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ABSTRACT

The technical rationale, for criteria which should be applied to high
integrity containers for the disposal of ion exchange resin waste from the
nuclear power industry, is developed in this report. A data base, on the
nature of drainable liquids from ion exchange media, is compiled from informa-
tion obtained from a survey of operating nuclear plants, manufacturers of
organic ion exchange resins and companies which supply resin dewatering ser-
vices to the nuclear industry. Factors affecting the stability of ion ex-
changers are reviewed, and the effects of resin decomposition products on the
waste container are discussed. Methods for dewatering ion exchange resin
waste are evaluated in this report.

Recommendations are given for determining the maximum Timit on the amount
of liquid allowed in high integrity containers used for disposal of dewatered
resins. The draft copy of proposed Nuclear Regulatory Commission guidelines
on high integrity container design is review:d. For each criterion given in
the guidelines, technical justification is provided, and those areas where
necessary technical information is lacking are identified.
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TECHNICAL CONSIDERATIONS FOR HIGH INTEGRITY CONTAINERS FOR
THE DISPOSAL OF RADIOACTIVE ION EXCHANGE RESIN WASTE

1.  INTRODUCTION

Organic on exchange resins are widely used for water treatment in nu-
clear power plants. . he subsequent low-level radioactive resin wastes are
buried in "he three comtercial disposal sites currently operating, i.e., at
sarnwell, South Carolina; «t Beatty, N?xsda; ¢#nd at Hanford, Washington.
Prasently, the State of South Carolina requires that "ion exchange resins
and filter media corta‘ning i:otopes with greater than five (5) year half-
lives having a specific activity of all these isotopes of 1 microcurie/ cubic
centimeter or great r must be stabilized by solidification" and "shall have no
detectabie free standing (sic) . iquids." The phrase “no detectable free
standing (sic) liquids” is defined as “one-half percent (0.5%) by waste volume
or one galion of non-corrosive ligquids per container, whizhever is less."
However, ion exchange resins and filter media which are dewaterad and contain
“liquids in excess »f cne-ha'f percent (0.5%) by waste volume, but less than
one percent (1%) liquid by waste volume, may be received and disposed of in
approved high integrity containers.” The State of Carolina has certified some
high integrity containers (HIC), and dewatered ion exchange resin wastes are
being buried at the Barnwell burial site in these HICs.

The %,S. Nuclear Reguiatory Commission (NRC) has proposed design guide-
Tines to be corsidared in the construction of a HIC, but the NRC has not yet
certified such a container. The technical justification for the design guide-
Tines and the technical rationale for detemmining the maximum limit on the
amount of liquid alleowed in high-integrity containers to be used for the dis-
posal of dewatered ion exchange media are developed in this report.

A survey was conducted of the operating nuclear power stations to obtain
infc~mation regarding their experience with organic ion exchange rec<ins in
water treatment and the subsequent disposal of these materials. Information
regarding the dewatering of ion exchange resins and the characterist:cs of the
drainable liquids was of major interest. Selected companies, which provide
services to the nuclear industry, specifically related to the disposal of de-
watered ion exchange media, were also contacted. In addition, the major manu-
facturers of organic ion exchange resins were surveyed for information about
new resine and about the decomposition of resins over long periods of time.
The degradation mechanisms of ion exchange resins and the corrosive behavior
of the degradation products are evaluated. Conditions resulting in the re-
lease of liquids from resins are considered and suggestions are made of meth-
cds that can be used to provide information which is believed necessary to
characterize thz internal environment of a HIC filled with dewater ion ex-
change med’a.

The criteria or standards presented in the draft copy of prooosed NRC
guidelines on high integrity container design are reviewed in section §.




Based on data compiled in the present survey and information found in the
literature, the technical justification is provided for each guideline. Those
areas where information was lacking are indicated and suggestions are made to
alleviate those deficiencies.



2. REVIEW OF SURVEY OF NUCLEAR POWER STATIONS
2.1 Introduction

In 1973, Lin(2) reported an initial survey of the use of ion exchangers
for water treatment in nuclear power plants. Data were compiled from sources
in the nuclear industry and from manufacturers of ifon exchange resins and ion
exchange equipment. The decontamination_of waste streams containing radionu-
clides in the concentration range of 10°7 to 1 uCi/mL was emphasized. De-
contamination factors (DFs) used by plant operators to express the performance
of the fon exchange system were reported and problems associated with DF val-
ues were considered. The decontamination factor of an ifon exchange system is
defined as the ratio of the influent to effluent concentration of a particular
isotope.

In 1978, Clark(3) published a study which updated the Lin report on the
use of ion exchange for the treatment of radicactive solutions in light water
cooled reactor power plants. Data obtained in a survey of nuclear power
plants (both operating and in various stages of construction), from architect-
engineering firms and from equipment suppliers were discussed. The methods of
water treatment in nuclear power plants, using ion exchange media, were found
not to have changed significantly since the report by Lin. However, resin re-
generation by nuclear power stations appeared to be growing less common.
Again, Clarx's report emphasized the use of ion exchange in the nuclear indus-
try, and recommendations were included for improving its efficiency.

The survey reported in the present study is not solely directed at the
usage .f ifon exchange media for water treatment in nuclear power plants, as
were the Lin and Clark reports. Ratner, the characteristics and the manage-
ment of the resulting radioactive waste generated by the demineralizer system
were sought from the survey. The response to the questionnaires received from
seven boiling water reactors (BWR) and nine pressurized water reactors (PWR)
are examined, along with information obtained from discussions with radwaste
personne! in a number of nuclear power plants.

The replies to the survey are reprcduced in Appendix A. The responses
were evaluated and an attempt was made to characterize any drainable liquids
which might be present in a disposed liner of dewatered organic ion exchange
mediz. Additionally, ccnhditions which may result in severe changes in the
waste package are identified. The information obtained from the survey was
compiled and is discussed in this section.

2.2 Resins

It was found that synthetic organic ion exchange resins having a
polystyrene-divinylbenzene backbone are most frequently used in the nuclear
power industry. The strong acid cation exchanger with a sulfonic acid func-
tional groups in the H* form, and the strong base anion exchanger with a
quaternary ammonium functional groups in the “OH form are routinely used.
However, other types of fon exchange media are sometimes necessary. For ex-
ampie, weakly basic anion exchange resins having an acrylic backbone structure



and a polyamine functionality are used to remove radioactive iodine from boric
acid solutions in some PWRs. Resins are generally used as supplied by the
manufacturers with no additional pretreatment by the utility. Diamond
Shamrock Corporation (Duolite), Dow Chemical, USA (Dowex), lonac Chemical
Corporation, and Rohm and Hass (Amberlite) are the major manufacturers of
organic ion exchange resins in the United States. The resins used for water
treatment have a water content of approximately 50%, but this may vary by
+20%. The moisture retained by ifon exchangers is generally the water of
hydration of the ionic functional group and counter ion. A “"nuclear grade"
specification is given to the resins, assuring a high percentage of exchange
groups having a designated counter ion (e.g., H* for cation exchangers or

-0H for anion exchangers). Nuclear grade cation exchangers have a specified
maximum metal fon (e.g., Fe, Cu, Na) content, and the equivalent grade anion
exchangers also have a specified minimum chloride (C1-) ion and carbonate
(C03®) 1on content.

Powdered resins (often termed "Powdex") are prepared by grinding a water
slurry of bead resins. These are widely used in BWRs as thin layers (coats)
on a filter septun, either alone or in conjunction with a deep bed. Powdered
resins are generally mixed one part cation exchanger with one part anion ex-
changer. This produces a floc which provides not only ion exchange capacity
but also filtration. Powdered resins are not regenerated; they are disposed
of after use. A high purity organic fibrous material can be used with pow-
dered resins., It is used as a filter coat over the powdered resin, or it is
supplied pre-mixed with the powdered resin. For example, Ecodyne Graver Water
Division supplies Ecocote, an organic fiberous material and Ecodex, a mixture
of powdered resin and organic fibers.

2.3 Demineralizer Beds

Bead resins are generally used in a homogeneous mixed bed (one part anion
exchanger to one part cation exchanger). This mixture can have a large vari-
ation and the anion beads and cation beads can be stratified in the bed. Some
PWRs use anion exchange resin beds in the borate form to control the boron
level in the system. Bead resin beds are often termed "deep beds", since they
consist of large volumes ( 20 to 180 ft3) of resin beads and provide a long
contact time for the aqueous phase with the ion exchange bed. Powdered resins
are always mixed, since this produces the floc which provides the filtering
capacity. The layers of powdered resin are generally 0.2 inches thick; thus
the contact time is shorter than in the deep bed. In some instances plants
may use a powdered resin in a pre-filter system followed by a deep bad to
treat the water.

Some plants use a portable demineralizing system supplied by EPICOR,
Incorporated for their radwaste water treatment. An EPICOR spokesman indi-
cated that the portable unit can have two parts connected in series -- a pre-
filter and a demineralizer bed.™ Each component can be as large as

*J. Levendusky, EPICOR, Incorporated, in a private communication with
P. Piciulo, October 2, 1981.



