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TI1I-2 POST-DEFUELING SURVEY REPORT 

FOR 

THE PRESSURIZER 



,..-------------------------------�-------------------------, 

SU�RY 

The estimate of record of the amount of uranium dioxide (U0
2

) remaining 

in the TMI-2 pressurizer after June 1988 defueling is 0.3 kg! 5� (at 

one sfgma, defined as one standard deviation), distributed as follows: 

Gravel-like and fine material 

Film 

Total 

0.267 !(g 

0.001 kg 
- 0.3 kg 

A video-examination of the debris material at the bottom of the 

pressurizer was used to determine the volume of remaining residual core 

materials. A sample of this material was removed from the pressurizer 

for analysis. Neutron interrogation and gamma spectrometry methods were 

used to calculate the amount of uo2 in the sample hy direct comparisons 

with a uranium standard and standard Ce-1(4 and Eu-154 sources. The 

total amount of residual uo2 remaining in the pressurizer was 

calculated by scaling the sample for the total solids observed. 

The quantity of uo2 remaining in the pressurizer is < 0. 04� of tt'!e 

maximum allowable residual uo2 inventory for the entire TMI-2 facility 

in Mode 2 (Reference 1}. 



1.0 INTRODUCTION 

TMI-2 POST-DEFUELING SURVEY REPORT 
FOR 

THE PRESSURIZER 

Tnis report presents the analysis of the Three Hile Island Unit 2 (TMI-2) 
pressurizer uranium dioxide (U02) inventory. it is one in a series of 

reports generated to fulfill the reQuirements of the· TMI-2 SNM 
A:countability Program (Reference 2). All statistical uncertainties are 

expressed as : one sigma limits (defined as one standard deviation). 

Section 2, "Bac�ground", de\:ribes the physical attributes, location, and 

intende1 functions of the pressurizer. Its relationship to the accident 

and subseQuent cleanup activities is also discussed. 

Section 3, "Methods", discusses the two metnods used basetJ on 

radio1s�tope fuel analogs and the more direct assay by neutron 

interrogation. 

Section 4, MAnalysisM, explains how the estimate of record of the amount 

of fuel in the pressurizer was calculated, and tJiscusses supporting dat�. 

!ssu�ptions made, and the assigned uncertainty. 

Se:tion 5, "Conclusion", states the estimate of record and uncertainty 

for the amount of residual uo2 remaining in the pressurizer and 

supporting rationale leading to the conclusion that the estimate is 

.reasonable based upon the available data and analysis performed. 

2.:) 3ACKGROUND 

Tne �I-2 pressurizer was intended to establish and maintain reactor 

coolant system (RCS) pressure within orescribed limits, and to provide � 
stea� surge chamber anj a water reserve to acc�odate R�S density 

cnanges during operation. It is located in the south end of the ·�· 
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D-ring next to the once-through steam generator 'A' ( OTSG ' A' ) .  The 

bottom of its  lower head i s  at approximately elevation 31 2', with the top 

of i ts upper head at approximately elevation 354'. 

The pressuri zer i s  an approximately 1 3.0 m vertical, cyli ndrical vessel 

with upper and l ower hemi spherical heads. It has an i nside diameter of 

approximately 2.1 min its  cyli ndrical portion, with a wall thickness of 

approximately 0 .2  m. The upper and lower heads have a radius of 

approximately 1 . 1 m and a minimum wal l thickness of approximately 0.1 m.  

The upper head has three nozzles which connect to the rel i ef system, and 

one approximately 0.1  m schedule 1 20 nozzle which connects to the 

pressurizer spray line. It has an approximately 0.03 m schedule  1 60 vent 

nozzl e and an approximately 0 . 4  m inside diameter manway openi ng. The 

center of the lower head has an approximately 0 . 3  m schedule 1 40 nozzle 

which connects to the surge l i ne .  A surge diffuser i s  connected to thi s 

nozzl e, e�tending approximately 0.3  m i nto the lower head. The surge 

l i ne nozzl � connects the bottom of the pressuri zer to the 'A' RCS l oop 

hot l eg. Vent safety and rel i ef valve lines are attached to the top of 

the pressurizer and connect to the reactor cool ant drain  tank CRCOT) 

through a drain line. Three removable 480-V AC electric heaters are 

located at the bottom of the pressurizer, approximately 1 . 5  m above the 

base. They are desi gned to replace heat lost during normal operation and 

to rai se the pressure to normal operating pressure (approximately 

1 4 . 4  MPal during RCS heatup. The heaters also fun:tion to return the 

system pressure to normal fol lowing transients. The pressurizer spray 

pr�vides an i ntrodu:tion of relati vely cool water from the RCS 'A' loop 

cold l eg to pressuri zer steam space, which condenses some of the stean to 

reduce RCS pressure. 

The boundaries of thi s report er.compass the pressurizer, the electric 

heaters, and the i nternal ladders of the pressurizer.  The l ocation of 

the pressurizer in relation to other RCS components is shown i n  

Figure 1 .  Fi gur� 2 il lustrates the position of the relief, block, and 

safety valves in relation to the pressurizer. Figure 3 i l l ustrates the 

pressurizer as defined for thi s report, which excludes all of the 

pressuri zer ' s  inco�ing and outgoi ng pipes and valves. 
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During the TMI-2 accident, the pressurizer water level was rai sed and 

lowered to th�Mma l l y  control the reactor pressure. Core mater i al was 

relocated to the pressuri zer, most probably  as a result of thi� proces s .  

Thi � postulate i s  s�pported by the exi s tence o f  a trace of core materi al 

i n  the RCDT and i n  the Reactor Building basement. 

The general method used to quantify resi dual uo2 i n  the pressuri zer was 

to estimate the volume of residual core debri s  after defuel i ng and to 

obta i n  1nd analyze a sample of the mater i al . The results of the sample 

analysi s were used to i nfer the total uo2 content of the remai ning  

materi al . l wo i ndependent analytical methods were used due to the 

relatively l arge errors associated with the methods. The analytical 

methods are based on radioi sotope fuel analogs and the more direct assay 

by neutron i nterrogation.  

Radiological Environment 

Various valves and joints located on the top of the pressuri zer l eaked 

i n tensely radioactive RCS coolant during the accident. As a result,  the 

general exposure rates near the surfaces o f  the pressuri zer are between 

0 . 5  and 3 R/hr, w i th a frequent value of approximately 1 R/hr. The 0 . 2  

to 0 . 3  R/hr exposure rate i nside the pressurizer i s  si gnificantly l ess 

due to l ower film acti v i ty on the stainless steel li ner. The external 

carbon steel surfaces are more chemi cally active and abl e to seauester 

more RCS activity i n  a t i ghtl y adherent fi l m  normal l y  termed fixed 

activity. 

A l oosely adherent film al so exists l eading to easy transfer of 

contami nation to personnel and equipment . Typical l evel s of 

approximately 1 �Ci/cm2 ( 2. 0  E•06 dpm/cm
2

) on and near the 

press�rizer require substantial radi ation protec tion controls that 

further compl i cate detail ed assay programs . 

As a result of th i s  hostile environment, i t  i s  not cons i dered ALARA to 

perform additional measurements to reduce the uncertainties belo� the 

val ues ouoted here i n .  
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3.0 M£THODS 

Sample Collection 

In March of 1988, technicians used Hini-Rover.to collect approximately 
1 liter of core debris from the pressurizer. From this aoount, a 1 00 g 
sample Nas taken consisting of one large consolidated mass, three smaller 
masses, and two scoops of fine material. 

Defueling 

In June of 1 988, a robotic submersible device called Mini-Rover was used 
to remove most of the debris (13.5 liters) at the bottom of the 
pressurizer. Calculations showed that an estimat�d volume of 
0.9 liters: 35� of sedimen! remains in the pressurizer (Reference 3). 

Due to t�e inaccessible, underwater location of the core debris, the 
estimated volume was calculated by examination of videotapes recorded via 
the Mini-Rover camera system after the June 1988 defueling of the 
pressurizer. Almost all of this amount Nas at the bottom of the 
pressurizer. Since the surge line nozzle is not flush with the bottom of 
the pressurizer, the sediment collected around this nozzle (Figure 3). 

Very small Quantities of sediment were also deposited on heater 
assemblies and in shallow pockets at the base of each heater bundle. The 
material at the bottom of the pressurizer looked very light and was moved 
easily by l�ini-Rover thrusters. From observations of videotape, it was 
determined tnat the small crust-like material that formed on the heater 
bundles was due to corrosion and tnerefore discounted. 

