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Dear Sir:

By NRC letter dated October 17, 1985. GPU Nuclear was granted exemption from cerain
requirements for periodic inventory and reporting of the special nuclear materials (SNM) balance
for Three Mile Istand Unit 2 (TMI-2). As a condition of the exemption. GPU Nuclear was
required to conduct an assessment of the SNM remaining at TMI-2 following the completion of
the defucling effon. This assessment was referred to in the exemption as the "post-defucling
survey.” GPU Nuclear letter 4410-88-L-0162 daied September 30. 1988, submitted the initial
Post-Defueling Survey Repont (PDSR) sub-reponts.

As stated in that submittal, the PDSR documents the GPU Nuclear assessment of the amount of
residual SNM in the various facilities. systems, and components of the plant and describes the
methodology utilized to detennine the guantity of SNM in each case. The attached PDSR
(Enclosure I) transmits the post-defucling survey results for the TMI-2 Reactor Vessel (RV).
In addition, Enclosure 2 provides replacements for the "Overview/Summary” (properly titled the
“Executive Summary™), "SNM Plan Summary,” and "Introduction” scctions of the PDSR
document. ‘The PDSR document is officially complete.

The RV PDSR sub-report completes the final assessment of the quantity of residual SNM at
TMI-2 for accountability purposes. A total SNM accounting is ongoing; submittal of the
Material Balance Repont (DOE/NRC Form 742) is scheduled for April 30, 1993.
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The exemption trom the annual physical tnventory requirements (10 CFR 70.5 1d) granted to
GPU Nuclear in the abkwve referenced NRC letter cites no condition or date ot expination of that
cxemption,  Accordingly, since the residual inventory is fixed, a4s reported in the PDSR. GPU
Nuclear concludes that the exemption from 10 CFR 70.51(d) centinues in force,  Please advise
us if that intemretation s incormect.

Sincercly,

/L X ﬁ?/
R. L. Long
Director, Corporate Services/ TMI-2
EDS/dIb
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SUMMARY

The estimate of record of the amount of urtnium dioxide (UQ,) remaining in the Reactor Vessel
(RV) 15 925 kg with an uncertaimy of = 3 expressed as ane-standard deviation. The estimate
of secord 18 based on underwater video inspections and passive neutron measurements of the
restdual fuel adjusted to account for measurenient bias,  The passive neutron measurement
technigue utilized the results of the video inspections to divide the RV into nine zones which
separated the major fuel deposits by elevation. Water was removed from the flooded RV in
stages that commesponded 1o the zones so that the water could be used as a shadow shield 10
sepanitte the fuel deposits by zone. This techmigue simplificd analysis and improved the accuracy

of the passive neatron imeasurement

Because of the wechnical complexities invobved in the passive neutron measurement program,
including complex geometries. structural interferences, the presence of neutron absorbers and
boron-induced («.n) reactions. a distinguished group of scientists, chaired by Dr. N. Rasmussen,
Massachusetts Institute of Technology. and including Dr. H. Menlove, Los Alamos National
Laboratory, and Dr. G. Knoll, University of' Miclngan. was commissioned to conduct an
independent review of the measurement data and the estimate of restdual tuel. The RV estimate
of record was detennined by adjusting the passive neustron measurement estimate to consider the

measurement biases identified by the Riasmussen Committee.




The total amount of residual UG, (i.e., 925 kg) s about SC% larger than the video estimate.
The difference betwoeen the caslier video estimate and the estimate of recond is attributed to the
indetenninate uncertainty assuciated with the visual estimates that were devetoped from review

of the videotapes collected dunng the video inspection eftort.

(28]



1.0

TMI-2 POST-DEFUELING SURVEY REPORT
FOR

THE REACTOR VESSEL

INTRODUCTION

This repon presents the analysis of the Three Mile Island Unit 2 (TMI-2) Reactor Vessel
(RV; uranium dioxide inventory. It is the final repont in a series of repons generated to
fulfil} the requirements of the TMI-2 SNM Accountability Program.  Unless noted. al}
statistical data uncenainties are expressed in terms of one standard deviation: (one sigma

or lu).

A videa inspection of the floaded Reactor Vessel (RV) intemils was completed in carly
1990, The results of that survey and others were presented in the Befueling Completion
Repon (DCR) (Reference 1) which was supplemented following the NRC-sponsored
Post-Lower Head Sampling Program (Reference 1a).  While the fuel estimates were
acceptable for the purposes of the DCR. the video inspection of the RV was not
considered to be of sufficient quality for final Special Nuclear Material (SNM)
accountability.  For this reason, passive neutron measurements were performed to
provide the final estimate of the quantity of residual fuel within the RV as well as 1o
estimate the uncenainty.  Because of the technical complexities involved in the passive

neuatron measurement program, including complex geometries. structural interferences,



the presence of neutron absorbers and boron-induced (a,n) reactions, a distinguished

group of scientists. chaired by Dr. N. Rasmussen, Massachusetts Institute of Technology.
and including Dr. H. Menlove, Los Alamos National Laboratory. and Dr. G. Knoll,
University of Michigan, was commissioned to conduct an independent review ot the

measurement data and the estimate of residual fuel.

This document outhnes the results and uncertainties, as well as the specific measurement
and analytical wols used to achieve the estunate of record of the residual fuel in the RV.
In this report, residual tuel reters o U0, and fuel debris refers to a composite material

that was the prixduct of the accident.

Scection 2, kground.™ describes the sccident scenario and subsequent cleanup
activities.  Also discussed are the location and condition of fuel that was relocated during

the accident.

Scction 3, "Methods, ™ describes the video analysis, the passive neutton measurement
technigue and equipment used, and the results of the Rasmussen Committee’s review that

was incomorated in the estimate of record of residual fuel in the TMI-2 RV.

Section 4. "Analysis,” explains in detail how the estimate of record of fuel in the RV was
calculated and discusses the supporting data. assumptions made, and the assigned

uncertaintics,



Section §, “Conclusion,” presents the estimate of record and uncerntainty for the amount

of residual UO, remaining in the RV and supporting rationale leading o a conclusion that

the estimate is reasonable based upon the available data and analysis perfonned.

BACKGROUND

During the March 1979 accident, the TMI-2 nuclear fuel was overficated due to a loss
of coolant.  Core temperatures were sufficient to remove the cladding by melting or
gross oxidation.  ‘This prxess advanced for about 174 minutes after initial loss of
coolant. At this time. the "2B™ reactor coolant pump (RCP) operitted for a few minutes
transporting cold water to the core causing funther lhcmml_-mcchanicnl degradation of the
claddmg and pellets.  About 30 minutes later, the Emergency Core Covolant System was

used to rehill the RV, Reterence .

At about 225 minutes, instruments indicated. and later analysis revealed. a major cone
relocation.  Visual inspections conducted during defueling indicated a flow of molien
core matenal to the Lower Core Support Assembly (LCSA).  Approximately 16 hours
after the stant of the accident. the RCP "1A™ was restanted effectively ending the thenmal

degradation process,

One elfect of the accident was to shatter the cerunic uranium dioxide pellets, UQ,, and

to mix VO, with other metal oxides encating a gravel-like debris bed covering a mass of




3.0

resolidified  composite material.  Subsequent  defucling operations  shattered  the
resolidified material ainto gravel-like material visually indistinguishable from the other

debris

After defucling. the residual fuel was observed to be composed of finely divided
miterial, thin cnsts. and solid masses.  Small amounts of debris were left in hard to
access locations, and a light "dusting” of residual fines was widely deposited on
horizontal surfaces after the last underwater vacuum  ¢leaning operation.  Crusty
resolidificd matenat was distributed along surtaces that tended to channel the molten fuel.
Sulid masses of the <ame material wene observed in a few LCSA peripheral coolant Row
holes that could not be defucled. The ., content of the fines and crusty material is

similar; with a larger bulk density for the crusty material,

METHOD

‘e

o EXAMINATION METHOD

A heense condition for transition from Facility Mode | Gie., active defueling) to
Facility Mades 2 and 3 e, final prepamtion fer PDMS) was confirmation that
the RV had been defueled 1o the extent reasonably achievable.  Video
cxaminations of the RV pedonned dunng and subsequent to the completion of

defueling were used to gquantify the amount of fuel left in the TMI-2 RV. The



results of those visual examinations were presented in References 1 and ia.

