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FLORIDA POWER & LIGHT COMPANY

December 6, 1984
L-84-372

Mr. James P. O'Reilly

Regional Administrator, Region II
U. S. Nuclear Regulatory Commission
Suite 2900,

101 Marietta Street NW

Atlanta, Georgia 30323

Dear Mr. O'Reilly:
Re: St. Lucie Units 1 and 2
Docket Nos. 50-335, 50-389
Emergency Plan Implementing Procedures

In accordance with 10 CFR 50, Appendix E, enclosed is one copy 6f Emergency
Plan Implementing Procedure:

Number * Title .
1302 PSL Core Damage Assessment - Off-Site Emergencj
Organization ‘

" Two copies of the enclosed procedure have been forwarded to the Document -

Control Center by copy of this correspondence,
Very ‘truly yours,

Sads

J. W. Williams, Jr. . ‘ 3
Group Vice President

Nuclear Energy

JWH/RDM/Js

Attachment

'cc:-/;ocument Control Desk (2 copies of attachment)

Harold F. Reis, Esquire
PNS-L1-84-431-1

PEOPLE.., SERVING PECPLE
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Dickey PSL Iz R.R. Jennings

GO: J. W.
J.H. Francis Vault Custodian
J.E. Moaba : . C. Fierabend (NRC)
D.C. Poteralski

JB: S.G. Brain PSL 2: C.T. Hamilton
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F.G. Flugger N.T. Weems
F.P. Green G.E. Crowell (ISEG)
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FLORIDA POWER & LIGHT COMPANY

EMERGENCY PLAN IMPLEMENTING PROCEDURES PROCEDURE 1302

Rev 0
@ OFF-SITE EMERGENCY ORGANIZATION- :
' : PSL CORE DAMAGE ASSESSMENT Date 10/24/84

Page of

form 2719 (Noe $loctedlg

1 80

1.0 Title:
PSL CORE DAMAGE. ASSESSMENT - OFF-SITE EMERGENCY ORGANIZATION
2.0 Approval and List of Effective Pages:

2.1 Approvals

Emergency Planning Supervisor

S LL t9‘1L41&égv 45—  Chief Engineer Power

Approved by:

Plants 1|3 » 1984,
2,2 List of Effective Pages ' -
Page Date

1 through 8g inclusive 10/24/84
3.0 Scope:

3.1 Purpose:

"y
This procedure identifies the responsibility and methodology to perform ~
core damage assessment for St. Lucie Plant (both Units 1 and 2).
Methods \for estimating core damage assessment are based upon post
accident ralionuclide concentrations within the reactor coolant system
and contaimment, and auxiliary indicators, * including core exit
thermocouple, hydrogen, and containment high range radiation monitors.

An estimate of core damage can then be used to assist in evaluating
protective action recommendations, sever1ty of plant condltions and/or’
recovery plan operations. '

3.2 Discussion ~

The Off-Site Emergency Organization provides an -expanded emergency
response capability to assist the plant 1in administration,
conmunications, engineering, technical support, security, and public.
relations. This organization, which consists of the Emergency
Technical Manager "and his staff provides engineering and technical
support at the request of the Emergency Control Officer (ECO) and/or
Recovery Manager (RM). Specifically, this support includes estimating
core ‘damage, using the methodo]ogy provided in the appendix, to,
differentiate among four major fuel conditions. These are:

No Damage -

Claddi 8412110386 8412056 [

Fuel o’v’grﬁzglﬁ‘;es | PDR ADOCK 05000335 | | ’
g . F PDR | |

Core Melt - ’

| o ;
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5.0

"« 3.3

4.1

4.2

4.3

EMERGENCY PLAN IMPLEMENTING PROCEDURES PROCEDURE 1302
. . Rev, 0
OFF-SITE EMERGENCY ORGANIZATION
PSL CORE DAMAGE ASSESSMENT Date 10/24/84
FLORIDA POWER & LIGHT COMPANY '
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2 80

The .methodology attached is site specific and is based upon Combustion
Engineering Owners Group (generic) core damage assessment guidelines,

Authority

At the request of the ECO or RM, the Emergency Technical Manager will
direct his staff to perfonn core damage assessment using the applicable
guidelines in the attached appendix. The ECO or RM will request that
appropriate input parameters be provided by the plant in order for the
ETM's staff to perform the assessment,

.

Precautions

The assessment of core damage obtained. by wusing the attached

methodology is only an estimate, The techniques employed are only-
accurate to locate the core condition within one or more of the 10
categories of core damage described in the methodology. -

Core damage assessment using indicators that are-readily available
(e.g., containment high range radiation monitor) represent  only
preliminary estimates. Other plant indicators (e.g., radionuclide
concentrations) should be obtained to 1mprove upon estimation of core
damage.

Measurements obtained during rapidly changing plant conditions should
not be weighted heavily into the assessment of core damage. If deemed
necessary, these. pertinent indicators should be measured within a
minimun time period particularly during rapidly changing conditions.
It is recommended that measurements be made, if possible, when plant
conditions stabilize.

Responsibilities

5.1

5.2

5.3

5.4

The Emergency Control Officer or Recovery Manager will request the
Emergency Technical Manager to perfonn core damage assessment using the
methodology attached,

The Energency Control "Officer or Recovery Manager will request the
plant to prov1de appropriate data in order to perform the assessment,

The Emergency Technical Manager will direct his staff to perfonn core
damage assessment (when staffed accordingly) wusing the attached
methodology. i

The RM will use this 1nfonnat1on as deemed appropriate in evaluating
severity of plant conditions, protective action recommendations, and/or
recovery operations,

—— e m— o
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7.0

8.0

6.0 References

6.1 Turkey Point Plant Radiological Emergency Plan
6.2 St. Lucie Plant Radiological Emergency Plan

6.3 Procedure 1101, Outies of the Emergency Control Officer, Off-Site
Emergency Organization.

6.4 Procedure 1102, Duties of the Recovery Manager, Off-Site Emergency
Organization.

6.5 Procedure 1105, Nuties of the Energenc} Technical Manager, Off-Site.
Emergency Organization.

6.6 Appendix I, St. Lucie Units 1 and 2 Core Damage Assessment Guidelines,
Rev. 0, October 1984.

Records

A1l  information used to estimate core damage including appropriate
worksheets will be documented by the Emergency Technical Manager or his
staff designee,

Instructions

8.1 The ECO or RM can request that an estimate of core damage be perfonned
by the Emergency Technical Manager's staff, when deemed appropriate.
The ECO or RM will request pertinent data from the plant to perform the
assessment, . ‘

8.2 The Emergency Technical Manager will d1rect his staff designee to
perform the estimate using the methodology provided in the appendix.

3.3 The staff designee will perfonn the estimate using this methodology.
Available pertinent plant data needed to perfomm the assessment will be
prov1ded to the staff designee through the ECO or RM,

8.4 A1l pertinent data available should be used in estimating ‘core

© damage. This 1includes radionuclide data and auxiliary indicators

including core exit thermocouple, hydrogen, and containment high range
radiation monitor, ‘

8.5 Results in termms of fuel condition should be provided to the Emergency
Technical Manager and Recovery Manager (and/or Emergency Control
Officer) as timely as possible,

8.6 Updated estimates to, core damage may be requested periodically by the
ECO or RM as plant conditions change and/or stabilize. These updates
should be performed using the most recent available plant.data and the
methodo;ogy. Results should continue to be reported to the ETM and RM

or ECO ‘

Vemm ¢ e e — ——
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@ The core damage assessment methodology is divided into four main
sections. Each section contains its own table of contents and
l1ist of enclosures, A fifth section, summary of results, has’
been added as a gpldellne for a comprehensxve evaluation of

results.
INDEX

SECTION . PAGE
5, Radiological Analysis of Samples 1
B. Core Damage Assessment using Hydrogen 28
C. Core Damage Assessment using Core Exit 55

Thermocouple Temperatures -
D. Core Damage Assessment using Radxatlon ] 63 .

Dose Rates

c E. Summary of Results | 74
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SECTION A

RADIOLOGICAL ANALYSIS OF SAMPLES
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Source Inventory: The source inventory is the total
quantity of fission products expressed in curies of
each isotope present in either source; the fuel
pellets or the fuel rod gas gap.

4.9 PRECAUTIONS AND LIMITATIONS

4.1

The assessment of core damage obtained by using the
methodology in this section is only an estimate. The
techniques employed in this section are only accurate
to locate the core condition within one or more of the
19 categories of core damage described in Enclosure
Al. The methodology is based on radiological. data.
Other plant indications may be available which .can.
improve upon estimation of core damage. These include
incore temperature indicators, the total quantity of
hydrogen released from zirconium degradation and
containment radiation monitors. Whenever possible. -:.-
these additional indicators should be factored into
phe assessment. -

The methodology in this.section relies upon samples .
taken from multiple locations inside the containment
building to determine the total quantity of fission

- products available for release to the environment.

The amount of fission products present at each sample

-location may be changing rapidly due to transient

plant conditions. Therefore, it is recommended that
the samples should be obtained within a minimum time
period and if possible under stabilized plant
conditions. Samples obtained during rapidly changlng
plant conditions should not be weighed heavily into
the assessment of core damage.

A number of factors influence the reliabilxty of. the
chemistry samples upon which this section is based.
Reliability is influenced by the ability to obtain
representative samples due to incomplete mixing of the
fluids and equipment limitations. The accuracy
achieved in the radiological analyses are also
influenced by a number of factors. The equipment
employed in the analysis may be subjected to high
levels of radiation exposure over extended periods of
time. Chemists are recommended to exercise
cousiderable caution to minimize the spread of
radiocactive materials. ‘Samples have the potential of
being contaminated by numerous sources and they may
not result from a uniform distribution of the sample
fluid. Cooling or reactions may take place in the
long sample lines. Therefore, the results obtained
may not be representative of plant conditions. To
minimize these effects multiple samples should be
obtained over an extended time period from each
location, conditions permitting.

-5
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PURPOSE

This section provides a method under post-accident plant

emu,

isotopes measured in samples obtained from the Post
Accident Sampling System (PASS). There are three factors
considered in this section which are related to the
specific activity of the samples. These are the identity
of those isotopes which are released from:'the core, the
respective ratios of the specific activity of those
isotopes, and the percent of the source inventory at the
time of the accident which is observed to be present in the
samples. The resulting observation of core damage is
described by one or more of the ten categories of core.
damage in Enclosure Al.

REFERENCES

2.1 Development of the comprehensive procedure guidelxne-
for core damage assessment, CE Owners aroup Task 467,
July 1983.