Pressurizer dimensions and geometry, and the depth of tne sediment 
(gauged by comparison t� parts of the standpipe diffuser nozzle anj the 
scoop that was installed on tne l�ini-Rover for sediment collection) were 
used to calculate the volume of the sediment. The average depth of 
sediment around the pipe was esti�ated to be 1.6 em, tapering to 1 . 0  em 
(R�ference 3). 
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Gamma Spectroscopy 

A gamma spectroscopy analysis was performed on the 100 g sample Dy using 

a calibrated HPGe spectroscopy system (Reference 4). Gamma spectroscopy 

·was used because it is a passive, non-destructive method of assaying 

fuel. Gamma radiation associated with the decay of fission products can 

be used to indicate the presence of fuel. The signal strength of a 
specific energy peat in a gamma spectrum corresponding to a radioisotope 

that is chemically similar to fuel can be used to determine the amount of 

fuel. A measurement of that isotope activity should be directly 

proportional to the amount of fuel present, which is expressed as uo2. 
Fuel sample examinations and code calculations at THI-2 support the use 

of Ce-144 and Eu-154 as fuel tracers (Reference 5). Ce-144 and Eu-154 

have been shown to be an acceptable analog for transuranic material. The 

oxides of urani�. cerium, and europiu� have simfliar water solubility, 

therefore the Ce-144 and Eu-154 in the reactor fuel matrices were 

transported tnrough the reactor coolant system during the accident. 

The fu�l value corresponding to the film layer on the interior surfac�s 

of t�e pressurizer was determine1 using the total inside surface area of 

the pressurizer, tne pressurizer ladders, the heater bundles, and the 

average fuel value determine1 by measurements on the pressurizer manway 

cover (Reference 6). 

Active Neutron Interrogation 

In April and Hay of 1989, an anti�ony ·beryll ium (Sb-Be) photo-neutron 

( �. n) source was used to conduct a series of active neutron 

interrogation measurements. 

The interrogating neutrons are generated by inserting a Sb-124 source 

into the Be cylinder where neutrons are produced via Be ( : , n) 

rea:tion. These neutrons are tnermalized by a-polyethylene [(CH2ln] 
cy l inder which covers the Be CJlfnder. Then�al ized neutrons froT. this 
source syste� were impinged on the normal uo3 standard or TI�I-2 
residual fu�l samples t' initiat� fission in U-235 containe1 in uo3 or 
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samples. Fast fission neutrons emitted during the fission process were 

detected by a He-4 detector that is sensitive to fast neutrons. A 

schematic diagram 'f the top and side view of this system are shown in 

Figures 4 and 5, and the details of the work can be found in Reference 7. 

The validity of the standard to unknown comparison method depends on 

small or similfar neutron absorption for both. This was determined to be 

the case in Reference 8.  

4. 0 ANALYSIS 

Gamma Spectroscopy Analysis of Samples 

The isotopic activity recorded durin� the spectroscopy analysis of the 

100 g sample taken in March of 1 988 is shown in Table 1 .  Measurements of 

the Eu-154 activity were uncertain by approximately� 8.7:,  whereas the 

uncertainty of the Ce-144 based activity ��s � 41.3�. The errors Quoted 

are based on counting efficiency, calibration source activity, and 

geometric uncertainties. 

Using Ce-144/fuel and Eu-154/fuel ratios (82.8 �Ci/g �53: and 

40.4 �Ci/g � 86� uo2, respectively, obtained from more than 100 

in-vessel and ex-vessel samples as of April 4, 1988), the amount of 

Uv2in the sample was calculated to be 0.0051 kg � 671 for the 

�e-144/fuel ratio and 0. 007 kg� 86� for the Eu-154/fuel ratio 

(Reference 3). The uncertainties Quoted are� one sigma values of the 

respective data set and not of tne means of the sets. 

Active Neutro� Interrogation Metho� 

The active neutron interrogation method required three measurements: 

1. Background for the system was determined while the S�-Be source was 

active, in absence of any samples or a normal uo3 standard. 
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2. A normal uo3 standard (0. 5 kg uo3> was _placed in the 

measurement location (see Figures 4 and 5) and measurements were 

repeated. 

3. The pressurizer sample was placed in the same location as the two 

above. 

Results of background measurements were subtracted from the results of 

samples and uo3 standard measurements, and then background-subtracted 

results of samples and uo3 were compared to one another. 

Since the U-235 content of the uo3 standard (0.711: by weight} and 

average U-235 enrichment of THI-2 fuel (2.5� by weight) are known, 

residual fuel content of samples can be estimated by ratioing the results 

of samples and standard measurements. These series of neutron 

measurements resulted in a uo2 estimate of 0.0097 kg� 48� in the 

pressurizer sample. The U-235 content of both the standar� and the 

sample allowed lower comparisons to be made. 

The weighted average of the Ce-144, Eu-154, and neutron based 

determinations, resulted in the final uo2 sample value of 

0. 0067 kg: 3�� for the 0.1 kg sample (Reference 3). The fractional 

uo2 content of the sample was therefore 0.067 kg/kg. 

Final An31ysis 

The average bulk density of 4.� g/cm3 (Reference 3) corresponding to 

TMI-2 core debris was adopted for the remaining material within the 

pressurizer. The amount of u�2 in the pressurizer, excluding the fuel 

value corresponding to the film layer on the interior surfaces of the 

pressurizer, is estimated to be approximately 0.267 kg of uo2 as 

follows: 

Volume x Density of material x Weight fraction of reactor fuel in 

the sediment = A�ount of U02 in pressurizer (Reference 3) . 

903 cm3 x 4.4  g/cm3 
x 0.067 = 0.257 kg. 
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Using the total inside surface area of the pressurizer (8.12 E+S em�), 

pressurizer ladders (1.32 E+4 cm2), and heater bundles. (4.27 E+S cm2) 

(Reference 3), and using the average uo2 value (8.2 E-7 g/cm2 � 51�) 

determined by measurements on the pressurizer manway cover (Reference 4), 

the fuel value corresponding to the film layer on the interior surfaces 

of the pressurizer is estimated to be 0.001 kg� 51\ uo2 {Reference 3). 

The uncertainty is partly determined from a volume estimation of the 

residual debris at the bottom of the pressurizer. Five engineers 

examined the videotape of the pressurizer and estimated the amount of 

material remaining. The estimate of record is the average of these 

estimates. The volume uncertainty is derived from the range of these 

estimates (Reference 3) and is + 35:. 

Analysis Conclusion 

The estimate of record of 0.3 kg has an overall uncertainty of + 52� 

(Reference 3), which was calculated as the counting, and volume 

uncertainties taten in Quadrature. 

The goal of the current defueling program is to remove more than 99� of 

the original core inventory of approximately 94,000 kg. In that context, 

the 0. 3 kg Quantity of uo2 remaining in the pressurizer is <0.0�� of 

the maximum allowable residual uo2 inventory for the entire TMI-2 

facility in Mode 2 (Reference 1). 

5.0 CONCLUSION 

Using all available information, the estimate of record of the amount of 

fuel in the pressurizer after June 1988 defueling is 0.3 kg � 52� (a� one 

sigma). 

Tne pressurizer, as it currently exists, is ronsfdered to be isolated. 

For an exte nded period of time in the past, approximately 

4�0 liters/minute of wa te r was continually added to tne top o� tne 

pressurizer and discharged from the botton. Tne purpose of tnis flow was 
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to clari fy the RCS water in the pressurizer. Video-examinations during that 

period showed that there was no s i gnificant change in the quantity of uo2 
due to that flow. Therefore, the amount of uo2 remaining in the pressurizer 

is considered to be stable, and is not antici pated to change during subsequent 

system draindown at the completion of defuel i ng, as long as the flow rate i s  

approxi �ately 400 l iters/minute or l ess. If the drai ndown rate i s  

significantly greater, i t  may be necessary to reinspect the pressurizer and 

associ ated surge line to ensure that material did not relocate. 
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TABLE 1 

RESULTS OF SAMPLE FRO� THE PRESSURIZER• 

Isotope Actfvfty (uCf l 

Cs-137 36,653.: 5.� 

Cs-134 490 + 6.8: 

Co-60 5,006.: 5.7� 

Sb-125 5,235 .: 6.:3\ 

Ce-144 420 + 41.3� 

Eu-154 284 + 8.7� 

Ru-106 7ae • 8.6� 

• References 3 and 4 
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FIGURE 4 

NEUTRON .INTERROGATION SYSTEM IN AX130 

(Top V1e��t) 

Pre-amplifier 

He-4 Detector 

I 

0 Tables � lead -Sb Source Slug 

• Drawing is not to scale. 



