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ABSTRACT. 

Study of the Makeup and Purificatior. System demineralizers at TMI-2 
has established that fuel quantities in the vessels are l ow, precluding 
criticality, that the high radioactive cesium concentration on the 
demineralizer resins can be chemically removed, and that the d emineralizer 
resins can probably be removed from the vessels by sluicing through 
existing plant piping. Radiation measurements from outside the 
demineralizers established that there is between 1.5 and 5.1 ( probably 
3.3) lb of fuel in the A vessel and less than that amount in the B vessel. 
Uose rates up to 2780 R per hour were measut·ed on contact with the 
A demineralizer. Remote visual observation of the A d emineralizer showed a 
crystalline crust overlaying amber-colored t·esins. The cesium activity in 
solid resin samples ranged from 220 to 16, 900 pCi/g. Based on this 
information, researchers concluded that the resins cannot be removed 
through the normal pathway in their present condition. Studies do  show 
that the resins will withstand chemical processing d esigned to rinse and 
elute cesium from the resins. The process d eveloped should work on the 
TMI-2 resins. 
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TMI-2 PURIFICATIJN OEMINERALIZER RESIN STUDY 

lNTROOUCTION 

The TMI-2 Makeup and Purification System demineralizers were in use 
for at least 18 h, 35 min during the March 28, 1979 TMI-2 accident. These 
demineralizers, the dimensions of which are shown in figcre 1, are located 
in shielded cubicles in the TMI-2 Auxiliary Building. They process primary 
coolant system water and return it to various locations within the primary 
coolant system and storage tanks. General Public Utilities Nuclear 
Corporation ( GPU Nuclear) has estimated that 46 ,000 gal of highly 
contaminated reactor coolant passed through the demineralizer vessels 
during the accident. 

In normal plant aperation, the demineralizer system is used to remove 
soiuble contaminants from primary system water. Periodic�lly, expended 
demineralizer resins are removed vy s�uicing them through installed piping 
to spent resin storage tanks. The demineralizer vessels' process 
connections are shown in Figure 2. 

D uring the accident, the resins absorbed significant quantities of 
fission products. Most notable are 137cs, which has a 30-year half lif e 
and for the most part is still present, and isotopes of iodine, which are 
essentially gone. The iodine, however, presented a relatively high heat 
source when the vessels were isolated, causing overheating of the resin 
bead media. In addition, some fuel particles were transported through the 
letdown piping into the demineralizer vessels. This combination presented 
three separate and distinct problems which hctd to be understood prior to 
treating the contents of the demineralizers. First, knowledge regarding 
the amount of fuel present was necessary to atddress the criticality 
potential during processing and l.andling. Second, the cesium represents a 
high potential handling dose rate for which the impacts must be minimized. 
Third, knowing the physical state of the resins as a result of overheating 
was important in order to establish which Phl'Sical removal processes would 
be feasible. If the material congealed, then this problem would be 
exacerbated. 
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Figure 1. Dimensions of demineralizer vessel . 
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This report presents a summary of the results of several studies 
undertaken to plan for removal and subsequent disposal of demineralizer 
resins from the system. T�e technical reports documenting these activities 
are contained in Appendixes A through J of this report. Three separate 
as sessments of the �uel content of the demineralizers were made, the dose 
rates in the demineralizer cubicles were measured by several methods, and 
samples of the demineralizer resin and liquid were obtained and analyzed. 

Based on the results obtained from sample analyses and cesium elution 
studies , processing methods and equip1nent alternatives have been evaluated, 
and process ing equipment choices have been made. A resin radioactivity 
reduction process and a resin removal method have been selected. Still 
under evaluation are packaging, dis posal, and waste form options for the 
spent resin and fuel debris. Present plans call for the Department of 
Energy (DOE) to dis pose of the res ins in SUiitable packaging and to be 
reimbursed for the cost involved. 



· ·- ·-"·-----·�-.-·---•"f"" -�----..... --- -�---�---------- --- -----

CUBICLE SURVEYS AND LABORAfORY SIMULATION OF RESIN CONDITION 

To assess the condition of the demineralizers, a program of remote 
visual inspection of th e cubicles and vesse�l dose rate monitoring was 
in�tituted by GPU Nuclear. Westinghouse H�nford Company (WHC) supplied a 
small robot equipped with televLion surveillance cmneras and a 
prograrrunable arm, which was adapted for contamination surveys inside each 
cubicle. The layout of the cubicles is sho�m in Figure 3. 

The robot entered both cubicles A and B. GPU Nucl�ar engineers and 
technicians measured dose rates by attaching a radiation detector probe to 
the programmable arm of the robut. f'.easurements in the A cubicle were 
augmented by radiation detectors and solid state track recorders (SSTRs ) 
lowered into the cubicle from penetration 891. The gall':ma dose rates 
obtained are shown in figures 4 and 5 and are explained in detai� in 
Appendix E. The robot obtained th e measurements near the floor. 

The radiation detector obtained two vertical radiation dose rate 
profiles in cubicle A& Locations of the devices were determined with a 
television camera attached to the robot arm. One dose rate profile was 
taken approximately 2 ft from the demineralizer. Another dose rate profile 
was obtained at the surface of the vessel. Figure 6 shows the two dose 
rate profiles and extrapolated dose rates at different distances from the 
vessel. Surface contamination readings wer•� taken on the floor, walls, and 
equipment surfo1ces. Values were gener�lly 'low except for the area 
invnediately inside the cubicle doorway, wher·e it appears that settling of 
airborne activity produced a location of hi !�her smearab l e activity. 

Visual surveillance using the television camera on the robot' s arm 
showed piping and equipment to be unaffected by tile accident. White 
crystals were observed on the f loor of cubit:le A near a floor drain and the 
discharge of the press,.Jre relief line of th�a A demi nera l i zer. 
Subsequently, the robot obtained samples of these crystals. Radiation 
measurements of the crystals were made on site by GPU Nuclear, and it was 
conclurted that the deposits were residue from preaccide�t drain o�erations. 
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The radiation dose rate profiles were used to estimate the source 
distribution in the vessel. Figure 6 shows the best estimate obtained. 
The resin was assumed to be 2 ft deep in the vessel, and the vessel was 
assumed to be dry above the resin. A uniformly distributed cylindrical 
source was assumed. 

Similar radiation profiles were not obtained for the B cubicle since 
penetration 1054 is not accessible because of local contamination outside 
the cubicle. Therefore, no estimate of source distribution could be made. 
A comparison of robot data approximately 2 ft off the floor indicated 
higher gamma activity in the B cubicle. In general, cubicle B dose rates 
were higher. 

Laboratory Simulation of Resin Condition 

In order to further assess the condition of the demineralizer resins� 
technicians at Battelle Pacific Northwest Laboratory performed a laboratory 
simulation of the thermal and radiation hhtory of ion exchange resin 
similar to that in the demineralizer system. In these tests, samples of 
ion exchange resin from the same manufacturer were prepared by the same 
method used at TMI. They were subjected to 2 x 109 R in t::.oth wet and dry 
conditions and heated to 360 ,  500 , 700, and 1000°F. The results of this 
testing are summarized below and are found in detail in Appendix E. 

0 At dose levels of 2 x 109 R, both dry and wet IRN-150 Li-form 
resins remain in a particulate form. 

o Sluicing tests indicate that exposed resins sluice more readily 
than as-received resin. 

0 The gas analyses taken during 60co ir;adiation show that large 
amounts of H2 {20-90 mole%) are formed without an equivalent 
amount of oxygen. The products of irradiation are probably H2 
and H2 0;�· No oxygen is released in an organic medium 
probably bec�use the H2o2 depletes itself in an oxidative 
process. 
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o Resin irradiated to 1.7 x 109 R in water shows a weight and 
volume loss of about 50%. 

o Resin heated to 500°F lost 63 wt% but retained its original 
structure. At l000°F in an N2 atmosp�here, the resin structure 
was completely destroyed, was a solid mass, and was changed into 
CIJke. 
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FUEL QUANTITY ASS ESSMENT 

Uur ing the TMI-2 accident, previously undetermined afflOunts of fuel 
material were deposited in the purification deminera1izers. If large 
quantities of fuel wer e present, extra precautions in cleanup would be 
necessary to ensure that there would be no inadvertent critical ity. 

Each deminer alizer is loc�ted in a separate shiel ded r oom as shown in 
Figur e 3. Radiation levels in both rooms precl uded direct personnel 
access; therefore, detailed fuel measurements were performed using remote 
positioning devices. One device was pushet� in the doorway using a 
long-handled tool. A r igid metal boom carried a second measuring device 
into cubicle A through penetration 891. The third measuring device was 
�owered in and left beside the vessels for a month. 

Fuel quantities in the A demineral ize1r were estimated in three ways. 
One test measured the quantity of 144Ce/Pr present using a beryllium 
( Be [y, n]) detector . A second method measured the same 144Ce/Pr 
quantity using a collimated lithium-drifted sil icon ( Si[Li]) d etector. A 
third test measured the spontaneous neutrons from the fuel in the 
deminer alizer using solid state fission tr .ack recorders. Access for these 
last two measurements was through penetration 891. Since co�tamination 
outside the B cubicle penetration preventetd access there, fuel measurement 
was restricted to use of a remote positioning device on the floor of that 
cubicle. An approximate fuel inventory was establ ished based on this 
measurement. 

Before either the Be (y, n) or Si( Li) r eadings coul d be used to 
estimate the fuel quantity present, resear c:hers first had to establ ish the 
amount of 144ce/Pr present in the fuel before the accident. This task 
was accompl ished by using infor mation on the original 235u enrichment of 
the fuel and the power history of the core as input to computer programs. 
The 144ce in the fuel was calculated using both the Origen II and Cinder 
cqmputer codes. The amount of 144ce/Pr was assumed to be prOJiOrtional to 
the amount of fuel present. That is, the study assumed that the fission 
product cerium did not migrate out of the uranium fuel . 

12 



Beryllium Detector 

During October 1982, Los Alamos National Laboratory used a 
Be (y, n ) detector, sensitive to gamma r ays with energies above 
1. 6 6 7  MeV, to estimate the quantity of 144Ce/Pr present in the A and B 
demineralizer s. In the interpretation of data from this measurement, it 
was necessary to model the source distribution of the cerium in the 
vessel. Monte Carlo modeling of the source distribution and material 
density was carried out to make data interpretation possible. 

The Be (y, n) detector collected data indicating the strength of the 
gamma ray flux above 1 . 6 6 7  MeV. Since 144Ce/Pr, which emits a 2. 16 MeV 
gamma, is the principal fission pr oduct emitting gamma rays above this 
energy level, accurate determination of the fuel was possible by measuring 
the gamma field in this energy range. Having determined the source 
strength of gamma rays with energies above 1.6 6 7  MeV, the physical geometry 
of the material in the vessel was modeled. The gross galliTla flux was 
measured and was used to determine the amount of fuel present when various 
source distributions were assumed to be in the vessel. Using the 
assumption that the gamma ray source is evenly distributed in the resin, 
the amount of fuel present for various sourc1e distributions was 
calculated. Finally, the shape of the gamma ray flux for various assumed 
distributions was calculated to d etermine what best approximated the flux 
measurement. A source height of 24 in. provided the most accurate fit with 
the shape of the obser ved flux distribution for scans taken adjacent to the 
vessel and 12 in. from the vessel surface. This source height agrees with 
the height estimated from other radiation profil es, as discussed earl ier in 
the section Cubicle Sur veys. 

In interpreting the data from this measllJrement, a variety of mater.ial 
densities and geometries for the fuel in the lower 24 in. of the vessel 
were assumed. Using combinations of these assumptions, fuel amounts 
varying between 1. 5 and 14.8 lb were cal culated. 

13 



By remotely positioning the Be (y, n) detector through the doorway 
to the B cubicle, the 144ce/Pr present in the B demineralizer was 
measured, and 1.5 lb of fuel was determined to be present in the B vessel. 
Appendix A of this document presents a detailed discussion of the method 
used and the technical data obtained in the Be (y, n} detector work in 
both cubicles. 

Lithium-drifted Silicon Compton Recoil Gamma-ray Spectrometry 

During October 1982, engineers from GPU Nuclear and WHC used a 
collimated Si ( Li} Compton recoil ganJJJa-ray s pectr-ometer to measure ganvna 
spectra at various locations in the A d�mineralizer cubicle. The addition 
of 7 7  lb of shielding to the spectrometer P•�rmitted operation in ganvna 
fields up to 2000 R/h. The spectral data obtained with this device were 
used to determine the intensity of the 2.18 MeV gamma ray from the 
144ce/Pr fission product as a function of the position of the detector 
with respect to the A demineralizer vessel. 

Before the results obtained could be meaningfully interpreted, 
technicians had to determine the source distribution, including the amount 
of water, resin, 3�d other attenuating media inside the vessel. The 
calculation of the amount of fuel in the vessel is strongly dependent on 
the resin level assumed in those calculations. A vessel resin level of 
approximately 2 ft was established by determining the response of the 
Si (Li) detector to the cesium 0. 6 6 2 MeV ga�na in a laboratory with a water 
attenuator. A 137 cs source was used with Vi!rying amounts of water 
attenuator between the source and the detector. The response of the 
detector showed an increasing continuum below 0. 6 62 MeV due to collisions 
of the gamma rays within the attenuator. The data generated in the 
laboratory were within 2% of TMI-2 data when the attenuating media and the 
resin were assumed to be evenly distributed in the bottom 2 ft of the 
vessel. This assumption permitted relatively accu1ate determination of the 
amount of fuel present. Assuming that the 1144Ce/P r did not migrate out 
of the fuel, the fuel present was calculated from the 144Pr measured . 

14 
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This measurement deter mined that 2. 9 ± 1.3 lb of fuel is in the 
A demineralizer. In addition, spectral data were used to predict the 
137cs content, which was found to �e 3400 ± 2500 Cie A detailed report 
of this experiment is presented in Appendix 8 of this document. 

Uranium-235 Foil Neutron Dosimeter 

In this measurement, WHC determined the amount of fuel in the 
A demineralizer by using neutron dosimetry. Dosimeters were prepared by 
pl acing 93% enriched 

235u fo.l on both sides of an aluminum support plate 

and placing mica strips over the uranium foil, as shown in Figure 7. This 
assembly was then sandwiched between two lucite sheets. which provided 
rigidity to the dosimeter and enhanced fission in the 235u by 
thermaliling the incoming neutrons. Dosimeters of this type are called 
sol id state track record�rs (SSTRs) . Neutrons striking the 235u foil 
cause fission in the dosimeter, and fission fragments cause damage to the 
mica. This damage is called a fission track. These tracks are chemicall y 
d evel oped in the laboratory after exposure, and the number of tracks per 
unit area in the mica is counted under a mic�oscope. Using appropriate 
calibration data, the fission tracks can be used to estimate neutron 
fluence in the SSTRs. Final ly, the neutron fl uence and duration of 
exposure of the SSTRs can be used to ascertain the amount of fuel present. 

SSTRs were assembl ed at TMI-2 and placed in the A demineralizer 
cubicle on September 14, 1982 by GPU Nucl ear technicians. Both horizontal 
and vertical strings of SSTRs were placed in the cubicle, and their 
position was verified using a robot-transported camera. The dosimeters 
were left in place for 29  days and removed on October l3, 1982. Figure 8 

shows the location of the SSTRs in the cubicle. lhe background neutron 
dose rate was determined by preparing identical SSTRs and exposing them in 
a cubicle where no fuel was present. The measurement d etermined that 
3. 75 ± 1. 39 lb of fuel is present in the A demineral izer. A d etail ed 
technical report of this measurement is contained in Appendix C. 
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ACQUISITION AriD ANALYSIS OF RESIN SAMPLES 

The first samples to be obtained from both the A and B vessels were 
gas samples taken by GPU Nuclear from the void space above the r esin beds. 
The r esults of the gas sample analyses showed that there were high hydrogen 
and low oxygen gas concentrations and a substantial quantity of nondiatomic 
gases. These results had been predicted by r esin irradiation experiments 
performed in laborator y scoping studies in 1982 to determine the effects of 
temperatures and irradiation on organic r esins. These studies are r eported 
in Appendix E. From a comparison of the actual gas samples to the s�oping 
study r esults, it was concluded that conditions in the demineralizer after 
the accident wer e such that the resins in both vessels were wet when 
irradiated. 

After the vessels wer e gas sampled, they WE!re purged with nitrogen gas 
to remove hydrogen gas. The next step was to purge the r esin fill 1 ;ne 
with nitrogen gas in preparation for obtaining r esin and liquid samples 
from the vessels. The res1n fill lines ar e 3-in. -diameter pipes through 
which new resin is sluiced from above into the vessels. GPU Nuclear 
engineer s and technicians cut these fill lines just outside the 
deminer alizer cubicles and placed sampling equipment in the vessel through 
the fill line and the fill line's diaphragm valve. 

First attemp�s to c�tain resin and liquid samples were made with a 
vacuum sampler. A Teflon tube was used to obtain a 100-ml sample of liquid 
from the B vessel. A sample could not be obtained from the A vessel since 
the resin was dry. The difficulty in trying to 10btain an A vessel sample 
led to the use of a r adiation tolerant, f iberoptic scope to see what was in 
the vesseL The scope, inside a polyethylene guide tube, was pushed into 
the vessel through the resin fill line and passed easily through the r esin 
fill line diaphragm valve. Observations d ur ing the fiberscope inspection 
concluded that the A vessel contained a boron cr,ystal coating on top of the 
bed of resin. The center of the bed has a large cavity that appears to be 
above �he resin sluicing outlet line. The r esin in the bed is agglomerated 
an� amber-colored below the crystalline crust. 
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Using mechanical probes and the vacuum sampling system, a 10-g solid 
s ample of the A H!Ssel rt:�s·in was obtained. This sample had r adiation 
readings of 3 r�d/h beta and 150 mR/h gamm�. The mechanical probe inserted 
into the B vesse·i found the resin bed approximately 12 in. below the top of 
the water and 18 in. thick. Samples from various depths in the 8 resin bed 
resulted in a 75-ml slurr y  with apprcximately 50 ml of solids. Radiation 
readings taken without shielding at the top of the B sa�ple shipping 
container were 40 rad/h beta and 800 mR/h gaHima. 

The liquid and resin samples obtained ftrom the B vessel in March and 
April 1983 and the solid sample obtained from the A vessel in April 1983 
were analyzed at Oak Ridge National Laboratctry (ORNL). Selected 
preliminary results are listed in Table 1. j�l1 samples confirm that the 
fuel content of the demineralizer r�:.ins is 1tery low. But the samples also 
indicate cesium activity levels •.r.at far exc1e€1 known values for any other 
accident-generated waste (oth�r than the fuel itself) in the plant. The 
137cs ?ctivlty ranged from l20 t�Ci/g in the�� vessel solid sample to 
16,900 �Ci/g in the 8 vessel solid sa mp l e oiJtained in .�pril 1983. 
Appendix D pr esents the available information from this resin sample 
analysis. 

Physical manipulation of the B resin sample by ORNL technicians has 
shown that the resin can be sluiced from the demineralizer tank. Chemical 
testing has shown that 90% of the cesium sor bed on this resin can be 

removed by elution, and that virtually 100% of the cesium removed by 
elution can be recaptured by zeolite ion exchange material in the Submerged 
Demineralizer System. 

19 



TABLE 1. SAMPLE ANALYSIS OF RESINS IN THE A Ar:O B DE MINERALIZER VESSELS 

March 1983 Sam�le April 1983 Sam�le 

B Solution B Solid B Solution B Solid A Solid 
Element {eem} (�em) _jppm) (��m) {��m) 

Cs 30  --a 30 100 lOO 
Sr 1 --a <1 1 4 
u 0.064 1 ' 620 0.109 283 1,250 
Pu 0.72 E-3 3.550 0.64 E-3 0.787 3.520 

Isoto�e (vCi/g) 'lJCi[g.J_ J.!!Ci/g) (pCi/g) l .. r; ,9, 
\ ... "''·I. 

l34cs 181 778 101 1,130 1 5  
137cs 2, 640 11,200 1,430 16,900 220 
90sr 14 490 9,460 880 200 

a. No analysis conducted. 
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Because insufficient data had been obtained in the initial sampling of 
the A deminera izer, GPU Nuclear engineers developed a plan to resample the 
A deminer alizer in a wet condition. After analyzing components making up 
the A demineralizer and pressurizing the system to determine leak 
integrity, 200 gal of water were added to the vessel. This water was 
allowed to soak and was sparged with nitrogen in an attempt to redissolve 
the crust which had been observed d uring previous s��ple attempts. 
Additionally, it was thought that the sparging would aid in breaking the 
bed up to allow a sample to be taken. Ouring February 1984, resampling was 
attempted using the mechanical santpling tool which had succes sfully sampled 
the B demineralizer. The sampling resulted in the acquisition of 
approximately a 90-ml sample consisting of 40 ml of �olids and 50 ml of 
liquid. This sample was also given to ORNL for analysis. 

Although the sample analysis was incomplete at th1s writing, 
preliminar y results indicate that the A demineralizer resins will also be 
sluiceable and the resin may be eluted using techniques similar to those 
planned for the B demineralizer. Microscopic examination of the beads in 
the ORNL hot cells indicated significantly more charring in the A resins 
than observed in the B resins. GPU Nuclear designed testing methods to 
d etermine filtering char acteristics; SDS compatibility tests are also 
planned . A detailed report on the ORNL analyses, cesium elution studies, 
and f lowsheet proof-of-principle tests will be available at the completion 
of the ORNL work. 

In both the A and B resin studies undertaken at ORNL, the physical 
size and method of acquisition of the sample material required that caution 
be used in interpreting the r esults. In both cases, only a tiny portion of 
the resin bed could be sampled. Because of the physical difficulty of 
sampling, no attempt was made to replicate the samples for greater 
accuracy. Engineering for treatment and handling was based Oh a 

smaller-than-ideal sampling program. 

2 1 



PROCESSING PLANS 

In normal plant operations, demineralizer resins are removed by 
sluicing them through install ed piping to the spent resin storage tanks. 
Tests performed on samples of the B demineral izer contents confirm that 
these resins are sluiceabl e, and prel iminary studies of the A resins 
suggest they too can be sluiced. However·, the high activity in these 
resins woul d make normal sluicing a high-radiation exposure task for pl ant 
workers. The DOE Waste Immobilization Program participants, EG&G Idaho, 
Inc. , ORNL, and WHC together with GPU NU<:lear have devel oped a three-phase 
plan to first remove the cesium from the resins and then sl�ice the resins 

from the vessel s for packaging. 

During Phase 1, 137cs wil l be removed from the resins and processed 
through the pl ant's Submerged Demineral i��er water processing system. To 
remove the cesium from the resins, GPU Nuclear engineers have devel oped a 
chemical addition process, which wil l first add water to the vessel s to 
r inse the contents. The resins wil l be r·insed with borated water and 
"fluffed" with nitrogen gas, and then thE� water wil l be decanted. This 
p races s w i 11 dilute the activity conta i n«�d in the water in the 
B demineralizer. Essentially the same operation wil l take pl ace during 
elution; however, chemical s such as sodium borate wil l be added to the 
flush water to remove additional radioactive cesium from the resin. During 
b\lth the rinse and elution steps, the f l ow rate of water through the 
v�;sel s will be restricted to l ess than 5 gpm, a rate sl ow enough to ensure 
that very little solid material will be carried out with the rinse water. 
To guard against particl e carryover to other parts of the pl ant, a fil ter 
may be instal l ed in the effl uent fl ow path. 

Current estimates indicate that ahout 2000 gal of water wil l have to 
f low through each demineralizer vessel b«!fore the cesium activity is 
reduced sufficiently to all ow sl uicing of the sol ids. The water wil l be 
added to the vessel s in 200-gal bdtches. Each vessel wil l be rinsed 
several times and then eluted. lhe numbE!r of times rinsing and el ution 
must be repeated to satisfactorily compl ete each step wil l be d etermined by 

• 
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GPU Nuclear engineers during processing. Because the cesium concentrations 
are so high, the discharge stream from each vessel will have to be diluted 
with additional process water immediately after the rinse water leaves the 
demineralizer cubicle. The entire procedure can be repeated if it appears 
that still more cesium could be removed from the resins. Cesium removal 
will reduce the dose rates in the demineralizer cubicles and along the 
sluice path to the spent resin storage tanks. Removal of the cesium will 
also minimize the handling problems associated with packaging the sluiced 
resins for shipment. Once the resins have undergone rinsing and elution, 
Phase 2 of the removal plan may begin. This phase includes sluicing the 

. 

resin to the spent resin storage tank. Phase 3 encompas�es packaging and 

disposal of the resin. 

A description of the conceptual design of the rinse and elution 
.,. 

process is included in Appendix E of this document. Necessary plant 
modifications to support resin transfer and packaging, and proposed resin 
transfer and packaging activities are described in Appendix F of this 
d ocument. 

Many alternatives for resin processing have been considered throughout 
the Purification Oemineralizer resin removal project. Before the original 
sample-takirg and analysis, no information was available on the condition 
of the resins and what would have to be done to remove the resins. The 
possibility that the resins were agglomet·ated and fused was considered. 
Alternatives for processing considered over the course of the demineralizer 
study are explored in Appendixes E, F, and G. 

Many possible choices of equipment, pipe runs, tank usage, and the 
location of equipment in the plant were also considered d uring the design 
stages of the project. Details of these considerations are presented in 
Appendixes H, I, and J. 

23 



A. 

H. 

c. 

D. 

E • 

F. 

G. 

H. 

I. 

J. 

APPENDIXE S 

J. R. Phillips, J. K. Halbig, P. M. Rinard, G. E. Bosler, 
NDA Measurement of the Demineralizers at TMI-2, LA-9795-MS, August 
1983. 

J. P. McNeece, 8. J. Kais er, R. Gold, w. W. Jenkins, Fuel Assessment 
of the Three Mile Island Unit 2 Makeu� Damineralizers bt Compton 
Recoil Continuous Gamma-Ray Spectrome ry, AEOL-7285, Oc ober 1983. 
F. H. Ruddy" J. H. Roberts, R. Gold, C. C. Preston, J. A. Ulseth, 
Solid State Track Recorder Neutron Dosimetrx Measurements for Fuel 
Debri� Asses sment of TMI-2 Makeup and Purif1cation Oemineral izer, 
HEOL-TC-2492, October 1983. 
G. J. Quinn ltr to Distribution, 11Demineralizer Resin Sample Study 
Results From Experiments at Oak Ridge National Laboratory, .. GJQ-4 6-83, 
October 6, 1983. 

M. K. Mahaffey , E. J. Renkey, w. W. Jenkins, L. M. Northey, 
R. D. Hensyel, Resin and Debris Removal System Conceptual Design, 
Three Mile Island Nuclear Station Unit 2 Makeup and Purification 
Demineral izers, •EDL-7335, May 1983. 

c. A. Negin, C. G. Hitz, Technical Plan Makeup and Purification 
Demineralizers Resin Removal, TPO/TMI-072, August 1983. 

E. J. Renkey, w. w. Jenkins, Planning Studb Resin and Debris Removal 
System, Three Mile Island Nucl ear Station nit 2 Makeup and 
Purification Demineralizers, HEDL-7377, June 1983. 
W. W. Jenkins, Concepts for Mechanical Removal of Resin and Debris and 
Loading Shipping Containers, June 1983. 

W. W. Jenk ins, TMI-2 Resin Removal Concepts for Use of Spent Resin 
Stor<tge Tanks. 

W. W. Jenkins, TMI-2 Alternate Skid Locations. 

24 



• .. iJ • -. • ., 

LA-9795-MS 

Los Alamos National Laboratory Is operated by the Universiiy of California for the United States Department of Energy under contract W-7405-ENG-36. 

n rry . (� /& n��u 1)'�� LosAiamosNationaiLaboratory lb�� �UC9JU U U�� Los Alamos, New Mexico 87545 



An AffiJlllative Action/ Equal Opportunity Employer 

This work was supported by the US Depatment of Energy, TMI-2 Program. 

Edited by Serene Rein 

Prepared by Edith K. Williams, Group Q-4 

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 agency thereof, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, 
or usefulness of any information, apparatus, product, or process disclosed, or represenu that its use would 
not infringe privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement. r<commendation, or favoring by the United States Government or any ag�ncy thereof. � 
views and opinions of authors expressed herein do not necessarily state or reflect those of the United 

States Government or any agec;y thereof. 

__ ' 



' 

NDA Measurement of the 
Demineralizers at TMI-2 

J. R. Phillips 
J. K. Halbig 
P. M. Rinard 
G. E. Bosler 

LA-9795-MS 

UC-15 
Issued: August 1983 

[L'O'� 0 n0lrnnlt(5'� LosAiamos National Laboratory �� �U@U U U�� Los Alamos, New Mexico 87545 



EXECUTIVE SUMMARY 

During the TMI-2 accident in March 1979 undetermined amounts 

of fuel material �ere deposited in the water purification demin

eralizers. The Los Alamos National Laboratory and the Hanford 

Engineering and Development Laboratory were asked to assist the 

facility operator in determining the quantity of material present 

in each of the two demineral izers. If a large quantity of fuel 

were present, extra precautions in cleanup would be needed to en

sure that there would be no criticality problem. 

Each of the demineralizers is located in a separate, shielded 

room. Radiation levels in both rooms precluded direct personnel 

access; therefore, all measurements were performed using remote 

positioning devices. We used a gross gamma-ray measuring device 

to determine the horizontal and vertical activity distribution of 

fission products in Deminera l izer A. Access to Deminera 1 izer A 

was obtained through a small (6 by 9 in.) penetration near the top 

of the room. There was no similar penetration in the room con

taining Demineralizer B; we were unable therefore to measure its 

distributions of fission products. 

Be(y,n) 
144

Pr 

detector 

present 

was used to 

in each of 

measure the quantity of 

the demineralizers. This 

detector is only sensitive to gamma rays having energies above 

1.667 MeV. The principal gamma ray in a f�ssion product spectrum 

with an energy above this threshold is the 2 .  186-MeV gamma ray 

from 
144

ce 
144

Pr. We had routinely used this type of de

tector in the measurements of a variety of spent-fuel material: 

consequen�ly, a specially designed, high-efficiency detector was 

fabricated to perform these measurements. 

Six source distributions for Demineralizer A and one source 

distributioP for Demineralizer B were modeled using the Los Alamos 

Monte Carlo transport code to calculate the fraction of gamma rays 

that would strike the calibrated detector with energies above the 

l. 667--MeV threshold. The following table summarizes the results 

of our measurements and calculations. 
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Ma t er i a l  Est i ma t ed Amount 
Dem i nera l - Source Dens i t� of Ura n i um 
i z er Ta nk D i s t r i bu t i on (q/ cm } {kg) 

A Un i f o r m .  
61 em h i gh 2.07 4.6 

A Un i f orm . 
61 em h i gh 1.00 2.8 

A CL..lS t .  10 em 

a t op 51-em 

a t t enua t ing 
ma t er i a l 2.07 6.7 

A Crus t .lO em 
a top 51-em 

a t t enua t i ng 
ma t er i a l  1.00 3.6 

A Cyl i ndr i ca l r ing . 
30 em t h i ck .  
i n s i d e  surface 
of t a nk 1.00 2.7 

A Po i nt 0.0 2.5 

B Un i f orm . 
160 em h i g h 1.0 0.7 

The e s t i ma t e d  a mount of ura n ium me t al d epend s on t he a s s umed 

s ource d i s t r i bu t i on a nd ma t er i a l d ens i t y  as we l l  as on t he s pe

c i f i c  or i en t a t i on of the d e t ec t or . We e s t i ma t e  a n  upper l i m i t  t o  

b e  i n  t he range of 7 k g  and a l ower l i m i t  t o  b e  2 k g  f or Dem iner

a l i z er A .  Dem i nera l i z er B i s  e s t i ma t e d  t o  con t a i n  a pprox i ma t e l y 

0 . 7  kg of uranium . 
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NDA MEAS UREMENT OF THE DEM I NE RAL I Z ERS AT TM I - 2  

by 

J .  R .  P h i l l i p s . J .  K .  Ha l b i g . P .  M .  R i na r d . 
a nd G .  E .  Bos l e r  

ABSTRACT 

N o nde s t r u c t ive mea s u r eme n t s  we r e  pe r f o r med t o  e s 
t ima t e  t he amount o f  f u e l  ma t e r i a l  d e pos i t ed i n  t he two 
demi ne r a l i z e r s  d u r i ng the a c c ident  a t  TMI - 2 .  G r o s s  
gamma - r ay mea s u r eme Q t s  we r e  u s ed t o  c ha r a c t e r i z e the  
ho r i z o n t a l a nd ve r t i c a l  a c t i v i t y  p r o f i l es  o f  gamma 
emi t t i ng f i s s i o n  p r oduc t s  i �  Dem i ne r a l i z e r  A .  A 
Be ( y . n ) d e t ec t o r . s e ns i t ive t o  gamma r ays wi t h  e ne r 
g i es  a bove 1 . 6 6 7  MeV . wa s u s ed t o  es t ima t e  t he quant i ty 
o f  l 4 4ce - l 4 4 p r  p r e s e nt . wh i c h  wa s a s sumed t o  be 
d i r e c t ly p r o po r t i o n a l to t he amou n t  o f  f u e l  p r e sent . A 
va r i ety o f  s o u r c e  d i s t r i bu t i o ns wa s mod e l ed us i ng the 
L o s  A l amos Mo n t e  Ca r l o t r a n s p o r t code to c a l cu l a t e  the 
f r a c t i o n  o f  gamma r ays t ha t  wou l d  s t r i ke t he d e t e c t o r  
w i t h  e ne r g i e s a bove t h e  1 . 6 67 -MeV t h r e s ho l d . The es t i 
ma t ed amount o f  u r a n ium depends o n  the a s s umed s ou r c e  
d i s t r i bu t i o n  a nd ma t e r i a l d ens i ty a s  we l l  a s  o n  the 
s pec i f i c  o r i e n t a t i o n  o f  t he d e t e c t o r . We es t ima t e  an 
upper  l i mi t to be in t he r a nge of 7 kg a nd a l owe r l i mi t 
t o  be 2 kg f o r  Dem i ne r a l i z e r  A .  Dem i ne r a l i z e r  B i s  
e s t ima t ed t o  c o n t a i n  a p p r o x i ma te l y  0 . 7  kg o f  u r a n i um .  

I .  INTRODUCT I ON 

Du r i ng t he TMI - 2  a c c i d e n t  i n  Ma r c h 1 9 7 9  u nde t e r m i ned amou n t s  

of  f u e l  ma t e r i a l  we r e  depo s i ted i n  t he wa t e r  pu r i f i c a t i o n  d em i n -

e r a l i z e r s . The L o s  Al amo s Na t i ona l L a bo r a t o ry a nd the Ha nf o r d  

E ng i nee r i ng a nd Deve l o pment L a bo r a t o r y  we r e  a s ked t o  a s s i s t  the  

f a � i l i ty o pe r a to r  ( Gene r a l  Pu b l i c  U t i l i t i es ) in  d e t e r m i n i ng t he 

q u a n t i ty o f  ma t e r i a l  p r e s e n t  i n  each o f  t he two pu r i f i c a t i o n  

d em i ne r a l i z e r s . I f  a l a r ge q u a n t i ty o f  f u e l  we r e  pr esent . e x t r a  

c l e a nu p  p r ec a u t i o ns wou l d  e ns u r e  t ha t  t he r e  wou l d  b e  n o  p o s s i b i l 

i ty o f  c r i t i c a l i ty p r o b l ems . 



Du r i ng t he pa s t  f ew yea r s . t he S a f e gu a r d s  G r oups  a t  L o s  

A l amo s have been a c t i ve l y  i nvo l ved i n  t he d eve l o pme n t  a nd impl e 

me n t a t i o n  o f  no nd e s t r uc t i ve mea s u r ement t ec hn i qu e s  f o r  t he a s s ay 

o f  s pe n t - f u e l  ma t e r i a l s . Bo t h  gamma - r ay a nd neu t r on mea s u r eme n t  

t e c hn i ques have b e en eva lu a t ed . Bas ed on  t h i s  expe r i ence we 

i d e n t i f i ed t h r ee mea s u r eme nt techn i ques t ha t  wou l d  comp l ement  t he 

Comp t o n  r e co i l  spe c t r ome t r y  and s o l i d - s t a t e  t r a c k  r e c o r d e r  ( SSTR ) 

t e c h n iques p r ev i ous l y  p r oposed by the Ha nf o r d  Eng i nee r i ng a nd 

Deve l o pme n t  Labo r a t o r y  { HEDL ) : 

( l ) h i gh- r e s o l u t i o n  gamma spec t r ome t r y . 

( 2 )  Be ( � . n ) d e t e c t o r  f o r  1 4 4
ce-

1 4 4
P r . a nd 

{ 3 )  g r o s s  gamma - r ay a nd neu t r o� d e t e c to r s . 

E a c h  of  t he s e  t e c hn i ques c a n  p r ov i d e  s pec i f i c  i nf o r ma t i o n a bou t 

t he t r a ns u r a n i c  o r  f i ss i o n- p r oduct  i nve nt o r y a nd d i s t r i bu t i o n  i n  

t he d em i ne r a l i z e r  t a nk s . 

E a c h  of t he demine r a l i z e r s  i s  l o c a ted i n  a sepa r a t e  s h i e l d ed 

r o o m .  Rad i a t i o n  leve l s  i n  bo th r ooms p r ec luded d i r e c t  pe r s o nne l 

a c c e s s . t he r e fo r e a l l  mea s u r ements used r emo t e  pos i t i o n i ng 

devi c e s . The h i gh- r e s o l u t i o n  gamma spec t r ome t r y  { HRGS ) sys t e m  

wou l d  have r equ i r ed a l a r ge amount o f  s h i e l d i ng .  a p p r o x i ma t e l y  

B O O  pounds  of  lead . t o  r educe t he bac kg r ound r ad i a t i o n  t o  a l eve l 

i n  wh i c h  the german ium d e t e c t o r  cou l d  o pe r a t e . Because of  t h i s  

r eq u i r eme n t . as  we l l  a s  o t h e r  c o ns id e r a t i o ns . we we r e  advi sed t o  

c o n c e n t r a t e on  the l a t te r  two t e c hn ique s . 

Ac cess  t o  Dem i ne r a l i z e r  A wa s pos s i b l e  t h r ough a sma l l  { 6  x 

9 i n . ) penet r a t i o n  nea r t he t o p  o f  o ne o f  t he wa l l s a nd thr ough 

the pe r s onne l entry doorway . Dem i ne r a l i z e r  B wa s a c c es s i b l e  o n ly 

t h r ough the p e r s o nne l e n t r y  doo rway . We u s ed a g r o s s  gamma - r ay 

measu r i ng device to  d e t e r m i ne t he ho r i z onta l a nd ve r t i ca l a c t ivi ty 

d i s t r i bu t i o ns of f i s s ion p r oduc t s  in Dem i ne r a l i z e r A by pas s i ng 

t he d e t e c t o r s  t h r ough t he pene t r a t i o n  us i ng a pos i t i o n i ng appa

r a tus p r ovided  by HEDL . 

A Be { � . n )  d e t e c t o r  wa s used t o  measu r e  t he qua n t i ty of 
1 4 4ce 1 4 4P r  pr e s e nt in each o f  t he d em i ne r a l i z e r s . Th i s  

d e t e c t o r  i s  o n l y  sens i t ive t o  gamma r ays havi ng e ne r g i es above 

1 . 6 6 7  MeV . The pr i nc i pa l gamma r ay i n  a f i s s i o n  p r oduc t s pe c t r um 
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wi t h  a n  ene r gy a bove t h i s  t h r e s ho ld i s  t he 2 .  1 8 6- MeV gamma r ay 

f r c m  14 4 ce 1 4 4P r . we have r ou t i ne ly u s ed t h i s  type o f  d e 

t e c t o r  i n  t h e  mea s u r emen t s  o f  a va r i e t y  o f  s pent - f u e l  ma t e r i a l . 

A s pec i a l ly d e s i gned . h i gh- e f f i c i e ncy d e t e c t o r  wa s f a b r i ca t ed t o  

pe r f o r m  t h e s e  mea su r ement s . 

We a s s emb l ed t he Be ( y ,  n }  a nd g r o s s  gamma - r ay d e t ec t o r s  a nd 

e l e c t r o n i c �  un i t  ( I ON- 1 }  and p e r f o r med t he mea s u r eme n t s  f r om 

Oc t o b e r  25  t o  2 8 , 1 9 8 2 . P r i o r  t o  t he mea s u r eme n t s  a t  TMI - 2 , we 

ca l i b r a t ed t he i o n  c hambe r s  used i n  the gamma - r ay mea s u r eme nt s . 

Fo l l ow i ng t he mPa s u r ement we c a l i b r a ted t he Be ( y , n }  d e t e c t o r  a nd 

c a l cu l a t i o na l ly s imu l a t ed va r i ous s ou r c e  geome t r i e s  us i ng Mo nte 

C l t h . l b .  
. 

a r  o gamro� - r ay r a nspo r t  t e e  n 1ques t o  o t a 1 n  ou r es t 1ma t ed 

va l u e s  o f  6 .  7 t o  2 .  7 kg of  fue l i n  Dem i ne r a l i z e r  A and a bout 

0 . 7  kg of  f u e l  i n  Demi ne r a l i z e r  B .  The s e  va lues a r e  s e n s i t ive to 

the  s ou r c e  d i s t r i but i o ns a nd dens i t i es  t ha t  we a s sume e x i s t  in the 

t a nks but wh i c h  a r e  not we l l  known a t  t he p r e s e n t  t ime . 

Th i s  r epo r t i nc l ud es  s i x s e c t i o ns : I nt r oduc t i o n : I ns t r ume n-

t a t i o n : Ca l i b r a t i o n : Da t a  Co l l e c t i o n , Ana lys i s , a nd R e su l t s : Con

c lus i ons : a nd Appe nd i ces . We have a t t emp ted t o  i n c l ud e  a l l  the 

p e r t i ne n t  i nf o r ma t i o n  to  a l l ow an i nd e pendent eva lua t i o n  of  the 

d a t a  by the  r eade r . 

I I .  INSTRUMENTAT ION 

A .  Be (y , n) De t e c t o r  

The Be ( y , n }  d e t e c t o r  wa s deve l o ped t o  mea su r e  the hi gh

ene r gy gamma r ays emi t t ed f r om i r r ad i a t ed f u e l  ma t e r i a l . The 

d e t e c t o r  is ba s ed o n  the t h r e s ho ld pho t o neu t r o n  r ea c t i o n  i n  

be r y l l ium t ha t  p r oduces a neu t r o n  f o r  i nc ident  gamma r ays wi t h  

e ne r g i e s  a bove 1 . 6 6 7  MeV ( o r 1 6 67 keV } . The neu t r o n  i s  the r ma l 

i z ed i n  po l ye t hy l ene a nd then d e t e c t ed us i ng a t h e r ma l  neu t r o n  

d e t e c t o r  { 2 3 5u f i s s i o n  c hamber } .  I n  i r r ad i a ted f u e l  ma t e r i a l s  

o f  gamma r ays  wi t h  ene r g i e s  a bove t he p r i nc i p a l  s o u r c e  

t h r e s ho l d  i s  1 4 4P r . 

t h i s  

i n  wh i c h  has a 17 . 3 - m i n ha l f - 1  i f e  and i s  

s e cu l a r  equ i l i br ium wi t h  i t s  pa r en t  1 4 4c e  ( t 1 1 2  = 2 8 4 . 5  days ) . 

F i gu r e  1 s hows a typ i c a l  s pe c t rum o f  s pe n t - fue l ma t e r i a l  w i t h  t he 
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F i g . 1 .  Gamma - ray s pec t r a  o f  a PWR fue l a s semb ly wi t h  the d om i 
na nt 2 1 8 6 - keV p e a k  o f  1 4 4ce - 1 4 4p r  a bove t he Be ( y . n )  
thr e s ho ld o f  1 6 6 7 keV . 

mo r e  p r omi nent l i nes ident i f i ed .  Above the 1 6 6 7 - keV t hr esho ld  o f  

the bery l l i um gamma - n  r e a c t i o n .  t he p r om i nent  p e a k  i s  t he 2 18 6 - keV 
1 4 4  1 4 4  1 4 4  p e a k  f r om t he C e - P r  decay . The chemi s t ry o f  t he Ce wou l d  

b e  e xpec t ed to  b e  s imi l a r  to  t ha t  o f  the u r a n ium a nd p l u t o n ium 

und e r  t hese c o nd i t i o ns . the r ef o r e .  a mea s u r emen t  of t he amount o f  

c e r ium shou ld b e  d i r ec t ly pr opo r t i o na l  t o  t he amount o f  fue l ma 

t e r i a l  p r esent . 

The r e  i s  t he 

these mea s u r ement s  

4 

poss i b i l i ty o f  1 0 6Ru- 106Rh i n t e r f e r i ng wi t h  

because of  t he r e l a t i ve ly l ow-· i nt e ns i ty gamma 



r ays w i t h  e ne r g i e s  ab ove t he 1 6 6 7 - XeV t h r e s ho ld o f  ber y l l ium . The 
. . . 1 0 6  . . 
1 nd 1 V1dua l gamma r ays f r om Rh have s u c h  a l ow 1 nt e ns 1 t y tha t 

t hey a r e  n o t  d i s t i ngu i G ha b l e  f r om the c o nt i nuum u nd e r  t he 2 1 8 6 -

keV peak o f  1 4 4ce- 1 4 4 P r . I f  we a s sume t ha t  t he 106Ru -
106Rh 

c o ncent r a t i o n  we r e  t he 3 . 7 6 • 1 0 6 nC i / g  l i s ted in Ta b l e  I ,  t he 
. 1 4 4  1 4 4  i s o t o pe c o u l d  c o nt r i bu t e  a p p r o x 1 ma t e l y  5 t o  8 '  t o  the Ce- P r  

s i gna l . 

TABLE I 

MEASURABLE F I S S I ON AND ACT I VJl.T I ON PRODUCTS 

Gamma - Ray 
Ha l f -- L i f e  Ene r gy Ac t ivi tya 

I s o t o�e {yr } { keV} { nC i /g} 

1 3 4 cs 2 . 0 6 2  6 04 . 6 ,  7 9 5 . 8 ,  5 . 7 3 • 10 5 
1 1 6 7 . 9 ,  1 3 6 5 . 1  

1 3 7 cs 3 0 . 17 6 6 1 . 6  9 . 5 8 • 106 

1 0 6 Ru- 10 6Rh 1 .  0 1 1  6 2 2 . 2 .  105 0 . 5 ,  3 . 7 6  • 106 
1 5 6 2 . 2 b 

1 4 4ce- 1 4 4 p r  0 . 7 8 1 4 8 9 , 2 18 6  l .  4 8  • 107 

1 2 5 s b  2 . 7 3 4 2 7 , 6 0 1 . 6 3 6  2 . 8 0 • 10 5 

aBa s ed o n  e nt i r e  c o r e  i nvent o r y  f o r  f i s s i o n  a nd a c t iva 
t i o n  p r odu c t s  p r es e n t  o n  Ju ly 2 8 . 1 9 8 2 . u s i ng t he EPR I 
C I NDER c ode . 2 , 3  

bRhod ium- 1 0 6  has  a p p r o x i ma t e l y  3 0  ve ry l ow- i nt e ns i ty gamma 
r ays w i t h  ene r g i es a bove 1 6 6 7  keV . 

Because o f  i t s h i gh vo l a t i l i ty .  bp - 100 ° C , r u t he n i um may 

havcl e s c a ped f r om the fue l ma t e r i a l  as the t e t r ox i d e  d u r i ng t he 

a c c i dent . I f  i t  had concen t r a t ed i n  t he t a n k  ( wh i c h  i s  un-

l i ke ly because t he r e s i n p r o ba b ly wou l d  not have t r a pped the  

r u t he n ium)  it  may have e s ca ped because o f  t he hea t gene r a t ed by 

t he decayi ng f i s s i o n  p r oduc t s . F o r  a l l  o f  ou r mea s u r eme n t s  we 

have a s s umed t ha t  t he s ou r c e  wa s e nt i r e ly 1 4 4ce - 1 4 4 P r . t he r e 

f o r e  we s l i g h t ly ove r e s t ima ted t he amount of  fuel  p r es e n t  ( equ iv-
' b . 

f h 106 1 0 6  h a l e n t  t o  t he c o nt r 1  u t 1 o n  r om t e Ru- R p r e s e n t ) .  
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F i gu r e  2 s hows a s c h e ma t i c  o f  t he B e ( y . n )  d e t e c t o r  u s ed i n 

t h e s e  me a s u r e me n t s .  A p ho t o g r a p� o f  t he d e t e c t o r  i s  s hown i n  

F i g .  3 .  'l' h t?  d e t e c t o r  wa s mou n t £; .  v n  f ou r whe e l s  a nd wa s po s i -

t i o ned i n  t he d e m i n e r a l i z e r  r o oms u s i ng a pus h r od t ha t  c o u ld be 

a s s e mb l e d i n  6 - f t  s e c t i o ns t o  a ma x i mum l e ng t h  of 24 f t . We d e 

s i g n e d  t he d e t e c t o r  t o  ma x i m i z e  t he c ou n t i ng e f f i c i ency . 

B .  Ga �ma - Ray a nd Ne u t r o n  De t e c t o r  

A d e .: e c t o r  p r o be ( F i gs . 4 a nd 5 ) c o n t a i n i ng a n  i o n  c h a mb e r  

a nd a ne u t r o n  d e t e c t o r  wa s f a b r i c a ted t o  mea s u r e  ho r i z o n t _:l l a nd 

ve r t i c a l ga mma a n d  neu t r o n a c t i v i t y p r o f i l es  f o r  Dem i ne r a l i z e r  A .  

A va r i e t y o f  neu t r o n  d e t e c t o r s  c ou l d  b e  used i n  t h e  d e t e c t o r  pr obe 
. . . . 1 2 3 5

u f . d e pe nd l ng u p o n  t he 1 n t e ns 1 t y o f  t h e  g a mma - r a y  f 1 e d :  l S -

s i o n  c ha mbe r s , 
10B - l i ned d e t e c t o r s .  a nd 3 He neu t r o n d e � e c t o r s . 

The numbe r o f  neu t r o n s  be i ng emi t t ed by s pent  fue l wi t h  a 

bu r nu p  o f  o n l y 3 .  3 GWd / tU i s  expec ted t o  be ve ry l ow .  B a s ed o n 

c a l c u l a t e d  a c t i n i d e  i nve n t o r i e s  on July 2 8 . 1 9 8 2 . we e s t i ma t ed t h e  

ne u t r o n - s o u r c e s t r e ng t h  f o r  t he p r i nc i pa l neu t r o n- pr oduc i ng i s o 

t o pe s . a nd t he r e s u l t s a r e  p r e sent ed i n  Ta b l e  I I .  F o r t i.1e s e  

n e u t r o n - s o u r c e  s t r e ng t h  es t i ma tes . ac t i n i d e  i nven t o r i e s  we r e  o b 

t a i ne d  f r o m R e f . 2 a nd t he neu t r o n- y i e l d d a t a  we r e  o b t a i ned f r om 

R e f . 4 .  The r e s u  1 t s  a r e no r ma 1 i z ed a s sumi ng a n  i n i  t i a  1 t o t  a 1 

u r a n i um ma s s  o f  8 2  t o nn e s . 

F o r  a 1 0 -- k i.J ma s s  o f  u r a nium .  - 2 2 00 n/ s wou l d  b e  e m i t t e d . 

I f  t h i s  s o u r c e  we r e  c o nc e nt r a t e d  i n  t he m i dd l e  o f  a s p he r i ca l .  

4 - f t - d i a m t a n k , t he f l u x  o n the su r fa c e  o f  the s phe r e . no t c o n

s i d e r i ng mu l t i p l i c a t i o n o r  a b s o r p t i o n  e f f ec t s . wou l d  be -0 . 05 

n/ s - c m
2

. Eve n i f  t he a c tua l f lu x  o n  the s u r f a c e  we r e  a n  o r d e r  

o f  ma g n i tude h i ghe r tha n  t h i s . t he f lux wou l d  s t i l l  be ve r y  l ow 

a nd t he r e by d i f f i cu l t  t o  mea su r e . 

The d e t e c t o r  pr obe wa s det.  gned t o  be c ompa t i b l e  wi t h  t he 

pos i t i o n i ng boom i ns ta l l ed by HKDL f o r  i t s  Comp t o n  r ec o i l 

s pec t r ome t e r  mea s u r emen t s . 
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I 
A L U M I N U M  

C ADMIUM S H E E T  ( 0 . 8  mm) END P L A T E S  A F R A M E  

F O L Y E T H Y L E N E  

2 7 5 . "  "' "'  

F i g . 2 .  

P O L Y E T H Y L E N E  

f i S S I O N  C H A l1 8 E R  

{ 5 0 . 1  "' "'  d l • . l  

- C A D M I U M  S H E E T  

M A N I P U L A T I O N  S W I V E L  

Be c y l l ium gamma - n d e t e c t o r  used f o r  t he mea s u r ement  of  
dem i ne c a l i z e r s . 

F i g . 3 .  The a s s emb l ed B� ( y . n )  d e t e c t o r . 
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L I F T I N G  F I X T U R E  

I O N  C H A  ... B E R  

P O l Y E T H Y L E NE B O D Y  

( 7 6 . 2 m m  d • a . )  

U - 2 3 5  F I S S I O N  C H A  ... I! E R  -

( 5 0  8mm die ) 

o o n o • m� 

880mm F i g . 4 .  G r o s s  gamma - r ay a nd 
neu t r o n  mea s u r eme nt 
p r obe s howi ng r e  1 -
a t i ve pos i t i o n  o f  
the detec to r s . 

F i g . 5 .  De t e c t o r  p r o be used t o  map the ho r i z on t a l  a nd ve r t i c a l 
g r o s s  gamma - ray f i e l d s  a r ound Demi ne r a l i z e r  A .  
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'fABLE I I  

NEUTRON SOURCES I N  LOW-EXPOSURE ( 3 . 3 6 GWd / tU }  FUEL MAT�R I AL 

P r oduc t i o n  
To ta l Ma ss Neu t r o n  p e r  Un i t  

Ha l f - L i f e  i n  Co r e  P r oduc t i ona uo2 ma ss b 
I s o t ope ( y r ) ( kg )  ( n/ g / s ) ( n/ gU02 / s ) 

2 3 5u 7 . 0 4 • 10
8 

1 8 0 6 . 1  1 . 0 1 • 10 - 3  1 . 9 6 • 10 - 5  

2 3 8u 4 . 47 • 109 7 8 8 7 7 . 0  1 . 3 7 • 10 - 2  1 . 1 6 • 10 - 2  

2 3 8 Pu 8 . 7 8 • 10 1 0 . 0 4 5 7  l .  6 0 • 104 7 . 87 • 10 - 3 

2 3 9 Pu 2 . 4 1 • 10 4 
1 3 2 . 9  3 . 8 2 • 10 

1 
5 . 4 5 • 10 

- 2 

2 4 0Pu 6 . 5 5 • 10 3 9 . 8 8 5  1 . 0 5 • 10 3 1 . 1 1 • 10 - 1  

2 4 1Pu 1 . 4 7 • 10 l l .  4 0 3  1 . 2 7 • 10 1 
1 . 9 1 • 10 

- 4 

2 4 2 Pu 3 . 7 6 • 10 5 
0 . 0 5 4 2  l .  7 1 • 10 3 9 . 9 5 • 10 - 4 

2 4 1Am 4 . 3 2 • 10 2 
0 . 2 4 2 2  2 . 6 9 • 103 7 . 00 • 10 - 3 

2 4 2cm 4 . 4 6 • 10 - 1  1 . 6 6 4 • 10 - 6  
2 . 4 8 • 10 7 4 . 4 3 • 10 - 4  

2 4 4 cm 1 . 8 1 • 10 1 l . 4 8 2 • 1o- 5 1 . 09 • 107 1 .  7 3 • 1o- 4 

To t a l  f o r  10 kg uo2 
- 1  1 . 9 5 • 10 

- 1  To ta l f o r  10 kg u 2 . 2 • 10 

aGr ams a r e  o f  i s o to p i c  ma s s . 
bMu l t i p ly t he uo2 ma ss by 0 . 8 8 t o  o bt a i n  the u r a n i um ma ss . 

C .  E l e c t r o n i c s  Un i t  ( I ON- 1 )  

B o t h  t he p r o be a nd Be ( y . n )  d e t e c t o r s  u s ed the same e l e c 

t r o n i c s  uni t t o  c o l l e c t  d a t a  a nd p r ov i d e  the necessa ry powe r t o  

t he d e t e c to r s . The I ON- 1 shown i n  F i g . 5 i s  a n  i nte l l i gent . 

p o r t a b l e  s pent - f u e l  gamma - ray and neu t r o n  d e t e c t o r . Th i s  e l e c 

t r o n i c s  package pr ovides d i g i t a l  r eadout o f  t h e  cur r ent - mode 

r es ponse p r oduced by gamma 

amp l i f i ca t i o n  a nd s ca l i ng 

d e t e c t o r . Th i s  i ns t rument 5 

r ays i n  a n  i o n  chamber a nd pr ovides 

o f  pu l s e s  r e c e ived f r om a neu t r o n  

wa s d eve l o ped f o r  u s e  by the I nt e r -

na t i o na l  Atomic E ne r gy Age ncy ( IAEA ) i ns pec t o r s . a nd t he r e f o r e  wa s 

des i gned t o  a s s i s t  the u s e r  by : 

• p r ompt i ng t he u s e r  thr ough p �: v :;; r ammed oper a t i ng and e x 
p e r i me nt a l  pr ocedu r e s . 

• p r omp t i ng f o r  ext e r na l  i nf o r ma t i o n  r equ i r ed . 
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• ca l cu l a t i ng a nd p r ovi d i ng r e su l t s  a nd e r r o r  e s t imat e s . 
and 

• pe r f o r m i ng i n t e r na l  d i a gno s t i c s . 

These  f e a tu r e s a l low the u s e r  t o  concen t r a t e  o n  per f o r m i ng the 

mea sur eme nt cor r ec t l y wi thou t be i ng adve r s e l y d i s t r a c ted by o pe r 

a t i o ns i n  the pl ant . Because the mea s u r eme n t s  c a n  b e  fu l ly a u t o 

ma ted . the r e  i s  e xc e l l ent c o nt r o l  o f  the mea s u r ement p r o c edu r e .  

I I I .  �AL I BRAT I ON 

A .  Be ( y , n)  De tec t o r  

A sma l l  samp l e  o f  i r r ad i a t ed fue l ma t e r i a l  wa s d i s s o lved by 

the Ana l yt i c a l  Chemi s t r y Gr oup a t  L o s  Al amo s t o  obta i n  a 3 0 -m2. 

s o l u t i o n co nta i n i ng 8 . 3 8 C i  o f  1 4 4ce a nd 1 . 8 3 C i  of  
106Ru . 

A l t hough the f r ac t i o n  o f  cu r i es f r om 1 0 6Ru i s  nea r ly 1 8 \ . mo s t  
1 0 6  

o f  the Ru gamma r ays l i e be l ow t he 1 6 6 7 - keV t h r e s ho l d o f  the 

Be { y . n )  r ea ct ion . Appr o x ima t e l y  5 to 8 \  o f  t he 
1 0 6Ru gamma 

r ays l i e  a bove t h i s  thr esho ld .  The r e f o r e . t h i s  s t a nd a r d  i s  s im i 

l a r  i n  c ompos i t i o n  to  the fue l ma t e r i a l  measu r ed i n  the demine r -

a l i z e r s . The a s s ay p r o cedu r e  a nd c a l cu l a t i o n  a r e  p r esented i n  

Append i x  A .  The r e s ponse o f  the d e t e c t o r  t o  t h i s  po i n t  sou r c e  

wa s mea s u r ed a t  va r i ous d i s t a nces a nd e l eva t i o ns o f  the sou r c e  

r e l a t ive t o  the d e t e c t o r .  Ta b l e  I I I  l i s t s  t he mea sured e f f i -

c i enc i e s  obta i ned i n  the s e  ca l i br a t i ons wi t h  t he s ou r c e p la c ed o n  

the c e n t e r  l i ne o f  the d e t e c t o r ' s  squa r e  f r o n t . 

The count i ng e f f ic i e ncy o f  t he Be { y . n )  d e t ec t o r  was ca l 

c u l a t ed by d e t e r mi n i ng the s o l id a ng l e  subtended by t he d e t e c t o r  

f o r  a s ou r ce l o c a t ed 6 4  i n .  f r om t he d e t e c t o r ' s  f ace a nd 2 4  i n .  

a bove t he f l o o r  us i ng t he f o l l owi ng equa t i o n . 

E f f i c i e ncy 

1 0  

= 
Mea s u r ed counts pe r second 

Numbe r  o f  gamma rays s t r i k i ng t he su r f a c e / s  
( l )  



Th i s  equa t i c �  become s  

Mea su r ed c o u n t s  pe r s e c o nd 
Cu r i e s  i n  s ou r c e • d i s i nteg r a t i o n  per  s e c o nd 
per cur i e  • numb e r  of  gamma s per  d i s i nt eg r a t i o n  
• f r a c t i o n  of  s phe r e  subtended by the d e t e c t o r  

l .  02 ± 0 .  0 4  

( 2 )  

8 . 3 8 C i  • 3 . 70 • lo 10dps / C i  • 0 . 007 gamma s / d i s  • 1 . 8 4 1 7  • 10- 3 

� 2 . 5 5 ± 0 . 10 • 10- 7 coun t s / gamma . 

TABLE I I I  

ABSOLUTE COUNT ING EFF I C I ENCY OF THE 
Be ( y . n ) DETECTOR 

Ho r i z o n t a l  
D i s tance f r om 
F r o nt Su r f a c e  

( i n .  ) 

3 6  

6 4  

8 8  

Ve r t i c a l  D i s tance 
a bove t he F l o o r  

( i n . ) 

0 

2 4  

2 4  

Abs o l u t e  Ef f i c i e ncya 

( c ount s / s  

0 . 1 6 3  ± 0 . 00 3
b 

1 .  02  ± 0 .  04  

0 . 60 ± 0 . 0 1 

aAs s um i ng o nly 1 4 4ce c o nt r i bu t e s  t o  the c oun t i ng r a t e . 
bwhen t he s ou r c e  wa s p l aced f a c i ng t he l o ng s id e  o f  the 

d e t ec t o r . we o bt a i ned 0 . 2 3 4  ± 0 . 004 . 

B .  Gamma -Ray a nd Neu t r o n  De t e c t o r  

( 3 )  

The i on chambe r s  wer e  c a l i b r a t ed a t  t he Rad i a t i o n  I ns t r u

ment Ca l i br a t i o n  Fac i l i ty .  6 F i e ld s t r engths o f  up t o  8 3 6  R / h  
6 0  

wer e  u s ed . The gamma f i e l d wa s pr oduced b y  t hr ee Co s ou r ces . 

we u s ed these d a t a  ( F i g . 6 )  t o  o bt a i n  the ca l i b r a t i on f o r  d o s e  

r a t e  i n  r oentgen p e r  hou r ( Ta b l e  I V ) . 

1 1  



Ct 
::::: 

· -

-a 
� c., 

a:: 

Q; .D 
.. ::::: 
� 

..::::: 
G 

.. 
0 

100 0 -

90 0 -<  

80 0 -i 

70 0 -

60 0 -, 

50 0 _. 

,10 0 -

:30 0 _, 

20 0 ,  

200 400 GuO 
G a m m a - Ra Y  F l u x  - R / h  

BOO 1000 

F i g . 6 .  Ca l i b r a t i o n  curve f o r  t he i o n  chambe r used a t  TMI - 2 . 

Three types of neut r o n  detec t o r s  we r e  t e s ted i n  va r i ous 

gamma rad i a t i o n  f i e lds : 2 3 5u f i ss i o n  chambe r ,  10B- l i ned d e t e c t o r . 

d 3 2 3 5  . . h b . a n  He d e t ec t o r . We have ope r a t ed U f 1 ss 1 o n  c am e r s  1 n  gamma 

f i e l ds  up to  50 000 R/ h .  The 10B- l i ned d e t e c t o r  ( l - i n .  d i am 

wi t h  1 - cm l ead shie l d i ng )  appea r ed 

t o  - 1000 R/ h .  The 3He d e t ec t o r  

s h i e l d i ng )  ope r a t ed i n  f i e lds  be l ow 

t o  ope r a t e  we l l  i n  f i e lds  up 

( l - i n .  d i am wi t h  1 - cm l ead 

100 R / h .  

IV . DATA COLLECT ION ,  ANALYS I S , AND RESULTS 

A .  G r o s s  Gamma -Ray a nd Neu t r o n  Mea sur emen t s  

Us i ng t he pr obe of F i g . 4 w i t h d e t ec t o r s  f o r  g r o s s  gamma rays 

a nd neu t r ons a nd t he pos i t i on i ng boom des i gned by HEDL . ho r i z on t a l 

a nd ve r t i ca l scans we r e  made of tank A .  Wi t h  t hese unco l l ima ted 

d e t ec t o r s . it  was no t pos s i b l e  to  obta i n  t he same s pa t i a l  r es o lu

t i on t ha t  t �e HEDL pe r s onne l cou ld obt a i n  us i ng t he i r  c o l l ima t ed 

d e t ec t o r , bu t wi t h  t he p r obe ve r y  c l ose t o  t he t a nk a n  a c cu r a t e  

p r of i l e o f  t he a c t ivi ty f r om t he t a nk c ou ld b e  mea su r ed ( th i s  i s  

es pec ia l ly t rue f o r  t he ve r t i c a l  p r o f i l e ) . 

1 2  



Dec l a r ed 
Do s e  R a t ea 

( R/ h )  

12 . 8  
2 5 . 0  
5 0 . 6  

1 0 1 . 0  
1 5 6 . 0  
207 . 0  
2 6 3  
3 4 0  
5 3 8  
7 1 2 
8 3 6  

1 5 . 1  
3 1 . 8  
6 3 . 8  

2 3 5  
3 4 7  
4 7 8  
5 9 1  

ano s e  R a t e  = 

GAMMA- RAY 

Run 1 

0 . 8 6 
1 .  7 4  
3 . 47 
7 . 0 1 

10 . 8 4 
1 5 . 02 
19 . 0 5 
2 4 . 7 2 
3 8 . 4 4 
47 . 6 3 
5 7 . 6 1 

1 . 02 
2 . 1 6 
4 . 5 4 

1 6 . 1  
2 2 . 9 8 
3 0 . 3 1 
4 0 . 9 4 

TABl.E IV 

CAL I BRAT I ON DATA 

Mea s u r ed I on- Chambe r 
Ca l i b r a t i o n  Va l u e s b 

Run 2 Run 3 

0 . 8 4 
1 .  7 1  
3 . 3 7 
6 . 8 8 6 . 9 1 1  

10 . 5 2 10 . 5 2 
14 . 50 14 . 4 6 
18 . 4 1 1 8 . 3 7 
2 3 . 9 3 2 3 . 8 1 
3 7 . 8 9 37 . 8 9 
4 5 . 1 6 4 5 . 3 2 
5 4 . 6 8 5 4 . 6 8 

I on c hambe r - 0 . 3 4 9� 
0 . 0 6 6 9 7  

b r o n-Chamber  Va lue = a + b • d o s e  r a t e  
a = 0 . 3 4 90 
b = 0 . 0 6 6 9 7  

R2 = 0 . 9 9 64 

Run 4 

2 3 . 8 5 
3 7 . 7 3 
4 5 . 1 6 
5 4 . 6 8 

The g r o s s  neu t r on c ount r a t es  we r e  no t s ig n i f i cant ly g r ea t e r  

t h a n  t he backgr ound r a t e s . A s  wa s d i s cu s sed i n  the i ns t r umen t a 

t i o n  s ec t i o n ,  t he neu t r on y i e l d s  we r e  expe c t ed to  b e  l ow .  W i t h 

out  g r ea t ly ext ended count i ng t i me s , i t  wa s no t pos s i b l e  t o  

o bt a i n  a ny u s efu l g r o s s  neu t r o n  d a t a  wi t h  t h i s  p r o be . 

The g r o s s  gamma - r ay mea s u r emen t s  f r om t he i o n i z a t i o n  c hambe r 

p r ovide impo r ta n t  i nf o r ma t i o n  f o r  i n t e r pr e t i ng t he d a t a  f r om the 

Be ( y , n } d e t ec t o r . The i o n i z a t i o n- c hambe r r e su l t s i nd i c a t e  the  

d i s t r i bu t i o n  of  t he gross  gamma - ray s ou r ce in  t he tank . The 

i o n i za t i o n  c hamber r e s ponds to qamma r ays of a 1 1  e ne r g i e s . Fo r 

1 3  



the s e  mea s u r ement s  we as sumed tha t  the i o n i z a t i o n c hamber r e su l t s 

r e p r e s e n t  the d i s t r i but i o t. o f  the c e r ium i s o t ope i n  the t a n k . 

W i t h  t h i s  d i s t r i bu t i o n .  Mo nte Ca r l o mod e l s  c a n  es t i ma t e  the 

f r a c t i o n  o f  gamma r ays that r each the Be ( y .  n)  d e t ec t o r . Th i s  

f r a c t i o n  i s  a c ompo nent o f  the t o ta l d e t ec t i o n  e f f i c i e ncy d u r i ng 

the mea s u r ement s o n  the d em i ne r a l i z e r  tanks . 

