
r 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any asency thereof, nor any of their 

employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer· 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily .constitute or imply its endorsement, recom
mendation, or favoring by the United Slates Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
. ,,\ited Stales Government or any agency thereof. 

GENO-OS7 
Distribution Category: UC·J8 

TMI Supplement 

GEND--057 

DE87 003639 

TMI-2 FISSION PRODUCT INVENTORY PROGRAM/ 
/ FY-85 STATUS REPORT 

·-!h .. '-~ 
.. ~.Jo"-

Sidney Langer 
Steven T. Croney 
Douglas W. Akers 
Malcolm L. Russell 

Published November 1986 

j EG&G Idaho, Inc. 
Idaho Falls, Idaho 83415 

Prepared for the 
U.S. Department of Energy 

Three Mile Island Operations Office 
Under DOE Contract No. DE·AC07·76ID01570 

MASIEl 



ABSTRACT 

This report presents the status of the TMI-2 fission product inventory program 
through May 1985. The fission product inventory program is an assessment of the 
location of fission products distributed in the plant as a result of the TMI-2 acC:dent. 
Included in this report are principal results of samples from the reactor building where 
most of the mobile fission products (Le., radiocesium and iodine) are expected to be 
found. 

The data are now complete enough for most reactor componmts; therefore, it is 
possible to direct the balance of the examination and sampling program to areas and 
components where it is likely to be most productive. Those areas are the reactor core 
and the reactor building basement, with emphasis on the currently unsampled por
tions of the core. 
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SUMMARY 

During the March 28, 1979, accident at Three 
Mile Island Unit 2 (TMI-2), the reactor core suf
fered severe damage, resulting in the release of fis
sion products to the reactor coolant system, 
auxiliary building, and reactor buildings. In order to 
compile as complete a list as possible of the location 
and quantities of fission products released as a result 
of the accident, a computerized data base was estab
lished that permits the calculation of the inventories 
for key radionuclides at specific times of interest. 
The most recent update to the data base was per
formed for FY-1983. 

This report presents the results of sample analyses 
through September 1984. including the estimated 
total uncertainties associated with these analyses. 
Systematic changes (Le., flushing) that may affect 
the representativeness of the samples, as well as the 
adequacy of the samples and surface areas or vol
umes (used to calculate radionuclide inventories), 
are also discussed. The measured radionuclide con
centrations are used to estimate the total radionu
elide inventories for system components and the 
fractions of core fission product inventory retained 
in the sampled systems. Based on these results, the 
need for additional sampling of systems and sur
faces is evaluated. 

The results of the fission product inventory esti
mates through 1984 (see Appendix A) are summa
rized in Table S-I. The results are listed as fractions 
of the total core inventory of radionuelides retained 
by a system or component. Principal repositories for 
radioactive materials are the reactor building com
ponents where ",,98OJo of the fission products are 
located. About 1 % of the radiocesium and 2% of 
the radioiodine inventories were transported to the 
auxiliary building by the reactor coolant. 

Recent examinations indicate that ",,20% of the 
core mass is located in the core debris present at the 
top of the damaged core. The core samples obtained 
from this debris bed late in 1983, and characterized 
in 1984, suggest that significant fractions of the core 
inventory are located in the debris bed and in the 
unexposd portions of the core. Approximately 80% 
of the core mass yet to be sampled probably repre
sents the single most significant repository for the 
majority of radionuclides. The samples from the 
debris bed are used to characterize the debt;s bed 
only, not the entire core, whose examination b the 
subject of an ongoing research program. 

Samples of the reactor building air cooler ass~m
bly suriaces, reactor building sump, reactor coolant 
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drain tank, a reactor coolant system resistance tem
perature detector (RTD), a makeup and purification 
demineralizers, control rod leadscrews, and the core 
debris bed were analyzed during 1984. The majority 
of components sampled contain only small fractions 
of the core inventory ( < 1 %). The makeup and puri
fication demineralizers in the auxiliary building are 
e~timated to have retained approximately 2% of the 
total radioiodine inventory, making them the most 
significant fission product repository other than the 
reactor building basement and core. Details of these 
measurements are included in Appendix C. 

Further characterization of reactor systems and 
components is suggested for a Tlumber of sample 
locations because, in many cases, the fraction of 
core inventory calculated to be retained in a compo
nent is based on a single sample analysis. Nine sam
ples have been taken from the reactor building 
basement. Furthermore, because some samples were 
obtained under adverse conditions (requiring remote 
sampling), they may not be representative of the 
component for which the calculations were made. 
Locations recommended for further sampling are 
sediments and surfaces of the reactor building base
ment, the makeup and purification system compo
nents, and the reactor coolant drain tank. 

The results of the fission product generation codes 
(e.g., ORIGEN-2, WR-2, and CINDER) that have 
been used to calculate the initial fission product 
inventories of the TMI-2 reactor are evaluated in 
Appendix B. A comparison of the individual fis
sion product inventories calculated by the several 
codes indicates differences as great as 25% for some 
radionuclides, although the majority of the code 
predictions agree within 10%. A recent calculation 
based on the power histories of all 177 fuel assem
blies has been included in the data base and should 
provide the most accurate estimate of core inventory. 
For the final fission product inventory report, a 
detailed uncertainty analysis will be performed for 
the initial calculated and final measured inventories 
to define the uncertainty associated with the total 
fission product content at TMI-2. This report does 
not treat all fission products, but emphasizes those 
that are highly mobile, constitute serious biological 
hazards, and are representative of a fission product 
group. The choice of radionuclides in the inventory 
is made on the basis of ease of detection, half-life, 
abundance, etc. 

a. From the A loop hot leg near the steam generator. 



Table 8-1. location of fission products inventory in plant buildings 

Fraction of Core Inventory 

Location Reference Tritium S5Kr 90Sr 133Xe 100Ru 125Sb 1291 131 1 132Te 137Cs 137Cs I44Ce U Pu 

I. Reactor building Sb 0.57 0.47 0.017 0.2S 0.003 0.22 0.21 0.42 0.41 3 E-05 4 E-07 9 E-06 

Reactor coolant system a S 0.02 0.01 0.001 0.012 0.11 O.OOS O.OOS 4 E-04 

Reactor pressure vessel b 0.12 O.OS 0.05 0.05 0.06 0.26 

2. Auxiliary building 7b 0.04 7 E-05 0.02 0.01 O.OOS 7 E-06 

3. Fuel handling building 7 (0.62) (0.02) (0.46) (0.45) 

4. EPICOR II buildinga,C 7 (0.042) (0.001) (0.034) (0.027) 

5. TMI-1 buildings 

<. 6. Releases 7 4 E-04 S E-IO 0.07 I E-06 7 E-12 

Totala 0.63 0.47e 0.15 0.35 O.OS 0.30 0.32 0.49 0.49 0.26 

Alternate Totala,d 0.63 0.47 0.63 0.35 0.40 0.50 0.32 0.69 0.73 1.30 

a. Measurement errors not given in reference. 

9. This study. 

c. Not additive towards total inventory. See footnote c of Table 9. 

d. Based on the assumption that the debris bed constitutes 200/0 of the core and the concentration in the debris bed is representative of the concentration in the entire core. 

e. The Kr-S5 content of the reactor building atmosphere vented in April-June 19S0, but activity was not released during the accident. 
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TMI-2 FISSION PRODUCT INVENTORY PROGRAM 
FY-85 STATUS REPORT 

INTRODUCTION 

During the March 28, 1979, accident at Three 
Mile Island Unit 2 (TMI-2), the reactor core suf
fered severe damage, resulting in the release of fis
sion products to the reactor coolant system, reactor 
and auxiliary buildings and, to a small degree, the 
environment. Immediately after the TMI-2 accident, 
four organizations with interests in plant recovery 
and the acquisition of accident data formally agreed 
to cooperate in these areas. These organizations, 
commonly referred to as the GEND Group (GPU 
Nuclear Corporation, the Electric Power Research 
Institute, the Nuclear Regulatory Commission, and 
the Department of Energy) are presently invulved in 
postaccident evaluations. One of the objectives iden
tified by this group is to determine as accurately as 
possible the locations and quantities of important 
radioactive species (i.e., the fission product inven
tory) relucated as a result of the accident and reactor 
recovery operations. l A computerized data base was 
established that permits ready access to the esti
mated inventories of important radionuclides at spe
cific times of interest. 2 As cleanup efforts proceeded 
and plant components were inventoried, the data 
were added to the data base (see Appendix A). This 
effort is known as the Fission Product Inventory 
(FPI) program. a 

The objective of the FPI program is to determine 
the location of fission products in the reactor core 
and in other plant systems. The fission product 
release data, for important fission products, is 
required: 

• To assist in defueling and decontaminating 
the reactor 

• As essential data for understanding the 
accident and calibrating the severe acci
dent analysis codes being developed to pre
dict the outcome of severe reactor 
transients 

a. In the past, this effort has f(equently been referred to as the 
"Mass Balance Program". Witll this report, the nomenclature is 
changed to avoid confusion With the reactor coolant inventory 
assessment effort, which has also been referred to as a "ma<s 
balance" program. 

• To assist in resolving fission product tech
nical issues that are reievant to reducing 
the source term for severe accidents. 

The FPI program is not intended to improve esti
mates of releases to the environment during the 
accident, the so-called "source term." The best 
estimates of releases to the environment have been 
published and subjected to peer review. 3-5 The 
large uncertainties inherent in an FPI program 
make it highly unlikely that these estimates will be 
changed significantly. For all except the noble 
gases, the source terms were of the order of 10-6 (or 
less) of the core inventory. FPls cannot attain such 
precision. 

The scope of this report includes: 

• The current location of quantities of 
important fission products 

• An assessment of the initial fission prod
uct inventory at the beginning of the acci
dent 

• A brief discussion of the reactor compo
nents and locations assayed for fission 
products ia FY-84 

• An evaluation of the fractions of core 
inventory accounted for by the inventoried 
locations 

• Sampling requirements and analyses nec
essary to better define the location of the 
remaining fission product inventory 

• An 'assessment of the uncertainty of the 
known invemory. , 

Locations of Fission Product 
Inventory 

The fission products released from the core dur
ing and after the TMI-2 accident are now in essen
tially three locations: 

• Systems within the reactor containment 
building (including the reactor pressure 
vessel and the reactor coolant system) or 
on surfaces within the building itself 

• Systems within the auxiliary building 

• .,~. ..' : _ •• ' •• " .• ~ - -,', : J. • t • .' s !........ . 



• Systems (or components thereof) used to 
decontaminate the auxiliary building and 
the reactor containment (some that have 
been subsequently shipped offsite). 

Plant systems in each of these locations are 
shown in Figure I. In addition, very small 
amounts of fission products were released to the 
environment in plant liquids (Reference 5). Noble 
gases retained within the containment were released 
to the environment in a controlled operation (Ref
erences 3 and 4). 

Initial Inventory and Umits on 
Inventory Closure ' 

It is worthwhile to emphasize, a priori, that a 
total FPI, carried out with rigorous accounting 
procedures, is not to be expected from this inven
tory program. Radionuclide inventories in the ves
sels of nuclear power plants cannot be counted as 
accountants counl dollars; measurement errors are 
associated with each analysis. These errors are 
compounded by the errors due to the nonrepresen
tative and heterogeneous nature of the limited 
number of samples. Additionally, and perhaps of a 
more fundamental nature, the initial core inventory 
of fission products at the time of the accident is not 
a "known" or measurr.d quantity; it is a calculated 
quantity, based on fission produCl yields, the varia
tion of reactor power with time, the fuel burn up, 
the axial and radial power profiles of the reactor, 
the fuel zone enrichment, etc. Further, the various 
calculational codes yield different inventories 
based on the same input data for reactor power, 
operating time. etc. The variations due to code dif
ferences are discussed in some detail in 
Appendix B. For the reasons noted in 
Appendix B, the ORIGEN-2 model calculation is 
adopted as the reference inventory for the Accident 
Evaluation Programa . The uncertainty in the initial 
inventory itself may be on the order of 30% for 
certain nuclides. However, for most fission prod
ucts the uncertainty is less than 10070. 

Important Fission Products 

This report does not attempt to account for all 
fission product species; that is not feasible. It does 
attempt to account for those fission products that 

a. In contrast, the FPI (mass balance) progla"l:trried out by 
NUS Corporation used the LOR-.2 Code 01 13&\\. 

2 

are importanl contributors to accident "source 
terms." Source terms are, in part, determined by 
the i'ission product release from the core. lmpor
tant radionuclides in the fission product mix of a 
large nuclear power reactor were listed in the "Tech
nical Basis for Estimating Fission Product Behav
ior During LWR Accidents," NlJREG-0772.7 This 
list is reproduced as Table I. In the companion 
report to the fission produ;;t behavior vo:ume, 
"Regulatory Impact of Nuclear Reactor Accident 
Source Term Assumptions," NUREG-077 1 ,8 sen
sitivity studies on the effect of reductions in source 
terms for individual radionuclides were carried out. 
A conclusion was reached that the reduction of the 
consequences of severe accidents required "the sys
temalic reduction in the predicted atmospheric 
release of all of the significant radionuclide spe
cies" (Reference 7). Thus, of the species listed in 
Table I, it is necessary to determine more precise 
source term estimates than those previously 
asslimed for all of these species. It is necessary to be 
able to predict the source terms, for those that can
not be readily measured, by comparison with the 
properties of those with similar behavior, which 
can be reactily monitored. 

As can be seen from the half-lives of some of the 
fission product species, it is, and was, virtually 
impossible to obtain sufficient data on a number 0f 
the very short-lived species so that the;,r behavior 
during the course of the accident could be reliably 
determined. Further, short half-lives means that the 
species are no longer present in detectable amounts 
so that their present locations in plant systems can be 
determined. This is, of course, true of all the iodine, 
lellurium, and the noble gas species in Table I. For
tunately, 1-129 (not listed in the table) has a 
1.7 x 107 year half-life and can be used to trace the 
behavior of other iodine isotopes. In summary, it is 
the intent of the FPI program to account for as many 
of the species in Table I as practical, or at least a 
representative species for each major group of fis
sion products. Currently, measurable radionuclides 
are 1-129, Cs-134, Cs-137, Xr-85, Sr-90, Ru-106, 
Ce-144, and all actinides except Cm-242. 

Accident Release vs. 
Postacci1ent Release 

From the standpoint of the TMI-2 Accident 
Evaluation Program (AEP) it is important not only 
to know the current location of important fission 
products, but also to cietermine how and when they 
got there. This issue will be discussed in more detail 
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Table 1. Important radioactive nuclidesa 

Radioactive 
Half-Life Inventoryb 

(d) (Ci x 10-8) 

Iodine Isotopes 

131 I 8.05 0.87 
1321 0.0958 1.3 
1331 0.875 1.8 
1351 0.280 1.7 

Noble Gases 

85Kr 3,950 0.0066 
85mKr 0.183 0.32 

87Kr 0.0528 0.57 
88Kr 0.1l7 0.77 

133Xe 5.28 1.8 
135Xe 0.384 0.38 

Cesium Isotopes 

134Cs 750 0.13 
137Cs 1l,000 0.065 

Other Fission Products 

90Sr 11,030 0.048 
106Ru 366 0.29 
I 32Te 3.25 1.3 
140Ba 2.8 1.7 
144Ce 284 0.92 

Actinide Isotopes 

238pu 32,500 0.0012 
239pu 8.9 x 106 0.00026 
240pu 2.4 x 106 0.00029 
241pu 5,350 0.052 
242Cm 163 0.014 
244Cm 6,630 0.00084 

a. From Reference 5. 

b. The inventories of fission products in this table and 
discussed later in this report are for a 3412 MW reactor 
operated for 3 y as predicted by the ORIGEN code. 
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in subsequent reports. For this report, however, it is 
sufficient to state that a necessary piece of input 
data to the analysis of the accident progression is 
the fraction of the core inventory of the important 
nuclides that were released from the fuel and trans
ported from the core during the accident. This 
quantity is termed the "accident release" (AR). 
Additional fractions of the core inventory of these 
nuclides may have been leached from the fuel mate
rial and transported to other parts of the plant at 
later times. This release is termed the "postaccident 
leach release" (PALR). For some nuclides, it may 
even exceed the accident release. Neither of these 
release quantities are known at the present time, 
nor can they be measured. Only the "total release" 
(R) from the corea can be measured. The "total 
release" is the subject of this report. 

