input 4.8
Density of suppression chamber water Psc lbm/it3 - 6217 62.37 Ref. 7.18
Mass of water in suppression chamber Msc Ibm 4,961,429 5,364,128 - |= Vsc*psc

Reactor Coolant System (RCS) : _ L : :
RCS mass . ’ Mpcs 3 501,500 501,500 Design Input 4.3
Post-LOCA (SC+RCS) : e :
RCS mass added to SC - Magsw | fom 0 501,500 no Sgasm";iizg‘::;‘:ﬁg ggg:‘r’;a";'”
Total water mass in SC ML sciot|  Ibm 4,961,429 5,865,628 = Mgg + Mpcs ' ‘
Total volume of water in SC VeL_sc ot e 79,800 94,040 = Mpy_sciet ! Psc
Total volume of water in SC VoL scor | liters 2,259,685 2,662,924 = Vo seunt [ft%] * 28.31685 liter/f®
SP Mass L : ' .
o
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Figure 4-2a: Gamma (y) Dose vs. Time Post-LOCA (Short Term)

Calculation No. H21C08# #
Revision 0
Page 4-14 -
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Attachment 4 Calculation No. H21C08Z%
~ Nine Mile Point Nuclear Station .Revision 0
Unit 1 ' Page 4-15 -
Figure 4-2b: Gamma (y) Dose vs. Time Post-LOCA (Long Term)
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' Attachment 4
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 Calculation No. H21C08d #

Nine Mile Point Nuclear Station Revision 0
Unit 1 o : "~ Page 4-16
Figure 4-3a: Beta (B) Dose vs. Time Post-LOCA (Short Term)
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Attachment 4 Calculation No. H21C08Z %
Nine Mile Point Nuclear Station Revision 0
Unit 1 Page 4-17-
'Figure 4-3b: Beta (B) Dose vs. Time Post-LOCA (Long Term)
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Attachment 4 Table 8-1 Eqs: Post-LOCA pH Calculation without LPS Calcutation No. H21cod ¥
Nine Mile Point Nuclear Station . Revision 0
Unit 1 Page 4-18
j A B C D E .F
initiai conditions - B
7 ;
'3 |SC water mass ='SP Mass (eqs)1E8 o 7Tabie 4.9 {maximum values)
4 |RCS mass ='SP Mass (eqs)!E12 lbm Table 4.9 (maximum values) :
=5 Tmal’pdls’l—'LOCASCmassi T= T - i i - - -j=03+D4 ---- -- s mrem - - -l St - = EREETPT RS e ‘ - -
6 .
7_|suppression chamber water pH 55. Design mput 4.1 (minimum vahse)
B |reactor coolant pH 5.5 Design input 4.2 (minimum value)
9
10 [initia (H'] =(D3°10{-D7)+D4° 10X-D8)yD5 g-mole weighted average
11 {initial [OH] =(D3*104-14+D7)}+D4° 10N-14+DB)YD5 g-moled weighted average
2] . ; : : ; "
13 . Pool ‘[RIP HNOS® {HCTP [CsOHP
14 Time -Volume' .
[ 15 | _(hn) (liter) moles/! (g-moles/) (g-molesh) . {g-molesn)
16 |="Rad Dose (eqs)'1AB =D$5/J16°28.31685 : .
7]="Rad Dose (eqs)!A9 =D$5/J17°28.31685 : : ='HNOS (eqs)'108'J17"453.6/(1000°28.31685) [~'HCI (eqs)1H42"'SP Mass 'ISES 15/8817
8 |="Rad Dose (eqs)1A10 _|=D$5/018°28.31685 |='Hl (eqs)E16*SP Mass (eqs)ISE$15/$B18_|="HNOJ (eqs)!1D9°J18'453.6/(1000°28.31685) |='HCI (eqs)H43"SP Mass (egs)ISES15/5B18 [='CsOH (eqs)1E19'SP Mass (eqs)ISES15/5B18
9 |='Rad Dose (eqs)1A11__ |=0$5/J19°28.31685 [="HI (eqs)1E17""SP Mass ISES15/8819 [="HNO3 (egs)"!D 10°J19°453.6/(1000°28.31685) [~'HCI (eqs)'1H44"'SP Mass (eqs)ISES 158819 |='CsOH 'IE20"'SP Mass (eqs)'SES 158819
[ 20 ]="Rad Dose (egs)!A12_ |=D$5/J20°28.31685 |="HI (eqs)1ES18"SP Mass (egs)ISES15/8B20 |="HNO3 (eqs)1D11°J20"453.6/(1000°28.31685)|="HCI 'IH45*'SP Mass (eqs)!SES 158820 |='CsOH 'ES21'SP Mass 'ISES 158820
21 |='Rad Dose (eqs)!A13  {=D$6/J21°28.31685 |="HI (eqs)'IE§18"SP Mass 1SES 158821 [='HNO3 (eqs)!D12°J21°453 6/(1000°28.31685) [='HC!.(eqs)H46"SP Mass (eqs)SES 16/8B21 [='CsOH (eqs)'!ES21*'SP Mass (eqs)1SES 158821
| 22 |="Rad Dose {eqs)1A14 __ |=D$5/J22°28.31685 [="HI (egs)IES 18"SP Mass (eqs)'ISES 15/$B22 [="HNO3 (eqgs)'|D13°J22°453 .6/(1000°28.31685) [~'HCI (eqs)THA7" 'SP Mass (egs)ISE$ 156822 [="CsOH (eqs)1ES21SP Mass (eqs)1SES158822 |
23 ]='Rad Dose (eqs)1A15  [=D$5/23'28.31685 [='H 'IE$18“SP Mass 'ISE$15/$B23 [='HNO3 (egs)'1D14*J23°453.6/(1000°28.31685) [='HCI 'IH48"'SP Mass ISES 15/8B23 [='CsOH "IE$21°'SP Mass (eqgs)ISES15/8B23
24 {='Aad Dose (eqs)TA16__ |=D$5/J24°28.31685 |='Hi (eqs}1ES18"SP Mass '1SES 15/8824 |="HNO3 (egs)'!D15°J24°453.6/{1000°28.31685) {="HCI '1H49*'SP Mass 'ISES 15/$B24 [="CsOH ES21"SP Mass (eqs)!SES15/$824
.25 |='Rad Dose{eqs)1A17  |=D$5/J25°28.31685 {='HI (eqs)!ES18"SP Mass (eqs)1SE$15/8B25 [='HNC 1D 16°J25°453.6/(1000°28.31685) |="HCI (egs)'1H50""SP Mass (eqs)ISES15/6B25 [='CsOH (eqs)1E$21*'SP Mass (eqs)ISES15/$8285
26 [='Rad Dose (eqs)TAT8 _ |=D85/J26'28.31685 {=HI (eqs)IES18"SP Mass (eqs)'SES15/8B26 |HNO: )!D17°J26°453.6/(1000°28.31685) |~"HCI (egs) | H5 1~ SP Mass (eqs)!SE$16/8828 [='CsOH (eqs)'IE$21*'SP Mass (eqs)!SES 15/8B2§-]- -~~~ - ~~ —---
27 |='Rad Dose '1A19  [=D§5/J27°28.31685 |='H! 1E§18"SP Mass (eqs)1SES 15/$827 [="HNO:! )1018°J27°453.6/(1000°28.31685) |='HC (eqs)1H52"'SP Mass ISE$ 15/5B27 |='CsOH {eqs)1ES21"'SP Mass (eqs)'1SES 155827
28 ['Rad Dose {eqs)1A20 _ |=D$54J28°28.31685 |="HI (eqs)!ES18"SP Mass (eqs)'SES15/8B28 [="HNO3 (eqs) 1D 19" J28°453 6/(1000°28.31685) [="HCI (eqs)1H53"'SP Mass (eqs)!SES 15’5828 |='CsOH (egs)1ES21"'SP Mass (eqs)ISE$15/5B28
29 |[='Rad Dose (eqs)1A21 .|=D$5.J29°28.31685 |=H 'IE$18"'SP Mass 1SES 15/$829 |="HNO3 (eqs)'D20"J29°453.6/(1000°28.31685) [='HCI TH54"'SP Mass (egs)1SE$15/5B29 |='CsOH (eqs)ES21 'SP Mass (eqs)'ISES 158829
30 |='Rad Dose (eqs)A22  [=D$5/J30°28.31685 |=H )1ES18*'SP Mass (eqs)1SE$15/8830 [="HNO3 '1D21J30°453.6/(1000°28.31685) | ='HCI (eqs)'IH55""SP Mass (eqs)1SES 1548830 [='CsOH '1IE$21"'SP Mass (eqs)1SES 158830
31 |='Rad Dose (eqs)1A23  }=D$5/)31'28.31685 |="HI (eqs)'ES18"SP Mass (egs)'SES 158831 |="HNOJ 1D22° J31°453.6/(1000°28.31685) [='HCI '1H56"'SP Mass (egs)!SES15/8B31 [='CsOH (eqs)1E$21*'SP Mass (eqs)1SES15/8831
='Rad Dose (egs)1A24 _ |-D$5/J32°28 31685 |='HI (eqs)1E$18"'SP Mass (eqs)1SES 15/8B32 {="HNO3 (eqgs)'1D23"J32"453.6/(1000'28.31685) |="HCl (eqs}1H57" 'SP Mass (eqs)1SE$15/8B32 [~'CsOH (eqs)1ES21-'SP Mass (eqs)1SES15/6832
33 |='Rad,Dose (eqs)1A25  |-D$6/J33°28.31685 |='HI '1E$18"'SP Mass (eqs)1SE$15/SB33 [="HNOJ (eqgs)'1D24°J33°453.6/(1000°28.31685) |s'HCI (eqs)|H58"'SP Mass (eqs)1SES15/8B33 [='CsOH MIES21°'SP Mass (eqs)ISES 15/$B33
34 |=RadDose (eqs)1A26 __|=D$5/34°28.31685 |="HI.(egs)!ES 18" SP Mass (eqs)'I$E$15/$834 [='HNO3 (eqs)1D25'J34°453 6/(1000°28.31685) [='HCI 'IH59" 'SP Mass 'ISES 158834 [='CsOH (eqs)TES21°'SP Mass 'ISES15/8B34
35 {="Rag Dose 1A27__ [=D$5/J35°28.31685 |="HI (eqs) 1ES18™SP Mass (eqs)1SES 15/3835 |="HNO3 1D26°J35°453.6/(1000°28.31685) | ~'HCI (eqs)THB0™'SP Mass {eqs)1SES 15/8835 |='CsOH (eqs)1ES21"SP Mass (eqs)TSES15/8835
36 |='Had Dose 1A28  [=D$5/J36°28.31685 |="HI {eqs)1E$18"'SP Mass (eqs)!$E$S15/5B36 |="HNO3 (egs)'D27"J36°453.6/(1000"28.31685) {~'HCt (egs)''HB1"'SP Mass ISE$ 158838 [='CsOH (egs)TES21*'SP Mass (egs)!SES15/3836
" 197 |='Rad Dose (eqs)1A29  |=D$5/J37°28.31685 |='HI (egs)1ES 18"'SP Mass (eqs)1SE$15/$B37 |="HNO3 (egs)'|028"J37"453.6/(1000-28.31685) [='HCI (eqs)'H62""SP Mass (eqs)1SE$15/8837 ['CsOH (eqs)1E$21*'SP Mass (eqs)1SES 158837
38 |='Rad Dose (egs)1A30 _]=035/J38°28.31685 [="H! (eqs)'E$18"SP Mass (eqs)ISES15/5B38 |="HNO: 1D29*J38'453,6/(1000°28.31685) [=HCI 'IHB3"'SP Mass ISES 155838 |='CsOH (egs)'IE$S21"'SP Mass (eqs)ISE$15/$838
| 39 |='Rad Dose (eqs)1A31__ |=D$5/J39'28.31685 |='HI{eqs)IE§18"SP Mass 'ISES15/3839 |="HNO3 (eqs)D30"J39°453.6/(1000°28.31685) [="HCI 'IHB4"'SP Mass 'ISES 15/$839 {="CsOH 'IES21"'SP Mass ISES 15/$B39
40 |='Rad Dose '1A32  1=-D$5/440'28.31685 [='H 'IE$18™SP Mass ISES15/8B40 [='HNO 1'1031°40°453 6/(1000° 28.31685) {=~"HCI 1HE5 'SP Mass ISES15/8840 [='CsOH (eqs)1ES21*'SP Mass ISES 158840
41 |="Rad Dose (eqs)1A33 _|=085/J41"28.31685 [='HI (egs)1ES18"'SP Mass (eqs)1SE$S15/8B41 |="HNO3 (egs)'!D32°J4 1°453.6/(1000*28.31685) [~'HCI 'IHE6°"SP Mass (eqs)!SE$15/$B41 |='CsOH 'IES21"°SP Mass 'ISES15/8841
42 |='Had Dose (egs)1A34  |=D$5/J42°28.31685 |='H '|ES18"SP Mass (eqs)!SES 155842 |="HNO3 (eqs)'1D33"J42°453.6/(1000°28.31685) |~'HCI (eqs)THE7"'SP Mass (eqs)!$E$15/8B42 |='CsOH IE$21" 'SP Mass (eqs)1$E$15/$842
43 |>'Rad Dose (eqs)1A35  1=0$5/J43'28.31685 [="HI (egs)1ES 18"SP Mass (eqs)ISES15/8B43 [2"HNOS (eqs)'1D34"J43°453 6/({1000°28.31685) |='HCI (eqs)1HE8"'SP Mass (eqs)1SE$15/8B43 [='CsOH (eqs)TES217'SP Mass (egs)ISES15/4
44 |='Rad Dose (egs)1A36  |=D$5/J44°28.31685 |="HI (eqs)IES18"SP M gs)'ISES 15/8B44 |="HNO3 (eqs)'1D35°J44°453.6/(1000*28.31685) [='HCI THE8"'SP Mass (eqs)1SES15/$B844 [='CsOH (eqs)1ES21"'SP Mass (eqs)1SE$15/5844
45 |="Rad Doge '1A37__ |=D$5/J45°28.31685 |="HI (eqs)!ES18"SP Mass (eqs)I1SES15/8B45 |="HNO3 (egs)1D36"J45"453.6/(1000°28.31685) |="HCI 'TH707 'SP Mass (eqs)1SES15/8845 |='CsOH 'ES21°'SP Mass 'ISES15/3 B45
| 46 |="Rad Dose (egs]1A38 _[=0$5/J46'28.31685 |="HI (egs)'IE$ 16™'SP Mass (eqs)ISES15/8B46 J="HNO '1D37~J46"453.6/(1000°28.31685) | ='HCI 'I1H71°'SP Mass {eqs)ISES15/$846 [="CsOH (eqs)1ES21"'SP Mass 'ISES 155848
47 1="Rad Dose (eqs)'A39, _ [=D85/J47°28.31685 |=HI (eqs)1E$18"'SP Mass 1SES15/8B47 |='HNOS3 (eqs)"D38"J47°453.6/(1000°28.31685) |='HCI YIH72"'SP Mass 'ISE$15/8B847 [='CsOH 'IE$21 'SP Mass 'ISES 15/$847
ﬂﬂgnad Doe, TA4D  1=DS5/J48°28.31685 1=l 1E$18“SP Mass "ISES15/8848 = HNO: '1D39°J48"453.6/(1000°28.31685) |="HCI (eqs)1H73"'SP Mass (eqs)1$ES$ 155848 |='CsOH 'IE$21*'SP Mass 'ISES15/$B48
49]='Rad Dose (eqgs)'1a41 __|=D$5/J49'28.31685 [='HI (eqs)E$18"SP Mass 'ISES15/6B49 |="HNO3 (egs)'ID40* J49*453.6/(1000"28.31685) [='HCI (eqs)TH74 'SP Mass 'ISES 158849 |='CsOH (eqs)1E$21"'SP Mass (eqs)1SES15/$B49
50 |='"Rad Dose '1Ad2 .~ |=P$5/J50"28.31685 |='HI (egs)1E§ 18" SP Mass ISES15/8B50 [="HNOS (eqgs)1041°J50°453 6/(1000°28.31685} [~"HCI (eqs TH75"SP Mass (eqs)1SES 15/8B50 |='CsOH (egs)1E$21°'SP Mass (eqs)ISES 15/8B50
51 |='Rad Dose (eqs)1A43 |=DS5/151'28.31685 |=HI '1E$18"SP-Mass (eqs)1SES15/8B51- |='HNOS (egs)1D42°J51°453.6/(1000°28.31685) [~HCI '1H76"SP Mass (egs)ISES15/5851 [='CsOH (eqs)'IE$21*'SP Mass (eqs)1SES15/8B51 .
52="Rad Dosa (egs]1A44 _ |=085/J52'28.31685 |=HI '1ES18"SP Mass (eqs)1SES15/8B52 |='HNO3 (eqs)"D43"J52°453.6/(1000°28.31685) [='HC! (eqs)H77"'SP Mass (egs)'ISES15/8B62 {='CsOH (eqs)1E$21*'SP Mass 'ISES 158852
53 ]='Rad Dose 1A45  |=D$6/J53:28 31685 |="HI {ES18"SP Mass 'ISES15/8B53 [="HNO. 1D44*453"453.6/(1000°28.31685) |='HCI (egs)1H78"'SP Mass (eqs)ISE$15/B53 |=CsOH (eqs)1ES21'SP Mass (eqs)I$ES 153853
[54] ='Had Dose 1A46 __ |=03$5/J54"28.31685 {="HI (eqs)'|ES 18" SP Mass (eqs)'1SES 158854 |='HNOSJ (egs)'| D45 154453 6/(1000°28.31685) [='HCI (egs)'1H79"'SP Mass {SES 15/5854 [='CsOH (egs)!E$21*'SP Mass 'ISES 158854
55 |="Rad Dose (eqs)1A47  |-085/J55°28.31685 [=HI (egs)1E§18"SP Mass (eqs)'ISES16/$855 [="HNOS (eqs)'1D46"J55453.6/(1000°28.31685) [='HCI (eqs}'THB0"'SP Mass (egs)!SES15/8B55 {='CsOH (egs)1ES21"'SP Mass (egs)ISES 15/$855
pH (eqs)
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. Atiachment 4 Table 41 Egs: Post-LOCA pH Calculation without LPS Calcutation No. H21C087 7
Nine Mile Point Nuctear Station . Revision0
Unit 1 ’ Page 4-19
A B8 [ o] E F

13 Pooi [HIT [HNOYP s 1CsOHF

14 Time Volume' § - .

5] () liter, : moles/l i _{gmolesh) moles) moles/ .

- - -- .58 |='Aad.Dose (eqs)!A48.  |=D$5/J56°28.31685.J="H]. 'TES18° 'SP Mass (eqs)1SES15/$B56 ="HNO3 (egs)'|D47°J56°453.6/(1000°28.31685) ="HC! 'IH81*'SP Mass YISES 15/8B56 [='CsOH (eqs)!ES217'SP Mass 'ISES15/8856 | .

57 |='Rad Dose (egs)'!|A49 =0$5/.)57°28.31685 |="HI (eqs)'E: 18"'SP Mass (eqs)$E$15/$B57 [='HNO3 'lD48"J57°453.6/(1000°28.31685) |="HC '|H82*'SP Mass )!SES 158857 {='CSOH @_ESZ 'SP Mass 'ISESIS®BS7 L 0 T T T

58 |=’'Rag Dose '1A50 - |=D$5/58°28.31685 |="HI (egs)'E 18"'SP Mass 'ISE$15/$858 [="HNO3 y1049°J58°453.6/(1000°28.31685) {='HC| YIHB83"'SP Mass 'ISES 15/$B58-|='"CsOH 'IES21"'SP Mass 'ISES 15/$B58

59 [="Aad Dose (eqs)'!A51 =DS5IJ59'28.31685 ="H 'IE$ 18*SP Mass (egs)iSES 5/$B858 |='HNO3 (gqs)' D50*J59°453.6/(1000°28.31685) [s'HCI 'IHB4*'SP Mass (eqs)I$ES 158859 |="CsOH MESA *'SP Mass 'ISES 15/$859

60 |='Rad Dose (egs)!A52 =D$5/60"28.31685 |='HI (eqs)'IE$18"'SP Mass 'ISES15/8B60- 1="HNO3 (eqs)'|D51° 160" 453.6/(1000°28.31685) |=HC! )THB5"'SP Mass (eqs)1SES15/8B60 |='CsOH (egs)1ES21"'SP Mass !gg Y1SES 1578860

61]="Rad Dose (eqs)!A53 =0D$5/161°28.31685 |<'HI YIE$18"'SP Mass "I$ES15/8861 [='HNO3 Y1D52"J61°453.6/(1000°28.31685) [="HC! '1H86*'SP Mass 'ISES15/8B61 |="CsOH 'IES21*'SP M. '1$E$15/$861

62 |='Rad Dose (egs)'1A54  |=D$5/162"28.31685 |='Hl (egs)!E: 18"'SP Mass (eqs)1SES15/$B62 ="HNO3 (egs)1D53"J62°453.6/(1000°28.31685) [="HCI (eqs)1HB7*'SP Mass (eqs)!$ES16/8B62 |='CsOH (eqs)1ES21*'SP Mass (eqs)1SES 15/8862

63 |='Aad Dose (egs)!ASS  |=D$5/4163°28.31685 |="HI (eqs)' E$18"SP Mass {eqs)'1SES15/$863 |='"HNO3 (eqs)'ID54°J83°453. 5/(1000°28.31685) [="HCI (eqs)'HBB" 'SP Mass {eqs)1SES 15/5B63 |='CsOH (egs)1ES21~"SP Mass (egs)ISE$15/8B63 |

65 1 1) Pool volume is computed as follows: (Mg / pse)*28.31685 it

66 |2) The H), HC), and CsOH concentrations calculated in Tables 4-2, 4-4_and 4-5 are based on the SP volume from Table 4-9.

67] Yo adjust for the SP volume as it changes throughout the LOCA, the concentration from Tables 4-2, 4-4, and 4-5 is muttiplied by the Q factor: Viey/Vss

68] where Vi is the volume In Table 4-9 and VSP Is calculated in this sheet. ] ‘

69 |3) The HNO, concentration does not directly utilize the SP volume and therefore is not adiusted as described in Noté 2. However,

70| the HNO, generation is based on pu0=1000 . To accourit for the density in the pasi-LOCA SP, the cor ion from Table 4-3
{711 is muttiplied by ps» / 1000 g1 * 453.6 g/lbm / 28.31685 A

72 1 i 1 I

pH (egs) -




Attachment 4

Unit 1

Nine Mile Point Nuctear Station

75t

pH (egs)

Table 4-1 Eqs: Past-LOCA pH Calcutation without LPS Calculation No. H21cogf %
. . Revision 0
Page 4-20
G N ] J K L M N
4
8
]
10
1
12
13 Total [H1] Total {OH] Pool Water K, al x {H] Poot
14 . Temp Density Pool Temp . " pH
15 (gmolesn) -~ | (g-motesn _(F) | (Ibmtt) () _ (g-molesfl) - 1 (g-motes) )
16 [=D$10+SUM(C16:E16) [=DS$11+F 16 [='SP Temp (eqs)IF5 |62.17 |=10{15.5129-0.0224°116+0.00003352°116°2) [=(H16+G 16-SQRT((H16+G16Y2-4*(H16'G16-K16)))2[-G16-L16 [=-LOG(M16)
17 |=D$10+SUM(C17-E17) |=D$11+F17 {='SP Temp (eqs)IF6_{61.6__ |=10~(15.5129-0.0224"117+0.00003352°117°2} | <(H17+G17-SCRT((H17+G17y2-4"(H1T°G17-Ki7))l2 [=G17-L17 [=LOG(M!
18 |=D$10+SUM(C1B:E18) |=DS11+F 18 |='SP Temp (eqs)1F7 {61.19 _|{=10(155129-0.0224"118+0,00003352118"2) |=(H18+G18-SQRT((H18+G18y2-4"(H18°G18-K18)})2 [=-G18-L18 |=-LOG(M18)
19 [=D$10+SUM(C19:E18) [=DS11+F19 |='SP Temp (eqs)1F8 [61.09 _|=10~(15.5129-0.0224"119+0.00003352"19"2) |=(H19+G18-SQRT({H19+G19)2-4'(H19"G19-K19)))2 |=G18-L19_[=-LOG(M19)
20 |=D$10+ SUM(C20:€20) [=D$ 11+F20 |='SP Temp (eqs)1F9 [61.01 _ |=10"(15.5129-0.0224°[20+0.00003352°120°2) [<(H20+G20-SQRT((H20+G20)'2-4"(H20"G20-K20)))/2 |=G20-L.20 |=-LOG(M20
‘T21]=D$10+SUM(C21:E21) |=D$11+F21 |='SP Temp (eqs)tF10]61.01_ [=107(15.5129-0.0224" 121+0.00003362° 12172} |=(H21+G21-SART((H21+G21)2-4*(H21°G21-K21)))/2 |=G21-L21 |=-LOG(M21)
22 |=DS 10+ SUM(C22:E22) [=D$11+F22 |='SP Temp (eqs)!F11[60.99 _[=10~(155120-0.0224"122+0.00003352°122/2) |=(H22+G22-SORT((H22+G22)2-4"(H22°G22- K222 |=G22-1. 02 |=-LOG(M22
23 [=D$10+SUM(C23:E23) |=0811+F23 [='SP Tem; IF12 161,02 |=10~(155129-0.0224°123+0.00003352° 123/2) |=(H23+G23 SORT((H23+G23y2-4" (H23'G23-K23)))/2 |=G23-(23 |=-LOG(M23)
24 |-D$10+SUM(C?4:E24) |=D811+F24 |='SP Temp (eqs)IF13 [61.02._ |=10~(15 5125-0.0224°124+0.00003352"1242) | =(H24+G24-SQRT((H24+G24y2-4'(H24'G24-K24))}f2 |=G24-L24 |=-LOG(M24
25 |=D$10+SUM(C25:E25) [=D$11+F25 |='SP Temp (egs)1F14 |61.02 _|=10"{15.5129-0.0224"125+0.00003352"1252) |=(H25+G25-SQRT((H25+G25)'2-4"(H25° G25-K25)))/2 [=G25-125 -|=-LOG(M25
26 =08 10+SUM(C26:E26) [=D$11+F26 |='SP Temp (eqs)IF15 [61.02 _|=10°(15.5129-0.0224"126+0.00003362"26/3) |=(H26+G26-SQRT((H26+G26)"2°4(H26' G26-K26))/2 [=G26:L26~|=:LOG(M26) |~ ~ - — = — ==~ ~— ==
27 |=D$ 10+ SUM(C27:E27) [=D$11+F27 |='SP Temp (eqs)IF16 [61.02__|=10"(15.5129-0.0224" (27+0.00003362" 1272) |=(H27+G27-SQRT((H27+G27y2-4"(H27" G27-K2T))/2 [=G27-127 |=-LOG(M27)
28 |=D$10+SUM(C28:E28) |=DS11+F28 [='SP Temp (egs)'F17 |61.02__|=10~(15.5129-0.0224°[28+0.00003352"128/2) |=(H28+G28-SQRT((H28+G28)"2-4"(H28"G28-K28)))/2 |=G28-L28 |=-LOG(M28
29 [=D$10+SUM(C29:E29) [=DS11+F29 |='SP Temp (eqs)1F 18 |61.02 _|=10~(15.6129-0.0224°129+0.00003352"1292) |=(H29+G28-SQRT((H29+G29)*2-4"(H29"G29-K29))/2 |=G29-L.29 |="LOG(M29
30|=D510+SUM(C30:E30) |=D$11+F30 }='SP Temp (egs)IF19]61.02__]=10~(15 5126-0.0224°130+0.00003352"30°2) |=(H30+G30-SQRT(({H30+G30y'2-4'(H30' G30-K30)))/2 |=G30-L30 }=-LOG(M30
31{=D$10+SUM(C31:E31) |=D$11+F31 |='SP Temp (eqs)IF20[61.02 _}=10°{15.5129-0.0224°131+0.00003352"I31°2) | =(H31+G31-SQRT({H31+G31/2-4*(H31"G31-K31)))2 [=G31-L31 [=-LOG(M31)
32 [-D$ 10+SUM(C32:E32) |=D$11+F32 |='SP Temp (eqs)1F21 [6102 _|=10~(155129-0.0224°132+0.00003352"32"2) | =(H32+G32-SQRT((H32+G32ye-4"(H32" G32:KI)W2}=G3132 |=LOG(M32
33 | =03 10+SUM(C33:E33) |=D$11:+F33 [='SP Tem 'IF22 [61:02__ [=10~(15.5129-0.0224°133+0.00003352°1332) |=(H33+G33-SQRT({H33+G33)*2-4'(H33°G33-KI)2 [=G33-133 |=LOG(M33)
34 |=DS10+SUM(C34:E34) |=D$11+F34 |='SP Temp (eqs)IF23 [61.02__|=10(15.56129-0.0224°134+0.00003352'134°2) |=(H34+G34-SORT((H34+G34y2-4'(H34"G34-K34)))2 [=G34. =-LOG(M34)
-[351=D$10+SUM(C35:E35) |<DS11+F35 |="SP Tem TF24 [61.02 |=107(15.5129-0.0224°135+0.00003352° 136”2} [=(H35+G35-SQRT((H35+G35)2-4*(H35°G35-K35))12 [=G35-L35 _|=-LOG(M3S5) |
36 |=D$10+SUM(C36:E36) |=D$11+F36.|='SP Temp (eqs)1F25 |61.02 _[=10~(155129-0.0224°136+0.00003352"136"2) | =(H36+G35-SQRT((H36+G36y2-4"(H36°G36-K36))2 [=G36L36 |=LOG(M36)
37 |=08 10+SUM(C37:€37) [=D$11+F37 |='SP Tem, 1726 161.02_ |=10(155129-0.0224°137+0.00003352" 137°2) |=(H37+G37-SORT({H37+G37y2-4"(HI7-G37-K3 =G37-L37_|=-LOG(M3
38 |=D$]10+SUM(C38:E38) |=DS11+F38 |='SP Temp (eqs)1F27 |61.02 | =10~{155120-0.0224"138+0.00003352"138°2) |=(H3B+G38-SQRT((H38+G38y'2-4*(H38°G38-K38)))/2 |=G38-138 [=-LOG(M38)
39 |=D$10+SUM(C39:E39) [=D$11+F39 |='SP Temp (eqs)1F28 [61.02_|=107{(15.5129-0.0224"133+0.00003352"139"2} |=(H39+G39-SQRT({H39+G39)"2-4*(H39°G39-K39))/2|-G39-L39 |=-LOG(M3Z
40 |=DS 10+SUM(CA0:E40) [=D$11+F40 |='SP Temp (eqs)'F29 |61.02_{=10°(155129-0.0224" 140+0.00003352"140"2) |=(H40+G40-SQRT{{H40+G40)"2-4*(HA0" G40-K40))2 |=G40-L40_|=-LOG(M40)
41 |=D: 1&&_!_@,11::41) =D$114+F41 {="SP Temp ( 30 161.02 =107(15,5129-0.0224° 14 14+0.00003352' M 1°2) |=(H41+G41-SQRT((H41+G41Y2-4'(H41°G41-Ka1)))/2 |=G41-L41 [=-LOG(M41
42 |=D$10+SUM(C42:E42) |=D$114F42 |='SP Tem IF31{61.02__[=10°(155125-0.0224"}42+0.00003352°14212) |=(42+G42-SQRT((H424Ga2y2-4'(H42°Ga2-Ka2))/2 [=Ga2-L42 ]=-LOG(M42) |
43 |=D$ 10+SUM{C43:E43) |=D$11+F43 ='SP‘emp(eg§)_' F32]61.02 =107-(15.5129-0.0224°14340. 2 143°2) {={H4 4, RT(QM 3+G43)2-4'(H43° G43-K43)))/2 [=G43-L43 |=-LOG({M43]
44 1=D$ 10+SUM(C44:E44) |=D$11+F44 |="SP Temp (eqs)1F33161.02 _|=10~(15:5129-0.0224" 144+0.00003352" 44"2) |=(H44+G44-SOAT((HA2+G44)y'0-4"(1144° G44-K44))/2 [=Gad-La4 |=-LOG(M44
45 }=D$10+SUM(CA45:E45) |=D$11+F45 |="SP Temp ( 1F34 {61.02 =107-(15.5129-0.0224°145+0.00003352° 145°2) {={H45+G45-SQRT((H45+G45)R-4*(H45"! Ab-Kvg_Eg) =(G45-1.45 |=-LOC M4§)J
26 |=D$10+SUM(C46:E46) |=D$11+F46 {=.SP-Tem IF35 [61.02__|=10~{15.5129-0.0224°146+0.00003352°146/2) | =(H46+G46-SORT((H46+GA6Y2-4"(H46°G46-K46)))/2 [=G46-L46 |=-LOG(M46
47 |=D$10+SUM(C47:E47) |=D$113F47 |='SP Tem 1F36 (61,02 |=10~(15.5129-0.0224° 147+0.00003352"147°2) | ={H47+G47-SORT((H47+G47YR-4" (HAT G47-KAT))2 [=G47-147 |=-LOG(MA47)
48 |=D$ 10+SUM(C4B:E48 ='5P Temp (eqs)1F37 {61.02 _|=10~(155120-0.0224"148+0.00003352"MB/G) | =(H48+G45-SQRT((HAB+GABY'2-4"(H48" G48-K48)))2 [-G48-L48 [=-LOG(M48
49 |=D$10+SUM(C49:E49 P Temp (eqs)1F38 [61.02 _|=10%(15.5125-0.0224°149+0.00003352"9"2) |={H49+G43-SQRT((H43+G49y'2-4"(H49°G49-K49)))2 [-G49.149 =-.oe(m9§
50 [=D$10+SUM(C50:E50) Temp (egs)1F39 [61.02 _[=10~(15.5129-0.0224°150+0.00003352"150"2) {=(H50+G50-SQRT((H50+G50yR-4"(H50°G50-K50))/2 [=G50-L50 |=-LOG(MSO
51 |=D$10+SUM(C51:E51) Temp (eqs)1F40 [61.02 _ |=10(15 5129-0.0224°151+0.00003352"15172) |<(H51+G51-SQRT((H51+G51y0-47(H51°G51-K51)))/2 |=G51-L51_|=-LOG(M51)
52 |-D$10+SUM(C52:E52) [=D$ emp (eqs)TF41[61.02__[=10°(15 5129-0.0224"152+0.Q0003352"[52°2) |=(H52+G 52-SORT((H52+G52)'0-4°(H52' G52:-K52)))" _+=«352-.52 =-LOG(MS2,
53 |=D$10+SUM(C53:E53) [=D Teinp (eqs)1F42 [61.02__ |=10~(15.5129-0.0224"153+0.00003352" 53°2) | =(H53+G53-SORT ((H53+G53/0-4"(H53-G53-K53))/2 [=G53 153 |=-LOG(M53)
54 [=D$10+SUM(C54:E54) |=D: Temp (eqs)TF43[61.02_|=10°{15.5125-0.0224"154+0.00003352°1542) | ~(H54+G54-SQRT((H54+G54Y2-4"(H54"G54:K54)))/2 [<G54-154 [=-LOG(M54)
55 |=D$10+SUM(C55:E55) |=D$11+F55 |='SP T, 'IF44 [61.02_ |=10~(155129-0.0224° 155+0.00003352°155/2) [=(H55+G55-SQRT((H55+ G55y 2-4°(H55° G55-K55)))/2 |=GS6-L55 |=-LOG(MSS)
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Table 41 Eqs: Post-LOCA pH Calculation without LPS
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Revision 0 '
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L M N