The r es u l t s  o f  a ho r i z onta l s c a n  ove r the t o p  o f  t a nk A .  

s hown i n  F i g . 7 and Ta b l e  v .  sugges t t ha t  the ma t e r i a l • s  

d i s t r i but i o n  i s  nea r l y uni f o r m  i n  t he r a d i a l  d i r ec t i o n .  wi th va r -

i a t i o ns of - 5 \ . I t  wa s a s sumed i n  mo s t  of  the ca l cu l a t i o ns 

tha t  the d e ns i ty o f  the c e r ium wa s t he same at a 1 1  po i n t s in a 
ho r i zo n t a l  s ec t i o n  of the tank . A r ecent phys i c a l  i ns pec t i o n  o f  

the i nte r i o r  r evea led a ho l l ow c o r e  i n  the cont ent s o f  t a nk A .  

Th i s  may ac c ount f o r  the s l i ght d i p  i n  the curve i n  F i g . 7 .  
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F i g . 7 .  G r o s s  gamma - ray scan ove r t he t o p  of Dem i ne r a l i z e r  A .  



TAB£,E V 

HOR I ZONTAL SCAN AT 3 2 1 - f t  9 - i n . ELEVAT ION FOR DEM INERAL I ZER A 

D i s tance f r om 
Wa l l  P e ne t r a t i o na I o n-Chamber  Do s e  R a t e  

( f t . ) ( i n .  ) Read i ngb ( R / h )  

4 1 . 1 2 7  1 1 . 6  
1 4 3 . 7 5 3  5 0 . 8  
2 4 4 . 1 5 4  5 6 . 8  
3 4 4 . 2 4 2  5 8 . 1  
4 4 4 . 1 5 4  5 6 . 8  
5 4 3 . 9 5 8  5 3 . 9  
6 4 3 . 8 3 1  5 2 . 0  
7 4 3 . 9 19 5 3 . 3  
8 4 4 . 0 3 6  5 5 . 1  
9 4 3 . 9 4 8  5 3 . 7  

10 1 3 . 7 6 2  5 1 . 0  

a pos i t i o n  of cent e r l i ne of  i o n  c hambe r . 
bunc e r t a i nty va lues of ±0 . 004 to  ±0 . 005 s hou l d  

be a s s o c i a t ed wi t h  i nd iv i dua l mea s u r eme n t s . 

The ver t i c a l  s c a ns a l o ng t he s id e s  o f  t a nk A g i ve t he d a t a  

i n  F i g . 8 a nd Ta b l e  V I . The ver t i ca l s c a n  o n  the no r t h s i de has 

a max i mum a c t i v i ty a bout 20% h i gher t ha n  the s c a n  ha s o n  t he 

s ou t h  s id e . The d i s t r i bu t i o n  f o r  bo t h  t he no r t h and south s i d e  

s c a ns we r e  s im i l a r . The s e  s cans s how t he s ou r c e  of  gamma rays t o  

be mo s t  dense a t  t he bo t t om of  t he t a nk a nd t o  bec ome much l e s s  

d ense a t  t he t o p . 

The d e c r e a s e  i n  t he r e s ponse a t  t he b o t t om o f  the tank wa s 

a t t r i bu t ed t o  i t s  r ounded s hape i n  whi c h  l e s s  ma t e r ia l c ou ld  be 

he l d  t ha n  i n  t he s ame t h i c kn e s s  of a cyl i nd r i c a l  po r t i o n .  

B .  Mon t e  Ca r l o Ca l cu l a t i o ns 

Labo r a t o r y ' s  Monte Ca r l o t r a ns po r t  

c o d e , 

The L o s  A l amo s Na t i o na l  

MCNP , 1 wa s u s ed t o  

demi ne r a l i z e r  t a nk and 

mode l  t he gamma - r ay s ou r ce i n  the 

t o  c a l cu l a t e  the f r a c t i o n  o f  gamma r ays 

w i t h  e ne r g i e s  a bove t he 1 . 6 67 -MeV t h r e s ho ld  t ha t  wou l d  s t r i ke the 

f r ont  s u r f a c e  of  t h e  Be ( y , n }  d e t e c t o r . We i nves t i ga t ed va r i ous 

mod e l s  f o r  the s our c e  d i s t r i bu t i on to o bta i n  one t ha t  a p p r o x i 

ma t ed t he mea su r ed g r o s s  gamma - r ay d i s t r i bu t i o n  ( F i g . 8 ) . Us i ng 
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F i g . 8 .  Ve r t i c a l  gross  gamma - r ay s c a ns a l o ng t he s ides of 
Dem i nera l i z e r  A .  

the source d i s t r i bu t i o n  t ha t  be s t  mod e l s  the observed data . we 

then ca l c u l a ted t he f r a c t i o n  ( of t he 2 . 1 8 6 -MeV gamma r ays 

esca p i ng f r om the tank wi t h  a m i n i mum e ne r gy of 1 .  6 6 7  MeV ) tha t 

wou ld pa s s  t h r ough a uni t a r ea whe r e  t he Be ( -y .  n )  d e t e c t o r  was 

l oca t ed . A summa ry o f  t he c a l cu la t i o ns i s  g iven immed i a te ly 

be l ow .  wi th a mo r e  deta i l ed descr i p t i o n  i n  Append i x  B .  

1 .  De t e r m i na t i o n  o f  Gamma -Ray Sou r c e  D i s t r i bu t i o n . Wi th 

o n l y  t he p r o f i l e  measur ements a s  a gu ide . we a s sumed t h a t  the 

gamma - r ay s o u r c e  was u n i f o rmly d i F t r i bu t ed i n  a cyl i nd e r  t h a t  

conta i ned a mixture  o f  e l ements  f ou nd i n  t he demi ne r a l i z e r  

r e s i n .  The dens i t i es o f  t he ma t e r i a l  we r e  a s sumed t o  b e  1 . 0  a nd 

2 . 07 g / cm3 . 

Va r i ous he ights wer e  s e l ec ted f o r  the cyl i nd r i c a l s ou r ce and 

then t he a x i a l gamma - ray f lux d i s t r i bu t i ons we r e  c a l c u l a t ed t o  

d e t e r m i ne wha t he ight bes t  approx ima t ed the mea s u r ed d i s t r i bu

t i ons i n  F i g . 8 .  

1 6  



E l eva t i o n  
( f t } ( i n . } 

3 1 9 
3 1 9 
3 1 8 
3 1 8 
3 17 
3 17 
3 1 6 
3 1 6 
3 1 5 
3 1 5 
3 1 4 
3 1 4 
3 1 3  
3 1 3 
3 1 2 
3 1 2 
3 1 1  
3 1 1  
3 10 
3 10 
3 0 9  
3 0 9  
3 0 8  
3 0 8  

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

TABLE V I  

AX IAL SCAN RESULTS FOR DF.M INERAL I ZER A 

No r th S i de 
I o n-Chambe r 

Read i ng 

3 . 2 2 ± 0 . 00 4 9  
3 . 6  

3 . 9 9 ± 0 . 00 4 9  
4 . 4 7 
5 . 007 ± 0 . 00 4 9  
5 . 4 6 
6 . 00 5  ± 0 . 00 4 9  
6 . 6 8 
7 . 5 9 9  ± 0 . 00 4 9  
8 . 8  
1 4 . 4 7 ± 0 . 0 20 
1 8 . 3  
2 2 . 0 1 :i 0 . 0 1 9 6  
2 2 . 7  
2 5 . 6 1 ± 0 . 0 1 9 6  
3 1 . 7  
3 9 . 4 7 ± 0 . 07 8  
50 . 5  
6 5 . 9 9 ± 0 . 07 8  
8 7 . 5  
1 17 . 5  ± 0 . 07 8  
17 1 
2 1 1 . 9  ± 0 . 3 1 
1 9 8 . 1  ± 0 . 3 1  

Do se Ra t e  
( R / h }  

4 2 . 9  
4 8 . 5  
5 4 . 4  
6 1 . 5  
6 9 . 6  
7 6 . 3  
8 4 . 5  
9 4 . 5  

108 . 3  
1 2 6 . 2  
2 10 . 9  
2 6 8 . 1  
3 2 3 . 5  
3 3 3 . 8  
3 7 7 . 2  
4 6 8 . 2  
5 8 4 . 2  
7 4 8 . 9  
9 8 6 . 2  

1 3 0 1 . 4  
17 4 9 . 4  
2 5 4 8 . 3  
3 1 5 9 . 1  
2 9 5 6 . 0  

S ou t h  S i de 
I o n- Chambe r Dose Ra t e  

Read i ng ( R/ h) 

3 . 6 9 
4 . 08 
4 . 5 3 8  ± 0 . 00 4 9  
5 . 08 
5 . 7 12 ± 0 . 00 4 9  
6 . 4 6  
7 . 1 9 8  ± 0 . 00 4 9  
8 . 2  

9 . 4 8 ± 0 . 00 4 9  
10 . 8  
12 . 9 0 ± 0 . 0 3 5  
1 5 . 7 6 
1 8 . 3 8 ± 0 . 0 8 4 5  
20 . 4  
2 4 . 4 4 ± 0 . 020 
30 . 0  
3 6 . 2 9 ± 0 . 0 67 
4 6 . 0  
6 0 . 5 3 ± 0 . 07 8  
7 7 . 5  
103 . 8  ± 0 . 07 8  
140 . 0  
1 7 5 . 6  ± 0 . 4 27 
1 6 5 . 0  ± 0 . 3 12 5  

4 9 . 9  
5 5 . 7  
6 2 . 6  
70 . 6  
8 0 . 1  
9 1 . 3  

102 . 3  
1 17 . 3  
1 3 6 . 4  
1 5 6 . 1  
187 . 4  
2 3 0 . 1 
2 6 9 . 3  
2 9 9 . 4  
3 5 9 . 7  
4 4 2 . 8  
5 3 6 . 7  
6 8 1 . 7  
8 9 8 . 7  

1 1 5 2 . 1  
1 5 4 4 . 8  
208 5 . 4  
2 6 1 7 . 0  
2 4 5 8 . 7  

A s o u r c e  he i ght o f  6 1  em a ppea r s  to  f i t the mea sured d a t a  

bes t . va r y i ng t he dens i ty f r om 1 to  2 g / c m3 d i d no t s i g n i f i 

c a nt l y  a f f e c t  the shape o f  the ca l cu l a t ed p r o f i l e . Th i s  sou r c e  

d i s t r i bu t i o n  f i t t e d  the d a t a  t a ke n  f r om t he two scans ad j acent  t o  

t h e  dem i ne r a l i z e r  t a nk a s  we l l  a s  another  s c a n  ta ken 1 f t  away 

f r om the t a nk . We a l s o  ca l cu l a t ed t he e f f e c t  tha t a laye r of 

wa t e r  a bove t he s ou r c e  wou l d  have o n  the resu l t s . For  both s c a n 

n i ng pos i t i o ns .  t he mea su r ed r esu l t s  wou l d  have s hown a mu c h  

s t ee p e r  g r ad i ent . Af t e r  a phys i c a l  i ns pec t i on o f  tank A - �vea l ed 

a ho l l ow c e n t r a l  r e g i o n . a cyl i nd r i c a l r i ng mod e l  wa s a l so  used . 

I t  had the he i gh t  o f  6 1  em a nd t he r ad ius of  t he ho l l ow c o r e  wa s 

3 0  e m .  l eavi ng a 3 0 - cm- t h i c k  r i ng o f  ma t e r i a l  on  the i nne r su r 

f a c e  o f  t he t a nk . 
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2 .  F r a c t i on  o f  Ga mma - Rays Reac h i ng t he Be ( y ,  n )  Dete c t o r . 

We used f i ve d i f f e r e nt s ou r c e  d i s t r i but i o ns t o  mod e l  t he f r a c t i o n  

o f  gamma r ays r e a c h i ng t he Be ( y , n ) d e t ec t o r  f o r  t he measu r e -

me nts  o n  t he A demi ne r a l i z e r . F o r  t he mea s u r eme n t s  o f  t ank A we 

as sumed t he Be ( y , n ) d e t e c t o r  wa s 5 f t  f r om t he c e n t e r  l i ne o f  

t h e  t a nk : f o r  t a n k  B we u s ed a d i s t a nce  o f  7 f t  a s  s hown i n  

F i g .  9 .  We o r i g i na l l y a s sumed t ha t  t he s ou r c e  wa s u n i f o r mly d i s 

t r i bu t ed o n  t he ent i r e  6 1 - cm- h i gh cyl i nd r i c a l  s o u r c e . Ca l cu l a -
3 

t i o ns we r e  pe r f o r med as sum i ng ave r age d e ns i t i e s  o f  1 . 0  g/ cm 

and 2 . 07 g / c m3 . The  f i r s t  d e ns i ty va lue wa s ba s e d  o n  t he a s 

sumpt i o n  t ha t  one- ha l f  o f  t he r e s i n  had e s c a ped f r om t he tank . 
3 F o r  t he s e c ond d e ns i ty va lue , 2 . 07 g / c m  • we a s sumed a l l the 

r e s i n  r ema i ned i n  the dem i ne r a l i z e r  a nd wa s comp r e s s e d  t o  l i e 

wi t h i n  the 6 1 - cm d e p t h .  

A s e c o nd s e t  o f  c a l c u l a t i o n s  wa s r u n  f o r  t he s e  two d e ns i t i e s  

w i t h  t he as sumpt i o n  t ha t  t he fuel  ma t e r i a l  wa s d epos i t ed  i n  a 

1 8  

I• �I r 1 6'6"- �I 5'
1r De min. 

B 
4' 

1 1 '6" 0 Beb ,n) I Detector 
3' Hall 

way 

t 
North 

F i g . 9 .  E s t ima t ed l o c a t i o ns o f  Be ( y , n ) mea su r emen t s  i n  a n  
ove r head v i ew o f  t h e  two d em i ne r a l i z e r  cubes . 



10- cm l aye r a t  the top  of  the 6 1- cm d e p t h  o f  r es i n .  The mod e l  

wou l d  have been app l i c a t l e  i f  the dem i ne r a l i z e r  we r e  a c t i ng a s  a 

me c ha n i c a l  f i l t e r  i n s t ead o f  a s  a n  i o n- exc hange r es i n .  

The f i f t h m0d e l  a s sumes t ha t  a l a r ge f r a c t i o n  o f  t he r e s i n  

ma t e r i a l  wa s no l o nger p r esent  i n  t he demi ne r a l i z e r . The r es i n 

i n  t he demi ne r a l i z e r  wa s a s sumed t o  be depos i t ed i n  a r i ng 30  em 

t h i c k  ( 1 2 i n .  t hi c k )  a r ou nd the i nne r s u r f a c e  of t he t a nk . Re

su l t s f o r  t he f i ve mode l s  i nve s t i ga t ed ; u e  g i ven i n  Ta b l e  V I I . 

The r esu l t  f o r  a po i nt s ou r c e  l o c a t e 1  i n  the bo t tom o f  the demin-

e r a l i z e r  t a nk is  a l s o  i nc luded f o r  compa r i so n . 

d i s t r i bu t i o n  wa s mod e l ed f o r  t he B dem i ne r a l i z e r . 

Only o ne s ou r c e  

C .  Grams of U r a n ium pe r cu r i e o f  1 4 4ce 

Ba s ed o n  ca l cu l a ted r e su l t s t: r om t: he E PR I - C I NDER2 • 3 

s i ng l e  po i n t  d ep l e t i o n  code , we ob•J a i ned t he f o l l ow i ng f o r  the 

c o r e  ave r age va lues . 

G r ams o f  i n i t i a l  u r a n ium = 8 2 . 06 S  • 106 

Cu r i es  o f  1 4 4ce ( Oc tober  27 , 1 9 8 2 } = 9 . 7 4 • 1 05 

One cu r i e 1 4 4ce = 8 4 . 3  g r ams u r a n i um 

D .  Be Cy , n ) Mea s u r eme n t s  a nd Resu l t s  

F i gu r e  9 s h Jws the a p p r o x i ma t e  l oc a t i o ns o f  t he Be ( y , n )  

d e t e c t o r  d u r i ng t he mea s u r emen t s  o f  Demi ne r a l i z e r s  A a nd B .  We 

we r e  a b l e  t o  o b t a i n  gamma - r ay- p r o f i l e  mea s u r eme n t s  f o r  Dem i ne r a l 

i z e r  A bu t we r e  una b l e  t o  o b t a i n  c o r r e s pond i ng d a ta f o r  Dem i ne r 

a l i z e r  B because we d i d  no t have suf f i c i ent ly l o ng s i gna l c a b l es 

f o r  the i o n  c hambe r s . 

Be ( y , n )  mea s u r ements . 

Ta b l e  VI  I I g ives t he r e su 1 t s  for  t he 

1 .  Cur i e s  of  
1 4 4ce i n  t he Dem i ne r a l i z e r . 

Eq . ( 3 }  we o b t a i n  t he f o l l owi ng . 

. 
f l 4 4c cu r 1 es o e � 

Mea s u r ed c ount s / s  
1 0  . 

b h "  . 3 . 7 0  • 10  d p s / C l  • r a nc 1 ng r a t 1 o  

Rea r r a ng i ng 

• f ( O . � . p . x . y . z }  • d e t e c t o r  e f f i c i ency 
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whe r e  

b r a nc h i ng r a t i o  

f ( O . 'Jl. . p . x . y . z )  

d e t ec t o r  ef f i c i � ncy = 

= 

0 . 007 gamma / d i s i nt egr a t i o n . 

F r a c t i o n  o f  gamma r ays esca p i ng 

f r om the d e m i ne r a l i z e r  a nd s t r i k 

i ng the su r f ace o f  t he Be { y . n )  

d e t ec t o r . The se va lues we r e  ca l -

c u l a ted us i ng the Monte Ca r l o code . 

The p r o ba b i l i ty o f  a gamma r ay 

s t r i k i ng the s u r f a c e  o f  the d e t e c 

t o r  p r oduc i ng a count . 

2 . 5 5 x 10-7 counts/ gamma . 

TABLE V I I 

FRACT ION OF I N I T IAL GAMMA RAY STR I K I NG THE 
FRONT SURFACE OF THE Be { y . n ) DETECTOR 

Ma t e r i a l  
Dens i ty 

Ta nk { g/ cm3 ) 
Sou r c e  

Di s t r i bu t i o n  P r oba b i l i ty 

A 2 . 07 

A 1 . 00 

A 2 . 07 

A 1 . 00 

A 1 . 00 

A 

B 1 . 00 

2 0  

Un i f o rm . 
6 1  em high 

Uni f o r m .  
6 1  em h i g h  

Crus t . 
10-cm s ou r ce o n  
t o p  o f  5 1-cm a t 
t e nua t ing ma t e r i a l  

Crus t . 
10-cm s ou r c e  o n  
t o p  o f  5 1-cm a t 
tenua t i ng ma t e r i a l  

3 0 - cm- t h i c k  r i ng 

Po i nt source  

Un i f o rm .  
1 6 0  e m  deep 

0 . 000 9 9 5  

0 . 00 1 6 8  

0 . 000 6 8 6  

0 . 0 0 1 27 

0 . 0020 

0 . 00 1 8 4  

0 . 00097 6  



TABLE VI I I  

MEASUREMENTS OF DEM INERAL I ZERS 

Count 
T i me N e t  neut r o n  Net Gamma of 

Dem i ne r a l i z e r  ( S )  f r om Be ( y , n )  I o n  Chambe r 

A 3 00 9 19 ± 3 0  1 5 . 7 6 ± 0 . 02 
3 00 9 5 1  ± 3 0  1 5 . 7 6 ± 0 . 0 2 
3 00 9 6 3  ± 3 1  1 5 . 7 2 ± 0 . 06 
3 00 9 4 8  ± 3 1  1 5 . 8 4 ± 0 . 0 2 
3 00 9 2 4  ± 3 0  1 5 . 8 4  ± 0 . 02 
3 00 9 5 2  ± 3 1  1 5 . 7 6 ± 0 . 0 2 
3 00 1003 t 3 2  1 5 . 6 4 ± 0 . 0 2 
300 9 6 4  ± 3 1  1 5 . 7 2 ± 0 . 0 6 
3 00 1000 ± 3 1  1 5 . 6 4 ± 0 . 04 
3 00 9 4 1  ± 3 1  1 5 . 8 8 ± 0 . 0 2 
300 9 6 7 ± 3 1  1 5 . 8 0 ± 0 . 0 2 
300 � 4 3  ± 3 1  a 
300 9 7 1 ± 3 1  a 
3 00 907 ± 3 0  a 
3 00 9 3 2  ± 3 0  a 
3 00 9 7 5  ± 3 1  a 
3 00 8 7 5  ± 3 1  a 
3 00 8 9 9  ± 3 0  a 
3 00 9 2 1  ± 3 0  1 5 . 50 ± 0 . 09 
:i OO 902  ± 3 0  1 5 . 4 8 ± 0 . 02 

Ave r age 9 4 6 . 4  ± 3 0 . 3  1 5 . 7 2 ± 0 . 1 3 
3 . 1 5 Coun t s / s  o r  2 2 9  R / h  

B 3 00 1 5 3  ± 12 . 4  
3 00 1 6 3  ± 1 2 . 8  
3 00 1 4 7  ± 1 2 . 1  
300 1 4 7  ± 2 3 . 1  
300 1 6 0  ± 1 2 . 7  
300 1 4 9  ± 1 2 . 2  
3 00 1 4 0  ± 1 1 . 8  
300 1 3 4  t 1 1 . 6  
300 169 ± 1 3 . 0  

Aver age 1 5 1 . 3  ± 1 1 . 2  
0 . 5 0 4  Coun t s / s  

ava lues we r e  no t r ec o r d ed because t hey we r e  r e l a t ive ly cons t ant . 

Subs t i tu t i ng t he va lues f r om Ta b l e  V I I a nd i nc o r po r a t i ng the 

c o nve r s i o n  f a c t o r  f o r  cu r i es  o f  1 4 4ce to g r ams o f  u r a n i um 

me ta l , we obta i n  t he r e su l t s  g iven i n  Tab l e  I X .  
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TAB I.E I X  

CUR I ES l 4 4ce AND AMOUNT OF URAN I UM METAL 

Ma te r i a l  u 
De ns i ty S ou r c e  l4 4ce Me t a l  

Tank ( g / cm3 ) Di s t r i bu t i o n  ( C i ) ( kg )  

A 2 . 07 Un i f o rm .  
6 1  em high 5 5 . 1  4 . 6  

A 1 .  07 Un i f o r m .  
6 1  em h i gh 3 2 . 7  2 . 8  

A 2 . 07 C r us t . 
10-cm s ou r ce o n  
t o p  o f  5 1- cm a t -
t e nua t i ng ma t e r i a l  80 . 0  6 . 7  

A 1 . 00 Crus t . 
10-cm source o n  
t o p  o f  5 1-cm a t -
tenua t i ng ma t e r i a l  4 3 . 2  3 . 6  

A 1 . 00 3 0 - cm- th i c k  r i ng 27 . 4  2 . 7  

A Po i n t  source 2 9 . 8  2 . 5  

B 1 . 00 Un i f o rm .  
1 6 0  em deep 7 . 8  0 . 7  

2 .  Measur ement Va r i a b l e s . The r e  a r e  s eve r a l  va r i a b l e s  tha t 

cou ld a f f e c t  t he c a l c u l a t ed r e su l t s s i g ni f i c a n t l y . 

( a )  De tec tor  pos i t i o n  wi th r espect t o  the t a nks . 

( h )  Or i e nt a t i o n  of d e t e c to r . 

( c )  D i s t r i bu t ion a nd dens i ty o f  ma t e r i a l  i n  t he t a nk . 

( d )  F r a c t i o n  of hi gh- ene r gy gamma r ays a bove 1 . 6 67 MeV f r om 
106R u .  

We c a n  o n l y  e s t ima t e  the r ea l  pos i t i ons a nd o r i en�a t i ons of 

the de t e c t o r s  dur i ng this measu r ement . The pos i t  i C\ n o f  t he de

tec t o r  wi th r es pe c t  to  a t a nk cou ld i nf l uence t he r esu l t s f r om 10 

to 30\ depend i ng on whe the r  t he d e t e c t o r  we r e  5 f t  or 6 f t  f r om 

the t a nk • s  center  l i ne . We expec t t h i s  e f f a c t  t o  be a t  the l ower 

e nd of t h i s  r a nge because o f  our  a ssumpt i o n  t ha t  the t a nk was a n  

extended sour c e . The r ef o r e . the e f f e c t  wou l d  n o t  nec e s s a r i ly va ry 
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a s  t he sq1�a r e  o f  the d i s t a nce . The d e t e c t o r  ha s d i r e c t i o na l  s e n

s i t i vi ty a nd is - S O \  mo r e  e f f i c i ent i f  i t  is o r i e nt ed wi t h  i t s  

l o ng s id e  f ac i ng t he s ou r c e . The mea s u r eme nt  geome t r y  o f  t he de

t e c t o r  in  t he B cub i c le  may have bee n such t ha t  a s i gn i f i c a n t  

numbe r of  gamma r ays c ou l d  have s t ruc k t he s id e  of  the d e t e c t o r : 

hence our e f f i c i e ncy f a c t o r  c ou l d  have been h i ghe r . r educ i ng ou r 

es t ima t e d  i nve n t o r y  o f  fue l pr opor t i ona l l y . F o r  our c a l cu l a t i ons . 

we a s s umed t ha t  t he f r ont  s u r f a c e  of  the d e t e c to r wa s no r ma l  t o  

t h e  c e n t e r  l i ne o f  t h e  t a nk . I n  t he ac tua 1 mea s u r emen t s . t h e  

e x t end ed s ou r c e  d i s t r i bu t ; o n a nd t he po s s i b i l i ty o i  t h e  d e t ec t o r  

no t be i ng pe r f ec t ly a l i gned wou ld a f f e c t  t he geome t r y  ef f i c i ency 

f a c t o r . f ( O . � . p . x . y . z } .  i n  the c a l c u l a t i ons . I f  t h i s  f a c t o r  we r e  

i nc r ea s e d . our e s t ima t e s  of  the u r an ium i nven t o r i es wou ld be r e 

duced p r o po r t i o na l ly . 

Ano t he r  unknown f a c t o r  wa s t he r e a  1 d e ns i ty o f  t he ma t r i x 

ma t e r i a l  i n  t he ta nks . We have a s sumed uni f o rm d e ns i t i e s  of 1 . 0  

a nd 2 . 07 g / cm
3 : i f  the t rue ef f e c t i ve dens i ty we r e  g r e a t e r  t han 

t ha t . a s  m i ght  be the c a s e  if  a l l  the o r i g i na l  r e s i n  had been in  

the  l owe r r eg i o n  o f  t he t a nk . our e s t ima t e s  wou ld be l ow .  S i m

i l a r ly .  if the e f f e c t ive dens i ty we r e  l e s s  t ha n  1 . 0 .  ou r fue l 

e s t i ma te s  wou l d  be h i gh . I f  we a s sumed the d e ns i t y  t o  be t ha t  of 

a i r , a nd t he s ou r c e  t o  be a po i nt s ou r c e  as wa s t he c a s e  in our 

ho t - ce l l  c a l i br a t i o n ,  we wou l d  e s t ima t e  a fue l i nve ntor y of  ap

p r ox i ma t e l y  2 . 5  kg . 

The f r a c t i o n  o f  gamma r ays  a bove 1 . 6 6 7  MeV not a r i s i ng f r om 

1 4 4 c e - 1 4 4P r  was a s sumed t o  be no t mo r e  t ha n  5, . I f  10 6Ru 

( the o nly p l aus i b l e  i nt e r f e r e nc e } had c o nc ent r a ted i n  t he demin

e r a l i z e r s , our va lues wou ld be b i a s ed t o o  h i gh . F r om t he p r e l i m

i na r y  r esu l t s  obta i ned f r om HEDL . t h i s  d o e s  no t a ppea r to be a 

s i gni f i ca n t  p r o b l em . 

V .  CONCLUS I ONS 

Eac h  of t he f a c t o r s  d i s cu s s ed i n  the p r evi ous s e c t  i o n s  c a n  

i nf luence t h e  c a l cu l a t i on o f  the fue l i nve n t o r i es  i n  t he two 

d e m i n e r a l i z e r s . The s pe c i f i c  va lue i s  s t r ong ly d ependent on the  
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a s sumed d i s t r i but i o n  of  the s ou r c e  a nd t he dens i ty o f  the ma t e r 

i a l  i n  the t a nk . The detec t o r s  • pos i t i o ns a nd o r i e n ta t i ons a r e  

impo r tant but we r e  k nown o n l y  a p p r o x i ma t e ly . We a s sumed a l s o  

t ha t  no 106
Ru rema ined i n  t he r e s i n .  For  these r ea s o ns . o n ly a 

fa i r l y wide r a nge of  resu l t s  f o r  t a nk A i s  g i ven . A l s o , we have 

i nc luded a l l  of our data to a l l ow o t he r s  the oppo r tun i ty to r e 

view ou r resu l t s . Kee p i ng i n  m i nd a l l  o f  t he p r evi ous c o ns i d e r a 

t i ons , we es t ima t e  the i nve nt or i e s  f r om d a t a  s hown i n  Ta b l e  V I I 

to  be 

2 to 1 kg of fuel in Dem i ne r a l i z e r  A .  

0 . 1  kg o f  fuel i n  Dem i ne r a l i z e r  B .  
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APPEND I X  A 

PREPARAT I ON OF STANDARD l 4 4ce SOLUT I ON 
FOR CAL I BRAT I ON OF THE Be ( y . n ) DETECTOR 

A 1 . 2 5 - cm sec t i o n of an expe r i men t a l ( u r a n ium . p l u t o n ium ) 

c a r b i d e  f u e l  p i n  f r om the f a s t r ea c t o r  f u e l  d eve l opment  p r o g r am 

wa s used to  prepa r e  a s ta nd a r d  1 4 4ce s o lu t i o n  f o r  ca l i b r a t i o n  

o f  t he Be ( y . n ) d e t ec to r . The fue l p i n  had a n  ave r a ge bu r nup o f  

8 . 7 \ and wa s r emoved f r om t he r eac t o r  o n  Ma rch 2 6 .  1 9 8 2 . Becau s e  

i t  wa s a m i xed c a r b i d e  f u e l  samp l e . t he amount  o f  1 0 6Ru pr esent  

wa s s i gni f i cant ly h i ghe r t han wha t wou ld  be found i n  a LWR fue l 

s amp le  because o f  t he much h i ghe r f i s s i o n  y i e l d  o f  
106Ru f r om 

2 3 9 Pu compa red to  2 3 5u .  Chem i ca l s e pa r a t i o n  o f  the r u t he n ium 

wa s accompl i s hed by d i s s o lu t i o n  o f  t he f u e l  s ec t i o n  in n i t r i c  ac i d  

f o l l owed by a s od ium hyd r ox ide p r ec i p i t a t i o n  a nd o x i da t i o n  o f  the 

r u t hen ium to  the ba s e - so l u b l e  pe r r uthena t e .  The pe r r u thena t e 

conta i n i ng s o l u t ion wa s decanted o f f  t h e  p r ec i p i t a t e . wh i ch wa s 

wa s hed w i t h  s od ium hyd r oxide  a nd then d i s s o l ved i n  n i t r i c  a c i d . 

Th i r ty mi l l i l i t e r s  of t h i s  a c id s o l u t i o n  wa s u s e d  a s  t he gamma - r ay 

ca l i b r a t i o n  s ta nd a r d  f o r  t he Be ( y . n )  detecto r . 

The r a d i o c hem i c a l  a s s ay of the s o lu t i o n  gave 3 . 08 • 10 1 1  

d ps / 3 0  mi o r  8 .  3 8  C i  o f  1 4 4ce . As say f o r  
106Ru gave 

6 . 7 8 • 10 10 dps / 3 0  mi or  1 . 8 3 Ci a f t e r  t he s e pa r a t i o n . F o r  

ou r ca l i br a t i o n  s t a nda rd . t he r a t i o  o f  144ce1 106Ru wa s 4 . 6 . 

wh i c h  wa s s imi l a r  t o  t he expec ted r a t i o o f  3 . 9  f o r  t he TM I - 2  f ue l . 

As say p r ocedure and c a l c u l a t i ons a r e  summa r i z ed be l ow .  

A .  D i l u t i o n  Sequence 

26 

( 1 ) 1 . 007 mi of  source s o lu t i o n  d i l u t ed to 1 8 9 . 7 6 mi 
wi t h  1 N HN03 . 

( 2 )  Two 0 . 0 10 mi a l iquo t s  of 1 8 9 . 7 6  mi e a c h  d i l u t ed t o  
1 0  mi i n  vo l ume t r i c  f l a s k  wi t h  1 N HN03 . 

( 3 )  One mi o f  f i r s t  10-mi d i lu t i o n  was counted . 

( 4 )  Two mi o f  s e c o nd 10-mi d i lu t i o n  was c ou nted . 



B .  Cer i um- 1 4 4  a s s ay 

Ene r gy peak used f o r  a s s ay = 1 3 3  keV 

Abu nda nce � 0 . 108 gamma / d i s i nt eg r a t i o n  
- 2 De t e c t o r  ef f i c i e ncy = 4 . 0 6 • 10 count s / gamma 

Count t ime = 1000 s ( l i ve t ime ) 

SamQle 1 

G r o s s  Peak Area = 2 8 7  4 9 7  counts  

Backgr ound = 4 9  0 6 5  counts  

SamQ l e  2 

G r o s s  Peak Area ::: 604  9 8 7  counts 

B a c kgr ound == l2 b  997 coun t s  

Ave r age d p s /m� of  s o u r c e  == 1 . 0 2 6  ± 0 . 002 • 10 10 

Sou r ce dps = ( 1 . 02 6  • 10 10 ) ( 3 0 )  = 3 . 07 8  • 10 1 1  

C .  Ru t he n i um- 106  a s s ay 

E ne r gy peak u s ed f o r  a s say = 5 12 keV 

Abund a nc e  = 0 . 205 gamma / d i s i nt e g r a t i o n  
- 2  

De t e c t o r  e f f i c i e ncy == 1 . 0 3 • 1 0  count s / gamma 

Count t ime = 1000 s ( l i ve t ime ) 

Sam:Q l e  1 
G r o s s  Peak Area = 3 7  3 87 count s 

Backgr ound = 1 2  4 5 8  c ou n t s 

SamQ l e  2 

G r o s s  Peak Area = 6 9  5 4 3  counts  

B a c kg r ound = 18  2 2 0  counts  

Ave r age d p s /m� o f  s ou r ce = 2 . 2 6 ± 0 . 0 5 • 109 

Sou r c e  d p s  = ( 2 . 2 6 • 10
9

) ( 3 0 )  = 6 . 7 8 • 10 10 

2 7  



APPEND I X  B 

PROBAB I L I TY OF A SOURCE GAMMA RAY 
STR I K I NG THE Be ( y , n ) DETECTOR 

The ca l i b r a t i o n  of the Be ( y , n )  d e t e c t o r  p r ovides  t he p r o b 

a b i  1 i t y  o f  a count be i ng r ec o r ded f o r  a gamma r ay e nt e r i ng t he 

d e t e c t o r . Th i s  wa s found expe r ime nta l l y u s i ng a po i n t - l i ke 

s o u r c e  o f  gamma rays o f  known a c t i v i t y  whe r e  t he p r o ba b i l i t y o f  a 

gamma ray pa s s i ng t h r ough t he d e t e c t o r  c ou l d  be c a l c u l a t ed u s i ng 

s i mp le  geome t r y  cons i d e r a t i ons . 

W i t h  t he mo re c omp l i ca t ed s ou r ce d i s t r i bu t ed wi t h i n  a d em i n 

er a l i z er t a nk , the p r o ba b i l i t y of a gamma r a y  pa s s i ng t hr ough the 

d e t e c t o r  is not eas i ly o b t a i ned . A mod e l  of t he t a nk a nd d e t e c 

t o r  wa s exami ned us i ng t he L o s  A l amos Mo nte Ca r l o compu t e r  code . 

MCNP . The mod e l  d e t e c t o r  wa s pos i t i oned a t  t he d i s t a nce f r om t he 

tank es t ima t ed by the Gene r a l  Pub l i c U t i l i ty ( GPU ) pe r s o nne l who 

pos i t i o ned the d e t ec t o r  in the deminera 1 i z e r  r oom . We as s umed 

tha t  the d e t ec t o r  wa s a l i g ned wi t h  i t s  l o ng a x i s  po i n t ed t owa r d  

the center  l i ne o f  the t a nk . The va s t  ma j o r i ty o f  t he gamma r ays 

t ha t  enter t he detec t o r  in t h i s  o r i en t a ti o n  d o  so t hr ough t he t o p  

and f r ont sur faces : t he sma l l  add i t i o na l  numbe r  t ha t  e n t e r  

thr ough t h e  s i des  we r e  n o t  i nc l ud ed i n  t he s e  ca l cu l a t i o ns . A 

layer of  conc r e t e  s imu l a ted t he f l o o r  t o  a l l ow f o r  s c a t t e r  o f  

gamma rays i n t o  t he d e t ec t o r . but t h i s  wa s f ound t o  have a ve r y  

m i n o r  e f f ec t . 

The gamma - ray p r o f i l e s c a n  was a p p r o x ima t ed by our a s sumi ng 

a u n i f o r m  sour ce d i s t r i bu t i o n  t ha t  f i l l ed t he bo t t om s phe r i ca l 

c a p  o f  t he t a nk a nd t hen cont i nued upwa r d  f o r  about 6 1  e m . Th i s  

i s  i n  gene r a l  agr eement w i t h  t he es t i ma ted l o ca t i o n  o f  the mat e r 

i a l  g i ven by a phys i ca l  p r o be p laced i nt o  the t a nk . I n  t he s e  

ca l cu l a t i ons we a s sumed t ha t  t he s ou r c e a nd r e s i n  have u n i f o r m  

d e ns i t i e s . 

I f  a l l  t he r e s i n  i s  s t i l l  i n  the t a nk . i t s  d e ns i ty wou l d  be 

a bout  2 . 07 g / cm3
: if about ha l f  has esca ped . t he d e ns i ty m ight 

be a bout  1 . 00 g / cm3 . The s e  two d ens i t i es wer e  used to exami ne 

t he e f f ec t s  o f  d e ns i ty o n  t he c a l cu l a t i o ns . 
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The Monte Car l o  code g i ves  t he f lux o f  gamma r ays ent e r i ng a 

squa r e  cent ime t e r  n o r ma l  t o  t he d i r ec t i o n  o f  mo t i o n . d iv i d ed by 

t he numbe r o f  s o u r c e  gamma r ays . The mod e l s  u s ed he r e  a lways had 

t he bo t t om s pher i c a l cap f i l l ed wi t h  r e s i n ;  f o r  Tank A� 61 em of 

r e s i n  wa s i n  t he l owe r cyl i nd r i c a l  po r t i on ;  f o r  Tank B .  160 em of 

r e s i n  wa s in t he cy l i nd r i c a l  por t i o n .  Fo r Tank A .  an ext ra  c a s e  

wa s u s ed i n  wh i c h  t he s ou r c e  i s  c o nf i ned t o  t he uppe rmo s t  1 0  e m  

o f  t he 6 1  em of  r e s i n .  Th i s  mode l  d o e s  not  ma t c h  t he mea s u r ed 

gamma - r a y  p r o f i l e bu t i s  u s ed s i mp l y  t o  he l p  e s t a b l i s h  bound s on  

t he ca l cu l a t ed va lues . Af t e r  a n  i ns pec t i o n  r evea l ed a ho l l ow 

c o r e  i n  t he r e s i n  of  t a nk A .  a cy l i nd r i c a l r i ng o f  r e s i n  wa s u s ed 

i n  t he Mo n t e  Ca r l o  mod e l . The r i ng wa s 6 1  em h i gh and had a cen

t r a l  ho l l ow r e g i o n  3 0  em in d i ame t e r . Ta b l e  B- I g ives the 

r e s u l t s f o r  t he s e  c a s e s . 

TABLE B- I 

RESULTS OF MONTE CARLO CALCULAT I ONS 

Sou r c e  P r o j ec t ed 
Di s t r i - F luxa Area P r o b -

Tank De ns i ty but i o n  Top F r o n t  Top F r o n t  a b i l i ty 

A 2 . 07 Un i f o rm 0 . 8 609  1 .  3 5 9  4 5 0  4 47 0 . 000 9 9 5  
A 1 . 00 Uni f o rm 1 .  6 5 0  2 . 2 1 5 3 9 1  4 6 7  0 . 00 1 6 8  
A 2 . 07 1 0 - cm c r us t 0 . 6 8 3 7  0 . 6 4 5 5  6 2 5  400 0 . 000 6 8 6  
A 1 . 00 10- cm c ru s t  1 . 2 2 5  1 . 3 9 0  5 5 0  4 3 2  0 . 00 1 2 7 
A 1 . 00 R i ng 1 . 9 5 0  2 . 5 5 4  4 20 4 6 0  0 . 0020 

B 1 . 00 Un i f o r m  0 . 908 1 1 .  2 4 5  5 2 2  4 0 3  0 . 000 9 7 6  

P o i n t  Sou r c e  Ca l i b r a t i o n  2 . 1 6 5  2 . 8 7 0  1 5 4  5 1 1  0 . 00 1 8 0  

a The f lux uni t s  a r e  l o - 6 / cm2 . wi t h  e s t ima t ed a c cu r a c i e s  o f  
a bo u t  10% . 

The f luxes mus t  be mu l t i p l i ed by t he p r o j ec t i o ns of  the 

a r ea s  o f  t he t o p  a nd f r o n t  s u r f a c e s  o f  t he d e t e c to r . Thes e  p r o -

j ec t i t� ns a r e  no rma l t o  t he d i r ec t i on o f  gamma rays f r om t he 

t ank . Wi t h  t he e x t e nd ed s ou r c e s  wi t h i n  t he t a nks . these p r o -

j ec t ed a r e a s  c a n  o nly b e  ave r a ge s . 
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F r om a po i n t  wi t h i n  the t a nk . l i nes we r e  d r awn t o  the  c e n

t e r s  of  t he t op a nd f r ont s u r f a c e s . The p r o j ec t i ons o f  t he a r e a s  

we r e  n o r ma 1 to these 1 i nes . We ima g i ned a 1 i ne t ha t  was four  

mean- f r ee- p a t h  l engths i ns ide t he t a nk a nd in  t he p l ane c o nt a i n

i ng t b e center  l i ne of t he t a nk a nd t he d e t ec t o r . The end po i n t s  

of  t h i s  l i ne co i nc i ded wi t h  the t o p  a nd bo t tom o f  the gamma- r ay 

s o u r c e  r eg i o n .  For t hese two p o i nts , p r o j ec t ed a r e a s  o f  a su r 

f a ce  of  the detec t o r  we r e  c a l cu l a ted ; t he ave r a ge o f  these a r e a s  

i s  s hown i n  Ta b l e  B- 1 a nd was used to mu l t i p l y  a c o r r espond i ng 

f lux . A pr obab i l i ty i n  Tab l e  B- I i s  t hus t he f lux f o r  t he t o p  

sur f a c e  t i me s i t s  pr o j e c t ed a r ea . p lus  t he f lux f o r  t h e  f r o n t  

s u r f a c e  t ime s i ts pr o j e c t ed a r e a . 
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FUEL ASSESSMENT OF THE THREE MILE I SLAND UN I T  2 
MAKEUP OEMI NERAL I ZERS BY COMPTON RECO IL  

CONTINUOUS GAMMA-RAY SPECTROMETRY 

James �- McNeece , Bruce J .  Kai ser , 
Raymond Go l d ,  and Wi l l i am W .  Jenk i ns 

ABSTRACT 

During October, 1 982, gamma spectrometry measurements were carried out to as

sess the fuel debris content of the TMI-2 makeup deminerali zers . A shielded 

Si ( Li )  compton recoi l gamma ray spectrome ter was used to measure the gamma 

spectra at various locations wi thin the cel l .  The shield wei ghed 78 pounds 

and permi tted operation in gamma fields up to 2000 R/hr. The spectral data 

were used to determine the intensi t y  of the 2 . 1 8 MeV gamma ray from the fission 

product 1 44ce . *  Assuming this fi ssion product does not mi grate out of the 

fuel , the quanti ty of 1 44ce is di rectl y related to the quantity of fuel pres

en t .  These spectral measurement s  al so provided data for determining the 1 37cs 

loading on the demineral i zer resin . 

A sma l l  diameter col limator opening in the side of the detector ' s  lead shield 

al lowed accurate mapping of the source confi guration wi thin the deminerali zer 

tank . Col limated hori zontal traverses across the top of the tank and vertical 

traverses down the sides were made . The observed hori zontal source distribu

tions show gross nonuniformi t y  for both the 144ce and 1 3 7cs . The observed 

vertical di stributions show the source to be volume distributed over the two

foot regi on from elevation 307 ' to 309 ' .  Analysis of the 1 37cs electron spec

tral shapes indicate there is no si gnificant at tenuating material above the 

309 ' elevation. The observed gross nonuniformi ties in the source distri bution 

l eads one to conclude there has been , in t urn ,  gross nonuniformi ty in the ra

di ation damage to the resin bed . 

Based on tlle observed source geometry and the measured flux of the 144ce 2 . 1 8 

MeV gamma -rays ,  the fuel content of the A deminerali zer is calculated to be 

1 . 3  ± 0 . 6 Kg. In addi tion ,  as based on these measurement s ,  the 1 3 7cs conten t  

is calculated to be 3400 ± 2500 Curi es .  Both estimates are a s  of mid-October, 

1 982 . 

*This gamma-ray is actually emi t ted by 144pr, which is the daughter of 144ce . 
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1 . 0  Introduct i on 

Assessment of the fuel content of the Three Mil e  Is l and Uni t-2 (TMI-2 ) makeup  

demi neral i zers is  necessary pri or to  removal of  the hi ghly radi oacti ve i on exchange 
res i n  from the demi neral i zer tanks . Si nce both the A and B demi neral i zers were 
on-l i ne duri ng the acci dent , s i gni fi cant amounts of fuel may have been trapped 
in the res i n  beds . Estimates of the fuel debri s present can be made by measuring 
the i ntens i ty of spec i fi c  gamma rays associ ated wi th fi s s i on products and by 
measuring the neutron fl ux from spontaneous fi ssi on and ( a , n )  reacti on5  i n  the 
fuel . Cont i nuous gamma-ray spectrometry provi des the means for carryi ng out 

the gamma ray measurements . Sol i d  state nucl ear track recorders are appl i cabl e 
for the neutron measurements , ( 1 ) and resu l t s  are provi ded i n  a compani on report . ( 2 )  

Th i s  report provi des data and resul ts  obta i ned from conti nuous gamma-ray spectrometry 
measurements i n  the A and B demi neral i zer cel l s .  In  Section 2 the conti nuous 

gamma-ray spectrometry method i s  descri bed wi th emphas i s on adaptations i ntroduced 
to carry out measurements i n  the i ntense radiati on envi ronment of the TMI-2  
demi neral i zer cel l s .  The actual measurement campaign i s  described in  Section 

3 . Analysi s  of the data to l ocate and quanti fy the fuel debri s is g i ve:1 i n  
Sect i on 4 .  Addi ti onal characteri zati on i n  terms of the total 1 3 7Cs  act i v i ty 
l oad i ng of the A demi neral i zer i s  prov i ded i n  Secti on 5 . 

2 . 0  Measurement Techni aue 

Gamma spectra measurements were made us i ng a uni que Si ( L i ) Compton recoi l 
spectrometer . Th� abi l i ty of thi s Si ( L i ) spectrometer to determi ne absol ute 
gamma ray cont i nua has been wel l establ i shed . ( 3- 5) In addi t ion , the spectrometer 

has the abi l i ty to accurately determi ne the absol ute i ntens i ty of wi dely spaced 
l i ne spectra . From prel imi nary measurement s  of a TMI sl udge sampl e ,  i t  was 
shown that the gamma ray l i nes were wi dely  s paced , thereby mak i ng th i s  an i dea l 
appl i cat i on for the Compton recoi l  s pectrometer .  

A photograph of  the phys i cal  packagi ng of the spectrometer/preampl i fier assembly 
i s  shown in  Fi gure 1 . To reduce the i ntense background radi ation from 1 3 7Cs , 
the detector was surrounded by a 5 . 5  ..  diameter l ead sh i el d  8" i n  l ength .  Two 
shi el ds were used to orov i de di fferent l evel s of background attenuation . Both 

1 
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FIGURE 1 .  Photograph of the Si(li) compton recoil spectrometer. 
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are shown i n  F i gures 2 and 3 .  Smal l di ameter col l imator hol es i n  the shi el ds •  

si des permi tted accurate mappi ng �f the geometri cal source di stri but i on wi thi n 

the demi neral i zer tank . 

Access to the A-Cel l was l imi ted to a 6"  x 9"  openi ng at the 321 1 9" el evation 

( penetrati on #891 shown i n  F i gure 4 ,  whi c h  i s  approximately 8 feet above the 

demi neral i zer tank ) .  A speci al boom and winch assembly was fabr i cated to remote-

ly pos i ti on the spectrometer/s hi e l d  package i ns i de the cel l .  The boom provi ded 

for hori zontal movement of the detector over the compl ete width of the cel l .  

A swi ng arm and wi nch provi ded for l oweri ng the detector down both the north 

and south s i des of the tank . Tape measures attached to the boom al l owed for 

accurate pos i t i on i ng of the detector . 

A smal l ,  remotely operated transporter was used to pos i ti on a vi deo camera i ns i de 

the cel l .  I t  �roved to be an i nval uabl e aid  i n  pos i t i on i ng of the spectrometer . 

3 . 0  Demi neral i zer A Measurements 

An overal l i sometri c v i ew of the makeup demi neral i ze r  cel l s  i s  shown in Fi gure 

4 .  El evati on and pl an v i ews of the demi neral i zer A cel l are shown i n  Fi gures 

5 and 6 ,  respecti vel y .  Hori zontal traverses were made across the top of the 

tank at the 321 1 9 "  el evation and verti cal traverses were made down both the 

north and south s i des of the tank . Both detector shi el ds were used for the 

hori zontal traverses .  Only the symmetri cal shi el d was used for the verti cal 

traverses . 

Two sets of data were taken--one set wi th the col l i mator openi ng ol ugged ( back

ground ) and the other set wi th the col l imator openi ng toward the tank ( fo reground ) .  

The source geometri cal di stri bution s  are obta i ned by subtracti ng the background 

data from the foreground data . Thi s di fference i s  the response due onl y  to 

the uncol l i ded gamma rays that enter through the col l i mator o�eni ng .  The col l i 

mator l i mi ts the fi el d of v iew of the detector to smal l di ameter reqions , thereby 

a l l owi ng the rel ati ve source i nten s i ty di s tri but i on to be accuratel y  mapped . 

On the other hand , fl ux di stri but i ons  are obta i ned from the background data 

onl y .  The fl ux at any l ocati on i s  obv i ously  a functi on of the tota l source 

wi th i n  the cel l , not just the emi s s i on from a smal l reg 1 on .  

3 
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Resul ts of the hori zontal traverses over the regi on one foot south of the tank 

to one foot north of the tank are shown in Figures 7-10 . Fi gures 7 and 8 show 

the rel ati ve source di stri butions  for the 1 3 7Cs and 1 � �ce , respect i vel y .  Both 

the 1 3 7Cs and 1 � �ce show dramat i cal l y  skewed hori zontal source di stri butions . 

The hori zontal fl ux di stri buti on for 1 3 7Cs 0 . 662 MeV gamma ray i s  shown i n  Fi gure 

9 .  Fi gure 1 0  di spl ays the 1 � �ce 2 . 18 MeV gamma ray fl ux . A s  expected , the 

fl ux di stri but i ons  fol l ow the source di stri but i ons but are not as severel y 

skewed . 

Only the verti cal traverses on the south s i de of the tank were succes sful . The 

h i gh source i nten s i ty observed on the north s i de prohi b i ted measurements on 

that s i de .  The traverses on the south s i de were made at 1 1 10 11 from the tank  

wal l .  Fi gures 1 1  and 12 show the rel at i ve verti cal source di stri but i ons  for 

the 1 3 7Cs and 1 � �ce .  The observed di stri buti ons show both the 1 3 7Cs and 1 � �ce 

to be l i mi ted to a reg i on bel ow the Jog • el evat i on .  Above Jog • there i s  vi rtua l ly  

no 1 - 4Ce source . Some 1 3 7Cs source is  present above the Jog • el evat i on . The 

1 3 7Cs source above Jog • may be due to resi dual contaminat i on l eft on the tank 

wa l l  as  the res i n  bed subsi ded due to radi ati on damage and thermal degradat i on .  

The vertical  fl ux di stri but i ons for the 1 3 7Cs and 1 � �ce are shown i n  Fi gures 

1J and 14 .  

A typ ical  Compton reco i l  el ectron spectrum obtai ned in  the background mode i s  

shown i n  Fi gure 1 5 .  The Compton edges correspondi ng to the most s i gni fi c�nt 

gamma rays are l abel ed . Fi gure 16 i s  the foreground el ectron spectrum at the 

same l ocati on { J21 • g n el evati on , one foot north of the tank  center l i ne ) .  Note 

that Figure 16 i s  pl otted on a 7-decade l og scal e whereas Fi gure 15 i s  a 6-decade 

l og scal e .  The gamma ray spectrum i s  obtai ned from the observed el ectron 

spectrum by an i terati ve unfol d i ng techni que . � 6 , 7 )  The unfol ding method requi res 

the use of a response matrix whose  col umn el ements are the responses of the 

detector for a gi ven gamma ray energy . The response matri x i s  deri ved from 

the observed responses from a set of monoenerget i c  gamma ray cal i brat i on sources . 

Fi gure 17  di spl ays the unfol ded gamma ray spectrum from the el ectron spectrum 

i n  Fi gure 1 5 .  

_g_ 



..... 
0 

� 
-Cl) 2 w 1-2 
w 0 a: :::> 0 Cl) 
en 0 I;; 

... w > 
5 w a: 

o.o �----------�----------_.------------�------------� 
NEAR EDGE CENTER LINE FAR EDGE 

HEDL 8212-080.11 

FIGURE 7. Horizontal distribution of th� 137cs source intensity. 

., . 



• ·• • 

1 .0 

.9 

� .a iii 2 w ... .7 2 
w 0 cc .6 ::;) 
0 en 

� CD .5 � u I 
'"" w .4 > -

� w .3 
cc 

NEAR EDGE CENTER LINE FAR EDGE 

HEDL 1212-tll0.10 

FIGURE 8. Horizontal distribution of the �44ce source intensity. 



__, 
N 

>< 
:;) .... u. 
w 

1.0 

0.8 

> 0.6 

5 w II: 

0.4 

0. 2 

0 0 0 0 
0 0 0 0 

0 0 
0 0 

0 
0 

0 
0 0 

0 

I 1 ft I .. .. 

O.OL-
------L-------�------�------�--------�------�------�--� 

NEAR EDGE fi! ,  FAR EDGE 

HEDL 1212-GIIO.I 

FIGURE 9. Horizontal flux distribution at 321' 9" for the 0.662 MeV 137cs gamma ray. 



• • 
• .. 

1 .0 

� p p g? p 
0.8 p P P P � � 

p p p p p � �· >< 

p � _, &L 0.6 w > 
__, 5 w 

w a: 
0.4 

0.2 

I� 1 ft ... 1 
o.o--------�------._------�------�------_.------�--------�--� 

NEAR EDGE FAR EDGE 

HEDL 8212-GIO.I 
FIGURE 10. Horizontal flux distribution at 321' 9" for the 2.18 MeV 144ce gamma ray. 



313 ft - 9-in. 

• 

312 ft - 9 in. . .  

z 
311 ft - 9 in. 0 i= <( > w _, w 

_, <( 310 ft - 9 in. 
(J i= a: w > 

309 ft - 9 in. 

308 ft - 9 in. 

307 ft - 9 in. 

.2 .1 0 

RELATIVE 137cs SOU RCE INTENSITY 

HEDL 1212.om.e 

FIGURE 1 1 .  Vertical distribution of the 137cs source intensity. 

1 4  



313- ft - 9-in. 

312 ft - 9 in . 

.. 

311 ft - 9 in. 

z 0 ;:: c( > 310 ft - 9 in. w � w 
� 
c( CJ ;:: � 309 ft - 9 in. w > 

308 ft - 9 in. 

307 ft - 9 in . 

• 

306 ft - 9-in. '--..L...-....L..---'-----I�-"----'---'--.......&--'---111 
• 1.0 .9 .8 .7 .8 .5 .4 .3 .2 .1  0 

RELATIVE 144ce SOU RCE INTENSITY 

HEDL IZ1Z_...7 

FIGURE 12. Vertical distribution of the 144ce source intensity. 

1 5  



313' 9" 

312' 9" 

z 311 ' 9" 

0 
� > w ..J w 
..J 310' 9" 
c( CJ j:: a: w > 

309' 9" 

308' 3" 

307" 9" 

306" 9 .. ..___..__.....__ ........ _......�. _ ___.�-"'---""""--_._ _ __._ _ __, 
1 .0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0 

RELATIVE 137cs 0.662 MeV FLUX 

HEDL IZ12-om.Z4 

FIGURE 13. Vertical flux distribution for the 0.662 MeV 137cs gamma ray. 

1 6  



313' 9" 

.. 312' 9" 

311' 9" 
z 0 ;:: <( > w ... w 310' 9" 
... 
<( (J ;:: a: w > 

309' 9" 

308' 9" 

3f11' 9" 
.. 

RELATIVE 144ee 2.18 MeV FLUX 
HEDL 1212.-,.ZI 

FIGURE 14. Vertical flux distribution for the 2.18 MeV 144ce gamma ray. 

1 7  



..... 
c� 

1�J---------------------------·------------------------------

1o5 

1o4 

cn 1� 
... z 
� 
0 u 

1o2 

� 0.662 MeV 137cs 

• '....---- 0.835 MeV 134cs 

., � 1 . 1 7 Mev &Oco 

____ 1 .33 MeV &Oco 
�� 1 .36 MeV t34cs 
.. 

• 

\ 
'� -..... 

-�-- /"" 2.18 MeV 144ce 
• ... ,"-ttt. .. lft .JI!""' 

. - . • 
• � ,. 

• • � :A,· • • • • • 
· - 

• • • • • • • 

1��--�---+--��--�--�--��--�--�--��--+-��--� 
20 40 60 80 100 120 140 160 

CHANNEL NUMBER 

FIGURE 15. Background Compton recoil spectrum at 321' 9". 

180 200 220 

" ... 

240 

HEDL 8212-CI80.32 



• • 

107--
--------------------------------------------------------------. 

1o6 

1o6 

�--- 0.662 MeV 137cs 

' 0.835 MeV 134cs 

.� - 137cs PHOTOPEAK \,.-
�� . 1 7  MeV &Oco 

. ___.-- 1 .33 MeV &Oco 
·..---- 1 .36 MeV 134cs 

---��· 
�..,.........,. 2.18 MeV 144ce 

• 

101 

1o0 I 
20 180 

CHANNEL NUMBER 

FIGURE 16. foreground Compton recoil electron spectrum at 321' 9". 

\ � ' 
�'� 

I 
200 

• • ... '- . 
. .  '\ \ . ..  

• 

220 240 
HEDL 8212..()8Q.31 



N 0 

..... > Q) :E I u Q) • i u ...... 
;o. .... 
& 

1011 �----------------------------------------------------------� : 

. 
/0.662 MeV 137cs 

• 

• 
• 

. 

• 

•• 
• 

1o9 � : 
/0.835 MeV 134cs 

# 
• 

� : 
� 
• 
. 

• 

"; : 
' 

• 
f\ 
• ' • 

. 

. 
. .  
. 

. 

1oB � 

• 
• • 

• 
• : I 

I 
I 

107 -: I : . : . • • 
" 

• • 
• 

1o6 .. _.. 

0.26 0.49 0.71 

1 , 1 7  MeV &Oco 

• • 
1 • .---------1 .36 MeV 134ca 1 1 .33 MeV &Oco . 

• • 
• • 

• 

• 

.. 

�� .. ' 
• l•fl \ • 

" · · . 
• • • • 

., .
. . . .. fit . • • • • 

• • • 
• • 

•• 
• 

. . � . .. . . · .. • . . · · ... _ .. 

• 
• 

• 

: . ' 
. ' 

/ 2.18 MeV 144ce · 

� ! 

•• 

• 
• 

• 

0.93 1 .14 1 .34 1 .66 1 .76 1 .96 2.16 2.36 2.67 
ENERGY [MeV] HEDL 1212.(180.21 

FIGURE 17. Unfolded gamma ray spectrum at the 321' 9" elevation. 

. ... 



• 

4� 0 Data Analys i s  

Refore the 1 4 4Ce fl ux data can be used to determi ne the amount of fuel in  the 

demi neral i zer tank , i t  i s  neces sary to establ i sh the amount of attenuating medi um 

i n s i de the tank . The di fference b�tween a tank ful l of water and a dry tank 

resul ts in  a s i gn i fi cant di fference i n  the cal cul ati on of the fuel content . 

Thi s fact i s  dramati cal l y  i l l ustrated i n  Fi gure 18.  Here the quant i ty of f uel  

i s  pl otted as  a functi on of the amount of water between the source and the 

spectrometer . 

The Compton recoi l  el ectron spectrum from the 0 . 662 MeV 1 3 7Cs gamma was used 

to determi ne the water equ i val ent attenuator in the tank . A foreground mi nus 

background spectrum at the 321 1 9 11 el evati on was used . lhe spectrum i s  shown 

in Fi gure 19 .  A 1 3 7Cs spectrum taken i n  the l aboratory with no attenuati on 

i s  shown in Fi gure 20 . 

Pl ac i ng an attenuator (water) between the 1 3 7Cs source and the col l imated 

spectrometer causes the gamma fl ux spectrum at t�e detector to change . There 

are fewer uncol l i ded 0 . 662 MeV gamma-rays and an i ncreas ing gamma conti nuum 

bel ow 0 . 662 MeV due to col l i s i ons wi th i n  the attenuator.  The resul ti ng Compton 

reco i l  spectrum refl ec�.s thi s c hange . Quant i fyi ng th i s  change was accompl i s hed 

v-i th l aboratory cal i brati on experiments in wh i ch foreground and background spectra 

were measured for vari ous thi cknesses of water attenuator . A d i agram of the 

experi mental setup i s  shown i n  Fi gure 21 . The resul t i ng foreground mi nus back

ground spectra for 2 ,  4, 8, 12  and 18 i nches of water are shown in Fi gures 22 
through 26 . The two most dramati c effects of addi ng attenuator  are broaden i ng 

of the peak near the Compton edge and a decrease i n  the peak -to-val l ey rati o .  

I t  i s  cl ear from a compari son between the TMI 1 3 7Cs spectrum ( Fi gure 19)  and 

the experi menta l spectra that some attenuati ng materia l  i s  present in  the tank . 

It i s  known from the verti cal traverse ( see Fi gure 1 1 )  that the 1 3 7Cs source 

i s  vol ume di stri buted wi thi n  a reg i on bel ow the 309 1 el evati on . The th i ckness 

i s  approx i matel y two feet . The compo s i t i on of the materi a l  i n  the tank i s  radi ati on 

damaged and therma l l y  deqraded ion exchange beads_ pos s i bl y  i ntermi xed wi th water. 

If the med i um i s  assumed to be water equ i val ent in i ts attenuat i on of the 1 3 7Cs , 

21 
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the source di stri buti on from the verti cal traverse can be combi ned wi th the el ectron 

spectral di stri buti on s from the experi mental water attenuat i on cal i brati on data 

to obta i n  the expected Compton recoi l spectrum . That i s ,  i f  

P ( x )  = source i ntens ity a s  a function o f  depth i nto the source 

C (x , E )  = shape di stri buti on of the Compton recoi l spectrum as a funct i on 

of water equ i val ent attenuator ( x )  and el ectron energy , .  E .  

Then the observed el ectron spectrum , Cobs ( E ) i s  s i mpl y :  

Cobs ( E }  = f P (x ) C ( x , E j dx [ 1 ]  

o r ,  as  a n  a pproxi mation , 

. 

cobs ( E ) = I P (xi ) C (x; , E ) [2] 
i 

The C (x i , E )  were measured for x 1 = 2 ,  4 ,  8 ,  12 and 18 i nches of water equi val ent 

absorber .  The rel ati ve so�rce i ntens i ty i s  obtai ned from the verti cal traverse 

data fi tted to a polynomi a1  of the form 

[3] 

For the 1 3 7Cs data , the pol ynomi al  i s  

P ( x1 } = P ( o )  ( 1 . 0 + . 1 3xi - . 38xi ) [4] 

Usi ng equat i on [4] to form the sum i n  equat i on [ 2] produces the Compton reco i l  

el ectron spectrum shown i n  Fi gure 27 . The rati o  of Cobs ( E )  to the TMI-2 s�ectrum 

( Fi gure 19 )  i s  gi ven i n  Tabl e 1 .  It can be seen that Cobs ( E )  matches the TMI-2  

spectrum wi th i n  2% . 

Thi s excel l ent agreement i mpl i es that the source can be defi ned as  a s impl e vol ume 

di stri buted source i n  a water equ i val ent medi um. There i s  no addi ti onal attenuati ng 

medi um abo ve the 309 ' e) evatj on .  The neutron  fl ux measurements made wi th the 

31 
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Tabl e I .  Rat i o  of the TMI 1 3 7Cs Spectrum to the 1 3 7Cs Spectrum Obta i ned 
from Equati on [ 2] . 

Channel No . Rat i o  of TMI 1 3 7Cs/Experi ment&l 

20 1 . 000 

21 1 . 008 
22 1 . 009 
23 1 . 010 

24 1 . 008 

25 1 . 009 

26 1 . 01 1  

27 1 . 014  

28 1 . 016 

29 -1 . 019  

30 1 . 01 5  

31 1 . 01 5  

32 1 . 018 

33 1 . 018 

34 1 . o· a 
35 1 . 018 

36 1 . 019  

37 1 . 017 

38 1 . 013 

39 1 . 012  

40 1 . 005  

41 0 . 996 

42 0 . 986 

43 0 . 988 

44 0 . 984 

45 0 . 987 

46 0 . 991 

47 0 . 995 

33 
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sol i d  state track recorder corroborate the concl u s i on that no water i s  present 

above the 309 ' el evat i on .  ( 2 )  Wi th the source geometry so defi ned the abso l ute 

source i ntensi t ies for the 1 4 �Ce and 1 3 7Cs can be cal cul ated . 

Ca l cul at i on of the total source i s  ba��d on fl ux measurements at the 321 ' 9 11 el evation 

and a source made up of 4 '  di ameter di sks at vari ous depths i n  a water equ i val ent 

medi um .  The rel ative source i ntens i ty a s  a functi on of depth is  gi ven by pol ynomi a l  

fi ts to the vert i cal 1 � 4Ce traverse data ( see Fi gure 1 1 ) : 

The equation for the fl ux from a di sk source i s  

where 

� = SA/4 l n  (R2/L: + 1 )  e-PX 

� = fl ux 

$A = source/un i t  area 

R = radi us of source 

L = di stance from center of source to the detector 

� = attenuati on coeffi ci ent for water 

x = di stance bel ow 309 ' 

[ 5] 

[ 6] 

Th i s  i s  not an exact representation of the fl ux from a di sk source . However , 

i t  i s  accurate to better than 5% for the R/L ratio  of the TMI fl ux measurements . 

Therefore , the fl ux measured at the 321 ' 911 el evati on i s  gi ven by the sum : 

� = SA/4 I P ( xi ) l n  ( R2/L 2  + 1 )  e-px 

i 

34 
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where the P ( xi ) are the polynomi al fi ts to the verti cal 1 4 4Ce traverse data . 

I f  the absol ute fl ux , � ' i s  known , then equati on [7] can be sol ved for the source 
term , SA . The total 1 4 4Ce source strength S

Y 
i s  then g iven by 

sy 
= A · 5A · L  P ( xi } 

i 
where A i s  the area of the disk  source . 

[8] 

The absol ute fl ux of 2 . 18 MeV gamma-rays from 1 4 4Ce can be obtai ned from the 
background measurements made at the s i x  l ocati ons of the hori zontal scan at the 

321 ' 9 11 el evati on . The absol ute fl ux , .P, i s  g i ven by 

where 

' 

CY = cal i brati on cons tant 

N = number of counts i n  the Compton edge 

e�T = attenuati on correcti on for a l ead shi el d of thi cknes s T 

T = l i ve time of the data col l ecti on i nterval 

[9] 

Si nce the 1 4 4Ce 2 . 18 MeV gamma-ray i s  the hi ghest energy gamma-ray present i n  
the source ( see Fi gure 1 5} ,  conversi on can be made di rectly from the observed 

number of counts i n  the Compton edge to gamma-ray fl uence. The cal i bration constant 

for thi s convers ion , C , has been obtai ned from response function measurements 

wi th a rel ati ve error �f fi ve percent . <8}  

Tabl e 2 presents the 1 4 4Ce 2 . 18 MeV gamma fl uxes observed at the six posi tions 

of the hori zontal scan at the 321 ' 9" el evati on .  Usi ng the average of these val ues 

i n  equati ons [ 7] and [8] , the 1 4 4Ce acti v i ty i s  cal cul ated to be SY = 4. 1 x 109 

yjsec . 

The fuel content ot demi neral i zer A ,  SF , can be determi ned from the expression 

[ 10] 
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Tabl e 2 . Observed Gamma Ray Fl uxes for 1 � �ce and 1 3 7Cs from Hori zontal 
Traverses at the 321 1 9 " El evati on . 