This is not the final report on the FPI program. 
It is a status report on data available from the plant 
as of May 1985. To date, only a limited number of 
samples from the debris bed at the top of the core 
have been analyzed; these samples were selected 
because they had the potential of providing vital 
data about the cOlldition of the core and the pro
gression of the accident. They may not be "repre
sentative" sarr:ples of the core debris. The major 
portion of the core has not yet been sampled. Thus, 
for the purposes of the FPI program, the likely 
major repositories of many fission products have 
yet to be analyzed. This report, then, can only be 
expected to account for some fraction of the more 
mobile fission products. 

a. That is, during the accident and the period following until 
the reactor and auxiliary buildings were sampled. 



INVENTORY OF THE FISSION PRODUCTS 

Location of Fission Products 

The uncovering of the TMI-2 core and conse
quent severe fuel damage released fission products 
to the reactor coolant. These fission products were 
transported throughout the reactor coolant system 
and subsequently through several effluent path
ways to other plant components in the reactor and 
auxiliary buildings and finally, by overflow and/or 
rupture disk failure, to the floors of these build
ings. A small qualltity of radioiodine (0.23 Ci) is 
known to have been released to the Susquehanna 
River (Reference 5), while about 1 % of fission 
product xenon was released to the atmosphere dur
ing the initial phase of the accident. About 45% of 
the krypton '>,'as released to the reactor building 
atmosphere. 9 The krypton was retained in the reac
tor building until it was subsequently vented in a 
controlled manner about a year later. Some of the 
noble gases are known to have been retained in the 
core materials. 

The plant components known to contain fission 
products, which are included in this status report 
on the FPI program, are shown in Figure 2. The 
emphasis of the program has now shifted from the 
auxiliary building to the reactor building. Still, sev
eral major fission product sinks have not yet been 
sampled. Among these are: 

• The consolidated core mass below the core 
debris bed 

• Oxidized fuel rods on the periphery of the 
core that have essentially retained geomet
ric integrity 

• Core materials that have been relocated 
below the active core region to the lower 
plenum of the reactor vessel, or the area 
between the lower core support grid and 
the flow distributor 

• Reactor coolant letdown coolers. 

In addition, larger and more representative samples 
of the core debris bed, RCS surfaces, and the base
ment sediment are required for more accurate char
acterization of the fission product content of these 
components. Until these important samples have 
been obtained and analyzed, a reliable estimate of 
the final FPI is not possible. 

In addition to the major fission product sinks 
discussed above, a number of plant components 
have been identified that may have been in one of 
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the transport pathways during or following the 
accident. These components are identified in the 
section on fission product inventory program com
pletion. A sampling program for these components 
is recommended later in this document. 

Fission Product Inventories 

Since tht! previous status report on radionuclide 
inventories in TMI-2 (Reference 9), several impor
tant components in the reactor building have been 
sampled and, most recently, initial samples of the 
reactor core were obtained. As samples of the core 
are obtained, it is expected that major increments in 
the fission product inventories accounted for will 
be made. However, as discussed in Appendix C, 
determining the radionuclide content of some ves
sels or surfaces involves the direct measurement of a 
radionuclide concentration and the estimation of a 
vessel volume or the area of a surface. This does not 
imply that vessel volumes or the surface areas can
not be measured; merely that, in its current fabri
cated, installed, and contaminated state, it is 
exceedingly difficult (or impossible) to confirm 
design values. Estimates are, therefore, employed 
to calculate inventory retention. Although one fac
tor is a measurement and the other an estimate, the 
error involved in the estimate may be either smaller, 
equal to, or larger than the total error involved in 
the direct measurement of the concentration. The 
error in the fractivnal retention is calculated by 
standard methods based on the stated errors in the 
measurements given in Appendix C. 

Components Outside the Reactor Coolant 
System 

Reactor Building Air Coolers. The reactor building 
air coolers (Figure 3) were expected to be a poten
tial plate-out location for radioactivity because of 
their large surface area, the large volume of air 
moving through them, and the known contamina
tion of the reactor building. 

Coupons removed from the inner and outer sur
faces of the air cooler access panels were used to 
obtain the concentration of several important fis
sion products on these surfaces. These measure
ments were used in conjunction with estimates of 
tht' surface areas of the various parts of the air 
coolers to estimate the total fission product inven
tory on the air cooler surfaces. 



Reactor Building (Containment) 

Reactor Pressure Vessel Internals 
Reactor Coolant System liquid 
Reactor Coolant Drain Tank 
Building Basement Water Fuel Handling 
Building Basement Sediment Auxiliary Building Building 
Building Sump 
Air Coolers Makeup-purification Submerged 
Reactor Coolant System Piping demineralizers Demineralizer System 
Core Debris Bed (a) 

(a) The Submerged Demineralizer System was used to remove ths fission product inventory from 
water in the Reactor Building Basement. The consolidated resin beds were shipped offsite for 
disposal. 

83415 

Figure 2. Plant components inventoried in this report. 

Details of the measurement and estimation tech
niques are presented in Appendix C and the results 
are shown in Tahle 2. The data demonstrate that 
the air cooler surfaces were not a major sink for the 
deposition of radionuclides « 3 x 10-3 fraction 
of core inventory for any radionuclide). The data 
suggest that exposed reactor building surfaces were 
not significant fission product repositories follow
ing the accident. 

Reactor Building Sump. The reactor building sump 
is the lowest drainage point in the reactor building 
and, therefore, it collects all debris washed into it 
by water flowing from the building basement or 
draining from other reactor building drains. The 
sump activity has been decreased significantly by 
processing the basement water through the Sub
merged Demineralizer System (SOS). Still, it 
should be indicative of residual elevated levels of 
the activity remaining on the basement floor. 

Both solid and liquid phases of the material in 
the sump were sampled using the sump pump dis
charge as the sampling device. The results are given 
in Table 3, which clearly shows that (a) the reactor 
building sump is not now a major repository of fis
sion products, and (b) as in the case of the reactor 
building basement itself, the major fraction of the 
fission products does not appear to be in the liquid 
phase. 10 The liquid-phase concentration is approx
imately the same as that seen in the reactor building 
basement and other components. However, the 
solid phase may be finely divided fuel material 
from the core, which has not been fully leached. 
Details of the analysis are given in Appendix C. 
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Reactor Coolant Drain Tank (RCDT). As shown in 
Figure I, the RCDT was the first vessel in the 
release pathway from the pressurizer pilot-operated 
relief valve (PORV) to the reactor building base
ment, the sump, and finally to the auxiliary build
ing. Following failure of the RCOT's safety rupture 
disk at 15 min into the accident, the tank became a 
relatively low linear velocity conduit in which insol
uble core materials, carried out of the reactor vessel 
and pressurizer by the primary coolant, could set
tle. Both liquid and solid samples were collected 
from the RCDT to determine its fission product 
contents. Approximately 1.9 x 106 L of water 
have passed through the RCOT (Reference 10); 
consequently, it was not expected that high concen
trations of soluble materials would be found in the 
sediment in the bottom of the tank. The fractions 
of the inventories in liquid and solid phases in the 
RCDT are listed in Table 4. In contrast to other 
fission products and to data on components 
reported earlier, a the solid residue appears to have a 
higher loading of Sr-90 (by a factor of 5) than the 
liquid phase. The reasons for these differences are 
not obvious. It is also evident that the RCOT is not 
now a major repository for fission products. 
Details of the RCOT sampling and analyses are 
given in Appendix C. 

Reactor Coolant System. The Reactor Coolant 
System (RCS) surfaces have the potential to be a 
repository for major quantities of fission products. 
While the reactor coolant itself is continuously 
processed to remove fission products, plate-out in 

a. The reactor bui\rling basement sediment and the SlIlllp. 
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Table 2. Fractions of core inventory 
retained on reactor building 
air cooler surfacea 

Fraction 
of Core 

Radionuclides Inventory 

134Cs ± 1 E-4 

137Cs ± 1 E-4 

90Sr 3 ± 3 E-6 

1291 3 ± 1 E-3 

a. Data decay corrected to March I. 1984. 

the RCS can removr significant quantities of fis·· 
sian products from the circulating coolant, while 
retaining them within the primary system. In con
sidering the surfaces of the RCS (excluding the 
reactor vessel itself), it is clear that plate-out could 
be significantly different throughout the system, 
based on the temperature of the component, the 
complexity of its geometry, the surface area, etc. 
Clearly, the surfaces of several of the components 
should be sampled. To date, this has not been possi
ble. Only a single sample from an internal surface 
of the RCS has been obtained. A resistance temper
ature detector (RTD) was removed from the hot leg 
of the "N' steam generator. Analysis of the deposits 
on this 15 cm2 surface (10-5tr/o of the total RCS 
surface) is the sole basis of the estimate of the fis
sion product inventory on the interior surfaces of 
the entire RCS. It is clearly an inadequate sample. 

Estimated fractions of the core inventory of vari
ous fission products retained on the surfaces of the 
RCS are shown in Table 5. These estimates are 
based on the measured surface concentration, 
determined by sequential leaching, of the RTD 
thermowell tip. The surface area estimates (see 
Appendix C) for components of the RCS were: 

• 
• 
• 

Hot legs 
Cold legs 
Steam generators 

9.7 x 105 cm2 

9.8 x 105 cm2 

3.7 x 107 cm2. 

Other components of the RCS are not included in 
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the surface area estimates. These are the pressurizer, 
reactor vessel, makeup and purification units, and 
the residual heat removal system. Based on the 
above estimates, the RCS surfaces have retained 
approximately 0.1 % of most of the mobile fission 
products, even after being subjected to continual 
leaching by primary coolant for 5 y. This estimate is 
subject to revision when samples more representative 
of horizontal surfac:es, cold legs, etc., are obtained. 
Sampling of these surfaces does not take account of 
the (possibly) different affinities of the RCS materi
als for fission products (304 SS, Inconel, 17-4 pH 
steel). 

Reactor Pressure Vessel and Internals. Three 
control rod drive leadscrews were removed from the 
reactor pressure vessel (RPV) in 1982 in prepara
tion for tp.levision inspection of the central core 
region. Two of these leadscrews have been analyzed 

Table 3. Fractions Cif core inventory 
retained in the reactor 
building sumpa 

Fraction of Core Inventory 

Radionuclide Solids Liquids 

54Mn b b 

60Co b b 

90Sr 8.3 ± 0.9 E-7 9.0 ± 1.0 E-5 

106Ru b b 

125Sb 1.4 ± 0.2 E-7 b 

1291 <5 E-7 b 

134Cs 2.9 ± 0.3 E-7 1.4 ± 0.1 E-3 

i37Cs 2.6 ± 0.3 E-7 1.3 ± 0.1 E-3 

144Ce 1.0 ± 0.3 E-7 b 

a. Data decay corrected to i\'tarch 24. 1984. 

b. Not Detected. 



Table 4. Fractions of core inventory 
retained in the reactor coolant 
drain tanka 

Fraction of Core Inventory 

Radionuelide Solids Liquids 

3H _b 2.9 ± 0.06 E-4 

60Co _c c 

90Sr 5.0 ± 5.0 E-4 1.0 ± 0.2 E-4 

106Ru 2.0 ± 0.2 E-5 b 

125Sb 1.0 ± 1.0 E-5 4.0 ± 1.0 E-6 

1291 6.0 :t 6.0 E-9 5.0E + 1.0 E-5 

134Cs 4.0 ± 4.0 E-6 5.0 ± 1.0 E-5 

137Cs 3.0 ± 3.3 E-6 4.4 ± 0.9 E-5 

144Ce 1.0 ± 1.0 E-6 _b 

a. Data decay corrected to March 1984. 

b. Not detected. 

c. NOt a fission product. 

for surface deposits of radionuelides in an initial 
attempt to estimate the quantity of fission products 
plated out on the internal metallic surfaces of the 
RPV. 

The leadscrews were obtained from position H8 
at the core center, position E9 at the mid-radius of 
the core, and the outer edge of the core at 
position B8. The locations of these control rod 
positions are shown in Figure 4. Leadscrews H8 
and B8 were analyzed for the radionuclides at vari
ous laboratories after being sectioned, as shown in 
Figure 5. In an attempt to characterize surface 
deposition on the leadscrews, the deposits were 
removed initially by brushing, followed by acid 
etching of the tightly adherent material. 

On both leadscrews, the radionuelide concentra
tions were found to be the highest at the top of the 
leadscrew, which was also exposed to the lowest 
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maximum temperature. Details of the examination 
and the evaluation of the axial gradient radionu
elide concentrations are presented in Reference II. 
To estimate the quantity of each radionuelide 
retained on the internal RPV surfaces, the maxi
mum value of the concentration of each radionu
elide on the two lcadscrews was used, along with 
the estimated average surface area of the RPV 
plenum. A more detailed description of this evalua
tion is given in Appendix C, and details of the cal
culational techniques and analytical methods are 
shown in References II and 12. The final esti
mates of fission produ.:t retention on the RPV 
plenum are listed in 1able 6. The data suggest 
insignificant fission product deposition, indicating 
that further evaluation of the plenum deposits may 
not be required. 

Reactor Core. The present condition of the TMI-
2 reactor core is shown in Figure 6. 13 The core con
sists of a peripheral region of relatively intact rods 

Table 5. Fractions of core inventory 
retained in the reactor coolant 
systema 

Fraction 
of Core 

Radionuelide Inventory 

54Mn b 

60Co b 

90Sr 5.6 ± 0.6 E-4 

125Sb 1.4 ± 0.2 E-3 

1291 1.3 ± 0.9 E-3 

I 34Cs 1.0 ± 0.1 E-3 

137Cs 1.1 ± 0.1 E-3 

144Ce 3.6 ± 0.4 E-6 

a. Data decay corrected to March 1984. 

b. Not a fission product. 
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Figure 4. Control rod drive leadscrew locations in reactor core. 

(equivalent to about 33 out of 177 assemblies), a 
debris bed about I m deep with a radius equivalent 
to about 80070 of the initial core radius, resting on an 
impenetrable layer of soiidified core material in the 
lower two-thirds of the core. In addition, approxi
mately 10 to 20 t of resolidified core material has 
relocated to the RPV lower plenum region. No infor
mation is available yet on the composition or the 
fission product content of any of the core materials 
below the debris bed (",75% of the core). Although 
additional samples of the debris bed are planned, 
this report is based on the analysis of five samples of 
the debris bed weighing a total of ",150 g. While the 
analytical data on these samples is quite uniform, 
how well these samples represent the 25 t of core 
material (one-fifth of the entire core) in the debris 
bed is an open question. The samples were obtained 
from the locations shown in Figure 7. at three di f
ferent depths into the debris bed: the surface 
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(0 in.), 3 in., and 22 in. The core debris samples 
contain all of the materials present in the core 
including fuel, control rod materials, cladding, 
burnable poison, etc. Inventories for these materials 
are not considered in this report; we are interested 
here in fission broducts exclusively. a 

The average fission product concentrations and 
fraction of core inventories retained in the debris 
bed are shown in Table 7. Details are given in 
Appendix C. Between 5 and 26% of the total fis
sion product inventories are found in the debris 
bed. If the debris bed is assumed to be 

a. fuel materials, uranium and plutonium, will be included in 
futurc invcnto;·ies. 

b. The avcrage fission product concentration in the dehis 
samples was cnlculated using a mass wcightcd averaging of 
radionuclide concentration in each of the five samples shown in 
Table 7. 
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Table 6. Fractions of core inventory 
retained on the reactor plenum 
and associated surfacesa 

Fraction 
of Core 

Radionuclide Inventory 

90Sr 9.0 ± 7.0 E-5 

106Ru 1.0 ± 0.9 E-4 

125Sb 8.0 ± 5.0 E-4 

1291 8.0 ± 4.0 E-4 

134Cs 9.0 ± 7.0 E-4 

137Cs 8.0 ± 6.0 E-4 

144Ce 7.0 ± 4.0 E-5 

a. Assume 3.54 ± 0.71 E6 cm2 surface area from 
Reference 12. 

representative of the content of the entire core 
weighing 1.23 x 105 kg, then a large fraction of 
the initial inventory of fission products can be 
accounted for. These data are also shown ill 
Table 7. At this time, there is no information 011 

the validity of this assumption. This calculation is 
carried out solely to demonstrate that a major fis
sion product sink has not been sampled and evalu
ated. 