150 ft3 (6 ft x 6 ft). The liners are supplied prefilled by EPICOR,
Incorporated, and the exact contents are proprietary. However, the liners do
contain organic ion exchange resins and possibly other filter media; carbon
may be present to remove organic contaminants. The liners are connected to a
waste water stream and after use they are dewatered and shipped for disposal.
This system is similar in nature to EPICOR II used in the Three Mile Island
cleanup. EPICOR reports that about eight to ten utilities use a portable
demineralizer as part of their water treatment.

2.4 Operating Parameters

The operating parameters (i.e., temperature, pressure, flow rate) for the
water iregsment systems are consistent with those reported in the earlier re-
ports, 2,3) and the resin manufacturers' recommendations. However, extended
use of a resin bed and/or numerous regenerations of the resins can result in
physical damage (e.g., bead cracking or breaking) to the resin. This may af-
fect the ability to remove free liquid from the resin prior to disposal.

Water removal will be discussed in section 4,

2.5 pH of Liquid Waste Streams

The ranges of pH for the water of the responding BWR's, and PWR's are
listed in Tables 2.1 and 2.2, respigsively, together with the pH ranges taken
from the twe earlier surveys. Lin reported that the pH values in BWR
plants are near neutral (?H approximately 7), while in PWR plants the pH range
is from 4 to 10.5. Clark(3) indicates that in BWRs, the pH may vary from 4
to 9 ani from 4 to 11 in PWRs., The present survey reveals that the overall
range in the pH of water to a demineralizer is 2 to 9 for PWRs and 5 to 9 for
BWRs. A pH range of 3-5 for the influent and effluent of the fuel pool demin-
eralizer system was reported by Kewaunee Nuclear Power Plant. The Farley
Nuclear Plant reported a pH range of 2-8 for the influent to the radwaste
water treatment system, while the effluent is reported to have a pH of 6.

It is likely that the water remaining in a disposal liner will have a pH
whizh is different (probably more neutral due to mixing of various streams)
from the extremes listed in Tables 2.1 and 2.2, however, the large variations
in pH observed are significant. Aqueous solutions having pH values less than
pH = 4 are generally corrosive to carbon steel, a material commonly used in
the construction of disposal liners.



Table 2.1

pH Range of Water in BWR's
Present
BWR Lind Clarkb Study
Big Rock Point Nuclear Plant 6.7-6.9 -- - -
Browns Ferry Nuclear Power
Station 6-8 5.8-8.5 5-9
Brunswick Steam Electric
Plant - 4.8 -
Dresden Nuclear Power Station ~7 -- 7
Duane Arnold Energy Center - - 7¢
Edwin I. Hatch Nuclear Plant - -- 5.6-7.5
LaCrosse (Genoa) Nuclear '
Generating Station -- 6.1 --
Monticello Nuclear Generating
Plant 7 7 7
Nine Mile Point Nuclear Plant 7 7-8 --
Peach Bottom Atomic Power
Station 6-8 ~7 5.5-8.5
Pilgrim Nuclear Power Station -- 5.2-8.7 --
Vermont Yankee Nuclear Power
Station - 4.9 7.2-7.4

anata taken from Reference 2.
ata taken from Reference 3.

Cvalue given for the liquid in

the spent resin holding tank.




Table 2.2

pH Range of Water in PWR's

Present
PWR Lind Clarkb Study
Beaver Valley Power Station -- 4,5-9 -
. Crystal River Nuclear Plant - 4.8-9.0 .-
Donald C. Cook Nuclear
Power Plant -- 3-8 --
Fort Calhoun Station -- - 7.83
Indiar Point Station 5-10.5 -- --
Joseph M, Farley Nuclear
Plant - -- 2-8
Kewaunee Nuclear Power Plant -- 5-7 5-8¢C
Main Yankee Atomic Power
p]dﬂt L 408'5-8 6'8
Palisades Nuclear Plant 4,5-8,0 -- --
Point Beach Nuclear Flant 4.7.5 -- -
San Onofre nuclear Generating 4,5-10.2 4-7,5d o=
Station
Sequoyah Nuclear Plant 4,2-10,5¢ 4.2-10.5® 6.3-8.7
Shippingport Atomic Power
Station <7-10.3 - -
St. Lucie Plant - 4,5-10,2 .-
Trojan Nuclear Plant - -- 4.9.2
Turkey Point Plant - 4,2-10.5 -
Yankee-Rowe Nuclear
Power Station 4,5-10,5 5-6 5.1-5.3
Zion Nuclear Plant 4,2-10,5 4,7-8.4 4-9

3Data taken from Reference 2.

bpata taken from Reference 3.

CA pH range of 3-5 is given for the fuel pool water.

dA pH = 3 is reported for the radwaste water.

Expected values are reported. The plant was not operating at the time of the
report.




2.6 Conductivity, Total Suspended Soiids, and Contaminants

A number of utilities responding have measured the conductivity and total
suspended solids (TSS) in the various water streams in the plant and have
given some indication of the contaminants in the waste streams. Conductance
is a sensitive measure of the concentration of charged species (ions) in a
solution. These ions can be radionuclides, nonradioactive corrosion products,
and other ionic species which may enter a waste stream. TSS are particulates
present in the various waste streams which may not be charged and are often
removed by filtration. The radwaste treatment system may have a large amount
of TSS and a high conductivity since this system processes agueous waste from
equipment and floor drains.

The influent conductivity is low in both PWRs and BWRs for the reactor
cleanup and condensate demineralizers; usually less than 30 umhc/cm. In PWR'S
borates will contribute to the conductivity. The radwaste and fuel pool de-
mineralizer systems show much larger conductivities but have a large range
from plant to plant. Kewaunee reported an influent conductivity in the rad-
waste system as high as 1200 umho/cm, whereas Trojan reported a range of 1-200
umho/cm. Only a small number of utilities indicated the conductivity of an
effluent stream, it is generally lower than the conductivity of the influent.

The reported measurements of total suspended solids show a large varia-
tion from one plant to another, The radwaste and fuel pool cleanup water sys-
tems have the largest TSS values. PWR's and BWR's report TSS as high as
104 ppb (parts per billion) for the radwaste system whereas condensate de-
mineralizers and reactor cleanup demineralizers have values of <50 ppb in the
influent and <1 ppb for the demineralizer effluent. This decrease is as ex-
pected because the ion exchanger (precoat or deep bed) will trap particulates.

The contaminants reported vary significantly from the different waste
streams and from plant to plant. The radwaste and fuel pool cleanup show
large levels of contaminants whereas the water purity is more carefully con-
trolled in the reactor cleanup and condensate demineralizers. Chloride ion
(C1-) is important to the reactor plant operation because it is a species
which is corrosive to stainless steel. Thus, the presence of CI~ in the
drainable liquids in a disposail liner is important if stainless steel is used
as a liner material. There is a large variation among plants indicating
chemical contaminants and other materials, but the concentrations are usually
less than 10 ppm (parts per million) and often in the ppb range. Chloride ion
was reported as high as 600 ppb by one PWR. Other chemical species reported
arz: 1iron, copper, nickel, sodium, and silica. Small amounts of detergents
were reported by one utility., The concentration of boren present in the fuel
pool water system of PWR's varies widely, Fort Calhoun reported 2150 ppm and
Yankee Rowe reported 427 ppm.

The information on effluent water quality does not describe the charac-
teristics of water remaining in a disposal liner but it does provide some idea
of the variations in the factors contributing to the drainable liquids that



may be present in a liner. At many plants, the water and resins from the

various water treatment systems are mixed in a spent resin holding tank (see
section 2.9) or directly in a dispos! liner. Large variations in conductiv-
ity, TSS, and contaminants have appeared among the different water treatment
systems in a nuclear power plant., Variations also exist ‘rom plant to plant.

2.7 Radioactivity in Liquid Waste Streams

Several utilities responded to the questions on the gross a and gross 8,y
activity in the demineralizer influent and effluent for various waste streams.
Tables 2.3 and 2.4 summarize these values for BWR's and PWR's respectively.
The gross a activity is generally very low (<1 nCi/mL) for both PWR's and
BWR's. The gross B,y activity is less than 2 uCi/mL for all the utilities
replying and generally a few orders of magnitude lower. This is expected
since the activity is being concentrated on the ion exchange media.