Hori zontal Pos i ti on Rel ati ve 
to Tank Center L i ne .  Gamma Ray Fl ux (y/cm2-sec )  
+ i s  North , - i s  South of 
Center L i ne .  n�ce 2 . 18 MeV 1 3 7Cs 0 . 662 MeV 

-3 . 0  1 . 16 X 10 3 2 . 17 X 10 7  

- 2 . 0  1 . 12  X 10 3 2 .  30 X 107 

- 1 . 0  1 . 24 X 10 3 2 . 06 X 10 7 

0 . 0  1 . 03 X 10 3 1 . 89 X 107  

+1 . 0  1 . 08 X 103  2 . 30 X 107 

+2 .0  1 . 55 X 103  2 . 77 X 107 

+3 . 0  2 . 74 X 107 

Average Fl ux 1 . 20 X 10 3 2 . 32 X 10 7 
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where CF i s  the convers i on factor representi ng the amount of 1 4 4Ce 2 . 18 MeV gamma
ray acti vi ty per Kg of TMI-2 fuel . Thi s convers i on factor has been deri ved from 
the cal cul ated fuel fi ss ion product i nventory .  ( g) The val ue for Cr i s  3 . 1 6 x - I 

10 9 y/sec-Kg corrected to mi d-October , 1982 . Usi ng these results  i n  equati on 
[ 10] gi ves the fuel content of demi neral i zer A as  

4 . 1 X 10 9 5F = 3 . 16 x 109 = 1 • 3° Kg . 

It  must be stressed that thi s val ue of fuel content assumes complete retenti on 
of the 1 4 4Ce fi ss ion product i n  the TMI -2 fuel . Thi s  assumpti on i s  supported 
by the simi l ar ch�mical behav ior of Ce and TMI -2 uran i um oxi de fuel as wel l as 
exami nat ion of sampl es taken at di fferent l ocati ons i n  the TMI-2 primary cool ant 
system . 

Experimental error of these measurements can be obtai ned from equati ons [ 7] , 
(8] and [9] . From equat ion [9] the rel ative error i n  the fl ux , ( cr�/�) , can be 
expres sed as 

[ 1 1 ]  

The rel ati ve errors i n N ,  C , and T are 7 ,  5 and 1 oercent ,  respect ively .  The 
y . 

rel ati ve error i n  � ' the attenuat ion coeffic ient of l ead , i s  approximatel y 10%. 
Si nce �· � 3 . 2 , the l ast term i n  equati on [ 1 1 ]  domi nates . On the bas i s  of these 
est imates , equati on [ 1 1 ]  yi el ds a rel ative error of 33 percent i n  the 1 4 4Ce 2 . 18 
MeV gamma-ray fl ux . 

The rel ati ve error i n  S , the 1 4 4Ce 2 . 18 MeV gamma-ray acti v i ty ,  can be estimated y 
i n  a s imi l ar manner from equati ons [7]  and [8] . Here addi t ional uncerta i nti es 
ari se from : ( 1 )  the analyt i ca l  representat ion (�5%) , ( 2 ) the attenuati on coeffi 
c i ent of 2 . 18 MeV gamma-rays i n  water (cr�/� � 10%) , and ( 3 )  the polynomi al fi t 
P (x )  of the observed verti cal scan 1 4 4Ce data (�15%) . 

Accounti ng for these addi t ional uncertai nt i es i n  appropriate quadrature wi th 
the resul ts  of equation [ 11]  g i ves a rel ati ve error ,  cr5 /S � 41 percent . 

y y 
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Usi ng equation [ 10] , the rel ati ve error i n  the fuel content of demi nera l i zer A 

can be wri tten as  

[ 12] 

S ince the uncerta i nty of the convers i on factor f.F , as based on the fi s s ion product 
i nventory cal cul ati�n , i s  roughly 10%, the estimated overal l rel ati ve uncerta i nty 
i n  the fuel content i s  (a5 /SF ) � 43 percent .  Therefore the fuel content of 
the A demi neral i zer tank i � 1 . 3  ± 0 . 6  Kg . 

H i gh radi ation fi el d l evel s outsi de the demi neral i zer B cel l prevented personnel 
from operating the boom and wi nch assembly for gamma spectrometry measurements 
wi th in  the B cel l . Gamma spectrometry was conducted onl y at a s i ng le  l ocati on 
in the B cel l by mounti ng the shi el ded spectrometer on a sma l l hand cart that � 

was pushed i n  through the B cel l doorway . 

On the bas i s  of the forego ing analys i s ,  i t  i s  obvi ously not possi bl e to obta i n  
a quantitati ve estimate o f  the fuel content i n  demi neral i zer B us i ng data from 
thi s s i ngl e l ocation . Neverthel ess the fol l owing qual_i tati ve specul ati ons can 
be advanced us ing these resul ts ;  namely that ( 1 )  demi neral i zer B conta i ns s i gn i fi 
cantly l ess fuel than demi neral i zer A ,  and ( 2 )  demi nera l i zer B contains  s i gn i fi 
cantly more 1 3 7Cs than demi neral i zer A .  

5 . 0  1 3 7Cs Determinati on 

The 1 3 7Cs content of the A demi neral i zer i s  cal cul ated i n  a s i mi l ar manner as 
the 1 � �ce source computati on .  The major di fference i s  the computation of the 
gamma i nten s i ty from the observed el ectron spectrum. Unl i ke the 1 � �ce gamma-
ray , the 1 3 7Cs 0 . 662 MeV gamma-ray appears i n  the l ow energy part of the spectrum. 
Unfo l d i ng of the spectrum as descri bed i n  Secti on 3 . 0  i s  necessary to determi ne 

. 

absol ute gamma-ray i ntens i ty .  

Tabl e 2 shows the gamma-ray i ntensi ti es a t  each of t�e hori zontal l ocat i ons . 
U s i ng the average of these val ues al ong wi th the polynomi al 
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P (x i ) = P (o )  ( 1 . 0  + . 13x1 - . 38xl ) 

al ready g i ven i n  equat ion [4] , yi el ds a total 1 3 7Cs source of 3400 Curi es . 

The uncerta i nty i n  the 1 3 7Cs fl ux can be found from equation [11] and i s  compl etely 

domi nated i n  th i s  case by the term for the attenuati on by the l ead shi el d .  Si nce 
�T � 7 . 4  and cr�J� = . 1 ,  the rel ati ve error i n  the fl ux i s  cr$;� � . 74 .  Thi s 
uncerta i nty l i kewi se domi nates the source cal i b ration , that i s  cr5 /Sy � . 74 .  
The 1 3 7Cs source i s ,  therefore 3400 ± 2500 Cur i es .  Y 

Knowl edge of the absol ute 1 3 7Cs content of the demi neral i zer i s  important for· 
the determi nat ion of the phys i cal  condi t ion of the i on exchange res i n  beads . 
H i gh radi ation doses are known to drasti cal l y  modi fy the phys i cal properties 

of the res i n .  I n  the case of 1 3 7Cs , not only i s  there a dose to the res i n  from 

the 0 . 662 MeV gamma-ray , but there i s  a l so a s i gn i fi cant dose contri buti on from 

the beta decay part icl es of 1 3 7Cs , whose average energy i s  approx imately 0 . 25 
MeV . ( lO )  Any dose cal cul at ions must i ncl ude the dose from these electrons . 

F i nal ly ,  i t  shoul d be stressed that the error i n  both the 1 � �Ce and 1 3 7Cs fl uxes 
( i . e . , 33 and 74 percent , respecti vely )  can be si gn i fi cant ly  reduced . By di rect 
experi mental ca l i brat i on ,  the shi el d attenuati on factor cou l d  be determi ned to 
an experimental error of better than 10 percent .  Unfortunatel y ,  as  a resul t  
of th i s  TMI-2  campa i gn , th i s  s h iel d  ( see Fi gure 2 ) has become contami nated and 
therefore has not as yet been avai l abl e for such experi mental determinati ons . 
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SOL ID STATE TRACK RECORDER NEUTRON DOS IMETRY MEASUREMENTS FOR FUEL DEBRIS 
ASSESSMENT OF TMI-2  DEMINERAL IZER-A 

Frank H .  Ruddy , James H .  Roberts , Raymond Gol d ,  Chri stopher c .  Preston , and 
James H .  Ul seth 

ABSTRACT 

Sol i d  State Track Recorder {SSTR) neutron dosimetry measurements have been 

made i n  TMI-2  makeup Demi neral i zer A Cubicl e i n  order to assess the amount 

of fuel debri s present by means of the specifi c neutron acti v i ty of TMI-2 

fuel . Based on recent cal ibration data and the resul ts of the TMI-2 SSTR 

neu�ron dosimetry ,  the amount of fuel present i s  estimated to be 1 . 7  ± 0 . 6  

kg . Thi s  val ue i s  i n  excel l ent agreement wi th a val ue determined i ndependently 

by Compton recoi l  gamma-ray spectrometry . Sources of uncertai nty i n  and 

proposed refi nements of the present SSTR measurements are di scus sed • 
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SOL ID  STATE TRACK RECORDER NEUTRON DIJSIMETRY MEASUREME-·!7S FOR FUEL DEBRIS 
ASSESSMENT OF TMI-2 DEMINERAL I ZER-A 

Frank H .  Ruddy , James H .  Roberts , Raymond Gol d ,  Chri stopher C .  Preston , and 
James H .  Ul seth 

1 . 0  Introducti on 

As a resul t of the Three Mi l e  Isl and Uni t 2 (TMI-2 )  acc ident on March 28 , 

1979 ,  fuel debri s was di spersed i nto the primary cool ant system of the reactor . 

Two makeup and puri ficat ion demi neral i zers , A and B ,  whi ch mai ntain cool ant water 

pur ity ,  were i n  operati on at the time of the acci dent . Due to the high gamma 

ray i ntens it ies i n  the l ocation of these demi neral i zers , fuel was presumed to 

be l ocated i n  the demi nera l i zers . As part of the TMI-2 recovery task and WHC 

TMI -2 Demi neral i zer Res i n  Removal Program , the amount of fuel debri s i n  these 

demi neral i zers requi red quanti fi cati on before other phases of the i on exchange 

res i n  removal program coul d proceed . 

The presence of fuel may be traced by using the radi ati on emi tted by the fuel 

or fuel products . TMI-2 fuel emi ts two eas i l y  detectabl e forms of radiat ion 

whi ch are { 1 )  gamma rays from fi s s ion products , and { 2 )  neutrons from acti ni de 

bui l dup i n  the fuel . 

A compani on paper( l )  descri bes the use of Compton recoi l  el ectron gamma ray 

spectrometry to detect 1 4 .. Ce (wh i ch i s  correl ated wi th the fuel ) ,1 3 7C s ,  and H �tcs 

absol ute gamma ray fl uxes • Thi s  report describes neutron detecti on using sol i d  

sta te track recorders ( SSTRs ) .  TMI-2 fuel has an estimated average neutron speci fic 
act i vi ty of about 300 n/sec/kg , { 2 , J)  whi ch result s  mai n ly  from Pu bui l dup . Assumi ng 
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that Pu i s  a good chemi cal tracer for urani um ,  SSTR neutron dosi metry can be 

used to assess the l ocation and quanti ty of fuel present . 

The use of SSTRs for fuel detecti on appl i cations has been descri bed previously .  { 3) 
Bri efl y ,  enri ched 2 5 5U foi l s  are pl aced i n  fi rm contact wi th mica SSTRs , and 

� the neutron i nduced fi ss ion fragments from 2 3 5U regi ster as regi ons  of damage 

• 

( tracks ) i n  the mi ca . These tracks are chemical l y  devel oped to a s i ze that i s  

•t i s i bl e  wi th a mi croscope . The number of tracks per uni t  area i n  the mi ca i s  

proporti onal to the number of fi ssions per uni t  area i n  the adjacent urani um 

foi l . Using appropri ate cal i brati on data , thi s fi ssion rate can be used to deduce 

the neutr�n fl uence . The neutron fl uence and duration of exposure of the SSTRs 

can then be used to ascertai n  the amount of fuel present . 

Th i s  report descr� bes the SSTR neutron dosi metry measurements that were made 

i n  the TMI-2 Demi neral i zer A Cubi cl e and the rel evant cal ibrati on measurements 

that were made at Hanford Engi neeri ng Devel opment Laboratory (HEDL ) . On the 

bas i s of these measurements and cal i brati ons , the amount of fuel present i n  TMI-2 

Demi nera l i zer A is  estimated • 

2 . 0  TMI-2  Measurements 

SSTR neutron dosimeters were constructed as shown i n  Figures 1 and 2 .  Two 3" 
x 1 "  sheets of 0 . 00411 thi ck 93% enri ched 2 5 5U were sandwi ched between two pi eces 

of mi ca and pressed i n  firm conta:t aga i nst an al umi num support pl ate between 

two 0 . 25"  thi ck pi eces of l uci te .  The l uc i te was used to enhance the neutron 

s i gnal v i a  the al beci\1 effect whi ch has bE::en reported prev i ously.  {3) The total 

SSTR area of th i s  neutron dosimeter i s  approxi mately 85 cm2 •  These dosimeters 

were assembl ed at TMI-2 immedi ately prior to the exposure ( Fi gures 3 and 4) to 
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F IGURE 3 .  SSTR Neutron Dos i meters Dur i ng Assembl y .  Mi ca and 2 35u fo i l s  are 
wrapped i n  polyethyl ene bags 1 n  foreground . 
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reduce  background due to cosmi c  ray neutro n  i nduced fi s s i on and f rom  spontaneous 

fi s s i on of the 2 3 8U i n  the ura n i um.  Al so c i rc u l a r  { 1 "  d i ameter) CR- 39 SSTRs 

were attached to the outer surface of each dos imeter { see Figure 4) to measure 

the h i gh energy { E  > �o . s  MeV )  neutron fl ux . 

An overv i ew of TMI - 2  Demi neral i zer A and B Cubi c l es i s  shown i n  Fi gure 5 .  Due 

to the i ntense gamma ray fi el d s  present near the demi neral i zers , neutron dosimeters 

had to be  pl aced remotel y  from out s i de the cub i c l e .  The demi ne1·al i zer A cub i cl e 

wa s acces s i b l e  through penetra t i on #891 shown i n  Figure 5 . 

A vert i ca l  stri nger wa s prepared by fasteni ng together SSTR dos i meters at mea sured 

i nte rva l s  u s i ng  fi shi ng l i ne.  Thi s stri nger was encl osed i n  pl a s t i c  tubi ng to 

protect the dos imeters from contami na t i on i n s i �e the demi neral i zer cubi cl e .  A 

hori zontal  set of dos i meters wa s prepared by a ttach i ng the dos imeters - to a pipe 

wh i ch wa s then encl osed i n  pl a st i c tubi ng . Both the hori zontal a nd verti cal 

stri ngers were i nserted i nto the cubicl e through penetrati on #891 as s hown i n  

F i gures  6 ,  7 and 8 .  The dos imeters were i n serted a t  1 1 : 55 p . m.  o n  September 14 ,  

1 982 , a nd occup i ed t h e  pos i t i ons  shown i n  Fi gure 9 .  The l ocati on o f  the verti cal 

stri nger was confi rmed duri ng a robot entry of the cubi c l e .  The dos i meters were 

l eft i n  p l ace for twenty-ni ne days and removed on October 1 3 ,  1 982 , at 6 : 20 p . m .  

Some d i fficul ties  were encountered duri ng removal ,  resu l t i ng i_n a maxi mum uncerta i n-ty 

of 3% i n the vert i cal s tri nger exposure t ime .  I n  order to measure the detector 

background , control dos i meters were as sembl ed a t  the same t ime and exposed i n  

a demi nera l i zer cu b i c l e - ( D )  where fuel was not present . As sembl y and d i sas sembly 

of a l l  of the dos imeters requ 1 red a few hours so that background cosmi c ray neutron 

expo s u re i s  approx imatel y the same for a l l detectors . A summa ry of the detector 

pos i ti on s  and l abel s i s  g i ven i n  Tabl es 1 and 2 .  After exposure , the SSTRs were 
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F IGURE 6 .  Empl acemen� of SSTR Neutron Dosimeters--Attach i ng Vert�ca l  Stri nger 
to Support Pol e .  
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FIGURE 7 .  Empl acement of SSTR Neutron Dos imeters--Measurement of Refe rence 
Po i nt for Stri nger loca t i on . 

89 1 



- 1 2-

.. , i. . .. . 

F IGURE 8 .  Empl acement of SSTR Neutron Dos imeters--Final I nserti on Through 
Penetration #891 . 
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TABLE 1 .  SUMMARY OF DETECTOR LABEL S  AND LOCATI ONS FOR THE VERTI CAL STR I NGER 

Demi nera l i zer 
Ho l der Number SSTR Labe l s  Locati on El evation 

1 TMI-253-253 ' *  A 317 ' 0 11 
.. 

-254 , 254 ' 

2 TMI-255 , 255 ' A 313 ' 6 11 

-256 , 256 ' 

3 TMI-257 , 257 ' A 313 ' 0 11 

-258 , 258 ' 

4 TMI-259,259 ' A 312 ' 6 11 

-260 ,260 ' 
5 TMI-261 ,261 ' A 312 ' 0 11 

-262 , 262 ' 
6 TMI-263 , 263 ' A 311 ' 0 11 

-264 ,264 ' 
7 TMI-265 , 265 ' A 310 '0 11 

-266 , 266 ' 
8 TMI-267 , 267 ' A 309 ' 0 11 

-268 , 268 '  
9 TMI-269 , 269 ' A 308 ' 0 11 

-270 , 270 ' 
10 TMI-271 , 271 ' A 307 ' 6 11 

-272 ,272 ' 
1 1  TMI-273 ,273 ' A 307 ' 0 11 

-274 , 274 ' 
12 TMI-275 , 275 ' A 306 ' 0 11 

-276 , 276 ' 
13 TMI-277 , 277 ' A 305 ' 9 11 

-278 , 278 ' 
21  TMI-293 ,293 ' 0 307 ' 6 11 

-294 ,294 ' 
23 TMI-297 , 297 ' 0 311 ' 6 11 

* Mi ca SSTRs were numbered i n  sequence .  Unprimed numbers correspond to 
SSTRs nearest to l uci te .  Primed numbers correspond to SSTRs nearest to 
al umi num . 
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TABLE 2 .  SUMMARY OF DETECTOR LABELS AND LOCAT I ONS FOR THE HOR I ZONTAL STR I NGER 

Demj neral i zer A 
Ho l der Number SSTR Labe l s  Loc a t i o n  

14 TMI-279, 279 ' -2 ' ,0 "  

-280 , 280 ' 
15 TMI-281 ,281 ' - 1 ' , 4" 

-282 ,282 ' 
16  TMI-283 , 283 ' -0 ' , 8 11 

-284 , 284 ' 
17 TMI-285 ,285 ' 0 

-286, 286 ' 
18 TMI-287 , 287 ' +0 I , 811 

-288,288 ' 
19  TMI-289,289 ' +1 '  ,4 "  

-290 , 290 ' 
20 TMI-291 ,291 ' +2 ' ,0 "  

-292 ,292 '  

, 
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transported to HEDL where t hey were proces sed by etc h i ng wi t h  49% HF at room tem

perat ure for 90 mi nutes . The deve l oped trac k s  from sel ected dos imeters were man

ual l y  counted wi th the a i d  of several observers and mi croscopes . The measured 

235u fi s s i on fragment track dens i t i es for t h i s  expos ure are g i ven i n  Tabl e 3 .  

3 . 0  An a l ys i s  and Resu l ts 

The SSTR 235u track dens i t i es from Tab l e  3 are p l o tted i n  F i gure 1 0 .  Shown for 

comp ari son i s  a curve resu l t i ng from gamma scann i n g ( 1 ) of the 1 44ce act i v i ty pres

ent i n  the demi neral i zer tank . Wi th i n  experi mental l im i t at i ons , t he pos i t i ons 

of the two peak s are the same , i nd i c at i ng t he presence of fuel at the 309 1 el eva

t i on .  The assumpt i ons are made here t hat 1 44ce and Pu both are c l osely associ ated 

wi th the fuel , resul t i ng i n  fuel traceabl e gamma rays and neutrons ,  respect i vely.  

The SSTR i ntens i ty d i stri but i on in  F i gure 10  is  asymmetr i c ,  decreas i ng l es s  rap i d l y  

above the 309 • el evat i on than bel ow .  A probab l e exp l anati on ( l ater substanti ated 

by d i rec t observat i ons ) i s  that the tank i s  dry above the 309 1 el evati on and con

tai ns  degraded res i n  and pos s i b l y  boron ated water bel ow t h i s  l evel . The res i n  

attenu ates fuel neutrons bel ow �og • , whereas the s l ower fal l off i n  i ntens i ty above 

309 • resu l ts from the i ncreas i ng d i st ance between t he SSTR neutron dos i meters and 

t he neutron source.  

Al t hough the background measurements g i ve a track den s i ty of about 5 tracks/cm2 

due to cosmi c radi at i on , the basel i ne for the measurements i n  the demi neral i z er 

cubi c l e  i s  about 1 0  tracks/cm2 . The 5 track s/cm2 d i fference i s  due to room return 

res u l t i ng from thermal i z at i on of source neutrons i n  t he wal l s  of the cub i c l e .  

Thi s effect ,  wh i ch i s  d i scus sed i n  detai l i n  Append i x  B ,  c an b e  u sed t o  deri ve 

• 



TABLE 3 

MEASURED SSTR TRACK DENSITI ES AT SELECTED LOCATI ONS 
IN THE TMI -2 DEMINERAL I ZER A CUBI CLE 

Measured Track s/cm2 
Dos i meter N umber SSTR L abel E l ev at i on Obs . 1 Obs . 2 Avg . 

1 TM I -253 3 1 7 1 1 1 . 1  1 1 .  1 

5 TM I -261  3 1 2 1 26 . 1  26 . 1  

6 TMI -263 3 1 1 1 25 . 2 2 7 . 0  26 . 1  

7 TM I -265 3 1 0 1 30 . 1  30 . 6  30 . 4  

8 TM I -267 309 1 36 .. 8 36 . 1  36 . 4  

9 TM I -269 308 1 1 3 . 3  1 2 . 4  1 2 . 8  

1 1  TM I -2 7 3  307 1 1 0 . 2  1 0 . 2  

1 3  TMI -277 305 1 9 11 8 . 3  8 . 3  

1 7 TM I - 285 * 9 . 3  9 . 3  

20 TMI -291  * 1 1 . 5 1 1  • 5 

TM I - 293 ** 4 . 8  5 . 3  5 . 0 ± 1 . 1  

"�-·Hor i zontal S t r i nger ( E l evat i on 314 1 6" ) 

**Locat�d i n  Cubi c l e  D - B ackground MeasurP.ment 

' . 

Avg-Bkgd 

6 . 1  ± 2 . 0  

21 . 1  ± 2 . 8  

2 1 . '1 ± 2 .  7 

25 . 4  ± 3 . 2  

3 1 . 4  ± 4 . 2  

7 . 8 ± 1 . 7 

5 . 2  ± 1 . 9 

3 . 3  ± 2 . 0  

4 . 3  ± 2 . 0 

6 . ti  ± 2 . 0  

' 
r ' • ' 
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the most re l i ab l e  est imate of the total amount of fuel present i n  the demi neral i zer 

cub i c l e ,  s i nce the room return response i ntegrates over the compl ex source geometry 

of the neutron emi tt i ng fuel yi e ld i ng a total response that i s  proport ional  to 

the total amount of fuel present i n  the demi neral i zer cub i c l e .  

By averag i ng the detector responses at the pos i t i ons most di stant from the fue l 

and correct i ng for background , a room return response of 5 . 1  ± 1 . 9 tracks/cm2 was 

obtai ned i n  the demi neral i zer vaul t .  The exposure t ime of 29 days yi e l ds 

1 . 24 x 1 o-4 tracks/cm2/mi n .  An i dent i cal  al bedo-type dos imeter exposed to a 

( 3 . 08 ± 0 . 42 ) x 1 08 n/sec 252cf source i n  a c l osed cub i c l e  gave a room return res

ponse of 74 . 8  ± 7 . 5  tracks/cm2/mi n  ( see Append i x  B ) .  If the room return response 

i n  the 252cf cal i brat ions i s  assumed to have the same proport i onal i ty as the room 

return response i n  the demi neral i zer cubi c l e  ( as i s  shown to be l i ke ly  by cal i bra

t i on data i n  Append i x  B ) ,  the total neutron em i s s i on rate i n  the demi neral i zer 

cubi c l e  i s  found to be 

( 1 . 24 x 1 o-4 tracks/cm2/mi n) (3 • 08 x 1 08 n/sec) = 51 1 n/sec 
74 . 8  tracks/cm2/mi n  

I f  an average neutron spec i f i c  act i v i ty of 300 n/sec/kg i s  assumed for TMJ -2 fuel , 

an SSTR neutron source i ntens i ty deri ved val ue of fuel debr i s  of 1 . 70 ± 0 . 63 kg 

i s  obtai ned . 

Th i s  estimate i s  subject to error from a number of sources , the most important 

bei ng the unknown amounts of moderators (mai n l y  hydrogenous mater i a l s such as water 

and i on exchange res i ns )  and absorbers such as boron . After the SSTR measurements 

were performed, the demi neral i zer tank was found to be dry ( a3 was pred i cted by 

the resu l ts of the SSTR measurements ) and the res i n  i s  thought to be substant i a l ly 
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degraded ( dehydrogenated ) ,  so that the presence of moderators i s  probabl y  not a 

ser i ous  source of error . The amount of boron i n  the demi neral i zer i s  unknow� . The 

i ndetermi nant error resu l t i ng from these sources probab ly  does not exceed a factor 

of two . 

An i ndependent est imate of the amount of fuel present has been made us i ng the shape 

of the response curve and s imp l e geometri c  arguments  ( see Appendi x  C ) . Thi s l ess  

rel i ab l e  est imate , 0 . 9  ± 0 . 5 kg , is  cons i stent wi th  the  room return estimate , l end

i ng confi dence t hat the i ndetermi nant errors i n  the room return estimate are smal l .  

Al so ,  the room return est i mate i s  i n  exce l l ent agreement wi th  t he estimate based 

on the gamma spectrometry meas urements , 1 . 3 ± 0 . 6  k g . ( 1 )  

Analys i s  of the di rect geometr i c al SSTR dos i meter response (Appendi x C )  i nd i cates 

that the neutron source i s  concentrated near the back wal l of t he demi neral i zer 

tank , cons i stent wi th the resul ts  of the col l i mated gamma ray spectrometer measure

ments . 

The response of the SSTR dos imeter c l osest to the fuel and wi t h  the max imum res

ponse i nd i cates a neutron fl ux of ( 1 . 5  ± 0 . 2 )  x 1 0-J n/cm2/sec ( see Appendi x  C ) . 

The present SSTR neutron dos i metry i s  t he on ly  known method capab l e of detecti ng 

such a l ow neutron fl ux . 

Dur ing  unl oad i ng of t he dos imeters , t he l uc i te al bedo b l ocks were observed to have 

been d i scol ored by rad i at i on damage . The i ntens i ty of the d i sco l orat i on appears 

to be proport ional to the i ntens i ty of the gamma ray dose at the l ocat i on of each 

dos imeter , as can be seen in F i gure 1 1 . Quant i tat i ve l i ght absorpt i on or trans

mi s s i on measurements shou l d  be made on t hese l uci te b l ocks to determi ne if usab l e  

gamma ray dose i nformat i on can b e  deri ved . 



.. 

• �-

ELEVATION 320 ft  

315 ft 

I 
�;��, 

I . ·� 

=i_ ' ' : 

�, 

- c. • -

-t/ f 
8 II  

TMI-2 
DEMINERALIZER 

A 

,.. _ r 1  -- :::1 
'"--.:::- - -· ..... -... -- - .... ,..-1 I 

-PENETRATION 
LeVEL 

1-

IL-L' ------���� �----�·�----��� �--��'�--FLOOR 
305 ft 4 ft  -2 ft 0 +2 ft  +4 ft LEVEL 

FIGURE 1 1 . luci te Bl ocks from SSTR Neutron Dosimeters that were Exposed i n  
Demi nera l i zer Cubi c l e  A .  Di scol orat i on i s  the Resu l t  o f  Accumu l ated 
Rad i at i on Dama ge from Gamma Ray Exposure . The Max i mum Di scol ora t i on 
Corresponds to the locat i on of Hi ghest Gamma Ray Dos e .  

F.;;. I I . . . . ' ' 



-22-

4 . 0  Summary 

Based on the room return response of t he SSTR neutron dos i meters , the amount of 

fuel present i n  TMI -2 Demi neral i zer A i s  esti mated to be 1 . 7 ± 0 . 6  kg whereas the 

an al ys i s  of the SSTR data w ith  a po i nt source model yi e l ds 0 . 9  ± 0 . 5  kg .  These 

est i mates assume that the dem i neral i zer i s  dry above the 309 1 l evel , an assumpt i on 

that was pr·ed i cted by the shape of the ax i a l respons e  data and l ater ver if ied by 

d i rect observat i on s .  The presence of unknown amounts of degraded res i n  and boron 

be low the 309 • l evel cou l d  i ncrease the room return est imate by a max imum of a 

factor of two . On the other hand , the uncertai nty of the poi nt source estimate 

i s  dom i n ated by the l ack of proper cal i brat i on data as wel l  as uncertai n ty assoc i 

ated w i t h  the spat i al di stri but i on of the source . For reasons d i scussed i n  the 

prev i ous sect i on ,  the room return estimate i s  con s i dered to be mo;e rel i ab l e .  

These SSTR estimates are cons i stent w i t h  t he val ue 1 . 3 ± 0 . 6  k g  obtai ned i n  i nde

pendent Compton recoi l gamma ray spectrometry measurements . ( 1 ) Source di str i but i on 

data from t hese gamma ray measurements were used to gu i de the d i rect i on and pl �n

n i ng of t he SSTR cal i brat i on measurements . I n  turn , the SSTR pred i ct i on that the 

dem i neral i zer tank i s  dry above t he 309 • l evel provi ded gui dance for reduct i on 

of the Compton recoi l spectrometer dat a .  Thus , t he two methods provi de i ndependent 

but comp l ementary dat a .  

The present SSTR est imates of t he fuel quan t i ty cou l d  b e  ref i ned by t he fo l l ow i n g :  

( 1 )  Improved knowl edge of the neutron spec i f i c act i v i ty of TMI -2 fuel . The 300 n/ 

sec/kg est imate i s  based on cal cul ati ons . Prev i ous experi ence (4 , 5 ) has shown 

that such est i mates are l ower than what i s  found experimental l y .  Al so ,  t he 

neutron spec i f i c  act i v i ty wi l l  vary wi t h  t he reactor core l ocat i on of t he 

• 
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i rradi ated fuel . S i nce an est i mated average val ue  has been used for thi s 

anal ys i s ,  measurements of the neutron spec i f i c  act i v i ty of representat i ve 

sampl es of nii -2 fue l shoul d be made • 

Further cal i brat i ons usi ng experimental mockups contai n i ng moderators and 

absorbers that are more character i s t i c  of t he contents of the demi neral i zer 

tank . 

( 3 )  Further scann i ng of the m ica  SSTR dos i meters to obtai n more tracks and the 

concomitant hi gher stati sti cal accuracy. A l so ,  the CR-39 SSTRs cou l d  be 

proces sed , scanned , and analyzed to obtai n data on the h i gh  energy 

( E > 0 . 5  MeV ) neutron f l ux ( the accuracy of the hi gher energy neutron data 

may be l im i ted by a l ow s i gnal to background rati o ) . 

The present fuel est imates resu l ted from neutron dos i metry measurements i n  a f i e l d  

where the neutron f l ux was l ess  than 2 x 1 o-3 neutrons/cm2/sec . Thus , the h i gh 

sens i t i vi ty and cost effecti veness of the SSTR method makes i t  an exce l l ent cand i 

date for further TMI -2 appl i cat i ons  i nvol v i ng  fuel debri s  trac i ng by neutron 

dos imetry • 
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APPENDI X  A 

SSTR NEUTRON DOS IMETER RESPONSE 

In order to convert observed fi ssi on track densi ty i nto neutron fl uence, cal i bra

t ion data on the response of the SSTR neutron dos imeter i s  required . Thi s response 

wi l l  depend on the energy spectrum as we l l  as the i ntens i ty of the i nci dent neu

trons . Neutrons from the source (fuel i n  the demi neral i zer ) wi l l  be moderated , 

absorbed , and refl ected by the surroundi ngs , and the resu l tant neutron spectrum 

wi l l  be sens i t i ve to the presence of moderators such as water or materi al s wi th 

hi gh neutron absorpti on cross sect ions . Cal i brat ion data has been obtai ned ( 3 ) 
usi ng a 252cf source i n  an experimental confi gurat i on desi gned to "mock-up" the 

demi neral i zer and i ts surround i ngs .  At the time these cal i brat ions were carri ed 

out i t  was bel i eved that the demi neral i zer was fi l l ed wi th 1 100 ppm borated water . 

On the bas i s  of the present work and subsequent d i rect observati ons , the demi neral 

i zer can be assumed to be dry above the 309 1 el evat ion .  Bel ow thi s e levati on , 

degraded res i n  i s  present contai n i ng unknown amounts of hydrogen and boron . Never

thel ess , the previ ous dos imeter cal i brati ons ( 3 ) provide i ns ight i nto the response 

of the 235u fi ss ion rate as a functi on of moderat i on and absorpti on of source neu

trons . F i gure A-1 shows the response of SSTR dos imeters to a 252cf source immersed 

i n  borated water at var ious depths . Note that the SSTR response peaks di rectl y  

above the source but drops off rap i d l y  for other pos i ti ons as a resul t of the at

tenuat ion ( absorpti on ) of source neutrons by the borated water . Thi s effect i s  

a l so shown i n  F i gure A-2 where the peak i ntens i ty i s  p l otted as a funct ion of water 

depth .  Thi s response i s  the bas i s  of the argument presented in Sect i on 3 . 0  that 

the tank i s  dry above the 309 • l evel . I f  water were present , the response curve 
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p l otted i n  F i gure 1 0  woul d  decrease much more rap i d l y  above the 309 ' l evel { see 

al so , Append i x  C ) .  

The dos i meter des i gn shown i n  F i gure 1 d i ffers from the desi gn used for prev i ous 

cal i brat i ons ( 3 ) in that two l ayers of 0 . 004" urani um are used to i ncrease the de

tector surface area and 1 uc i te al bedo bl ocks are used to i ncrease the neutron res

ponse of the 235u by contri buti ng further moderati on of the neutron spectrum . 

I n  order to cal cul ate the rel at i ve response of the two SSTR neutron dos imeters , 

add i t i on a l  2�2cf exposures were carri ed out . These 252cf cal i brat i ons were carri ed 

out i n  a concrete wal l ed cub i c l e  i n  order to approximate the room return effects 

observed i n  the enc l osed demi neral i zer vau l t .  S i nce these resul ts were domi nated 

by room return effects , they arP. summari zed i n  the fol lowi ng appendi x .  

The 252cf source used for mos � of these measurements was cal i brated di rectl y  usi ng 

SSTR techn i ques . The f iss ion rate of 238u was measured by p l dc i ng a 238u-SSTR 

dos imeter i n  known geometry ( at a d i stance of 2 ' ) from the 252c� source . S i nce 

238u has an energy thresho l d  for neutron i nduced fi s s i on of about 1 MeV , the 

effects of neutron down scatter i ng are not domi nan t ,  and the 238u ( n , f ) fiss ion 

neutron energy spectrum averaged cross secti on may be used to convert measured 

f i s s i on rate i nto fast neutron fl ux .  Thi s fast neutron fl ux may then be converted 

to total source output us i ng poi nt source geometry, s i nce neutron scatteri ng by 

the surroundi ngs wi l l  not be an important cons i derat i on for the hi gh  energy porti on 

of the neutron spectrum which  i nduces fi s s i on i n  238u .  The i ntens i ty of the 252cf 

source was found to be ( 3 . 08 ± 0 . 42 ) x 1 08 n/sec . 
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APPENDIX B 

SSTR ROOM RETURN RESPONSE 

Whenever neutron dosimetry i s  conoucted i n  a l aboratory bounded by wa1 l s  contai n i ng 

moderator materi al s ( hydrogeneous concrete i n  the present case ) , the source neu

trons wi i l  be transported , scattered , and absorbed throughout the envi ronment and 

part i cu l ar l y  i n  the wal l s i f  the dimens i ons of the l aboratory are smal l .  Room 

return neutrons are the l ast vesti ges of neutrons ori gi nal ly  emi tted by the source, 

and , i ndeed , these neutrons has been scatter �d sc often that they have attai ned 

thermal equi l i br i um with thei r envi ronment .  The i ntens i ty of these room return 

neutrons is i ndependent of pos i tion  wi thi n the l aboratcry.  They retai n no knowl 

ed�e of thei r ori gi :' wi th the excepti on of the i r  i nten s i ty, whi ch i s  proport ional  

to the total emi s s i on rate of the source. 

The effects of room return can he seen in data taken in the v i c i n i ty of a spent 

fuel subassembly  housed i n  a hot cel l . ( 3 ) Fi ss ion rates were measured for 235u ,  

238u ,  237Np,  and 232Th . The ax i al and radi al di stri but ions for these f iss ion rates 

are shown i n  F i gures B- 1  and B-2 , respecti vely.  The i sotopes wi th thresho l d  neu

tron response (238u ,  237Np , and 232Th ) respond to fast neutrons from the source 

and show the expected spat i al di str i buti ons , that is they decrease geometri cal ly 

wi t h  di stance from the source (the i ntensi ty is i nversely proport ional to the ra

di a l  di stance from the p l anar source ) . The 235u-bare fi s s i on rates resul t  mai n l y  

from thermal neutrons and are roughly constant at al l pos i t i ons i ndi cat i ng that 

the thermal neutron i ntens i ty i s  i ndependent of pos i t i on rel at i ve to the source 

wi th i n the hot cel l .  The calmi um covered 235u f iss ion rates are i ndi cat i ve of 
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ep i thermal neutron f l uxes , and behave i n  a manner i ntermedi ate between the thermal 

and threshol d  cases . 

The 235u-bare fi s s i on rates depend mai n l y  upon the room return thermal neutron 

i ntens i ty wh i ch i s  proport i onal to the total amount of fuel present i n  the hot 

cel l .  

The SSTR 235u fi s s i on rate data from demi neral i zer A s hown i n  F i gure 10  and 

summar i zed i n  Tabl e 3 show a constant response at pos i ti ons d i stant from the 

source , and thi s room return response shou l d  al so be proporti onal  to the total 

amount of fuel present i n  the demi neral i zer cubi c l e .  

A detai l ed ana l ys i s o f  the room return phenomenon has been given by Whi te
( 6) 

who used di ffus ion theory to describe experimental data obtai ned i n  a l aboratory 

bounded by concrete wal l s .  Accordi ng to thi s analys i s ,  the thermal neutron fl ux 

can be expressed as 

� = C · S /R 2 n [ 1 ] 

where Sn i s  the neutron emi ssi on of the source i n  neutrons/sec , C i s  a constant 

and R i s  the effecti ve rad ius  of the l aboratory given by 

' [2] 
i =l 

where D; , i = 1 ,  . • .  6 are the s i x  di stances from the source to each wal l  of 

the l aboratory .  A val ue of R that i s  perti nent t o  the TMI-2 Demi ne ral i zer A 

Cubi cl e can be deri ved from the known dimensi ons of the cubi cl e and the approxi -
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mate l oc at i on of the fuel as deri ved from the Compton gamma ray spectrometer 

data . ( 1 ) These gamma-ray resul ts show that the source can be approximatel y  repre

sented by a po i nt source whi ch l i es two feet from the bottom of the demi neral i zer 

tank and very cl ose to the north s i de of the tank . On thi s bas i s ,  one fi nds a 

val ue of approximately  5 . 1 ' for R .  

I n  order to experimental l y  determi ne the room return response of the SSTR dos im

eters , cal i brat i ons were carr i ed out i n  a cubi c l e  where s imi l ar val ues of R woul d  

be obtai ned . A 252cf source was suspended at two di fferent hei ghts ( 2 '  and 3 . 5 ' ) 

i n  a cubi c l e  wi th overal l d imens i ons 1 1 . 5 '  x a •  and a hei ght of a •  and dos i meters 

were pl aced at the l ocat i ons shown i n  F i gure B-3 . Wi th the 252cf source at 2 '  

and 3 . 5 ' ,  the correspond i ng val ues of R are 3 . 6 ' and 4 . 3 ' , respect i ve ly .  The bul k 

of the measurements were made wi th  235u-bare dos imeters of the type used for the 

cal i brat i on measurements descri bed i n  Append i x  A and Reference 3 .  These dos imeters 

were then cross-cal i brated wi th dos imeters of the des i gn shown i n  F i gure 1 whi c h  

were used i n  the demi neral i zer measurement . 

The 235u-bare radi al  response resu l ts  for source hei ghts of 2 '  and 3 . 5 '  are shown 

i n  F i gures B-4 and B-5 . Here,  23Su dos i meters wi th no al bedo dev i ces were used ,  

and n o  water was present i n  the tank . The response i s  seen to b e  roughly  constant 

for both cases wi th  the exception of the 2 '  radi al measurement with  the source 

• at 2 '  whi c h  corresponds to the smal l est  source to dos imeter d i stance and the hi gh-

est response . Axi al response d i stri but i ons  at a rad i al  d i stance of 4 '  are shown 

for the 2 '  and 3 . 5 '  source hei ghts i n  F i gure B-6 . I n  both cases , the response 

is  fl at and constant for both source hei ghts . Apparently,  equat ion [ 1 ] is  not 

val i d  for the smal l room dimens i ons addressed here . Because of the c l osenes s  of 
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the effect i ve rad i us i n  the demi neral i zer vau l t  to the two cal i brati on cases whi c h  

show constant response,  th i s  constant room return response has been taken to be 

val i d  for the demi neral i zer measurements . 

The constant response of the bare 235u-SSTR dos imeters was cross cal i brated to 

the al so constant response of al bedo-type dos i meters of the type s hown i n  F i gure 1 .  

The al bedo dos imeter response was found to be 74 . 8  ± 7 . 5  tracks/cm2/mi n .  The res

ponse per un i t  area of thi s type of dos i meter i s  l ess  than that for a bare 235u 

dos imeter because of the fl ux depress i on caused by the stacked 0 . 00411 235u foi l s .  

The i ncreased overal l SSTR area ( 85 cm2 ) l eads to a h i gher overal l response,  and 

the al bedo dev i ces al l ow source pos i t i on i nformati on to be obtai ned i n  the presence 

of a domi nant room return thermal neutron spectrum s i nce the ai bedo devi ce converts 

the source geometry dependent fast neutrons i nto more detectabl e  thermal neutrons 

at the detector pos i t ions . 

The SSTR response may be effected by a number of factors . The most important fac-

tors that must be taken i nto account are the absorpti on and moderati on of neutrons 

i n  the l aboratory . These effects are part i cul ar ly  s i gn i f i cant when hydrogenous 

medi a may ex i st i n  the l aboratory as i n  the case for the Demi neral i zer A cub i cl e .  

Neutron absorpt i on decreases the number of neutrons whi ch attai n thermal equ i l i b-

r i um i n  the cub i c l e .  On the other hand , moderat i on by a hydrogenou s  medi um pro-

duces a softer neutron spectrum i nci dent upon the l aboratory wal l s ,  thereby i n

creas i ng neutron refl ection and the thermal neutron room return fl ux .  Consequent-

ly ,  these two effects work i n  oppos i te di rect i ons  and tend to cancel each other . 

Obv i ous ly ,  the spec if ic  l aboratory envi ronment and geometry wi l l  pl ay a domi nant 

ro l e  in the rel at i ve wei ght i ng of these effects . 

� 
. 
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I n  order to expl ore the effect of hav i ng hydrogenous medi a present , SSTR cal i bra

t i on measurements were done with  the 252cf source suspended at a hei ght of 2 '  at 

the surface of the water i n  a 2 '  h i gh by 4 '  d i ameter tank . The radi al  dos imeter 

response data for bare 235u dosimeters are s hown i n  F i gure B-7 . The response i s  

l ess by a factor of about two from that s hown i n  F i gures B-4 and B-5 , but i t  i s  

sti l l  f l at .  The decrease i n  i ntens i ty i s  due to thermal i zat i on and absorpti on 

of source neutrons i n  the water whi c h  subtends about 50� of the geometry of the 

source . The ax i al response di str i buti on at a di stance of 4 '  i s  shown i n  F i g-

ure B-8 . As i n  the correspond i ng ax i al d i str i but i ons of F i gure B-6 , no al bedo 

dev i ces were used . Bel ow the l evel of the water , the response i s  qu i te l ow due 

to neutron absorpt i on in the water . From 2 '  to 5 '  the response i s  reasonably f l at 

and above 5 '  i ncreases s l i ght l y  as the 8 '  cei l i ng of the cubi c l e  i s  approached . 

Thi s  measurement was repeated us i ng al bedo dos imeters i denti cal to those used i n  

the measurements i n  the Demi neral i zer A cubi c l e ,  yi e l d i ng the data pl otted i n  

F i gure B-9 . The shape of thi s al bedo response i s  qual i tat i vel y simi l ar to the 

ax i al d i str i buti on of F i gure 10 obtai ned for Demi neral i zer A .  
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APPENDI X  C 

?OI NT SOURCE RESPONSE OF SSTR NEUTRON DOSIMETRY 

• 

An estimate of the amount of fuel i n  the demi naral i zer has been rna�� from the di s-

• tr i buti on of the f i s s i on tracks/cm2 observed i n  SSTR along the vert i cal st�i nger 

above the peak observed i �  the gamma ray di str i but i on .  Let u s  assume that the 

bul k of the fuel , near the far s i de of the dem i neral i zer accordi ng to the gamma 

1' 

ray measurements , occup i es a space smal l rel ati ve to the di stance from the SSTR ' s  

so that i t  can be treated as a "po i nt "  source . I f  there i s  then no or l i tt l e  

moderator between the fuel and these SSTR , one wou l d  expect that the i ntens i ty 

of neutror.s over and above cosm i c  ray dnd room return r:eutrons wou l d  ap�rox imate 

a 1 /R2 behav i or ,  where R i s  the di stance between t ' .:: fuel anu the SSTR . Let X 

be the hori z�ntal d i stance bet�een the fuel and the vert i cal row of SS�� · s ,  �·1d 

l et Z be the di stance each SSTR i s  above the hori zontal �l ane contai n i n� the 

source.  Then R2 = x2 -� z2 . I f  we l et F be the fi s s i on tracks/cm2 , then 

[3 ] 

where C i s  a co�stant .  

I t  i s  useful to  work wi th 1 /F , s i nce i f  we l et v = z2 , we have the 

l i near rel at i onshi p 

1 /F = a + bv , (4] 

x2 
where a = c- and b = 1 /C .  

--·· --·��····---=- ·"' 
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Tab l e  C-1 g i ves the measured val ues of F and the est imated val ues of Z for the 

nearest four SSTP. above the hor i zontal source pl ane . 

TABLE C-1 

VAR IATION OF SSTR F ISSION TRACK DENSITY WITH VERTI CAL D I STANCE ( Z )  

SSTR Label z ( ft . ) F ( fi s s i on tracks/cm2 ) 

TMI -267 0 . 29 26 . 5  ± 6 . 0  

TMI -265 1 . 29 20 . 3  ± 5 . 1  

TM I - 263 2 . 29 1 5 . 2  ± 5 . 0  

TMI -261  3 . 29 1 6 . 1  ± 5 . 1  

F i gure C- 1 shows a l i near l east squares f i t ,  i nc l ud i ng stat i sti cs , to 1 /F = a +  bv , 

g i v i ng a = ( 4 . 03 ± 0 . 75 )  x 10-2 , and b = ( 2 . 60 ± 1 . 91 ) x 1 o-3 . Ca l cul ati ng 

C and X from these,  we obtai n 

c = 385 ± 283 [Sa] 

and 

X = 3 . 94 � � : 6� ft . [5b]  

Note that the val ue of  X is  consi stent wi th  the fuel  bei ng near th� f ar s i de of 

the tank . F i gure C-2 shows a p lot of F = C/R2 and the data poi nts , i nd i c at i ng  

that the resu l ts are al so at � east cons i stent w ith  a 1 /R2 di str i buti on .  The 

fi tted val ue of F for the SSTR at Z = 0 . 29 ft . i s  24 . 7  ± 6 . 0 .  ( The actual  val ue 

of a wou l d  be a l i ttl e l es s ,  but t h i s  uncertai nty does not domi nate i n  the measure

ment s ,  as the fo l l owing  analys i s  wi l l  show . ) 

• 

Jl. 

.1 
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In F i gure B-4 i s  shown the f i s s i on tracks per cm2/mi n .  for the 252cf source sus

pended 2 ft . above the f l oor , and the bare SSTR-235u assemb l i es at the same hei ght 

but at di fferent hori zontal di stances from the source . The resul t  for the SSTR 

2 ft . from the source i s  1 75 fi ss i on tracks/cm2/mi n .  and for the other pos i t i ons 

1 40 f i s s i on tracks/cm2/mi n • .  I f  we assume the l atter as the room return l eve l , 

35 tracks/cm2/mi n .  woul d  be due to the prox imi ty of the source. I f  we as sume a 

1 /R2 fal l off of these ,  th i s s i gnal  at 3 . 95 ft . woul d  be 9 . 0  tracks/cm2/mi n . ,  and 

the fract i on above room return 0 . 064 . I n  the case of the SSTR gi v i ng the h i ghest 

response at the demi neral i zer , the correspondi ng rat i o  i s  24 . 7/5 . 0  = 4 . 94 or a 

factor of 4 . 94/ . 064 = 77 . 2  h i gher . 

Two factors wou l d  be expected to contri bute to the d i fference i n  these rat i os : 

( 1 )  i n  the cal i brat i on experi ment the SSTR i s  bare ( no l uc i te )  so that i ts res

ponse to fast neutrons com i ng from the source i s  reduced ; ( 2 )  i n  the demi neral i zer 

w ith  res i n  near the fuel , many neutrons wi l l  be moderated suff i c i ent ly  to i ncrease 

the response of the al bedo detector , but wi l l  st i l l  have a "memory•• of thei r 

source . Cons i deri ng the assumpt i on s ,  however , we assi gn an uncertainty of 50% 

to th i s rat i o .  

Wi th the 252cf source , hav i ng an emi s s i on rate of 3 . 08 x 1 08 neutrons/sec . ,  and 

the SSTR hav i ng a response l i ke the al bedo detector p l aced 0 . 29 ft . above the source 

p l ane i n  the demi neral i zer envi ronment we wou l d expect the response to the neutrons 

comi ng from source regi on to g i ve 9 . 0  x 77 . 2 = 695 tracks/cm2/mi n • •  The neutron 

f l ux produci ng these tracks woul d  be 

3 . 08 X 1 08 X 60 
= 1 . 01 5 x 1 05 neutrons/cm2/mi n .  [6 ] 

4IT ( 3 . 95 X 1 2  X 2 . 54 ) 2 
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If n i s  the number of kg of fuel hav i ng an emi ss i on rate of 300 neutrons/sec/kg , 

the f l ux wou l d  be 

----�3�00�n __ x_6_0 ____ � = ( 9 . 882 x 1 0-2 ) n  neutrons/cm2/mi n . 
4IT ( 3 . 95 X 1 2  X 2 . 54 ) 2 [ 7] 

The SSTR response i s  g i ven by 24 . 7/ ( 29 x 24 x 60 ) = 5 . 91 x 1 o -4 tracks/cm2/mi n • •  

We thus have the rel at i onsh ip  of proport i on s ,  

n ( 9 . 88 ± 1 )  x 1 o-2 

( 1 . 02 ± 0 . 1 )  X 1 05 
= ( 5 . 91 ± o . 6 )  x 1 o-7 

( 695 ± 350 ) 

. · . n = 
( 1 . 02 ± 0 . 1 )  X 1 05 X ( 5 . 91 ± 0 . 6 )  X 1 0-4 

( 9 . 88 ± 0 . 9 )  X 1 0-2 X ( 695 ± 350 ) 

n = ( 0 . 9  ± 0 . 5 )  kg . 

[8] 

Thi s  resu l t  i s  cons i stent wi th  that obtai ned from room return and from the gamma 

ray measurements , but i s  l ess  rel i ab l e because of i nadequate cal i brat i on data .  

I n  fact , i t  i s  the best that can be  done s hort of  conducti ng further more detai l ed 

cal i brat i on experiments and obtai n i ng more detai l ed i nformati on on the source 

spat i al di str i bution . 

- - -
-
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Attachment 1 
Octobf.r 6 ,  1983  
GJQ-46-83 
Page 1 of 2 

Exper i menta l Studi es with Demi nera l i zer Res in Samp l es 
From TMI Meet i ng ,  September 2 7 ,  1983 

Meet ing Mi nutes 

A GPUNC devel oped pre l iminary flowsheet for the stripp i ng of Cs from the 
makeup and pur i f icat ion deminera l i zers was tested at Oak Ri dge Nat ional 
Laboratory ( ORNL ) us i ng a B demineral i zer vesse l res i n  samp l e. A copy of the 
s l ides used i n  the pre sentat ion i s  attached.  

The f irst s l ide shows that ORNL has comp l eted the tests and summarizes the 
re sul ts. As i nd i cated , the GPUNC fl owsheet test was successf u l  ( s ee s l ide 2 ) , 
organics remova l by charcoa l was not very effect ive ( see Append i x  A ,  
Tab l e  A-4 ) , the effects of organ ics o n  zeo l ites were minor ( see s l i de 7 )  and a 
0 . 5  mi cron f i lter w i l l remove finely d i vided so l id s .  

Sl ide 2 i s  a gr aph of i r, st.antaneous and cumu l ative Cs l37  remova l u s ing the 
GPU NC devel oped proces s flowsheet . Tab l e A-2 i n  Appendi x  A prov ides for each 
stage of th i s  process :  the e l ut i on agent , the Cs l37 effl uent concentr at ion , 
the instantaneous and cumu l at ive percentages of Cs l37 remova l ,  the 
d i str i but ion coeffi c ient ( Kd )  val ues,  the organ i cs concentration i n  the 
effl uent and the cumu l at ive mas s of organ ics  l eached from the res i n. Wh i l e  
the f ir st twe l ve stages were per the GPUNC f l owsheet , by th i s  stage 
instantaneous remova l had reached l es s  than 31 remova l and ORNL used NaOH to 
see the re l at i ve i ncrease in remova l  rate and total remova l  ach i evab l e .  

Sl ide 3 shows the graph of instantaneous and cumu l at i ve Cs l37 remova l for a 
test for wh i ch resu l ts had f irst been presented at TMI on Ju ly 14 , 1 983 ( see 
Ref . 1 ) .  The graph was incl uded here to c l arify that tota l remova l had 
reached 931 as shown in  Table A-1 wh ich provides detai l ed resu lts for th i s  
test . ORNL indicated that after the Ju ly 14 meet ing another ana l ys i s  of the 
res in l oad ing showed the start ing val ue for the str i pping process to be 
2 1 .8 mC i of C s l37 per gram wh i ch affected the resu lts origina l l y  presented . 

Sl ide 4 shows a graph of ppm of organ i cs l eached per batch for the v ari ous 
so 1ut icns in the GPUNC flowsheet . Val ue s  are prov ided in Tabl e  A-2 . 

S l ide 5 shows the sod ium i on concentrat ion dependence of the d i stri but ion 
coeff ic ient va l ue s .  The Kd val ues for sodi um ion concentrat ions between 0 .2 6M 
and 0 . 032M wou l d  be on th i s  straight l ine. 

Sl ide 6 shows a graph for organ ics concentration in the eff l uent for three 
tests .  The curve marked Zeo l i te- 1  i s  the removal o f  the orga n i cs from raw 
feed by zeo l ite on ly.  Curve ( SK-4 )- 1  i s  the remova l  by charcoa l of the 
organ i cs rema i n i ng after the zeo l ite.  Curve ( SK-4 ) -2 i s  the removal of the 
organ ics  from raw feed by SK-4 charcoa l on ly.  The charcoal did not retai n  any 
s ign if icant amount of Cs i n  th i s  test. 
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Sl ide 7 shows the Cs removal by zeo l ite for both raw ( 1 st SDS run curve ) and 
charcoa l treated feed (2nd SDS run curve )  ( See  Tab l e  A-5 ) . In itia l conc ern s 
were the effect of organ ics on the SDS zeo l i tes and these h ave been shown to 
be minor . 

Sl ide 8 i s  a l i st of i sotopes found by a gamma scan from sol i ds removed by a 
0 . 5  micron fi l ter . From approx imate ly  5 m l  of 0 . 5  mC i/ml so l ution generated 
from the f ir st 6 stages of the GPUN f l owsheet tests,  a maximum of 1 mg of 
mater i a l  was l eft on the fi lter .  Some su lfur ,  t itan ium ,  stain less stee l and 
z ircon i um h ave been i dent ified in the sol ids. 

Appendi x  A provide s  the data for the tests performed by ORNL . 

As a resu l t  of these tests GPUNC w i l l  reeval uate the proposed use of a 
charcoa l fi lter to remove organ ics from the deminera l izer Cs remova l proces s 
streams before these sol ut i ons  are i ntroduced i n  to p l ant p ip ing v i a  the MUFSB 
f i l ter housing . · 
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STATUS OF WORK 

• C OMPLETED SECOND MU LTI STAGE BATCH ELUTI ON TEST ON 

B-2 RES I N  

• SK-4 CHARCOAL NOT VERY EF�ECTI VE FOR REMOVAL OF 

CARBONACEOUS COMPOUNDS 

o:_ .. 

• EFFECTS OF CARBONACEOUS COMPOUNDS I N  SDS COLUMN 

TESTS WERE M I NOR 

• F I NELY D IV ID ED  SOLI DS IN EARLY ELUATES OF BATC� 

ELUTI ON ARE REMOVED BY 0 . 5  P MI LLI PORE FI LTER 
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BATCH ELUTION OF 8-2 RES I N :  TE3T 1 

Condi t ions :; 1 3 7  
7 . 4 8  g o f  resin ( �to mL) ; 21 . 8  mCi of Cs/ g ;  contacted wi t h  1 5  mL o f  elut ion agent for 30 min . 

Total Carbon 

1 37 cs in 
Cumulative i 9f Ini t i a l  K Elua t e  Has a 

S tage e f fluent 3 Ca Eluted (mC�/8) Cone . Leache d 
Number Elution Age"t (mCi/mL) Ins tan . Cumul . ( mCI7mL) ( �g/mL) (mgig of re s i n )  

1 0 . 035 H Nau
2

so
3

-0 . 32 H H
3

Bo
3 

1 . 1 1 9  1 0 . 3  1 0 . 3  u . s 370 0 . 7  
2 0 . 4 32 '• .o  1 4 . 3  '• 3 . 3 140 LO 
3 0 . 330 3 . 0 1 7 . 3  54 . 6  200 1 . 4  
4 0 . 281 2 . 6 1 9 . 9  62 . 1  7 5  1 . 6 
5 0 . 284 2 . 6 2 2 . 5  59 . 5  7 3  1 . 7 
6 0 . 27 3  2 . 5  2 5 . 0  59 · �' 7 '"  1 . 9 
7 0 . 2 5 5  2 . 4  2 7 . 4 62 . 1  7 2  2 . C. 
8 0 . 252 2 . 3  29 . 7  60 . 8  54 2 . 1  
9 0 . 24 5  2 . 2 3 1 . 9  60 . 6  60 2 . 3 

1 0  !) . 2 40 2 . 2 34 . 1  59 . 8  62 2 . 4 
1 1  0 . 23 1  2 . 1  36 . 2  60 . 1  1 30 2 . 7 
1 2  0 . 2 2 5  2 . 1  38 . 3  59 . 8  7 0  2 . 8 
1 3  0 . 2 1 4  2 . 0 4 0 . 3  60 . 8  60 2 . 9 
1 4  0 . 2 1 2  2 . 0 '• 2 . 3 59 . 4  50 3 . 0 
1 5  0 . 31 6  2 . 9 4 5 . 2  3 7 . 8  1 00 3 . 2 
1 6  1 M NaOH 1 . 4 4 3  1 3 . 3  5 8 . 5  6 . 3  870 5 . 0 
1 7  1 . 424 1 3 . 1  1 1 . 6  4 . 4 4 30 5 . 8 
1 8  1 . 1 1 1  10 . 2  8 1 . 8  3 . 6 � 30 6 . 7  
1 9  0 . 822 7 . 6 89 . 4  2 . 8 2 50 7 . 2 
20 0 . 492 3 . 6 9 3 . 0  3 . 1  2 50 1 . 1 

·· , 
' ·  

. .  

. .  

):> I 
........ 



BATCII ELUTION OF R-2 RESIN : TEST 2 

Cond i t ions : 7 . 2 2  g of res i n  ( �to mL) ; 21 . 8  mCi of 137
cs / $ i  con tac ted wi th 1 5 mL of elut ion agent for 30 mi n .  

To tal Carbon 
1 37 

Cs in 
Cumula t i ve f �f Ini t i a l  K Elua t e  Mass 

S t age e f fluent 3 Cs Elu t e d  ( mcVG> Cone . Leached 
Numbe r Elut ion Agent (mCi/mL) ins t an . Cumul . ( mCI7mL) ( lJg/mL) (mg/ g of res i n )  

1 0 . 1 8 M H B0
3 

1 .09 1 0 . 4  1 0 . 4  1 7 . 9  480 1 . 0 
2 0 . 035

-
� �aH

2
Bo

3
-0 . 32 H

3
Bo

3 
0 . 340 3 . 2 1 3 . 6  5 5 . 4  200 1 . 4 

) 0 . 420 4 . 0 1 7 . 6  4 2 . 8  140 1 . 7 
4 0 . 26 M Naii

2
Bo

3
-o . o

_
9 M n

3
Bo

3 
1 . 23 1 1 . 7  2 9 . 3  1 2 . 5  290 2 . 3 

5 1 . 14 1 0 . 9  4 0 . 2  1 1 . 4 300 3 . 0 
6 1 . 05 1 0 . 0  50 . 2  1 0 . 3  260 3 . 5 
1 0 . 870 7 . 7 57 . 9  10 . 5  230 3 . 9 
8 0 . 151 7 . 2 6 5 . 1  10 . 0  330 4 . 6 
9 0 . 632 6 . 0 7 1 . 1  9 . 9 1 40 4 . 8 

1 0  0 . 5 1 6  4 . 9 7 6 .0 10 . 1  1 30 5 . 1  
l l  0 . 405 3 . 9 7 9 . 9  10 . 8 88 5 . 3 
1 2  0 . 34 3  2 . 8 82 . 7  1 0 . 9  88 5 . 5  
1 3  1 H NaOH 0 . 432 4 . 1  86 . 8  6 . 6 560 6 . 7 
1 4 0 . 395 3 . 8 90 . 6  5 . 1  340 7 . 4 
1 5  0 . 264 2 . 5  9 3  .. 1 5 . 6 260 7 . 9 
1 6  0 . 1 7 5  1 . 7 94 . 8  6 . 4 240 8 . 4 
1 7 0 . 097 0 . 8  9 5 . 6  9 . 7 3 20 8 . 5  

. .  

)> I 
N 
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• . A-3 

SORPTION OF CARBONACEOUS COMPOUNDS ON SDS ZEOLITE BED 

Condi tions : 2 mL of zeolite , superfic ial bed resi dence time of 8 . 4 min . 

% a 
Loading , of C/mL of zeolite  Breakthrough Bed m� 

Column Charcoal Treated Raw charcoal Treated 
Volumes Raw Feed Feed Feed Feed 

10 40 42 0 . 7  0 . 5  

20 62 7 1  1 . 2 0 . 7  

30 7 1  76 1 . 5 0 . 9 

40 67 7 1  1 . 9 1 . 1  

s o  71  74 2 . 3 1 . 3 

60 73 79 2 . 6  1 . 5 

70 75 80 2 . 9 1 . 6 

80 84 85 3 . 1 1 .8 

8 7 . 5  7 8  9 2  3 . 3 1 . 8 

--· -

a 
Concentrations of to tal carbon in the raw and charcoal treated feeds were 

1 20 and 80 i.lg of C/mL , respect ively . 



A-4 

SORPTION OF CARBONACEOUS COMPOUNDS ON SK-4 CHARCOAL BED 

Condi t ions : Superficial bed residence time of 10 . 4  min . ,  80-100 mesh 
SK-4 charcoal (Alltech . Assoc . /Applied Sciences Division) 

a % Breakthrough 
Column Zeolite Trea ted Raw 
Volumes Feed Feed 

2 . 5  34 

5 . 0 38 36 

7 . 5 42 

10 . 0  46 46 

1 2 . 5  51  

1 5 . 0  5 9  61 

1 7 . 5  62  

20 . 0  83 75 

22 . 5  6 3  

2 5 .0  85 66 

27 . 5  66 

30 . 0  84 69 

3 2 . 5  72 

3 5 . 0  91 69 

3 7 . 5  7 1  

40 . 0  80 76 

4 2 . 5  79 

b 
Bed Loading , mg of C/ g of charcoal 

Zeoli te Treated Raw 
Feed Feed 

o . s  

0 . 5  1 .0 
' •  

1 . 5 

1 . 0 1 . 9 

2 . 3  

1 .3 

2 . 9 

1 . 4 3 . 1  

3 .4 

1 . 6 3 . 7  

4 . 0 

1 . 7 4 . 2 

4 . 5  

1 .8 4 . 7  

4 . 9 

1 . 9 5 . 1  

2 . 0  

a 
Feed concentrations of the zeo l i te treated feed and the raw feed were 7 5  

and 140 �g o f  C/mL , respec t ively . 
b

A 2-mL (0 . 9 1  g) oed was employed in the run wi th zeo l i te- treated feed 
and a 6-mL (2 . 7 1  g) bed was used in the run wi t h  raw . feed . 



• • 

A-5  

CUMULATIVE 
13 7

cs DECONTAMI�AT!ON FACTORS ( DFs ) AND EFFLUENT CONCENTRATIONS 
ACHIEVED WITH SDS ZEOLITE COLTJMNS USING RAW AND CHARCOAL-TREATED FEEDS 

Condi tions : 2 mL bed of zeolite (60  vol % Ionsiv-96 and 40 vol % A-51 ) ; 
superficial residence time o f  8 . 4 min . 

1 37 
Cs Concentration in Effluent 

a 

Bed ( mCi/mL) Cumulative DF 
Volumes Run z-r Run z-2 Run z-1 Run z-2 

1 0 1 . 43 X 10-1 
1 . 76 X 10

-3 
2 . 44 X 10

3 
1 . 97 X 10

5 

. 

20 3 . 95 X 10-2 
2 . 41 X 10

-3 3 . 84 X 10 
3 

1 . 65 X 10
5 

3 0 2 . 53 X 10
-2 

2 . 04 X 10
-3 

5 .02 X 1 0
3 

1 .68 X 10
5 

40 6 .8 9  X 10
-J 

2 . 07 X 10
-3 

6 . 50 X 10
3 

1 . 68 X 10
5 

so 2 . 38 X 10-2 
2 . 37 X 10

-3 
7 . 321 X 10

3 
1 . 62 X 10

5 

60 2 . 06 X 10-2 
2 . 60 X 10

-3 
8 .0 9  X 10

3 
1 . 57 X 10

5 

70  1 . 05 X 10
-2 

2 . 59 X 10
-3 

9 . 07 X 10
3 

1 . 53 X 10
5 

80 1 . 40 X 10-z 2 .40 X 10
-3 

9 .8 4  X 10
3 

1 . 52 X 10
5 

8 7 . 5  1 . 48 X 10
-2 

2 . 70 X 10-J 
1 . 04 X 10

4 
1 . 50 X 10

5 

a 137 2 Concent2ations of Ca in the feed for Runs Z-1 and Z-2 were 3 . 49 x 10 
and 3 . 46 x 10 mCi/mL , respectively " Raw feed was used in Run Z- 1 ,  whereas 
c harcoal- treated feed was used in Run z-2 .  
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. RES IN  AND DEBRI S  REMOVAL SYSTEM 
CONCEPTUAL DES IGN 

THREE M ILE I SLAND NUCLEAR STATI ON 

UNI T  2 MAKEUP AND PUR I F I CATI ON DEMINERAL I ZERS 

M. K .  Mahaffey 

E .  J .  Renkey 

W .  W .  Jenk i ns 

L .  M .  Northey 

R .  D .  Hensye l 

ABSTRACT 

Quantities of fue l ,  core debris and fission products were 

released from the Three Mile Island Nuclear Station Unit 2 
reactor vessel and significant quantities of these mate

rials are beli eved to be deposited in the pressurized water 

makeup and purification demineralizers . The various methods 

of characterizing these highly radioactive contents are 

described , as well as a summary of the results . A five

step process is presented for remotely removing the resin 

and debris . The process includes elution of 137cs and 

transferring the deminera lizer contents to shipping con

ta iners by uti l ization of two slurrying steps . The selec

tion criteria for shipping containers and casks is discussed 

and possible research programs for the resin and debris are 

proposed .  
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RES IN AND DEBR I S  REMOVAL SYSTEM 

CONCEPTUAL DESIGN 

THREE M ILE I SLAND NUCLEAR STATION 

UNIT 2 MAKEUP AND PUR I F I CATION DHHNERAL I ZERS 

1 .0 I NTRODUCTION 

The pressur i zed water letdown fl ow and makeup systems of the Three Ni l e  Is l and 

Nuc l ear Stat i on Un it  2 ( TM I -2 )  were on- l i ne dur i ng a port i on of the t ime of 

the March 28 , 1979 acc i dent . Quantit i es of fue l, core debr is  and fi s s i on 

p rod uc ts were re l eased from the reactor vesse l and c i rcu l ated through var i ous  

components mak i ng up the aux i l i ary systems . S i gn ifi cant quant it i es of these 

acc i d:nt by-products are be l i eved to be depos i ted in the pressuri zed water 

makeup and pur if i cati on demi nera l i zers . 