Auxiliary Building Components 

Makeup and Purification Demineralizers. During 
normal operation, the Makeup and Puri fication 
(MUP) system receives reactor coolant from the 
steam generator cold leg for filtration and deminer
alization. This system operated only intermittently 
during the accident and not at all thereafter. The 
system contains two ion-exchange resin beds that 
remove radio nuclides from the RCS. Resin samples 
were obtained for analysis from both demineraliz
ers, and a liquid sample was taken from the "B" 
demineralizer in Marchi April 1983. 
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The radionuclide inventory of the MUP system 
was estimated using the measured concentrations 
(in IlCi/g) for the selected isotopes on the resin 
beds, and estimates of the mass of resin remaining 
in each demineralizer vessel based on remote visual 
observation of the postaccident resin volumesa and 
the preaccident resin density. While this method of 
estimating the inventory is subject to large errors 
(50010 or perhaps more), it is the best available data. 
In any event, the current MOP fission product 
inventory represents, at most, 2% of the core inven
tory. The fractional inventory data are given in 
Table 8 afld are treated in more detail in 
Appendix C. 

Inventory Summary to Date 

This section summarizes the current status of the 
FPI program. An accounting of the fraction of the 
FPI found in each major plant repository and a 
summation of the total FPI now accounted for is 
presented. Table 9 shows the FPI in all plant com
ponents that have been assayed to date, with the 
exception of some minor sinks in the auxiliary 
building (Reference 9), which are shown collec
tively. Assays of several major sinks in Table 9 have 
been only partially completed or inadequately 
studied (e.g., RCS, RPV surfaces, reactor core). 
For these components, the data in Table 9 should 
be considered only interim values. For other com
ponents, while the data may be incomplete or sub
ject to signi ficant errors, the inclkated inventory 
fraction is sufficiently small that further study is 
not warranted as part of the FPI program. An 
abbreviated listing of majer and minor sinks 
(excluding gaseolls fission products) of the compo
nents in Table 9 is given in Table 10. Table 10 
clearly shows where the major effort should be 
focused to complete the FPI. 

A further simplification of Table 9 is useful to 
provide some perspective on the dispersion of fis
sion products throughout the TMI-2 plant. This 
perspective is gained by localizing the fission prod
ucts to the site building where the various compo
nents are located. Table 11 shows the FPI in each 
plant building. These data are also plotted in Fig
ures 8,9, and 10. The data clearly show that, with 
the exception of the released fission gases, virtually 
all of the fission products remain in the reactor 
building. Even the well-publicized pumping of 

a. The resins surrered severe degradation because of high tem
peratures and a large radiation dose. 
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Figure 6. Known core and reactor vessel conditions. 
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Table 7. Fractions of core inventory retained in core debris beda 

Average Sample Retained 
Radionuclide Weighted Fraction of Core Inventory 

Concentrations Radionuclide 
in Coreb Concentrationsc In Entire In 

Radionuclide (/lCi/g) (/lCi/g) Core Debris Bedd 

90Sr 5.30 E+3 3.0 ± 1.0 E + 3e 6.0 ± 2.0 E-I 1.2 ± 0.4 E-l 

106Ru 9.20 E+2 7.0 ± 2.0 E+2 8.0 ± 2.0 E-J 1.6 ± 0.4 E-l 

125Sb 2.96 E+2 1.1 ± 0.2 E+2 3.8 ± 0.7 E-I 8.0 ± 1.0 E-2 

1291 1.83 E-2 4.0 ± 1.0 E-4f 2.4 ± 0.6 E-l 5.0 ± 1.0 E-2 

134Cs 2.96 E+2 8.0 ± 3.0 E-l 2.5 ± 0.9 E-l 5.0 ± 2.1 E-2 

137Cs 6.08 E+3 1.8 ± 0.7 E+3 3.0 ± 1.0 E-l 6.0 ± 2.0 E-2 

144Ce 2.20 E+3 2.8 ± 0.4 E+3 1.3 ± 0.2 2.6 ± 0.4 E-l 

154Eu 5.lOE+l 4.6 ± 0.9 E+ 1 9.0 ± 2.0 E-l 1.8 ± 0.4 E-l 

a. Data decay corrected to March 1984. 

b. Calculated from initial core inventory decayed to March I, 1984. The inventory has been divided by the mass of the core 
(1.25 x 105 kg) to provide an average concentration per gram of core. 

c. The sample weighted concentrations in column 3 are assumed to be representative of the entire core. 

d. The debris bed is assumed to account for 20070 of the core. 

c. Preliminary estimate to be revised based upon bulk dissolution sample analysis results that were unavailable at the time of this 
report. 

f. Estimate based upon individual particle and particle-size aliquots. The result may be low by as much as 50070. 

water from the reactor building basement to the 
auxiliary building carried only insignificant 
amounts of the iodine and cesium to the auxiliary 
building. a Of course, even smaller quantities of 
these radionuclides represent a radiation source 
that should be avoided. However, the TMI-2 acci
dent has clearly demonstrated that in some acci-

a. It is now known that the RB sump pump was stopped before 
fuel rod damage occurred. Thus, only small quantities of cesium 
and iodine were transferred by this route. The dominant path
way for fission-product transport to the auxiliary building 
appears to be the normal operation of the makeup-purification 
system. 

15 

dents, virtually all of the fission products can be 
contained within the plant and essentially within 
the reactor building itself; thus, public exposure 
was limited. In addition to emphasizing the mini
mal effect of the TMI-2 accident on the public 
health, this perspective aids in setting priorities for 
further efforts in the FPI search program, as 
described in the section on fission product inven
tory completion. 

The uncertainties in the total retentions of several 
of the fission products in Table II are large, 30070 
for iodine and cesium. The principal reason for 
these large uncertainties is the even larger 



Table 8. Fractions of core inventory retained in the makeup and purification 
demineralizersa 

'W' Demineralizer 

Radionuclide Resin 

90Sr 1.2 ± 0.6 E-4 

125Sb 8.'1 ± 3.0 E-5 

1291 3.0 ± 1.0 E-2 

134Cs 1.4 ± 0.5 E-4 

137Cs 1.2 ± 0.6 E-4 

144Ce 7.3 ± 4.0 E-6 

a. Data decay corrected to March 1984. 

b. Not measured. 

c. Total based on 'W' demineralizer results only. 

ul!certaintiesa estimated for the retention of iodine 
and cesium in the reactor building basement sedi
ment. Comparable uncertaintiesa exist for the 
retention of most fission products in the debris bed. 
Because these locations are the major contributors 
to the present total inventories, the large uncertain
tiesb propagate fWill the measurement uncertainty 
at the given location to the total fraction of the 
inventory currentiy accounted for. While final clo
sure uncertainties in the range of IOOJo are about the 
best that can be expected, 30% appears to be exces
sive. 

The large uncertainty estimated for cesium and 
iodine in the sediment in the reactor building base
ment is due in part to the limited sampling that has 
been possible because of the high radiation levels in 
the bast!ment. The large uncertainty for samples 
from the core debris bed is the result of the: 

• Small sample size (150 g) relative to the 
mass of the debris bed (2.5 x 104 kg) 

a. These uncertainties are unrelated to the environmental 
releases that were measured independently. 
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"B" Demineralizer 

Liquid and Resin Total 

4.6 ±0.3 E-4 6.0 ± 3.0E-4 

_b 7.0 ± 3.0 E-Sc 

~b 2.0 ± I.OE-2c 

1.0 ± 0.6 E-2 1.0 ± 0.5 E-2 

8.6 ± 5.0E-3 8.0 ± 5.0E-3 

_b 7.0 ± 4.0 E-6c 

• Nonrepresentative nature of the individual 
particle samples relative to the bulk disso
lution analyses (See Appendix C) 

• Use of the individual particle analyses for 
1-129 and Sr-90 rather than Julk dissolu
tion samples. 

The uncertainties in the core retention will be 
narrowed as more extensive debris bed sampling 
and analyses are carried out and as the lower core 
region and the material in the lower plenum are 
assayed. The um:ertainties in the retentions id the 
basement sediment are expected to be narrowed as 
cleanup proceeds and representative sediment sam
ples and concrete floor borings are obtained. 

As the uncertainties in the contents of the major 
sinks are reduced, the even larger uncer~ainty esti
mates (for example, ± 50% for cesium retention in 
the auxiliary building) will become insignificant and 
have little impact on the overall inventory closure. 
Thus, placing emphasis on reducing the errors asso
ciated with the contents of the major sinks becomes 
a priority of the fission product search program. 



Table 9. Fractions of core inventory in assayed plant components 

Phase T 85Kr 133Xe 90SI' 125Sb 

I. Reactor Building 

1.1 Basement Iiquida 5.7 ± 0.2 E-OI 1.6 ± 0.07 E-02 2.1 ± 0.6 E-03 

1.2 Basement gediment 6.1 ± 7.2 E-04 1.2 ± 1.4 E-03 

1.3 Basement sumpa Solid 8.3 ± 0.9 E-07 1.4 ± 0.2 E-07 
Liquid 9 ± I E-05 

1.4 Reactor coolant drain Solid 5 ± 5 E-04 2.6 ± I E-05 
lanksa Liquid 2.9 ± 0.06 E-04 1.0 ± 0.2 E-()4 I ± I E-05 

1.5 Reactor building air 4.7 E-OI 2.8 E-OI 

1.6 Reactor building 3 ± 3 E-06 
surfacesa 

2. Reactor Coolant System 

2.1 Reactor coolanta 2.2 E-02 9.6 E-03 

2.2 Reactor coolant system 5.6 ± 0.6 i:-04 1.4 ± 0.2 E-03 
surfacesc 

3. Reactor Pressure Vessel 

3.1 Reactor vessel plenum 9 ± 7 E-05 8 ± 5 E-04 

3.2 Reactor vessel internal Not Yet Measllred 
surfaces 

3.3 Partially intact core Not Yet Measured 
rods 

3.4 Reactor core debris bed 1.2 ± 0.4 E-OI 8 ± I E-02 

3.4a Debris bed extrapolated 6.0 E-OI 3.8 E-OI 
to entire core 

3.5 Reactor core solid mass Not Yet Measured 

3.6 Core material in lower Not Yet Measured 
plenum 

4. Auxiliary Building 

4.! Makeup and purification 6 ± 3 E-04 7 ± 3 E-05 
demineralizersc 

4.2 Reactor coolant bleed 3.0 E-02 I E-02 I E-04 
tanks 

4.3 Auxiliary building sump 

4.4 Minor sinks I E-02 4 E-04 I E-03 

5. Fuel handling building 

5.1 Submerged demineralizersa,c 6.2 E-OI 2.3 E-20 

6. EPICOR II Building 

6.1 EPICOR II resinsa,c 4.2 E-02 I E-03 



134Cs 

1.4 ± 0.04 E-OI 1.9 ± 0.09 E-OI 4.2 ± 0.16 E-OI 

7.6 ± 8.7 E-O:! 1.6 ± 0.4 E-02 4.6 ± 5.7 E-04 

<5 E-07 2.9 ± 0.3 E-07 
1.4 ± 0.1 E-03 

6.9 ± 6 E-09 3.8 ± 4 E-Ot-
5.5 ± 1.0 E-OS 4.8 ± IE-OS 

I E-04 

3 ± I E-03 I ± I E-04 

1.2 E-02 1.1 E-OI 7.7 E·OJ 

1.3 E-03 1.0 ± 0.1 E-03 

8 ± 4 E-05 9 ± 7 E-04 

5 :t I E-02 5 ± 2 E-02 

2.4 E-OI 2.5 E-OI 

2 ± I E-04 1.0 ± 0.5 E-02 

10-4 to 10-2 

I E-02 2 E-02 

4.6 E-OI 

3.7 E-02 

I 44Ce 

4.1 ± O.12E-01 I ± 0.6 E-05 

4.2 ± 4.9 E-04 9.1 ± 5.7 E-06 

2.6 ± 0.3 E-07 1.0 ± 0.3 E-07 
1.3 E·O) 

3.4 ± 3 E-06 9.5 ± I E-06 
4.4 ± 0.9 E-05 1.2± I E-06 

I ± I E-04 

8.1 E-03 

1.1 ± 0.1 E-03 3.6 ± 0.4 E-04 

8±6E-04 7 ± 4 E-05 

6 ± 2 E-02 2.6 ± 0.4 E-OI 

3.0 E-OI 

8 ± 4 E-OJ 7 ± 4 E-06 

2 E-02 

1.6 E-02 

4.5 E-OI 

2.7 E-02 
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UlPu 

4 ± 3 E-07 U 
3 ± E-06 

8 ± 6 E-06 U 
6 ± 5 E-07 Pu 

4 E-08 U 

4 E-07/ 
I E-07 

Reference 

8 
8 

8 
8 

8 
8 

8 
7,8 

7 

6 

8 

b 

7 

7 

7 

7 
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Table 9. (continued) 

Phase T 133Xe 

7. TMI-I Buildings 

8. Releases 

8.1 Gaseous releases 4.0 E-04 4.7 E-OI 7.1 E-02 8 E-IO 

8.2 Liquid releasesa 

a. Measurement errors are not given in reference. 

b. This study. 

c. Fission products on the resin beds were transferred from other components by processing of the ReS and leakage coolant. These terms are, therefore. not 
additive toward the inventory total. They represent activity physically transported offsite on the resins. 
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144Ce 

7 E-12 

I E-06 

U/Pu Reference 

7 

7 



Table 10. Major and minor fission product sinks 

Location 

Reactor building 

Reactor coolant system 

Reactor pressure vessel 

Auxiliary building 

Fuel handling building 
Epicor II building 
TMI-l buildings 

Major Sinks 

Basement liquid 

Reactor coolant 

Core debris bed 
Core solid massa 
Core material in lower plenuma 

Makeup and purification demineralizersb 

RCBTb 
SDSc 
Epicor II resinsc 

a. Not yet examined or inadequately assayed, but likely to be in this category. 

b. For certain radionuclides only. 

c. Fission products on these resins were transferred from other components. See Reference 9. 
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Minor Sinks 

Basement sedimenta 
Basement sump 
RCDT 
Building surfaces 
Basement wall 

Coolant system surfaces 

Plenum surfaces 

Vessel internal 
surfacesa 

Miscellaneous tanks 
and piping letdown 
coolersa 

All components 



Table 11. location of fission products inventory in plant buildings 

Fraction of Core Inventory 

Location Reference Tritium 85Kr 90Sr 133Xe 100Ru 125Sb 1291 ~ 132Te 137Cs 137Cs 144C~ ~- ~ 

I. Reactor building gb 0.57 0.47 0.017 0.28 0.003 0.22 0.21 0.42 0.41 3 E-OS 4 E-07 9 E-06 

Rea ~tor coolant systema g 0.02 0.01 0.001 0.012 0.11 0.008 0.008 4 E-04 

R,actor pr;:ssure vessel b 0.12 0.08 0.05 0.05 0.06 0.26 

, Auxiliary building 7b 0.04 7 E-05 0.02 0.01 0.008 7 E-06 ;.. 

