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ﬂ ,PURPOSE
! This instructlon prov:des two methods to estlmate reactor core damage

- ,Method #1 prowdes methods or indlcat:ons of reactor core damage whlch

may be utilized during the event. This method primarily utilizes increased -
radiation-levels from the Containment (X) andlor Drywell (DW) detected by

. the “Post Accident Radiation Montors* (D19).

: Method #2 pmwdes a manual method to estimate the extent of core. b

damage. This method is based upon lodine-131 and Cesium 137

- concentration in the reactor coolant, and Xenon-133, Krypton-85 and
~Hydrogen in the Containment atmosphere Core damage is :
- determined/verified via calculated activity ratios of several |sotopes and
- - the presence or absence of hydrogen. This method relies on samples of

S reactor coolant and/or other designated samples. Method #2 is best -

1.4 {'

- core damag e
Method #o

utilized at the conclusron of the event to more a curately esttmate reacto

Radiation levels as indicated on Drywell andlor Contamment D19 radlatlon'r

monitors are compared agalnst Attachment 1

E Attachment 1 mustrates dose pmjectlons for vanous reactor core states

Curve #1 is a projection for 100% Inventory Release, 100% Fuel Damage f

- and potential core melt. Curve #4 is based upon No Clad failure, 100% -

Coolant Inventory Release. Attachment 1.is used asa referenoe to :

' estxmate the percentage or type of core damage RS

‘,'t,.}‘ m(‘_"( " P
l.-_\ M e

lIn conjunchon wnth the instructlon "Gross Claddlng Failure (ONI-J1141)
| Process Radiation Monitors (D17s) on Main Steam Lines, and ‘Area Radiation
“| Monitors (D21) in Containment and Drywell can also be utmzed as md‘ cators of

| core damage. -

3 3of23
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12 Method #2

This method is based upon lodme-131 and Cesium 137 concentration in
the reactor coolant, and Xenon-133, Krypton-85 and Hydrogen in the
Containment atmosphere. Core damage is determined/verified via

calculated activity ratios of several isotopes and the presence or absence

of hydrogen.

"| coolant samples may have to be shipped off site for accurate analysis.

NOTE

Method #2 is bést suited for estlmatmg the extent of the core damage at the
conclusion of the event. A sample of reactor coolant taken early in an event
may generate results not representative of core conditions. Additionally reactor

. Analyses in thls procedure are based upon fission ‘product inventories in
- the core of a Reference Plant. A BWR 6 with Mark IIl containment was

used as the reference plant, operating at 102% of rated thermal power for

1095 days (3 years). Specifications of the Reference Plant vs. Perry
Nuclear Power Plant (PNPP) are considered to be equivalent for the

purposes of this procedure and any slight deviations in comparison to the
uncertainties of fission products release fraction and other assumptions is

insignificant.- Either of these methods are qualitative in nature and are to
be used as an estimate of fuel clad failure, fuel overheat, or fuel melt.

2.0  SCOPE

The use of Process’ Radiatron Monltors (D17) on Marn Steam Lines, D19
or Area Radiation Monitors (D21) in Containment and Drywell can be
utilized as mdlcators of core damage '

L T il il B kit L 0

' NOTE

D17s on the Main Steam Lines should only be utilized for a core damage
indicator if the Main Steam Isolation Valves (MSIVs) ara not shut.
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E EPl-B13 and ONl-J‘l 1-1 can be utillzed to pro;ect the extent of core -

damage during the early phase of an accident. EPI-B13 also provldes

‘methods to estlmate the extent of core damage m an accldent

DEFlNlTlONS e

Core Damage Cateqones

No damage refers to a condltlon in whlch no posutlve lndlcatlon of core -
damage has been detected. Fuel cladding temperatures are below 1500°F

~and fission product releases are limited to radionuclides normally present

in the reactor coolant Thls lncludes small plnhole defects prevsously
ldentlﬁed : T

| Cladding damage isa degrada’aon of the fuel claddlng resultmg in the
~ release of fission products normally present in the fuel rod gap. Significant

cladding damage s expected to begln at temperatures of approxrmately
1500°F. i S , -