2.2 Post Accident Samplxng System Operating Procedures.
I-C-112, PSL-1 and 2-C-113, PSL-2.

DEFINITIONS

3.1 Fuel Damage:. For the purpose of this methodology,

- fuel damage is defined as a progressive failure of the
material boundary to prevent the release of
radioactive fission products into the réactor coolant
starting with a penetration in the zircaloy cladding.
The type of fuel damage as determined by this
methodology is reported in terms: of four (4) major
categories which are:. no damage; cladding failure:
fuel overheat; and fuel melt. Each of these
categories is characterized by the identity of the
fission products released, the mechanism by which they
are released, and the source inventory within the fuel-
rod from which they are released. The degree of fuel
damage is -measured by the percent of the fission
product source inventory which has been released into
fluid media and therefore available for immediate
release to the environment. The degree of fuel damage
as determined by this methodology is reported in terms
of three levels which are: initial; intermediate; and
major. This results in a total of ten possible
categories as characterized in Enclosure Al.
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0 5.7 INSTRUCTIONS

5.1

Obtain the following plant indications and source of
indication. Record on Enclosure A2. Because of
transiént conditions the values should be recorded as
close as possible to the time at which the
radiological samples are obtained.

S.1.1 Reactor Coolant System:. SOURCE:

Pressure PSIG 7
H o

Temperature (Tavg) F

Reactor Vessel Level

Shows: (Full, Void or

Below Recorder)

Pressurizer Level . 3

5.1.2 Containment Building:

Atmosphere Pressure ) PSIG

Atmosphere Temperature Op

5.1.3 Prior 39 days Power History

POWER, PERCENT DURATION, DAY3

Estimated average power level during last 30 days:. 3

Estimated average power level during last 4 days: 3

5.1.4 Time of Reactor Trip

Date: Times.

5.1.5 Change in Refueling Water Tank (RWT) Volume
gal. Time: "

S.1.6 Change in Boric Acid Makeup Tank (BAMT) volume
gal. Time:

5.1.7 Safety Injection Tanks injected (yes/no):

Select the most appropriate sample locations required
for core damage asgessment using the guidelines

provided in Enclosure A3.

Obtain and analyze the selected samples for fission
product specific activity using the procedures for
Post Accident Sample System operation described in
Reference 2.2. Record the required sample data,
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corrected to Standard Temperature and Pressure (STP),
and time of sample collection on Enclosure A2, All of
the isotopes listed in the enclosure may not be
observed in the sample.

Correct the sample specific activity at STP for decay
back to the time of reactor trip which is recorded in
step 5.1.4 using the following equation., Enclosure A4
is provided as a worksheet. f

A
A =
(o} z
e~ At
Where: A, = the specific activity of the sample
corrected back to the time of reactor
trip, uci/ce. : .
A = the measured specific activity, -
. ueci/ece
N = the radioactive decay constant,
1l/sec. .
t . = the time period from reactor trip to

sample analysis, sec.
Identification of the Fission Product Release Source.

5.5.1 <Calculate the following ratios® for each noble
gas and iodine isotope using the specific
activities obtained in step 5.4. Enclosuras AS
is provided as a worksheet. )

Noble Gas Ratio = Noble Gas Isotope Specific Activity
Xe 133 Specific Activity

Iodine Ratio = Jodine Isotope Specific Activity
I-131 Specific Activity

5.5.2 Determine the source of release (gas gap or
fuel pellet) by comparing the results obtained
in step 5.5.1 to the predicted ratios provided
in Enclosure A5. An accurate comparison is not
anticipated. Within the accuracy of this
methodology it is appropriate to select as the
source of release that ratio which is closest
to the value obtained in step 5.5.l.

Quantitative Release Assessment

5.6.1 Calculate the total quantity of fission
products available for release to the
environment. Enclosure A6 is provided as a
worksheet.
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If the water level in the reactor
vessel recorded in step 5.l.1
indicates that the vessel is full, the

-quantity of fission products found in -

the reactor coolant is calculated by
the following equation:

Total ActiVitY' AT‘ RCS(Ci) =

Where:

5.6.1.2

5.6.1.3

Ao’(uci/cc) X RCS volume X 1.9 (-6)

A = the specific activity of.
the reactor coolant

’ . sample corrected to time
of Reactor trip obtained
in step 5.4, uci/cc.

o

'RCS Volume = in units of cc, the full’

reactor coolant system
water volume corrected to
standard temperature and
pressure using Enclosure
Ago - -

RCS Volume = Water Volume X aensity
ratio (Enclosure A8). -

SL1l Water Volume is 2.945
(8) cec .

SL2 Water Volume is 2.888
(8) cc

L.0 (-6) = Cifuci
If the water levels in the reaétor

vessel and pressurizer recorded in
step 5.1.1 indicates that a steam

void is present in the reactor

vessel, then the quantity of fission
products found in the reactor coolant
is also calculated by step S5.6.1l.1.
However, it must be recognized that
the value obtained will overestimate
the actual quantity released.
Therefore, this sample should be
repeated at such time when the plant
operators have removed the void from
the reactor vessel.

If the water level in the reactor
vessel recorded in step 5.1.1 is below
the low end capability of the indi-
cator, it is not possible to determine
the quantity of fission products from
this sample because the volume of

e m b enedr L on lum rrmem bt ot mrmmY mrvds sveprvde mrr T o
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unknown. Under this condition, assess-
ment of core damage is obtained using
the containment sump sample.
5.6.2 The quantity of fission products found in the
containment building sump is determined as
follows:

5.6.2.1 The water volume in the containment
building sump is determined from the
sum of the following sources as
applicable:

(gal) RCS Volume

+ (gél) the injected S.I.T.
tanks volume (step S5.1.7)
+ (gal) the Delta volume )

) change in B.A.M.T. (step 5.1.6)

+ (gal) the Delta volume
) change of the RWT
(step 5.1.5)

Sump Volume = _ (gal) Total gal X 3785
- ce/gal = __ . cc

Maximum Values in gallons for each unit from
applicable FSAR Ch. 6.

SL1l SL2
RCS Volume (cold)(gal) 58,300 - 57,400
Safety Injection Tanks 34,049 45,564

(SIT) volume (gal)

Caution: Values reported indicate
maximum volumes in applicable FSAR.
Water volume in containment building
sump is only appllcable in
recirculation mode. ’

5.6.2.2 The quantity of fission products in
the sump is calculated by the
following equation:.

Total Activity, A (Ci) = A
(UCL/CC) X Sump Volume ™ee) X 1.9°(-5)

Where:. A = the specific activity of the
containment sump sample corrected to
the time of reactor trxp obtained in
step 5.4, uci/cec. .
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5.6.3 The quantity of fission products found in the
containment building atmosphere is determined
as follows:

5.6.3.1 The volume of.gas in the containment *

building, at the time of the accident
is corrected to standard temperature
and pressure using the following
equation:

Gas Volume (STP) = Gas Volume X (P2.+ P)) X (T;,+ 439)

5.7

Py (T) + 460)
Where: [
Gas Volume = 7.096 X 19%9 cc

Ty, Py = Containment Atmosphere
temperature and pressure
‘recorded in step 5.1.2

To P2 = Standard temperture,
’ 329F, and Standard pressurn
14.7 psia.

5.6.3.2 The quantity of fission products (ci)
in the containment atmosphere is-
calculated by.

Total Activity Ap (ci) = Ao (?c%{cc) X
Gas Volume ?ETP,cc) X L.0'\"
Ci/uci)

= The specific activity of the
containment atmosphere sample
corrected to Standard Temperture
and Pressure and for decay to
the time of reactor trip.
(Enclosure A4)

Where: Ao

5.6.4 The total quantity .of fission products
available for release to the environment is
equal to the sum of the values obtained from
each sample location (liquid and gas).
Enclosure A7 is provided as a worksheet.

Plant Power Correction

The quantitative release of the fission products is
expressed as the percent of the source inventory at
the time of the accident. The“equilibrium source
inyentories are to be corrected for plant power
history.
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5.7.1 To correct the source inventory for the case in
which plant power level has remained constant
for a period greater than four radioactive half
lives the followxng procedure is employed.

--Enclosure A9 is prov1ded as a worksheet.

5.7.1.1 The fission products are divided into
two groups based upon the radioactive
half lives. Group L isotopes are to
be employed in the case where core
power had not changed greater than
+ 10% within the last 30 days prior
to.the reactor trlp. Group 2 isotopes
are to be employed in the case where
core power had not changed greater
than + 19% within the last 4 days
prior to the reactor trip

5.7.1.2 The following equation may be applied..:
to the fission product Group, which
meets the criteria stated in 5.7.l.l.-

|
\
\
|
1
Group 1L Power Correction Factor = ‘ ‘
Average Power Level For Prior 39 Days
199 ‘
|
|
|
\
|

Q' ‘ Sroup 2 Power Correction Factor =
Average Power Level For Prior 4 Days
» . ] 100

5.7.2 To correct the source inventory for the case in
. which plant power level has not remained
- ' constant prior to reactor trip, the following
equation is employed. The entire 30 days power
history should be employed.” Enclosure Al9 is
provided as a worksheet. -

Power Correction Factor = .

- “XNg.) a “A¢Q
jij Pd (1 e tJ) a tJ.

. 100

Where: Pj = Steady reactor power in period j
t: = duration of period j (sec)

J
t? = time from end.of period j to.
raactor trip (sec)

G A = decay constant (Enclosure A4)

-1l
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Comﬁarison of Measured Data with Source Inventory

The. total quantity of fission products available for
release.to the environment obtained in step 5.65.4
(Enclosure A7) is compared to the source inventory
corracted for plant power nistory obtained in step

.5.7 (Enclosure A9 or Al9). This comparison is made

by dividing the total quantity available for release
by the power corrected source inventory. Enclosure
All is provided as a worksheet.

Core Damage Assgsessment

The concluéign on core damage is made using the three
parameters developed above. These are:

1. Identification of the fission product isotopes

which most characterize 'a given sample, step 5.3.. . .

(Enclosure 3A2). ‘

2. Identification of the source of the release, step-
5.5 (Enclosure AS). .

3. Quantity of fission product available for releage
to the environment expressed as a percent of
source inventory, step 5.8 (Enclosure All).

Knowledgeable judgement is used’ to compare the .above
three parameters to the definitions of the 10 NRC

categories of fuel damage found in Enclosure Al. Core

damage is not anticipated to take place uniformly.
Therefore when evaluating the three parameters listed
above the methodology in this section is anticipated
to yield a combination of one or more of the 10
categories defined in Enclosure Al. These categories
will exist simultaneously. <

The type of core damage is described in terms of the

10 NRC categories defined in Enclosure Al. The degree

of core damage is described as the percent of the
fission products in the source inventory at the time
of the accident which is'now in the sampled fluid and
therefore available for release to the environment.