G H B J K
13 Total [H7) Total jOH] - Pooi’ Waler LK a . x. R 1 Pool
14 - i Temp Density Poal Temp pH
15 (g-molesf) molesA _ %gnm‘m’) (-) - moles/ moles/i 5

. [56[=D$10+SUM(CE6.E56) |=D511+F56 |—'SP.Temp (eqs)F45 61.02_ [=10°{(15.5129-0.0224"I56+0.00003352°156"2) [=(H56+GS6-SQRT({H56+G56)2-4'(H56°GE6-K56 G56-L56_|=-LOG(M56
57 |=DS 10+ SUM(C57:E57) |=DS114F57 |='SP Temp (oqs)1F46 [61.02 _|=10(15.6129-00224"157+0.00003352"157°2) [<(H57+G57-SQRT((H57+G57)'2-4 (57" GS7.KST)))/2 SG57-L57 [=LOGMSN)| coT
58 |08 10+ SUM(C58.E58) |=D$11+F58 |=SP Temp (egs)1F47 [61.02 _ |=10~(15.5120-0.0224"158+0.00003352" 15872) |=(H58+ G58-SORT((H58+G58)2-4 (H58'GS8-KSE =G58-L58 |=-LOG(M58)
59 |=D8T0+ SUM(C59.E59) [-DS11+F50 |o'SP Temp (egs)IF4B 161,02 _[=107(15.5129-0.0224°159+0.000033621588) |~(H58,G59-SQRT((H59+G59)2-4'(H59"GEG-K59))V2 =G59-L59 1=-LOG M59) |
50 ]=DS$ 10+SUM(CBO.E60) |=D$11+F60 |='SP Temp (6gs)1F49 |61.02 _[=10~(15.5125-0.0224°(60+0,00003352"160"2) |=(H60+G60-SQRT((HE0+GEOY2-4"{HE0"GEO K60 ~G60-L60 |=-LOG(MB0
61]|=D810+ SUM(CB1:E61) [-DS11+F61 |[='SP Temp (eqs)1F50 [61.02 _|=10~(15,5129-0.0224'161+0,00003352"161%2) 1=(H61+G61-SQRT((HE1+G61/2-4 (HE1 G61:-KE1 =G61-L61_{=LOG(M61
52 |=D$ 10+ SUM(CE2.E62) |-D$11+F62 |='SP Temp (eqs)F51 [61.02__J=10~(15.5129-0.0224"162+D.00003352"162"2) |=(H62+G62:SQRT((H62+G6210-4"(H62'G62:K62)))/2 =062 LE2 =LOG(MB2)
63 [=D$10+SUM(C63:E63) [-DS114F63 |='SP Tem 652 161,02 J=10~(15.6129-0.0224*163+0.00003352" 1632) |={H63+G63-SQRT((HB3+G63)2-4'(HE3' G63-K63))/2 |=G63- =LOG{M63)
64 - ) -
65 i
66
67
68.
69
70
71
=T

- pH (egs)
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= A - B C 0 E
1 |Cére iodine inventory = ) ) R E e I R
2 {Core iodine - gap release ) - 7.2 g-mole . Attachment 1, Table 1-1
R 3 |Core iodine - EIV release 36. 02 : g-mole : Attachment 1 Table 1-1
5 |Fraction of release as HI 0.05 ) max Reg Guxde 1.183 (maln body Ref. 7.10. 2)
5 - - -
7 |Gap release onset 2 . minutes : Reg Guide 1.18Amain body Ref. 7.10.2)
8 [Gap release duration ] 30 minutes . Reg Guide 1.183 (main body Ret. 7.10.2)
9 |EIV duration o : 90 - minutes .- |Reg Guide 1.183 (main body Ref. 7.10.2)
10 . - i . ,
11 : ) ) : suppression
12 : I cumulative .- - .chamber water -cumulative
13, - Time HI B volume HI
14 ) L (b (g-mole) (liter) (g-mole/)
15 I : onset|=B7/60 0" ) : ='SP Mass (eqs)'!$E$15 =C15/D15
16 . -_end of gap release|=B15+B8/60 =82'BS - ] ='SP Mass (egs)'1$E$15 =C16/D16
17 : : L 1 =C16+(B17- B16)/(89/60) B3'B5 [='SP Mass (eqs)$E$15 =C17/D17
18 . I end of EIV|=B16+B9/60 —C16+Ba’85 ) ='SP Mass (eqs)!$SE$15 =C18/D18
* HIl (egs)
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Attachment 4 . . Table 4-3 Eqs: Nitric Acid (HNO5) Production Caiculation No. H21C08! 4

‘Nine Mile Point Nuclear Station - . .

Unit 1 |

! .
] A : B C ! D E 1 F
1 |HNO, generation 0.0000073 g-mole/l per MRad NUREG/CR-5950 (main body Ref. 7.13)
5 :
3 i i
4 : Suppression .
5 ! Chamber Water cumulative
. TID 054 )
6 ' Time 1,850 MWt HNO,
7 ) (hr) - (rad) —(g-molefl) _
8 : onset|="Rad Dose (eqs)'|A9 |='Rad Dose (8qs)1B9 [=$B$1*C8/1000000
9 and of gap release{="Rad Dose (egs)'1A10 |='Rad Dose (eqs)'1B10 |=$B$1-C9/1000000
10 . ='Rad Dose (egs)?A11 |="Rad Dose (egs)'IB11 [=$8$1°C10/1000000
11 . end of EIV{="Rad Dose (egs)!A12 }='"Rad Dose (eqs)'!B12 {=$B%$1°C11/1000000
12 - ] ='Rad Dose (egs)1A13 |='Rad Dose (eqs)'1B13 |=$B$1*C12/1000000
13 ="Rad Dose (egs)'1A14 |='Rad Dose (6qs)!B14 |=$B$1°C13/1000000
14 : ='"Rad Dose (egs)'|A15 |='"Rad Dose (eqs)'1B15 |=$B$1°C14/1000000
15 i —Rad Dose (eqs)'1A16 |='Rad Dose (6qs)1B16 |=$B$1°C15/1000000
16 ='Rad Dose (egs)'!A17 |='Rad Dose (6qs)iB17 |=$B8$1"C16/1000000
17 ="Rad Dose (eqs)1A18 [='Rad Dose (eqs)'1B18 |=$B$1°C17/1000000
18 ='Rad Dose (eqs)'!A19 [="Rad Dose (egs)'|B19 |=$B$1°C18/1000000
19 ='Rad Dose (eqs)1A20 |='Rad Dose (8qs)1820 |=$B$1*C19/1000000
20 ="Rad Dose (egs)1A21 |='Rad Dose (egs)'|B21 [=$B$1°C20/1000000 | .
21 =‘Rad Dose (eqs)1A22 {='Rad Dose (egs)'1B22 |=$B$1°C21/1000000-
22 ="Rad Dose {eqs)'IA23 |='Rad Dose (6qs)1B23 |=$B$1°C22/1000000
23 ~'Rad Dose (eqs)1A24 |='Rad Dose (¢qs)'1B24 |=$881°C23/1000000
24 ="Rad Dose (eqs)1A25 |='Rad Dose (eqs)1B25 |=$B$1°C24/1000000
25 ="Rad Dose (eqs)'|AZ6 |='Rad Dose (éqs)!1B26 |=$B$1°C25/1000000
26 . ='Rad Dose (eqs)'!A27 |='"Rad Dose (eqs)'1B27 |=$8%$1"C26/1000000 |{.
27 ) ="Rad Dose (eqs)1A28 |='Rad Dose (éqs)1B28 |=$B$1°C27/1000000
28 | ="Rad Dose (eqs)1A29 |='Rad Dose (eqs)'1B29 [=$B8%§1°C28/1000000
29 : ='Rad Dose (egs)'1A30 |='Rad Dose (eqs)'B30 [=$B$1°C29/1000000
30 ] ="Rad Dose (egqs)!A31 [='Rad Dose (éqs)'1B31 |=$8$1°C30/1000000
3t : =‘Rad Dose {egs)1A32 |='Rad Dose (6gs)'IB32 |=$B$1°C31/1000000
T2 ) ='"Rad Dose (egs)'|A33 |='"Rad Doss (eqs)'!B33 |=$B$1°C32/1000000

33 i ='Rad Dose (eqs)'|A34 |='Rad Dose (qs)1B34 |=$B$1*C33/1000000
34 ; ='Rad Dose (eqgs)1A35 |='"Rad Doss (qs)'|B35 |=$B$1"C34/1000000
35 ='Rad Dose (eqs)'1A36 [='Rad Dose (2qs)1B36 [=$B$1°C35/1000000
36 i ="Rad Dose (eqs)1A37 |="Rad Dose (2qs)1B37 |=$B$1°C36/1000000
37 { ='Rad Dose (2qs)1A38 |='Rad Dose (eqs)'B38 |-$B$1*C37/1000000

{38 : ='Rad Dose (6qs)'1A39 {="Rad Dase (eqs)!1B39 |=$B%1°C38/1000000
39 ='Rad Dose (eqs)!A40 |='Rad Dose (eqs)'1B40 |=$B$1°C39/1000000
40 ='Rad Dose (eqs)1A41 |='Rad Dose (eqs)1B41 |=$B$1°C40/1000000
41 ="Rad Dose (eqs)'1A42 |='Rad Dose (eqs)'1B42 |=$B$1"C41/1000000
a3 \ ~'Rad Dose (6qs)1A43 [='Rad Doss (egs)'1B43 |=$B$1*C42/1000000
43 . ='"Rad Dose (6gs)'1A44 [='Rad Dose {eqs)'|B44 |=$B$1*C43/1000000
44 } ='Rad Dose (eqs)!A45 |="Rad Dose (eqs)'!B45 |=$8$1°C44/1000000
45 ; ="Rad Dose (6qs)1A46 [='Rad Dose (eqs)1B46 (=$B$1°C45/1000000
46 : ='"Rad Dose (eqs)1A47 |='Rad Dose (eqs)1B47 |=$B$1°C46/1000000
47 ='Rad Dose (eqs)1A48 |="Rad Dosa (eqs)'IB48 |=$B$1"C47/1000000
48 ='Rad Dos@ (egs)1A49 |='Rad Dose (eqgs)'|B49 |=$8$1*C48/1000000
49 ="Rad Dose (eqs)1A50 |="Rad Dose (egs)'|B50 |=$B$1"C49/1000000
50 ='Rad Dose (eqs)!A51 j='Rad Dose (eqs)'1B51 |=$8%1*C50/1000000
51 . ='Rad Dose (eqs)'|A52 [='"Rad Dose (eqs)1B52 |=$8%1*C51/1000000
52 | ='Rad Dose (egs)'1A53 |='Rad Dose (egs)'!B53 |=$B83$1°C52/1000000
53 : |='Rad Dose (eqs)'!A54 |="Rad Dose (eqs)1B54 |=$B$1*C53/1000000
54 : ='Rad Dose (eqs)'!A55

='Rad Dose (eqs)1B55

i
HNpa (eas)

:
)
[
1-

=$B$1°C54/1000000 |
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Unit 1 . ’ : o ’ . Page 4-24

A | 8 - c = . D ) E F
i [Cables - - R : : . . . i
2 i : - - -
3 |PVC properties: j : ]

- — - --|-4-|radiolysis-yield,-G-- - . -~ .. 0.00000798 _-. .. .Jg:moleHClperMRad-g. | _. _ ... . | _ .|main body §5.5 . o
5 |linear absorption coetficient  [38.976 - : cm’' for beta radiation” ) Attachment 3
6 [linear absomption coefticient .[0.0739 cm’* for gamma radiation ) . Attachment 3
7 . ;

8 |Cable jacket and insulation:

9 .

10 ) - Typical Cable

11

12 . cable OD|0.22 . - |in
13 jacket thickness|30 mil
14 .. __ jacketmaterial| PVC

15 insulation thickness|0 mil
16 insulation material wa’ ]
17

18 chlorine-bearing material:

19 ) -

201 mass in free air|1400 Ibm

o —e 2 - mass in tray|0 ) Ibm
22 mass in free air[=B20"453.59 gram O T T e et MR EICETE
23 mass in tray|=B21"453.59 : gram
24 . ) )

25 |irradiation:
28] - ¢ . ]
127 I . =B10
28 . baeta -
29 . : gamma free air tray
30 ) : .
31 Jcable radius {cm) =$B12°2.54/2 =$B12°2.54/2 ) =$812°2.54/2
32 Hjacket thickness {cm) =($B13)/1000°2.54 =($B13)/1000°2.54 _[=($B813)/1000"2.54
.33 Imass irradiated (g) =B22+B23 =B22 : =0.5'B23
=(1/($B$6/2)*(EXP(- =(1/($B$S"2)*(EXP(- . [=(1/($B$5/2)*(EXP(-
$B$6°B32)'($8$6°B32+1){$B35°C32)*($B85°C32+1 |$B$5*D32)*($B$5°D32+1
1)-B31/$B$6*(EXP(- - |)-1)-C31/$B$5°(EXP(- - |)-1)-D31/$B$5*(EXP(- :
$B$6°B32)-1))/(B31°B32- |$B$5°C32)-1))/(C31*CI2- {$B$5D32)-1))/(D31*D32-|
35 |flux averaging factor B32~2/2) T C32r2/2) . . D3272/2)
36 |absorption factor =1-EXP(-$B$6°B32) =1-EXP(-$B$5°C32) =1-EXP(-$B$5°D32)
137 ) .

. HC! (eqs)
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Table 4-4 Eqs: Hydrochloric Acid (HCI) Production

Wi

Calculation No. H21C087 %

Nine Mile Point Nuclear Station " - Revision 0
Unit 1 Page 4-25
B8 [ D E F
39 pool gamma beta
40 Time volume TID TID gamma
|-41- e b ) L (liter) (rad) {rad) (g-mole)
42 —'Rad Dose (eqs)1A9 __|='SP Mass (eqs)I$E$15 |='Had Dose (eqs)'C9___ |='Had Dose (eqs)1D9 _|=$B$4"($B$33°5B$35°$8836)"D42/1000000 | "~ ~ T
43 ='Rad Dose (eqs)!A10  [='SP Mass (eqs)1$E$15 |='Rad Dose (eqs)!IC10 _|='Rad Dose (eqs)'|010 |=$B$4*($B$33°$B$35°$B$36)"D43/1000000
44 ='Rad Dose (egs)!A11 _ |='SP Mass (eqs)i$E$15 [='Rad Dose (eqs)'!C11  |[='Rad Dose (eqs)'!D11 |=$B$4"($B$33"$B$35°$B$36)°D44/1000000
45 ='Rad Dose (eqs)'A12  |='SP Mass (eqs)1$E$15 [='Rad Dose (egs)'!C12 _[='Rad Dose (eqs)'D12 |=$B$4*(3B$33"$B$35°$8$36)"D45/1000000
46 ='Rad Dose (egs)!A13  |='SP Mass (eqs)!$E$15 [='Rad Dose (eqs)'IC13  |='Rad Dose (egs)'|D13 |=$B$4*($B$33"$B$35°$B$36)*D46/1000000
a7 ='Rad Dose (eqs)1A14__ |='SP Mass (eqs)1SE$15 |="Rad Dose (eqs)IC14__|='Rad Dose (eqs)D14 |=$B$4*($B$33°3B$35°$B$36)D47/1000000
48 ='Rad Dose (eqs)!A15  |='SP Mass (eqs)1$E$15 |='Rad Dose (eqs)'IC15  [='Rad Dose (eqs)'!D15 |=$B$4°($B$33°$B$35°$B$36)"D48/1000000
49 —'Rad Dose (eqsY!A16 _ |='SP Mass (egs)1SE$15 |='Rad Dose (eqs)IC16__|='Rad Dose (eqs)1D16 [=$B$4*($B$33°3B$35°5B$36)"D49/1000000
50 ~'Rad Dose (eqs)!1A17 _ |='SP Mass (eqs)1SE$15 |="Rad Dose (eqs)IC17 _ |='Rad Dose (eqs)1D17 |=$B$4°($B$33°3B$35°$B$36) D50/1000000
51 ='Rad Dose (eqs)!A18  |="SP Mass (eqs)'1$SE$15 |='Rad Dose (eqs)'lC18  |='Rad Dose (egs)1D18 |=$B3$4°($B$33°$B$35°$B$36)°D51/1000000
52 _|='Rad Dose (eqs)'1A19 _ |='SP Mass (eqs)1$E$15 |='Rad Dose (egs)!C1S 1='Rad Dose (eqs)1D19 [=$B$4°($B$33*$B$35°$8$36)*D52/1000000
53 ='Rad Dose (eqs)'1A20 - |="SP Mass (eqs)1$E$15 [='Rad Dose (eqs)1C20 |='Rad Dose (eqs)'!D20 |=$B$4*($B$33°3B$35 ' $B8$36)*D53/1000000
54 ='Rad Dose (eqs)|A21 _ |='SP Mass (eqs)!$E3$15 |='Rad Dose (eqs)'|C21 _|='Rad Dose (eqs)'!D21 |=$B$4*($B$33°$B$35'$B$36)* D54/1000000
55 ='Rad Dose (eqs)1A22  |='SP Mass (eqs)!$E$15 |='"Rad Dose (eqs)iC22 [='Rad Dose (eqs)1D22 [=$B8$4*($B$33°$8835°$B$36)°D55/1000000
56, ='Rad Dose (eqs)'1A23  [|="SP Mass (eqs)1$E$15 |='Rad Dose (eqs)!C23 |='Rad Dose (eqs)'iD23 |=$B$4‘($B$33*$B$35°$B$36)*D56/1000000
57 ='Rad Dose (eqs)'1A24  |='SP Mass (eqs)'I$E$15- [='Rad Dose (eqs)!C24 |="Rad Dose (eqs)'|D24 |=$B$4*($B$33*$B$35°$B$36)'D57/1000000
58 ='Rad Dose (eqs)'|A25 [='SP Mass (eqs)I$E$15 [="Rad Dose {eqs)!C25 |='Rad Dose (eqs)'|D25 |=$B$4*($B$33*$B$35°$B$36)*D58/1000000 .
1 i === =Rad Dose (eqs)'|A26 " |='SP Mass (eqs)1$E$15 ~|='Rad-Dose-(eqs)1C26 ~-|="Rad-Dose (eqs)'|D26-[=$B$4*($B$33'$BE35$B$36)*D59/1000000- | - - - oot e e —
60 ='Rad Dose (eqs)1A27 |='SP Mass (eqs)1$E$15 |='Rad Dose (eqs)!1C27  |='Rad Dose (egs)'|D27 |=$B$4°($B$33$B$35°$B$36)°D60/1000000
61 ='Rad Dose (eqs)1A28 _ |='SP Mass (eqs)ISE$15 |='Rad Dose (eqs)IC28 _|="Rad Dose (eqs)!D28 |=$B$4*($B$33°$B$35°$B$36) D61/1000000
62]. ='Rad Dose (eqs)'1A29  |='SP Mass (eqs)1$E$15 [='Rad Dose (eqs)!C29 |='Rad Dose (eqs)'|D29 [=$B$4*($B$33°$B$35°$B$36)°D62/1000000
63. ='Rad Dose (eqs)1A30  |='SP Mass (eqs)1$E$15 |="Rad Dose (eqs)IC30 |='Rad Dose (eqs)''D30 |=$B$4*($B$33°$B$35°$B$36)°D63/1000000
64 —Rad Dose (eqs)1A31__|='SP Mass (eqs)I$E$15 |='Rad Dose (eqs)IC31 _ |=Rad Dose (eqs)1D31 |=$B$4*(3BS33-$B$35° $BE36) D64/1000000
65 ='Rad Dose {eqs)'|A32  {='SP Mass (eqs)'$E$15 [='Rad Dose (eqs)iC32 [="Rad Dose (eqs)'1D32 [=$B$4"($8$33"$B8335"$8836)"D65/1000000
66 ='Rad Dose (eqs)1A33 _ |='SP Mass (eqs)1$E$15 |="Rad Dose (eqs)IC33__|='Rad Dose (eqs)!D33 [=$B$4°($B$33°$B$35°$B$36) D66/1000000
67 —'Rad Dose (eqs)!A34__|='SP Mass (eqs)ISE$15 |='Rad Dose (eqs)1C34 __|='"Rad Dose (eqs)1D34 |=$B$4°($SB$33°$B$35°$8$36) D67/1000000
68 ='Rad Dose {eqs)'1A35 [='SP Mass (eqs)I$£$15 |='Rad Dose (eqs)|C35 . |="Rad Dose (eqs)'|D35 |=$B$4*($B$33°$B335°$B$36)°D68/1000000 |
69 ='Rad Dose (eqs)1A36  |='SP Mass (eqs)I1$E$15 [='Rad Dose (eqs)IC368 |="Rad Dose (eqs)'|D36 [=$B$4"($B$33°$B$35°$B$36)°D69/1000000
70 ='Rad Dose (eqs)|A37 |='SP Mass (eqs)!$E$15 |="Rad Dose (eqs)iC37 |='Rad Dose (eqs)'1D37 {=$B$4*($B$33°$B$35°$B$386)"D70/1000000
71 —'Rad Dose (eqs)1A38._ |='SP Mass (eqs)1$E$15_|="Rad Dose (eqs)1C38 _|='Rad Dose (eqs)D38 |=$B$4"($B$33°$B3$35°$B$36)*D71/1000000
72 ='Rad Dose (eqs)1A39 ='Rad Dose (eqs)'|C39 |='Rad Dose (egs)'!D39 [=$B$4°($B$33*$B$35°$B$36)*D72/1000000°

='SP Mass (eqs)1$E$15

HOI (egs)
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B

c

D

E

F .

='Rau Dose (egs)1A40

='GP Mass (sgs)1$SESIS

='Rad Dese (egs)iCaC

="Rad Dose (eqs)'!D40.

—SB%A(SE$A3 $ASA5'$BS36) D73/1000000

='Rad Dose (eqs)'!A41

='SP Mass (eqs)$E$15

='Rad Dose (eqs)1C41

='Rad Dose (egs)'|D41

=$B83$4*($B$33"$B$35"$8$36)*D74/1000000

=Rad Dose (eqs)1Ad2

='SP Mass (eqs)1SE$15

='Rad Dose (eqs)'1C42

='Rad Dose (egs)'!D42

=$B$4’($B$33°$B$35"$B$36)"D75/1000000

1='Rad-Dose (egs)1A43. . -

='SP Mass.(eqs)'I$E$15

|='Rad.Dose (eqs)!1C43..

_|='Rad Dose (eqs)'|D43.

=$B3%4"($B83$33°$B$35°$B$36)"D76/1000000

='Rad Doss (eqs)'1A44

='SP Mass (eqs)'I$E$15

='Rad Dose (egs)'!C44

=Rad Dose (eqs)|D44]

=$B$4°($B$33°$8$35°$B$36)°D77/1000000

='Rad Dose (eqs)'1A45

='SP Mass (eqgs)'!$E$15

='Rad Dose (6gs)1C45

|='Rad Dose (egs)'D45

=$B$4-($B$33"$B$35°$B$36)°D78/1000000

='Rad Dose (eqs)'1A46

='SP Mass (egs)!1$E$15

='"Rad Dose (eqs)'!1C46

='Rad Dose (egs)'|D46

=$B$4°($8$33*$B$35°$B$36)°D79/1000000

='Rad Dose (eqs)1A47

='SP Mass (eqs)13E$15

='Rad Dose (eqs)'|C47

='Rad Dose (eqs)'\D47

=3B$4*(38$33"$B8$35*$B$36)°D80/1000009

='Rad Dose (eqs)1A48

='SP Mass (eqs)1SES15

=Rad Dose (6qs)1C48

='Rad Dose (eqgs)'1D48

=$B$4*($B$33°$BS35$BS36) D81/1000000

='Rad Dose (eqs)!A49

='SP Mass (eqs)'I$ES15

=Rad Dose {€qs)1C49

='Rad Dose (egs)'|D49

=$B$4*($B$33°$B$35°$B$36)*D82/1000000

='Rad Dose (eqs)'1A50

='SP Mass (eqs)'I$E$15

='Rad Dose (eqs)C50

='Rad Dose¢ (egs)'|D50

='Rad Dose (eqgs)1A51 -

='SP Mass (eqs)1$E$15

='Rad Dose (eqs)1C51

='Rad Dose (egs)'|D51

=$B$4°($B$33°$B8$35'$B$36)* D83/1000000
=$B$4°($B$33°$B$35°$B$36)° D84/1000000

='Rad Dose (eqs)1A52

='SP Mass (eqs)ISE$15

='Rad Dose (eqs)CS52

='Rad Dose (egs)'lD52

=$B$4°(3B$33°$B$35°§B$36)*D85/1000000

='Rad Dose (eqs)'1A53

='SP Mass (eqs)'ISE$15

='"Rad Dose (egs)'!C53"

='Rad Dose (eqs)'!D53

=$B%$4°($8$33'$8535'$B8$36)*D86/1000000

='Rad Dose (eqs)1A54

='SP Mass (eqs)'1$E$15

='Rad Dose (eqs)'|C54

='Rad Dose (egs)'{D54

=$B3$4°($B$33'$B$35°$B$36)°D87/1000000

='SP Mass (aqs)1$E$15

='Rad Dose (eqs)'|A55

='Rad Dose (egs)'!C55

HC (eqs)

' |='Rad Dose (eqs)'|D5S

=$B$4°($B$33°$B$35$B$36)°DB8/1000000
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Attachment 4

Nine Mile Point Nuclear Station
Unitt =

Table 4-4 Eqgs: Hydrochloric Acid {HCI) Production

G

Drywell HCI

beta

HCI

.- - (gmole). ... _.

_.._(g-mote/l)

(3053350535 50836+ 50533 SD535-$D$36)- $B84 E42/ 1000000

=(F42+G42)/C42

=($C$33°8C$35°$C$36+$D$3I3"$D$35°$D$36)"$BS4"E43/1000000

=(F43+G43)/C43

=($C$33'$C$35°$C$36+$D$33*$DS35°$D$36) $884°E44/1000000

=(F441G44)/IC44

=($C$33'$C$35°$C$36+3D$33°$D$35*$D$36)* $B$4*E45/1000000

=(F45+G45)/Ca5

=($C$33°$C$35 $C$36+3D$33*$D$35°$D$36)* $BS4 E46/1000000

=(F46+G46)/Cd6

=($C$33'$C$35°$C$36+$D$33*$D$35*$D$36)* $B$4 E47/1000000

=(F47+G47)/Ca7

=($C$33°$C$35°$CH36+$D$33°$0535°$D$36) $BS4 *E48/1000000

=(Fa8+G48)/C48

=($C$33'$C$35°$CH36+$D$33 D35 $0$36) B34 E49/1000000

=(F49+G4g)/ICa9

=($C$33°$C$35°$CH36+$0$3380$35°3D$36) $B$4*E50/1000000

=(F50+G50)/C50

=($C333°$C$35°$C$36+3D$33°80$35°$D$36)"$BS4E51/1000000

=(F51+G51)/C51

=($C$33$C$35'3C$36+3D$33°$0$35°$D$36)*$B$4 E52/1000000

—(F52+G52)/C52

=($C$33'$C335°$C$36+30$33°3D$35°$D$36)"$B$4"ES3/1000000

=(F53+G53)/C53

=($C$33°5C$35°5C$36+3D$33*$D$35"$D$36)*$BS4"ES4/1000000

=(F54+G54)/C54

|=($C$33°$C$35°3CH36+$D$33°$D$35°$D$36)"$B$4°E55/1000000

=(F55+G55)/C55

=($C$33°$C$35°$C$36+3D$3I3*$D$35°$D$3I6)*$BS4ESE/1000000

=(F56+G56)/C56

=($C$33'$C335°$C$36+5D$33°$D$35°3D$36) ‘$BS4°ES7/1000000

=(F57+G57)/C57

=($C$33'$C$35°$C$36+3D$33°$0$35*8D$36)*$B$4 ES8/1000000

=(F56+G:58)/C56

 1=($C$33°$C$35°$CH36+3D$33°30$35°8D$36)"$BS4°E59/1000000 -

=(F59+G59)/C59 |-~ -

=($C$33°$C$35°$C$36+$D$33*$D$35°$D$36) $884°E60/1000000

=(F60+G60)/C60

=($C$33°8C$35°3C$36+$D$33'$0$35'$D$36)'$B$4°E61/1000000

=(F61+G61)/C61

=($C$33°5C$35°$C$36+3D$I3 $D$35°8D$36) $B$4"E62/1000000

=(F62+G62)/C62

=($C$33'$C$35°$C$36+$0$33°$D$35°$D$36)"$B$4 E63/1000000

=(F83+G63)/C63

=($C$33'$C$35°$C$36+3D$33*$0$35°$D$36)"$B$4"E64/1000000

=(F64+G64)/CB4 -

=($C$33°$C$35°5C$36+$D$33"$D$35°3D$36)"$B$4 EES/1000000

=(F65+G65)/C85

=($C$33"$C$35°$C$36+5D$33°$0$35°$D$36) " $BB4"E66/1000000

=(F66+G66)/C66

=($C$33°$C$35°3CHI6+3D$3I3"$D$35°$0$36)"$B$4°E67/1000000

=(F67+G67)/C67

=($C$33°$C$I5°$C36+$D$33°$D$35°$0$36)* $B$4°E68/1000000

=(F68+G68)/C68

=($C$33°$C$35°$C$36+$D$3I3 $D$35°$0$36)°$B$4°E69/1000000 |

=(F69+G69)/C69

=($C$33'$C$35°3C$36+$D$3I3*$D$35°8D$36)*$B$4"E70/1000000

=(F70+G70)/C70

=($C$33'3C$I5 $C$3I6+30$33°$0$35°$D$36)"$BS4"E7 1/1000000

=(F71+G71yC71

=(F72+G72)/C72

=($C$33'3C$35'$C$36+$D$33 $D$35°$D$36) $B$4"E72/1000000

HCI (eqs)

.%ﬂr

Calculation No. H21C0g¢ ¥
Revision 0
Page 4-28 .