D rables 

FIGURE 5 

NEUTRON INTERROG�TION SYSTEM IN AX130 

(Side View} 

U0·3 in glass bottle 
or sample • in lead cave 

1m] Lead 

Lead to shield detector 
from Sb·Be source 

Be-poly Cylinder 

Lead Source Pig 

• Sb Source Slug 

• Drawing is not to scale. 
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TMI-2 POST-DEFUELING SURVEY REPORT 

FOR 

THE REACTOR BUILDING BASEMENT 



.. 

SUI+tARY 

The estimate of record of the amount of uranium dioxide ( U02) remaining in 

the Three Mil e Isl and Unit 2 (TMI-2) Reactor Building ( RB) basement is 

1 .3  leg� 54� (at one sigma, defined as one standard deviation). 

The distribution of the fuel is as follows: 

Basement Sediment 

Basement Water 

Basement Wal l s  

Total Estimate 

1.3 kg �54� 

<0.0003 kg 

<0.0001 leg 

1 .3  kg� 54� 

The amount of uo2 remaining in the RB basement sediment was developed using 

remote sampl ing and gamma spectroscopy. 

The amount of uo2 remaining in the RB basement water was estimated by the 

boil down of a sampl e and the analysis of the gross al pha emitter content by 

counting a planchet of the evaporator sol ids in an al pha scintil lation counter. 

The amount of uo2 remaining in the RB basement wal l s  was conservatively 

estimated because none of the core samples taken of the wal l s  contained 

measurable Ce-144 or Eu-154, or inferred uo2• 

The 1.3 kg quantity of uo2 remaining in the RB basement fs <0.2: of the 

maximum al l owabl e residual uo2 inventory for the entire TMI-2 facil ity in 

Mode 2 (Referenc� 1). 



1.� INTRODUCTION 

TMI -2 POST-DEF UELING S URVEY REPORT 
FOR 

THE REACTOR B UILDING BASEMENT 

This report presents the analysis of the Three Hile I sland Unit 2 (TMI-2) 
Reactor Building CRB )  basement uranium dioxide (U02) inventory. I t  is 
one in a series of reports generated to fulfill the requirements of the 
TMI -2 SNM Accountability Program (R eference 2). All statistical 
uncertainties are expressed as ! one sigma limits (defined as one 
standard deviation). 

S ection 2.0, "B ackground", describes the physical attributes of the RB 
basement and its relationship to the accident and subsequent cleanup 
activities. The boundaries of this report are also discussed. 

Section 3.0, aMethods", describes how existing sample data were used to 
produce the estimate of record. Where gamma spectroscopy data were 
available, these data were used in lieu of calculated sample estimates. 
This is considered an overestimate, since much of the sediment volume 
estimation was done prior to desludgfng. 

Section 4.0, "Analysis", explains how the estimate of record of fuel in 
the RB basement was calculated based on the sample analysis d!ta which 
were collated for each source category (sediment, water, and walls). 

S e:tion 5.0, "Conclusion", states the estimate of record and uncertainty 
for the amount of uo2 remaining in the RB basement, and supporting 
rationale leading to the conclusion that the estimate is reasonable based 
upon the available data and analysis performed. 
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2.0 BACKGROUN� 

The RB basement consists of the space between the floors of elevation 

282'·6· and elevation 305' of the Reactor Building. Although the R8 
basement houses several major components, this PDSR does not include the 

amount of fuel retained in the various system components below the 305' 
elevation. These components will be discussed in other PDSRs. This PDSR 

does, however, include the entire floor area of the 282'·6· level, 

including sediment, water, and walls. The interior walls and floors are 

constructed primarily of poured reinforced concrete. The RB containment 

is poured reinforced concrete with a carbon steel liner. 

During the THI-2 accident, reactor coo1ant was discharged from the 

reactor coolant system (RCS) into the RS basement via the pressurizer 

pilot-operated relief valve (PORV) and the reactor coolant drain tank 

(RCDT). The discharged reactor coolant increased pressure in the RCDT 

causing its rupture. This vented the RCDT to the RB basement� The 

reactor coolant that was discharged into the RCDT and RB basement 

contained reactor fuel fines from the damaged reactor core. The 

locations of the RCDT and the discharge are shown in Ffgure 1 .  

The reactor coolant that was discharged into the RB sump became miKed 

with sediment-bearing river water, building spray water, and additional 

leakage from the RCS. The RB basement remained flooded with this water 

for approKfmately two years. During this tfme, the reactor fuel fines 

settled out onto the RB basement floor (Figure 2). 

Radiological Environment 

The Reactor Building basement was the repository of most of the RCS water 

released as a result of the Haren 1 979 accident. The accident water 

remained until removed during the period starting September 1 981 and 

ending March 1982. During this period, a fraction of the soluble fission 

products that contaminated the water were absorbed into porous surfaces. 

As a conseQuence, present area radiation levels vary from a low of 1 -2 

R/hr to a high of 50 to 1 00 R/hr. The general area exposure rate tends 
to be near 10 R/hr. 
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S ignificant loose surface contamination existed (>1 uCi/cm2l and 
contaminated �ater (1-JpCi/ml) �as present to a depth of 15 to 20 em on 
the RB basement n oor as of September 1989. The methodo 1 ogy covered by 
this report is considered to be consistent with keeping radiation 
exposure as low as reasonably achievable (AlARA)-due to the extremely 
hostile nature of the basement environment. 

3.0 METHODS 

The estimate of record of the amount of uo2 remaining in the RB 
basement was determined by sample analysis of the RB basement sediment, 
the remaining Rb �ater, and the walls of the RS basement and gamma 
spectroscopy data. S amples have been taken and analyzed for uranium 
con�ent since 1 979. The fuel analysis data were collated for each source 
category (sediment, water, and walls), and the data were then applied to 
the appropriate area and source category to arrive at the estimate of 
record. 

For sediment analysis, remote sampling and gamma spectroscopy were 
performed. I nitial remote samples (from 1979 to 1983) were acquired by 
lowering sample acquisition devices into the RB basement at various 
locations. These initial samples were �uspect due to an insufficient 
mass of solid materials. When a robot became available, it �as possible 
to obtain larger samples. Leachability, trace metal, radiochemical, 
particle size, and morphology analyses were performed (Reference 5). 
Gamm3 spectroscopy was used in the RCDT discharge area and in other 
locations that were identified as the most probable locations for reactor 
fuel. Gamma spectroscopy had the advantage of being able to remotely 
examine large areas of the RB basement. 

In three locations fn the basemen: (see F igure 3), gamma spectroscopy was 
performed with sodiu� iodide detectors (References 3 and 4). The sodium 
iodide detectors were lowered into the basement and were used to measure 
t�e 2190 KeV gamma ray signature of the praseodymium 144 daughter of 
cerium 144. Using these data, the fuel amounts in those areas were 
determined by back-calculating using a cerium-to-fuel ratio 
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(Reference 6 ) .  The results of these spectral measurements provide a 

measure of the total fuel content integrated over the field of view of 

the detector and have been used when appropriate. 

For the water samples, most of the analyses involved the boildown of a 

sample of basement water and the analysis of the gross alpha emissions by 

counting a planchet of the evaporated solids in an alpha scintillation 

counter. 

Gamma spectroscopy measurements of the RB basement concrete core did not 

show the presence of Ce-144, which is the analog for reactor fuel. The 

fuel content of the walls are assumed to be due to intrusion and plateout 

from the basement water. Since the Quantity of dissolved uo2 in the 

water is low, it can be assumed that the walls also contain minimal 

reactor fuel. 

4.0 ANALYSIS 

The following sections describe the analyses used for each of the major 

source categories. 

4.1 RB Basement Sediment 

The uo2 content for the sediment has been estimated using two 

samples and one spectroscopy scan taken in the Reactor Building 

basement. Although many samples have been taken in the RB basement 

from August 28, 1979 to present (see Figure 3), most are suspect 

due to insufficient volumes to provide a representative sample. 

The largest of the samples was 0.7 g. A sample taken in the RCDT 

(see Figure 3) did not represent the basement floor and was 

rejected. Two samples taken from the impingement area (see Figures 

1 and 2 )  had enough mass (10 to 20 g) to be used in the 

calculation. The uraniu� to sediment ratio was determ;ned by 

averaging the results of the samples. The average of the analysis 

results was 3.7 x 10-6 g uo2 per gram of sample (Referen:e 7). 
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The standard deviation associated with the sediment samples was 
approximately! 81�. This uo2/sediment ratio was used in all 
areas of the basement except the RCDT discharge area. I n  that 
area, the results of gamma-ray spectroscopy were used. 

