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ABSTRACT 

Characterization of the EPICOR prefilter liner number 16 will provide 

information to aid in the development of technology for safely processing 

highly loaded ion exchange media that was used to decontaminate water from the 

TMI-2 auxiliary and fuel handling building. This report provides a historical 

record of (a) liner preparation for shipment, (b) liner shipment, (c) design 

and development of associated specialized handl�ng and sampling equipment, (d) 

problems encountered, (e) corrective and/or alternative actions taken, and (f) 

liner transfer to the hot cell. This report summarizes the preliminary core 

sampling and ion exchange media observations, gas sampling analyses and 

results, liner visual examinations, liquid sample and preliminary results, 

external gamma scans, and liner t�mperature profile. 
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PRELII�INARY CHARACTERIZATION OF EPICO R II PREFILTER 16 LINER 

I N TROD UCT ION 

The Department of Energy is conducting a TMI-2 Information and Examination 

Programa to gain information that will be of generic benefit to the safety 

of all light-water re�ctors and to aid in the accident cleanup and 

decontamination of other civilian nuclear plants. As part of this program, 

EPICOR II Prefilter 16 liner (PF-16) is being examined at Battelle Columbus 

Laboratories (BCL) to aid in the development of technology for safely 

processing contaminated ion exchange media and to gain information on the 

shelf life of these media and liners. The EPICO R II system was used to 

decontaminate water from auxiliary and fuel hand�ing building (AFHB) at TMI-2. 

The program includes shipment and receipt of the liner, in-cell 

nondestructive and destructive examinations and storage/monitoring of the 

liner for 24 months following in-cell examinations. This report covers 

progress through mid July, 1981. The specific activities included in this 

interim report are the BCL safety analysis, liner preparation and shipment, 

1 iner receipt and transfer into hot cell, transfer device construction, 

in-cell gas sampling and liner visual examination, ion exchange media coring 

and examination, liquid s�npling, external gamma scans, and liner temperature 

profile. A subsequent report will be issued at the completion of the in-cell 

activities. and a final report will be issued at the completion of the 

24-month storage/monitoring period. 

a. Four organizations, the General Public Utilities Nuclear Company (GPUNC), 
the Electric Power Research Institute (EPRI) ,  the Nuclear Regulatory 
Commission (NRC) , and the Department of Energy (DOE) , have agreed to 
establish a TMI-2 Technical Information and Examination Program and have 
signed a Coordination Agreement to implement this Program. The 
Coordination Agreement identifies the objectives to which the signatories 
subscr ibe and defines, in broad terms, methods to achieve these objectives 
consistent with the other obligations of the signatories. These 
organi zati ons are identified by the acronym GEND. 

. ' . 
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EPICOR II LINER DESCRIPTION 

The EPICOR I I  l iner is a five feet high right circul ar CJlinder four feet 

in diameter and contains approximatel y 30 cubic feet of ion exchange media. 

The wal l s  and t op are l/4 inch thick and the boLtom is 1/2 to  5/8 inch t hick . 

The l iner is fabricated of A36 carbon steel and is of wel ded construction. 

The int erior surfaces of t he l iner are coated with Phenol ine 368 to retard 

corrosion. A cross-sectional view of a typical EPICOR II liner is shown in 

Figure l .  

The l iner sel ected for characterization is EPICOR I! prefilter l iner 

No. 1 6  (PF- 1 6 ) .  Schematic views shov1ing the configuration of the l iner 

penetrat ion pl ugs and the liner 1 ift ing lugs are presented in Figure 2. 

The l iner is bel ieved to  contain inorganic zeol ites and three types of 

organic ion exchange media (anion, cation, and mixed bed) . The 1 iner 1vas in 

service March 3 and 4 1 980, and processed 8, 250 gallons of wat er from the 

reactor cool ant bl eed t ank A. The liner has been exposed, since March 4, 

1980, to  a curie l oading of 1 250 curies of mixed fission products and their 

daught er products. The residual effl uent pH of 2.79 was determined during 

de1vat ering (removal of residual water) operations by General Publ ic Utilities 

Nucl ear Corporation (GPU NC) personnel. 
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TABLE l .  CHEMISTRY AND RADIOCHEMISTRY OF PF-16 INFLUENT WATER 

Chemistry 

pH 7. �3 

Conductivity 1200 IJillho/cm 

Boron 134 l. 7 ppm 

Sodi urn 220 pprn 

Radiochem istry 

Gross 8 Y 4.01E+l 11Ci/m1 
. 