The ievels of activity on the resin are generally much higher than that
in the liquid. Activity on the resins will be discussed further in
section 2.11. However, the activity in the drainable liquids in a liner will
probably resemble a combination of the liquid waste streams. It is anti-
cipated that some residual exchange capacity of the resin will be available to
remove radionuclides from the water. It is concluded that:

o The activity in the free water in a disposal! liner is expected to be
significantly lower than the activity on the resin.

e In all probability, the activity of free water will be less than in-
fluent activity of the plant's waste streams,

The portable demineralizer discussed in section 2.3 is used at the Zion
Generating Station for radwaste water cleanup. The water characteristics for
the influent and effluent of this system were reported in the survey and are
listed in section 2.9. (The isotopes and activities measured in the water can
be found in Appendix A.) Any free water remaining after dewatering the porta-
ble demineralizer will probably have a radionuclide concentration similar to
that of the system effiuent.
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Table 2.3

Gross Activities Found in BWR Waste Streams

Influent Effluent
Gross a Gross B,y Gross Gross B,y
BWR Systemd uCi/mL pCi/mb uCi/mb uCi/mlL Radionuclides
Dresden c Nong 10-4 Non 10-4 No analysis is done.
RC 10- 1 10- 10-1 See Appendix A for
complete lists,
RW - 10-3 oo 10-4 Co-60, Co-58, Cs-137,
Cs-134, Mn-54,
FP - 10-3 —e 10-4 See Appendix A for
complete lists,
Hatch c tLp(b) — LLD i
RC LLD 0.1 LLD 0.001 to 0.03' Isotopes and activity
RW - -- LLD 10-% to 10~ on resins are listed
Fp LLD 10-3 LLD <10-3 | tn Appendix A.
Peach Bottom RC -- 0.05 to 0. - - I Isotopes and activity
FP - 10-4 to 10~ - - on resins are listed

’

in Appendix A.

0emineralizer Systems:

RC
RW
FP
DLLD = Lowest Limit Detectable.

Reactor Coolant,
Radwaste,
Fuel Pool.

No values were specified by the utility.

Condensate Demineralizer,

This pertains to the sensitivity limit of the monitoring equipment.
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Table 2.4

Gross Activities Found in PWR Waste Streams

Influent Ef fluent
Gross 2 Gross B,Y Gross a Gross B8,Y
PWR System? uCi/mL uCi/mL uCi/mL uC1/mL Radionuclides
Farley RW None 5x10-4 None 5x10-6 Co-58, Co-60, Cs-137,
Mn-56
Kewaunee B <LLDb 10-2 <LLD
RC LD 10- l <ALLD gl Na-24, F-18
RW <LLD <5x10- <LLD 10- go 10-3  Co-58, Co-60
FP <LLD <10~ to 102 «<LLD 10- Co-58, Co-60
Fort Calhoun RC <2.61x10-7 1.86 -- -- See Appendix A for
complete list.
FP - 20x10-2 —r ek -
Maine Yankee RC <1.0 1.0 <1.0 <1.0 Co-58, Mn-54, Co-60,
1-13X, Rb-8X, Cs-13X
Trojan FP 3x10-2 3x10-2 - - Isotopes and activity
on resins are listed
in Appendix A.
Yankee Rowe  FP - 10-5 (Cs 134) - - See Appendix A for list
2x10-5 (CS-137) of RC systems.
Zion B 10-5 0.005 to 0.5  <10-9 <10-5
RC 10-5 0.05 to 0.5 <105 <10-3 See Appendix A for
RW 5x10-5 5x10~ tg 0.0605 <10-5 5x10-5-10-6 complete lists.
FP 10-2 to 10-4 10~ i =i

@Demineralizer System:

bLLD =

Lowest Limit Detectable.

B = Boron Recycle
RC = Reactor Coolant,

RW = Radwaste,
FP = Fuel Pool.

value was specified by the utility.

This pertains to the sensitivity limit of the monitoring equipment. No




2.8 Transport of Resins

Ion exchange resins are generally transported to and from %h demineral -
izer tank by sluicing with a slurry pump or a hydraulic device.l3) If a

resin bed 1s removed from service because of a large pressure drop across the
bed (AP), it can be transported to an ultrasonic cleaner where resin fines and
crud which may have clogged the bed are removed. The resin beads can be put
into service in the original demineralizer tank or in another demineralizer
system, This procedure is routineiy used at the Dresden Nuclear Power
Station.

The radionuclide loading on a spent resin bed is often larger at the top
of a bed than at the bottom. When a bed is to be discarded, the resins are
transported to a spent resin holding tank or directly to the disposal liner.
Resins in a fluid state (1.e. during sluicing or during agitation in a spent
resin holding tank) will stratify to some degree due to differences in the
densities of the cation and #nion resins (cation exchangers are usually more
dense than anion exchangers). Resins from several beds are often stored in a
single spent resin holding tank (see section 2.9). Clearly, these factors
will affect the distribution of the radionuclides in the final disposal liner.

2.9 Spent Resin Holding Tank

Most nuclear power plants have one or several spent resin holding tanks
which can be as large as 15,000 gallons. It is here that resins from several
demineralizer beds and from various parts of the water treatment system can be
mixed together. There is generally a conical bottom on the tank and a nitro-
gen purging system to prevent “clumping" of the resins during storage. Resins
are stored here for as long as 3 to 4 years, thus allowing short-lived radio-
nuclides to decay.

Resins being disposed of are sluiced from the spent resin holding tank to
the dewatering system (a centrifuge or a disposal liner). The characteristics
of the liquid remaining in a liner of dewatered ion exchange resins will be
similar to characteristics of the water in the spent resin holding tank and
any additional water used in the sluicing process. Most of the responding
utilities did not report the water characteristics in the holding tank. The
data reported are summarized in Table 2.5. The water in the spent resin hold-
ing tank is generally of neutral pH (pH = 7). The water conductivity is lTow
although the Duane Arnold Plant reported a large range of water conductivity.
The amount of TSS is variable, and there is no significant information given
on the contaminants in the liquid in the spent resin holding tank. The radio-
nuclide concentrations in the liquid are consistent with or lower than those
reported for the plant's influent stream to a demineralizer. It is signifi-
cant to note that all of the plants reporting indicate the presence of radio-
nuclides with 30-year half-lifes (i.e., Cs-137, Sr-90).

To have an accurate characterization of the water remaining in a disposal
liner it is necessary to analyze a portion of the water remcved during Lhe
dewatering procedure. None of the plants responding nor any of the radwc:te
personnel contacted indicated an analysis of this ligquid.

12
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Table 2.5

The Characteristics of the Water in the Spent Resin Holding Tank

Conductivity Gross Gross TSS
Plant pH umho/cm uCi/mb uCi/mL Radionuclides (ppb) Contaminant
BWR
Dresden 7 1 Unknown Unknown Co-60, Co-58, Unknown Minimal
Cs-134, Cs-137,
Mn-54
Edwin 1. 7.3 0.1-1.0 3,0x10-10 10-3 See Table 2.8 for 10-1000 Nat*, SiOp-
Hatch a list of isotopes
on the resin
Duane 7 1-45,000 - - -- - -
Arnold
PHR
Farley Variable Variable None Very High? Co-60, Co-58, Unknown Unkirown
Mn-56, Cs-137, H-3
Maine 6-8 10-50 <1.0 <10 Co-58, Mn-54, Co-60 100 ppm <10 ppm
Yankee Cs-134, Cs-137,

Sr-89, Sr-90

AThere was no value or range specified.




The Zion Generacing Station, using the portable demineralizer from
EPICOR, Incorporated for their ~adwaste water treatment, reported the fol-
lowing parameters for the influent and effluent of this water treatment
system:

Influent Effluent
pH 4 -8 6 - 8
conductivity (umho/cm) 10 - 200 1.0 - 10,0
gross a (uCi/mL) 5 x 10-5 <1 x_10-5
gross 8,y (uCi/mL) 10-3 - 5 x 10-5 5 x 10-5 - 10-6
TSS (ppb) 2 - 20 1-15
contaminants -- 5 ppm - Si02

The characteristics of the effluent water of the portable demineralizer are
probably a good ‘ascription of any drainable liquids remaining in the liner
after dewatering.

A representative of the Surry Power Station™ indicated that they no
longer use their spent resin holding tank. The current practice involves
removing a spent demineralizer from service than transferring the resins
directly to a disposal liner. A number of demineralizer beds are transferred
to a liner, one after another. Since more than one demineralizer bed is put
in a liner, the water will be a combination of that from the various
demineralizers. The characteristics of the water remaining in the liner will
be dependent on the characteristics of the effluents from these systems.

2.10 Dewatering

The majority of the utilities that responded presently dewater their ion
exchange resins for disposal. Table 2.6 shows that bead resins, mainly used
in pressurized water reactors, are commonly dewatered in the liners. Powdered
resins are mostly used in BWRs and are dewatered by centrifugation. Gener-
ally, the disposal liners capable of dewatering resins are supplied by three
nuclear service companies: Chem-Nuclear Systems Incorporated, EPICOR, Incorpo-
rated, and Hittman Nuclear and Development Corporation. The liners being used
for dswatered resins are constructed of carbon steel and range in size from
50 ft3 to 200 ft3. The 17H stee', 55-gallon drum is used by two utili-
ties for the disposal of powdered resins dewatered by centrifugation. The
problem of corrosion of steel by moist resins and drainable liquids is dis-
cussed in the section 3.