For the gamma-ray spectroscopy scans, a total of three measurements 
were made. Two measurements were eliminated due to the 
non-observance of a Ce-144 peak and a high minimum detectable level 
(MDL) value caused by high water levels in the basement. The gamma 
spectroscopy scan of the RCDT discharge area was used to 
characterize this area. The result was an estimate of 
1.2 kg! sa:. The uncertainty in the measurement is based on the 
counting error and the C e-144 to reactor fuel ratio. 

The amount of sediment, previously estimated from video-inspections 
of the floor area (Reference 7), was reduced by the quantity of 
sediment removed by the desludging operations (R eference 8) to 
derive an estimate of the remaining sediment volume. The sediment 
mass is given in R eference 7 and summarized in Table 1 of this 
report. 

The next step was to multiply the total grams of sediment in each 
area by the uo2tsediment ratio and add the quantity of reactor 
fuel for the RCOT discharge area. Table 2 shows the estimated 
final area tallies. The result was an estimate of 0.05 kg ! 80� of 
uo2 in the se�iment that was located outside of the gamma scanned 
area. To  this amount was added the 1.2 kg! 58� of uo2 
identified from gamma scan conducted at the RCOT discharge area. 
Addition of these terms yields a total of 1.3 kg� 54� of uo2• 

Desludging operations to remove the sediment removed approximately 
0.2 kg of uo2 and 4890 kg of sediment, leaving 9710 kg of 
sediment fn the basement (Reference 7). Therefore, the quantity of 
reactor fuel on the floor was 1.1 kg: 64%. The sediment 
represents the major sour:e term in the RB basement, since the 
dense insoluble fuel fragments an1 fines are assumed to have 
remained with the sediment. 
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This estimate does not account for uo2 that has been deposited in 
the drainage system. Ho�ver, most portions of the drainage system 
have been flushed by �aste water from the gross decon experiment 
and other �rk via the floor drain risers from the upper 
elevations. Assuming that a portion of the drainage piping not 
subjected to thfs flow has approximately 0.3 em of sediment 
distributed along its bottom, there �as 7.1 x 103 g of sediaent 
in the piping (Reference 8), eQuating to 0.03 g of uo2 using the 
impingement sediment fuel concentration of 3.7 E-6 gr�s of uo2 
per gram of sediment. The drain contribution to the sediment term 
�as, therefore, insignificant. 

I n  addition to the sediment in the drain system, reactor fuel may 
have been deposited in part of the drain system due to the 
decontamination of reactor defueling tools at the 347' elevation in 
the tool decontamination facility. The Quantity of reactor fuel 
was estimated from the number of tools decontaminated 
(approximately 500), the surface activity of the tools (30 ug 

2 . 
uo2tcm of micron size particles). and an average surface 
area. I t  �as assumed that all surface activity on the tools �as 
washed into the sump. larger fuel particles may have been 
transferred to the building drain piping that was connected to the 
tool decontamination sink. This drain will be assayed for fuel and 
reported upon separately. The result of this analysis is that 
there is. conservatively, 0.2 kg of fuel in the floor drain 
system/RB sump from tool washing (Reference 8). Therefore, the 
estimate of record of the amount of uo2 in the R9 basement from 
the sediment and the drain system is 1.3 kg� 54:. 

· 

The amount of fuel contained in the R9  basement is expected to 
remain static, since it is not anticipated that further reactor 
coolant will be deposited on the floor. This estimate also assumes 
that future desludging operations will not remove additional 
material. 
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4.2 RB Basement Water 

The contribution of uo2 from the water presently in the RB 

basement is insignificant in comparison to the sediment estimate . 

To determine this estimate, the results of 1 7  basement water 

samples taken in 1 988 have been retrieved from the GPU Nuclear 

Laboratory Data System (NLDS) database for use in this estimate. 

Initial l y ,  the samples were not analyzed for the purpose of 

QUantifying the U02 content. However ,  the boil down residues were 

counted for 20 minutes in a SAC-4 alpha scintil l ation counter to 

obtain a gross alpha analysis. Based on the average water l evel in 

the RB basement ,  as reported by Plant Operations on the 

Pl an-of-the-Day printouts from Hay 1 to Hay 24, 1988, there were 

approximately 1 5  em of standing water in the RB basement,  equating 

to approximately 1.5 x 1 0
8 

ml of l iquid . At an alpha activity 

of <5.3 x 1 0
-6 

.uCi/ml ( the mean MDL activity), there were 

<7.88 x 10
2 

JJCi ( Reference 10) o f  the calcul ated alpha activity 

in the basement water. Using the ratios o f  alpha-emitting isotopes 

present in the reactor fuel and the alpha activity of the water, 

<0.3  g of uo2 was estimated to be in the water, which indicates 

that negligible fuel quantities were present in the RB basement 

water. 

The estimate of record of the combined total for the sediment and 

water therefore remains to be 1 . 3  kg: 54� of uo2. 

4 . 3  RB Basement Wal l s  

Gamma spectroscopy measurements o f  the concrete cores o f  the RB 

basement concrete did not show the presence of Ce-144, which is the 

analog for reactor fuel . The fuel content of the wal l s  was assumed 

to be due to intrusion or plateout from the basement water. As 

shown above, the assay of the RB basement water yiel ds negl igible 

U02 content. Since the Quantity in the water is l ow, it can be 

assumed that the wal l s  also contain minimal fuel due to t�e l ow 

probability that particul ate fuel would seep into the concrete . 
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The quantity of uo2 in th� concrete was calculated from the gross 

alpha activity in the RB basement water and the volume of water 

that diffused into the concrete. From numerous concrete core bores 

of the various concrete wal l s  and the floor, it fs known that the 

radioactive material penetrated approximately 5 mm into the 

concrete wal l s  and floors and completely through the block wal l .  

The volume fraction of water absorbed into the concrete block and 

poured concrete is 0.21 and 0.05, respectively.  The total amount 

of affected concrete is 6.3 x 1 06 
cm

3 of concrete block and 

8. 8 x 1 0
6 cm3 of poured concrete. The activity is therefore 

the product of the vol ume of affected concrete , the fraction of 

absorbed water, and the gross alpha activity. Tne gross alpha 

activity is related to the quantity of uo2 as described in 

section 4.2 of this report. If it is assumed that the wal l s  hol d a 

quantity of uo2 equal to the maximum concentration in the water ,  

the resul t i s  a n  additional 0 . 003 g o f  uo2• 

The es timate of record of the combined total for the sediment, 

water, and wal l s  therefore remains to be 1 . 3 kg.:_ 54:. of uo.2• 

The goal of the current defueling program is to remove more than 

99� of the original core inventory of approximately 94, 000 kg.  In 

that context, the 1 . 3  kg quantity of uo2 remaining in the RB 

basement is <0. 2:. of the maximum a l l owabl e residual uo2 
inventory for the entire TMI-2 facility in Mode 2 (Reference 1 ). 

5 . 0  CONCLUSIOU 

Tne estimate of record of the amount of uo2 remai�ing in the RB 

basement is 1 . 3 kg.:_ 54: (at one sigma). This uncertainty is based on 

the square root of the sums of the squares of the individual 

uncertainties associated with each component of the analysis. 