Cs 137 3.176E+l 1J(i/m1 

cs134 6.06RE+O 11Ci/m1 

La 140 <2. 016E -1 11Ci/ml 

Ba 140 < l. 40E-1 1J(i/m1 

I 131 <5. 908E-2 11Ci/ml 

co 58 <8. 55E-2 1J(i/m1 

co60 <7.27E-3 1J(i/m1 

s:r90 "'1. 43E+O 1J(i/m1 
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FIGURE 1. Cross-sectional view of a typical EPICOR-II liner. 
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A 

1. INLET 
2. OUTLET 
3. VENT 
4. CONDUCTIVITY PROBE 

B 

FIGURE 2. Schematics showing (A) orientation of PF-16 lifting lugs 
and (B) configuration of PF-16 penetration. 
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SAH TY AN!�us IS 

The BCL Operational Practice calls for review and approvJI of certain 

operations by the Radiological Safety Cornnoittee (RSC), which rs an independfnt 

'jt'Oup of BCL st aff memebers. In general, operations or expe·iments l'l hich are 

judged to be off normal o:-- pose unique uper·ational pt·oblems are t'evie1·1ed by 

this committee. In accordance with thh pr-acti ce , a detailed description of 

the operations associated 1·1ith the rec�ipt, handling, and Pxilminalion ot the 

liner 1·1as submitted to the RSC for- rcvlev; .J11n ctpp , ·ova l . Thrs document 

addressed the potential hazards assoc iated v.it.h each ot Ute r;,ajor operations, 

and proceclures and adrninistrat ive steps t.nat are to be taken to minimize the 

p r u t 1ab i l i ty of prob 1 ems or their consequt:nces. 

It was anticipated that a combustible gas mixture might h�ve been 

generated inside the liner during st oragt: at Tht'et: r•1ile Island (i"ll) from the 

t'acliation-induced de gradation of the res1r1s and from the rilowlysis of the 

contaminated �ater. It was also assumed that this gas mixture could combust 

if ignited by sparks generated under appropriate conditions during gas 

sampli:1g operat1ons. However, in subseyuent communications from EG&G/TIO, BCL 

was informed that the liner would be vented prior to shipment from TM I and, 

therefore, would not contain combustible gas mix tures at the time of arrival 

at BCL. It was further assumed that the gas sampling operations could be 

performed within two months of the date of 1iner venting and still be below 

the lower flammability limit. This information was presented to the RSC. 

Another hazard associated 1vith the liner handling operations was exposure 

of operating personnel to  excessive 'mounts of radiation. It was pointed out 

that the use of a trar.sfer device during cask unloading operations 1·10uld 

significantly reduce personnel exposure. In addition, continuous monit oring 

of the radiation levels in t he 1vork area by the Heal:n Physics staff 1·1oulcJ 

provide information t o  further reduce personnel exposure to radiation, the 

objective being to  keep exposures to  personnel as low as practicable. 

Based on a review of the information presented, the RSC approved all 

operations involving receipt, handling, examination, and storage of the liner. 
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LINER PREPARATION ANU SHIPMENT 

A Brookhaven National Laboratm·y ( BNL) report 1 states several 

general izations concerning the effects of radiaticn on ion-exchange resins, 

some of which may be applicable to the EPICOR matet·ial s. On this basis, it 

was bel ieved t hat resin degradation had, through radiolysis, produced 

combustible gases within the liner. A GPU combustible gas source term 

eval uation
2 

indicated that the predominant combust ible species present would 

be hydrog�n, with the worst case concentration of the order of 1 3  vol ume 

percent. 8ecause the l011er cornbustit)]e limit of t1yclroger: is 4 .0 volume 

percent, it was felt that venting of the liner p1 ior tc shipme11t was necessary 

t o  minimize hazards. It was concluded by EG&G- that venting of the liner 

and shipment to BCL within 1 5  days of r·ecapping the vent penetration woul d 

ensure the hydrogen generatecl ciur·ing tr·ansit v1ould not result in a combustible 

configuration. Based on GPU's worst case combustible source t erm, it was 

concluded t hat the hydrogen generation in 1 5  days would not l ead to a l evel in 

excess of 0. 54 volume percent. Because this value is well below the lower 

fl ammable l imit, it was concl uded that the risk of ccmbustion during shipment 

woul d be negl igibl e. 

