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Figure 1.13 85r cumulative fractional release vs (time)l/z from 3%
HiB03 waste composites (w/c = G.5; V/S = 0.94 cm).
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Figure 1.14 Average cumulative fractional release of 855r vs (time)l/2
from 3% H3B03 waste composites (w/c = 0.5; V/S = 0,94 cm).
The average CFR was normalized for V/S.
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Figure 1.15 85sr cuymulative fractional release vs (time)1/2 from 3%
H3B03 waste composites (w/c = 0.7; V/S = 0.94 cm),
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Figure 1.16 Average cumulative fractional release of 855r vs (time)l/2
from H3B03 waste composites (w/c = 0.7; V/S = 0,94 cm)
The average CFR was normalized for V/S.
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Figure 1.17 85Sr cumulative fractional release vs (time)l/2 from 6%
H3B03 waste composites (w/c = 0.5; V/S = 0.94 cm).
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Figure 1.18 Average cumulative fractional release cf 89Sr vs (time)l/2
from 6% H3B03 waste composites (w/c = 0.5; V/S = 0.94 cm).
The average CFR was normalized for V/S.
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Figure 1.21 85Sr cumulative fractional release vs (time)l/z from 12%
H3B03 waste composites (w/c = 0.5; V/S = 0.94 cm).
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Figure 1.22 Average cumulative fractional release of 855, vs (time)l/?2
from 12% H3B03 waste composites (w/c = 0.5; V/S = 0.94 cm).
The average CFR was normalized for V/S.
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from 12% H3B03 waste composites (w/c = 0.7; V/S = 0.94 cm).
The average CFR was normalized for V/S.



The average cumulative fractional releases for a given formulation,
based on five replicates after 229 days of leaching, are summarized in

Table 1.4,
Table 1.4

Average 137Cs and 85Sr Cumulative Fractional Releases (CFR)
After 227 Days of Leaching

Waste/ Average CtR From Composites Incocporatiqg;anb
Cement Radiotracer 3% H3B0, Solution 6% H4BO3 SoTution 12% H3B03 Solution
0.5 137¢s 83.3 + 11.8 79.9 + 5.7 63.0 + 3.2
0.7 137¢ 105.6 + 3.8 89.8 + 3.8 86.1 * 4.0
0.5 855p 520 ¥ 1,2 4,74 7 0.6 1.82 ¥ 0.7
0.7 855 7.98 % 2.4 3.00 ¥ 0.4 2.05 % 0.5
60co c c 3

aThe error presented is the standard deviation from the mean of the five
replicates for each formulation.

DCFR is expressed in percent.
c60ro was below the detection limit (3.0 x 10-2 uCi per 1.5 L).

The tollowing observations and conclusions are noted:

e Increasing the waste-to-cement ratio from 0.5 to 0.7 resulted in an
increase in the leachavility of 137¢s #pem the three boric acid/
cement compasite formulations (3%, 6% &nd 12% boric acid selutions
as waste). This effect is not noticeabie for 855 release.

e For a waste-to-cement ratio of C.7, increasing the boric acia solu-
tion concentration (frgm 3% to 6% and 1.%) effectively decreased the
leachability of botn 137¢s and 89Sr. This trend is less pro-
nounced for a waste-to-cement ratio of (.5 when comparing composites
made with 3% and 6% boric acid golutions but becomes prominent when
comparing the leachability of 13/Cs and 855r from composites
made with 3% to those made with 12% boric acid solutions. The rea-
sons for the observed decrease in 137Cs and 855 leachability
with increasing boric acid content of the composites are not pres-
ently understood, but may explain ghe low (below detection limit)
cumulative fractional releases of 89Sr in these forms.

. Th? leachability of 855r was approximately one-twentieth that of
137cs from these composites. This may be attributed to the as-
similation of the divalent strontium into the cement matrix, pre-
sumably substituting for calcium. Furthermore, the extent of
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displacement of the two cations from the resins to the matrix will
be different., This factor will have to be taken into consideration
for a more quantitative evaluation of the data.

o %co in the leachates from all samples was below the detection
limit (3.0 x 10-¢ \ﬁi per 1.5 L sample) of the experimental meth-
od. Earlier work(3) has shown that the leachability of °YCo
from B.W.R. regenerative waste solidified in Portland I1I cgment was
approximately two orders of magnitude lower than that of 137Cs,

1.3.2 Compressive Strength Data

The compressive strength of some composites was measured immediately
after curing., These samples included control samples (composed of Portland
Il cement and water), and samples of identical composition to those which
were leached., All the composites, which were leached (for a duration of
352 days), were also evaluated for their compressive strength,

The compressive strength data from these measurements are summarized in
Table 1.5 and graphically shown in Figure 1.25. All reported values represent
an average value of five replicates.

Table 1.5

Average Compressive Strength of H3B03/Portland 111 Cement
Composites Before and After 352 days of Leaching.

Compressive Strength (Psi)

After Leaching After Leaching
Initially 352 (days) Initially 352 (days)
formylation w/c = 0.5 w/c = 0,7
Controld 3400 + 2% .- 1400 + 26% ~ee
3% Boric Acid 2600 + 16% 1900 + 16% 1100 + 23% 1000 » 12%
b% Boric Acid 2400 + 35% 1200 + 9% 1700 + 18% 1400 + 12%
12% Boric Acid 3300 + 9% 1600 + 14% 1900 + 12% 1300 + 17%

dSamples consisted of water and Portland 111 cement only.

The data indicate that, for a waste-to-cement ratio of 0.5, leaching
for 352 days caused a substantial decrease (approx. 50%) in the compressive
strength of the composites. The data derived from the composites with a
waste-to-cement ratio of 0.7 indicate that, although their initial compressive
strength is lower than those with a w/c ratio of 0.5 (by approx. 40 to 50%),
their compressive strength did not decrease substantially after 352 days of
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leaching, It should be noted that the compressive strength of these compos-
ites is still approximately 20 to 38 times higher than the lower limit

(50 psi) set forth in the proposed Code of Federal Regulations, 10CFR Part
61.56.
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Figqure 1.25 Average compressive strengths of boric acid waste forms before
leacning (@) and after 352 days of leaching (o) for both formu-
lations (w/c = 0.5 and 6.7) as a function of boric acid waste
formulations.

1.3.3 Leachate pH Data

The leachate average pH data for each formulation (3%, 6% and 12% boric
acid solutions), and both waste-to-cement ratios (0.5 and 0.7) are shown in
Figure 1,26, The pH values varied between 7 and 12, and were consistently
lower for those from composites incorporating 3% boric acid ¢>lutions than
those from the composites incorporating 6% and 12% boric acid solutions.
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Figure 1.26 Average leachate pH values for 3%, 6%, and 12% H3B03 waste
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ure is for w/c ratio of 0.5, ana lower figure is for w/c ratio of
0.7.
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2. DISPERSION OF 137Cs, B55r . and 60Co FROM CEMENT/ORGANIC ION EXCHANGE
RESIN COMPOSITES AND FKOM ORGANIC ION EXCHANGE RESIN/CEMENT MIXES
(L. Milian and N, Morcos)

2.1 Introduction i

Organic ion exchange resins from power plants are currently disposed in
shallow land burial sites in the dewatered state, A preliminary draft of
10 CFR Part 61 3ti ulates that "ion exchange resins shall be immobilized by so-
lidification,"(4,5) In addition, the commercial burial site operators have
incicated that after July, 1981, some unsolidified dewa%esed organic resins
will not be acceptable for burial in their facilities,(€

Several solidification agents such as cement, bitumen, urea formal dehyde,
and vinyl ester-styrene are compatible with organic ion exchange resins. How-
ever, certain difficulties associated with the use of cement have been report-
ed.(,) These difficulties include poor integrity of the waste forms when
immersed in water and the subsequent release of the contained radioactivity,

We have reported earlier on the displacemeni of adsorbed 13/cs from ion
exchange resins when they are mixed with cement,(8,9) The present study
addresses the leachability of 137Cs, 855r, and AOCo from organic ion ex-
change resin/cement camposites, The observed leachability is the net result
of (a) leaching the radionuclides that were initially displaced from the resin
during the mixing with cement, and (b) leaching of the radionuclides remaining
on the resins in the waste form after sociidification.

2.2 Experimental

2.2.1 Cement/Organic lon Exchange Resin Compositivs

Spert ordanic ion exchange resins are expected to change their ini-
tial form (H*) to that of the most prevalent cations in the water entering
the resin bed, To simulate the conditions found in spent resins, samples of
Amberlite cation exchange resins (Rohm and Haas [RN-77, H* form) were con-
virted to the Ma* form, and then batch loaded with one microcurie each of

7Cs, 85sr, and 60Co, The loaded resins were slurried in water and

mixed with either Portland Il or Lumnite cements, The compositions of the
mixtures used for each type of waste form are shown in Table 2.1. The speci -
mens were cured for six weeks prior to leaching., The specimens were 4.7 cm
(diameter) by 8.9 an (height), and were leached using a modified IAEA leaching
procedure,(3) The leaching volume was determined by the relationship: V =

10 cm x S, where V is the leachant volume, and S is the geometric surface of
the sample being leached. The waste (water plus resin) to cement ratios used

in fabricating the forms were 1.0 and 1.8. Five replicates of each formula-
tion were made,

The activities in the leachates were determined using a Ge(Li) detec-
tor system, and are expressed as fractional (incremental fractional release),
and as cumulative fractional release,
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2.3 Results and Discussion

2.3.1 Cement/Organic Ion Exchange Resin Composites

The average pH for each formulation for varying leaching perinds is
graphically shown in Figure 2,1, The pH of leachates from Portiand I1 ceme:.
composites ranged from 11 to 12, and those from Lumnite cemen” composites
ranged from 9.9 to 11.5. After approximately two weeks, the syread in pH
narrowed and remained at i1-11.5,

13- -
5 2f8, A Ry
- 3 (®) &

2 = 20 A4 _1
w %QD =)
;:l() (o} y
S
In 90 A PORTLAND II CEMENT W/C-'.O_ﬁ
o O LUMNITE CEMENT W/C-1.0
8 O LUMNITE CEMENT W/C-i1.8 |

I 1 1 I 1 1 | |

I0 20 30 40 50 60 70 80 90 00
CUMULATIVE LEACH TIME (doys)

Figure 2.1 pH of leachates as a function of time.

Cumulative fractional release data for 137Cs and 85Sr from eazch of
five replicate organic ion exchange resin/Portland Il cement composites are
shown in Figures 2.2 and 2,3, respectively plotted as furctions of /. Fin-
ures 2.4 and 2.5 show the I37Cs cumulative fractional release of replicate
composites made with organic ion exchange resins and Luinite cement at waste-
to-cement ratios of 1.0 and 1.8, respectively.

The mean cumulative fractional release obtained from five repiicate sam-
ples for each formulation are shown in Figures 2.6 and 2.7, The error bars
represent the standard deviation from the mean. Lumnite cement showed a lower
leachability of 137Cs and 85Sr than Portland il cement. This effect was
reported earlier(9) for the leachability of 137¢s from both types of ce-
ments Tnd uss attributed to the lower permeability to water of Lumnite ce-
ment, (10,11 Cobalt-60 was below the detection limit in leachates from both
types of cements (3.0 x 10-2 uCi per 1,5 L sample), and 85¢r was not
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observed in leachates from Lumite composites. These observations may be at-
tributed to either an isotopic dilution of the radiotracers with the cement
components or to an actual chemical interaction of the tracers with the
matrices.

The upper surfaces of Portland [1/organic ion exchange resin composites
(waste/cement = 1,8) crumbled before leaching was initiated, and “he waste
form deteriorated further upon water immersion, The composites made with
Lumnite cement maintained their physical integrity throughout the leaching
experiment,

(Continued Page 33)
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Figure 2.2 137¢s cumulative fraction release from Portland Il cement/cation organic exchange resin
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Figure 2.5 137¢s cumulative fraction release from Lumnite cement/cation organic ion exchange resin
composites vs vt, w/c = 1.8 by weight and V/S = 0,930 cm,
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Figure 2.6 Mean cumulative fraction release of 137Cs and 85Sr from Portland I1 cement/cation organic
ion exchange resin composites vs v, w/c = 1.0 by weight and V/S = 0,929 cm,
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Figure 2.7 Mean cumulative fraction release of 137Cs from Lumnite cement/cation organic ion
exchange resin composites vs vt, w/c = 1.0 and 1.8 by weight and V/S = 0.927 and
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2.3.2 Cement/Organic lon Exchange Resin Mixtures

The fractions of the l37Cs. 85Sr. and 60co remaining on the ca-
tion exchange resins relative to those loaded initially were measured as a
function of contact time with Portland Il and Lumnite cements, The averages
of five samples for each contact time for a given cement formulation were com-
puted and are summarized in Table 2.2. No detectable activity was displaced
from the control resin samples.

Table 2.2

Activity Remaining on Cation Resins (IRN-77)
as a Function of Contact Time With Portland Il and Lumnite Cements

Fraction of Radiotracer Remaining on
Cation Exchange Resins

w/c Ratio Contact 85sp 137¢4 60¢co
Cement Type by Weight Time

5 min 8.5 + 9.4 73.6 + 8.8 82.6 + 8.0
1.0 l1h 79.3 + 3.0 73.0 + 3.0 77.7 + 4.3
2 h 86.2 + 2.6 78.1 + 3.1 79.8 + 2.8
Portland 11
5 min 88,3 + 6,1 81.9 + 4.4 85.0 + 4.4
1.8 1h 97.7 + 5,6 88,1 + 2.0 86.3 + 3,1
2 h 91.5 + 5.7 83.2 + 4,7 79.3 + 4.5
5 min 99.9 + 1.6 86.2 + 1.5 82.8 + 2.4
1.0 1l h 99.0 + 5.4 80.9 + 4.3 81.8 + 3.6
2 h 91.0 + 6.1 78.3 + 5.6 80.0‘2 S d
Lumnite
5 min 97.6 + 4.0 88.9 + 3.9 79.8 + 4.6
1.8 1h 97.5 + 4,7 86.8 + 4.8 81.4 + 4.5
2 h 94.8 + 3,1 86,7 + 4,0 et z 37

2.4 Conclusions

2.4.1 Cement/Organic lon Exchange Resin Composites

Cobalt-60 in the leachates from both Portland Il and Lumnite cements
for the two waste formulations studied (waste-to-cement ratios of 1.0 and 1,8)
was below the detection limit (3.0 x 102 uCi per 1.5 L sample).
Strontium-85 was not observed in the leachates from Lumnite cement for both
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formulations. Farlier work(3) has shown that the leachability of 60Co

from Portland 1] cement was approximately two orders of magnitude lower than
that of 137Cs, These effects may be attributed to either an isotopic dilu-
tion of the radiotracers with cement components or to a chemical interaction
of these radiotracers with the cement matrices, or to a combination of these
two processes, The cumulative fractional release of 137¢s from the resin/
Lumnite cement forms was approximately one-half the release from the resin/
Portland 1! cement forms, The cumulative fractional release of 855r from
thelggsin/Portland [1 cement forms was approximately one-third of the release
of S

?.4,2 Cement/Organic lon Exchange Resin Mixtures

0f the three radiotracers studied (137cs, 85sr, and 60co), 85sr
was most tenaciously held by the organic resins when they were mixed with
Lumnite cement (Table 2.2).
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3 LEACHABILITY OF BITUMEN/ORGANIC INN EXCHANGE RESIN COMPOSITES
(S. Chan)

3.1 Introduction

Organic ion exchange resinc .iun power plants may be currently disposed
in shallow land burial sites in the dewatered state, However, in view of the
existing regylations (49 CFR Parts 171-179) and proposed regqulations (10 CFR
Part 61)(4’- y» 1t 1s anticipated that in the near future ion exchange resins
will require solidification before disposal, In addition, the commercial
burial sites operators have indicated that after July 1981, some unsolidified
dewat?ggd organic resins will not be acceptable for burial in their facili-
ties,

Bitumen is considered a viable material for the sclidification of organic
fon exchange resins, The following properties are attributed to bitumen: re-
sistant to leaching, radiation, and bacterial attack; tolerant of oil contami-
nation in the waste; requires no w?ter os catalysts for the solidification
process; and is readily available, (11,12

Bitumen solidification systems claim the ability to handle a wide variety
of reactor waste streams including acids, bases, organic liquids, evaporator
bottom concentrates, decontamination liquids, sludges, and ion exchange res-
ins., However, bitumen burns, and there is ?vidense that the incorporation of
oxidizing agents increases the fire hazard,(13-16) Substances that decom-
pose at the working temp?rgture of a process should not be considered for so-
lidification in bitumen,(®

This study was undertaken to evaluate the integrity and leachability of
bitumen/organic ion exchange resin composites., Anion and cation resins in the
S04-2, W*, Na*, Cs*, and Sr*2 forms were evaluated.