Attachment 4 - -
Nine Mile Point Nuclear Station
" Unit 1

Table 4-4 Eqs: Hydrochloric Acid (HCI) Production

G

H [

73 |=(3C533 3095 530+ DE33 S0 535 $DSa8) SBS4°E73/1 000000

74 |=($C$33'$C$3I5 $CH36+30$33"30$35°$D$36)"$B$4*E74/1000000

=(F73+G73Y/C73 . _
=(F74+G74)/C74 |

75 |=($C333°$C$I5 ' $CH36+80$33°8D$35 $DEI6) " $BS4*E75/1000000

=(F75+G75)/C75

=(F76+G76)/C76

— .. - [:76]=($C$33'3C$35 $C$36+$D$33°$D$35°$D$36) $B$4’E76/1000000
: 77 |=($C833'$C$35°$CH36+30533°$D$35°$0$36)*$B$4*E77/1000000

=(F77+GTT)/CT7

78 |=($C$33°$C$I5*$CH36+3D$33*$D$35°$D$36)*$B$4°E78/1000000

=(F78+G78)/C78

79 |=($C$33'$C$35°8C836+$D$33'$D$35°$D336)  $B$4*E79/1000000

=(F79+G79)/C79

80 |=($C$33°$C$I5 $CH36+8D$33*$D$35°$D$36)* $B$4°E80/1000000

=(F80+G80)/C80

81 |=(3C$33°$C$35°$C336+8D$33*$D$35'$D$36)*$B$4°EE1/1000000

=(F81+G81)/C81

82 )=($C$33°$C$35"$CH36+3D$33° $D$35°$D$36) $B$4°E82/1000000

—(F82+G82)/CB2

83 [=($C$33"$C$35°$CH36+3D$33$D$35° $0$36) $B$4°E83/1000000

=(F83+GB3)/C83

84 |=(3C$33'$CH35°$CH36+3D$33°$D$35°50$36) " $B$4°E84/1000000

=(F84+GB4)/C84

85 J={$C$33"$C$35°$CH36+3D$33°$D$35°$D$36)* $BS4°E85/1000000

=(F85+G85)/C85

86 |=(8C$33°$C$35°8C$3I6+8DS33* $D$35°$0$36) $B$4°E86/1000000

—(F86+G86)/C86

87 |=($C$33°$C$35°$CH3I6+30$33°$D$35'$D$36) $B$4°E87/1000000.

=(F87+GB7)/C87

88 |=($C$33:$CH35°$C$36+3DF33"$D$35 8D $36) $BS4°E88/1000000

=(F88+G88)/C88

HCI (eqs)

]

4%
-
Calculation No. H21C0g# 4

Revision 0
Page 4-29.




' _Attachment 4 - A

Table 4-5 Eqs:' Ceslium Hydroxide (CsOH) Production

N

Calculation No. H21C08##

Nine Mile Point Nuclear Station Revision 0
Unit 1 Page 4-30
. A : ) B C D E .
1 1 [Core cesium.- gap release ) 53.72 g-inole : {Attachment 1, Table 1-2
2 |Core cesium - EIV release 214.87 . g-mole Attachment 1, Table 1-2
3 ) - - i .
| 4 |Csl-gaprelease B " |2(19HI(eqs)!B$5)"HI (eqs)'!B2 |[g-mole -~ -~ - - - -----~ lfraction iodinerelease-in-form-of Csl- -- - -~ - - |
5 |Csl - EIV release =(1-'HI (eqs)'B$5)"H! (eqgs)'B3 |g-mole fraction iodine release in form of Cst
G . .
7 jCsOH - gap release =B1-B4 g-mole
8 [CsOH - EIV release =B2-B5 -mole .
9 - N .- .
10 |Gap release onset 2 minutes Reg Guide 1.183 (main body Ref. 7.10.2)
11 |Gap release duration 30 minutes Reg Guide 1.183 (main body Ref. 7.10.2)
12 {EIV duration 90 minutes Reg Guide 1.183 (main body Ref. 7.10.2)
13 : - v . -
14 : suppression
15  cumulative - pool cumulative
16 Time CsOH volume CsOH
17 : (Hr) (g-mole) (liter) "~ (g-mole/l)
18 onset|=B10/60 0- - ='SP Mass (egs)'!$E$15 =C18/D18
19 end of gap release{=B18+B11/60 =B7 ' ='SP Mass (eqs)1$E$15 =C19/D19 . ]
20 ~ - T T T T T T T 1=C194(B20-B 19)/(B21-B19)°B8 [ ='SPMass (eqs)1$ES 16— 1=C20/D20-- <o --oome o[ e
) 21 end of EIV|=B19+B12/60 =C19+B8 =C21/D21

CsOH (eqs)

='SP Mass (egs)!$E$15




LPS (eqgs)

Pk
: : Viefos
Attachment 4 _ Table 4-6 Eqs: Effect of LPS Addition Calculation No. H21C08Z #
. Nine Mile Point Nuclear Station on Post-LOCA Suppression Chamber pH - Revision 0
Unit 1 ‘ ' Page 4-31-
: A B ] D E
1 |Buffering by Liquid Poison System ' -
2
3PS . . 3 : _
4 |Nominal LPS pump flow rate 30 gpm Design Input 4.12 '
5 |Min LPS injection tank volume 1325 gal Design Input 4.12
6 |Max LPS temp - 105 °F - Design Input 4.12
7 |Min LPS temp 70 . - [°F Design Input 4.12
8 [LPS SPB concentration by weight ~10.09423 ' Design Input 4.12
9 |Specific gravity . 1 Design Input 4.12
10 |Water density at max LPS temperature 61.93 . Ref. 7.18
11 [LPS solution density at max temperature =B9*B10 Ibm/ft® '
12 ' . ’ -
13 |Final suppression pool temp (bounding) 200 °F
14 . ' . s
" 15 |Boric acid K =(0.0585"813+1.309)0.0000000001 at [=B13 °F
16 » , , : ' _
17 [MW sodium pentaborate (Na;B1,01¢*10H,0)  |585.984  ~~ ~ T T T\ DESig Inpatd4i2 || T e
18 . ‘ _
19 |Volume sodium pentaborate =B5/7.481 ft3
20 |Mass sodium pentaborate =B19*B11*B8 - lom
21 IMass sodium pentaborate =B20"453.6/B17 g-mole
22 _ - . ~
23 |Unbuffered pH ='pH (eqs)''N63
24 {Unbuffered [H'] _ o =10/-B23) . g-mole/i
25 |Suppression chamber water volume ='SP Mass (eqs)'$E$15 liter
.26 |Equivalents unbuffered [H'] =B24'B25 " |g-mole
27 . ' .
28-|Final pH =-LOG(B15)+LOG((2*'B21-B26)/(8°'B21+B26)).
29 . - : '. .
30 |Time to'inject boron =B5/B4 minutes
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Attachment 4 ) Table 4-7 Eqs: Gamma and Beta Radiation Dose Catcutation No. wz1cogf %
Nihe Mile Point Nuclear Station used to Determine Post-LOCA pH . . . Revision 0
Unit ) . ’ : Pago 4-32
A B8 C
- 7 = B = N " -
2
3 gamma dose
4 Drywell &
. e . 5 P ~ _ . . _ Wetwefl . e . .
TiD @ -
6 Time | 1850 MWt .
7 [ als] |rag
8o
9 [=121/3600 =A/AT1°C11
10 [=A9+30/60 =A10AT1°C11
111 T S ¥ ¢ EPSRREREE (1035000 F AR TR SRR Ry Sty
12f2 - _umLOG(sAthoeg $AS11))/(LOG(S As17);|. (SA$11))"(LOG(BS 17y LOG(BS11))+LOG(BS11)) {=10Y(LOG(SA12}-LOG(SA uMLOG(SASﬂ);LOG(s 1))'(Loggas17)-we(c 11)+LOG(C$11
13 [=24121/3600 |=10N(LOG($A13}-LOG(SAS11)/(LOG($SA$17)-LOG(SAS 11))(LOG(BS17)LOG(BS11))+LOG(B$11)) [=10N(LOG(SA13)}-LOG(SAST1)Y(LOG($AS17)}-LOG(SA$11))"(LOG(C$17)-LOG(CS11))+L.OG(CS11
14]3 10Y(LOG(SA14)- LOG($AS LOG($A$17)-LOG($AS11))"(LOG(B$17)}LOG(BS11)1+LOG(BS11)) |=10N(LOG(SA 14} LOG(SAS11)V(LOG($A$17)LOG($A$1 1)) {LOG(CE17)-LOG(C$11)+LOG(CS 11
15{4 =10(LOG(SA15}-LOG(SAS1 )V(LOG(SAS17)}-LOG($AS11))"(LOG(BS17)}-LOG(BS11)}+LOG(BS 11)) [=10N(LOG(SA15}-LOG(SAST 1)/(LOG(SAS17-LOG(SAS1 1)) (LOG(C$17}LOG(CS11)+LOG(CS11
11615 =10°(LOG(SA16)-LOG(SA$11)/(LOG{$A317)-LOG(SAS11)) (LOG(BS17)} LOG(BS11) =10¥(LOG(SA16)-LOG(SAS 11)/(LOG(SAS 'D;LOG(SA.
11716 1392000 578 B AR AR IS R R, Y 3150000 5 L L O R RS S
18[7 =10N(LOG(SA 18)-LOG(SAS17)V(LOG($SASIS)-LOG(SAS17)) (LOG(BS35)-LOG(BS 17))+L OG(BS17)) |=10N(LOG($A18)-LOG(SA! y(Loe(sAsastLOG(sA
1918 =10N{LOG($A19)- LOG($A$I7)V(LOG(SASISI LOG($A$17)) (LOG(BS35 L OG(BS1 )HLOG(BS 17)) |=10N(LOG(SA 19} LOG(3A817))/(L OG{SASI5)-LOG{SA
9 =10Y({LOG(SA20) LOG(SAS17))/(LOG(SAS35) L OG(3AS17))(LOG(BE35)}L OG(BS 17)}+LOG(BS17)) §=10N(LOG(SA20-LOG(SAS17)/(LOG(SASIS)LOG(SAS

(=3

LOG($ASIS)}-LOG(SAS$17))"(LOG(BS35} LOG(BS17)+LOG(BS17)) {=10N(LOG(SA21)-LOG($A$17)/(LOG(SASIS-LOG(SAS
LOG($AS35)L OG($A$17))°(LOG(B$35)}LOG(BSIT)HLOG(BS17)) -1=104(LOG($A22)- LOG($AS17){LOG({$ASI5)-LOG(SAS
ON(LOG(SA23}LOG($AS17) ($A$35)-LOG(SAS
(LOG(SA24}LOG(3A$17) (SASIS}LOG($AS17)
(LOG($A25)t OG(SAS17)V(LOG(SASISHLOG(SA
{LOG{$A26)-LOG(SAS17)V{LOG(SASI5LOG(SAS17))"(LOG(CE35)-LOG(CS17) . Lo
LOG($A27}LOG(SAS17)MLOG($AS35 ) LOG(5A817))"(LOG(C335)-LOG(CS17) T T
ON(LOG($A28)- LOG(SAS 1 )M(LOG(SAS35)-LOG(8A$17))*(LOG(CS3S (C
LOG(SA29)-LOG($AS1 7)V(LOG{$ASIS-LOG($A$17))(LOG(C$3S5 (C:

7)

7

(LOG($A21)-LOG(SAS1T)V{
ON(LOG($A22) LOG(SAS17))(
(LOG($A23) LOG(SAST7)/(LOG(SAS35) LOG(SASIT)) (1 OG(B$35) LOG(BS 17} LOG(BST
(LOG(SA24) LOG(SAS1T)V(LOG(SAS35)-LOG(SAS17))" (LOG(BS35) LOG(BST7)+LOG(BS1
(LOG($A25)} LOG(SAS17)Y(LOG(SAS35} LOG(SAS17))"(LOG(BS35) LOG(BS17)+LOG(B$17)
LOG($A26) LOG($AS17)V(LOG{SAS35) LOG($AS17))(LOG(ES35) LOG(BS17)1+LOG(BES
LOG($A27) LOG(SAS17)({LOG(SAS3S-LOG(SAS17))(LOG(BS35)-LOG(BST71I+LOG(BS
(LOG($A28) LOG(SAS17)V/(LOG($AS35) LOG(SAS17))(LOG(BS35) LOG(BS17)+LOG(BS
LOG(SA29)-LOG(SAS 17)V(LOG(SAS3S) LOG(SAS17)) (LOG(BS35) LOG(BS17))/L OG(BS
BS
BS

2

Frad Iy Px3 Fxd

[RERCACRERLACR DD

Y Y Y

[0
-

19 =10N(LOG(SA30)-LOG(SAS 17)/{LOG(SAS35} LOG(SA$17))"(LOG(BS35 )L OG(BS17))+LOG(
ON(LOG($A31)-LOG(SAST17)V(LOG($AS35)-LOG($AS17))"(LOG(B$35) LOG(BS 17)+LOG|
ON(LOG($A32) LOG(SAS17)M(LOG(SAS35)-LOG($AS17))*(LOG(B$35) LOG(BS 17)}+LOG(BS
ON(LOG($A33} LOG($A$17)/(LOG(SAS3S) LOG(SAS
LOG(SA34) LOG(SAS 1 DM(LOG{SAS3I5) LOG(SAS
|2785000 7355 SR e e R R P T e : : S
(LOG(3A36) LOG{SAS35)/(LOG($AS55)-LOG(SA$35)) (L OG(BS$55)1. OG(BSI5)+LOG(BS35)) |=10{LOG(SA36)LOG(SA »SS)E(LOGgsA._):LOG(SAGS (LOG(CSSETLOG(C:
LOG($A37) LOG($AS35)V(LOG($AS5S)-LOG(SAS35))"(LOG(B$55)-LOG(BSI5)1+L OG(BS35)) |=1 %fme?snsimc $AS35)Y(LOG(SASE5)-LOG(SA$35))*(LOG(CE55F LOG(CS
LOG($SA38)-LOG(SAS35)V/(LOG(SAS55) LOG($A$35))(LOG(BS55)}LOG(BSI5) L OG(BS35)) [=10N(LOG(SA3BH OG(SAS5)V(LOG(SAS55)LOG(3A$35))*(LOG(CS55) LOG(CS
LOG($A39)-LOG($ASI5)V(LOG(SAS55}LOG($AS35))(LOG(BSS5HLOG(BS35) HLOG(BSI5)) {=10Y(LOG(SA39)}LOG(SASI5)V(LOG(SASES5)-L DG{SAS35))"(LOG(CS55)-LOG(CS
LOG($A40)-LOG($ASI5)(LOG(SAS55) LOG(; ABS))'(L S(BS55HLOG(BS35)H OG(BS35)) [=10Y(LOG(SA20)LOG(SAS35)(LOG(SAS55LOG($AS35))(LOG(CS55)LOG(CS
LOG{$A41)- LOG($AS35))/(LOG($A$55) LOG($AS35))*(LOG(BSSSLOG(BS35)+LOG(BSIS)) [=10N(LOG(SA41) LOG(SAS35))(LOG(SASS55)-LOG(3A$35))"(LOG(CS55)-LOC
LOG(SA42) LOG(SASI5)/(LOG(8AS55) LOG(SA$35))"(LOG(BS55)}-LOG(BSIS)H OG(BS35)) [=104(LOG($A42)LOG(SASI5)(L OG(SAS55)LOG(SAS35))(LOG(CS55)-LOC
ON(LOG($A43)-LOG(SAS35)V(LOG($AS55HLOG($AS$35))(LOG(B355),L OG(BS35)+LOG(BS35)) |=10N(LOG(SA43)-LOG(SASI5)V(LOG(SAS55)- L OG(SA$35))"(LOG(CS55,
LOG($ALA-L OG($ASISILOGISASSS) LOG(SASIS)" (LOG(BSSSHLOG(BSISHH OG(BS3S)) [=10N(LOG(SA44YLOG($ASIS)V(LOG(SASSEH OG(SASIEY (LOG(CSSS
LOG(SA45)-L OG($AS35)M(LOG($AS55) LOG($AS3S))*(LOG(BS55) LOG(BS35)+LOG(BS3S)) |= %iwe&mtg 3(SAS3S)V(LOG($ASE5)-LOG(SA835))*(LOG(CSSS
LOG(SA46}LOG(SASIS)V(LOG(SAS55)-L OG($A$35))"(LOG(BS551L OG(BS35)+L OG(BS35)) [s10(LOG(SAE)LOG($ASI5)V(LOG(SAS55)}LOG(SAS35)) (LOG(CS5S
LOG(SA47)-LOG(SAS3S))/(LOG(SAS55HLOG($A835)) (LOG(BS55)-LOG(BS35 )WL OG(BS35)) |=10Y(LOG(SA47)-LOG(SASIS)Y(LOG($AS55)-L OG(SAS35)) "(LOG(CS55)-
LOG{$A48) LOG(SAS3S)V(LOG(SAS55) LOG(SAS35))"(LOG(BS55) LOG(BS35)}+LOG(BS35)) [=10N(LOG{SA4B}LOG(SAS35)V(LOG(SASE5}-LOG($AS35))*(LOG(CS5S
(SA. X
{SA

ON(LOG(SA30FLOG(SAS 1 T)WLOG(SASIE)}LOG(SAS17)) (LOG(CSIS {C:
ON(LOG($A31)-LOG(SAS17))/(LOG($ASISHLOG(SA$17)*(LOG(C335)-LOC
W(LOG($A32)-LOG(SAS1 T)V(LOG($A335)-LOG(3A$17))"(LOG(C$35)-LOC
M({LOG($A33)-LOG(SAS17)/(LOG(SASIS)-LOG(SAS 1 7))(

LOG(SA34 L.OG $AS1

slolelslulz/sRRR NS

Rf

:

[RERERERMRCRCRLIRCRERALCA L

-

I3
]

sl

SEEES

onlonin

Y

LOG($A49 LOG($ASIS)V(LOG(SASE5)-LOG($AS35))(LOG(BS55)} LOG(BSIS)HLOG(BSI5)) [=10N(LOG($A49)-LOC 35 VILOG($ASS5)}-LOG(SAS35))" (LOG(CSS5)-
LOG{SAS0)-LOG(SAS35)V(LOG(SASS5)-LOG(SAS35))* (LOG(B$55)-LOG(BS35)+LOG(BS3S)) [=10N(LOG(SAS0)-LOC 35)M{LOG($AS55)-LOG{$AS35))" (L OG{CS55M
LOG{$AS3I5)/(LOG($AS55)-L OG{$A$35))"(LOG(BS55}-LOG(BS35)HLOG(BS35)) [=10N({LOG(SA51}LOG(SAS35)V(LOG(SASS5)L OG($AS35)) (L OG(C$55)-LOG(C
LOG{$A52)-L.OG($ASI5)V(LOG(SAS55)- LOG($AS35))" (LOG(BS55)LOG(B$35)+LOG(B$3S =1Q}!LOG]SASZM&ASSS)!]LgsthOG(MBS[)']LOG(C&':S[-_LOG(C
=A52+48 =10(LOG(SASI}HLOG(SASIBV(LOG(SASES M OG($A$35)) (L OG(BS55)-LOG(BS35)+ OG(B$35)) [=10N(LOG(SAS3)LOG(SAS35)V(LOG{SAS55)LOG(SA$35)) (LOG(CS55)-LOG(C

=A53+48 -1W(LOG]SASdtLOGisAS%[!gLOCdSASSStLOG(&ASsS[) (LOG(B$55)-LOG(BS35)}+L OG(BS35)) = ﬂgLm(SAStﬂtLOG‘SMSS)!(LOG‘SASSS[LOG‘SM»’}S!) gL%NStLOG‘G

720 158100003 S B A s s RSN

:

[NERTALCR IR ENCR R ER IV N SR EN R ER T

___
2
8
td
&
g
2

SRS

g&rmkshsg:a:aas:saazsaﬁl
%
4

57 |Note: Shaded values taken rom Attachment 2.
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Aftachmeit 4

.Nine Milo Point Nuclear Station

Unit 1

Table 4-'i Eqs: Gamma and Beta Radiation Dose

used to Determine Post-LOCA pH

D E F
RIR) L .
2 .
3 beta dose
4
151 R Drywell
TID @ o
6 1850 MWt Source for y Values Source for p Vatues
z radl L .
8 - .
9 |=Ag/A11°D11 linear interpolation linear Interpolation
10 [=A1O/A11°'D19 linear interpolation linear interpolation
11 |30 410000 £ 3R R o Attachment 2, Table 2-2 [ Attachment 2, Table 2-1
12 [=10N{LOG(SA12)-LOG($AS 1))/ LOG(SA336)L0§(§A log-log interpolation log-tog interpolation
13]= LOG{$A13)-LOG(SAS 11)V(LOG(8AS36}LOG(SA! 336, log-fog intespolation log-log intel tion
4 |=10N(LOG($A 14)-LOG($AS11)/(LOG($A$36)-L OG($A. 536)| log-log interpolation _log-log interpolation
=10Y({LOG($A15}-LOG(SAS11)V(LOG(SAS36)} LOG(SAS11))" 36)- log-log interpolation ~ | _log-log interpolation .
=10Y(LOG(SA 16)-LOG($AS11))(LOG(3AS36) LOG(SAS11))" 536} log-log nterpolation | __log-loq interpolation
=10Y(LOG{SA17)-LOG($AS 1 1)/(LOG(SASI6} LOG(SA$11))" 536} Attach 2, Table 2-2 log-log i ion
181=10X{LOG{SA18}-L OG(SAS 11)V{LOG($AS36}-LOG(3AS11))"(LOG{D33E}-LOG(DS11); 1 log-log interpolation fog-og interpotation
9 [=10N(LOG($A 19)-LOG{$AS 11))(LOG(SAS36}LOG($A$11))'(LOG(D$36)}LOG(DS11) 1) interpolation intemofation
20 |=10N(LOG($A20)-LOG($AS11))/(LOG(SAS36)-LOG(SA$11))* (L OG(D$36)-LOG(DS11) 1) interpotation nterpolation
1 |=10(LOG(SA21)}-LOG(SAS 11))/(LOG(SAS36)-LOG($A$ 11))*(LOG(D$36)} LOG(DS$11), 11)) -log interpolation ntespolation
| 22 |=10N(LOG({$A22)- LOG(SAS 1 1))/(L OG(SAS36)- LOG(3A$11))"(LOG(D336)-LOG(DS 1 1))+ 11))] __log-log intespolation -log interpolation
23 [=10N(LOG(3A23) LOG($A$11)/{LOG(SASI6}-LOG(SAS11))"(LOG(D$36)- LOG(DS 11), 1)) | log-log interpolation -log interpdiation
28 |=10N(LOG{$A24)-LOG(3AS LOG($AS36}LOG(SAS11))'(LOG(D$36)}LOG(DS 11)+LOG{D$11 log-log interpolation I interpolation
25 |=10N{LOG($A25)-LOG($A LOG($AS36)-LOG(SAS1 1)) (LOG(D$36)-LOG(D:! HLOG(D$11 log-log interpolation log-log interpotation
26 |[=10(LOG(SA26)-LOG(SAS 11)/(LOG(SAS36)}-LOG(SAS11))*(LOG(D$36) LOG(DS 11)+LOG(DS11)} |__log-log intarpolation jog-log intespolation
27 J=10X(LOG($A27)-LOG($AS11)}(LOG($ASI6)- LOG($A$11))"(LOG(DSIE)-LOG(D$11))+L oWl inte ation" - —log-log interpolation |- -
28 |=10Y(LOG{$A28)-LOG($AS 1 )V(LOG($AS36}-LOG($AS11)]*(LOG(DS3E)}LOG(D$11) 1 interpolation log-log.interpolation
29 [=10N({LOG(SA29)-LOG($AS 1 1)}(LOG(SAS36)-LOG(SA$11))"(LOG(DS36)- LOG(DS 1)+ 1 og int ion | _ log-log interpolation
- 130 [=10Y(LOG(SA30)}-LOG(SAS 1 1)W(LOG($AS36)- LOG($A$ 1)) (LOG(D$36)- LOG(DS 1 1))+ 11), inte log-log interpoiation
31 |=1ON(LOG{$A31}LOG(SA! (LOG(SAS36)LOG($A$11))"(LOG(D$S36)} LOG(DS11 1 tog interpolation 0g-log interpolation
32 |=10N(LOG($A32)}-L OG($A:! V(LOG($ASIEML OG($A$11))"(LOG(D$36)-LOG(D$11))}+LOG(DS11 log-log Interpolation log-log inte: ion
33 [=10Y(LOG($A33}-LOG($A! (LOG($AS36)-LOG{$A$11))(LOG(D$36)-LOG(DS1 1))}+LOG(DS 1 -log interpotation jog-log inte: ion
34 [=10Y(LOG(SAIMSFLOG(SAS 1 1)L OG(SASIE}LOG(SAS 1 1)) (LOG(DS3E)}-LOG(DS $ )+ $11 interpolation -log inte ion
35 Attachment 2, Table 2-2 og-log interpolation
38 2 § og-log interpolation | Attachment 2, Table 21|
37 [=10(LOG(S. A37)-LOG(SA LOG(8AS56}LOGISAS36))" jog10g nterpolation . | _log-og interpolation |
38 [=10N(LOG($A38)-LOG(SAS36)V(LOG($AS56)-LOG($A$36))"i - log interpolation log-log Interpolation
39]= LOG(SA39)-LOG(SAS36)V(LOG(SAS56)-LOG($A$36))"(LOG(DS56)-LOG(D$3E)H.OG(DSIE)) | log-log interpolation tog-log interpolation
40 |=10N(LOG($A40} LOG(SA$36)Y(LOG(SAS56)- L OG(SA336)) (L OG(DS56)-LOG(D$36))+ 536)) | _log-og interpotation i interpolation
41 I=10Y(LOG({SA41)- LOG(SAS36)V(LOG($AS56)- LOG{$A$36)) (LOG(D$56)-LOG(D$36))+t b36)) | ¢ inte ion log-log interpolation
42 =10N(LOG($A42)} LOG($AS36))/(L OG($AS56)-LOG{$A$36)) (LOG(DS$S6)- LOG(DS36)}+ 536} | Hog inte G - fog-tog interpolation
A3 ]=10N(LOG(SA43)-LOG(SASIE)V(LOG(SAS56)-L OG(SA$36))*(LOG(DS56)}LOG(D$36) 1+ 36, log-log interpotation fog-log interpotation
144 [=104(LOG(SA44)-LOG(SA$36)Y(LOG{$AS56)- LOG($A$36)) (LOG(DS56)-L OG( EIHLOG(D$3I6 logHog interpolation | log-log interpolation
45 [=104(LOG(SA45-LOG(SA$36)/(L OG(SAS56-LOG(SA$36)):(LOG(DS56)-LOG(DSIB) 535)) | tog-iog interpolation- logrlog interpolation
46 [=10N(LOG($A46) LOG($A$36)/(LOG{SAS56)} LOG "(LOG(D$56}-LOG(T 36))|_tog-tog interpolation. | _og-og interpolation
47 |=1N(LOG(SA47)-LOG(SASIEIV(LOG($AS561-L OG($A$36))"(LOG(D$56)-LOG(DS3B)HLOG(DS3E)) !gg-i_og lmem -_log-log interpolation
48 |5 104(LOG(SA48)-LOG($ASI6)V(L OG($AS56)-LOG(SA$36))"(LOG(DSSE)-LOG(DS36)HLOG(DS36)) intery log-oq interpolation
49 |= LOG[$A49} LOG(SAS36)V(LOG($AS56)-LOG($A$36))"(LOG{D$56)-LOG(D$36))+ OG(D$3E)) 994_09 interpolation log-oq interpolation
|50 |- 10N(LOG(SAS0ML OG(SAS36)V(LOG(SASS56-LOG(SAS36)) (LOG(DS56) LOG(DS$36)+LOG(DS36)) | ~ ogog Interpalation | _fog-tog Interpoiation |
51 J=10{LOG(SAS1)} LOG(SASIBY/(LOG(SAS56)}-LOG(SAS36)) (LOG(DS56)-LOG(DS3BN+LOG(DS3B) | | inte an log-oq interpotation
52 |=10N(LOG{$A52)-LOG($AS36)V(LOG($AS56)-LOG($A$36))"{LOG(DS56)- LOG(DS36 0$36)) | _tog-oq interpolation 1og-log interpoation
53 [=104(LOG($A53}-L OG(SAS36)(LOG(SAS56) LOG(SA$35))" (LOG(DSS6)-LOG(DS36 $36) |« inte [ ogog intempoation |
54 [=10N(LOG(SA54)- LOG($AS36)/(LOG(SAS56)-LOG(S: *(LOG(D$56)-LOG(DS$36 36)) | interpolation _{ - 1 interpolati
. |58 ]=10N{LOG($AS5)}-LOG{SAS36! LOG $AS56)-LOG($A336))'(LOG D$56 LOG D&@)iLOG D$36)) | Attachment 2, Table 2-2 intel
56 |613400000 BE5% BB, SR M&* e B R T T Ao rzt] Attachment 2, Table 2-2 | Attachment 2, Table 2-1
57 - SalLLUCUEIN LS
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Attachment 4 . Table 4-8 Eqs: Post-LOCA. Suppresslon Chamber Water ’ Calculation No. H21 0051 4
Nine Mile Point Nuclear Stanon . Temperature Response . -~ Revislon 0
Unit 1 ' ; . o ) Page 4-34
C o : ! '
.. . . ,
| A . B ) [*] . D E F
1 |From Duta (Ref. 7 6.5) . 3 . ) Used for pH Analysis
2 : i
3 Time Post-LOCA ] Time Temp
4 : __(ho ()
| 5 | 0o . =C5
. 6 | 0.0336111111111111_ {=C13
78 0.533611111111111 =C16
8 | 1 ) =C18
8 2 =C19
10 | 2.03361111111111 =C20
111 3 =C23
12 )¢ 4 =C24
13§ 5 =C26
[14 ]2 6 =C27
[ 1597 7 =C28 |
16 8 | =C29
17 : W 9 =
18 : _(818 B$17)/(B$21- B$17)'(csz1-css1 7)+c 10 =C31
19 =(B19-8$17)/(B$21-B$17)*(C$21-C§ 17)+C$17 11 =C32
20 -(Bzo B$17)/(B321-8$17)"(C$21-CH1 7)ocs 12 . .. |=C33
21 183 13 . =C34
22 PR o 14 =C35
23 _(Bza-B$22)/(B$25 B$22L(C$25-C$22)+C$22 15 =C38
24 -(824-B$22)/(B$25-B$22) (cszs cszz)»,cszz 16 " . |=C37 ] -
25 (G : 17 =
26 18 : =C39
27 19 3 =C40 |
28 20 =Ca1
29 21 o =C42
30 22 .- =C43
1 23 . =i
32 24 =C45
33 28 : =C48
34 48 =C47
35 72 =C48
36 A . 96 : =C49 |
37 =B36+1 158.7 ! : ) 120 =C50
38 =B37+1 158.7 j‘ i ) 144 . =C51
38 N =B38+1 .- |1588.7 L . 168 . =C52
40 v =B39+1 158.7 . ) : 192 =C53
41 . =B40+1 - - |158.7 : ) C - 216 - =
42 =B41+1 158.7 t 240 =C55
43 ' =B42+1 158.7 . 288 . © |=C56
44 =B43+1 158.7 : 338 =C57
45 =B44+1 158.7 | 384 - |=C59
46 28 158.7 . 432 =C80
47 [=B47/24 ; 48 . 158.7 | 480 ] =C81
48 |=B48/24 f 72 - [158.7 i 528 - =C62
49 {=B49/24 : 86 158.7 | i . 576 =C83
50 |=B50/24 - : 120 158.7 : S : 624 =C85
51 ]=B51/24 . 144 : . 158.7 ) i - 872, - . =Ces
52 |=B52/24 N 168 158.7 | 720 |=C87
53 |=B53/24 . 192 158.7 ! j .
54 |=B54/24 ~ . 216 158.7 Nl
55 |=B55/24 . 240 158.7 ! :
56 |=B56/24 . |288 158.7 . . The shaded values are taken from Reference
57 |=B57/24 o 336 - 158.7 - 7.6.5 (Design Input 4.15). Other other values
58 |=B58/24 ; 360 ; 158.7 ] are elthar interpolated or extrapolated. The
59 7 384 158.7 ; long term temperature is maintained at
80| - : a3z - T 158.7 ; - 158.7°F.
61 |=BB1/24 i 480 158.7 ! '
62 i 528 158.7 :
63 . 576 - 158.7 i
64 |=B64/24. ) 600 ] __|158.7, )
65 . i 624 . - - ]158.7 !
66 : 672 : . 158.7 i
67 |=B67/24 ! 720 - 158.7 ..
881 + Seconds are; the units for =0 to 24 hours; days are the units for I
591 =48 to 720 hoirrs. : |
70 '
71 Ly N ,

|
|
sSP T;emp (eqs)




Attachment 4 : Table 4-9 Eqs: Post-LOCA Suppression Chamber Water Volumes Calculation No. H21C087 %
Nine Mile Point Nuclear Station . o ~ ' Revision 0
Unit 1 ' Page 4-35 Final
A B C D E F
1 . .
-2 Parameter L Symbo! | Unit | Minimum SC Mass | Maximum SC Mass Reference
3 Suppression Chamber Water (SC) : ' : I
_ } 4 _S»upp_rgsgiqg_cpamber-v_Vater-vqume Vsc 1 |79800 " |86000 Design Input 4.6
5 {Suppression chamber water temperature | Tsc- °F |85 60 |Design Input 4.7 T
- 6 |Suppression chamber pressure ' Psc psia |14.7 14.7 Design Input 4.8
7 |Density of suppression chamber water Psc Ibm/ft*|62.17 62.37 Ref. 7.18
8 |Mass of water in suppression chamber Mse Ibm |=D4*D7 —E4*E7- = Vgco'Psc
9 Reactor Coolant System (RCS) : B
10 |RCS mass 3 . ‘Macs | 1#°[501500 501500 |Design Input 4.3
11. Post-LOCA (SC+RCS) . '
RCS mass added to SC . MAcssor | fbm no ROS mass includad 1 SC for min:
e I P T Rt st IR B0 =7, PSS SRS N W
-13 | Total water mass in-SC ML scot | Ibm |=D8+D12 =E8+E12 = Mgsc + Macs
14 | Total volume of water in SC 1 Veusca | 1% |=D13/D7 =E13/E7 - -|= MpL_scior/ Psc .
15 | Total volume of water in SC Ve scor | liters |=D14*28.31685 =E14*28.31685 = Vo scuot [ft] * 28.31685 liter/it® -
SP Mass (eqs) - -
N

.
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Attachment5 : o . Calculation No. H21C08% ¥
" Nine Mile Pomt Nuclear Statlon ' ' [ , : . Revision 0
Umt 1 ; : : : ;, S ' . Page 5-1
C . oo |
. B
) , 4
: Attachment 5

Post-LOCA Suppressron Chamber Water pH
Benchmark to Grand Gulf Nuclear Station (GGNS)

Table of Contents
Figure 5-1: Post-LOCA Suppressron Pool pH Analysns pH Response W|thout SLCS ............ .5-2
‘Table 5-1:- Post-LOCA pH Calculation Without SLCS ............ccoewvueiriseeserrerensssssnssissennenes en5-3
Table 5-1a: Post-LOCA pH — GGNS Calculation No. XC-Q111 1-98013 Rev.2......cccccvunne. 5-5
Table 5-2: Hydnodlc Acid (HI) Productlon........f._.'....;..._. .......................................................... 5-6
Table 5-3:  Nitric Acid (HNO3) Production .........c..cocccceiniicmncnivecesinnnnenssssesnnsensseecesesaens 5-7
. Table 5-4.  Hydrochioric Acid (HCI)- Productlon ..... ereeererieseersseenranereesenessnnans vetrreresersessnnnananraes 5-8
- Table 5-5: - Cesium Hydroxide (CsOH) Productaon .............. 5-10
Table 5-6: Effect of SLCS Addition on Post- LOCA Suppression POO! PH .......ccveveeverervennnes 5-11-
Table 5-7: Gamma and Beta Radiation Dose Used to Determine Post-LOCA pH............... 5-12
Table 5:8: 'Post-LOCA Suppression Pool Temperature Response........ccccocceeerviinnnn. S 5-13

Equatronsforabovetables............;...................._............................,.~ ..... 5-14 10 5-30

Note that each table in this attachment has been developed using Microsoft Excel. Some tables
reference each other; for. these references, see the “tab” name at the bottom of each sheet

Input in the tables in this attachment is obtamed from GGNS Calculation No. XC- Q1111 -98013, .
Revision 2 (main body Ref. 7.12.3). Any |nput/cel|s which have changed from the NMP1 tables
provided in Attachment 4 are italicized. In some instances, new celis were added and in others,
various input was not provnded and therefore is Ieft blank in the tables.