This estimate of record is derived from existing sampl e analysis 

resul ts.  It is expected to re�ain static since it is not expected that 
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additional quantities of water froc the RCS s ystem will be added to the 
RS basement. The uo2 content is not expected to change s ignificantly 
ff the baseeent is dewatered. but may be reduced if a more efficient 
method of des ludging can be em�loyed. 
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TABLE 1 

MASS INVENTORY SHEET FOR REACTOR BUILDING 

ELEVATION 282'-6• SEDIMENT* 

ESTIMATED ORIGINAL 
AREA OF BASEMENT SEDIMENT MASS (g) 

Enclosed Stai rwel l 5 . 05 E+6 

OTSG Leakage Cl r 3 . 44 E+5 

Impingement Area 6 . 85 E+6 

tlorthwest Qua1rant 1 . 47 £+5 

Inside of D-Ring 9 . 37 E+5 

Leakage Coolers 1 . 26 E+5 

RC Dra i n  Tank 1 . 23 E+5 

RCOT Di scharge 1 . 45 E+S 

RB Sump Area and 6.95  E+S 
Letdown Coolers 

Incore Cbl Chase 1 . 45 E+S 

STARTING MASS: 1 . 46 £+7 

REMOVED MAS S :  4 . 89 E+6 

REMAI NWG MASS: 9 . 71 E+6 

• Reference 8.  
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TABLE 2 

ESTIMATE OF RECORD OF REACTOR FUEL IN SEDIMENT 

Area Of Basement 

Stai ntell 

OTSG Leakage Clr 

Impingement Area 

Northwest Quadrant 

Inside of D-Ring 

Leakage Coolers 

RC Dra i n  Tank 

RCDT Discharge 

RB Sump Area and 
Letdown Coolers 

Inc ore Cb 1 Chase 

Ini tial UOz Material 

Removed U02 Material 

Remaini n g  Floor UOz 
Materi al 

Reactor Fuel 
(kg o f  UOzl* 

0.0187 

0.001 3 

0 .0250 

0.0005 

0.0035 

0.0005 

0. 0005 

1 .  zooo•• 
0.0026 

0.0005 

1 . 253 

. 1 76 

1 . 077 

Based on fuel content of 3 . 7  E-6 grams of UOz per gram of sediment an1 
total estimated mass of sediment. 

Fuel content is based on di rect gamma s�ectroscopy measurements . 



FIGURE 1 

REACTOR B UILDING BASEMENT FLOOR PLAN 
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FIGURE 2 
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SLUDGE SAMPLE LOCATIONS 

� tMPWGCMltllf &af& 

D ••o . . .. -.o 
. ', .· 

STAIR WELL./ I 

�. ·. , 

0 

0 

-· 

·· .. · _ .. 

------- --· -· -------_ _.. .... .., .... -

' . .,.. ... ·-· 

H Ill :I 

0 
.0J: 

L[Q[IfO BLACIC.JilUD SAitiPLl lOCATIOHS 
USED 1H ANALYSIS WHn£ rilL tO 
LOCAT!OfiS W[RE HOT. 

{";\ PEHETRATia.. 401 \.:..1 17171 
(;;\ P£HETAATia.. 401 
� UIIVTI 
(;\ COVERED HATCH \.V llt4'tt 
17\ BOTTOM Of' OPEN ITAIAWUL \01 .'24:11 

(';\ IOnOM Of' OPEN STAIRWELL \V I'Jl1l 
(;\ COVERED HATCH \:::!.1 1111,., 
(':;\ PEHETRATia.. 2ll \!..) '111,., 
{,;\ PEHETRATia.. 221 \V 111 1 &)  

I':\ AI IUIIP PUitiP DISCHAAO[ \.V UNE 1122-'n 

� REACTOR COOLANT OAAIH TAHIC � 12JS,IZIU 

• loiPIHOEIIItHT AREA HUitlllR I 
Ill liN 

� lltiPlHOEitllNT AREA HUMBER 2 .., S/11111 

� lltiPING(Iti[Hl AREA HUitiB[R 3 \!.-" Sl' 1111 

Ill CAitlltiA SCAN HO I 
EARLY IMS 

r;-;) CAitiiiA SCAH HO. 2 � 4.12'15 
f7cl cAUUA SCAN NO J I' .- I c ::11\ 

. .  
• 

� 



- -- -- - -- -- - - - - - - -�� ---------------------

TMI-2 POST-OEFUEL ING S URVEY REPORT 

FOR 

THE LETDOWN COOLER ROOM 

(REVISION 1 )  

._. _____________________________________ _ ____ _ _ 



TMI-2 POST-DEFUELING SURVEY REPORT 

FOR 

THE LETDOWN COOLER ROOM 

(REVISION 1) 

REVISION SUMMARY 

The TMI-2 Post-Defueling Survey Report (PDSR) for the letdown cooler room has 

been revi sed due to revi si ons i n  the analyses that formed i ts basis.  

The estimate of record of the amount of urani um dioxide (U02) reactor fuel 

remai ni ng i n  the letdown coolers and piping i n  the letdown cooler room has.  

been i ncreased from a minimum detectable level (MOL )  value of � 3.2 kg to an 

MDL value of � 3 . 7  kg with an uncertai nty of approxi mately + 53� (at one 

si gma, defined as one standard devi ation) for the following reasons: 

1 .  Rev i s i on i n  the determi nation of the total number of gamma-ray events 

occurri ng i n  the region of i nterest (ROt) for cerium 1 44 (Ce-144) for 

the detector effici ency and the letdown cooler room measurement. 

2. Recalculation of the detector effi ci ency. 

3 .  Revi s i on i n  the calculations for tne calculated gamma -ray fluence 

rate from the letdown coolers to the detector. 

4. Revi � · on i n  the selecti on of the location of the reactor fuel withi n 

the let·�own coolers for the estimate of record value. 

Revi s i on i n  the Number of Gamma-ray Events i n  the ROI for Ce-144 

The rev i s i on i n  the number of gamma-ray events i n  the ROI for Ce-l44 resulted 

from changing the method of determination. For the detector effici ency, the 



, •  original PDSR method to detenmine the number of counts i n  the ROI for Ce-144 
�as take n to be tho s e  counts in 48 c hannels above the 2.19 MeV peak (half-peak 
analys is). I n  Revision 1 of the PDSR, the ROI �as determined from the full 
�idth at half maximu m (FWHH). The original PDSR method u s ed the number o f  
counts in the same ROI c hannels wh ere the Ce-144 peak s hould have occurred. 
I n  Revision 1 o f  this PDSR, the number o f  counts in the ROI c hannels 
correspo nding to the FWHH were u sed. The ne t effec t  of these c hanges �as to 
pro vide a 60: inc r ease  in the detec to r counts during effic ie nc y de termination 
and a 2\ inc rease in the the number o f  measured events . 

Revised De tec tor E ffic iency 

Three parameters were adj u s ted to provide a more accurate intrinsic detec tor 
e ffic ienc y. The parameters  �ere the s tandard Ce-144 sourc e ac tivity ,  the 
method of peak integration, an d the thic kn es s  of the l ead s hield . The overall 
effect inc r eased the intrinsic detec to r effic iency by a fac tor o f  1.8. 
Details c an be fo un d in Refe renc e 8. 

Revision of the Reacto r  F ue l  Calc ul ! tion 

Three c hanges in the c alc ulation of the gamma-ray fluence rate from the 
as s umed letdown cooler sources to the det�ctor �e re made. Fir s t. the letdown 
coolers ' source region was found to have been incorrectly loc ated and a 
mathematic al error w as fo und in the c alc ulate d  amount o f  the reac to� fuel . 
Second, the origin al c alc ulation was based o n  preliminary source term data 
that we re the best available data at the time o f  the measurement. This 
revision uses the most c urr ent data. These c hanges offset the effect of an 
inc rease i n  the de tector effic ie nc y desc ribed abo ve. Revision 1 o f  the PDSR 
correc ts this. Finally, a revision was made in the method of c alc ulatin g the 
��L value to account for all po s s ible erro r s .  

i i 



Revf s f on of Reactor Fuel Location 

ln the ori ginal cal cul ation, reactor fuel was assumed to be located uniforml y 

in the bottom Quadrant of the cool ers. This model is now believed to be too 

conservative. The current model assumes that the reactor fuel is uni formly 

located in the i nl et pipes in the coolers and the initial tube spiral i n  the 

lower bottom Quadrant. 

letdown Flow Rate 

The original calculations reported i n  the original POSR showed the letdown 

flow rate to be 1.6 liters per second. However, a detailed review of pl ant 

logs showed that, in Septem�er 1986, the block orifice was removed, which 

resulted in an increase in the flow rate to a maximum of 3 .0  li ters per second. 

This, �owever, did not affect the analysis. Additional analysis has been 

performed to show the fl ow rates through va rious sections of pip i ng and the 

l etdown coolers. This a l so does not change the resul ts of the analysis. 

Conc lusion 

These changes resul t in an increase in the estimate of record from an MDL 

value of � 3 . 2  kg to an MOL value of < 3.7  kg with an uncerta i nty of 

approximatel y �  53� (at one si gma). 
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StM4ARY 

The estimate of record of the amount of ur anium dioxide (U02l reactor fuel 
remaining in the letdown coolers and piping in the letdown cooler room is 
� 3. 7  kg with an u ncertainty of approximately� 53: (at one sigma) o ased on 
the chosen model an d associated minimum detectable level (MDL)* measurements 
an d calcu lations. This amount includes reactor fuel in all forms. I t  is not 
possible, at this time, to determine the forms of the reactor fuel (e. g. , 
films, loose debris) since the intern als of the system are not accessible and 
the coolers re side in a r adiologically hostile environment. 