Approximately 133,000 kg of core debris, including approximately 94.000 kg
V0., remained in the RV after the accident. Extensive defueling operations were
pertornied in the RV to remove core debris resulting from the accident.  The
detennination of residual quantities of core debris and its location in the RV was
an ongoing prcess (rom the start of defueling.  Technigues included video

inspection and sample acquisition and analysis.

Extensive visual examination of searly all accessible pants of the RV intemals
were made during and following RV defueling.  The resulting videotapes were
analyzed to infer the amount. form. and location of the residual fuel in the RV
{References 1 and 1a). The physical extent of dchri.s deposits was mapped in
three dimensions, using known reference points or landmarks as dimensional
indicators.  Given good lighting conditions, the verntical and latcral extent could
be estimated fairly accurately. but depth (i.e.. dimension along the line of sight)
was much less casily determined.  The physical distnbution was then used to
estimate volume.  Surface texture and other subtle factors were used 1¢ identify
and compare the subject debris deposit to other similar material for which sample
anatysis data existed. The sample data for (uel material was then used to estimate

the density and compasition of the deposit.



The engineers who worked on the priject developed a conservative, yet realistic,

estimate of the quantity of sesidual fuel. For instance, if a flow hole inan LCSA

plate could not be seen by the video ciuneras. the engineer was to assume that the
hole was completely full of fuel debris. Forthis reason. when the visual residual

fuel value was reported. it was assumed to represent a conservative upper bound

of the quantity of residual fuel in the TMI-2 RV, Hawever, the visval estimate
was not presented as the final residual fuel value for the TME2 RV due to its
indetenminate range of uncertainty, Rather, passive nestron measurenents were

conducted as part of the SNM Accountability Progrun.
PASSIVE NEUTRON MEASUREMENT TECHNIQUE

Passive neutron measurements wese perfonined to provide the final estimate of the
quantity of residual fuel within the TNE2 RV. Thie passive method equates the
measured number of neutsons released by the core debris to the remaining fuel
quantity.  Passive neutrons are gencrated by spontancous fission of the fuel debris
and by (a0} reactions with oxygen and boron.  The alpha particles are largely

procduced by the decay of the trmsuranics.

It was postulated that the video estimates could be used to predict ncutron yields
tor the visualized deposits.  Residual fuel quantities could then be assessed by

comparing neutron measorements with predictions.  For simple systems,  the



product of the measured neutron/second (n/s) and the predicted kg GO, per n/s
would provide the tuel quantity of record. Unfo tunately this simple analysis was
complicated by geometry, and by the resolution of the video inspection method

(References 2 and 2a).

The video-estimated fuel deposits were not unifonin. Carrelating depaosits with
locations revealed that the thickness of stainless steel shiclding the fuel was also
variable,  Pattially known, non-unitonin depasits behind absorbers of vitrying
thickness provide a complex fuel/source distribution and neutron absorption
quality. Therefore, it was determined that a single measurement made near the
center of the dry RV would not be useful to resolve the complex source tenin for

an appropriate fuel estimate,

The visually-detennined  fuel distribution was used to divide the vessel into
regions that could be usefully separated by water level.  The implementation of
a controlled draindown divided the RV internals into nine vertical zones as shown
in Figure 1. Zone elevations are given in Table 1. Multiple passive neutson
measurements, assisted by the RV water shield, were used 10 reduce the
complexity for a better fuel assay. The water shield was created by drtining the

RV 10 successive zone clevations.

9



‘The distances between the entryway into the RV, the top of the chimney, and
various zones were based on physical measurements and engineering drawings of

the pressure vessel and vessel intemal components.

PASSIVE NEUTRON MEASUREMENT BIASES

The passive neutron measurement technigue is subject to systematic biases that
could significantly affect the resultant estimate of record. The technical
complexities involved in the passive neutron measurement program, including
complex geotnetnes, structural interferences, the presence of neutron absordxers
:md boron-induced (e,n) resctions. make these systematic biases difficult to

quantify with any reasonable accuracy.

A distinguished group of scientists. chaired by Dr. N. Rasmussen, Massachusetts
Institute of Technology, and including Dr. H. Menlove, Los Alamos Nationitl
Laboratory, and Dr. G. Knoll, University of Michigan. was commissioned to
conduct an independent review of the measurement data and the estimate of
residual fuel.  The Rasmussen Committee concluded that measurement biases
were present in the passive neutron measurement technigue (Reference 3). These
biases and their impact on the passive neutron measurement estimate are discussed

in Section 4.3.

10



3.4

HARDWARE FOR THE PASSIVE-NEUTRON MEASUREMENT

Four asscmblics comprise  the hardware used for the passive  neutron
measurements (Reference 2),  They are the detector and stand assembly; the
contamination control box: the calibration source deployment system; and the RV

liquid level momtor.
3.4.1 DETECTOR AND STAND ASSEMBLY

The detector assembly consisted of three He-4 detectors and coupled
preamplifiers that were shiclded by abeut 15 cm of lead and steel. The
shield was used to reduce the radiation level neir the detectors 1o about
0.5 R'h.  The assembly was designed 1o be deployed by the RB polar
crane using a 50° long steel chain. A special sign:ﬂ/’powcr cable bundle
was fabricated to interconnect the detector’s preamplifiers o their

amplifiers, power supplics. and a computer.

A stand assembly was designed 1o suppon the 2 ton detector assembly.
The stand was located on the 3477 EL between the tool decon facility and
the "B” D-ring shicld wall.  Close proximity and clear visual space
between the stand and associated electronics located in the contamination

control box aided adjustments.

11



3.4.2

343

CONTAMINATION CONTROIL. BOX

A housing was provided for a computer. a NIM:-bin containing several

mwdules, an RS232 modem. and an electrical cable terminator plate. The

housing was defined as the contamination control box (CCB).

The main purpose of the CCB was to shield against clectrically-generated
noise and to allow fexihility in tenninating the various signal/power

cables in a contamination-free environment.

CALIBRATION SOURCE DEPLOYMENT SYSTEM

For calibration and operational checks, an Am-241-Be  neutron source
wias lowered into the RV through three stainless steel tubes. The tubes
extended down from the shielded work platfonin to the bottom of the RV.
The wbe used for calibration was located inboard of the Core Support

Structune (CSSy-Upper Core Support Assembly (UCSA)-1L.CSA.

An 1/8” stainless steel ball and bead chain was used 1o support the source.
Incremental chain length distance uncertaintics were less than 174", The
position of the source was monitored by calibrating the ball and bead
chain for length. The calibration marks were white balls against a flat

12




4.0 ANALYSIS

black painted chain.  Readout of source position was hy a video monitor
located in the command center which was connected to a camera attached
to the reel assembly.  Readout in the RB was not needed as the source

conmroller was lovated within clear sight of the source reel.

RV LIQUID LEVEL INDICATOR

A staged precision bubbler was used for liguid level readout. The heart
of this device was a pressure trunsducer that was rated for an accuracy of
0.1%. A water depth ot abou 11.5° was covered by a S psig transducer,
and the liguid level was followed during pump-out by rioving the bubbler
cisvation i lasge stages.  The error detennined by quadrature®, anywhere

in this span, wis .23 inches.

4.1 VISUAL ESTIMATE

The visuai estimate of the residual fuel in the TMI-2 RV was 630 kg. The

documentntion in References 1 and 1a provides a description of the analytical

= Square root of the sum of the squares of the individual errors.
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results of the video examination of the TMI-2 RV. The data presented showed
a residual fuel inventory of 609 kg. However. for comparison with the passive
neutron measurement estimate and the estimate of record. the 21 kg extant in the
hot and cold leg nozzles (Reference 4) was added to achieve the stated 630 kg

(Figure 2).

As shown on the archived videotapes, the residual fuel in the TMI-2 RV consists
primarily of finely divided. smail particle-size sediment in inaccessible holes.
crevices, and comners: surface films: and resolidified material cither tightly
adherent to the RV components or inaccessible for defueling.  Approximately 50
samples of residual core debris were analyzed for density and fuel i.c., UO,)
content.  An average density and representative fuel content was determined for
each type of material. A computer model of the RV and its internal components
was developed which defined the dimensional characteristics of the remaining RV
internals and, more importantly, the spaces where core debris could reside.
Then, based on observation, the actual core debris was spatially represented in

the computer model.