3.2 Experimental

Anion and cation exchange resins were used in this study., The cation
resins (IRN-77) were totally converted from their original H* form to the
Ng* form and were dried overnight in an oven at 100°C. Four hundred uCi of
137cs and 500 uCi of B5Sr (in a total of 60 mL of solution) were slowly
added, with stirring, to 90 grams (dry weight) of resins in the Na* form
suspended in 200 mL of deionized water., After overnight equilibration, the
supernate activity was found to be negligible., The resins were filtered by
suction and dried again. The resins, containing 4.4 uCi of 137Cs and
5.6 uCi of B5Sr per gram, were mixed with nonradioactive resins in either
the Na* or the $S04=2 forms. The mixtures of resins were then folded
into molten Pioneer 221 bitumen and allowed to solidify overnight, The waste
forms were leached with deionized water in plastic containers, The volume of
the leachant used for each form is given by the relationship: V = 10 em x S,
where V is the volume of leachant, and S is the gecnetric surface of the form.
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Initially, the leachate was gampled dafly, followed by weekly samplings,

The leachates we~e analyzed for ! 7cs and B

3.3 Results and Discussion

Figures 3.1-3.4 show Cumulative fractional release data for bitumen waste
forms plotted as a function of Yt., The waste forms incorporated the follow-
ing:

a) Na* form cation resins loaded with 137¢cs,

b) A mixture of 50% (by weight) Na* form cation resins, loaded with
37cs and 50% (by weight) S04 form anion resins,

c) Na* form cation resins loaded with 855r, and

d) A mixture of 50% (by weight) Na* form cation resins, loaded with
855r and 50% (by weight) S04 form anion resins.

The waste to bitumen ratio was maintained at 1 and the total amount of resins
per waste form was constant,

The presence of sulfate form anionic resins (50% bg weight of resins) in
the bitumen waste forms increased the leachability of 137¢s by approximately
two orders of magnitude (from approximately 5 x 104 to approximately 3

and oy apgroximate]y one order of magnitude for 85gp (from 1.6 x 10~

1.5 x 10" The data derived from this study with radiotracers show the
same *rsnds observed in a previous leaching study in which stable cesium was
used.

(Continued Page 41)
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v

137¢s cumulative fraction release normalized for V/S as a
function of vt from bitumen plus resins in the Na* form.

1.0; V/S = 3.1 cm; +, w/b = 0.67; V/S 3.3 ¢cm.
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Figure 3.4 855r cumulative fraction release as a function of vt from a
bitumen waste form with a mixture of resins (50% Na* form and
855r tracer, and 50% 504'2 form).

o, wb = 1.0; V/S = 3.3 cm; +, w/b = 0.,67; V/S = 3.7 cm,
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4, CORRELATION OF 137Cs LEACHABILITY FROM SMALL-SCALE (LABORATOR+' SAMPLES
TO LARGE-SCALE WASTE FORMS (W. Becker, A, Colavitn, P, Havde, L. Milian,
and N. Morcos)

4,1 Introduction

Several theoretical and empirical methods based cn mass transport and
diffusion theory have been developed So predict the leachability of radio-
1sotenes fron waste composites,(16-23) A method has been recommended ear-
lier (1970) by the International Atomic Energy Agency (IAEA) f?r eaching sam-
nles and for the analysis and interpretation of leaching data.(24) Recent-
ly, a standard method, which has much in common with the earlier IAEA method,
was proposed bv the Americar Nu.lear Society Standards Committee Working Group
(ANS-16.1). This method suggests the accumulation of date over a short-term
period (five days) to determine the “Leachability Index," a material param-
eter, This parameter characterizes the leaching of a radionuclide from the
waste form under evaluation, and may be used for performance predictions under
actual environmental conditions, if the type of material being tested was
characterized through generic studies. A working group (ISO/TC 85/SC 5/WG 5)
of the International Standards Organization (IS0) is also currently directing
efforts toward the adoption of a uniform standard leach test,

The IAEA metaod assumes a semi-infinite plane source model of diffusion
for radioisotopes from waste composites, and relates the amount of substance
diffused out of a waste composite to the leaching time, the amount of that
substance initially present, and a diffusion rate. The s?lutign for the rate
equation describing this diffusion mode can be written as(8,16).

f=§,2(nt)1/2 (4.1)
'} "
where f = fraction of substance diffused out of the composite
during time t,
S/V = ratio of the geometric surface of the sample to

its volume,

D = effective bulk diffusion coefficient of the substance
for the particular composite matrix,

The underlying assumptions dictated by Equation (4.1) are that the iso-
tope under study is either stable or has a long half-life as compared to the
duration of the experiment and that the initial isotope surface concentration
of the waste form is zero., Furthemore, the relationship in Equation (4.1)
implies that initially for t = 0, the fraction leached (f) is also zero. How-
ever, experimental leaching data deviates from this prediction for small val-
ues of t, and a more general relationship is suggested?16-25?:
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where the term (2) rspresents non-diffusive contributions from the surface of
the waste form. 4:12) Furthemmore, a linear relationship of the tem (a)
with the S/V ratio of the waste form was shown to exist,(?6) indicating that
it is indeed surface controlled.

Fxperiments were initiated to detemmine if the 137¢s 1each data on
smal 1-scale laboratory samples could be used in predicting the leaching be-
havior of larger samples, This report presents the experimental data on
1x1,2x2 2x4, 3x3,6x6,6x li and 22 x 22 forms incorporating
organic ion exchange resins loaded with 37Cs and solidified in Portland I
cenent, A method is presented to correlate the leaching data from the small-
scale samples to those from large samples. It also allows estimating the
cumulative fractional release for a given waste form size and a given leaching
time,

4,2 Experimental

The waste forms evaluated in this study are representative of those that
are expected to be generated at nuclear power plants, e.g., organic ion ex-
change resins and boric acid waste solidified in Fortiand cements,

The amounts of 137Cs added to the different size wa te forms were
chosen by scaling the amounts used in earlier leaching experiments where 2 x 4
waste forms were studied., This insured detection of activity in the leach-
ates, The relationship fy(V/S)y = fp(V/S), where fy and fj are
the cumulative fractional releases leached from two different size waste forms
during the same leaching time, and (V/S); and (V/S)p are the geometric
surface-to-volume ratios of these two forms, Using the leached fractions from
2 x 4 organic catior exchange resin/Portland Il cement composites 27) as
f1, fp was calculated for the various sizes using the appropriate (V/S)p
values.,

A modified [AEA leaching procedure(3) was followed, The first leach-
ing period was 100 minutes, and thereafter the leachant was changed daily,
during the first 42 days, except for weekends, where the leaching periods ex-
tended from Friday to Monday. (However, the leachant was changed during the
first weekend), After 42 days, the daily leaching period was extended to a
week, and later to a month,

4,2.1 Organic Cation Exchange Resin Preparation

Organic cation exchange resins (Rohm and Haas IRN-77, H* form) were
converted to the Nat form with 2 molar NaOH solution. The volume of NaOH
solution was twice that of the resin and following the sorption period, it was
decanted. The resins were then rinsed with deionized water until the pH of
the rinse water was comparable to that of the initial deionized water, indi-
cating that the excess NaOH was rinsed out completely. The resins were stored
in deionized water,
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4,2.2 Organic Cation Exchange Resin/Cement Composites

Nrganic cation exchange resin/cement composites were fabricated with a
waste-to-cement (w/w) (Portland 1) ratio of 0.6 and a water-to-cement (w/w)
ratio of 0.4, The simulated waste composition consisted of 33 weight percent
IRN-77 Na* form cation exchange resin loaded with 137¢cs, and 67 weight
percent deionized water, This formulation was chosen because test samples
maintained their physical integrity during a prolonged leaching period (4-5
weeks), anl because it provided good workability of the m;xture during the
mixing stage, Earlier process parameter investigations 2) for the solidifi-
cation of IRN-7/ resins in cement had defined boundaries for the components of
the waste form (resin, water, and cement) where a freestanding solid product
was produced, However, the durability of the solidified product upon immer-
sion in water had not been evaluated. Formulations corresponding to those
shown in the area bounded by heavy lines in the table reproduced from Refer-
ence 2 were evaluated (see next page). Up to twelve two-inch-diameter by
four-inch-high forms were made and immersed in deionized water to evaluate
their physical integrity (no evidence of crumbling) under leaching conditions,
Only two formulations, denoted by the triangle and circle in the table, passed
the immersion and workability tests., However, some of the forms with the
triangle formulation began to crumble after several days in water, whereas
there were no failures of the formulation shown in the circle.

The following procedure was used in preparing the 1 x 1, 2 x 2, 2 x 4,
and 3 x 3 forms: Appropriate amounts of resins wcre added to each mold and
covered with defonized water to which a measured amount of 137Cs radiotracer
was added while stirring, After a 24-hour equilibration period, the water was
sampled aad assayed for 137¢s content to assure uptake by the resin, The
water was then removed by suction through a fritted filter and an amount of
deionized water was added commensurate with the formulation for the composite.
The larger samples (6 x 6, 6 x 12, 12 x 12, and 22 x 22) were prepared in a
slightly different manner. The amount of water added to the resins prior to
the addition of 137Cs was the amount needed for solidification, and there-
fgge was not decanted after equilibration and 137Cs assay. The amount of
137¢s remaining in the aqueous phase (after sorption) for all samples was
less than 0.1? of the initially added activity, indicating that greater than
99,9% of the 13/Cs was sorbed onto the resins.

The mixtures of cement, water, and resins in individual molds were hand
stirred with polyethylene rods (for samples up to 3 x 3), and mechanically
“tirred with a stainless steel mixer attached to a motor for the larger forms
for five minutes and capped to prevent water evaporation during the 28-29-day
curing period. Earlier work has shown that ion exchange resin/cement compos-
ites cured in air or left open to air after curing, disintegrated after immer-
sion in water,
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Table (Fram Manaktala and Weiss - Reference 2)

Formulation of lon [xchange Resin Test Samples
(al) weights given in grams)

Waste

Ceent —= 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
0.3 15.7 41.2 61.) 90.0 100.8 110,0 1172.9
4.1 41.? 30.0 27.% 25.4 23.6
L}b’.l 137.6 100.0 9.7 B4.6 78.6
0.4 0.0 66.0 80.0 91.7 101.5 110.0
62.8 44.0 40.0 36.7 33.9 3.4
1t7.2 110.0 100.0 9.7 B4.6 78.6
0.% 13.8 36,7 5.0 10.0 B2.% 93.1 102.1
68.7 61,1 55.0 50.0 45.8 42.3 39.3
137, 122.2 1 110.0 100.0 91.7 84.6 78.6
0.6 0.,0] 24.4 44.0 60.0 73.3 B4.6 94.3
.51 7.3 £6.0 60.0 55.0 50.8 47,1
137.5 |122.2 | 110.0 100.0 91.7 B4.6 78.6
0.7 12.2 33.0 $0.0 64,2 76.2 R6.4
85.6 17.0 70.0 64,2 59.2 55.0
122.2 | 110.0 100.9 91.7 B4.6 78,6

el
0.8 0.0 22.0 40.0 55.0 67,7 18.6
97.8 BB.0 80.0 13.3 67.7 62.8
122.2 110.0 100.0 91.7 84.6 18.6
0.9 110.0 30.0 45.8 59.2 70.7
99.0 90.0 82.%5 76.2 0.7
110.0 100.0 91.7 B4.6 16.6
1.0 0.0 20.0 36.6 56.8 62.8
110.0 100.0 9.7 84.6 8.6
1:0.0 100.0 91.7 84,0 18.6

af ach ehk;!’li)(u sosed of three parts, viz,, resin (15.7), water (47.1), and

ce =nt

Table 4.1 summarizes the waste composite sizes made to date, together

with their contents, volume-to-surface ratios, and leachant volumes,

sample size was prepared in triplicate,

44



Table 4.1

Composite Dimensions, Canponents, and Leschant Volures

Yo lume

_____Composite _ Components (g) 137¢s Added of
Dlareter Height  ¥/5  Weight Cement ___Waste " to Cowposite Leachant
Sample (tn.)  (1n.) (en) (9) Portland T TAN-TIT Hpd (uCH) (mL)
121 0.9 0.9 . 0,396 ‘ iﬂ e IZ-.Sﬂk -2_:5 : -5:0” ——-”_li V‘HNI"Z_G.SN
n.93 0.94 0,195 b 12.5 2.5 5.0 1 265
0.9 n.% 0, 196 b 12.5% 2.5 $.0 1 265
2122 1.81 1.89 0.7%4 150 93.8 18.8 37.5% 10 1,050
1.3 1.89 0.734 150 93.3 13.8 37.5 10 1,050
1.83 1.89 0.734 150 93.8 18.8 37.5% 10 1,080
2 1.868 3.62 N.934 290 181.3 36.3 12.5 10 1,700
1.45% 1.62 0.93% 290 181.3 36,3 72.% 10 1,700
1.8% 3.52 n,.936 29 181.3 36.3 12.5 10 1,700
Ix ] 3.0 3.1 1.32 7134 450 92.n 184 10 2,950
.00 1.34 1.32 738 460 92.0 184 10 2,950
3.00 3.34 1.32 735 460 92.0 184 10 2,950
L) 6,06 5.79 2.91 b 3,250 650 1,300 500 11,000
6.06 $.73 2.52 ] 3,2%0 650 1,300 500 11,000
5.06 5. 2.51 b 3,280 650 1,300 500 11,000
§x 12 6.10 11.6 3.03 9,620 6,19 1,228 2,455 1,000 18,200
65.00 12.5 1.07 9,250 6,139 1,228 2,455 1,000 18,200
6.00 11.1 3.00 9,430 6,119 1,228 2,456 1,000 18,200
12 2 12 12.5 11.5% 5.14 41,000 24,900 4,990 9,982 10,900 44,000
12,3 11.% 5.09 40,100 24,900 4,990 9,240 10,000 44 000
12.3 il1.5 5.08 39,807 24,900 4,990 9,390 10,000 44,000
22 x 22 21.% 21.5 9.10 229,340 143,700 28,780 51,492 20,000 136,200

320hm and Haas Anderlite 0rganic cation exchange resin,
baot we tghed,

4,2.3 Leaching

The composiiss were leached in deionized water using a modified IAEA
leaching procedure described earlier. The leaching volume was deter-
mined by the relationship: V = 10 cm x S, where V is the leachant volume and
S 1s the geometric surface of the composite being leached.