3. Fuel handling building 7 (0.62) (0.02) (0.46) (0.45) 

4. EPlCOR [I buildinga,C 7 (0.042) (0.001) (0.034) (0.027) 

5. TMI-I buildings 

tv 6. Releases 7 4 E-04 8 E-IO 0.07 I E-06 7 E-12 
0 

Totala 0.63 0.47e 0.15 0.35 0.08 0.30 0.32 0.49 0.49 0.26 

Alternate Totala,d 0.63 0.47 0.63 0.35 0.40 0.50 0.32 0.69 0.73 1.30 

a. Measurement errors not given in reference. 

b. This study. 

c. Not additive towards total inv(!ntory. See footnote c of Table 9. 

d. Based on the assumption that the debris bed constitutes 20070 of the core and the concentration in the debris bed is representative of the concentration in the entire core. 

e. Kr-85 (ontent of the reactor building atmosphere vented in April-June 1980, but activity was not released during the accident. 
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FISSION PRODUCT INVENTORY PROGRAM COMPLETION 

The purpose of this section is to identify a pro
gram extension that will complete the search for the 
fission product inventory. The fission product 
search program has been a continuous effort since 
the accident. The approach to identifying a pro
gram extension was to evaluate the current com
pleteness of the program by locating equipment 
and buildings that had not, or had only partially, 
been inventoried for fission products. In the evalu
ation, the following documentation was developed: 

• List of TMI-2 accident and postaccident 
radiologically significant events (see 
Table 12) 

• Schematic map showing the equipment, 
buildings, and areas where fission prod
ucts may be present (Figure II) 

• Matrix chart showing the extent of the 
already completed fission product search 
program (Table 13) 

• List of equipment and buildings where the 
search program should be completed 
(Table 14). 

Also, the evaluation developed some findings that 
have been considered in the conclusions and recom
mendations of this document. 

Table 14 is a comprehensive plan for extending 
and completing the TMI-2 accident fission product 
inventory search program. The plan assumes that 
the extended search does not discover additional 
surprises. The subcore and sub reactor-vessel 
regions include unexplored areas where possible 
surprises could result in the need for additional 
search activities. The principal repositories identi
fied are the reactor core, including the debris bed, 
~nd the reactor building basement. The core proper 
is the subject of a major examination program. 14 
Most of the other possible sampling locations have 
been sampled, though not all have been adequately 
characterized. Therefore, two criteria were devel
oped t(l determine whether further sampling of a 
system or component should be done to meet the 
requirements for closure of the inventory. They are: 

• Is it probable, based on previous sample 
analyses and knowledge of the mass trans
port of materials in the system, that a sig
nificant increase in the fraction of core 
inventory (> 1070) will be identified by fur
ther sampling of a component? 
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• Will further sampling provide more infor
mation concerning the behavior of fission 
products during, or shortly after, the acci
dent? 

Satisfaction of either criteria would be sufficient 
justification to perform further sampling of a sys
tem componeni. Additional comments on the com
ponents to be sampled and an evaluation of the 
need for further sampling are given below. 

Air Cooler Assembly 

Analyses of the air cooler assemblies indicate 
that Cs-137, Sr-90, and 1-129 are measurabie. How
ever, the fraction of core inventory retained for all 
radio nuclides is ~0.30!0, making it unlikely that 
further sampling of this component would signifi
cantly change the calculated inventory. Also. 
because this component has been further decon
taminated since acquisition of the access panels, it 
is unlikely that new samples would be useful. 

Reactor Building Sump and 
Basenlent 

These portions of the reactor building are signifi
cant repositories for fission products (> 40070 for 
Cs-137). Nine samples have been obtained to date 
from the liquid and sediment in the basement and 
sump (Figure 12). Although the surface water has 
been processed through the submerged demineral
izer system, significant portions of the basement 
sediment have not been characterized for retention 
of radionuclides. Also, sorption of radionuclides 
into the concrete has yet to be measured. Because 
of the large fission product concentration found in 
the basement water, there is a significant probabil
ity that the fractions of core fission product inven
tory in the basement solids and concrete can be 
better defined and will exceed a 1070 change. Sam
ples that should be taken include sediment from a 
number of locations, and concrete samples that 
characterize various locations in the reactor build
ing basement, including the sump. 



Table 12. TMI-2 accident event calendar (preliminary) 

Schedule 
Elapsed Time 

Event Date Years Days Hours Minutes 

1. Accident initiation (4:00 a.m.) 03-28-79 Not Applicable 

2. Fuel rod burst commences 03-28-79 2 18 

3. B-Icop pump started 03-28-79 2 54 

4. Probable major core material 03-28-79 3 47 
relocation 

5. Containment hydrogen burn 03-28-79 13 49 

6. Sustained core cooling commences 03-28-79 15 40 

7. Core natural circulation cooling 04-27-79 30 10 03 
commences (2:08 p.m.) 

8. Auxiliary building decontamination 04-27-79 30 
commences 

9. Auxiliary building venting through 05-01-79 34 
supplemental filters commences 

10. Station vent stack capped 05-20-79 53 

11. EPICOR-II water cleanup commences 10-?-79 ? 

12. Containment building venting 06-28-80 92 
commences (vent stack uncapped) 

13. Containment building personnel entry ??-?-80 xx 
commences 

14. SDS/EPICOR II water cleanup commences 07-12-81 2 106 

15. Reactor building decontamination 03- ?-82 3 ? 

16. SDS/EPICOR-II reactor building base- 05- ?-82 3 ? 
ment water decontamination completed 

17. Reactor vessel head removal 07-24-84 5 118 

18. Plenum assembly removal 05- ? -85 6 ? 
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Table 13. Matrix table of completed fission product inventoriesa 

Area Radialion 
Emission Mapping Radiochemical C ion Examinalions 

Gamma Solids 
and Gamma and Surface 

Localion Bela Speclra l.iquid Gas Sedimenl Dcposil 
---- .---

Core and reaclor vessel X X NA X (.2)b 
lowcr plenum 

Rcaclor vcsscluppcr plcnum X X NA X (.5)b X (.5)b 

Steam generalors X X '( NA 

Prcssurizer X X X NA 

RCS piping, pumps, and X X NA X (partial) 
valves (PP&V) 

Core flood lanks X 

Core flood piping X X NA 

M&P letdown coolers NA 

RCS drain tank X NA X 

Containment building free 
volume 

I. 347 fl to dome X X NA X NA X 

2. 305 to 347 ft X X NA X NA X 

3. Basemenl lo 305 ft X X X X 

Core instrumenl lubes X (seal 
lable) 

M&P block orifice X X NA 

M&P demineralizer fillers 1 of 2 Posl filler NA . 101' 2 
(SA and 5B) 

M&P demineralizers X (partial) X (parlial) NA X 

Makeup filters (2A and 2B) 1 of 2 POSl flush NA X 

Makeup lanh Post filler Posl flush 

M&PS PP&V Posl flush Posl flush X NA 

Pump seal return filter X X NA 
(F-3) 

Pump seal return coolers X X NA 

Pump seal injection fillers X NA X 
(F-4a and -4b) 

Pump seal PP&V NA 

Reactor building sump 
filters (8A and 8B) 



Chcmical Composition Examinations 

Solids 
and Surfacc 

Liquid Gas Sedimcnt Deposit --- ----

X NA X (.2)b 

X NA X (.5)b X (.5)b 

X NA 

X NA 

NA X (partial) 

NA 

NA 

NA 

NA X (partial) 

NA X NA X 

NA x NA 

X (partial) X (part L) 

NA 

NA 

X (partial) NA X 

NA X 

X NA 

NA 

NA 

NA X 

NA 

Absorber 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Mis.:c1hincolls 
Information 

C 

c 

c -

c -

c 

(one may be blocked)c 

c -

(partial)c 

10 in. water depth at 
227 min 

c 

c 

c -

c 

c 

c 

c -

c -

c -

Pre-rod burst 
contamination 



Table 13. (continued) 

Location 

RCS liquid waste PP&V 

I. Reactor building 

2. Auxiliary building 

RCS bleed holdup tanks 

1. WOL-T-IA 

2. WOL-T-IB 

3. WOL-T-IC 

Auxiliary building sump 
filters (3A and 38) 

Auxiliary building sump tank 

Miscellaneous waste holdup 
tanks 

Neutralizer tanks 

Neutralizer filter 
(4A and 4B) 

Radwaste disposal, auxiliary 
building PP&V 

M&P relief valve header 

Reactor coolant process gas 
deca)' tanks 

Reactor coolant process gas 
exhaust compressor 

Reactor coolant process gas 
exhaust filter 

Reactor coola"t process gas 
duct and valves 

Auxiliary building vent 
filter 

Fuel handling building 
vent filter 

Auxiliary building vent 
duct, valves and ~ompre~50f 

Fuel handling building vent 
duct valves and compressor 

Reactor containment building 
<!ir purge filters 

Area Radiation 
Emission Mapping 

Gamma 
and 
Beta 

x 

x 

x 

x 

x 

9-25-81 

Gamma 
Spectra 

x 

x 

Liquid 

X 12179 

X 1/80 

X 1/80 

X 2/80 

x 

x 

x 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Radiochemical Composition Examinations 

Gas 

x 

NA 

x 

x 

x 

Solids 
and 

Sediment 

x 

x 

x 

Surface 
Deposit 



Chemical Composition Examinations 

Solids 
and Surface Miscellaneous Absorber Liquid Gas Sedimelll Deposit Absorber Information 

NA 

NA 

NA X (partial) X NA 8120/81 t start 
f1ushi ngc 

NA X (partial) X NA c 

NA X (panial) X i'/A c 

Post-core damage 
contamination 

NA X 2180 NA Post-core damage 
contaminationc 

NA X NA Post-core damage 
contaminationc 

Post -core damage 
contaminationc 

X Post-core damage 
contamination 

NA NA 

NA NA 

? NA NA NA 

NA NA NA 

? NA NA 

? NA NA 

NA NA NA 

NA NA NA 

? NA NA 
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Table 13. (continued) 

Location 

RB air purge duct, valves 
and compressor 

Auxiliary building free 
volume 

I. 32R ft to roof 

2. 305 to 328 ft 

3. 281 to 305 ft 

Fuel handling building 
free volume 

Process gas separator tank 

Vent stack free volume 

Auxiliary building 
supplemental filters 

Contaminated drain tank 

Contaminated drain tank 
filters 

Radwaste disposal containment 
and service building PP&V 

Reactor coolant sample line 
and valves 

TMI-l contaminated drain tank 

TMI-l contr. and service 
building free volume 

TMI-l miscellaneous holder 
tanks 

Industrial waste treat 
filters 

Industrial waste treat 
PP&V 

EPICOR I prefilter 

EPICOR I demineralizers 

EPICOR I PP&V 

EPICOR II demineralizer A 

EPICOR II demineralizer B 

EPICOR II mixed bed 
demineralizer 

x 
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Area Radiation 
Emission Mapping 

Gamma 
and 
Beta 

Gamma 
Spectra Liquid 

NA 

X 

X 

NA 

NA 

X 

x 

X 

Radiochemical Composition Examinations 

Gas 

x 

X 

X 

X 

NA 

Solids 
and 

Sediment 
Surface 
Deposit Absori 

NA 

t 

NA 

'! 

NA 



Liquid 

NA 

x 

X 

NA 

NA 

X 

Gas 

NA 

Chemical Composition Examinations 

Solids 
and 

Sediment 
Surface 
Deposit Absorber 

NA 

NA 

NA 

Miscellaneous 
Information 

? NUREG-0600, plI-3-11 

Capped 5/20/79 through 
6128/80 

5/1/79 through 6/28/80 

c 

Until 6/17/80 



Table 13. (continued) 

Location 

EPICOR II moni!or tank 

EPICOR II off-spec batch 
tank 

EPICOR II PP&V 

SOS prefilter 

SOS final filter 

SDS tank farm 

SOS ion-e!\changer A 

SOS ion-exchanger B 

SOS ion-exchanger C 

SOS pos' filters 

SDS monitor tanks 

SDS PP&V 

Pennsylvania Air 

Susquehanna River 

x 

Area Radiation 
Emission Mapping 

Gamma 
and 
Beta 

Gamma 
Spectra 

x 

Liquid 

X? 

X? 

NA 

X? 

a. The symbol "X" indicates record exists of in-situ Hlcasurement or sam pIc examination. 

b. The symbol "X( )" indicates fraction of equipmcnt, building, or area inventories. 

c. SAl history. 

Radiochemical Composition Examinations 

Gas 

X 

Solids 
and 

Sediment 

X 

X 

X 

X 

x 

NA 

Surface 
Deposit 



Absorber Liquid Gas 

NA 

Chcmical Composition Examinations 

Solids 
and 

Scdiment 

X (TRU) 

X (TRU) 

X (TRU) 

X (TRU) 

X (TRU) 

NA 

Surfacc 
Dcpo~ Absorber 

29 

Misccllancous 
Information 
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Table 14. List of equipment and buildings remaining to be surveyed 

Information Needs 

Status Radioactivity 

Gamma Radio- Chemistry 
Measurement/Examination Activity Planned Proposed Gross Spectroscopy Chemistry Composition Volume Justification/Information 

Core Bores 

Core bore samples of fused/joined X X X X X X X Determine condition and quantity of fused/joined 
core material under loose debris core material under loose debris and between core 
and subcore and reactor vessel head. 

Core Distinct Components 

l. Upper core region 

J.. Six 6-in. long fuel rod segments X X X X X X X Determine condition of unrelocated fuel rods in 
from core cavity periphery upper core region. In-situ separation of segments. 

w b. 1w:'nty-five 6-in. long fuel rod X X X X X X Study interactions between fuel rous and control or 
0 

segments from core cavity burnable poison material and variations in fuel rod 
periphery fuel assembly damage around the core periphery. Segment 
remnants separation from fuel assembly remnant in INEL Hot 

Cell. 

c. Guide tube/BPR segments (5) X X X X X X X Adjacent to fuel rod segments 

d. Guide tube/control segments (5) X X X X X X X Adjacent to fuel rod segments 

e. Instrument tube/instrument X X X X X X X Same elevation as instrument tubdstring segments 
string segments (3) 

f. Instrument tube segments (3) X X X X X X X Same elevation as instrument tube/string segment 

g. Spacer grids (9) X X X X X X X 

h. Upper end boxes (16) X X X X X X X Fuel assembly rings 3.4,5,6,7 and 8 

i. Hold-down springs (14) X X X X X X X Fuel assembly rings 4,5,6,7 arrd 8 

j. Burnable poison rod spiders (16) X X X X X X Fuel assembly rings 3,4,5,6 and 7 

k. Control rod spiders (7) X X X X X X X Fuel assembly rings 3,4,5,6 and 7 

l. APSR spider surface deposit X X X X X X Upper plenum region during accident 



Table 14. (continued) 

Information Needs 

Status Radioactivity 

Gamma Radio- Chemistry 
Measurement/Examination Activity Planned Proposp.d Gross Spectroscopy Chemistry Composition Volume Justification/Information 

2. Lower core region Additional data needed to complete selection 

a. Fuel rod segments X X X X X X 

b. Guide tube/BPR segments X X X X X X 

c. Guide tube/control rod X X X X X X X 
segments 

d. Instrument tube/instrument X X X X X X X 
string segments 

e. Instrument tube segments X X X X X X 
w 

f. Spacer grids X X X X X X 

g. Lower end boxes X X X X X X 

Reactor Vessel Internal Examination 

Core cavity topography after loose X X Volume of loose debris and distinct fuel assembly 
debris removal component material 

CCTV survey of lower core-support X X Determine structure ablation 
structure 

Lower Vessel Debris 

Six core material samples from X X X X X X From four azimuthal locations via downcomer access 
lower head region 

Reactor vessel lower region gamma X X X lon-chamber survey of any of 35 unsurveyed core 
scans instrument string calibration tubes. Data may be 

convertible to uranium location 

Samples of loose debris in lower X X X X X X Character of loose debris in lower core-support 
core-support structure region structure region 

-~-.-



Table 14. (continued) 

Information Needs 

Status Radioactivity 

Gamma Radio- Chemistry 

Measurement/Examination Activity Planned Proposed Gross Spectroscopy Chemistry Composition Volume Justification/Information 

Reactor Coolant System 
Characterization 

I. RCS gamma scans X X X Capability to convert data to radionudide and 
uranium abundance and location uncertain 

a. Steam generator inside X X X B loop steam generator survey uncertain 

b. Pressurizer inside and outside X X X 

c. Pressurizer surge line X X X 

...... d . Decay heat removal line X X X 

N 

e. Pump volutes X X X 

f. Hvt legs X X X 

2. RCS adherent surface deposits 

a. Plenum cylindt:r outlet screen X X X X X Boundary between upper plenum and hot leg 

surface deposit 

b. Bloop RTD thermowell X X X X X Character of adherent deposits in B loop piping 

surface deposit 

c. A loop steam generator X X X X X X Character of adherent deposits on steam generator 

hand hole cover liner surfaces 

d. B loop steam generator X X X X X Character of adherent deposits on steam generator 

manway cover backing plate surfaces 

e. Pressurizer manway cover X X X X X Character of adherent deposits on pressurizer surfaces 

backing plate 

,jl 



Table 14. (continued) 

Information Needs 

Status Radioactivity 

Gamma Radio- Chemistry 
Measurement/Examination Activity Planned Proposed Gross Spectroscopy Chemistry Composition Volume Justification/Information 

3. RCS sediment 

a. Steam generator tube sheet X X X X X X Character of sediment in both steam generator upper 
top loose debris heads 

b. Steam geneator lower head X X X X X X GPUN project character of sediment in both steam 
loose debris generator lower heads 

c. Pressurizer sediment X X X X X X Character of sediment in pressurizer lower head 

Exreactor Coolant System Characterization 

I. RB basement sediment 
to..> 
to..> 

a. Floor (282 EL.) 