Two utilities reported problems with the dewatering process. Both de-
water bead resins in liners equipped with underdrains. Yankee Rowe Nuclear
Power Station stated that there was no visible proof of the caompletion of the
dewatering process. A problem with shielding and the mechanical hookup was

*W. Hagen, Surry Power Station, private communication to P. L. Piciulo,
September 30, 1981.

14



stated by the Farley Nuclear Plant,

lems,

In a telephone conversation with radwaste
personnel at Surry Power Station, concern was expressed for these same prob-

Surry aims at shipping dewatered resins with "no" free liguid, thus

minimizing *he possibility of more than 0.5% free liquid being found in their

liners, if examined at the burial site.

They also try to keep personnel

exposures to a minimum by sluicing spent resins from the demineralizer tank
directly to the disposal liner, thereby avoiding transferring the resins once
to a spent resin holding tank and then to the disposal liner.

Table 2.6

Summary of Resin Dewatering Information

Annyal Yolume of

Planning Future Use

Dewatering Resin D;sposcd of High Integrity
Power Station Process Used (ft2) Containers
BWRs
Browns Ferry Liner with vacuum 30,000 Yes, when activity
drain > 1 Wi/ml
Dresden Solidified 540 No
Duane Arnold Solidified 6,000 If system will
accept it
E. . Hatch Centrifuge 15,000 Yes
Monticello Solidified - -
Peach Bottom Centrifuge 92,700 (1980) PECO 55 gallon
20,730 (1981, 6 mos) polyethylene drum
Vermont Yankee Centrifuge 6,200 Yes
PWRs
Farley Liner with under- 600 Undetermined
drain
Fort Calhoun Liner with under- 100 Yes
drain
Kewaunee Solidified 150 Possibly
Maine Yankee Liner with under- 200 Yes
drain
Prairie Island Liner with under- o= Yes
drain
Sequoyah Liner with under- 1,600 Yes, {f needed
drain
Trojan Liner with under- 350 No
drain
Yankee Rowe Liner with under- 80-160 Undecided
drain
Zion Solidified - Seing considered

at corporate level
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Also listed in Table 2.6 is the reported annual volume of resins for dis-
posal., A strikina feature is the difference in the amount of resin disposed
of between BWRs anu PWRs. Although this data base does not represent the
entire industry, those utilities responding show that BWRs dispose of larger
amounts of ion exchange media. This is reasonable since most of the BWRs
listed use powdered ion exchange material which will be used only once (it can
not “e regenerated), and the service life of the precoat exchangers is short
compared to deep bed demineralizers. The powdered ion exchange resin wastes
will introduce more crud (particulate waste) into the final waste package be-
causze powdered resins function both as a filter and an ion exchange bed.

The survey questionnaire sought the industries' intent on using a high
integrity container (HIC) for the disposal of dewatered ion exchange media.
Table 2.6 gives the responses received. Most of the plants responding to this
question are considering the HIC for disposa! of their resin waste.

2.11 Radionuclide Loadings on Spent Resins

Several questions in the survey were aimed at finding the “nomal" ra-
dionuclide loading on spent ion exchange resins, Table 2.7 lists the gross
and gross 8,y activities reported for dewatered ion exchange media by the nu-
clear power stations. In addition, the survey requested the estimated maxi-
mum activity in a liner and the estimated maximum activity in a demineralizer
bed. These data are also included in Table 2.7. Tables 2.8 through 2.11 list
the radionuclides and activities measured on resin samples reported in the
questionnaire received from the utilities.

Most plants did not specify any gross activity and there is no ap-
parent trend in the gross 8,y activity found on ion exchange media. However,
resins from the reactor coolant cleanup demineralizers often have higher radi-
onuclide loadings than resins from other waste streams. A liner disposed of
by Maine Yankee had an estimated 125 Ci/ft® maximum radionuclide loading.

The principle radionuclides were corrosion products. A list of isotopes pres-
ent in this piant‘% water analysis is given in Table 2.4. Assuming that the
major isotope was Oto. this loading will result in an absorbed dose of ap-
proximately 8 x 108 rad after 50 years. (This dose was estimated by the
method described in Appendix A of Reference 4. Details of the radiation dose
to ion exchange resins for loadings reported in this survey will be given in a
later report. )) Similarly, the Hatch Nuclear Plant reported resins used

in the reactor cleanup demineralizer with a maximum radionuclide loading of
41,5 Ci/ft>., As listed in Table 2.8, Cs-137 accounts for over 50% of the
activity. The radiation dose from ghe Cs-137 having a 30-year half-life, is
estimated to be greater than 3 x 10° rad after 10 half-lifes. Radiation

doses of this magnitude could result in resin degradation and the formation of
chemical gpsciea which are corrosive to container materials such carbon
steel.(4,6,7,8,9) Therefore, resin degradation must be considered when
estimating the environment inside a liner filled with dewatered organic ion
exchange media. This topic will be discussed in section 3.
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Table 2.7

Reported Activities on lon Exchange Recins Disposed of by Nuclear Stations

Max. Activ, Max. Activ,
Gross in a Liner in a Bed
Gross (C1/mL) (ci/1e3) (Ci/fed)
BaRs
Browns Ferry - 2.47 3,73 -
Dresden - - 18 18
Duane Arnold - 85 0.15 1.5%
E. 1. Hatch - 0.5 - 82 - 60
100 - 10000
Peach Bottom - 220 0.123¢ -
Vermont Yankee - - 4.6-1414 a
PuRs
Farley - 1.0 - 100 3 7
Fort Calhoun - §7.34 2.7 -
Kewaunee <10 nCi/g - - s
Maine Yankee <1 Ci/ml 1000-500C 12¢ (1500 R/nr)
Prairie Island - Low 10-3.10-2 1 2
Migh 2 - 10
Sequoyah - - .015 -
Trojan 14,4 nCi/g® <1 5.4f 5.4
Yankee Rowe - 0.1 - 59 3 20
Iion - - 30 40

3Range given for condensate, radwaste and fuel pool cemineralizers,
ange given for reactor coolant cleanup demineralfizer.
CAverage value given for 1881,

dsym of values listed in Tadle 2.11,
4,56 uCi/g - condensate de-ineralizer,

140.9 uCi/g - reactor cleanup.

eSunm of values listed in Table 2.10.
fresins solidifisd in cement.

Gross £,y of S0 .Ci/em

reported when poor fuel was in use,
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Table 2.8

Radionuclide Loading on Powdered
Resins from Edwin I. Hatch Nuclear Plant

Reactor Cleanup Condensate Demineralizer

Unit 1 Unit 2 Unit 1 Unit 2
Isotope uCi/g uCi/g uCi/g uCi/a
Cr-51 -~ - 0.832 0.7755
Mn-54 - 0.037 0.024 0.0100
Co-58 - 0.031 - 0.0243
Co-60 30 0.334 0.262 0.0403
In-65 128 1.44 0.775 0. 3961
lr-88 -- 0.006 -- -
Ir-95 - 0.043 -- 0.0123
Nb-65 -- 0.137 0.018 0.0191
Sb-124 -- - - 0.0004
i-131 - - 1.810 0.0033
Xe-133 - - 0.1212 --
Cs-134 547 -- 1.06 0.0431
Cs-137 757 - 1.41 J.0624
La/Ba-140 -- - 0.0382 0.0046
Ba-140 -- -- - 0.0054

Table 2.9

Radionclide Loading on Powdered Resins
from Peach Bottom Atomic Power Station

Isotope uCi/g
Cr-5i 0.206
Mn-54 0.011
Co-58 0.105
Co-60 0.665
In-65 2.454
[-131 0.127
Cs-134 0.272
Cs-137 0.406
La-140 0.0238
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Table 2.10

Radionuclide Loading on Resin Fines from the
Spent Resin Holding Tank at the Trojan Nuclear Plant

8,y Emitting a Emitting
Isotope uCi/g Isotope uCi/g
Cr-51 <0.121 Pu-239, 240 1.14x10-2
Mn-54 2.78 Pu-238 2.96x10-3
Co-57 0. 061 Am-241 5.97x10-5
Co-58 0.532 Cm-242, 243 7.32x10-5
Co-60 45,7 Cm-244 5.77x10-6
Fe-55 38.6
Fe-59 <0.059
Ni-"3 15.4
In-6. <0,067
Sr-89 <0.0068
Sr-90 0.317
Nb-95 <0.023
Ru-106 <0,195
Ag-110m <0.040
Sb-124 <0.0178
Sb-125 <0, 165
Cs-134 5.13
Cs-137 12.6
Ce-141 <0.0132
Ce-144 0.349
U-235 ¢3.85x10-6
U-238 <1.21x10-6
Table 2.11
Radionuclide Loading on Powdered Resins
from Vermont Yankee Nuclear Power Plant
Reactor Cleanup Condensate Demineralizer
Isotope uCi/g uCi/g
Mn-54 0.128 5.98
Co-58 0.074 5.88
Co-60 0.924 30.5
In-65 0.461 20,3
Ir-95 -- 11.1
Tc-99m .- 0.419
[-131 -- 0.535
Cs-134 0.702 17.8
Cs-137 2.27 48.4
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As discussed earlier, the resins binding radionuclides may be more ran-
domly distributed in a disposal liner than they are in the demineralizer bed
because of numerous sluicing operations and sparging in the spent resin hold-
ing tank., However, there are two procedures being used which can result in a
less homogeneous distribution of radionuclides in a disposal liner. A repre-
sentative of the Surry Power Station described their practice of transferring
the iog exchange media from the demineralizer tank directly to the disposal
liner.”  Spent ion exchange beds are taken out of service and held until
there are enough beds to fill a liner. They are then transferred one bed
after another to the disposal liner. Since more than one demineralizer bed is
put in a disposal liner, the resins from tne different beds are in the liner
and, hence, radionuclide Toadings will be stratified.