Leaching was carried out in two sets of containers. The samples were
placed in a fresh leachant and the leachate from the previous period was acidi-
fied with HNO3 (volume of conc. acid 1% volume of leachate), Ten-milliliter
aliquots of the acidified leachate were withdrawn in a plastic test tube and
assayed for 137Cs content using a 3 in, x 3 in, Nal well crystal, The re-
maining liquid was removed, the container was washed, and fresh leachant was
added to it for the next leaching period, The leachant was allowed to equili-
brate to roam temperature overnight before transferring the waste form from
the other container,
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A1l samples were counted until a minimum of 1,000 counts were accumu-
lated in the "window" set around the 137Cs photopeak (661.6 keV), Data re-
duction was performed using a computer program developed at BNL.(

Incremental fractional and cumulative fractional releases from the forms were
calculated. Cumulative fractional release data are presented as a function of

time,

4.3 Results and Discussion

4.3.1 Leaching

The calculated incremental and cumulative fractional releases from each
waste form are given in Tables B.1 through B.7. These tables are included in
Appendix B. The errors quoted represent only the statistical errors
associated with the counting,

These data are also graphically shown in Figures 4.1-4,18, Each pair
of figures shown on a page presents the leaching data of three replicate sam-
ples and the average cumulative fractional release of the three replicates ex-
cept for the 22 x 22 samples. The average cumulative fractional releuse
curves have been nomalized for V/S variation in the waste forms,

Two of che 1 x 1, and one of the 6 x 6 composites partially disinte-
grated during the first three weeks of leaching. The cause of the deteriora-
tion of the 1 x 1 samples is not known. However, in the case of the 6 x 6
sample, the deterioration occurred mainly along a line on the sample that was
inadvertently exposed to ambient air during the curing process. This line
corresponds to a crack in the mold used in the fabrication of this sample,

The cumulative fractional releases from the composites that deterio-
rated were higher than those from the composites that remained intact. How-
ever, the actual geometric surfaces of the deteriorated composites could not
be measured, and their geametric surfaces prior to leaching were used to calcu-
late the normalizing V/S ratio.

(Continued Page 56)
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137¢s cumulative fractional release vs (time)l/2 from
l-inch-diameter x l-inch-high waste composites (w/c = 0.6;
V/S = 0.396 cm). (The two forms denoted by [Jand o partially
disintegrated during the first three weeks of leaching.,)
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4,2 Average cumulative fractional release of 137Cs vs (time)l/2
from l-inch-diameter x l-inch-high waste composites (w/c = 0.6;

= 0,396 c¢cm). The average CFR was normalized for V/S.
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Figure 4.3 137¢s cumulative fractional release vs (tim-e)l/2 from
2-inch-diameter x 2-inch-high waste composites (w/c = 0.6;
V/S = 0,784 cm).
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Figur» 4.4 Average cumulative fractional release of 137¢cs vs (time)l/2
from 2-inch-diameter x 2-inch-high waste composites (w/c =
V/S = 0.784 cm), The average CFR was normalized for V/S.
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Figure 4.5 137¢cs cumulative fractional release vs (time)l/2 from
2-inch-diameter x 4-inch-high waste composites (w/c = 0.6;
V/S = 0,936 cm).

(days)

Figure 4.6 Average cumulative fractional release of 137cs vs (time)l/2
from 2-inch-diameter x 4-inch-high waste composites (w/c = 0.6;
V/S = 0,936 cm). The average CFR was normalized for V/S.
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137¢s cumulative fractional release vs (time)l/2 from

3-inch-diameter x 3-inch-high waste composites (w/c = 0.6;

V/S = 1,32 cm).
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= 1.32 cm). The average CFR was normalized for V/S.
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Figure 4,11 137Cs cumulative fractional release vs (time)l/2 from
b-inch-diameter x 12-inch high waste composites (w/c = 0.6;
V/5 = 3.30 cm).
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Figure 4,12 Average cumulative fractional release of 137Cs vs
(time)1/2 from 6-inch-diameter x 12-inch-high waste
compos ites (w/c = 0.A; V/S = 3.30 cm). The average CFR
was normalized for V/S.
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Figure 4.13 137Cs cumulative fractional release vs (time)l/2 fram
12-inch-diameter x 12-inch-high waste composite #1
(w/c = 0.6; V/S = 5.11 cm).

cm) |

Figure 4.14 Cumulative fractional release of 137Cs x v/S vs (time)l/2
from 12-inch-diameter x 12-inch-high waste campnsite #1
(w/c = 0.6; V/S = 5,11 cm). CFR was normalized for v/S/.
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Figure 4.15 137Cs cumulative fractional release vs (time)l/2 from
12-inch-diameter x 12-inch-high waste composites #2 and 3
(w/c = 0.6; V/S = 5.11 cm).
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Figure 4.16 Average gumulative fract ional release of 137Cs x V/S vs
(time) 1/2 from 12-inch-diameter x 12-inci-high waste
composites #2 and 3 (w/c = 0.6; V/S = 5.11 cm). The average
CFR was normalized for V/S.
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Figure 4,17 137Cs cumulaiive fractional release vs (time)l/2 from

Figure 4,18

22-inch-diameter x 22-inch-high waste composite

V/S = 9.10 em).

(w/c = 0.6;

Lime (day

Cumulative fractional release of 137cg x V/S vs (time)I/2
from 22-inch-diameter x 22-inch-high waste camposite

(w/c = D.6; V/S = 9,10 cm).
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4.3.2 Analysis of Leaching Data

A semi-empirical approach based on the semi-infinite plane source model
of diffusion is presented to analyze the leaching data. Rewriting Equation
(4.2) as Equation (4,3) gives:

f=[S/ve 2(0/m)1/2] x tV/2 44 (4.3)
This relationship describes a straight line with slope [S/V » 2(n/x1/2],

and intercept a when f is plotted vs t1/2, The linear regions of the data
in Figures 4,1-4,18 were determined visually and are summarized in Table 4.2.

Table 4,2

Linear Regions of CFR vs t1/2 pata

Size S/V Linear Region@ of CFR vs t1/2

2x2 1.28 Beyond 26 days of leaching
2x 4 1 - 0 7 " " " " "
3x3 0.76 " P

6x6 0.40 X 16

6x12 0.33 N 49

12x12 0.19 " 9

22x22 0.11 " 7

alinear regions of CFR vs t1/2 in Figures
4,1-4.18

The average CFR's from the intact forms for each size studied were cal-
culated over the regions outlined in Table 4.2, and were plotted vs t1/2 a5
shown in Figure 4,19,

A least squares linear regres:zion was performed on these lines to deter-
mine the best fit, slopes and intercepts. The results of these calculations
are cummarized in Table 4.3, together with the coefficients of determination

as defined by:

[ az(cER). + bz(t”z)i x (CFR), - l/n(x(CFR)i)z

2 i
. ) (4.4)
(S/v) k z(ch)‘f - 1/n(r.(ch),-)?

(S/V)

where the coeficients a and b are derived coefficients from the fitting:
(CFR)(s/y) = [a + b x t1/2](5,y) for each sample size studied.
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Figure 4.19 Experimental cumulative fractional release data vs t1/2 and
their least squares linear regression fits,

Table 4.3

Summary of Slopes and Intercepts of CFR vs tl1/2

S/V S1oped Interceptd Coefficient of
Size (em=1) (b) (a) DetemminationC
- Ol 1.28 3.03 16.4 1.0
2 x 4 1.07 3.45 11.8 0.99
2% 3 0.76 2.10 8.15 1.0
6 x 6 0,40 P 0 1.0
6 x 12 0.33 1,58 1.58 10
12 x 12 0.19 1.20 0.95 1.0
22 x 22 0.11 0.66 0.11 1.0

dSlopes and intercepts are obtained for the general relation-
ship CFR = a 4 b(t)l/2 over the linear region of the data as
explained 1n the text.

by are the slopes of the lines in Figure 4,19,

CThe coefficient of detemination is defined in Equation 4.4,




The data from the 1 x 1 forms were excluded from further treatment since
they did not appear to be linear with t1/2 with (Figs. 4.1 and 4.2). The
surface-to-volume ratio was the largest (2.53 em=1) for this size, and any
surface effects will be accentuated in its leaching behavior relative to the
other sample sizes.,

Since the slopes of the lines (Table 4,2) are equal to (S/V x 2(0/")11/2.
plotting these slopes as a function of S/V would yield a line with a_slope
equal to: 2(p/:)1/2, j.e., for z = (S/V), then d(slope)/dz = 2(D/n)1/2 + a.

A plot of these slopes vs S/V is shown in Figure 4,20, indicating a
linear relationship., A least squares linear regression on the points (slopes,
S/V) (Table 4,3) yields an expression of the form: Slope = a + bx, with:

RZ = 0,90,
a =0.,75,
b = 2,07

where b = 2(n/n)1/2,

10.0 — - : ,
8.0~ .
~N
-
T 6.0~ .
~
o
o~
x - -
X 40
|
v

Figure 4.20 Plot of [S/V-2(D/7)1/2] or slopes of the lines shown in
Figure 4,19 vs (S/V). Note: the straight line is a least
squares linear regression on the points.

Therefore, the slope or [S/V-d’D/v)l/z] could be calculated for any S/V
ratio using the relationship:
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(slope)(syy) = 2.07 x 3 + 0,75 (4.5)
v

A similar fit was performed on the intercepts (2) of the lines shown in
Figure 4,19, and the S/V ratios, resulting in Equation (4.6), with a coeffi-
cient of detemination RZ = 0,99,

(%)s7y = 1.80 + 12,6 3 (4.6)
v

A plot of these intercepts [(a)s/v] versus their corresponding S/V ratios is
shown in Figure 4,21,

aaqk -
RIsY 3 -
> 28p ~
N
B
20F .
V4 .
O = e
l”\ A‘./‘ . T 4
0.0 1.0 20
S/vV

Figure 4.21 Plot of the intercepts [(a)g/y] of the lines shown in
Figure 4,19 vs S/V. Note: T‘e straight line is a least-
squares linear regression on the points for S/V less than
2.53 (i.e., forms larger than 1 x 1).

Combining Fquations (4.5) and (4.6) yields

(CFR) = (2.07-S/V + 0.75)t"/2 + (12.6S/V - 1.80) (4.7)
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Thus, the cumulative fractional release at a given time t from a sample with a
geometric surface-to-volume ratio of S/V, can be calculated using Equation
(4.7). The cumulative fractional release calculated for several S/V values at
different time intervals are summarized in Table 4.4 together with the experi-
mental data obtained at these values. A good agreement is observed between
the calculated values and the experimental data measured over the linear
region of CFR vs t1/2,

In the derivation of the slope of Equation 4.5, it was found that:
Slope = 2.07 = 2(p/m)1/2

Solving for D in Equation (4,8), we obtain the value of the effective bulk
diffusion coerficient:

D = 3.37 x 10-4 cm? or 3.9 x 109 cm?/sec.
day

It should be emphasized that this value for D corresponds anly to the specific
matrix and waste form formulation used in this experiment.

In order to estimate the radioisotopes containment period, we arbitrar-
ily chose a limit of 95% release. The time required for 95% of radionuclide
activity to be released from a waste form with a given S/V ratio can be deter-
mined from:

| (95 - 12.6 x /v + 1.8)
t0.95 ‘[ 2.07 x S/V + 0.75 ] (4.9)

The calculated times for the various waste form sizes used in this study are
summarized in Table 4.5, Radioactive decay of 137Cs is not considered in
these calculations.
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Table 4.4

Cumulative Fractiona) Release Experimental and Calculated Data

Cumulative Fractiona! Release Time (Days)

Nimensfon  S/V Mode L § T L] 141 21 10 ¥ 7 (11 BAd 105 112 1N
1x1 2.53  Fxpt, 50,7 S6.8 68,6 13.5 86,4 94,0
Calc. 57.6 62.9 68,9 74,8 93.5% 108,0
2x 2 1.28  Expt, 24,5 27,6  31.7 36.3 38.6 4 - 25.4
Calc. 27.5 29.9 32.9 36.4 39.8 50.3 58.6
2 x4 1.07  Expt, 20.5 23,9 28,6 34,2 1.6 48,6 55.7
Calc. 23,2 25.3 27.9 30.9 33.9 43.1 50.3
3x3 0.76  Expt. 12.8 15.0 18.4 22.2 23.6 30.3 35.2
Calc. 16.8 18,4 20.5 22.9 25.2 32.4 38.0
6x6 0.40 Fxpt. 7.20 9.20 10, 14, 16.3 19.6 24.0
Calc, 7.98  9.36 10.% 11.9 13.% 15.1 19.9 23.8
6 x 12 0.33  Expt. 5.0 7.70 9,60 11.2 13,0 5.0 17.0 21.3
Calc, 5.57 6.66 7.91 8.93 10,2 11,7 13.1 17.1
12 x 12 n.19  Fxpt, 3.40 5,30 6,50 7.38 A.40 9,37 9,73
Calc. 3,15 4,03 5,03 S.,R4  b.H6  B,0] 8,44
22 x 22 0.11  Expt. 1.28 2,07 2,70 3,13 3,70 4&.49 8.30
Calc. .54 2,52 31,37 4.7 4,94 5,92 R.76




Table 4.5

Time Required for 95% Release of Radionuciide Activity
From Waste rorms Having Varying Sizes

S/V Calculated Time
Size (em=1) (days)
1 x 1 2.53 120
2 x 2 1.28 560
2 x 4 1.07 790
3x 3 0.76 1410
6 x 6 0.40 3380
6 x 12 N.33 4180
12 x 12 0.19 6820
22 x 22 N0.11 9520
34 x 22,59 0.09 10,440

aNominal dimensions for a 55-gallon drum.

4.4 Conclusions

A relaticnship has been developed fram the leaching data obtained to date
in this study. This relationship can be used to estimate the cumulative frac-
tional releases from forms varying in size from 1 x 1 to 22 x 22 (in inches)
f%r a given leaching time, The effective bulk diffusion coefficient of
137cs in the waste form matrix has been estimated to be 3.9 x 10-
cm?/s. This value corresponds only to the specific matrix (Portland Il
cement) and waste form formulation used in this study. However, the method of
arriving at this value can be applied to other waste forms. The calculated
times required for 95% of radionuclide activity to be released from the waste
forms vary from 120 days for 1 x 1 to 10,440 days for a 55-gallon drum.
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5. HYDROSTATIC TESTING OF 55-GALLON CARBON STEEL DRUMS
(W. Becker, M. Hope, and N, Morcos)

5.1 Introduction

NOT 17H 55-gallon carbon steel drums are used for type A packaging at
many power reactors, These drums are available in both open head (re-
movable clamp-on lids) and cl?seg head forms, Hydrostatic testing was per-
formed earlier on these drums(29) to determine the maximum sustainable pres-
sure and mede of failure, Shipping container specifications in the Code of
Federal Regulations 49 CFR Part 178-118-66, state that NOT 17H drums should
sustain a hydrostatic pressure of 15 psi for five minutes. Farlier results
indicated that these drums did not meet the imposed specifications. The pres-
ent study was undertaken to confirm these earlier results with an acceptable
statistical sample of drums. Ten drums from each of three different manufac-
turing lots were acquired and tested. The drums were tested with the as-
supplied gaskets, which were either 0O-rings or foam rubber.

5.2 Experimental

In preparation for hydrostatic testing, an air bleed valve with a 3 inch
calibrated pressure gauge (0-30 psi) and a filling connector were brazed to a
side of each drum. The drums were filled with water and the pressure gauqe
was monitored as the water pressure was gradually increased. The failing
pressure was the pressure at which water leakage was observed. In the case
where pressure was observed to drop after a rise, the highest pressure
observed was roted. The physical arrangement of a drum under testing is shown
in Figures 5.1 and 5.2.

5.3 Results and Discussion

The maximum sustained pressures observed in a total of 30 drums tested
are summarized in Table 5.1.

Failure occurred by water leakage at the butt weld on the edge at the top
of the drums, as shown in Figure 5.3,
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Table 5.1

Maximum Sustained Pressure by
DOT 17H Open Head Drums (psi)

Lot A lot B Lot C

1 11 8 7
2 2.5 7 5
3 “ 5 152
4 14 6 7
5 14 6 0
" 8 14 4
7 4b 3 2
8 15¢ 11 2
9 10 7 .
10 B 7 5

APressure sustained for 5 min,
bFoam gasket.
CPressure sustained for 2 min.,

5.4 Conclusions

Dut of 20 drums tested, (10 from each of three manufacturing lots) only
one drum was observed to meet the specifications imposed by 49 CFR Part 178-
118-66. All failures were due to a poor seal created by an improper mechan-
ical alignment at the butt weld on the uppe~ lip of the drum,
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6.  ANALYSIS OF IRRADIATED ION EXCHANGE MATERIALS

6.1 Introduction

Organic ion exchange resins are routinely used in the nuclear industry to
decontaminate water containing radionuclides. However, these resins ar? known
to undergo radiation damage as the total absorbed dose exceeds 108 rad.(30)

Organic ion exchange resins were used in the decontamination of water in
the auxiliary building at Three Mile Island (TMI-II) in an EPICOR decontamina-
tion %ystem. As a consequence, some liners contain resins with high loadings
of 137Cs (approximately 40 Ci/ft3 or 1300 curies per liner), and these
resins could be ?XYSCted to absorb a total dose as high as 108 rad within a
two-year period. 3

An earlier scoping study addressed some effech of external radiation (up
to 2 x 109 rad) on organic ion exchange resins.(32) The effects due to
radiation that were studied were: a) pH changes and agglomeration of resins
during storage, c) generation of gases due to radiolysis, and d) corrosion of
mild steel in contact with irradiated resins.