(I) RCOT discharge area X X X X X X Four 100 cm3 samples, GPUN project S.P. 
RB-85-012 

(2) Impingement, leakage X X X X X X I kg samples, GPUN proposal 
cooler room, RCOT room, 
inside O-ring outside, 
O-ring X X X X X X 

b. Core instrument cable chase X X X X X X I kg samples, GPUN proposal, floor depression 

c. Elevator and sump wells X X X X X X Edge proposal 

2. RB basement concrete absorption 

Eight 5000-psi (O-ring) wall bores X X X X X X GPUN proposal, bore depth not specified. includes 
Eight 3000-psi (shield) wall bores X X X X X X "un flooded" wall samples and surface smears 
Eight block (elev./stairweil) bores X X X X X X 

Ten floor samples X X X X X X GPUN proposal after floor dewatering and 
desludging 

3. RB basement wall liner adherent X X X X X X GPUN proposal to determine liner coating and paint 
surface deposit absorption includes surface smear 



w ..,. 

Table 14. (continued) 

Measurement/Examination Activity 

4. Equipment internal deposits 

a. Reactor coolant drain tank 

(I) Sediment (only 9 mg 
collected and examined) 

(2) Adherent surface deposit 

5. Letdown coolers 

Status 

Planned Proposed 

X 

X 

X X 

X 

Information Needs 

Radioactivity 

Gamma Radio- Chemistry 
Gross Spectroscopy Chemistry Composition Volume Justification/Information 

X X X X X 

X X X X X May be convertible to solid particle escape through 
PORV via suspension correlations. 

X X X X X May use pipe wall cutout dropped into tank 
during previous entry 

X X X X X 



-N 

Building 
air cooling 
assembly 

Reactor 
Building 
sump 

Sampling 
locations 

Penetration 401 
292·11 elevation 

2 Northeast quadrant 
near penetration 211 

3 Covered equipment 
hatch 305·ft 
elevation 

4 Open stairwell 

I 5 Bottom of open 
stairwell 

6 Northeast quadrant 
penetration 238 

7 Southwest 
qU'ldrant 
penetration 225 

8 Sump pump 
discharge line 

9 Reactor coolant 
drain tank 

10·14 Reactor Building 
air cooling 
assembly 305·11 
elevation 

INEL 4 4218 

Figure 12. Sample locations in reactor building basement. 

Reactor Coolant Drain Tank 

Based upon the sample analyzed, the reactor 
coolant drain tank is an insignificant radionuclide 
repository. However, the sample analyzed was 
obtained using the sump pump, which would not 
collect adherent material on the tank walls, or par
ticles too heavy to be moved by the coolant flow. 
Gross radiation measurements and closed circuit 
television (CCTV) examinations have indicated 
that this tank is probably not a significant location 
for fission product retention, but an evaluation of 
fission product concentrations might still be useful 
in confirming the first sample analysis results or in 
better defining fission product behavior. 

"A" Steam Generator RTD 

This sample was used to characterize radionu
clide deposition on reactor coolant system sur
faces. Although the fraction of core inventory 
retained on the surfaces is smaIl (~0.1 070), this 
sample (15 cm2) is inadequate to characterize a sur
face area of 3.9 x 10 + 3 m2. SmaIl errors in mea-
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surement of surface radionuclide concentrations 
on the RTD thermowell tip could have a significant 
impact on the calculated fraction of inventory 
retained on RCS surfaces. Therefore, more samples 
should be acquired fro.n other RCS surfaces to bet
ter characterize surface deposition in this system. 

Makeup and Purification 
Denlineralizers 

The MUP demineralizers are a significant reposi
tory for radionuclides in the auxiliary buiiding. 
Based on one sample, the estimated retention of 
Cs-137 and 1-129 as fractions of core inventory are 
'\,IOJo and '\,2%, respectively. Sampling of this sys
tem could have been used to better define the reten
tion of fission products in the demineralizers. 
However, the system has been chemically back
washed to remove the majority of fission products 
from the demineralizer resin. Samples of the back
wash solution and the depleted resin are being ana
lyz;::d, which might change the estimated fission 
product retention. However, based on gross 
radiation measurements, it is unlikely that the 



calculated fission product inventory could be 
increased by Il1fo of the total. 

Location H8 and 88 Control Rod 
Leadscrews 

The control rod leadscrews have been used to 
characterize radionuclide deposition on the plenum 
surfaces. Retention of fission products is small 
(0.5-1 %) based on the H8 and B81eadscrew sample 
analyses. CCTV surveys, however, indicate varying 
degrees of deposition at different leadscrew loca
tions. New data based on further sampling may 
change the fraction of core inventory retained on 
the surfaces by I % or more. Further support for 
continued leadscrew examination is that more 
information might be obtained concerning fission 
product behavior during the accident. The princi
pal radionuclide measured is Cs-137, which was 
deposited in the tightly adherent layer on the sur
face of the leadscrew, probably early in the acci-
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dent. Further samples of the reactor vessel plenum 
structure would be preferred. 

Other Locations 

Several new sample locations in the reactor and 
auxiliary buildings have been proposed for further 
analysis (i.e., the letdown cooler, letdown block 
orifice, and pressurizer surfaces). Because much of 
the lost reactor coolant passed through the pressur
izer, it may be a significant fission product reposi
tory. The reactor coolant letdown system was a 
major escape path during much of the accident 
after closure of the PORV block valve. Also, 
because the letdown block orifice was plugged 
early in the accident I and still exhibits a high resid
ual radiation level for a physically small piece of 
equipment, it appears to be worthy of further eval
uation. The letdown system coolers, with their 
large surface areas, could also be repositories for 
significant levels of activity. The reactor core, with 
its associated dt~bris bed, is the reactor component 
most likely to close the inventory. 



CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions and recommendations 
of this review are based 0:1 the fission product inven
tory accounted for to date, and the list of plant com
ponents remaining to be assayed as discussed in the 
section on FPI program completion. 

• vnly a small fraction of the core fission 
product inventory was deposited on the reac
tor building air coolers ( < 0.30/0), suggesting 
that the reactor building air coolers did not 
function as a major repository for airborne 
radionuclides. 

• The reactor building sump itself did not con
tain a significant fraction of the fission prod
uct inventory ( < 0.1 0/0) at the time sampled. 
However, a significant fraction of core inven
tory is indicated to be present elsewhere in 
the basement. 

• Although the reactor coolant drain tank pro
vided the principal flow path for reactor 
coolant to the reactor building basement, the 
tank itself contained less than 0.01 % of the 
core inventory of any radionuclide at the 
time it was assayed. 

• The internal surfaces of the reactor coolant 
system did not retain a significant quantity 
of fission product radionuclides « 0.1 %), 
based on the analysis of the ''N' steam gener
ator RTD thermowell tip. As these results are 
based on a very small fraction of the RCS 
surface area ('\,10-5%), additional measure
ments could affect the mass balance. 

• Based on analyses of deposition on control 
rod drive leadscrews, the reactor vessel 
plenum did not retain a significant fraction 
of fission products « 0.1 %). However; 
the sample was quite small compared to 
the surface it represented. The CCTV sur
veys of the plenum show that deposition 
appears to vary based on location relative 
to the core. To adequately characterize 
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radionuclide deposition in the plenum, 
additional samples should be taken. 

• The core debris bed samples suggest that 
most of the measurable fission products, 
except Cs-134, -137 and 1-129, still reside 
in the core material. There is still a large 
uncertainty in the estimated care inventory 
retained in the debris bed, due to the small 
number of core debris :,amples taken. 

• The makeup-purification demineralizers 
were the only components outside the reac
tor building that contained a significant 
fraction of the core inventory. Cesium 
(l %) and iodine (2%) were transported to 
the demineralizers by primary coolant. 
About 98% of the fission products were 
retained in the reactor building. 

• The only probable locations in the reactor 
that could significantly change the current 
fission product inventories are the reactor 
buiiding basement and the core. 

• A number of locations in the reactor sys
tem should be better characterized to com
plete closure of the mass balance: the 
reactor building basement, reactor coolant 
system surfaces (possibly including the 
pressurizer), and reactor core. Other possi
ble sampling locations include the reactor 
coolant drain tank, letdown cooler, and 
letdown block orifice. 

• There are significant differences, as high 
as 25%, in the predicted fission product 
inventories of some radionuclides present 
in the TMI-2 core at the time of the acci
dent, based on the various code calcula
tions performed. A detailed uncertainty 
analysis should be performed to determine 
all uncertainties in the code predictions. 
Further, a procedure should be adopted to 
normalize the inventory data to a fission 
product specie that is essentially 100% 
retained. 
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APPENDIX A 

FISSION PRODUCT INVENTORY RESULTS THROUGH FY·1983 

The most recent update of the fission product data 
base for locations outside the reactor vessel was per
formed for sample data obtained through 
1983. A-I ,A-2 A summary of these data are shown in 
Table A-I. Table A-I indicates that about 500/0 of the 
noble gases, 530/0 of the tritium, 51 % of the cesium 
(i.e., Cs-137), 22% of the radioiodine, and 2% of the 
strontium have been accounted for in ex-vessel loca
tions. Also, less than 0.01 % of the uranium! 

A-3 

plutonium inventory had been identified outside the 
reactor vessel. These data are listed with associated 
uncertainties. The principal cause of the wide ranges 
is that some locations (P,.g., the reactor building base
ment) had not been well characterized, ar.d the actual 
inventories may be significantly different from those 
listed in Table A-I. To reduce the uncertainty associ
ated with these data, a better characterization of indi
vidual repositories is necessary. 



Table A-1. Summary of fission product inventory results through 1983 

Fraction of Core Inventory 

Noble 
Component Tritium Gases 90Sr 1291 137Ce U&Pu ----

;·'.eactor building sump and basement 0.47 0.01 0.18 0.41 < 1.0 E-6 

Reactor coolant 0.018 < 1.0 E-5a 0.01 0.014 0.018 < 1.0 E-4 

Reactor coolant drain tank 0.002 < 1.0 E-6a 0.001 0.001 0.002 < 1.0 E-5 

Reactor coolant bleed tanks 0.030 < 1.0 E-5b < 1.0 E-3 0.02 0.02 < 1.0 E-6 

Reactor building a!~ c 0.47a c 1.0 E-3 _c _c 

Gaseous releases c O.Oib _c 1.0 E-6 _c c 

Plenum surfaces c c c _c 0.05 c 

Makeup and purification deminerahze;-s c c c c 0.012 c 

Other repositories 0.010 0.001 0.006 0.002 ---

Total 0.53 0.5 0.02 0.22 0.51 1.0 E-4 

Uncertainty ±O.! + 0.5-0.2 ±0.004 ±0.04 ±0.09 

a. Krypton. 

b. Xenon. 

c. Not reported. 
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APPENDIX B 

CALCULATION OF INITIAL CORE FISSION PRODUCT INVENTORY 

In order to define the fission product distribution 
in the reactor syslt:m, the initial fission product inven
tory in the TMI-2 core at the time of the accident 
must be known. The fission product retention frac
tion for a system or component is then determined by 
dividing the calculated radionuclide inventory in a 
component by the predicted core inventory. B-1 Sev
eml codes used for calculating fission product genera
tion were run to determine the inventory of the TMI-2 
core at the time of the accident and for specific times 
after the accident. The NUS mass balance report B-2 

presented a comparison of three codes, LOR-2, 
ORIGEN-2, and CINDER. 

The input data for the above-mentioned code 
comparisons were based on average irradiation 
(Le., burnup) and core loading. A more recent 
ORIGEN-2 analysis that considers power distribu
tion, core loading, and a detailed power history was 
used for this report. The irradiation history model 
was developed by combining calculated axial and 
radial power distribution dataa with the full core 
thermal power history data. B-3 Burnup data used 
in this calculation for each of 1239 fuel nodes 
(177 elements, 7 axial nodes per element) were 
taken from a plant performance data summary for 
March 19, 1979. An ORIGEN-2 calculation was 
perfo:med for each fuel group using the average 
group burnup and the plant operating history. Fuel 
node burnups range from 910 to 6213 MWd/MTU. 
The 1239 fuel nodes were distributed among 12 
fuel groups based on initial enrichment and 
burnup. The node burnup values were all normal
ized to the full core burnup to correct for the final 
few days of operation not included in the plant per
formance summary. This methodology preserves 
both the detailed axial and radial profiles and the 

a. G. R. Eidam, letter to H. M. Burton, TMI-2 Core Radial 
and Axial Power History Data, GPU Nuclear 4550-83-0412, 
September 29, 1983. 
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detailed irradiation history data. Little additional 
uncertainty is introduced, because the power pro
files during the last 9 d would probably not vary 
significantly from those inferred from the previous 
87 d of full power operation. 

When the fraction of retained radionuclidc core 
inventory is calculated for a measured radionuclide 
concentration (e.g., reactor building basement 
sample), a reactor inventory for that radionuciide 
must be predicted for a point in time near the sam
ple time. The inventory of some radionuclides will 
increase (or not decrease with their decay rate) from 
time of shutdown as a result of parent-daughter 
interactions. A long half-life parent will continue to 
produce more of a longer half-life daughter radio
nuclide, which results in a continuous increase in 
concentration. 

Table B .. I lists the comparison of the fission 
product inventories for the core average irradiation 
predictions as described in Reference 3 of the main 
report, and the nodular (i.e., based on individual 
fuel assembly power histories) core inventory 
assessment. Also shown is the predicted inventory 
for March 1984. A variance was calculated that 
assumes that the nodular inventory calculation is 
the most accurate. The data indicate good agree
ment for Cs-137 (1.611/0) and Ce-144 (2.5070), with 
the worf! agreement for Cs-134 (34.7%) and 1-129 
(21.3%). These data suggest that the calculated fis
sion product inventories may be significantly dif
ferent (for some radionuclides) than the actual core 
inventory. Therefore, there is an uncertainty associ
ated with the total fission product inventory that is 
radionuclide dependent. 

The direct comparison of values from these 
codes provides at least a general idea of the varia
bility of results from such calculations, although 
the input to the nodular ORIGEN-2 code analysis 
was more detailed and should be more accurate. 
This analysis, calculated for March 1984, has been 
used to calculate fission product retentions in this 
report. 