Plants using the EPICOR portable demineralizer can dewater and ship the
liner when it is removed from service. Since there is no sluicing cperation
of the spent resin, it is expected that the radionuclide Toading in the liners
is concentrated toward the top portion of the bed. The Zion Nuclear Plant uses
this Epicor portable demineralizer containing a stratified mixed bed (one part
anion exchanger and one part cation exchanger) of 90 ft3. Although the ra-
dionuclide loading may be low in this case, radiation damage may result from
thc localized accumulation of radionuclides in one region of the bed.

2.12 Storage of Resin Waste at Plants

Spent ion exchange resins are most often stored in the spent resin hold-
ing tank, as aiscussed in section 2.9. Generally, when a utility prepares to
process its resin waste for disposal, the resins are dewatered and shipped
within a couple of weeks. The utilities that solidify their resin waste were
not requested to respond to the questions on this subject. The BWRs that did
respond indicated that resin wastes are shipped soon after dewatering. Prior
to shipment disposal containers are checked for free liquid, container integ-
rity and the necessary dose rate measurements for transportation. Similariy,
most PWR plants ship their resin waste soon after dewatering. Fort Calhoun
Station indicated indoor storage (temperature 40° to 90°F) for a month, and
Sequoyah Nuclear Plant stored resin waste in the transportation cask for as
long as two months outdoors (60° to 90°F). The Sequoyah Plant has not been in
operation long and they indicated that the only resin waste shipped has been
that in the EPICOR portable demineralizers. 7Two utilities (Maine Yankee
Atomic Company and Prairie Island Nuclear Plant) indicated indoor storage of
nonsolidified resins for as long as one year (temperature <90°F)., Container
in:egrity is checked for corrosion or leakage periodically and just prior to
shipment.

The Duane Arnold Energy Center stores resins indoors (70-100°F) for
approximately 1 month and containers are checked for pressure changes. The
following comment was made about gas buildup in their drums:

*W. Hagen, Surry Power Station, private communication to P. L. Piciulo,
September 30, 1981.
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“When we were dewatering resin, we found that we would have gas
built up in drums if we did not put a small amount of formalde-
hyde in each drum. The gas came from organic growth in the resin,
the floor drains are sources of many substances, the gas was not
fron (radiolytic) resin breakdown."

Now all their resin waste is solidified and shipped within two or three days.
This experience indicates the potential problem of gas generation from biodeg-
radation. The need for a general practice of adding a biocide to radwaste
must be evaluated. The long-term effects of the additive on the resin, the
container material and the ultimate release of the biocide into the environ-
ment must be considered.

The following statements describe the utilities' practice of examining
dewatered, spent ion exchange resins stored on the plant site:

e The survey responses did not indicate any quantitative utility
experience of the release of liquids from dewatered ion exchange
resins, nor associated changes in the liquid pH.

e No evidence of radiation damage to the resin was indicated.

e No utility checked for temperature changes in a liner of resins.

e Container integrity is generally checked to ensure no leakage.

e Gross radiation activity is checked by some of the utilities re-
sponding.

2.13 Disposal Sites

The majority of the utilities responding to the survey ship their resin
waste to the Barnwell, South Carolina burial site. This is consistent with
their locations in the five U.S. Nuclear Regulatory Commission regions shown
in Figure 2.1, [Five in the Northeast Region (I); four in the Southeast
Region (I1); six in the Midwest Region (IIl), and two in the Western Regions
(IV and V).] Several plants ship part of tneir radwaste to Hanford,
Washington, and/or Beatty, Nevada. One plant, Trojan Nuclear Plant located in
Prescott, Oregon, ships all its waste to Hanford, Washington, for snallow land
burial. The cost of transportation is a major factor in the choice of dis-
posal sites.

It is important to note that the majority of the nuclear power stations
and the Barnwell burial site are located in humid regions of the Uni%fd
States. The precipitation at Barnwell, South Carolina is 118 ecm/yr.(10)
Since it is of major concern to keep water out of the trenches, it is reason-
able to avoid the possible accumulation of water on a resin container before
it goes into a trench, Also, to ensure drainage of precipitation, the con-
tainer design should minimize the possibility of water accumulating on the
surface of the disposal liner., The avoidance of water accumulation on a dis-
posal container will help mitigate any corrosive attack.
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2.14 Summary

Based on the information obtained in this survey and other surveys of
nuclear power plants, the characteristics of any drainable liquids remaining
in a liner of dewatered ion exchange resins cannot be described accurately.
There are large variations in the waste streams within a plant and also from
plant to plant., The variables affecling the ion exchange resin waste, gen-
erated by nuclear power plants, and the subsequent waste container, filled
with dewatered resins, are iilustrated by the following points:

Both bead and powdered ion exchange resins are being dewatered and
disposed of in liners.

The pH of the ligquid in a liner can vary in the range from 2 to 1ll.

There are large variations in the amount of suspended solids and con-
taminants reported.

The radionuclide concentration in the free liquid in a disposal liner
is expected to be lower than that on the resin.

The activity in the free water will probably be less than the in-
fluent activity of a plant waste stream.

Most plants cambine resins from different demineralizers in a spent
resin holding tank.

Radionuclide loadings on spent resins vary among demineralizers in a
plant and from plant to plant.

Spent resins are generally contaminated with activated corrosion
products but mary plants indicated the presence of fission product
isotopes (i.e., Cs-137).

There is uncertainty in the spatial distribution of radioactive iso-
topes in a disposal liner.

Resins are often stored for periods of one year or more in a spent
resin holding tank.

Dewatered spent resins are generally not stored very long on the
plant site.

Microorganisms, leading to gas generation due to biodegradation, can
readily find their way into a liner.

Portable demineralizers are being used and the nature of the liquid

remaining in the liner after dewatering will resemble the system's
final effluent.
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3.  ION EXCHANGE RESIN STABILITY

3.1 Introduction

The survey of operating nuclear power stations has revealed the likeli-
hood of large variationz in the chemistry of any free iiauids remaining in a
liner of dewatered ion exchange resins. It is also evident that the radio-
nuclide loading on resin waste from the nuclear plants follows no predictable
trend., Very high radionuclide loadirgs have been reported. For example:

@ Maine Yankee Atomic Power Plant:
125 Ci/ft?; mainly activated corrosion products.

o Edwin I. Hatch Nuclear Plant:
41,5 Ci/ft?; over one-half of this activity is from fission
product Cs-137.

As indicated in section 2.11, these loadings will produce radiation doses in
excess of 108 rad to the resin and may result in extensive radiation damage.
Thus, the possible degradation of ion exchange resin waste and the effects of
the degradation products on the waste container should be considered.

This chapter will summarize the literature reg?rdxng studies of the
degradation of ion exchange media. Gangwer, et al. 11) have published a
review describing the radiation induced changes in the physical and the chemi-
cal properties of ion exchange materials. However, work directed toward the
problems which exist in the management of nuclear waste containlzg 19n eg-
change resins are of particular interest. A number of studies, 16,7,8,9)
which are reviewed here, have emphasized the following specific areas where
radiation effects might be important:

pH changes,

gas generation,

resin bz2ad agglomeraticn, and

corrosion in contact with ion exchange media.

A1l of these can effect the stability of the ion exchange resin waste package.
Additionally, preliminary results of the analysis of a disposal iiner contain-
ing resin waste from the cleanup operations at Three Mile Island (TMI) are re-
viewed. The chemical and physical decomposition of ion exchange resins and
the bicdegradation of resin waste are considered. Conditions causing the re-
lease of water from ion exchange resins were discussed with manufacturers of
organic ion exchange resins. The companies contacted were:

e Dow Chemical, U.S.A.
e Diamond Shamrock Corporation.
o lonac Chemical Corporation

e Rohm and Haas.
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3.2 Chemical and Physical Stability

No direct evidence was provided by the manufacturers surveyed regarding
the degradation of organic ion exchange resins over long periods of time.
Degradation of ionic functional group and counterion is possible, b:t no
physical breakdown of the resin is expected. Strong acid cation exchangers
are generally more stable than strong base anion exchange resins in regard to
the loss of ion exchange capacity. The quaternary ammonium group of a strong
base anion exchanger will change (at ambient temperature) to a weakly basic
tertiary a?las exchange group with little change in total exchange capacity of

the resir. For example,
-CHCHZ- -CHCHZ-
CH3 H3
—
-CHp-N*-CH3~0H -CHp-N + CH3 OH

CH3 CH3

Strongly Basic Weakly Basic

Anion Exchanger Anion Exchanger

Carbon dioxide from the 2ir can react with the hydroxy! group of the strong
base resin converting it to the carbonate form. Regeneration, which is not an
option in disposal, will restore the resin to its original form.