The present study was performed at the Georgia Institute of Technology
(GIT), under a subcontract from BNL, to investigate three aieas of concern
regarding the effects of radiation on ion exchange resins currently used and
proposed for use in the water decontamination processes at TMI-II. Organic
ion exchange resins were irradiated up to a dose of § «x 109 rad in stainless
steel (Type 304) containers, and the areas addressed were:

a) The effects of radiation on the physical characteristics of the
resins.

b) The chemical properties of materials resulting from radiation degra-
dation of the resins (l1iquids, gases, and solids).

c) The corrosion effects on the walls of the irradiation containers in
contact with the resins and their radiolytic byproducts.

The Georgia Institue of Technology research report is included as
Appendix C and the results are summarized below.

6.2 Summary of Results and Conclusions From the GIT Report

6.2.1 Physical Characteristics of Irradiated Resirs

" When anion resion were exposed to increasing total doses from 108 to
107 rad, the following observations were made:

a) The amount of 1iquid generated increased from a small amount of
liquid to a flowing slurry of liquid and resins.,
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b) The presence of amines was detected at the lower dose, whereas
ammonia was detected at the higher dose.

c) The color of resins at both dose ranges was brown, and large
fractured resin pieces were present and layer shedding was apparent.

Whereas, for catior resins, the amount of 1iquid generated did not increase
with dose and no odors were detected, but the color of the resins increased in
darkness with the dose up to a dark black color. The presence of fractured
pieces and a floculent fine red-brown precigitate also increased with the
absorbed dose. At the highest dose (5 x 107 rad), the resins tended to

cling together,

6.2.2 Chemical Properties of Degradation By-Products of Irradiated Resins

6.2.2.1 Properties of Liquid Phase

The pH of the liquid phase resulting from irradiating anion exchange
resins decreased from a range of 8.5 to 9.0 at 108 rad to a range of 8.5 to
7.5 when irradiated at a dose of 109 rad, The pH data from the liquid phase
resulting from cation resin irradiation does not show a consistent trend with
absorbed dose.

Analysis of aqueous extracts from irradiated anion resins revealed
that total dissolved carbon, nitrogen, ammonia, monamethyl amine, and dimethy]
amine increase with the absorbed dose; however, trimethyl amine decreased with
increasing the dose. Extracts from cation resins revealed that the total dis-
solved carbon and sulfate increased with increasing absorbed dose. Organic
sul fur was not found in extracts from irradiated cation resins.

h.2.2.2 Properties of Gas Phase

Gases generated by irradiation of resins were: Hz, 0p, Np, COp, CO,
CHg, CpHp, C3Hg, C4qH10, and sulfur gases (SO02, SO3). Irradiated arion resins
(0.8 x 106 rad) yielded a total volume of gases (cc/g of resin) thit was
approximately twice that obtained from cation resins (2.5 x 107 rad).

Hydrogen and methane production peaked at a total ahsorbed dose of
109 rad, then gradual ly decreased with increasing dose, whereas ethane,
propang and butane production gradually increased with increasing dose up to
5 x 107 rad.

6.2.2.3 Properties of Solid Phase

Chemical analyses of irradiated ion exchange resins indicate that
cation resin solids maintain essentially the same composition for total ab-
sorbed doses up to 5 «x 109 rad. The carbon to hydrogen and carbon to sulfur
ratios change by less than 10%, whereas for anion resins, decomposition was
observed as the carbon to hydrogen ratio increased by 25% (109 rad), and the
carbon to nitrogen ratio increased by 60% over the unirradiated resins.
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6.2.3 Corrosion Effects of Radiolytic By-Products

The ef fects of radiolytic by-products resulting from irradiating
anionic resins did not significantly attack Type 304 stainless steel, whereas
the by-products from irradiated cationic resins caused significant localized
corrosion uf Type 304 stainless steel, The attack was in the form of etching
under surface deposits and pitting. Although the corrosion attack did not
cause loss of strength in the stainless steel, its localized nature might
cause perforation of the container walls at longer exposures.
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APPENDIX A

LEACHING DATA FOR SECTION 1 OF THIS REPORT:

LEACHABILITY AND COMPRESSIVE STRENGTH OF BORIC ACID WASTE IN
PORTLAND II1 CEMENT
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Table A.1l

1370y Incremental and Cumulative Fractions Released from
Boric Actd/Portiand 111 Cement Composites (I3 Beric Acid Solutton and w/c Ratis of 0.5)

Composite 41

Composite #2

Heleased x 100

Incremental Fraction Cumulative Fraction
Released » 100

Incremental Fraction Cumylative
Released x 100

iacremental Fraction
Releasea » 100

8L

1 13,34 (r.0)0 13,3 + 0.9 9,01 (5.8 + 0,88 1.2 + 0,96
2 7.060  (9.5) 20,4 % 1. 3.32 (16.0) ¥ 1.0 664 | L2
3 5.64 (10.6) 26,17 1.3 2.47 (14.6) 71 3,65 v 1)
N 4,02 (12.6) 30.1 7 1.4 2.30 (19,3} T2 1.38 | s
5 2.49 (16,0} 32.6 % 1.5 2,38 (18.9) v 5.3 2.1 s 1.
& 2.30 (12.9) 34.9 % 1.5 1.96 (20.92 714 2.10 7.
! 2.9¢ [14,8) 17,97 1.6 1,28 {25.9) Vi 2,03 <15
8 201 (12.4) 40.0 7 1.6 0.986 (29.3) T4 1.54 v Le
9 1.51 (20.5) 41,6 % 1.6 il (21.7) T 1.8 1.38 s 1.6
1 1.3 (5.61) 42,87 1.6 1.8  (5.6) T 1.8 1.7 T 16
5,83 21.50) 48,77 1.6 .86 (4.2) 30.5 ¥ 1.5 5,54 7.6
1.87 3.44 §2.5 % 1.6 3.38  (4.5) 3.9 T LS .2 YL
5.86 (2.81) 58,4 % 1.7 508 (3.7) 39.0 * 1.5 6.7% T
1.20  (2.55) 65.6 ¢ 1.7 5.56  {1.5) 4.5 LS 1.29 LR
9,04 (2.31) 74,6 31,7 7.65 (3.1} $2.2 * 1.5 RS 1.0
6.87 (2.60} 8.5 % 1.7 6.74 (3.,1) 58.9 ¥ 1.5 6.5 s
6.58 (2.60 86,47 1.7 7,84 (3,0) 66.7 1.5 7.95% PR
5.66 i > 94.1 % 1.7 6.65 (2.4) 13.4 T L6 5.56 g N
Tomposite I Tonpos 1 te 95
Time Incremental Fraction Cumulative Fraction Incresental Fraction Cumulative Fraction
Released x 100 Released x 100 Released x 100 Released x 100
| .28 28 ¢+ 0.50 15.4 ¢ 1.0
2 3.0 6 ¥ 0.9 20,13 1.3
3 3,45 IO I 2037 1.4
4 1.65 1 312 28,07 1.5
5 1.56 3 Y12 3.7V L6
6 1.27 5- % 1.3 34,1 5 1.7
? 0,867 ¢ ¥1.3 5,951,
8 1.04 4 713 3.9 % 1.8
9 0.884 3 V. 9.0 % 1.8
10 0,954 3§ 1. 40,37 1.8
15 LN 0 V1.4 § 45,57 1.8
0 2.9 9 7 1.4 ) 4987 1.8
29 4 3.7 T 1.4 ) 55.6 © 1.8
Q 5.65 39.3 T 1.4 ) $3.0 % 1.8
n .96 41,1 V1.4 ) .75 1.9
100 7.00 i 4.3 7 1.4 .9) 19.2 % 1.9
i58 7.65 61.9 ¥ 1.5 .8) 82,37 1.9
229 6.7% ) 68,7 ¢ 1.5 .3) 941 ¢ 1.9
nusber in [ ) = lo percent counting uncertalinty.
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Table A.2

13cy incremental anc Cumsistive Fractions Released From
Boric Acid/Portisnd il! Cement Composites (3% Boric Acid Solution and w/c Ratio of 0.7)

Composite 21 Composite #2 Composite §3
Time incremental Fraction Cumulative Fractios increcwntal fraction Cumulative Fraction lacremental Fraction Cumulative Fraction
Uays Aeleased x 100 Relessed x 100 Keleased » 100 Released x 100 Released x 100 Feleased x 100
i 15.0  (6.9)8 15.0 ¢ 1.0 15.4  {7.0)8 16.4 « 1.1 18,7 (1.2)e 14,7 + 1.1
2 6,04 (10.8) 210 % 2 6,08 {11.3) 22.1 % 43 S.41 (11,8) 20.1 % 1,2
3 3.94 {11,4) 25.0 % 1,3 4,50 {13.3) .27 1.8 5,26 {12,0) 25,17 1.4
4 5.06 {11.8) 30,07 1.8 3.55 (14.9) 30.7 ¥ 1.6 3.45 (1.8 28.8 % 1.8
L1 3.94 (13.4) M.07% 1.6 2,08 (19.6) 32,85 1,6 3.68 (14.3) 2.5 7 1.6
€ 2.60 (18,5} 36,6 5 1.6 2.45 (18.9) 35.2% 1.7 316 (15.%) 5.6 5 1.8
7 2.25 }xr.r) 8.8 7 1.7 3.16 (15.8) |aAvi 2.10 {18.9) .78
# 2.11 {i8,)) 40.9 % 0.7 2.45% (i8,0) 40.8 ¥ 1.8 2.93 (16.0) 40,6 ¢ 1.8
bl 1.60 (20,9 42,8 + 1.7 .94 (23,8 2.3+ 1.8 1.88 (20.0) 2.5+ 1.8
10 .97 (s.li §4.5 5% 1,7 1.9 (5,3) 44.2 7 1.8 .80 (2.9) 44.3% 1.8
% 7.59 (2.8 2.1 % 1.8 6.92 (2.9) 51.1%1.8 .39 (2.9) §i.7% 1.8
20 5.0 21.3) 52.4% 1.8 5.49 (3.2) $6.6 ¥ 1.9 .88 (1.8) $6.6 % 1.8
29 8.8 (2.8) 65.9 + 1.8 A.68 (2.6) 65.3 + 1.9 7.58 (2.8) 64.5 + 1.8
43 9.64 (2.5) 15,6 ¢ 1.8 10,4 (2.4) 75.6 & 1.9 867 (2.7} 73.2 + 1.8
n 1.2 (2.7} 86,7 ¢ 1.8 12,4 (2.2) 88,9 + 1.9 1.6 (2.4) 84,8 ¢ 1.9
100 1.64 (2.8} AT L8 5.30 (2.5) $2.3% 1.9 9.66 (2.6) 94.4 7 1.9
158 6.13 (31 101.0% 1.8 8.7% }2.; 1 ..0% 1.9 8.8 (2.7) 103.0 % 1.9
2% 2.99 (3.1 104.0 ¢+ 1.8 5.26 (2.6 L0+ 1.9 S.11 (2.5) 108.0 + 1.9
TamposTte oF ~Tomposite #5

Time Incremental Fraction Cumulative Fraction incremental fraction Cumulative Fraction

Days Released ¢ 100 Released x | Released x 100 Released x 100

i 13.7 (r.5)% 13.7 » 1.0 1.8 (2.2) 1i.8 # 1.0

Z 4,89 (12.4) 18.6 7 1,2 4,35 (13,5) 18,0 ¥ 1.1

3 4.5 312.9) 231 % 1.3 4,19 (13.8) 203 % 1,2

4 ia (13,9) 21.0% 1.4 4,31 (13.4) 2487 1.4

5 .61 [14,8) 30,6 + 1,5 2.B8 [16.7) 27.6 ¥ 1.8

6 2.33 (18,0) 31,0 % 1.6 2.37 (14,3) .07 15

! 1.5 (19.6) 34,9 % 1.6 1.42 {23.6) 3.4 1.6

L) 2.63 (16,9 3,5 % 1.0 1.98 (20.0) 33,47 1.6

. 1.7% (20.8 9.3 v 1.7 1.36 (28,1) A7 10

10 i.41 (6,0} 40.7 3 1.7 1.66 (6.2) J6.4 % 12

18 6.6] (2.9) 42.3 ¢ 1.7 .22 (3.0] 4.6V 1.7

20 s.i8  (3.2) $2,5 * 1.7 $.30 (3.5) LLR

29 .99 (2.8) 60.5 % 1.4 8,89 (2.8) 7.8 5 1,2

4 9.13 (2.4 69.6 % 1.8 $.21 (2.7} 62,0 % 1.2

n 10.9 (2.4 79.6 % 1.8 1.2 (2.%) 18.2 ¥ 1,1

100 8.25 (2.8 87.9 % 1.8 9.99 (2.6) 88,2 ¥ 1.8

158 L% (2.7 95.5 % 1.8 8.10 (2.9) 95,5 % 1.k

229 6.09 (2.4) 102,07 1.8 1.03 (2.3) 103.0 7 1.0

Axumper in |

) = 190 percent counting uncertainty.
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Table A.3

1370y Incremental and Cumuiative Fractions Released From

Soric Acid/Portiand 1] Cement Composites (6% Boric Actd Solution and w/c Ratio of 0.5)

Composite #i Composite #2 Camposite #3
Time Incremental Fraction Cumulstive Fraction incremental Fraction Cumuiative Fraction Incremwntal Fraction Cumclative Fraction
Days Released x 100 Releasec x 100 Released x 100 Released x 100 Released x 100 Released x 100
1 11.05 (10.0)® 1.2 1.0 10,58 (B.9)® 10.6 + 1.0 8.59 (9.7)0 8.59 ¢« 0.83
2 5.28 (8.7) 16.3 s 1.2 4,10 gu.z; 147 E 1.1 2.869 (16,7} 1.5 + 0.9
3 3.46 (12.5) 19.8 + 1.3 7! (14.8) 18.5 « 1.2 2,72 {1L2) 14,2 7 1.1
4 2.80 (15.5) 22,63 1.4 2.0% {20.,0) 20,5 % 1,3 1,60 (22.4) 15.8 ¥ 1.1
] 2.80 (15.5 25.4 % 1.5 2.38 (18,6) 22.9 + 1.4 .77 (21.4) 1.6 + 1.2
6 1.98 (20.4 27.4 ¢ 1.5 1.97 (20.4) 4.9+ 1.4 1.61 (22.4) 19.2 + 1.2
? 2.39 (m.eS 29.8% 1.6 1.15 (26,7} 26,0 7 1.5 1.28 (25,0) 20,5 V1.3
8 1.81 (2i.4) 3.6 ¢ 1.6 1.39 (24.3) 27,4 + 1.8 1.36 (24,3 21,8 v 1.3
9 1.6) (?2.‘g 33.2 + 1.7 1.10 (27.3) 28,5 + 1.5 0.738 (32.8 22,6 T 1.3
10 108 (5.5 5.1 ¢ 1.7 1.26 (6.7) 29.8 % 1.5 1.25  (6.8) 21,8 E i.¢
i5 .44 (3,9} 40,5 ¢ 1.7 4,13 (3,8 33,9+ 1.8 4.30  (9) 28,1 ¢ 1.4
20 .93 (4.1) 44,57 1.2 .23 (4.2) 37,1 3 LS 319 (4.5) 3.3 T 1.4
29 6.05 (1.4} 50.5 + }.? 5.32 (3.3) 42.4 ¢« |6 5.21 (3.6) H.6 ¥ 1.4
43 .16 (3.1} 7.1 + 1.7 6.43 (3.0) ls.‘)'j i.6 7.4 (3.1‘ 4.7 § 1.4
" 1.80 J.O; 65.5 ¢ 1.7 1.56 (2.8) 56.4 + .6 .22 (31 54,0 7 1.4
100 1.05 zl.x 72,5 + 17 6.20 (31) 62.6 ¥ 1.6 .66 (3.0) $8.6 ¢ 1.4
158 .75 (3.0) 63,3 ¢ 1.8 .83 (2.8) 70.5 ¢ 1.6 8.% (2.8) 6.1 § 1.5
229 6.08 (2.5) 86.4 ¢ 1.8 5.94 (2.5) 76,4 ¢+ 1.6 6.72 (2.)) 73.9 3 1.8
Tomposite I8 ComposTte I5