Computer software was developed which used the information contained in the
geometry model to calculate the volume of modelled debris. Cther visual factors
such as surface texture, shape, apparent hardness or porosity. friability, color,

and location were used to categorize the residual core debris into one of the three



[}

types discussed above. A mass estimate was then obtained by multiplying the
estimated core debris volume by the average density and UQ, percentage
corresponding to the particular type of material (i.c., resolidified material, loose

debris, or surface film).

The benefit of the video assay was not only in identifying where fuel deposits
were located but also in identifying where no fuel deposit greater than the video
camera resolution of about I mm existed. However, the video assay had its
limitations, such as, lack of access to all arcas of the RV, tran<lation of a two-
dimensional image into a three-dimensional portrait, and the resolution of the
video cameras.  For these reasons, no uncertainty was ascribed to the video
estimate and, more importantly, the video estimate was not considered sufficiently
accurate to be used as the sole basis for the estimate of record for SNM
accountability purposes. The SNM Accountability Program required a.more
technically exact measurement technique; thus, the passive neutron measurement

technique was developed.

PASSIVE NEUTRON MEASUREMENT ANALYSIS

The passive neutron measurements produced raw neutron count rates for a series

of locations within the RV under known conditions. Fuel increments in cach zone

were determined by satisfying coupled simultaneous sets of cquations that



represented the serics of measurements made in each zone (Reference 2). A
ncutron measurement was made with the wuicr level at the bottom of one zone
(c.g.. Zone 3) and the detector located within that zone. The water level was
then dropped o the bottom of the next zene (¢.g.. Zone 4) and with the detector
in the sune focation (eg., within Zone 3), another ncutron measurement was
made. The detector was then lowered to the next zone (e.g., “.'ilhin Zone 4) and
the measurement precess was repeated.  Neutron attenuation in stainless steel,
lead, and water was represented by simple exponentials with increasing thickness.
Gamma ray trmsport codes were used with material and density selected to force

the codes to match the empirical attenuation characteristics.

The {uel locations and a porrntit of the remaining RV intermal structure defined
by the video inspection were used to produce minimum and maximum fucl
values. The minimum fuel value was attained by adding fuel to areas nearest the
detector until the actual measured neutron count rate equadled the computer-
maodelled count rate.  Conversely, the maximum fuel value was detennined by
adding fugl to areas funhest from the detector until the same match was achieved,
The average of the minimum and maximum values for each zone was the passive
neutron measurement estimate.  The passive neutron measurement estimate of

residual fuel in the TMIE-2 RV was 1322 kg,
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4.3

EVALUATION OF MEASUREMENT BIASES

Since the passive neutron estimate was more than twice the visual estimate, which
was considered conservative, the Rasmussen Committee was commissioned to
eviluate the measurement data, the passive neutron measurement technique, and

residual fuel estimate.

The Rasmussen Committee  concluded  that thene were  five  systematic
measurement biases in the passive neutron measurement technique and analysis.
These biases. related to boron variations, UQ, particle size, calibration error, data
analysis, and in-scattering of ncutrons, were difficult to quantify with any

reasonable accuracy.

4.3.1 BORON VARIATIONS

Neutron yield from the TMI-2 core debris is primarily a function of three
distinct components:  spontancous fission of tansuranics, (a,n) reactions
from oxygen, and (a,n) reactions from boron. The dominant neutron
source tenn is (ex.n) reactions from boron; the neutron vield from this
component is proportional to the thickness of the boron layer on the
surface of the UO.. The Rasmussen Committee concluded that a bias in
the passive ncutron measurement was the inability to fully drain the

borated water without a buildup of boron on the residual fuel.  This

17
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resulted in an increase in the neutron yield from residual fuel in Zones |

through §. ‘The Rasmussen Committee ascribed an estimated  bias of

+15% for this effect in Zones 1 thiough 5.

UQ, PARTICLE SIZE

Fuel panticle size has a strong affect on neutron yield. A UO; pellet will
vield orders of magnitude less neutrons per gram than UQ, powder with
a surface coating of boron.  Further, small dust-size particles would
adhere to all surfaces; whereas, larger particles would tend to drop to the
bottom of the vessel.  Therefore. the Rasmussen Committee concluded
that the passive neutron measurements were biased because the neutron
yield calibritions used TMI-2 fuel samples that were comprised of a non-
representative lesser quantity of fine particles. Defucling videos provided
extensive observations of fine powder deposits in Zones 1 through S.
Therefore, the Rasmussen Committee ascribed a total estimated bias of

+35% from these effects (o Zones | through S.

CALI'PATI: R

A measurement bias was introduced by using an AmBe source for the
primary calibrations. The calibration technique caused the detector to be

more efficient for the larger-size particles extant in the bottom regions of

18




4.3.4

435

the RV. An additional source of calibration error was the variation in
angular distribution of the neutrons from the AmBe source as compared
to the UO, sample. The bias for these effects was estimated at -5% on a

total vessel basis.

DATA ANALYSIS

Nine grab siunples of fuel debris were used for neutron calibration. The
results from one of the samples was omitted from the calculation of
neurron yield. Including this sample in the average would increase the
neutron yield by approximately 5%. Therefore, the bias for this effect

was estimated at +5% on a total vessel basis.

NEUTRON IN-SCATTERING

The passive neutron measurement technique corrected the data for neutron
absomtion and out-scatter, but no credit was given for neutron in-scatter.
A bias was introduced through the use of gamma-ray computer codes that
do not account for neutron scatter in non-line-of -sight structural steel.
The Rasmussen Committee ascribed an estimated bias of +20% on a total

vessel basis for this effect.

19
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ESTIMATE OF RECORD

Since the residual fuel result of the i);lssivc newtron measurements was so much
larger than the visual estimate and considenng the Rasmussen Commitiee's
discussion of systematic biases. it was decided that the estimate of record of the
residual fuel in the TAME2 RV for SNAM accountability purposes would be
detennime] by wljusting the results of the passive .ncmmn measurements to
account for the biases discussed in Section 3.3, The biases were assigned to
specific RV zones and then summed per zone (Table 2). The passive neutron
measurement estimate was adjusted accordingly nesulting in a zonal estimate of
record (Table 3). The estimate of record of the residual fuel in the TMI-2 RV
is 925 kg. Figore 2 provides a comparison of the three fued estimates, i.c.. visual
cstimate, passive neutron estimate and estimate of record. for the TMI-2 RV on

a per zone basis.

ANALYSIS OF UNCERTAINTY

The passive neutron measurement seport (Reference 2) includes an uncertainty
estimate of approximately + IS % for the estimated non-bias adjusted RV content
of 1322 kg. The Rasmussen Committee judged the uncertainty to be + 40%
when bias adjustments are made to the passive neutron estimate, This uncertainty

was based on the foltowing assumptions:

20



1. Approximately two-thirds of the neutrons counted are not related to the

amount of uranium present;

2 The fuel source material is in a wide variety of forms: cach with a
different neutron yield per griam of uranium;

3: The highly asymmetrical location of the steel complicates evaluation of the
in-scattering effect; and

4 The distribution of baron changes curing water removal.

It is noteworthy that if two-sigma uncenaintics (i.c., 95% confidence level) are
considered, the estimate of necord (925 kg) with its estimated two-sigma

uncenainty of 80% cenainly bounds the visual estimate (630 kg) plus any

reasonable associated uncentainty, and essentially bounds the unadjusted passive
| ncutron estimate of 1322 kg plus its two-sigma uncertainty (30%). Figure 3

provides a visual representation of the uncertainty evaluation.

Theretore, it appears reasonable to adopt the Rasmussen Commiittee’s aésignalion

of an uncentainty of + -40% to the TMI-2 RV estimate of record.

5.0  CONCLUSION

The estimate of record of the amount of uranium dioxide (UO;) remaining in the TMI-2
RV is 925 kg. This estimate has an associated uncertainty of £ J0%. Since the RV has

21




teen drained to the extent that less than 10 gallons of water remain. no fuel movement

o or out of the RV s anticipated. and this guantity of residual fuel is considered fixed.