ENCLOSURRE Al '

RADIOLOGICAL CHARACTERISTICS OF NRC CATEGORIES OF FUEL DAMAGE ’

CHARACTERISTIC

' RELEASE OF CHARACTERISTIC

| | l l | |
| NRC CATEGORY OF | MECHANISH OF | SOURCE OF |, | ISOTOPE EXPRESSED AS A |
| FUEL DAMAGE | RELFASE |  RELEASE | 1SOTOPE | PERCENT OF SOURCE INVENTORY |
| 1. No Fuel Damage | Halogen Spiking .| Gas Gap | 1-131, Cs-137, | less than | |
| | Tranp Uranium | | Rb 88 | |
| 2. 1Inicial Cladding Failure| | Gas Gap | | _ Less than 10 |
| * | | | | | ' |
| 3. Intermediate Cladding | Clad Burst and Gas | Gas Gap | Xe-131m, Xe-133, | 10 to 50 |
| Failure | Cap Diffusion Release) |  1-131, 1-133 | ) |
| 4 Major Cladding Fatlure | 1 Gas Gap | | Greater than 50 |
| : l | | | |
| 5. Inirfal Fuel Pellet | : | Fuel Pellet | | Less than 10 |
| Ovcrhckflng |  Grain Houndary | | Cs-134, Rb-88 | |
| 6. 1latermedlate Fuel | Diffusion | Fuel Pellet | Te-129, Te=132 | 10 to S0 |
| Pellet Overheating | | | i |
| 7. Major Puel Pellet | Diffuslonal Release | Fuel Pellet | | Creater than 50 |
|_____Overheating | Prom U0, Grains | | | |
| 8. Fuel Pellet Melt | | Fuel Pellet | | Less than 10 |
| | . | | | |
| 9. Tatermediate Fuel | Escape from | Fuel Pellet | Ba-140, la-140, | 10 to 50 |
| prellet Melt . I Molten Fuel | | La-142, Pe-léd | ’ [
[10.  Hajor Fuel Pellet Helt | | Fuel Pellet | N | Greater than- S0 |
| | I l | |




. Change in volume of BAMT ‘ __gal. Time:
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ENCLOSURE A2 (sheet 1 of 2)

INPUT PARAMETERS (ref. step 5.1)

em o,

Unit:

Reactor Coolant System:

SOURCE:
Pressure PSIG _
. ® o .
Temperature (Tavg) , F
Reactor Vessel Level Shows Full
(Circle One) . . Void .
Below Recorder .
Pressurizer Level 3
Containment Building:
-Atmosphere Pressure _ PSIG
Atmosphere Temperature 3
Prior 30 Days Power History
Power, Percent . ' - Duration, Days
Estimated Average Power Level During Last 30 Days’ 3

Estimated Average Power Level During Last 4 Days "3

Time of Reactor Trip: Date: ' Time:.

Change in volume of RWT . " gal. Time:

SIT injected (yes/no):




we




_ENCLOSURE A2 (sheet 2 of 2) .

INPUT PARAMETSRS - RADIONUCLIDE DATA (ref. step 5.3)

UNIT:

SAMPLE NUMBER: .
SAMPLE LOCATION (RC3, SUMP, CONTALNMENT):
TIME OF SAMPLE COLLECTION:

MEASURED SPECIFIC ACTIVITY @ STP
ISOTOPE A(uCi/ce)

, ! (20 of 80)
|
\
|

Kr 87
Xe=131m
Xe-133 ; ‘ |
I-131 |
I-132
1-133 . _ _ ‘ — -
I-135 | ' “
cs-134 . ‘
Rb-88 - ’ -
Te~-129 ‘
Te-132
Sr-89
Ba-140
La-140
La-142
Pr-144

NOTE: NI means not identified

Performed by:

Date:






ENCLOSURE A3

SAMPLE LOCATIONS RECOMMENDED FOR CORR DAMAGE ASSESSMENT (ref. step 5.2)

Tube Rupture

| | | | | | “suuToowN | STEAM

| ACCIDENT SCENARIO | RCS | RCS i CONTAINMENT | CONTAINMENT |  COOLING |{ GENERATOR
| KNOWN | Hot 1EG | PRESSURIZER | sump ¥ | ATMOSPHERE | SYSTEM | SECONDARY
| Small Break LOCA, | Yis | YES - | -— YES | YES | -

| Reaétor Power D12 | | ] | | |

| Small Break LOCA, |. YES | YES | - | —-— | YES | ——

| Reactor Power <1X | | | | | |

| Small Steam | YES | YES | — | —— | ——— | -

| Line Break 1 ] ) | | |

] Large Break LOCA, I YES i -~ ] YES | YES | YES I -

| Reactor Power >1X | | | h | | |

| Large Break LOCA, | ——— | —— | YES | YES | YES | ———

| Reactor Power <1X | | | | | ' |

] large Steam ] YES | - | -— ] YES ] e | -

| liue Break | | | | | |

| Steam Generator | YES | -~ | - - | YES | -— | YES

| | l | | I I

* available only on recirculation

(0g 30 12)







RECORD OF MEASURED SPECIFIC ACTIVITY (DECAY CORRECTED) . |

UNIT:
TIME OF REACTOR TRIP,
SAMPLE NUMBER:

SAMPLE LOCATION (RCS,
TIME OF SAMPLE COLLECTION:

ENCLOSURE A4 (REF. STEPS 5.3 AND 5.4)

.o,

ENCLOSURE A2:

SUMP, CONTAINMENT):

Performed by:

Dates:.

NOTE:

: NI means not identified

Y,

DECAY MEASURED SPECIFIC DECAY CORRZCTED
CONSTANT. ACTIVITY @ STP. SPECIFIC ACTIVITY,
ISOTOPE A(1/sec) A (uci/ce) Ao (uci/ce)

Kr 87 1.5 (-4)
Xe 131lm 6.7 (-7)

Xe 133 1.5 (=5) -
I 131 9.9 (=7)
I 132 8.4 (=5)
I 133 9.3 (-6)
I 135 2.9 (-5)
cs 134 l.1 (-8)
‘IRb 88 5.5 (-4)
Te 129 1.7 (-4)
Te 132 2.5 (=6)
 Sr_89 1.6 (=7)
| Ba_ 149 6.3 (=7)
La_140 4.8 (-6)
La_ 142 1.2 (-4)
Pr 144 6.7 (~-4)

Ao = A , where A and '\ are as above, and t = time period in
e~ M\t seconds

\
|
|
from reactor trip to sample collected. o






. . =
ENCLOSURE A5 (ref. step 5.5)
RECORD OF PISSTION PRODUCT RELEASE SOURCE IDENTIFICATION
Unit: ,
Sample Number:
location: . 5
| | DECAY CORRECTED | | Activity Ratio | AcTIVITY RaTIO | IDENTIFIED
| |  SPECIFIC ACTIVITY | - CALCULATED | FUEL PELLET | IN GAS GAP | SOURCE (GAS GAP|
|___ISOTOPE__ | (ENCLOSURRA4), uci/cc | TSOTOPE RATIO* | - INVENTORY** |  INVENTORY ** | OR FUEL PELLET)|
| Kr 87 | | | 0.2 | < 0.001 | |
| Xe 13lm | | | 0.003 | o0.001 - 0.003 | |
I__Xe 133 | | 1.0 l 1.0 | 1.0 | NA I
. A} | | 1.0 | 1.0 | 1.0 | NA |
| I 132 | | | 1.4 | o0.01 - 0.05 | |
| 1133 | | | 2.0 | 0.5 - 1.0 | |
i 1135 | | | ;1.8 | 0.1 - 0.5 i |
NA = NOT APPLICABLE
bad Noble Gas Ratio = Decay Corrected Noble Gas Specific Activity
Decay Corrected Xeil33 Specific Activity
Todine Ratio = Decuy Corrected Yodine Isotope Specific Activity
- Decay Corrected I-131 Specffic Activity ~
. w
** Table 3.3 of Reference 2.1 S;
Performed By: ' E?

Date:
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ENCLOSURE A6 (Sheet 1l of 2)

QUANTITATIVE RELEASE ASSESSMENT WORKQHBET (ref. step 5.5)

RCS ACTIVITY (AT res)

RCS T OF (ref. step 5.1.1, Enclosure A2)

avg

Vessel Level Indication (Full, Void, Below Recorder)
(ref. step 5.1.1, Enclosure A2)

IF FULL OR VJID, perform the following calculation for
each i1sotope measured:’

Ap, RCs (c;) = Ao (uci/ce) X RCS Volume X 1.0 (=6) (Ci/uci)

Where:. Ao = decay corrected speclfic activity of RCS sample
(Enclosure A4) . -

RCS volume = Water Volume X Density Ratio at RCS
Tavg (Enclosure A8). PSLlL water volume is 2.945 (8)
cc and PSL2 water volume is 2.388 (8) cc.

Enter results in Enclosure A7 (AT, RCS)

IF BELOW RECORDER, Use Containment éum§NCalcu1ation Below.

SUMP_ACTIVITY (Ap, gymp)

Determine sump water volume by adding the following (ref.
step 5.6.2).

SL1 " L3

RC3 Volume = -~ gal 58,300 57,490
SIT Injected Volume = + gal 34,749 ~ 45,564
BAMT Injected Volume = + gal (Enclosure A2)

RWNT Volume Change = + gal (Enclosure A2)

'Vs = Total Sump Volume = gal x 3785 cc/gal= ce
Ap, sump = A, uci/cc) X Vs X 1.0 (=6) (Ci/uci)

Where A, .= decay corrected specific activity of suMPp
sample (Enclosure A4)

Enter results in Enclosure A7 (AT, §ump)

-






’ ¢ - L2
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ENCLOSURE A6 (Sheet 2 of 2)

CONTAINMENT ACTIVITY (Ap oone)

- Calculate Containment Volume in cec, including pressure and
temperature corrections (Ref. step 5.6.3)

Vo = Containment Volume (ce) =

7.096 (10) X 14.7 + P1L X 32 + 460
14.7 TL + 460

Where: Pl = Containment pressure in psig (ref. step 5.1.2,
Enclosure A2)
T1 = Containment temperature in °F (ref.
step 5.1.2, Enclosure A2)
Ap, cont = Ao (uci/ce) X Vg X 1.0 (-6)

" Where:. Ao = decay corrected specific activity for
) containment sample (Enclosure A4)

Enter results in Enclosure A7 (Ap, cont)

Performed by:

Date:
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0 ‘ BI(IDSURE A7

RECORD OF CORE RELEASE INVENTORY (ref. step 5.6.4)

@na,

UNIT:

REACTOR QOOLANT QONTAINMENT SUMP CONTATNMENT
SAMPLE NUMBER, SAMPLE NUMBER, + ATMOSPHERE SAMPLE | TOTAL

+ =
: (ci), (ci) NUMBER, ! (ci) QUANTITY
ISOTOPE (g&mﬁm AS) ?&%RE A6) (mcr.g&mgogg) - (zi)

Kr 87

Xe 13lm

Xe 133

, I 131

I 132

133

I
-T 135
Qs 134

Rb 83

Ta 129

Te 132

Sr 39

Ba 149

La 110

La 142

Pr 144

Total Quantity (Ci) = Ap geg + Ap, suve * Ap, cowr

Performed by:
' GDaté: .
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ENCLOSURE A9-PSLLl (ref. step 5.7)
" RECORD OF STEADY STATE POWER CORRECTION
UNIT: Performed By:
AVERAGE 39 DAYS POWER LEVEL: Date:
AVERAGE 4 DAYS POWER LEVEL:
o SLL
FUEL POWER - BQUILIBRIUM CORRECTED
HISTORY CORRECTION X SOURCE = SOURCE
ISOTOPE GROUPING 'FACTOR INVENTORY* INVENTORY
. GAS GAP ‘INVENTORY
Kr 87 2 6.5 (1) ]
Xe 13lm 1 4.6 (4)
Xe 133 1 1.3 (7)
I 131 1 7.5 (6)
I 132 2 7.7 (3)
133 2 6.7 (6)
135 2 1.1 (6)
- ' FUEL PELLET INVENTORY
Kr 87 2 3.2 (7)
Xe 131lm 1 4.9 (5)
Xe 133 1 1.5 (8)
, T 131 T 7.6 (7)
I 132 2 1.1 (8)
T 133 3 1.5 (3)
T 135 2 1.4 (38)
CS 134 1 1.2 (7)
Rb &3 3 4.8 (7)
Te 129 2 2,5 (7)
Te 132 L 1.2 (8)
Sr 89 1 6.5 (7)
Ba 140 T 1.2 (8)"
Ta 140 1 1.4 (8)
Ta 132 3 1.6 (3)
Pr 144 2 5.6 (7)

Corrected source Inventory = Power Correction Factor X Equilibrium Source

ﬂ:ventory )
alues fram Table 3.4 and 3.5 of Réferen:e 2.1

Group 1 Power Correction, Factor = Averaga Level for Prior 30 days

100

Group 2 Power Correction, Factor = Average Level for Prior 4 Days

¥ alal







b

ENCLOSURE A9-PSL2 (ref. step 5.7)
" RECORD OF STEADY STATE POWER CORRECTION
UNI"'I‘: . Performed By:
AVERAGE 30 DAYS POWER LEVEL: Date:
AVERAGE 4 DAYS POWER LEVEL:
SL2
FUEL POWER BQUILIBRIUM CORRECTED
HISTORY CORRECTION X SOURCE = SOURCE
ISOTOPE GROUPING FACTOR INVENTORY* INVENTORY
"GAS GAP INVENTORY
Kr 87 2 6.3 (9)
Xe 131m 1 4,3 (4) ~
Xe 133 1 1.3 (7)
I 131 1 6,7 (6)
T 132 2 7.0 (3)
133 2 6.7 (6)
: 135 2 L.l (6)
FUEL PELLET INVENTORY
Kr 87 ° 2 3,1 (7)
Xe 131m il 4,6 (5)
Xe 133 1 .1.5 (8)
T 131 1 ‘7.3 (7)
T 132 _ 2 L.0 (8) —r
T 133 2 1.5 (8)
I 135 2 1.3 (8)
cs 134 1 1.9 (7) -
Rb a3 2 4,5 (7)
Te 129 2 2.4 (7)
Te 132 1 1.0 (8)
Sr 89 L 6.1 (7)
Ba 149 1 1.3 (3)
Ia 149 1 1.3 (8)
La 142 2 1.6 _(8)
Pr 144 2 9.1 (7)

Corrected source Inventory = Power Correction Factor X Equilibrium Source
nventory :

» *Walues from Table 3.4 and 3.5 of Re.ference 2.1

Group 1 Power Correction, Factor = Average Level for Prior 30 Days
: 100

-

Group 2 Power Correction, Factor = Average Level for Prior 4 Days
T 170
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ﬁ - _ ENCLOSURE Al0-PSLL (ref. step 5.7.2)

. RECORD OF TRANSIENT POWER CORRECTION

ana,

UNIT: m " Performed By:
Date:
Prior 30 Days Power History: POWER, % DURATION, TIME TO TRIP,

Days (ty)  Days (tg)

|

SL1
POWER EQUILIBRIUM CORRECTED
i CORRECTION X SOURCE = SOURCE™ ~
ISOTOPE FACTOR . INVENTORY “INVENTogg_

GAS GAP INVENTORY R

Kr 87 6.5 (9)
Xe 13Llm ’ 4.6 (4)
‘Xe 133 1.3 (7)

I 131 7.0 (6)
"I 132 7.7 (3)
‘T 133 6.7 (6)

I L35 1.1 (6)

FUEL PELLET INVENTORY

Kr 87 3.2 (7)
Xe 13lm 4.9 (5)
Xe 133 1.5 (8)
T L31 7.6 (7)
T 132 1.1 (8)
I 133 L.5 (8)
I L35 1.4 (8)
CS 134 L.2 (7)
Rb 88 4.8 (7)
Te 129 2.5 (7)
Te 132 L.2 (8)
Sr 39 5.6 (7)
Ba 149 1.4 (8)
La L40 1.4 (S)
La 142 1.5 (8)
3.6 (7)

G Pr 144

Corrected Source Inventory = Power Correction Factor X
Equilibrium Source Inventory

*Values from Table 3.4 and 3.5 of Reference 2.1



ENCLOSURE Al7-PSL2 (ref. step 5.7.2)

RECORD OF TRANSIENT POWER CORRECTION

ane,
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Corrected Source Inventdry = Power Correction Factor X
Equilibrium Source Inventory

*Values from Table 3.4 and 3.5 of Reference 2.l

UNIT: Performed By: -
Date:
Prior 30 Days Power History: poweRr, % DURATION, TIME TO TRIP,
: .Days (t4) Days (tg)
SL2
POWER EQUILIBRIUM CORRECTED
r CORRECTION X - SOURCE = SOURCE
ISOTOPE FACTOR INVENTORY INVENTORY
GAS GAP INVENTORY

Kr 87 6.3 (0)
Xe 131m 4.3 (4)
Xe 133 1.3 (7)
I 131 6.7 (5)
I 132 7.0 (3)
I 133 6.7 (6)
I 135 1.1 (6)
FUEL PELLET -INVENTORY
Kr 87 3.1 (7)
Xe 13lm 4.6 (5)
Xe 133 1.5 (3)
I 131 7.3 (7)
I 132 1.9 (8)
I 133 1.5 (8)
I L35 1.3 (8)
CS 134 4.5 (7)
Rb 88 6.L (7)
Ta 129 2.4 (7)
Te 132 1.0 (8)
Sr 89 L.9 (7)
Ba 1490 1.3 (8)
La 140 1.3 (8)
La 142 1.6 (8)
Pr 144 9.1 (7)




w




ENCLOSURE All

. RECORD OF PERCENT RELEASE

UNIT:

Date:

(ref. step 5.8)

Performed By:

(32 of 80)

ISOTOPE

TOTAL QUANTITY

(ENCLOSURE A7), Ci

POWER CORRECTED
AVAILABLE FOR RELEASE SOURCE INVENTORY Ci
(ENCLOSURE A9 OR Al9)

PERCENT*

GAS GAP. INVENTORY
.

Xr 87-

¥Xe 13lm

Xe 133

131

132

133

HHj

135

FUEL PELLET INVENTORY

"Kr 87

Xe 131lm

Xe 133

I 131

I 132

I 133

I 135

Rb 83

TS 134

Te 129

Te 132-

Sr 89

Ba 140

La 140

LLa 142

Pr 144

*
Percent =

Total Quantity Available for Release

Power Corrected Source lnventory

X 190
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SECTION B

CORE DAMAGE ASSESSMENT
USINS
HYDROSGEN
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PURPOSE:

This section provides the methodology for use under post
accident plant conditions to determine the extent of fuel
clad damagé which may have occurred. It utilizes hydrogen
measured in samples obtained with the Post Accident -’
Sampling System (PASS) and containment hydrogen analyzers.
The measured hydrogen is related to the amount of fuel clad
oxidation. Clad oxidation is in turn related to clad
damage which is expressed in terms of the percent of fuel
rods which are ruptured and the percent which

are embrittled. The resulting observation of damage is
described by one or more of the seven categories of core
damage in Enclosure Bl.-

REFERENCES :

2.1 Development of the comprehensive procedure guideline
for core damage assessment, CE Owners Group Task 467,
July 1983. ~

2.2 Operation of the CE Post Accident Sampling System
(PASS). Chemistry Procedure No. 1-Cll2 for PSLl and
No. 2-Cll1l3 for PSL-2. .

2.3 Clarification of TMI action plan requirements. NUREG
0737, Item II.B.3.

2.4 Determination of Hydrogen gas in containment.

Chemistry Procedure No. 1-C-80 for PSL~1 and 2-C-89
for PSL"?. .

DEFINITIONS:

3.1 Clad Rupture:. The fuel clad ruptures when the
internal gas pressure exceeds the external coolant
pressure and the clad yield strength is reduced
because of elevated temperatures. Clad rupture
results in release of gaseous fission products from
the gas gap and possibly some fragments of fuel -
pellets but does not otherwise destroy the structure
of the fuel assembly.

3.2 Clad Embrittlement:. At temperature above the
rupture temperature significant oxidation of the clad
occurs. If the oxidation exceeds the embrittlement
threshold, fragmentation of embrittled clad may
subsequently occur from thermal shock, hydraulic
pressure forces or handling such that the structure of
the fuel assembly is destroyed and substantial fuel
pellet fragments are released to the coolant.




"
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*4.9 PRECAUTIONS AND LIMITATIONS:

4:1

4.4

4.5

The assessment of core damage obtained by using this
methodology is only an estimate. The techniques
employed in this section are only accurate to locate
the core condition within one or more of the 7
categories of core damage in Enclosure Bl. The )
methodology is based on hydrogen data. Other plant
indications may be available which can improve upon
estimation of core damage. These include radiological
sample. characteristics, incore temperature indicators,
and containment radiation monitors. Whenever possible
these additional lndlcators should be factored into
the assessment.