This benchmark is also provnded in the NMP2 le calculation, H21C-097 (Ref 7.6.8). Thetime
_steps in this benchmark are not adjusted to the NMP1 time steps. This does not impact the
vallduty of the benchmark
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Attachment 5 Calculation No. H21C08¢ #
~ Nine Mile Point Nuclear Station Revision 0
Unit 1 Page 5-2-
Figure 5-1: GGNS Benchmark
Post-LOCA Suppression Pooi pH Anaiysis
- . pH Response without SLCS
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Attachment 5 - Table 5-1: GGNS Benchmark Calculation No. H21COB,1 ¥
Nine Mile Point Nuclear Station Post-LOCA pH Calculation without SLCS Revision 0
Unit 1 ' Page 5-3.
Initial conditions -
Suppression pool mass - lbm
_ RCSmass - bm
" Total post-LOCA SP mass ST TS T em T - - - = - - -
suppression pool pH 5.3
reactor coolant pH 5.3
initial [H"] 5.01E-06 g-molen waighted average not required since pH gp; = pH g
initial {OH’] 2.00E-09 g-mole/l © weighted average not required since pH sp; = PH resi
~ Pool M - [HNO,] HCY [CsOH] |.Total[H'] | Total[OH]| Pool "'} Water |- K,at . x HY] Pool
Time Volume S . : 1 Temp Density . { Pool Temp pH
(hr) . | (liter) (g-molesl) | (g-molesn) | (g-moles/l) | (g-moles/l) -moles/l} | (g-moles/l) (°F) _{(Ibm/ft%) (-) _(g-moles/l) |(g-moles/) ()
0 4,841,000 . - 5.01E-06 | 2.00E-09 90.0 62.12 | 1.704E-14]| -1.40E-09 | 5.01E-06| 5.300
0.034 | 4,841,000 ] 5.01E-06 | 2.00E-09 160.0 60.99 | 1.633E-13] -3.04E-08 | 5.04E-08 | 5.297
0.100 | 4,841,000 2.2285E-08 2.8679E-06 | 5.03E-06 | 2.87E-06 160.0 60.99 |1.633E-13| 2.80E-06 | 2.24E-06| 5.650
| 0534 |4841,000] 1.6784E-07 2.1599E-05 | 5.18E-06 | 2.16E-05 160.0 60.99 . | 1.633E-13] 5.17E-06 | 9.94E-09] 8.003
1 4,841,000] 4.2876E-071 " T T T T T I 4.7471E-057| "5.44E-067|4:75E:05"[~ -160:0" |- "60:99 " -] 1:633E:13 ] -5:44E-06- —|-3.88E-09-|--8:414-~ |- - — - -
2 4,841,000 | 1.0070E-06 | 1.0061E-05 | 8.6798E-06 | 1.0481E-04 | 2.48E-05 | 1.05E-04 160.0 60.99 | 1.633E-13] 248E-05 [2.04E-09| 8.690
2.034 | 4,841,000 | 1.0070E-06 | 1.0068E-05 | 8.7776E-06 | 1.0481E-04 | 2.49E-05 | 1.05E-04 160.0 6099 | 1.633E-13] . 2.49E-05 | 2.04E-09 ] 8.690
3 4,841,000 | 1.0070E-06 | 1.0256E-05 | 1.1300E-05] 1.0481E-04 | 2.76E-05 | 1.05E-04 159.1 61.01 1.594E-13| -2.76E-05 | 2.06E-09| 8.685
4 4,841,000 | 1.0070E-06 | 1.0450E-05 | 1.4047E-05| 1.0481E-04. | 3.05E-05 | 1.05E-04 157.3 61.05 |1518E-13| 3.05E-05 | 2.04E-09) 8.690
5 4,841,000 | 1.0070E-06 | 1.0644E-05] 1.6233E-05| 1.0481E-04 | 3.29E-05 | 1.05E-04 155.5 -61.08 | 1.445E-13| 3.29E-05 | 2.01E-09| 8.697
6 4,841,000 | 1.0070E-06-| 1.0837E-05 | 1.8063E-05 | 1.0481E-04. | 3.49E-05 | 1.05E-04 154.6- 61.10 ] 1.409E-13| 3.49E-05 | 2.02E-09] 8.695:
12 4,841,000 | 1.0070E-06 | 1.1990E-05 | 2.5535E-05 | 1.0481E-04 | 4.35E-05 | 1.05E-04 149.2 61.21 1.211E-13| 4.35E-05 1.98E-09| 8.704
18 | 4,841,000 | 1.0070E-06 | 1.3129E-05 | 3.0458E-05| 1.0481E-04 | 4.96E-05 | 1.05E-04 146.4 61.26 | 1.117E-13| 4.96E-05 | 2.02E-09| 8.694
24 4,841,000 | 1.0070E-06 | 1.4254E-05 | 3.4308E-051 1.0481E-04 | 5.46E-05 | 1.05E-04 144.3 61.30 ] 1.051E-13} -5.46E-05 ] 2.09E-09| 8.680.
48 4,841,000 | 1.0070E-06 | 1.8622E-05 | 4.5256E-05 | 1.0481E-04 | 6.99E-05 | 1.05E-04 139.4 61.39 [9.084E-14] 6.99E-05 | 2.60E-09| 8.585
72 14,841,000 | 1.0070E-06 | 2.2785E-05 | 5.3018E-05 | 1.0481E-04 | 8.18E-05 | 1.05E-04 136.5 61.44 8.32E-14 8.18E-05 | 3.62E-09| 8.441
96 | 4,841,000 | 1.0070E-06 | 2.6753E-05 | 5.9165E-05 | 1.0481E-04 | 9.19E-05 | 1.05E-04 134.4 61.47 |7.801E-14] 9.19E-05 |} 6.06E-09| 8.218
120 | 4,841,000 | 1.0070E-06 | 3.0536E-05 | 6.4242E-05 | 1.0481E-04 | 1.01E-04 | 1.05E-04 132.8 61.50 |7.424E-14] 1.01E-04 1.84E-08{ 7.735
144 | 4,841,000 | 1.0070E-06 | 3.4141E-05 | 6.8525E-05| 1.0481E-04 | 1.09E-04 | 1.05E-04 131.6 61.52 -|7.152E-14] 1.05E-04 | 3.89E-06| 65.410
168 | 4,841,000 | 1.0070E-06 | 3.7577E-05 | 7.2188E-05 | 1.0481E-04 | 1.16E-04 | 1.05E-04 | 1305 6154 |6.919E-14] 1.05E-04 1.10E-05 | 4.959
192 | 4,841,000 1.0070E-06 | 4.0852E-05 | 7.5347E-05 | 1.0481E-04 | 1.22E-04 | 1.05E-04 129.5 61.56 |6.703E-14] 1.05E-04 1.74E-05§ 4.759
216 | 4,841,000 1.0070E-06'| 4.3973E-05 | 7.8090E-05 | 1.0481E-04 | 1.2BE-04 | 1.05E-04 128.7 6157 |6.524E-14] 1.05E-04 | 2.33E-05]| 4.633
240 [ 4,841,000 | 1.0070E-06 | 4.6948E-05 | 8.0486E-05| 1.0481E-04 | 1.33E-04 | 1.05E-04 | 127.9 61590 [6364E-14] 1.05E-04 | 2.86E-05]| 4.543
288 | 4,841,000 1.0070E-06 | 5.2487E-05 | 8.4442E-05| 1.0481E-04 | 1.43E-04 | 1.05E-04 | 126.6 - 6161 |6.109E-14] 1.05E-04 |3.81E-05| 4419
336 | 4,841,000] 1.0070E-06 | 5.7519E-05 | 8.7538E-05| 1.0481E-04 | 1.51E-04 | 1.05E-04 125.5 6162 |5897E-14] 1.05E-04 | 4.63E-05| 4.335
384 |4,841,000 1.0070E-06 | 6.2090E-05 | 9.0002E-05| 1.0481E-04 | 1.58E-04 | 1.05E-04 124.6 6164 |5721E-14] 105E-04 |533E-05] 4.273
432" 14,841,000 | 1.0070E-06 | 6.6242E-05| 9.1991E-05| 1.0481E-04 | 1.64E-04 | 1.05E-04 123.8 6165 .|5574E-14] 1.05E-04 | 5.94E-05| 4.226
pH
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Attachment 5 . Table 5-1: GGNS Benchmark - , ' Calculation No. H21C08d #
Nine Mile Point Nuclear Station : Post-LOCA pH Calculation without SLCS ' " Revision 0

Unit 1 ’ : . Page 5-4.

| Pool - H [HNO,] [HCI) [CsOH] Total [H'] { Total [OH]|  Poo! Water K, at X H] Pool
Time | Volume e ' ’ o o Temp Density [Pooi Temp| ~f pH
~(hn) (liter) (g-molesfl) | (g-moles/l) | (g-molesA)) | (g-moles/) | (g-molesA)| (g-moles/) (°F) (brvith) |~ ) -moles/l) _{(g-moles/l) ()

e e | .480. | 4,841,000 1.0070E-06 | 7.0015E-05} 9.3624E-05 | 1.0481E-04 | 1.70E-04-{ 1.05E-04 123.0 - 61.66 5.435E-14 1.05E-04 6.48E-05] -4.188
: 528 4,841,000 | 1.0070E-06 | 7.3442E-05 | 9.4984E-05 | .1.0481E-04 | 1.74E-04 | 1.05E-04 122.4 61.68 5.322E-14 1.05E-04 .| 6.96E-05 4.157
576 4,841,000 | 1.0070E-06 | 7.6556E-05| 9.6136E-05| 1.0481E-04 | 1.79E-04 | 1.05E-04 121.7 61.69 5.212E-14 1.05E-04 7.39E-05 4,131
624 4,841,000 | 1.0070E-06 | 7.9384E-05| 9.7125E-05| 1.0481E-04 | 1.83E-04 | 1.05E-04 121.1 61.69 5.113E-14} 1.05E-04 .| 7.77E-05 4.109
672 4,841,000 | 1.0070E-06 | 8.1954E-05 | 9.7987E-05| 1.0481E-04 | 1.86E-04 | 1.05E-04 120.6 61.70 5.025E-14 1.05E-04 8.11E-05 4.091

720 4,841,000 | 1.0070E-06 | 8.4288E-05 ] 9.8748E-05| 1.0481E-04 | 1.89E-04 | 1.05E-04 120.1 61.71 -|4.941E-14 1.05E-04 8.42E-05 4.074

Adjustments made in Table 4-1 of Attachment 4 (see Notes 1-3) are not made for the benchmark.

pH




| " | N
Attachment 5§ o Table 5-1a: GGNS Benchmark CAlculation No. H21C083 4 -
" Nine Mile Pojnt Nuclear Station Post-LOCA Suppression Pool pH per ‘Revision 0
Unit 1 : ‘GGNS Calc. No. xc-p1111-98013, Rev. 2 . . Page 5-5
o Time pH - !
i (hr) -) ; .
o 02361 ggg‘; The pH values presented in
. 0.1 5: 650 fhl:S table are taken from Case
0.53361  8.003 - 1.in Attachment 3 tq ).(C'
1 8.411 Q1111:98013, Revision 1
2 8.699 (main body Ref. 7.12.3).
2.0361 8709 i
: 5 8.719 :
P12 8716 :
18 8701 . :
f 24 8.681 :
: 48 8.568 b
: 72 8.395 :
: 96 8.098 - i
; 120. 6783 !
- 150 °  4.995 - :
’ 200, 4.606 ;
T 240 4.461 i

: 300 4.327 |

360 4.241 - |

400 4.199 3

480 4.135 :

600 4.070 ;

700 4.033 i

720 4.027 '




_Attachments | - . Table5-2: GGNS Benchmark . Calculation No. H21C08%#
Nine Mile Point Nuclear Station Hydriodic Acid (HI) Production , Revision 0
Unit 1- : o : , Page 5-6

Core iodine inventory 325  g-mole %Ref. 7.12.3

Core iodine - éap release’ 1625 - g-mole  =0.05"325 g-mole
~ Core iodine - EIV release 81.25 'g-m_ole‘ =0.25*325 g-mole

i Fraction of release as HI - 005 max Reg Guide 1.183 (main body Ref. 7.10.2)
Gap release onset 121 sec iRef. 7123 '
Gap release duration 30 minutes ;Heg Guide 1.183 (main body Ref. 7.10.2)
EIV duration - 90 minutes  'Reg Guide 1.183 (main body Ref. 7.10.2)
suppression |
3 cumulative | pool cumulative
‘Time HI - i volume Hi

A (hr) (g-mole) :  (liter) _ (g-mole/))-

onset 0.034 0.00 | 4,841,000 0.0000E+00

: 0100 . 011 . 4,841,000 2.2285E-08
end of gap release  0.534 0.81 . 4,841,000 1.6784E-07
: ' 1.000 208 : 4,841,000 4.2876E-07
endof EIV  2.034 488 | 4,841,000 1.0070E-06




Attachment 5
Nine Mile Point

Unit 1

HNO, ‘gene.rafntion '

Nuclear' Station

Table 5-3: GGﬁS Benchmark
Nitric Acid (HN

| 7.3E-06 g-mole/l per MRad -

)
1

1
]
'
t

0;) Production

onset- -

end of gap release

end of EIV%

d%

Calculation No. H21C()8[‘/'
_Revision 0
Page 5-7

NUREG/CR-5950 (main body Ref. 7.13)

: Suppression i

! Pool cumulative

: Toe . T

. Time 3467 MWt ~ HNO,

b (hr) - . (rad) (g-mole/)
0.034 . ;
0.534 :

1 - i _
2 1.3783E+06 1.0061E-05
© 2.034 1.3792E406 ~ 1.0068E-05

3 1.4049E+06 1.0256E-05

4 1.4315E+06 1.0450E-05
-5 1.4581E+06 1.0644E-05
6 1.4846E+06 = 1.0837E-05 -
12 - 1.6425E406 .  1.1990E-05 .
18 ' 1.7985E+06 1.3129E-05
24 1.9526E+06 1.4254E-05
48 2.5509E+06 1.8622E-05
72 3.1213E+06 2.2785E-05
96 . 3.6648E+06 2.6753E-05
120 4.1830E+06 3.0536E-05
144 4.6768E+06 3.4141E-05
168 5.1475E+06 3.7577E-05
192 5.5961E+06 4.0852E-05

. 216 6.0237E+06 4.3973E-05

© 240 6.4313E+06 4.6948E-05

- 288 7.1900E+06 = 5.2487E-05

b 336 7.8793E+06 5.7519E-05

| 384 8.5054E+06  6.2090E-05

.. 432 9.0743E+06 6.6242E-05

- 480 9.5911E+06 7.0015E-05

' 528 1.0061E+07  7.3442E-05

L 576 1.0487E+07 7.6556E-05

1 624 - 1.0875E+07 7.9384E-05

. 672 1.1227E+07 8.1954E-05

' 720 1.1546E+07  .8.4288E-05

. !

1

' }
. !
!

|

i

)

[l

" HNO3




. Attachment 5

Unit 1

Cables |

hypalon properties:
radiolysis yield, G
- -linear-absorption-coefficient -
linear absorption coefficient
" density '

Cable jackét and insulation:

“

Nine Mile Point Nuclear Station

~

2.192E-06 g-mole HCI per MRad-g

-..-52.08-cm: for-beta.radiation -
0.099 cm’* tor gamma radiation
- 1.55 g/lem®

Drywell Cable Inventory

cable outerradius 035 in
cable OD (max guar.) 0.7 In
jacket thickness 280  mil
jacket material hypalon
insulation thickness - mil
insulation material - B
length in free air - linear ft
length in tray . linear ft
chlorine-bearing material:
volume in free air - cm?
volume in tray - cm®
mass in free air  873.65 Ibm

mass in free aif 396,287.6 gram

ibm

mass intray 873.65
mass In tray 396,287.6 gram

Irradiation:

. Drywell Cable Inventory
. beta

gamma free air | tray
cable radius (cm) 0889  0.889 0.889
jacket thickness (¢m) 0.7112 07112 07112
mass irradiated (g) 792‘575'3, 396,287.6 198,143.8
flux averaging factor 0.973 0.044 0.044
absomtion tactor 0.068 1.000

1.000

Table 5-4: GGNS Benchmark
Hydrochlorlc Acid (HCI) Production

NUREG/CR-5350 (main body Ret. 7.13)
- . .NUREG-1081. {main body Rel. 7.15) . _

NUREG-1081 (main body Ret, 7.15)

NUREG-1081 {main body Ref. 7.15)

Comtainment Cable Inventory

cable outer radius 0.35 in
cable OD (max guar.) 0.7 in
Jjacket thickness 280 mil
jacket mdterial  hypalon
. insutation‘thickness - mil .
"insulation materiat - - .
length in free air - linear ft
" length in tray - linear ft
volumeinfreeair - T em® T TS
volume in tray - cm®
mass infree alr  1,561.03 Ibm
mass in free air  708,083.2 gram
massintray 14,049.27 Ibm

. mass in tray 6,372,748.9 gram

Containment Cable Ihven'tory

. beta
gamma freeair | tray
0.889 0.889 0.889
0.7112 0.7112 0.7112
7.080,832.1 708,083.2 3,186,374.4
0.973 0.044 0.044
0.068 1.000 1.000
HCI

Dok
iter

" Calculation No. H21C087 ¥
Revision0
Page 5-8




Attachment 5 -
Nine Mile Paint Nuclear Station Hydrochloric Acid (HCY) Production Revision 0
Unit 1 . . Page 5-9.
- poo! <Drywell Containment Drywell  Confainment! . Drywell HCI Containment HGI
Time volume yTID yTID B TIO gTID gamma beta Total .| gamma beta Total HCH
{hr) (liter) {rad) {rad) (rad) (rad) (g-mole)  {g-mole) (g-molet) | (g-mole) _ (g-mole) _ (g-mole/]) | (g-molefi)
- - .o 0.034_ - 4,841,000 0.0000E+00 0.0000E+00 _0.0000E+00_ 0.0000E+00 | 0.00E+00 0.00E+00 0.00E+00 [0.00E+00 0.00E+00  0.00E+00 | 0.0000E+00
0.534 4,841,000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 ~0.00E400" " 0.00E+00 | 0:0000E+00
1 4,841,000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 | 0.0000E+00
2 4,841,000 1.7595E+07 0.0000E+00 3.5600E+07 1.5019E+07 | 2.01E+01 1.54E+01 7.34E-06 |0.00E+00 6.51E+00 1.34E-06 | 8.6798E-06
2.034 4,841,000 1.7973E+07 O0.0000E+00 3.5663E+07 1.5051E+07 [ 2.05E+01 .1.54E+01 7.43E-06 | 0.00E+00 6.52E+00 1.35E-06 | 8.7776E-06
3 4,841,000 2.6800E+07 8.2920E+05 3.7461E+07 1.5993E+07 | 3.06E+01 1.62E+01 9.67E-06 | 9.47E-01 6.93E+00 1.63E-06 | 1.1300E-05
4 4,841,000 3.3331E+07 4.8748E+06 3.9309E+07 1.6962E+07 | 3.81E401 1.70E+01  1.14E-05 | 5.57E+00 7.35E+00 2.67E-06 | 1.4047E-05
5 4,841,000 3.8397E+07 8.0128E+06 4.1145E+07 1.7926E+07 | 4.38E4+01 1:78E+01 1.27E-05 | 9.15E+00 7.77E+00 3.49E-06 | 1.6233E-05
6. 4,841,000 4.2537E+07 1.0577E+07 4.2969E+07 1.8884E+07 | 4.86E+01 1.B6E+01 1.39E-05 | 1.21E4+01 8.18E+00 4.18E-06 | 1.8063€-05
12 . 4,841,000 58273E+07 2.0324E+07 5.3664E+07 2.4518E+07 | 8.65E+01 2.32E+01 1.85E-05 | 2.32E+01 1.06E+01 6.99E-06 2.5535E-05
18 4,841,000 6.7478E+07 .2.6026E+07 6.3944E+07 2.9963E+07 | 7.71E+01 2.77E+01 2.16E-05 | 2.97E+01 1.30E+01 8.82E-06 | 3.0458E-05
24 4,841,000 7.4010E+07 3.0072E+07 7.3824E+07 3.5225E+07 | B.4SE+01 3.20E+01 2.41E-05 | 3.43E+01 1.53E+01 1.02E-05 | 3.4308E-05
48 4,841,000 8.9746E+07 3.9819E+07 1.0966E+08 5.4563E+07 | 1.02E+02 4.75E+01 3. 10E-05 | 4.55E+01 2.36E+01  1.43E-05 | 4.5256E-05
72 4,841,000 9.8951E+07 4.5521E+07 1.4024E+08 7.1428E+07 | 113E4+02 6.08E+01 3.59E-05.| 5.20E+01 3.09E+01. 1.71E-05 | 5.3018E-05
96 4,841,000 1.0548E+08 4.9567E+07 1.6634E+08 8.6137E+07 | 1.20E+02 7.21E+01 J3.98E-05 | 5.66E+01 .3.73E+01 1.94E-05 5.9165E-05
120 . 4,841,000 1.1055E+08 5.2705E+07 1.8862E+08 9.8965E€+07 | 1.26E+02 B.17E+01 4.30E-05 | 6.02E+01 4.29E+01 2.13E-05 | 6.4242E-05
144 4,841,000 1.1469E+08 5.5269E+07 2.0764E+08 1.1015E+08 | 1.31E+02 B8.99E+01 4.56E-05 | 6.31E+01 4.77E+01 2.29E-05 | 6.8525E-05
168 4,841,000 1.1619E+08. 5.7436E+07 2.2387E+08 1.1991E+08 | 1.35E+02 9.70E+01  4.79E-05 | 6.56E+01 §5.19E+01 . 2.43E-05 | 7.2188E-05°
Tt T ST Tt T1927 T 4,841,00071.2122E408 '5:9314E+07 - 2.3772E+08-~1.2842E+08-| 1.38E+02. -- 1.03E+02. —4.99E-05-|-6.77E+01. -5.56E+01.. 2.55E-05_|.7.5347E-05. .. _
216 4,841,000 1.2389E+08 6.0971E+07 2.4954E+08 1.3584E+08 | 1.41E+02 1.08E+02 5.16E-05 | 6.96E+01 5.88E+01 2.65E-05 | 7.8090E-05
240 ‘4,841,000 1.2628E+08 6.2452E+07 2.5963E+08 1.4232E+08 | 1.44E402 1.12E402 5.30E-05 | 7.13E+01 6.17E+01  2.75E-05 8.0486E-05
288 4,841,000 1.3042E+08 6.5016E+07 2.7559E+08 1.5288E+08 | 1.49E+02 1.19E+02 5.54E-05 | 7.42E+01 6.62E+01 2.90E-05 | 8.4442E-05
336 4,841,000 1.3392E+08 6.7184E+07 2.8722E+08 1.6092E+08 | 1.83E+02 1.24E+02 5.73E-05 | 7.67E+01 6.97E+01 3.02E-05 | 8.7538E-05
384 4,841,000 1.3696E+08 6.9062E+07 2.9570E+08 1.6704£+08 | 1.56E+02 1.28E402 5.88E-05 |7.89E+01 7.24E+01 3.12E-05 9.0002E-05
432 4,841,000 1.3963E+08 7.0718E+07 3.0187E+08 1.7169E+08 | 1.59E+02 1.31E+02 5.99E-05 | 8.08E+01 7.44E+01 3.20E-05 | 9.1991E-05
480 4,841,000 1.4202E+08 7.2200E+07 3.0636E+08 1.7523E+08 | 1.62E+02 1.33E+02 6.09E-05 | 8.24E+01 7.59E+01 3.27E-05 | 9.3624E-05
528 4,841,000 1.4419E+08 .7.3540E+07 3.0964E+08 1.7792E+08 | 1.65E+02 1.34E+02 6.17E-05 | 8.40E+01 7.71E+01 3.33E-05 | 9.4984E-05
576 4,841,000 1.4616E+08 7.4764E+07 3.1202E+08 1.7997E+08 | 1.67E+02 1.35E+02 6.24E-05 |8.54E+01 7.80E+01 3.37E-05 | 9.6136E-05
624 4,841,000 1.4798E+08 7.5889E+07 3. 1376E+08 1.8152E+08 | 1.69E+02 1.36E402 ° 6.30E-05 | 8.67E+01 7.85E+01 3.41E-05 ) 9.7125E-05
672 4,841,000 1.4966E+08 7.6932E+07 3.1503E+08 ,1._827154-08' 1.71E+02 1.36E+02 6.35E-05 | 8.78E+01 7.91E+01 3.45E-05 | 9.7987E-05
720 4,841,000 1.5123E+08 7.7902E+07 3.1595E+08 1.8361E+08 | 1.73E+02 1.37E+02 6.39E-05 | 8.90E+01 7.95E+01 3.48E-05 | 9.8748E-05
- HCI

Table 5-4: GGNS Benchmark

Calculation No. H21C08f%

r
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Attachments . . Table 5-5: GGNS Benchmark , Calculation No. H21Co8Z4
Nine Mile Point Nuclear Station Cesium Hydroxide (CsOH) Production Revision 0
Unit 1 ' S j . Page 5-10
. Core cesium inventory 2400  g-mole  Ref.7.12.3
“Core cesium - gap release 120.00 g-mole. =fo.05'2400 g-mole

Core cesium - EIV release 480.00 g-mole’  =0.20°2400 g-mole
Csl - gap reiease f . 15.44 g-mole . fraction iodine release in form of Cst
Csl - EIV release ' . 77.19 g-mole _frlaction iodine release in form of Csl
CsOH - gap release 104.56 g-mole' ‘
CsOH - ElV release 40281 g-mole ~ .
Gap release 6nset; - 121 _' sec l;?ef. 7.12.3
Gap release duration 30 - minutes - Reg Guide 1.183 (main body Ref. 7.10.2)
EIV duration g Co 90 . minutes - Reg Guide 1.183 (main body Ref. 7.10.2)
;‘suppression
cumulative |  pool cumulative .
. Time. CsOH i volume - . CsOH
" "~ (Hr) (g-mole) | (iiter) - (g-mole/])
; onset 0.034 0.00 4,841,000 0.0000E+00
’: 0.100 . 1388 14,841,000 2.B679E-08
end of gap release 0.534 . 104.56 : 4,841,000 2.1599E-05
) ! : 1.000 229.81 4,841,000 4.7471E-05
end of EIV 2.034 507.38 | 4,841,000 1.0481E-04

)
! i
4 :

;
i




Attachment 5 : :
Nine Mile Point Nuclear Station

Unit 1

Buffering by SLCS

SLCS:

Min SLC pump flow raté 4
Min. SLC injection tank volume
Max SLC temp

‘Min SLC temp

SLC SPB conc. by weight. *
Specific gravity ‘
Density (T=85°F)

-Final supp}ession pooltemp (bounding)

Boric acid K
MW sodium pentaborate (Na 2B 100 1)
Volume sodium pentaborate

Mass sodium pentaborate
Mass sodium pentaborate

unbuffered pH

unbuffered [H"]
Suppression Pool volume

Equivalenis unbuffered [H']
Final pH
Time to in)'ect boron

!
f

i

B
i
'

i
v
'
i
|
)
1

)
|
1
|
i

Table 5-6: GGNS Benchmark
Effect of SLCS Addition
on Post-LOCA Suppression Pool
.. , . ‘

120
8.33E-10 -

410

5,800.0
6,416.8

4.07
8.425E-05
4,841,000

407.8

8.46

-
Calculation No. H21C0824 -

Revision 0
Page 5-11

gpm
gal

°F

bm/At® -
°F

at . 120 . °F

>ft3

lom
g-mole

g?molell
liter
g-mole

minutes
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. Attachment 5 : . - Table 5-7: GGNS Benchmark . Calculation No. H21008l. ¥
Nine Mile Point Nuclear Statron : Gamma and Beta Radlation Dose Revigion 0

Unit1 o .. usedto Determine Post-LOCA pH ' ' Page 5-12

Suppressién Drywelt . | Containment| : Drywell Contaihment Dryweil Containment Orywell Containment

Time Pool y TID yTID yTID pTID i BTD | yTID yTID " PBTID BTID
[hr] [rad) * {MeV/cc} [MeV/cc] [MeVlcc] . [MeVicc] [rad] . {rad} [rad]} [rad]
0 [ 0 0 [4) . 0 0 -0 0 0
0.034 0 0 0 0 i 0 0 0 0 0
0.534 0 . 0 0 0 j 0 0 [4] 0 0
1 0 '} [4] 0 0 g 0. . 0 0 0 0