Fuel Melt (0verheat|ngidamage) occurs when fuel temperatures rise to
approximately 2200°F and ﬁssron products are released from the fuel
pellets themselves T ‘ , y S

Reference Plant Specuf catlons

BWR 6/Mark Ill ‘
- Rated Thermal Power (1 00% 1 102%) 3579/ 3650 MWt
‘Number of Fuel Bundles .. - 748 Bundles '
Reactor CoolantVolume - .~ 246X 10 ‘ml -
Suppression Pool Volume - .- if . 3.6Tx 10 ml
_ Total Primary Coolant Volume =~ . 3.92x 10 .ml .
- Drywell Atmosphere Volume R 777x10 Lo

Contalnment Atmosphere Volume ~ 3.25% 10 cc
Total Atmosphenc Volume 4 0 X 10 cc

3* 50f23
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NOTE .

This is a quick and rough estimate of core damage.

Dose rate at the D19 Containment Radiation Monitor (Attachment 1)
provides theoretical curves of gross gamma dose rate versus time for a
range of potential source terms. To determine the meaning of the
measured dose rates:”

1. Obtain the time after reactor shutdown and Contamment dose rate

reading.

2. . Locate the intersection point of the dose rate and time after
shutdown on the graph -

) EPI- B13
| Title: . Use Category:
: Determmatlon of Core Damage 1 -+ In-Fleld Reference
: *._ | Revislon: Page
Under Acc1dent Condltlons N '60f23
4.0 EB_(&ED_U&E_D_EALL_S_
41 Resp_nsm!hties :
411 Core Thermal H\Ldl.'au'lics Engineer
Utilize Method 1 or Method 2 and provide the results to the Radiation l
Protection Coordinator or Emergency Coordinator as soon as available. .
4.1.2 Post Accident Sampling Teams'
Collect and analyze reactor coolant and/or containment atmosphere
samples in accordance with SOI-P87, “Post Accident Sampling System”
and CHI-0053, “Operation of the Gamma Spectroscopy System”.
42  Actions |
Aclions ,
Assessment of Core Damage Based on Containment Dose Rate
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3. N :'Determlne the percent fuel mventory released to the Contamment

- (X) air corresponding to the measured dose rate. Interpolate B
between curves for-a closer estimate. Relate the percent fuel

- inventory released to the appro)clmate source and damage estlmate
: as lndlcated below : c ,

- 7% Fuel

7 The curves represent dlrect readlngs from the Contarnment Post Accudent .
Radiation Monitors (1D19-N200A&B), at elevation 689 feet, inside containment.
| The curves account for the finite Containment volume seen by the detector but -

do not account for any physical or shleldmg charactenstlcs of the momtor or.
callbratlon uncertalntles

. Inventory
,Curve ~ Released CoE
No. - Estimate V'V'Aggroximate Source and Damaqe o
1 100 1 5100% Fuel Damage potentral core': g
oo melt C e
2 10 S VZTotaI clad failure core partlally
o e e e ’~:uncovered 7 |
3. 1 Approxrmately 10% clad fallure
4 R Ar:_:[rj_100% coolant release |
NOTE1 ' IR '

" | The curves assume that only a|rbome noble gases and iodlnes are signlfcant '
Sprays (if used) would make the.iodine and any particulate contribution -

- | insignificant. However, particulate plateout on surfaces and direct shine doses

from components may make the readings unreliable. The calculation of monitor

response does notinclude any particulates, since the noble gases and iodine .

- NOTE 2

are ther most significant oontrlbutors to dose ra’te ln'the Contalnment.i -
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| NOTE3

100% Fuel lnventory 100% Noble Gas 25% lodine.

NOTE 4

If the radiation levels from the Containment Post Accident Radiation Monitors,
(1D19-N200A&B) are below the maximum radiation levels predicted for releasa
of 100% of the normal operating coolant activity, including the maximum
allowable iodine spike, it is assumed that no core damage exists.

NOTE 5 .
See ONI-J11-1, “Gross Claddmg Failure™ for additional claddlng failure

|indicators. '

NOTE 6

Attachment 2 (eroonlum-Water Reaction Calculation) may be completed if the
Hydrogen Monitoring System is operable, and registering hydrogen

- concentrations. This calculation-generates the % of cladding reacted.