Time  incremental fractton Cumulative Fraction Incremental Fraction Cumi'ative Fraction

Days Released « 100 Released x 100 Released x 100 Feleased x 100

i 5.80 (8.9)a 9.80 + 0.88 7.67 {10.1)a 1,67 + 0.78

2 6.14 (11.3) 15.9 ¥ 1.1 4,17 {12.8) 12,4 %099

| 3,34 (15.3) 9.3 s 1.2 3.52 (14,9) 16,06 « 1.}

kl 2.33 1183 2.6 V1.3 3,29 (15,5 19,2 ¥ 1.2

5 .19 (15.5‘ 24,8 + 1.4 1,80 (20.0; 21,0 « |3

6 2.18 (18,9} 21,0 + 1.5 1.46 (23.1) 22.% Z 1.

i 2.57 (17,4 29.5 ¥ 1.5 1.49 523.0) 4.0 T 1.4

8 1,87 (20.4 3l.4 ¥ 1.6 2.11 (19.3) 26.1 ¢ 1.4

9 1.26 (24.3% 32.7 ¢ 1.6 1.27 (Il.lg 21.9 + LS

i0 1.48 (6.0 M. T L6 1.42 (6.1 29.3 ¥ 1.8

15 5.52 (3.2) 39.7 ¢ 1.6 4.8 I].i) sl

20 4,01 (3.7) 43,7 + L6 1.4 l.l; 3,67 LS

29 5.88 (3.1) 49.6 ¢+ 1.6 5.48 (3.4 3.0 ¢ 1.5

43 6.97 (2.9) 56,5 © 1.6 .12 (3.0} $0.2 ¥ 1.5

LAY 8.57 ?.6; 65.1 « 1.7 .96 (2.9 s8.1 ¢ 1.5

100 6.69 tl.9 7.8 + 1.7 6.36 (3.2 4.5 ¢+ 1.6

156 1.78 (2.7) 19.5 + 1.7 6.96 (3.1 7.5 ¥ 1.6

29 5.93 (2.4) 85.5 ¢ 1.7 5.67 (2.5) 7.1 + 1.6

dNymber in (

) = 19 percent counting uncertainty.




Table A.4

137¢s incremental and Cumulative Fractions Released From
Boric Actid/Portiand (1| Cement Composites (63 Boric Acid Soiution and w/c Ratic of 0.7)

Camposite #1

Composite #2

Composite #3

Time
uays

Incrementa)l Fraction Cumulative Fraction
Keleased x 100

Released x 100

Incremental Fraction Cumulative Fraction
Heleased » 100

Helessed x 100

Incremental Fraction Cemulative Fraction

Released x 100 Released x 10

10.5
3,61
.76
2,11
2.1

1.81
2.03
1.51
1,25

{8.5)8
tll.l{
(14,2
(19,0}
(16.7)
(20.4)
{19.3)

22.4)

i

s el e
VWS zoeo

.

E=BONI RO

10.8
i.R6
3, i8
2.35
3.26

=
=

1.8 |

10.8
14,7
i7.9
20,2
23.8
25.3

b e

1.33

~
w
..

1.59 | 26.9
20.6
29.%
3.2

5,25
3,90
6.4]
#.38
10.8
5.9
i0.8
8.13

Iolelolelojoiolotololololeiolalojaisn
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WD N

.

e L s e ———

~

-

-
Iolojoleisistainlolajelalolofaloials
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36.3
40,8
4.2
§5.2
66,1
5.2
8.1
9.1

Iololsiaisisjoinivisinloinls nlelale

el
R .
-
-

. .

L R R e T

et R ol e ——

Composfte 24

T Tomposite 15

Time

Days Released x 100

Incremental Fraction Cumuiative Fraction

feleased x 100

Incremental Fraction Cumulative
Released » 100

Weleased

Fraction

100

11.3

1]

1.9

‘e

(7,9)8 il.9

D Y e

1o
i5
20
29
4]
71

100
158
229

3.02
2.27
2,12
1,96
1.%9
1.03
0.9%2
i.21
.27
4.40
3,57
6,09
1.49
19.1
8.69
i0.4
8.28

o
-

16.%

=
~

20,6
22,2
23,2
24,2
25.4
26,7
3l
ELA
40,7
", 2
54.4

lotelelslolaslslelotnislsioicloioiole

4,52 (12,7

3,64
1.97
1.89
1.22
1.38
2.1
1.28
1.18
4.%0
1.23
6.65%
A 16
10,1
H.64
10,1
7.10

(14,2)
(19.1)
{19.6)
(24.2)
(21.0)
'8,6)
23,9)
(6.5,
{3.3)
(3. 5)

(2.

(2.
(2.
(2.
(2
(2

6.4
20,0
22.0
219
2%.1
76.5
26,6
29.9
3
J6.0
40,2
6.9
5.0
65,1
13,8
B83.9
9.0

lolosleloisloio|elelvleiotole el .

=
.

ey
R R R T PR Y

o

-

*Number in (

) = lo percent counting uncertainty,







Table A,6

137cs incremental and Cumulative Fractions Released From
Boric Actd/Portiang LIl Cement Composites (i2% Boric Acid Solution and w/c Ratle of 0.7)

Composite 41 Composite #2 Composite #3
Time Incremental Fraction Cumulative Fraction Increcental fraction Cumulative Fraction Incremental Fraction Cumulative Fraction
Days Released x 100 Released x 100 Released x 100 Released x 100 Released » 100 Released « 100
1 9.14  (9,2) 9.14 +0.84 9.85 (8.64 9.85 + 0,85 i3 (8.2)% .3 o+ 0.9
2 146 (14,9 12.6 + 1.0 2.%% (16.9) 12,4 + 0,9 4.5 (12.8) 1.9 + 1.1
3 2.3 (18,0 15.0 ¥ 1.1 2,10 {16,2) 15.2 T 1.1 247 (17.4) 18.3 7 1.2
1 3.38 (15.1) 16,4 % 1.2 1,02 (26.7) 16.2 5 1.1 2.2% (183 0.6 ¥ .2
s 2.23 (18,6, 20,6 + 1.3 2.48 (11.2; 18,7 « 1.2 2,62 (19.3 22,6 % 1.]
6 2.07 119.3§ 22.1 % 1.3 .97 (19.3) 20,6 ¥ 1.2 1.8 {21.8 2.2 713
7 0.845 (20,2) 235 233 I.68 (20.9) 22,3 V1.3 1.87 (20.0) 26.0 + 1.4
8 1.54 (n.n; 25.1 T 1.4 1.24 gu.s) 236 ¥ 1.3 1.95 (19.6 28,0 T 1.8
9 .14 (26,0 26.2 » 1.4 0,850 28.7; 24.5 ¥ 1.3 1.32 (239 29.3 ¥ 1.8
10 1.46 (6.0 27.8 © 1.4 0.992 (7.} 25.4 % 1.3 1.26 (6.4 30.6 ¥ 1.%
15 4.5 (3.1) 2.2 ¥ 1.4 .16 (3.5) 29.6 ¥ 1.3 4,82 (36 35.4 ¥ 1.8
20 1.60 Zl.l) 5.8 3 1.4 .46 (3.8) 331 ¥ 1.4 3.80 (4.0) 35.2 + LS
29 6.33 (32 42,1 ¢+ 1.4 6.00 (3.0) N.) ¢+ 1.4 7.11 (3.0) 46.3 ¢ 1.5
43 B.44 (2.8 S0.6 ¥ 1.5 .78 (2.6) 46,8 ¥ 1.4 7.87  (2.8) $4.2 3 1.5
n 10.4 éz.s) 61,0 + 1.5 10,9 “'3§ 57.8 + 1.4 1.3 (2.4 65.9 + 1.6
106 8,713 2.1} 69,7 ¥ 1.5 8,90 (2.5 66,7 ¥ 1.4 9.12 ‘2.7 4.6 + 1.6
158 10,u 2.6 19.7 « 1.5 10,30 }2.3) 76.9 + 1.4 9.97 (2.6 84,5 1.6
229 nn 1.8 87,6 ¥ 1.5 1.30 2.1) 84.2 + 1.5 1,26 (2.2) 91.8 ¢ 1.6
(o]
w Composite #4 Composite #5

Time Incremental Fraction Cumulative Fraction Incremental Fraction Cumulative fraction

Days Released x 100 Released = 100 Released x 100 Released x 100

1 10,9 (8.1)e 10,9 « 0.90 9.98 (R.8)e 9.98 « 0.88

2 3.13 (15.5 14,0 ¥ 1.0 2.7 (16,9 12.7 % 1.0

3 2.76 (16,5 16,8 ¥ 1.1 2.86 (16,5 15.6 ¥ 1.1

4 1.7 (20.9 18.5 7 1.2 1.78 (20,9 1.3 ¥ 1.2

L] 2,16 (iB.6 20.6 + 1.2 2,24 (18.6) 19.6 + 1.2

6 1.08 (26.7) 21,7 + 13 1.47 (23.0) 21.0 % 1.3

’ .38 (23.6) 23.0 + 1.3 1.86 (20.4) 22.9 V1.3

8 1.86 20.0; 24,9 V1.4 1.24 }zs.o 201 ¥ 1.4

9 1.22 (247 26,1 » 1.4 1.15 (26.0 25.3 ¥ 1.4

i0 1.37 6.0) 21,5 T 1.4 .18 (6.6) 26.5 ¥ 1.4

15 4,65 (.4 2.1 * 1.4 4.01 (2.0) 30.5 ¥ 1.4

20 3.6 (1.8) 35.7 ¢ 1.4 .28 (4.4 13,8 V1.4

29 6.87 (2.8) 2.6 v 1.4 6.2% (3.2 40,0 v 1,4

4O 8.09 (2.6 50,7 ¥ 1.4 7,46 3.0 47,5 ¥ 1.5

71 10,8 2.1 6l.4 ¥ 1.5 9.7% 2.6 §7.2 ¥ 1.5

100 8.65 2.5) 70,1 ¥ LS 8.24 2,8) 65.4 ¥ 1.5

158 9.02 (2.5) 79,1 % 1.5 8.67 (2.8 1 TS

229 6.86 2.2) 860 + 1.5 6.92 (2.3 81,0 ¢ 1.5

number N () = 19 percent counting uncertainty,







Table A.8

B5g, jncremental and Comulative “~actions Relessed From
Boric AcidPartiand 11i Cemert Compostites (33 Boric Acid Seletion and w/c Hatie of 0.7)

Compasite 41 Compusite #2 Composite 43
Time Increcental Fract! Cumuiative fractina Incremental Fraction Cumlative Fraction Incremental Fraction Cusu’stive Fraction
Cays Ke'eased x 1004 Released x 100 Releases x 100%.®  Released » 100 Released & 10005 Relessed x 100
i 0.900 » 0.01 0,590 + 0.01 0.298 }u.o\ 0.298 + 0.13 1.6 (18.0) 1.6) + 0.29
2 0.000 ¥ 0.6) 0,000 ¥ 0.02 128 (s .54 F 0.23 L4 (18.2) 2,715 0.0
3 ®INT (25.7) 8.0 % 0.20 0.000 + 0.0} 1,54 T 0.2) 0,000 » 4,61 17500
. 8.000 ¥ 9.01 0.711 ¥ 0,20 8,000 3 0,01 1.3 702 0.MG 3 0.0 tRIES N
5 0.000 ¥ 0.00 0.773 ¥ 0.20 0.000 + 0.41 1.5¢ ¥ 0.23 G.00s ¥ 0,01 N Ton
3 0.7 ¥ 0.01 6,173 ¥ 6.20 0.000 3 0.01 1.54 §0.23 0,060 ¥ 0.6 INIER S
) 0.000 ¥ 6.0 0.773 % 0.20 2.000 ¥ 2,01 1.5¢ 7 0.25 0,000 ¥ 0.04 2.1750.34
8 0.000 ¥ 9.0i 0.773 % 6.20 0,000 ¥ 0.0 1.5¢ % 0.20 0,000 + 0.04 2.1 5 0.
¥ 0,295 T4i.4) L0 ¥ 0.2¢ 0.132 T164,2) i.68 ¥ 0.2¢ 0,548 T30.1) L3270.08
10 0.205 {il.1) 1.5 S0 0.287 (il.2) 1.96 7 0.2% 0,422 (!.Jg 1LNT 0
15 6.906 (6.2 2.26 ¥ 0.2¢ 2.628 {r.l) 2.59 7 0.2% 0.969 (6.1 I RIEES
2 0,898 (8.3 3,15 T 0.8 0,665 (1.8) 325 To.% 0.6% (7.2) $.4 30,39
29 1.04 (5.8 19 026 0,849 (6.7} 4,10 3 0.26 0.969 (6,1 6.8 % 0,40
4 .67 (4.8 5.66 + 0.27 1.30 2“1 5.40 ¥ 0.27 .28 (5.3 7.65 5 0.40
Ti .50 (Y 7.36 ¥ 0.28 .83 a8 7,03 ¥ o.28 .26 (5.4 8.92 5 0.4
100 1.07 (10,0 843 s 0.0 0.576 (i6.2) .60 T0.29 0.991 (10,7 9.91 5 002
158 0.000 ¢ .01 B.43 3 0.30 0.000 + 0.0 L6l 50,29 .27 (12.9) A7 5 048
229 0.000 ¥ €.01 8.4 ¥0.30 0.000 3 0.01 7.61 0.3 0.000 + 0.0i 1173 0.6
© “TomposTte W Tomposite IS
wn

Time  Incremental Fraction Cesuiatt.e Fraction Incrementsl Fractton Cumuletive Fraction

Oays Jeleased x 10085  Released x 100 Released x 10045 Relessed x 100

i 2.25 (15.5) 2,25+ 0.3 0,000 + 0.01 0.000 « 0.0

2 0,708 (21.7) 2.98 ¥ 0.40 0.000 ¥ 0,01 0,000 ¥ 0.02

3 0.009 + 0.01 2.96 7 3.4a 0.000 3 0.01 0,600  0.02

: 0.000 ¥ 0,01 2.9 ¥ 0.40 0,000 3 0.01 0.608 ¥ 0,0)

5 0.C00 ¥ 0,00 2.96 5 0.4 0,000 5 6,01 0.000 ¥ 0.03

3 0.000 ¥ 0.04 2.96 % 0.40 0,000 3 0.7 0.000 ¥ 0.0)