This estinate of seconl is based on a detaited, aon-destnsctive visual examination and

physicil measurement of the RV residual fuel that was adjusted in accordance with the

reconmmendations of a pancl of distingmshed scientists and evaluated by a group of

mdependent extermal reviewers. Tt is understood that the bias adjustinents are somewhat
fudgement:al due to the difticulty expericnced in their guantification,  However, the
reviewers were in general agreement regarding bath the estimate of record and its
associated uncertainty. Considenng the information provided by the visual estimates and
the aircumstances vader which the passive neutron ineasurements were made, the
estimate of record of 925 kg represents a realistic estimate of the guantity of residual fuel
extant in the TMI-2 Reactor Vessel and the consensus of the reviewers commissioned to

assess the resalts for the TATE-2 SNM accountability project.
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ZONE

A%

top of chimney

top of flange

top of hot leg

bottom of cold leg nozzies
baottom of CSS

mid-plane of LCSA
bottom of USCA

top of forgmg

top of IGSP

cmpty

TABLE |

NE ELEVATI__ .

ELEVATION

337.43
322.4%°
317.00°

313.96°

312.00°

30817

208.29°

296.9°
295.74°

291.07

14.95°

20,43

2347

25.36

39.14°

40.52°

41.69°

46.36°



TABLE 2

+ . RRECTION FACTORS FOR MEAL v avessacens oo
APPLICABLE
i ———— BIAS ZONES
Boron Vanations +15% 1-5§
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EXECUTIVE SUMMARY
The witiad Three Mile Island Unit 2 (TMI-2) core contained 94,0 tonnes (94.000 kg) of urainum

dioxede (UQ).  Three months of full power opergtions, defucling, and fuel shipment (e the

Idaho National Engumeering Liboratory reduced the inventory to approximately 1o kg U0

or about 1.2% of the onginal core loading.  The purpose of this document is 10 discuss the

process used to determine the total amount ot UO, remaining in the TMI-2 facility, and to

doctnent the final fuel estimate of record

Fable 1 depicts the final residual fuel distribution of the TMI-2 facility. The total quantity of
residual fuel was approximately TIK) kg with an uncertainty of about © 370 kg, The
uncertamty {one standarid deviation - La) was calculated as the sqtare root of the sum of squares
of the individual uncentainties.  In generl, the individual uncertainties were the standard
deviations of the "estimates of record. ™ For the Auniliary and Fuel Handling Buildings (AFIIB),
Reactor Building Miscellancous Components, Plenum, and the Reactor Vessel (RV) Head, the
uncertainties were reported as asymmetric gquantities.  For these cases, the averages of the upper
and lower error bounds were taken as the standanl deviation.  The uncertainty in the residual
fucel in the RV dominated the total uncertainty. It is usetul to note that the total gquantity of
residual fuel outside of the RV was about 170 kg; an amoum less than one-half of the standard

deviation of the residual fuel in the RV

The coliection of PDSR sub-repons provide a comprehensive and systematic accounting of all

Given an average fuel enrictunent of 2.24 wi % U-23S, the total quantity of camtained
U-23S at TMI-2 is less than 22 kg,




resduad guet in the TNME-2 facility. The results of ciach survey of an arca, sysiem, or component

containmg specnl nuclear avatenal (SNMD are detailed ain o separate PDSRKR sub-repon and a

compilation of these wesilts foons the basis for the final SNM accounting for TME-2.

To tacthtate the review and camprehension of this compilition of snb-reports. o section
deseribing the SNM Progriun Plan and the specific requirements and  considentions for
measuremens. guality assurmee, and program llmnug.unwm is inctuded.  The Introduction
section descepbes the format of the PDSR sub-reports, provides a graphic iltustiation of the SNM
areas, systems, and components being surveyed, and explains the various methods and
technigques used to measure SNM and analyze the data,  Each sub-repont provides specific
analytical and’or measurement sesults, the “estimate of aecord” of the residual fuel for the given
area, system. or component, and a discussion of the measusement methods and analytical
technigues utilized. as well as the kevel of uncenasinty of the results,  Each sub-seport received

an mdependent extemial review by Dr. R Brodzinski, Batelle Pacific Northwest Laboratories.

Dr. F. Tingey. University of Idaho. and cither Dr. T. Sampson or Dr. P. Russu. Los Alunos

Nationat Laborutory,

The fuel assay process extended over several years.  The carlier PDSR sub-reponts tendesd to
cover the fuel assay results for specific components (e.g., the RV Plenuim). More recent reports
served 1o group together components common to a specific location. such as the AFHB and the
Reactor Cookant System.  For case and contiauity of discussion, the detailed data. measurement
mfonnmation, calcuiations, and analysis were not mcluded n the sub-reponts.  The individually

referenced suppon material was archived for retrieval by interested parties,



POST-DEFUELING DISTRIBUTION OF RESIDUAL UQ,

PDSR’
SECTION
TITLE

Plenum

Letdown Coolers
Pressurizer

Reactor Vessel Head
Reactor Building Basement
"A" and "B" OTSG

Auxiliary and Fuel Handling
Buildings

Reactor Building Miscellancous
Components

Reactor Coolant System

Reactor Vessel

TMI-2 Facitity Tatal Fuel

IN THE TMI-2 FACILITY

UNCERTAINTY

2.1 + 1.9
2] +420 ()
03 - + 0.2
1.3 x 0.9
1.3 + 0.7
62.3 + 9.7
1.5 +5.8
64.0 + 26.9
25.8 + 11.)
Q2% + 370
1097 + 371 .



SUMMARY OF TMI-2 SPECIAL NUCLEAR MATERIAL ACCOUNTABILITY ML AN

I'URPOSE

The Specil Nuctear Materid (SNND Accountahiity Plan was mmull._\ issucd in April 1987, The
purpose of the SNA Acconntability Plan wis to define the snethod of SNM accountability, the
Ouality Assuntnee Progrun ancorponted in the SNM - Accountability Program, the arcas,
systens, and components to usdergo fonmal SNM ncasarement. and those that did not require
SNAD assessment. - The Plan also described the integration ot progranunatic ALARA in SNM

assessment acnviies.

Ax detined i the SNM Acconntability Pl the post-defuchng susvey was a process by which
the entire TME2 plant wax surveyed todentafy arcas known to contain, or that could contain,
renadual SNM and to gquantfy that SNM. The quantity of SNM in cach applicable area was
determined. Fhe accomplishiment ol the required SNM ancasuremients and associated engineering
analyses, and o determination of the estimate ol record of the total guantity of residuaal fuel at
PME-2, constitute complenion ot the post-defachng survey.  The SNM Accountability Plan

describes the process by which the post detuching survey was conducted



BACKGROUND

The March 1979 accident resulted in significant disuage to the core and the subsequent release
of fuet and fission products imo the Reactor Coalant Sy:ﬁlcm {RCS) and other closely nelated
systems.  The post-accident TMI-2 core consisted of loose fuel pellets, soliditied fuel, structural
inetal conyponents fe.g.. end tittings). loose mibhle. and partial fuel assemblies.  This collection
of matersal 1s gencncally referred 0 as cone debris,  As a result of the core condition, fuel
accountability by the normal method of accomnting for individual fuel assemblies was not

possible,

Core debris was removed from the TMI-2 reactor, Toaded in special containers. and shipped o
the Depantment of Encrgy Idaho National Enginecning Laboratory (DOE INEL) tacility in Idaho.
Each shipiment was accompanied by a Nuclear Matenial Tramsaction Report (DOE/NRC Fonn
741 which recorded the net weaght ol the contents of each canister and a best available physical
description of the contents, A statement that quantification of the amounnt of SNM in cach
casister was not possible slso accompamed cach shipment as an annotation on the DOE/NRC

Fonu 741

The camster contents were a mixture of SNM and other core debris and structural materials.
There wits no feasible method at TNI-2 10 deteanine the exact content of tuel in cach canister
by isotope with gram specificity,  Therefore, SNN accountability for TME-2 was based on the

wtal measured SNM remaining in the plant atter defuchng was complete. A final plam



wventory of residual SNM owill be reponted on the DOE'NRC Matenial Balance Repon

(DOINRC Form 742}

tn October 19RS, U Nuclear, the US. Depastment of Encrgy (DOE) and the U.S. Nuclear
Repulatory Commussion (NRC 1 entered mto an agreement (References | and 2) that final SNM

]

accountabiliny tor TME-2 would be pertormaed atter detuchng was completed and would be based

upon o thorough post-detuchng survey of TAE2D This postdefucling survey would quantify,
as accurtely as possible, the amount of residual SNM i plant arcas, systems, and components,
Taplicd s agreement wis the understnding than the post-defucling survey wonld involve
all arcas, systems, and componenis where SNM could possibly live been deposited as a result

of the 1979 acaident and subsequent Cleanup activities

SUNIMARY

Formal SNM gssessiment activities bepan i P87 and continued untl 1992, SNM mceasurements
were performed as arcas, systems, and components were detueled and/or placed into an isolated
confrgaration that crsuged no fuel trnspont in or ot after the SNM survey wias completed.” The
mtent of thes isaliston configuntion was to ensuge no trensport of SNM anto or ont of an area,

system or component previousty surveyed which could signiticantly alter the SNA assessiment

A eaceptien to this was the RV drindown to the fuel trnsfer canal (FTC). No special
precantions were taken 1o prevent fuel traspon 1o the FTC, However, litde fuel was
mn fact trmnsferred.