Table B-1. Comparison of TMI-2 core initial fission product inventory code predictions 
(curies) 

At Shutdown, March 29, 1979 March I, 1984 

Radionuclide ORIGEN-2a CINDERb LOR-2b 
Variance 

ORIGENb (070 ) ORIGEN-2a 

90Sr 7.46 E+5 8.0 E+5 7.8 E+ 5 7.5 E+ 5 7.2 6.63 E+ 5 

106Ru 3.58E+6 2.9 E+6 3.2 E+6 3.3 E+6 19.0 1.15 E+5 

IlOmAg 3.32E+3 c c c c 2.09 E + I 

125Sb 1.22 E + 5 - c _c _c _c 3.70 E+4 

1291 2.16 E-I I. 7 E-I 1.7 E-I 2.1 E-I 21.3 2.29 E-I 

134Cs 1.99 E+5 1.3 E + 5 1.7 E+5 1.6 E+ 5 34.7 3.70 E+4 

137Cs 8.54 E+5 8.4 E + 5 8.4 E + 5 8.4 E + 5 1.6 7.6 E+5 

144Ce 2.36 E+7 2.4 E + 7 2.3 E+7 2.5 E+7 2.5 2.75 E+5 

154Eu 9.55 E+3 c c c _c 6.39 E+3 

155Eu 3.24 E+4 c _c c c 1.61 E+4 

a. Based on individual fuel assembly power histories. 

b. As reported in Reference A-I for core average irradiation. 

c. Radionuclide concentrations not listed in Reference A-I. 
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APPENDIX C 

DETAILS OF ANALYSES OF PLANT COMPONENTS 

Details of Recent Fission Product 
Inventory Sampling Data 

This Appendix presents a detailed discussion of 
the sampling of plant components studied during 
FY-84 and updates the previous inventory report. C-I 
Details of the radionuclide concentrations are 
included along with the component volume or sur
face areas that permit calculation of the radionu
elide inventories in the plant components and the 
fractional inventories retention in the main body of 
the report. The uncertainties are also discussed. 

The analysis results and discussion are divided 
into two groups: samples obtained outside the reac
tor vessel, and those from inside the reactor vessel. 

Samples Outside the Reactor 
Coolant System 

Samples have been acquired and analyzed from a 
number of locations outside of the RCS. Some of 
these were obtained from previously inaccessible 
locations. Other samples were obtained from previ
ously sampled components, necessitating changes in 
the FPI assays for those components. 

The reactor building air cooler panels were sam
pled for radionuclide surface deposition, the reactor 
building sump was sampled for radionuclide content 
in liquids and solids, the "N' steam generator resist
ance temperature detector (RTD) thermowell tip was 
analyzed to determine surface deposition in the reac
tor coolant system, and the makeup and purification 
demineralizers were sampled for retained radionu
elide content. Complete analysis results have been 
published in other documents;a,C-2,C-3 however, 
summaries of these results a~e listed in the following 
sections. 

Air Cooler Assembly Surfaces. The reactor 
building air coolers (shown in Figure 3 of the main 
report) were expected to be a potential collection 
point for radioactivity because of their large sur
face area and the large volume of air moving 

a. T. E. Cox, letter to K. C. Sumpter, A Steam Generator 
Resistance ThermolVell Detector Analysis Results, TEC-54-84. 
September 25. 1984. 
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through them. Condensation of water on the cool
ers would provide an additional mechanism for 
radionuelide removal from the air and deposition 
on surfaces. In-situ gamma scans of the cooling 
coils and drip pans were made in October 1981 with 
a mobile gamma spectrometer. Subsequently, metal 
coupons were removed from the access panels in 
August 1983, and the surface concentrations of 
radionuclides were measured during 1984. 

The reactor building air cooler assembly consists 
of five air cooling units connected to a common 
system of duct work for air distribution (see 
Figure 3 of the main report). Each cooling unit 
consists of finned, water-type cooling coils and an 
axial flow fan. All five units are assembled in a 
common metal housing with divider plates and 
backdraft dampers. Air cooler drip pans are 
located at the base of the common plenum, provid
ing a catch basin for condensation generated on the 
cooler coils. Table C-I summarizes the surface 
areas of components associated with the reactor 
building air coolers.C-4 There is an estimated JOlt/o 
uncertainty in the surface area reported for each 
component, with an overall uncertainty of 70/0 for 
the total surface area of the coolers. 

Coupons removed from five reactor building air 
cooler access panels (four from each air cooler) 
were analyzed for radionucIide surface concentra
tions. The sample coupon locations were selected 
after gamma scans of the panels were made to 
determine representativeness. The results of those 
analyses, given as average radionuclide surface 
concentrations, are shown in Table C-2. The only 
gamma-emitting radionuclides measurable on the 
exterior surface of the air cooler access panels (i.e., 
normally exposed to the reactor building environ
ment) were Cs-137 and Cs-134. The concentrations 
for all air coolers are similar (within a factor of 4), 
indicating a relatively consistent radionucIide sur
face disposition. 

On the interior surfaces of the air cooler access 
panels, analyses were performed for Sr-90 and 1-129, 
in addition to the gamma spectroscopy analysis used 
to measure Cs-134, -137. The concentrations of all 
radionuclides are similar (within a factor of JO), 
indicating a relatively consistent surface deposition 
on the air cooler surfaces. It should be noted that 
(a) all air coolers were not in operation at all times 
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Table C-1. Surface areas of reactor building air cooler components 

Component 

Housing 

Vent ducts 

Cooling coils 

Drip pans 

Total 

14,500 

88 

Surface Area 
per Air Cooler 

1.35 E+7 

8.2 E+4 

during the accident, and (b) air coolers IlA, lIB, 
and 11 C were decontaminated with water before the 
surface sample acquisition. Therefore, these analyti
cal results may not be representative of deposition 

10,400 

24,860 

72,500 

440 

107,760 

Total Surface Area 
for Five Air Coolers -----

9.7 ± 0.9 E+6 

2.3 ± 0.2 E+7 

6.8 ± 0.7 E+7 

4.1 ± 0.4 E + 5 

1.0 ± 0.07 E + 8 

on the air cooler surfaces after the accident. How
ever, other analyses suggest that these radionuc\iJe 
concentrations are similar to other surfaces in the 
reactor building, and that the air coolers did not 

Table C-2. Average radionuclide surface concentrations on reactor building air cooler 
access panelsa 
(JLCi/cm2) 

Exterior Surface Interior Surface 

137Cs 134Cs 137Cs 134Cs 90Sr 129( 

IIA 5.2 ± 0.5 E-I 2,9 ± 0.3 E-2 4.3 ± 1.7 E-I 2.5 ± 1.0 E-2 1.5 ± 0.8 E_2b 5.2 ± 0.5 E-6b 

liB 3.8 ± 0.2 E-I 2.1 ± 0.1 E-2 1.1 ± 0.3 E-I 6.7 ± 1.3 E-3 6.4 ± 0.2 E-3 b c 

IIC 1.2 ± 0.4 6.6 ± 2.0 E-2 8.5 ± 0.9 E-I 4,7 ± 0.4 E-2 c 6,9 ± 0.7 E-6b 

lID 4.8 ± 1.0 E-I 2.6 ± 0.5 E-2 3.1 ± 0.9 E-I 1.7 ± 0.5 E-2 7.6 ± 0.4 E-3b 2.7 ± 0.3 E-6b 

liE 1.3 ± 0.4 7.0 ± 2.0 E-2 2.1 ± 0.6 1.2 ± 0.3 E-I 4.3 ± 0.2 E-2b 7.5 ± 0.8 E-6b 

Mean 7.8 ± 4.4 E-I 4.2 ± 2.4 E-2 7.6 ± 8.0 E-I 4.3 ± 4.5 E-2 1.8 ± 1.7 E-2 5.6 ± 2.2 E-6 

a. All errors quoted represent the deviation for all samples analyzed on an access panel. Data decay corrected to March 1984. 

b. The errors listed are counting statistics only. as a single sample analysis was performed. 

c. Not measured. 
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serve as a major repository for radionuelides. 
Table C-3 (Reference C-5) shows the comparison of 
the air cooler access panel data with data from sur
face samples obtained from the 305-ft elevation of 
the reactor bUilding. The comparison suggests that 
deposition was similar for all radionuclides at both 
locations and that the air coolers did not function as 
a repository for fission products released to the reac
tor building atmosphere. 

Table C-4 (Reference C-6) shows the results of the 
gamma spectroscopy measurements of the coding 
coils and drip pans. These analyses were performed 
before decontamination of the system. A compari
son of these analyses results, presented in Table C-4, 
shows that the gamma scan results are quite similar 
to the more accurate sample analysis results shown 
for the access panels. The analysis of gamma spec
tral scans of the cooling coils and drip pans shows 
surface concentrations slightly lower than the levels 
found on the access panels, a difference that may 
have been caused by condensation washing the sur
faces of the coils and pans, or by unknown uncer
tainties in the gamma scan procedures. 

The method used to determine the fraction of the 
total reactor inventory of a radionuclide retained 
on the surface of a system component or in a vol
ume of liquid is defined by the following equation: 

F 
Cs x S 

C 
c 

where 

F Fraction of fission product core inven
tory retained by the system or compo
nent 

Cs Summation of radionuclide concen
trations measured in samples from the 
component (in j.tCi/cm2 or j.tCi/cm3) 

S Summation of the surface areas (cm2) 
or volumes (cm3) to which the mea
sured concentrations are extrapolated 

Cc Core fission product inventory (in 
j.tCi), decay corrected to a date approx
imate to the date when the samples 
were taken. 

The fraction of core inventory present on the air 
cooler surfaces can be determined from the surface 
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area (Table C-I), radionuclide surface concentra
tions (lhble C-2), and core fission product inven
tory (Table B-1). 

Because the gamma scan measurements of the 
drip pans and cooling coils did not yield results for 
Sr-90 and 1-129, the air cooler access panel analy
ses, rather than the measurements of the pans and 
coils, were used in calculating the fraction of core 
inventory on the internal surfaces of the air cooler 
systems, as listed in Table C-5. These results show 
that only small fractions of the total core fission 
product inventories of the measurable radionu
elides were deposited on air cooler surfaces, and it 
might be inferred that equally small fractions were 
deposited on other surfaces of the reactor building. 

Reactor Building Sump. Leakage from the reac
tor coolant system collected in the reactor building 
sump and on the reactor building basement floor 
shortly after the accident. Before and after process
ing of the reactor building basement water by the 
submerged demineralizer system, samples of water 
and solids were taken at various locations 
(Figure 12) in the reactor building basement and 
the sump. Data obtained from these samples have 
been reported (Reference C-I). The results of sub
sequent analyses of the sump are presented in this 
report. Though the quantity of radionuclides mea
sured in the sump is small compared to that mea
sured in the entire reactor building basement 
(because of the much larger surface area), the 
sump, nevertheless, provides useful samples that 
help to characterize the profile of radionuclide COIi

centrations in the basement, and better quantifies 
the radionuclide content and quantity of solids in 
that location. 

The reactor building sump was sampled 
August 22, 1983, after the reactor building base
ment water had been processed by the submerged 
demineralizer systems and after decontamination 
operations had washed radioactivity and solids into 
the basement from upper floors of the reactor 
building. Although mixing of the decontamination 
water with the sump water appears to be minimal, 
based on sump and basement radionuclide concen
trations measured before and after the decontami
nation operation (Reference C-2), the sample 
analyses may not be representative of conditions 
during or shortly after the accident. 

The sump sample was obtained from the sump 
pump discharge line after recirculation and after 
the line had been purged. The sample was filtered, 
and the radionuclide concentrations of the liquid 
and solids as reported (R(;i'erence C-2) are shown in 



Table C-3. Comparison of radionuclide surface concentrations on reactor building air 
cooler with 305-ft elevation vertical metal surfacea 
(IlCi/cm2, 

Radionuclide 

90Sr 

1291 

134Cs 

137Cs 

a. Data decay corrected to March 1984. 

Vertical 
Metal 

Surfacesa 

1.6 ± 0.2 E-2 

4.2 ± 0.8 E-6 

1.6 ± 0.5 E-2 

2.9 ± 1.0 E-I 

Table C-6. The total radionuclide mass in the sump 
can be estimated from the amount of the solids in 
the August 22, 1983, sample and the volume of 
water in the sump. The sump sample contained 
36 mg/mL of solids, and the sump was estimated 

Cooler 
External 
Surface 

4.2 ± 2.4 E-2 

7.8 ± 4.4 E-I 

Cooler 
Internal 
Surface 

1.8 ± 1.7 E-2 

5.6 ± 2.2 E-6 

4.3 ± 4.5 E-2 

7.6 ± 8.0 E-I 

to contain 1.03 E7 mL of water (± 100/0). These 
values yield a total solids mass of 3.7 ± 0.4 kg in 
the ~·np when the sample was taken. The fraction 
of cere invento.y retained in the sump is shown in 
Table C-6. These data suggest that the sump is a 

Table C-4. Radionuclide surface concentrations on reactor building air cooler from 
gamma scansa 

137 Cs on Cooling Coils 137Cs on Drip Pans 
Air 

Cooler 
Number (total Ci) (J.,tCi/cm2)b (total Ci) 

IIC 5.6 ± 1.0 4.3 ± 0.7 E-I 6.6 ± 2.8 E-2 8.1 ± 3.5 E-I 

lID 1.5 ± 0.4 1.2 ± 0.3 E-I 1.9 ± 1.0 E-2 2.3 ± 1.2 E-l 

lIE 7.6 ± 4.0 E-I 5.9 ± 2.9 E-2 2.8 ± 2.8 E-2 3.5 ± 3.5 E-I 

.•. Quoted uncertainties include statistical uncertainties, estimates of the uncertainties in the detector efficiency calibration, and 
uncertainties in the data analysis. Data decay corrected to March 1984. 

b. Assumes surface area of coil '\-1.3 E + 7 cm2. 

C. Assumes surface area of drip pans '\-S.2 E + 4 cm 2. 
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Table C-5_ Surface radionuclide 
inventories and fractions 
of core inventory on reactor 
building air coolersa 

Total 
Surface Fraction 
Activity of Core 

Radionuclide (Ci) Inventory 

134Cs 4 ± 5 ± I E-4 

137Cs 8 ± 8 E+ I ± I E-4 

90SI' 2 ± 2 3 ± 3 E-6 

1291 6 ± 2 E-4 3 ± I E-3 

a. Data decay correctcd to March I, 1984. 

minor repository for fission products in the reactor 
building basement, and that the soluble portion of 
the sample contains the majority of the fission 
product inventory, a result of the small quantity of 
solid material relative to the large quantity of liquid 
present in the sump. However, the results of this 
analysis should be used cautiously as (a) the sam
ple was obtained through recirculation with a pump 
and may not be representative of solid sediment in 
the sump, and (b) the estimate of the quantity of 
solids in the sump is based only on solids transport
able by the sump pump. 

The sump sample results indicate the amount of 
activity left in the sump on the date of sampling 
and cannot be added directly to the mass balance 
inventory. However, these data provide additbnal 
information to be included with previous {cactor 
building basement sample anal).ses. Evaluation of 
the solid material depth in the basement is dis
cussed in more depth in Reference C-2. 

Reactor Coolant Drain Tank. The Reactor Cool
ant Drain Tank (RCDT) receives water from the 
presE!lrizer when the PORV releasl.'s pressure in the 
reactor system. (The RCDT location is shown in 
Figure 12 in the main body of this report.) During 
the first 3 d following the accident, an estimated 
1.0 E + 9 mL of pI imary coolant escaped from the 
reactor coolant system (RCS) through the pressur-
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izer to the RCDT. The RCDT rupture disk burst, 
allowing this coolant to flow to the reactor building 
basement. Samples from the RCDT were collected 
to determine the quantity of fission products 
retained in this portion of the flow path. 

Major reactor coolant flow to the RCDT, except 
for leakage and cycling of the block valve for 13 h, 
was stopped when the block valve was closed 2 h-
20 min into the accident. Leakage continued until 
July 1982, when the ReS was depressurized. The 
total volume passed through the RCDT during this 
period was estimated at 7 E + 8 mL. From 
December 1982 until July 1983, the reactor system 
was again pressurized, resulting in additional leak
age to the RCDT of approximately 2 E + 8 mL. The 
total volume of liquid passed through the RCDT was 
1.9 E + 9 mL, which represents 69 tank volumes 
passing through the tank before sampling of the 
tank. 

The first sample of the RCDT was obtained in 
Decemher 19~3 and if; representative only of the 
water that was passed from RCS leakage through 
the RCDT to the reactor building basement during 
early 1983 after the RCS was pressurized to 60 psig. 
Solid material that was sampled may have been 
introduced into the tank at any time during the var
ious periods of flow through the tank. 