? €.000 3 0,01 2.96 ¥ 0.40 0,000 3 0,01 0,000 ¥ 0,08

8 0,000 ¥ 0.0 2,96 3 0.4 0.000 3 0.01 0.00L * 0.04

o 0,455 T34,5) 3.4 ¢ 0.4) 0,309 ‘su.o_) 0.309 ¥ 0,14

10 0,228 (12.4 164 % 0,4) 0.286 {11.6) 0.595 5 0.16

15 0.542 (8.2 4185 0.0 6.732 (1,38 1.33 T 0.8

20 0.672 (1.3 405 % 0,49 0.526 |.nt 1.8 018

29 0.574 (8,0) $.43 % 0,43 6,618 (8,00 2,47 Yo

&) L (5.2) 6,77 % 4.8 1.60  (4.98 407 3 0.8

1 6,347 (10,3} 7.12 + 0.45 0,457 11.2! 4.51 5019

100 0,000 ¢+ 0.01 7.32 ¥ 0,48 0.000 + 5.01 €53 3019

158 1.63 Ti4.3) 8,157 0,47 0.000 ¥ 0,01 €5 T 0.9

b2 0.000 + 0.01 8155 0.47 0.000 ¥ 0.01 433 S0

Shumber fn (| = 19 percent counting wncertainty,
Bfor incrementsl fractton releases equal to zero, the error 1§ Dased on the mintmum
detectable itmit,
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Table A.9

B55r Incremental and Cumilative Fractions Relessed From
Boric Actd/Portiond i1} Cement Composites (63 Boric Actd Solution and w/c Retlo of 0.%)

Composite #i Composite #2 Composite #3
Time Incrementa) Fraction Cumulative Fraction Incremental Fraction Cumulative Fractieon Incremental Fraction Cemulative Fraction
Days  Relessed » 10082  2elesses x 100 Released x 10080 Seleased x 100 Reieased » 10045 Geleased » 102
i 6.600 + 0.01 0.00 + 0.01 0.000 + 0.01 0.000 » 0.01 0.000 « 0.01 0,000 + 0.01
2 0,000 + 0.01 0.00 ¥ 0.02 0.000 ¥ 0.01 0.200 ¥ 0.02 0.000 ¥ 9.00 9.000 ¥ 0.2
- 3 0.000 3 9.0% 0.00 % u.02 0.000 3 0,01 8,000 § 0.02 9,000 5 9,03 5,800 ¥ .03
B 8.000 ¥ £.01 .00 ¥ 0.03 0.000 ¥ 0.0 2,000 ¥ 0.0 0,062 3 0.00 0.000 5 0.0)
5 9,000 © 0.0% 8.00 ¥ 0.03 0.572 T29.8) 0.872 3 0.12 8.000 ¥ 5.01 2.000 ¥ 9.03
6 9.000 " ".4 6.00 ¥ 0.0 0.000 + 9.0 e.572 % 0.17 0.000 ¥ 8,04 0.000 3 0.04
? .00 0 2,00 ¥ 0.04 8.900 ¥ 0.01 0.522 ¥ 0.17 0.600 3 0.01 0.000 ¥ 0.04
a 0.000% M G.00 ¥ o0.04 8.900 ¥ g.01 os8723 o 12 6.000 ¢ a.01 0.000 = 0.04
8 0.175 Tsd. 1) 2,175 ¥ 0,10 0.176 Ts4.1) 0.746 % 8.20 0.246 T46.5) 0.2% ¥ 0.13
10 0,227 (12.3) 0.402 ¥ 0.11 0.153 (14,7} 0.89 % 0.20 0.223 (13,0} o485 0.1)
5 0,443 (8.88) 0.848 ¥ 0.11 0.603 ;r 66 150 ¥ 0.2 0.458 (8.84) 0.9¢7 5 0,14
20 2. 319 {10,3) 116 ¥ 0.52 0.460 (8.9 .9 .21 0,346 (10.3) 129 Fo.e
2% 0,59 (7.62) 176 ¥ 8.13 0.510 (8,23} .47 S 0.624 (2.1} L% ¥0.s
4 0,783 (6.6 2.56 0.4 o0.670 (1.15 L To .23 (122} .63 T 0.8
- 7 0.680 (2,15 .23 T 0.4 0.797 (6.70 L T 0.557 (8.23) L1y T aae
, 100 0.758 (1.8} 3.98 3 0.7 0.542 {14, 449 T o4 0,497 (15.3) 3.6% S 0.8
158 0.000 + 3,01 3.98 T 0.1 0.836 (15,7 5.32 T o.2r "
229 0.000 3 0.01 3.9 T 0.18 0.000 + 0.04 .32 ¥ on
'
® Tanposite W Componite ¢S~
a Ce—
Time  incremental Fractinn Cumulative Fraction incremental Fraction Cusulative Fractioa
Days Releases » 10080 Released » 100 Released x 10005 Released « 100
: 1 0.000 + 0,01 0.000 » 0.01 0.59% (29.2) 0,59 + 0.17
2 0.543 T32.1) 0.543 ¥ @17 0.008 « 0,01 0.5% 3 0,17
3 0,000 « 0,02 0.543 7 0.1 0.060 ¥ 0.01 0.59 ¢ 0.17
K 6,000 3 0.0 0.543 7 0.18 0.060 ¥ 0.6i 0,596 3 0,18
5 8.000 ¥ 0.01 0.543 % 0.18 9,000 ¥ 0,04 0.59 3 0.14
& 0.000 ¥ .01 6.54) % 0,18 8.000 3 ¢.01 0.%9 % 0,18
? 0,28n Tal,8) 0,832 3 0,22 0.000 ¥ 6.01 0.5% ¢ 0.18
B 0.000 ¢ .01 0,832 3 0.2 9,000 ¥ 0.04 0.5% 3 0,14
9 0.000 ¥ 0.02 0.632 ¥ 0.22 0.000 3 0,01 0,59 3 /.14
i0 0,185 Tis.7) 0.987 ¥ 0.22 0,128 Tie,? 0.7 aiu
15 0.510 (8.72) 1.0 F0.22 0,353 (9.74) 100 T 0,08
20 0.455 (9.0% L9 T 0.3 0.283 (il.1) 1.35 7 0.18
24 .70 21.» 2.66 3.0.23 0.12, (6,M4) 2.68 3 0.19
4 0.876 (6.62 15 Fo.2e 0.6 (5,84 2.% 3020
4] 0.865 (6. 11 4.0 50.25 0.464 (8.51) 2.97 3 0.20
100 0,000 + 0.01 440 ¥ 0.5 0.442 (15.4) e San
158 0.824 Ti6.4) 5.2) ¥ 0.28 100 (14,0} 42 5025
229 0.000 + 0.04 .1 0.9 0,000 + 0.04 w2 e

Onguber in (] = 1o percent counting unzertainty.
Bfor incremental fraction relesses equal to zero, the error |s based on the minimum
detectadle |imit,
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Table A.11

855 ncremental and Cumulative Fractions Released From
Boric Actd/Portiand (11 Cement Composites (123 Boric Acid Solution and w/c Ratio of 0.5)
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APPENDIX B

LEACH DATA FOR SECTION 4 OF THIS REPORT
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Tavle 8.1

137cs Incremental and Cumulative Fractions Released From
T ow b Organte at tom achange Heutn/Port land | Comnt Compasites

- B —— W $ - . S

: Composite #! Composite #2 Composite 03
Time Incremental Fraction Cumulative Fraction Incremental Fraction Cumulative Fraction Incremental Fraction Cumuletive Fraection

Uays Released x 100 weleased « 10D Keleased x 10C Keleased x 100 Keleased » 100 Keleased 2 100
0.07 10.7  (1.1) 10,7 + 0.1 4,00 il.e) 4.0 + 0.1 2,7% (2.1) 2.75 +» 0.08

1 27.8 (0.7) 38,5 ¥ 0.2 25.1 0.7) 29,1 + 0.2 11,9 (1,0) 14,7 +0,!

2 10.1 (1.1} 44,6 + 0,2 11.9 (1.0) 1.0 5 0.2 6.18 (1.4) 20,8 0,2

3 6,19 (1.4) 54.8 % 0,3 .58 (1.3) 48.6 ¥ 0.2 4,43 (1.7) 25.3 + 0.2

- ] 4,60 (1.7) 59.4 7 0.3 5.71 (1,5) 54,3 5 0.3 3.44 [1.9) 28,7 0.2
5 3.53 (1.9) 63.0 » 0.3 4.88 (1.7) 58,8 ¢« 0.3 2.9 (2.2) Ji.4 o+ 0.2

3 3 2.76 (2.1) 65.7 + 0.3 3.69 (1.9) 62.5 » 0.3 2.31 {Z.3) 33,7 s 0.2
] 2.30 (2.4) 68.0 » 0.3 .14 (2.0) 65.6 + 0.3 1.87 (2.8) 5.6 « 0.2

8 1.76 (2.7) 69.8 + 0.3 2.58 (2.2) 68.2 + 0.3 1.60 (2.9) 7.2 s+ 0.2

4 1.66 12.9) .47+ 63 2.13 (2.5) 70.3 + 0.3 1.%3 (2.9) 38.7 0.2

12 .23 gz.og 78,7 % 0.3 4,60 51.12 74,9 7 0.3 3,50 (1.9} 2.2 Y02

13 0,957 (3,9 5.6 % 0.3 1.3% (3,2 76,3 % 0.3 .10 (3,7) 43,3 ¥ 0.2

14 0. 966 21.9) 76,6 ¥ 0,3 .28 (3.3 1,6 7 0.3 .23 (3.4) “,5 V0.2

15 0.780 (4.4) 12,4 « 0.3 .07 (3.8) 62,6 ¢ 0.3 Lus (3.7) 45,6 + 0.2

18 0.764 (4.5) 8.1 » 0.3 1.08 (3.8) 19.7 + 0.3 1.0y (3.6) 46,7 » 0.2

19 .78 (2.4) 19,1 + 0,3 2.04 ('.») 8.7 » 0.3 2.32 (2.3) 45,0 + 0,3

20 0.022 (4.0) 81,5 ¥ 0,3 0,647 is.og 2,470, 0,889 (1.9) 9.9 0.3

21 0,596 (3.7) 81,1 % 0,3 0,705 (4,7 83,17 0.3 0,836 (4,2} %0.7 ¥ 0.3

22 0,515 (4.1) 81,6 + 0.3 0,547 (3.7) d3.7 ¥ 0.3 0,721 {4.0) 12.4 ¥ 0.3

23 0.474 (4.4) 82,1 + 0.3 0.576 (3.8) 84,3 » 0,3 0.781 {4.3) 5.2 + 03

26 1,23 (3.4) 83.3 + 0.3 1.48 (3.0) 8.7 » 0.3 1.92 (2.6) 4.1 + 0.3

— o ———— e . i . .
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Composite #2

Table 8.3

Released x 100

Incremental Fraction Cumulative Fraction

170y tasromental amt Cumalat ive fract fune lioloased | rim
2 x 4 Organtic Catton Exchange Resin/Portland | Cement Composites

Released x 100

Composite #!

Released x 100

Incremental Fraction Cumulative Fraction

Time

Days

— 8=
| 0 D D e ot o ot od 8w o e it y  n
.« .

NOUOUUHOODOOOOJOUUU“\UD

R e e e e P o P o R P P O P R P P |
! "I D
.JJO»‘GH.!GOOOIM.:OO?N..Q
-
151912\.1568900.113.-4.50
P -y Ry By By B R, R, R,

et S S St il e S il S Sl e Vs St Wt s "

S ——— . ————— .

0 >
o CJ CD ww mt ot nw ot d e e et e e e e . - -
. . » - L I, B ST W W - L L I . I
(-E-E-R-R-E-E-E-R-F-R-F-F-N-N-R-H-F-F-N-¥-1
R R e e e e e e e e e e R PR
- -~ D D
0.‘.’.7.“0‘.0997528305']0

'
"llklllg 12‘56639“'13‘4\.5’
'

Sy e NN NNNN N

o . o~ P . . P, S P, S . L S S, ., N g,

’37911579991)3‘255“7‘
e 9 . \ A . . - . & »

Z|ll22122213333233131

et S Nt S e S S o S . S S e Nl e el N . W N

D DD O
VHDONUNN O OMOTD OO DD mJZ
e e e e o s

.

. .. L L )
!‘2211110020000100"0‘

~
nu 23 U 0 ot pd 1t okt et bk
. s .

0000“(000000000000"0“
D e e e e O R o R

FTHNDOD
195397“5“‘196395‘”5
. . .
\l"ﬂﬂ,l.{]‘ﬁ’"ﬁ?ﬂl?}]‘t)
-y s NN NN NN

—

.07

96




L6

I R R N R R R R, T R R . R IR RO R R RO R R R R IR R R RRERRRE® p——

Table 8.3, Continued

Ty Ty resantal amd Comelat tvs 10act tans Weloased | rm

2 x 4 Urganic Cation Exchange Resin/Portiand | Cement Composttes

Composite #1 Composite #2 Composite #3
Time Increments! Fraction Cumulative Fraction Incremental Fraction Cumulative Fraction Incremental Fraction Cumylative Fractton
Days Reledsed x 100 Heleased x 100 Released x 100 Neleased z 100 Released = 100 Released = 100
27 0,585 (3.5) 26,3 + 0.1 0.553 (3.6) 27,5 + 0.1 0.531 {3.8) 27.1 30.1
28 0,568 (3.6) 26,9 + 0,1 0.517 (3.9) 28.1 + 0,1 0.510 {2.8) 27.8 + 0.1
29 0.533 (3.8) 22,5 ¥ 0.1 0,562 Sng 28,6 + 0.1 0.938 51.1) 28,2 ¥ 0.1
30 0,516 (3.7) 28,0 0,1 0.543 (2.6 29,1 7 6.1 0.474 (3.0} 4.6 ¥ 0,1
33 1.40 (1.0} 29.4 + 0.} 1.3% l.Og 30,5 + 0.1 1330 (9:13 30,0 s 0.1
34 0.561 (1.6) 29.9 ¥ 0,1 0,558 él.b I 0. 0.559 (1.8) 30,5 * 0,1
35 0.535 (1.7) 30,5 + 0.1 0,518 (1.7) 31.6 + 0.1 0.531 (1.7) 31,0 + 0.1
36 0,530 (1.7) 31.0 » 0.1 0.512 (1.27) 32.1 + 0,1 0,513 (1,.?) 3.6 + 0,1
37 0,527 (1.7) 31,5 + 0,1 0.457 51.8; 32,5 + 0.1 0.473 (1.7) 32.0 + 0.1
40 1.22 (1.1) 32,7 0.1 1.07 (1.2 33,6 ¥ 0.1 110 (1.1) 33,1 T 0.1
41 0,556 5!.6) 33.3 + 0.1 0.52% 51.7) 34,1 + 0.1 0.519 (1.7) 33.7 + 0,1
4z 0.518 (1.7) 33.8 + 0.2 0.479 (1.7) 4.6 + 0.2 0,470 (1.7) 34,1 ZO.Z
49 2.10 (1.9) 35.9 + 0,2 2.00 (1.9) 36.6 + 0.2 0.396 (1.9) 3.5 + 0.2
56 1.99 (0,86} 37.9 + 0,2 1,87 (0.87) 38,5 + 0,2 1.90 {0.90) 36.4 + 0.2
63 1.85 (8.8) 3.7 +0.2 1,75 (0.93; 40,2 30.2 1.78 (0.91) 8.2 + 0.2
10 1.86 (8,8) 41.6 + 0,2 1.78 (0,91 42,0 + 0.2 1.83 (0,89) 40,1 =+ 0.2
17 1.60 (0.97) 43.2 + 0.2 1.52 (0.98) 43.% + 0,2 1.57 (0.99) 4.6 + 0.2
84 1.59 59.7) 43,8 ¥ 0.2 1.49 (0,99) 45,0 ¥ 0,2 1.57 (0,99) 23,2 V0.2
112 4,32 (1,3) M.l + 0.2 4,08 (1.9) 49.! + 0,2 8,31 (1.3) 47.5 « 0,2
140 .87 (0.44) 53,0 +70,2 3.84  (0,44) 52.9 ¥ 0.2 4,10 (0.,43) 51.6 0.2
169 316 (LY) 56.1 + 0.2 .18 (1.1} 56.1 + 0.2 .26 (1.1 54.9 0.2

Number in () = 1, percent counting uncertainty,
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Teble 8.4