Some SNM measurements were perfonned on arcas, systems. or components that were not in

an isolated configurauon.  This approach was not preferned and these measurements were
utilized for SNM accountability only when analysis demonstrated that there could be no
significant transport of SNM into or out of the aret, system, or component after the completion
of the measurement. When areas, systems. or components could be physically isolated prior to
SNM measurement. the isolation conliguration was selected to enhance SNM detection with due
regard for system boundanes. piping configurstion. and measurement requirements. Following
SNM muasurements. the contigurtion was and will conunue to be administrtively and

physically controlied

A review of the entire TMI-2 facility wis conducted 1o detenmine where SNM may have been
deposited as a result ol the 1979 accident and subsequent cleanup activitics.  Lacations were
placed nto three categorics:  Category A - locations where SNM is definitely deposited:
Category B - locations where it can be reasonably postulated that SNM may be deposited: and
Category C - lociions where it can be shown that SNM was not deposited.  Appendix |

categorizes each arca, system, and component of concem

All Caterzory A and B arcas underwent SNM asseasment. Category C arcas were identified as
not requicing SNM assessment based  upon authonitative analysis of the TMIE-2 accident

tReference 33 and o review of <ubsequent cleanup activities,




SNM accountability at TNI-2 was a complex task.  Inaccessibility of some areas, systems, and
components, high arca muliation backprounds, complex geometries, and the required indirect
measurement of fuel complicated physical measurement of SNM quantities.  “Theretore. several
altermative technigues for perfonning measurement of SNM guantities were used.  Reference §

deseribes those technigues.

SNAM assessment was an Imponant to Safety (ITS) activity: therefore, the TMI-2 Recovery QA
Plan apphied 1o all SNM assessment activities.  Fhe SNM Accountability  Plan, SNM
measurement procedures, amd Unit Work Instructions undenwent Quality Assurancee/Quality
Control (QA/QC) review and concurrence.  Measurement equipment was naintained and
calibrated in accordance with QA/QC requirements.  Individual SNM assessment activities
included QAYQC venfication of essential paramceters. as deemed necessary. Records of SNM
assessment activities and associated analyses were subject to QA/QC monitoring and auditing.
Engincening calculations for SNM assessment were performed in accordance with the TMI-2

Engincering Provedure 0K ENG-7310.02. "Engineering Calculations.”

POST-DEFUELING SURVEY REPORTS

The collection of Post-Defucling Survey Reports (PDSRs) documents the estimates of record of

residuil SNM in cach Catepory A and B arci, system, and component at TMI-2. The quantity
of residual SNM was detennined through measurements, sampling, and engineering analysis,

Zich PDSR sub-report contains, as a minimom, a description of the boundaries of the sub-



report. a detailed desciption of the arca, systen. or component to be surveyed. @ description
of its role in the accident and/or subsequent cleanup activities, spectfic measurement results, i
explanation of the wmeassrement methodis) used 1o obtain tuel measurement data, a discussion
of the analysis technigues utilized, the estimate of record of residual fuel, and s associated

uncertnty,

DETERMINATION OF SNM IN RADIOACTIVE \WASTE AND SAMPLE SHIPMENTS

The total wnount of SNM shipped offsite as ridivactive waste and/or as samples was determined
m accordance with approved 1TS procedures.  This amount of SNM shipped was then recorded
on the appropriate shipping tonms and the DOE/NRC Fonn 741, The quantities of SNM
reponted as shipped was included in the calculation which finalized the SNM accoumability

prxess at I'MI1-2,

FINAL SNM ACCOUNTABILITY

Final SNM accountabiity for the TMI-2 tacility was detennined by compiling the resuls of
individual sub-reponts Goe., “estimates of record”) of the quantity of residual SNM tor each area.
system, or component, — The unount ot fuel shipped te the DOE INEL was deternmined by
subtracting the sum of the final plont inventory and the amount of SNM shipped as mdioactive
waste from the wtal plint inventory of SNM as reported on the most recent SNM Matenal

Balance Repont (DOE/NRC Fonn 742) as corrected for decay
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Last reponted inventory

Drecay comection

Final plant inventory

SNM _shipped as s and_radwaste
= SNA shipped o INEL in fuel, filter and

knockout canisters

SNN MEASURENENTS

SNN measurements were performed on TMIE-2 Category A and B arvcas, systems. and
components (Appendix 1), A determination of the residual SNM in cach location was based
upon individual SNM measurements performed asing approved procedures, or by examination
and ar:tvsis of previously performed fuel charsctenization mcasurements.  SNM micasurements
were perforned in accordance with an approved procedure or Unit Work Instruction when
existing data from previous fuel chirractenzation measurements were insufficient for final SNM
accountability.  Genenie procedures were atilized for measurements which applied standard
techunques (e.g., gamma spectroscopy). Unit Work Instnuctions were utilized for measurements
thit required speciil, onc-of-a-kind technigues te.g., OTSG tube film SNM measurement). Data
sheets attached to cach SNM measurement document were used to recond the data reguired for

post measurement analysis.



SNM measurement documents were reviewed and approved in accordance with TMI-2 Unit
Procedure JO00-ADM-1218.02. “TMI-2 Document Evaluation, Review and Approval.” SNM
measurement documents reguired intemal concurtence in accordance with TMI-2 Procedure
AU0O-PLN-4420.02. “SNM Accountability Plan.” SNM mcasurement docuents were archived

in CARIRS.
SNM MEASUREMENT TECHNIQUES

Post-defucting SNM assessment at TMI-2 was a complex task, Several different measurement
technigues were wsed.  Teckmigue selection for cach measurement  depended  upon the
configuntion of the area. structure, or component assayed, physical access limitations, arca
radiation dose rates. and the tikely nature of the form of SNM deposits.  Extensive use was
made of gamma scintilfation counting. neutron detectors. video inspections.  mdiochemical
analysis of samples, and alpha detection. Several arcas were sunveyed utilizing two or more
techniques, A description of the most common measurement teckmigues “and measurement

teckmigue selection enteria can be found in Reference 4,
QUALITY ASSURANCE FOR SNM ACCOUNTABILITY
The resuits of the SNM Accountability Program were the basis for final SNM accountability at

TMLE2, Therefore, the SNM accountability activities were classitied as "Imponant to Safety”

and complied with the TMI-2 Recovery QA Plan.



Final SNM accountability was on a determination of the quantity of residual SNM
remiining in TMI-2 arcas, systems, and compaonents after defucling was completed.  The
determination of the residual SNM quantities was based upon measurements perforned utilizing
QAQC approved prscedures or upon measurement packages that contained previously
rerfermed fuel chareterization measurements reviewed and approved by QA/QC on an after-

the-fact hasis,

SNM measurcment activities performed via approved procedures or Unit Work Instructions wene
reviewed by QAYQC for inclusion of hold/witness points. Specific activities (e.g.. critical items)
were also identitied by the document preparer which required QA/QC verification.  Activities
requiring QAJQC observation required coordination to ensure that QA/QC support was timely

and available for the specific activity.

SNAM engineering caleulations were perfonned in accordance with TMI-2 Engineering Procedure
AX0-ENG-7310.02, “Engineering Calculations.” Data utilized in the engineering calculations
were obtained from the completed QA approved procedure or Unit Work Instruction data sheets
or from QA reviewed and approved data acquisition measurement packages. Calculations were
independentdy verified in accordance with the referenced procedure.  SNM measurement
packages that identified residual SNM deposits greater than 1 kilogram were submitted for an

independent review.