This methodology relies upon hydrogen samples taken
from the containment atmosphere and the reactor
coolant system hot leg. Those samples may contain a
mixture of hydrogen generated within the core by clad
oxidation and also hydrogen from radiolytic
dissociation of water and oxidation of aluminum and
zinc in the containment. .The estimate of clad damage
is influenced by the amount of hydrogen generated by
ex-core’sources and by the ability to identify plant
conditions conducive to such hydrogen generatlon.
Therefore, a hydrogen measurement is not a unique
indicator of the amount of core clad oxidation.

There are areas of aluminum components in the
containment building. This alumlnum would oxidize ™
rapidly at temperatures about 200°F and would be
consumed within about two hours. The remainder of the

~aluminum and other oxidizing material react at a rate

determined by temperature and over a longer time. The
methodology in this section assumes all of the short
term transient hydrogen is generated within the first
two hours and is added’ to the slower accumulation as a
function of time. Hence, the methodology is valid for
hydrogen samples taken after about two. hours with
temperatures about 200°F, or after the short term
oxidation is complete.

The methodology in this section yields estimates of

the percentages of fuel rods with ruptured clad and
embrittled clad. Simultaneous with embrittling of the
clad, there may be clad melting and pellet overheating
occurring. This section provides an estimate of only .
the percentage of rods which have progressed to at
least clad rupture or clad embrittlement, and does not
attempt to predict and physical configuration of .those
rods which have progressed beyond local clad . ’
fragmentatlon. :
Depending on the accident scenario, a given total
amount of hydrogen produced by oxidation:'of fuel clad
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can represent varying local amounts and distributions
of clad damage.

The methodology in this section is applicable under
conditions for which there are no voids measurable by .
the Reactor Vessel Level Monitoring System. It is

assumed that if such voids had been found, their

‘removal would be accomplished by using the Reactor

Vessel Vent System as prescribed elsewhere in the
ctions to mitigate the consequences of accidents.
However, if the hydrogen samples are taken under

‘conditions in which measurable void does exist, a

guideline for analysis is provided in the addendum
attached to this section to estimate the contribution
of that source to be added to the total hydrogen

‘measured.

INSTRUCTIONS:

5.1 Obtain the Following Plant Indicators.

5.1.1 Core damage can occur following reactor trip
only when the coolant level within the reactor
vessel drops below the top of the active fuel.
Several instrument records are available from
which an estimate of the core uncovery and
recovery times might be made. The instruments
are:. :

Reactor Vessel Level Monitoring System
Core Exit Thermocouple Temperature
Core Exit Thermocouple Saturation Margin

Obtain data from theSe instruments according
to the instructions on.the worksheet of
Enclosure B2, .

5.1.2 The magnitude of Reactor Coolant System (RCS)
pressure during the core uncovery period can
influence the number of early clad ruptures.
Interpret the data from Step 5.1.1 to determine
the best estimate for the time period of core
uncovery and determine the range of RCS
pressure during this time period. Record on
the Enclosure 32 worksheet.

S.1.3 The presence of some subcooled inlet flow while
the core is uncovering can slow the uncovery
and cause greater local clad oxidation for a
given total amount of core oxidation, thereby
leading to a greater underestimate of the
number of damaged rods predicted by this
procedure. Observe available instrument
records to determine if there was some reactor
vessel inlet flow during the rising temperature
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portion of the core uncovery period. Include
net flow from charging and letdown systems,

, HPSI, LPSI, spray, etc. Record the data on the
..Enclosure B2 worksheet. ’

5.1.4 Record the conditions in the containment and
the reactor coolant system at the time the
" hydrogen samples are obtained in Step 5.2 fol-
lowing.. Enter on the worksheet of Enclosure B3.

5.2 Obtain a liquid sample from the RCS hot leg and a gas

. sample from the containment atmosphere and analyze
them for hydrogen concentration using the procedures
for Post Accident Sample System operation described in
Reference 2.2. Record the results on the worksheet of
Enclosure B3. Follow the instructions on Enclosure B3
to obtain the total amount of hydrogen measured in
units of cubic feet of hydrogen at standard
temperature and pressure.

‘5.3 The total measured hydrogen in Step 5.2 includes the
hydrogen generated by three processes: 1) core clad
oxidation, 2) radiolysis of water and 3) oxidation of
containment materials such as aluminum and zinc. The
-amount of hydrogen generated by the last two processes
is calculated and then subtracted from the total
measured to yield the amount generated by core clad
oxidation.

Enclosure B5 is a worksheet for calculating  the amount
of hydrogen generated by oxidation of materials within
the containment. It utilizes measured data for .the
_containment temperature as a function of time up to
the sampling time and a plant ‘spa2cific curve of the
rate of production as.a function of containment .
temperature in Enclosure B6. Record the data required
on Enclosure B5 and complete the indicated
calculations to obtain the cubic feet of hydrogen at
STP generated by containment materials oxidation.

‘5.4 The hydrogen generated by radiolysis is a function of
operating power and decay time. Record the data
required on the worksheet of Enclosure B7, and
utilize the -curve of Enclosure BS to obtain, the cubic
feet of hydrogen at STP generated by radiolysis. The
appropriate power is determined as follows:. .

5.4.1 For the case in which the operating power is
constant or has not changed by more than '+ 10
percent for a period greater than 390 days, that
power is used. -
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5.4.2 For the case in which the power has not |
remained constant during the 30 days prior to
the reactor. trip engineering- judgement is used

”nto determine the most representative power
~Level. The following guidelines should be
considered in the determination.

5.4.2.1 The average power during the 30 day
time period is not necessarily the
most representative value for
determining radxolys;s by fission

' products. .

-

5.4.2.2 The last power levels at which the
reactor operated should weigh more -
heavily in the judgement than the
earller levels.

5.4.2.3 Continued operation for an extended

- perlod should weigh more heavily in
the judgement than brief transient
levels.

i co 5.4.3 For the case in which the reactor has produced
R Y power for less than:'30 days, this methodology
. may be employed. However, the estimate of -
hydrogen from radiolysis will.be too high’ and
therefore the calculated hydrogen by core
oxidation will be too low. Hence an
underpredlctlon of core. damage may result.

5.5 Enter the amounts of hydrogen from Steps 5.2, 5.3 and

e 5.4 on theéworksheet of Enclosure B9. Subtract the
amounts in 5.3 and 5.4 from 5.2 as indicated on the
worksheet to yield the cubic feet of hydrogen
generated by core clad oxidation. Adjust with the

. plant specific constant as shown on the worksheet to

obtain the estimated percent of the core clad which is
oxidized. This value represents the quantity of
hydrogen produced per percent of zirconium oxidized.

5.6 Enter the abscxssa of thé curve on Enclosure 810 with
the percent of core clad oxidized from Step 5.5. Use
) the.curve labeled with the pressure closest to but
. . greater than the RCS' pressure during the core uncovery
’ ’ period as obtained in Step-'5.1.2 and recorded on
Enclosure B2,: e.g. if pressure during core uncoverg is
. 1390 psia, the curve labeled with temperature 1809
is used. Read on the ordinate of Enclosure Bl9, the
0 percent of fuel- rods with ruptured clad. Record on-
the worksheet of Enclosure B9. Note that the -
sensitivity of measurement of hydrogen is comparable
to the range of oxidation on Enclosure Bl). Hence,
small amounts of clad rupture are not reliably
predicted by the methodology in this section.
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Enter the abscissa of the curve on Enclosure Bll with
the percent of core clad oxidized from Step 5.5. Read
on -the ordinate the lower and upper values of the
range indicated by the curve for the percent of fuel
rods which have embrittled clad. Record on the
worksheet of Enclosure B9.

For a given percent oxidation of the core clad, the
lower limit estimated of embrittled clad in Step 5.7
is, for most accident scenarios, the least amount of
potential fuel structural failure. Actual values are
probably greater. The upper limit of the range in
Step 5.5 may be interpreted as follows: ‘

5.8.1 When the pressure during uncovery, from Step
5.1.2 and recorded on Enclosure B2, is less
than about 100 psia, a rapid core uncovery by
blowdown is concluded. Heatup with minimum
clad oxidation occurs. The extent of potential
clad structural failure by melting may be
greater than the upper limit of embrittlement
from Step 5.7 as determined by oxidation.
Hence, use the upper limit from Step 5.7.

5.8.2 When there is inlet flow while the core is
uncovering, the rate of uncovery is slower than
assumed in the derivation of the curves on
Enclosures Bl9 and Bll. For a measured total .
amount of oxidation, the local percentage
oxidation is probably greater along a shorter
length of the upper portions of the fuel.
Hence, favor the upper limit from Step 5.7.

Core Damage Assessment

The conclusion on core damage is made using the two
results from above. These are:

1. Percentage of fuel rods with ruptured clad, Step
5.6. “

2. Percent;ge of fuel rods with embrittled or
structurally damaged clad, Step 5.7.

Knowledgeable' judgement is used to compare the above
two results to the definitions of the 7 NRC

categories of fuel damage found in Enclosure Bl. Core
damage does not take ‘place uniformly. Therefore when
evaluating damage using these results, Enclosure Bl
may yield a combination of categories of damage which
exist simultaneously.
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ENCLOSURE B1

CLAD DAMAGE CHARACTERISTICS OF NRC CATEGORIES OF FUEL DAMAGE

Overheating

NRC Catemgory Teq)enturo! Mechanism Characteristic  Measurement Percent of
of Fuel Damage Range (°F) of Damage Measurement Range Damage Rods -
-1 | R "
1. Mo Fuel Damage 2750 None ' .- -- Less Than 1
2. Initial Cladding Rupture Due to  * Maximum Core <I550°F* | Less Thaw 10.
Fajlure - Gas Gap " Exit A
3. Intermedfate \, 1200-1800 Overpressurization Thermocouple <1700°F* 10 to 50
Cladding Fatlure _ , : Temperature
4. Wajor Cladding ' : 22300%'
Fatlure . - . <2% Greater Than 50
_ } : : ‘ ! Oxidation
S. ° Initial Fuel Pellet ' Loss of Structura) IA-ouut of Equivalent Core Less Than 10
Overheating : Integrity Due to | Hydrogen Gas Oxidation
Fuel Clad Produced <3% I
6. Intermediate 1800-3350 Oxidation i (Equivalent to; <18%
Fuel Pellet . . i £ Oxidation '~
Overheating _ t of Core) . !
7. Major Fuel Pellet %58  ° !Greater Than 50

I
I

* Depends on R‘eactou‘- Pressure and Fuel Burnup Valves Given for Pressure <1200 psta and Burnup 20.

(08 10 2¢)
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ENCLOSURE B2
- CORE UNCOVERY CONDITIONS

*

Step 5.1.1" Time period of core uncovery. chrpleté the following table using

recorded mstmment data.