10 Incromntal and Cumulative Fracttaons Released From
J & S Urganic Leltun tachanyge Resin/Purtland | cesent Losposites

Composite #! Composite #2 Composite #3
Time Incremental Fraction Cumulative Fraction Incremental Fraction Cumulative Fraction Incremental Fractton Cumulative Fraction
Uays Released x 100 Heleased x 100 Released x 100 Heleased x 10U Released x 100 Beleased x 100
0.07 1.30 (3,1)e 1.30 + 0.04 0,914 (3.7) 0.9i + 0.03 0.623 (4.5) 0.62 + 0.03
1 2,11 (2,1) 4,07 » 0.07 2.40 (2.3) 3,31 « 0,07 2.65 (2.2) 3,27 + 0,08
2 1,30 (3.1) 5.37 » 0.08 1.23 {3.2) 4,54 + 0,08 .35 (%) 4,62 + 0.08
3 0.997 (3.5) 6.37 + 0.09 0.901 (3.8) 5.45 » 0.08 1.01 {3.5) $.63 « 0,08
4 0.878 (2.7) 7,25 + 0.09 0,780 (2.9) 6,23 + 0,09 0,908 (5.3) 6.54 » 0.10
5 0,812 Ez.a) 8.06 + 0.10 0.685 (3.1) 6.91 + 0.09 0.800 (5.8) 7.33 » 0.1
[ 0.717 (3.0) 8,78 + 0,10 0.665 (3.0) 7.6 » 0.09 0.761 (5.8) 8.10 + 0.12
7 0,658 (3.0) 9.48 + 0,10 0,584 (3.2) 8,16 « 0,09 2.703 (6.1} 8.8 » 0,12
8 0.669 (3.0) .1 » 0,1 0.58 (3.2) 8.74 + 0.10 0.023 (8.5) 9.43 + 0.13
9 0.629 (3.2) 10,7 + 6.1 0,531 (3.86) 9.27 » 0,10 0.670 (8.2) 10.1 « 0.1
12 L7 .o.z; 11,2 ¥ 4, .10 i1.4} 16.4 ¥ 0.1 L2/ }1.2 1.4 7 0.1
13 0,543 (3.5 12,4 * L1 0.482 (5.7 10, = 0,1 0,53 (o,7 1.y + 0.1
i4 0,523 (3.4) 13,0 # 0.} 0,452 (3.6) L3 *5) 0.589 (0.6 12.5 + 0.2
15 0.493 (3.8} 13,5 + 0.1 0.451 {3,6) 11.8 + 0.1 0,56 (7.09) 13.0 « 0.2
It 0.407 (3.8) 13,9 +« 0.1 0,443 {J.I) 12,3 + 0.1 0,478 (1.4) 13,5 « 02
19 Doaen (2.7} 14,8 ¥ 0,1 0.812 (2.8) 13,0 70,1 .17 {3.0) 14,7 50,2
20 A% (2,4%) %3 « 0,1 0,423 51.‘) 13.4 0,0 0,433 (12,0) el 0
21 .40 {2.8) 15.7 ¥ 0,1 0.813 (2.4) 3.8 + 0,1 0,483 (i2.4) 15,0 0.2
22 G.421 (2.4) 16,2 + 0., 0,406 (2.5) 14,3 + 0.1 0.43% (12.1) 10,0 + 0.2
23 0.42% (2.4) 16.6 + 0.1 0.419 (2.8) 14,7 + 0.1 0.857 (11.9) 16,5 + 0.2
26 0.848 (1.8) i7.4 + 0.1 0.769 (1.7) 5.4 + 0.1 0.967 (4d.1) 17.4 : 0.2
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Table 8.4, Continued

Wy b romint al gt Camalat twe | ract tons Relaasad | ren
3 & 3 Urganic Latton Lichanye Resin/Portiand | Cement Conposites

e e e

Composite #1 Composite #2

Composite #3

Time Incremental Fraction Cumulative Fraction

Incremental fFraction Cumylative Fraction
Released x 100

Released x 190

Incremental Fraction Cumulative Fraction
Released x 100

Uays Released x 100 Released x 100 Released x 100

27 0,422 (2.4) 1.9 + 0.1 0,390 (2.6) 15.8 + 0.1 0.428 (12.1) 12,9 + 0.2
28 0,387 (2.6) 18,3 + 0.1 0.390 (2.8) 16.2 . 0.1 0.401 (i12.6) 18.3 + 0,2
24 0,424 (2.4) 18,7 ¥ 0,1 0.395 (2.6) 16.6 = 0,1 0.434 (12.2) 9.7 7 0.2
30 0,405 52.5) 19,0 + 0.1 0.375 (2.7) 17.0 + 0.1 0.423 (12,2) 19,1 ¢ 0.2
33 0,639 (2.2) 19,7 ¥ 0.1 0,708 {2,0) 1.7 3 0.1 0,091 (1.8) 19.9 ¥ 0,2
i4 0.404 (2.27) 20,1 + 0,1 0,413 (2.4) 18,1 » 0.1 0,424 (2.4) 20,3« 02
3% 0,404 ?2'5; 20.5 ¥ 0.1 0, 380 ta.)) 18,8 ¥ 0.1 0,395 (2.8) 20,7 ¥ 0.2
i6 0,382 (2.6 20,9 + 0.1 0,379 (2,7) 18,9 =+ 0.1 0,418 (2.9) 21,1 » 0.2
37 0,396 (2.6) 21.3 + 0.1 0,381 (2.7) 19,2 + 0,1 0.377 (2.1) 21.% + 0,2
40 0.645 (2.2) 21.0 + 0,1 0.722 (1.9) 20,0 + 0.) 0,75 (1.48) 22,3 +» 0,2
41 0.410 (2.5) 22.4 + 0,1 0.452 (2.2) 20.4 + 0.1 0,451  (2.2) 2.1 « 0.2
a2 0.399 (2.5) 22,8 +0,1 0,374 (2.7) 20,8 »+ 0,1 0.401 (2.%5) 23,1 « 0.2
49 0.232 é3.3{ 23.0 +0,1 0,192 . 3.9; 21.0 + 0,1 0.236 (3.2) 23,4 + 0.2
56 1.14 (1.4 24,1 + 0,1 1,08 (1.5 2.1 + 0,1 .14 (1.4) 24,5 + 0,2
63 1,09 (1.5; 25.2 + 0,1 1.06 1.6; 23,1 + 0,1 .12 {1.%) 25.6 ¢+ 0,2
70 1.14 (1.4 26,4 + 0.1 1.12 (1% 24,2 =+ 0.1 .18 (1.%) 26.8 + 0,2
77 1,01 (1.8) 27.4 + 0,1 0.928 (1.6) 25.2 + 0.1 0.976 (1.6) 27,8 + 0.2
B4 0,977 (1.6) 28.3 + 0.1 0.948 (1.6) 26,1 + 0.1 0.972 (l.0) 28,8 + 0.2
112 2.69 (2.2) 31.0 + 0,1 2.80 (2.3) 28 5 + 0.1 2.04 (2.2) 1.4 + 0.3
140,0 2.70 (0,21) 33,7 + 0.1 2.53 io.lo) 1.1 « 0,1 2.0 0,70) 34,1 + 0.3
169.0 2.26 (1.7) 36,0 + 0,2 2,18 (1.7) JJ 27 0.1 2.26 }l.?) Jo.4 ¥ 0.3

aNumber 1n (

) = 1 gpercent counting uncertainty,
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Tadle B.5

13705 tncramental and Cumulative Fractions Released From
6 x & Organic Catton Exchange Resin/Portland | Cement Composites

Composite #1 Composite #2 Composite #3
Time Incremental Fraction Cumulative Fracttion Imcremental Fraction Cumulative Fraction Incremental Fraction Cumclative Fraction
Nays Released x 100 Keleased x 100 Released x 100 Released x 100 Released x 100 Released x 100
0.07 0.580 (0.9)? 0.58 + 0.01 0.489 (1.0) 0.49 + 0.01 0.469 (1.0) 0.47 « 0.01
1 2.71 (0.8) 3.29 ¥ 0,01 1.95 (0.5) 2.44 » 0,01 1,55 (0.6) 2.02 » 0.01
2 1.72 (5.2) 5.01 ¢+ 0,02 1.19 (0.6) 3.62 + 0.01 0.877 {(0.7) 2.90 » 0.01
3 1.35 (0.6) 6.36 Z 0.02 0.944 (0,7) 4.57 + 0.01 0.708 (0.8) J.60 » 0,01
4 2.92 (0.4) 9.28 + 0.02 1.94 (0,5) 6.51 + 0,02 1.50 (0.6) 5.10 » 0.02
7 0.818 (1,1) 10.1 + 0.1 0.533 (1.3) 7,05 + 0.02 0.431 (1.5) 5.54 + 0,02
A 0.665 (1,2) 10.8 + 0,1 n.452 (1.4) 7.50 + 0.02 0,360 (1.6) $.90 + 0.02
9 0.729 (1.1) 11,5 E 0,1 0.470 (1.4) 7.97 + 0,02 0.407 (1.5) 6.30 » 0,02
1n 0.634 (1.2) 12,1 « 0,1 0.410 (1.5) 8.38 + 0,02 0.335 (1.7) 6.64 + 0,02
13 1.63 °'J§ 13.9 _7_ 0.1 1.9 0.4; 9.47 + 0.02 0,945 {ﬂ.s 1.58 + 0,02
14 0.561 (0.6 14,3 + 0.1 0.369 (0,7 9.84 + 0.02 0.316 (0.8 7.90 * 0,02
15 0.514 (0.6) 14,8 * 0,1 0.332 (0.7‘ 10.2 + 0.1 0.286 (0.8) 8.18 + 0,02
16 0.482 (0.6) 15.3 + 0.1 0.322 (0.8 10,5 + 0.1 0.262 (0.8) 8.45 + 0,02
17 0.432 (0.7) 15.8 % 0,1 0.286 (n.8) 10.8 + 0,1 0,251 (0,9) 8.70 + 0,02
20 1.07 (0.4 6.8 + 0,1 n.741 (0.5) 11.5 +0.1 0.647 (0.5) 9.34 ¥ 0.02
21 n.381 (0,7) 17,2 % 0,1 0.277 (0.8) 11.8 + 0,1 0.243 (0.9) 9.%8 « 0,02
22 0.359 (n,749) 17.6 + 0,1 0.263 (0,87) 12.1 _’{ 0.1 0.232 {0.90) 9.82 :{o.l
29 1.85 (0.72) 19.4 + 0,1 1.31 (0.85) 13.4 + 0,1 1.20 (0.89) 11.0 « 0,1
36 1.65 (0.34) 21,1 + 0.1 1.19 (0.40) 14.6 + 0.1 1.05 (0.43) 12.1 7 0.1
43 1.47 (0,36) 22.5 =+ 0.1 1.09 (0.42) 15.7 ¢ 0.1 0.963 (0.44) 13,0 ¥ 0.1
50 1.49 0.36) 24,0 + 0.1 1.11 (0.41) 16.8 + 0.1 0.930 (0.45 14.0 ‘fo.x
57 1.31 (0.38 25.3 + 0.1 0.963 (0.44) 17.7 ¢ 0.1 0,792 (0.49 14,8 + 0,1}
64 1.28 {0.39 26,6 + 0,1 0.952 (0.45) 18,7 + 0.1 0.800 (0.49) 15.6 z 0.1
92 3.40 (0,53) 30.0 + 0.1 2.64 (0.60) 21.3 + 0.1 2.32 (0.64) 17.9 % 0.1
120 3.05 (0.18) 33,1 + 0.04 2.44 (0,20) 23,8 + 0.03 2.23 (0.21) 20.1 "+ 0,03
149 2.57 (n,43) 35.6 + 0,04 2.15 (0.47) 25.9 + 0.03 1.88 (0.50) 22.0 _7_ 0,03

Nurber in [ ) = 1 vpercent counting uncertainty,
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Tavle 8.6, Continued

V3¢« tncromontal and Cumulat ive fracttons Released From
6 x 12 Organic Cation Exchange Kesin/Fortland | Cement Compostites

Composite #! Composite #2 Composite #3
Time Incremental Fraction Cumulative Fraction Incrementa) Fraction Cumulative Fraction Incrementa! Fraction Cumulative Fraction
Days Released x 100 Released x 100 Released x 100 Released x 100 Released 2 100 Released x 100
30 0,158 (2,3) 13,1+ 0,1 0.218 iZ.O) 14.1 + 0.1 0,223 (2.0) 1.9 s+ 0.1
i 0.159 (2.4) 13.2 30,1 0,215 (2.0) 14,3 % 0,1 0.217 (2.0) 12,1 + 0,
52 0,138 gz.e) 13.4 70,1 0,201 52.1) 14,5 ¥ 0,1 0.208 (2,0) 123 + 0.1
3% 0.363 (1.6) 13.7 + 0.1 0.539 (1.3) i5.1 = 0.1 0.573 {1.2) 12,9 + 0.1
36 0,142 (2.5) 13,9 }: 0.} 0,201 (2.1) 15.3 + 0.1 0.227 (1.9) 13,1 =+ 0.1
il 0.121 (2,7) 14,0 0.1 0,182 (2.2) 15.5 ¥ 0.1 0.188 (2.2) 13,3 5 0.1
38 0.128 (2,7) 14,1 + 0.1 0,170 §2.3) 15,6 + 0.1 0.193 (2.1) 13.5 + 0.1
i 0,132 (2.5) 4,2 + 0.1 0.173 (2,2) 15.8 + 0.1 0,198 (2.1) 13.7 s 0.1
32 0,317 (1.7} 14,6 + 0.1 0,450 (1.4) 6.3 + 0.1 0.5%08 (1.3) 14,2 » 01
43 0.122 (2.7) 14,7 + 0.1 0.170 (2.3) 16.4 + 0.1 0.208 (2.3) 14.4 + 0.1
4 0.115 (2.8) 4.8 + 0.1 0.165 (2.3) 16.6 + 0.1 0,192 {2.2) 14,6 + 0.1
i 0.484 (1,3) 15,3 + 0.1 0.691 (1.1) 17,3 + 0.1 0,798 (1.1) 154 5 8.1
50 0,116 (2.7) 15.4  « 0.1 0.173 (2.2) 17.5% + 0.1 0,218 (2.0) .6 0.1
31 0,119 (2.7) 15, * 0.1 0,162 (2,3) 17,6 ¥ 0.1 0.195 (2.1) La.8 T 0.1
5 0,135 (2.6) 15.7 + 6.1 0,176 (2,3) 17.8 + 0.} 0.222 (2.0) 6.0 +« 0.1
5i 0,116 &2.8) 15.8 + 0,1 0,150 (2.4) 1,8 = 0.1 0.18% (2.2) 16,2 + 0,)
2 0.281 (1.8) 16,0 « 0,1 0,387 ?1.5) 18,3 + 0,1 0.495 (1.3) 16,7 + 0.1
03 0.526 (1.3) lo.6 + 0,04 0.693 (1,1) 19.0 E 0.04 0,949 (1.0} J.6 « 0,04
L 0,501 (1.3) 17,1+ 0.04 0.535 {1.3) 19.6 :0.0‘ 0,443 (1.0) 18,5 + 0,04
7 0,490 E!.l) 17,6+ 0,04 0,484 $1.4) 20,1 + 0,04 0,793 ;1.!{ 19.3  + 0,04
24 0.474 (1.4) tH.1 0,08 0.472 (1.8) 20,5 5 0.04 0,704 (1.1 20,0 0,08
o 0.474 (1,4) 18,5 ¥ 0,04 0,472 (1.4) 21.0 + 0.04 0.685 (1.1) 20,7 V0.0
a4 0.586 (1,3) 19.1 » 0,04 0.5 (1.3) 21.5 » 0.04 0.613 (1.2) 21.3 ¥ 0.04
135 0.477 (1.4) 19.6 + 0,04 0,498 (1,3) 22,0 * 0.08 0,561 (!.3) 21.9 ¥ 0.08

Funber tn [ ) = 1 opercent counting uncertainty,




,2 58
0000000000ooooooooooooooooooooooooooooooo
- o G S S e g e e g Bae v e S-S i T o o o S e T 57 s e B

A0000000000000000oo.ooooooooooooooooooooooo
0_0.0:.‘0.0_0_0_0_0_0,.0_0_0_o_'.0_9_0_0_0-0‘0_0.0.0_0_0_0.0.0_0.0::.97_0.0_0.0.