A collimated lead shielded sodiu� iodide det ector was inserted into a letdown 
cooler room access penetration to measure Ce- 144, which was used as a tracer 
for uo2• Calculations were made by use of computer codes to model the 
associated piping, coolers, an d det ector conf igurations. S ince the presenc e 
of Ce-1 44 was not iden ti fied, an MDL calculation was performed. 

The Quantity of uo2 remaining in the letdown cooler room is < 0 . 4� of the 
maximum allowable residual uo2 invent ory for the entire THI-2 facility in 
Mode 2 (Reference 1). 

• MDL value is defined as the maximu� Quan tity t hat can be present and still 
not be observ ed due to interactions caused by back ground r adiat ion. The 
true v alu� can range from 0 to tn e st ated MDL Quan tity. 



1 . 0 INTRODUCTION 

TMI-2 POST-DEFUELING SURVEY REPORT 

FOR 

TH£ LETDOWN COOLER ROOM 

Thi s  report presents the analysi s of the amount of uo2 rema i ni ng i n  the 

TMI-2 l etdown cooler room. The boundaries of thi s  analysi s  are the makeup and 

puri fication (HU&P) system ' s  two l etdown coolers (HU-C-lA and HU-C-1 8 )  and a 

part of the l etdown p i pi ng (Fi gures 1 through 5 and References 2 through 5 ) .  

Thi s report i s  one i n  a series o f  reports to be prepared to ful f i l l  the 

reQuirements of tne THI-2 SNM Accountabi l i ty Program ( Reference 6 ) .  All 

stati stical uncertai nti es are expressed a s = one si gma l imits (defi ned as one 

standard deviati o n ) .  

Section 2 ,  •aackground " ,  describes the physical attributes of the l etdown 

coolers and associated p i p i ng and describes thei r functi on. The relationship 

of the l etdown cooler room to the accident and subseQuent cleanup acti vities 

i s  di scussed as well as i ts current status. 

Section 3, •Metnods " .  describes how measurements were obtained through the use 

of Ce- 1 44 as a tracer for reactor fuel . A cal i brated system featu ri ng a 

shiel ded sod i u� iodide sc i nt i l l ation detector connected to a mul tichannel 

analyzer was i nserted i nto the l etdown cooler room to a known l ocation. Since 

the presence of Ce-1 44 was not i denti fiabl e ,  an MOL calcul ation was performed. 

Section 4 ,  "Analysi s M ,  expl ains  the methodology for arri vi ng at the estimate 

of record of fuel i n  the l etdown cooler room usi ng three measurements and 

di scusses supporting data, assumptions made, and calcul ations used. 

Section 5 ,  "Conc l us i o n " ,  presents the estimate of record and uncertai nty for 

the amount of SNM rema i ni ng i n  the l etdown cooler room, and states that thi s  

conclusion i s  reasonabl e based upon the ava i l able data. 
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2.0  BACKGROUND 

Tne l etdown coolers are l ocated i n  the Reactor Bui l di ng ( RB) basement, as 

shown i n  Fi gure 6.  The l etdown coolers are counterflow spiral tube-i n-shell 

· heat exchangers which are cooled by the i ntermediate cool i ng system ( ICS). 

The purpose of the l etdown coolers i s  to reduce the reactor coolant systeQ 

( RCS) water temperature from 293° C to 49° C to prevent damage to the KU&P 

deminera l i zer re s i n s .  The normal RCS water fl ow rate through the l etdown 

coolers i s  2.8 to 4.4 l iters per second. Fi gure 2 shows a cross section of a 

l etdown cooler ( Reference 7 ) .  Each cooler she l l  f s  carbon steel and i s  1 .09 m 

� n  di ameter and 0.6  m l ong, with a 1 2. 7  mm shel l thickness and an 83 mm 
mini mum end pl ate thickness. The design worki ng pressure i s  1 .4 HPa . The 

i nternal s consi st o f  sta i nl es s  steel i n l et and outlet di stribution headers and 

thi rty 1 9  � OD spiral tubes with a working pressure of 1 7 . 2  MPa. The l etdown 

coolers are connected to the MU&P system by 76 mm schedul e 1 60 pipe wnich i s  

reduced i nto common 6 3  mm schedul e 1 60 i nl et and outlet headers.  Figures 3 to 

5 show the piping and coolers i n  the l etdown cooler room. The 76 mm i nlet 

pipi ng taps off the bottom o f  the ' l A '  RCS col d l eg (as  shown i n  Figure 1 ) ,  

goes down to elevation 282 ' -1 1 • ,  and ri ses up to enter the l etdown cooler room 

hori zontal l y  from the i ns i de o f  the RB ' A' D-ring at elevation 299 ' -6• above a 

service platform. The i nl et pipe divi des,  goes verti cal l y  downward through 

i nl et i solation valves (MU-V-lA and HU-V-l B )  and expands i nto the 76 mm pipe. 

The pipe enters each cooler at approximately the centerl i ne of the cooler. 

The 76 mm outlet pipi ng i s  at the bottom of each cooler. The outlet pipes 

ri se through reducers and the outlet i solation valves (MU-V-2A and HU-Y-28) ,  

combi n i ng i nto a 63 mm outl et p i pe above the service pl atform at elevation 

299 ' -6 • .  Tne pipe exits through the Reactor Bui l di ng wal l  i nto the annulus 

and the Auxi l i ary/Fuel Handl ing Bui l di ng ( AFHB ) .  

The l etdown coolers are l ocated i n  the north Quadrant o f  the RB at elevation 

282 ' -6• ( see Fi gure 6 ) .  They are i n  a concrete shiel ded enclosure adjacent to 

the RB sump. The room i s  norma l l y  accessed through the RB sump ro��. Since 

the 14arch 1 979 accident, manned access to the room has been prohibi ted by high 

radiation exposure rates i n  the RB basement. Access by wheeled robots has not 

been possible because of p i p i n g ,  eoui pment, and structural congestion. 
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Tne RCS flow rate through the l etdown coolers during the TMI-2 accident, as 

controlled by the plant operators, rang�d from 0 to approximately 1 0  l i ters 

per second. 

During the post-accident recovery ,  letdown fl ow was establ i shed at 

approximately 1 . 6  l i ters per second and was maintained at thi s  level unti l  the 

block orifice was removed i n  September of 1 986. The letdown coolers are 

currently in service as part of the l etdown path from the RCS to maintain the 

reactor vessel water level . The current flow rate has been no greater than 

3 . 0  l i ters per second , l imi ted by the hydraul ic  head on the letdown pipe, and 

i s  i ntermi ttent s ince i t  i s  bei ng used for RCS level control . At 3 .0  l i te•·s 

per second, the maximum flow veloc i ty through the piping i s  about 1 . 3 meters 

per second ( Reference 8 ) .  

Tne letdown coolers have been examined for resi dual uo2 because they are one 

of the l ow  points of the HU&P system. 

Radiation Environment 

The radiation measured i n  the l etdown cooler room i s  approximately 1 0  Rem per 

hour near the enclosure cei l i ng .  h��al i ngress to the letdown cooler room 

reoui red access to the Reactor Bui l di ng basement. Absorption of sol uble 

fi ssion produc�s into porous basement surfaces produce present day general 

area exposure rates that are freQuently > 1 0  Rem per hour. 

Due to the hostile environment, measurement access was l imited to a spare 

penetration at the 298 ' -6" elevation that could be reached from the more 

accessible 305' elevation.  The si ze of the penetration reQuires a shielded 

measurement system that was less than 25 em in di ameter. The 1 0  Re� per hour 

exposu�e rate reQui red the use of at l east 7.6 em of lead around the sodium 

i odide detector. The measurements were compl eted i n  April 1 986. No 

measurable Ce-1 44 acti vi ty was observed which resulted i n  reporti ng the 

minim� detectabl e ouantfty. 
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For the reasons di s cussed above, i t  i s  ALARA to accept the uncertai nti es 
ass oci ated wi th the present f uel ass ay. Addi ti onally, the value i s  a s mall 
part of the total ex-vessel fuel and i s  not cons i d ered easi ly transferred by 
acci dent or desi gn. 

3. METHODS 

Ce-1 44 was selected as a tracer f or reactor fuel because of i ts long half-li f e  
(284 days), relati ve hi gh abundance, low es cape rate coeffi ci ent from reactor 
fuel, and i ts characteri s ti c  2.19 HeY gamma-ray that i s  readi ly identi fi able 
on a multi channel analyzer (HCA) .  Usi ng sample data, a Ce-144 to reactor f uel 
(U02) rati o was developed (Reference 9 ) .  Thi s value was 
5.6 x 1 06 

BQ g-1 on Augus t 1, 1 987. 