Computer codes utilized to quantify residual SNM were verified by the Fuel Measurement and
Analysis Section by benchmarking with accepted industry codes.  Verification was documented.
Only verified and approved computer codes were utilized.  Approved code vensions were
controlled to preclude unauthorized moditication.  Code versions utilized in engineering

calculations were specifically identified.

Equipment utilized to quantify residual SNAM via a QA-approved procedure or Unit Work
Instruction was calibmted and operated in accordance with these procedures.  Essential
cquipment identification infonnation (e.g., type, size, configuration) and performance data (e.g..

counts, duration of count, location of detector) were recorded on the data sheets.

CONFIGURATION CONTROL OF AREAS, SYSTEMS, OR COMPONENTS

CONTAINING RESIDUAL SNM

In order 10 ensure that the SNM measurement process was accurate, controls were cstablished
to cnsure that SNM was not "double counted.” Double counting could have occurred if SNM
was relocated out of an area, system, or component that had already been measured into a

radioactive waste shipment or an area, system, or component still requiring SNM assessment.

Where po arcas, systems, and components were physically isolated prior to SNM
measurement. However, some SNM measurements were performed on areas. systems, or

components that were not in an isolated configuration,  In these instances, the measurements



were accompanied by an analysis which demonstrated that there coutd e no significant transport

of SNM into or out of the arci, system. or component after the completion of the measurement.?

Administrative controls were utitized, as required or appropriate, to maintain physical isolation
of areas, systems, or components that have undergone SNM measurement so that trunsport of
SNM into or out of the arca, system, or component was precluded. The type of administrative

contrals depended upon the nature of the area, system, or component.

Piping systems and components connected to piping systems (e.g., pumps, tanks) were isolated
utilizing “red” tags via the TMI-2 Administrative Procedne 4000-ADM-3020.04, “Switching

.

and Tagging Safety.” Red tags prohibit the changing of position of a component (e.g., valves,
clectrical breakers). “Red tagged” components served as isolation barriers intended to prevent
the tmnsport of residuad SNAT into or out of areas, systems, or components.  If an isolation

barrier was removed (e.g., a valve was opened), the need for a repeat measurement of SNM in

the affected piping was evaluated.

Open areas (e.g., reactor building basement floor, auxiliary building sump) were controlled by
one of two methods to prevent fuel transport. Areas were maintained in a dry condition so tha
hyuids could not displace residual SNM or, if subjected 10 liquid Dow, the liquid was

An exeeption to this was the RV drindown to the fuel trmster canal (FTC). No special
precautions were taken 10 prevent fuel transport to the FTC. However, little fuel was
in fact transferred.



sampled. Sampling of the liquid for the pr:sence of residual SNM was peef onned in accordance

with QA approved procedures,

ALARA FOR SNM ACCOUNTABILITY

The SNM  Accountability Program was conducted in accordance with the "As fow As Is
Reasonably Achievable” (ALARA) principle for radiation exposure. - Conduct of the post-
defueling sunvey, as an integral element of the SNM Accountability Program, resulted in the
exposure of personnel to ionizing radiation as SNM measurements were performed in the
auxiliary. tuel handling and reictor buildings.  Personnel radiation exposures were maintained
ALLARA by limiting the nmnber of measurements to those essential for SNM accountability and

by planning cach measurement to minimize personnel exposure.,

The number of required SNM measurements was limited by utilizing, when possible, previously
perfonned fuel characterization measurements.  In addition, SNM measurements were limited

10 those arcas. systems, or componznts which conceivably contained fuel.

The radiation exposstre received by personnel perforining SNM measuremients was maintained
ALARA by proper planning. Individual measurements were designed to include efficient use
of time in radiation arcas, incorporate lessons leamed on dose minimization from previous

measurements. and include the use of remote equipment, if possible.



!J
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APPENDIX 1

PETLY PTAIA S P75 Tuln iV 43 ATIUNS

AREA DESCRIPTION SNM CATEGORY

AXOOI RB Emergency Booster Pump C
AX002 Access Corridor (Dritins) C
AXD03 Access Area (Drains) C
AXOUH Seal Injection Valve Room B
ANOS MU Pump - IC A
AX(X)6 MU Pump - 1B A
AX()7 MU Pump - 1A A
AXO08 Spent Resin Storage Tank - 1B
AXO0Y Spent Resin Storrge Tank - 1A B
AX010 Spent Resin Storage Tank Pump
AXOL1 Aux. Sump Pump Valve Room A
AXOI2 Aux. Bldg. Sump Tank Room A
AXO013 Evap. Cond. Tuanks, Pumps C
AXO14 RC Evaporator Room C
AXO0I5a Cleanup Filters Room C
AXOQISh Cleanup Filter After Room C
AXO0I6 Cleanup Deminertlizer - 2A C
AXOL7 Cleanup Deminernitlizer - 2B C
AXQIR Waste Transfer Pump Room C
| AXGI19 Waste Disposal Liquid Valves A
AX020 RC Bleed Tanks - |B. IC A
| AX021 RC Bleed Tank - 1A A
‘ AX022 Nonh Stairwell G
AX023 Elevator Shaft C



AREA
AX024
AXU26
AX027
AXIO}
AXI02
AXIO}
AXTIH
AXI0S
AXI106
AXI07
AXIOY
AXI(M
AXI10
AXI 11
AXI12
AXI113
AXI114
AXI1IS
AXI1I6
AXI17
AXIIS
AXI1Y
AXI20
AXI2j
AXI22

APPENDIX 1 (cont'd)

AREA CLASSIFICATIONS

.l)I-ISCRIl'l'l()!\'

Aux. Bldg. Sump Filters

Seal Injection Filters (MU-F4A, 4B)
South Stairwell

Radwaste Disposal Panel

RB Sump Pump Filters

MCC 2-I11EB

MCC 2-21EB

Substation 2-f1E

Substation 2-21E

MCC 2-11EA

MCC 2-21EA

Nuc. Services Coolers and Pumps
Intennediate Coolers

Interediate Cooling Pumps and Filters
Sutl Retum Coolers & Filters (MU-F-3)
Waste Gas Analyzer

MU&P Dentineralizer - 1A

MU&P Demineralizer - 1B

MU Tank

MU&P Filters (MU-F2A&B and MU-FSA&B)
Spent Fuel Coolers

Spent Fuel Deminernilizers

Spent Fuel Filters

Elevator Shaft

Norh Stairwetl

SNM CATEGORY

(o]
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AREA
AXI23
AX124
AXI2S
AXI26
AXI127
AXI28
AXI129
AX130
AXI131
AXI132
AXI33
AXI134
AXI135
AX201
AX202
AX203
AX204
AX205
AX206
AX207
AX208
AX2(9
AX210
AX21]
AX212

APPENDIX 1 (cont’d)

AREA CLASSIFICATIONS

DESCRIPTION

Access Arca

Concent. Liguid Waste Pump
Waste Gas T ecay Tank - 1B
Waste Gas Filter Reom

Waste Gas Decay Tank - 1A
Vilve and Instninent Room
Deborauting Demineralizer - 1B
Deborating Demineralizer - 1A
Misc. Waste Tank (WDL-T2)
Corridor between Unit 1 and Unit 2
South Stanwell

Misc. Waste Tank Pumps
Radwaste Disposal Control Panel
North Stairwell

Elevator Shaft

3160V Switchgear - 2-15
4160V Switchgear - 2-2E

RB Purge Air Supply and Hy. Crot. Exh.