The RCDT samples were collected by inserting a 
sampler directly into the tallk through a hole cut in 
the overflow line. Liquids and solids were drawn 
into an evacuated glass container through a hollow 
needle. The sampler was similar to that used to col
lect some of the reactor building basement sam
ples. Two samples were taken; one from a point 
12 in. above the bottom of the tank to measure the 
radionuclide concentration in the liquid, and one 
from the bottom of the tank to measure radionu
elide retention in the sediment that had collected 
there. 

The volume of liquid and mass of solids in the 
tank at the time of sampling was estimated to be 
2.74 E + 7 :nL and 2.6 E + 4 kg, respectively. The 
liqllid volume was based on the design dimensions 
of the tank, and a 20070 uncertainty is assumed. The 
mass of solids was estimated from visual observa
tion of solids depth by CCTV in one portion of the 
lank and from the density of mat~rials measured in 
the sample collected from the bottom of the tank. 
For calculational purposes, the sediment on the 
bottom surface of the tank is assumed to be 
0.16 cm (1/16 in.) thick and uniformly covers 
one-eighth of the inner surface of t.he tank. The 
total volume of solids is calculated to be approxi
mately 8.3 E + 3 cm3. Based on the elemental 



Table C-6. Radionuclide concentrations and fractions of core inventory retained in reactor 
building sumpa 

Radionuclide Content ration Fraction of Core Inventory 

Solids Liquid 
Radionuclide (/.tCilg) (/.tCi/mL) Solids Liquid 

54Mn 1.1 ± 0.2 E-I _b b b 

60Co 2.29 ± 0.08 _b b b 

90Sr 1.49 ± 0.06 E + 2 6.0 ± 0.3 8.3 ± 0.9 E-7 9.0 ± 1.0 E-5 

106Ru _b b b _b 

125Sb 1.4 ± 0.1 b 1.4 ± 0.2 E-7 b 

1291 <3 E-5 b <5 E-7 b 

134Cs 2.91 ± 0.07 5.07 ± 0.04 2.9 ± 0.3 E-7 1.4 ± 0.1 E-3 

137Cs 5.29 ± 0.03 E+ 1 9.40 ± 0.05 E+l 2.6 ± 0.3 E-7 1.3 ± 0.1 E-3 

144Ce 8.0 ± 2.0 b 

a. Data decay corrected to March 24, 1984. 

b. Not detected. 

analysis results for the RCDT solids sample, the den
sity of the sediment is approximately 6.2 g/cm3. It is 
assumed that one-half of the total sediment volume is 
water; and, therefore, the total mass of the solids in 
the RCDT is approximately 26 kg. The uncertainty in 
the total mass is high, estimated at ",,100070, mainly 
because of the uncertainty of the depth of the sedi
ment. The radionuclide concentrations and estimated 
fractions of core inventory retained in the RCDT are 
shown in Thble C-7. 

The RCDT analyses indicate the presence of 
minimal fractions of the retained core inventory. In 
both liquid and solid sample fractions, Sr-90 is the 
radionuclide with the highest retention factor in the 
tank (",10-4), with the solid material having the 
highest retention. The samples are not representa-

C-s 

1.0 ± 0.3 E-7 b 

tive of the soluble fission product content of the 
tank immediately after the accident, as many tank 
volumes of diluted reactor coolant have been trans
ferred through the tank since that time. The mea
sured solids content and radionuclide 
concentrations are not representative of immediate 
postaccident content either, as some portions of the 
solid material originally transferred to the tank 
were probably swept into the reactor building base
ment. An evaluation of the flow rate and path 
through the tank should be performed to determine 
what particle sizes could have been swept into the 
reactor building. This information may be useful in 
evaluating the character of solids which could have 
been reieased from the reactor to the remainder of 
the reactor system. 



Table C-7. Radionuclide concentrations and fractions of core inventory retained in reactor 
coolant drain tanka 

Radionuelide Concentration Fraction of Core Inventory 

Solids Liquid 
Radionuelide (J1.Ci/g) (J1.CilmL) Solids Liquid 

3H b 3.43 ± 0.07 E-2 b 2.9 ± 0.06 E-4 

60Co 3.04 ± 0.05 E+ 1 1.0 ± 0.1 E-3 _c _c 

90Sr 1.39 ± 0.07E+4 2.49 ± 0.04 EO 5.0 ± 5.0 E-4 1.0 ± 0.2 E-4 

106Ru 6.5 ± 0.3 E + I b 2.0 ± 0.2 E-5 _b 

125Sb 1.60 ± O.OS E+ I 6.0 ± 1.0 E-3 1.0 ± 1.0 E-5 4.0 ± 1.0 E-6 

1291 5.2 ± 0.4 E-S 3.9 ± 0.2 E-7 6.0 ± 6.0 E-9 5.0 E + 1.0 E-5 

134Cs 5.9 ± 0.4 EO 6.S4 ± 0.05 E-2 4.0 ± 4.0 E-6 5.0 ± 1.0 E-5 

137Cs 9.7 ± 0.2 E + I 1.22 ± O.OIEO 3.0 ± 3.3 E-6 4.4 ± 0.9 E-5 

144Ce 1.0 ± 0.3 E + I 

a. Data decay corrected to March 1984. 

b. Not detected. 

c. Not a fission product. 

Samples from the Reactor 
Coolant System 

b 

"A" Steam Generator Resistance Temperature 
Detector. In April 1984, a dual element resistance 
tempercJI.·e detector (RTD) was removed from the 
'W' steam generator hot leg. This RTD is installed in 
the steam generator "candy cane" to measure the 
temperature of the reactor coolant entering the 
steam generator from the reactor core. The 15.2 cm2 

tip of the RTD thermowell exposed to the reactor 
coolant stream was subjected to accident conditions 
in the "N' hot leg. It is assumed, for calculational 
purposes, that the deposits on the RTD thermowell 
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1.0 ± 1.0 E-6 b 

tip are representative of current deposits on RCS 
internal surfaces, excluding the reactor vessel. 
The concentrations of radionuclides measured on 

the RTD surface are shown in Table C-S. The con
centrations were determined by chemical removal 
(12 different decontamination steps) of the radionu
elide content from the RTD thermowell tip and by 
dividing the total radionuclide content by the 
15.2 cm2 surface area of the tip. Approximately 2070 
of the total Cs-137 activity was retained on the RTD 
thermowell tip after decontamination. 

To calculate the fraction of core inventory retained 
or. the RCS surfaces, the surface area of the RCS 
minus the reactor vessel was calculated from system 
drawings, with an estimated uncertainty of 10%. The 
surface areas calculated for the hot legs, cold legs, and 



Table C-8. Radionuclide surface 
concentrations on resistance 
temperature detector 
thermowell tipS 

Radionuclide 
Surface 

Concentration 
Radionuclide (J1.Cilcm2) 

54Mn 2.2 ± 0.6 E-4 

60Co 1.4 ± 0.1 E-I 

90Sr 9.4 ± 0.2 

125Sb 1.36 ± 0.06 E-I 

134Cs 9.4 ± 0.06 E-I 

137Cs 2.05 ± 0.01 E + I 

144Ce 2.15 ± 0.06 E-I 

1291 8.0 ± 4.0 E-8 

a. Data decay corrected to March 1984. 

steam generatorsa are 9.7 E+5 cm2, 9.8 E+5 cm2, 
and 3.7 E + 7 cm2, respectively, resulting in a total 
RCS surface area of 3.9 ± 0.4 E + 7 cm2. This sur
face area does not include the pressurizer, reactor ves
sel, MUP system, or residual heat removal system. 

The estimated fractions of core fission product 
inventory retained on RCS internal surfaces are 
shown in Table C-9. Total retention of fission prod
ucts on RCS surfaces is similar ('\,0.01070) for all 
radionucIides measured except Ce-144, which is 
approximately two orders of magnitude less, sug
gesting less transport of this radionucIide to RCS 
surfaces. In any event, retention of fis~ion products 
on RCS surfaces is minimal, suggesting that RCS 
surfaces outside the reactor vessel are not a signifi
cant repository for fission products. However, 
these data are based on analyses of the RTD ther
mowell tip, which constitutes only a very small 

a. S. R. Behling, private communication with S. T. Croney, 
EG&G Idaho. Inc .. May 1,1985. 
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fraction of the total RCS surface area ('\,10-5070); 
the RTD is not representative of other portions of 
the RCS (e.g., horizontal surfaces, cold legs). No 
estimate of the total uncertainty is possible based 
on the small sample analyzed. Further sampling of 
surfaces in this system should be performed to bet
ter characterize the system. 

Samples from Inside the Reactor Vessel. Sam
ples of the control rod drive leadscrews and samples 
from the core debris bed were obtained from inside 
the reactor vessel and analyzed during 1984. A 
summation of these results is provided in the fol
lowing section. More complete analysis results are 
to be published.C-7,C-8 

Control Rod Drive Leadscrews. Radionuclide 
surface analysis was performed on two control rod 
drive leadscrews, which were removed from the 

Table Cog. Radionuclide content and 
fraction of core inventory 
retained in reactor 
coolant systema 

Piping 
Surface Activityb 

RadionucIide (Ci) 

54Mn 8.6 ± 0.3 E-3 

6OCo 5.4 ± 0.7 E+O 

90Sr 3.7 ± 0.4 E + 2 

125Sb 5.3 ± 0.6 E+ I 

1291 3.3 ± 2 E-6 

134Cs 3.7 ± 0.4 E + I 

l37Cs 8.0 J 0.8 E+ 2 

144Ce 1.1 ± 0.1 E+ I 

a. Data decay corrected to March 1984. 

Fraction of 
Core Inventory 

c 

c 

5.6 ± 0.6 E-4 

1.4 ± 0.2 E-3 

1.3± 0.9 E-3 

1.0 ± 0.1 E-3 

1.1 ± 0.1 E-3 

b. Assumes a total surface area of 3.9 E + 7 cm 2. 

c. Not a fission product. 
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reactor head as part of the July 1982 television 
inspection of the damaged core. One leadscrew was 
removed from each of three different core posi
tions: H8, at the center of the core; E9, at approxi
mately mid-radius; and 88, nt:ar the outer edge (see 
Figure 4 of main report). The E91eadscrew was not 
characterized for radionuclide content. 

Each leadscrew is approximately 7.3 m long, 
and during removal from the reactor vessel, GPU 
Nuclear cut them into 5 ft sections. Each section 
was bagged in polyethylene sleeving, inserted into a 
polyvinyl chloride (PVC) tube, and put into a ship
ping container. 

Leadscrew sections from H8 and B8 were 
shipped to and examined at the Idaho National 
Engineering Laboratory (lNEL). Three short sec
tions of the H8 leadscrew from near the top of the 
plenum assembly were examined by Pacific North
west Laboratory (PNL), Babcock & Wilcox 
(B&W), and GPU Nuclear. The objectives of the 
H8 and 88 examinations at INEL were to deter
mine the extent and nature of the radionuclide dep
osition on the leadscrew surfaces and to determine 
the temperatures experienced by the leadscrews. 

Figure 5 of the main report shows the H8 
leadscrew sections and the portions sent to the vari
ous laboratories for radionuclide analysis. The sur
face deposits on the lower 3.17 m of the H8 
leadscrew and the 88 leadscrew were analyzed at 
the INEL. These deposits were removed by brush
ing the loose debris, followed by acid etching of the 
tightly adherent material. The total radionuclide 
surface concentrations measured are listed in 
Table C-IO. The results presented are from the 
EG&G analysis (Reference C-8) and are compara
ble to those reported by the other laboratories. 

An axial gradient in surface radionuclide con
centrations was observed, with the highest concen
tration found on samples from nearer the top of the 
plenum assembly (colder). It may be expected that 
a similar gradient will be found on other plenum 
surfaces. 

Uncertainties in the concentrations listed in 
Table C-IO are assumed to be '\,50070, as an 
unknown quantity of loose material was lost during 
handling, cutting, and analysis of the leadscrews, 
which could bias the measured concentrations. 

It is assumed, for purposes of calculation, that the 
deposits on the leadscrews are representative of 
those on other plenum assembly surfaces. The sur
face area for the plenum was estimated by 
NUS Corporation and TMI-2 site personnel. C-9 
Surfaces other than plenum surfaces, such as the 
vessel outlet nozzles, baffle plate, and leadscrew sur-
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faces, are not included. The surface area for a num
ber of plenum components, as estimated by NUS 
and TMI-2 personnel, are shown in Table C-II. The 
average of these two surface area estimates, 3.54 ± 
0.71 E + 6 cm2, is used for. calculations in this 
report. 

The fraction of core inventory retained on the 
plenum assembly surfaces is shown in Table C-12. 
The data suggest that the plenum surfaces did not 
function as a major repository for radionuclides 
( < I % of core inventory); however, the analyses 
were performed '\,5 y after the accident, and loose 
surface deposition may have been affected by wash
out during that period of time. Based on CCTV 
surveys of the plenum, deposition appears to be 
greater on surfaces higher in the plenum and far
ther from the core. In order to adequately charac
terize radionuclide deposition in the plenum, 
further examination of other plenum surfaces 
should be done. 

Core-Debris Samples. Visual inspection of the 
physical condition of the core revealed a debris bed 
consisting of particles of various sizes. Insertion of 
a probe into the core material through control rod 
locations indicated that the debris bed is as deep as 
37 in. The probe could not be driven below this 
level, leaving about 5 ft of the core condition 
unknown. 

The first samples of reactor core material were 
taken in September 1983. At this time, six debris 
samples from the bed were collected by lowering 
sampling devices through two leadscrew openings, 
locations H8 (center) and E9 (mid-radius) shown 
on Figure 4 of the main report. Core-debris sam
ples were obtained from three depths: the surface of 
the bed, 3 in. below the surface, and 22 in. below 
the surface. Figure 7 shows the location in the 
debris bed of each sample and Figure C-I shows 
the type of sampling devices used for the surface 
and sub-surface samples. 

The core-debris samples contained particles of 
cladding and other core materials of a wide range 
of sizes. Table C-13 shows the average radionuclide 
concentration for the first series of core-debris 
samples. To obtain these results, '\,30% of each 
bulk sample was separated and dissolved for analy
sis. The 1-129 analysis was not possible by the dis
solution method, so these concentrations were 
calculated based on samples from individual parti
cles and particle-size aliquots obtained from each 
sample. Further, the Sr-90 analysis results of the 
bulk dissolution samples were not available at the 
time of this report, so only the results of individual 
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Table C-10. Radionuclide surface concentrations on leadscrews H8 and BSa 
(/lCi/cm2) 

H8 B8 

Radionuclide Bottom Top Bottom Top 

54Mn 4.0 E-3 5.2 E-2 b b 

60Co 9.0 E+2 3.9 5.6 E-I 7.5 E-I 

90Sr 2.0 4.6 E + 1 1.7 1.4 E + I 

106Ru 2.2 E-I I.IE+I 3.2 E-! 1.5 

llOmAg 2.8 E-2 5.! E-2 b b 

125Sb 2.0 E-I 1.2 6.4 E-I 1.8 E + I 

1291 3.4 E-6 6.8 E-5 3.4 E-6 1.3 E-4 

I 34Cs 4.4 E-! 2.8 1.8 3.1 E + 1 

137Cs 7.4 5.6 E + I 3.4 E + I 5.5 E+2 

144Ce 4.3 E-I 1.8 E + I 5.1 E+ I 1.3 

a. Sum of surface radionuclide concentrations from brush-off debris. leach solutions. and insoluble fractions. The estimated 
uncertainties are assumed to be 50%. Data decay corrected to March 1984. 

b. Not detected. 

particle and particle-size aliquots analysis are 
reported. With few exceptions, the concentrations 
are consistent, within a factor of 2, indicating that to 
the depth to which the bed was sampled, the fission 
product concentrations are relatively consistent. 