2 1.3783E+06 | 1.4201E+12 | 0.0000E+00 | 2.8733E+12 | 11.2122E+12 | 1.7595E+07 | 0.0000E+00 | 3.5600E+07 | 1.5019E+07
2.034 | 1.3792E+06 | 1.4506E+12 | 0.0000E+00 | 2.8784E+12|11.2148E+12 ] 1.7973E+07 | 0.0000E+00 | 3.5663E+07 | 1.5051E+07
3 1.4049E+06 | 2.1630E+12 | 6.6925E+10 | 3.0235E+12 | i1.2908E+12 | 2.6800E+07 | 8.2920E+05 | 3.7461E+07 | 1.5993E+07 |
4 | 1.4315E+06 | 2.6902E+12 | 3.9344E+11 | 3.1726E+12 | 11.3690E+12 | 3.3331E+07 | 4.8748E+06 | 3.9309E+07 | 1.6962E+07
5 1.4581E+06 | 3.0991E+12 | 6.4671E+11 | 3.3208E+12 [ .1.4466E+12 | 3.8397E+07 | 6.0128E+06 | 4.1145E+07 | 1.7926E+07
6 1.4846E+06 | 3.4331E+12 | 8.5365E+11 | 3.4680E+12 \:1.5241E+12 | 4.2537E+07 | 1.0577E+07 | 4.2969E+07 | 1.8884E+07 |
12 1.6425E+06 | 4.7032E+12 | 1.6404E+12 | 4.3312E+12 |,1.9769E+12 | 5.8273E+07 | 2.0324E+07 | 5.3664E+07 | 2.4518E+07
18 1.7985E+06 | 5.4462E+12 | 2.1006E+12 | 5.1609E+12 {'2.4183E+12 | 6.7478E+07 | 2.6026E+07 | 6.3944E+07 | 2.9963E+07
24 1.9526E+06 | 5.9733E+12 | 2.4271E+12 | 5.9584E+12 | 12.8430E+12 | 7.4010E+07 | 3.0072E+07 | 7.3824E+07 | 3.5225E+07
48 | Z.5509E+06 | 7.2434E+12 | 3.2136E+12 | 8.8503E+12 |'4.9038E+12 | 8.9746E+07"| 3.9819E+07 | 1.0966E+08 | 5.4563E+07
72 5.1213E+06 | 7.9863E+12 | 3.6740E+12 | 1.1319E+13 |15.7649E+12 | 9.8951E+07 | 4.5521E+07 | 1.4024E+08 | 7.1428E+07
96 5.6648E+06 | 8.5135E+12 | 4.0005E+12 | 1.3425E+131'6.9521E+12 | 1.0548E+08 | 4.9567E+07 | 1.6634E+08 | 8.6137E+07
120 | 4.1830E+06 | 8.9224E+12 | 4.2538E+12 | 1.5224E+13 |17.9874E+12 | 1.1055E+08 | 5.2705E+07 | 1.8862E+08 | 9.8965E+07
144 | 4.6768E+06 | 9.2564E+12 | 4.4607E+12 | 1.6758E+13 |'6.8904E+12 | 1.1469E+08 | 5.5269E+07 | 2.0764E+08 | 1.1015E+08
168 | £.1475E+06 | 9.5389E+12 | 4.6357E+12 | 1.8068E+13 |'9.6780E+12 | 1.1819E+08 | 5.7436E+07 | 2.2367E+08 | 1.1991E+08
192 | 5.5961E+06 | 9.7836E+12 | 4.7873E+12 | 1.9186E+13 |1 1.0365E+13 | 1.2122E+08 | 5.9314E+07 | 2.3772E+08 | 1.2842E+08
216 | 6.0237E+06 | 9.9994E+12 | 4.9209E+12 | 2.0140E+13 |1 1.0964E+13 | 1.2389E+08 | 6.0971E+07 | 2.4954E+08 | 1.3584E+08 |
240 | €.4313E+06 | 1.0192E+13 | 5.0405E+12 | 2.0955E+13 |, 1.1486E+13 | 1.2628E+08 | 6.2452E+07 | 2.5963E+08 | 1.4232E+08
288 | 7.1900E+06 | 1.0527E+13 | 5.2475E+12 | 2.2243E+13 |1 1.2339E+13 | 1.3042E+08 | 6.5016E+07 | 2.7559E+08 | 1.5286E+08
336 | 7.8793E+06 | 1.0809E+13 | 5.4224E+12 | 2.3182E+13 | 1.2988E+13 | 1.3392E+08 | 6.7184E+07 | 2.8722E+08 | 1.6092E+08
384 | 8.5054E+06 | 1.1054E+13 | 5.5740E+12 | 2.3866E+13 |1 1.3482E+13 | 1.3696E+08 | 6.9062E+07 | 2.9570E+08 | 1.6704E+08
432 | 9.0743E+06 | 1.1269E+13 | 5.7077E+12 | 2.4364E+13 [ 1.3857E+13 | 1.3963E+08 | 7.0718E+07 | 3.0167E+08 | 1.7169E+08
480 | 9.5911E+06 | 1.1463E+13 | 5.8272E+12 | 2.4727E+13 |1 1.4143E+13 | 71.4202E+08 | 7.2200E+07 | 3.0636E+08 | 1.7523E+08
528 | 1.0061E+07 | 1.1637E+13 | 5.9354E+12 | 2.4991E+13 |1 1.4360E+13 | 1.4419E+08 | 7.3540E+07 | 3.0964E+08 | 1.7792E+08
576 | 1.0467E+07 ) 1.1797E+13 | 6.0342E+12 | 2.5183E+13 | 1.4525E+13 | 1.4616E+08 | 7.4764E+07 | 3.1202E+08 | 1.7997E+08
624 | 7.0875E+07 | 1.1943E+13 | 6.1250E+12 | 2.5324E+13 || 1.4651E+13 | 1.4798E+08 | 7.5689E+07 | 3.1376E+08 | 1.8152E+08
672 | 1.1227E+07 | 1.2079E+13 | 6.2091E+12 | 2.5426E+13 | 1.4746E+13 | 1.4966E+08 | 7.6932E+07 | 3.1503E+08 | 1.8271E+08
720 | 7.15646E+07 | 1.2205E+13 | 6.2875E+12 | 2.5500E+13 | 1.4819E+13 | 1.5123E+08'| 7.7902E+07 | 3.1595E+08 | 1.8361E+08
2400 | 1.4610E+07 | 1.4412E+13 | 7.6540E+12 | 2.5700E+13 | 1.5050E+13 | 1.7856E+08 | 9.4833E+07 | 3.1842E+08 | 1.8647E+08
4320 -] 1.4718E+07 | 1.5489E+13 | 8.3211E+12 [ 2.5700E+13 | 1.5050E+13 | 1.9190E+08 | 1.0310E+08 | 3.1842E+08 | 1.8647E+08
8760 | 1.4720E+07 | 1.6784E+13 [ 9.1235E+12 | 2.5700E+13 | 1.5050E+13 | 2.0795E+08 | 1.1304E+08 | 3.1842E+08 | 1.8647E+08
Equations i [
Yo (Mrad] = 14.72°[1-0.91°exp(-0.002",)]*10° : !
Yow [MeV/cc] = [0.15+1.83235"In(t,))"10%10° ’
Yenr IMaV/ce) = [-1.18+1.135%In(1,)]*10%10°
Bow [MeVicc) = 25.7°(1-0.9%exp(-0.0066",)]*10%10°
Benr [MeV/ce) = 15.05°(1-0.93%exp(-0.0057"4,)]"10%10°
1 rad 8.071x10* MeV/cc for air at S.T.P. per Radiological Health Handbook (main body Ref. 7.8)

" Notes
If the curve fits above y|e!d a negative TID due to curve fit macurracles the TIDis assumed to be zero cons:stent with Ref 7 12.3.
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Attachment 5 ‘ ' ' Table 5-8: GGNS Benchmark_ Calculation No. H21C08% ‘/‘
Nine Mile Point Nuclear Station Post-LOCA Suppression Pool . Revision 0
Unit 1 A Temperature Response - : Page 5-13
: ‘ | :
From Data (Ref. 7.12.3) { Used for pH Analysis
Time Post-LOCA Temp P Time  Temp
. (sec/days)” hr °F N (1)) (°F)
(o) RO 0 i o " .770
Filg L 003361476000 0034 1600
: 1 2 778E 04 160.0 v 0.534 - 160.0
' 8 2222E-03 1600 . , 1 1600
10 . 2.778E-03  160.0 ) 2 - 160.0
" 30  B333E-03 71600 1 2034  160.0
: 100 0.028 160.0 1 3 - 159.1
0034 . 160.0 ! 4 157.3
© 300 0.083 160.0 . s 155.5
1000 0.278 160.0 | 6 154.6
i 0.534 160.0 T 12 149.2
: e 11600 . 18 " 1464
f 24 144.3
, .48 139.4
: 72 " 136.5
\ 96 1344
I 120 132.8
: 144 1316
: 168 130.5
i o192 129.5
216 128.7
: 240 127.9
: 288 126.6
‘- 336 1255
5 384 124.6
! 432 123.8
| ' 480 123.0
. . 528 122.4
| 576 1217
: 624 121.1
: 672 120.6
720 120.1

The shaded values are taken
from Reference 7.12.3.
Other other values are
interpolated.

. . Secondé are the units for t=0 to
27.78 hours; days are the units--
for t=48 to 720 hours.
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Attachment 5 : Table 5-1 Eqs: GGNS Benchmark Calcutation No. H21C087 ¥
Nine Mile Point Nuclear Station Post-LOCA pH Calculation without SLCS Revision 0
Unit 1 7 . Page 5-14.
A B C D E F G H
1 |initial conditions ) :
2
3 |Suppression pool mass - Ibm
‘4 JRCSmass ™~ v T N = = —bm - - - - — e e - - -
5 |Total post-LOCA SP mass - Ibm
3 _ —
7 |suppression poo! pH 53
_8 |reactor coolant pH 53
9 . .
10 [initial [H'] =104-D7) g-mole/l weighted average not required since pH gp; = pH pes,
11 Jinitial [OH] =10/(-14+D7) g-moleft weighted average not required since pH sp; = pH pes;
12 . : . —
13 Pool [HI] [HNO,] - (HCI] [CsOH] Total [H1 - Total [OH]
14 Time Volume . : :
15 (hr) (liter) (g-moles/l) &moleﬁ) _{g-molesh) {g-moles/l) (g-moles/l) | _(g-moles/l) |
16 [='Rad-Dose (eqs)'|A6 4841000 . : ] =D$10+SUM(C16:E16) {=D$11+F16
17 |='Rad Dose (eqs)'!A7 4841000 : j =D$10+SUM(C17:E17) {=D$11+F17
1810.7 . 4841000 |=HI (egs)TE17 ='CsOH (eqs)'E21 =D$10+SUM(C18:E18) |=D$11+F18
_19 |='Rad: Dose (eqs)'!A8 4841000 |="HI (eqs)1E18 ='CsOH (eqs)1E22 =D$10+SUM(C19:E19) |=D$11+F19
20 |='Rad Dose (egs)!A9 4841000 |="HI (eqs)!E19 . : . _|='CsOH (egs)'"€23~" " |=D$10+SUM(C20:E20) “|&D$11+F20 |~ —- ~~ -
21 |='Rad Dose (eqs)'1A10___ 14841000 |='HI (egs)E$20 |=HNO3 (eqs)'Di1 |="HCI (eqs)'N50 |='CsOH (eqs)TES24 __ |=D$10+SUM(C21:E21) |=D$11+F21
22 |='Rad Dose (egs)'A11 4841000 |='HI (eqs)'ES20 |=HNO3 (egs)'!D12 |="HCI (eqs)'IN51 |="CsOH (eqgs)'E$24 =D$10+SUM(C22:E22) |=D$11+F22
23 {='Rad Dose (ags)iA12 4841000 |="Hl {eqs)!ES20 |="HNOS (eqs)!D13 |="HCI {eqs)N52 |="CsOH (eqs)'!E$24 =D$10+SUM(C23:E23) |=D$11+F23 .
24 |='Rad Dose (egs)'!A13 4841000 |='HI (eqs)!E$20 |=HNO3 (egs)'!D14 |="HCI (eqs)!N53 |='CsOH (eqs)!E$24 =D$10+SUM(C24:E24) |=D3$11+F24
25 |='Rad Dose (eqs)'A14 4841000 |='HI (eqs)!E$20 |="HNO3 (egs)'iD15 |="HCI (eqs)IN54 |="CsOH (eqs)!E$24 =D$10+SUM(C25:E25) |=D$11+F25
26 {='Rad Dose (egs)'!A15 4841000 |='HI (eqs)!E$20 [="HNOS3 (eqs)'D16 |="HCI (eqs)!N55 |='CsOH (eqs)!ES$24 =D$10+SUM(C26:E26) |=D$11+F26
27 |='Rad Dose (eqs)'A16 4841000 |="HI (egs)’E$20 |='HNO3 (eqs)'D17 |=HCI (eqs)'IN56 |="CsOH (eqs)7ES24 _ |=D$10+SUM(C27-E27) |=DS11+F27
28 |='Rad Dose (egs)'A17 14841000 |="HI (egs)!E$20 |="HNO3 (eqs)!D18 |="HCI (eqs)'!N57 |='CsOH (eqs)!E$24 =D$10+SUM(C28:E28) |=D$11+F28
29 {='Rad Dose (egs)'!A18 4841000 {="HI (eqs)!E$20 |="HNO3 (eqs)'ID19 |='HCI (eqs)IN58 |="CsOH (eqs)1E$24 - |=D$10+SUM(C29:E29) [=D$11+F23
30 {='Rad Dose (egs)!A19 4841000 _|='H! (eqs)'E$20 |="HNO3 (eqs)'1D20 |="HCI (eqs)''N59 1='CsOH (eqs)1E$24 =D$10+SUM(C30:E30) |=D3$11+F30
31 j='Rad Dose (eqs)'1A20 4841000 |="HI (eqs)!E$20 |="HNO3 (eqs)iD21 |="HCI (eqs)'IN60 |='CsOH (eqs)'E$24 =D$10+SUM(C31:E31) |=D$11+F31
32 |='Rad Dose (egs)!A21 4841000 {="HI (eqs)'E$20 |="HNO3 (eqs)'!D22 |="HCI (eqs)'IN61 |="CsOH (eqs)'!E$24 =D$10+SUM(C32:E32) |=D$11+F32
33 {='Rad Dose (eqs)'|A22 4841000 |="HI (eqs)!E$20 |="HNO3 (eqs)'D23 |="HCI (eqs)'IN62 |="CsOH (eqs)'E$24 =D$10+SUM(C33:E33) |=D$11+F33
34 |='Rad Dose (eqs)|A23 ___|4841000 |="HJ (eqs)'E$20 |=HNO3 (eqs)1D24 |=HCI (6qs)IN63 |='CsOH (eqs)'ES24 __ |=D310+SUM(C34.E34) |=D311+F34
35 |='"Rad Dose (eqs)'!A24 4841000 |="HI (eqs)!E$20 |="HNO3 (eqs)'!D25 |='"HCI (eqs)'IN64 |="CsOH (eqs)E$24 =D$10+SUM(C35:E35) [=D$11+F35
36 |='"Rad Dose (egs)'|A25 4841000 {="HI (eqs)!E$20 |="HNO3 (eqs)!D26 |="HCI (eqs)'IN65 |='CsOH (eqs)!E$24 =D$10+SUM(C36:E36) |=D$11+F36
37 [='Rad Dose (eqs)'1A26. _ |4841000 |="Hi (eqs)’E$20 |=HNO3 (eqs)’D27 |=HCI (6qs)IN66 |="CsOH (eqs)'E$24 _ |=D$10+SUM(C37-E37) |=D$11+F37
38 j='Rad Dose (eqs)'1A27 4841000 |="HI (eqs)"E$20 |="HNO3 (eqs)!D28 |="HCI (eqs)IN67 |='CsOH (eqs)'E$24 =D$10+SUM(C38:E38) |=D$11+F38
39 |='Rad Dose (eqs)'|A28 4841000 |="HI (eqs)!E$20 |="HNO3 (egs)'D29 |="HCI (eqs)IN68 |='CsOH (eqs)!E$24 =D$10+SUM(C39:E39) |=D$11+F39
40 |='Rad Dose (eqs)'1A29 4841000 |='HI (eqs)!E$20 |=HNO3 (eqs)!D30 |="HCI (eqs)N69 {="CsOH (eqs)’ES24 =D$10+SUM(C40:E40) {=D$11+F40
41 {='Rad Dose (egs)!A30 4841000 [="HI (eqs)'!E$20 |="HNO3 (eqs)'D31 |="HCI (6qs)N70 |="CsOH (egs)'E$24 =D$10+SUM(C41:E41) |=D$11+F41
42 |=Rad Dose (eqs)'A31 4841000 |="HI (eqs)1E$20 |=HNO3 (egs)!D32 |=HCI (eqs)IN71 |='CsOH (eqs)'E$24 _ |=D310+SUM(C42:E42) |=D311+F42
pH (egs)
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. Aftachment 5 - _ Table 5-1 Eqs: GGNS Benchmark Calculation No. H21008t‘/'
Niné Mile Point Nuclear Station "Post-LOCA pH Calculation without SLCS Revision 0
Unit 1 i Page 5-15.

A B C .D E F ) H
13 i ) Pooi - {HIj {HNG;]- < HCY {CsCH] Total [H") 1 Total [OHT
14 Time Volume . :
_ 15 {hr) _(liter) (g-moles/l) (g-moles/i) _{g-moles/) (g-moles/) " (g-moles/) (g-moles/)

43 |='Rad Dose (egs)''A32 4841000 |="HI (eqs)'1E$20 |="HNO3 (egs)!D33 |="HCI (eqs)'IN72 |='CsOH (eqs)'1E$24 = ~|=D$10+SUM(CA43;E43) |=D$114+F43 |-~ ~-- —- --

- .44 |='Rad Dose (eqs)1A33 4841000 {='H! (eqs)!E$20 |="HNO3 (eqs)'!D34 |='HCI (eqs)IN73 |='CsOH (eqs)!E$24 =D$10+SUM(C44:E44) |=D$11+F44
45 |='Rad Dose (eqgs)'!A34 4841000 |="H! (eqs)1E$20 |="HNO3 (egs)'D35 |="HCI (eqs)IN74 |='CsOH (eqs)!E$24 =D$10+SUM(C45.E45) [=D$11+F45
46 |='Rad Dose (eqs)'A35. 4841000 |='HI (eqs)1E$20 [="HNO3 (eqs)!D36 |='HC! (eqs)IN75 |='CsOH (eqs)|E$24 =D$10+SUM(C46:E46) {=D$11+F46
47 |='Rad Dose (egs)!A36 4841000 |='HI (eqs)1E$20 |="HNOS3 (eqs)'D37 |='HCI (eqs)IN76 |='CsOH (eqs)'E$S24 =D$10+SUM(CA7:E47) -[=D$11+F47
48 |='Rad Dose {(egs)'lA37 4841000 |="HI (6qs)1ES20 |="HNO3 (egs)’D38 [="HCI (6qs)IN77 |="CsOH (eqs)IE$24 =D$10+SUM(C48:E48) |=D3$11+F48
49 |Notes S j ]

.1 50 [Adjustments made in Table 4-1 of Attachment 4 (see Notes 1-3) are not made for the benchmark.
51 -
52
53
54
55
56
57

PH (eqs)
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Attachment5 .. o Table 5-1 Eqs: GGNS Benchmark Calculation No. H21C082 %
Nine Mile Point Nuclear Station Post-LOCA pH Calculation without SLCS - Revision 0
Unit 1 : : . : Page 5-16.
[ J K L M N
: - ) _ s
>
3
&t - Z p— Z - .. - Cee e PO R I S -
5
6
7
8
9
10
11
12 —
13 Pool Water . K at X H Pool
14 Temp " Density Pool Temp . pH
15 (°F) {Ibm/it%) . () __ {g-moles/) {g-moles/) )
16 [90 =1/vitsat(116) |=107-(15.5129-0.0224*116+0.00003352'116/2) |=(H16+G16-SQRT((H16+G16)"2-4*(H16"G16-K16)))/2 [=G16-L16 [=-LOG(M16)
17 |='SP Temp (eqs)1F6 [=1/vitsat(117) |=107-(15.5129-0.0224"117+0.00003352*117/2) |=(H17+G17-SQRT((H17+G17)*2-4*(H17°G17-K17)))/2 |=G17-L17 |=-LOG(M17)
18 |160 =1/vitsat(l18) 1=107(15.5129-0.0224"118+0.00003352°118"2) |=(H18+G18-SQRT((H18+G18)"2-4"(H18'G18-K18)))/2 |=G18-L18 |=-LOGM18
19 [='SP Temp (eqgs)!F7 |=1/vftsat({19) |=107-(15.5129-0.0224*119+0.00003352°11942) [=(H19+G19-SQRT((H19+G19)*2-4*(H19'G19-K19)))/2 [=G19-L19 |=-LOG(M19
20 |='SP Temp (eqs)'!|F8 |=1/vftsat(I20) [=10~-(15.5129-0.0224*120+0.00003352"120"2) " '|=(H20+G20-SQRT((H20+G20)"2:4*(H20°G20:K20))}/2 |=G20-:20 -|=-LOG(M20)-|-~— ~ —- ~+ -—— -
21 {='SP Temp (eqs)'F9 [=1/vfisat(l21) [=107-(15.5129-0.0224*121+0.00003352°12122) |=(H21+G21-SQRT((H21+G21)2-4*(H21°G21-K21)))/2 |=G21-L21  |=-LOG(M21)
22 [='SP Temp (eqs)'IF10 {=1/Mfisat(l22) |=10"-(15.5129-0.0224"122+0.00003352°122/2) _|=(H22+G22-SQRT((H22+G22)"2-4*(H22"G22-K22)))/2 |=G22-L22 |=-LOG(M22)
23 [='SP Temp (eqgs)'IF11 |=1/tsat(123)  [=107-(15.5129-0.0224*123+0.00003352*123*2) [=(H23+G23-SQRT((H23+G23)"2-4*(H23'G23-K23)))/2 [=G23-L.23 |=-LOG(M23) |~
24 {='SP Temp (eqs)'|F12 [=1/vitsat(124) [=10"-(15.5129-0.0224*124+0.00003352"124/2) |=(H24+G24-SQRT((H24+G24)"2-4*(H24°G24-K24)))/2 |=G24-L24 |=-LOG(M24)}"
25 |='SP Temp (eqs)!F13 |=1/vitsat(125) }=10~-(15.5129-0.0224"125+0.00003352*12572) |=(H25+G25-SQRT((H25+G25)"2-4*(H25°G25-K25)))f2 |=G25-1.25 |=-LOG(M25)
26 |='SP Temp (eqs)'!F14 [=1/vfisat{I26) [=107(15.5129-0.0224"126+0.00003352°126/2) |=(H26+G26-SQRT({H26+G26)"2-4*(H26°G26-K26)))/2 1=G26-L26 |=-LOG(M26)
27 |='SP Temp (eqs)!F15 |=1/vttsat(127) |=10"(15.5129-0.0224"127+0.00003352°12742) |=(H27+G27-SQRT((H27+G27)"2-4*(H27°G27-K27)))/2 |=G27-L.27 |=-LOG(M27)
28 |="SP Temp (eqs)'!F16 |=1/vitsat(128) [=10~-(15.5129-0.0224*128+0.00003352128/2) |=(H28+G28-SQRT((H28+G28)"2-4*(H28'G28-K28)))/2 |=G28-L28 |=-LOG(M28
29 |='SP Temp (eqs)'IF17 |=1/vftsat(129) |=107-(15.5129-0.0224"129+0.0000335212942) |=(H29+G29-SQRT((H29+G29)42-4*(H29°G29-K29)))/2 |=G29-L29 |=-LOG(M29)
30 |='SP Temp {egs)'\F18 |=1/vftsat(130) [=107-(15.5129-0.0224'130+0.00003352'13072) |=(H30+G30-SQRT ((H30+G30)*2-4*(H30*G30-K30)))/2 |=G30-L30 [=-LOG(M30
31 |='SP Temp (eqs)!F19 [=1/vftsat(131) [=10~-(15.5129-0.0224"131+0.00003352°13172) |=(H31+G31-SQRT((H31+G31)22-4*(H31°G31-K31)))/2 |=G31-L31_}=-LOG(M31)
32 |='SP Temp (eqs)'{F20 [=1/vftsat(132) [=10"-(15.5129-0.0224°132+0.0000335213272) |=(H32+G32-SQRT((H32+G32)72-4*(H32"G32-K32)))/2 |=G32-L32 |=-LOG(M32)
33 |="SP Temp (eqs)'!F21 |=1/vftsat(133) [=10"-(15.5129-0.0224"133+0.00003352°13342) |=(H33+G33-SQRT((H33+G33)72-4*(H33*G33-K33)))/2 |=G33-L33 |=-LOG(M33)
34 |='SP Temp (eqs)'!F22 j=1/Mftsat(134) |=10"-(15.5129-0.0224"134+0.00003352°13442) |=(H34+G34-SQRT((H34+G34)"2-4*(H34*G34-K34)))/2 |=G34-L34 |=-LOG(M34)
35 |='SP Temp (eqs)'!F23 [=1/ftsat(135) [=107-(15.5129-0.0224°135+0.00003352'13572) |[=(H35+G35-SQRT((H35+G35)"2-4*(H35°G35-K35)))/2 |=G35-L35 [=-LOG(M35)
36 |='SP Temp (eqs)'!F24 |=1/vitsat(136) [=10~-(15.5129-0.0224"136+0.00003352°136%2) |=(H36+G36-SQRT((H36+G36)"2-4*(H36"G36-K36)))/2 |=G36-1.36 |=-LOG(M36)
37 1="SP Temp (egs)'F25 |=1/vftsat{l37) [=10"-(15.5129-0.0224°137+0.00003352"[3742) |=(H37+G37-SQRT((H37+G37)"2-4'(H37°G37-K37)))/2 |=G37-L37 |=LOG(M37
38 {='SP Temp (eqs)'{F26 |=1/vitsat(138) [=10°-(15.5129-0.0224"138+0.00003352°138/2) |=(H38+G38-SQRT((H38+G38)"2-4*(H38°G38-K38)))/2 |=G38-L38 }=-LOG(M38)
39 |='SP Temp (eqs)!F27 [=1/vitsat(139) [=10"-(15.5129-0.0224*139+0.00003352'138/2) |=(H39+G39-SQRT((H39+G39)*2-4*(H39°G39-K39)))/2" |=G39-1.39 |=-LOG(M39)
40 |='SP Temp (eqs)'IF28 |=1/ftsat(l40) {=10~-(15.5129-0.0224*140+0.00003352*140"2) |=(H40+G40-SQRT((H40+G40)"2-4*(H40°G40-K40)))/2 [|=G40-L40 }=-LOG(M40)
41 |='SP Temp (eqs)!F29 |=1/vitsal{l41} [=10°-(15.5129-0.0224"141+0.0000335214142) |=(H41+G41-SQRT((H41+G41)A2-4*(H41*G41-K41)))/2 |=G41-L41 [=-LOG(M41)
42 |='SP Temp (egs)'!F30 [=1/ftsat(142) =(H42+G42-SQRT((H42+G42)"2-4*(H42'G42-K42)))/2 [=G42-1.42 |=-LOG(M42)

=107-(15.5129-0.0224"142+0.00003352"142/2)

pH (eqs).
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. Attachment 5 - Tabie 5-1 Eqs: GGNS Benchmark " Calculation No. H21C087 4
Nine Mile Point Nuclear Station Post-LOCA pH Calculation without SLCS - Revision 0
Unit 1 . ’ : . Page 5-17
| -~ J . K - . L : M N
138] Pool  water | Kt N AR LI T _Peal
14) Temp ) Density Pool Temp pH
e R0 ~(°F) . (Ibm#t™) ) : (g-moles/l) : | (g-motes/l) )

43 |='SP Temp (eqgs)'!F31 [=1/fisat(143) |=107-(15.5129-0.0224'143+0.00003352°14342) |=(H43+G43-SQRT((H43+G43)"2-4*(H43"G43-K43)))/2' |=G43-143 " [=:LOG(M43) | - —
144 |='SP Temp (eqs)'!F32 i=1/vitsat(l44) |=10~-(15.5129-0.0224*144+0.00003352"144/2) |=(H44+G44-SQRT((H44+G44)12-4*(H44°G44-K44)))/2 |=G44-1.44 |=-LOG(M44)
45 |='SP Temp (eqs)'!F33 |=1/itsal(145) {=10~(15.5129-0.0224'145+0.00003352"145"2) |=(H45+G45-SQRT((H45+G45)"2-4*(H45°G45-K45)))/2 |=G45-L45 |=-LOG(M45)
46 |='SP Temp (eqs)'!F34 [=1/vitsat(i46) |[=102-(15.5128-0.0224"146+0.00003352*146/2) |=(H46+G46-SQRT((H46+G46)\2-4*(H46*G46-K46)))/2 |=G46-L46 |=-LOG(M46)
47 [='SP Temp (eqs)'!F35 [=1/vftsat(147) |=107-(15.5129-0.0224*147+0.00003352"147~2) |=(H47+G47-SQRT((H47+G47\2-4*(H47*GAT-K47)))/2 |=G47-L47 |=-LOG(M47)
48 |='SP Temp (eqs)'F36 |=1/vitsat(l48) }=107-(15.5129-0.0224*148+0.00003352°14842) |=(H48+G48-SQRT({H48+G48)"2-4*(H48*G48-K48)))/2 |=G48-L48 |=LOG(M48)

" pH (egs)




)
Attachment 5 Table 5-2 Eqs: GGNS Benchmark Calculation No. H21C082 #
. Nine Mile Point Nuclear Station Hydriodic Acid (HI) Production Revision 0
Unit 1 ' o : : : Page 5-18
, A A B S C D E
1 |Core iodine inventory .~ 325 g-molé "~ Ael. 7.12.3 :
2 , .
- --1-3 JCore iodine - gap-release {=0.05'B1- . _lg-mole. .. ._.. . . . _ .. __ =0.05'325 g-mole_.___ - N
4 |Core iodine - EIV release |=0.25"B1 g-mole =0.25"325 g-mole
6 _|Fraction of release as HI [0.05 max Reg Guide 1.183 (main body Ref. 7.10.2)
7 ' .
8 |Gap release onset” 121 sec Ref. 7.12.3 - '
| -9 |Gap release duration 30 . |minutes Reg Guide 1.183 (main body Ref. 7.10.2)
10 |EIV duration 90 - minutes Reg Guide 1.183 (main body Ref. 7.10.2)
T - : . _ ' : 4
12 , suppression
13 cumulative pool. cumulative
14 Time "~ HI _volume HI -
15 (hr) _{g-mole) . (liter) (g-mole/l)
L 16 ___onset|=B8/3600 0 4841000 . =C16/D16
17 o T T T=C164(B17-B16)/(B9/60)'B3'B6” [4841000 -~ < = - —--—-— —=C17/D17~|- - - ~ — -
18] end of gap release|=B16+B9/60 |=C17+(B18-B17)/(B9/60)"B3'B6 |4841000 =C18/D18
19 . L _|=C18+(B19-B18)/(B10/60)"B4*B6 |4841000 =C19/D19
20| end of EIV|=B18+B10/60 |=C18+B4*B6 ' 4841000 =C20/D20

HI (eqs)




='Rad Dose(egs)'!B37

!
|
f
!
|
I
|
1

t

}

HNO3 (egs)

=$B$1*C38/1000000

; - ant
1 ! , Wefos
Attachment 5° , : Table 5-3 Eqs: GGNS Benchmark Calculation No. H21C087#
Nine Mile Poirt Nuclear Station Nitric Acid (HNO,) Production " Revision 0
Unit 1 i P B Page 5-19°
A - B Ci D E
o : i NUREG/CR-5950 (main
1 |HNO, generation  {0.0000073 g-mole/l per MRad body Ref. 7.13)
2 ' ‘ o o
3 ]
4 Suppression
5 Pool ‘cumulative
) : TID @
6 Time . 3467 MWt HNO,
7 () (rad) (g-molefl)
8 onset|='Rad Dose (eqgs)'A7 i
9 | end of gap release|="Rad Dose (eqs)!A8’ !
10 - ' |='Rad Dose (egs)'!A8 ! ‘
11 ‘end of EIV|="Rad Dose (egs)!A10 |='Rad Dose (eqs)'|B10 |=$B$1*C11/1000000
12  _|='Rad Dose (eqs)'!A11 [='Rad Dose (egs)''B11 |=$B$1*C12/1000000
13} ='Rad Dose (egs)'!A12 |='Rad Dose (eqgs)'!B12 |=$B$1*C13/1000000
14 . _|='Rad Dose (egs)'!A13 |='Rad Dose (egs)''B13 [=$B$1*C14/1000000
15 . |='Rad Dose (eqs)'!A14 [='Rad Dose (eqs)'!B14 |=$B$1*C15/1000000
16 *__|='Rad Dose (egs)!A15 {='Rad Dose (eqs)'!B15'|=$B$1"C16/1000000 |
17 . _|='Rad Dose (eqs)'!A16 |='Rad Dose (eqs)'!B16 |=$B$1*C17/1000000
18 ' |='Rad Dose (egs)'!A17 |="Rad Dose (eqs)'|B17 |=$B$1°C18/1000000
19 ~|='Rad Dose (egs)'|A18 |='Rad Dose (eqs)'!B18 |=$8%$1*C19/1000000
20 i |='Rad Dose (eqgs)'|A19 |='Rad Dose (eqs)'|B19 |=$B$1"C20/1000000
21 . __|='Rad Dose (eqs)'!A20 |='Rad Dose (eqs)''B20 [=$B$1*C21/1000000
22 : [='Rad Dose (eqs)'!A21 {='Rad Dose (eqs)'!B21 {=$B$1*C22/1000000
23 ' |='Rad Dose (egs)''A22 |='Rad Dose {egs)'!B22 |=$B$1*C23/1000000
24| * |='Rad Dose (egs)'!A23 |='Rad Dose {egs)"'B23 |=$B$1*C24/1000000
25 - |='Rad Dose (eqgs)'|A24 |='Rad Dose {egs)'|B24 |=$B$1*C25/1000000
26 - |='Rad Dose (egs)!A25 |='Rad Dose (egs)'!B25 |=$B$1*C26/1000000
27 ° "|='Rad Dose (egs)'|A26 |='Rad Dose (eqs)''B26 |=$B$1*C27/1000000
28 . |='Rad Dose (eqgs)''A27 {='Rad Dose (egs)'|B27 |=$B$1"C28/1000000
29 . |='Rad Dose (eqgs)'|A28 |='Rad Dose (egs)'|B28 |=$8$1*C29/1000000
30 —_|='Rad Dose (egs)A29 |='Rad Dose (eqgs)|B29 |=$B%$1°C30/1000000
31 ='Rad Dose (egs)'|A30 |='Rad Dose (eqs)'!B30 |=$B$1*C31/1000000
.32 1='Rad Dose (egs)'!A31 |='Rad Dose (eqs)'|B31-|=$B$1*C32/1000000
133 ='Rad Dose (eqs)1A32 [='Rad Dose (eqs)'1B32 |=$B$1"C33/1000000
34 ='Rad Dose (egs)'1A33 |='Rad Dose (eqgs)'|B33 |=$B$1*C34/1000000
35 ='Rad Dose (eqs)'|A34 |='Rad Dose (eqs)'!|B34 |=$B$1*C35/1000000 |
36 ='Rad Dose (egs)'|A35 |='Rad Dose(eqs)'!B35 |=$B$1*C36/1000000
137 ='Rad Dose (eqs)"A36 |='Rad Dosei(eqs)'!B36 |=$8$1*C37/1000000
38 ='Rad Dose (eqgs)'1A37




Table 5-4 Eqs: GGNS Benchmark

Catculation No. H21C087 4

HCl (eqs)

Attachment 5
Nine Mile Point Nuclear Station Hydrochloric Acld (HCI) Production
Unit 1 .