On May 1 6, 1 981 , the liner was vented at TMI in the Chemical Cl eaning 

Buil ding. At 1 400 hours on May 1 6, 1 981 , the l iner vent rlug was partial ly 

removed ( unscrewed four turns) at whicl1 time a combustible mixture of gas was 

detected and personnel were 2vacuated from the area around the liner. The 

detection of a combustible gas mixture continu�d for approximatel y five 

hours. The vent plug was completely removed at 0530 hours on May 1 7, 1 981 and 

a new pl ug inserted at 0645 hours. Attempts made to remove the effluent plug 

were unsuccessful. 

The liner was l oaded into the lead/steel transfer device for subsequent 

transfer into cask CNS 8-1 20 ( ATCOR LL-50-1 00) leased from Chern Nucl ear Inc. 

The cask is a l icensed type B cask meeting al l appl icable DOT/NRC 

requirements. The cask shiel ding consists of two layers of steel 

approximatel y one inch thick, separated by 3 l /2 inches of l ead. The cask l id 

and gasket are designed to withstand 0. 5 atmospheres of internal pressure. 

The actual transfer occurred on May 1 7, 1 981 and subsequent shipment of the 

liner and cask to BCL took pl ace on �lay 1 9, 1 981 . 
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. 
LINER RECEIPT AT LABORATORY AND TRANSFER INTO CELL 

Liner PF-16 was received on May 19, 1981 3t the Battel l e  Nucl ear Center 

at West Jefferson! Ohio, and preliminary radiation and smear survey was 

conducted by BCL Heal th Physics personnel . The maximum radiation reading at 

the cask surface was 7 mR/hr (BY) an� the readings fell to a maximum of 

3. 5 mR/hr (BY) in the vertical plane at the traiier edge nearest the cask. 

The radiation read i rg at the truck cab was < 2 mR/hr (BY). The smear survey 

i�dicated the cantamination l evel s were wel l bel ow the 2200 dp�/l00cm
2 (BY) 

ancf 220 dpm/l 00cm
2 (a ) l imits. These prel im inary readings were taken before 

the rain shiel d was removed and while the cask was on the trail er. Therefore, 

t he readings represent primaril y the radiation and contaminat ion of the cask 

sides and were the basis for accep ting the shipment. The low-boy trail er was 

backed into the Hot Laboratory buil ding truck dock area and the tractor was 

uncoupl ed. 

The c�sk rain shiel d was removed the next day, May 20, 1981 and the tie 

down bars detached. It was found that the rain shie�d binders were not tight 

and the rain shiel d was sl ightly off center. Also, the cask tie downs were 

l oose and coul d be moved slightl y by hand. After remrJV al of t:.e ni� shiel d 

and tie downs, a more detail ed radiation and sme�r survey was conducted by the 

BCL Heal th Physic� personnel . A maximum radiation reading of 70 mR/hr (BY) 
was registered at the cask l id. The smear survPy yielded a conta� inat ion 

l evel of <200 dpm/l 00cm2 (BY) and <4 dpm/100cm2 (a). After compl eting the 

surveys, the cask was removed from the trail er using a 50-ton crane. 

A bubbl e sol ution ( Snoop
™ ) was appl ied around each of the six cask l id 

pl ugs and no l eakJge of gas from the cask was dete�ted. A gas sampl ing 

chamber had been constructed using the cask drawings ATCOR INC. 1042-D-0021 

Rev. C and 1042-B-0005. This chamber was designed to mate with the top of the 

cask. However, the cask lid plugs had raised l -1/4 inch square mal e fittings 

rather than the drilled holes and handles shown in the referen�e dra�ings; 

therefore, a new chamber handle had to be fabricated. 
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The sampl ing chamber was then attached over one of the cask l id pl ugs, 

the chamber was evacuated, the cask pl ug was loosened, and the cask internal 

air was sampl ed. An area gas monitor was operated during the sampl ing 

operation but no rel ease of activity was observed and no activity was 

detectabl e from within the sampl e bul b. Therefore, the sampl e chamber was 

removed and the cask pl ug was then completel y removed. A radiation and 

contamination survey was conducted. The radiation readings were >500 R/hr 

inside the pl ug hol e near the l iner, 100 R/hr inside the pl ug hol e about two 

feet above the l iner, 50 R/IJr at the top of the cask plug hol e, and 2 R/hr at 

three feet above the cask pl ug hol e. A smear taken from inside the pl ug hol e 

exhibited contamination of <500 dpm/l 00cm
2

. Ti1e cask drain pl ug was then 

removed and found to be dry and cl ean. The drain and cask l id pl ugs were 

reinserted and tightened. Because there �Js no uetectable pressure or 

radioactive air in the cask, purging of the cask was not required. 