Strong oxidizing agents such as boiling nitric acid will rapidly digest
organic ion exchange reins. Oxygen or air at temperatures above 175°C (350°F)
will also degrade the polymer. However, severe conditions such as these are
unlikely in a liner of dewatered resins. Slower degradation with oxygen can
be ca%ag{ticaIIy induced by ions of iron (Fe), manganese (Mn), and copper
(Cu). 1 The demineralizers in the power plants efficiently remove the
radioisotopes of iron and mangenese, present as activated corrosion products
in the waste streams. The survey, reviewed in section 2, showed large vari-
ations in the contaminants present on ion exchangers and the pH of the water
associated with the resins; which are factors affecting the chemical degrada-
tion of organic ion exchange resins. The stability of the C-N bond in anion
resins is enhanced at low pH. In the case of cat} n resins, the C-S bond is
less stable with respect to hydrolysis at low pH. Scission of the func-
tional groups of the resins will result in a decrease of the water retention
capacity of the resins because much of the water bound to a resin is the water
of hydration of the functional group and counter ion. If the functional group
is released from the resin, some of the bound water will also be released, ad-
ding to the quantity of free liquid in a disposal liner and the chemical char-
acteristics of this liquid. For example, the release of acidic species from
cation exchangers will result in a decrease in the pH of the liquid. Acidic
solutions
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solutions are generally corrosive to carbon steel, a material often used for
resin disposal liners.

Organic ion exchange resins are best stored between 32°F and 90°F.
Freezing will not destroy the resins provided the material is allowed to thaw
slowly. Rapid thawing can result in cracked and broken resin beids due to
osmotic shock., However, it is unclear as to the effect of these phenamenon on
the long-term stability of the resin waste. Powdered resins are merely ground
resin beads and no distinctive differences could be found on the degradation
of bead and powdered resins.

3.3 Radiolytic Effects on lon Exchange Resins

Degradation of organic ion exchange resins used for water treatment in
the nuclear power industry can be caused by radiation damage. Degradation may
be either direct, resulting in decomposition of the organic material, or in-
direct, caused by species formed in the radiolysis of water. Strongly acidic
cation exchange resins are expected to first undergo decross-linking followed
by a decrease in exchange capacity. The decrease in the percent cross-linking
will result in an increase in moisture retention capacity. Scission of the
sulphonic acid groups causes the loss in exchange capacity and the presence of
free sulfuric acid. Strongly basic anicn excha .ge resins are generally less
resistant to ionizing radiation than are the cation exchangers. The loss of
exchange capacity due to scission of the functional group is prominent, re-
sulting in free nitrogen compounds such as amines. Changes in the degree of
cross-linking in anion exchangers are secondary.

3.3.1 pH Changes

Degradation products formed on the irradiation of organic ion exchange
resins result in a change in the pH of an aqueous phase associated with the
material., Measurements of pH reported in recent tests on ion exchangers used
in the nuclear industry are listed in Table 3.1. Cation exchange resins hav-
ing sulfonic acid functioral groups are of major concern due to thier extens-
ive use in the nuclear industry. These lead to large decreases in pH, pro-
ducing solutions which can Ye highly corrosive to liner material (such as
carbon steel).

Experiments reported in the literature(%:6,7,8) were done using ca-
tion exchangers or anion exchangers separately. However, when organic ion
exchange resins from nuclear power plants are disposed they are generally
mixed. XE 2‘5 Seen shown that resins in mixed beds can absorb degradation
products. (14,15) Amine compounds released in the cegradation of anion ex-
change resins can be absorbed by cation exchangers in the system. Likewise,
anionic species released by degradation of cation exchange resins can be ab-
sorbed by remaining anion exchange resin capacity. The effect of this phenome-
non on pH changes in liquid associated with dewatered ion-exchangers is un-
clear. One po:zsible scenario is the neutralization of acidic and basic spe-
cies released in the degradation of the mixed system. This may result in a
mixture which is less corrosive to carbon steel than either of the degraded
constituents.
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The results compiled in Table 3.1 used bead type ion exchange material.
Powdered ion exchange resins are widely used in the nuclear power industry and
have not been given any attention regarding their radiation induced degrada-
tion. These materials are commenly used in a mixed bed system to provide a
floc like coating which will be! ve as a filter medium (see section 2.2). The
powdered resins generally have a larger moisture retention capacity then the
bead counterparts. These factors may or may not play a role in the
degradation of powdered ion exchangers, nevertheless, the effects of ionizing
radiation on powdered resins needs to be examined.

The cleanup operations at Three Mile Island have provided some informa-
tion on pH changes in liners of ion exchange resins. Table 3.2 lists data,
obtained from the dewatering tests of five EPICOR-I liners, fifteen EPICOR-II
DF (second stage) liners and seven EPICOR-II DS (third stage) liners used at
TMI. The data indicate t?gg the pH of the water removed in a second dewater-
ing was close to neutral. ) The pH range of the final effiuent from these
liners was 4.50 to 8.49. The pH of the water removed in a second dewatering
performed 6 to 20 months after the liner was taken from service was 5.97 to
7.67. In all but two cases, the pH of the water from the second dewatering
was closer to pH 7 than observed in the first dewatering. The gross g,y ac-
tivity ranges from <1.2 x 10-6 to 3.5 x 10-! Li/mL which is comparable to
radioactivity levels in operating plant water streams, but 1n this cause, the
major isotope is Cs-137. Additionally, the contents of the liners which are
unknown, may play a major role in the resulting pH change.

One prefilter (EPICOR II, first-stage liner) used in the uaiir clsanup
at TMI was taken to be analyzed by Battelle Columbus Laboratories. 7,18

The EPICOR-II liner, designated PF-16, contains a layer of zeolite inorganic
ion exchange media, an organic cation exchange resin layer, and a layer of
mixed organic anion and cation exchangers. The liner is constructed of carbon
steel with an epoxy coating painted on the interior. This particular liner
was selected because of the high curie loading (~ 1200 curies gross 2,Y) on
the resin and the low pH of the final effluent, pH=2.79. The prefilter was
removed from service after processing 8,250 gallons of water in March, 1980,
and examined approximately 15 months later. A gamma scan of the liner showed
that the majority of the activity resulting from Cs-137 was on the upper
portion of the bed. Droplets of moisture found on the manway cover had a pH
measuring 2 to 3. There were 2 liters of lijuid having a pH = 5.33 removed
from the bottom of the liner. The pH of the condensation found in the liner
is similar to that of the liquid passing through the liner auring opera-

tion. However, there is clearly a change in the pH of the free water taken
from the bottom of the liner.

The laboratory experiments and the analysis of PF-16 indicate that ir-
radiation of ion exchange resins with both internal and external radiation
sources results in pH changes in associated liquids. The buffering effects of
mixtures of anion exchangers and cation exchangers remains unclear.
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Tadle 3.1

pH Changes on the Irradfation of Organic !ob Exchange Resins

Dose
Resin (Rad) pH Comments Ref.
Arberlite R-120(H*) 0 3.4 M 6
x107 1.5-1.6 a,c.f,1
4,4x108 .5 ad,l
Amberlite IR-1Z0(NHg*) 0 8.5 M K]
7x107 2.3-2.5 a,c,9,
Anberlite IRA-400{C1-) 0 4.6 2 .
4.4x108 4.6 a,d,
Dow SBR-OH (borate) 108 8.5-9.0 b,e.m 7
109 8.0-8.5 b,e,m
109 7.5-8.0 b,e,m
Dow HCR-S (Na*) 108 2.5-3.0 b,e,m 7
w108 4,0-4.5 b,e,m
3310' 2.5-3.0 b,e,m
1 4.0-4.5 b,e.m
5x109 4.0 b,e,m
IRN-77 (K*) 0 1.5 a,c 4
107 2.5 a,c,n
x.zmg’(c-) 2.5 a,c,0
x10 2.0 a,c,n
4.6 x107(e") 2.0 a,c,0
108 1.5 a,c,n
Ix108 1.0 a,c,n
109 0.6 a.,c,n
IRN-77(Na*) 0 6.8 a,c 4
107 4.7 a,c.n
3107 1.6 a,c,.n
108 2.9 a.c,n
Ix108 2.1 a,c,r
109 1.3 a,c.n
IRN-77(H*) 0 2.76-3.16 a.h,n 8
0 3.11-3,28 a,i,n
0 3.24.3.29 ak,n
3x108 1.55-1.67 a,h,n
3x108 1.32-1.52 a,i,n
3x108 1.46-1,65 a,k.n
IRN-77(Na*) 0 3.51.3.65 ah,n -
0 3,82-3.52 a,i,n
0 3,29-3,49 a,k,n
Ix108 2.35-2.80 a,h,n
3x108 2.22-2.48 a.4,n
Ix108 2.42-2.45 a,h,n