Estimated : Estimated
Instrument Core Uncovery Time Core Recovery Time
Reactor Vessel Level ‘ Lower Limit Elevation Lower Limit Elevation -
Monitoring System Uncovers (core Recovers. :
~ uncovery) Time
Time
Core Exit Thermocouple Start of Continuous Rapid Temperature
Temperature Rise or Exceed 660°E‘ Drop to Saturation
Time Time
Temperature Temperature
Core Exit Thermocouple Start of Superheat Return to Saturation
Saturation Margin Time or Subcooling
o Time
Step 5.1.2 Interpret above data to obtain best estimate for time period of
core uncovery and obtain pressunzer pressure range during that
pericd. The superheat derived from the thermocouple temperature
and corresponding system pressure is considered as the best
indicator for core uncovery during boiloff and should be used, but
should be campared with the other indicators to help identify
possible anomalies. The pressure during uncovery is used later in
Enclosure BlD, Step 5.6, to determine the appropnate curve for
assessment of the mmbﬂr of clad rupwres.
Core Uncovery Cora Recovery
Time
Pressure | ' ,
Estimate vessel inlet flow rates durmg core uncovery heatup

Step 5.1.3

period, up to approximately the time of peak core exit thermocouple
temperature. Net inlet flow indicates that the methodology may
have additlonal bias which underpredicts clad damage.

Cha.rgmg Flow Rate

Letdown Flow Rate

HPSI Flow Rate

LPSI Flow Rate

Other Inlet Flows

Net inlet flow = Charging fi.w + HPSI and LPSI flow + other inlet

flow - letdown flow .
Performed By: Date: . (



ENCLOSURE B3

SAMPLING CONDITIONS AND MEASURED HYDROGEN

ena,

(44 of 80)

Step 5.1.4 Obtain the RCS and containment conditions at the time of sampling

for hydrogen.

Reactor Coolant System

Sampling Time

Pressure

—Psig
Tempterature, T,q N3
Reactor Vessel 3

Coolant Level -

Containment

Sampling “Pime
Atmosphere Pressure
Atmosphere Temperature

Has Hydrogen Recombiner
Operated

psig
_F
Yes/No

Yes/No

Pressurizer Level % Does Pressure or Tempera-

ture History Indicate a

Hydrogen Burn

Step 5.2 Hydrogen Sampie Data Reduction. -
Cont. Sample , Cont. Vol. (32 + 460) _ (Wormal Temp.) L Ft3 Hydrogen
(vol. /100) (Ft3) + 460 at STP

x 2.5 (6)  x __ 492 - 469 = re3
Hot Leg Sarple , RCS Vol.* . Density Ratio 1000 _ Ft3 Hydrogen
(cc/kg @ STP) - (FtY) (Enclosure B4) at STP

X X act/ STP - 10 = fr.3

Total = Cont. Sample (ft3) + Hot Leg Sample = + = fe3.

Also record total on Enclosure B9.

*RCS liquid volume is: SL1 = 19,401 ft3
SL2 = 19,198 £t3

Note:. If the Reactor Vessel Coolant Level indication shows a measurable void,
refer to the addendum to this section. This addendum contains instructions to
calculate Bydrogen in the void. The void volume should be subtracted from the
RCS volume above. The estimated hydrogen in the void is to be added to the
total hydrogen measured above. )

Perforn.\ed By: Date

-20~-
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ERCLOSURE 84

RATIO OF H0 DENSITY TO Ho0 DEHSITY

AT STP vs. TEMPERATURE
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ENCLOSURE BS

HYDROGEN GENERATED IN QONTADNMENT

Step 5.3 Record the containment temperature at selected time intervals and calculate
the hydrogen generated by oxidation of containment materials utilizing the
plant-specific production rates from Enclosure B6.

1 2 3 4 5 .6
Avg. Containment | H, Prod. Rate
" |Time at Start Containment Interval Temp. During (££°/hr, Produced =
of Intervals Temperature ( F) | Duration (hr) | Interval (°F) Enclosure B6) | (Col 3) X (col 5)
Accident Starts '
Sample Time

Long Term Hydrogen Production in Containment, Total

(Summation of Colum 6) | SCF
Short rapid hydrogen p: ction by containment alumimm,

2,277 ft° for SL1 and 5235 ft° for SL2 (Reference 2.1 + . scF
Table 4"3' ) ’ . .

Total Hydrogen Production in Containment | a SCF

Record total on Enclosure B9 also.

1 and 2 Items in Colums L and 2 are input plant data
3 Interval Duration is the line difference between consecutive

temperture readings.

Performed By:

Date:
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BNCLOSURR B6 - SL2
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ENCLOSURE B7

HYDROGEN GENERATED BY RADIOLYSIS

" enme,

Step 5.4 Record the following data and utilize the curves of Enclosure B3 to
determine the hydrogen generated by radiolysis.

Prior 30 days power history Power, Percent Duration, Days

Note:. No calculation is
required to determine power .
level, guidance on judgement
is provided in Step 5.4.

, Estimated Power Level based on a power hi.st;ory:

Operating Power (Mwt):

_Power to use in evaluating long term hydrogen proéluction by
. radiolysis = (Full Power, Mwt) X Power Level.
: . 100

(Full Power:. SLL = 2690 Mwt: SL2 = 2550 Mwt]

T

o = Time of Reactor Trip Time

T; = Time Sample'Taken (see Enclosure B3)

Decay Time (Time Interval, T; - T,) - . : . Hours

Enter abscissa on Enclosure B8 with above decay time and read two values of
hydrogen produced by radiolysis, one fram each curve, in cubic feet of hydrogen
at STP per Mwt operating power. Multiply by above power and record as follows:.

Hydrogen Produced " Operating = Total Hydrogen

Limit Curve (SCF/Mwt, Enclosure B3) Power (Mwt) Produced (SCF)
Upper
Lower

Results from Radiological Analysis of Samples are used to estimate whether the
upper limit for major fuel overheat or lower limit for intermediate fuel
overheat is appropriate. Circle corresponding value of hydrogen above and also
record on Enclosure B9..

- Performed By: Date:
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Step 5.5 Hydrogen Measured, Step 5.2, Enclosure B3(Total) SCF

Step 5.6

Step 5.7

Step 5.8

Step 5.9

(51 of 80) o
-

ENCLOSURE 89 * |

| CORE DAMAGE ASSESSMENT FROM . 7 ' C
HYDROGEN MEASUREMENT

Hydrogen Produced in Containment, Step 5.3, - SCF
Enclosure BS

Hyﬁrogen Produced by Radiolysis, :-Step 5.4, | n SCF
Enclosure B7

Subtract Step 5.3 and 5.4 fram 5.2 to Get SCF

Hydrogen Produced by Core Clad Oxidation

Divide by [4.21 E3 for PSLl] or [4.64 E3 = 3
for PSL2]. These values represent the .
quantity of hydrogen produced per perzent = % Core Clad Oxidized
of Zirconium oxidized for St. Lucie Unit 1
and Unit 2, respectively. Reference 2.1,

Table 4.2.

Enter abscissa on Enclosure BlJ with "% Core Clad Oxidized" and read
ordinate from curve labeled with pressure during core uncovery as
given on Enclosure B2, Step 5.1.2. Record here Percent of Fuel Rods
with Ruptured Clad ‘3.

Enter abscissa on Enclosure Bll with above "% Core Oxidized" and read
range of values on ordinate. Record here .

Percent of fuel. rods embrittled

Range - Upper 3

- Lower : 3

Pd

Review Step 5.1 of these instructions to determine which of these
limits is more likely to be representative of the core damage.

Fram Enclosure Bl select the core clad damage categories based on the |
above percentages of rods ruptured and rods embrittled. .

Approved By: Date:
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eno,

6.7 ADDENDUM TO SECTION B

ESTIMATION OF AMOUNT OF HYDROGEN
IN REACTOR VESSEL HEAD VOID

-49-
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(55 of 30)

PURPOSE'

The purpose of this addendum is to provide the methodology
to calculate the amount of hydrogen gas contained in a void -
in the top of"“the reactor vessel. This hydrogen is added

to the measured amount in Step 5.2 of Section B to

determine the total hydrogen.generated by all sources.

LIMITATIONS:

2.1 The preferred method of determining the amount of
hydrogen in the primary system is to sample liquid
from the hot leg when the system is full. However, if
the system cannot be filled, a method based on this
addendum could be used to estimate the hydrogen which
'is in the vessel void and which would not be evident
from the hot leg liquid sample.

2.2 This method applies when the coolant level is above
the hot leg and the remainder of the primary system is
filled. Verification that the steam generator tubes
are filled can be provided by the existence of natural
convection flow in the primary system. If the coolant
level is below the hot leg, this method does not apply.

2.3 A reactor vessel level monitoring system is required
which can provide the coolant level. The volume of
the void is obtained by relating the volume in the
vesgsel above the coolant level to the value of level.

2.4 The methodology in this addendum provides the
analytical means for only an estimate of the hydrogen
contained in the void. The presence of other gases
-including -helium, nitrogen and fission product gases
will ada uncertainty to the result.

INSTRUCTIONS:

3.1 Determine the conditions of the void as follows:. .

V = Void volume (Ft3) derived from measurement of
coolant lavel

Ty, = Temperature of 1iquid at coolant surface (°r)
as measured by CET ,

= Water 3aturation pressure at temperature TL
- (Enclosure BBl)

Ptot = Reactor coolant system pressure (psia)



3.2

3.3

3.4
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A first approximation is ‘made assGming thelfollowinga

3.2.1 The partial pressure of vapor in the void is
assumed equal to saturation pressure at the
liquid temperature, T,. This implies no
-heating of the void gas by the reactor vessel
walls and head. They are normally at reactor °
outlet temperature and could remain above the
temperature of the void causing the vapor to be

‘superheated.'

3.2.2 All the non-condensible gas in the void is
hydrogen. This implies no helium or fission
product gas from ruptured fuel rods and no
nitrogen from Safety Injection Tanks. A second
approximation which eliminates this assumption
is given in 3.4.

Calculate the amount of hydrogen as follows:.

PH, = Prot ~ Psat?

P, -
d
Fe3 H, @ sTP = (V)(_2 )(_%92 )
' 14.7 T + 460 -

Add this amount to the total hydrogen in Step 5.2 of
Section B.

A second approximation can be made in plants with a CE
designed PASS, (i.e. PSL2) which measures both total
gas and hydrogen which are dissolved in the hot leg
liquid sample. This approximation includes the
following assumptions regarding the relative
solubilities of the non-condensible gases in the -
liquid.

3.4.1 The gases are assumed to have the same values
" of Henry's law constant which relates the
partial pressure of gas to the amount of gas
dissolved in the liquid sample at equilibrium.

'3.4.2 When the dissolved gas is not in equilibrium

~with the gas in the void, the dissolved
. concentrations are in the same relative
proportion as if equilibrium d4id exist.