NOTE 7 - 4
Per RTM 96 (NRC Response Technical Manual), if the Hydrogen concentration:

is 2 2%, cladding failure may be indicated.

. 422 Assessment of Core Damage Based on Samle Results

1. Collect and analyze the' post accident samples utilizing SOI-P87, |

“Post Accident Sampling System” and CHI-0053, “Operation of the
Gamma Spectroscopy System”, Use the time of reactor shutdown

A for sample time to achieve the correct decay time.




"PERRY NUCLEAR POWER'PLAN'T', e
, o UseCategory' :
Determnnatlon of Core Damage L - in-Fleld: Reference
Under Accndent Condltlons E ,. :-L 5“,“‘?‘9“ RN L,

2. - ‘Usmg the Power Correctxon Factor Catculatlon equatlon P
"~ (Attachment 3), perform the following Power Correction Factor
" Calculation for each isotope to be itilized in core damage
“assessment on the data obtained in Step 1 (I-131, Xe-133, Cs-1 37
Kr-85). Multiply these correction factors by the decay corrected = -~~~
~uCifunit volume to normahze the actxvmes to the Reference Plant

Data Base
- Coﬂfec?l‘.’n Factor fdtts*oto;.)‘ie'fl"‘i A e
—1095)\
7 3651 1-e ‘
R s

T ? {%[1_; ijJé—,Aiij}‘, e

o Whee

] = Adgivenoperating period where the steady state of power

~ level variation is less than +20%. A minimum of 60 days o
' -of power correctlon must be performed B ,
. »'\i ) = ;;Decay Constant for lsotope i (day -1) (Ilsted on.
- . Attachment 1) o '7 ST
: Pj = Steady Reactor Power of operatmg penod j (MWt)
Tj ' =l,' Dura’uon of operatmg penodj (day)
‘Tjo = ‘Tlme between the end of operatlng penod j and the tame -

of last reactor shutdown {day) ThIS equals’ zero for
operatlng penod ammedlately pnor to accident

3651 = Average operatmg powet (MWt) for Reference  Plant

4095

Contindous opei’ation _time (day) for'Reference Plant
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A spreadsheet may be used tggerfonn the above calculatron

NOTE

3.

Utilize Activity vs. Core Degradation (Attachments 4 through 7) and
the normalized activities calculated in Step 2 to obtain the Upper

_ Release, Best Estimate and Lower Release values pertaining to

core damage. Record these results on the Estimate of Core
‘Damage Data Sheet (Attachment 8).

Perform “Activity Ratio for Noble Gases" calculations and “Activity
Ratio for lodines"® calculations (Attachment 9), using

non-normalized reactor water activities for each isotope listed in-
Attachment 9.

Determine the Best Estimate of core damage type by comparing
the ratios calculated in Step 4 to the Core Inventory and Fuel Gap
Ratios. A ratio equal to or greater than the listed Fuel Gap ratio
indicates cladding failure and a ratio equal o or greater than the -
Core Inventory indicates fuel melt. Record results on Attachment 9.

Complete the Zirconium-Water Reaction Calculatron
(Attachment 2). -

Hydrogen concentrations are obtained from Contarnment Hydrogen Momtonng
System or performed by grab sample analysis.

NOTE

7.

Utilizing all of the above information and/or calculations and the
following discussion, complete the Estimate of Core Damage Data