Fol lowing the radiol ogical surveys, the next operations were the removal 

of the cask l id and preparation of the l iner for transfer intr the hot cell . 

During these operations, the radiation fro� rhe cask was continuousl y 

monitored by the BCL Heal th Physics personnel .  The cask l id was raised about 

six inches and a radiation reading of about 190 R/hr was obtained in the 

opening between the cas!: body and the raised l id near the outside edge of the 

cask. A radiation reading was taken to determine the radiation streaming 

directl y from the l iner through the opening between the cask body and l id. 

The monitor was raised and l owered at a distance of about two feet from the 

cask. � maximum reading of 200 R/hr was obtained at a height of about two 

feeL �bove the cop edge of the cask body. With the cask l id ful l y  removed, 

the radiation l evel two feet above the top of the cask centerl ine was also 

2 00 R/hr. A co1•tact radiation reading at the side of the cask, a few inches 

bel ow the cask top, was onl y 200 mR/hr. 

A l ead and steel shielded device was used for the transfer from the cask 

'nto the hot cell . It was desi�ned so that it woul d al so be the shiel ded 

storage chamber for the l ater out-of-cel l storage of the l iner. This device 

was designed nt BCL and fabricated by l ocal contractors. Using an adaptor 

pl ate to distribute the weight around the cask top opening, the 

-9-



transfer/storage device was positioned on top of the cask (see Figure 4) . 

Radiation readings were taken with t he transfer/storage device on top of t he 

cask and before the liner was raised int o the device. With the device top 

shield in place, t he maximum radiation t hrough t he shield was 100-150 mR/hr. 

A contact radiation reading at the mating surface of the transfer/storage 

device and t he cask was 10-20 R/hr. The radiation reading fell to 2 R/hr at a 

distance of one foot from the cask in the same horizontal plane at the top of 

t he cask. The device top shield was removed and the radiation reading at the 

open top of the device (about 7 f eet above the unshielded liner) was 50 R/hr. 

The liner was t hen raised into the transfer of storage device, properly 

positioned, locked int o place, and the transfer device cover shield was 

installed. The contact radiation readings were generally 1 -1. 5 R/hr with a 

maximtJm of 2 R/hr through the device top shield. The transfet· device, with 

the liner inside, was t hen lifted from t he cask and the bottom shield 

attact1ed. The contact radiation througt1 the side of the transf er/storage 

device (with the liner inside) was 35 mR/hr near the top, 150 mR/hr about half 

the way down the device, and 20 n�/hr near the bottom. The maximum �ontact 

radidt ion reading was 150 mR/hr throught the side of the device. The contact 

radiatio:i t·eading through the bot tom shield v1as 50 mR/hr. 

kfter removal of t he liner from the cask, the dunnage was removed, a 

radiation and smear survey was conduct t:d, the cask lid 1vas installed and the 

cask prepared for shipment. 

The heavy element hot cell 1·1as prepared to accept the liner by cleaning 

And removing t he cell ceiling plates. The transfer device was wrapped in 

polyet hylene, the bottom shield was removed; and the transfer device with the 

liner inside was lowered into the cell using a 50-ton c.ane. The liner was 

unlatched from the transfer device and the transfer device was removed from 

t he hot cell. The hot cell ceiling plates were then replaced. The liner was 

raised using t he in-cell 5-ton crane and liner placed into a polyethylene bag 

to prevent unnecessary contamination uf the liner surface. 

-10-
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TRANSFER/STORAGE DEVICE 

A transfer and storage device (hereafter referred :o as the transfer 

device) \'las designed and constructed to: (a) transfer the l iner from the 

shipping cask into the hot cel l and (b) provide a shiel ded storage container 

for the 24-month storage and monitoring of the l iner outside of the hot cel l .  

ThE transfer device is essent iall y a cyl indrical l ead/steel shiel d with 

removabl e top and bottom shiel ding cover plates. The uesign of the transfer 

device was based on shielding cal cul ations made with the objective of a 

maxirrum outer surfacE r·adiat ion rEading of approximatel y 50 n�/hr. The inner· 

and outer wal l s  of the cyl indrical body are ste�l . The three inch space 

between these two concentric steel cyl inders is fill ed with lead. The lead 

provides the majority of the shiel ding �nd the steel provides the necessary 

structural strength. The top and bottom pl ates are also combinat ion 

l ead/steel units. The inner and side surfaces of each of the two pl ates are 

1/4 inch thick steel and the outer surface is 1/2 inch th ick steel . i\ tv10 

inch space between the inner and outer surfaces in each c� the cover pl ates is 

fil l ed 1·1ith t1·1o inches of l ead. l\s in the case of the main body, the l ead 

provides the primary shiel ding and the steel provides the structural s'.1·ength. 