The part1a1 pressure of hydrogen is calculated from:

PHZ = (Pyopr ~ sat? (cc/kg)H
— (cc/kg)total

and the amount of hydrogen in the vessel head void is
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This procedure can be extended to include specific
values of Henry's law constants but the assumption of
equilibrium at the gas liquid interface would still be
questionable. Also, to utilize detailed values of the
gas copgtants, the individual gases in the sample
would have to be identified and measured. This would
require additional measurement capability.

I ~&e IS
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ENCLOSURE BB2
RECORD OF HYDROGEN IN VOID
Reactor Vessael Coolant Level Indication ( L to 8 ): = VL

Percent Void Height = VL x 100 = 3
' 8

Note:. 1% corresponds to approximately 0.135 Ft.

Void height above fuel alignment plate = $ x 0.185 Ft

13

V = Void Volume = 195 £t7 X Void Height (Ft) =
’ ft

. Ty, = Temperature of Liquid at
coolant surface (“F) as
measured by CET.

= Pressure Eat T, fram
Enclosure BBL . =

Pege = RCS pressure (psia)

Amount of Hydrogen Calculation: PH2 = Prot = Pgat

riH,@sTP =y (H2) ( 492 )
14.7 'I‘L+460

= Add this amount to the total
hydrogen in Step 5.2 of
Section B (Enclcosure B3)

Approved By: Date:
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SECTION C

ASSESSMENT OF CORE DAMAGE
USING CORE EZXIT THERMOCOUPLES TEMPERATURES
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1.0 PURPOSE

2.0 REFERENCES .
3.0 DEFINITIONS

4.0 PRECAUTIONS AND LIMITATIONS »

5.0 INSTRUCTIONS

LIST OF ENCLOSURES

"Enclosure Cl Clad Damage Characteristics of NRC

Categories of Fuel Damage

Enclosure C2 Record of Temperature, Pressure and
’ Damage Estimate

Enclosure C3 Percent of Fuel Rods with Ruptured Clad
as a Function of Maximum Core Exit
Thermocouple Temperature
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2.0

3.0
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PURPOSE:

This section provides the methodology for use under post
accident plant conditions to determine the number of fuel
rods with ruptured clad. .It provides an estimate of
damage up to about the time when the peak core temperature
reaches about 2399°F. At that time most of the'rods
probably have ruptured clad but little other structural
degradation has occurred. Therefore this procedure applies
to the relatxvely less severe accidents although it may be
used for other accidents to confirm that damags exceeds
this minimum amount. The resulting observation of core
damaga is described by.categories 1 through 4 of the seven
NRC categories in Enclosure Cl. ’

REFERENCES:

2.1 Development of the Comprehensive Procedure Guidelines
for Core Damage Assessment, CE Owners Group Task 467,
May, 1983.

2.2 Inadequate Core Cooling, St. Lucie Unit 2, Final

Safety Analysis Report, Appendix 1.3.B.
2.3 Generic Thermal—Hydraulic Functional Design Objectives

for Inadequate Core Cooling Instrumentation, CE-NPSD-
199, prepared for the CE Owners Group.

DEFINITIONS:

3.1 Clad Rupture:. Clad rupture is defined as a break in
the fuel rod clad at least sufficient to release the
internal gas pressure. Rupture may be preceded by
ballooning of the clad if the internal gas pressure
exceeds the external coolant pressure during an
accident, and the temperature is higher than normal.

PRECAUTIONS AND LIMITATIONS:

4.1 The assessment of core damage obtained by using this
method is only an estimate. - The techniques employed
‘in this section are only accurate to locate the core
condition within the first four of the 7 categories of
core damage described in Enclosure Cl.. The
methodology is based on core exit temperature data.
Other plant indications may be available which can
improve upon estimation of core damage. These include
radiological sample characteristics, the total
quantity of hydrogen released from zirconium
degradation and containment radiation monitors.
Whenever possible these additional indicators should
be factored into the assessment.

-

o -4,
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4.2 The assessment of damage provided by this procedure
extends up to the time of clad rupture on most of the
fuel rods. This time occurs early in very severe core
uncovery accidents. More severe core damage cannot be

'quantified by this procedure.

4.3 The relationship between the core exit thermocouple -

" temperature and the clad temperature varies - with the
core uncovery senario. This procedure applies to slow
core uncovery by boiloff of the coolant. For other
more rapld uncovery scenarios this procedure could
yield a very low estimate of the number of ruptured
rods. In general, for core uncovery at pressures
below about 1200 psia there is high confidence that at
least: the predlcted estimate of rods are actually
ruptured. .

-

5.1 Obtain the following from the instrument recordiﬁgs:

5.1.1  From the recording of maximum core exit

thermocouple temparature as a function of time,

obtain and record on Enclosure C2 the maximum
temperature and the time it occurs. As many
thermocouples as possible should be used, in,
this way equipment malfunction may be detected
if a thermocouple reads ‘greater than 1659° F

or varies considerably from its nelghborlng
thermocouples.

5.1.2 From the recording of reactor coolant system
pressure as a function of time, obtain and
record on Enclosure C2 the pressure durlng the
period of maximum thermocouple temperature.

"5.2 Select.the curve on Enclosure C3 which is labeled with

a pressure' approximately equal to or greater than the
pressure'in Step 5.1.2. Enter .the abscissa at the
maximum temperature from Step 5.1.1 and read on the
ordinate the percent of the fuel rods which have
ruptured clad. Record on Enclosure C2. )

5.3 The result in 5.2 is probably a lower limit estimate
' of damage., Some judgement on the bias is available as
follows. K ' ,' " o -
5.3.1. This procedure aoplles most directly for
relatively slow core uncovery with a maximum
temperature ‘below the rapld oxidation:
temperatures at about 1800°F and above. A
smooth core exit. thermocouple recordlng and an
uncovery duration of 20 minutes or longer ara
indicators for a good prediction of clad
ruptures. '
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If the pressure in 5.1.2 drops to less than
about 190 psia within less than about two
minutes of accident initiation, a large break

. is. indicated. This causes undetected core

heatup followed by flashing during refill.
Depending on the rate of refill, the thermo-
couple temperature may rise rapidly then quench
when the core is’recovered. This procedure .
could yield a very low estimate for the percent
of rods ruptured.

If -the pressure in Step 5.1.2 is above about
1650 psia, it could exceed the rod internal gas
pressure depending on rod burnup, causing clad
collapse onto the fuel pellet instead of
outward clad ballooning. The clad rupture
criteria are less well defined for such
conditions, but at temperatures above 1800°F
where the highest pressure curve applies on
Enclosure C3, clad failure sufficient to -
release fission gas is likely and this
procedure may be used to obtain estimates of
damage.

Core Damage Assessment

Use the percent of rods ruptured from Step 5.2 and the
clad damage characteristics of Enclosure Cl to
determine the NRC category of claddlng failure. This
procedure yields damage estzmates in categories 2,m3
or 4 (Enclosure Cl).






1.

2.
- 3.

4.

7.

CLAD DAMAGE CHARACTERISTICS OF WAC CATEGORIES OF FUEL DAMAGE

ENCLOSURE C1

Characteristic

NRC Category Tesperature Mechanism Measurement  Percent of
of Fuel Damage Range (°F) of Damage Heasurement Range Damage Rods
No Fuel Damage ~750 None .- - Less Than 1
Initial Cladding Rupture Due to Kax{imum Core <1550°F* . Less Than 10
Faflure Gas Gap " JExit S
" Intermediate > 1200-1800 Overpressurization 'Thermocouple <1700°F* 10 to 50
Cladding Failure - Temperature :
Major Cladding | $2300°F
Fallure - <2% Greater Than 50
- . Cxidation
Initia) Fuel Pellet | Loss of Structural Asount of Equivalent Core Less Tham 10
Overheating . - Integrity Due to  Hydrogen Gas Oxidation
: Fuel Clad Produced <3%
Intermediate > 1800-3350 Oxidation "(Equivalent to «<18%
Fuel Pellet . % Ox{idation
Overheating _J of Core)
Major Fueql Pellet <65% Greater Than 50

* Depends on Reactor Pressure and Fuel Burnup Yalves Given. for Pressuré <1200 psia and Burnup _>_0;

(0g 30 §9)
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Step 5.1

Step 5.2

Step 5.3

Step 5.4

ENCLOSURE C2

RECORD OF TEMPERATURE PRESSURE AND
DAMAGE ESTIMATE

P XY

Record the following data

Maximum Core Exit Thermocouple Temperature*
(see Instruction 5.1 in the text for guidelines)

Time of Maximumm Temperature
Reactor Coolant System Pressure at Above Time

Fram Enclosure C3, at maximm thermocouple
temperature and at appropriate pressure

Read perceht of ruptured rods

Camment on probable bias of results in 5.2
(see paragraph 5.3 in text).

NRC category of cladding failure from
Enclosure CL

(66 of 80)

*As many thermocouple readings as possible should be recorded. In this way
t malfunction may be detected if a thermocouple reads greater than
1550°F or varies considerably from its neighboring thermocouples.

equi

. Maximum Core Exit Thermocouple Temperature

e

o e

Performed By:

Date:
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PERCENT OF FUEL RODS WITH RUPTURED .CLAD

.

WHEN THE PRESSURE
IN STEP 5.1.2 IS

ENCLOSURE C3
PERCENT OF FUEL RODS WITH RUPTURED CLAD VS .
MAXIMUM CORE EXIT THERMOCOUPLE TEMPERATURE :

(67 of 80)

”USE CURVE LABELED
WITE TEMPERATURE

< 100 PSIA
<1200 PSIA
<1650 PSIA
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SECTION D

ASSESSMENT
OF CORE DAMAGE
USING RADIATION DOSE RATES
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1.0

2.0

3.9

This section provides the methodology for use under post
accident plant conditions to determine the type and degree ’
of core damage which may have occurred by using radiation
dose rates measured inside the containment building using
the containment high range radiation monitor. The.
radiation dose rate is related to the quantitative release

.of fission products from the core expressed as the percent

of the source inventory at the time of the accident. The
resulting observation of core damage is described by one or
more of the seven categories of core damage in Enclosure DLl.

REFERENCES ¢

2.1 Development of the comprehensive procedure guideline

for core damage assessment, CE Owners Group Task 467, .
July 1983. : s

DEFINITIONS

3.1 Fuel Damage: For the purpose of this section fuel
damage is defined as a progressive failure of the
material boundary to prevent the release of
radiocactive fission products into the reactor coolant
starting with a penetration in the zircaloy cladding.
The type of fuel damage as determined by this
methodology is reported in terms of three major
categories which are:. no damage, cladding failure,
‘and fuel overheat. The categories are characterized
by the resulting radiation dose rate inside the
containment building. The degree of core damage is
determined by making a comparison between dose rates
measured following an accident and analytically
determined values of the realistic or best estimate
dose rates that would correspond to the specific
categories of core damage. The degree of core damage
as determined by this section is reported in terms of
three levels which are:. initial; intermediate;. and
major. This results in a total of seven possible
categories as characterized in Enclosure Dl.