To detect the gamma-rays, s hi eld ed sodi u� i odide sci nti llati on detectors were 
connected to a pream�li fi er ,  ampli fi er, and an HCA. The s odi um i odide 
detector crystals were 1 2. 7  mm i n  di am eter and ranged i n  length from 1 2. 7  to 
19. 1  mm. ihe d etector s were s hi elded wi th ei ther tungsten or lead to reduce 
detector d ead ti me and puls e pi leup due to the hi gh exposure rate i n  the 
room. The d etectors were i ns erted through a spare penetrati on i n  the east 
wall of the letd ow n  cooler room from the i ncore i ns tru mentati on chase. Thi s 
penetrati on w as one of only three i nto the letd own cooler room from an 
acces si ble locati or.. The penetrati on i s  at elevati on 298' -6" , as s hown i n  
Fi gures 4 and 5 .  The penetrati on posi ti oned tne d etector at about 3 .66 m 
above the coolers and about 0 . 3  m below the hori zontal i nlet and outlet pi pes. 

Pri or to thei r i nserti on i nto the room , the s odium i od i d e  detectors were 
cali brated wi th a s tandard Ce-144 source f or the 2. 1 9  HeY gamma-ray. The 
detector ' s  effi ci ency w as determi ned fr�� the net count rate i n  the ROI on the 
HCA f or the 2.19 HeY gamma-ray, the energy release rate from the s tandard 
Ce-144 s ource, and the source-to-detector di s tance. The detector was then 
i ns erted i nto the room to a known di s tance and s pectral data were obtai ned . 
Due to the detector s hi eldi ng and the di s tance f rom the coolers to the s hi eld , 
long count ti mes were neces s ar y  to obtain s tati s ti cally si gni fi cant d ata . If  
an identi fi able peak in the ROI  at 2.19 MeV f or Ce-144 w as present, the 
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measu red photon fluence rate at t he detector was calculated from t he net count 
rate and t he calculated detector e ffi ciency. I f  t he Ce-144 peak was not 
vi sually or stat istically ide nt ifiable , an MDL calculation was pe rfo rmed ,  as 
desc rf bed be 1 ow. 

To complete t he celculati o n  fo r an identi fiable Ce-144 peak. rad iation 
shie ld ing computer code s were u sed to determi ne a calculated photon fluence 
rate at the detector from t he coole rs and piping per kilo gram of reactor 
fuel. · The code s modeled t he pipi ng, coole rs, and platforms as closely as 
po ssible in t hree d i me nsions. ISOSHL0-11 (Re fe re nce 10) was u sed to mode l the 
pi ping source s. QAD-UE (Reference 11 ) was u sed to model ·the coo le rs be cau se 
o f  i t s  abi li t y  to model comple x  geometrie s  and source d istributi o ns. The 
sou rce input to t he co mputer code s was based on t he Ce-1 44 to reactor fue l  
rat io , taki ng into accou nt decay time. Parametri c studies we re performed i n  
t he e ngineering calculat io n� for this re port ('Refe re nce s 8 and 1 3) u sing 
variou s reactor fue l  di stributions i n  the coo lers to determine a range o f  
values. From t he range o f  va lue s, an e stimate o f  re cord was determined. To 
dete rmine t he QJant ity o f  reacto r fuel in the coole rs and piping. t he measured 
photon fluence rate was d i vided by t he calculated photon flue nce rate pe r 
ki lo gram of reacto r fue l  i n  each sou rce . 

I f  t he Ce-144 peak was not i de nti fiable , an MDL calcu lation was performed 
(Re fe re nce 12). The gro ss cou nt s  i n  t he ROI for Ce-144, co nve rted to an MDL 
value, was di vided by t he calcu lated detector effici e ncy, t he calculated 
photon fluence rate pe r ki lo gram o f  reactor fuel, and t he count t ime . 

Alte rnati ve methods co nsidered fo r thi s measure me nt were gamma spectroscopy by 
u si ng a hi gh pu ri t y  ge rmani um (HPGe) detector and neutron i nterrogation. The 
HPGe detector has a supe ri o r  gamma-ray spe ctrum re solutio n compared to an Nal 
detector. The HPGe detector was not u sed , howeve r. due to space limitations 
wi t h  avai lable equi pme nt. Neutron i nte rrogati o n  techni ques could not be u sed 
due to t he lo w e mi ssi o n  rate of neutro n� fro m t he reacto r fuel and t he high 
boron co nte nt ( > 4500 ppm) i n  the RCS water i n  t he letdown coole rs and HU&P 

syster.1 pi pi nJ. 
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4 .  ANAL YSIS 

On O ctober 25, 1985 (approx im ately 6 . 5  ye ars after the accide nt), a 
pre liminary me asureme nt was performe d in the le tdown cooler room. The sodium 
iodide de te ctor crystal was 12.7 mm in diame ter and 1 2. 7  mm in le ngth . The 
de te ctor was shielde d with tungste n. The dete ctor was not collim ated and, 
there fore , me asure d  r adiation from the e ntire system piping and the le tdown 
coolers. The configuration of the dete ctor and shield in the pe ne tration is 
shown in Figure 7. The intent of th is measurement was to provide an initial 
asse ssme nt of the quantity of reactor fuel in the room. The count time for 
th is measurement was 1 00, 000 se conds. 

This pre lim inary measure ment h ad e ssentially no spatial resolution as well as 
no observed pe ak corresponding to Ce-144. The MDL* results we re equally 
consistent with h aving 0.02 kg of fuel assuming uniform distribution (at . 
2.5 x 10-3 g mm-1 ) in the inle t and outle t  piping, or up to 64.3 kg 
(Re ference 13) in the letdown coolers. These two configur ations cou ld produce 
esse ntially the same radiation signal since the pipi�g was ver y  close (0.3 m )  
t o  the de te ctor and constituted a relatively low shielding mass for 
atte nuating the radiation, wh ile the coolers were both more dis tant ( 3 . 66 m )  
and m ore m assive . S ince the spre ad of values was great and the larger value s 
are a significant fraction of the the n  ex isting 70 kg administrative limit 
(now 140 kg) for sub-critical mass (Re ference 14), two additional measureme nts 
were performed with the goal of be tter de fining locations· and Quantitie s of 
re actor fuel. 

The later me asureme nts replace d the uncollimated dete ctor with a collimated 
de te ctor. The tungsten shield was also replaced with le ad since it was found 
that the tungste n was contaminate d with th orium. A 2 .6  MeV gamma-ray is 
produced in the th orium decay ch ain wh ich interfered with the acq uisition of 
spe ctral data in the ROI of the ch aracteristic gamma-r ay of Ce-144. The 
e ffe ct of the th orium contamination was accounted for in the calculations of 
the Quantity of re actor fuel in the room. 
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The fina l mea surement set was performed from April 16 to 21, 1986 
(a pproximately 7 y ea rs a fter the a ccident) . The sodium iodide detector 
cry sta l was 12. 7 mm in diameter a nd 19. 1  mm in length. A c ollima ted lea d 
shielded detector a ssembly wa s used, as shown in F igure 8. The sodium iodide 
detector wa s pla ced inside a lead cylinder with a hemispherica l hea d. This 
assembly wa s placed inside a n  a luminum cy linder lined with 19 mm-thick lea d. 
A slot c ut in the end of the cy linder provided the desired collimation. The 
detector/shield ass� mbly wa s designed so tha t two different measurements could 
be ma de by moving the shielded detector in the shielded tube. I n  the first 
mea surement, the detector wa s loca ted in the front of the shield tube a s  shown 
in F igure 8. I n  this position, the detector sca nned the coolers a nd vertica l 
inlet and outlet piping a nd va lves, as shown in Figure 9 .  For the second 
mea surement. the detector was moved back slightly in the shield tube so that 
the detec tor scanned the c oolers a nd minimized sca nning the inlet a nd outlet 
piping. The field of view of the detector is shown in F igures 10 a nd 11. 