These demi nera l i zers are l ocated i n  sh i e l ded cub ic les of the aux i l i ary bu i l d

i ng of the TM J -2 nuc l ear p l ant . H i gh rad i oact iv ity prec l udes norma l acce ss to 

the demi nera l i zer cub i c l es as we l l  as norma l d i spos a l  of the res i n  us i ng 

ex i st i ng p l ant systems . 

West i nghou se Hanford Company was se lected as lead contractor to coord inate the 

Department of Energy R i ch l and Operati ons efforts i n  a program of demi nera l i zer 

chararacteri zat i on as we l l  as the eva l uat i on of a l ternat i ves for �emoval  of 

the demi nera l i zer contents . Th i s  report descr ibes the resu l ts of the charac

ter i zat i on efforts and prov i des a conceptual  des i gn for remova l of  the demi n

era l izer contents . Poss i b l e  research u ses of the res i n  are a l so d i scussed . 
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1 . 1  R EMOVAL SY STEM FUNCTIONS 

The res i n  and debris  remova l  system sha l l  prov i�e  �he fo l l ow i ng spec i f i c  

func t i ons : 

A .  Remova l o f  essent i a l l y a l l  rad ioacti ve so l i ds and l i qu i ds from the 

Make-up and Pur i f i cat i on Demi nera l i zers , MU-K- lA and lB .  

B .  Treatment o f  a l l  l i qu id eff l uents to assure compat i b i l i ty with  ons i te 

water proces s i ng systems ( Submerge� Demi nera l i zer System and EPI COR I I ) 

C .  Ons i te hand l i ng of rad i oact i ve demi nera l i zer contents cons i stent wi th  

norma ·l TM I -2 pract i ces . 

D .  Conta iner i z at i on o f  the rad ioact i ve demi nera l i ze! �ontents i n  a form 

Ju i tab l e  for u se i n  a DOE research and deve l opment prog ram . 

E .  Transportati on of rad ioact i ve demi nera l i zer contents to a DOE s i te u s i ng 

l i censed or l i censab l e  conta i ners and cask s .  

F .  F l u sh i ng of l i nes after res i n  remova l  i s  comp l ete . 

1 . 2 REMOVAL SY STEM PROCESS REQU IREMENTS 

A .  Ex i st i ng nH-2 systems and equ i pment sha l l  b e  u sed to the max imum extent 

prac t i ca l . 

B .  Se lect ion o f  ex is t i ng p i p i ng and rou t i ng of new p 1 p 1 ng sha l l  m i n im i ze 

personne l expos ure cons i stant w i th ALARA con s i derat i ons � n  p l ace at 

TMI -2 .  Max imum use shou l d  be made of ex i s t i ng arch i tectura l feature s . 

C .  Operat i ona l process se l ec t i on s ha l l  resu l t  i n  m i n imi z i ng personne l expo

sure cons istent w ith  ALARA cons i derat i ons in p l ace at �1 I-2 . 
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D .  The res i n  and debr is  remova l system sha l l  perform its requ i red func t i ons 

on ly dur i ng norma l p l ant  operat i ng and c l ean-up cond i t i ons . 

E .  The res i n  and debr is  remova l sys tem i s  a temporary system and s ha l l be 

removed when its  requ ired funct i ons have been performed . Any mod if i ca

t i ons to the ex i sti ng TM I -2 sys tems sha l l  i nc l ude prov i s i ons for return

i ng those systems to the i r  or i g i na l  confi gurat i on .  Rad i at i on l eve l s  i n  

the permanent p i pi ng sha l l  be l eft i n  a cond i t i on acceptab l e  for the 

or i g ina l  des i gn usage . 

F .  Mater i a l s  used i n  the removal system sha l l be compat i b le wi th the con

veyed and conta i ned i nterna l f l u i d s  and w i th the surrou nd i ng env i ronment 

i nc l ud i ng the ant i c i pated rad io l og ica l  dosage . 

G .  Operat i on o f  the res i n  and debr i s  remova l process s ha l l  b e  i ndependent of 

the hand l i ng ,  storage and transportat i on of the waste pack ages . 

H .  TM I -2 p l ant demi nera l i zed water , p roces sed w�ter , reac tor coo l ant grade 

water and n itrogen sources may be uti l i zed prov ided that precau t i ons 

ex i st to p rec l ude b ackfl ow i nto these sys tems . 

1 . 3  CODES AND STANDARDS 

A .  USNRC Regu l atory Gu ide 1 . 143 , Des i gn Gu idance for Rad i oact i ve Waste 

Management Systems , Structures , and Components Insta l l ed i n  L i ght

Water-Coo l ed Nuc l ear Power P l ants . 

B .  ASME Bo i l er and Pressure Ves se l Code , Sect ion V I I I  D i v i s i on 1 .  

C .  ANS I  B31 . 1  Power P i p i ng Systems . 

D .  T it l e  49 , Code of Federa l Regu l at i ons , Part 173 ,  Department of 

Transportat i on Hazardous Mater i a l  Regu l at i ons .  
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E .  NEC - Nat i on a l  E l ectr i c  Code . 

F .  NEMA - Nati onal E l ec tr i ca l  Manufacturers • Assoc i at i on .  

G .  ASME/AN S I  NQA-1 , Qua l i ty Assurance Requ irements for Nuc l ear Power P l ants . 
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2 .0 SYSTEM DESCRI PTION AND CURRENT STATUS 

The two makeup and pur if i cat i on demi nera l i zers , MU-K-1A and MU-K-18 , are a 

part of the p ressu� i z ed water mak eup and pur i fi cati on system wh i ch i s  des i gned 

to prov i de chemi stry contro l to the reactor primary coo l ant system. The 

demi nera l i zers conta i n  a 3 : 2  rat io  mixed bed of an i on and cati on organ i c  res i ns 

to contro l the concentrat i ons  of potenti a l ly corros i ve mi nera l s  and to reduce 

the bu i l dup of rad i oacti ve depos its  i n  the c i rcu l at i ng system. 

2 . 1  MAKEUP AND PURIFI CATION SYSTEM 

The s chemat i c  of the makeup and pur i fi cat i on system i s  shown i n  F i gure 1 .  

Letdown fl ow i s  taken off of the primary system up stream of the primary pump . 

F l ow i s  rou ted through the l etdown coo l ers , through a b l ock or i fi ce to reduce 

pressure ,  to the makeup fi l ters MU-F-5A and MU-F-58 and then to the two demi n

era l izers MU-K-lA and MU-K-18 . At  f l ow rates be l ow 70 gpm one fi l ter and one 

demi nera l i zer are on l i ne ;  above 70 gpm both fi l ters and demi nera l i zers are i n  

serv i ce .  

The acc ident was i n it i ated March 28 , 1979 at approx imate ly 0400 by a turb ine 

tr i p  on l ow feedwater f l ow rate . Dur i ng the acc i dent ,  l etdown f l ow var i ed 

from 40 to 150 gpm .  S i gn i f i cant core damage i s  be l i eved to have occurred from 

100 to 200 mi nu tes i n to the acc i dent .  I n  the severa l hours fo l l ow i ng the 

acc i dent , f l ow was l ost to the l etdown coo l ers and temperature s  i n  the l etdown 

system are k nown to have re ached 160°F .  Late on March 28 , 1979 l etdown fl ow 

was l o st due to p l ugg i ng e i ther i n  the fi l ters ,  b l ock or i fice,  or l etdown 

coo l ers . I n  the ear ly morn i ng hours of Mat�ch 29 , 1979 , l etdown f l ow was rees 

tab l i s hed . Mak eup f i l ters MU-F-5A,  58 and the demi nera l izers were bypassed 

with  fl ow go ing d irect ly from the b l ock or i f i ce to makeup fi l ters MU-F-2A and 

28 . On March 31 ,  1979 a rou t i ne operator entry i n  the p l ant l og shows that 

the demi nera l i zers were iso l ated , and manua l  i so l at i on va lves c l osed . 

Surveys have been made of the mak eup and pur i fi cat i on system by gamma spec

trometry ;  fi l ter cartr i dges have been removed ; and samp les  of fi lter s l udge 
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obta i ned and ana lyzed . S l udge samp l es h ave a l so been obta i ned from the reac 

tor coo l ant b l eed ho l dup tank s .  Quant i t i es of fue l and core structura l  debr is 

have been i dent i f i ed i n  var i ou s  l oc at i ons . Pre l im i nary rad i at i on surveys of 

the demi nera l i zer cub i c l es i nd i cated h i gh concentrat i ons of f i ss i on products , 

primar i l y  137 Cs . 

Genera l Pub l i c  Ut i l i t i es ( GPU ) made an ev a l uat i on of f i s s i on product l eve l s  i n  

the dem i nera l i zers based on f i s s i on product concentrat i ons  found i n  a coo l ant 

samp l e  taken March 28 , 1979 , 2 hours  and 45 minutes  after the acc ident . A 

fue l est imate was a l so made based on another coo l ant samp l e  taken one day 

after the arc i dent . GPU est i mated the tota l f low to the demi nera l i zers at 

46 , 000 ga l l ons at an average f l owrate of 46 . 5  gpm. GPU assumed the demi nera l 

i zers were iso l ated 18 hours and 35 mi nutes  after the start of the acc i dent .  

Tab l e  I shows the resu l ts o f  the GPU analys is  for f i ss i on products . S i nce the 

sp l i t  of fl ow between demi nera l i zers  A and B was not known , no attempt was 

made to apport i on the f i s s i on products between the two dem i nera l i zers . 

Tab l e  I 

GPU Ca l cu l ated F i ss i on Product Act i v i ty i n  Makeup and 
Pur i f i cat i on Demi nera l i zers 

March 28 , 1979 2235 pm 

I sotope Act i v it� ( C i } Isotope Act i v it� (C i ) 
85Kr 8 , 950 134 1 57 ,000 
89sr 445 135 1 7 , 550 
90sr 30 134cs 2 , 650 
95zr 9 , 500 131cs 12 ,000 
95Nb 4 , 750 137cs 12 , 200 
98Nb 845 138cs 10 , 100 

131 I 1 . 25 X 106 140Ba 14 , 800 
132 I 3 . 45 X 105 133xe 8 ,2 20 
133 1 1 . 93 X 106 135xe 3 , 200 
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The fue l concentrat i on from the coo l ant samp l e  was found to be  68 mi l l i grams 

per l i ter w i th a s i ze d i str i bu t i on shown i n  Tab l e  I I . Based on 46 , 000 gal 

l ons , the max imum fue l ente r i ng the demi nera l i zers wou l d  be 1 1 . 8  k i l ograms . 

Tab l e  I I  

Fue l Part i c l e  S i ze D i str i bu t i on 
Coo l ant Samp l e  - March 29 , 1979 

Part i c l e  S i z e ,  mi crons 

5 

1 . 2 - 5 

0 . 45 - 1 . 2 

mg/ 1 

33 .33  

14 . 28 

20 . 63 

68 . 24 

It was or i g i na l ly thought that a s i gn i f icant port i on of the fue l and core 

debris  wou l d be reta i ned i n  the fi l te r  hou s i ng s  of MU-F-5A and 5B . When the 

fi l ters were opened , and the cartr i dges removed , it  was found that the paper 

back i ng in the cartr i dges had part i a l l y d is integrated , thu s  destroying  the ir  

fi l ter i ng capab i l ity . Exami nat i on of the f i l ter hou s i ng s  and gamma spec trome

try i nd i cated approx imate ly 70 grams of uran i um i n  MU-F-58 . MU-F-5A was dOt 

surveyed pr i or to cartr i dge remova l  but has been est imated to h ave conta i ned 

approximate ly 200 grams of uran i um based on rat i o i ng overa l l  rad i at ion measure 

ments . Chemical  ana lys i s  of fi l ter deb r i s  from MU-F-5B i nd i cates 4 to 6% 

uo2 by we i ght . 

2 . 2  DE�l !!'I ERAL I ZER AN D  CONTENTS - PRE-ACC IDENT 

The mechan i ca l charac ter i st ics  of the demi nera l i zers are dep i c ted i n  F i g 

ure 2 .  The demi nera l i zer tanks  are sta i n less stee l and are des i gned for 

150 ps i g .  Var i ou s  connec t i ons to the demi nera l i zers are s hown s chemat i ca l ly 

i n  F i gure 3 .  

The tanks  were charged w i t h  a mi xed bed res i n  a s  shown i n  Tab l e  I I I .  The 

to ta l amount i n it i a l l y charged was 50 ft3 per vesse l .  Fresh  batches of res i n  

8 
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Tab l e  I I  I 

Ion Exchange Res i n  

TM I -2 Demi nera l i zer , IRN-217 

IRN-218 IRN-78 

Cat i on Exchange An i on Ex change 

Vo l ume , % 

Mo i s ture , % 

Vo l ume Capac ity,  Meq/ml 

Screen Ana lys i s ,  on 16 mesh  

thru 50 mesh 

Ion i c  Form 

% Regenerated , As Supp l i ed 

L i  form 
OH form 

40 

55 

1 . 76* 

5% max 

0 . 5% 

u +7 

99 mi n 

Effecti ve S i z e ,  mm 

Dens i ty, l b/ft3 

0 . 5  to 0 . 60 

*0. 7  Meq/ml  of IRN-217 

11 

- - · - . . 
· · " -1] I I I . . 

42 .8  

60 

60 

1 . 2* 

5% max 

0 . 5% 

oH-

90 mi n 

0 . 38 to 0 . 45 



were added a few months before the acc ident . The res i n  i s  a 3 : :2 mi xture of 

an i on and cati on res i n  to chemi ca l l y bal ance the pos i t i ve and negati ve i on 

exch ange s i tes ava i l ab l e .  

The dem i nera l i zers are l oc ated i n  cub i c l es i n  the aux i l i ary bu i l d i ng on the 

305 ' e l evat i on ,  as shown in F i gure 4. The cub i c l es are shown i sometr i ca l l y  i n  

F i gure 5 .  I nc l uded i n  the ce l l  i s  a pressure re l i ef va l ve dump i ng t o  a f l oor 

dra i n .  The val ve setti ng is 150 ps i g .  
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3 . 0  CHARACTERI ZATION OF DEMINERAL I ZER CONTENTS 

The i ntroduc t i on of s ub stant i 3 l  quant i t i es of rad i oact i v i ty and debr is  i nto 

the demi nera l i zer i s  expec ted to produce phys ica l  changes i n  the res i n .  A 

ser i es of s cop i ng tests were run at P ac i fi c  Northwest Laborator i e s  ( PNL ) to 

exp l ore the effect of rad i at i on and temperature on res i n  form and chemi ca l  

cap ac ity .  I n  para l le l , ons i te act i v i t i es were i n i t i ated to obta i n  ce l l  dose 

rate and contami nat i on surveys as we l l  as fue l quant ity assessments . 

3 . 1  R ES IN DEGRADATION EXPERI�ENTS 

The i ntroduct i on of rad i oact i v ity i nto the demi nera l i zers resu l ted i n  a h i gh  

rad i at i on dose to the res i n  as we l l  as  poss i b l e  overheati ng after ffow to the 

demi nera l i zers was shut off . A program was set up to i ndependentl�· eva l uate 

the effects of rad i at i on and temperature on res i n  phys i ca l  form and chem i ca l  

exch ange capac ity.  Tests were performed with IRN-150 res i n  wh ich when treated 

w i th L ith i um Hydrox i de becomes chemi ca l ly i dent i ca l  to IRN-21 7 ,  wh i ch was i n  

use at TM I-2 .  The res i ns are phys ica l l y  i dent i ca l . Deta i l ed Test Reports are 

i nc l uded i n  Append i x  A .  

3 . 1 . 1  Effects of Irrad i at i on on Res i n  

Bound i ng ana lys i s  by GPU, u s i ng the rad i o i sotopes shown i n  Tab l e  I ,  i nd i cated 

a cumu l at i ve res i n  dosage range of 1 to 5 x 109 rads depend i �g on the d i s 

tr i bu t i on o f  act i v ity between demi nera l i z ers . 

Irrad i at i on was found to sub stant i a l l y affect the phys i c a ·l form and chemi ca l 

capac ity of the res i n .  Two res i n  samp l es were i rr�d i ated . One samp l e  

des i gnated 11A11 was i rrad i ated i n  water at 150°F s imu l at i ng the case wi th some 

f l ow through the demi nera l i zer . A second samp l e  "8"  was preheated to 360°F i n  

n i trogen and then i rrad i ated dry s imu l ati ng the case where steam or hydrogen 

g2nerat i on had produced suff i c i ent  pressure to dri ve water from the demi nera l 

i zer . The 360°F va l ue was se l ected s i nce th i s  i s  the boi l i ng po int  o f  water 

at 150 p s i g  wh i ch is the p ressure re l ief setti ng for the sys tem. Dur i ng 

i rrad i at i on the res i n  temperature was ma i nta i ned at 220°F . 
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Both samp les were irrad iated to 1 . 7  x 109 R at a rate o f  8 x 106 R/hr . 

The rate was a function of the 50co gai11T1a fac i l ity used at th e Hanford 

Eng i neer i ng Deve l opment Laboratory . 

Res u l ts of test 1 1A1 1  i nc l uded a s i gn if i cant l os s  of res i n  vo l ume and a sma l l er 

i ncrease in res i n  dens ity.  Heat i ng s i gn i fi cant ly affec ted the res i n  i n  test  
11 8 11 • Deta i l  resu lts are shown i n  Tab l e  I V .  

Test A Wet 

Vo l ume cm3 

We i ght ,  g 

Dens ity l b/ft 3 

Test B Dry 

Vo lume , cm3 

We i ght , g 

Den s i ty,  l b /ft3 

Test 8 Dry 

Vo l ume , cm3 

We i ght , g 
De;ns ity,  l b/ft3 

Tab l e  I V  

Res i n  Changes Due to I rrad i at i on 

Or i g i na l  

410 

281 . 1  

42 .8  

Or igi na l 

400 

28 1 

42 . 8  

l .  7 x 109 R 

177 . �  

134 . 7  

47 .4  

After 36QOF 
Heat i ng 

124 

104 . 7
( a )  

52 . 7  

Percent Chanrut 

-56 . 7  

-52 . 1  

+10 . 8  

Percent Change 

-69 
-62 . 7  

+23 . 1  

After Heati ng After Irrad i at i on Percent Change 

124 

95 . 3 ( a )  

52 . 7  

124 

94 . 7  

52 . 7  

0 

-0 . 6  

0 

( a) 9 .4 grams removed for ana lys i s  

Apprec i ab l e  quant i t i es o f  gases were generated i n  test  11A11 ( 41  cm3/hr ) wh i ch 

were composed of 80 - 90% hydrogen . Ear ly samp l es showed s i gn i f i cant con,·. r: ;l 

trati ons of tr imethy l ami ne . The l i qu i d i n  the samp l e  became d i sco l ored due to 
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the d i s so i u t i on of  organ i c  res i dues from res i n  d i s i ntegration .  The appearance 

o f  the re s i n  was not s i gn if i cantly  ch anged . Test B showed s i gn if i cantly d if

ferent gas compos i t i on w i th h i gher concentrat i ons of carbon compounds and 

l ower hydrogen l eve l s . The 118 11 te st gas generat ion rate was 2 - 3 cm3/hr . 

S ub seq uent testi ng was performed to assess res i n  exchange cap ac ity for an i ons 

and cat i ons and s l u i cab i l ity .  S l u i c i b i l ity of irrad i ated res i n  exceeded that 

for p re-te st res i n .  Th i s  e ffect was eva l uated by measur i ng the expans i on of a 

res i n  co l umn with varying fl ow rates i ntroduced at the bottom. An ion and 

cat i on cap ac ity was eva l uated by measur i ng l i th i um reta i ned and by treatments 

with NaOH and HCl . The res i ns were then e l uted with HN03 and the resu l t i ng 

so l ut ions  ana lyz ed for Na
+ 

and Cl - . Res u l ts are shown tabu l ated be low .  

3 . 1 . 2 

Tab l e  V 

Cat i on and An i on Exchange Cap ac ity 

Irrad i at i on Effec ts 

Test A 
I rrad i ated Wet 

Test B 
Preheated to 3600F 
I rrad i ated Dry 

2250F 
500°F 

Cat i on S i tes An i on S i tes 
Lost Lost 

40-70% 90% 

0% 90% 

Heat i ng Effec ts 
0% 76% 
0% 99% 

Effec ts of Temperature on Res i n  

I n  extreme case s ,  with the demi nera l i zer i so l ated and heat rejec t ion modes  

l im i ted , the  res i n  can be s ubjected to  h i gher temperatures . GPU performed 

bound i ng ca l cu l at i on s  for the act i v ity burden early  i n  the acc ident assumi ng 

conduct i ve heat transfer on ly.  Cen ter l i ne res i n  temperatures \'/ere ca l cu l ated 

to app roach 1000°F .  Test s of a seep i ng nature were therefore conducted to 

assess the effec ts of temperatures up to 1000°F .  Samp les  of res i n  were 
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heated i n  n itrogen and i n  mo i st steam env ironmen ts . At 1000°F the res i n  

tends to agg l omerate , become a so l i d mass , and i s  ch anged i n to c arbon . Res i n  

i n  th is  form wou l d  need to be mechan i ca l ly  separated or treated chemi ca l ly .  

When heated to 750°F the re s i n  beads reta i ned the i r  spher i ca l ' shape b u t  a l so 

were transformed i n to carbon . The part i c l es are free f l ow i ng and exh i b it no 

tendency to adhere to each other . S l u i c ing shou l d  be eas i ly ach i ev ab l e .  Be low 

750°F the res i n  reta i ned its bead shape and co l oration s .  Water i s  ev aporated 

or dr i ven off .  The an i on res i n  i s  h i gh ly suscep t i b l e  to temperatu re degrada

t i on as shown i n  Tab l e  V, but m ixture s  are read i ly s l u i c ab l e .  

3 . 1 .3 Conc l u s i ons from Res i n  Scopi ng Tests 

The scop i ng tests prov i de va l uab l e  i n s i ghts i nto pos s i b l e res i n  cond i t i on s .  

However ,  the ex act cond i t i ons to wh i ch the r�s i n  has been exposed are not k nown 

with an acceptab l e  degree of certa i nty. I n  s itu  irrad i at i on comb i ned with  

heat i ng may p roduce d i fferent effec ts than the cond i t i ons produce separate l y .  

Other stud ies ( Ref .  1 )  have shown th at i n  s itu  rad i at i on cau ses more damage to 

organ i c  res i ns than does ex terna l rad i at i on .  I t  does appear that sett l i ng or 

compac t i on of the res i n  bed is to be expected . Based on s l u ic i ng test s i t  

appears that the res i n  wi l l  be s l u i cab l e .  

Res i n  samp l i ng of the demi nera l i zer contents shou l d  b e  attempted pr ior to the 

imp lementat i on of any process  for res i n  remova l .  The samp l i ng shou l d  con f i rm 

expec ted res i n  l ocat i on and con s i s tency as we l l  as fue l conten t  and f i s s i on 

product ac t i v ity .  

3 . 2  CELL SURVEYS 

To assess the cond it i on of the demi nera l i zers a program of ce l l access and 

dose rate mon i tor i ng was i n st itu ted by GPU . Westi nghou se Hanford supp l i ed a 

sma l l  robot equ i pped with  TV surve i l l ance camera s  and a programmab l e  arm wh i ch 

was adap ted for con tami nat i on surveys i ns i de the cub i c l es .  
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Robot access was obta i ned i n to cub i c l es 1 1A11 and 11 S 11 • Dose rates were measu red 

by attach i ng a rad i at i on detector probe to the programmab l e  arm of the robot . 

The gamma dose rates are shown i n  F i gures 6 and 7 .  Measurements i n  the 1 1A 11 

cub i c l e  were augumented by thermo- l umi nescent dos imeters (TLD ) on a str i nger 

and by i nsert i on of the rad i at i on detector through penetrat i on #891 shown i n  

F i gure 5 .  Two vert i ca l  rad i at i on dose profi l es were obta ined . The fi rst was 

tak en approx imate l y  2 '  from the demi nera l i zer . Locat i ons were determi ned by a 

v is u a l  survey made with a TV camera attached to the robot arm. The second 

pro fi l e  was obta i ned i mmed i ate l y  adj acent to the tank but prec i se l oc at i ons 

are not certa i n  s i r:c e  v isua l  access was not poss i b l e  on the day of the 

measu rements . Both profi l es are p l otted in  F i gure 6 .  

TLD measurements genera l l y supported rad i at i on detector read i ng s  but were less 

p rec i se due to the exposure dur i ng hand l i ng operat i ons . Surf ace contami nat i on 

read i ng s  were taken on the f l oor , wa l l s and equ ipmen t surfac es .  Va l ues were 

genera l ly l ow except for the area i mmed i ate ly adj acent to the Hayes gas ana

lyz er room, where it appeared that prior decontami nat ion efforts had produced 

a l ocat i on of h i gher act iv ity .  V i sua l surve i l l ance showed p i p i ng and equ i p

ment to be in sat i sfactory cond i t i on .  Wh ite cryst a l s  were observed on the 

fl oor of cub i c l e  11A 11 near a fl oor dra i n  and the d i scharge of the pressure 

re l i ef l i ne of demi nera l i zer 11A11 • Sub sequent ly ,  the robot was used to obta i n  

samp l es o f  the crysta l s .  Rad i at i on measurements of the crysta l s  were made on 

s i te by GPU and it was conc l uded that the depos its  were res i dues from preacc i 

dent dra i n  operat i ons . 

Attempts were made to fi t the rad i at i on profi l es i n  demi nera l i zer 11A11 w ith 

var i ous  sou rce d i str i bu t i ons . F i gure 8 s hows the best estimate obta i ned . The 

res i n  was assumed to be  b e l ow the 309 ' e l ev at i on and the tank was assumed to 

be dry above the res i n .  A un iform l y  d i str i bu ted cy l i ndr ica l  source was 

ass umed . The strength of the source was est imated to be abou t 50% of the GPU 

est imate for both demi nera l i zers or abou t 5 , 500 cur i es of 137cs . 

S imi l ar rad i at i on profi l es were not ob ta i ned for the 11 S 11 cub i c l e  s i nce pene

trat i on 1054 is  not access i b l e  bec au se of l oc a l  contamination . Therefore , no 
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est imate of source d i str i buti on cou l d  be mad e .  A compar i son  of robot data 

approx imate ly two feet off the fl oor i nd i c ated h i gher gamma act i v i ty i n  the 
11 8 11 cub i c l e .  Ce l l  dose rate s were i n  genera l h i gher . 

3 .3 FUEL QUANTITY ASSESSMENT 

Concern had been expressed abou t the uncerta i nty of the fue l assessment made 

by GPU . Fue l concentrati ons i n  the coo l ant  cou l d  h ave var i ed cons i derab ly 

dur i ng the acc i den t .  The poor cond i t i on of makeup fi l ters MU-F-SA and SB 

i nd i cated a potenti a l  for the accumu l at i on of apprec i ab l e  fue l and core debr i s  

i n  the demi nera l i zers . 

A program was i nst ituted to assess  fue l quantity by severa l tech n�que s .  Two 

of these techn iques were performed by WHC . The fi rst was a pass i ve techn ique 

emp l oying mi ca str ips  attached to 235u fo i l s ( F i gure 9 ) .  Neu trons emi tted 

by spontaneous f iss i ons i n  the fue l or a l pha-neu tron react i ons wi l l  c au se f i s

s i ons  i n  the  235u .  F i s s ion products from the 235u l eave charged part i c l e  

track s i n  the mi ca wh i ch c an b e  deve l oped and exami ned microscop i ca l ly to 

determi ne the number of fi ss ions wh i ch have occurred . From these data a neu 

tron fl ux due to the fue l c an be ca l cu l ated . Th i s  f l ux can then be u sed to 

ca l cu l ate the amount of fue l present .  The techn i que ,  dep loyment of the detec

tors , and resu l ts are d iscu s sed in  deta i l  i n  Reference 2 .  On l y  demi nera l i zer 

11A11 was i nstrumen ted . The detectors were pos it i oned remote ly on str i ngers 

i nserted through penetrati on #891 ( F i gure 10 ) .  The so l id state track recorders 

con fi rmed that the tai1k was dry above the 309 1 l eve 1 and est imated 1 .  7 .:!:. 0 . 6  kg  

of  u ran i um was p resent i n  the 11A 11 demi nera l i zer . 

The second tec h n i que emp l oyed was gamma spectroscopy to detect the 2 . 18 MeV 

gamma ray assoc i ated with  the 144Pr daughter of the f i ss ion product 144ce . 

Cer i um i s  k nown to have s imi l ar chemica l  properties w i th uran i um and has been 

shown genera l l y to stay with in  the fue l matr i x .  Reac tor burnup codes are used 

to c a l cu l ate the amount of 144ce presen t  i n  TM I-2  fue l and the 144ce measured 

is then u sed to ca l cu l ate the amount of fue ·l present . Deta i l s  of the experi 

ment are descr i bed fu l l y i n  Reference 3 .  A de l i very dev ice for pos i t i on i ng a 
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Compton reco i l  spec trometer was des i gned for i nserti on i nto the demi nera l i zer 

"A"  cub i c l e  through penetrat i cn #891 . A cart was u sed to ob ta i n  read i ngs  i n  

the "8"  demi nera l i zer cub i c l e .  The s pectrometer was deve l oped by West i nghou se 

Hanford and emp l oys a s i l i con crysta l  wh i ch is  l ith i um dr i fted . The spec trome

ter can operate i n  h i gher gamma fi e l ds th an a more convent i ona l Ge- ( L i ) system . 

The spec trometer was operated w ith a l ead co l l imator we i gh i ng 78 pound s ,  for 

use in  gamma fi e lds  up to 2000 R/hr . 

The Si - ( L i ) system pred icted 1 . 3 .:!:. 0 . 6  kg U i n  the "A 11  demi nera l i zer . I n  add i 

tion spec tra l data was a l so used to pred ict the 137cs content wh i ch was 

fou nd to be 3400 .:!:. 2500 cur i es as of m id  October 1982 . Verti ca l  source d is 

tr i buti ons  i nd i cated that most of the fue l was l oc ated between the 307 ' and 

309 ' e l evat i on ,  cons,stent w i th ear l i er est imates . Hor i zonta l traverses across 

the top of the demi nera l i zer showed s i gn if i cant nonun i formity in the rad i a l  

sou rce d i str i bu t i on .  Th i s  cou l d  produce gross d i fferences i n  the rad i at i on 

damage i n  var iou s  areas of the res i n bed . 

Data from the 11 S 11 cub i c l e  was l im i ted by the exoosure of personne l maneuver i ng 

the cart through  the doorway and i nto the cub i c l e .  I n  the t i me ava i l ab l e ,  

stat i s t i ca l  i nformat i on wh i ch wou l d  a l l ow a quant i tat i ve est imate o f  fue l c9n 

tent was not obta i ned . Qua l itat i ve ly ,  l ess  fue l is  expected i n  the 11 S 11 demi n

era l i zer but  h i gher 137cs acti v ity.  A forthcoming  GEND report wi l l  descr i be 

the other techn i ques . 

3 . 4 TRU ASSESSMENT 

Once the amount of fue l is known , an est imate can be made of the transuran i c  

( TRU ) content . The ORIGEN code was u sed to ca l cu l ate the q uant i t i es of  trans

uran i cs produced i n  TM I-fue l prior to the acc i dent . The act i v ity was then 

dec ayed three and one-ha l f  years to mi d Oc tober 1982 . The major transuran i c  

contr i butor of rad i at i on was found to be  241Pu wh i ch dec ays to 241Am .  The 

va l ue ca lcu l ated was 2 x 105 nano cur i es TRu per gram of TM I-2  fue l 

exp ressed as Uran i um . 
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3 . 5 SUMMARY OF CHARACTERI ZATION EFFORTS 

The var i ou s  ac t i v it i es d irected at assess i ng the contents of the demi nera l i zer 

h ave resu l ted in the estimates shown in Tab l e  V I . 

Tab l e  V I  

E st imated Dem i nera l i zer load i ngs 
Based Upon Mi d-October 1982 Character izat ions 

1 .  Res i n  

Vo l ume ,  ft3 �jj
c
ght ,

c
� b 

134 
s ,  � Cs , C 1  

2 .  L i qu i d  

Vo l ume ,  ft3 
We i ght ,  l b  

3 .  Deb r i s  

4 .  

u ,  l b  

I�fe Deb� i s ,  

134
cs , c � 
Cs , C 1  

106Ru , C i  
144ce , C i  
12ss· c · o ,  1 
TRU , Ci 

Gas 

l b  

Vo l ume ,  ft3 
Temp , OF 
Pressure ,  ps i g  

(a ) a activ ity only 

In i t i a l  

50 
2 , 139 

0 
0 

44 
2 , 746 

A Vesse l  

22 
1 ,025 
3 , 500 

270 

3 
193 

5 
95 

177 
16 
21 
28 

116 
( ) 0 . 5  a 

54 
80 
11  

B Vesse l 

22 
1 ,025 
7 ,000 

540 

3 
193 

1 
19 
35 

3 
4 
5 

23 
O . l ( a } 

54 
80 
10 . 5  

Apparent ly shr i nk age of the res i n  bed has  occurred . The s hr i nk age observed is 

ident i ca l  to that produced in l aboratory exper imen ts at 1 . 7  x 109 rad s ,  i . e .  

-56%. The h i gher dose rate ob served i n  the 118 11 cub i c l e  may i nd i c ate h i gher 

rad i at i on exposure and a l ower res i n  l eve l .  Th is  wi l l  be confi rmed by res i n  

samp l i ng operat i ons  p l anned for both demi nera l i zers l ater th is  year . The 
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137cs i s  probab ·ly t i ed up by the res i n .  Ca l cu l at i ons  of exchange capac ity 

for cati ons in  the degraded res i n  i nd i cate that on ly 0 . 1% of res i n  cap ac ity 

wou ld be required to accommod ate the 3400 cur i e� of Ces i um .  The fue l and core 

debr is are probab ly i n  the form of f i ne part i c l es s i nce the l atera l s  h ave 

3/16 " ho les . Port ions of the l atera l s  may , however, be p l ugged with  fi l ter 

debr i s .  The debr is  wh i ch entered the demi nera l i zer i s  expec ted to  be  in  the 

top port i on of the res i n .  

Exami nat i on o f  rad i at i on profi l es i nd icate the probab l e  existance of water 

part i cu l ar ly i n  the l ower port i on of the res i n .  The water w i l l  probab l y  con

ta in  organ i c  degradat i on products of the res i n  and l ow Ces i um concentrat ion s .  

The l ower l atera l s  may a l so b e  p l ugged at the 100 mesh screen wh i ch is  wrapped 

around them. 

The l eve l of the res i n  bed may not be even due to the nonun iformity of the 

rad i ati on dose . Hi de temperature var i at i ons may a l so h ave occurred . 

The bed is  pred icted to have been b l own dry by the gases generated i n  the 

res i n  bed and steam generat i on . Th i s  i s  expected to h ave occurred pr i or to 

system i so l at i on .  The gas compos i t i on can vary depend i ng on the amount of 

water present . Dry res i n  produces l ess gas than wet res i n  when i rrad i ated . 

Gas samp l i ng of the demi nera l i zer i s  to be performed by GPU . Ana lys is of the 

gas compos i t i on shou l d  prov i de add i t i ona l i nformati on on the status  of the 

re s i n  and prov ide i nformat i on on the status of the i n l et l i ne .  

The pre sent ly est imated TRU act iv ity i nd i c ates a poss i bl e  probl em w ith res i n  

d is posa l .  Assumi ng a un iform m i xture , the demi nera l i zer 11A11 contents w i l l  

have a TRU concentrat i on of 900 nCi /gm wh i ch exceed s  commerc i a l  bur i al 

l i m itat ions  of 100 nCi /gm .  
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4 . 0  SYSTEM ASSESSMENT 

A study by West i nghou se Hanford ev a l uated i ntegrated doses at certa i n  equ i p 

ment w i th i n  the demi nera l i zer cub i c l es .  Resu l ts of th i s  eva l uat i on are shown 

i n  Tab l e  V I I . Of part i cu l ar concern for res i n  remova l  were the va l ves assoc i 

ated w ith the res i n  fi l l  and s l u i ce l i nes . The tab l e  shows that dose rates 

have not reached the range where operati on wou l d  be affected . 

The i ntegrated dose va l ues are ca l cu l ated based on the GPU act i v ity est imates 

i n  Tab l e  I .  Dose rates wer·e est imated from rad i at i on surveys and extrapo l ated 

b ack to the acc i dent to estab l i sh i n tegrated doses . If the " B "  cub i c l e  con

ta i ns tw i ce the act i v ity i n  approx imate ly the same l oc at i on i ntegrated doses 

wi l l  approach twi ce the va l ue shown for the "A" c ub i c l e .  

The status  o f  the l i nes l ead i ng to each demi nera l i zer i s  somewhat questiona

b l e .  Letdo�m f l ow has been c i rcu l ated s ub sequent to the acc i dent through the 

bypass l i ne .  F l ush i ng operat i ons  were performed in October 1980 . However , 

the mak eup and pur i fi c at i on f i l ters and demi nera l i z�rs h ave been i so l ated . 

The fi l ters have been sub sequent ly removed and hou s i ngs  f l ushed and vacuumed . 

Reac tor coo l ant process i ng has reduced dose rates i n  SQme areas s uch as the 

l etdown or i f i ce wh ich commun icate with  the primary system. 

The charac ter i z at i on scop i ng tests,  dose rate ca l cu l at i ons ,  and genera l  data 

co l l �c t i on performed to date have prov i ded the bas i s  for mak i ng the fo l l ow i ng 

assump t i ons upon wh i ch a l l  of the res i n  and debr is  removal conceptua l des ign  

is based . They are : 

A .  The contents o f  the demi nera l i zers can b e  ag itated into a s l urry and then 

s l u i ced . 

B .  Al l requ ired va l ves are operab l e  or can b e  made to b e  o�erab l e .  
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COM PON E NT STATU S - IIA" C U B I CLE 
"A" C U BICLE I NTEGRATED 

CURRENT DOSE DOSE, 
EQU IPM ENT I USE RATE, R / H R  107 RADS PROGNOSIS 

M U-1 1 1A, G R I N N ELL RESIN FILL VALVE 510 8.3 NORDELL DIAPH RAGM 
PROBABLY USABLE 

M U-R5A, CROSBY PRESSURE RELIEF 400 6.6 M ETAL OR BU NA-N 
S EAT - ACCEPTABLE 

M U-V1 1 16A, VELAN G \S VENT 530 8.7 PROBABLY ACCEPTABLE 

M U-217 A, VELAN · GAS VENT 510 8.3 PROBABLY ACCEPTABLE 

M U-V192A, VELAN LIQUID SAM PLE TAP 500 8.1 PROBABLY ACCEPTABLE 

w 0 M U-V194B, VELAN AP LINE 650 10.5 PROBABLY ACCEPTAB LE 

M U·V194A, VELAN AP LINE 250 4.2 PROBABLY ACCEPTABLE 

M U-V�J3A, VELAN LIQUID SAM PLE TAP 300 5. 1 PROBABLY ACCEPTABLE 

M U-V108A, GRINNELL RESIN SLUICE 650 10.5 PROBABLY ACCEPTABLE 

M U-V238A, GRINNELL RESIN SLU ICE 600 9.9 PROBABLY ACCEPTABLE 

M U-V240A, VELAN DP.AIN LINE 300 5. 1 PROBABLY ACCEPTABLE 

M U-V109A, VELAN DRAIN LINE 300 5. 1 PROBABLY ACCEPTABLE 

B&W MU-8 Pl-1 DIFFERENTIAL 200 3. PROBABLY ACCEPTABLE 
PRESSU RE SWITCH 

HEDL 8211-0a9.1 

Tab l e  V I I  



5 . 0 RES I N  AND DEBR I S  RE�10VAL METHODS 

In i t i a l ly,  three bas i c  approaches were cons i dered for res i n  remova l .  Remova l 
of the demi nera l i zer tanks  i n  sh i e l ded conta i ners was eva l uated but was e l i m

i nated ear ly i n  the des i gn process . The h i gh rad i at i on dose rates i n  the 

demi nera l i zer cub i c l e  wou l d  make access poss i b l e  on l y  by remote means . P i pes 

wou l d  h ave to be severed and capped , wa l l s penetrated , sh i e ld i ng and transpor

tat i on dev ices des i gned , fabri cated and tested . It was conc l uded that person

ne l exposu res wou l d  be h i gh and bu i ld i ng operati ons severe ly restr ic ted 

becau se of the h i gh potent i a l for contami nat i on .  

I n-s itu methods of res i n  treatment were a l so cons i dered to break down the 

res i n  i nto so l ub l e  products . Res u l ts of these eva l uat i ons are descr i bed i n  

Append i x  B .  Laboratory sca l e  exper iments i nd i cated that i ron cata l i zed Hydro 

gen Percx i de wou l d  react with the res i n .  Concern was expressed over contro l 

l i ng the chemi cal act iv ity o f  Hydrogen Perox i de .  Offgass i ng systems wou l d  be 

requ ired . If  the res i n  has carbon i zed , sod ium hypoch lor i te process i ng wi l l  

perform better . The techn i q ue was cons i dered v i ab l e  but l ess attrac t i ve than 

the th ird approach wh i ch i nvo l ved transferr i ng of the res i n  from the tank s .  

Norma l res i n  remova l is  accomp l i shed by s l u ic i ng the res i n  i n  s l urry form 

through the res i n  s l u i ce l i ne to spent res i n  storage tank s .  The s l urry is  

produced by c i rcu l at i ng demi nera l i zed water through the demi nera l i zer tanks .  

I n  l i ght  of s l u icab i l i ty tests performed on irrad i ated res i n  as part of the 

scop i ng stud i es descr ibed i n  Append i x  A, s l u i c i ng appeared feas i b l e .  The ma i n  

cancer� i n  s l u i c i ng through the norma l system was the h i gh act i v i ty conta i ned 

i n  the res i n .  Methods were eva l uated to e l u te the act i v i ty from the res i n  

prior to s l u i c i ng .  

5 . 1  RES I N  AND DEBR I S  REMOVAL SYSTEM DES IGN DESCR I PTI ON 

5 . 1 . 1 P ipi ng and I nstrumentati on 

The p i p i ng system for the demi nera l i zers is  shown i n  F i gure 1 1 .  I n  norma l 

operat i on ,  reac tor coo l ant water fl ows through mak eup and pur i f i cat i on fi l ter 
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MU-F-SA or 58 and enters the demi nera l i zer tank . The proces sed water then 

fl ows through the 2-1/2"  outl et at the bottom of the tank , through stop check 

va l ve MU-Vl07 to MU-V8 where it can be d i rected to ho l dup tanks or more gen

era l ly to the makeup f i l ters . O l d  res i n  i s  s l u i ced from the bottom of the 

tank through MU-Vl08 or MU-V238 to the spent res i n  storage tank . Demi ner

a l i zed water is added through MU-V-292 to the bottom of the tank to ag i tate 

the res i n  bed i n  preparat i on for s l u i c i ng .  Fresh res i n  i s  added through 

MU-V 1 1 1 .  N i trogen can a l so b e  added through the bottom i n l et to the demi ner

a l i zer to ass i st in ag itat i ng the bed pri or to s l u i c i ng .  A gas vent i s  pro

vi ded on the top of each demi nera l i zer tank . Operati ons are mon i tored i n  the 

contro l room and at l oca l  stat i ons i n  the aux i l i ary bu i l d i ng .  Al l p i p i ng is  

sta i n l ess stee l . 

The demi nera l i zed water system and n i trogen system are bel i eved to be operab l e .  

Furthermore , the res i n  remova l process descri bed bel ow assumes that the val ves 

i n  the demi nera l i zer system are , or c an be made , operab l e .  

5 . 1 . 2 Res i n  Remova l Process 

The normal  process for remov i ng res i n  is to s l u i ce it to a spent res i n  storage 

tank l ocated on the 280 ' -6" e l evat i on be l ow the demi nera l i zer . From the l abo

ratory tests performed by PNL on wet and dry irrad i ated res i n  ( Append ix  A ) , 

and assumi ng th at the deb r i s  cons i sts of part i c l es that wi l l  not c l og the res i n  

s l u i ce l i ne that exits  from the bottom of the demi nera l i zer,  the res i n  and 

debr i s  s hou l d  be s l u i cabl e .  However , there are reasons why the norma l s l u i c

i ng process shou l d  not be attempted . These are : 

1 .  Transferri ng the res i n  ft·om the demi nera l i zer to the spent res i n  stor age 

tanks  does not accomp l i sh  the overa l l  objecti ve of remov i ng the abnor

ma l ly contami nated res i ns from TMI .  I n  fact , i t  wou l d  res u l t  i n  add i 

t i on a l  components becomi ng contami nated to h i gh l eve l s . 

2 .  The i rradi ated res i n  can prov i de i nformati on that may benef it  the i ndus 

try at a future date . Therefore , a certa i n  quant ity shou l d  be reta i ned 

for th i s  purpose . 
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3 .  The i rrad i ated res i n ,  i n  so l ut i on ,  wi l l  pos s i b l y  re l ease comp l ex com

pounds wh i ch cannot be reta i ned i n  the SDS and EP ICOR I I  c l ean i ng sys

tems . If the s l u i ce water enters these systems , i t  wi l l  contami nate the 

processed water at TMI -2 .  

Based on the above , a mu l t i -step process i s  proposed for res i n  and debr i s  

remova l .  The major steps i n  th i s  proces s are : 

1 .  S l ow upfl ow rec irc u l at i on to remove comp l ex organ i c  compounds . 

2 .  S l ow upfl ow rec i rcul ati on to remove ces i um .  

3 .  Fast upf low rec irc u l at i on t o  transfer the contents . 

4 .  Fast downfl ow rec i rcul ati on to transfer the contents . 

5 .  Res i n  and debri s transfer to sh i pp i ng conta i ners . 

Res i n  and debr i s  are removed from one demi nera l i zer at a t ime .  The remova l 

system process p i p i ng and equ i pment l oc at i ons are shown i n  F i gures 1 2  and 13 . 

Temporary process p i p i ng i s  connected to the ex i st i ng system at four major 

loc at i ons wh i ch are descr i bed bri ef l y  be l ow and i n  deta i l  i n  Sect ion 5 . 2 .  The 

1 oc ati ons are : 

1 .  I n  the res i n  s l u i ce l i ne upstream of the spent res i n  storage tank s .  Th i s  

connec t i on i s  i n  the val ve room ( 280 ' -6 11 e l evat i on ) .  The t i e- i n  po i nt i s  

near the cei l i ng of the va l ve room . Th i s  t i e- i n  poi nt i s  i l l ustrated i n  

F i gure 12 . 

2 .  I n  each of the res i n  f i l l  l i nes , upstream of MU-Vl 1 1A and MU-VlllB . 
These connecti ons are i n  the Hayes gas ana l yzer room . The connecti ons 

wi l l  be made at the poi nt wh ere these l i nes were opened to obta i n  res i n  

sampl es to mi n imi ze add i t i ona l penetrati ons i nto the demi nera l i zer system 

p i p i ng .  
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3 .  I n  the fi l ter hou s i ng of fi l ter MU-F-SA or MU-F-58 . The f i l ter cub i c l es 

are adj acent to the Hayes gas ana l yzer room on the 305 ' -0 11 e l evat i on .  

Th is  t i e - i n  poi nt i s  not requ ired for res i n  and debris  removal . However , 

it w i l l  prov i de for remov i ng debr i s  from the 2-1/2- i nch normal i n l et p i p

i ng i nc l ud i ng the upper l atera l s .  Th i s  section of p i p ing is  located 

downstream of fi l ter hou s i ngs MU-F-5A and 58 . 

With the except ion of the t i e- i n  poi nt descr i bed i n  1 )  above ( res i n  

s l u i ce l i ne )  a l l  are read i ly access i b l e .  The rad i at i on l eve l s  near the 

s l u i ce l i ne are not extreme ly h i gh ,  however , th i s  area shou ld  be c l eaned 

pr i or to mak i ng the t i e- i n  at th i s  l ocat i on . Aux i l i ary t i e- i ns w i l l  be 

prov i ded by GPU . 

Step 1 - S l ow Upf] ow Rec i rcu l at i on to Remove Complex Organ ic  C0:-.tpounds 

Research p erformed by PNL on i rrad i ated res i ns ( Append i x  A) revea l ed the for

mat i on of so l ub l e  comp l ex organ i c  compounds .  The effect of these compounds on 

the S ubmerged Demi nera l i zer System and EP I COR I I  is not k nown . However , it i s  

pos s i b l e  that these compounds cou ld  damage the c l eanup capab i l i ty o f  these 

systems or the compounds cou l d  pass through these systems and contami nate the 

processed water . Th i s  step is des i gned to capture any organ i c  compounds prior 

to re l ease of the effl uent to the norma l TMI -2 c l eanup systems . 

The f l ow path for th is  step i s  shown i n  F i gure 14 . Water enters the bottom of 

the demi nera l i zer through the res i n  s l u i ce l i ne and ex i ts the top of the 

demi nera l i zer through the res i n  fi l l  l i ne . The s l ow upward f l ow rate of 

approx imate ly 5 to 10 gpm is suffic i ent to c l ear the res i n  from the short sec

t i on of res i n  s l u i ce l i ne between va l ves MU-V-108 and MU-V-238 and the bottom 

of the demi nera l i zer but is not suffi c i ent to c ause res i n  carryover i nto the 

res i n  f i l l  l i ne .  The normal  water i n l et l i ne at the top of the demi nera l i zer 

is not u sed ( MU-V6 rema i ns s hut ) unt i l a l l  res i n  and debr i s  are removed i n  

Step 4 of the res i n  remova l  process . 
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Al l eff l uent from the demi nera l i zer f l ows out the res i n  f i l l  l i ne and i nto the 
res i n  transfer conta i ner wh i ch wi l l  be l oc ated on the 280 1 -6 11 e l evati on of the 

Fue l Hand l i ng and Aux i l i ary Bu i l d i ng .  The eff l uent passes upward i n  the rP.s i n  

transfer con ta i ner through a 100 mesh screen ( 0 . 0059 i nch open i ngs ) ,  enters 

the transfer pump wh i ch prov i des for rec ircu l at i on and conti nues on through  a 

charcoa l f i l ter wh i ch removes the comp l ex compounds that may be i n  so l u t i on .  

A l l eff l uent i s  passed through the charcoa l  f i l ter  dur i ng Steps 1 and 2 of the 

p rocesss . 

From the charcoa l f i l te r ,  the eff l uent i s  returned to the bottom of the demi n

era l i zer through the res i n  s l u i ce l i ne .  Rec i rcu l at i on conti nues unt i l samp l i ng 

i nd i cates that the charcoa l f i l ter  has removed suff i c i ent  comp l ex compounds to 

enab l e re l ease of the effl uent to the SD� . 

Step 2 - S l ow Upf l ow Rec irc u l at i on to Remove Ces i um 

ALARA cons i derati ons make it  des i rab l e  to remove th e 137cs from the demi ner

a l i zers , res i n ,  and debr i s  pr ior to remova l of the res i n  and debr i s  from the 

demi nera l i zers . The e l ut i on of the 137cs wi l l  perm it  d i sposa l  of th is  iso

tope w i th i n  the SDS zeo l i tes . Sub sequent s l u i c i ng and tr·ansfer operati ons can 

then be performed at l ower acti v ity l eve l s  and at a l ower expos ure r i s k  to 

personne l operat i ng the remova l system . If  the tota l es t imated 137cs content 

of 10 , 000 Ci is e l u ted to the SDS , 10% of one SDS l i ner • s  l oad i ng capac ity wi l l  

be expended . 

Numerou s pos s i bi l i t i es ex i s t  for e 1 ut i on of the res i n  to remove the 137cs . 

Some pre l i mi nary eva l uati ons are d i scussed i n  Append i x  A .  Oak R i dge Nati ona l 

Laboratory ( ORNL ) wi l l  perform add i t i on a l  analyses i n  th i s  area.  It  may be 

poss i b l e  to u se reactor coo l ant grade water as an e l uent . Its  chemica l  compo

s i t i on i s  shown i n  Tab l e  V I I I .  
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Tab l e  V I I I  

Reactor Coo l ant Grade Water Chemi ca l Compos i tion 

3500 ppm Boron as Bori c  Ac i d  
1000 ppm Na+ as NaOH 

< 5  ppm Cl -
< 6  ppm so4 -

pH = 7 . 8  

Rec i rcu ! ati on prov i des the c apab i l ity for samp l i ng and adjustment o f  the 

demi nera l i zer eff l uent . The remova l  process equ i pment wi l l  be des i gned such 

that the l i qu i ds wh i ch are generated dur i ng c l eanup of the demi nera l i zers w i l l  

be su itab l e  for process i ng by the on-s ite systems . 

The l ow upward vel oc ity through the demi nera l i zer i s  conti nued duri ng Step 2 

( see Fi gure 15 ) to m i n imi ze res i n  carryover i nto the system p i p i ng .  If  

requ i red , add i t iona l sod i um i ons can  be  i njected at the  transfer pump i n l et to 

a l ter the equ i l i bri um concentrat i on and thus  improve the probab i l i ty of d i s 

p l ac i ng ces i um from the cat i on res i n  i n  the demi nera l i zer . The sod i um i on 

so l ut i on can conti nue to be i nj ected and c irc u l ated wh i l e b l eed i ng the system 

to SDS through the charcoa l f i l ter . The charcoal f i l ter , i n  add i t i on to 

remov i ng comp l ex compounds , removes a l l parti c l es l arger than 1 micron pr ior 

to re l ease of the eff l uent to SDS . Makeup water i s  added to the s urge tank  

where the water l eve l i s  contro l l ed automat i ca l ly .  Th i s  e l ut i on and feed/b l eed 

process i s  conti nued unti l temporary rad i ati on mon i tors i nsta l l ed i n  the 

demi nera l i zer cub i c l e  i nd i cate no further reducti on i n  rad i at i on i s  be i ng 

atta i ned . 

Step 3 - Fast Upf low Rec irc u l at i on to Transfer Res i n  

When e l u t i on has been sati sfactor i ly accomp l i shed ,  the rec i rcu l ati on rate i s  

i ncreased to effect carryover of the res i n  i nto the res i n  f i l l  l i ne .  To 
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accomp l i sh  the h i gher rec irc u l at i on rate , the transfer pump i s  secured and the 

rec i rcul ati on pump i s  started ( see F i gure 16 ) .  The rec i rcu l ati on pump w i l l  

prov ide an upward f low of approx imate ly 120 ga l l ons per mi nute wh ich  wi l l  

res u l t  i n  an upfl ow ve l oc ity of approx imate ly 1-1/4 feet per mi nute ( 23 meters 

per hour ) in the demi nera l i zer . Tests  performed on i rrad i ated res i n  by PNL 

( See F i gure 3, Append i x  A) i ndi cate that the vertical  expans i on of the res i n  

bed wi l l  be i n  exces s of 700% . Therefore , i f  the i n i t i al  depth of the bed i �  

2 feet , the co l umn hei ght of the expanded resi n  wi l l  be i n  excess of 14 feet . 

S i nce the he i ght of the demi nera l i zer i s  approximate ly 7 feet , some res i n  wi l l  

carry over i nto the res i n  f i l l  l i ne at an upward fl ow rate of 120 ga l l ons per 

mi nute . 

The rate of res i n  remova l dur i ng upf l ow c an be contro l l ed by adj ust i ng the 

upfl ow ve l oc ity .  Th i s  is not the case dur i ng fast downfl ow ( Step 4) where 

max imum f l ow must be ma i nta i ned to keep the concentrated res i n  s l urry i n  sus

pensi on in the l ong hori zonta l  runs of p i p i ng .  Upfl ow w i l l  not remove the 

h i gher dens ity res i n  beads or the l arger fue l f i nes . However,  the quant ity of 

materi a l s  that are removed wi l l  be s i gn i fi cant and wi l l  mi n i mi ze the possi b i l 

ity of p l ugg i ng the s l u i ce l i ne when the rema i nder of the res i n  and debr i s are 

transferred by downfl ow as d i s cu ssed i n  S tep 4 bel ow .  

The eff l uent i s  sent to the res i n  transfer conta iner and i s  d i scharged bel OI·' a 

hor izonta l 100 mesh screen . The d i scharge i s  d i rected toward a sp l as h  p l ate 

i n  the conta i ner wh ich wi l l  be des i gned to mi nimi ze ag itat i on of the res i n  

that has sett l ed to the bottom o f  the conta i ner . The res i n  transfer contai ner 

is a 4 foot d i ameter  conta i ner wi th ou ts i de d imens ions s im i l ar to an EP ICOR I I  
l i ner . The 100 mesh hori zonta l screen wi l l  prevent c arryover of the resi n  to 

the rec ircu l at i on pump . Some sma l l fue l f i nes are expected to be c arri ed out 

the top of the demi nera l i zer s i nce the i r  termi nal vel oc i ty i n  water i s  l es s  

than the 1 -1/4 feet per mi nute upward ve l oc ity.  The s i ze of these fue l f i nes 

is  less  th an 40 mi crons ( spec i f i c  grav ity 10 . 2  g/cm3 ) .  Some of these f i nes 

wi l l  sett l e-out i nto the transfer conta i ner wh i l e  a l l  fi nes l arger than 

4 mi crons wi l l  be removed by the hydrocyc l one . Therefore , the water that i s  

rec i rcu l ated to the demi nera l i zer wi l l  be es �enti a l ly free of res i n  and debr i s .  

Th is  wi l l  mi n imi ze the spread of contami nated part i c l es throughout the system. 

42 



STEP 3 
FAST UPFLOW 
REMOVE RESIN t ··----� 

.. ---------·!) --------.. ... 

FROM MU·K·1A 

FI GURE 1 6  

TO MU·K·1A 

( c: :.. _ _ _ -:J l 
MU·K ·18 

MU·f·liAIBI 
IS OPTIONAL 

e INDICATES TIE-IN POINT 

-.. t--��
PROCESSED 

WATER 

SURGE TANK 

STANDPIPE 

� 
VEIIiT TO 

WASTE 

GAS SYST. 

100 MESH 

SCREEN 

t 

�-

Ei ---=::.�--t:=,= 
RiE�IN TRANSfER 

CONTAINER 

.. 

HYDRO· 

CYCLONE 

�..,C><J.,,- !<)<'%;� .... ._ __.. 
TO 

SDS 



Add i t i on a l  ag itat i on of th e res i n  bed can be accompl i shed ( i nc l ud i ng a h i gher 

rate of upfl ow in tre demi nera l i zer ) by i njecti ng d�mi nera l i zed water i nto the 

bottom of the demi nera l i zer through va l ve MU-V-292 . S i nc e  the add i t i on of 

water through MU-V- 292 wi l l  i ncrease the water l eve l i n  the surge tank , prov i 

s i ons wi l l  be i nc l uded i n  th e f i na l  des i gn to permit  the re l ease of water 

through the charcoa l f i l ter to SDS w i th the transfer pUmp secured ( th i s  deta i l 

i s  not shown i n  th e F i gures ) .  

Step 4 - Fast Downf l ow Rec i rcu l at i on to Transfer Res i n  and Debr is  

Downfl ow u t i l i zes the same p i p i ng systems w i th the f l ow reversed ( Fi gure 17 ) .  

S i nce s l u i c i ng severe ly degraded res i n  from demi nera l i zers has not been 

attemp ted and s i nce the form of the debr i s  i n  the demi nera l i zers is present l y  

unknown , su itab l e  precauti ons must b e  taken when downf l owi ng t o  prevent p l ug

g i ng up the res i n  s l u i ce l i ne .  The obj ecti ve dur i ng downfl ow is to transfer 

al l rema i n i ng res i n  and debr i s  i nto the res i n  transfer conta i ne r .  

To i n i ti ate downfl ow ,  the water l eve l i n  the surge tank i s  l owered t o  prov i de 

for add it i or1 of demi nera l i zed water to the system through the normal dem i ner

a l i zer out l et l i ne ( through MU-V 292 ) .  Water add i t i on at th i s  l oc at i on w i l l  

ag itate the res i n  bed to improve s l u i c ab i l i ty .  Wh i l e add i ng demi nera l i zed 

water through the norma l out l et l i ne ,  fast upfl ow rec i rcu l ati on i s  i n i t i ated 

as descr· i bed i n  Step 3 to c l ear res i n  and debr i s  from the secti on of p i p i ng 

between va l ves MU-V 238 and MU-V 108 and the demi nera l iz er . When the water 

l eve l in the surge tank approaches the h i gh l eve l l i m i t ,  a l l i nf l ow to the 

bottom of the demi nera l i zer is secured and the va l ves on the res i n  removal 

process equ i pment sk i d  ( F i gure 12 ) are rea l i gned to reverse the f l ow d i rect i on 

through the dem·; , ·era l i zer . The rec i rcu l ati on pump i s  then restarted to s l u i ce 

the rema i n i ng res i n  and debri s to the transfer conta i ner . 

The 100 mesh screen wi l l  reta i n  the res i n  i n  the contai ner and the major i ty of 

the h i gher dens ity fue l fi nes wi l l  sett l e  to the bottom . Any res i n  f i nes or 

debr i s  that pass through the 100 mesh screen w i l l  be processed through the 

hydrocyc lone wh i ch wi l l  be des i gned to remove a l l res i n  f i nes greater th an 

70 mi crons and a l l  f ue l  fi nes greater than 4 mi crons . Samp l es of wet 
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i rrad i ated res i n  ( 1 . 7  x 109 R ) and new L i -form IRN-150 res i n  w�re wet s i eved 

by PNL to determi ne s i ze d i stri but i on .  The resu l ts are shown i n  Tab l e  I X .  

TABLE I X  

S i z i ng of New and I rrad i ated I on Exchange Res i n  

Mes h O�en i ngs Percent Reta i ned on Mes h 
I nches Mi crons I rrad i ated New Res i n  

20 0 . 0331 841 NO >13 . 7  
30 0 .0234 594 > 49 . C  71 . 6  
40 0 . 0 165 419 43 .0  12 . 3  
60 0 . 0098 249 7 .8 2 . 4 
80 0. 0070 178 0 . 2 0 . 0 15 

Tab l e  I X  i nd i c ates that the 100 mesh screen and the hydrocyc l one wi l l  remove 

essenti al ly a l l  res i n  from c irc u l at i on .  A hydrocyc lone th at is des i gned to 

remove a l l  fuel  fi nes above 4 mi crons wi l l  a l so remove some fuel fi nes l ess 

than 4 mi crons . I n  practi ce ,  a hydrocyc l one with a separator s i ze c l as s i f i ca

ti on of 2 mi crons ( for parti c l es of a g i ven spec i fi c  grav ity ) resu l ts i n  a 50% 

spl i t  between the number of 2 mi cron part i c l es that are re leased to the over

fl ow ( rec i rcu l ated ) and the number of parti c l es retai ned i n  the underfl ow 

( returned to the res i n  transfer conta i ner ) . A properl y  des i gned hydrocyc l one 

of the s i ze consi dered here wi l l  resu l t  in a max imum overfl ow parti c l e  s i ze of 

approximate ly twi ce the va l ue of the c l as s if i cat i on s i ze .  Therefore , the 

max imum s i ze parti c l e  rec i rcul ated wi l l  be approx imate l y  4 mi crons . 

By i ncorporat i ng the res i n  transfer conta i ner as a settl i ng tank and w ith the 

100 mesh screen and the hydrocyc 1 one operati ng i n  ser i e s ,  the amount of rec i r

cu l at i on of contami nated part i c l es wi l l  be he ld  to the m in imum practi ca l  l i mi t .  

I t  s hou l d  be noted th at the p i p i ng used i n  th i s  proces s ,  both ex i sti ng and 

� -�porary, i s  ( or wi l l  be ) des i gned for s l u i c i ng res i n  and i s  therefore free 

01 dead l egs and crev i ces th at wou l d  otherwi se co l l ect sma l l  p arti c l es of resi n  

and debri s .  

After a l l res i n  and debri s have been removed from the dem i nera l i zer , the nor

ma l i n l et l i ne between f i l ters MU-F-5A ( SB )  and the demi nera l i zers c an be b ack 

fl ushed by open i ng MU-V 6 and MU-V 225 and rec irc u l at i ng in the upf l ow d i rec

t i on as descri bed in Step 3.  Any debr i s  that m ay be i n  th i s  secti on of p i p i ng 
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cou l d  be f l ushed from the f i l ter hous i ng and i n to the res i n  transfer contai ner 

through a t i e- i n  poi nt at the top of one of the f i l te r  hou s i ngs . The method 

of tyi ng i nto the top of the f i l ter hous i ng i s  i l l ustrated i n  Fi gure 18 and i s  

d i scu ssed i n  Secti on 5 . 2 .  Th i s  t i e- i n  poi nt i s  optional  s i nce it  i s  not 

needed to remove res i n  and debr i s  from the demi nera l i zers . However , a t ie- i n 

at th is  poi nt wi l l  prov ide a method for f i l teri ng the eff l uent pri or to send

i ng it to SDS or the reactor cool ant bl eed hol dup tanks through MU-V 8 .  

Unp l ug g i ng th i s  section of p i p i ng , i nc l ud i ng the top l atera l s  i n  the demi ner

a l i zers , wi l l  a l so make the top l atera l s  ava i l ab l e  for fi na l  r i ns i ng of the 

i nterna l surfaces of the demi nera l i zer . Th i s  wou ld  be accomp l i shed after the 

res i n  transfer con ta i ner was dra i ned ( fo l l owi ng Step 5 bel ow ) .  Demi nera l i zed 

water wou l d  enter the top of the demi nera l i zer through ex i st i ng p i p i ng by 

open i ng MU-V- 285 .  

Step 5 - Res i n  and Debri s Transfer to Sh ipping Conta i ners 

The shi pp i ng conta i ners for res i n  and debr i s  are mod i f i ed SDS l i ners ( Sec-

t i on 6 ) .  They are i nsta l l ed downstream of the transfer pump as shown i n  F i g

ure 19 . Res i n  transfer to the sh i pp i ng contai ners c an be i n i ti ated fo l l owi ng 

Step 3 ( f ast upf l ow rec ircu l at i on )  to m i n i m i ze the amount of so l i ds in the 

bottom of the res i n  transfer con ta i ner pr i or to starti ng Step 4 ( fast downfl ow 

rec ircu l at i on to transfer res i n  and debri s ) .  The res i n  transfer operat i on is 

i ndependent of operati ons assoc i ated w i th rec i rcul ati on . Th i s  a l l ows system 

operators to g i ve the ir  fu l l  attent i on to each i nd i v i du a l  phase or step i n  the 

overa l l  res i n  remova l operat i on .  load i ng the sh i pp i ng contai ners i s  accom

p l i s hed by add i ng water to the bottom of the resi n transfer conta i ner to ag i 

tate the res i n .  The s l urry i s  then pumped to the sh i pp i ng contai ner u s i ng the 

transfer pump . A 5-mi cron backf l ushab l e  meta l l i c  f i l ter is i nsta l l ed i n  the 

outl et l i ne of the sh i pp i ng con ta i ner to reta i n  res i n  and debr i s .  Eff l uent 

th at passes through the 5-mi cron f i l ter wi l l  go to the charcoa l  fi l ter wh i ch 

conta i ns a 1-mi cron f i l ter . Effl uent from the charcoa l f i l ter i s  sent to the 

SDS . Add i ng water to the res i n  transfer conta i ner and transferr i ng the s l urry 

to the sh i pp i ng conta i ner wi l l  c au se fl uctuati ons i n  the surge tank l eve l wh i ch 

wi l l  be accommodated by the automat i c  l eve l contro l system for the surge tank . 
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I nstrumentat i on w i l l  be prov i ded to mon itor and contro l the l ev e·l o f  re s i n  and 

debr is  i n  the sh i pp i ng conta i ner  pr i or to sea l i ng for sh i pmen t . I nstrumenta

t i on wi l l  a l so be  p rov i ded to mon itor the pressure drop across the f i l te r  

e l ements i n  the sh i pp i ng conta i ners and the charcoa l  f i l ter . These f i l ter 

e l ements w i l l  be cap ab l e  of be i ng back f l ushed w i th processed water i n . th e  

event that p art i a l  p l u gg i ng res u l ts i n  excess i ve p ressure drop  across  t h e  

e l ements . 

The sh i pp i ng conta i ners wi l l  i nc l ude a l l  connec t i on s  and p rov 1 s 1ons  requ i red 

to dewater and degas the conta i ners i n  p reparat i on for safe sh i pment . P ar

t i cu l ar attent i on w i l l  be d irected toward the  des i gn features req u i red to  

e l imi nate or min im ize  hydrogen accumu l at i on dur i ng sh i pment a nd storag e .  