. A B C. [] E F G
Cables : = : " - -
hypalon properties: .

4_|radiolysis yield, G 0.000002192 g-mote HCI per MRad-g NUREG/CR-5950 (main body Ref. 7.13)
5 [inear absorption coetficient |52.08 ~ "~ " cm™for beta radiation~ © 7| - = - —|NUREG-1081-(main body-Ref..7.15)- - - - - ...
6 _|linear absorption coefficient (0.099 cm”' for gamma radiation NUREG-1081 {main body Ref. 7.15)
7 |density 1.55 g/lam® : |NUREG-1081 (main Ret. 7.15)
) T
9 [Cable jacket and insufation:
0 .
1 . o] ff /g Inven . tai I/
12 cable outer radius|0.35 in cable outsr radius ) 0.35
13 cable OD (max guar.)|=2°812 n cable 0D (max guar.){=2°G12
A4 _jacket thickness| 280 mil jacket thickness| 280
15 _jacket materiaf| hypalon jacket material Hypalon
16 insulation thickness - mil Insulation thickness -
17 insulation r rial - insulation material -
18 length in free air| - - linear ft length in free air -
9 length in tray - linear ft length in tra! -
20
21 chiorine-bearing materiai:
22
23 volume in free air - an’ volume in free alr -
24 volume in tray| - em’ volume in tra ] -
- T=="""Tmassinfree ar 67365~ —— < -— = |lom [T e wemremc oo o] .. __masS.in.free.air| 1561.03
26 mass in free alr|=825°453.6 gram mass in free air{=G25°453.6
27 mass'in tray |873.65 Ibm mass in tray | 14049.27
28 mass in try =827"453.6 gram mass in tray| =G27°453.6
30 |irradiation:
31 .
32 =811 -
3 . . beta . . .
34 - _gamma free air tray __gamma
35 .
36 |cable radius (cm) =$B813°2.54/2 =$813"2.54/2 . =$813°2.54/2 =$G13°2.54/2
37 [jacket thickness (cm) =($B14)/1000°2.54 =({$814)11000°2.54 =($B14)/1000°2.54 =($G14)/1000°2.54
38 |mass irradiated (g) =B26+828 =826 =0.5°B28 =G26+G28 :
39 . o .
={1/($BS5"2) (EXP(- ={1/($B$52)" (EXP(-
=(1/($B$62)"(EXP(- $B$5°C37)°($B$5°CIT+1)- |$B$5°D37)"($BS5°DI7+1)~ =(1/($8$6/2)* (EXP(-
$B$6°837)"($8$6°B37+1)-1)- |1)-C36/$B35"(EXP(-' 1)-D36/3885° (EXP(- $8%6°G37)"($8$6°G37+1)-1)-
. B36/3B$6° (EXP(-$B$6°B37)- |$B$5°C37)-1))/(C36°C37- |$B$5°D37)-1))/(038:037- G36/3B%6°(EXP(-$8$68°G37)-
40 Jflux averaging factor 1))/(836°B37-837/2/2) C3772/2) D37A2/2) - )W(G36*G3T-G3742/2)
41 |absorption factor =1-EXP(-$8$6°B37) =1-EXP(-$885°C37) _ =1-EXP(-$B$5°D37) =1-EXP(-$B$6°G37)
42 . . . :
43

Revision 0
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Attachment 5 . :
Ning Mile Point Nuclear Station

Unit 1

Table 54 Eqs: G'GNS Benchmark
Hydrochloric Acid (HCI) Production

A B C D . E ~F G
44 T - poor - -Drywell - Containment Drywail Containment
a5 Time volume “yTID Y TID B YID pTID
46 (hr} (iiter) __(rad) {ra rad; {rad)

{47 |="Rad Dosa (eqs)1A7 4841000 ='"Rad Dose (6qs)1G7 ='Had Dose (69s)'H7? |='Rad Dose (69s)1i7 ='Rad Dose (aqs)'lJ7
48 ='Rad Dose (egs)'!A8 4841000 ='Rad Dose (6qs)!G8~" - 1='Rad Dose (eqs)!H8~ |='Rad Dose (eqs)!I8- - -|='Rad.Dose (sqs)’8... ...
49 ='Rad Dose (egs)'1A9 14841000 ="Rad Dose (e3s)1G9 ='Rad Dose (eqs)1H9 _|="Rad Dose (eqs)'!i9 ='Rad Dose (egs)J3
50 ='Rad Dose {eqs)!A10 4841000 ='Rad Dose (eqs)1G10 " |='Rad Doss (eqs)1H10 |='Rad Dase (eqs}10 ='Rad Dose (8qs) 110
51 ="Rad Dose (eqs)'A11 4841000 ='Rad Dose (egs)!G11___|='Rad Dosa (egs)/H11_|='"Rad Dose (egs)1i11 ='Rad Dose (eqs) W11
52 .|='Rad Dose {eqs)1A12 4841000 ='Rad Dose (eqs)1G12 ='Rad Dose (eqs)'H12 |='Rad Dose (8gs)112 ='Rad Doss (eqs)'iJ12
53 ='Rad Dose (egs)iA13 4841000 ='Rad Dose (eqs)1G13 ='Rad Dosas (eqs)'IH13 |="Rad Dose (eqgs)1i13 ='Rad Dose (eqs)’J13
54 ='Rad Dose {egs)'|A14 4841000 ='Rad Dose (eqs)!G14 __|='Rad Dosa (69s)!H14 |="Rad Dose (eqs)i14 ='Aad Dose (eqs)1J/14
55 ='Rad Dose {eqs)!A15 4841000 ='Rad Dose {6gs)!G15 ='"Aad Dose (eqs)1H15 |="Rad Doso (eqs)l15 ='Rad Dose (egs)'lJ15

.56 ='Rad Dose (egs)'A16 4841000 ='Rad Dose (6qs)1G16 ='Rad Dose (eqs){H18 1='Rad Dose (egs)'l16 ='Rad Dosa (eqs)'J16
57 ='Rad Dose {eqs)1A17 4841000 ='Rad Dose (8gs)1G17 ="Rad Dose (8qs)'1H17 |='Rad Dose (eqs)!117 . i='Rad Dose (ags)lJ17
58 ='Rad Dose {6qs)tA18 4841000 ='Rad Dose (ags}1G18 =‘Rad Dose (69s)/H18 |='"Rad Dose {(egs)i18 ='Rad Doss (6gqs)/18.

‘59 ='Rad Dose (egs)1A18 4841000 ="Rad Dose (eqs)’G19 __|='"Aad Dose (6qs)/H19 |="Rad Dose (egs)/i19 __|='Rad Dose (6gs)/19

160 ='"Rad Dose {eqs)!A20 4841000 ='Rad Dose (8g9s)1G20 ='Rad Dose (eqs)1H20 |='Rad Doseé (eqs)!120 =‘Rad Dose (8qs)'J20

I ='Rad Dose (eqs)1A21 4841000 ='Rad Dose (eqs)1G21 __ |='Rad Dose (eqs)IH21_|="Rad Dose (eqs)i21 ='Rad Dose (eqs) 121
62 ='Rad Dose (eqs)1A22 4841000 ='Rad Dose (e9s)1G22 ='"Rad Dose (8qs)1H22 |='Rad Dose (egs)!i22 ='Rad Doss (egs)'J22

83 ='Rad Dose (eqs)1A23 4841000 ='Aad Dose {egs)!G23 ='Aad Dose (8qs)1H23 |='Rad Doss (eqs)1123 ='Rad Dose (eqs)'J23
64 ='Rad Dose (egs)'1A24 4841000 - ="Rad Dose (eqs)1G24 ='Aad Dose (8qs)'1H24 |='Rad Dose (eqs)!124 ='Rad Dose (egs)'1J24 -
65 ='Rad Dose {eqs)!A25 4841000 ='Rad Dose (egs)1G25 ='Rad Dose (eqs)1H25 |s'Rad Dose (egs)'!i25 ='Rad Dose (egs)'J25 .
66 ='Rad Dose (eqs)!A26 4841000 ='"Rad Dose (eqs)1G26 ='Rad Dose (eqs)1H28_|="Rad Dose (eqs)i2s ='Rad Dose (egs) )26
87 ='Rad Dose {eqs)1A27 4841000 ='Rad Doss (eqs)1G27 ='ARad Dose (e9s)'H27 |='Rad Dose (egs)1i27 ='Rad Dose (egs)'J27

188 e — .  {egs)'1A28 4841000 . ='Rad Dose (egs)1G28 ='Rad Dose (eqs)1H28 |='Rad Dose (eqs)!128 ='Rad Dose (egs)'J28
69 eqs)1A29 4841000 ="Rad Dose (eqs)'G29 __|='Rad Dosa (6Gs)1H29|='Rad Dose (eqs) 1129 — " '[%'Rad Doss (8gs) 128

170 s)1A30° 4841000 ='Rad Dose (8qs)1G30 ='Rad Doss (eqs)1H30. |='Rad Dose (egs)1i30 ='Rad Doss (egs)1J30
71 ='Rad Dose {aqs)1A31 45841000 ='Rad Dose (eqs)1G31 ='Rad Dose {eqs)'iH31 |='Rad Dosa (eqs)!i31 ='Rad Doss (eqs)1J31
72]. ='Rad Doss (eqs)1A32 4841000 ='Rad Dose (eqs)1G32 | ='Rad Dose (eqs)iH32 |='"Rad Dose (egs)1i32 | ='Rad Dass (egs)1J32
73 ='Rad Dose (eqs)'1A33 4841000 ='"Rad Dose (e9s)1G33 ='Rad Dose (eqs)'IH33 |='Rad Dose (eqs)"i33 ='Rad Dose (eqs)'J33
74 ='Rad Dose (eqs)!A34 4841000 ='Rad Dose (egs)'G34 _.|>'Rad Dose (eqs)1H34 |='Rad Dose (egs)¥i34 ='Rad Dose (egs)1J34
75 ='Rad Dose (eqs)'|A35 4841000 ='"Rad Dose (eqs)'G35 ='Rad Dose (8qs)'1H35 |="Rad Dose (egs) 1135 ='Rad Dose (eqs)'J35
76 ='Rad Dose {egs)'!A36 4841000 ='Rad Dose (eqs)1G36 ='Rad Dose (eqs)'H38 |='Rad Dase (egs)'1i36 ='"Rad Doss (eqs)1J36
77 ="Rad Dose (eqs)1A37 ~ 4841000 ='Rad Dose (6qs)1G37 __ |="Rad Dose (eqs)1H37 |="Rad Dose (eqs)37 ='Rad Dosé (6qs)'J37

HCl (egs)

d}’;//v/of

Calcutation No. H21C0af 4~
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. Attachment 5
Nine Mile Point Nuclear Station
Unit 1 ’

"Table 5-4 Eqs: GGNS Benchmark
Hydrochloric Acid (HCI) Production

Wio|N | |-

in
in

mil

mil

Imear ft

linear ft

125]

anS

16

ram

ibm

32

=G11

__.beta

free air

36

=8G13'2.54/2

—$G132.642

37,

=($G14)/1000°2.54

=($G14)/1000°2.54

38

=G26

=0.5"G28

39

=(1/($B$572) (EXP( -$B835° H37) (sass H37+1)-1)-H36/$B$5° (EXP(-
$B$5°H37)-1))/(H36"H37-HI7TA2/2)

=(1/($B§52) (EXP(: $B85°137)°(8885°13741)- 1)-ISBI$B$5'LP(-SB$5‘I37) -1 )xLas-m-:am/z)

S1-EXP(-$8$5°H37)

=1-EXP(-$B$5"137)

HCl {eqs)

V4
' //" o~

Caleuation No. H21Cos# 4
Revigion 0
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Table 5-4 Eqs: GGNS Benchmark

Calcutation No. H21C08¢ a

2!

HCI (eqs)

=(H77+177)/C77 .

Attachment $
Nine Mile Point Nuclear Station Hydrochloric Acld (HCI) Production Revision 0
Uoit 1 . Page 5-23
H ] J

44 - Drywell HC| L . B

45 gamma . - beta Total

48 {g-moats) -mols} {g-mole/l)

47 |=$8%4"(($B$38'$8540°$B$41)+{$G538° $G$40°$G$41)) D47/1000000 =(($C$38"$CH40’ 1430$38°$D$40°$DS41 4+ (SH$38° SHS40" $HE41+$1$38°$1540° §1$4 1)) $BSA"F47/1000000 | =(H47+147)/C47

48 |=$B34°($B$38°$B540°$B$414$G$38°SGS40°$G$41) D4B/1000000 -~ [=(($C$38°SC$40"$C41+8D$38°$0$40°$D$4 1)+ (SHSIB*SHS40°SHE4 1 +81838°$1$40°$1841))°$BS4:F48/1000000 | =(H48+148)/C48 |. . - . .
49 |=3B$4°($B$38"$B$40°5BS41+$G$38°$GS40°$G$41)"D49/1000000 =({$C$38"3C340"$C341+303$38° $D$40°3D 54 1}+(EH$38°SHS40 $HE4 1451338 $1$40° 5194 1)) $B$4° F49/1000000 | =(H43+/48Y/C49

50 [=$B$4°($8$38°$8340"$8$414$G$38"$G$40"$GS41)"D5W 1000000 =(($C$3IB"SCH40° $CH41480838" ED$40° 5054 1)+(SHS38* SHHA0"$HS41481538°$1$40°$1$4 1)) $B$4° F50/1000000 | =(H50+/50)/C50

51 |=3$B$4°($B$38°'$8$40°$B$41+3G$38°$G$40°$G$41)°D51/1000000 =(($C838°$CS40°$CE41+$D$38"$D$40°SD$41)+{$M338°SHI40"$H$4 1+ 31$38°$1$40°51$41))"$B$4°F51/1000000 | =(H51+I51)/C51

52 |=$B$4°($B$38°5B540°$ES41+$G$38'$G$40°$G$41)"D52/1000000 =(($C$38*$CH40"$C$41+30$38°$D$40"$D$41)+($H$38°$HEA0°$H$S414-$1$38°$1$40°$1541))"$BS4* F52/1000000 | =(H52+/52)/C52

53 |=$B3$4°($B338"$B$40°$B$41+8G$38°$G$40°$G$41)"D53/1000000 =(($C$38" $CH40° $CH41+30$38°$D$40°$0$41)+($HS3I8* SHEA0°$H4 1 +:51$38° $1$40° $1$41))"$B$4° F53/1000000 | =(H53+/53)/C53

54 |=$B34($8338"3B$40°$884 1+5G538°$G$40°$G341)"D54/1000000 ] =(($C$38"$C$40"$C$41+8D$3B* $D$40" $DS4 1)+(SH$38"SHS40"$HS4 1451$38° $1540° 5154 1)) *$8$4° F 54/1000000 | =(H54+154)/C54

55 |=$834*($8$38°$8$40°$B841+$G$38" $G$40"$G$4 1) D55/1000000 =({$C$3IB"$CH40° $C34 1+8D$38°FD$40°$D 34 1)+{EHS38* SHE40"$HS41+$1$38°51540" §1$41))"$BS$4"F55/1000000 | =(H55+155)/C55

56 |=$B83$4*($8$38' $8$40°$8$41+3G$38°$G$40°$G$41)" D56/1000000 =(($C$38"$CH40° $C$41+5D$38°$D$40"$D$41)+{SHS38°SHE40" $HE4 14 51§38 $1$40° $1$41))"$BS4* F58/1000000 | =(H56+/56)/C56

57 |=3834"($8839°38340°$B$41+3G$38°$G$40° $GE41)°057/1000000 =(($C$38°3C$40" $C$41+30$38°3D$40" $D541)+{SHE3E* SHS40"$HS414 51$38° 51540° $1$41)) " $8$4°F57/1000000 | =(H57+157)/C57

58 {=$B$4"($B$38°$8340°5B$41+3G$38"$GS40°$G841)"D58/1000000. =({$C$38"$CS40°$CS41+3D$38°$D$40°$054 1)+{SHS38" $HIA0"$HS41+$1$38°$1$40° $1$41})*$884 *F58/1000000 | =(H58+(58)/C58

59 |=$B$4° (58$38° 58540 $B$414+$G$38°$G$40° $G$4 1) D59/1000000 =(($C$38"$CS40°$C$41+8D$38°SDS40° 304 1)+(SHS38* SHEA0°SHS41451$38° $1$40° $1$4 1)) "$BS4° F5/1000000 | =(H59+159)/C59

60 |=$B$4°($B$38"$8540°$B$41+$G$38"$G$40° $G:$4 1) D60/1000000 =(($C$38"$CS40° $C$41+8D$38°$DS40" $DS41)+(SH$38 SHE40°$HS41+$1$38°$1$40°51$41)) * $B$4" F60/ 1000000 | =(HE0+160)/C60

61 [=$B$4"($B$38°3B540°5B541+8G$38°$G$40°$G$41)DE1/1000000 - [=(($C$38°$CH40°$C$4 1+$D$38°$D$40°$0$4 1)+($HE38* SHSA0 $HS4 14 $1338°$1540"$1$41))"$8S4"F61/1000000 ) ={HE 1+16 1 /CET

62 [=3B34"(38$38"$8540°6B$41+$G$38°$G$40°$G$41)"D82/1000000 =(($C$38° $C$40° $C$41+30338°$D$40°80541)+{SHE38" SHE40"$HE41+$1$38°$1$40°$1541)) " $BS4° F62/1000000 | =(HE2+162)/C62

63 |=$B$4°($8$38°$8$40°$BS4 1+$G$38°$G$40°$G$4 1)" D63/1000000 =(($C$38*$C$40°$C$41+3D$38°$D$A0"$0$41)+{SHE3B SHE40°$HS41+81538"$1$40°51$41)) *$BS4° F6I/ 1000000 | =(H63+163)/C63

64 [=$B3$4°($B$38° 388405854 1+$G$38°$G$40°$G$4 1) D64/1000000 =(($C$38"$CS40°5CH41+3D$38°$D$40° $D$4 1)+{$HS38°SHS40" $HH41+51$38°$1540° 5154 1)) $8$4* F64/1000000 ; ={H64-+164)/C64

65 |=$B$4"($8$38°'$B$40°$BS41+$G$38°$G$40"$GE4 1) DE5/1000000 - =({$SCE3B-$CH40°$C$41+8D838°5D$40"$0541)H{SHS38* SHI40" $HS41+51$38°51540°51$4 1)) *$BS$4° F65/1000000 | =(H65+I65/C65

66 |=$B$4°($B$38°$B$40°$8$41+8G$38°$G$40°$G$41)"DBE/1000000 =(($C$38* SCH40°$C$41+$0838°50$40°$D$4 1)+(SHE38° $HE40"$HE41+51$38°51$40°§1$41))° $B$4"F66/1000000 | =(HE6+186)/C66

67 |=$B$4°($B835°58340°$B$41+3G$38°$G340°$G$41)"DE7/1000000 =(($C$38°$C340°$C341+8D$38°5D840° $DS41)+(SHS38° SHS40"$HS41+$1$36° 5184075154 1)) $854°F67/1000000 | =(HE7+/67)/C67

.68 |=$B34"($8$38°$B$40"$B$41+3G$38* $G340°$G$41)° D68/1000000 =(($C$38°3C$40°$CH41+30838°$D$40° $D$4 1)+{$HS38°$HS40"$HE41+$1538"$1540° 5184 1))* $B34° F68/1000000 | =(H68+/68)/C68

69 |=$B$4°($8838"$8340°$B$414$G$38°$G$40°$G$4 1)° D69/1000000 =({$C$38"5C$40"$C$41430838° SD$40°$DS4 1) +($H$38" $HS40* SHEA1451$38°$1$40°§1$4 1)) "$BS4*F63/1000000 | =(HEF+/69}/C69 |-+ -+ — -romm - ~ o« —~
70 |=$B$4°($8538°5B540"$B$41+$G$38°$G$40"$GS41)" D7(/1000000 - =({$C$38°5CH40°$CS4 1+3D538°$D$40°$D$41) +{SH$38° SHE4A0"$HS41 +51538° $1$40°$1$4 1)) "$BS4"F70/1000000 | =(H70+/70)/C70

71 |=$B%4"($B$38°$B$40"$B$414$G$38° $G$40°$G$4 1) D71/1000000 =(($C$38°$CH40°$CH4 1+50$38°SD$40"$DS41)+(SHE3B SHE40 $HE41+$1$38°$1540°$184 1)) *$BS4"F71/1000000| =(H71+171)/C7 1

72 [=$8$4°($8$38°$8$40"$B$41+3GS38°$G$40°$G$41)°D72/1000000 =(($C$38°$CH40° $CH41+30838°$D$40°$D34 1) +{$HS3B"$HEA0°$HS4 1 +$1538° $1$40°$1$4 1)) $B$4°F72/1000000 | =(H72+172)/C72

73 |=85B%4"($B$38°$8$40°$B$414+$G$38"$G$40°$GS41)* D73/1000000 =(($C$38"$CS40"$C$41+$0$38°$DS40°$D$41)+{$H$38* SHSE40* $H$4 1 +51$38°$1$40°$1$4 1)) *$B$4*F73/1000000 | =(H73+173)/C73

74 [=3B$4°($B$38"$B$40°$BS41+$G338°$G540"$G$41)*D74/1000000 =(($C$38°5CS40°3CS4 1+$0$38°$D$40°$D$41)+{SHS38°FHEA0"$HS4 1 +$1$38° $1$40°51$41)) " $B$4 " F74/1000000| =(H74+174)/C74

75 |=$B$4°($B$38°$B340°$B$414$G$38"$G$40°$GS41)°D75/1000000 =(($C$38"$C$40°$C41+30$38°$D$40° $D$4 1) +{$H$38° SHA0"$HS4 1+51$38°$1$40°$1$4 1)) $B$4°F75/1000000 | =(H75+75)/C75

76 |=$B$4°($B8$38°$8540" $83$41+3G538°$G$40°$G$41)"D76/1000000 =(($C$38*$CH40°$C$41+50838° $D$40°$0$41)+{SHS38" SHS40"$HS41 +$1$38° $1540°$1$4 1)) $B$4°F76/1000000 | =(H76+176)/C76

=$B8$4°($8$38°$8540°$8541+3G$38°$G$40°8G$41) D77/1000000 =(($C$38°$CH40"3C341+8D$38°$0$40°$D541)+{$H$3B"$HE40"$HS414+81$38°51$40°5194 1)) *$B$4° F77/1000000
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. Atachments _ . Table 5-4 Eqs: GGNS Benchmark Calculation No. H21C0a7 4
Nina Mile Point Nuclear Station Hydrochiorlc Acid (HC1) Production -~ Revision0
Unit 1 : . Page 5-24
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Attachmeénts ’ Table 54 Eqs: GGNS Benchmark ’ . . Calcutation No. H21C087 ¢
Nine Mila Point Nuclear Station : ) Hydrochlorlc Acld (HCI) Production ’ Revision 0
Unit 1 . ] Page 5-25
K : . . L M : N
S Contanment HC! e .
gamma - . beta . Total - HC!
{g-mole) (g-mole) -mole/l). -Mol

=$B84"((5B538°8B540°5B541)+($GS38°$GS40"5G841)) 'E47/1000000 | =(($CS38°$CE40°SCI41+3D$35"$D$I0°8DS41)+{SHS3G"SHE40 SHS4 1451538 °51$40°81$41))*$B$4°G47/1000000 | =(KA7+L47)/C4T_|=(Ha7+HA7+K47+L47)/C47
=5B84((38$38°58840°58841)+($G38°$G$40°$G$41))*E48/1000000 |=((3C$38"$CE40°SCS41+8DE38"$D$40°$D$4 1)+{SHEIG " SHEA0"SHE41+51838°81540°$1541)) 5884 G48/1000000 |=(K48+L48)/C48 | =(H4B+H4E+M48+[38)/C48 | .. ... __
=3B$4°(($B538°58840°58841)+($G$38°SGS40°$GS41)) *E4G/1000000 | =((8C38°8CS40°SCS41+8D838"SDS40"$0S4 1)+{SHS38"SHS40°$HS4 1+31538°$1840°81341))"$B$4°GAY/1000000 | =(K4S+L49)/C49 | =(HIG+I49+K49L49)/C49
=$B84°(($8838"$B840°$8541)+($GS38°$GS40°$GS41)) ' ESH/1000000 | =((SC$38°$C340"$CS41+30838° 30840 S04 1)+(SHS38"SHE40"SHE41+31$38°51340°81541)) 8B4 G50/1000000 [=(K50+L50)/C50 | =(H50+I50+K50+L50/C50
=$B$4°(($B538° 38540 58841)+($GS38°$GS$40°5GS$41)) ‘E51/1000000 |=(($C$38°SCI40"SCS4 1+80335°$D840"5D84 1)+(SHS3G SHEA0"SH341+31838°81$30°51541)) "$B$4°G51/1000000 |=(K51+L51)/C51 |=(H51+I51+K51+L51)/C51
=$B84°(($B838°$B$40°8B54 1) +($GS38°$GS40°$GS4 1)) 'E52/1000000 |=(($CS38°8CE40°SCI41+8D338°$D$40°$D$4 1)+(SHE38"SHE40"SHS41+$1838°SI$40°$1841))*SB$4*G52/1000000 |=(K52+L52)/C52 |=(H52+152+K52+52)/C52
=$B$4°(($8838°$8540°88541)+($GE38°$GS40°$C$41)) E53/1000000 | =((8CS38°$C340°3CS41+80835°$0$40°$08$4 1)+(SHE3G°$HE40* $HE41+81$38°81840°8141))*SB$4°G53/1000000 | =(K53+L53)/C53 | =(HBI+I53+K53+L53//C53

L]

=$B$4"(($8838°$8840°58541)+{5GS38°8GS40°$GS41))"E54/1000000 | =(($C338"$C$40°$CE41+8D838"8D$40°$0541)+{SHE38"$HS40°$HE41+31838°51540°81541)) *$B$4 "G 54/1000000 | =(K54+L54)/C54 |=(H54+I54+K54+(54)/C54
=8B$4°((58838°$8540"$B541)+($G$I8°$GE40"$G$41)) E56/1000000 | =(($C$38"SCS40"$CS41+8D$38"5D$40"3D$41)+($HS38"SHS40"$HS41+$1538°$1540°81$471)) *$B$4°G55/1000000 |=(K55+LEE)/C55 |=(H55+I55+K55+.55)/C55
=$B84°(($8538°58340°58541)+($G$38°$GS40"$GS4 1)) E56/1000000 | =(($C$38°$C340°$CS41+$D$38"$0$40°$0841)+(SHE38"SHEA0"SHS4 1+5/838°81540°51841)}*$8$4 *G56/1000000 |=(K56+L56)/C56 |=(H56+{56+K56+L56)/C56

=SB$4"(($8538°88540°58541)+{$G$38°$GS40°$G$41))°E57/1000000 | =({$C$38"$CF40"SCS4 1+30838°30540°5034 1) H{SHE38 SHE40"$HE4 1+81838°81540°$1$41)) *$B$4°G57/1000000 | =(K57+L57)/C57 |=(H57+I57+K57+(57)/C57
=3B$4°((5B$38°58540°$B541) +($G$38°$GEL0"$GE41))"E5/1000000 | =((SCE38"SCE40"SCH41+5D$38°SD$40°8D$41)+(SHEIB"SHS40 $HE4 1+81838°51840°8/841))°$BE4°G58/1000000 |=(K568+L.58)/C58 |=(H58+158+K58+(58)/C58
=$B8$4°(($8$38°58840°$B541)+{$GE38°5G$40"$G$41))"E5Y/1000000 | =(($C$38"$C340°$CS41+$D$38°$D$40"$DS41)+(SH$38°SHS40"SHSE41+81838°$1840°81841)) *$B3$4"G5%/1000000 |=(K59+L59)/C59 | =(H59+153+K59+59)/C59
=$8$4°(($B$38°58$40"58541)+($GE38°$G$40°$G$41))"E60/1000000 | =(($C$38°$C840"SCS41+3D838°80540" 8084 1)+{SHE38"SHS40 $HE4 1+-81$38°81540°51$41)) *$B$4°G60/1000000 | =(K60+.60)/C60_| =(HE0+60+K60+L60)//C60
=$B84°(($B838"$8540°38841)+($GS38°$G40°$G$41)) *E61/1000000 |=| 9°SC840"$CE41+80538°SDS40"80$4 1)+(SHE38 SHS40 " $HES 1+-$/538°51840°$15411)) "$884°G61/1000000 |=(K61+LE1YCET |=(HE1+161+KE1+L61V/C61
=3B84°(($5538°38840°58541)+($GS38"3GS40"$G$41)) "E6/1000000 | =(($C$38"SC$40°$CS41+8D$38°$D$40"8D 84 1)+{SHS38"SHS40"$HE41+8/$36°81$40°$1$41))*$8$4°G62/1000000 |=(K62+L62)/C62 | =(HE2+HE62+KE2+L62)/C62
=$B884°(($B$38°$8$40°58841)+{5G$38"$GS$40°$G$41))"ERS/ 1000000 | =((SCS38"SCS40"$CE41+30538°3D$40°8D$4 1) HSHS38"SHS40°SHS41+$1838°5$40°51$41))"$B%4°G63/1000000 | =(KE3+L63)/C63_| =(HE3+I63+KE3+L63)/C63
=$884°(($8538 " $8540°58541)+($G838"8GS40°$GS41)) ‘E64/1000000_|=((SCS38°5CE40"5CH41+-SD838:SD$4D"§D$41)+{SHE3B*SHS40"$HS41+81838°$1840°81841)) *$BE4 °G64/1000000- | =(K64+L84)/CE4 | =(HE4+I64+K64+L64)/C64
=$B84°(($8$38°$8$40°$8$41)+($G$38°$G$40°8G$41)) "E65/1000000 $C838°$C340°8C841+50838°$DS40°8D$41)+($HS38"SHEA0°SHE41+$1838°81$40°$51$41)) *$B$4°G65/1000000 | =(K65+LE5)/CE5 | =(HE5+I65+K65+L65)/CES
=$B884°(($8838°58540°$8841)+($G$38°$G$40°$G$4 1)) ‘E66/1000000 $CE38°5C340°5C341+308538°5D$40°SD$41)+{SHE38"$HE40"SHE414$1538°$1$40°31841)) ‘$B$4 *GE6/1000000 |=(K66+L66)/C66 | =(HE6+166+K66+L66)/C66
=$B34*(($B838°38540°58841)+($GS38°$GS$40°$G$41)) 'E67/1000000 $C$38°8C$40°3C841+30838°$D$40°$D$41)+(SHS38 SHS40"$HE41+81538°$1$40°81841)) *$B$4°G67/1000000 |=(K67+167)/C67 | =(H67+HE7+K67+.67)/C67
=$B84°(($8$38-3B540°38841)+($GS538°$G$40°$G$41)) 'E68/1000000 5CS38°$C840"5C541+30838°$D$40"$D$41)+(SHSIB SHE40 SHES1+31838°51$40°$154 1)) *$BE4°G68/1000000 | =(K68+H.68)/C68 | =(HE8+168+K68+.68)/C68
=$B84°(($8538°58940°58841)+($G$38"$§GS40°$G$4 1)) E6%/1000000 ($C835°8C840°5C34 1+80838"$D840"8D$41)+{SHE38"SHE40"SHE41581538°81540°51$4 1)} *$884°G69/1000000 | =(K69+L69)/C69 | =(HE+I69+KEH+LEY/CEI~]- - =+ - -~ - ~-.e
=5B854°(($8538 $8540°$8841)+($GE38°$GS40°8GS41))"E70/1000000 | =(($C$38°SCS40°$CS41+$D838°$D$40°$D$41)+{SHS38"SHE40"$HS41+$1838°51840°$1841)) “SB$4°G70/1000000 | =(K70+L70)/C70 |=(H70+I70+K70+L70)/C70 .
=3B$4°(($8538°58840°$B541)+($G$38°$GS40°$G$41))"E71/1000000 _| =((SCE38°$C$40°$C$41+$D8538°$D$40°SD$41)+{SHEIB SHE40 " SHE4 1+81$38°81540°51$41)]°5884°G71/1000000 | =(K71+L71)/C71 | =(H71+71+KZ1+L71)/C7 1.
=$B84°(($8$38°5B$40°$B$41) H$GE38"$G$40°$G$41)) ‘E72/1000000 $C$38°8C$40°$CH4 1+-8D$38°$DS$40"S0$41) +(SHSE38"S$HE40"$HS4 1+$1$38°$1$40°51$4 1)) *$B$4°G72/1000000 |=(K72+L72)/C72 |=(H72+I72+K72+L72)/C72
=$B84"(($0$36 385405854 1)+($GS38"$GE40"$G$41))"E73/1000000 i =((8C$38°SC$40°5CS41+30838°$D$40"$D$41)+($HS38 " SHEA0 SHE 14 $1838°$1840°51841))*$884°G73/1000000 |=(K73+L73)/C73_|=(H73+73+K73+L73)/C73
74 | =$B$4°(($B$38"$8540°$BE4 1+ ($G$38°SGS40°$G$41))‘E74/1000000 (SCE38°5C840°$C84 148083380840 8084 1)+{$HS38 " SHEA0 SHE4 1+81$38°$/840°51841)) *$B$4°G74/1000000 | =(K74+L74)/C74 |=(H74+174+K74+74)/C74
75 | =$884*(($B835°$8840"$8841)+($G$38°5G$40°$G 54 1)) E75/1000000 ($CS38°$C340°5CS4 1+8D$38°$DS40"80$41)+(SHE38°SHE40"5HS41+$1$36"51540°81841)) '$B84°G75/1000000 | =(K75+HL75)/C75 |=(H75+175+K75+L75)/C75
76 | =3884"(($B$38"38340"88541)+{$GE38°$G540°8G$41))"E76/1000000 | =(($CS38°$C$40°$CS4 1480335 °$D$40°$DS41)+(SHEI8"$HE40"SHS41+31338°51840"$1$41))"$8%4°G76/1000000 |=(K76+L76)/C76 =(H76H76+K76+L76)/C76
77 | =$854((SB338"$8540"58541}+($G338°$GS40°$6541))"E77/1000000 | =((SCE38°$C$40°$CS41+8D838°$D540°$D341)+{SHE38°SHS40°$HS4 1+ 81538 °5I$40°51841)) ‘$B84°G77/1000000 [=(K77+L77)/C77_|=(H77+177+K77+L77)/C77
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Attachment 5 R Table 5-5 Eqs: GGNS Benchmark Calculation No. H21C088 #

Nine Mile Point Nuclear Station Cesium Hydroxide (CsOH) Production Revision 0

Unit 1 _ - - ' . Page 5-26

A B T c - b E_

" 1 |Core cesium inventory = |2400 =~ T lgemole SR -|Ref. 7123 - - S -

2 . : . .