Sheet (Atta_chment 8), formulating the “Best Estimation of Core
Damage

Plant parameters/indications that should be considered along with
the analysis data include:

e The Ioss" ef reactor coolant velume below the TAF region.
(Top of Active Fuel) can result in cors overheat and
subsequent clad and fuel damags.
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e Thepresence o of hydrogen the result of a Zirconium - - Water -
" . reaction, without significant amounts of less volatile -
- elements, is Indlcatwe ofa clad overheat condltlon wrthout
,_fuel mett , e
e "r-The presence of unusually hlgh concentratlons of o
- - Strontium-92 and Lanthanum-140 or other low volatile =
~elements, such as Barium, Ruthenlum and Tellunum, |mphes
'rrsome degree of core mett o
50 RECORDS
- 5.4 Records'Hamil_i_ngf
‘Nong, :
5.2 Records Cagtur
~ The fol!owrng records are compteted/generated by thls docurnent
Quahty Records | 5 » | |
Power Correctlon Factor Calculatron (Attachment 1)
| erconlum Water Reaction Ca!culatron (Attachment 2)
Estrmate of Core Damage Data Sheet (Attachment 8) T
on—Quah Reoord o ﬂ :;“,;l,_ S
~ None T R
6.0 ~ REFERENCES = )
‘ ,Develogmental o

NEDC—33045P Revrsron 0, “Methods of Estlmatrng Core Damage in

A BWRs
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NEDO-22215, “Procedures for the- Determination of the Extent of Core -
Damage Under Accxdent Condmons

“NUS Drywell Radlatlon Plots and Téchnical Basns Dose Rate Plots”

- Memo# PY-NUSICEI-705

6.2

6.3

PY-NUSICEI-?OS letter dated 5/ 1 0/83

| Radloactlve Decay Data Tables, Davnd C Kocher 1981

USAR Table 6.2-5

'Imp_lementatio B |

CHI-0053 'Operatlon of the Gamma Spectroscopy System”
ONI-J11 1, "Gross Claddlng Fallure

RTM-86, USNRC Response Techmcal Manual

Commitments

L00053 All Sections | L02480 All Sections | L02481 All Sections
L02482 All Sections

7.0  SCOPE OF REVISION

Rev. 3

1 - Updated to new Writers Guide format.

2 .Replaced reference to cancelled RPI-1313 to replacement
instruction CHI-0053.

3. Updated reference to NEDC-3304P, “Methods of Estlmatmg
Core Damage in BWRs”.

4 Added reference to "NUS Drywell Radiation Plots and
Technical Basis" memo # PY-NUS/CEI-705, the basis of the
origination of Attachment 1.

5. Added Note 4, page 8,indicating no cladding challenge when
X/DW D19 indicate radiation levels are below projected levels
for 100% coolant release.

6. Added Note 5, page 8 indicating ONI-J11-1 “Gross Cladding
. ‘Failure for addltxonal cladding failure indicators.
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7. Referenced use of Hydrogen momtors and Attachment 2 as
- method to determine cladding activity %... -~ ~
'8.. ~ Added definitions in Section 3.1, clanfyrng core status .
9. Added a Note in Section 1.0' clanfyrng that reactor core coolant
- sampling should be performed at the conclusion of an event
- and may have to be shipped off site for analysis.
- 10. - Added notes to Attachment 1, explaining what each curve -
 represents. Notes are based upon procedure text
- - explanations. -
-11. . Added a Note in Sectlon 2 0 stating D17s on the Maln Steam ,
- Lines should only be utilized for a core damage indicator if the = -
, - Main Steam Isolation Valves (MSIVs) are not shut. . .
-12." Loose Parts monitoring has been elrmmated Reference to this
- system has been removed.
13.  Note number 7 in Section 4.2.1 added to reference “‘RTM 96
t Response Technical Manual (NRC) indicating possrble
, - cladding damage if 2% hydrogen concentration Is present..
14. Added Note 6, page 8, referencing Attachment 2
15. Updated commrtments to reﬂect PASS updates
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ATTACHMENT 1:" DOSE RATE AT CONTAINMENT MONITOR B
Page 1 of 1 :
S : 1 . 0 . 100 ‘
Curv ' 2 3 4 55780 2- 3 4 56769 2 3
13073 |:\V entory re‘ease' ‘ ' 1e7 ! 1 ¥ nrrivry ! ] rFvritt ‘ LI |}
100% Fuel Damage, potential " , o
core meit, — —p 168 - — ‘ .
urve 2 C ' : . _ 4- L
10% Inventory release, > s \\ .
- Total clad failure {100%), core , , ' L
partially uncovered. \ -
1E4 —
e o
Curve 3 T T~ '
* 1% Inventory released, s% €9 — —~ -
Approximately 10% clad §E . it
failure. o — - 3
12 Sy 12
3 3
Curve 4 1€l ' lElf
No clad failure, 100% coolant - 3. ———. _ 3
inventory release. e R
‘ j=-=.\~. 10
.. 3 \._ ‘ : 3
e - L1 1 1111 L 1 11 att e LJJHHl,E.,
; 2 3 450789 2 3 4567089, 2 3 456789
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ATTACHMENT 2: ZIRCONIUM WATER REACTION CALCULATION