3pH measured in supernate of a mixture of 2 g of resin and 10 mL of de-
fonized water.
oW measured by placing samples of beads on narrow range pH paser.
CSample frradiated in Pyrex tubes, drip dry resins.
dSample frradiated in aluminum tubes, drip dry resin.
€Sample frradiated in stainless steel tubes, drip dry resin.
flrradiations were done on sample tubes containing 20 g IR-120 (H* form)
at the bottom and 2 g IP-120 (NMg*) on top; pH was taken from the bottom
2 g aliquot.
Sirradfations were done on sample tubes containing 20 g IR-120 (NMg*
form) at the bottom and 2 g IR-120 (H* form) at the top; pH was taken from
the bottom 2 g aloquot.
MSample 1n Pyrex tube, percent mofsture in resins was 55,
'Sample in Pyrex tube, percent mositure in resin was 27.
kSaple 1n Pyrex tuo: percent moisture in resfn was 14-13,
1Garma frradfation, 50, flux 1.2 x 10 R/
"Gava irradiation, 5000 source, flux § x 10° R/,
"Garwa frradiation, 50C0 source, flyx not spectfied.
02.2 MeV electron beam, flux 5 x 107 R/A,
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Table 3.2

Epicor Liner Dewatering(12)

Last £ffluent

Water Removed

Liner Gross B,Y Cs-137 Gross 8 v Cs-137

Code pH uCi/mL uCi/mb aT2 Gallons pH uCi/mL uCi/mbL

P-13 6.96 5.3x10-4  6,0x10-5 3 13 7.10  1.60x10-%  1.6x10-4
P-14 7.47 1.7x10"%  1.1x10-4 6 38 7.35 9.60x10-3  8,7x10-5
P-15 6.68 5.8x10-6  1,7x10-6 B 30 7.48 2,04x10-3  1,3x10-6
p-21 7.59 8.3x10-5  6,0x10-5 8 40 6.87 5.75x10-3  3,0x10-5
D-22 7.08 <1.2x10-6  3,9x10-7 5 20 6.98 6,43x10-6  6,9x10-6
DF-1 5.33 1.1x10°!  6.8x10-% 20 B 6,93 5,02x10-3  3,2x10-3
OF-2 5.87 2.5x10-1  1,3x10-3 19 5 6.4  6.29x10-%  1,8x10-4
DF-3 8,10 1.6x10-}  7.4x10-2 19 8 7.67  1.29x10-2  1,1x10-2
DF-4 8,49 4,5x102  3.8x10-2 19 5 6.49 5,98x10-5  6,5x10-5
DF-5 7.11 3.,5x10°!  2.3x10°1 19 3 7.54 2.46x10-1  2.0x10-1
OF-6 6.37 3.8x10-2  9.5x10-4 18 1.5 7.66 1,14x10-2  7,1x10-3
OF-7 7.21 4,9x10-5  7.1x10-6 15 3 6.86 6.89x10~%  1.7x10-4
DF-8 7.56 1.2x16-2  4,2x10-% 15 3 6.80 4.22x10-%  1,2x10-4
OF-9 7.66 3.4x10=2  1,9x10-3 14 7 6.41 2.76x10-4  1.3x10°4
DF-10 5.56 4.5x10-4  1,3x10-% 14 4,25 6,26 3.86x10-%  9,6x10-5
DF-11 6.93 4.8x10-3  5,1x10°3 12 5 6.21 1.06x10-%  6.5x10-5
DF-12 5.26 3,9x10-2  3,7x10=3 12 6 " 6.52 2.4x10-3 6.2x10-4
DF-13 5.53 3.8x10-2  1,5x10-3 11 5 6.40 2.55x10-%  7.8x10-5
DF-14 4,50 3.4x10-3  4,0x10-6 11 4 5,97 2.57x10->  1,8x10-5
DF-15 6.17 5.8x10-3 1.7x10-4 5 B 6.24 5,06x10-4 1.3x10-4
DS-1 5.68 1.6x10-% <¢5.6x10-6 19 19 6.20 1.51x10-5  1,9x10-6
DS-2 5.18 8.8x10-2  3,5x10-3 18 26 6.08 2.82x10-4  8.5x10-5
DS-3  6.21 4.8x10-3  1.5x10-% 16 18 6.59 4.61x10->  1,2x10-5
DS-4 6.92 <1.2x10-6 <4,7x10-6 16 15 7.55 4.52x10-2  7,9x10-3
DS-5 5.28 6.5x10-6  ¢5,2x10-6 i5 18 6.19 6.51x10-5  3,5x10-5
0s-6 5.34 1.6x10-%4  3.6x10-6 12 15 6.13 9.54x10-5  7.9x10-6
DS-7 5.04 9.6x10-% <¢5.1x10-7 . 5 5,98 3.58x10-%  1,5x10-5

aThe period of time in months between the first and second dewaterings.
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3.3.2 Gas Generation

The radio!ii 9 dﬁgiggation of organic ion exchangers will result in
gaseous products., Table 3.3 summarizes the yields of gaseous
prod?iii reported in the literature for the irradiation of various res-

ins. Hydrogen and carbon dioxide are the major gases produced on
radiolysis. Gaseous products resulting from the irradiation of cation ex-
changers are: Hp, COz, CO, SO, 0p and CHg. The irradiaticn of

anion exchangers pr uced: H; CO co, Nz, N20, and NO. The water

content of the resin wiil effect the gaseous products. In the irradiation of
dry cation ion exchange resins SOz will be liberated, however, sulfur di-
oxide gas is not produced in water swcllen resins, rather acids are formed on
dissolution of SO in water. The yield of hydrogen is larger zn 7et resins
then in dry. This is probably due to the radiolysis of water.

Table 3.3

G-Values? for Gaseous Product Formation During the
Radiation Decomposition of lon Exchange Resins

lonic Irradiation
Resin Form Condition G(dp) G(S0p)P G(<07) 6(co)
Dowex 504 x4 H* Na* Air-dry 0.1 - - .-
and 0.1 N KCI
Dowex 50w x 10 H* Dry 0.026 0.087 0.035 0.009
Ku-2 x € H* Dry 1.1 .- 0.06 .-
leo-Kard 215 H* Dry 0.051 0.001 0.019 -
Dowex 50W x 10 H* 12-47% water 0.04 to 0.14 0.023 0.022
0.12
Dowex S0W x 10 & g Ory 0.001 0.26 0.007 0.002
Ku-2 x 8 Nat Ory 1.0 .ee 0.03 .as
Dowex 504 x 10 L1t Swollen 0.09% 0.006 0.019 0,009
KB-4P-2 H* Swollen 1.22 - 0.60 0.39
Dowex 50W x 10 H* Swollen 0.055 0.006 0.019 0.027
KB-4P-2 Na* Swollen 3.10 - 0.09 -
leo-Kard 215 H* Swollen 0.12 0.005 0.048 0.005
leo-Kard 215 H* Immersed in 4 0.002 0.43 -
water
Dowex 50W x 10 H* Immersed in 1.7 - 0.41 -
water
Dowex 50w x 10 L1* Immersed in 1.3 -- 0.41 -
water
Dowex 1 x 4 NO3* Afr-dry 0.09 cee “-- 0.02
Dowex 11 NOy* Air-dry 0.10 e 0.06 0.01
Dowex 1 x 4 NO3- In 7N HNOj 0.02 .- 0.6 -

3G.value 1s defined as number of molecules produced for 100 eV absorbed radiation.
BG.values for the lowest absorbed dose. :




McFarland(7) has studied gas productin on the irradiation of organic
ion exchange resins used in the nuclear industry. The strong acid cation
exchanger, Dow HCR-S, in the sodium form, and the strong based anion exchang-
er, Dow SBR-OH, in the borate form were examined under Co-60 irradiation. The
pressure buildup was monitored and is apparently a linear function of the ac-
cumulated dose for both cation and anion exchangers. There appears to be an
initial minimum dose which must be achieved before the linear portion of the
data is reached. This threshold is not discussed in the report. The threshold
for gas generation for the an}on ex?na9ser is 4.7 x 107 rad whereas for the
cation exchanger it is 8 x 10/ rad.\™» A dose of 7.9 x 10° rad wes
required to reach a gas pressue of 200 psi (13.6 atm) for anion exchange
resins whereas, a uuse of 2.6 x 109 rad to the cation exchanger produced the
same pressure. Activated charcoal, treated with sodium borate prior to irra-
diation was also examined for gas production. The results are markedly dif-
ferent from the resin experiments. There is rapid increase in pressure after
an apparent threshold of 1.6 «x 108 rad. The pressure in the vessel stops
increasing at 5 psi and a dose of approximately 1 x 109 rad above which the
pressure is s'ightly less than 5 psi. The samples were irradiated to 5 x
10° rad.