The transfer device is shown in Figure 3. The overal l height, not 

incl uding l ifting l ugs, is 67-1/2 inches; the inside diameter is 54 inches and 

the outside diameter is 62 inches. 

Before the PF-16 liner arrived at BCL, the transfer device l't'as tested 

using a dummy l iner to ensure the device would function properly . The manner 

in which the transfer device was used to transfer the liner from the cask into 

the hot cell is described in the preceding section. Figure 4 sh m't's the 

t1·ansfer device resting on top of the shipp ing cask containing the l iner. 

The future use of the device wil l be for removing the liner from the hot 

cel l.  Onr.e the transfer device and encl osed liner are out of the cell, they 

will be moved to : l ocation for storage within the Hot Lt?bm·atory building. 
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FIGURE 3. Transfer device. 
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FIGURE 4. Transfer device resting on top of shipping cask. 
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GAS SAI•1PL I NG AN!J 1\ri/\L YS IS 

One of the early tasks following the transfer of the liner into the hot 

cell I'Jas to obtain a sample of gas from t he free space ctbove the ion exchange 

filedia. This was accomplished on f�ay 2S, 1981. The general approach v1as first 

to affix a sampling chamber (see Figure 5) to the top of the liner using an 

Plectromagnetic clamping device. The chamber was then evacuated and the liner 

vent plug removed using a T-bar type wrenct1 penetrating the sampling chamber 

t hrough an elastomer seal. The chamber wJs f itte a  with a vacuum/pressure 

gauge calibrated in inches of mercury a�d re a dable to within, 0.5 inches of 

mercury. While the vent plug was being removed, the pressure/vacuum gauge was 

being continuously monitored. As the gas was r�leased into the evacuated 

sampling chamber, the gauge indicated that the int ernal pressure did not 

exceed atmospheric pressure. After the chamber had filled, an evac•L'ltr� ,,,,,_ 

litre gas bottle, coupled to  the system, was opened to  collect a sampl� fLr 

an alysis. Following th�3 f1rst sample CG��ection, the vent plug was �lasEd, 

tne chamber was evacuated, and a 500 ml sample collected. 

The gas samples were submitted for analys i s using mass spectrometry 

followed by gas chromatography. The resu 1 t s of the a11a lyses are shmm in 

Table 2, the litre sample is designated sample 1 and the 500 ml sample is 

designated sample 2. Table clearly shows the gas is highly enriched in 

hydrogen and carbon dioxide while depleted in oxygen as compared to air. lhe 

samples also exhibit slirhtly highe� concentrations of nitrogen and carbon 

monoxide than is expected in air. Several hydrocarbons were observed in small 

quantities, the most abundant concentration being 500 ppm methane. The 500 ml 

sample was analyzed using only mass spectrometry and not subjected to the same 

detailed analysis as the primary sample. 
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FIGURE 5. Gas sampling device. 
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It was postul ated that a gas l ayering effect might have resul ted in a 

concentration of a heavy combustib le gas near the bottom of the liner. A gas 

sample was drawn from the bottom of the eff luent tube on June 2, 1981. The 

resu lts of the onalysis are shown in Table 2, designated Heavy Fraction. The 

composition appears to be very c lose to that of air with no indication of a 

l arge concentration of any heavy gases. However, the effluent plug had been 

removed for approximatel y seven hours before an attempt was made to d�aw a 

heavy gas sample. In addition, attempts had been made during this seven-hour 

period to obtain a l iquid sampl e. Thus, there may have been considerab le 

mixing of any gas fractions original ly in the effl uent tube with the cel l air. 

Tabl e 2. GAS ANALYSIS. 

Carbon dioxide 
Argon 
Oxygen 
Nitrogen 
Carbon monoxide 
Hydrogen 

PF-16 
Light Fraction 

Sampl e l 

5. 52 + 0.06 
0.96 + 0. 05 
0. 20 + 0. 02 

80.6 + 0. 4 
0. 2 + 0.02 

1 2.4 + 0.2 

PF-16 
Light Fraction 

Sampl e 2a 

Vol ume Percent 

5. 27 + 0. 06 
0. 96 "+ 0. 05 
0. 30 + 0.05 

8 1. 2b + 0. 5 

12.2' + 0. 02 

PF-16 
1-Jeavy Fraction 

0. 30 + 0.03 
0. 94 + 0. 05 

20. 2 + 0. � 
78. 0 + O. JI 

0. 004 + 0. 00 1 
0. 5 + 0. 05 

Parts per Mil l ion by Vo lume 

�lethane 
Ethyl ene & Acetyl ene 
Ethane 
Propyl ene 
Propane 
I so-butane 
n-Butane 
Hydrogen su lfide 
Carbonyl sul fide 
Sul fur dioxide 
Unknown compounds 