5 . 2  TI E- IN POINTS 

T i e - i n  po i nts are l oc at i ons  where the res i n  and deb r i s  remova l  process p i p i ng 

is connec ted to the ex i st i ng p i p i ng sys tem . Four maj or t i e - i n  po i nts w i l l  b e  

requ ired . These are : 

1 )  Res i n  s l u i ce l i ne 

2 )  Res i n  fi l l  l i ne - A  demi nera l i zer 

3 )  Res i n  f i l l  l i ne - B demi nera l i zer 

4 ) F i l ter  hou s i ng MU-F-5A or MU- F- 58 ( opt iona l )  

The rema i n i ng t i e- i n  p o i nts for m i s ce l l aneou s vent s , d ra i n s ,  reac tor c oo l ant 

grade water sup p ly and a return l i ne  to  SDS are l oc ated in noncontami nated ( or 

l ow l eve l contami nat i on )  p i p i ng that w i l l  be se l ected and p rov i ded by GPU dur 

i ng the pre l i m i n ary equ ipment des i gn p hase . Deta i l s of  t h e  four major t ie - i n 

po i nts are d is cu s sed be l ow .  

5 . 2 . 1  Res i n  Sl u i ce L ine  

The res i n  s l u i ce l i ne i s  a 2 - i nc h  l i ne w i t h  a l ong hor i zonta l run  between the  ) 

demi nera l iz ers a nd the spent res i n  storage t an k . Th i s  l i ne i s  shown i n  F i g

ure s  1 2  and 13 . As seen i n  F i gure 1 2 , there are a number of s l u i ce l i ne s  that 
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I nstrumentation wi l l  be prov ided to mon i tor and contro l the l ev e l  of res i n  and 

debr i s  i n  the sh i pp i ng con ta i ner pr i or to sea l i ng for sh i pment . I nstrumenta

tion wi l l  a l so be prov ided to mon itor the pressure drop across the fi l ter  

e lements i n  the sh i pp i ng conta i ners and the charcoa l f i l ter . These fi l ter 

e l ements wi l l  be capab le  of be i ng backf l u shed with processed water i n  the 

event that part i a l  p l ugg i ng res u l ts i n  excess i ve pressure drop acro ss the 

e l emen ts . 

The sh i pp i ng conta i ners wi l l  i nc l ude a l l connect ion s  and prov i s ions requ i red 

to dewater and degas the con ta i ners i n  p reparat i on for safe sh i pmen t .  Par

t i cu l ar attention wi l l  be d irected toward the des i gn features requ ired to 

e l imi nate or mi n imize hydrogen accumu�at i on dur i ng sh i pment and s torage .  

5 . 2 TI E- IN PO INTS 

T i e - i n  poi nts are l oc at i ons  where the res i n  and debr is  remov a l  process p i p i ng 

is  connec ted to the ex i st i ng p i p i ng sys tem . Four maj or t i e- i n  po i nts w i l l  be  

requ ired . These are : 

1 )  Res i n  s l u i ce l i ne 

2 )  Res i n  fi l l  l i ne - A demi nera l i zer 

3 )  Res i n  fi l l  l i ne - B demi nera l i zer 

4 )  Fi l ter hou s i ng MU-F-5A or MU-F-58 ( optiona l )  

The rema i n i ng t i e- i n  po i nts for m i sce l l aneous vents , d ra i ns ,  reac tor coo l ant  

grade water sup p ly and a return l i ne to SDS are l oc ated in  noncontami nated ( or 

l ow l eve l contami nat i on )  p i p i ng that wi l l  be se l ected and prov i ded by GPU dur

i ng the pre l im i nary equ i pment des i gn phase . Deta i l s  of the four major t i e- i n  

po i nts are d i scu s sed be l ow .  

5 . 2 . 1  Res i n  S l u i ce L i ne 

The res i n  s l u i ce l i ne i s  a 2 - i nc h  l i ne with  a l ong hor i zonta l run between the 

demi nera l i zers and the spent res i n  storage tank . Th i s  l i ne i s  shown i n  F i g

ures  12 and 13 . As seen i n  F i gure 12 , there are a number of s l u i ce l i nes  that 
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l ead to the spent res i n  storage tank . S i nce a maj or obj ect i ve of the res i n  

remova l  operat i on i s  to prevent the spread of contami nants to add it iona l  com

p onents at TM I -2 ,  the t i e- i n  po i nt has been l ocated upstream of the spent 

res i n  storage tank and upstream of the rema i n i ng s l u ice l i nes th at feed i nto 

the ma i n  co l l ec t i on header ( 3- i nch p i pe )  near the top of the spent res i n  stor

age tank s .  To comp l ete th is  t i e- i n ,  a sect ion of the 2 - i nch s l u ice l i ne wi l l  

be removed . The open l i ne on the downstream ( spent res i n  storage tank ) s i de 

wi l l  be p l ugged . A temporary f itt i ng wi l l  be we l ded to the demi nera l i zer s i de 

to p rov i de the connec t i on to the res i n  remova l process p i p i ng .  The preferred 

l ocat i on is i n  the va l ve room , near the ce i l i ng of th e 280 ' -6" e l ev at ion  as 

shown i n  F i gu res 12 and 13 .  Genera l rad i at i on l eve l s  in th i s  area are 

10-50 mR/hr ( beta ) .  An a l ternate l oc at i on i s  i n  the Make-Up and Pur i f i cat ion 

Pump 1-A cub i c l e  on e l evat i on 280 ' -6 " . The reasons for se l ect i ng the va l ve 

room as the preferred locat i on are : 1 )  there wi l l  be one sup p ly l i ne ,  one 

retu rn l i ne ,  and a stand p i pe to the surge tank in th i s  l ocat i on that can be  

run s i de by  s i de to  make use of  common s h i e l d i ng and ; 2 )  the cub ic le  hou s i ng 

pump 1-A is  expec ted to requ i re more e ffort to c l ean up than the va l ve room . 

5 . 2 . 2 Res i n  F i l l  L i nes 

The res i n  fi l l  l i nes are 3 i nch  d i ameter l i nes th at pass through the Hayes gas 

ana l yzer room on e l evat i on 305 ' -0 " . The Hayes gas ana l yzer room has recent l y  

been decontami nated to the po i nt where it  can be cons i dered a n  acces s i b l e  are a .  

Rad i at i on exposure to personne l mak i ng the connec t i ons i n  th is area wi l l  b e  

mi n ima l .  The res i n  fi l l  l i nes wi l l  have been prev iou s l y  cut to obta i n  res i n  

samp l es and fl anged f i tt i ngs wi l l  b e  ava i l ab l e  for connec t i ng the res i n  remova l 

process p i p ing . L i nes i n  prox imity of norma l personne l access areas wi l l  be 

sh i e l ded . 

5 . 2 . 3 F i l ter  Hou s i ng MU- F-5A and MU- F-58 

The f i l ter hou s i ngs  are l ocated i ns i de an enc l osed cub i c l e  adj acent to the 

Hayes gas ana lyzer room . The cartr i dges have been removed from hou s i ngs  

MU-F-5A and 58  and the hou s i ngs  h ave been f l u shed .  Hands -on access to the 
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hou s i ng s  i s  not requ i red s i nce the c l os ures on these hou s i ng s  h ave been 

des i gned to be removed remote l y .  To accomp l i sh th i s ,  a 12- i nch d i ameter 

s h i e l ded p l ug is removed from the top of th e f i l ter  cub i c l e  and extens i cn 

too l s  are l owered through the p l ug open i ng to man i pu l ate the bo l ts on the 

c l os ure . 

The f i l ter hou s i ng c l osure i s  i l l ustrated i n  F i gure 18 . Wi th the c l os ure i n  

the open pos i t i on ,  a s pec i a l  c l osure wi l l  be i ns ta l l ed wh i ch con s i sts o f  a 

sect i on of 2-1/2 i nc h  p i p i ng with a f l ange we l ded at one end . The f l ange sea l 

i ng s urface i s  des i gned to be i denti ca l  to the c l osure ( and wi l l  i n  a l l proba

b i l i ty be a mod i f i ed c l os ure procured from the f i l ter hou s i ng manufacturer ) .  

The fl ange can be i nsta l l ed u s i ng the ava i l ab l e  too l i ng that i s  u sed for 

i nsta l l at i on and remova l  of the normal  c l os ure dev ice .  

5 . 3 REMOVAL EQUI PMENT SELECTION AND LOCATION 

Equ i pment shown i n  F i gures 12 and 13 i s  d i scussed i n  the fo l l owi ng secti ons 

i nc l ud i ng the rati ona l e  for i ts se l ec t i on and l oc at i on . A l l spec i al equ i pment 

items l i sted be low wh i ch i nc l ude the res i n  transfer conta i ner,  hydrocyc l one , 

rec i rcu l ati on pump , transfer pump , chemi c a l  i njec t i on pump , sh i pp i ng con

ta i ner ,  ch arcoa l f i l ter and the major i ty of the va l ves and i ns trumentat i on 

requ i red to contro l the res i n  remova l process  equ i pment are l ocated on the 

280 1 -6 11 e l evat i on as shown i n  F i gure 12 . The primary reason for se l ect i ng 

th i s  l oc at i on i s  to enab l e change-out of the sh i pp i ng contai ners ( and charcoa l 

fi l ter i f  necessary) by man i pu l at i ng the connecti ons to these conta i ners 

remote ly from the open hatch on the 305 1 e l evat i on .  I n  add i ti on ,  the open 

hatch , and the i ns ta l l ed 25 ton capac i ty beam above the hatch , prov i de the 

capab i l ity of remov i ng the conta i ners i n  s h i e l ded hand l i ng cas k s  from the 

280 1 -6 11 e l evat i on to the 305 1 e l evat i on and i nto the mode l room and truck bay .  

The conta i ners c an then be transferred to the spent fue l storage poo l for 

i nterim  storage i n  preparat i on for remova l  from TMI .  Remote hand l i ng w i l l  be 

necessary s i nce the rad i ati on l eve l s  near the connect i ons w i l l  prevent hands-on 

operat i ons  i n  accord ance w ith  ALARA objecti ves . 
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I n  add i t i on to the above , act i v i t i es on _th e  280 ' -6 11 e l evati on are m in ima l com

pared to those on the h i gher e l ev at i ons . Therefore , l oc at ion of equi pment 

there w i l l  c au se mi n imum i n terrup t i on to on-go i ng operat i ons at TM I -2 .  

5 . 3 . 1  Surge Tank 

The surge �ank prov i des a constant pressure at the rec irc u l at ion  and transfer 

pump i n l ets wh i ch wi l l  enab l e  the system operator to contro l pressu re i n  the 

demi nera l i zer by thrott l i ng the pump ou t l r. J .  The surge tank a l so prov ides for 

expan s i on and contrac t i on of the to ta l system vo lume due to temperature changes 

or due to water add it i on and remova l  operat ions . The tank wi l l  be l oc ated 

above the va l ve a l l ey w i th a tank cen ter l i ne ( average water l eve l )  e l evat i on 

of 320 ' -6 11 • The space above the va l ve a l l ey is  l imi ted s i nce the ce i l i ng is  

at e l evat i on 324 ' -011 • Therefore , the surge tank wi l l  actua l ly cons i st of two 

i nterconnected hor i zonta l cy l i nd r i ca l  tank s with a comb ined vo l ume of approx i 

mate ly 300 ga l l ons . 

The h i gh water l eve l e l ev at i on i n  the surge tank wi l l  be above the h i gh po int 

i n  the overa l l  system ( see F i gure 20 ) .  The h i gh po i nt i n  the system wi l l  be  

i n  a sect ion of temporary p i p ing between the res i n  fi l l  l i nes and the re s i n  

transfer conta i ner . Th i s  sec t i on o f  p i p i ng wi l l  i nc l ude a h i gh po i nt ven t 

va l ve wh ich w i l l  be opened on ly  dur i ng i n i t i a l  f i l l  o f  the system. Th is h i gh 

po i nt vent wi l l  be  rou ted to the qas space in the surge tank s .  The cover gas 

in the surge tanks  wi l l  be vented to the waste gas system.  An au tomat i c  water 

l eve l contro l system wi l l  be i nc l uded to p revent overf l ow of l iqu i d  to the 

waste gas system and to assure a constant head of water on the res i n  transfer 

conta i ner ( wh i ch is at approx imate ly the same pressure as the rec i rcu l at i on 

and transfer pump i n l ets ) .  

5 . 3 . 2 Res i n  Transfer Conta i ner 

The res i n  transfer conta i ner is a cy l i ndr ica l  vesse l 4 feet in d i ameter and 

app rox imate ly 4 feet h i gh .  These d imen s i ons were se l ec ted to perm it hand l i ng 

and sh i e l d i ng of the conta i ner w ith ex i s t i ng equ i pment des igned for the 

53 



HYDRAULIC PROFILE 

EXISTING RESIN FILL 
� EL. 320'-6" ..._._____, SURGE \ 

-- --�--r-�L---.--� 
- ---

TAN K  [£-L:�RMAL PROCESS INLET r_ . .  __:_ .. 1 -
- -; 

T--
;E-IN 

MU-K-1A/1B L I . .  J - - - -
_ __b 

... _L MU-F-58 
C£ -

EL
-

. 306-'-0" -- cb 
L 
I TIE-IN 

E L. 301'-0" 
EXISTING 
RESIN SLUICE 

EL. 280'-8" 

FI GURE 20 . Hydrau l i c  Profi l e  
<f -'--------

EQU IPMENT 
SKID 

CHARCOAL 

HEDL 11303·0011. 1 



; 

EPICOR I I  system . The vo l ume i s  approx imate ly 40 cub i c  feet ( 300 ga l l ons ) .  

The conta i ner wi l l  be constructed of carbon stee 1 i n  accordance w i th Sec 

t i on V I I I o f  the ASME code . The norma l operat i ng pressure o f  approx imate ly 

20 p s i g  is  the p ressu re due to the stat i c  head of the system.  Des i gn pressu re 

wi l l  be 100 ps i g .  The res i n  transfer conta i ner serves as an i nter im  ho l d  

po i nt i n  the overa l l  process o f  transferr i ng the res i n  and debr i s  from the 

demi nera l i zers  to the s h i pp i ng conta i ners . 

The conta i ne1· i nc l udes a l arge area hor izonta l 100 mesh ( 0 . 0059 i nch open i ng } 

screen , or set of screens , wh i ch serve to remove the res i n  from the flow stream 

dur i ng fast upfl ow and fast downf low operat i ons . The e ff l uent from the demi n 

era l i zers i s  d ischarged be low the 100 mesh screen and the major ity o f  the res i n  

and deb r i s  w i l l  co l l ect on the u nders i de o f  the screen or wi l l  sett l e  to the 

bottom of the contu i ner when rec irc u l at i ng at max imum f l ow .  

Prov i s i ons wi l l b e  i nc l uded i n  the des i gn o f  the res i n  transfer con ta i ner for 

ag itat i on of the res i n  and debr i s  dur i ng transfer operations to the s h i pp i ng 

con ta i ners . A p enetrat i on at the bottom of the res i n  transfer con ta i ner , i n  

add i t i on to the dra i n  l i ne ,  wi l l  prov i de for add i t i o n  of water for i n i t i a l  

system fi l l  and ag i tat i on o f  the contents dur i ng transfer operat i ons to the 

sh i pp ing  conta i ners . The bottom penetrat ion  w i l l  a l so prov ide for add it ion of 

n i trogen pr i or to i n i t i a l  f i l l  to d i sp l ace the a i r  and oxygen from the system.  

5 . 3 .3  Hydrocyc l one 

The hydrocyc lone wi l l  be des i gned to remove a l l  fue l f i nes ( spec i f i c  grav ity 

10 . 2  g/cm3 ) greater th an 4 mi crons and a l l  res i n  f i nes ( approx imate spec i f i c  

grav ity 1 .025 g/cm3 ) greater than 7 0  mi crons . The i n l et f low rate w i l l  he 

approx imate ly 1 25 ga l l ons per mi nu te and the underfl ow ( return f l ow to the 

res i n  transfer conta i ner ) wi l l  be approx imate ly 5 ga l l ons per mi nu te .  Pressure 

drop through the cyc l one , wh i ch w i l l  h ave an i n l et d i ameter of approx imate ly 

1 . 0 i nches , w i l l  be approx imate ly 77 ps i g .  These parameters are pre l im i nary 

and w i l l  be  further eva l uated and tested dur i ng fi na l  des i gn of the system . 
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5 . 3 . 4 Rec ircu l at i on Pump 

The rec ircu l at i on pump i s  a s i ng l e  stage hori zonta l shaft c anned centr i fuga l 

pump . Max imum output is  1 25 gpm at a head of 325 ft of water . The pump cas i ng 

sha l l  be des i gned for 175 ps i g  mi n imum to accommodate th e pressure r i se across 

the pump w i th an i n l et pressure of 20 ps i g  ( res i n  transfer contai ner operat i ng 

press ure ) .  Materi a l s  sha l l  be sta i n l es s  stee l . Power sha l l be e l ectr i c .  

5 . 3 . 5  Transfer Pump 

The transfer pump i s  a l ow vo l ume ( 10 gpm) l ow head ( 50 ft ) s i ng l e  stage 

centr ifuga l pump . It  i s  l ocated between the res i n  transfer conta i ner and the 

sh i pp i ng conta i ner and prov i des for ret irc u l at i ng the eff l uent through the 

charcoa l f i l ter , send i ng the f i l tered effl uent to SOS , and for transferr i ng 

the res i n  and debri s from the res i n  transfer conta i ner to the sh i pp i ng con 

ta i ner . The transfer pump may a l so be u sed to parti a l ly dewat�r the sh i pp i ng 

conta i ners and ch arcoa l f i l ter conta i ner pri or to remov i ng th ese conta i ners 

from the system . 

5 . 3 . 6 Chemi ca l  I njecti on Pump and I njecti on Stat i on 

The chemi ca l i nject i on pump prov i des the c apab i l ity of i ntroduc i ng chemi ca l s  

for res i n  e l ut i on or system decontami nat i on .  The cap ac i ty of the pump i s  

vari ab l e  up to a max imum rate o f  1 ga l l on/mi n and i s  a pos i t i ve d i s p l acement 

des i gn .  Standard mater i a l s  for th i s  type of pump are sta i n l es s  stee l . 

Chemi ca l s  are p l aced i nto so l ut i on i n  the feed tank pr i or to i nj ecti on i nto 

the rec ircu l at i on pump i n l et l i ne .  

5 . 3 . 7  Sh i ppi ng Conta i ner 

The sh i pp i ng conta i ner i s  es senti a l l y  an empty SOS l i ner and i s  equ i pped wi th  

a 5 .0 mi cron meta l l i c  f i l ter to  reta i n  the res i n  and  debr i s  that are pumped 

from the res i n  transfer conta i ne r .  Al l ex i sti ng des i gn features of the SOS 

l i ners sha l l  be reta i ned . I n  add i t i on ,  f i l ter backfl ush capab i l i ty and a res i n  
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l eve l i nd i c at_i ng system sha l l  be prov i ded . The f i l ter capac i ty w i l l  be s i zed 

to perm i t  f l ows up to 10 gpm. Further deta i l s  on the sh i pp i ng conta i ner ( mod i 

fi ed SDS l i ner ) are i nc l uded i n  Sec t i on 6 . 1 .  

5 . 3 . 8 Charco a 1 Fi 1 ter 

The ch arcoa l f i l ter  i s  i nsta l l ed i n  se ri es wi th , and downstream of , the s h i p

p i ng conta i ner . Th i s  f i l ter i s  essen t i a l ly an SDS l i ner conta i n i ng charcoa l 

i n  p l ace of the normal  zeo l i te bed . A l ternati ves to charcoa l ,  i . e . , spec i a l  

res i ns ,  wi l l  be eva l u ated duri ng the pre l i mi n ary des i gn phase . The f i l ter 

sha l l be des i gned for c l ean i ng by back f l u�h i ng and sha l l permi t  f l ows up to 

10 gpm . The purpose of the ch arcoa l f i l ter i s  twofol d :  1 )  to remove comp l ex 

orga n i c  compounds from the demi nera l i zer eff l uent th at wou l d  otherw ise degrade 

the SDS and EP I COR I I  systems ; and 2 ) to reta i n  fue l  fi nes down to 1 mi cron to 

assure th at they do not accumu l ate i n  other TMI-2  systems such as the Reactor 

Coo l ant B l eed Hol dup Tanks  pr i or to be i ng proces sed by the SDS .  

5 . 3 . 9  P i p i ng 

Al l p i p i ng wi l l  be we l ded and i n  accordance with ANS I  831 . 1 .  Excepti ons to 

we l ded connect i ons are at the four t i e- i n  po i nts d i s cussed i n  Sec t i on 5 . 2  and 

at the connecti ons to proces s equ i pment i tems such as pumps and conta i ners . 

A l l temporary p i p i ng runs compr i s i ng the ma i n  rec i rcu l ati ng path w i l l  be con

structed of 2-1/2 i nch  schedu l e  40 sta i n l es s  steel  and wi l l  be i nsta l l ed i n  

accordance w i th Regul atory Gu i de 1 . 143 . The 2-1/2 i nch p i pe s i ze i s  requ i red 

to mi n im i ze pressure drop wh i l e ma i nta i n i ng max imum f l ow rates . Th i s  e l im i 

nates the need for operati ng at h i gh pressures . Hard p i p i ng and we l ded p i pe 

f i tt i ngs  have been se l ected to m i n im i ze crev i ces and the pos s i b i l i ty of l eak s .  

The standp i pe between the res i n  transfer contai ner and the surge tank wi l l  be 

l - i nch  d i ameter c arbon stee l . 

5 . 3 . 10 Val ves 

Val ves are shown i n  th e var i ou s  f i gures . Val ves i n  the 2-1/2 i nch  rec ircu la

t i on l i nes wi l l  be �ate , d i aphragm, or  ba l l  va l ves to  mi n imi ze pressure drop . 
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Spec i fi c  des i gns wi l l  be eva l u ated to mi n i mize  reten t i on of  con tami nant s .  Most 

va l ves wi l l  be manu a l l y  operated and constructed of sta i n l ess  stee l . V a l ves 

i n sta l l ed to contro l p ressure a nd water l eve l i n  the surge tank wi l l  be con

tro l l ed automat i ca l l y .  The majority of the va l ves requ ired to operate the 

system are l ocated on the 280 ' -6 11 e l evat i on as shown i n  F i gu re 12 . These 

va l ves are i n  c l ose prox imity to the contro l stat ion  wh ich i nc l udes the 

ma jor ity of i n strumentat i on requ i red to mon i tor and contro l the res i n  remova l 

process equ i pment .  

5 . 3 . 1 1  I nstrumen tat i on and Contro l s  

Suff i c ient i nstrumen tat i on wi l l  b e  prov i ded to safe ly operate the system unde 

contro l l ed cond i t i ons . For ease and safety of operat i on ,  the water l eve l con

tro l in the surge tank i s  automat i c .  Ma i nta i n ing a constant pressure in the 

res i n  transfer conta i ner ( pump i n l et pre ssure )  wi l l  perm i t  th� operator to 

contro l system f low and pre ssure by adj ust ing  the va l ve d irec t l y  downstream of 

the rec i rcul at i on pump . Rad i at i on rletec tors wi l l  be  i nsta l l ed at var i ous  

loc at i ons to mon itor expected changes i n  contaminat i on l eve l s  as  the  res in and 

deb r i s  are transferred from the demi nera l i zers . Pre ssure drop across  the con

ta i ners wi l l  be mon itored to i nd i cate performance of the f i l ters . F l ow meters 

wi l l  be p rov i ded to i nd i cate i nstantaneou s f l ow to and from the system . The 

Remote Contro l l ed Trans porter Veh i c l e  ( RCTV ) ,  shown i n  F i gure 21 , can be 

u t i l i zed to v i sua l ly mon i tor the demi nera l i zer cub i c l es for va l ve l eak age and 

can i nsta l l  rad i at i on detectors i n  the cub i c l es for mon itor i ng the decrease i n  

gamma rad i at i on a s  the ces ium i s  e l u ted to SDS and as the res i n  anG debr i s  are 

transferred to the res i n  transfer con ta i ne r .  Temperature can be  mo n itored as 

chemica l s  are added to ensure that no unexpected exothermi c  reac t i ons are tak

i ng p l ace .  Prov is ions are a l so i nc l uded to samp l e  the eff l uent ente r i ng and 

l eav i ng the conta i ners �o p rov i de i n format i on on the contents of the conta i ners 

and on the cond it ion of the l i qu i d pr ior to re l eas i ng i t  to the SDS through 

the charcoa l f i l ter . 
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FI GURE 21.  Remote Contro l l ed Trans port Veh i c l e .  
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5 . 3 . 1 2  Sh i e ld i ng 

A major object i ve i n  the se lection  of t i e- i n  poi nts , routes for temporary p i p

i ng ,  and the l ocat i on of the major process equ i pment i tems d i scussed here i n  

was to mi n imi ze rad i at i on expos ure to personne l dur ing i nsta l l at ion  and opera 

t i on of the res i n  remova l process equ i pment .  W ith the excep t i on o f  a re l a

t i ve ly short segmen t of temporary p i p i ng i n  the Hayes gas ana lyz er room, and 

the temp orary p i p i ng near the res i n  remova l process eQu i pment , the major i ty of 

the ex i st i ng and temporary p i p i ng th at wi l l  be used to transfer res in wi l l  be 

in nonaccess i b l e  areas . These areas i nc l ude the demi nera l i zer c ub i c l es ,  fi l ter 

cub i c l es and va l ve a l l ey on the 305 ' e l ev at ion  and the va l ve room on the 

280 ' -6"  e l evat i on .  The rema i n i ng areas wi l l  requ i re the i nsta l l at i on of tem

porary sh i e l d i ng and poss i b ly temporary exc l u s ion  of personne l from certa i n  

l ocati ons dur i ng res i n  transfer operat i ons . 

5 .4 OPERATING PROCEDURES 

Deta i l ed operat i ng procedures wi l l  be prepared as a part of the f i n a l  des i gn .  

The genera l  p rocess steps are d i scu ssed i n  Sect ion 5 . 1 .2 and i nc l ude the 

operat i ons  ou t l i ned be low .  

5 . 4 . 1  Pneumat i c  Test of Demi nera l i zer P ip i ng System 

Pr i or to fi l l i ng and p ressur i z i ng the system w i th processed or demi ne ra l ized 

water the p i p i ng systems that wi l l  be used dur i ng the res i n  remova l  process 

wi l l  be tested to assure i n tegr ity of the pressure b oundary. Procedu res w i l l  

be prepared to p neumat i ca l ly test the system and to determi ne l eak rate s ,  i f  

any . Steps wi l l  be i nc l uded to attempt to l oc ate any s i gn i f ic ant l eaks so 

that an assessment can be comp l eted regard i ng the feas i b i l i ty of rep a ir . 

5 . 4 . 2 System F i l l  and Rec i rcu l at i on to Remove Compl ex Compounds 

Th is procedure covers i n it i a l fi l l  and ven t i ng of the system and estab l i shes 

rec i rcu l at i on at a l ow upward f l ow rate i n  the f irst demi nera l i zer to be  pro

cessed . Any comp l ex compounds that are re leased from the i rrad i ated res i n  
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wi l l  be c i rcu l ated through the charcoa l f i l ter dur i ng operat i on under th i s  
procedure . Th is  procedure w i l l  i nc l ude the necessary steps  and check po i nts 

to ass u re that the i nstrumen tat i on and contro l s  are operat i ng s at i sfactor i l y  

as a n  i nteg rated system . 

b . 4 . 3  Upf l ow Rec irc u l at i on to Remove Ces i um 

Th i s  procedu re covers operat i on of the chemica l i njec t i on system to d i sp l ace 

ces i um from the cat i on res i n .  Th i s  operat ion  i s  performed wh i l e rec irc u l at i ng 

at a l ow upward ve l oc ity i n  the demi nera l i zer . Ces i um ( and other so l ub l es )  i n  

the eff l uent from the demi nera l i zer are rec irc u l ated through the system . Sam

p l es wi l l  oe tak en to assure compat i b i l i ty w i th the SOS and EP ICOR I I  sys tems 

prior to re l ease to th ese systems . Upon re lease , makeup water i s  supp l i ed to 

the surge tanks . Th i s  feed and b l eed procedure i s  con t i nued unt i l the rad i a

t i on l ev e l s  due to ces i um stab i l i ze .  

5 . 4 .4 Upfl ow Rec i rcu l at i on to Transfer Res i n  

Th is  procedure covers rec irc u l at ion i n  the upward d irect ion  through the demi n 

era l i zer at max imum f l ow ve l oc i ty ( approx imate l y  1-1/4 feet/mi nute )  to i nduce 

c arryover and transfer of the res i n  to the res i n  transfer conta i ner . The pro

cedu re wi l l  i nc l ude i nstruc t i ons for adju st i ng and mon i tor i ng f l ow rates i n  

the hydrocyc l one overfl ow and underfl ow l i nes to optimi ze the rate of res in 

and deb r i s  removal from the demi nera l i zer . M i nor d i fferences between the 

operat i on of the automat i c  surge tank l eve l contro l system at h i gh and l ow 

f l ow rate wi l l  be exp l a i ned . The procedures wi l l  i nc l ude i ns truc t i ons  for 

mon i tor i ng the dose rates from the demi nera l i zer and the res i n  transfer con

ta i ner dur i ng the transfer p rocess . 

5 .4 . 5 Oownf l ow Rec ircu l at i on to Transfer Res i n  and Debr i s  

Th i s  p rocedu re covers rec i rcu l at i on through the system i n  the oppos i te d i rec

t ion  to transfer the h igher dens ity res i n beads and l arger deb r i s  part i c l es 

that cannot be removed by the re l at i ve ly s l ow upfl ow ve l oc i ty ( 1 -1/4 feet/mi n )  
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through the demi nera l izer . The procedure wi l l  address the spec i a l  prec au t i ons 

requ ired to prevent p l ug g i ng the res i n  s l u i ce l i ne and w i l l  cover those con 

ti ngency operati ons that wi l l  b e  requ i red i n  the event the system p i p i ng 

becomes c l ogged with res i n  and deb ri s .  

5 . 4 . 6  Res i n  and Deb r i s  Transfer to Sh i pp i ng Con ta i ner 

Th is procedure covers the operat ions requ ired to generate a s l urry in the 

res i n  transfer con ta i ner and transfer th is  s l u rry to the sh i pp i ng conta i ners . 

Operat i on of the sh ipp i ng conta i ner  samp l i ng equ i pment wi l l  be descr i bed . The 

p rocedu re wi l l  i nc l ude those steps requ i red to b ackfl u s h ,  i so l ate, ven t ,  d i s

connect and remove and re i nsta l l  a new sh i pp i ng conta i ner by  u s i ng remote ly 

ac tuated too l i ng .  

5 . 4 . 7  Dewater ing and Degass i ng i n  Preparation for Interim  Ons i te Storage 

and Offs i te Sh ipment 

Th is procedure covers those operat i ons requ ired to assure prevent i on of haz

ardous accumu l at i ons of hydrogen in the sh i pp i ng con ta i ner and charcoa l 

fi l ters after the conta i ner and fi l te r  have been removed from the system . 

5 . 4 . 8  System F l ush i ng 

Th is procedure prov ides i nstructi ons for f l ush i ng the ex i st i ng and temporary 

sy stems w ith water fo l l ow i ng the transfer of a l l  res i n  and debr i s  to the sh i p 

p i ng conta i ners . , ,  procedure for unp l ug g i ng and back f l ush ing  the norma l 

demi nera l izer i n l et l i nes and top l atera l s  wi l l  be i nc l uded . The p rocedure 

wi l l  not i nc l ude the use of decontam inat i on so l ut i ons  a l though they may u lt i 

mate ly be necessary to c l eanup the system . F iberscope v i ewi ng of  the tank 

inter ior wi l l  be performed through the res i n  f i l l  l i ne  to veri fy the extent  of 

c l eanup . A rad i ati on survey of the system wi l l  be performed pr i or to and after 

fl ush ing . 
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6 . 0 PACKAG ING AND SHI PP ING DEM INERAL I ZER CONTENTS 

Remova l of the res i n  and debr is  from the demi nera l i zers cannot be separated 

from the pack ag i ng , hand l i ng ,  storage and s h i pmen t .  Two types of res i n  con 

ta i ners ( l i ners ) are current ly i n  u se at TM I -2 to perform these funct i ons for 

SDS and EP ICOR I I . These were the on l y  types of conta i ners con s i dered for use 

i n  the res i n  and debr i s  remova l system. 

6 . 1  SHI PP ING CONTAINER DESCR I PTION 

The EPI COR I I  l i ner ( F i gure 22 ) i s  4 '  d i a  x 4 '  h i gh ,  of carbon stee l , and i s  

norma l l y  fi l l ed with res i n  for fi l te r i ng l ow l eve l rad ioacti ve water . The 

l i ners have a 32 cu ft cap ac ity and we i gh 3000 l b .  They have been sh i pped 

with  as much as 2000 Ci of act i v ity i ns i de the CNS 8-120 ( F i gure 23 ) or the 

HN 200 cask s .  However , the CNS 8- 120 cask wh i ch we i ghs 58 ,000 lb over l oads the 

truck and thu s  requ ires over load h i ghway permi ts . The HN200 is on ly av a i l ab l e  

one week p er month presenti ng a schedu l i ng prob lem .  These contai ners are 

present ly be i ng sh i pped to the Idaho Nat i on a l  Eng i neer i ng Laboratory ( I NEL ) 

for storage , research , and d i sposa l . The tota l l oad i ng of the demi nera l i zers 

of approx imate ly 10 , 500 C i  of 137cs wou l d  requ i re that s i x  conta i ners be used 

if  the 2000 Ci l im it  is reta i ned . 

The SDS l i ners ( F i gure 24 ) are 2 '  d i a  x 4 ' -5"  h i gh , of sta i n l ess stee l ,  and 

norma l ly f i l l ed w ith zeo l i te for f i i ter i ng h i gh l eve l rad i oact i ve water . They 

conta i n  8 cu ft of zeo 1 i te and we i gh abou t 1200 1 bs . They etre 1 i m_. .ed to 

60 , 000 C i  of 137cs act i v ity i n  the CNS1-13C cask ( F i gure 25 } .  Therefore , 

The l im i t i ng fac tor i n  l oad i ng these l i ners i s  vo l ume .  The approx imate l y  

44 ft3 o f  res i n  and debr i s  from the demi nera l i zers wi l l  requ i re the use of 

s i x  SDS l i ners . These conta i ners are present l y  be i ng sh i pped to Rockwe l l  

Hanford Operat i on s  ( RHO ) for storage i n  an approved overpack conta i ner des i gned 

by RHO . A compar i son of the phys i ca l  charac ter i st i cs of these two l i ners is 

shown i n  Tab l e  X .  
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Capac ity 

Mater i a l  

Tab l e  X 

. L i ner Compar i son 

SDS L i ners 

8 ft3 

sta i n l ess stee l 

350 ps i g  

6 . 0  X 104 

EP ICOR L i ners 

32 ft3 

carbon stee l 

3 ps i g  

2 . 0  X 1Q3 

Operat i ng Press ure 

Ci Capac ity ( 137cs ) 

How Stored at TMI i n  fue l poo l  i n  concrete modu l e  

6 . 2  SHI PP ING CASK DESCR I PTION 

The sh ipp i ng cask.s wi 1 1  serve sever a 1 funct i ons as part of the remov a 1 
system . These func ti ons are : 

A .  Personne l sh i e l d i ng o f  the res i n  capture conta i ner and charcoa l  

f i l ter dur i ng operat i on of the removal system. 

.. 

B .  Personne l sh i e l d i ng and l i ft i ng fi xture for the res i n  capture 

conta i ners and charcoa l f i l ters duri ng transfer to the spent fue l 

poo l for i nter im storage . 

C .  Personne l sh i e l d i ng of the res i n  capture conta i ners and charcoa l  

f i l ters dur i ng sh i pment to the des i gnated DOE l aboratory . 

These var i ou s  func t i ons d i ctate that at l east two cask s ,  and preferab ly  three 

or four ,  be ava i l ab l e  for the durat i on of the demi nera l i zer c l ean-up opera

t i ons . Tab l e  X I  descr i bes the av a i l ab i l i ty and sh i e ld i ng capab i l i t i es of  a l l  

k nown casks for SDS and EPI COR l i ners . 
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Cask !dent . 

Number Ava i l .  

Owned by 

Sh i e ld i ng 

Max rem/hr 

We i ght , l b  

TRU L i cense 

*based on 60co 

Tab l e  X I  

Sh i pp i ng Cask Compar i son 

SDS L i ners EP ICOR L i ners 
' 

CNS1 - 13C GE 1600 CNSB-1 20 HN200 SN1 

1 ,. 2 1 1 0 

DOE GE & Chern Chern Nuc l ear H i ttman GPU 
Nuc l ear 

4 . 5 11 Pb 6 . 2 11 Pb 4 . 5 11 Pb  4 . 3 11 Pb 4 11Pb  

*4500 *6000 *550 *500 

24 , 000 24 , 000 58 ,000 44 , 000 60 , 000 

NO In  NO NO NO 
Concrete 

The transura n i c  act i v ity i n  the demi nera l i zers d i ctates that the ir contents be 

p ack aged , stored and sh i pped as TRU waste . The fo l l owi ng  act i ons wi l l  be 

taken to obta i n  an amendment to the cask l i cense for TRU waste or fi ss i l e 

content of any cask u sed : 

A .  A n  eng i neer i ng ana lys i s  o f  the inner l i ner wi l l  b e  r�qu i red , to 
p rove that it can w ith stand the same cond i t i ons as the cask may be 
sub ject  to . Th is  has been done by DOE for the SDS l i ners and the 
CNS1- 13C cask . 

B .  The amendment wi l l  cover de-watered res ins , ciewatered charcoa l f i l 
ters and other TRU or f i ss i l e  mater i a l  that may be sh i pped . 

C .  The amendment wi l l  b e  obta i ned for the CNS1-13C and GE 1600 cask . 

D .  An amendment can b e  ob ta i ned i n  3 to 6 month s .  

I f  it i s  determi ned that the res i n ,  or p arts thereof , are not wanted for R&D 

p rog rams , they can be transferred , d i l u ted (mak i ng them non-TRU ) and d i sposed 

cf commerc i a l l y .  H ittman Nuc l ear and Chern Nuc l ear do th is  type of work 

rou t i ne ly .  
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6 . 3  L I NER/CASK SELECTION 

Dur i ng se lec t i on of the appropri ate con tai ner and cask WHC con s i dered the 

fo l l owi ng cr i ter i a :  

A .  Hand l i ng and Load ing - The monora i l  beam on the 305 ft operat i ng 

l eve l has a capac ity of 25 , 000 pou nd s .  The we i ght of a SOS l i ner 

with  a CNS1-13C or GE1600 cask i s  w ith in  th i s  crane • s  capac ity . 

B .  Storage - The SDS and EP I COR l i ners are both current ly stored ons i te 

at TM I .  

C .  Demi nera l i zer Contents Act i v ity - The amount and type of act i v i ty 

wh i ch the casks wi l l  be requ i red to sh i e l d  i s  not k nown w i th com

p l ete certa i nty. For th is  reaso n ,  it is prudent to ob ta i n  the most 

sh i e l d i ng attai nab l e .  

D .  Ava i l ab l e  auant ity - As prev i ou s l y  menti oned , at l east two casks  

w i l l  be  requ i red . There are a suff ic i ent quant i ty of  GE1600 casks 

current ly av a i l ab l e .  

Based upon these cr iter i a ,  i t  i s  read i ly apparent that the preferred l i ner/ 

cask combi nat i on is  the SDS l i ner sh i e l ded by e i ther the CNS1 - 13C or GE1600 

cask . 

6 .4 WASTE D I SPOSAL SUMMARY 

The waste resu l t i ng from the c l ean -up of the demi nera l i zers wi l l  cons i st of 

both abnorma l and commerc i a l ly d i sposab l e  waste . The abnorma l waste w i l l  con

s i s t  of the fo l l ow i ng : 

A .  S i x  SOS type l i ners conta i n i ng derni nera l i zer contents . I t  i s  

expected that at l east two l i ners , but poss i b ly a l l  s ix w i l l  conta i n  

TRU waste . 
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Due to the nature of the remova l  process and t�e l oc at i on of the 

uran i um in the tank , the fue l  is l i ke l y  to be removed dur i ng the 

fast downf low step with th e f i na l  porti on of the res i n .  Therefore , 

the f ue l  cou l d  pos s i b l y  be concentrated i n  the bottom of the trans

fer conta i ner and transferred i n to a s i ng l e  sh i pp i ng conta i n�r  ( for 

each demi nera l i zer ) .  However , there i s  no ass�rance that the fue l 

wi l l  not be mi xed with th e res i n .  Therefore , meas 1 •rements wi l l  be 

made at TMI w i th the Compton reco i l gamma-ray spectrometer to deter·· 

mi ne the amounts of fue l i n  th e s i x sh i pp i ng conta i ners and the 

charcoa l f i l ter { s )  before sh i pp i ng .  Suffi c i ent gamma-ray act i v ity 

wi l l  be present to a l l ow count i ng in an approx imate ly  poi nt source 

geometry as descri bed by Reference 3 .  

B .  One or two SDS type l i ners conta i n i ng charcoa l .  These l i ners cou l d  

poss i b ly  con ta i n  fue l  fi nes and res i n  fi nes . The l eve l o f  contam

i nat i on may prec l ude commerc i a l  d i sposa l .  

The commerc i a l l y  d i sposab l e  waste wi l l  cons i st of the fo l l owi ng : 

A .  One EP ICOR s i ze ( 4  ft x 4 ft ) carbon stee l conta i ner < 

B .  Two 150 ga l carbon stee l tank s .  

C .  Approximate ly  405 ft of 2-1/2 i nch  sta i n l es s  stee l  p i p i ng .  

D .  Approx imate ly 205 ft of 1 i nch s ta i n l ess stee l p i p i ng .  

E .  Four to s i x  remova l process  pumps ( i nc l ud i ng spares ) .  

F .  M isce l l aneous contro l system components i nc l ud i ng va l ves . 

The abnormal  waste wi l l  be d i s posed of i n  accordance with DOE/NRC/GPU agree

ments . The commerc i a l l y  d i sposab l e  waste wi l l  become the respons i b i l ity of 

GPU . 
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7 .0 SAFETY CONSIDERATIONS 

The operat i ons requ ired to remove the res i n  and debri s  from the makeup and 

pur i fi cat i on demi nera l i zer have been asses sed on a pre l imi nary bas i s  to assure 

safety of p l ant equ i pment and personne l .  An i n  depth assessmen t of the TRU 

content is  reported i n  references 2 and 3 and i s  d i scu ssed i n  Sec t i on 3 . 0 of 

th is document . The rema i n i ng items th at req u i re eva l uat i on from a safety 

standpoi nt i nc l ude exposure of personne l  to rad i at i on ,  hydrogen generat i on 

re l ated concerns , exotherm i c  react i ons  due to chemica l  add i t i on and the 

spec i f ic  des i gn features of the res i n  remova l equ i pment . 

7 . 1  RADIATION AND SHI ELDING 

A pre l i mi nary rad i at i on and sh ie ld i ng ana lys i s  has  been comp l eted ( Append i x  C )  

to prov i de an est imate of the rad i at i on l eve l s  that w i l l  ex i st dur i ng the res i n  

remova l operat i ons . I nc l uded i n  the ana lys i s  i s  an est i mate of the sh i e l d i ng 

requ i red to ma i nta i n  general area rad i at i on l eve l s  around the p i p i ng ,  res i n  

transfer conta i ner and s h i pp i ng conta i ners to workab le  l eve l s . Ass umpt i ons 

and h i gh l i gh ts from th is  ana lys i s  are prov i ded be l ow .  

7 . 1 . 1  Rad i at i on Leve ls  from 2-1/2 I nc h  P ipe 

Assump t i ons : 

A .  3500 cur i es o f  137cs i n  the demi nera l i zer pr ior t o  start o f  opera
t i ons  ( average spec i f i c  act i v i ty of 4 . 5  m C i /cm3 ) 

B .  P i pe l ength of 20 ft . ( Rad i at i on Source ) 

C .  Vo lume of tota l system ( p i p i ng ,  res i n  transfer conta i ner , and 
demi nera l i zer )  approx imate ly 1000 ga l l ons 

D .  The spec i f i c  acti v ity of contam inants i n  the p 1 p 1 ng i s  reduced by a 
fac tor of 5 due to add i ng approx imate ly 800 ga l l ons of water to the 
rec ircu l at i ng system. 
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Rad i at i on Leve ls : 

7 . 1 . 2  

A .  At a d is tance of 5 feet from the surface of unsh i e l ded p i pe :  
1700 m rem/hr . 

B .  At a d is tance of 5 feet from p i pe sh ie lded with  2 i nches of l ead : 
9 m rem/hr . 

Rad i at i on Leve l s  from 300 Ga l l on Res i n  Transfer Conta iner 

Assumpt i ons : 

A .  Average spec i f i c  ac ti v ity of 4 . 5  m Ci /cm3 ( assumes e l ut i on of 
137cs is not effecti ve ) .  

B .  Conta i ner is one -ha lf fu l l  of res i n  ( 150 ga l )  and is  i n  a dewatered 
cond i t i on .  

R ad i ati on Leve l s :  

A .  At a d istance o f  5 feet from s i de o f  tank ( no sh i e l d i ng ) : 
23 ,000 m rem/hr . 

B .  At a d istance of 5 feet from s i de of tank wi th  3 i n .  of l ead 
sh i e l d i ng :  1 1 . 5  m rem/hr . 

7 . 1 . 3  Rad i at i on Leve ls  from 80 Gal l on Sh ipp i ng Conta iner 

Assumpt i ons : 

A .  3500 cur i es of 137cs i n  the demi nera l i zer pr ior to start of 
operat i ons  ( average spec if i c  act i v i ty of 4 . 5  m C i /c m3 ) 

B .  Sh i pp i ng conta i ner f i l l ed w i th res i n  hav i ng spec i fi c act i v i ty of 
4 . 5  m C i /cm3 

R ad i ati on Leve l s : 

A .  At a d is tance of 5 feet from the s i de of the conta i ner ( no 
sh ie ld i ng ) : 9900 m rem/hr . 

B .  At a d is tance of 5 feet from s i de of conta i ner wi th  5 i n .  of l ead 
and 1 . 25 i n .  of s tee l  sh ie ld i ng ( equ i va l ent to CNS1- 13C sh i pp i ng 
cask ) : 0 .02  m rem/hr 
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7 . 1 . 4  Rad i at i on and Sh i e l d i ng Asses sment 

The examp l es above i nd i cate that personne l rad i ati on exposure wi l l  not be 

excess i ve i f  reasonab l e  amounts of sh i e l d i ng materi a l s  are used . P i p i ng runs  

that are rou ted through areas that are access i b l e  to personne l w i l l  be covered 

with l ead br i ck s  ( as sum i ng p i pe runs are on f l oor ) s im i l ar to the sh i e l d i ng 

methous empl oyed for other temporary systems at TMI -2 ,  e . g . ,  SDS . Sh i e l d i ng 

wi l l  be des i gned for the overhead p i pe runs that ti e i nto the res i n  f i l l  l i nes 

in the Hayes gas ana l yzer room to permi t  personne l access to th i s  area dur i n g  

res i n  transfer operat i ons . 

7 . 2 HYDROGEN GENERATION 

A l though some hydrogen wi l l  conti nue to be generated duri ng th e res i n  remova l  

process , th i s  wi l l  not res u l t  i n  an u nsafe cond i t i on s i nce the process pro

v i des for venti ng of a l l gas ses through the surge tank to the Waste Gas Sys

tem . Note that an i nert cover gas i s  ma i n ta i ned on the surge tank at a l l  

ti mes . Pri or to i n i t i at i ng the res i n  remova l proces s a n i trogen purge wi l l  

have been es tab l i shed on both demi nera l i zers as a part of the pri or act i v i ti es 

assoc iated wi th obta i n i ng gas and res i n  samp l es .  

Hydrogen and oxygen generati on i n  the res i n  sh i pp i ng contai ners (mod i fi ed SDS 

l i ners ) wi l l  be addressed i n  the pre l i m i nary des i gn to assure that f l ammab l e  

l im i ts wi l l  not be exceeded dur i ng sh i pment and storage o f  these ves se l s .  

Dewateri ng ,  drying , degas s i ng and cata lyt i c  r·ecomb i nat i on wi l l  be eva l uated 

and tested to ass ure th at hydrogen and oxygen concentrati ons due to rad i o lys i s  

of the irrad i ated orga n i c  res i n  wi l l  be mai nta i ned at l es s  than 4 percent and 

5 percent , respecti ve ly .  A thorough eval uat ion of the hydrogen and oxygen 

generat i on as pects wi l l  be compl eted i n  the process of obta i n i ng the requ i red 

amendments to the l i cense for the sh i pp i ng contai ner ( see Sec t i on 6 . 3 ) .  Th i s  

eva l uat i on wi l l  use the experi ence ga i ned t o  date o n  SDS and EP ICOR I I  
s h i pments of h i gh dose rate zeo l i te beds and organ i c  resi ns . 
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7 .3 EXOTHERMIC  R EACTIONS DU E TO CHEM ICAL ADDITION 

The on ly chemi ca ls  p l anned for add it ion to the system are d i l ute so l ut i ons of 

sod i um borate . No exothermi c reac t i ons are anti c i pated and th i s  wi l l  be ver i 

f ied at ORNL by add i ng these so l utions  to samp l es of res i n  th at wi l l  be removed 

from the demi nera l i zers pr i or to the start of res i n  remova l  operat i on s .  

7 .4 RES IN  REMOVAL PROC ESS EQUIPMENT 

Process p i pi ng wi l l  be des i gned i n  accordance w i th ANS I  B31 . 1  and the res i n  

transfer conta i ner wi l l  be des i gned and constructed i n  accordance with Section  

V I I I  of the ASME Bo i l er and Pressure Vesse l Code . Mjx i mum system pressure 

downstream of the rec irc u l at i on p ump and hydrocyc lone wi l l  not exceed approx i 

mate l y 65 ps i g .  The sh i pp i ng conta i ner and charcoa l fi l ter con ta i ner are 

ex i st i ng conta i ner des i gns and are cap ab l e  of withstand i ng pressures up to 

350 ps i g .  I nstrumen tat i on wi l l  b e  prov i ded for compl e te mon i tor i ng o f  a l l 

pert i nent system parameters . Al l e l ectr i c a l  equ i pment wi l l  be des i gned and 

i nsta l l ed i n  accordance w i th app l i cab l e  e l ec tr i ca l  codes • 
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8 .0  DEMINERAL I ZER RESIN RESEARCH AND DEVELOPMENT PROGRAM 

As a part of the March , 1982 Memorandum of Understand i ng between the U .  S .  

Nuc l ear Reg u l atory Commiss ion and the U .  S .  Department of Energy ,  it  was agreed 

that " DOE wi l l  a l so take posses s i on of and retai n pur i fi c at i on system res i ns •. 

e ither for a R&D program of generi c va l ue or for storage or d i spos a l  on a 

re imbu rsabl e bas i s . .. The l oad i ngs of the res i ns as shown i n  Tab l e  V I  exceed 

the l eve l s  acceptab l e  for commerc i a l  d i spos � L  The l i ght water reactor i ndus

try generates h i gh ly rad i oacti ve res i n  wastes and has an i nterest i n  the 

deve l o pmen t  of commerc i a l l y feas i b l e  d i spos a l  methods wh i ch stab i l i ze the 

wastes and reduce the i r  stored vo l ume . The fo l l owi ng secti ons wi l l  descr i b e  

programs for chemi cal d i ges t i on and v itr i fi cat i on o f  the res i ns wh i ch can be 

accomp l i shed at Hanford shou l d  DOE dec i de to pursue an R&D program . 

As part of the prev iou s l y  descr i bed fue l as sessment program the dem i nera l i zers 

were i nstrumented w i th so l i d state track recorders . Th i s  techno l o gy can a l so 

be uti l i zed to asses s the s i ze d i stri buti on of fue l part i c l es .  A research and 

devel opment program is a l so descri bed wh i ch wou l d  demonstrate th i s  methodo l ogy .  

8 . 1  CHEMICAL D I GESTION OF ION EXCHANGE RESINS 

8 . 1 . 1 Purpose 

The purpose of th is  research effort wou l d  be to demonstrate the econom i cs and 

techni ca l  feas i b i l ity of vo l ume reduc t i on and stab i l i z at i on of reactor i on 

exch ange res i ns u s i ng chemica l  d i gest i on technol ogy . The process converts ion  

exchange res i n  to  C02 and H2o and a l ow vo l ume , nonreacti ve res i due . The pro

gram i nc l udes : 1 )  bench scal e demonstrati on of d i gesti on of contami nated TM I  
ion exchange res i n  i n  ex i st i ng hot ce l l s at Hanford , 2 ) l aboratory tests of 

rad i onuc l i de d i str i bu t i on ,  and 3 )  an economi c and safety assessment to estab

l i sh  the economi cs of commerc i a l  app l i cat i on of the proces s .  
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8 . 1 . 2  Need 

Spent ion exchange res i ns generated by commerc i a l  nuc l ear power p l ants repre

sent a s i gn i fi cant vo l ume of rad i oacti ve waste produced . Wh i l e var i ous methods 

of pack ag i ng the res i ns for d i sposa l  are be i ng eva l uated , l i tt l e  work i s  under

way to treat res i ns whose con tami nat i on l eve l s  exceed those prov i ded for i n  

10CFR61 . 55-56 . Past exper i ence with i nc i nerat i on of ion exchange res i ns has 

been on ly parti a l ly s ucces sfu l .  Wh i l e some work has successfu l ly been done on 

use of chemi ca l d i gest i on systems to vo l ume reduce the ion exchange res i ns ,  

the work was for TRU contami nated res i ns and d i d  not fu l ly eval uate treatment 

of h i gh ly rad ioacti ve reactor res i ns .  P i l ot sca l e  demonstrat ion  of th is  tech

no l ogy for stab i l izat i on and vo l ume reduc t i on is  necess ary to enab l e  techno l ogy 

transfer d irect ly to i ndustry. 

8 . 1 . 3 Scope 

The work is  based on prev ious work performed by WHC on ac id  d i gest i on of com

bu st i b l e  nucl ear wastes , i nc l ud i ng i on exchange res i ns .  Recent WHC stud i es 

have shown that ion exchange res i n  is read i ly destroyed by chemi cal  d i gest i on 

i n  su l fur i c  ac i d  u s i ng hydrogen perox i de as an ox i dant . The res i n  i s  converted 

to C02 and H20 ,  and a sma l l  vo l ume of nonreacti ve res i du e .  Th is  program wi l l  
demonstrate the key e l ements necessary to app ly th is  techno l ogy i n  the commer

c i l l  nuc l ear power i ndu stry to treatment of spent reactor res i ns . The key 

e l ements i nc l ude : 1 )  bench sca l e  demonstrat i on of chem i ca l  process i ng of 

rad ioacti ve ion exchange res i n  in ex i s t i ng hot ce l l  fac i l i t i es at Hanford ; 

2 )  ana lyti ca l tests to determi ne rad i onuc l i de d i str i bu t i on i n  the proposed 

chemi ca l system; and 3 )  economi c and safety assessment of chemi ca l  process i ng 

of reac tor res i ns .  

Wh i l e  chemi ca l d i gest i on has been demonstrated for transuran ic  waste , certa i n  

key hardware and prog ram e l ements rema i n  to b e  demonstrated for beta-gamma 

contami nated res i ns .  These i nc l ude cont i nuou s res i n  feed i ng ,  process s imp l i 

f i cati on from subst i tuti on o � H2o2 for HN03 , and remote operab i l i ty/ 

ma i nta i nab i l ity of equ i pment . Tests are a l so requ i red to eva l uate treatment 

of vo l at i l e  off -gas components such as i od i ne . 
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Equ ipment wi l l  be as semb l ed for bench sca l e  test i ng i n  an ex i st i ng hot ce l l  

dur i ng the fi rst quarter . Bench sca l e  tests to determi ne the d i str i but i on and 

contro l requ irements for rad ionuc l i des in the off gas and so l i d  res idue wi l l  

be conducted . Pr imary emphas i s  wi l l  be eva l uati ng state of the art em i s s i on 

contro l techn i ques and the ir effecti venes s with off gas from the chemica l  

d i gesti on systems . The by-products of  th is  process are prepared for i n-s itu 

g lass i f i cat ion and sub se quently bur i ed . Data from these act i v i t i es wi l l  be 

ana l yz ed and a forma l report wi l l  be wr i tten . 

Data from these tests wi l l  be used to comp l ete a pre l im i nary conceptua l des i gn 

and cost est imate for a waste res i n  treatment un i t .  The re l at i ve economics 

and safety of a res i n  treatment fac i l i ty wi l l  be eva l uated i n  compar i son  with 

a l ternat i ve opti ons i nc l ud i ng pack ag i ng ,  sh i pment,  and bur i a l . A forma l report 

wi l l  be wr itten on the resu l ts .  Fo l l ow on rad ioacti ve demonstrat i on sca le  

tests of  i on exchanqe res i n  d i gest i on w i l l  be  defi ned . 

8 . 2 VITR I F I CATION OF DEMINERAL I ZER RESINS 

8 . 2 . 1  I ntroduc t i on 

Vitr i f i cat i on to a boros i l i cate g l ass  product i s  the DOE reference process for 

immob i 1 i z i ng h i gh- l eve l l i qu i d  wastes . PNL has comp l eted fu l l -scal e  nonrad i o

acti ve and rad ioact i ve v itr i f i cat i on of  zeo l i tes  and bench-sca l e  nonrad ioact i ve 

v i tr i fi cat i on of organ i c  res i ns .  Th i s  work was done i n  support of the TM I -2 

c l eanup . SDS zeo l i tes and EP ICOR I I  organ i c  res i ns were gen�rated dur i ng 

decontami nati on of waste water after the acc i dent . The su i tab i l i ty of the 

v itr i f i cat i on process and product for u l t i mate d i spos a l  of these spec i a l  

nuc l ear wastes has been successfu l ly demonstrated . Th i s  techno l ogy wou l d  be 

appropri ate for TMI -2 ' s  h i gh ly-contami nated makeup and pur i f i cation  demi ner-

a l i zer res i ns .  There are h i gh TRU l eve l s  i n  th i s  mater i al so it cannot be · ·  

d i sposed of by sha l l ow l and bur i a l . Pr i or to rece i v i ng the actua l t·es i n ,  a 

nonrad i oacti ve demonstrat i on of the p rocess and equ ipment wou l d  be comp l eted . 

PNL wou l d  a l so comp lete a transportat i on r i s k  ana lys i s .  
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8 . 2 . 2 Process Cons i derati ons 

8 .2 . 2 . 1  V itr if i cati on Process Defi n it i on 

A proce ss w i l l  be des i gned and demonstrated to immob i l i ze the res i n  as a g l ass 

product by i nc inerat i ng the res i n  with g l ass formers at 1050-1150°C in a 

jou l e-heated ceramic me l ter . The process wi l l  be demonstrated from rece ipt of 

the s h i pp ing  conta i ner through product i on of the v itr if ied res i n .  Based on an 

ash content of 10% by we i ght ( 10 l b  ash , 100 l b  res i n )  and a waste l oad i ng of 

15% ( 15  l b  ash , 100 l b  g l ass ) ,  there wi l l  be two 1 2- i n .  d i a  can i sters fi l l ed 

w ith 6 ft of g l ass product from process i ng a l l  of the TM I  res i n .  Th i s  fi gure 

is  very conservat i ve and cou l d  be cons i derab ly less based on the resu l ts of 

g l ass deve l opment tests once the actua l  compos i t i on of the res i n  is determi ned 

from samp le  ana lysi s .  

The res i n  wi l l  be fed to the me l ter through a "drop tube " submerged be low the 

surf ace of the mo l ten g l as s .  Th i s  wi l l  ensure good contact dur i ng i nc i nerat i on 

and , there fore , good retent i on of the ash i n  the g l ass . The g l ass a l so servss 

as a "scrubber" for remov i ng vo l at i l e  spec i es before they escape to the off-gas 

system. 

8 . 2 . 2 . 2 324 Bu i l d i ng Descr ipt i on and l im itat ions 

The demonstrat i ons wi l l  be performed by PNl in the 324 Bu i ld i ng ,  wh i ch i s  

l ocated i n  tne 300 Area about 5 mi l es north o f  R i ch l and , Wash i ng ton . Th is  

bu i l d i ng i s  equ i pped w i th fac i l i t i es for both nonrad i oact i ve and rad i oact i ve 

work and has been uti l i zed for h i gh- l eve l waste v itrifi cat i on stud i es for the 

past 15 years . A fl oor p l an of th i s  fac i l i ty is shown i n  F i gure 26 . 

A l l of the nonrad ioact i ve act i v it i es wi l l  be performed i n  the PNl Eng i neeri ng 

Deve l opment laboratory ( EDl ) .  Th i s  modu l ar-secti oned l aboratory prov i des sp ace 

for eng i neer i ng deve l opment of chemi ca l  processes , i nstrumentat ion and equ i p

ment rang i ng i n  s i ze from l ab to fu l l  sca l e .  Var i ous  v i tr i fi cat i on and eff l u

ent treatment equ i pment that has been deve loped by PNl as part of the DOE 
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Nat i onal H i gh-Leve l Waste Immob i l i z a t i on Program i s  present ly i nsta l l ed i n  the 

l aboratory . To the extent pract i ca l , th i s  equ ipment wi l l  be uti l i zed in th i s  

program . 

The rad ioacti ve demons trat i on wi l l  be performed i n  the Rad iochemi cal  Eng ineer

i ng Ce l l  Comp l ex ( F i gure 26 ) .  Current ly ,  a 30-40 L/h cerami c me l ter i s  be i ng 

i nsta l l ed i n  B-Ce l l  with  feed and eff l uent treatment systems . Th is  program 

w i l l  a l so u se th i s  equ i pment to the extent poss i b l e .  

8 . 2 . 3 Process Deve l opment 

8 . 2 . 3 . 1  G l ass Deve l opment 

A g l ass formu l at i on wi l l  be defi ned for i ncorporati ng th is  part i cu l ar res i n  

ash i nto a boros i l i cate g l ass product . The obj ecti ve o f  these tests i s  to 

max imi ze the waste ( ash ) l oad i ng and rad ionuc l i de retention wh i l e ma inta i n i ng 

product  qua l ity comparab l e  to commerc i a l  and defense h i gh- l eve l waste boro

s i l i cate g l asses . S imi l ar work wi th organ i c  mater i a l s  has a l ready been com

p l eted at PNL and wi l l  be the bas i s  for th i s  tas k .  

8 . 2 . 3 . 2  Me l ter Feed System 

A system wi l l  be des i gned and deve l oped for remov i ng the res i n  from the s h i p 

p i ng conta i ner,  b l end i ng it  w i th gl ass-formi ng chemica l s  and process i ng it  to 

the me l ter . I t  i s  uncerta i n  whether the res i n  can be processed as a so l i d  or 

mu st be s l u rr i ed and p rocessed as a so l ut i on .  

8 . 2 . 3 . 3 Nonrad ioac t i ve Demonstrat i on 

A nonrad i oacti ve demonstrat i on wi l l  be conducted i n  PNL • s  p i l ot-sca le  cerami c 

me l ter . It  w i l l  be necessary to mod i fy th i s  me l ter to add a drop tube . The 

object i ves of th i s  demonstrat i on are to demonstrate the me l ter feed system for 

organ i c  res i ns and ver i fy the process at produc t i on sca l e  pr i or to comp l et i ng 

it i n  the rad iochemi cal  cel l .  Duri ng these operations , optimum feed rates 
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w i l l  be determi ned , effl uent compos i t i ons anal yzed and product qua l i ty ver i 

fi ed .  A report wi l l  be i ssued summar i z i ng the resu l ts of th i s  demonstrat i o n .  

8 . 2 . 4  Transportat i on and P. i s k  Ana lys i s  

To ass ure safe transportat i on and hand l i ng o f  the actua l  TMI res i n ,  an assess

ment of r i sk to waste hand l i ng personne l and the pub l i c i s  requ i red . PNL wou l d  

perform a study to eva l uate personne l r i s k  as a res u l t  o f  changes i n  materi al 

charac ter i st i cs and pack age cond i t i ons i n  transport , as we l l  as the r i sk from 

rad ioacti ve re l eases res u l t i ng from transportation acc i dents . Th is  eva l u at i on 

wi l l  use ava i l ab l e  i nformat i on on the transport and hand l i ng env i ronment ,  

sh ipp i ng package i ntegrity,  and mater i a l  character i s t i cs or propert i es .  On 

the bas i s  of th i s  i nformat i on ,  procedures for hand l i ng the conta i ners w i l l  be 

ev a l uated , and areas that are s i gn if i cant contr i butors to r i s k  wi l l  be i dent i 

fi ed .  

8 . 2 . 5  Rad ioact i ve Demonstrat i on 

The rad ioac t i ve demonstrat i on wi l l  be comp l eted in  B-Ce l l  i n  the ex i s t i ng 

equ ipment . It  may be necessary to add feed system components . It w i l l  be 

necessary to mod ify the me l ter to add the drop tub e .  N o  mod ifi cat i ons  t o  the 

eff l uent system are ant i c i pated . Dur i ng operat i ons , eff l uent samp l es wi l l  be  

taken and product qua l ity ver i f i ed .  

The B-Ce l l  me l ter wi l l  have a lready comp l eted an i n-depth safety ana lys i s  and 

Ope)·ati onal Read i ness Rev i ew pr i or to s tart up .  I t  i s  assumed that most of 

that safety documentat i on wi l l  be app l i cab l e  to th i s  process . On ly  addendums 

to cover hand l i ng and proces s i ng of organ i c  mater i a l s  w i l l  be requ i red . 
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8 .3 PARTICLE S I Z ING USI NG SOL I D  STATE TRACK RECORDER AUTORAD IOGRAPHY 

Dur i ng the acc i dent at TMI - 2  on March 28 , 1979 , fue l was d i spersed to var iou s  

l ocat i ons throughout the primary reactor coo l i ng system, ·i nc l ud i ng mak eup and 

pur if i cat i on demi nera l i zers A and B .  As a part of the demi nera l i zer recovery 

prog ram, the i on exchange res i n  mater i a l  f r�� the demi nera l i zers wi l l  be 

ava i l ab l e  for i nspec t i on . I nformat i on on part i c le s i ze d istr i but ions  of the 

fue l  i n  these res i ns wi l l  be u sefu l i n  order to ga i n  k nowl edge on the natu re 

of the mechan ism of transport of the fue l to demi nera l 1 zers A and B .  

Descr ibe� here i n  is  a method for s i z i ng of these fue l part i c les us i ng so l i d  

state track recorder ( SSTR ) au torad iography . A lso , re l ated measurements to 

determi ne tota l uran i um, tota l p l uton i um ,  and tota l 235u are descri bed . 

8 . 3 . 1  Methods 

The use of SSTRs i n  au torad iograph i c  app l i cat ions has been Gescr i bed prev iou s ly 

( see,  for examp l e ,  References 4-7 ) .  SSTRs record the passage of i on i z i ng par

ti c les  such as a l pha part i c l es or f i s s ion fragments as l atent track s wh ich can 

be deve l oped by chemical  etch i ng to a s i ze v i s i b l e  w i th a mi croscope . An 

examp l e  of an a l pha part i c l e  au torad iograph is  shown i n  Fi gure 27 , wh i ch is 

tak en from Reference 4 .  I n  th i s  case , an a i r  samp ler f i l ter was p l aced i n  

fi rm contact with a ce l l u l ose n itrate SSTR . The star pattern of tracks  was 

formed by a l pha part i c l es wh i ch or i g i nated from a part i c l e  of p l u ton i um wh i ch 

was entrapped i n  the fi l te r .  The tota l number of track s present i s  propor

t i onal to the decay rate of the p l uton i um ,  the t ime of exposure to the SSTR , 

and the tota l number of p l uto n i um atoms present . S i nce the detect i on effi 

c i ency of the SSfR may be determi ned , the amount of p l u ton i um present may be 

ca lcu l ated and re l ated to part i c le s i ze .  F i gure 28  shows a f i s s i on fragment 

rad i ograph of the same part i c l e  a fter exposure to neutrons in c l ose contact 

with a mi ca SSTR . Here , the number of track s is  d irect ly  proport iona l to the 

number of f i s s i onab l e  atoms present ,  the cross secti on for neutron i nduced 

fi s s i on ,  and the tota l f l uenLe of neutrons .  Aga i n ,  the number of atoms pres

ent can be  determi ned from the number of track s .  I n  Reference 4 tPe rat i o  of 
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Conta i n i ng P l u ton i um. Magn i f i cat i on o f  the M i ca SSTR i s  400X ,  a�d 
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fi s s i on track s to a l pha  part i c l e  track s was shown to be proport i ona l  to the 

rat i o  of f i s s i on cross sec t i on to decay rate . Th i s  l atter rat i o  can be u sed 

to i dent i fy wh ich i sotope or m i xture of i sotopes i s  present i n  the part i c l e .  