3. |Core.cesium - gap release_ [=0.05"B1 __ R ~lg-mole =0.05"2400 g-mole .
4 |Core cesium - EIV release |=0.2"B1 - g-mole _ ~_|=0.20"2400g-mole "~ =~ i .
6 {Csl - gap release : =(1-'Hi (eqgs)'!B$6)*'HI (eqs)'!B3|g-mole fraction iodine release in form of Csli
7 |Csl - EIV release =(1-HI-(eqs)'B$6)"'Hi (egs)'!B4|g-mole - - fraction iodine release in form of Csl
9 |CsOH - gap release =B3-B6 -mole
10[CsOH -ElVrelease ~  |=B4-B7 ' _{g-mole
11 . L ; - . -

12 |Gap release onset 121 - . sec Ref. 7.12.3
13 |Gap release duration 300 - _|minutes . . Reg Guide 1.183 (main.body Ref. 7.10.2)
14 |EIV duration |90 ’ ~ | |minutes . ' Reg Guide 1.183 (main body Ref. 7.10.2)
15 : ) )
16| - e S , * suppression
— S i [ A O N R : - cumulative ' pool : cumulative | .
18 A I . Time CsOH 4 T T T volumé T T T CSOQH T T e
19 - _ {(Hr) _{g-mole) (liter) L {g-mole/l)
20 "~ . onset|=B12/3600 . ) 0 4841000 . - . =C20/D20
21| : . o1 . - {=C20+(B21-B20)/(B13/60)*B9 4841000 |=C21/b21 |
22 __end of gap release|=B20+B13/60 =C21+(B22-B21)/(B13/60)*B9 4841000 v =C22/D22.
23 ' o _{=C22+(B23-B22)/(B24-B22)'B10 | 4841000 A ' ' =C23/D23
24 end of EIV|=B22+B14/60 __|=C22+B10__~ - - 4841000 _ ' =C24/D24
CsOH (egs)
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Attachment 5 : Table 5-6 Eqs: GGNS Benchmark - . _ Calculation No. H21COS_¢4
~ Nine Mile Point Nuclear Station ' Effect of SLCS Addition : ’ ) .Revision 0
Unit 1 » : , on Post-LOCA Suppression Pool Page 5-27 -

Buffering by SLCS ' ‘ ' ; ' o

ASLCS: . .. . L
Min SLC pump flow rate ' ' : - apm
Min SLC injection tank volume | . e al
Max SLC temp ’ . - °F
Min SLC temp _ . - ' °F
SLC SPB conc. by weight : _ - . '
Specific gravity B ' . . :
Density (T=85°F) B - Ibm/ft®

1
T

wloj~lojoleslolole

—
o

-
-

Y
N

Final suppression pool temp (bodnding) 120 ' , . °F

-
w

—
rs

Boric acid K : —|=(0.0585"B12+1.309)70.0000000001 at  |=B12 |°F

Py
n

—_
102}

MW_SQdiU,"!:Pé!lfﬁggf.a_!‘?.!Néa@iq.@.tq)' 410

Y P
[oo B Aot ]

Volume sodium pentaborate _ - LN
|Mass sodium pentaborate ] 5800 - : A Ibimn
Mass sodium pentaborate _ =B19*453.6/B16 -mole

-
©0

n
o

N
pry

unbuffered pH - |='pH (egs)'IN48 ,
unbuffered [H*] - . =10-B22) . ~ -|g-mole/
Suppression Pool volume - 4841000 . . ’ : liter
Equivalents unbuffered [H*] =B23'B24 -mole

N
N

N
w

N
H

N
(3]

N
(o2}

N
~

Final pH _ _ —LOG(B14)+LOG((2"B20-B25)/(8'B20+B25))

N
@

N
©

Time to injécf boron i ) : B S . |minutes

SLCS (eqs)
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Attachment § Table 5-7 Eqs: GGNS Benchmark Calcutation No. H21C()81 l?‘
Nine Mile Point Nuclear Station Gamma and Beta Radiation Dosa Revision 0
Unit1 : usad to Determine Post-LOCA pH Page 5-28
A B c D E
>
'3 : Suppression Drywsl! Containment Drywsl
. 3 4 Time Pool y TID —yTID yTID B TID

5 Tl - (g — —— T MeViee] = - - - ~-- - - [MeVice] - - - -- | N . C) - . - . -
6 [0 To 0 0 "o

7 |=121/3600 0 0 0 0

B |=A7+30/60 0 0 0 To

91 —_|o ) : 0 : 0 0

10]2 =1000000°(14.72*(1-0.91°EXP(-0.002°A10))) _{=1000000°1000000°(0. 15+1.83235'LN(A10)) |0 =1000000° 1000000°(25.7*(1-0.9°EXP(-0.0066°A10)))
11 [=2+121/3600 . |=1000000%(14.72°(1-0.91°EXP(-0.002°A11))) _|=1000000°1000000°(0.15+1.83235°LN(A11)) |0 . i =1000000"1000000°(25.7°(1-0.9"EXP(-0.0066°A11

1213 : =10000007(14.72*(1-0.91"EXP(-0.002°A12))) _|=1000000°1000000°(0.15+1.83235°LN(A12)) |=100000071000000°(-1.18+1.135°LN(A12)) |=1000000"1000000°(25.7°(1-0.9°EXP(-0.0066°A12))}
13[4 =1000000°(14.72°(1-0.91°EXP(-0.002°A13))) _|=1000000°1000000°(0. 15+1.83235°LN(A13)) |=1000000°1000000"(-1.18+1.135"LN{A13)) |=1000000°1000000°(25.7*(1-0.9"EXP(-0.0066°A13

1415 =1000000°(14.72°(1-0.91"EXP(-0.002°A14)))_|=1000000"1000000°(0.15+1.83235°LN(A14)) |=1000000° 1000000°(-1.18+1.135°LN(A14)) |=1000000"1000000°(25.7°(1-0.9'EXP(-0.0066°A14)))
156 1=1000000°(14.72°(1-0.91°EXP(-0.002°A15)) |=1000000°1000000*(0. 15+1.83235°LN(A15)} |=1000000°1000000*(-1.18+1.135"LN(A15)} [=100000071000000°(25.7"(1-0.9"EXP(-0.0066°A15
1612 =1000000°(14.72°(1-0.91"EXP(-0.002°A16))) _|=1000000"1000000°(0.15+1.83235°LN(A16)) {=1000000°1000000%(-1.18+1.135'LN(A16)) 1=1000000°1000000°(25.7"(1-0.9°EXP(-0.0066°A16)))
17118 =1000000°(14.72*(1-0.91 "EXP(-0.002°A17)}) _|=1000000°1000000°(0.15+1.83235°LN(A17)) |=1000000"1000000°(-1.18+1.135°LN{A17)) |=1000000"1000000°(25.7°(1-0.9"EXP{-0.0066°A17,
18|24 =1000000°(14.72*(1-0.91°EXP(-0.002°A18))) _|=1000000°1000000"(0. 15+1.83235°LN(A18)) |=1000000*1000000°(-1.18+1.135°LN(A18)) |=1000000°1000000°(25.7°(1-0.9*EXP(-0.0066°A18,

19 |=A18+24 =1000000(14.72°(1-0 91"EXP{-0.002°A19)) _|=1000000°1000000(0.15+1.83235"LN(A15)) |=1000000"1000000*(-1.18+1.135LN(A19)) |=1000000"1000000°(25.7°(1-0.9"EXP(-0.0066"A19,

20 |=A19+24 =1000000%(14.72°(1-0.91°EXP(-0.002°A20))) |=1000000°1000000°(0. 15+1.83235°LN(A20)) |=1000000°1000000*(-1.18+1.135°LN{A20)) |=1000000°1000000°(25.7°(1-0.9°EXP(-0.0066 A2,

21 |=A20+24 =1000000°(14.72°(1-0.91"EXP(-0.002°A21))) _|=1000000°1000000°(0.15+1.83235°LN(A21)) |=1000000° 1000000%(-1.18+1.135"LN(A21)) _1=1000000"1000000*(25.7"(1-0.9°EXP(-0.0066°A21

22 [=A21+24 =1000000°(14.72°(1-0.91"EXP(-0.002°A22))) | ~1000000°1000000°(0.15+1.83235'LN(A22)) _|=1000000°1000000(-1.18+1.135°LN(A22)) |=1000000"1000600%(25.7°(1-0.9"EXP(-0.0066°A22,

23 [=A22+24 =1000000°(14.72*(1-0.91"EXP(-0.002°A23))) |=1000000"1000000°(0.15+1.83235'LN(A23)} |=1000000*1000000°(-1.18+1.135°LN(A23)) |=1000000"1000000%(25.7°(1-0.9"EXP(-0.0066A23

e —e o [241=A23+24 .. _..1=1000000(14.72°(1-0.91°EXP(-0.002°A24))} |=1000000"1000000"(0. 15+1.83235°'LN({A24)) |=1000000"1000000*(-1.18+1.135'LN{A24)) |=1000000"1000000*(25.7*(1-0.9*EXP(-0.0066°A24

25 |=A24+24. =1000000°(14.72°(1-0.91"EXP(-0.002°A25))) |=1000000*1000000°(0.15+1.83235°LN(A25))” | =1000000"1000000*(-1:18+1.135°LN(A25))" "|=1000000°1000000°(25:7*(1-0-9°EXP(-0.0066°A25))) - |- - ——c oo .. =
26 |=A25+24 =1000000°(14.72°(1-0.91°EXP(-0,002°A26)) _|=1000000"1000000°(0.15+1.83235°LN(A26)) |=1000000"1000000(-1.18+1.135'LN(A26)) |=1000000"1000000°(25.7°(1-0.9"EXP(-0.0066°A26)))

27 |=A26+24 =1000000°(14.72(1-0.91"EXP(-0.002°A27))) _|=1000000"1000000°(0.15+1.83235'LN(A27)) |=1000000"1000000*(-1.18+1.135"LN(A27)) |=1000000"1000000*(25.7°(1-0.9°EXP(-0.0066°'A27))) |
28 [=A27+48 =1000000"(14.72*(1-0.91*EXP(-0.002°A28))) _|=1000000"1000000°(0.15+1.63235'LN(A28)) |=1000000"1000000°(-1.18+1.135°'LN{A28)) |=10000001000000%(25.7*(1-0.9°EXP(-0.0066°A28))) |
29 |=AJB+48 =1000000°(14.72°(1-0.91°EXP(-0.002°A29))) " |=1000000°1000000°(0. 15+1.63235°LN(A29)) |=1000000"1000000°(-1.18+1.135'LN(A29)) |=1000000°1000000"(25.7"(1-0.9"EXP(-0.0066°A29

30 [=A29+48 . =1000000"(14.72*(1-0.91"EXP(-0.002°A30))) _|=1000000°1000000%(0.15+1.63235"LN{A30)) - |=1000000"1000000"(-1.18+1.135'LN(A30, =1000000-10000@25.r(ta.s'EXP(o.oow'Aaogﬁ

31 |=A30+48 =1000000(14.72°(1-0.91"EXP(-0.002’'A31)) |=1000000°1000000°(0.15+1.83235°'LN(A31)) |=100000071000000%(-1.18+1.135°LN{A31)) |=1000000"1000000"(25.7°(1-0.9°EXP(-0.0066°A31))) |
32 [=A31+48 =1000000"(14.72°(1-0.91*EXP(-0.002°A32))) _|=1000000°1000000"(0.15+1.63235°LN(A32)) |=1000000°1000000°(-1.18+1.135°LN(A32)) |=1000000°1000000°(25.7*(1-0.9°EXP(-0.0066°A32

33 [=A32+4 =1000000°(14.72*(1-0.91*EXP(-0.002°A33))) |=1000000"1000000°(0.15+1.83235°'LN(A33)) |=1000000"1000000°(-1.18+1.135°'LN(A33)) |=1000000°1000000"(25.7*(1-0.9°EXP(-0.0066°A33

34 |=A33+4¢ =1000000%(14.72°(1-0.91*EXP{-0.002°A34 =1000000* 1000000°(0. 15+1.63235°LN(A34)) |=1000000"1000000(-1.18+1.135°LN(A34)) _|=1000000"1000000%(25.7°(1-0.9°EXP(-0.0066°A34,

35 |=A34+48 =10000007(14.72°(1:0.91°EXP(:0.002°A35)) |=1000000°1000000°(0.15+1.83235"LN(A35)) |=1000000°1000000°(-1.18+1.135*LN{A35)) |=1000000"1000000°(25.7°(1-0.9°EXP(-0.0066°A33)) |
36 |=A35+48 =1000000°(14.72°(1-0.91"EXP(-0.002°A36))) _ |=1000000°1000000°(0. 15+ 1.83235LN(A36)) _|=1000000°1000000°(-1.18+1.135°LN(A36)) |=1000000"1000000°(25.7(1-0.9"EXP(-0.0066°A36]
371720 =1000000"(14.72*(1-0.91°EXP(-0.002°A37))) |=1000000*1000000°(0.15+1.83235*LN(A37)) | =1000000°1000000°(-1.18+1.135°LN(A37)) |=1000000°1000000°(25.7*(1-0.9'EXP(-0.0066°A3

38 |2400 =1000000°(14.72°(1-0.91'EXP(-0.002°A38))) |=1000000"1000000°(0.15+1.83235"LN{A38)) |=1000000"1000000"(-1.18+1.135°'LN{A38)) |=1000000"1000000(25.7*(1-0.9°EXP(-0.0066°A38,

39 [4320 _1=1000000°(14.72°(1-0.91°EXP(-0.002°A39))) |=1000000"1000000°(0.15+1.63235°LN(A39)) |=1000000"1000000°(-1.18+1.135°LN(A39)) |=1000000"1000000"(25.7°(1-0.9°EXP(-0.0066°A39))) _]
40 |8760 =1000000°(14.72°(1-0.91°EXP(-0.002°A40)) _|=1000000°1000000%(0.15+1.83235°LN(A40)) |=1000000"1000000"(-1.18+1.135'LN(A40)) |=1000000"1000000"(25.7°(1-0.9°EXP(-0.0066°A40)))

a1, - ) ; g -

42 ysp Mrad) = 14.72°[1-0.91'0xp(-0.002"t,)]10°

43 |yow [MeV/cc] = [0.15+1.83235°In(4,)i* 10> 10°

44 |y [MeVice] = [-1.18+1.135°In(t, )" 10%10°

45 {Bow [MeV/ce) = 25.7*(1-0.9°exp(-0.0066°,)]* 10°10°

46 |Banr [MeVicc] = 15.0571-0.93exp(-0.0057°1,)] 10°10° ]

47 {1 rad = 8.071x10* MeV/cc for alr at S.T.P. per Radiological Health Handbook (main body Rel. 7.8)

"48]. 1 - - 1 . :

49 |Notes

50

If the curve fits aibove yield & né

gative TID dus 1o curve il Inacurracies, the TID | assumed t be zero consistent with Rel, 7.12.9.

Rad Dose (eqs)
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Attachmerit 5 : Table 57 Eqs: GGNS Benchmark Calculation No. H21c0af ¥
Nine Mile Point Nuclear Station Gamma and Beta Radiation Dose Revision 0
Unit 1 usged to Determine Post-LOCA pH Page 5-28
F G H ) J

1 T - - -

Z ; :

3 Containmant Drywell Containment Drywell Containment
1a . 8 TID 1 TID 17D B TID 8 TID .

5 -{MeVice] frad] {rad] [rad] - “rad] T - oo - - - - o= - -
6 |0 =C6°60710 _1=D6'80710 |=E6°60710 |=F6°680710

7 1o _|=C7'80710 _|=D7°g0710 =F7°80710

8 10 =C8'g0710 |=D8'80710 =FB8'60710

9 lo : =C9°80710__{=D9'0710 =Fg'80710

10 [=1000000°1000000°(15.05°(1-0.93"EXP(-0.0057°A10))) |=C10/80710 |=D10/80710 =F10/80710

11 |=1000000"1000000°(15.05°(1-0.93'EXP(-0.0057°A11))) |=C11/80710 {=D11/80710 =F11/80710

12 |=1000000° 1000000°(15.05°(1-0.93’EXP(-0.0057°A12))) {=C12/80710 [=D12/80710 =F12/30710

13 |=1000000*1000000°(15.05*(1-0.93°EXP{:0.0057°A13))) |=C13/80710_|=D13/80710 =F13/80710

14]=1000000"1000000°(15.05(1-0.93"EXP(-0.0057°A14))) |=C14/80710 |=D14/80710 =F14/80710

15 {=1000000°1000000°(15.05°(1-0.93'EXP(-0.0057°A15))) |=C15/80710 |=D15/80710 =F15/80710

16 [=1000000*1000000°(15.05°(1-0.93°EXP(-0.0057°A16, =C16/80710 |=D16/80710 =F16/80710

17 1=1000000°1000000°(15.05(1-0.93 " EXP(-0.0057°A17) =C17/80710 |=D17/80710 =F17/80710

18 [=1000000" 1000000°(15.05°(1-0.93°EXP(-0.0057°A18 =C18/80710 [=D18/80710 =F18/80710

19 [=1000000°1000000°(15.05°(1-0.93°EXP(-0.0057°A19))) |=C19/80710 |=D19/80710 =F19/80710

20 |=1000000°1000000°(15.05°(1-0.93"EXP(-0.0057°A20)}) |=C20/80710 |=D20/80710 =F20/80710

11=1000000°1000000°(15.05*(1-0.93"EXP(-0.0057°A21))). 1=C21/80710 |=D21/80710 |=E21/80710 |=F21/80710

2 | =1000000°1000000°(15.05°(1-0.93°EXP(-0.0057°A22))) |=C22/80710 |=D22/80710 [=E22/80710 |=F22/80710

23 | =1000000°10000007(15.05(1-0.93"EXP(-0.0057°A23))) |=C23/80710 |=D23/80710 |=E23/80710 |=F23/80710

24-| =10000001000000°(15.05°(1-0.93°EXP(-0.0057°A24))). _|=C24/807.10_|=D24/80710_[-E24/80710 |=F24/80710 . N o i

25 | =1000000°1000000°(15.05°(1-0.93"EXP(-0.0057°A25))) |=C25/80710 |=D25/80710 |=£25/80710 |=F25/80710 T ot TUT TT T T s e
126 |=1000000°1000000°(15.05*(1-0.93"EXP(-0.0057°A26))) - |=C26/80710 |=D26/80710 |=E26/80710 |=-F26/80710

27 |=1000000"1000000°(15.05°(1-0.93"EXP(-0.0057°A27))) Y=C27/80710 |=D27/80710 |=E27/80710 |=F27/80710

28 | =1000000°1000000°(15.05°(1-0.93"EXP(-0.0057°A28))) |=C28/80710 {=D28/80710 |=E28/80710 |=F28/80710

29 | = 1000000°1060000°(15.05"(1-0.93°EXP(-0.0057°A29, =C29/80710 |=D29/80710 |=E29/80710 |=F29/80710

30 |=1000000°1000000°(15.05°(1-0.93"EXP(-0.0057°A30))) [=C30/80710 |=D30/80710 |=E30/80710_|=F30/80710

31 |=1000000°1000000°(15.05°(1-0.93'EXP(-0.0057°A31)) |=C31/80710 |=D31/80710 |-E31/80710 {=F31/80710

32 [=1000000°10900002(15.05"(1-0.93"EXP(-0.0057°A32)) |=C32/80710 }=D32/80710 |=E32/80710 |=F32/80710

33 |=1000000°1000000*(15.05°(1-0.93"EXP(-0.0057°A33))) 1=C33/80710 |=D33/80710 |=E33/80710 |=F33/80710

34 |=100000071000000°(15.05°(1-0.93°EXP(-0.0057°A34, =C34/80710 "1=D34/80710 |=E34/80710 -[=F34/80710

35 |=1000000°1000000°(15.05*(1-0.93°EXP(-0.0057°A35, =C35/80710 |=D35/80710 [=E35/80710 |=F35/80710

36 |=1000000°1000000*(15.05*(1-0.93°EXP(-0.0057°A36))) |=C36/80710 |=D36/80710 |=E36/80710 |=F36/80710

37 | =1000000"1000000°(15.05*(1-0.93°EXP(-0.0057°A37))) |=C37/80710 |=D37/80710_|=E37/80710 1=F37/80710

38 |=1000000°1000000°(15.05°(1-0.93"EXP(0.0057°A38, =C38/80710 |=D38/80710 [=E38/80710 |=F38/80710

39 |=1000000°1000000°(15.05°(1-0.93°EXP(-0.0057°A39, =C39/80710 - 1=D39/80710 |=E39/80710 |=F39/80710

40 | =1000000°1000000°(15.05*(1-0.93"EXP(-0.0057°A40))) |=C40/80710 |=D40/50710 |=E40/80710 |=F40/80710

41, . - . . . . .

42|

43

44,

45 |

46

47

49

50

Rad Dose (eqgs)
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Attachment 5 ' L Table 5-B Eqs: GGNS Benchmark Calculation No. H21COB,!
Nine Mile Point Nuclear Statlon . Post-LOCA Suppresslon Pool ' : Ravision 0
Unit1 o . Temperature Response : B Page 5-30 Final
; . !
. A . B C . . D |- E F G
1 |From Data (Ref. 7.12.3) i ) . Used for pH Analysis
2 : . i i
13 T:me Post-LOCA . _Temp . : Time Temp
4 . (he) (°F)
5 0 =
6" 0.0336111111111111_ |=C12
7 0.533611111111111 =C15
8 1 =C18
9 2 - |=C17
10 ) . - 2.03361111111111 =C18
11 {100 . i =A11/3600 160 = . J K 13 _{=C20
12 : . 10.0336111111111111 | 160 T . 4 =C21
13 |300 : =A13/3600 - 160 . i .15 =C22
14 11000 i . =A14/3600 - {160 i : 6 § - [=C24
15 ' 0.533611111111111 N 12 _ |=C28
SR R 18 =C28
124 =C29
48 =C31
72 . =C32
9% - =
120 =
: 2 S 144 R =C35
—(823-8&)/(826—82) '(026—0&)4»02 168 =C37
—(B24-B22)/(B26-D22)"(C26-C221+C22 192 =C38
-(825-822)/(826-52 026-622)+022 l =C40
=C41
=C42
=C44
(=C46
=C48
=C49
=C50
=C51
=C53
=C54 "
=C56.
A(-{BS7~53§)/(539-836)'(C39036)+636 §
C38, 036

{The shade_d values are taken from
either Reference 7.12.3. Other other
lvalues are interpolated.

—(B38—B36)/(839~B36)'( (C

' R oo e
1@50549)/(852 B49)*(C52-C49)+C49
[=(BST-B49)/(B52-849)"(C52-

* Seconds are the units for 1=0 to 27.78 —
hours; days are the units for t=48 to 720

‘SP T;emp {egs)
| _
]
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Attachment 6! Calculation No. H21C082 4

Nine Mile Pomt Nuclear Statlon Revision O

Unit1 - | _ R ' ! A : Page 6-1

}

Attachment 6

Calculatlons Determinmg Post-LOCA Suppression Chamber Water pH

l
)

Minimum Suppressnon Chamber Water Volume Case

1
1
' !

' Table of Contents
Figure 6-1:- Post-LOCA Suppressnon Chamber Water pH Hesponse without LPS .................. 6-2
Table 6-1: Post LOCA pH Calculation without LP563
Table 6-2:- Hydnodlc Acid (HI) Productlon...;...5....................- .................. rerrrrreetere et et nes 6-5
Table 6-3:  Nitric Acid (HNOz) Production...........cccviii it eveerideneaienennnees 6-6
Table 6-4:  Hydrochloric Acid (HCI) ProguCHON.........c..cueueeceecivcmceneseeeersesesecssssssessssessesnsas 6-7
Table 6-5: Cesium Hydroxide (CSOH) Production............cccermruerererseercsssesnanes rreveeeenrreeeraas 6-9
Table 6-6: Eﬁect of LPS Addition on Post-LOCA Suppression Chamber WaterpH............ 6-10
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Table 6-8: Post-LOCA Suppression Chamber Water Temperature ResSponse........cccoceeunee 6-12
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Radiation dose profile figures are not provided |n this attachment as they follow the same trends
as those provnded in Attachment 4. Snmllarly, the methodology used in.the tables in this
attachment is the same as that used in the tables i in Attachment 4; theretore, ‘equations are not
provuded for the tables in thlS attachment.

Note that each table in this attachment has been developed using Microsoft Excel. Some tables

reference each other; for these references, see the "tab" name at the bottom of each sheet.
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Attachment 6 : - ' Calculation No. H21C08Z#
Nine Mite Point Nuclear Station . ' Revision 0
Unit 1 _ : ' A ' Page 6-2-

Figure 6-1: Nine Mile Point Unit 1 ,
Post-LOCA Suppression Chamber Water pH Analysis
, Mmlmum Suppression Chamber Water Volume Case : _ o
T “pH Response wuthout LPS - = = cc e e s e

9.0 | =
Final pH with LPS would be 7.9

8.0

7.0

6.0 |-

5.0

‘Suppression Chamb@r Water pH . ' ‘

: Final bH wltholut LPS =34
40" . ‘ -
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0.01 ' o1 - o - 10 ' 100 : 1000
' ' “Time After LOCA (hours) S o ' ' 4

Pool pH




Table 6-1: Post-LOCA pH Calculation without LPS

arvd-

T ///’ (s

_Attachment 6 _ Calculation No. H21C08% ¥
Nine Mile Point Nuclear Station . Revision 0
Unit1 Page 6-3

Initial conditions
SC water mass 4,961,429 lbm Table 4.9 (maximum values)
RCS mass © 0ldbm - Table 4.9 (maximum vaiues)
" Total'post-LOCA SC mass - 4,961,429 lbm 0 Tt o n n e - ° - - o - - o T
suppression chamber water pH - ' 55 - Design Input 4.1 (minimum value)
reactor coolant pH 5.5 Design Input 4.2 (minimum value)
initial [H"] 3.16E-06 g-molel  weighted average
initial [OH] 3.16E-09 g-mole/l.  weighted average
. Pool HIE | [HNOP [HCI? | [CsOHJ? | Total[H'] | Total [OH]} Pool - | Water | K,af X HY Pool
Time | Volume' | . N ‘ ) : | Temp Density- | Pool Temp| A . pH
(hr) (liter) -moles/l)] (g-moles/) | (g-moles/l) | (g-molesA) | (g-molesA) | (g-molesA)] ~ (°F) (Ibmyit® _{) | (g-molesNl) j(g-molesh) (-)
0 - 2,259,783 : i -] 3.16E-06 | 3.16E-09 85.0 "62.17 | 1.409E-14] -1.29E-09 3.16E-06 5.5
"~ 0.034 | 2,280,890 ) 1.08E-07 | 7.286E-07 : 4.00E-06 | 3.16E-09 127.3 61.60 6.240E-14| -1.24E-08 401E-06] . 5.4
0.534 |2,295911 ] 1.57E-07.| 1.70E-06 | 1.149E-05| 2.04E-05 | 1.65E-05 | 2.04E-05 | = 149.9 61.19 | 1.234E-13 1.65E-05 3.13E-08 7.5
-...1.._ }.2,299,888 | 4.00E-07 |._3.18E-06 | 2.15E-05 | 4.48E-05 ]| 2.82E-05 ]| 4.48E-05 .155.3 61.09 1.438E-13 2.82E-05 8.67E-09 8.1
2 2,302,718 | 9.38E-07 | 5.26E-06 | 3.223E-05| 9.88E-05 | 4.16E-05 { 9.88E-05 159.1 61.01 | 1.594E-13] T4.16E-05 [ 2.78E-09" 86 )T
2.034 |2,302,814] 9.38E-07 | 5.33E-06 | 3.254E-05] 9.88E-05 | 4.20E-05 ] 9.88E-05 159.2 61.01 1.599E-13 4.20E-05 2.81E-09 8.6
3 2,303,355 | 9.38E-07 | 7.07E-06 | 4.086E-05{ 9.88E-05 |. 5.20E-05 | 9.88E-05 159.9 60.99 1.63E-13 1 5.20E-05 3.49E-09 8.5
4 2,302,537 | 9.39E-07 ] 8.72E-06 | 4.838E-05] 9.88E-05 | 6.12E-05 | 9.88E-05 158.9 . 61.02 1.583E-13 6.12E-05 4.21E-09 ‘8.4
5 2,302,418 | 9.39E-07 | 1.03E-05 | 5.513E-05| 9.88E-05 | 6.95E-05 | 9.88E-05 158.7 . 61.02 1.577E-13 6.95E-05 | 5.37E-09 8.3
6 2,302,418 ] 9.39E-07| 1.17E-05 | 6.135E-05] 9.88E-05 | 7.72E-05 | 9.88E-05 158.7 61.02 1.577E-13 7.72E-05 7.28E-09 8.1
7 2,302,418 | 9.39E-07 | 1.26E-05 |6.715E-05| 9.88E-05 | 8.39E-05°| 9.88E-05 158.7 61.02 | 1.577E-13 8.39E-05 1.06E-08 8.0
8 2,302,418 | 9.39E-07 | " 1.35E-05 | 7.261E-05] 9.88E-05 } 9.02E-05 | 9.88E-05 ] 158.7 - 61.02 1.577E-13 9.02E-05 1.83E-08 7.7
9 2,302,418 | 9.39E-07'{ 1.43E-05 | 7.7BE-05-] 9.88E-05 | 9.62E-05°'| 9.88E-05 158.7 61.02 | 1.577E-13 9.62E-05 5.95E-08 7.2 -
10 2,302,418 | 9.39E-07 | 1.51E-05 |8.275E-05| 9.88E-05 | 1.02E-04 | 9.88E-05 158.7 | 61.02 |1.577E-13|- 9.88E-05 3.19E-06 5.5
11. | 2,302,418 | 9.39E-07 | 1.59E-05 | 8.75E-05 | 9.88E-05 | 1.07E-04 | 9.88E-05 158.7 . 61.02 1.577E-13 9.88E-05 - | 8.65E-06 5.1
12 2,302,418.] 9.39E-07 | 1.66E-05 | 9.207E-05]| 9.88E-05 | 1.13E-04 ] 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 1.39E-05 4.9
13 2,302,418 | 9.39E-07 | 1.72E-05 | 9.649E-05| 9.8BE-05 | 1.18E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 1.90E-05 4.7
14 2,302,418 | 9.39E-07 | 1.79E-05 {0.0001008| 9.88E-05 | 1.23E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 2.39E-05] - 4.6
15 2,302,418 | 9.39E-07 | 1.85E-05 |0.0001049]| 9.88E-05 | 1.28E-04 | 9.88E-05 168.7 61.02. | 1.577E-13 9.88E-05 -| 2.87E-05 45 -
16 2,302,418 | 9.39E-07 | 1.91E-05 { 0.000109 | 9.88E-05 | 1.32E-04 | 9.88E-05 158.7. 61.02 1.677E-13 9.88E-05 3.34E-05 4.5
17 - | 2,302,418 ] 9.39E-07 | 1.97E-05 ]0.0001129] 9.88BE-05 | 1.37E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 3.79E-05 4.4
18" 2,302,418 | 9.30E-07 | 2.03E-05 {0.0001168] 9.88E-05 | 1.41E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 4.23E-05 4.4 .
19 2,302,418 | 9.39E-07 | .2.08E-05 |0.0001205| 9.88E-05 | 1.45E-04 | 9.88E-05 158.7 61.02 1.577E-13] - 9.88E-05 4.66E-05 4.3
20 2,302,418 | 9.39E-07 |- 2.14E-05 }0.0001242| 9.88E-05 | 1.50E-04 | 9.8BE-05 | - 158.7 61.02 1.577E-13 9.88E-05 5.08E-05 4.3 )
21 2,302,418 | 9.39E-07 | 2.19E-05 |0.0001278] 9.88E-05 | 1.54E-04 | 9.88E-05- 158.7 61.02 .| 1.577E-13 9.88E-05 5.50E-05 4.3 _
- pH .
e - ]




Table 6-1: Post-LOCA pH Calculation without LPS

Do

Calcutation No. H21C08Z #

1} Pool volume is computed. as foﬂows (msp / psp)*28.31685 Vﬂ3 )
2) The HI, HCJ, and CsOH concentrations calculated in ‘Tables 4- 2, 4-4 and 4-5 are, based on the SP volume from Table 4-9.