500. + 2. 5 
0.7 .+ 0.1 

42. + 4 
0. l 
6. + l 
0. 6 + 0.1 
0. l 

20 
10 
lO 
20 

a. Not subjected to detai led anal ysis. 

b. Inc ludes CO. 
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V ISUAL EXA/YllNATION 

Visual examinations were performed on the l iner interior and exterior 

surf aces. 

The external visual examination was performed by both viewing the l iner 

directl y through the cel l window and through the cel l TV camera with an 

out-of-cel l monitor. The operations invol ved are summarized in the fol l owing 

paragraphs. 

The l iner l ifting bar was attached to the l ifting l ugs and the l ifting 

bar was attached to the five ton in-cel l crane hook. The l iner was positioned 

in front of the cel l window. The in-cel l TV camera was positioned in such a 

way as to view the entire l iner and was l ocked in position with the 

manipul ator. The l iner was then raised in front of the cel l window and 

visual l y  examined by both viewing through the window and watching the TV 

monitor. After the first pass, the l iner was lowered, rotated 90° and 

examined again. In al l ,  six passes were made. The l iner appearance in 

general was cl ean and in good condition. Paint on th� �face was intact 

except the bottom rim where a few rust spots ( l /2 to l 1 diameter ) were 

observed. Some surface scratches on the l iner shell , though painted over, 

were cl earl y visabl e but appeared to be superficial . The top of the l iner was 

examined with the TV camera. The pl ugs and the manway cover were in good 

condition. The pl ug that was r�moved and repl aced at TMI coul d easil y be 

identified. In addition to the three pl ugs, the top al so contained the 

conductivity probe. Al l of the operations ir.volving exterior visual 

examination were videotaped loJith verbal comments Ly the staff performing the 

examination. 

The l iner internal exam1nation was initial l y  performed manual l y  using a 

fiber optics viewer. However, the fiber bundl e was apparentl y da�aged by the 

high radiation fiel d and further examination WJS no longer possible. The 

interior of the l iner was then examined using an in-cel l TV camera. The 

manway cover was removed and the camera was positioned inside the l iner and 

panned to view the entire inner surface. Al l of the internal examination was 

videotaped for permanent records. 
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The bottom side of the manway cover was rusty with bl ack deposits on the 

surface. It appeared this surface had not been sealed with the protective 

coating. Some of the protective coating on the manway cover lip appeared to 

have peeled off and rust spots ( l/4 to l/2 inches in diameter ) were observed 

in this area. Figure 6 shows the appearance of the area where the coating had 

peeled off. The protective coating on the inner surface of the l iner appeared 

to be bl istered, however, it seemed intact with only occasional rust spots 

( ''-'l /8 inch in diameter ) . 

One small area ( "-'4 x 4 inches ) of the liner interior surface appeared to 

be uncoated and covered with rusta
. The underside of the l iner top plate 

appeared to be in good condition with relatively l ess bl istering of the 

protective coating than the liner internal surface. The top of the resin 

surface was dark, cursty, cracked, and caked with white material bel ieved to 

be boric acid deposits ( see Figures 7 and 8}. The portions of the influent 

and effluent pipes and other braces which coul d be seen showed no visible 

evidence of corrosion. The areas around the welds joining the top plate to 

the shel l and the shell axial wel d also showed no visibl e corrosion. 

SubseqJentl y, a smal l stainl ess steel spade was used to remove a small 

part �f the ion exchange media in contact with the liner so that the liner ion 

exchange media inte,·face ci'ea could be examined. No visible corrosion of the 

liner surface was evident. Figure 9 shows the area of liner that was in 

contact with the ion exchange media. 

a. This area was purposely scraped, prior to l iner use in the EPICOR-II 
System, to provide a better ground for the conductivity probe. 
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FIGURE 6. Corroded area on the manway cover lip where the 
protective coating has peeled off. 
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C9201 -v 2X 

FIGURE 7. The appearance of the top of the ion 
exchange media bed. 

_______-- Crack 

-· 

C9200 "'2X 

FIGURE 8. Area on the top of the ion exchange media 
bed shmvi ng white patchy deposits. 
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Tool used to �scrape resin away . 