Curulative Fraction

b~y
Al‘\-?’lmsmz.lsa“ellm"sz‘l WO~ ™mm

MR R ~ A e N MO —_N™ O~ WO O~ NOOMAODT D
i st i e S T A Sl N e e e ST TR e S S N O8I TR R N
00\.3".\_55666677',788a003088999999000“?23

g

Feleased x 100
ing uncertainty,

— L - — _—
——— 3\’)\’)’\’)\'” 7Y s s s ) — T S—— — —
55559566597’77’,7‘
o. .

DD~ MNMHOMM™
. i T S DR e

OO OOO0OO0OCOO

— — ———

~
.
-
e
-
“
o
—

AR
D DD et gt D ot o D o ot v O -

-0 D e
NS

) * 1 percent coun

Peleased x 100

From 12 x 12 Organic Cation Exchange
Incre~ental Fraction

Resin/Portland | Cement Coposite #1

137¢s Incresenta)l and Curmlative Frections Released
eruber in (

Time
Davs




Table 8.7, Continued

13¢g Incremental and Cumulative Fractions Released Fram
12 x 12 Organic Catton fxchange Resin/Portland | Cement Composites #2 and 3

Composite #2 Composite ¢3
Time Incremental Fraction Cumulative Fraction Increments! Fraction Cumuletive Iraction
Vays Heleased & 1OU Keleased n 00 Heleased x 10U Kelegased x 10U
0.07 0.148 (1.3)® 0,148 + 0,002 0.097 (1.9) 0,097 + 0,002
1 1,00 (0,5) 1.16 + 0,005 1.14 (0,%) 1.24 5 0,008
¢ 0,654 (0.0) L8l 0,00/ 0,791 (u,6) 2,03 » u007
3 0.507 {0,7) 2.32 ¥ 0,002 0,578 (0,7) 2.61 ¥ 0,008
4 0.438 (0,7 2,75 + 0,008 0.483 (0,7) 3.09 ¥ 0,009
7 0.964 (0.5 3,72 ¥ 0.009 1.02 (0.5) .11 70,01
) 0,322 (0.9) 4,04 + 0,01 0,327 (0.9) 4,43 + 0,01
4 0.272 (0.9) 4,31 ¥ 0,01 0,271 (1.0) 4,70 ¥ 0,01
10 0.219 (1.0) 4,53 + 0,01 0,221 (1,1) 4,93 0.0
1l 0,198 %l.l) 4.73 % 0,01 0.208 (1.1) 5.14 ¥ 0,01
14 0.491 (0.7) 5.22 + 0.01 0.442 (0.8) 5.58 + 0,01
15 0,183 (1.1) 5,40 % 0,01 0.189 (1,2) 5.77 + 0,01
16 0.165% (1,2) 5.7 + 0,01 0.169 (1.2) 594 + 0,01
17 0,159 (1.2) 5.73 + 0,01 0,160 (1.3) 6.10 « 0,01
18 0.151 1.2{ 5.88 + 0,01 0.186 1.2{ 6.28 + 0,01
21 0,373 50.8 6,25 + 0,01 0.391 (0.8 6.68 + 0,01
22 0,152 El.zg 6.40 ¥ 0,01 0,142 (1.4) 6.82 + 0,01
23 0,134 (1.8 6.54 ¥ 0,01 0.131 (1.4) 6,95 + 0,01
24 0.110 (1.5) 6,65 ¢ 0.01 0,138 (1.4) .09 + 0.0
25 0,134 (1,3) 6,78 + 0.0 0,126 (1.4) 7.21 % 0,01
20 0,362 (0.8 2,14 1 0,01 0,324 50.9; 7.54 « 0,01
249 0,115 {i.4 7,26 + 0,00 0,100 (1.6 7.64 v 0,01
30 0,104 51.5 .36 + 0,01 0.101 (1.6) 7.7% ¥ 0,01
31 0,108 (1,5) 7,47 % 0,0) 0,120 (1.5) 7.87 + 0,01
32 0.102 {1.3) 1.7 + 0,01 0,104 (1.6) .97 + 0,01
3% 0,282 (0.9) 7,86 + 0.01 0.284 (1,0) 8.25 + 0,01
36 0,093 (1.6 7.95 + 0,01 0,097 (1.7) 8,35 + 0.0!
37 0,94 ;.J 8,04 + 0,01 0,092 (1.7) 8,44 + 0,01
38 0,094 §|.o) 8.14 + 0,01 0,093 (1.7) 8.54 + 0,02
39 0.098 (1.6 8,24 + 0,01 0.093 51.7; 8.63 + 0.02
42 0,280 50.93 8.52 + 0,01 0,313 (0.9 8.94 + 0,02

aNumber in () = lo percent counting uncertainty,
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Cumulative Fraction
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Table B.8

Incremental Fraction
Released x 100

Time
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1. GSTATEMENT OF THE PROBLEM
50l1d adsorbents and ion exchange matepials, used in the decontamination

of high level 1iquid radicactive waste, will recelve larpe radlation doses
frvm Lhe radioactive material which they remove from the waste streoam. Rad-
lation damape to the adsorbent material 1s responsible for the observed ef-
feets of loss of exchange capacity and chemlcal decomposition of the base
material. Since the decontaminatlon process is relatively rapid, the ) as of
exchanige rapaclty due to radistion damage is a minor consideration in the ace-
tual decontandnation of ligquld rad waste., On the other hand, radlolytic decom=
(osition of the base materlal and loss of exchange capacity can be major cor-
corns when the highly radloactive adscrbent materials are burled for long
periods of time in sealed contalners. The possibility that radlation decompo-
sition of adsorbent materials could produce gases in sufflclent quantity to
cause over presswization of burial contalners led to this investigation.

Thiz has been a two phase project. Phase one funded by Chem-Nuclear Sys-
tems, Incorporated had as its objectives to determine the pressure buildup and
ras composition as a Nunetion of gamma dose in burdal canisters of the type
belirg considered for use at Threc Mile Island. Funded by Brookhaven Natiomal
Laboratory, the second phase was tc determine the physical and chemical pro-
pertles of the radiolytic products and to determine the effects of these pro-
ducts on the stainless steel contalners. The second phase was not begun until
on2 year a’ter the samples were irradiated.

The initial part of the rirst phase was to measure the pressure versus
gamma radlation dose, in separate simulated burial containers holding organic

cation resin, organic ardon resin, and activated charcoal. In order to design




e e e

this experiment it was first necessary to estimate the radiation dose to an
adsorbent material loaded with TMI high level radiocactive waste and sealed in
a burial container. The calculation of the estimated radiation dose i= given
in Appendix B. Once the magnitude of the total dose was determined, the gamma
irradiator design was finalized. The details of the Co-60 irradiator and ir-
radlation capsules are given in section 2. Finally, the simuiated burial con-
tainers were irradiated in the Co-60 gamma irradiator at 5 X 106 rad/hr. field
until the total accumulated dose reached 5 X 109 rads or the capsule reached
the pressure limit of 200 psig. Pressure versus gamma dose curves are gliven

in seciton 3.1, The remainder of the first phase was to determine H_ and hydro-

2
carbon content inside the resin irradiation capsules at several different dose
levels. The gas composition was determined using gas chramatography and the
methods and results are discussed in Section 4.3.

Phase two of this project commenced with opening of the irradiated resin
containers from phase one and the determination of the physical properties of
the 1rradiated material. The physical propertlies of the irradiated resin ma-
terials are given in section 3. Chemical analyses were performed on the 1li-
quid, solid and gas phases taken from the capsules ana the results are report-
ed in section 4. The corrosion effects were evaluated and the results report-

ed in appendix A.
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2. TRRADIATION CAPSULE CONSTRUCTION AND IRRADIATOR DESIGN

Ip order to meet the time schedule of thic profect, it was declided that
the pressure test and gas chromatograph test capsules should be constructed
from commercially avallable fittings to the maximum extent possible. The con-
struction material chosen was stalnless steel in order to match the proposed
burlal contalners as closely as possible. While stalnless steel might influence
the chemlcal reactlons and be undesirable from a purely sclentific point of
view, 1t was a good compromise considering radiation resistance, pressure 1i-
mitatlions, chemlcal reactivity, and the desire to simulate the actual burial
contalners. In additlion, it was required that no organic materials, other than
those being tested, be used in any of the urdts. At the high dose lewels in-
volved, orpanic O rings and bellows could break down and contaminate the gases
or release the gaseous products. All stainless steel valves and pressure
Fauges were used In the construction of these containers.

Figure 1 shows the pressure test capsules. Specifications for the fittings
and tubing are glven in flgure 5. The pressure test capsules required an in-
ternal stainless steel spacer plug (item 23) to raise the material into the
radlation field and to provide the correct material to vold ratio. From data
supplied by Chem-Nuclear Systems it was estimated that the burial containers
would have a resin to toal volume ratio of 0.875. The pressure test capsule
shown In flgure 1 has a resin to total volume ratio of 0.866. In order to get
this ratlo as close to the actual ratio as possible, the pressure gauges had
to nave a small Intermal volume and had to be connected to the capsule with a
minimum length of 1/8" stalnless steel tubing. To keep the tubing connections
short, the gauges were located on a rack on the back wall of the hot cell about

5 feet from the capsules. The gauges were outside the most intense radiation
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through the charcoal sample. After pretr atment with sodium borate solution
free llquld was removed by pulling air tnrough the column for about 2 minutes.
The adsorbent material was then transferred to the pressure test and GC irra-
diatlon capsules using a tap fill procedure. Adsorbent loading in the irra-
diation capsules matched the anticipated loading of the proposed ™I clean-up
canisters to within 10%.

The Co-60 irradiator shown in figure 6 was assembled to irradiate the test
capsules in the Georgla Tech hot cell. The Co-60 was in the form of four
plates each containing 6.25 K C1 of Co-60 arranged as shown in figure 6. The
outslde spaces held the pressure test capsules and the long temm gas chromato-
graph capsules., Themocouples were attached to the pressure capsules, the long
term GC capsules and several other places on the irradiator. Compressed alr
was plped into the hot cell and used for cooling the capsules. PBefore start-
ing irradiation, dose rates were measured at several positions inside the ir-
radlatlon assenble. The dose rates were measured using Harshaw TL-800 1ithium
borate thermolumirescent dosimeters. These thermoluminiscent dosimeters were
callbrated agalnst a Farmer dosimeter, model 2502/3, which had been calibrated
using NBS Co-60 at M. D. Anderson Hospital, Houston, Texas. In the outside
space the dose rates were: at the top 3" above center, 4.46 X 106 rads/hr. ;

6 rads/hr. and 3" above bottom, 4.86 X 106 rads/hr. This

6

center, 5.87 X 10
glves an average of 5.0 X 10° rads/hr. The center space for the G.C. capsules
had dose rates of" 4 3 X 106 rads/hr. at the top; 5.4 X 106 rads/hr. at the

center, and 4.60 rais/hr. at the bottom. The average dose rate in the GC sam-

6

ple was 4.8 X 107 -ads/hr.
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109 rads. After removal, samples of the solid material were soaked in water

and the properties of the remaining solids were recorded. 'This water socak
test was intended to simulate the opening of TMI resin canisters and the use

of water to transfer the resin tc additional radiocactive waste treatment facl-

lities.

Anion resin irradiated to 108 rads has very little liquid present and a

strong smell of amines. When viewed under a mieroscope at 100X some large
fractured pleces were seen and some of the spherical beads appear to be zhed-
ding layers of material. Most of the beads were transparent and slightly
brown. Among the remaining spherical beads no drastic changes from unirra-
diated resin in the size distribution or density were apparent. The water-
soaked beads showed no changes.

Ardon resin irradlated to 109 rads results in a flowing slurry of liquid
and resin. Fractured pleces of beads were visible under a microscope and some
of the beads had rough scaling surfaces. No changes in the size distribution
or density of the remaining spherical beads were apparent in either the slurry
or the water soaked sample. The liquid was watery and smelled more of ammonia
than amines.

Cation resin irradiated to 108 rads showed very few changes. The beads
were slightly darker than unirradiated beads. No additional liquid was
found in these samples and no noticeable odor was detected. No fractured
pleces of resin beads could be detected. Wwhen the irradiated beads were soaked

In water no changes were noticeable. In the dry state the beads showed a ten-

dency to cling together or to cling to any surface close by.
At 3 X 108 to 5 X .108 rads the cation resin beads darken conslderable but

are not completely black. After water is added a floculent red-brown precl-

pitate becomes apparent. From mieroscopic examinations 1t appears that this
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fine precipitate forms from larger pleces of material broken down by the
added water. This preciplitate is very fine and remains in suspension for sev-
eral hours after the mixture 1s shaken. Attempts to filter this precipitate
after shaking were unsuccessful, since the fine material clogged the filter.
When the material had settled down for several hours it could be filtered
through a 0.2 micron filter with more very fine brown material remaining
on the f1lter. Again the remaining spherical beads have the same approxi-
mate size distribution and density as the unirradiated resin and water soak-
ing showed no changes in the teads themselves.

When the exposure is increased to 109 rads and 5 X 109 rads, cation
resin shows no large additional changes in physical appearance. The red-
brown, fine precipltate is present. No additional 1iquid is found. More frac-
tured pleces of beads can be seen. The beads are all dark black and tend to
cling together or to any surface close at hand. The only effect of water
soaking appears to be the production of the floculent precipitate.

Four pressure test capsules remaining from the first phase of the pro-
Ject were opened. Commerciilly available devices for sampling aeroscl cans
were tested for appllication to the sampling of these pressure capsules. The
pressure capsules deseribed in section 2 were not originally designed to
be sampled since phase two was a much later addition to this project. It
was found that the stalnless steel pressure capsules could not be penctrated
in a marner that would allow retention of the gas using any conceivable type of
puncturing device. Measurement of the gas volume and sampling of the radiolytic
Zases was accomplished using a one 1liter gas sampling bag sealed around the
comnect.ion between the 1/8" tubing and the gauge.
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The alr was removed from the bag by an asplrator pump through a hypodermic
needle inserted into the septum port on the sampling bag. After the bag was
evacuated a known guantity of Xe-133 in 0.10 ml of air was injected into the
bag to measure th: expanded volume of radiolytic gas by isotope dilution.
Following the addition of Xe-133 the cornnection between the 1/8" tubing and
the gauge was broken and the radiolytic gases were allowed to escape into the
¢as sampling bag. The flexible sampling bag was sufficlently large to allow
the radiolytic gases to expand until the pressure inside the bag was equal to
the atmospheric pressure outslde. The gases were mixed with the Xe-133 by
kreading the bag for several minutes. A 0.8 ml sanple was removed from the
sampling bag and couted for Xe-133 in a Ge(Ll) gamma spectrometer system.
The volume of radiolytic gas in the sampling bag was calculated by comparing
the concentration of Xe-133 in the 0.8 ml sample to the original amount in-

Jected.

8

The gas volume calculated for anion resin 7.9 X 10 rads was 680 cc at

20°C and 410 cc for cation resin 2.6 X 109 rads. From these gas volume mea-
surements 1t is obvious that the effect of neglecting interstitial void volume
betweer beads and the gas solubility in the liquid-resin mixture introduced a

serious error in phase one gas composition measurements on these samples with

hizgh resin loading. In the pressure test capsules the bed volume was 67 cc with

an estimated 10 cc volume in the 1/8" line and the pressure gauge. At 200 psi,
which 1s the pressure at which these capsules were removed from the radiation
fleld, the gas in the anion capsules snould occupy 50 cc and in the cation
capsules about 30 cc. Results from Gas anilyses on samples from the pressure

35t capsules were corrected to the measured volumes.
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4.1 CHEMICAL PROPERTIES OF THE LIQUID PHASE ;

Immediately upon opening the irradiation capsules the pH of the liguld J

inside was measured. Since the amount of ligquid in most cases was small and

e e
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