RB Purge Exhaust Unit B
RB Purge Exhaust Unit A
Aux. Bldg. Exhaust Unit B
Aux. Bldg. Exhaust Unit A
FH Bldg. Exhaust Unit B
FH Bldg. Exhaust Unit A

Decay Hewt Surge Tank and Substation
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“ APPENDIX 1 (cont’d)

AREA CLASSIFICATIONS

AREA DESCRIPTION SNM CATEGORY
AX213 Unit Substations and Access Area C
AX214 Decaon Facility C
AX21S FH Bldg. Supply Unit C
AX2l16 Aux. Bldg. Supply Unit C
AX217 AcCcess Arca i C
AX21K Concent. Waste Storigge Tank Room B
AX219 Inst. Ricks & Atmosph. Monitor C
AX220) Caustic Liguids Mixing Area S
AX221 Caustic Liguids Mixing Arca Corr. C
AX222 South Stairwell C
AX223 Air Handling Units General Area C
AX301 Elevator Shaft and Elev.itor Machine Rm. &
AX302 Nonh Stairwell C
AX303 Elevator and Stairwell Access C
AX401 Roof C
AXJ02 Couling Water Surge Tanks C
AX403 Dampe Room C
AXSO! RB Spray Pump - 1A C
AXS502 RB Spray Pump - 1B C
AXS03 DI Remov. Cooler and Pump - 1A C
AXS04 DH Remov. Cooler and Pump - IB C
17



AREA
FHOO!
FH(X)2
FHOO3x
FHOO3D
FHO04
FH(OOS

FHOO6O

Flo07
FHOOY
FHOO)
FHOIO
FHOLI
FHOL2
FHOL3
FHOI4
FH101
FH102
FH103
FH104
FHI05
FH106
FH107
FH103
FH109

APPENDIX 1 (cont’d)
AREA CLASSIFICATIONS

DESCRIPTION

Makeup Suction Valve Roam
Access Corridor

Makeup Discharge Valve Room
Makeup Discharge Valve Room
Westinghouse Valve Room (Mini-Decay Heat)
Mini-Decay Heat Vault

Decay Heat Service Coolers
Neutral & Reclaimed Borie Acid
Neutralizer Tank Pump Room
Neutradizer Tank Room
Reclaimed Boric Acid Tank
Rechiimed Boric Acid Pump
Neutralizer - Tank Filters

Qil Drum Storage Arca

Annulus

MU&LP Valve Room

East Corridor

Sample Room

West Corridor

Model Roomi A

Monitor Tanks & Sample Sink Arca
Trash Compactor Area

Trick Bay

Spent Fuel Pool A
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AREA
FH110
FHI1{
FH112
FH201
FH202
FH203
FH20.4
FH20S
FH301
FH302
FH303
FH304
FH385

APPENDIX 1 (cont’d)
AREA CLASSIFICATIONS

DESCRIITION
SDS Spent Fuel Pool
Fuel Cask Storage
Annulus

Eist Corridor

West Corridor

Surge Tank Area
SPC Area

Annuluy

Upper Spent Fuel Pool Area
SDS Operiting Arca
Upper SPC Area
Annulus

Spent Fuel Pool Access

SNM CATEGORY
B

Yt Gy ey [ neeh B @I @B @U@ I EISE) =i o=/t



AREA
RB(I
RB02
RBO3
RBU
RBOS
RBO6
RBI1
RB2l
RB22
RB23
RB3l
RB32

RB33
RB34
RB35
RB36
RB37
RB3S
RB39
RB0)

APPENDIX 1 (cont’d)
AREA CLASSIFICATIONS

DESCRII"TION

Ietdown Coolers Cubicle

Reactor Buildirig Sump

Reactor Coolant Drain Tank Cubicle
Reactor Building Basement (Floor)
Under Reactor Vessel

Ietdown Line

Decay Heat Drop fine

Reactor Coalant Pumps
Horizorntal RCS Piping

Reactor Vessel

Pressurizer

Steam Generators

Upper Tubee Sheet and Tube Blockages
OTSG Tube Surfaces

OTSG Lower Head/)-Legs

Core Flood Tanks - A&B and Diain Lines
Incore Guide Tubes

Plenum

Reactor Vessel Head

Reactor Coolant Hot Leps

Pressurizer Surge Line

Pressurizer Spray Line

Fuel Transter Canal

SNM CATEGORY
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POST-DEFUELING SURVEY REPORTS

INTRODUCTION

BACKGROUND

On Oc-lnhcr 17. 1985, the Nuclear Regulatory Comnission granted GPU Nuclear Three Mile
Island Unit 2 (TMI-2) an exemption from certain requirements for periodic inventory and
reporting of special nuclear material (SNAM) balance (Reference 1), As a condition of the
cxemption, GPU Nuclear was required to conduct an assessment of the SNM remaining at
TMI-2 following the completion of the defueling effort. This assessiment is referred to in the

exemption as the "post-defueling sunvey.”

Pot-defueling sunveys were perfonned by conducting measusements for residual fuel in those
arcas. systems. and components in which residual SNM was assumed to exist and for which no
futher defueling was planned. A compilation of these sunvey report packages, entitied "Post-
Defueting Survey Repons™ (PDSRs). documented the estimate of record of the amount of
residual SNM and the methoadology wtilized 10 detennine the quantity of SNM in cach case.
PDSR sub-reponts have been prepared and submitted for all ancas, systems, and components
listed in Anachmemt 1. Attachment 2 graphically illustrues the arcas, structures, and

components covered by the PDSR sub-reports.

The sunvey results documented in the PDSR sub-reports were not intended to demonstrate the

overall adequacy of TMI-2 defueling progress, nor should they be constried as a detenmining



factor for tmnsition to a defueled state as defined in Section 1.3 of the TMI-2 Technical

Specifications: transition was based on the TMI-2 Defueling Completion Report which
demonstrasted the overall adequacy of the defueling progress in the context that inadvertent
criticality is no longer possible and defueting has progressed to a point which, based on current
technology and ALARA considerations, is defined as the logical endpoint for current defucling

activities.

Eich  PDSR sub-report was submitted to the Nuclear Repulatory Commission (NRC) as

measurements, analysis and the intemat review and approval process were completed.

PDSR FORNMAT

A standard fonnat was utilized for all PDSR sub-reports. . Centain adaptations were required

based on the type of measurement technigues applied and the varying types of data generated.

In general, cach PDSR sub-repaort contains the following sections:

®  Summary ¢ Conclusion
Intreduction ®  References
?  Background ® . Tables tas necessary)
o Metheds % Figures and other attachments
° Analysiy {as necessiry)

(2% )




The Sununary section of each sub-repon precedes the Intrduction section and consists of a briel

statement including the estimate of record of the amount of fuel remaining., the physical fonins

of the fuel. the locations of the Tuel, a brief stiiemem of the measurement methods used w0
measure the fuel, the analytical techmiques wtilized o detenmine the estimate of recond, and a
statement of any pertinent conclusions and recommendations for confinnatory measurements,

if appropriate.

The Introduction section of each sub-repont explains that the individual sub-report is one in a
serivs of reports penerated 1o Tulfill the requiremnents of the SNAL Accountability Program. This

section also describes the contem of the sections to follow,

The Background section of cach sub-report describes the relevant arca, system, or compaonent
by ity physical dimensions and location. the boundaries of the sub-reporn, the intended function
of the area. system, or component, its opertions and  relationship 1o the accident and/or

subsequent cleanup activities, and how the (uel may have relocated o that area.

The Mcethods section of each sub-report brictly explains the method(s) utilized to measure fuel
in cach arca, system, or component. Due to the complex structure of the components surveyed,
the residual SNM guantity may be detennined utilizing a combination of direct measurements,
sample analyses. vohnnetric measurements, and enginecring anatyses.  The sub-reports are

supported by detal engincering calculations, vendor repons, and research data.




The Analysis section of cach PDSR explains how the “estimate of reconi” of the amount of

remaining Tuel was caleulated.  ‘This section describes the technigques utilized o analyze the
available data and discusses supporting data, assumptions, calculation's, key observations, various
models, and the adequacy of the data.  ‘This section also addresses the transport analysis, when

applicable, for non-isolated areas, systems, and components.

The Cenclusion section of eiach sub-report states the estimate of record of the amount of luel
remaining in that arca. system or compoenent; assigns an appropriate uncertainty: discusses the
adequacy and confidence fevel of the conclusion: and makes a statement defining why the

estimate of record is reasonable based upon the available data.