Liner inner surface 
./ initially in contact 

/ with the resin. 

C9199 "' 0.5X 

FIGURE 9. The area of liner interior that was in contact with 
the ion exchange media. 

. ' . 
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ION EXCHANGE MEDIA CORING AND EXAM INATION 

An attempt to remove an ion exchange media core samp.e was made using 

BCL's approved procedure, but , due to  the consistency of the media bed, a core 

sample could not be obtained. A new coring device was constructed which 

consisted of a 2-inch 1.0. lucite tube with a plastic basket type retainer and 

a stainless steel cutting tip. The redesigned coring device was tested in a 

wet compacted sand pile and found to  perform satisfactorily. However, it was 

found that the behavior of the coring device in the ion-exchange media itself 

was quite unlike that in the sand and a complete core could not bE obtained. 

The cutting tip separated from the lucite t ube as a consequence of t he force 

needed to seat the sampling tube and the core-hole caisson t ube. The basket 

retainer and the bottom t hree inches of the core sample were lost. It is 

suspected that one of the reasons for the loss of the bottom of the core 

sample is t hat there is an accumulation of liquid at the bottom of the liner 

resulting in a liquid/resin mix having a soupy consistency. Such a mix could 

not be retained without a positive closure at the bottom of the sampling 

t ube. The coring device is undergoing redesign in preparation for the 

remaining sampling. 

A preliminary visual examination of the core sample �va� made with 

ion-exchange media remaining encased within the sampling tube using t he hot 

cell stereo microscope at lOOx magnification. The exam must be considered 

preliminary and drawing premature conclusions concernig degradation must be 

a voided. 

Some general obser vations may be made concerning the media bed. The 

t ot:l length of t he core sample is approximately 16 inches. The total depth 

of the bed is approximately 31 inches and t he shorter core sample may be an 

indication of media compac�ion, a failure to collect a complete core sample, 

or the sampling tube may have struc� the underdrain system and did not extend 

to the bottom of the liner. A schematic of the core sample is shown in 

Figure 10. Three well defined regions were observed in the core. The top 

region ( Region I) appeared to consist of brown, free-flowing, dry, granular, 

and irregularly shaped particles. This had an approximate length of five 

inches 
-22-



and is presumed to be an inorganic medium. Region II \·las approximately eight 

inches long and consisted primarily of regularly shaped spherical particles 

that appeared translucent. A few broken particles were observed. There was 

some observed mixing with the top layer and the moisture content increased 

with increasing depth. Near the bottom of this re gion there appeared to be 

some agglomerates and occasional opaque and spherical particles. Region III 

appeared extre mely moist and consisted of both opaque and translucent 

particles with some apparent opaque agglomerates and the opaque particles 

constituting greater than 50% of the re gion. It should be noted that the 

apparent agglomerates may be an artifact resulting from moisture and particles 

adhering to the side of the tube. The length of this region was three inches 

but it appeared that some of the core bottom had been lost during sampling. A 

contact pH of the Re gion I II material was made using pH paper and had an 

approximate pH of 2. 

The general observation is that the media appears not to be significantly 

degraded. However, this is only a tentative observation and must be verified 

by spreading media particles out in a single plane and closely examining 

them. No conclusions may be drawn until the more detailed examinations are 

completed. 
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PRELIM INARY L IQUID SAMPL ING AND ANALYSES 

Upon removal of the liner manway cover, some droplets of liquid were 

observed on the cover's interior surface. The total volume of liquid present 

was estimated to be no greater than 10 milliliters and was presumed to be 

condensate from vapors inside the liner. As the presence of the liquid was 

not anticipated, no provisions had been made to allow its collection before 

evaporation. A strip of pH paper was inserted into the cell to provide a 

crude determination of the liquid pH. Although an accurate determination was 

not possible, the liquid appeared to have a pH of between 2 and 3. 

Following the gas sampling, the liner effluent plug was removed to allow 

an examination to be made for the presence of liquid. The plug could not be 

removed using a T-bar type wrench, but was removed using a 1000 ft-lb. impact 

wrench with no damage to the plug threads or the liner. An attempt was made 

to sample for liquid in accordance with the applicable BCL procedure. A stiff 

metal rod with strips of pH paper attached was inserted into the effluent tube 

to detect the level and approximate pH of any residual liquid. Due to bends 

in the tube, it was not possible to insert the rod more than about 2-l/2 

feet. In order to negotiate the tube bends, a length of polypropylene tubing 

was inserted into the tube and connected to an evacuated collection flask. A 

length of approximately 5 1/2 feet of tubing was inserted with relative ease 

before an obvious barrier was encountered . The valve to the evacuated 

collection flask was opened, but no sample obtained. With the tubing 

remai�ing in place, the valve between the collection flask and the vacuum pump 

was opened for several minutes to allow any liquids to be collected through 

aspirat ion. Again, no liquid was obtained. The tubing was withdrawn and 

examined for the presence of moisture. None was detected. It was then 

concluded that insufficient free liqtJid was available in the effluent manifold 

to be detected using this technique. 