Page 1 of1

Hydrdgen;c;orncéntratjon:‘ _ . 7/

Calculation: .~ -

% H (Fzr) X (Mg )x (C)

[( 2r)X (Mzr)x (C)] V

" WHe_re:"

Datemme ::‘I' _

X 100f‘ E

- .Fzr = Fractlon cf ercomum Reacted

o My Total Mass of erconium

< o
1}

@ 42E6)x (AHZJ
(1 28E8) [ 28E6x%H2)

e ) e
2r = (128E8) (128E6x )

- :Fzr"

1 60ES5 Ibm -

SCF H2 per Ibm of Zxrconlum =8 SCF Hzllbm o
= Dllutlon Volume 1 42E6 [

BT RS

% Claddlng Reacted = Fzr X 100 = -
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ATTACHMENT 3: POWER CORRECTION FACTOR CALCULATION

Page 1of 1

~ Correction Factor for Isotope ™~

. -1095)\|
3651[1-e

: -AT
: ?{"f("" | ’]}

DEGAY

DECAY
ISOTOPE | CONSTANT | CORRECTED | CORRECTION | NORMALIZED
(A) ACTIVITY FACTOR (i) ACTIVITY
1131 '
Primary - 8.62E-2
Coolant
_ -Xe-133
‘| Containment 1.32E-1
Gas
Cs-137
Primary 6.29E-5
Coolant S
. Kr-85 . :
‘Containment | 1.77E4
Gas [ESRNE U
NOTE: Some isotopes will be difficult to analyze immediately following an

accident, specifically Cs-137 and Kr-85, which would be best utilized
for core damage estimates several weeks after shutdown, allowing
for sufﬁgient decay of the shorter lived interfering isotopes.




“

L
+

Pmcedure Number:

PERRY NUCLEAR POWER PLANT EPIB13
Tlﬂe: e Use Category: - -
f Determmatlon of Core Damage - In-Field Reference |
Under Accndent Conditions _fj o Re"'s‘°‘? 3 o3

. A'l’TACHMENTz;

IODINE—131 ACTIVITY vs CORE DEGRADATION

Page 1 of1
R
F - BUEL MELYOOWN - o
B T | UPPER RELEASE LIMIT S
- T BESTESTMATE - P
. e 'wasa RELEASE LT ,
- YF - s’
c i ’ - N
.! ) E o
& ,
‘ i :'lo,h— R
R <Y o
e F Ry
H i 7. 4
i 0 §
2 /
& Wk :
EF
B ¢ +
-E N
B
£ | -
- & : cuuomcnn.unt
L . . e -
g Wi UrrER RELEASEUM!T
- <
~IEST£$TIMA1'E ST
LOWER RELEASE umr
2 \ J:t - &
b 3 : '.fuonuuuumpwu
I S 777 - CONCENTRATION = **
. © - [NAEACTOR WATER o
/ UPERLNIT: | 290,Ci
y s NOMINAL: 0.7uCily
_ S 7, , n D
ol 1 Y. YT | 3 i3yl o g raaytl FEE MRl 91211
"X 1. v ° . - e E : :
SRR
N o - — ‘CWQINGFAILURE—————" o
7 ' [-——xruewnmu-———{




[

d

PERRY NUCLEAR POWER PLANT

e

- -Determination of Core Damage
~ Under Accident Conditions -

-+ Procedure Number: -
-] EPI-B13
Uss Category:
. In-Field Reference
~ [Revision: .. - Page
-3 18 of 23 -

X133 CONCENTRATION IN CONTAINMENT GAS WCi/e]
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