METHODS USED TO ASSAY FUEL

The complex configuration of the TMI-2 plant and restricted access in certain areas increased
the difticulty of accomplishing residual fuel assessment at TME2, © Several differemt
measurement methods were required in order to assess the residual fuel for different arcas,
systems, and  components.  Gamma - detection,  neutron - detection,  video  inspections,
radiochemical analysis of sunples. and alpha detection were among the methods used to perfonn

this assessment. Brief summaries of these methods are provided below,

Gamma_Detection - Gamma detection uses either sodium iodide (Nal) scintillation or high

purity germanium (HPGe) detector methods. Nal scintillation is used to detect the Ce-14-1 2,185




MeV gamma ray.  The HPGe detector detects both Ce-144 and Eu-154 gamma rays.  These
isotopes are suitable tracers for fuel debris at TMI-2 and the quantity of fuei is based on cither
the Ce-144 to fuel ratio or the Eu-154 to fuel mtio (Reference 5). These ratios change by the
ridioactive decay of Ce-144 (284.3 days) and Eu-154 (8.8 years). The gamma detection method
was generlly used wherever the level of background rdiation was mederate 10 low (50 mR
hr').

v don - There are twa Kinds of neutron detection methods:  passive counting and
active neutron mterrogation. The passive counting method detects neutrons directly, employing
He-4 detectors for fast neutrons, and He-3 and BF; detectors for theanalized neutrons. The
active aeutrun interrogation method detects induced fission neutrons.  Sb-Be photoneutrons
induce fission reactions. The induced fission neutrons are detected by an He-4 neutron counter.
This photoneutron system is calibrated with a known amount of fuel placed at various locations

in a mock-up. The neutron detection methed is generally used wherever background ridiation

levels are high in order to confimi measurements made by other methods.
g

Visual Inspection and Radiochemical Analysis of Samples - If residual deposits are found,

visual inspections and debris sampling and analyses may be perfonned. The quantity of fuel is
assessed hy debris volume and ratio of tuel to debris.  Debris volume is estimated by visual
inspections and contiguration of components.  Ratio of fuel 1o debris is estimated by debris
sampling and analyses.  ‘These analyses include vohme estimates, weight measurements. and

sample analysis for fuel. This method is rarely used alone. but is used in conjinction with other



counting methads in order to help interpret those results,

Alpha Detection - A proportional ilpha counter is a gas-Hlled chamber with two clectrddes.
This counter detects current between the electrodes in an amount proportional to the amount of
ionization.  This detector readout assembly is able to select alpha particies from other ionizing
radiation by pulse height discrimination.  The fuel mtio of alpha activity is 151 «Ci/g of fucl,
and has a half-life long enough to require anly a small decay correction. The alpha detection

method s used only for thin fibms, due to the short range of an alpha particle.

FUEL MEASUREMENT UNCERTAINTIES

Where possible. SNM accountability. measurements were conducted in areits that had been
physically isolated to prevent transport of SNM into or out of the area. system, or component.
However, in some cases. it was not possible or feasible to conduct an SNM measurement of an
areit, system, or component in an isolated configuration, In these cases. the PDSR inchided an
amadysis which demonstrated that there could be no significant trnsport- of SNM into or out of

the area. system, or component after the completion of the SNM measurement.!

Some ol the estimate of recontd quantities reported for residual SNM quarntities are referred 1o -

} An exception to this was the RV driindown to the fuel transter canal (FTC;.
No special precautions were taken to prevent fuel tmmspont to the FTC.
However, little fuel was in fict trinsteried.
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as the minimum detectable level €MDL). This means that the measurement technigue did not
detect a statistically significant number of events (counts) related to SNM.  Therefor:, the e
guantity of SNM belicved to be in the applicable arca, system. or component is equal to or less
than the reponted MDL. For example. if lh.c residual SNM guantity is reported to be an MDL

of 3 ke, the e guantity of residisal SNM could be any vadue from 0 10 3 kg,

Physical measurements of fuel quantities are subject to imprecisions.  The accuracy of post-
defueling survey SNM measurements wis significantly impacted by the inaccessibility of SNM
locations, lugh - backgronnsd - gumma mdiation dose  rtes,  unknown SNM - distribution
charictenstics and low neutron emission rates for TME-2 fuel.. The precision of the
measurements wis negatively impaciad by the short half life of the preferred high energy fuel
tnicer isotope Cerium-144 (201 MeV pamma emitter) as compared to the lower energy of
Europnun- 154 (1.3 MeV ganuua emitter), which is a fuel tracer isotope with a longer half life
(i.c.. 8.8 yearsk  Uncertainties were also due in part 1o the combined effects of counting
statistics. representativeness of samiples o the whole, high radiation interference backgrounds
which elevate MDLs. complex and undetined fuet distribution geometries. lack of personnel
access requiring use of remote measurement technigues, and varying signal absarption rates due
to the presence of stnictural members and blanketing layers.  The uncertainty of the total
“estimate of record” tends to be dominated by the largest single measurement aggregate error
or largest MDL.  Laborious measurements at precision values much smaller than the largest
apgregate crror would have consumed messurement resources unnecessarily.  The principles of

ALARA supgest that measurement effort be propontioned according to the absolute uncertainty



yielded an uncertaimy of + 370 kg, Therefore, state-of -the-art measurements of other reactor

coofant and auxiliary system components of much smaller fuel content (e.g., 3 kgy would hive
included errors that were dimmishingly small compared to the overall uncentainty set by the
Reactor Vessel.  Since the component bias estimate errors were independent, they were
combined in quadriture i.e., the square root of the sum of the squares of the individual biases)

to obtain their contribution (o the overali error.

Because of the inability to control some of the variables described above, post-defucling survey
measurements at TMI-2 were attended by significant uncertainties.  These uncerntzinties were
minimized to the extent possible by the judicious selection of measurement technigques and a
wnnded application of resourves. Areas, systems. and components known or believed to contain
SNM quantities greater than 1 kg were subjected to significantly greater meisurement resources
than locations where less than I kg of SNM was indicated.  Nonetheless, the variables which
negatively impact precision and accunicy of post-defuching sunvey SNM measurements resulted
in some relatively large uncertainties. The PDSR sub-repors incliede the estimate of record of
residual SNM and associated vncertainty, Therefore, measurement reponts coma.in a calculated
uncertaimy mdior qualitative discussion of the adequacy of the measurement and identify
potential source(s) of measun:ment error.. The use of the tean “estimate of record” in this
context conveys that the quantity reported is the most realistic value for the quantity of SNM in

of fuct in any measurement location.  The analysis of the Reactor Vessel residual fuel quantity
the arca, system, or component based upan the available measurement data.
\
|
\
|
|
\
|



0.

NRC letter, "Approval of Exemption from 10 CFR 30.51, 40.61. 70.5H(d) and

70.53.° dated October 17, 1983,

GPU Nuclear Administrative Procedure 4000-ADM-4420.02, "TMI-2 Core and

Special Nuclear Material Accountability Program.”™

TPO/TMI-189. “Reactor Vessel  Post-Defueling Special  Nuclear Material

Sunvey,” Revision 0, January 198%.

TPO/TMI-187, "Instmunent Sclection for Residual Fuel Measurements,”

Revision 0. January 1987

GPU Nuclesir Technical Bulletin 86-41, "Ce-144, Eu-154, and Eu-155 as

Trucers tor Fuel Debris,” Revision 2, Febrary 1988,

GPU Nuclear Policy/Plan Procedure 4000-PLN-3:120.02, "SNM Accountability

Plan.”



SECTION TITLE

Plenum

Letdown Coolers
Pressurizer

Reactor Vessel Head
Reactor Building Basement
‘AT and "B OTSG

Auxiliary and Fuel Handling
Buildings

Reactor Bui'ding
Miscellancous Components®

Reactor Coolant System*=*

Reactor Vessel

ATTACHMENT |

LIST OF SECTIONS

GPUN LETTER NUMBER

4410-88-L.-0162
4410-89-1.-0097
4410-89-L-0007
4410-90-L-0019
4410-89-L-0097
C312-92-2064

C312-91-2045

C312-91-2052

C312-92-2055

C312-93-2004

DATE OF SUBMITTAL

09-30-88
09-22-89
09-22-89
03-14-90
09-22-89
08-20-91

06-07-91

06-18-91

07-03-91

02-01-93

. Includes Incore Guide Tubes in "A* D-ring, Fuel Transfer Canal/ Transfer Tubes, Upper
Endfittings, Core Flood System, Toal Decon Facility and the Drain Line from the Tool
Decon Facility, Temporary RV Filter System, Defueling Water Cleanup System, Reictor
Covlanmt Drain Tank, and Defueling Touols,

== Includes Cold Legs, Hot Legs, Reactor Coolant Pumps, Decay Heat Line. Core Flood
Lines, and Pressurizer Lines.
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