The mea surement times for the fina l set in the first a nd second mea surement 
positions were 155,499 a nd 240,948 seconds, respectively , resulting in gross 
c ounts in the ROI for C e-144 of 170 a nd 117, respectively. The sta tistica l 
Q ua lity of the da ta was improved from the first mea surement by using longer 
count times. Although there were counts in the ROI for C e-144, the results of 
the measurements showed that there was not a sta tistica lly identifia bl e  gamma 
peak a t  2.19 Me V  energy loca tion on the MCA. This resulted in a n  MDL 
ca lcula tion for the Quantity of rea ctor fuel. The sodium · iodide detector 
effici ency was 1. 2 x 10-2 counts ga mma -1cm2• The calculated photon 
fluence per kilogra m of uo2 using the QAD-UE computer code ra nged from 7. 2 x 

10-4 to 9. 7 x 10·3 gammas cm-2 s·1 kg· l. The estima te of record is 
a n  MDL va lue of � 3. 7 kg � 53: of uo2 in the l etdown c ooler room. The 53� 
value f s  a 1 u error tha t a ccounts for a ll other errors in the ca lcula tion 
other than the counting error for the letdown coolers. This estima te of 
record assumes that the rea ctor fuel is uniformly distributed in the cooler 
inlet distrib ution hea der a nd in the bottom Qua dra nt in the first spira ls of 
the tubes. Particles of reactor fuel would most likely have settled here due 
to a decrea se in the flow velocity from the inlet pf pe into the tube bundle. 
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The MDL quantity of reactor fuel in th e letdown coolers was calculated to 
range from < 1 . 9  kg to < 25.6 kg, using improbable reactor fuel distributions 
with an uncertainty of approx imately ! 53: (Reference 8 ) .  These values tak e 
all sources of error into account (f. e. , calibration and measurement counting, 
p�sical measurements, calibration, and standard source). This range in 
quantity of reactor fuel assumed th at all the reactor fuel in th e room was in 
th e coolers. The low value assumed th at the fuel was in the inlet 
distribution header. The h igh value assumed that th e reactor fuel was 
uniformly distributed in th e bottom of the cooler near th e outlet distribution 
h eader. The region wh ere deposition was most likely was in the cooler 
di stribution h eader and in the bottom quadrant of th e first spira ls of the 
tubes. This region was used to establish the estimate of record of 
� 3. 7  kg ! 53�. The form of th e reactor fuel is not known since th is part of 
th e HU&P system is not available for internal visual inspection or sampling. 
The piping was calculated previously to h ave an MDL value of � 0.02 kg 
(R eference 13), wh ich is insignificant when compared to th e coolers. 

The quantity of reactor fuel in the two letdown coolers is currently 
considered static based on analyses of th e flow rate from th e cold legs to and 
through th e coolers, particle size distribution of th e reactor core debris, 
data from c�her plant locations, and the layout of tn e HU&P system. 

The maximum flow velocity in th e cold legs is 0.004 meters per second, and 
through th e piping and coolers is approximately 1.3 meters per second and 
0.2  meters per second, respectively. S amples of the reactor core fuel de� ris 
show th at a majority of the pa rticles by weigh t (7� ) are greater th an 1 000 � 
(R eference 1 4 ) .  The density of th e material is assumed to be approx imately 
5 g cm-3 (Reference 14). Assum ing th at the particle size distributi on and 
density has remained th e same from the time of th e accident, a flow velocity 
of approximately 0. 004 meters per second in th e cold leg piping is 
insufficient to transport reactor fuel particles greater th an 40 pm 
(R efe rence 8)  to the MU&P piping and th e coolers. Particles less th an 40 vm 
eith er remain in suspension or, if settled out on termination of flow through 
th e cooler, become resuspended and are carried out of th e cooler when flow f s  
reestablish ed. 
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The samples from the reactor core debris are conservati ve ,  since the sampl e 

may have had washout that removed fine fuel 11ebri-s that was l ess than 1 pm. 

Fine reactor fuel debri s of thi s  size would be readily moved.  The 

once-through steam generator (OTSG) ' B '  upper tube sheet sampl e dc�3 showed 

that greater than 92t (by weight) of the particles were greater than 1 000 urn 

(Reference 1 5 ) .  Sampl i ng attempts i n  the RCS J-Legs showed very fine debri s .  

A 1 JJm filter used a s  a col l ector was not able to remove debris observed as 

dark-colored water flowing through the sampl i ng equipment. Vi sual inspections 
of these areas al so showed fine powder-l i ke reactor fuel debri s that would be 

easily removed. 

There are low points i n  the piping and the l etdown cool ers . The MU&P piping 

to the l etdown coolers taps off the bottom of the RCS l A  col d leg (Fi gure 1 )  

and continues down to elevation 282 ' -1 1 " .  After a horizontal run of 

approximately 8 m, the l e tdown l i ne rises to elevation 299 ' -6 " .  The piping 

then drops to the l etdown coolers where the center l i ne elevat: �n is  

282 ' -1 1 " .  These low points i n  the pipi ng and the l etdown coo iers would tend 

to prevent l arge ( > 1 0, 000 Jim) particles from getting to or l eaving the 
l etdown coolers at current flo� rates. These particles could have been 

transported to the l etdown coolers when the fl ow rates were a s  high as 
1 0. 1  l i ters per second i nto the HU&P piping.  The current maximum flow rate of 
3.0 l i ters per second woul d be i nsufficient to remove l arge particles that 

were transported to the l etdown coolers under the hi gher flow rate. 

Although the letdown cool ers have not been isolated, the quantity of reactor 
fuel they conta i n ,  as stated i n  thi s  report , i s  considered stable.  For 

approximately the l a�t three years, the flow rate through the l etdown coolers 

has been at approximately 2 .8  l i ters per second with a maximum fl ow rate of 
3 .0  l i ters per second. Thi s continuous flow rate results i n  a stable 
equi l i bri um where reactor fuel will not be added or removed from the l etdown 
cool ers . This flow rate through the cold l eg and the MU&P piping is  not 

conducive to movi ng additional l a rge reactor fuel debri s to or from the 

cool ers. Small fuel debris particles wi ll  remai n  in suspension or be moved 
through the coolers. After RCS system drai ndown , the l etdown cooler system · 

wi l l  be i solated and a confi rmatory survey may be performed, i f  deemed 
appropriate, to ensure that the reported values have not signi ficantly changed. 
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The goal of the current defueli ng program i s  to remove more t han 9� of the 
origi nal core i nventory of approxi mately 94.000 kg. I n  that cont ext . the 
� 3.7 kg q uanti t y  of uo2 remai ni ng i n  the pressuri zer i s  < 0.4\ of the 

maximum allowable resi dual uo2 i nventory for the enti re TMI-2 facili t y  i n  
Mode 2 (Reference 1 ) . 

5. CONCLUSION 

A MDL value of � 3.7 kg wi th an uncertai nt y of approximat ely! 53: ( at one 
sigma) i s  the esti mate of record of uo2 remai ni ng i n  the letdown coolers and 
pi pi ng i n  the letdown cooler room. The pi pi ng i s  calculated t o  hav e an MDL 
value of � 0.02 kg. whi ch i s  i nsigni fi cant compared to the MDL value of the 
letdown coolers. Therefore. the estimate of record for the letdown cooler 
room i s  consi dered the same as the letdown coolers. whi ch i s �  3.7 kg! 53�. 

Although the letdown coolers have not b een i solated and react or coolant sti ll 
travels t hrough them. t�e estimate of record of the am ount of reactor fuel i s  
consi dered vali d. The flow rate i s  current ly low and i ntermi ttent as opposed 
to the high and conti nuous f low rat e duri ng. and for a long peri od of time 
f ollowi ng. the accident. The f low r ate i s  no great er than 3 . 0  liters per 
second and i s  i nt ermitt ent si nce f t  i s  b ei ng used for RCS level control. The 
maxi mum f low veloci t y  t hrough the pi pi ng i s  approxi�atel y 1 . 3  meters per 
second. Whi ch i s  suffi ci ent t o  have long ago removed fi ne fuel debri s  f rom the 
letdown coolers. and to have prevented the b ui ldup of fuel debri s. 
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FIGURE 3 

LETDOWN COOLER ROOM, PLAN VIEW 
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FIGURE 4 

LETDOWN COOLER ROOM PENETRATIONS, PLAN VIEW 
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• FIGURE 5 

LETDOWN COOLER ROOMS, SECTIOI� A-A PENETRATIONS 
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FIGURE 8 
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FIGURE 9 
LETDOWN COOLER ROOf.t - FIELD OF VIEW, SECTION B-B 
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FIGURE 1 0  

LETDOWN COOLER ROOM FIELD OF VIEW, SECTION A-A 
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FIGURE 1 1  

LETDOWN COOLER ROOM FIELD OF VIEW, SECTIOII B-8 
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