� . 
. . 
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After the first core sample was taken, a liquid sample was obtained from 

the bottom of the caissoned hole. A l/4 inch I.D. metal tube with a screen 

covering the top was connected to an evacuated collection vessel us�ng a 

length of polypropylene tubing. A total volume of approximately 500 ml of 

liquid was collected. The liquid was obtained with relative ease and it is 

suspected that several litres of liquid may be remaining at the bottom of the 

liner. 

Preliminary analyses of the liquid sample were made and the results are 

presented in Table 3. Prior to analysis, the liquid was filtered through a 

0. 2 m pore size filter to remove suspended material. The analyses completed 

to date include: pH, conductivity, gross alpha, gross beta, total residue 

upon evaporation and a preliminary qualitative gamma analysis. A strontium 

89/90 analysis has been initiated with the results awaiting yttrium-90 

ingrowth. 

TABLE 3. PRELIMINARY LIQUID ANALYSIS RESUlTS 

pH 5. 3 + 0. 1 at 270 c 

Conductivity 

Gross Beta Activity 

Gro�s Alpha Activity 

Total Residue Upon Evaporation 

Gamma Emitting Constituents (Qualitative Analysis) 

30 l-Jrnho/cm at 270 C 

1.77 � O. OlE-2 l-J(i/ml 

5. 89 + 0. 09[-4 uCi/mla 

3 . l .!_ 0. l mg/m l 

Cs-137; Cs-134; Sb-125 

a. Gross alpha activity analysis could be in er ror due to contamination from 
the hot cell or analyzer "cross-talk". 
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EXTERNAL GAM�1A SCANS 

External gamma scans of the liner were performed to determine the 

relativr depositions of gamma-emitting radionuclides. First the liner was 

positioned in front of the in-cell slit collimator containing a horizontal 

G�(Li ) detector. The instrumentation was calibrated to detect Cs-137 gamma 

activity using a mixed radioactive standard. 

The liner was moved vertically in front of the slit collimator using the 

in-cell crane and an axial profile of Cs-137 activity was obtained. This data 

was then used to set the gain, the span and chart speed of the 

instrumentation. With the instruments appropriately adj�sted, a total of 

eight axial gamma activity profiles were obtained along eight azimuthal 

orientations. 

To obtain the axial position along the length of the liner, a gamma 

source was placed at the bottom Jf the liner during scanning. In addition, 

the location of the top of the ion exchange media bed 11as measured 1·1ith 

respect to the top of the liner. 

Figure 11 shOI'IS the gamma activity profile along the length of the 

liner. Gamma spectroscopy performed at the location of the peak activity 

showed that most of the gamma activity is Cs-137 and Cs-134. The gamma scans 

also sh01'1ed that most of the gamma activity is concentrated in the top three 

to six inches of the ion exchange media bed. The peak at the bottom of the 

1 ine1· was caused by a gamma source attached to the outside of the 1 iner for 

axial liner position reference and 1·1as not caused by the gamma level of the 

contained nuclides. 
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LINER TEMPERnTURE PROFILE 

A temperature profile of the ion exchange media was determined as close 

to the liner centerline as practical. A metal tube was inserted at a point 

near the centerline, positioning it such that it would not strike either the 

effluent tube or the underdrain system. The tube was allowed to remain in 

place long enough to achieve thermal equilibrium with the media bed. A 

chromel-alume1 thermocouple was inserted into the tube, positioned at the 

proper depth, allowed to reach thermal equilibrium and the temperature 

recorded. This process was repeated for a total bf ten positions. The 

results of this measurement are shown in Table 4. The measurements indicate 

that there is no significant temperature differences between media strata. 

TABLE 4. LINER TEMPERATURE PROFILE 

Distance from top of 
Media Bed ( inches ) 

Cell Ambient: 

29 
23 
15 
13 
11 
9 
7 
5 
3 
1 

7 3.8 Of 
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Temperature 
OF 

72.0 
72. 4 
73.2 
73.7 
73. 9 
74.0 
74.0 
74.0 
73.7 
73.4 
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