Recent ly the method has been extended to so l i d meta l l i c s amp l es .  Sect i oned 

we l d  samp l es wh ich conta i ned p l uto n i um were a l pha  autorad iographed u s i ng CR-39 

SSTRs to determi ne the amounts of p l uton i um present . F i gure 29 shows the 

resu l ts of four we l d  au torad iographs .  Not on ly  can the tota l amount of p l u

ton i um present be determ i ned from the tota l number of track s ,  but the phys i ca l  

form and d i str i but i on of the p l uton i um can b e  seen to b e  d i fferent .  I n  we l d s  

one and two , a narrow reg i on of  part i cu l ate p l u ton i um i s  present whereas non

part i cu l ate p l uton i um appears to be d i stri buted throughout the we l d  in cases 

three and four .  These four we l d  autorad i ographs are shown at h i gher magn i f i 

cat i on i n  F i gure 30 , where i nd i v i dua l  a l ph a  part i c l e  tracks  i n  the CR- 39 SSTR 

are more apparent . I n  F i gure 3 1 ,  h i gh magn i f i cat i on photomicrographs of i nd i 

v i du a l  track c l u sters res u l t i ng from p l uton i um part i c l es are shown for the 

we l d  one case . Here , i nd i v i dua l  part i c l e  s i zes can be determi ned from the 

number of track s i n  the c l u ster . 

8 . 3 . 2 App l i cati ons to TM I -2 Demi nera l i zer Res i n  R&D 

TM I - 2 demi nera l i zer A has been shown i n  References 2 and 3 to conta i n  a tota l 

of 1 . 1  to 1 . 6  kg of fue l . Th i s  fue l i s  most l i ke ly  present i n  the form of 

und i s so l ved ox i de part i c l es and has been shown to be concentrated in the tank 

at the 309 ' e l evat i on .  The amount of fue l present i n  demi nera l i zer B is l es s  

than the amount i n  demi nera l i zer A .  A l though data cou l d  be  obta i ned d i rect ly 

on  part i c l e  s izes of the fue l  in  the res i n  by f i l trat i on method s ,  adherence of 

fue l part i c l es to l arger res i n  part i c l es cou l d  cau se mi s l ead i ng res u l ts .  A l pha  

part i c l e  au torad i ograph s  can be  u sed to  obta i n  i nformati on on  part i c l e  s i zes 

d i rect ly ,  res u l t i ng in data that is more d i rect ly re l ated to the phys i ca l  form 

of the fue l  as it passed through the pr imary coo l i ng systen. from the core to 

the demi nera l i zers . I n  order to obta i n  quant i tat i ve data on the amount of fue l 

present , t�e a l pha spec i f i c  act i v ity mu st be determi ned .  The Nati onal  Reac tor 

Dos imetry Center ( NRDC ) wh i ch i s  operated by the Irrad i at i on Env i ronment Group 
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Fi gure 31 . Hi gh Mag n i f i cat i on Photomi crographs of an A l pha Autorad iograph of 
We l d  # 1 .  Typ i cal Track C l u s ters Resu l t i ng from Part i cu l ate Al pha 
Sources Can be Seen . The Mag n i f i cat ion is 400X .  
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( I EG )  at WHC and the assoc i ated FTR Dos imetry Measurement Laborator i es have 

a l pha spectrometry equ i pment ava i l ab l e  for th i s  purpose . Low and h i gh geometry 

a l pha count i ng chambers coup l ed with  h i gh reso l ut i on a l pha  spectrometers can be 

u sed to determi ne the a l pha act i v i t i es present i n  the fue l . 

References 8 and 9 i nd i cate a spec i f i c  act i v ity for TMI -2 fue l of about 7 . 7  x 

109 a/sec /kg ,  but due to the nonun i form power dens i ty of the core , the a l pha  

spec i f i c  ac t i v ity w i l l  v ary w i th core l ocat i on and shou l d  be  ca l i brated 

d i rect ly u s i ng representat i ve samp l es of fue l  from the demi nera l i zers . 

Tab l e  X I I  conta i ns the i nd i v i dual contr i but i ons to the a l pha decay rate from 

the var ious  a l pha emi tt i ng i sotopes present ( 241Am wh ich  i s  formed by decay 

of 24lpu has been omi tted from th i s  tab l e ,  but wi l l  contr i bute to the tota l 

a l pha decay rate ) .  D i rect a l pha spec trometry of TMI -2 fue l such as that con

ta i ned i n  the demi nera l i zers wou l d  y ie l d  an a l pha spectrum cons i s t i ng ma i n ly 

of peak s from the p l u ton i um i sotopes w i th the ma i n  contr i but i on be i ng from 
239Pu . Approx imate ly 1% of the tota l a l pha  act i v i ty i s  due to i sotopes of 

uran i um .  A l though the a l pha part i c l e  energ i es for the uran i um i sotopes are 

genera l l y  lower than those of the p l uton i um i sotopes , the less  i ntense uran i um 

peaks w i l l  be separab l e  from the l ow energy conti nuum of the h i gher energy and 

more abundant p l uton i um a l pha  part i c l es . The major contr i butors to the uran i um 

a l pha acti v i ty are 238u and 234u .  Both of these i sotopes shou l d  be good 

i nd i cators of tota l uran i um present s i nce they are l e ss affec ted by burnup 

than 235u .  

Of more i nterest from a cr it i ca l i ty safety and mater i a l s  accountab i l i ty po i nt 

of v i ew i s  the 235u cor.tent of the fue l wh i ch wi l l  depend on burn-up and 

wi l l  vary with l oc a l  power dens ity.  The 235u content can be determi ned 

d i rect ly by therma l neu tron i rduced f i s s i on fragment rad iography .  

I n  summary, SSTR autorad i ograph i c  methods can  be  app l i ed to  measurements on 

TM I -2 demi nera l i z er res i ns as fo l l ows : 
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TABLE X I I  

TM I -2 FUEL SPEC IF I C  ALPHA ACTI V ITY 

( Data Adapted from Reference 9 )  

Spec if i c  Fract i ona l 
Isotope Atom% { sec -1 } Act i v it� ( dps/g}*  Act i v it� 

233u 0. 00472 1 .  380 x w-13 1 . 669 X 104 2 . 176 x w-3 

234u 0 . 02353  8 .  980 X lQ-14 5 . 415  X 1Q4 7 . 063 X lQ-3 

235u 2 . 32090 3 . 121  x w-17 1 . 856 X 103 2 . 421  x w-4 

236u 0. 07778 9 . 381 x w-16 1 . 870 X 103 2 . 439 x w-4 

238u 97 . 57308 4 . 916 X lQ- 18 1 . 229 X 1Q4 1 . 603 x w-3 

1.0 233pu 0 . 0615 1 2 . 503 x w-10 9 .425 X 1Q5 1 .  229 x w-1 
-

239pu 90 . 76092 9 . 1 1o x w- 13 5 . 062 X 1Q6 6 . 602 x w-1 

240pu 7 . 64249 3 . 1 10 X lQ-13 1 .  572 X 1Q6 2 . o5o x w-1 

241pu 1 . 47076 ( 1 . 530 X l0-9 ) ( 2 . 45  X 10-5 ) 3 . 375  X 1Q3 4 . 402 x w-4 

242pu 0 .06433 5 .  83? X lQ-14 2 . 299 X 102 2 . 999 x w-5 

*Assumi ng ( atom % U ) / ( ato.n % Pu ) = 418 . 6  



1 .  A l pha part i c l e au torad i ography to y i e l d  part i c l e  s i ze d istr i buti on data 

u s i ng the p l u ton i um a l pha  act i v i ty of the fue l . 

2 .  Therma l neu tron i nduced fi ss ion rad i ography to y i e l d  part i c l e s i ze 

d i s tr i but i on data based on the 235u content of the fue l . 

These measu rements can be coup l ed w i th a l pha spectrometr i c  data on the same 

samp l es to determi ne uran i um content . Thu s ,  i nformat i on i s  obta i ned on the 

tota l 235u content ,  the tota l p l uton i um content , and the tota l uran i um 

content as we l l  as i nformat i on on part i c l e s ize d i str i but i ons . 

I n  add it i on ,  rat i os of track counts obta i ned i n  ( 1 )  and (2 ) above can be used 

to detect any poss i b l e  var i at i ons i n  the 
239

Pu;
235u rat i o  on a part i c l e-by

part i c l e  bas i s  s i nce the same part i c l e  c an b e  l ocated i n  both rad i ographs . I n  

the TM I-2 case , the re l at i ve startup core power dens i ty var i at i on i s  est imated 

to be about 0 . 8- 1 . 2 , both ax i a l ly and rad i a l ly ( Reference 10 ) .  W ith SSTR 

rad iography , 10% measurements are pos s i b l e on a part i c le-by-part i c l e  bas i s .  

S i nce the TM I-2 core was on ly operated for 100 fu l l  power days , 235u burn-up 

i s  not s i gn if i cant and the 239
Pu;235u rat i os shou l d  be a d irect measurement 

of 239Pu  burn- i n  wh i ch w i l l  be re l ated to the re l at i ve core power den s i ty 

d i str i bu t i on .  S i nce TMI-2 was i n  the f i rst cyc l e  of operat i on ,  theoret i c a l  

c a l cu l at i ons o f  239
Pu  burn- i n  shou l d  b e  re l at i ve ly re l i ab l e ,  l ead i ng to the 

poss i b i l i ty of corre l at i ng the measured 
239

P u;
235u rat i o  with the core l oc at ion 

of i nd i v i dua l  part i c l es .  Consequently,  any corre l at i on of the 
239

Pu;235u 

rat i o  w i th part i c l e  s i ze shou l d  shed some l i ght on the mechan i sms of core 

degradat i on and transport through the coo l i ng system at the t ime of the 

acc i dent . 

8 . 3 . 3 Exper imenta l P l an 

Fo l l ow i ng remova l  of the res i n  from TM I-2 demi nera l i zers A and B ,  approx imate ly 

44 ft3 of res i n  wi l l  be p l aced in s i x  separate conta i ners . Due to the nature 

of the remova l p rocess and the l ocat i on of the u ran i um i n  the tank , the fue l i s  

l i k e ly  to be removed dur i ng the downfl ow f l ush with the f i n a l  port ion  o f  res i n .  

Therefore , the fue l cou l d  poss i b ly  be concentrated i n  two of the s i x  conta i ners . 
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In it i a l ly ,  measurements wi l l  be made at TM I  w i th the Compton reco i l gamma-ray 
spec trometer to determi ne the amounts of fue l  i n  the s i x  res i n  conta iners and 

the charcoa l fi l ter before sh i pp i ng .  Suff i c i ent gamma-·ray act i v i ty wi n be 

present to a l l ow counti ng in an approx imate ly po i nt source geometry as i n  

Reference 3 • 

Fo l l ow i ng these measurements and sh i pmen t  of the res i n  to WHC , representat i ve 

samp l es of the res i n  wi l l  be  obta i ned from the conta i ners . It is  assumed that 

a representat i ve samp l e  can be  obta i ned from each of the s i x  conta i ners with 

forty samp l i ngs . These representat i ve samp l es wi l l  be homogen i zed and 

a l i quoted to produce th i n  l ayer samp l es of the res i n  and fue l . These samp l es 

w i l l  be dr i ed and f ixed to a b ack i ng for sub sequent rad i og raph i c  and a l pha 

spec trometr i c  meas urements . 

I n it i a l l y ,  a l pha spec trometry wi l l  be performed to determi ne the tota l uran ium 

and p l u ton i um content of the samp l es .  The tota l uran i um content wi l l  then be 

compared with  the resu l ts of the Compton  recoi l gamma ray spectrometry to 

check for cons i stency.  

The same samp l es wi l l  be  subjected to  a l pha autorad iography by p l ac i ng them i n  

f irm contact w i th CR-39 SSTRs . Severa l autorad iographs w i th d i fferent expo

sure t imes wi l l  be made to obta i n  more optimal  stat i s t i cs for the ent ire s i ze 

range of the part i c l e  s ize  d i str i bu t i on .  These CR-39 rad i ographs wi l l  be 

etched i n  6 .2 N  NaOH at 25°C to deve l op the track s anG mounted for mi croscop ic  

scann i ng .  In iti a l ly,  the SSTR au torad i ographs w •  : be scanned on the Hanford 

Automated Opti ca l  Track Scanner to determi ne the coord i nates of the c l usters 

on i nd i v i dual SSTRs . These c l u sters w i l l  subsequent l y  be l ocated and manua l l y 

scanned to determi ne the track coun t  for each i nd i v i du a l  c l uster .  Ca l i bration 

rad iographs of standard 240Pu and 239Pu  act i n i de depos its  wi l l  be used to 

ca l ib rate the opt i ca l  effic i ency of the CR-39 SSTRs to a l l ow q uant i tat i ve ca l 

cu l at i ons  of the amoun t  of p l uton i um present i n  each part i c l e .  The tota l 
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number of c l u sters counted wi l l  be determi ned by the accuracy requ i rements for 

defi n it i on of the part i c le  s i ze frequency d i stri bution . 

The same res i n  samp l es wi l l  be remounted i n  f i rm contact w i th m i ca SSTR and 

subjec ted to a therma l neu tron i rrad i at i on u s i ng a su itab l e  neutron source . 

Fo l l owi ng the i rrad i at i on ,  the mica SSTR rad i ographs wi l l  be etched w i th 49% 

HF at 20°C for 30 mi nu tes  to revea l the f i ss ion fragment track s .  The 

scann i ng procedu re for the m ica SSTRs w i l l  bP s imi l ar to that out l i ned for the 

CR- 39 SSTRs . A 235u standard depos it  i n  f irm contact with  a mi ca SSTR w i l l  

be i nc l uded i n  the i rrad i at i on to a l l ow a quant i tat i ve ca l cu l at i on of the 
235u present in the res i n  samp l es .  Fud i c i a l  markers on both the CR- 39 and 

m i ca SSTRs w i l l  a l l ow i dent i fi cat i on of track c l usters resu l t i ng from an 

i nd iv i du a l  part i c l e  to be corre l ated i n  separate rad iographs .  

Part i c l e s i ze i nformat ion wi l l  be tabu l ated for both the 23gPu  and 235u rad io

graph s and 239Put235u rat i os wi l l  be determi ned on  a part i c l e-by-part i c l e  bas i s  

and attempts wi l l  b e  made to i dent ify corre l at i ons  between 239Put235u rat i os 

and part i c l e  s i zes . 

A report wi l l  be issued on the resu l ts conta i n i ng informat i on on tota l uran i um ,  

tota l p l uton i um ,  tota l 235u ,  part i c l e  s i ze d i s tr i buti ons , and 239Put235u rat ios  

as  a func t i on of  part i c l e  s i ze .  I n  add i t i on to the i nformati on needed for the 

demi nera l i zers recovery program, these can be used to deduce i nformat ion on 

pooss i b l e  mechan i sms of core break up and transport to the demi nera l i zers and 

e l sewhere . 
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PrOJ�CI Num�r ____ _ ()Battelle lntern•l Distribution 

Date 

To 

From 

Paci fic Northwest Labora tories 

October 20 , 1982 

M .  K. t�ahaffey , 337 Bl dg . /1 N ,  HEDL 

L .  A .  Bray$ 
TMI - 2  Demi neral i zer Res i n Removal - Acti vi ty 2 

D .  E .  Knowl ton 
H - H .  Van Tuyl 
LAB/LB-F i l  e 

Scopi ng experiments were performed on i dent i cal res i ns to determi ne 
probabl e forms after exposure to estimated dose l evel s and temperature. The 
resul ts of thi s work performed i n  FY-82 are attached . 

Major concl us i ons are :  

• 

• 

• 

• 

• 

LAB : df 

• 
At dose l evel s of 2 x 109R both dry and wet I RN- 150 Li -form resi n  wi l l  
remai n i n  a parti cul ate form. 

Sl u i c i ng tests i ndi cate that exposed res i ns wi l l  sl u i ce more readi ly 
than as recei ved res i n .  

The gas analyses taken duri ng 60co i rradi ation show that l arge amounts 
of H2 ( 20-90 mol e% ) are formed wi thout an equ i val ent amount of 
oxygen . The products of i rradi ati on are probably H2 and H2o2 . No 
oxygen i s  rel eased i n  an organi c medi um probably because tne H2o2 
depl etes i tsel f i n  an oxi dat i ve process . 

Resi n i rradi ated to 1 . 7 x 109R i n  H2o show a wei ght  and vol ume l os s  
o f  ,... 50% . 

Resi n heated to 260°C l ost  63w% but retai ned i ts ori g i nal structure • 

At 538°C the res i n s tructure was compl etely destroyed us i ng a N2 
atmosphere , was a sol i d  mass , and was changed i nto cok e .  

A < tachments 
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DESCRIPTION OF ACTIV ITY 2 . 

Obj ecti ves 

Sl u i c i ng Wi thout Treatment - Eval uate exi sti ng resi n condi ti on based on 

Hanford experi ence .  Perform l ow-cost scopi ng tests of the resi n and make an 
assessment as to sl u i cabi l i ty to gui de further concept stud i e s .  I denti fy 

probabl e forms and desi red processi ng pri or to packagi ng for shi pment.  

Time Peri od 

Augu st-September, 1982 

Descri pti on 

Sl u i c i ng Wi thout Treatmen� 

• l i terature study of resi n and condi tion 

• resi n  testi ng 
• recommendati ons for sl u i c i n g  

Procedure 

Obtai n sampl e of I RN- 150 ( H- form) from Rohm and Haa s .  Determi ne resi n  

condi ti on and pretreatment. Bui l d  pressure cans to be used i n  the 60co 

faci l i ty and schedul e tests . Obtai n analyti cal data . 

• gas sampl es 

• gas vol ume ( determi ne pressure bui l dup)  

• determi ne physi cal changes i n  resi n .  

Prepar� l etter report and assess need for fol l ow-on program. 
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Condi ti ons for Tes ts 

A B* 

Temperature , ° C  65 102-107 

Irradi ati on Rate 8 X 106 R/h 8 X 106 R/h 

Gas Sampl es Taken 2 2 

Gas Vol ume Check Dai ly Dai ly 

Resi n  Vol ume , cm3 410 124 

H2o Vol ume , cm3 145 ... 0 

• 

* Re s i n p re t rea t e d  by h e a t i n g  ( 1 8 3 ° C )  i n  N 2 f o r  a p p r o x i m a te l y  2 2  
h o u r s . 
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ATTACHMENTS 

Fi gures 

1 60co Test Equi pment 

2 Test Can Descri pti on 
3 Expansion of Ion Exchange Res i n  ( I RN- 150)  

as a Functi on of W�ter Upfl ow 

Tabl es 

1 

2 

3 

4 

5 

6 

6A 

6B 

6C 

6D 

7 

Te st Condi ti ons and Resul ts for Test A ( Wet) 

Test Condi ti ons and Resul ts for Test B ( Dry)  

Gas  Analysi s of Sampl es Taken Duri ng 60co Tests 

I RN- 150 Heat Tests 

Pi ctures of Treated Res i ns 

Resi n Removal by Sl ui ci ng 

As Recei ved Res i n  - 7 10 cm3 

As Recei ved Resi n - 170 cm3 

Test A ( Wet) 

Test B ( Dry ) 

Descri pti on of Ion Exchange Resi n 

Letter 

J .  L .  Ryan from E .  C .  Feeney , Rohm & Haas 
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FI GURE 1 
60co Test Equ i pmen t  

Pressure Gage , 
ps i g 

4 

Test Can 

Vent 
Sps i 
Pressure 
Rel i ef 
val ve 

Thermocoup l e  

2 l /4 "  d i a . x 1 2" h i gh 
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TABLE 1 .  Tf � t  Condi t i ons and Resu l ts for Test  A ( wet)  

Obj ecti ve 

To submi t I RN- 1 50 res i n  i n  H20 to a dose of 2 x 109R 

Resul ts 

I RN- 1 50 ( Li OH form) 

Dose : 1 . 74 x 109R @ 8 . 01 x 106R/hr 

Temperature of Te st  Ca n :  142- 15 1 °F  

Average Gas Presure I ncrease Duri ng Tes t :  2 1  i nches o f  H20/hr @STP 

Average Vol ume of Gas Generated : 4 1  cm3/h r 

Wei gh t  Change Duri ng Test 

Ori gi nal Fi nal 

Resi n 281 . 1  g 1 34 . 7g 

H20 145 . 2g 282 . 7g 

Vol ume Change Duri ng Tes t  

Ori gi nal 

Resi n 410 cm3 

H20 ( pH8 . 9 )  145 cm3 

Fi nal  

177 . 5  cm3 

274 cm3 

6 

Percent  Change 

- 52w't 

+94 .4w'X. 

Percent Change 

-56 . 7v't 

+89v«.t 

�. 
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TABLE 2 .  Test  Condi t i ons and Re sul ts for Tes t  B ( d�y ) 

Obj ecti ve 

To heat the resi n at 360° F ( steam temperature at 1 50 psi g)  and to submi t 
thi s res i n  to a dose of 2 x 109R .  

Resul ts 

I RN- 150 ( Li OH form) 
Dose:  1 .7 2  x 109R @  8 .01 x 106R/hr 
Temperature of Tes t  Can:  2 15- 225° F 
Average Gas Pressure Increase Duri ng Test :  0 . 1 i nches of H20/hr @STP 
Average Vol ume of Ga s Generated : 2 . 3 - 3 cm3/hr 

Res i n  

Res i n  

Wei ght  Change Duri ng Test  
Ori gi nal After Heati ng ( c ) Fi nal Percent Change ( a )  

281g 1 04 . 7g { 9 5 . 3 ) ( b )  94 .7g  -62 . 7W% ( -0 . 6w% ) 

Vol ume Change Duri ng Tes t  
Ori gi nal After Heati ng { c )  Fi nal Percent Chang�! a )  

� 400 cm3 
� 124 cm3 

� 124 cm3 -69v% 

{ a ) N o  c h a n ge i n  v o l ume a n d  w e i g h t  w a s d e t e c t e d  d u r i n g  
i r r a d i a t i o n . 

{ b )  An a n a l y t i c a l  s a mp l e ( 9 . 4 g )  wa s remo v e d  p r i o r  t o  6 0 c 0  
t r e a tme n t .  

{ c )  Re s i n p r e t r e a t e d  by h e a t i n g  a t  36 0 ° F ( 1 8 3 ° C )  i n  N 2 f o r  
a p p r o x i ma t e l y  2 2  h o u r s . 
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TABLE 3 .  Gas An a 1 y s i s of Samp l es Taken Duri ng 60co Tests ( a )  

Test A ( mol e % )  Test  B ( mol e % )  

25 hrs 217  hrs 24 hrs 2 17 hrs 

C02 3 . 8  28 10 
02 <0 .95  0 . 4 3 . 6  
N2 .  3 . 4  17 . 1  
co 0 . 1 0 . 5 
He <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
H2 84 91  20 sa 
CH4 1 1 7 . 9  30 
Tri methyl ami ne 15  9 . 3 0 . 7 
CxHy 0 . 1 5  1 . 4  0 . 4  
C2Hx 0 . 4 0 . 9 
Methyl ami ne 0 . 1 5  
Benzene 0 . 05 

( a )  The test equi pment was back fi l l ed wi th argon pri or to 60co i rradi ati on to 
el imi nate ai r .  

Obs ervati on 

The l ack of oxygen i n  the analysi s has been of consi derabl e i nterest. A 
revi ew of thi s  subj ect by E .  C .  Marti n ( BNW ) fol l ows . 

Gamma Irradi ati on of Aqueou s Sol u ti ons - E .  C .  t�arti n 

Gamma i rradi ati on of pure water or di l u te aqueous sol u ti ons shoul d not be 
construed to be another form of el ectroly si s .  The "mol ecul ar" products or 
i rradi ati on are not H2 and o2 but rather H2and H2o2 • The " radi cal " products 
are the hydrated el ectron , hydrogen atom, hydroxyl and perhydroxyl 
radi cal s .  ( 1 )  

( 1 )  J .  W .  T .  S p i n k s ,  A n  I n t ro d u c t i o n  t o  Ra d i a t i o n  C h em i s t ry ,  2 n d  
E d i t i o n , W i l ey - I n t e r s c i e n c e , N Y , l o n d o n ,  Sy d n ey , T o r o n t o ,  
( 1 9 7 6 ) , p .  2 5 7 . 
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The hydrated el ectron and hydrogen atom act as "reduci ng radi cal s"  s i nce 
they frequently bri ng about reducti on of di ssol ved substances .  Hydroxyl and 
perhydroxyl  ( H02 ) radi cal s and hydrogen peroxi de are descri bed as the 
" oxi di zi ng products" si nce they tend to bri ng about oxi dati on . 

I n  the presence of organic  materi al s hydrogen peroxi de i s  capabl e of 
formi ng peraci ds ( RC03H ) , whi ch i n  turn can generate di ol s from a-� unsatur
ated ketones hydrocarbon s .  Epoxi des are produced from a-� unsaturated by 
hydrogen peroxi de i n  a base medi a .  Cl eavage of a-keto aci ds and a-di 
ketones l i kewi se i s  possi b l e wi th bas i c  hydrogen peroxi de. A base catalyzed 
reacti on between a n i tri te and hydrogen peroxi de to form the correspondi ng 

ami de has been reported.  Thu s ,  i n  an organi c medi um most hydrogen peroxi de 
• that has been generated wi l l  have depl eted i tsel f i n  an oxi dati ve process  • 

9 
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TABLE 4 .  I RN- 150 Heat Tests 

Obj ecti ve 

To heat I RN- 150 Li -form resi n to determi ne changes i n  physi cal properti es 
wi th temperature . 

Procedure 

The as-recei ved resi n  was pretreated with L iOH , washed wi th H2o and 
fi l tered to remove excess water .  Sampl es  ( 100g) o f  resj n were wei ghed out .  
Each porti on o f  res i n  was pl aced i n  a gl ass tube a n d  heated ( 225-1000° F )  i n  a 
tube fu rnace i n  a 500 cm3/mi n .  stream of N2 . 

Concl u s i on 

I RN- 150 heated from 100° C to 260° C l ost 31-63W% but retai ned the 
structure of the ori gi nal resi n .  At 400° C the res i n l est 7 5w% and was 
bl ack . At 538° C the resi n was compl etely destroyed. 

Resul ts 

Tem�erature Hea t I ni tial  Fi nal Loss of Wt . 
OF oc Cycl e ,  hr  Wt ,  g wt , g g w% 

225 100 25 101 . 8  70 3 1 . 8  3 1 . 2  
358 181 ,... 16 . 5  1 56 . 7 58 . 8  97 .7  6 2 . 5  
500 260 ,... 22  99 . 3 37 . o 6 2 . 3 6 2 . 7  
750 400 ,... 22  99 . 7  24 . 7  7 5 . 0  7 5 . 2  

1000 538 .... 20 97 . 7  18 . 4  79 . 3 81 . 2  

1 0  
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TABLE 5 .  Pi cture of Treated Res i ns* 

Pi ctures Obtai ned 

1 )  I RA- 1 50 Mi xed Bed ( As Recei ved,  Li -Form) 
2)  I RA- 1 50 Cati on Resi n 
3 )  I RA- 1 50 An i on Res i n  
4)  Resi n Heated to 225°F i n  N2 for - 24 Hours 
5 )  Resi n  Heated t o  360° F  i n  N2 for - 24 Hours 
6)  Resi n  Heated to 500°F i n  N2 for - 24 Hours 
7 )  Resi n  Heated to 7 50°F i n  N2 for - 2 4  Hours 
8) Resi n Heated to 1000°F i n  N2 for - 24 Hours 

9 g·) Test A ,  1 .  7 x 10 R ( Wet)  
10)  Test B ,  1 . 7 x 109R ( Dry } 

* P i c t u re s  w e r e  d e l i v e r e d  u n de r  s e p a r a t e  c o v e r  a n d  a re n o t  
i n c l u d e d  i n  t h i s i n fo rm a t i o n .  

1 1  



TABLE 6 .  Resi n Removal by Sl u i ci ng 

Obj ecti ve 

To determi ne di fferences i n  s l u ic i ng abi l i ty of new res i n  and resi n 
treated to a dose of 2 x 109R .  

Procedu re 

The expansi on of i on exchange resi n as a functi on of the r·ate of water 
upfl ow was used to compare new I RN- 150 resi n  wi th resi ns from Tests A and  B .  

Each resi n was pl aced i n  a gl ass i on exchange col umn 1 27 em tal l by 3 . 85  
em i n di ameter ,  fi l l ed wi th wate r.  The settl ed hei ght of the resi n and the 
demarkati on l i ne between cati on and ani on resi n was determi ned. Water was 
then i ntroduced at the bottom of the col umn and i ts fl ow vol ume determi ned by 
catch i ng the overfl ow i n  a 500 ml graduate as a functi on of time .  As the 
water fl ow i ncreased ,  the resi n bed expanded and was measured.  

Co ncl u s i on 

I RN- 150 Li -form resi n i rradi ated to a dose of 1 . 7  x 109R ,  both dry and i n  
H2o ,  wi l l  sl u i ce more readi ly than new untreated resi n .  Tests usi ng 7 10 cm3 

( Tabl e 6A ) and 170 cm3 ( Tabl e 6B ) of new I RN- 150 were compared wi th Test A 
(�et) i rradi ated resi n ( Tabl e  6C ) ,  and Test B ( dry ) i rradi ated resi n ( Tabl e 
60 ) . A l oss of organic  meteri al s from the resi n structures i nto the aqueous 
phase duri ng i rradi ati on ( Test A)  and duri ng water uptake after i rradi ati on 
and pri or to testi ng ( Test B ) , decreased thei r speci fi c gravi ty and therefore , 
were more easi ly  sl u i ced than new resi n .  Resul ts are shown i n  Fi gure 3 . 

1 2  
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TABLE 6A . 

Objecti ve : To Determi ne Expans i on of IRN- 150 Li -Form Re si n as a Functi on of Water Fl ow - As Recei ved 

Condi ti ons : 710 crn3 I RN- 150 - 230 em� I R�-77 ( Li Form ) 
- 480 em I RN-78 ( OH Form) 

Ion Exchange col umn - 127 em Hi gh 
3 . 85  em di ameter 

Resul ts · 

Bed Depth 
Water Uefl ow I RN-77 I RN-78 TOTAL 

cm3/mi n .  M/hr em % Expansi on em 't Expansi on em 't Expansion 

0 0 19 . 5  0 42 .0  0 6 1 . 5  0 
100 5 . 2  2 1 . 5  1 0 . 3  6 3 . 0  50 84 . 5  37 .4 
115  6 . 0  23 . 0  17 .9  67 .0  59 . 5  90 . 0  46 . 3  
158 8 . 2  25 .0  28 . 2  76 . 5  82 . 1  101 . 5  65 .0 
203 10 . 5  26 . 5  35 .9  86 . 5  105 . 9  1 1 3 . 0  83 . 7  

Observati ons :  The bed separated i nto two bands wi th the IRN-77 o n  the botto� . 
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TABLE 6B 

. 
' ·, 

Objecti ve : To Determi ne Expans i on of I RN- 150 Li -Form Re si n as  a Functi on of Water Fl ow - As Recei ved 

Condi ti on s :  125 . 8g ( wet) I RN- 150 , � 170 cm3 

Ion Exchange col umn - 127 em h i gh 
3 .85 em di ameter 

Resul ts 

Bed Depth 
Water Upfl ow I RN-77 I RN-78 TOTAL 

cm3/mi n M/hr em % Expansi on em % Expans i on em % Expansi on 

0 0 5 . 0  0 9 . 7  0 14 . 7  0 
123 6 . 4 6 . 0 20 .0  1 5 . 5  60 2 1 . 5  46 
270 14 .0  7 . 5  50 .0  24 . 5  1 53 32 . 0  1 18 
345 17 . 9  9 . 0 80 .0 31 . 0 220 40 .0 172  
469 24 . 3  1 0 . 0  100 .0  43 .0  343 53 . 0  26 1 

1304 67 . 6  Settl ed resi n ,  7 em hi gh ( - 8 1  cm3 ) .  Rema i n i ng resi n went over 
top of col umn . 
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TABLE 6C . 

Objecti ve :  To Det�rmi ne Expan s ion of Res i n After Dose of 1 . 7 x 109R - Test A ( Wet) 

Condi ti on s :  134 . 7g ( wet ) , � 177 cm3 

Resul ts 

Ion Exchange Col umn - 127 em h i gh 
3 . 85 di ameter 

Bed Depth . 
Water Upfl ow Total 

cm3/mi n .  M/h r 

0 0 
86 4 . 4  

139 7 . 2 
205 10 . 7  
259 1 3 . 4  
303 1 5 . 7  

em % Expansi on 

14 . 5  0 
21 . 5  48 
27 . 0  86 
37 .0 155 
48 .0  221  
No  li ne 

909 47 . 1  Settl ed resi n ,  4 em h i gh ( �  46 cm3 ) .  Remai ni ng res i n went out over 
top of col umn . 

1 304 67 . 6  

No di sti nct band between 
to each other .  

•. 

Only 10 . 5  cm3 resi n remai ni ng i n  col umn . 

resi ns . Cati on and ani on beads appear to be attracted 

' . .. ·' 
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TABLE 6D . 

Objecti ve : To Determi ne Expans i on of Re si n After Dose of 1 . 7  x 109R - Te st B ( Dry ) 

Condi ti on s :  128 . 3g ( wet ) , soaked �ry resi n i n  H2o for 24 hours 

Ion Exchange Col umn - 127 em h igh 
3 .85 em di ameter 

Resul ts 

Bed Depth 
Water Upfl ow Bottom Band Top band Total 

cm3/mi n .  M/hr em % Expansi on em % Expansi on em % Expansion 

0 0 10 . 1  0 4 . 5  0 1 5 . 6 ( 1 4 . 8 ) *  0 
6 0 . 3  1 0 . 7  6 8 . 8 96 19 . 5  25 

150 7 . 8 12 . 7  26 1 5 . 6  247 28 . 3  8 1  
214 1 1 . 1  14 . 2  4 1  26 . 8  496 4 1 .0 163 
357 18 . 5  17 . 5  7 3  - 82 . 5  1733 ..... 100 . 0  541 

1304 67 .6  Settl ed resi n ,  8 . 5  em  hi gh ( - 98  cm3 ) .  

* M i x e d  b e d  w a s  l e s s  i n  v o l ume t h a n  a f t e r  s e p a r a t i o n . 

. ·  



TABLE 7 .  

DESCR IPTION OF  ION EXCHANGE RES I N  

TM I-2 DEMINERAL IZER , I RN-217  ( 99 . 99% L i -7 -0H ) 

Amberl i te I RN- 150 Mi xed Bed Res i n ( a ) 1/1  Chemi cal Equi val ent 

I RN-77  I RN-78  
Cati on Exchange Ani on Exchange 

Vol ume , % 40 60 
Mo i sture ,  % 55  60 
Vol ume Capaci ty ,  Meq/ml 1 .7 s ( b ) 1 . 2 ( b ) 
Sc reen Ana ly si s ,  on 16 me sh 5 max 5 max 

thru 50 mesh 0 . 5  0 . 5  
Ac tive Si tes - so; +u N- ( CH3 l 3+ OH-

( a )  P u r c h a s e d  a s  a m i x e d  b e d  r e s i n  c o n t a i n i n g  s t r o n g l y  a c i d i c 
s u l f o n i c  c a t i o n  e x c h a n g e re s i n i n  t h e  H +  f o rm ( I R N - 7 7 ) ,  a n d  a 
s t o n g l y b a s i c  a n i o n e x c h a n ge re s i n  i n  t h e  O H  f o rm .  

( b ) 0 . 7  M e q / m l  o f  I RN - 1 5 0 .  

18 
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I N D E P E N D E N C E  MALL WEST PHILADELPH IA, PA. 19105, U.S.A. TELEPHONE (215) 592·3000 
CABLE A D D R E S S :  R O H MHAAS T E L EX 845·247 TWX 710·670-5335 

RIEPI.Y TO. 
3475 1NVESTMENT BLVD. 
SU:TE NO. 9 ( WWARD. CALIF. 94545 

( 

1 4 1 5) 785-7000 

M r .  Jack Ryan 
Ba tte l l e  N .  W. 
P .  0. Box 999 
R i ch l and , Wash i ngton 

Dea r Jack: 

Augus-t 2 ,  1 982 

99352 

ROHM 
iHAAS 
C O MPANY 

As we d i scussed by te l ephone , Amber l i te I RN-2 1 7  i s  the l i t h i a ted vers i on 
( 99. 99% L i -7-0H) of Amber l i te I RN- 1 50. Amber l i te I RN- 1 50 i s  a one to one 
chem i �a l l y  equ j va l en t  (or 60 percent by vol ume an i on exchange res i n ,  40 percent 
ca t i on exchange res i n) m i xture of Amber l i te I RN-77 and I RN-78 . Typ i ca l  
p ropert i es for these componen ts a re l i sted be l ow :  

Mo i s ture Content , % 
Vo l ume Capac i ty ,  Meq/ml 

% regenerated ,  as  supp l i ed 

H form 

OH form 

Sc reen Ana l ys i s  

on 1 6  mesh 

thru 50 mesh 

Amber l i te I RN-77 

55 max 

1 . 75 m i n  

98 m i n  

5 max 

0 . 5 max 

Amber l i te I RN-78 

60 max 

1 . 2 m i n  

90 m i n  

5 max 

0 . 5 max 

I hope that th i s  i nfo rmat i on w i l l  be usefu l to you . I f  I can be of any further 
ass i s tance p l ease contact me . 

;;v;��uz� 
E .  C .  Feeney \j I 

_,!.--. 

ECF/sn 
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TMI-2  Demi neral i zer Resi n Removal - Acti vi ty 2 

L .  A .  Bray and E .  C .  Marti n 

Pac i fi c  Northwest Laboratory 

Ri chl and , Washi ngton 99352 

Experiments were conti nued on I RN-150 Li -form resi n  after exposure to 

estimated dose l evel s and temperature . The resul ts of thi s work performed i n  

F Y  83 are reported herei n .  

Major concl us ions are that : 

• 40-70% of the cati on s i tes and >90% of the ani on exchange si tes are 

l ost due to i rradi ati on damage for wet I RN-150 Li -form resi n at 
9 ---2 X 10 R .  

• No cati on si tes and >90% of the anion exchange s i tes are destroyed 

due to preheati ng the resi n  to 360°F and i rradi ati on of the dry res i n  
9 at ---2 X 10 R .  

• The ani on exchange si tes are destroyed ( 76% at 225°F and 99% at 

500°F ) when the I RN-150 i s  heated i n  an i nert gas .  No cati on 

capaci ty was shown to be l ost bel ow 500°F . 

• The sodi um borate sol uti on el uted Cs from parti al ly  and ful ly l oaded 

new and wet i rradi ated resi n .  Only 67% of the Cs was el uted from 

ful ly-l oaded heat-treated dry-i rradi ated resi n .  No e l uti on was 

obtai ned for dry-i rradi ated parti al ly l oaded resi n  after 10 CV of 

sodi um borate sol uti on had been used to treat the resi n .  

Di screpanci es between resul ts for ful ly-l oaded C s  col umns ( Tabl e 4) 
and parti al ly l oaded col umns ( Tabl e 6) have been noted.  Resol uti on 

woul d have requi red addi ti onal work . 

E .  C .  Marti n has compl eted an analysi s of a water sampl e saturated after 

i rradi ati on ( 2  x 109 R ,  Test A)  to determi ne i ts el emental analysi s ,  i nfrared , 

and ul travi ol et spectrum. 

1 



Objecti ve 

Determi ne the exchange capac i ty (cati on ) for new and 60co treated res i n  

( I RN-150 ,  Li -form ) . 

Resul ts 

In previ ou s work , l i thi um treated I RN- 150 was i rradi ated usi ng a 60co 

source to 1 . 74 x 109 R .  Two tests were compl eted :  

Test A 

Ini ti al 

F i nal 

Test B 

Ini ti al 

F i nal  

Resi n ,  cm3 

410 

177 . 5  

410 

g ( wet) 

281 

134 . 7  

281 

104 . 7  ( dry ) 

Sol ution, g 

145 . 2  

274 

None 

None 

Addi ti onal sampl es of Li treated resi n were heated i n  i nert gas at 225°F , 

500°F 750°F , and 1000°F . 

In order to .determi ne the cati on capac i ty of the new and treated resi ns , 

wei ghed sampl es of wet resi n were treated wi th aci d ,  and the resul ti ng 

sol uti ons analyzed for l i thi um .  The resul ts ( Tabl e 1)  show that the new Li 

treated resi n has a cati on capac i ty of 0 .6 1  meq/cm3 • After bei ng i rradi ated 

( Test A) , the capaci ty was 0 . 2-0 . 4  meq/cm3 . The remai ni ng l i th i um was found 

i n  the aqueous sol uti on. When the Li -treated resi n  was dri ed before 

i rradi ati on ( Test B ) , no cati on capac i ty was l ost as i ndi cated by a Li cati on 

capac i ty of 0 .65 meq/cm3 • 

2 
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TABLE 1 .  Li thi um Analysi s of New and Treated I RN-150 Resi n 

Resi n 

cm3 g (wet) 

New resi n 410 281 . 1  

Resi n  Test A 177 . 5  134 . 7  

Sol uti on Test A ( 4 . 6g/L X 0 . 274L ) 

Res i n  Test B 1 1 . 1  8 . 375 

Li thi urn 

Found ,  g 

1 . 74 

0 .21  ( 0 .48) ( a )  

1 . 26 ( 72 . 4� )  

0 .050 

Capaci ty 

meq/cm3 

0 . 6 1  

0 . 17 ( 0 . 4 ) ( a ) 

0 .65 
• 

( a )  By di fference between new resi n and Li found i n  sol uti on . 

Objecti ve 

Determi ne the exchange capac i ty ( cati on and ani on ) for new , heat treated 

and 60co treated resins  by l oadi ng the exchangers wi th NaOH or HCl . The 

l oaded exchangers were then el uted wi th HN03 , and the resul ti ng scl uti ons 

analyzed for Cl - and Na+. 

Resul ts 

Sampl es of new resi n or resi n  from Tests A and 8, as  wel l as  resi ns 

heated to 225°F and 500°F , were treated wi th ei ther NaOH or HCl and washed 

wi th H2o .  Th e  resul ti ng l oaded resi ns  were el uted wi th HN03 , and the 

resul ti ng sol uti ons analyzed for Na+ or Cl - .  The resul ts ( Tabl e 2 )  show that 

the cation capaci ty was not destroyed for ei ther dry or wet i rradi ati on ( Test 

A or B )  or resi ns heaterl to 500°F . Test A resi n  does show that the capaci ty 

i s  two-thi rds of that for new resi n ,  0 . 4  vs . 0 . 6  meq/cm3 , and confi rms the 

l i th i um resul ts shown i n  Tabl e 1 .  Th e  resul ts al so show that the ani on 

capaci ty of the I RN- 1 50 i s  destroyed by the dry and wet i rradi ati on ( 1 . 7 x 109 

R )  and by i ncreasi ng the temperature from 225°F ( 0 . 1 5  meq/cm3) to 500°F ( 0 .006 

meq/cm3 ) .  

3 



Ini ti al 
Resi n 

Test A 

Test B 

225°F 

500°F 

TABLE 2 .  Capaci ty of I RN- 150 Resi n a s  a Functi on o f  Treatment 

Procedure : 

Resul ts : 

cm3 g (wet 

7 . 29 5 

6 . 59 5 

1 1 . 1  8 . 375 

1 1 . 0  8 . 1 10 

10 .9  8 . 155 

Sampl es of new or resi n  from Test A ,  B ,  and 
heated sampl es 225°F and 500°F were treated wi th 
ei ther NaOH or HCl and washed wi th H20 .  The resul ti ng 
resi ns were el uted wi th HN03 and anaTyzed for Na+ or 
Cl - i on .  

Na Capacf ty ,
3 

Cl Capac i ty ,
3 Found , mg meq Na/cm Found ,  mg meq Cl /cm 

98 . 5  0 .59 164 . 5  0 .64 

61 . 5  0 . 41 5 . 85 0 . 025  

164 .0 0 .64 6 . 1 5  0 .016 

174 . 5  0 . 68 57 . 0  0 . 1 5 

17 1 . 3  0 .68 2 . 5  0 .006 

Objecti ve 

Determi ne i f  a sl u i c i ng sol uti on containi ng bori c aci d and sodi um borate 

( 3 ,500 ppm B ,  1 ,000 ppm Na ) at a pH of 7 .8 wi l l  remove Cs from a l oaded 

col umn . 

Resul ts 

F i ve gram ( wet) sampl es of new and i rradi ated resi ns were pl aced i n  smal l 

i on exchange col umns . Each resi n  was treated by the addi ti on of 80 ml of 

0. 475 -� Cs ( 5 . 05 g )  contai n i ng 137cs  tracer. The col umns were then H2o 

washed,  and the amount of Cs retai ned on the exchanger determi ned by 

di fference between the effl uent and the feed.  The resul ts are shown i n  Tabl e 

3 .  The resi n capaci ty usi ng cesi um i s  simi l ar to those resul ts shown i n  Tabl e 

1 for l i thium .  
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TABLE 3 .  Cs Loadi ng of New and Treated IRN- 150 Resi n 

Resi n  Capac i ty ,  
cm3 g {wetJ Cs Loaded , g/g Res i n  meq/cm3 

New Resi n 6 .625 5 0 .079 0 .45 

Resi n Test A 7 . 55 5 0 . 031 0 . 16 

Resi n  Test B 7 . 55  5 0 . 170 0 .85 

The above col umns were then washed wi th three 50 ml vol umes (-7 col umn 

vol umes ) of sol uti on contai ning  0 .087 .!:!_ Na2B4o7 and 0 .235 .!! H3Bo4 at a pH of 

7 . 82 .  The resul ts are shown in Tabl e 4. The resul ts show that wi th l arge 

vol umes ( 21 CV) of borated wa�er that the cesi um i s  removed from new resi n and 

resi n  i rradi ated ( 2  x 109 R - wet) . The Test B res i n  ( 2  x 109 R - heated to 

360°F )  appears to be more di ffcul t to el ute . 

TABLE 4 .  Removal o f  C s  from New and Irradi ated I RN- 150 Res i n  
Resi n Usi ng H2o Contai ning Sodi um Borate 

50 ml Vol umes (�7 CV) 
of Sodi um Borate , pH 7 . 8  

1 

2 

3 

% removed after �21 CV 

Objecti ve 

% Ces i um Removed from Loaded Ion 
Exchange Res i n  

New Resi n Test A Te st B 

68 .4  

25 . 6  

1 2 . 4  

106 . 4  

79 . 1  

22 . 3  

6 . 9 

108 . 3  

31 .0 

23 . 3  

1 2 . 2  

66 . 5  

Determi ne i f  a sol uti on contai ni ng bori c aci d  and sodi um borate wi l l  

remove Cs from a parti al ly l oaded i on exchange resi n • 

Resul ts 

After compl eti on of the above work , a second case was consi dered . Wi l l  

the el uti on of a parti al ly cesi um l oaded ion exchange resi n be as effi c i en t  as 

one l oaded to capac i ty? 

Ten gram ( wet) sampl es  of new and i rradi ated resi ns were pl aced i n  i on 
exchange col umns .  Each resi n was treated by l oadi ng 30 ml of 0 .058 M Cs ( 0 .23 

5 



g Cs ) contai ni ng 137cs tracer on the col umn . The col umns were then washed 

wi th 70 ml of H2o . Essenti al ly  100% o f  the Cs was l oaded i n  each case as  

shown in  Tabl e 5 .  

TABLE 5 .  Cesi um Loadi ng on New and Irradi ated I RN- 1 50 Res ·i n 

Resi n % of Feed 
cm3 g ( wet) Loaded Cs Loaded , g/g Res i n  

New Resi n 13 . 25 10 96 . 5  0 . 022 

Resi n Test A 1 5 . 10 10 "'100 0 .023 

Re si n Test B 1 5 . 10 10 .... too 0 . 023 

The above three col umns were then washed wi th ten 15  ml vol umes of  sodi um 

borate sol uti on , and the fracti on of the l oaded ces i um was determi ned i n  the 

effl uent. The resul ts { Tabl e 6 and F i gure 1 )  show that 90% of the cesi um 

l oaded was el uted from new and Test A resi n i n  55 CV and 13 CV , 

respecti vely . Test B resi n  ( 2  x 109 R - heated to 360°F ) di d not e l ute . 

TABLE 6 .  El uti on  of C �  from Parti al ly  Loaded New and Treated 
IRN- 150 Resi n Usi ng H2o Contai ni ng Sodi um Borate 

Percent of Feed i n  Effl uent 

15 ml Vol umes ( 1  CV) 
of Sodi um Borate , pH 7 . 8  New Resi n Test A Test B 

1 1 . 4 0 . 9  0 .0 1  
2 2 . 7  5 . 9  0 . 01 
3 2 .8 1 1 . 6 
4 3 . 0  13 . 7  0 . 01 
5 3 . 2 1 2 . 3  0 .0 1  
6 3 . 8  1 1 . 1  0 . 01 
7 3 .9 9 . 2  0 
8 4 . 0  7 . 0  0 
9 4 . 1  6 . 0  0 

10 4 . 2  5 . 3  0 
% removed after 10 CV 33 83 0 . 1  

6 
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F URTHER ANALYSES ON TMI RES I DUE DEGRADATION PRODUCTS 

A sampl e of water and TMI resi n  ( i n  i ts l i thi um form) was i rradi ated to 

1 . 7x109 R i n  a 60co source.  The aqueou s sol uti on was separated by fi l tration 

from the sol i d  resi n  materi al . 10 mL of the aqueous sol uti on obtai ned in thi s  

manner was evaporated i n  ai r to yi el d 0 . 6  g of a yel l ow-orange resi due.  After 

dryi ng i n  a desi ccator , thi s resi due was exami ned to determi ne i ts el emental 

analysi s ,  i nfrare� ,  and ul traviol et spectrum. 

El emental Analysi s 

be : 

A 7 . 391  mg sampl e was exami ned . The el emental analysi s  was determi ned to 

c 10. 52% 

H 3 . 59 

N 6 .87 

s 20 .06 

p <0 .01 

41 .04% 

Ash from the sampl e amounted to 4 . 342 mg or 58 . 75% . Thi s  ash i s  the res i due 

that remai ned after the organi c  materi al was destroyed at h i gh temperature i n  

a stream of oxygen . Probably the ash consi sts of metal l i c compounds , i n  thi s 

case most l i kely only l i th i um sul fate . I f  thi s  i s  the case , then the 

percentage of l i th i um woul d be about 7 . 42% of the sampl e .  

An effort to determi ne a mol ecul ar formul a for the resi due , based on  thi s 

analysi s ,  was not successful as i ndi cated by Tabl e 7 :  

8 



.-

.. 

. . 

•. 

TABLE 7 .  Determi nation o f  Mol ecul ar Formul a for Resi due 

Wei ght Percentage Normal i zed 
El ements Percentage + Atomi c Wt Rati o 

c 10 .52  0 .88 1 . 80 

H 3 . 59 3 . 56 7 . 27 

N 6 .87 0 .49 1 .00 

s 20. 06 0 . 63 1 . 29 

Li ( from 
ash)  7 . 42 1 . 07 2 . 18 

0 ( di ffer-
ence) 51 . 54 3 . 22 6 . 57 

The emp i ri cal formul a i s  

A mol ecul ar wei ght  i s  needed to attempt a true formul a .  Unfortunately , 

after the yel l ow-orange resi due was dri ed,  i t  no l onger coul d be compl etely 

di ssol ved in  any common sol vent. ( Mol ecul ar wei ghts are frequently determi ned 

by either freezi ng poi nt or boi l i ng poi nt changes caused by a substance bei ng 

di ssol ved i n  a sui tabl e sol vent. ) The resi due was found to be i nsol ubl e i n �  

Water 

Chl oroform 

Tol uene 

Benzene 

Methyl ethyl ketone 

Di oxane 

Dimethyl formami de 

Ace toni trf 1 e 

Ethanol 

Tetrahydrofuran 

Methyl cel l usol ve 

Df chl oroethyl ene 

9 



Concl usions : Resul ts of the emp i ri cal formul a i ndi cate that probably many 

compounds resul ted from the 1 rradi ati on process . As a consequence , i t  i s  not 

possibl e to ass i gn a formul a based on the el emental analysi s .  

Spectral Evi dence 

The aqueous sol uti on was exami ned i n  a Hewl ett-Packard 8450A Uv/Vi s  

Spectrophotometer to determi ne the extent of aromati c i ty or conjugated 

unsaturati on present i n  the resi due .  There di d not appear to be any aromati c 

ri ngs or any apprec i abl e unsaturati on si nce the ul travi ol et spectrum was 

featurel ess except for end absorpti on ( i .e . , at 200 nm and l ower} . 

Infrared Spectroscopic  Exami nati on 

A KBr pel l et was prepared from - 1 . 5 mg of the desi ccator-dri ed yel l ow

orange sol i d  resi due and 260 mg of KBr. The materi al s were ground to an 

i nti mate mi xture , pressed at -18 ,000 psi under vacuum , and exami ned usi ng a 

Ni col et MX-1 Fouri er Transform Infrared Spectrophotomete r .  

Attached i s  a spectrum o f  the resi due . Th e  fi rst peak a t  3451 cm- 1  

appears t o  be a water peak . It may b e  the resi due whi ch h a d  been dri ed i n  the 

desi ccator sti l l  retai ned some water. Addi ti onal dryi ng must be performed,  

and the spectrum redetermi ned to deci de whether thi s  water peak i s  an i ntegral 

part of the mol ecul e or only an arti fact caused by i nsuffi c i ent dryi ng .  Th i s  

broad peak obscures smal l er peaks that now appear only as smal l shoul ders . 

The fi rst shoul der at -3250 cm-1  may be due to a bonded OH of a carboxyl i c  

aci d .  

The peak at 2973 i s  characteri sti c of al i phati c organi c  compounds . The 

presence of aromati c or al kene compounds woul d have produced absorpti on at 

3100-3000 cm-1 • There i s  no i ndi cti on of any si gni fi cant amounts of these 

compounds . 

The strong peak at 1658 cm- 1  can be assi gned as  a carbonyl absorpti on due 

to an ami de group ( -C-NH or -C-NR ) .  
n 2 n 2 
0 0 

1 0 
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The strong absorpti ons between 1 200 and 1050 cm-1 may be i denti fi ed as  

the sul fur-oxygen stretchi ng frequenci es of a sul fur-contai ni ng mol ecul e such 

as a sul fate , sul fonate or sul fone . The presence of sul fur, found i n  the 

el emental analysi s ,  gi ves support to thi s  assi gnment. 

A search was made of the i nfrared spectra l i brary ,  but it di d not uncover 

any spectrum that i ncl uded al l of these peak s .  Th i s  unsuccessful search tends 

to gi ve support to the i dea that the yel l ow-orange resi due i s  a mi xture of 

compounds . 

1 1  
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IN-SITU TREATMENT OPT IONS FOR THREE 
MILE ISLAND DEMINERAL I ZE R  RES I N  

I .  SUMMARY 

Four areas of i n-s i tu treatment were consi dered : di ssol ution ;  i n-s i tu sol i di 
fi cati on ;  chemi cal oxi dati on/d i ssol uti on ;  and other mi scel l aneous processes . 
Further exami nati ons were made of those processes that appeared l i kely to succeed 
under the cri teri a of safety and effi ci ency and a number of l aboratory scouti ng 
tests were made.  These opti ons are l i sted and resul ts di scussed . At thi s time , 
certai n chemi cal oxi dati on/d i ssol uti on systems appear to be the most  promi s i ng 
opti ons al though other opti ons are feasi bl e .  

I I .  INTRODUCTION 

Thi s report summari zes prel i mi nary resul ts to date i n  expl ori ng i n-s i tu treatment 
of two tanks of demi neral i zer i on exchange res i n  at TMI . 

The object i ve of thi s program i s  to convert the resi n  materi al and associ ated 
rad i oacti ve i sotopes presently  i n  the res i n  and tanks to a safe control l abl e 
waste form sui tabl e for transport to and ul ti mate d i sposal at a desi gnated 
reposi tory .  Cri teri a for eval uati ng opti ons i nc l uded safety , effi ci ency , and 
a reasonabl e overal l expected cost .  The need to make a product from i n- s i tu 
treatment whi ch woul d be compati bl e wi th ul timate di s posal was cons i dered i n  
the study , but time d i d  not permi t detai l ed cost estimates or engi neeri ng the 
subsequent d i sposal steps .-

I I I .  OPTIONS · 

A .  D ISSOLUTION 

Thi s term refers to the physi cal sol vati on of a sol i d  by a sol vent. If the 
sol vent were to be evapoarted , the sol i d  woul d be recovered unchanged ; i . e . , 
c hemi cal bonds are not permanently al tered. A number of l aboratory chemi cal s 
such as al cohol s ,  ketones , chl ori nated hydrocarbons , etc . , are abl e to sol vate 

1 



a wi de range of organi c compound s .  However , h i ghly polymeri zed structures , 

l i ke i on exchange res i ns ,  tend to be i nsol ubabl e i n  most  sol vents . 

Tabl e 1 l i sts the sol vents that were tri ed . None of the sol vents had the des i red 

effect ,  whi ch i s  not surpri s i ng ,  cons i deri ng the stabl e nature of the res i ns .  

Some of the more promi s i ng sol vents were studi ed i n  more depth , but none were 

sati sfactory.  I n  the i ni ti al tests , 1 gram of res i n  was pl aced i n  10 ml of 

test sol vent and the sol vent wi th res i n was agi tated for at l east  an hour wi th 

u l trasoni c  waves i n  a warm ( 50°C ) water bath. Immed i ately after the tes t , 

the sol vent was removed , the res i n  d ri ed , a nd the fi nal  res i n wei ght  was compared 

w i th the i ni ti al wei ght to determi ne the wei gh t  d i ssol ved . · The more promi s i ng 

sol vents were then refl uxed w i th the res i n at  the boi l i ng temperature of the 

test sol vent .  However , l i ttl e or  no  i mprovement was apparent . 

B .  CHEMI CAL OXIDAT ION/D ISSOLUTION 

Thi s term refers to the permanent al terati ons i n  chemi cal bonds whi ch promote 

a phys i cal change i n  the res i n .  At thi s poi nt one shoul d d i gress a nd di scuss 

the � tate of the res i n  i tsel f .  The ori g i nal materi a l  was a mi x ture of monomers 

of styrene and v i nyl structures wi th i nrogan� c rad i cal s such as . sul fonates 

( -S0 3 ) . These monomers were l i nked together i n  l ong cha i ns to obta i n a h i gh 

mol ecul ar wei ght compound ( l i qu i d  at  normal condi t i ons ) wi th a number of  act i ve 

s i tes for i nteracti ng wi th i ons i n  the aqueous phase.  These l ong cha i n s  were 

then cross- l i nked and treated to yi el d a l arge surface a rea , hard sol i d  l abl ed 

" i on exchange res i n . " 

-

Under certai n  cond i t i ons of use the chemi cal acti v i ty of the resi ns may change. 

- . 

Radi ati on dosage and heat both tend to promote more cross- l i nkage ( only a smal l .-

fracti on of the cross- l i nks were made i n  the ori g i nal  manufacture) whi c h  often 

l eads to some l oss  of the i on exchange functi on . Mel ti ng or fus i ng of the 

resi n rui ns the materi a l  for i on exchange purposes because of the l oss  of sur-

face area . I f  heati ng conti nues to the state of charri ng a l arge number of 

chemi cal bonds are broken , some materi al  escapes as vapors , and the rema i n i ng 

sol i d . materi a l  i s  chemi cal ly  i nact i ve except u nder the mos t  severe cond i t i ons . 

2 
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TABLE 1 :  CHEMICAL D ISSOLUTION OF ION EXCHANGE RES I N  

Sol vent % Di s so l ved Sol vent % Di ssol ved 

Acetone 3 West . Safe Sol vent NO 

Xyl ene 7 . Cycl o  Hexane 4 
Tetrahydrofuran 6 .  Formal dehyde 2 

Me thanol 8 Benzyl Ether NO 

E thanol 1 0  Methyl Su l foxi de NO ( swel l i ng ) 
G lyceri n NO* N i tromethane NO 

Pyri d i ne N O  Aceton i tri l e  NO 

Ch  1 orobenzene . .  9 Hydraz i ne Monohydrate 3 
Chl oroform 2 KOH sat.  Methanol 2 

C h l orethyl ene 3 KOH sat .  Ethan ,Jl 6 

Tol uene 9 n-Butyl Al cohol NO 

Methyl ene Chl ori de 1 6  Di oxane 0 . 8 

Methyl Isobutyl Ketone 8 Di methyl Formami de NO 

Ether 9 Carbon Tetrachl ori de NO 

37% Formal dehyde 9 KOH sat .  Butanol NO 

Isopropyl Al cohol 6 30% Hydrogen Peroxi de 7 
Di o ctal Pthal a te 1 2  (no i ron ) 
V i nyl Acetate NO  ( swel l i ng ) 
n-Dodecane NO 

Penetra ting Oi l 22-D 2 

Benzene 8 
N i trobenzene NO (col ored ) 
Acet i c Anhydri de NO  (col ored) 
Ethyl Acetate NQ. 

Benzal dehyde NO 

Di methyl Ani l i ne NO 

Fl uorad ( FC-24) Dehydrated 

*NO i s  u sed as an abbrevi a t i on for " none detec�ed" . 
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The mos t promi s i ng res i n ox i dati on/d i sso l uti on system appears to be the i ron

catalyzed hydrogen peroxi de system. The hydrogen peroxi de reverses the po l y

meri c process and breaks up the cross- l i nkages that l i nk  the res i n  mortomers 

together. ( l )  Res i n  reacti on parameters determi ne the amount of degradati on 

that occurs . Res i n may merel y be degraded to fi ne pumpabl e sol i ds l i ke those 

shown i n  F i gure 1 ,  or the res i n  may be degraded to polymer cha i ns smal l enough 

to compl etely di ssol ve i n  the reacti on medi a as shown i n  Fi gure 2. Prior  re

search ( ! ) i nd i cated that only 10% of the res i n  i s  oxi di zed to C02 and the res t  

stays i n  sol uti on ; for our purposes that i s  qui te acceptabl e .  Severa) l ab 

tests were run wi th encouragi ng resul ts . The res i n  was rapidly  degraded at  

reasonab l e temperatures �90°C ) and concentrations (<15% H20 2 ) . The rate appeared 

to be control l ab l e by mani pu l ati ng temperature and concentt·ati on .  However , 

thi s system may have di ffi cul ti es convert� ng mel ted o r  charred resi n because 

of the reaction mechani sms .  Thi s  shou l d be  expl ored i n  further tes ti ng . 

Other systems were expl ored whi ch are known for thei r a bi l i ty to chemi cal l y  

oxi d i ze mos t  organi c materi al s .  An exampl e i s  di chromate i n  concentrated sul furi c 

aci d  whi ch i s  used to c l ean l aboratory gl assware. The majo r  di ffi cul ty wi �h 

such systems i s  that they resul t i n  l arge q uanti t i es of waste sol uti on to be 

neutral i zed and sol i di fi ed. The resul ti ng sol i ds woul d  be an order of magni tude 

l arger i n  vol ume than the ori gi nal res i n .  

Pennanganate i n  ei ther a l kal i ne o r  aci di c medi a may al so be used and i s  s i mi l ar 

to d i chromate i n  i ts oxi di z i ng power. I t  has s imi l ar probl ems i n  terms of  

waste sol uti ons and al so forms an  i nsol u bl e  product (Mn0 2 ) whi ch can  add com

pl exi ty to subsequent tank cl eani ng efforts . 
-

Another oxi di z i ng system i s  avai l ab l e whi ch has advantages - Ce( I V ) i n  HN0 3 • 

Prev i ous  work at HEDL on metal l i c  parts decontami nat i on  s howed the eeri e to 

be effecti ve i n  oxi di z i ng pai nts and coati ngs . I t  was further tri ed on  resi n  

w i th encouragi ng resul ts . The eeri e oxi di zes the res i n  to C02 and water whi l e  

reduci ng to cerous i on .  The cercus i s  conti nuous l y  regenerated to eeri e i n  an  
el ectrol yti c cel l and reused . S i nce the i ni t ia l  sol uti on  can  be reci rcu l ated 

between the resi n tank and the cel l and resul ts i n  only gasous p roducts , the 

eventual mate ri al  to be sol i d i f i ed i s  modest. 
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Several l ab tests were run wi th mi xed resul ts . The res i n  was degraded but 
the apparent reaction rate was s l ow and di d not read i l y  respond to changes 
i n  temperature and concentrati on . However , the eeri e-ni tri c aci d system has 
been shown to di ssol ve hi gh temperature fi red oxi de fuel , both urani um  and 
pl utoni um ,  and therefore prov i des an  opti on whereby the resi n can be degraded 
whi l e  di ssol vi ng the oxi de fuel i n  the same process . 

One other major system i nvesti gated was concentrated sodi um hypochl ori te sol uti on 
{ 1 2-15% chl ori ne) . Sodi um hypochl ori te apparently breaks up monomer chai ns  
as wel l as cross- l i nkages . I t  wi l l  a l so react wi th carboni zed res i n  { e l emental 
carbon ) . However , the overal l reacti on rate for the sodi um hypochl ori te sys tem 
was substanti al l y  s l ower than for the correspond i ng hydrogen peroxi de system . 

C .  OTHER 

There are several known acid di gesti on systems whi ch coul d be consi dered for 
d i s sol uti on or oxi dati on of res i n .  An aci d di gestion l i quid  that attacks organ i cs 
and rel eases ni trogen for ni trogen analysi s was tested wi th l i ttl e or no pos i ti ve 
di ssol v i ng resul ts . The aci d di gestion l i quid H 2S04-HN0 3 used 240-250°C to 
wet combust nucl ear waste has been prev i ously tested and proven to destroy 
i on exchange res i n .  But the use of thi s aci d di gesti on opti on i s  unl i kel y 
because of the di ffi cul ty i n  mai nta i n i ng the temperature of the demi neral i zer 
vessel at 240-250° C . - However , i t  too wi l l  chemi cal l y  di ssol ve and/or al ter 
cerami c oxide fuel . 

Further work wi th aci d di �esti on systems wasn ' t  consi dered because of the general  
probl ems associ ated wi th these systems . There is  the probl em of vessel corros i on .  
Al though the tank wou l d  not b e  l i kely to l eak duri ng aci d di gesti on processes , 
the vesse  1 cou 1 d not be coded fo_r a return to i ts present use . There i s  a 1 so 
doubt about the sui tabi l i ty of  present val ves to wi thstand the hi gh temperature 
aci d because of  el astomer seal s and thei r desi gn .  

H 20 2  coul d be substi tuted for the HN0 3 i n  an aci d d i gesti on  system and the 
d i gesti on conducted at a s l i ghtly l o\1er temperature .  However , one woul d have 
essenti al ly al l of the prob l ems as noted above so  thi s vari ati on was not further 
i nvesti gated. 
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Another opti on cons i dered was m i crowave burn i ng .  Prev i ous work ( 2 ) i nd i cated 

that the res i n  cou l d be dri ed , mel ted , and pyrol i zed a l ayer at a t ime i n  a 

control l ed manner. The soot and tars produced by pyrolysi s are l ess  concentrated 

than more typi cal combusti on but are l i kely to cause fi l ter pl uggi ng  prob l ems . 

The add i ti on of  a i r woul d  al so permi t s i gni fi cant oxi dati on and a reducti on  

of tars and soot. However , l i ttl e devel opmen t  work has been done and s i gn i f i 

cant time/money wou l d be requi red to bri ng thi s  proces s to the poi nt  where 

i t  cou l d be used wi th reasonabl e confi dence . 

D .  SOL ID IF ICATION 

There are two types of sol i di fi cati on medi a :  organi c  and i norgan i c .  Exampl es 

of the organi c  are urea formal dehyde , the Dow pol ymer system , and b i tumen . 

These were not consi dered i n  detai l because of rad i ati on  dose l i mi tations . 

These materi a l s wi l l  degrade at s i mi l ar dosage l evel s to the ori gi nal res i ns 

so the l ong-term effects wou l d be simi l ar to the pesent probl ems . 

The mai n  i norgani c bi nder i s  Portl and cement . *  Much previ ous  work has been 

done on cementation of res i ns .  ( 3 ) The phase di agram , Fi gure 3 , shows that 

there i s  enough space i n  the tank to make an  acceptab1 e mi x .  The tri ang l e 

i ndi cates the optimum composi ti on for thi s  tank .  Composi ti ons  i _n thi s zone 

appears to h� s uffi ci ent cement to prevent sol i di fi cation  product expans i on 

due to res i n swel l i ng .  ( 3) Thi s  of course wou l d have to be veri f ied w i th the 

Rohm and Haas I RN- 1 50 res i n  and to make product expans i on and compress i on

strength measurements to veri fy cement qual i ty.  

I V .  D ISCUSS ION 

A.  GENERAL CONS I DERAT IONS 

An ana lys i s was done to determi ne heat l osses and coo l i ng t imes . Ass umi ng 

natural convecti on and radi ant transfer as the l os s  mechani sm ,  boi l i ng cond i t i ons 

cou l d  be mai ntai ned i n  the tank wi th a modest heat i nput of 1 0  kW ( see F i g .  4 ) . 

Th i s  fi gure may shi ft somewhat depend i ng on a i r fl ows thru the cel l ; l osses 

*Pl aster of Pari s cou l d be used w i th s i mi l ar resu l ts ;  i ts mai n advantage i s  i ts 
superior compatabi l i ty wi th hi gh su l fate l oadi ngs from , for exampl e ,  sul furi c 
aci d .  8 
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from connecti ng p1 p1 ng were not i ncl uded and cou l d  amount to a s i mi l ar quanti ty 

i f  connecti ons are made at some d i s tance from the cel l .  Fi gure 5 shows the 

vessel temperature decay assumi ng even d i stri buti on i ns ide .  The thermal capaci ty 

i s  2 . 0  kWh/°C and the max i mum heati ng/cool i ng rate for a reci rcu l ati ng l oop 

i s  about 180 kW or 1 . 54°C/mi n .  