The Cs-137 results were calculated from individual 
particles and particles-size aliquots and compared 
with the bulk dissolution sample analyses as a check 
on how well the particle samples represent the bulk. 
The ratio of particle size tu bulk dissolution results 
are: Sample 1,0.65; Sample 3,0.42; Sample 4, 0.27; 
Sample 5, 0.28; and Sample 6, 0.59. There is a bias 
'\,500/0 low in the particle-size results. This bias may 
be due to the nonrandom sample selection of particles 
greater than 1000 Ilm, which was done to better char
acterize nonrepresentative samples. The disagreement 

C-12 

between the bulk dissolution sample analysis and 
individual particle and particle-size aliquot analysis 
for Cs-137 would suggest that there is a large uncer
tainty associated with the individual particle and ali
quot analysis for 1-129 as well. 

Chemical analyses indicate that significant 
amounts of material other than fuel are present in 
the core-debris samples. Control rod materials (Ag
In-Cd) and structural materials were found in addi
tion to uranium and zirconium in the majority of 
samples analyzed. C-IO Structural material compo
nents measurable in the majority of the core-debris 
samples are iron (Fe), chromium (Cr), nickel (Ni), 
manganese (Mn), aluminum (AI), silicon (Si), and 
tin (Sn). The originai mass of components in the 
TMI-2 coreC-I! are: 
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Table C-11. Estimated retention surface areas of reactor plenum 
(ft2) 

Item TMI-2 Site 

Outer surface 338.53 
Inner surface 329.84 
Hole edges 9.58 
CRDM guide tubes 828.78 
Top plate (one side) 55.92 
Cover assembly 266.56 

Subtotal 1829 

CRDM guide tube inner surface _a 

Leadscrew surfaces _a 

Total 3050b 

a. Not estimated. 

NUS 

310 
300 

10 
1660 

60 
400 

2740 

1540 

290 

4570 

(Average 2280 ± 460) 

Average = [3810 ± 760 (3.54 
± 0.71 E6 cm2)] 

b. Calculated from NUS total using ratio of NUS subtotal to TMI-2 site subtotal. 

U02 9.3 E4 kg 

Zr 2.3 E4 kg 

Stainless steel 4.6 E3 kg 

Zr02 3.3 E2 kg 

Ag-In-Cd 2.7 E3 kg 

Total 1.2 E5 kg 

This total mass calculation is used to determine 
the radionucIide inventory retained in the reactor 
core. The fractions of the core fission product 
inventory based on the averaged sample results are 
shown in Table C-14 (which is the same as Table 7 
of the main report). Because it has been estimated 
that only 20070 of the core material is in the core 
debris bed, the fission product retention in the core 
is calculated with the debris samples representing 
both 20% and 100% of the core mass for compari
son purposes. Based on this extrapolation, the 
radionucIide with the highest measur-ed retention in 

C-l3 

the core is Ce-144, at 130% of the predicted con
centration. This figure is within the range of con
centration that may be expected from locations in 
the core with higher than average burn up. The esti
mated uncertainty in the fission product retention 
in the core may be as high as 30%. 

The results for 1-129 and Cs-137 indicate signifi
cant release from the core (70 to 75%). However, 
there is an asymmetric uncertaintya associated with 
1-129 analysis, possibly as large as +50%. There
fore, significantly more 1-129 may have been 
retained in the core than is shown here. Further 
analyses of the~e samples are being performed to 
better define the fission product concentrations in 
the core debris bed. 

The fractions of core inventory retained, extrapo
lated to the entire core, are based on the radionucIide 
concentration from core debris bed samples and may 
not accurately represent the fission product concen
trations in lower regions of the core that have not 
been sampled. The uncertainty introduced by the 

a. More likely to be low than high, due to possible incomplete 
recovery of all I from sample. 



Table C-12. Radionuclide inventories and 
fractions of core inventory 
retained on the reactor 
plenum and associated 
surfaces8 

Radionuclide 
Inventories Fraction of 

Radionuclide (Ci) Core Inventory 

90Sr 5.9 E+ I 9.0 ± 7.0 E-5 

106Ru 1.2 E + 1 1.0 ± 0.9 E-4 

125Sb 3.0 E+ 1 8.0 ± 5.0 E-4 

129t 1.8 E-4 8.0 ± 4.0 E-4 

134Cs 3.3 E + 1 9.0 ± 7.0 E-4 

137Cs 6.1 E+2 8.0 ± 6.0 E-4 

144Ce 1.9 E + I 7.0 ± 4.0 E-5 

a. Assume 3.54 ± 0.71 E6 cm2 surface area from 
Reference 12. 

unknown radionuclide concentrations below the 
debris bed are expected to be reduced by further 
sampling of the lower unexposed portion of the core 
and the lower plenum. However, it should be noted 
that the core has been exposed to reactor coolant for 
5 y, and leaching may have significantly affected the 
radionuclide distribution in the core material. 
Increases of Sr-90 in the coolant have been observed 
that are related to leaching. 

Samples From the Auxiliary 
Building 

Makeup and Purification Demineralizers. Dur
ing normal operation, the makeup and purification 
system receives reactor coolant from the steam gen
erator cold leg for filtration and demineralization. 
This system operated only intermittently during the 
accident. The system contains two ion-exchange 
resin beds that remove radionuclides from the RCS. 
Resin samples were obtained for analysis from both 
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demineralizers, and a liquid sample was taken from 
the "B" demineralizer in Marchi April 1983. 

The demineralizer vessels are located on the 
305-ft elevation of the auxiliary building and are 
part of the makeup and purification system. Each 
demineralizer vessel was charged initially with a 
50 ft3 quantity of Amberlite IRN 217 mixed 
resin-a 3:2 mixture of strongly acidic cation resin 
IRN-77, and a strongly basic anion resin IRN-78. 
This initial resin charge weighs about 2650 Ib and 
swells to about 57 ft3 when water is added to the 
vessel. The resins consist of polystyrene beads 
copolymerized with divinylbenzene to create beads 
with large surface areas containing many ion
exchange sites. The resultant resin bed consists of 
about 400/0 by volume voids and 54% by volume 
water. 

For 2 to 3 months before March 28, 1979, the 
demineralizer vessels were in operation processing 
reactor coolant at normal flow rates of between 
40 and 78 gpm. At the time of the turbine trip, the 
system was operating at 40 gpm with one filter and 
demineralizer train in operation. After the trip, 
flow was secured for about 5 min, then reestab
lished and stabilized at 71 gpm, where it remained 
for several hours. By 16:30 on the date of the acci
dent, flow began to fluctuate from lows of 40 gpm 
to highs of 150 gpm until flow was lost at 22:34:23, 
apparently because of plugging of the letdown 
block orifice. By 06:31 on March 29, 1979, a flow 
of 25 gpm had been established with all the system 
filters and the demineraliz..:rs bypassed. 

The GPU Nuclear Corporation has estimated 
that between the time of core damage and system 
flow loss (",16 h-25 min), the MUP system proc
essed about 46,000 gal of water from the reactor 
coolant system.C-12 Physical measurements of 
both demineralizers and visual observations of the 
"N' demineralizer during sampling indicate that 
present bed volumes are reduced. Calculations of 
volume reduction indicate that the present vO\!Jmes 
are approximately(Reference C-12): 

• "A" Demineralizer-l7 ft3 
• "B" Demineralizer-15 ft3. 

This compares with an original bed volume of 
50 ft3 and mass of about 2650lb (1.2 E6 g) for 
each demineralizer; the actual present mass of the 
resin is not known. The resin was severely degraded 
by radiation and high temperature water during the 
accident, and the density of resin samples taken in 
March and April have not been reported. The fis
sion product inventory determinations computed 
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Figure C-I. TMI-2 core debris sampling schematic. 
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Table C-13. Average radionuclide concentrations in core debris samplesa 
(IlCi/cm2) 

Average R!<dionuclidc Cor, centration 

Sample No.1 Samph: No.3 Sample No.4 Sample No.5 Sample No.6 
H8-Surface H8-22 Inches E9-Surface E9-3 Inches E9-22 Inches 

Radionuclide (23.6 g) (50.10 g) (5.1 g) (\6.6 g) (44.43 g) 

60Co 5.0 ± 0.1 E+I 2.1 ± 0.08 E + I 5.7 ± 0.1 E+I 4.7 ± 0.1 E+ I 3.9 ± 0.1 E+I 

90Srb 2.1 E+3 4.3 E+ 3 4.5 E+ 3 3.1 E+3 6.0 E+2 

106Ru 4.9 ± 0.1 E+2 8.7±2E+2 7.1 ± 0.1 E+2 1.01 ± 0.02 E + 3 5.7 ± 0.2 E+2 

125Sb 1.19 ± 0.03 E+2 1.27 ± 0.03 E+2 8.2 ± 0.2 E+ I 8.8 ± 0.2 E+ I 1.04 ± 0.04 E + 2 

1291b 5.6 E-4 3.8 E-4 2.4 E-4 5.9 E-4 4.2 E-4 

I 34Cs 6.7 ± 0.1 E+ I 6.0 ± 0.1 E-t-I 2.44 ± 0.06 E + I 1.10 ± 0.02 E+2 8.9 ± 0.2E+1 

137Cs 1.35 ± 0.01 E + 3 1.44 ± 0.01 E+3 4.79 ± 0.02 E+2 2.45 ± 0.02 E + 3 2.19 ± 0.01 E+3 

144Cd 2.9±0.2E+3 3.0 ± 2.0 E+3 3.6 ± 0.1 E+ 3 3.06 ± 0.02 E + 3 2.43 ± 0.02 E+3 

154Eu 5.4 ± 0.2E+1 5.4 ± 0.2 E + I 5.5 ± ~.3 E+ I 4.9 ± 0.3 E+ I 3.0 ± 0.2 E+I 

a. Data decay corrected to March 1984. Errors reflect counting statistics only. 

b. 90Sr and 1291 analysis data obtained from a sample weighted data evaluation of individuc.1 particle and aliquot results. 

from analytical results and presented here assume 
that volume and mass reductions of each resin bed 
are equal. However, there could be a 50070 uncer
tainty in the calculations of the density and volume 
of the resin. 

RadionucIide inventory estimates are b ... sed on 
resin radionucIide concentrations, physical dimen
sions of the demineralizers, visual inspection of the 
"N' demineralizer during sampling, and measure
ments of bed dimensions obtained during sam
pling. RadionucIide concentrations of resin and 
liquid samples are shown in Table C-IS. Uncertain
ties are not reported for radionuclide concentra
tions of the demineralizer samples, but a standard 
deviation of the two samples from the "8" demin-
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eralizers is used. The estimated radionucIide inven
tory for the demineralizers is shown in Table C-16; 
Table C-17 shows the estimated fraction of core 
inventory retained. 

The radionucIide calculated to be the most sig
nificantly retained by the MUP demineralizers was 
1-129, at 2070 of core inventory. One percent (1070) of 
the Cs-137 invcntory was retained. The retention of 
some radionucIides by the demincralizers is based 
on only onc sample of demineralizer resin, and fur
ther sampling of the resin and of the elution efflu
ent obtained when the demineralizers were being 
backwashed to remove the fission product content 
is recommended to bcttcr define fission product 
retention by this system. 
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Table C-14. Fractions of core inventory retained in core debris beda 

Average Fraction of Core Inventory 
Radionuclide Sample WeightedC Retained 

Concentrations Radionuclide 
in Coreb Concentrations In Entire In 

Radionuclide (",Cilg) (",Cilg) Core Debris Bedd 

90Sr 5.30 E+3 3.0 ± 1.0 E + 3e 6.0 ± 2.0 E-l 1.2 ± 0.4 E-l 

106Ru 9.20 E +2 7.0 ± 2.0 E+2 8.0 ± 2.0 E-l 1.6 ± 0.4 E-l 

125Sb 2.96 E+2 1.1 ± 0.2 E + 2 3.8 ± 0.7 E-l 8.0 ± 1.0 E-2 

1291 1.83 E-2 4.0 ± 1.0 EAf 2.4 ± 0.6 E-l 5.0 ± 1.0 E-2 

134Cs 2.96 E+2 8.0 ± 3.0 E-l 2.5 ± 0.9 E-l 5.0 ± 2.0 E-2 

137Cs 6.08 E+3 1.8 ± 0.7 E+ 3 3.0 ± 1.0 E-l 6.0 ± 2.0 E-2 

144Ce 2.20 E+3 2.8 ± 0.4 E + 3 1.3 ± 0.2 2.6 ± 0.4 E-l 

154Eu 5.IOE+l 4.6 ± 0.9 E+ 1 9.0 ± 2.0 E-l 1.8 ± 0.4 E-l 

a. Data decay corrected to March 1984. 

b. Calculated from initial core inventory decayed to March I, 1984. The inventory has been divided by the mass of the core 
(1.25 x 105 kg) to plOvide an average concentration per gram of core. 

c. The sample weighted concentrations in column 3 are assumed to be representative of the entire core. 

d. The debris bed is assumed to account for 20070 of the core. 

e. Preliminary estimate to be revised based upon bulk dissolution sample analysis results that were unavailal;le at the time of this 
report. 

f. Estimate based upon individual particle and particle-size aliquots. The result may be low by as much as 50070. 
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Table C-15. Radionuclide concentrations in makeup and purification 
demineralizersa 
(ILCi/cm2, 

'W' Demineralizer "B" Der.lineralizerb 

Radionuclide Resin Liquid Resin 

60Co 1.8 c __ c 

90Sr 2.0 E+2 1.2 ± 0.3 E+ 1 7.0 ± 3.0 E+2 

125Sb 6.0 _c c 

1291 1.7 E-2 _c _c 

134Cs I.IE+I 1.1 ± 0.4 E+2 7.0 ± 2.0 E+2 

137Cs 2.2 E +2 2.1 ± O.S E+ 3 1.4 ± 0.4 E+4 

144Ce 4.7 _c _c 

a. Data decay corrected to March 1984. 

b. Uncertainties are standard deviation of two measurements. 

c. Not detected. 
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Table C·16. Radionuclide inventories in makeup and purification demineralizersa 
(en 

"A" Demineralizer "8" Demineralizer --------
Radionuclide Resinb LiquidC Resind Total 

6OCo 7.0 ± 4.0 E·I _e _e _e 

90Sr 8.0 ± 4.0 E+ 1 7.0 ± 3.0 3.0 ± 2.0 E+2 4.0 ± 2.0 E+2 

125Sb 3.0 ± 2.0 _e _e _e 

1291 7.0 ± 4.0 E·3 _e _e e 

1 34Cs 5.0 ± 3.0 6.0 ± 3.0 E+ 1 3.0 ± 2 E+2 4.0 ± 2.0 E+2 

I37Cs 9.0 ± 5.0 E + 1 1.1 ± 0.6 E+3 5.0 ± 3.0 E+ 3 6.0 ± 3.0 E+3 

1 44Ce 2.0 ± 1.0 _e _e e 

a. Dal<l decay corrected to March 1984. 

b. Assume 4.1 E + 5 g of resin with a 50070 uncertainty. 

c. Assume 3.56 E + 5" of water above the resin and a void volume of 1.87 E + 5 cm3 (35070 as in new resin). 

d. Assume 3.6 E + 5 g of resin with a 50070 uncertainty. 

e. Not measured. 
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Table C-17. Fraction of core inventory retained in the makeup and purification 
demineralizersa 
(en 

'W' Demineralizer "8" Demineralizer 

Radionuc1ide Resin Liquid and Resin Total 

90Sr 1.2 ± 0.6 E-4 4.6 ± 0.3 E-4 6.0 ± 3.0 E-4 

125Sb 8.1 ± 3.0 E-5 b 7.0 ± 3.0 E-5c 

1291 3.0 ± 1.0 E-2 _b 2.0 ± 1.0 E-2c 

134Cs 1.4 ± 0.5 E-4 1.0 ± 0.6 E-2 LO ± 0.5 E-2 

137Cs 1.2 ± 0.6 E-4 8.6 ± 5.0 E-3 8.0 ± 5 E-3 

1 44Ce 7.3 ± 4.0 E-6 b 7.0 ± 4.0 E-6c 

a. Data decay corrected to March 1984. 

b. Not measured. 

c. Total based on "A" demineralizer results only. 

COlO 
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