To adjust for the SP volume as it changes throughout the LOCA, the concentration from Tables 4-2, 4-4;,and 4-5 is multrphed by the tollowmg factor Vbas]stp

where V. is the volume in Table 4-9 and VSP is calculated in this sheet.
3) The HNO; concentration does not drrectly utilize the SP volume and therefore is not adjusted as described i in Note 2. However,

the HNO, generation is based on pyg=1000 g/l. To account for the densrty in the. post-LOCA SP, the concentration from Table 4-3

is muitiplied by pse / 1000 g/ * 453.6 g/lbm / 28.31685 Uft’

pH

Attachment 6 .
Nine Mile Point Nuclear Statlon Revision 0
Unit 1 Page 6-4.
Pool’ [HI? [HNOg | [HCI? | [CSOHF | Total (H'] | Total [OH]| Pool Water Kw at x (H7 | Pool
Time | Volume' - A R . : Temp | Density PoolTemp o . PH
(hr) (liter) _ {(g-moles/l)| (g-molesA) | (g-moles/) | (g-moles/l) JQ;"&'QE’!L [ (g-moles/M | (°F) (bt | () _ (g-molesq} |{(g-moles/l) ()
. 22 -.1.2,302,418 | 9.39E-07.] -2.24E-05 _{.0.0001.313} 9.88E-05_| 1.58E-04 | 9.88E-05 158.7° 61.02 1.577E-13 9.88E-05 5.90E-05| " 4.2
23 2,302,418.] 9.39E-07 | 2.29E-05 |0.0001348| 9.88E-05 | 1.62E-04 | 9.88E-05 158.7 . 61.02 1.577€-13 9.88E-05 | 6.30E-05{ 4.2~ -
24 2,302,418 | 9.39E-07 | 2.34E-05 }0.0001382} .9.88E-05.| 1.66E-04 | 9.88BE-05 158.7 61.02 1.677E-13 9.88E-05 6.69E-05 4.2
28 2,302,418 | 9.39E-07 | 2.53E-05 |0.0001512} 9.88E-05 | 1.81E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 8.19E-05} 4.1
48 2,302,418 | 9.39E-07 | 3.34E-05 | 0.000172 | 9.88E-05 | 2.10E-04 ]| 9.88E-05 158.7 61.02 1.577€E-13| 9.88E-05 1.11E-04 4.0
72 2,302,418 | 9.39E-07 [ 4.11E-05 |0.0001895| 9.88E-05 | 2.35E-04 | 9.88E-05 158.7 61.02 | 1.577E-13 9.88E-05 |.1.36E-04 3.9
96 2,302,418 | 9.39E-07 | 4.76E-05 |0.0002029} 9.88E-05 | 2.55E-04 | 9.88E-05 158.7 - 61.02 1.577E-13 9.88E-05 1.66E-04 3.8
120 .| 2,302,418 | 9.39E-07 | 5.34E-05 | 0.000214 | 9.88E-05 | 2.72E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 1.73E-04 38 -
144 2,302,418 | 9.39E-07 ] 5.87E-05 |0.0002235{ 9.88E-05 { 2.86E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 | 1.87E-04 3.7
168 2,302,418 | 9.39E-07 | 6.35E-05 |{0.0002319| 9.88E-05 | 2.99E-04 | 9.88E-05 158.7 61.02 1.577E-13|  9.88E-05 2.01E-04 3.7
192 2,302,418 | 9.39E-07 | 6.80E-05 |0.0002394} 9.88E-05 | 3.11E-04 | 9.88E-05 158.7 | '61.02 ]1.577E-13 9.88E-05 2.13E-04 3.7
216 |.2,302,418] 9.39E-07 | 7.22E-05 }]0.0002463] 9.88E-05 | 3.23E-04 | 9.88E-05 158.7 - - 61.02 1.577E-13 9.88E-05 2.24E-04 3.7
240 2,302,418 | 9.39E-07 | 7.62E-05 |0.0002525} 9.88E-05 { 3.33E-04 | 9.88E-05 158.7 '61.02 1.577E-13| - 9.88E-05 2.34E-04 36
288 2,302,418 | 9.39E-07.| 8.37E-05 | 0.0002638] 9.88E-05 | 3.52E-04 | 9.88E-05 158.7 61,02  |1.577E-13] 9.88E-05 2.53E-04 3.6
; 336 | 2,302,418 ] 9.39E-07 | 9.05E-05 ]0.0002736] 9.88E-05 | 3.68E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 2.69E-04 3.6
...]..384 ]2302418] 9.39E-07 | 9.69E-05 |0.0002825]| 9.88E-05 | 3.84E-04 | 9.88E-05 158.7 61.02 1.577E-13| 9.88E-05 | 2.85E-04 3.5
432 2,302,418 | 9.39E-07 | 1.03E-04 |0.0002905| 9.88E-05 | 3.98E-04 | 9.88E-05| "158.7 " | 61.02 ' | 1.577E-13| ~ 9:88E-05 :{-2:99E-04{ —3.5- -~ |----- ~
480 2,302,418 | 9.39E-07 {  1.09E-04 [0.0002979{ 9.88E-05 | 4.11E-04 | 9.88E-05 158.7 - 61.02 1.577E-13 9.88E-05 3.12E-04| 35
528. | 2,302,418 | 9.39E-07{ 1.14E-04 |0.0003048] 9.88E-05 | 4.23E-04 | 9.88E-05 158.7 61.02 | 1.577E-13 9.88E-05 3.24E-04 3.5
576 2,302,418 | 9.39E-07 | 1.19E-04 |0.0003112} 9.88E-05 | 4.35E-04 | 9.88E-05 158.7 61.02 1.677€-13 9.88E-05 | 3.36E-04 '35 -
624 2,302,418 | 9.39E-07 | .1.24E-04 |0.0003172| 9.88E-05 | 4.46E-04 | 9.88E-05 158.7 - 61.02 1.577E-13 9.88E-05 | 3.47E-04 - 3.5
672 2,302,418 | 9.39E-07 | 1.29E-04 |0.0003229] 9.88E-05 | 4.56E-04 | 9.88E-05 158.7 61.02 1.577E-13] * 9.88E-05 .| 3.57E-04 3.4
720 2, 302 418 | 9.39E-07 | 1. 345-04 Q. 0003282 9. 885-05 - 4,66E-04 | 9.88E-05 158.7 61.02 1.577E-13 9.88E-05 3.67E-04 3.4
. Notes : - ) :




Attachment € :
Nine Mile Point Nuclear Station
Unit1 I

Core iodine inventory

i

Table 6-2: Hydriodic Acid (HI) Production

!
|
L

Attachment-1, Table 1-1

, -4//15 by |
Calculation No. H21C082%

.Revision 0-
Page 6-5.

Core iodine - gap release 720 g-mole
Core iodine - EIV release ~ 36.02 g-mole  Attachment 1, Table 1-1
Fraction of release as HI - 0.05 max Beg Guide 1.183 (main body Ref. 7.10.2)
Gap release ‘ofnset. 2 minutes ;Reg Guide 1.183 {main body Ref. 7.10.2)
Gap release duration 30 minutes  Reg Guide 1.183 (main body Ref. 7.10.2)
EIV duration 90  minutes  Reg Guide 1.183 (main body Ref. 7.10.2)
; - . suppression
: cumulative | chamber water cumulative
Time Hl ' volume "’ HI .
©__ () (g-mole) : (liter) _(g-mole/l)-
: : onset 0.033 - 0.00 : 2,259,685 0.00E+00
endof gaprelease’ 0.533 036 .: 2,250,685  1.59E-07
, "~ 1.000 092 2,259,685  4.07E-07
. endof EIV. 2033 +2.16 2,259,685 9.56E-07
!
i !
|
l
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_ Attachment 6 : . _ Table 6-3: Nitric Acid (HNO,) Production _Calculation No. H21008¢ 4
Nine Mile Point Nuclear Station » : o : -Revision 0
Unit 1. ' ;’ Page 6-6
. HNO; generation ~ 7.3E-06 g-mole/l per MRad ' NUREG/CR-SQSO (main body Ret. 7.13)
: Suppression o
Chamber Water cumulative
L TD@ ;
! Time - 1,850 MWt HNO; |
N () (rad) _{g-molen) '
onset - 0.034 1.50E+04 1.09E-07 |
end of gap release : 0.534 2.38E405  1.73E-06 .
: A 4.45E+05 3.25E-06 ;-
endof EIV - 2 7.38E405 = 5.38E-06 °
: 2.034 © 7.47E+05 5.45E-06 !
-]  9.91E+05 7.23E-06 |
4 1.22E406 8.92E-06 '
5 1.44E+06 1.05E-05
6 . 1.64E+06 1.20E-05 |
7 . 1,77E+06 1.29E-05 |
I8 1.89E+06 . 1.38E-05 :
L9 2.01E+06 1.47E-05
© 10 " 2.12E406 1.55E-05 ;
R E! 2.22E+06 1.62E-05
D12 2.32E406 - 1.69E-05 .} -
13 242E+06  1.76E<05
14 2.51E+06 1.83E-05
.15 2.59E+06 1.89E-05 ;
;16 2.68E+06 1.96E-05
C AT " 2.76E+06 '2.02E-05 :
! 18 2.84E+06 2.07E-05 |
P19 2.92E+06 2.13E-05 :
. 20 3.00E+06 219E-05 |
o2 3.07E+06 2.24E-05 |
.22 3.14E+06 2.29€-05
| 23 - 3.21E+06 2.35E-05
L 24 . 328E+06 ~  2.40E-05 .
.28 3.55E+06 - 2.59E-05 !
. 48 4.68E+06 3.42E-05 ;
¢ 5.76E+06 - 4.21E-05
96 6.68E+06 4.87E-05 .
120 7.49E+06  5.47E-05 i
144 8.22E+06 6.00E-05..
168 8.90E+06. 6.49E-05 |
i 192 953E+06-  6.95E-05 !
;216 . 1.01E+07 . 7.39E-05 -
. 240 ' 107E+07 .. 7.80E-05:
- 288 © 1.17E+07 8.56E-05|
. 336 1.27E+07  9.26E-05:
384 1.36E+07- 9.92E-05 .
. 432, 1.44E+07 1.05E-04 !
480 1.52E+07 1.11E-041.
528 1.60E+07 1.17E-04]
576 .  1.67E+07 1.22E-04;
624 1.74E+07 ~  1.27E-04!
672 . 1.81E+07 1.32E-04!
720 . 1.88E+07 1.37E-04; -
: |
HNO3

1
1
! .
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‘Attachment 6 ; ) Table 6-4: Hydrochloric ?Acid (HC1) Production _ Calculation No. H21C082 ¢
Nine Mile Point Nuclear Station co ' : . Revision 0
Unit 1 - ! Page 6-7
2 coo
* Cables l
o ;
PVC properties: ~ . i . :
radiolysis yield, G . '7.980E-06 g-mole HC! per MRad-g main body §5.5
linear absorption coefficient 38.976 cm’ for beta rad,iatiti:m Attachment 3.
linear absorption coefficient  0.0739 cm™ for gamma radiation Attachment 3

i
)

;
{
i

Cable jacket and in'SL;llation:

Typical Cable - : ;
cableOD . 022 in
jacket thickness 30 mil
jacket material - PVC.
insulation thickness 0 mil
inculation material ~ n/a T

chlorine-bearing material:

mass in free air  1,400.0 Ibm i

~ massintay 0.0 Ibm !
.mass in free air 635,026.0 gram i
mass in tray 0.0 gram o
- - o
Irradiation: i
. . A
) i
Typicat Cable :
Lo ) beta :
b amma | freeair | tray!
cable radius (cm) 02794  02794. 02794
jacket thicknizss (cm) 0.0762  0.0762 0.0762
mass irradiated (g) ' '635,026.0 635,026.0 0.0
flux averaging factof 0.997337 0.341356 0.3413:56
absorption factor . 0.005615 0.948695 0.94_86:95»
‘ |
; !




Anachment 6 { Table 6-4: Hydrochloric! Acid (HCI) Production Calculatlon No. H21Co8% #
Nine Mile Point Nucléar Staﬂon ‘ E ' ‘ Revision 0
Unit 1. S . i ‘ : Page 6-8

: S |

l ' pool  gamma . beta - Drywell HCI

: Time voume ~ TID, ~ TID . gamma beta - HCI

- (br) ({liter). (rad); (rad) __ (g-mole) (g-mole) (g-mole/))
0.034 2,259,685 3.48E+04 1.01E+06 9.87E-04 1.66E+00 7.35E-07
. 0534 2,259,685 5.52E+05 1.61E+07 1.57E-02 2.64E+01 1.17E-05
I 1 2,259,685 1.045+:06 3.01E+07 2.94E-02 4.94E+01 2.19E-05
o 2 2,259,685 1.5QE+P6 4.52_E+07 4 52E-02 7.42E+01 3.28E-05
- 2034 2,259,685 1.61E+06 4.56E+07 4.57E-02 7.49E+01 3.32E-05
3 2,259,685 2.05E+06 5.73E+07 - 5.81E-02 9.41E+01 4.16E-05
4 2,259,685 2.45E+06 6.78E+07 6.95E-02 1.11E+02 4.93E-05
5 2,259,685 2.81 E+06 7.73E+07 7.98E-02 1.27E+02 5.62E-05
6 2,259,685 315E+06 8.60E+07 B.94E-02 1.41E+02 6.25E-05
7
8
9

.2,259,685 3.31E+'O6 9.41E+07 9.40E-02 1.55E+02 6.84E-05
+2,259,685 3.46E+06 1.02E+08 0.82E-02 1.67E+02 7.4E-05
2,259,685 3.60E+06 1.09E+08 1.02E-01 1.79E+02 7.93E-05
10 2,259,685 3.725+:oe 1.16E+08 1.06E-01 1.90E+02 8.43E-05
11 2,259,685 3.84E+06 1.23E+08 1.09E-01° 2.01E+02 B8.92E-05
12 2,259,685 3.95E406 1.20E+08 1.12E-01 2.12E+02 9.38E-05
13 2,259,685 4.05E406 1.35E+08.1.15E-01 2.22E+02 9.83E-05
‘14 2,259,685 4.1,5E+;06 1.41E+08 1.18E-01 2.32E+02 0.000103
15 © 2,250,685 4.25E+06 1.47E+08. 1.21E-01 2.41E+02 0.000107
16 2,259,685 4.34E+06 1.53E+08 1.23E-01 2.51E+02. 0.000111
17 2,259,685 4.42E+06 1.58E+08 1.26E-01 2.60E+02 0.000115
18 2,259,685 4.51E+06 1.64E+08 1.2BE-01 2.69E+02 0.000119
: 19 2,250,685 4.59E+06 .1.69E+08 1.30E-01 2.77E+02 0.000123
o .20 2,259,685 4.66E+06 1.74E+08 1.32E-01 2.86E+02 0.000127
: 21 2,259,685 4.74E+06 1.79E+08 1.34E-01 2.94E+02 0.00013
i 22 2,259,685 4.81E+06 1.84E+08 1.37E-01 3.02E+02' 0.000134
23 2,259,685 4.88E+06 1.89E+08 1.39E-01 3.10E+02 0.000137
24 2,259,685 4.95E+06 1.94E+08 1.40E-01 3.18E+02 0.000141
! 28 2,250,685 5.1BE+06 2.12E+08 1.47E-01. 3.48E+02 0.000154 .
' .48 ' 2,250,685 6.07E406 2.41E+08 1.72E-01- 3.96E+02 0.000175
72. 2,259,685 6.84E+06 2.66E+08 1.94E-01 4.36E+02 0.000193
96 2,259,685 7.4554:-06 2.85E+08 2.11E-01 4.67E+02 0.000207
120 2,259,685 7.96E+06 3.00E+08 2.26E-01 4.93E+02 0.000218
144 2,250,685 84OE+06 3.13E+08 2.3BE-01 5.14E+02 0.000228°
168 2,250,685 8.79E+06 3.25E+08 2.49E-01 5.34E+02 0.000236
4 192 2,259,685 9.14E+06 3.36E+08 2.59E-01 5.51E+02 0.000244
' 216" 2,250,685 9.46E+06 3.45E+08 2.69E-01 5.67E+02 0.000251
240 2,250,685 9.76E+06 3.54E+08 2.77E-01 5.81E+02 0.000257
288 2,259,685 1.03E:+07 3.70E+08 2.92E-01 6.07E+02 0.000269
336 2,259,685 1.08E+07 3.84E+08 3.06E-01 6.30E+02 0.000279 -
384 2,259,685 1.12E+07 3.96E+08 3.1BE-01 6.50E+02 0.000288
432 2,259,685 1.16E407 4.07E+08 3.30E-01 '6.69E+02 0.000296
480 2,259,685 1.20E307 4.18E+08 3.40E-01 6.86E+02 0.000304
528 2,259,685 1235+o7 4.27E+08 3.50E-01 7.01E+02 0.000311
576 2,259,685 1.26E+07 4.36E+08 3.59E-01 7.16E+02 0.000317 .
624 2,250,685 1.29E4+07 4.45E+08 3.67E-01 7.30E+02 0.000323
. 672 2,259,685 1.3ze;+o7 4.53E+08 3.75E-01 7.43E+02 0.000329
b 1720 2,259,685 1.35E+07 4.60E+08 3.83E-01 7.55E+02 0.000334

t
]
'
'
)
!
H

[
1

HCI

|
- i i - i
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Attachment € E " Table 6-5: Cesium Hydro&ide (CsOH) Production Calculation No. H21Cosp#
Nine Mile Point Nuclear Station _ i ' ' ‘Revision 0
Unit 1 ' ; _ - - | : - : _ Page 6-9
_ Core cesium - gap release - 53.72 ~ g-mole A:ttachmeht' 1, Table 1-2 .
Core cesium - EIV release 21487 g-mole Attachment 1, Table 1-2 .
. 1] + .
Csl - gap reléase . 6.84 g-mdle fraction iédine release in form of Csl -
Csl - ElV release - 3422 ° g-mole  fraction iodine release in form of Csl
CsOH -'gap release 46.88 "g-mole, :
CsOH - ElV release ’ 180.65 g-mole :
Gap release: onsetf , 2 ~ minutes Fjieg Guide 1.183 (maih body Ref. 7.10.2)
. Gap release duration 30 ‘minutes  Reg Guide 1.183 (main body Ref.7.10.2)
EIV duration ; 90 minutes Reg Guide 1.183 (main body Ref. 7.10.2)
i o isuppression .
: cumulative @ pool - cumulative
Time CsOH | volume CsOH
: ~(Hr) (g-mole) | . (liter) - (g-mole/)
_ ; onset ~ 0.033 0.00 | 2,259,685  0.00E+00 -
end of gap release 0.533 46.88 . 2,259,685  2.07E-05
. 1.000 103.08 ' 2,259,685  4.56E-05
.end of EIV 2.033 22753 ' 2,259,685 1.01E-04

j
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_ Attachment 6 : . Table 6-6 Effect oi LPS Addmon Calculatlon No. H21C08# ¥
Nine Mile Point Nuclear Statlon on Post-LOCA Suppressmn Chamber pH A Revision 0 -
‘Unit 1 i ) _ - Page 6-10
| . S | .
. Buffering by Liquid Poison System 5

s : | -

Nominal LPS pump flow rate 30 gpm . Design Input 4.12

Min LPS in_jection tank volume - 1,325 gal Design Input 4.12

Max LPS temp . .+ 105 °F Design Input 4.12

Min LPS temp . L 70  °F ~ Design Input 4.12

- LPS SPB concentratlon by weight . i 9.423% Design Input 4.12

Specific gravity : C1.0 © Design Input 4.12

Water density at max LPS temperature 6193 Ref. 7.18 .

LPS solution density at max temperature i 6193 lbm/t® - :

Final supp}ession pool temp (bounding) . 200 °F

. I :

Boric acnd K ' 1.30E-09 at. 200 “°F

MW sodium pentaborate (NazB,0015'10H20) ' 585.984 . Design Input 412

Volume sadium pentaborate Y - AT

Mass sodiUm pentaborate . 1,0336  Ibm

Mass sodium pentaborate o © . 800.1 g-mole

Unbuffered pH S 344

Unbuffered [H") : - 3.673E-04 g-mole/l A

Suppression chamber water volume . 2,259,685 liter

Equivalents unbuffered [H*] © . 8299 g-mole

FinalpH v 7.9

Time to inject boron : © 442 - minutes




Attachment 6 ~

Nine Mile Point Nuclear Station

Unit 1

]
l

Table 6-7: Gamma and Beta Radiation Dose

i

used to Determlnle Post-LOCA pH

A

Calcufation No. H21C_08¢'4

Revision 0.
Page 6-11

gamma dose beta dose |
Torus Drywell & ' |
Water Wetwell Drywell ;
TID @ TID @ TID @ ! ) : .
Time | 1850 MWt | 1850 MWt | 1850 MWt | .- Source for y Values Source for § Values
{hr] [rad] __[rad] [rad] ; ] L
N : : ,
0.034 1. 5E+04 3.5E+04 1.0E+06 linear interpolation linear interpolation
0. 534T 2.4E+05 S5.5E+05 | 1.6E+07 ] ' linear interpolation linear interpolation
1 SAERO5|%1. 03564067 | 231014EX07:] . Attachment 2, Table 2-2 | Attachment 2, Table 2-1
2 7.4E+05 1.6E+06 4.5E+07 ]! log-log interpolation log-log interpolation
2.034 7.5E+05 1.6E+06 4.6E+07 | ' fog-fog interpolation log-log interpolation
3 . 9.9E+05 2.0E+06 5.7E+07 log-log interpolation “log-log interpolation -
4 | 1.2E+06 2.4E+06 6.8E+07 '] : log-log interpolation - log-log interpolation
5 2.8E+06 7.7E+07 | log-log interpolation log-log interpolation
6 Z|I3150EF064] 8.6E+07 | ! Attachment 2, Table 2- 2 log-log interpolation
7 3.3E+06 9.4E+07 " | © log-log interpolation log-log interpolation
-8 1.9E+06 3.5E+06 1.0E+08 } ! log-log interpolation log-log interpolation
9 2.0E+06 3.6E+06 1.1E+08 ]! log-log interpolation __log-log interpolation
10 2.1E+08 3.7E+06 1.2E+08 | log-log interpolation log-log interpolation
11 2.2E+06 - 3.8E+06 1.2E+08 ]! log-log interpolation log-log interpolation
12 . 2.3E+06 3.9E+06 1.3E+08 |. log-log interpolation log-log interpolation
13 2.4E+06 4.1E+06 1.4E+08 }! log-log interpolation log-log interpolation
14 2.5E+06 4.2E+06 1.4E408 |. log-log interpolation log-log interpolation
15 2.6E+06 4.2E+06 1.56+08 |' ° log-log interpolation log-log interpolation
16 2.7E4+06 4.3E+06 1.5E408 ]i log-log interpolation log-log interpolation
17 2.8E406 4.4E+06 1.6E+08 [: log-log interpolation log-log interpolation
18 2.8E+06 4.5E+06 1.6E+08 |: log-log interpolation log-log interpolation -
19 2.9E+06 4.6E+06 1.7E+08 ]! log-log interpoiation log-log interpolation
20 3.0E+06 4.7E+06 1.7E+08 |}. log-log interpolation log-log interpolation
21 3.1E+06 . 4.7E+06 1.8E+08 ] - log-log interpolation log-log interpolation
22 3.1E+06 4.8E+06 1.8E+08 }i log-log interpolation log-log interpolation .
23 3.2E+06 4.9E+06 1.9E4+08 ]. log-log interpolation log-log interpolation
24 |431282E506.|E4'950E306%] 1.9E+08 |’ Atlachment 2, Table 2-2 log-log interpotation
28  3.6E+06 5.2E+06 J#2921E%083], log-log interpolation Attachment 2, Table 2-1
48 4.7E+06 6.1E+06 2.4E408 || log-log interpolation log-log interpolation
72 " 5.8E+06 .| 6.8E+06 | 2.7E+08 | log-log interpolation log-log interpolation
- 96 6.7E+06 7.5E+06 2.8E+08 |l log-log interpolation log-log interpolation
120 - 7.5E+06 | - 8.0E+06 3.0E+08. |i - log-log interpolation log-log interpolation
144 8.2E+06 8.4E+06 3.1E+08 |, log-log interpolation log-fog interpolation
168 8.9E+06 8.8E+06 3.3E+08 |}i log-log interpolation log-log interpolation
192 9.5E+06 9.1E+06 3.4E+08 | log-log interpolation jog-log interpolation
216 1.0E+07 9.5E+06 3.5E+08 || log-log interpolation log-log interpolation
240 1.1E+07 9.8E+06 3.5E+08 |  log-log interpolation log-log interpolation
- 288 '1.2E+07 -1.0E+07 3.7E+08 |' log-log interpolation _log-log interpolation
338 1.3E+07 | 1.1E+07 3.8E+08_ || log-log interpolation log-log interpolation
384 1.4E+07 1.1E+07 4.0E+08 [ log-log interpolation log-log interpolation
432 1.4E+07 1.2E+07 4.1E+08 log-log interpolation log-log interpolation
480 1.5E+07 1.2E+07 4.2E+08 log-log interpotation log-tog interpolation
528 || 1.6E+07 " 1.2E+07 4.3E+08 | log-log interpolation log-log interpolation
576 1.7E+07 1.3E+07 4.4E+08 | log-loginterpolation’ log-log interpolation
624 1.7E+07 1.3E+07 4.4E+08 | Iog-,log interpolation log-log interpolation
4.5E+08 _log-log interpotation log-log interpolation
4 6E+08 Attachment 2, Table 2-2 log-log interpolation

345+08f§[ Attachment 2 Table 2- 2

Attachment 2, Table 2-1




Attachment 6 . . _ Table 6-8: Post-LOCA Suppresslon Chamber Water Calculation No. H21C082 4
_Nine Mile Point Nuclear Station . Yemperature Response ' - - Revision 0
Unit 1 ! ’ : : Page 6-12
i
1 : . . : t
!
. From Data (Ref.7.65) =~ = | . Used for pH Analysis
, © Time Post-LOCA Temp | Time Temp
' (sec/days)* (hn) - R . I 7] R
| ey S OIRRe ; ’ V] 85.0
: 4%: 0.034 127.3
0.534 149.9
. 1 155.3
: 2 159.1
) 2.034 159.2
' 3 159.9
' 4 158.9
' 5 158.7
g’ 6. 158.7
; 7 1587
8 158.7
9 158.7
10 158.7
; 1 158.7
' 12 158.7
13 158.7
. 14 158.7
: 15 158.7
. 16 158.7
' 17 158.7
18 158.7
19 - 1587
i 20 158.7
. 21 158.7
' 22 158.7
: 23 1587
. 24 158.7
28 158.7
: 48 168.7
: 72 - 158.7
; 96 158.7
120 158.7
: 144 158.7
, 168 158.7
, 192 "158.7
' 216 158.7
) 240 158.7
288 158.7
336 158.7
| 384 158.7 |
.7, 432 - 1587
: 2 48 158.7, 480 158.7
. 3 72 . 1587, 528. 1587
' 4 96 158.7 . 576 158.7
t 5 120 158.7, 62‘} 158.7
: -6 144 1587 - 672 " 158.7
| 7. 168 158.7, 720 158.7
8 192 158.7
9 CL218 158.7
10 . 240 158.7 | _
12 288 15837 The shaded values are taken
14 .336 158.7 - (from Reference 7.6.5 (Design |
15 360 158.7 . [lnput4.15). Otherother
384 " 1587 values are either interpolated
. 432 158.7 or extrapolated. .The fong
: ) 20 480 - 1587 term temperature is
| . 528 1587 maintained at 158.7°F.
576 . 158.7 :
{ . 25 - 600 158.7
;- : 624 - 1587
672 158.7
30 720 158.7

. + " '
* Seconds arethe units fort=0to =~ . ) . -
24 hours; days are the units lor | :
t=48 to 720 hours. ,
'

i
|

SP Temp
i

; o - b
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Attachmenté . Table 6-9: Post-LOCA Suppression Chamber Water Volumes Calculation No. H21C08% #
~ Nine Mile Point Nuclear Station . ~ _ ' ’ - Revision 0
Unit 1 ' S A Page 6-13 Final-
Parameter o Symbol Unit Minimum SC Mass | Maximum SC Mass Reference
=" Suppression Chamber Water (EC) - S ,
" {Suppression chamber water volume Vs B o ‘ . 79,800 . 86,000 " |Design Input 4.6
|Suppression-chamber water.temperature..| .. Tsc. | ...°F .. .. ...8 ___1_... .60 |DesignInput4.7
Suppression chamber pressure Pgsc ‘psia 14.7 ' 14.7 Design Input 4.8 B B
Density of suppression chamber water psc . | lom/t® C 6217 62.37 Ref. 7.18
Mass of water in suppression chamber - Msc Ibm 4,861,429 o 5,364,128 = Vsc'psc
Reactor Coolant System (RCS) |- . ] i B 1 -
RCS mass - - ‘ Macs Ris 501,500 - ) 501,500 Design Input 4.3
_ Post-LOCA (SC+RCS) ‘ ' - _ o .
ACSmass addedt0SC .~ | Macsu | Ibm o so1500 [0 RCS mass Indluded In 5 for min
Total water mass in SC ' Mpe_scr| Ibm 4,961,429 5,865,628 =Mgc + Macs :
Total volume of water in SC " | VeLsctot 3 79,800 94,040 = Mp(_sciot/ Psc
Total volume of water in SC Ve scitat | liters | 2,259,685 2,662,924 = Vp_ scot [ft°] * 28.31685 liter/ft

SP Mass
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: Attachment 7 S : | f ‘ . ~ Calculation No. H21C0o8Z %
» 'Niné Mile Point Nuclear Station . R . Revision 0

Unit1 E . _ _ oo N Page 7-1 Final

Document belng design-verified: 4 apcp o Cal"c o Spec QNER 0QODBD O Other
. a ”L I/ 9/%' ' i
Doc#, Hev ar)d Title:- H21008[?‘Rewsnon 0, "Post-LOCA Suppressnon Chamber (Torus)
': - Water pH Analysis"

- Extent of Desngn Verification (Briefly describe):
A detailed review of the calculat:on was performed by the mechamcal raduologlcal and

chemis try d|sc»p||nes : I :

[

Method of Design Verification:

Design Review Q0 Qualification Testing

Q Alternate Calculations - Q Applicability of.Proven Design
Results of _Désign Verification: o |

"M Fully acceptable with no issues identifjed ' ‘ .
O Fully acceptable based on the following issues identified and resolved:

' Q Continuation Page Follows -

Discipline Involvement and Approvals: = |

Lead Design  Matthew B. Cooper ol
verter: 5 MZ@W Wlafey

v

Name S Signature : Date

Discipline Design Verifiers, if required:

Chemistry ' Jeri C. Penrose’ ; i2-27- 04
Radiological ~ W. Joseph Johnson )
Discipline — ) Name o " Signature ' Date
: , : ' NEP-DES-07
! : ) ] ) ) Rev 04