I t  can be seen that the cool i ng rate and heat capaci ty of the tank woul d  not 

g i ve enough temperature control i n  the event of a run-away reacti on . The safest 

control wou l d be to operate j ust under the boi l i ng poi nt ( by temperature and 

pressure control ) so that the nearly i nfi ni te heat s i nk of the boi l i ng water 

cou l d  be used . 

Fi gure 6 shows an off-gas c l ean-up system. Thi s i s  based on  RAOTU experi ence 

( 4  yrs of successful operati on ) so i t  may be confi dently empl oyed . The mi st  

el imi nator may not be necessary , but wi l l  trap part i c l es of submi cron s i ze .  

Heated HEPA fi l ters are used s o  that a stream conta i n i ng corrosi ve gases can 

b� passed wi thout fi l ter degradati on .  

Thi s system wi l l  not trap vol at i l e  i sotopes s o  i f  they are present extra equ i p

ment woul d have to be provi ded or the gas vented to another system wi th such 

capabi l i ty.  

S i nce the only vent from the vessel  i s  a 3 1 1  l i ne ,  the off-gas rate wou l d be 

somewhat restri cted . As a safety margi n ,  the des i gn rate shou l d  be l imi ted 

to 1 / 10 of the fl ow that mi ght cause equ i pment damage . From thi s i t  can be 

i nferred that the reacti on rate wou l d be on the order of a few cubi c feet per 

hour of wet res i n whi ch w�l d mean a process i ng t ime on the order of several 

days . That does not seem exces s i ve consideri ng the t ime requi red for other 

events i n  the cl ean-up sequence . 

L i qu i ds may be pumped to and from the tanks thru two pi pes ( each 2 1/2 11 d i a . ) 

that end i n  upper and l ower d i stri buti on headers ; the hol es i n  the headers 

are 3/1 611 • There i s  a 311 l i ne i n  the top head and a 2 11 i n  the bottom head 

desi gned for res i n  movement thru the tank  and a 1 11 i nstrument l i ne i s  al so 
ava i l abl e .  

' 1 1 
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A l arge acces s port on the top ( approx imately 1 211 ) coul d prov i de entry for 

a mi xer and cement or other sol i d i fyi ng agent . Impel l er bl ades wou l d have 

to be gui ded around the top di stri buti on assembly ( i t  has 12 arms ) and the 

exact pos i ti on of the shaft and motor may have to be adj usted because of the 

arms . There are no baffl es or i nternal structures i n  the tank except for the 

top and bottom di stri butors . 

Duri ng the peri od of most chemi cal reacti ons , the vessel w i l l  be sel f-sti rri ng.  

Al l of  the reacti ons under s�ri ous cons i derati on gi ve at l east some gas evo l uti on  
' 

( pl us wat�r vapor )  wh i ch resul ts i n  effervescence and coul d be used effecti vely 

for ves sel mi xi ng.  

B .  REACTION HAZARDS 

A consul ti ng contract was made wi th a fi rm speci a l i z i ng i n  reacti on safety 

of chemi cal systems . They determi ned that the reacti on rate i s  very dependent 

on the concentrati on of catalyti c i ron for the hydrogen peroxi de system , and 

that care must be taken to mai ntai n adi abati c  cond i ti ons  i n  l aboratory tests • 
so that resul ts wi l l  be meani ngful for a l arge tank .  

It  was al so determi ned that run-away reacti ons can  be achi eved w i th l ow concen

trations ( 6% )  of hydrogen peroxi de and certai n res i ns under spec i a l  cond i t i ons .  

To avoi d thi s possi bi l i ty ,  they suggest us i ng a sma l l amount of h i gh concen

trati on oxidant i n  a smal l vol ume of res i n .  Thi s encourages an uncontrol l ed 

reacti on i n  the l ocal area where the heat and vapors generated are wi thi n  the 

capabi l i ty of the off-gas system to handl e .  By conduct i ng the concentrated 

perox i de to the tank i n  tHM s way , a fai rl y  ev�n overa l l reacti on rate i s  obtai ned 

and nearly a l l of the peroxi de i s  consumed at any one t ime.  S i nce even a smal l 

concentration of peroxi de does not accumul ate i n  the presence of the resi n ,  

no l arge-scal e uncontrol l ed reacti on can occur. 

C .  OPTIONS 

Based on present knowl edge , l ab tests , and prel i mi nary cal cul ati ons , we feel 

that the fol l ow i ng al ternativ es a re v i abl e for an  i n- s i tu treatment of thi s 

res i n :  



1 .  Sol i di fi cati on � A mechani cal  sti rri ng w i th the add i ti on of Portl and cement 

and water to achi eve a sol i di fi ed mass i n  the exi st i ng tank .  The end product 

wou l d be a sea l ed cGntai ner of sol i d  materi al sui tabl e for buri al . 

2 .  D i ssol uti on - An add i ti on of i ron catalyzed hydrogen peroxi de to chemi cal l y  

desol ve the res i n .  Add i ti on of off-gas c l ean-up equ i pment i s  requi red . 

No l i qu i d  reci rcu l ati on  i s  needed as temperature and reacti on rate woul d 

be control l ed by vacuuij1 and al teri ng the water� hydrogen peroxi de rat io  

bei ng added to  the tank .  The end resu l t wou l d  be  a tank of  l i qu id  that 

cou l d be sol i di fi ed by cement or other avai l abl e means ; evaporati on of 
• 

thi s l i qui d i s  NOT recommended because of the h i gh mol ecul ar  wei ght organi cs 

present . Use of a concentrated sodi um hypochl ori te system i s  a sl ower 

al ternati ve treatment opti on to hydrogen peroxi de .  

3 .  Chemi cal Oxi dati on - D i chromate wou l d be added to a sul furi c aci d  sol uti on 

as the oxi di zer.  An off- gas system woul d be requ i red to treat the evol ved 

gases and a l i q u i d  rec i rcu l ati on and heat i ng sys tem woul d be necessary .  

As oxi dant i s  repl eni shed , a purge stream wou l d ari se that must b e  neutral i 

zed . The end resul t wou l d be a l arge quant i ty of sol uti on  to be sol i d i fi ed 

wi th cement or pl aster of pari s ;  i ntermedi ate evaporati on coul d be done . 

There are other opti ons that mi ght gi ve better resu l ts than the above but wou l d  

requ i re consi derabl e devel opment . Tabl e 2 & 3 i l l ustrates the confl i cti ng 

requ i rements for thi s probl em .  

V .  RECOMMENDATIONS 

We recommend i n-s i tu reaction by means of i ron catalyzed hydrogen peroxi de 

fol l owi ng the general scheme of Fi gure "7 . After the reacti on has termi nated , 

a vi sual exami nati on wi l l  be requi red to determi ne i f  umpumpabl e sol i ds remai n .  

I f  not , the l i qu i d  may be pumped to the sol di fi cati on system. 

I f  there are sol i ds that cannot be removed from the tank , then sol i di f icat ion 

i n  the tank can be used . Thi s i s  a deci s i on that mus t be made on  the spot 

taki ng i nto accoun t  the then current si tuat ion . 

j 15  
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Sys tem 

Sol vents 

Chern Ox i dation 

Chern Ox i dation 
D i sol ut ion 

Sol i d i fication 

D i gesti on 

TABLE 2 

SU ITAB I L ITY OF TREATMENT 
SYSTEMS v s  RESIN  STATE ( Summary ) 

Fresh Spent 
Res i n  Res i n  

No No 

Yes Yes 

Yes Yes 

Yes Yes 

I rrad i a ted 
or Mel ted 

No 

Yes 

? 

Yes 

currently i nstal l ed equ i pment i s  

j 16 

Char 

No 

Yes 

No 

Yes 

i ncompati bl e 
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TABLE 3 

SPEC IF IC  TREATMENTS 
vs RES I N  STATE 

Opt i on D i ssol ut ion D i ssol ut ion of D i ssol ut ion of 
of Res i n  On ly  Resi n  & Fuel Carboni zed Res i n  

Catal yzed good N/A N/A 
Hydrogen 
Peroxi de 

Hypochlo ri te good N/A acceptabl e 

Ceric-N i tr i c  acceptabl e acceptabl e quest i onabl e 
Ac i d  

Chrom i c  Ac i d  good 
Sul furi c  Aci d  

good questionabl e 

Ac i d  D i gest ion good good good 

-. 

.. 
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F I GURE 7 .  IN-S ITU REACT ION SCHEME FOR A 
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Whi l e  extens i ve devel opment of the recommended process i s  not requi red , some 

testi ng wi l l  be neces sary to better defi ne operati ng parameters and to eval uate 

the behav i or of the actual res i n  product whi ch may be charred , or extensi vely 

cross- l i nked due to rad i o lys i s .  Th i s  change i n  state may have effected the 

d i spersabi l i ty ,  sol u bi l i ty ,  and other properti es of the res i n .  The tes ts whi ch 

s hou l d  be run i nc l ude :  

o Cementat i on o f  the actual res i n product i n  the tank .  

o D i SS J l uti on o f  the actual res i n  product i n  the tank. 

o Reacti ons rates of thi s spec i fi c  res i n  as a funct ion  of reactant concen

trati on and temperature . Heat evo l ution rate needs to be measured . 

o Pretreatment  and sol i d i f i cati on or peroxi de rea�ti on  product l i qui d s .  

V I . REFERENCES 

1 .  N .  F. B i b l er and E .  G. Orebaugh , I ron-Catalyzed D i ssol ution  of Polystyrene
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E .  I . duPont de Nemours & Co . 

2 .  Feas i bi l i ty of Appl i cati ons of Mi crowave Technol ogy for Nucl ear Power Pl ant 
Rad i oact i v e  Waste , EPRI -NP- 2334 , Chem-Nucl ear Systems , I nc . , Bel l ev ue ,  WA , 
Apri l 1982 .  

3 .  R .  E .  Lerch , D i v i s i on of Waste Management , Producti�m . and Reprocessi ng 
Programs Progress Report for January-December 1976 , HEDL-TME 77-40 , 
pp. 33-41 , Apri l 1 977  • 
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TM I -2 RESIN  REMOVAL RADIATION AND SHI ELD ING ANALYS I S  

West i nghou se Hanford Company 

A .  D .  Wi l cox 
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From : Radi ati on and S hi e l d  Ana l ys i s  Westinghouse Hanford Company 
Phone: 6-241 4  W/ D- 1 
Date:  March 8 ,  1 983 
Su �ect: SH I ELD I NG ANALYS I S  O F  TM I -2 

DE�1 I NE RAL I ZE R  RES I N  REMOVAL SYSTH1 

To:  W .  vJ . Jen ki n s  

cc : RA Benne t t  
WL Bunch 
MK Maha ffey 

W/B-84 

W/D-3 
W/D- 1 
vl/B-63 

LH Mart i n son 
E J  Ren key 
DL Swannack 
ADW : F i l e/LB 

W/A-5 1  
W/B-1 7 
W/B-84 

Refe rence s :  ( 1 )  Memo , DL Swannack to WL Bunc h . 1 1TMI -2 Demi nera 1 i z e r  
Re s i n  Removal  , 11 Janua ry 1 4 ,  1 983 . 

( 2 )  Memo , MK t•1a ha ffey to EJ Ren key , 1 1Speci fi  c Ac t i v i ty o f  
Re s i n  Based o n  C s - 1 3 7 , 11 Decembe r 1 7 ,  1 982 . 

Rad i ati on anal yses o f  the p ri n c i pal  componen ts o f  the TMI -2 demi ne ra l i ze r  
re s i n  remov a l  sys tem have been comp l e ted a s  reque s ted b y  Re fe rence l .  
Do se rate t raverse s and s hi e l d i ng c u rves a re prov i ded to as s i s t  i n  the 
sys tem de s i gn .  

Ana l ys i s 

The gamma radi a t i o n  dose rates fo r the Hl l - 2 res i n  removal  sys tem we re 
c a l c u l ated wi th the QAD po i n t ke rne l rad i a t i on a n a l ys i s  p rogram .  The 
sys tem componen t s  were mode l ed s e pa ra te l y  for t h i s a n a l ys i s .  The re s i n 
s l u i ce fi l te r  tank  wa s mode l ed a s  a cyl i nder wi th  a 2 foo t  d i ameter and 
a he i g ht of  3 fee t . T he l i ne s  we re mode l ed a s  2 ,  2 . 5 and 3 i n c h  
d i amete r pi pe s wi t h  a l en g t h  o f  20 fee t .  

The gamma ray s o u rce te rms a re ba sed on 3500 cur i e s  o f  1 3 7 C s  i n  the res i n  
i n  the bo ttom 2 . 5  fee t o f  the A demi ne ra l i ze r ' 2 '  wi th a n  a ve rage s pec i fi c  
a c t i v i ty o f  4 . 5 mCi /cm 3 •  The gamma ray sou rce terms are gi ven i n  Tabl e 1 .  
Re su l ts and Di s c u s s i on 

The u n s h i e l ded gamma ray dose rate s fo r the fi l ter ta n k  a re g i ven i n  
F i gure l a l ong ax i a l a n d  rad i a l  trave rses from the tan k .  The u n s h i e l ded 
dose rate s from the l i ne s  are g i ve n  i n  Fi gure 2 wi th the s hi e l ded dose 
ra tes for the tank i n  Fi gure 3 and fo r the l i n e s  i n  Fi g u re 4 .  

These dose rates are fo r sys tem componen ts fi l l ed wi t h  undi l u ted re s i n 
from t he A dem i nera l i ze r .  I n  u se , the u n s h i e l ded dose rate a t  the d e s i red 
d i s tance from a componen t wou l d be fo un d from Fi g u re 1 or 2 .  Thi s val ue 
wou l d be reduced by the d i l ut i on i n  t he res i n  remov a l  sys tem . Then the 
nece s s a ry a ttenua ti on wou l d  be  c a l cu l a ted and the corre spon d i ng  amoun t of  
s hi el di ng dete rmi ned from Fi gure 3 or 4 .  



W .  W .  Jenki n s  
March 8 ,  1 983 
Page 2 

As an examp l e ,  a t  1 0  fee t  from the 2 . 5  i n c h  l i ne . the un s h i e l ded dose ra te 
i s  �3200 mrem/ h r  from F i g u re 2 .  l f  t he d i l u t i on we re 4 to 1 ,  t h i s wou l d  
bec ome 32 00/ 5 = 640 mrem/ hr . I f  the de s i red dose rate we re 2 mrem/ hr , t he 
a t tenua ti on wou l d  be 640/2 = 3 2 0 . I n  F i gu re 4 t he u n s h i e l ded contact d o se 
rate for the 2 . 5  i n c h  l i ne i s  �3 . 2x l 0 5  mrem/ hr . Attenua ted by a fac to r  o f  
320 , t h i s become s 3 . 2x l 0 5 / 320 = 1 0 3  mrem / h r .  I n  F i g u re 4 i t  c a n  be seen 
that i t  takes 2 . 2  i n c he s  of l ead or 4 i nc he s  o f  s te e l  to redu ce the d o se 
rate on t he 2 . 5  i nc h  l i ne to 1 0 3 mrem/hr . Thi s i s  a l so the amo u n t  o f  
s h i e l d i ng that wi l l  b e  needed t o  reduce t he dose rate t o  2 mrem/ hr a t  
1 0  fee t from t h e  2 . 5  i nch l i ne fo r t he re s i n d i l u ted 4 t c  1 .  

The d i men s i on s  o f  some sys tem componen ts , s u c h  a s  pumps a nd val ves , are 
not spec i fi ed a t  th i s  t i me .  T he se c ompone n t s  wi l l  be l e s s  s i gn i fi c a n t  a s  
radi a t i on source s than t he fi l te r  tan k , and Fi g u re s  1 a nd 3 cou l d  b e  u sed 
to  prov i de very conserv a t i ve e s t i ma te s  of  d o se rates and s h i e l d i ng for 
such compone n t s . 

I n  v i ew o f  t he uncerta i n t i e s  a s soc i dted wi th the rad i oa c t i v i ty i n  t he 
demi nera l i zers and i n  the d i s t r i bu t i on wi th i n  the res i n  removal  sys tem , 
i t  i s  recommended that the s h i e l d i ng be c on serva t i ve .  

/ ( t/ ' ./ . . 0:.. /1 ' ( ! -· :__../.....,_( � :. > u; ;_ -rl;.. > 

A .  D .  Wi l cox 

Con c u n·ence : 

l l r  

I I I i • L . ( �- Lc.1.\ L � 
W .  L .  Bunch , Mana ge r  
Rad i a t i on and S hi e l d  An al ys i s  

Attachme n t s : T a b l e 1 
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TAB LE 1 

TMI -2 DEM I NERAL I ZER RES I N  GAMMA PHOTON SOURCE TERMS 

GrouQ 
Me an Energy Gamma Source Terms 

# (MeV) (pho ton s/ sec -cm 3 ) 
1 0 . 1 5  2 . 5+6 

2 0 . 2 5 0 . 0  

3 0 . 35 0 . 0  

• 4 0 . 475 1 . 5+6 

5 0 . 65 1 . 52+8 

6 0 . 825  3 . 67+7 

7 1 . 0 3 . 99+5 

8 1 . 22 5  3 . 26+5 

9 1 . 475  1 . 2 1 +6 

.. 



-
L. 

s:; ......... 
E QJ 
L. 

E 
....-

Ql 
...... 
0 

� 
QJ fll 
0 

0 

1c1 

1Ci 

10' 

F I GURE 1 UNSH I ELDED T M I - 2  DOSE RATES 

' ' 

' . 

Fr om Res i n  S l u i ce F i l t e r  T ank 
Con t a i n i ng TM I-2 Dem i n . Res i n  

Ax i Q l  T r ayer se 
Rod i o t  Tr 011e r &e 

. ..  

... . 

- .... .... ... 
· · -

· - 
- - -

· - . . - . ... ... . ... .. ... - ... . . -

1d�----------------------------�--------�----------� 0.0 5.0 

. . . . 

�o ao �o ao 
D i s t ance F r om Su r f ace, f t  

30.0 lS.O 



. .  

--.. 
\.. 

.r; 
.......... 
E 
C1J 
'-

E 
..._.... 1cJ 
ai 

.... 
0 

r.r 
Qj U1 
0 

0 

0.0 5 0  

,. 

Fl GURE 2 UNSH I EL D E D  T M  1 - 2  DOSE RATES 
Fr om Res i n  S l u i ce L i nes  
F il l ed Wi t h  T M I - 2  Res i n  

J I n  L ; ne 2 .5  I n  L i ne 
2 I n  L : ne 

- -

10.0 15.0 20.0 
D i s  t once F r om L i ne Ax i s. ( f t )  

- - ,  - - - .. .. .. ..  - - - - - - - - -
25.0 30.0 



f 

0 
0:: 

1cf 

Ill 1c! 
Cfl 
0 

0 

1d 

1cf 

F I G URE 3 SH I EL D E D  TM I - 2  DOSE  RAT E S  
F r om Res i n  S l u i c e F i l t e r  Tonk  

C on t a i n i ng TM I - 2  Dem i n . R e s i n  
Dose Ra t es On Sn i e l d  Su r fcce 

A • i a l, Lead Sh i e l d  
A • i a l, S t ee l  Sh i e l d  
Rad i a l, L ead Sh i e l d  
Rcd ; a l, S t ee l  Sh i e l d  

1a'·����������������������������PT����� 
o.o 1.0 2.0 J.o .a.a �.o &.o 7.o a o a.o 10.0 n.o 12.0 Sh i e I d Th i ckness, ( i n ) 



-
... 

r. 
.....__ 
E QJ 
"-

E 
.__, 

ll.i 
0 

cr 
CJ (II 
0 

D 

Kf 
' � 

1cJ 

,rj 

,rj 

ld 

F l  GURE 4 SLU I C E L1 NE DOSE  R AT ES 

' . ' ' ' ' ' . . 
. ' ' 

. ' 
. . ' ' ' ' ' . . 

.. .. � ' 

Dose Ra t es On Sh i e l d Su r f a c e  
L i ne S i ze A n d  Sh i e 1 d i ng No t ed 

L i nes F il l ed Wi t h  T M t- 2 Res i n  

3 lr. ,  Lead Sh i e l d  
.3 I n, Iron Sh i e l d  2.5 I n, Lead Sh i e l d 

2.5 I n, ll" on Sn i c l o  
2 I n, Lead St1 i e t d  
2 ! t'l, Iron Sh i e l d  

... ..
...

..
.. : ... .. ' . ... ... 

' 
. . . 

. . ' ' . . . ' . ' . . . . . ' ' . ' . . . ' . ' ' . ' . . . . . ' . . ' . . . . . . . . . . ' 
... ..... , .. ..  · ... 

. . . 

.. .... ..  ' ... 
. . . 

.. ..
..

..
...

..... : ... 
... .. .. :· ...... : .. ... .. . . . - . ' . . . ' . ' . . . - . . - . ' . ' . . ' . 

. . -. . ' ' . ' 
..

...
..

...... ..
..

.. ... ... .......... :· ... ... .. ... ' ' . ' . . . - ' 
. . ' 

. , . . . . -
- ' 

:. t ..... 
' 

.. ... 
..... ... ... .. ' - . ' ..... ..  .... 

. .  ' 
' ' 

10-·����������������������������������� 
0.0 1.0 2.0 l.O 4 0 5.0 6 0 7 0 8 0 9.0 tl.O r..a 

Sh i e l d  Th i ckness, 1 n  L-----------------------------------���-



IN-SITU TREATMENT OPTIONS FOR THREE 

MILE I SLAND DEMINERAL I ZER RESIN--REPORT NO . 2 

Compi l ed by : 

W .  0 .  Greenhal gh 

M. D. Cri ppen 

February 1 983 



.... 

I .  

I I .  

I I I .  

I V .  

v .  

·. 

IN-SITU TREATMENT OPTIONS FOR 

THREE MILE ISLAND DEMINERALI ZER RES IN 

CONTENTS 

SUMMARY 

INTRODUCTION 

RESIN  DEGRADATION 

A.  Autocl aved Res i n  

B .  Heat Treated Res i n  

c. Oxi dati on/Di ssol uti on of Carboni zed Res i n  

CONClUS IONS 

RECOMMENDATIONS 

Page 

1 

1 
1 

1 
5 

1 1  

1 2  

1 3  



( 2 ) 
there i s  a bi g ques ti on as to what condi ti ons the demi neral i zer resi n  

was exposed to duri ng the acci den t .  Parti cul arl y in  questi on are what 

changes coul d have occurred to the res i n  in the event i t  was exposed to 

a temperature excursi on above the normal rated 1 60°F operating temperature 

and pressures from atmospheri c to 1 50 ps i ( rel i ef val ve pressure setti ng ) . 

A seri es of smal l samples were autocl aved at vari ous temperatures i n  

water vapor and ni trogen atmospheres mai ntai ned at 1 50 psi .  The four 

hour autocl aved samples are shown i n  Fi gure 1 .  The temperature at which 

the autocl aved samples were treated varied goi ng from l eft to ri ght 

( 1 ) control -room temp . , (2 ) 200°F,  { 3 } 300°F ,  {4 } 400°F ,  (5 ) 500°F ,  

(6 ) 600°F,  { 7 ) 650°F .  The respecti ve densi ti es measured were 0 . 81 , 0 . 71 , 

0 . 7 1 , 0 . 69 ,  0 . 70 ,  0 . 59 ,  and 0 . 57 . *  There was approx . a v ial ful l of 

res i n  used in each samp l e  at the start of the run , so the vol ume shown 

is  indi cati ve of the vol ume changes that occurred to the resi n .  I t  

shou l d  be noted that. the l ast two samp l es conta i n  bl ack or carboni zed 

beads . The four hour treatment time was sel ected because i t  was the 

maxi mum time they cou l d  be autocl aved and sti l l  be fi n i shed i n  an ei ght 

hour shi ft. The actual TMI res i n  condi ti ons that we were trying to 

dupl i cate coul d have been much di fferent in  regards to the time vari abl e .  

I n  another autocl ave experimen t ,  a pint  of resi n  was autocl aved for 

1 30 hours at the 650°F maximum autocl ave temperature to better determi ne 

what a l enghty temperature-pressure excursi on might do to the res i n .  

Fi gure 2 shows the res i n  i n  i ts Vycor g l ass reacti on conta i ner.  The 

contai ner i n i tial ly was fi l l ed to about 90% ful l . The end product appea� s 

to be about 1 20% of the ori gi nal contai ner vol ume . 

for the res i dual res i n  mate ; i a l i s  about 0 . 1 7  g/cc.  

The measured dens i ty 

The top outer 

exposed surface i s  hard to the touch , but the bul k materi a l  i s  very fri abl e  

and crumbl es rather easi l y .  Structural ly ,  there appeared to be l i ttl e 

or no bead form, ra ther the materi al l ooked much l i ke a sol i d  foam product 

wi th vari abl e  si zed voi ds . 

*Note : These fi rs t autocl aved sampl es were fi rs t  l oaded wi th L i OH ,  whereas 

i n  l ater experiments the Rohm and Haas I RN- 1 50 res i n  was used strai ght from 
the package . 

· �  
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( 5 )  
B .  Heat Treated Res i n  

Res i n  materi a l  was prepared for di ssol ut ion s tudi es by heati ng  a 

p i n t  of i t  a t  500°F ,  600°F ,  and 750°F i n  a i r .  Fi gure 3 shows the mi xed 

bed res i n  pri or to treatment . Fi gures 4 ,  5 ,  and 6 show the res i n  aftar 

6 hours of heat treatment a t  500 , 600 , and 750°F respecti vely . I t  shoul d 

be noted the parti c l e  s i ze of the heat treated res i n  i s  i ndeed smal l er 

than the non- treated res i n .  Al so , the resi n  treated a t  600 and 750°F 
both appear to be compl etely carboni zed.  Though apparently carbon i zed 

they are not as degrated as the 1 30 hour autocl aved samp l e .  In  contrast 

the 4 hour a utocl aved sampl e at  650°F shown in  Fi gure 7 i s  not whol ly 

carbon i zed , but is  more comparabl e  wi th the 500°F ,  6 hour samp l e  shown i n  

Fi gure 4 .  The degree of oxi dati on-di ssol uti on of these res i dual res i n  

materi a l s s hou l d g i ve a good i ndi cat ion of whether the agents wi l l  be 

effecti ve aga i ns t  carbon i zed  res i n .  

Further  heat treatment work was undertaken to gai n  a better 

unders tandi ng of the amount of degradati on tha t  can occur wi th the 

res i ns at carboni zi ng temperatures . Moi st resi n  was dri ed overn i gh t ,  

then heated to near cons tant weight at 500°F (260°C) , then 24 h rs a t  

600°F ,  and 24 hrs a t  750°F .  The resu l ts are l i s ted i n  Tabl e I .  I t  

s houl d c� noted tha t  the resu l ti ng  wei gh t  and vol ume of the resi dual 

res i n  is a thi rd or l es s  than that of the ori gi nal moi s t  materi a l . 

Thu3 res i n  heated to the above moderate temperatures woul d  be expected 

to exh i b i t s ubstanti a l  deg radati on marked by s i gn i fi cant vol ume and 

wei gh t  decreases . 
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( 1 1 ) 

Tabl e  I :  HEAT TREATMENT OF TMI RESIN  IN  AI R 

Res i n  Time Accum. Res i n  Wei gh t  
Treatment Interval Time Weight Percent 

( hr )  ( hr)  { g )  
Control 66 . 8824 
Drying 20 hr in  Vac .  - - - 38 . 701 
Bake at 500°F 2 2 27 .424 

II 2 4 27 . 254 
II 2 6 26 . 771  
II 6 1 2  25 . 561 
II 1 8  30 24 . 740 
II 22 52 24 . 275 
II 64 1 1 6  23. 226 

Bake at 600°F 24 20 .090 

Bake at 750°F 25 1 6 . 832 

C .  Oxi dati on /Di ssol uti on af Carbon i zed Res i n  

( %)  

1 00 

58 

41 

41 

40 

38 

37 

36 

35 

30 

25 

Res i n  Res i n  

Vol ume Dens i ty 

(cc )  (g/cc) 

1 00 0 . 67 

60 0 . 65 

44 0 . 62 

39 0 . 69 

38 0 .  70 

36 0 .  71 

35 0. 72 

34 0 .  72 

33 0. 71 

33 0 . 61 

32 0 . 52 

Materi al from the 500 , 600 , and 750°F heat treated res i n  di scussed 

Res i n  

Col or 

orange 

brown 

dk brn . 

brn ,b l k .  

near b l k 

bl ack 
II  

II 

II 

II 

i n  Secti on B ,  and the 1 30 hr autocl aved res i n  was tested for l ow temperature 

oxi dati on/di ssol uti on wi th catal yzed hydrogen peroxi de and sodi um hypoch l ori te .  

The resu l ts of the experimental runs are l i s ted in  Tab le  I I  bel ow :  



Run No . 

1 .  

2 .  

3 .  

4 .  

5 . 

6 .  

7 .  
8 .  

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  
7 .  
8. 

( 1 2 )  

Tabl e I I :  LOW TEMPERATURE DIGESTION OF CARBON I ZE D  RES IN 

Reactant Cat .  or Reacti on Rati o Percent UO , 

Res i n  Descri l:!ti on yol . {ml ) Addi ti ves Ji me ( hr)  Digested Diges ted Di s 
/ 1  

1 5% HYDROGEN PEROXI DE 

Control 1 000 Sg  Cat .  1 l /4 2 1 . 1 2/27 . 1 1  78 

Control 1 000 l g  Cat. 1 l /2 di ssol ved 1 00 

S00°F 1 000 l g  Cat. 2 1 5 . 59/25 . 04 62 

600°F 1 300 l g  Cat. 7 8 . 80/1 7 . 1 1  5 1  

750°F 1 000 1 g Cat. 4 1 . 35/1 0 . 92 1 2  

1 30 hr,  650° Auto . 1 500 1 g  Cat. 8 0 . 33/9 . 52 3 
II II 1 500 . No Cat. , 3 M  6 0/6 . 1 4  0 

Control wi th uo2 1 1 00 1 g  Cat�N03 4 A 1 1  Degraded 1 00% 0 . 06 
Fuel Pel l ets fi nes 

1 2- 1 5% SODIUM HYPOCLORITE 

Control 2000 8 1 7 . 07/24 . 80 69 

Control 1 500 20g Mg( CL04 )2 4 26 . 57/27 . 04 98 

S00°F 1000 8 1 1 . 53/21 . 67 53 

600°F 1 500 8 1 0 .  73/1 9 .  98 54 

750°F 1 000 4 4 . 45/7 . 95 56 

750°F 2500 24 1 4 . 074/1 9 . 69 71 
1 30 hr , 650° Auto. 1 500 1 9g Mg ( CL04 ) 2 6 0 . 69/5 . 41 1 3  
Control wi th U02 1 000 6 1 2 . 25/1 8 . 55 66 < 0 . 01 

Fue 1 Pe 1 1  ets 

I V .  CONCLUS IONS 

A .  Hydrogen peroxi de proces s i ng cannot be rel i ed upon to di ges t the TMI 

res i n  i f  i t  i s  compl etely carboni zed . 

B .  Sodi um hypoch l ori te proces� i ng wi l l  perform better than hydrogen perox i de 

on di gesti ng carboni zed res i n  even though the hydrogen peroxi de i s  much 

better di gesting agent on the non-carboni zed res i n . 

C .  Hydrogen peroxi de appears to have some smal l di ssol vi ng affect on 

uo2 type fuel pe l l ets , parti cul arly i f  the pe l l ets are broken or powdered .  
No  fuel affect was detected wi th the sodi um hypoch l ori te agent . 

.· 



. . .  

( 1 3 ) 
D .  No  work was performed wi th the h i gher temperature oxi di zers/di ssol vers . 

However , enough work has been done i n  the pas t on sul furi c-n i tri c aci d 

di ges ti on work to know that the carbon i zed res i n  cou l d  be compl ete ly 

oxi di zed and d issol ved by that sys tem . 

E .  Moderate temperature treatment of the res i n  i n  i tsel f  s i gn i fi cantly 

degrades the res i n ,  typi cal l y  to about l /3 the ori gi nal vol ume and 

wei ght  of the res i n .  The res i n  beads themsel ves , i f  not des troyed , 

shri n k  i n  s i ze al l owi ng easi er passage of treatment or i mmobi l i zati on 

l i qui d . 

V .  RECOMMENDATI ONS 

1 .  An attempt shoul d be made to determi ne the rel ati ve status of the 

Demi neral i zer res i n  beds , namely , i f  the the bead res i ns are ( a )  

reasonably i ntact and non-degraded; (b ) parti a l ly  degraded or  (c ) 
extensi vely degraded and carboni zed . 

2 .  I f  the res i n  i s  cons i dered reasonably i ntact and non-degraded and 

di ssol uti on of the res i n  i s  sough t ,  then use of the l ow temperature i ron 

catalyzed hydrogen peroxi de i s  recommended as a fi rst  opti on*and 

sod i um hypochl ori te as a second opti on . 

3 .  I f  the res i n  i s  consi dered parti a l ly  degraded , then l ow temperature 

chemi cal di ssol ut ion i s  not nearly as practi ca l ; however ,  al ternati ng 

di ssol uti on cycl es of catalyzed hydrogen peroxi de fol l owed by sodi um 

hypoch l ori te shoul d be suffi c i ent to convert the res i n  to a sol uti on 

or a f ine s l urry . 

4 .  If  the res i n  i s  consi dered ful ly  degraded and carboni zed , then a h i gh 

temperature di ssol uti on such as sul furi c-n i tri c aci d at about 250°C 
( 480°F )  i s  recommended . I f  th i s  seems too di ffi cul t then the l ow 

temperature sodi um hypochl ori te d i ssol uti on i s  recommended wi th prov i s i on 

for l engthy d i gesti on t imes and l ots of l i qui d reactant .  

*Note : Sugges ted di ssol uti on approach : Add 0 . 001 � i ron catalyst  and 0 . 001 M 

aci d  such as sodi um b i sul fate wi th suffi ci ent water to j us t  cover 

the res i n .  Then sl owly add 30% H2o2 wh i l e  mon i tori ng the gas evol uti on . 

Do not add more than one res i n  vol ume of reactant unti l the reacti on 
has consumed mos t of the added peroxi de .  A l i ne for l i qu id  condensate 
or overfl ow on the off-gas system wi l l  be requi red . 
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I .  Hydrogen Peroxide Solub i l i zat ion of � on-Exchange Res in 

A .  Cat ion-Exchange Res ins 

1 .  I ron Cat alyzed Disso lut ion of Pol yst renesul fonate 

Cat ion - Exchange Res in in Hydrogen Peroxide 

I nd .  Eng . Chem . Prod . Res . Dev . Vol . 15 , Nc . 2 , 1976 

Beh l er , N . E .  and Orebaugh , E . G . 

Thi s  art icle  discusses the dissolut ion of cross- l i nked 

polysty rene sul fonate cat ion-exchange resin ( Dowex SOW ) 
in di lute Fe-H2o2 . The ammonium or sodium form of the res in 

completely dissolves in  1 hr . at 80
°

C us ing 6% H2o2 and 

0 . 001 M Fe
2+ 

or Fe
3+

, in 0 . 1 M HN03 ( 0 . 63% ) . 

Factors that impede dissolut ion are those whi ch decrease 

sorpt ion of Fe ions , namely : res in form , acidity , radiat ion 

dose and Fe complexing agents . To be effect ive , int ermed iates 

from Fe-catalyzed deco�pos i t ion of H2o2 must be formed on the 

surface or within the res in bead . 

Increas i ng cross-l inkage increases disso lut ion t ime .  I t  

appears t hat i n termedi ates at t ack cross- l inkages and al low 

soluble pol ysul fonates t o  form . The dissolut ion is  exothermic 

to the extent of 0 . 8  kcal j g  of dry res i n . 

The fol lowing further observat ions were made : 

a .  Fe
2+ 

and Fe3+ 
have the same cataly t i c  e ffect . 

b .  No dissolut ion occurred with 0 . 1 M HN03 i n  the 

2+ 3+ 
absence o f  Fe and Fe . 

c .  A t  < 0 .  003 M Fe
2+ 

the res i n  expa.
nded t o  1 .  5 t imes 

the original s lurry vol ume and then dissolved to a cl ear 

solut ion occupy ing the ori ginal volume . 

- 1 -
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d 2+ 
h . 

ff . At > 0 . 005 Fe t e react 1on was very e ervescent 

and nearly uncontro l l able . 

e .  Subst i tut ion 'of  0 . 1 M H2so
4 

for 0 . 1 � HN03 
did 

not affect the disso lut ion t imes indi cat ing N0
3 

i s  not 

necessary for di ssolut ion . 

f .  Dissolut ion t ime increased wi th increas ing ac i d i ty . 

The general test mixture was : 

Dowex SOW - X8 

200-400 

30 vol . 

+ 
mesh , NH

4 
form 

0 % slurry at 75-80 C 

6% H2o2 

0 . 1 M HN0
3 

0 . 001 M Fe ( N0
3

) 3 

2 .  Exchange Adsorpt ion of I ons by Organ i c  Zeo l i tes , 

JACS 64 2818 ( 1947 ) Boyd , G . E . , Schubert , J . , and Adamore , 

A . W .  

Amberl i t e  I R- 1  ( cat ion i c )  with HN03 above 2N concent rat ion 

showed energetic react i ons and i f  H2o2 was present comp l et e  

di ssolut ion of the res i n  occurred . 

A study of those exchange react ions us ing radioi sotopes 

was made , and it was found that the exchange adsorpt i on of 

cat ions from strong electro l ytes was governed by the magn i tudes 

of their charges and by the rad i i  of the i r  hydrated i ons . 

An except ion is  hydrogen ion that apparent l y  can be t aken up 
+ + 

as H�O or s impl y  as H depending on the s t rength o f  the acid .;) 

- 2 -
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of the base exchanger . With synthet ic exchangers having 

me t h y l ene or sul fonic acids on the nucl eus respons ible for 

adsorpt ion , hydrogen ion is one of the most weakl y  adsorbed , 

in cont rast with clays , proteins and many other substances 

that have weak organ i c  ac ids ( -COOH ) or weak inorganic acids 

( H2S i03 , H3A l03 ) ,  where hydrogen ion is the mos t  strongly adsorbed . 

I t  seems probab le in the l at ter that i t  is adsorbed as H
+

. 

For t he synthet i c  re• ins the adsorpt ion affinity was : 

La
3+ 

> Y
3+ 

> > Ba
2+ + 

> Rb
+ 

> K
+ + 

> H
+ 

L . + 
> >Cs >N8. > 1 

3 .  Stab i l i ty of Sul fonated Cross -Linked I on-Exchange 

Res in in Hydrogen Peroxide 

J .  Phys . Chern 6! , 832 ( 1957 ) , Wi l l i am Wood 

Cat ion -exchange res ins in the sodium form do not lose 

t he i r  exchange capacity at 150°C under pressure , but they 

undergo crossl ink degradat ion when heated in the presence of 

hydrogen peroxide . 

Cros s l i nk degradat ion also occurs i n  the hydrogen form 

in t he presence of H2o2 ( 10- 50% ) and is cons iderably increased 

by t races of Fe or Cu . Nickel and zinc show no effect . I t  

appears that the degradat ion i s  brought about by those cat ions 

wh ich bring about the decompos it ion of H2o2 . 

I f  the Fe concent rat ion is high enough , the who le 

res in goes into so � ut ion . There was no loss of act i ve groups 

in the decrosslinkec res in on a weight bas i s . Temperature , 

peroxide concent ration and the quan t i t y  of Fe al l affect the 

degree of degradat ion . 
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4 .  Ion Exchange Res in Catal yst Stab i l ity  in in-situ 

Epoxi dat ion 

J Am Oi l Chern . Soc . 35 ( 7 )  p .  331 ( 1958 ) 

Wm . Wood and J .  Termini , The Permut i t  Co . 

Effect of  Fe Con taminat ion o f  H2o2 on Res in S t ab i l i t y  

The fol lowing mixture : 

10 ml dry res i n  ( Permut i t  QH ) ( hydrogen form ) 

35 mg Fe 

35 ml H2o2 ( 10% ) 

was heated 3 hours at 60
°

C and the res in completely dissolved . 

The Permut it QH originally cont ained l ess than 0 . 005% 

Fe . The 35 mg . Fe was equivalent to 0 . 9% Fe on the dry res in 

we ight .. 

I ncreas ing the res in cross l i nking from 10 to 15% i s  not 

very ef fect ive in counteract ing t he so lub i l izing effect of 

iron contaminat ion . 

The DTA ( tet rasodium sal t ) used for complexing the Fe 

decreased the amount of res in dissolved , but at h i gh Fe levels , 

i ts e f fect iveness was not s i gni f i cant . 

Compar ison of t i trat ion curves of the undegraded and of 

the solub i l ized res in i nd icated some desulfonat ion and formation 

of weaker acid groups . 

5 .  Stabil ity of I on Exchange Membranes in Eydrogen 

Peroxide 

CA . 83 , 60022 g ( 1975 ) 

- 4 -
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Zh . Prikl . Kh im . ( Len ingr•de ) 1974 , 47 ( 9 ) , 2007-10 ( Russ ) 

Bykov , S . J . , Gorokhova , A . N . ; Gorelova , E . N . , Popov , A . A . ; 

Gracheva , R . F . ( U . S . S . R . ) .  

Exami nat ion of res istance of various cat ion exchange 

membrane s to H2o2 showed the most stable were heterogeneous 

membranes b ased on KU-2 , a sul fonated exchange res in on Teflon 

and polyamide support .  Exchange capac ity was ins igni fican tly 

decreased after 300 hr . in H2o2 solut ions , except for a 40% H2o2 • 

solut ion i n  whi ch a s igni ficant degradat ion occurred . A 

decrease of pH with increasi ng concent rat ion of H2o2 so lut ion was 

observed for KU-2 . 

B .  An ion-Exchange Res ins 

1 .  Degradation of An ion-Exchangers in  Aggress ive Media 

Report I .  Ef fect of Hydrogen Peroxide in the Presence 

of Copper Sul fate on S t rongly Bas i c  Anion-Exchangers 

of Type I 

CA 84 : 22582C ( 1976 ) 

Rev . Poum . Chim . 1975 , 20 ( 6 )  839-54 ( Fr . ) 

I .  Petrariu , Pamf i l i a  Petrariu , FL . Popescu and 

Cornelia Luca 
.. 

( I nst . Chem . Macromol . "Petru Pon i " ,  I as i , Rom . ) 

Type I 

Cl 

Pol y  ( vi nyl benzyl t rimet hy l ammon ium ) chloride 

- 5 -
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I n  the react ion of the strongly bas i c  an ion-exchange 

resin with H2o2 there are three principal proces ses : 

1 .  Absorpt ion of H2o2 by the res i n  

2 .  Cat alytic decompos it ion of  H2o2 

3 .  Decompos it ion of  the res i n  by H2o2 

The present work has shown t hat degradat ions and decompo-

s i t ion of the res in st ructure is  increased by an i ncrease in 

temperature of  treatmen t , by an i ncrease i n  the concent rat ion 

of  H2o2 and by the addit ion of Cuso4 . The add i t ion o f  cuso4 

plays the most important part , catalyzing t he decompos i t ion o f  

the H2o2 and thus accel erat ing the degradat ion process . 

During degradat ion the total bas i c  capac i t y  and the strong 

bas ic capacity both decrease , but the weak bas i c  capaci t y  in-

creases . 

I n  the presence of  H2o2 and Cuso4 deaminat i on of t he res in 

great ly increased with t ime of  t reatment . Some dealky lat ion 

al so occurred , but only s l i ghtly increased with t ime . I n  

the absence o f  Cuso4 both deaminat ion and dealky l at ion were 

negl igible . The foregoing data i s  based on the changes in 

the strong base capacity of  the ·res i n  caused by 30% H2o2 . 

I n  H2o2 alone the Cl form of t he resi n  i s  mos t  s t abl e .  

I n  H2o2 plus CuS04 , the OH- form o f  the res i n  i s  mos t  s t able . 

I f  one des ires to solub i l ize the res i n , i t  is  evi dent that 

n2o2 plus Cuso4 should be used w i th the res in in t he Cl- form . 

At 80°C us ing 30% n2o2 the res i n  i s  completely solub i l i zed 

- 6 -
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regardless of whether it is in the OH
-

or Cl form . The campo-

s i t ion used for study was : 

10 ml . 30% H2o2 

1 g .  Res in 

0 . 0188 g .  CuS04 · 5  H20 

DTG curves were shown and some energies of act ivat ion 

were est imated for various degradat ion s t eps . 

Report I I  Act ion o f  H2o2 in the presence of cuso4 on 

Anion-Exchangers Containing Quaternary Ammon ium Groups 

o f  Type I I .  

CA 84 14 1061 s ( 1976 ) 

Rev . Roum . Chim , 1975 , 20 ( 8 )  1167-82 ( Fr . ) 

TYPE I I  

Cl or OH 

Poly ( vinyl benzy l dimethyl-2-hydroxyethy l 

ammon ium) chloride 

The results  for degradat ion of the Type I I  st ructure showed 

a general correl at ion with the results report ed for t he 

degradat ion o f  the Type I st ructure . 

2 . Ion Exchange Resin Solubi l izat ion . 

She l l  Chemical Corp . 

Summary of Research Dat a  

Concentrated Hydrogen Peroxide . 

- 7 -
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A d i agram of a system us ing benzene as represent at i ve 

of ion-exchange res ins shows that to avo i d  the exp los ive region 

for H202 / H2o the maximum st art ing concen t ration should not 

exceed 4 9% . 

Strongly bas ic res ins such as Dowex - 1  i n  the hydroxide 

form should not be used as the basicity  o f  t h i s  form causes 

excess ive decomposit ion of much lower st rength peroxide so lut ions . 

C .  Fen ton ' s  Reagent and Met al Complexes .. 

1 .  Metal Cat al yzed Oxi dat ion o f  Organ i c  Compounds , 

She ldon & Koch , Acad . Press . 1981 

Fenton ' s  Reagent cons ists of ferrous s a l t s  and n2o2 , and is 

an examp le of the enhancement o f  the oxidizing power cf H2o2 

by the presence of a met al cat alys t . 

Many ac idic oxi des such as Uoo3 and wo3 catalyze 

react ions of 

also t rue of 

H2o2 by format ion of i norgan i c  perac ids . Thi s  is 
1'/f.l. 

permonosul furic ac id ( Caro ' s  Ac i d ) and t he 
f\ 

react ion o f  H2o2 with chromates i s  also wel l  known . I n  

general i t  has been found that the comb i nat ion o f  ROOH and 

metal catalyst is general l y  far superior to t hat of H2o2 

and metal cat alyst for epoxidat ion . Thi s  i s  at t ributed 

to the presence of water in H2o2 systems . 

For pract ical use in di ssolving i on-exchange res i n , a 

water sys tem is  necessary . Experiment al work on the com-

parat i ve effect iveness of H2o2 i n  the absence and presence 

of H2so4 or us ing pre-made Caro ' s  Acid should shed l i ght on this  

- s -
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mat ter . The addi t ion of iron sal t s  such as ferr ic and ferrous 

chlori de and the presence of Cro3 or chromates may we l l  give 

resu l t s  o f  interest . 

For furt her informat ion on Caro ' s  Acid ( peroxymonosul furic 

ac i d ) in hydrogen peroxide with sample organ ic compounds act ing 

as fuel for oxi dat ion s ee the She l l  Chemical Corporat ion 

Report ment ioned under I B2 . 

2 . Fenton ' s  Reagent-Historical . 

Ferrous and ferric ion complexes with carbohydrates are 

ox idi zed by H2
o2 . Fenton ' s  react ion here ( 1 )  seems s imi lar to 

t he oxidat ion of glucose and fructose by copper acet ate . The 

amount o f  peroxide react ing was very dependent upon pH and 

was nearly const ant at pH 4 . 12-5 . 28 .  Kuchl i n  ( 2 ) also found 

++ 
t hat t he Fe catalyst was s terochemi cal ly spec i f i c  in the 

oxi dat ion of glucose giving d i f ferent rates with a and e 

glucose . I n  the oxidat ion o f  fructose he ( 3 )  found the ox idation 

reaches a maximum at pH 3 . 2-5 . 4 . The effect of temperature on 

t he rate was small in s t rong acid , but increased wi th rise of pH . 

The i n i t ial react ion veloc ity  was proport ional to the con-

cent rat ion of catalyst , but independent of the presence of 

F 3+ 
e . The rate was not quite proport ional to the sugar 

concent rat ion and was pract i cal ly proport ional to the H2o2 

concent rat ion . 

Oxi dat ion o f  glyco l i c  acid by Fenton ' s  Reagent showed 

t hat no complexes were formed . The decompos i t ion o f  H2o2 

- 9 -



HAZARDS RESEARCH 
CORPORATION 

by ferrous salts was st ated to be a chain react ion where each 

2+ 3+ 
Fe caused several mol es of H2o2 to react and tha� the Fe 

formed was inact ive . 

The decompos it ion of H2o2 ( 5 )  in  the presence of 

ferrous salts ( Fenton ' s  Reagent ) formed OH and H02 rad i cals and 

converted var ious a-ami no aci ds to a -keto aci ds . Free 

radicals were also generated by x-ray i rrad i at ion of d i lute 

aqueous so lut ions in  the presence of oxygen , and formed 

a-keto acid and al dehydes . 

3 .  Ox idat ion by Free Radicals fro� Fenton ' s  Reagent 

and by I rradiat ion . 

a .  The act ion o f  Fenton ' s  Reagent o n  aqueous so lut ions 

of phenol were studied ( 6 ) . I t  was found Fe
3+ 

produced comp lexes 

wi th pheno ls and that t he Fe
2+

/Fe
3+ 

system ent ered i n to redox 

processes with the products ._ The Fe3+ 
was again reduced 

to Fe
2+ 

contribut ing to the stationary Fe
2+ 

concen t rat i on of t he 

sys tem . With the pheno l system i t  was found part i cu l ar l y  d i f f i cult 

to obt ain reproduc ible resul t s . Phenol often reacted 

violent ly under condi t i ons where n i t robenzene reacted moderatel y . 

However , secondary react ions could be inh ib i t ed by rel at ively 

small amounts of fluor i de ion or pyrophosphate . The act ion 

of ac id fluoride or phosphate was to comp lex Fe
3+ 

and t h i s  

inf luenced the mechan i sm o f  the act ion of Fen ton ' s  Reagent 

itsel f . Thus i t  appeared that the rate of Fe
3+ 

was more 

important than previous ly assumed . I t  was felt  that the OH 

- 10 -
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radical formed was of primary importance i n  the hydroxy l at ion 

react ion o f  phenol . The H02 radi�al was also capable of 

dehydrogenat i ng an aromat i c  compound : 

RH + + 

Thi s  react ion i s  about 25 kcal less exothermi c than the cor-

responding react ion of the OH radi cal because of d i f ferences 

in the bond energies of H-OB and H-O�H . 
... 

b .  X-ray radiat ion of pheno l 3olut ions and their 

convers ion to dihydroxy and other derivat ives was s tudi ed at 

length and found to correspond in many ways to t he results 

obt ai ned by using Fenton ' s  Reagent . A total dose of 1 x 10
6 

E. U. (300 min . at a dose rate of 3000 E . U . /mi n ) was used as 

we l l  as lower dosages . At the wavelengt h  of the x-rays used , 

1 E . U . equals about 1 roent gen ( R ) . Oxygen present in water 

saturated wi th air was found to suf fi ce for only a dose of  

4 
6 x 1 0  E . U .  For great er dosages , the experiments were carr i ed 

out i n  the absence of oxygen . Solut ions saturated with 

oxygen at 1 atm were only suf f i cient for a dose of ca 2 . 5  x 

5 10 E . U . 

c .  Experiment s  with a mixed Y -ray-neut ron source 

were carried out . The neutron source was a 1 g .  Ra-Be source 

giving ca 1 x 1o
10y- ray quant a  and ca 1 x 106 neut rons per 

second so that on ly a smal l fract ion of the energy absorbed 

was due to the neutrons . Ear l ier work was confirmed that wi th a 
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cons tant y- ray intens i t y  the yield was about twice as great 

when the mixed radiat ion was used . Considering the low neutron 

intens i t y  this was remarkable . I f  carri ed out i n  t he presence 

of oxygen , the d i f ference between the yields from y and y -n 

sources disappears . Hence the cause o f  the d i fference i n  

vacuum i s  the format ion of oxygen by neutrons . 

d .  S imi l ar work to the treatment of phenol was carri ed 

out with chlorobenzene in aqueous solut ion us i ng Fenton ' s  

Reagent and separately us ing x-rad i at ion . The dat a i nd i cated 

act ion by HO and H02 rad i cals as before and correl ated w i t h  

other data . Dechlor inat ion was pH independent and i ncreased 

wi th oxygen present . 
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I I . Nitric Acid Solub i l izat ion of I on Exchange Resin  

A .  I on-Exchange Resins 

1 .  Process for Making Water-Soluble Sul fonated Vinyl 

Aromat i c  Res ins . 

USP 2 , 669 , 557 ( 1953 ) 

Robert M_. Wheaton ass i gnor to the Dow Chemical Co . 

HN03 ( 30-90% ) , preferably at 35-70% , is  used at 1- 10 parts 

0 
by we ight of solut ion per part of copolymer at 90- 120 C with 

agi t at ion to e ffect solut ion with NOx being vent ed from the 

react ion zone . The solut ion is t hen evaporated in vacuo 

and the residue crushed and used as a thicken ing agent for 

synt het ic l at i ces or as a dispers ing agent . 

. B .  Hazards Us ing Nitric Acid 

1 .  Explos ion Hazards Using Nitric Acid i n  I on-Exchanee 

Equipment 

Chern . Eng . Nov . 17 , 1980 Calvin Calmes , 

Water Pur i f i cat ion Associates 

·:his art icle discusses the hazards in us ing n i t ric ac id 

in cont act with weak and strong base an ion-exchangers , and 

with s t rong acid cat ion-exchangers . The incidents noted deal 

with HN03 concentrat ions of 12% and upward . The obvious dangers 

of us ing a s t rong oxi dizing agent wi th organ ic materials is 

apparent and indicates the use of HN03 with ion-exchan ge res i n s  

i s  t o  b e  avo ided . I f  used , it should not be allowed to rema i n  

present with t h e  res in in  s t agnant cond i t ion , nor should t reat-
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men t  occur over long periods or at great ly elevated tern-

peratures . Nitric ac id should not be used where ammonium 

ions are present because of the poss ible format ion of ammonium 

nitrate or of ammonium salts of n i t rated spec ies . 

I I I . Effect of Radiat i on on the Aci d  Solub i l izat ion of I on-

Exchange Resins 

. 
. . 

. .  

HRC Report 4137C , February 18 , 1980 , R .  Putnam & C .  Gre lecki . 

The purpose of this program was to run safety qua l i fi-

cat ion tests on a waste disposal procedure . A d i gest ion f lask 

contai ning sul furic acid was brought to 250-260°C .  Ni tric 

ac id ( 70% ) was fed into the sul furi c  acid at  a given rate . A 

prepared sample of ion excha �e res i n  was t hen inj ected and 

the decompos i t ion gases meas ured and analyzed . S amp les of 

cat ionic and anion ic resins were tes t ed unt reated , aci d  

t reated , and radiat ion treated . The radiat ion t reated samples 

were each gi ven an integrated exposure o f  200 " Mr ( mega!ads ) .  

Dowex 50 x 8 ( cat ion i c ) at the h i ghest feed l evels of 

t he res i n , gave a higher y ield when i rradiated than when un-

treated . Dowex 1 x 4 ( an ion i c ) gave reduced gas y i el ds both 

when ac id t reated and when i rradiated . 

Permut it SK ( an ioni c ) showed some increase i n  gas yie lds 

when irrad i ated . 

The maximum rate of gas evolut ion was h i gh on l y  for 

the fol lowing . 

- 14 -
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Dowex 50 x 8 ( cat ioni c )  unt reated 

" aci d  

" i rrad i ated 

Dowex 1 x 4 ( anionic ) untreated 

The exposure of the TMI -2 Deminera l i zers as of March , 

1982 is  reported to have been about 2000 Mr . 

A t ank read 120 R/hr . 2 feet from t ank wal l . 

B t ank read 20 R/hr 7 feet from t ank wal l . 

The readings were made about March , 1982 . 

IV . Stab i l i ty of Hydrogen Peroxi de 

A .  General Stab i l i ty of Hydrogen Peroxi de 

ACS Monograph #128 ( 1955 ) by Schumb , Sat terf ield , and 

Wen tworth 

� .  Surface to Volume Rat io 

Experiments in Pyrex gl as s  vessels at 50°C has shown 

that the decompo.sit ion rate of pure hydrogen peroxide so lut i on 

is roughly proport i onal to the surface to volume rat io over 

a considerable range ; i . e . the heterogeneous decompos i t ion 

on t he wal l s  of laboratory-- s ize vessels is usual ly far fas ter 

t han t�e homogeneous decomposi t ion . ( 1 ,  6 )  
Decompos i t ion i s  great l y  affecte� uY the cond i t ion of the 

sur face , t he presence of inhib i tors , the alkal i n i t y  of the 

glass , and pass ivat i on by HN03 or H2o2 

- 1 5 -
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2 . Ef fect of Temperature 

Decomp-os iton rates of very pure uns tab i l ized 

at temperatures of 50 to 70°C have shown the rate 

H202 solut ions 

to in�rease 

by a factor o f  2 . 2 for a 10
°

C rise . The temperature coeffi cient 

a is def i ned by : 

( T2-T1 ) log a = 10 log ( k2 /k1 ) where k1 and k2 are 

the react ion rate const ants at temperatures T1 and T2 . Data 

wel l  support this . Measurements indicat ed a rat io o f  40/ 1  for 

the increase from 50°
C to 96°C .  The equat ion gives a 38 / 1  rat io . 

When ferric salts are added the coe f f i cient is  less than 

2 . 2 indeed as low as 1 . 6 .  W i t h  a stannate s t ab i l izer i t  was 

never below 2 . 2 and somet imes rose to 2 . 4 . 7he temperature 

coefficient is an approximat ion to t he Arrhenius express ion and 

would not be expected to apply over a wide t emperature range . 

At room temperature 90% H2o2 wi l l  suffer less than a 

1% decrease in  content in several months . A t  100
°

C i t  

wi l l  lose 2% in 24 hours . 

3 .  E ffect of pH on Pure Hydrogen Peroxide 

Measurement of decompos i t ion vs . pH o f  H2o2 adj ust ed 

by addi t ion o f  NaOH or H2so4 shows a minimum around 4 . 2 for 

dif ferent concent rat ions from 1 0 . 9-65 . 6% H2o; at 50°C .  For 

the pH measuremen t the solut ion was di luted 1 : 10 to 

obtain all  pos it ive pH values for comparison s ince measurement 

at greater than 90% H2o2 by the glass electrode gave negat ive 

readings . For lower concent rat ions o f  H2o2 t he e f fect o f  

- 1 6  -
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pH becomes increasingly important . Some authors th ink t he 

var i at ions are due to impur it ies introduced by the agents 

used to adj ust t he pH ( 12 , 13 ) .  Vary careful experiment s  ( 1 )  

with very pure anhydrous H2o2 showed a decrease in s t ab i l i ty 

always occurred with a decrease in pH regardless o f  stabil izer 

cont ent or ac id used . 

For ordinary B2o2 at low concentrat ion ( 10 . 9% ) , the 

decompos i t ion rate rapidly increased proceeding from pH 3 . 5  

t o  2 . 5 . 

4 . Effect of pH on Impure Hydrogen Peroxide 

Trace met als in 90% H2o2 show a peak in the decompos i t ion 

vs . pH curve at about 3 . 5  pH , not found wi th pure H2o2 . 

The peak may occur at a very small interval ( about one pH 

un i t ) .  Wit� Fe
3+ 

( 0 . 3 ppm at 30
°

C )  i t  occurs at 3 . 7  pll . Th is has 

been int erpreted ( 3 , 14 ) as due to hydro l yses of the ferric 

salt t o  a col loidal hydrous oxi de of l arge catalyt i cally  

act ive surface i n  cont act wi th the H2o2 solut ion . It  is  

known that the growth of cicel les from aqueous ferr ic salts 

reaches a maximum at about pH 3 . 6 .  The rap id fal l in decompo-

s i t ion rate with further increase of pH ( say to 4 . 0 ) is be l i eved 

t o  be due t o  coagul at ion of the col lo i d  and consequent re-

duct ion of surface area . 

I ncreas ing the i ron concent rat ion increases the decompo

s i t ion rate for 90� H2o2 at 50°C ,  and the rate of increase 

varies with the pH . At pH 1 . 6  rais ing the Fe
+++ 

concentrat ion 

- 1 7  



HAZARDS RESEARCH 
CORPORA nON 

from 0 . 3  to 1 . 0  raises the decompos i t ion rate from 0 . 030 to 

0 . 050% per hour . At pH 3 . 2 the rate ri ses from 0 . 067 to 

0 . 165% per hour . 

When cons idering t he use of cat al yzed H2o2 to disso lve ion 

exchan ge resins , the existence of a peak of decomposit ion for 

Fe
3+ 

at about pH 3 . 5 ,  s i gni fies t hat there is an area where 

decompos it ion and consequent dissolut ion may become very 
• 

rapid . This can be of advantage for t he di ssolut ion , but 

should be control led by us ing a low concentrat ion of H2o2 

and a control led feed . Knowing the overall energy that can be 

released for the react ion would enable one to est imate the tern-

perature levels that may be reached . 

5 .  Effect of Radiat ion on Stab i l i ty 

I t  is wel l  known t hat ultraviolet l i ght causes decow.po-

s i t ion of  H2o2 ( 16 )  and that reduc ing the radiat ion reaching 

the mat erial increases t he s t ab i l it y . Other reference to 

radiat ion in work performed by Hazards Research Corp . has 

been discussed under I I I  - Effect of Rad i at ion on the Acid 

Solubil izat ion of I on-Exchange Res ins . . 

6 .  Representat ive Stabi l i t y  Studies 

Rates of decompo s l t ion have been reported as fol lows for 

90% unstab i l i zed peroxi de ( 12 ) ; 

30°C 

66°C 

100
°C 

14 0°C 

Pressure had no effect on the rat e .  

- 1 8 -
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It has been found that mixed cat alysts may show a greater 

ef fect on the decompos i t ion rate than the sum of the two 

separately . For 90% H2o2 the fol lowing rates were found : 

0 . 16 ppm Fe
3+ 

0 . 010%/hr . 

0 . 16 ppm cu
2+ 

0 . 015%/hr . 

Combi ned 0 . 085%/hr . 

One observer ( 22 )  noted that the presence of chloride 

with t he metal cat ion increased the decompos ition rate 

40- fo l d , showing the catalyt ic ef fect of an an ion rather 

than a second cat ion . 

Agi tat ion of H2o2 solut ion ( 23 ) may cause bubbl ing due 

to release o f  oxygen supersaturat ion but no increase i n  the 

decomposit ion rate occurs due to agi tat ion . 

in 

1 .  E . M . Roth ' and E . S .  Shanley , I nc .  Eng . Chern , 45 , 234 3 ( 1953 ) 

3 .  W . C .  Schumb , I nd .  Eng . Chern . 41 ,  992 ( 1949 )  

6 .  W . C .  Schumb , unpubl i shed work o f  t he M . I . T . Hydrogen 

Peroxide Proj ect . 

12 . E . S .  Shanl ey and F . P .  Greenspan , I nd .  Eng . Chern . 39 , 1536 

( 1947 ) 

13 .  V . W . Slater , Chemistry & I ndust ry , 1 945 , 42 

14 . W . C .  Schumb and J . R . Doy l e , Abs t racts of Papers , XI I t h I n t . 

Con g .  of Pure and Appl . Chern . , p .  508 , Sept . 1951 . 

16 . J .  Buch i  and V .  Kurer , Pharrn . Act a . He lvet ica , 15 , 59 

( 1940 ) 
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22 . N .  Uri , J .  Phys . and Col loidal Chern . 53 , 1070 ( 1949 ) 

23 . F . A .  Gi lbert and N .  Michael is , P . B .  Report 98779 ( 1948 ) 

B .  Purificat ion o f  Hydrogen Peroxi de 

USP 2 , 676 , 923 ( 1954 ) James H .  Young to E . I .  du Pont 

de Nemours and Company 

Thi s  rel ated to the pur i f i cation of H2o2 by cat ion-

• exchange res ins ( Dowex 50 ) using a pH of 0- 3 . 6  ( preferably 

0 . 7-2 . 5 ) ,  to remove heavy met al s . I t  is inef fect ive i f  more 

than 1% of the ion-exchange capacity  is used for b inding 

the heavy met als . 

Crude H2o2 was complet ely decomposed by heat ing 10- 15 

hours at 100
°

C .  After passage through the res in co lums the 

losses of act ive oxy gen were only 0 . 5  - 3 . 0  % in 15 hours at 

100
°

C .  

Purificat ion of 25- 75% H2o2 i s  mos t  pract ical . I f  the 

amount of bound impur it ies i s  very-h i gh , cont act with t he res in 

may be dangerous . H2o2 ( 35% ) wi l l  react wi th res i n  heavily  

contami nated wi th iron . I f  the res i n  i s  regenerated first 

to at least 99% of its capac i t y , l i t t l e  decompos i t ion of 

perox ide or react ion with the res in occurs . 

To determine when the res i n  needs regenerat ion , treat 

it with twice its wei gh t  of 10% sulfur i c  aci d  for 10 minut es . 

Drain i t  off and determine the iron cont ent by the pot assium 

thiocyanate calorimet ric met hod . When the Fe content exceeds 

- 20 -
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30 ppm , it needs regenerat ion . Preferably , it should be re-

generated when the Fe content exceeds 15 ppm . When ready for 

use t he Fe content should preferably be 0-1 ppm . 

Ordinary temperatures up to 40
°

C may be used for treatment 

of the H2o2 . The concentrat ion o f  H2o2 should be at least 

25% but preferably not above 50% or i t  may explode . 

C .  Decompos i t ion o f  Hydrogen Peroxi de 

1 .  MCA Data Sheet 

Mfg .  Chemists Ass n .  

Chemical Safety Data Sheet SD- 53 ( 1969 ) 

Many contaminants at amount s  l ess than 0 . 1 ppm can greatly 

increase t he decompos i t ion rate o f  hydrogen peroxide solut ion . 

Cu , Cr and Fe are espec ial ly harmfu l . A lkaline hydrogen 

peroxide solut ions are even far more suscept ible to decompo-

s it ion by met al cont aminan t s , the rate be�ng great ly increased 

over the comparable aci d  solut ions . 

The rate o f  decompos i t ion is affect ed by temperature and 

increases 2 . 2 fold for each 10°C in the range from 20 to 

100
°

C .  

Note that a heat r ise of 1-2°
C/hr . at 30-35°C means 

that erupt ion is certain unless checked by external cool ing , 

di lut ion or stab i l izat �on . 

2 . Hydrogen Peroxide Determi nat ion in the Presence of 

Chromate .  

Anal . Chern . 26 355 ( 1954 ) Joseph Rynas iewic z .  

Knolls Atomic Power Lab . , Genera� Electric Co . ,  Schenec tady , 

New York 
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I on-exchan ge res i ns were used to remove chromat e from 

hydrogen peroxide so lut ions to enable the solut ions to be 

an alyzed . Mixed res ins and an ion ic res i ns were found to 

adsorb H2o2 at  high pH , whi ch could be released for analysis 

by ac idi ficat ion . The rate of decompos i t ion of peroxi de i n  

s l i ghtly alkaline sodium chromate solut ions was dependent on 

pH , t emperature , and chromate concentrat ion . 

The amino group in the anion-exchange res i n  appears to 

be responsible for the upt ake of hydrogen peroxide . 

D .  Concentrated Hydrogen Peroxide 

Summary of Research Data on Safety Limi t at ions ( 1959 ) 

She l l  Chemical Corporat ion 

1 .  The l iquid phase system contai n ing only H2o2 and 

H2o appears safe from explos ion at room temperature up to 

about 96% H2o2 

2 .  The vapor phase of H202 JH2o system i s  exp los ive 

when i t  contains 26 mo l% ( 40 wt . % ) at one atmosphere . 

3 .  Explosive regions i n  systems of hydrogen peroxide and 

organ ic compounds indicate that explos ions are genera l ly not 

possible if  t he final solut ions contain less than 30% 

( by wt . )  H2o2 . 

4 .  I on-exchange res i ns or p l as t i c  su�h as PVC can 

explode with concentrated H2o2 . 

5 .  I mmi scible systems can explode at i nterfaces . 

- 22 -
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6 .  The use of H2so4 wi t h  a2o2 leads t o  the format ion 

of peroxymonosul furic aci d  ( H2so5
) .  This mat erial may cause 

detonat ions with organics . Quaternary systems ( an ion ic resins ) 

are conven iently aci dified with H2so4 rather than with HN03 

wh ich may l ead to ni trat ion and exp los ive decompos i t ion . 

However ,  i n  t he presence of H2o2 , t he concent rat ion of H2so4 ; 

H20 mus t  be kept low to avoid forming H2so5 . Explos ion studies 

wit h  s ample organics with H2o2 ;H2so4 tH20 have been performed 

and indi cate the existence of an induct ion period dur ing 

wh ich H2so5 is being formed , before autodetonat ion occurs . 