3.2 Source Inventory: The source inventory is the total
quantity of fission products expressed in curies of
each isotope present in either source:; the fuel
pellets or the fuel rod gas gap.

(70 of 80)
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4. O PRECAUTIONS AND LIWITATIONS'

4.1

4.2

The. assessmant of core’ damage obtained by usxng the
methodology in this section is only an estimate. The
techniques employed in this section are only accurate
to locate the core condition within one or more-of the
7 categories of core damage described in Enclosure
Dl. The procedure is based on radiation dose rate.
Other plant indications may be available which can
improve upon the estimation of core damage. These

‘include sample radiological analysis, incore

temperature indicators, and the total quantity of
hydrogen released from zirconium degradation.
Whenever possible these additional indicators should
be factored into the assessment.

This section relies upon radlatLon dose rate
measurements taken from the higher of two high range )
radiation monitors located inside the containment -

- building to determine the total quantity of fission

products released from the core and therefore
available for release to the environment. The amount
of fission products present at the location of the
monitors may be changing rapidly due to transient
plant conditions. Therefore, multzple measurements
should .be obtained within a minimum time period and
when possible under stabilized plant conditions.
Samples obtained during rapidly changing plant

-conditions should not be weighed heavily into the

assessment of core damage. .

A number of factors influence the reliability of the
measured radiation dose rates upon which this |
procedure is based. Reliability is influenced by the
ability to obtain representative measurements due to
incomplete mixing of the measured media, and equipment

 limitations. Additionally the procedure relies upon

analytically determined values of the best estimate

dose, rates that,K are anticipated to correspond to the
specific categories of core damage. These analytical ‘
values are based upon assumptlons made about the o
identity and relative proportions of the fission

products released from the core and their transport

within the containment building. Therefore, the

method is only accurate to wzth;n the validity of the
assumptions. - . . , ’

The methodology in this section is limited to the

upper’ bound condition of  fission product release from
the core due' to fuel overheat. Simultaneous with fuel
overheat, there may be localized fuel pellet melting

within the core. The transport of the non-volatile
fission products released due to melting is not

known. The dose rates measured under conditions of

v
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fuel pellet melting are anticipated to exceed those,
shown in Enclosure D3, for major fuel overheat.
However, this procedure does not attempt to identify
the extent of any potential fuel melting.

This section is limited to the interpretation of the
dose rate measurement resulting from a mix of fission
products.  The methodology cannot accurately
distinguish between the conditions of fuel cladding
failure and fuel overheat when the resulting dose
rates are the same. The methodology does provide an
upper limit estimate of the progressive core damage.
Concurrent conditions of cladding failure and overheat
should be anticipated due to the radial distribution
of heat generation within the core. Distinction
between the type of core damage requires the
identification of the characteristic fission

products. The procedure for core damage assessment
using radiological analysis of fluid samples is -
required to explicitly distinguish between the
categories.,

This methodology is limited in applicability to those
conditions in which the fission product inventory in
the core has had sufficient time to reach

equilibrium. Equilibrium fission product inventory is
a’ function of reactor power and burnup. Based upon
the fission products of concern equilibrium conditions
are achieved after thirty days of operation at B,
constant power. Constant power is considered to
include changes of no greater than + 10 percent. The
methodology may be used following non-constant

perxods of operation by using engineering judgement to
s 'ect the most representative power level during the
pzsiod. This method may also be used if the reactor
has produced power for less than thirty days, however,
the resulting assessment of core damage would be an
underprediction of the actual conditions.

5.0 INSTRUCTIONS ]

5.1

Record the following plant indications.
5.1.1 Containment Building:

Radiation Dose Rate " Rads/hr.

Time of Measurement Date Time

PR = S
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5.1.2 Prior 30 days power history:

Power, Percent Duration, Days

en o,

5.1.3 Time of reactor trip
: Date Time

Record these values in Enclosure D2.
Plant Power Correction

The measured radiation dose rate inside the
containment building is to be corrected for the plant
power history. A correction factor is used to
adjust the measured dose rate to the corresponding
value had the plant been operating at 109 percent
power. .

5.2.1 To correct the radiation dose rate for the case
in which plant power level has remained
constant for a period greater than 39 days a
simple ratio of the power may be employed. The
reactor power is considered to be constant if
it has not changed by + 10 percent within the
last thirty days prlor “to the reactor trlp.

5.2.2 To correct the radiation dose,rate for the case
in which reactor power level has not remained
constant during the 30 days prior to the
reactor shutdown engineering, judgement is used
to determine the most representative power
level. The following guidelines should be
considered in the determination.

5.2.2.1 The average power during the 39 day
“time period is not necessarily the
most representative value for
correction to equilibrium conditions.

5.2.2.2 The last power levels at which the
reactor operated should weigh more
heavily in the judgement than the
earlier levels.
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‘ . “ 5.2.2.3 Continued operation for an extended
» ~ period should weigh more heavily in
. - the judgement than brief transient
— levels.,
5.2.3 In the case in which reactor has produced power
~ for less than 39 days the procedure may be
employed. However, the estimate of core damage
obtained under this condition may be an under .

' prediction of the actual condltlon. ’ . -

5.2.4 The following equation is applled to determine
the radiation dose rate corresponding to .
equilibrium full power source inventory

conditions.
_Eqdilibrium Measured = 1990
Dose Rate L= Dose Rate X Reactor Power Level (%)
(Rad/Hr) (Rad/Hr) Comr

The reactor ﬁower level and the resulting dose
rate correction factor used above will be the
same for all subsequent measurement of the dose

' .. rate. Record these values to reduce the work
0 ’ ' required to -evaluate the subsequent
measurements.,

5.3 The decay correction for the radiation dose rate ’
.requires the determination of the time duration
between the reactor trip and the measurement of the
dose rate. This is ‘done simply using the time of
reactor shutdown recorded in Section 5.1.3.

5.4 The conclusion on the extent of core damage is made
using the equilibrium dose rate, the duration of"
reactor shutdown, and the analytically determined
dose rates provided in Enclosure D3. The egquilibrium
dose ‘'rate is plotted on Enclosure D3 as a function of
time following reactor shutdown. Engineering -
judgement is used to determine which'category of core
damage shown on Enclosure D3 is most representative of
the particular value that has been plotted. The

" following criteria should be consxdered in the
determination.

5.4.1 Dose rate measurements may have been recorded
: during periods of transient conditions within
. - the plant. Measurements made during stable
0 L plant conditions should weigh more heavily in
the assessment of core damage.
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Dose rates significantly above the lower bound
for the category of major fuel overheat may
indicate concurrent fuel pellet melting. The

‘methodology in this section may not be

emmployed to estimate the degree of fuel pellet
melting. ‘

Dose rates within any category of fuel
overheating may be anticipated to include
concurrent fuel cladding failure. The
methodology in this section may not be used to
distinguish the relative contributions of the
two categories to the total dose rate. The
methodology does give the estimate of the
highest category of damage.

Dose rates corresponding to the two categories
of major cladding failure and initial fuel

overheat are observed to overlap on Enclosure
D3. The evaluation of other plant parameters

may be required to distinguish between them. -
However, concurrent conditions may be
anticipated. -






2.

3.

4.

1.

-
' |

Enclosure D1

Radiologic Characteristics of NRC Categories of Fuel Dama

Distribution of Fission |

Major Fuel Pellet
Pellet Overheating .

Diffusional Release
From uoz Grains

" Fuel Pellet ‘

Greater than 50

NRC Category of Hechanism of Source of  Percent of Source Inventory
Fuel Damage Release From Core - Release Released to Containment Products in Containment
Mo Fuel Damage Halogen Spiking Gas Gap Less than 1  Arborne
‘ Tramp Uranium .
Initial Cladding Gas Gap Less than 10 Airborne
Failure 7 .
Intermediate Clad Burst and _Gas Gap - 10 to 50 Afrborne
Cladding Fatlure - > Gas Gap Diffusion “
. Release
Major Cladding Gas Gap Greater than 50 Atrborne .
Failure - : :
" Initial Fuel Pellet | Fuel Pellet Less than 10
Overheating : Airborne:
> Grain Boundary 100% Noble Gas
“ Diffusion | 25% Halogen
Intermediate Fuel : Fuel Pellet 10 to 50 )
Pellet Overheating Plated Out
: - 25% Halogen

1% Solids

(08 40 9/
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ENCLOSURE D2

CONTAINMENT HIGH RANGE RADIATION MONITOR
(CORE DAMAGE ASSESSMENT) WORKSHEET

Highest Radiation Dose Rate (CHRRM) Rads/hr

Time of Measurement Date:. Time:
Prior 30 Days Power History:

Power, Percent Duration, - Days

Time pf Reactor Trip Date: Time:

.Equilibrium Dose Rate (Rad/hr) =

Measured Dose Rate (Rad/hr) x 190
Reactor Power Level (%)

Refer to Enclosure D3 to obtain categdry of core damage. See
step 5.4. '

Performed by:

Date:
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SECTION E

SUMMARY OF RESULTS.
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[

SUMMARY OF RESULTS: '

Section A, or radiological analysis of samples, is the most
complete and possibly the most accurate of the methods used to
assess the degree of core damage. This section of the
methodology provxdes the instructions required to determine core
damage up to the major fuel melt category Ldentlfled in the NRC
guldellnes for core damage assessment. ,

Other Lndlcators which are described in Sectlons B, C and D of
these methodology are limited to the fuel overheat category of
core damage. Section B,‘which uses the hydrogen content of both
the reactor coolant and containment- buxlding atmosphere for an
indication of fuel claddlng oxidation is most applicable within
the fuel overheat.category. Section C, which uses the
information from reactor coolant core exit temperatures is most
applicable within the cladding failure category. While Section

D, use information from area dose rates within containment and...

it is most appllcable within both cladding fallure and fuel
overheat categorles of damage. -

It is lmportant to note that core damage is not anticipated to

take place uniformly. Therefore a combination of one or more of v

the categories of fuel damage will most likely exist ‘
simultaneously. The results obtained from the radionuclide’ -
analysis should be compared with the results of the evaluation

of other available indicators for a comprehensive assessment.

If the results are in agreement, the core damage assessment is

*tcomplete. "If the results are not in agreement, a recheck. of

both analyses may be performed or certain indications may be
discounted or weighted more heavily based on englneerlng
Judgement. :
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