E .  Rate of Hydrogen Peroxi de Decompos i t ion in Nitric Acid 

Solut ions . 

C . A .  77 144276g ( 1972 ) 

I nd . Eng . Chem. , Process Des . Develop . 

1972 , 1 1  ( 4 ) ! 54 7-9 ( Eng . ) 

Miner , Frank J . ; Hagan , Paul G . , Dow Chemi cal Co . 

Rate constants were det ermined for t he decompos it ion 

of H2o2 i n ·  HN03 solut ions as a funct·ion of HN03 , H2o2 , and an 

impuri t y  mixture ( Fe ,  Cr , Rb , Na , Cu ) 

HN03 ( 1 . 7-4 . 1  M )  ( 10 . 2-22 . 8% ) 

H2o2 ( 2 . 3-4 . 9  M )  ( 7 . 7- 15 . 2% )  

The runs were carried out at the bo i l ing po int . 

The effect of HN03 concentrat ion on the rate cons t ant was 

small at 1 . 7-2 . 9  M ,  but increased at 2 . 9 - 4 . 1  M .  The effect 

of t he impuri t y  concent rat ion was l i near i ncreas ing over t he 

whole range . t he H2o2 concentrat ion had no e f fect . 
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F .  St ructure and Cata lyt ic Propert ies of Chromium Compl exes 

on Cat ion - Exchange Res in Surfaces 

React . Kinet . Catal . Let t . 1977 6 ( 4 ) , 443-8 ( En g . ) 

Mikhailova , D ;  Andrew , A .  ( I nst . Org . Chern . , Sofi a ,  Bul g . ) 

CA 87 74025 e ( 1977 ) 

The type o f  bonding of cr
3+ 

on the surface o f  cat ion 

exchange res in was studied . Complexes of cr
3+ 

with ethy lene 

diamine were obt ained by direct synthes is on the surface . Co-

ord inat ion to N bases increases the cat alyt ic act ivity  of 

cr
3+ 

ions in H2o2 decomposi t ion . 

G .  Study of the Cat a ly t i c  Act ivity of I on-Exchange 

Complexes in a Hydrogen Peroxi de Decompos i t ion React ion 

Kopylova , V . D . , Frumkins , E . L ; Mochalova , L . A . ; Saldadze , 

K . M .  ( Mosk , Kooper . I nst . , Moscow , USSR)  Kat al , Soderzh . 

Nanesennye Komplesky , 1980 , 25-8 ( Russ ) Edit . by 

Prmakov , Yu . I .  Akad . Nauk SSSR , Sib . Otd . I ns t . Geol . 

Geo f ix . : Novos ibirsk , USSR . 

The cat alyt ic act ivity of cat ion exchange KB-4 which 

cont ained cu
3+ 

and carboxyl i c  groups was studied i n  l iquid 

phase decomposit ion of H2o2 . I t  i ncreased with increas i ng 
� 

concentrat ion o f  low mol wt . l i gand ( NH3 ) i n  the f irst coordi-

3+ . 3+ . nat ion sphere o f  Cu unt 1 l  the NH3 jcu rat 1o was 3 and then 

remained unchanged . The h ighest catalyt i c  act ivity was shown 

by KB-4 cont aining about 0 . 5  mg- ion cu
3+

/ g .  KB-4 . 
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V .  Summary 

The following is an abbreviated summary of the data 

presented . 

S- I Al . I ron Catalyzed Dissolut ion 

a .  The Na or NH4 form of cat ion-exchange res i n  ( Dowex SOW ) 
dissolves in 1 hour at 80

°
C in the fol lowing mixture : 

6% H2o2 

0 . 001 M Fe
2+ 

or Fe
3+ 

0 . 1 M HN03 ( 0 . 63% ) 

b .  Dissolut ion in ( a )  is icpeded by fact ors that decrease 

sorpt ion of Fe ions , such as : 

c .  

d .  

e .  

f .  

g .  

h .  

i .  

res in form 

acidity 

radi at ion dose 

Fe complexing agents 

i ncreased cross- l i nkage 

Dissol ut ion is exot hermic ( 0 . 8 kcal / g  res i n )  

2+ 3+ . Fe and Fe have the same catalyt 1c e� fect . 

0 . 1 M HN03 does not effect dissolution in the absence of  

F 
2+ 

d F 
3+ 

e an e 

At < 0 . 003 M Fe
2+ 

the res in expanded to 1 . 5  t imes the 

original s lurry volume and then di sso lved . 

At > 0 . 005 Fe
2+ 

the react ion was nL �rly uncon tro l l able 

Ni trate ion is not necessary for dissolut ion . 

Dissolut ion t ime increased with increas ing ac i dity . 
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S- I A2 . Exchange Adsorpt ion of I ons by Organ i c  Zeo l i tes 

a .  Amberl i te I R-1 ( cat ion i c ) reacts energet ical l y  with 

HN03 and dissolves i f  H2o2 is  present . 

b .  Exchange of cat ions from strong electrolytes is con-

trolled by t he s ize of t he charge and the radi i o f  

the hydrated ions . 

c .  Hydrogen ion may be t aken up as H3o
+ 

or as H
+ 

depending 

on the strength o f  the ac id of the base exchanger . 

d .  Adsorpt ion affinity for synthe t i c  res ins shows the 

fol lowing order : 

K
+ + 

>Na L .
+ 

> 1 

S- I A3 .  Stab i l i ty of Sul fonated Cross-Linked Res in in Hydrogen 

Peroxide . 

a .  The Na form o f  cat ion- exchange res i n  does not 

lose its exchange capac i t y  at 150°C under pressure , but 

shows cross -l ink degradat ion in the presence o f  H2o2 . 

b .  The hydrogen form degrades i n  t he presence o f  H2o2 

( 10- 50% )  and more with traces o f  Fe or Cu . Ni  and Zn show 

no ef fect . 

c .  The degradat ion is  brought abou t  by the cat ions t hat 

decompose H2o2 . 

d .  Sufficient Fe brings complete dissolut ion . 

e .  There is  no loss of act ive groups i n  decross-

l i nked res in on a wei ght bas is . 

- �6 -

. 
. 



; 

HAZARDS RESEARCH 
CORPORA n ON  

f .  The degree of degradat ion depends on temperature , 

peroxide concent rat ion , and Fe level . 

S- I A4 . I on Exchange Res in Cat alyst Stab i l i ty in in-s i t u  

Epoxi dation 

a .  Permut i t  QH ( cat ioni c )  i n  the hydrogen form , dissolved 

in 10% H2o2 in the presence of O . f% Fe on the dry res in basis , 

in 3 hours at 60°C .  
b .  I ncreasi ng cross- l i nking from 10 to 15% is Lot very 

ef fect ive i n  counteract ing t he solub i l izing effect of Fe . 

c .  EDTA decreases the amount of res in disso lved , but 

is not very ef fective at h i gh Fe levels  . 
. 

S- I A5 .  S t abi l i ty of I on-Exchange Membrane in Hydrogen Peroxide . 

a .  Het erogeneous membranes of a cat ionic-exchange res i n , 

KU-2 , on Teflon and polyamide were most res istant to H2o2 . 

Exchange capaci ty was l i t t le decreased i n  300 hr . in H2o2 

except when t he concent rat ion was 40% H2o2 • 

b .  I ncreas ing the H2o2 concentration decreased the pH . 

S- I B1 .  Degradat ion of Anion-Exchangers in Agress i ve Media . 

a .  React ion of strongly basi c  an ion-exchangers show 

t hree principal processes i n  react ion with H2o2 

( 1 ) Absorpt ion of H2o2 by the res i n  

( 2 ) Catal y t i c  decompos i t ion of H2o2 

( 3 )  Decompos it ion o f  t he res i n  

b .  Degradat ion of t he res in is increased by elevat i on of  

t emperature , increase in H2o2 concent rat ion , and by add i t ion 

of cuso4 . 
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c .  During degradat ion , the total bas i c  and the stron g 

bas ic capacity both decrease , but the weak bas i c  capac ity 

of the res in increases . 

d .  With H2o2 and Cuso4 deaminat ion great l y  increased 

with t reatment t ime . Some dealky lat ion occurred but on l y  

s l ight l y  increased with t ime . 

-
e .  The Cl form of the resi n  is most s t ab l e  i n  H202 · 

f .  I n  H202 plus CuS0
4 , the OH 

-
form i s  mos t  s t ab le .  

-
g .  To solubil ize us i ng H20:: p lus Cuso4 , the Cl form 

should be used . 

h .  At 80
°

C using 30% a2o2 the res i n  is  completely 

so lub i l ized whether in OH
-

or Cl  form . The compos i t ion used 

for study was : 

10 ml . 30% H2o2 

1 g .  Res in 

0 . 0188 g .  CuS04 · 5  H20 

i .  DTG Curves were shown and act i vat ion energies for 

some steps were est imated . 

S- I B2 . I on Exchange Res in Solub i l izat ion 

a .  Model experiments us ing benzene as a subs t i tute 

fue l for ion-exchange res i ns indi cates 4 9% H2o2 t H2o as the 

maximum concent rat ion to avoi d  t he explos i ve region . Dowex- 1 ,  

a strongly bas ic res in in the h y dro"l!:i de form , should not be 

used due to excess ive decompos i t ion in much lower strength 

peroxide . 
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S- I C .  

1 .  

Fen ton ' s  Reagent and Metal Complexes 

2+ 
Fenton ' s  Reagent ( H2o2 

+ Fe ) is an examp le of the 

enhancement of the oxidizing power of H2o2 by a met al catalyst . 

2 . Many ac idic oxides such as Mo03 and wo3 do the same 

as Fe
2+ 

by format ion of inorgani c  perac i ds . 

3 .  The format ion of peroxymonosulfuric ac id ( Care ' s  

Ac i d , u2so5 ) from H2so4 and H2o2 is another example . 

4 .  The react ion of H2c2 wi t h  chromat es and di chromat es 

leads t o  the format ion of peroxo complexes of Cr ( I V ,  V and 

VI ) having various oxidizing powers and some be ing explos i ve .  

5 .  Amine complexes from Cro3 , H2o2 and ethy lene 

d i amine or NH3 are known , the l at ter noted under IV G .  

6 .  For epoxidat ion ROOH plus metal catalyst is superior 

to H2o2 plus met al cat alyst due to the presence o f  water in 

the l at ter . For ion-exchange solut ion , however , water i s  

necessary . 

7 .  H istorical work with Fenton ' s  Reagen t showed : 

a .  Oxi dat ion o f  glucose was stereospec ific . 

b .  Oxi dat ion o f  fructose reached a maximum at pH 

3 . 2- 5 . 4 . 

c .  I n  t he oxidat ion of glycolic  ac id no complexes 

were formed and the oxidat ion was a chain react ion forming 

OH and H02 radicals . 
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d .  Alpha - Ami no ac ids were converted to a - keto ac ids 

by free radi cals generated by x-ray irradiat ion of di lute 

aqueous so lut ion in the presence of oxygen . 

8 .  Fenton ' s  Reagent oxidized phenol t o  dihydroxy benzenes and �-

further oxidat ion products , and the react ion was often vio len t . 

9 .  Fluor ide ion and pyrosphate ion were found to be 

good inhibitors for the react ion by complex i ng Fe
3+

. 

10 . The radi cal OH was thought to be of primary importance 

in oxidat ion of pheno l by Fen ton ' s  Reagent . 

11 . The x-ray radiat ion of phenol solut ions gave products 

similar to those produced by Fenton ' s  Reagent us ing dosages up 

to 1 x 1 0
6 

E . U . ( about 1 megaroent gen , MR ) .  

12 . Mixed Y- ray j neut ron rad i at ion gave a y i eld o f  pr�duct 

about twice that with the Y-ray alone even though the neut ron 

intens i t y  was low . 

S- I I .  Nitric Acid Solub i l izat ion o f  I on-Exchange Res i n  

A .  Ion-Exchange Res ins . 

1 .  HN03 ( 35-70% )  at 1-10 parts per part of res i n  at 

90- 120
°

C dissolves cat ion-exchange resins . 

B .  Hazards Us ing Nitric Acid 

1 .  Avoid the use cf  HN03 of 12% or more concent rat ion 

with ion-exchange res ins because of the oxi dat ion power 

and format ion of nitrated species . Never use where NH; is present . 
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S- I l l .  E ffect of Radiat ion on the Ac id So lubi l i zat ion of 

I on - Exchange Res ins ( Not e : R = Roentgens , r = rads , Mr = 

Megarads ) 

1 .  The degree of decompos i t ion of i rradiated ( 200 Mr ) 

cat ion-exchangers was greater than unt reated . For an ionic 

one sample showed reduced and another a s l i ght increase over 

the untreat ed .  

• 2 . The maximum rate of decomposit ion was high for 

cat ioni c , unt reated , acid treat ed and irradiated ; for an ion ic 

i t  was h i gh for untreated . 

S- I V .  Stab i l it y  o f  Hydrogen Peroxide 

A .  General Stabi l it y  of Hydrogen Peroxide 

1 .  The decompos i t ion rat e  of H2o2 is rough ly proport iona l 

to t he surface to volume rat io . 

2 . The decomp9s it ion rate of H2o2 with temperat ure i n

creases by a f actor of 2 . 2 for a 10°C rise . The addit ion o f  

Fe
2+ 

may drop t he factor to as low a s  1 . 6 .  

3 .  H2o2 ( 90% ) at ambient temperature decreases less 

t han 1% in content over several mont hs . At 100°C it decreases 

2% in 24 hours . 

4 .  Minimum decomposit ion of H2o2 is  at pH 4 . 2 for 

10 . 9-65 . 6% H2o2 at 50
°

C .  

5 .  For lower concent rat ions of H2o2 , pH becomes in creas i n g l y  

importan t  rel at ive to stab i l izat ion . 
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6 .  For ordinary H2o2 ( 10 . 9% )  the decomposi t ion rate 

rap idly increases in go ing from pH 3 . 5  to 2 . 5 .  

7 .  Fe3+ 
at 0 . 3  ppm at 30°C i n  90% H2o2 shows a narrow 

( 1  pH un i t ) tigh peak of decompos i t ion at 3 . 7 pH , t hought 

to be due to format ion of a col lo idal hydrous oxide of l arge 

cat al y t i cally act ive surface . 

8 .  For res in solub i l izat ion the existence o f  this  peak 

oe an advantage or a danger depending on the quan t i t y  and 

rate of energy release . 

9 .  Increase of Fe concent rat ion increases the rate o f  

decomposit ion for 90% H2o2 a t  50°C ,  and t h e  rate varies with 

the pH . 

10 . In  the temperature range of 30-100°C t he rate of 

decompos it ion of unst ab i l ized 90% peroxide ranges from 

1%/yr . to 2%/ day with no ef fect o f  pressure shown on the r�te . 

1 1 . Mixed catalysts may show a greater e ffect on t he 

decompos it ion rate than t he sum of the two separately on 

90% H2o2 . 

12 . The presence of chloride anion with the met al 

cat ion increased the decompos i t ion rate 40-fold showing t he 

cat al y t i c  ef fect of an ani on rather than a second cat ion . 

13 .  Agi t at ion did not increase the decomposit ion rat e . 

S- I V . B .  Purifi cat ion of Hydrogen Peroxi de . 

1 .  H2o2 may be pur i f ied by cat ion-exchan ge res i ns at 

pH 0 . 7-2 . 5  to remove heavy metals . I t  i s  ineffect i ve i f  more 
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than 1% of the exchange capac ity is used for binding the heavy 

met als . 

2 . Crude H2o2 i s  completely decomposed in 10- 15 hours 

at 1 00°C .  

3 .  Puri fi cat ion o f  25- 75% H2o2 is mos t  practi cal , however , 

above 5 0% i t  may explode . 

4 . I f  the amoun t  of impurit ies is  very high , contact of 
• 

35% H2o2 with the res in may be dangerous . 

5 .  I f  the res in i s  regenerated to 99% capacity l i t t le 

decompos it ion of a2o2 occurs . 

6 .  Fe content of the res in shoul d  preferably 

be 0- 1 ppm before use . 

S- I V . C .  Decomposi t ion of Hydrogen Peroxi de 

1 .  MCA Dat a Sheet 

a .  Cu , Cr , and Fe great ly increase the decompos it ion 

rate o f  H2o2 . 

b .  Alka l i ne H2o2 i s  even more suscept ible to decompo

s i t ion by met als than acid solut ions . 

c .  A heat rise of 1-2°C/hr . at 30-35°
C means that 

erupt ion is certain unl ess checked by cool ing , d i lut ion , 
"
or 

stab i l izat ion . 

2 . Hydrogen Peroxide Det erminat ion in the Presence of  

Chromate . 

a .  I on-exchange res ins may be used to remove chromate 

from H2o2 to enable t he l at t er to be analyzed . 
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b .  Mixed resins and an ionic res i ns absorb H2o2 at h i gh 

pH , which can be rel eased by ( acidif i cat ion ) 

c .  The rate of decompos i t ion of H2o2 i n  s l i ghtly  

alkaline sodium chromate solut ions i s  dependent on  pH , t ern-

perature , and chromate concent rat ion . 

d .  The NH2 group in the an ion- exchange res in appears to 

be respons ible for the upt ake of H2o2 . 

S- I V . D . Concentrated Hydrogen Peroxi de Summary 

1 .  The vapor phase system of H2o2j H2o i s  explosive at 

26 mol% ( 40 wt . % ) at one atmosphere . 

2 . Systems of H2o2 and organ i cs are genera l ly not 

explosive if the final solut ions contain less than 30 wt . %  H2o2 . 

3 .  Concentrated H2o2 may explode with ion-exchange 

res ins or plast ics such as PVC . 

4 .  Immiscible systems may e�plode at interfaces . 

5 .  Peroxymonosul furic acid ( Care ' s  Acid ) ( from H2so4 

and H2o2 ) may explode with organ i cs . 

6 .  An ion ic res ins are preferably acidi f i ed with H2so4 

rather than HN03 to avo id n i t rat ion . The concent rat ion of 

H2so4 should be kept low to avoid format ion of Care ' s  

Acid with H2o2 . 

7 .  Explosion studies with organ i cs and Care ' s  Acid 

( H2so5 ) show the existence of an induct ion period wh i l e  

H2so5 is being formed . 
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S- I V . E .  Rate of Hydrogen Peroxide Deompos i t ion in Nitric 

Aci d  Solut ions . 

1 .  Rat e constants for the decompos i t ion of H2o2 in 

HN03 solut ion as a funct ion of HN03 , H2o2 and an impuri t y  

mixture ( Fe ,  Cr , Pb , Ni , Cu ) were determined a t  the 

boi l ing point . 

2 . The effect o f  HN03 was small at 1 . 7-2 . 0  M ,  but 

i ncreased at 2 . 9-4 . 1  M .  

3 . The effect o f  impurity was l inear over the who le 

range . 

4 . The H2o2 concent rat ion had no effect . 

S- I V . F .  Cat alyt i c Propert ies of Chromium Complexes on Cat ion-

Exchange Res in Surfaces . 

1 .  
3+ 

Complexes o f  Cr with ethylene di amine were 

synthes i zed directly on the surface . 

2 . Coordinat ion to N bases increases the catalyt ic 

act ivity of cr
3+ 

ions in H2o2 decomposi t ion . 

S-IVn . Cat alyt i c  Act ivity of I on-Exchange Complexes in 

Hydrogen Peroxi de Decompos it ion . 

1 .  The h i ghest cat alytic  act ivity of cat ion-exchanger 

KB 4 . . c 3+ d - conta1n1ng u an 

of H2o2 , was ach ieved at 

shown by KB-4 containing 

VI . Recommendat ions 

carboxyl ic groups for decompos it ions 

a 3 / 1  rat io of NH3/Cu
3+ 

and was 

0 . 5  mg- ion cu
3+

/g KB-4 . 

Based on a general s tudy of the imp l i cat ions of the fore-

go ing summary , the fol lowing recommendat ions for exper imen tal 

- 35 -



HAZARDS RESEARCH 
CORPORA nON 

work are of fered to provide some present dat a  t o  ass i s t  in 

drawing conclus ions as to a possible pre ferred procedure for 

c isposal of the TMI ion- exchange res i n . 

1 .  Laboratory Studies 

Carry out laboratory studies on the solub i l izing of Amber-

l i te IRN 2 17 mixed bed res in with cat ion / an ion rat io of 3 : 2 .  

a .  Agents 

( 1 )  5% , 10% , 20% H2o2 

( 2 ) Fe ( NII4 ) ( S04 ) 2 · 12 H2o ( ferri c )  

FeC13 · 6 H2o 

Fe ( NH4 ) 2 ( S04 ) 2 · H2o ( ferrous ) 

FeC12 · 4 H20 

Fe ( S04 ) 2 · 7 H20 

Fe ( S04 ) 3
· n H20 

Chromium compounds and complexes 

b .  General Condi t i ons 

( 1 )  Ambi ent and e levated temperatures 

( 2 ) Open and closed syst ems . 

( 3 )  Var iat ion of pH 

c .  Res in Condi t i ons 

{ 1 )  Non - irradi ated 

( 2 ) y- i rradiat ed 

( 3 )  y and neut ron-i rradiated 

( 4 ) Treated with : 

KOH NaOH 

KCl NaCl 
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d .  I nhibi tors 

( 1 )  Fluoride and pyrophosphate ions 

( 2 ) Search for others 

2 .  Larger Scale Studies 

I n  carrying out the l aboratory studies , as informat ion 

is gathered , the proj ected program would be adj ust ed to avo id 

dup l i cat ion , remove experiments i ndicated to be unfrui t ful , 

and enl arge areas of promise . Based on the results, l arger 

scale s t udies , in the vicinity of 4 l i ters if so desi red , 

woul d  be inst i tuted to gather informat ion and p�ovide data for 

scaleup . 
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SUMMARY 

Thi s plan descri bes the activi t ies and systems require d t o  remove and d ispose 

of  the content s of  the makeup and purification demineralizer s .  The plan 

ut ilizes the submerg ed d emineralizer system ( SDS) ,  in-plant letdown, and spent 

resin systems wi th some add it ions and modification s .  

The plan i s  pre sented in three major phases : Phase I -- the removal of 

soluble radioac t ivity pri or to transf erring any soli d s ;  Phase II  - - the 

modif ication of the spent re sin sys tem and d esign and installation of a 

solidif ication system , i f  necessary;  and Phase III the actua l  resin 

transf er and solidification. Phase I and Pha se II can proceed in parallel. 

The preparation of  the resins for of fsite shipment is scheduled for the end o f  

19 84, consistent with G PU  Nuclear' s  c ommitment t o  the Nuc lear Regulatory 

Commission. Based on ORNL analyse s ,  succes s in perf ormfng thes e  operations on 

sche dule is l ikely . 

The f inal re sin waste form i s  a major i s sue that must be re solved because the 

quant ities of  waste and number of  shipment s wil l  vary greatly between di sposal 

a t  c ommerc ial s i tes ver sus DOE destinations. Thi s also applies to any SDS 

vesse l s  generated a s  a resul t of liquid radwaste processing . Thi s plan 

a s sumes that s olidification of the makeup and puri f i cation d emineralizer 

re sins i s  required . 
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1 . 1  OBJECTIVE 

SECTION 1 . 0  

INTRODUCTION 

Thi s plan addre sses the removal ,  transport , and disposal of the contents of 

the demineralizers in the Three Mile Island Unit 2 ( TMI-2 ) makeup and 

puri ficat ion system. The purpose is to present the selec ted technical methods 

for removal and was te processing . 

1 . 2  BACKGROUND 

The demineralizers in the TMI-2 makeup and purification system accumulated 

significant quantities of fission product s  and fuel debris during and 

subsequent to the March 1979 accident . Except f or. the reactor systems , the 

demineralizer s  contain the greates t amount of contaminated ma.t erial at TMI-2 . 

Unt il recently , the physical condition of the demineralizers and their 

content s were unknown. The radiation and thermal exposure to the installed 

re sins were suff icient to cause severe degradation. ( The "B" demineralizer 

res in sample did not show significant damage ,  however , the "A" demineraliz er 

require s further characterization. )  There was also concern that the 

demineralizer vessels contained large quantities of fue l .  (We now know there 

are less than 4 kilograms of fuel in both ves sels; Reference 1 . ) Thus a 

significant eff ort was conducted to determine the state of the demineralizer 

contents and t o  develop this plan. Thi s effort is  now completed . 

Operations to decontaminate the demineralizers will be c omplex because of the 

degraded c ondition of their c ontents and the high radiation levels in the 

demineralizer cubicle s .  The demineralizers and components wi thin the cubicles 

are not available for personnel access . If these resins were to be 

transferred by normal procedures ,  other plant areas and systems normally used 

for re sin d isposal would see radiation levels in exces s  of design . 

- 1 -



The demineralizer characterization pro ject i s  reported i n  References 1 

through 4 .  The characterization project started in May 1982 and wa s completed 

in June 1 983. The re sults of that effort provide the base s  for thi s plan. 

Summarie s of the characterization project result s  are in Appendice s A and B .  

System options a re reported i n  Reference 5 .  The selected system approach i s  

pre sented in thi s plan� 

1. 3 SCOPE 

Thi s plan addre sse s  removal and disposal of the content s of the demi neralizers 

in the makeup and purification system. 

Decontamination of the demineralizers after content s removal and 

decontamination of the upstream and downstream portions of the makeup and 

purification systems are not in the scope of thi s plan. The se ac tivities are 

covered in the Integrated Plan for AFHB Characterization/Stabilization/ 

Decontamination, TPO/TMI-049 (Reference 6) . 

1 . 4  CRITERIA 

The cri teria for thi s project are : 

0 

0 

0 

0 

Maximize use of existing systems to the extent practicabl e 

Minimize the possibility of c reating new hotspot s while transferring 

demineralizer contents 

Maximize u se of remote operations technique s for high radiation area s to 

the extent practicable 

Provide operational decoupling among major project phases to allow 

operational flexibility and plan modifications to suit actual re sul ts 

achieved. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 . 5  AP PROACH 

The plan i s  pre sented in three phases : 

Phase I :  Ri nsing and e luting the d emineralizer contents without moving 

solid s ( Section 3 . 1) 

Phase I I :  Mo difying the spent re sin system, and s luicing and solidifying 

normal resins for a system tes t ( Section 3 . 2) 

Phase I II:  Sl uicing , s olidifying , and disposirg of the puri fication 

demineralizer content s ( Sec tion 3 . 3) • 

Pha ses I and I I  can pro ceed in parallel. Completion of both is  a prerequisite 

for Phase II I .  

There are schedule and system interfaces o f  thi s pro ject with the auxiliary 

and fue l handling building (AFHB ) system decontamination P.f fort . Ther� are 

al so interfaces with the processing f or d ispo sal of o ther in-plant re sins and 

sludge s • 

Se ction 2 . 0  of thi s plan pre sents systems d escriptions required f or completing 

the phase s o f  the pro jec t . Section 3 . 0  i s  a work sequenc e  f or the project . 

Section 4 . 0  d escri bes the pro ject ' s  interface with o ther pro j ects  • 
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SECT ION 2 . 0  

SYSTEMS DE SCRIPT IONS 

The makeup and purification demineralizer remova l act ivity ha s been separated 

into three phases as s hown in Fi gt>r� 2-1 .  Thi s figure shows that Pha€e I and 

Phas e I I  mus t  be completed be fore Phase III i s  begun. Thes e  prerequisite 

phases c an pro cee� in parallel if  re sources are avai lable . The f ollowing 

section describe s each phase in more detai l .  

2 . 1  SYSTfi' DESCRIPTION FOR PHASE I 

In Phase I ,  soluble radioactivi ty (pd mari ly cesium 13 7} will be removed from 

the resins and processed by the SDS system. Thi s wil l  reduce the dose rat e in 

the d emineralizer cubicles and s luice path t o  the spent re sin system, and will 

minimize the handling problems caused by radiation of the sluiced 

d emineralizer c ontent s.  

The activi cy will be removed by rinsing and e luting the resins. The flow path 

for thi s phase i s  s hown in Figure 2-2 . The resins will be rinseu by hat ching 

borated water into the d emineralizer ve ssels, fluffing the �� sin, and 

decant ing the wat er. Essentially the same operation wil l  take place duri ng 

eluting , however, chemicals Huch a s  s odium hydroxide and s odium borate will be 

added t o  the flush wat er t o  further di splace the radioact ive isotope s • 

For the se operations, the f l ow rate will be maintained between une and f ive 

gallon s-per-minut e t o  minimize the car ryover o f  suspended solids.  The 

re sulting ve locity through the d emineralizers will be between 0 . 1  and 0 . 6  

i nch-per-minute .  These velocities are capable o f  suspending resin particle s 

of 8 t o  2 0  microns a �.1d f uel part icles of 1 t o  3 microns. 'fo guaa.d against 

particle car ryover and operat ional upset s ,  a guard filt er will be installed . 

The t otal flow required t hrough ea�h d emineralizer is estimated to be 3000 

gallons .  Thi s e stimat e i s  based on three volume exchanges for rinsing and 

three f or elution. The ant icipated procedure i s  to batch feed about 250 

gallons ,  soak, fluff , settle , and decant . As the cesium concentrations are 
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expected t o  be very high ,  the discharge s tre am will be d i luted with additional 

proces s  wat er immediately down s tream of the f ilt e r .  Thes e  steps can b e  

repeated more than three t imes i f  i t  appears that f urther removal of soluble 

radioact ivi ty wil l  be accomplished . 

2 . 1 . 1  Equipment De scri pt ion 

Fo r the most part , Phase I will use exist ing in-plant systems with the 

addition of  a skid for water and chemical addition and for filt ering and 

diluting the d eminerali zer e f fluent . A � 2mote control tracked vehicle 

( LOUIE )  wil l  be used for radiation and video monit oring i n  the demineralizer 

c ubicles . 

The l oca tions of the se hardware additions are shown in Figure 2-3 . They are 

individually discussed below. 

2 . 1 . 1 . 1  Ri nse Wa ter Supply and El uting Chemical Addition 

A water feed is requ ired t o  rinse and elute the demineralizer content s .  Thi s 

will be ac compl ished by c onnecting a process water supply , via hoses, t o  t he 

existing connection for demineralized wat er addition. Alt ernat ively , the 

water may be hatched through the re sin f ill line. Thi s modification i s  

necess ary because rins e wat er wil l  b e  borated processed wat er and no t plant 

demineralized wat �r.  A small batch t ank will be required for chemical 

addition during elution steps.  The wat er addition control station i s  

conc eptually s hown i n  Fi gure 2-3 a s  being located i n  the Hayes gas analyzer 

room . Thi s location allows bo th the dilution/elution feed and decant 

opera tions t o  be c ontro lled from thi s room. 

2 . 1 . 1 . 2  Ef fluent Fil tration o f  Organics 

Degradat ion of the re sins within the d emineralizer has resulted in organic 

compound s tha t wil l  become suspended in the rinse and elution wat er. It i s  

pre ferred that the se c ompounds not pass into o ther port ions o f  the letdown 

system or t o  the SDS . ( It should be noted , however ,  that absolute fil tration 
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of o rganics i s  not a re quirement) . To remove organics, a charc oal f ilter will 

be ins talle d on the mezzanine of  the Haye s ga s analyz er room . The filt er will 

be t ied into the re sin f ill l ine s for the inlet and into the top of MUF-5A 

housing for the outlet . The filter will be housed in i t s  own shielding and 

will be removed a s  a unit af ter the organics removal i s  c omplete. 

2 . 1 . 1 . 3  Guard Filter For Pa rticulates 

A guard filter will be placed in the e f fluent line ahead of  the o rganics 

filt e r .  Thi s guard filter ha s three purposes : 

0 

0 

0 

To guard against the t ransf er of bulk solids out of the 

demineralizer s tha t might be caused by flow transient s during 

ri nsing and e lution 

To prevent re sin and fuel f ines transf er into the letdown piping 

and bleed tanks 

To prevent loading t he organics f i lter with radioactive 

particulate s ,  whi ch would creat e  a potential d i sposal problem • 

Conceptually , the guard f ilter will be a � intered metal backwashable unit . 

The ba ckwash flow pa th goe s t o  the demineraliz er opposit e the one being pumped 

out . The backwash capability prevent s  thi s f ilter from becoming abnormal 

waste containing hi gh TRU content and alleviat e s  any plugging problem s .  

2 . 1 . 1 . 4  LOUIE 

LOUIE i s  an existing remote c ontro l  t racked vehicle that will be provided by 

the DOE f or thi s  projec t t o  o btain radiological informat ion and data from 

within the demineralizer cubicles d uring the vari ous operations . Similar 

inf ormation may als o  be required in the spent resin tank rooms during Phas e  

I II.  In addition t o  radiation d ata, video inspection f or suspected leaks and 

t o  verify valve operation wil l  be useful tasks f or LOUIE • 

- 9 -
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2 . 2  PHASE I J  3YSTEM DESCRIPT ION 

Phase II activi ties prepare the spent re sin system f or handling the s luiced 

demineralizer content s and provide for removing the mat erial from the plant . 

Thi s phase a lso d emonatra tes c omplete spent re sin and solidification sy stems 

operation wi th material tha t i s  no t as radioact ive as the purification 

d emineralizer c ont ent s • 

A f l ow d iagram f or the s luicing and solidification pro cess i s  s hown in Figure 

2-4 • 

2 . 2 . 1  Equipment De scription 

To a large extent the se pro cesses will use. existing systems; however ,  s ome 

significant modif icat ions and additions are planned . The modifications 

re quire d t o  s upport d eminerali zer s luicing and solidification are individually 

discussed below. The locat ions of hardware additions are shown in Figure 2-5 . 

2 . 2 . 1 . 1  Spent Re sin System Tie-i ns t o  Solidification Skid 

The exi sting spent resi n  pump discharge and the rec irculation return line were 

i nstalled t o  c onnect t o  TMI -1 systems. They wind the ir way beneath the El . 

30 5 '  floor t o  the northwe s t  corner of the auxiliary building at El.  30 5 ' . To 

minimize the runs of s uch p ipe a nd t o  m inimize uphi ll s luicing , the 

solidification proces s equipment wil l  be locate d  adjace nt to the spent resin 

transf er pump cubicle, as s hown in Figure 2-5 . As a re sul t ,  the existing pump 

discha��e and return piping wil l  be cut and a short rec i rculation loop will be 

i nstalled , as s hown in Fi gure 2-4 . Thi s addition will be permanent and s hould 

mee t  Regulatory Guid e  1 . 14 3  design specifications .  It will allow connect ion,  

by hoses,  to the t emporary solidification unit • 

- 10 -
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2 . 2 . 1 . 2  Transfer Pump Addition 

The installed re sin � ransf er pump is a a centri fugal pump designed for low 

solid s concentration wat er. A progress ive cavity or pneumatic diaphragm pump 

more - suitable for d ense s lurri es s hould be installed in parallel wi th the 

existing pump . 

The existing pump s hould not be removed because i t  will be useful for pumping 

wat er during dewat ering and decanting operations when there i s  no need t o  move 

s olids. If the installation of the addi tional pump cre ates undue difficulties 

wi th regard to piping and valve installation, then consideration can be g iven 

t o  replacing the existing pump . 

2 . 2 . 1 . 3  Spent Resin Tank Dewat ering Pipeline Connection 

The current method f or dewateri ng spent re sin tanks i s  to drain them through a 

sparging line t o  the floor drain in the cubicle.  To avoid recontaminating the 

auxiliary building sump , thi s method will be replaced . A d ewatering line will 

be added tha t will allow wat er to be pumped to a tank such as the reactor 

coolant bleed t ank B ,  from which i t  can be processed wi th SDS or EPIOOR I I .  

2 . 2 . 1 . 4  Solidification Skid 

A c onceptual sketch of the s olidification s kid is shown in Figure 2-6 . The 

solidification ski d consis t s  o f  a wast e  batch contro l tank, solidification 

e quipment , and handling e quipment including a transf er bell. 

The focus o f  the ski d wil l  be a cone-bottome d bat ch control tank (20 t o  3 0  

gallons per batch) with appropri ate radiation, s olids,  and water leve l  

ins trumentation. Th e  bat ch tank wil l be located immediately above the was t e  

drum. Thi s will a llow opera tors t o  adjust the amount of waste t o  b e  

solidified prior t o  dumping i t  into the solidification container,  thereby 

insuri ng that dispo sal regulations are met . It will also prevent drum 

overfi lling . 

- 13 -
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The system wil l  use 5 5-gallon drums wi th a sacrificial mixer.  Thi s size wa s 

chosen t o  s implify the handling of s olidified waste f rom El . 280' to  El . 3 05 '  

f o r  tran sf er t o  int erim storage . The drums wil l  b e  loaded wi th cement pri or 

to re ceiving waste materi al. 

A pump and severa l valve s  will a lso be re quire d ,  as will drum posit ioning , 

ant i-rotation, and indexing feature s .  Shielding wil l ,  for the most part , be 

port able; however ,  it will be an int egral part of the design. There will be 

severa l cleanou t wat er flush point s ,  valved and manifolded to a common 

connect ion point • 

2 . 2 . 1 . 5  TRU Detection System 

On e possible process c ontro l parameter would be the radiation of the batch 

contro l tank on the solidification skid . The feasibility of the detecting TRU 

quant ities in thi s  manner i s  currently being investigated by DOE . If 

feasible , a detection system will be included wi th the skid . 

2 . 2 . 1 . 6  Drum Handling 

Onc e  s olidified , the drummed waste will be t ransf erred to st orage awaiting 

shipment . A shielded handling system includi ng a transfer shield will be 

integra ted with the s kid d esign. The system i s  s hown in Figure 2-6 • 

2 . 3  PHASE III 

Pha se III is the actual s lui cing , s olidif ication, and d i sposal of the 

purif ication demineralizer res ins.  Phase III use s the equipment installed in 

Phase II • 
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SECTION 3 . 0  

WORK SEQUENCE DIAGRAM 

The work sequenc e i s  shown on three seperate  diagrams representing the Phase  

I ,  Phase I I ,  and Phase III  activi t ies. The se are Fi gure s 3-1 , 3-2 , and 3-3 , 

re spect ively • 

3 . 1  PHASE I ACTIVITIES 

S t eps 1-3 3  are required to c omplete the work defined as Phase I .  The lead for 

severa l of thes e  activitie s wil l  be assumed by of f-island DOE contractor s and 

i s  i ndicated on the f igure s by heavy outlining . 

3 . 1 . 1  Letdown System Operability ( Steps 1-5 ) 

S teps 1-5 of the s equence veri fy l etdown system operability to allow filling 

and emptying of  demineralizers by backwards flow via the letdown line and 

demineralizer bypass to a radwaste tank, which will be a batch feed tank for 

the SDS . Flow should be avoided to portions of the letdown piping ups tream of 

the bypass l ine as well as to the f ill l ines,  sluice l ines,  and other 

connected systems . 

Che ck the new f ilter installations for tightness and the ability to remove 

them. Operabilit y  test procedure s should be written • 

-

The a ssembly of t est g ear, S t ep 3 ,  i s  potentially a t ime-consuming activi ty 

due t o  limited acces s t o  many area s • 

3 . 1 . 2  Saf ety Evaluation and Pro cedure s ( Steps 6-8) 

Pro cedures will be required for f i lling , rinsing , fluffing , and e luting the 

demineralizer content s ,  which wil l  be conducted i n  acc ordance wi th the proces s  

fl ow s heet specifications. The revi ew of these procedures will include a 

safety review • 
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3 . 1 . 3  Waste Di sposal Dec isions ( Step 9 )  

The quanti ties o f  s olidified waste for vari ous disposal scenari os are 

presented in Table 3-1. As can be seen,  ninimum volume di sposal as TRU waste 

re sults in s ignificant savings of operational effort and can result in 

significant savings i n  di sposal cost if  DOE , in accordance wi th the abnormal 

waste Memoranda of Understanding , can quote a reasonable disposal price • 

A similar situation exists for SDS processing of the soluble ac tivity . There 

are ap proximately 15 , 000 curi es of Cs-13 7 in the two demineralizers.  From a 

system performance standpoint , thi s  act ivity can be deposited in one or two 

SDS ve ssels. However , commerc ial waste disposal limits ( 10 CFR 61 ) would 

limi t thi s t o  about 1 , 000 curie s per vesse l ,  thi s results  i n  about 15 vesse l s .  

The waste disposal destination i s  therefore a n  i s sue that s hould b e  addre ssed 

soo n in order t o  establish f irm processing plans • 

L UIITING FACTOR 

TABLE 3-1 
PURIFICAT ION DEMINERALIZER RESIN 
WAST E VOLUME BASED ON 4kg FUEL* 

1 .  Current U .  S .  Ec ology Li cense 

2 .  10 CFR 61 ( Category C)  

3 .  Max Solidifiable Cone . 
(Approximate) 

4.  Unsolidified 

DRUMS 

2 00 

2 5  

15 

7 

* As sumes c esium will be mostly removed during rinse and e lution. 

3 . 1 . 4  Filter Skid Sequenc e ( Steps 10-13) 

The de sign, fabri cation, and delivery of the organic and part iculate filters 

(see Sect ion s 2 . 1 . 1 . 2  and 2 . 1 . 1 . 3) wil l  be handled by DOE . Installation 

inc ludes che ckout of spent f i lter handling as well as installation in the 

system flow path • 
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3 . 1 . 5  Haye s  Room Cleanup ( Step 14) 

The Hayes gas analyzer room re quire & s everal ac t ions before pro ceeding . For 

exampl e , the valve s installed for the charact eri zation projec t lea k and mus t  

b e  f ixed ,  t he t emporary cubicle entry doors must be removed , the radioactive 

ga s sample rack will  probably have t o  be relocat e d  t o  make room for the f i l t er 

s kid i nstallat ion, a nd t he makeup f il t er c ubicle must be d ec ontamina ted • 

3 . 1 .  6 lOUIE ( St e ps 15-18) 

The remote c ontro l transport vehicle i s  descri bed in Section 2 . 1 . 1 . 4 .  As with 

the charact erization projec t where SIS! wa s used , a floor plan mockup should 

be c ons tructed for exerc i sing LOUIE and for operator training . The survey 

pla n wi l l  specify the obs erva t ions and data to be taken and should be used for 

tra ining . No formal wri tten procedures are required for LOUIE, as i t  i s  not a 

pa rt of installed systems and there are no safety consequences in the event of 

i t s fa ilure . In the event of failure , other remote devices such as FRED may 

be used . 

3 . 1 .  7 "B" Opera t ions ( Steps 19-2 0) 

The i ni t ial ri nsing and e luting will be carried out on the "B" demineralizer . 

The " B" deminerali z e r  wi l l  be filled , rinsed , eluted , fluffed , ._ nd re-rinsed 

before thi s process i s  begun on d emineralizer "A" . Al though the " B" 

demineralizer contains more radioact ivit y  than the "A" demineralizer . t t  

c ontains less fuel, remains wet , and i s  better characteri zed by d irect sample 

analysi s  resul t s .  

3 . 1 . 8 , Fi ll and Re sample " A" ( Steps 21-2 6) 

Be cause of sampl ing difficulties, the " A" demineralizer conditions are not a s  

wel l  know a s  those in demineralizer "B" even though the "A" demineralizer has 

been more extensively characteri zed by non-destructive techniques.  A repeat 

of the previous sampling procedure is not plannP.d before proceeding because 
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there i s  no reason to believe that i t  will be any more successful. Theref ore , 

i t  ha s been decided to partially fill "A" wi th water in an attempt to dissolve 

any crust and to wet the resin • 

A sample of the " A" demineralizer will be drawn to veri fy the organics f ilter 

design and to obtain some idea of the amount of soluble cesium in the 

demineralizer • 

3 . 1 . 9 " A" Operat ions ( Steps 2 7-2 8) 

Fo llowing the removal of s oluble radioactivi ty from the "B" demineralizer , a 

similar procedure wil l  be performed on the "A" demineraliz er. Thes e steps are 

a repeat of Section 3 . 1 . 7  but are for the " A" demineralizer . The degre e of 

succes s  wi 'th "B" and the results of the "A" water sample will provide 

inf ormation for pro cessing " A" • 

3 . 1 . 10 Sample Demineraliz er Contents ( Steps 2 9-3 0)  

Af ter the e lution of " A" ,  the solids in  both demineralizers will be sampled to 

det ermine the amount of radioact ivity remaining . This will  define the 

quantity of re sin t o  be s luiced to the spent resin tanks.  

3 . 1 .1 1 Remove Organics Filter ( Step 31) 

Af ter rinsing and e luting both demineralizers,  there is  no longer a need for 

the organics fil� er and thus i t  may be removed so it wil l  no t interfere with 

future re sin s luicing cperations • 

The water addition and guard f i lter port ions of the skid , however, may remain 

t o  sup port sluici ng and lat er decontamination effort s  • 
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3 . 1 . 12 OK To Sluic e ( Steps 3 2-3 3 )  

Af ter the rinse and e lution s t eps are conducted , the adequacy of existing 

shielding in the spent resin transfer system wil l  be evaluated . To support 

thi s evaluation, an analysis will be c onducted to predict the expected dose 

rat e  in various area s ,  particularly the spent resin tank cubicle s ,  as  a 

func tion of the radioactivi ty remaining in the demineralizers. The results of 

thi s analysis can be compared wi th the original shielding design bas i s .  

The re sults o f  thi s compari son will determine whether the demineralizer 

content s should be sluiced and solidified in smaller batches than currently 

planned or whether additional s hielding is require d .  Af ter plan modification 

Phase I wil l  be complete .  

3 .  2 PHASE I I ACTIVITIES 

St eps 3 4-5 7 d efine the activi ties required to c omplete Phase I I. Phase II  

prepare s the spent resi n system f or handling the sluiced demineralizer 

contents and provides for removing the material from the plant . Thi s  phase 

als o include s a demons tration run of the ent ire spent resin transfer system 

and s olidification system by s luicing the spent fuel pool resins to the spent 

resin tanks wi th subsequent solidification. Like the particulat e and organic s  

f ilter skid i n  Phase I ,  the design and f ormation o f  the solidification and 

organics filter wil l  be by a DOE contractor.  

The detailed requirement s for thi s phase are discussed in Section 2 . 2 . A more 

detailed discussion of the logic sequence in Figure 3-2 f ollow s .  

- 2 3 -



• 

• 

• 

• 

• 

• 

• 

3 . 2 . 1  Spent Resin System Operability ( Steps 3 4-3 7 )  

Thi s s equence i s  functionally the same as  for the puri ficat ion letdown system 

( Section 3 . 1 . 1) .  However,  in thi s case there wil l  be several modifications to 

the spent re sin system, and there fore Fi gure 3-2 shows that the se should be 

installed bef ore the checks.  In actual practic e ,  i t  may be possible to 

conduct much of the t est ing before some of the modifications. The se are 

operational decisions and beyond �-he scope of thi s plan.  

3 . 2 . 2  RB Basement S i lt Removal Te chnical Pl an ( Step 3 8) 

A t echnical plan for removal of the reactor building basement silt is 

scheduled . Thi s silt wil l  likely require solidification prior to di sposa l.  

There fore , thi s step identifies the need to i nvestigate the potential for 

using the spent resin tanks and the make-up a_td purification solidification 

skid for the s ilt . Due t o  the different handling characteri stics of the silt , 

some additional modifications are likely . These modif ications must be 

identified and accommodated pri or to c ontaminating the transf er and 

solidification system wi th the make-up and purification demineralizer resins • 

3 . 2 . 3  Spent Re sin Transf er System Modifications ( Steps 3 9-4 2) 

As descri bed i n  Section 2 . 2 ,  some hardware modifications to the spent resin 

system wil l be requ ired . As these wil l be peDnanent change s ,  an engine ering 

chang e memorandum ( ECM )  i s  re quired .  

In addition t o  the ECM sketche s,  thi s plan calls f or a revi sion of the P&ID 

for the spent resi n  system as a minimum. Thi s i s  because thi s drawing will  be 

necessary f or operation of the system. It would also be prudent to revi se the 

consolidated P&ID that was drawn for this  project ( Dwg .  No . 2E-53 3-21-001) , as 

it s hows the puri fication d emineralizers and spent re sin system on one sheet 

and wil l  be very useful f or operator s  • 
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3 . 2 . 4  Solidification Skid ( Steps 4 3-4 6 )  

The s olidification skid descri bed in Section 2 . 2 . 1 . 4  is required before any 

resins are sluiced . TI1i s sequence could possibly be the most limiting 

cri tical path for thi s pro ject because considerable work is  require d .  

3 . 2 . 5  Handling and Shielding ( Steps 4 7-4 8 )  

The removal o f  the solidified drums from the solidification skid will re qui�e 

handli ng equipment and special shielding . This act ivity should be co ordinated 

with the solidification skid design. Thi s equipment may include transfer 

bel l s ,  hois t s ,  and dollie s.  These are de scribed in Section 2 . 2 . 1 . 6  • 

3 . 2 . 6  So lidification Opera tional Preparation ( Steps 4 9-5 3) 

The s olidification skid i s  a new system. Although i t  i s  t emporary , it i s  

expecte d to stay in place for a n  extended period of t ime . Thus the 

deve lopment of operational pro cedure s for solidification will be preceded by a 

technical evaluation report ( TER ) and associated safety review. Before the 

TER can be c ompleted , the skid , s hielding , and waste handling designs must be 

available .  

A process control p�gram (PCP) will b e  required for solidification batch 

contro l to ensure that solidification requirements are met and transportation 

and disposal l imi ts are not exceeded . The demonstra tion operations in Phase 

II are no t expected to create TRU contaminated waste because they wil l  be 

c onducted with pre-accident re sins. Therefore , the PCP need not addre ss TRU 

concentrations during Phase I I  operations • 

S t ep 5 3  re cognizes the Technical Po sition on waste form recently i s sued by NRC 

( Reference 7) . Thi s step i s  the test required t o  qualify the selected 

s olidification binder • 
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3 . 2 . 7  Amend Ca sk License ( Step 54)  

A cask l icense may be required t o  ship the TRU contaminated wa ste .  For 

example,  if the CNS-113-C cask were to be used , it would have to be licensed 

for 200 grams of fuel . 

3 . 2 . 8  System Demonstration ( Steps 5 5-57) 

The se steps c all for sluicing of the spent fuel pool cleanup system re sins to 

demonstrate the operation of the modified spent resin sy stem and the new 

solidification skid . These re sins a re mildly radioactive and should indicate 

any system deficiencie s wi thout ri sk of significant contamination or personnel 

exposure . When deficiencies a re resolved , the se systems should then be ready 

to process the purification system demineralizer content s • 

3 . 3 PHASE III ACTIVITIES 

Phase III involves the removal and d i sp o sal of the purification demineralizer 

solid s. If significant radioactivity i s  removed in Phase I, then sluic_ .� 

should be a routine operation. The system requirement s for thi s phase are 

discussed in Section 2 . 3 .  

3 . 3 . 1  TRU Detection Scheme ( Steps 58-60) 

Because there i s  some fuel and thus TRU i sotopes in the demineralizers,  the 

concentration of thi s material in the f inal waste will have to be closely 

controlled to ensure buri&! ).imit s  will not be exceeded . Thu s ,  a method of 

measurement i s  required f or the final PCP. The feasibility of direct 

measurement of gamma activity to infer the TRU c oncentration i s  currently 

being investigated . For thi s project , since the soluble cesium will be 

removed before the solids a re sluiced , 

be an acceptable measurement i sotope • 

d irect c ontrol of solids quantity will 

insoluble c e sium as well as cerium may 

Should neither prove feasible, then 

be required ( and difficult) .  
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The TRU measurement hardware will be coordinated with the solidification skid 

design. It will not be necessary to have it in place f or the Phase II 

demonstration, although thi s would be preferable. 

3 . 3 . 2  Sluice Campaign ( Steps 61-63 )  

It i s  anticipated that NRC concurrence will be required before sluiciGg the 

resin s from the . purification demineralizer s.  Phase I and I I  completion should 

provide suf ficient a ssurance of safety to ottain thi s  approval. 

Thi s plan call s f or sluicing both demineralizers into one spent resin tank. 

Thi s will "homogenize" the contents of both demineralizers, minimizing the 

sampling requirement s  consi stent with ALARA principles. The se samples will be 

u sed f or solidification media proportioning to keep the final radioactive 

concentrations below di sposal limi t s .  As discus sed previously , if the rinse 

and elution steps are not sufficiently effective in removing cesium, then 

these operations may be carried out individually for each demineralizer and 

po ssibly f or smaller batches. Thi s will complicate the PCP because several 

sample s will probably be needed . 

3. 3 . 3  Solidification and Di sposal Campaign ( Steps 64-69) 

The Phase II PCP will be revi sed for TRU control for the solidification 

campaign. The PCP revision will depend on the method f or relating radiation 

to solid s quantities ,  the re sults  of a sample of the content s of the spent 

'resin tank, and waste di sposal destination deci sions that will affect 

allowable concentrations ( see Section 3 . 1. 3 ) .  Sufficient samples will be 

taken to a s sure good waste characterization. These sample s  in combination 

with external radiation measurements will be u sed t o  define the quantity of 

waste in each drum. 

The material will be solidified in 55-gallon drums that can be staged in the 

auxiliary building or individually transported to interim storage prior to 

shipping f or disposal. 
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3 . 4  MILESTONE SCHEDULE 

An overview mile stone schedule for the previously described project activities 

is  shown i n  Figure 3-5. Thi s schedule shows that the commitment to the NRC to 

have material ready for shipment by the end of 1984 is achievable . 

Engineering i s  working on a detailed schedule .  
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SCHEDULE DESCRIPT ION 

WATER ADDITION AND 

EFFLUENT FILTRAT ION SKID 

fz;l DEMINERAL IZER SYSTEM 
fl) PREPARATION =a .... p.. RINSE AND ELUTION 

OPERATION . 

SOLIDIFIC\T ION SKID 

AND HANDLING EQU IPMENT 
fil SPENT RES IN SYSTEM fl) =a ::: p.. MODIF ICATIONS AND PREP . 

DEMO WITH IN- PLANT 

RES INS ( SPENT FUEL POOL ? )  

SLUICE PURIFICAT ION 
fz;l fi) H  DEMINERALIZERS =a ::: SOLIDIFICAT ION AND p.. 

DISPOSAL CAMPAIGN 

LINE 19 8 3  - .. 1984 - .. 
NO . 8 9 10 1 1  12 1 2 3 4 

1 

' 2 
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10 

FIGURE 3-4 
SCHEDULE OVERVIEW 
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SECTION 4 . 0  

INTERFACE WITH OTHER PROn.C'l'2 

4 . 1  INTERFACE WITH SYSTEMS DECONTAMINATION 

4 . 1 . 1  Schedule Interface 

The goal of the project i s  to have the re sin from t he makeup sy stem 

deminerali zer s ready to ship by the end of 1 984 . Plans for decontamination of  

al l  sy stem s out side the scope of thi s plan are delineated by  the Integrated 

Plan for AFHB Characteri zation/Stabili zation/Decontamination, TPO/TMI-04 9 ,  

(Reference 6) . The relationship between the implementation o f  the se two plan s 

will be shown on Recovery Programs Integrated Intermediate Schedule s. 

Implementation of both activit ie s is expected to begin in 1983 . AFHB 

decontamination operations are expected to extend over a significant period of 

time . However , it  i s  clear that the demineralize r s  mu st fir st be emptied 

before decontami nation or removal of the debri s and their a ssociated piping i s  

attempted . The se decontamination activitie s may have to be re scheduled if  the 

demineralizer project i s  not completed • 

4 . 1 . 2  I solation Boundarie s 

E stabli shing the boundarie s for t he deminerali zer proce ssing project i s  not 

prescribed here and i s  left a s  an operational de�i sion • 

4 .  2 INTEGRATION WITH _ OTHER DEMINERALIZER RESIN DISPOSAL 

The activitie s sequence diagram shows sluicing of spent fuel cleanup 

4t demineralize r s  a s  a prerequi site t o  purification demineralizer sluicing . The 

purpose i s  to first " t e st "  the sy stem with le ss radioactive wa ste . 

Other in-plant re sins can be proce ssed in the campaign with the spent fuel 

e cleanup and the purification deminerali zer re sins for operational efficiency . 

• 

• 

Re sins that have been identified a s  candidate s  are cleanup deminerali zers and 

evaporator condensate • 
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4 . 3  INTEGRATION WITH REACTOR BUILDING BASEMENT SILT PROCESSING 

A technical plan for proce ssing the reactor building and AFHB silt i s  

current ly being written. It will recommend that the silt be pumped to the 

spent re sin tanks  for settling .  The solidification skid al so would be u sed 

for ba sement silt since the same problem of controlling TRU concentrations 

al so applie s in thi s effort . U se of the spent re sin tanks for thi s purpo se 

will require some modificat ions. The se modifications should be accompli shed , 

if  po ssible , prior to sluicing of purification deminerali zer  re �ns. The se 

modification s are not yet fully inve stigated , however ,  they are expected to be : 

0 

0 

0 

A method to decant water from a spent re sin tank 

Additional agitation feature s t o  break up consolidated silt at the 

tank bottom 

Addit ional instrumentation to determine silt quantities and 

concent ration 
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Resin Scoping Tests 

A series of scoping tests were run at Pacific Nortl"Mest Lalx>ratories (PNL) 
in an attempt to s:imJl.ate the radiation and thermal degredation of the resins 

in the makeup and purification system. PNL irradiated a sample of IRN-150 mixed 
bed resin (similar to those used at 'IMI-2) to an acctmJlated dose of 1 .  7 x 10 rad 

with an external 6 0Co source . :'he estimated cunulated doses experienced by the 

makeup and purification resins was between 1 and 5 x 109 rad . The results of 

these tests indicated a significant loss in resin volune and a corresponding 

increase in resin density. Samples of the resin were also heated to various 

temperatures and studied for degradation effects and products . Samples subj ected 

to both radiation and heating sb:Med significant weight loss (50-60%) and loss 

of functionality but remained sluicable up to 750 °F. The estimated maxim.ln 
temperature experienced by the resins in the makeup and purification system was 
360 °F. The gases released during the radiation and heating processes were sampled 

and analyzed. The major gas generated was hydrogen (80-90%) • 

In-Cell Surveys 

A Il\Dlber of in-cell surveys were performed to dete.nni.ne the quantity of 

fission products and fuel in the demi.neralizers . Westinghouse Hanford Corporation 

(WHC) provided a small robot equipped with a TV camera and a dose rate urn:i.tor for 

the initial surveillances inside the cubicles . Gamna dose rate profiles augnented 

by TID vertical dose profiles were also performed in the "A" demi.neralizer cubicle . 

�� lilcertainties involved in the interpretation of these data for assaying the 

quantity of fuel present in the denineralizers led to the performance of several 

additional in-cell surveys using DDre sophisticated non�destructive assay teclmiques . 



Solid State Track Recorders (SSI'R) were used to assess the neutron flux 

at the "A" demi.neralizer tank surface , thereby determ:in:ing the quantity of fuel 

present . Tile SSTR data confil:med the tank was dry above the 309 ' elevation 

and estimated the quantity of fuel to be 1 .  7 ± 0 .  6 kg U. 

'1"h.e second teclmique for fuel measure:nent involved the scanning of the ganma 

spectrun fran the "A" demi.neralizer tank using Si (Li) coopton recoil spect:ranetry. 

Using equi�nt supplied by WHC , a scan of the "A" demineralizer tank through 

an existing penetration yielded the quantity of 1 4  4Ce and 1 3 7Cs present in the 

tank. Fran these data , an estimate of fuel of 1. 3 ± 0 . 6  kg U was obtained. 

The third teclmique applied to the fuel assay of the demi.neralizer resins 

was the use of a lSe (y , n) spectraneter system supplied by los Al.aoos National 

Laboratory (l.ASL) . Tile results of these scans showed the "A" demineralizer fuel 

content to be 2- 7 kg and the "B" demineralizer to be '\.() .  7 kg of U. 

A stmnary of the data concerning the demineralizers known prior to sampling 

is given in Table I .  It can be seen from the data in this table that the best 

estimate of conditions in the danineralizers are: 

1 .  Tile resins have shrunk and settled 

2 .  There is only a small volume of liquid in the tanks 
3.  More fuel and core debris are in the "A" dsn:ineralizer 

4. Neither deminer.alizer has a significant quantity of fuel 

5 .  The "B" demi.neralizer has DDre Cs activity 

6. Piping and equipment in cubicles are in satisfactory condition 
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2.  

3.  

4 .  

(a) 

Resin 

Vol1..1:ne , ft3 
Weight , lb 
137Cs Ci 134 , 

. 
Cs , Ci 

Liquid 
Volune , ft3 
Weight , lb 

Debris 

u, lb 
Core Debris , 
137Cs Ci 134 ' . 

lOt:Cs ,  C� 

144IW ' C:!-
usee , c� 

Sb, Ci 
TRU, Ci 

Gas 

Volme , ft
3 

Temp, °F 

lb 

Pressure , psig 

a activity only 

GAS SAMPLING 

TABIE I 

Estimated Denineralizer Loadings 
Based NDA Olaracterizations 

Initial 

so 
2 , 139 

0 
0 

44 
2 , 746 

A Vessel 

22 
1, 025 
3 , 500 

270 

3 
193 

5 
95 

177 
16 
21 
28 

116 
O . S (a) 

54 
80 
11 

B Vessel 

22 
1 ,025 
7 , 000 

540 

3 
193 

1 
19 
35 

3 
4 
5 

23 
O . l(a) 

54 
80 
10. 5  

With the results of the resin seeping tests and non-destructive assay 

measurE!IElts in hand , sampling of the deni.neralizers began. The first task 

was to sample , depressurize and purge each demineralizer of its trapped gases . 



nus was accanplished by m:xii.fying the instrunent lines leading to the 

Barton differential pressure gauge (MUDPAH-4517) located in the Hays Gas 

Analyzer Roan. Tile installation of a tanporary gas line to permit venting 

to the waste gas decay tanks was installed with the capability of adding 

diluent gas (nitrogen) . After clearing of liquid in the instnment lines ,  

samples of the gases were taken and analyzed on-site and at an off-site 

laboratory (WHEDL) . 1he results of these analyses are stiiJDa.rlzed in Table II . 

TABIE II 

Analysis Results of Makeup and Purification Dem:i.neralizer 
Gas Samples Taken During Venting 

Results 

Sample 1 Sample 2 
Analysis A-demin A-demin B-demin* 

Kr (ppm) <6 <6 <6 

Xe - 1 36 (ppm) 0 . 8  0 . 8  2 

Xe - 1 34 (ppm) 0 . 6  0 . 7  1 . 5  

Xe - 1 32 (ppm) 0 . 7  0 . 8  1 . 8 

Xe - 1 31 (ppm) 8 7 1 9  

Xe - 129 (ppm) 0 . 2  0 . 3 0 . 6 

co2 (mole %) 0 . 47 0 . 44 2 . 75 

Ar (mole %) 0 . 10 0 . 0 1  0 .03 

02 (mole %) <0 . 01  0 . 02 <0 .0 1  

N2 (mole %) 91 . 6  91 . 4  8 . 69 

co (mole %) <0 . 2  <0 . 2  <0 . 2  

He (mole %) <0 .01  <0 . 0 1  <0 . 0 1  

H2 (mole %) 7 . 59 7 . 1 5  81 . 3  

CH4 (mole %) 0 . 21 1 .02 7 . 28 

Kr - 85 (UCi/cc) 0 . 043  0 . 043 0 . 20 

* No n2 • He - 3 or HT detected 
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Using gauges installed in the tsq>orary gas venting system, the best estimate 

of the initial gas pressures on the demineralizers were 8 psig on the "B" 

deni.neralizer and 4 psig on the "A" de:nineralizer. 'The "A" demineralizer 

was diluted with nitrogen gas during the liquid clearing operations . It can 

be seen from these analyses that the principal gas was hydrogen with some 

nitrogen and very little oxygen. nus suggests that oxygen scavanging is 

occurring thus preventing the b.ri.ld up of a potentially explosive at:Irosphere. 

The da:ni.neralizers were vented and purged with nitrogen to less than 2% 

residual hydrogen. 

Resin Sampling 

Following the safe venting and purging of the demineralizers , m:xiifications 

necessary to sample the resins in the tanks were begun. Sampling was 

accanplished by cutting the resin fill line in the Hays Gas ktalyzer Roan 

and installing a new ball valve on the 3" lines for each demineralizer. 

Special sampling tools , designed and fabricated by NtE Corporation , were used 

to obtain samples of the material in both tanks with m:i.n:i.m..Jm contamination and 

exposure to persormel.  Samples were obtained by probes inserted through the 

tti.aphragm valves in the resin fill lines and into the resin beds through the 

top of the tanks . 'The "A" demi.neralizer sample was very difficult to obtain 

due to the presence of a crust over the resin which was later confi.nned by 

a visual fiberscope survey. '!he "B" denineralizer was found to contain a 

layer of water covering the resin. Two samples of the "B" dem:i.neralizer were 

obtained. 'The results of the analyses of these samples performed at ORNL 
are shown in Table III . 1be conclusions that can be drawn fran these results 

are: 



• 
TABLE III 

Analytical Results for TMI - Columns A & S 

• April 1983 May 1 983 
Units El . B-Solution B-Solid B-2 Liq . B-2 Solid A Solid 

ppm B 3000 3000 > 200 > 200 
c 1000 ppm 900 ppm > 10% > 10% 

ppm Na 7000 - lo , ooo > 1000 >1000 

• ppm Mg < 1  < 1  2 5 
ppm Al 10 10 70 50 

I ppm Si <3 < 3  < 5  < 5  
ppm p 0 . 1  0 . 1  < 1  4 
ppm so4 9600 6000 15 , 000 10 , 000 
ppm Cl 5 20 30 20 
ppm K 3 0 . 8 4 4 

• ppm Ca 20 10 30 50 
ppm v 1 <0 . 1  
ppm Cr 0 . 3  0 . 6  5 < 1  
ppm Mn 0 . 2  0 . 1  5 10 
ppm La 3 - 1  
ppm Ba < 1  40 

• ppm Cs* 30 30 100 100 
ppm 129-I* 100 
ppm Te* < 1  < 1  30 10 
ppm Sn -2 
ppm In 0 . 2  0 . 3  30 300 
ppm Cd < 1  < 1  60 1000 

• ppm Ag 0 . 4  2 30 600 
ppm Rh < 3  < 3  
ppm Mo 2oo 
ppm Nb < . 1  < . 1 < 1  1 
ppm Zr 1 1 6 500 
ppm Sr� 1 < 1  1 4 

• ppm Rb* 6 4 15 15 
ppm As < . 5  < . 5 < 1  2 
ppm Zn < .. 2 0 . 2  < 1  < 1 
ppm Cu 1 0 . 3  < 1  2 
ppm Ni 0 . 5  0 . 6  40 100 
ppm Co < . 1  < . 1 < 1  3 

• ppm Fe 10 10 200 700 
ppm u 0 .064 1620 0 . 109 283+ 1250 
ppb Pu 0 . 72 3 550 0 . 64 787+ 3520 
1,1 Ci/g 134Cs 0 . 181E3 0 . 77 8E3 0 . 101E3 1 . 13E3 1 5  
11 Ci/g 137Cs 2 . 64E3 11 . 2E3 1 . 48E3 16 . 9E3 220 
&A Ci/g 90Sr O. Ol4E3 0 . 49E3 9 . 46 0 . 88E3 200 

• &A Ci/g 60Co 1 . 98 
&A Ci/g 125Sn 7 . 4  
&A Ci/g 144Ce 9 . 9  

pH 5 . 7 5 . 3  

* Fission Product + normal • 
• + • Values suspect - rechecks in progress • • 

• 



TABLE III ( Continued) 

AEril 
Units El . B-Solution 

• 
At % 2 34U 0 . 022 
At % 235U 2 . 23 
At % 236U 0 . 1::8 
At % 238U 97 . 62 
At % 238Pu <0.07 

• At % 239Pu 87 . 85 
At % 240Pu 10 . 29 
At % 241Pu 1 . 7 9  
At % 242Pu < . 05 

• Original Sample 

R at contact 

1983 
B-Solid B-2 Liq . 

0 . 023 0 . 023** 
2 . 46 2 . 5** 
0 . 072 - . 1** 
97 . 45 97 . 5** 
< . 05 < . 1 
9 1 . 0  84 .) 
7 . 6 13 . 8  
1 . 4  1 . 82 
< . 05 < . 1  

May 1983 
B-2 Solid 

. 026 
2 . 17 
0 . 10 
97 . 70 
< . 1 
82 . 8) 
13 . 2 5  
3 . 87 + 
< . 1 

Insoluble Residue -20 mg/ml 

e **Small aliquot . 

( 110 Liq . & Solid ) 

-500 mg/ml 

• 

• 

• 

+ • values suspect - rechecks in progress • 

1 .  The "A" demineralizer contains more fuel and core debris .  

2 .  The "B" demineralizer liquid contains at least 500 Ci 137cs • 

3 .  The "B" demineralizer resin is sluicable . 

4 .  The "A" demineralizer sample may not be representative of resin . 

A Solid 

. 022 
2 . 3 5 
0 . 072 
97 . 55 
( . 1  
89 .87 
8 . 7 5  
1 . 3 8  
< . 1 

( 7 )  

(dry) 

5 .  The "A" demineralizer resin has a crusted appearance and severe channeling exists . 

6 .  The "A" demineralizer is dry • 

• 

• 