Analysis of the gaseous samples and the maximum amounts of each compound
produced were normalized to one gram of resin. The results are listed in
Table 3.4, The values for the hydrocarbons produced were taken from Figures
12, 13 and 14 of Reference 7. The total gas yields reported are: 12.6 cc/gm
regin (7.9 x 108 rad) from the anion exchangers and 6.8 cc/g resin (2.5 x
107 rad) from the cation exchangers. It was suggested that branched chain
and/or unsaturated hydrocarbons may a'so have been produced in the capsule
containing anion exchangers and receiving the maximum dose.

The prefilter demineralizer PF-16, used in the TMI cleanup and described
in Section 3.3.1, was analyzed for gas composition.(17,18) 1t wgs estimat-
ed that the liner contents received an integrated dose of 9 x 10/ rad in the
15 months since it was removed from service. The gas analysis of the liner on
examination by Battelle Columbus Laboratories is given in Table 3.5. There is
a major change in the hydrogen present and a depletion of oxygen, assuming
that the gas content initially was that of air (see Table 3.6). The ob?ervgd
gases are consistent with the findings of other laboratory experiments. 7,9
The gas composition in PF-16 was not fully explained, but it is attributed to
a combination of air, gas production v}i Sadiolysis, and gas from desorption-
dissolution processes during shipment. 8
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Table 3.4

Gas Generation Experiments(7)
Maximum Yields Observed

Amount of Gas Doseb

Gas Resind cc/g of resin rad
Hp Arfon x 108
Cation x 109
€0z Anion x 108
Cation x 109
co Anion x 108
Cation x 109
02 Anion 0 x 108
Cation 0 x 109
Np Anion 0 x 108
CHa Anion 0 x 108
Cation 0 x 109
C2Hg Anion 1.4 x x 108
Cation 2.5 x 10-2 x 109
C3Hg Anion 5.5 x 10-4 x 108
Cation 7.4 x 10-4 x 109
C4Hy0 Cation 7.8 x 10-4 x 10°
Sulfur gases Cation 0.09 ug S/g x 109

aCation exchange resin: DOW HCR-S (Na* form).
Anion exchange resin: DOW SBR-OH (Borate form).
bDose rate: approximately 4.8 x 105 rad/h.
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fable 3.5

PF-16 Gas Analysis(16)

Components

N2

H2
€02
Ar

02
co

Hydrocarbons

Hydrecarbon

Methane

Ethylene & Acetylene
Ethane

Propylene

Propane
Iso-butane
n-Butane

Hydrogen sulfide
Carbonyl sulfide
Sulfur dioxide
Unknown compounds

Volume Percent

80.6 + 0.4
12.4 + 0.2
5.52 + 0.06
0.96 + 0.05
0.20 + 0.02
0.20 + 0.02
<0.1

Parts Per Million by Volume

500. +

42.

.5

0.7 ol

Homn

1+1+!

<0.1
6.
006
<0.1
<20
<10
<10
<20

o -
.
—

|+ +

Table 3.6

Components of Atmospheric Air(21)

Constituent Content (percent) Content (ppm)
by Volume by Volume

N2 84 + 0,004 -

0 20.946 + 0.002 -

ng 33 + 0.001 --

Ar 0.934 ¥ 0.001 -

Ne -- 15,18 + 0.04

He -- 5.24 + 0.004

Kr -- 1.14 + 0,01

Xe -- 0.087 + 0,001

H2 - 0.8 .-

CHg -- 2

N20 .- 0.5 + 0.1
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3.3.3 Resin Bead Agglomeration

The observation of physical changes such as bead cracking and dis-
coloration, and resin bead agglomeration are evidence of radiation damage to
organic ion exchange resins. The major concern of radiation induced degra-
dation of ion exchange media is the possible release of water and the relzase
of chemical species corrosive to the disposal vessel.

Pillay(6) addressed agglomeration by measuring the flow rate of water
through columns containing ion exchangers before and after gamma irradiation.
Samples of Amberlite IR-120 (cation exchanger), Amberlite [RA-400 (anion ex-
changer) and IONSIV-1E-90 (synthetic zeolite) were assembled either individu-
ally or in layers in aluminum tubes and the flow rate of w.ter through the bed
was measured, The samples wgre then irradiated to a cumulative dose of 2.2 x
109 rad (dose rate: 4.5 x 100 R/hr). After irradiation the flow of water
through the columns was recorded. There was no flow of water through any of
the columns containing the organic ion exchange resin., Only the sample of
synthetic zeolite showed no change in flow of water after irradiation. The
flow was initiated in all but one of the remaining samples by submersing the
columns in a tank full of water before the flow rates were measured. The col-
Tapse of gas pockets and bed channeling were suggested to explain the reestab-
lished flow through the columns. The anion exchanger, IRA-400, was the only
sample which did not allow water to pass through, after irradiation and soak-
ing in water.

Work at Brookhaven National Laboratory(4) showed no severe agglomera-
tion on gamma irradiating Amberlige IRN-77(Na*), IRN-77(H*) and "C-66%" (a
cagion exchanger) to a dose of 10° rad. However, as the dose increased to
107 rad, the samples become more agglomerated. On addition of water, the
agglomeration was reversed, although IRN-77 (H*) formed a "gel-like"
solution.

Th ghysical properties of the irradiated samples examined by
McFarland(7) are summarized in Table 3.7. Anion exchangers show the release
of liquids at a dose of 108 rad along with fracturing of the resin beads.

The smell of amines is indicative of functional group degradation in anion
exchange resins. No additional liquids were observed on irradiation of the
cation exchangers to a dose of 5 x 107 rad. Microscopic examination of the
resin beads revealed some fractured beads, discoloration of the beads and the
sticking together of resin beads. The addition of water to the resin samples
showed no significant changes in the anion resin beads. However, water added
to the cation exchangers irradiate grom 3 x 108 to 5 x 109 rad produced a
“"floculent red-brown precipitate.” 7) The chemical composition of this mate-
rial was not reported.

A core sample was taken from demineralizer PF-16 (described in
section 3.3.1). The sample extended 16 inches into the top of the bed of ex-
change media. The exact makeup of the demineralizer bed is unknown although
it does consist of layers of both inorganic and organic ion exchange media.
The top five inch section was found to be dry and free flowing, containing
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irregularly shaped granular particles. The next eight-inch section consisted
of reguiarly shaped translucent spherical particles somewhat mixed with the
top layer. Near the bottom of this region opaque spherical particles were
observed and there was apparent agglomeration and moisture. The final section
showed aggiomerates of ?Ygiue spherical particles and appeared to have a
gelatinous consistency.

Those sections containing spherical particles are likely to be either
inorganic or organic ion exchangers or possibly a mixture of both. However,
this analysis reveaied aggiomeration and the apparent release of liguid from
!gn exchange media which receivgd radiation from an internal source (i.e.
137¢s 10ading) to a dose of <10° rad.

Table 3.7

Physical Changes in Irradiated Resins(7)

Resin Dose (rad) Bead Appearance Comments
Anion 108 Some fractured beads, Little liquid present,
shedding layers of mate- smell of amines.

rial transparent and
slightiy brown.

109 Fractured beads, rough Flowing slurry of
scaling surfaces. liquid and resin.
Cation 108 Beads slightly darkened. No additional liquid,

no noticeable odor.

3 x 108 Beads darkened but not
5 x 108 black.

109 Fractured beads, dark No additional liquid
5 x 109 black, beads cling found.
together or to surfaces.

3.3.4 Corrosion of Steel

A number of studies(4:657,8) have shown that the radiation induced
degradation of organic ion exchange material in contact with a metal surface
results in corrosion of the metal.

Pillay(5) used moist forms of IONSIV-IE-95 (synethetic zeolite),
Amberlite IR-120 (cation exchanger) and Amberlite IRA-400 (anion exchanger)
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to examine the corrosion of mild steel (ASTM-1018). Samples consisted of a
single resin type or stratified combination of res‘ns in aluminum tubes with a
mild steel cogson imbedded in the ion exchange material. The samples were
exposed to a °YCO gamma flux and to the fission product gamme spectrum of a
research reactor in the shutdown mode. Table 3.8 summarizes the observations
of this corrosion study.

The ???DYe containers, made of AISI type 304 stainless steel, used in the
McFariand experiments were examined for corrosion effects one year after
sample irradiation. The nominal composition of type 304 steel is: 18-20% Cr,
8-10.5% Ni, max. 0.08% C, max. 2% Mn, Max. 1% Si, Max, 0.045% P, max., 0,030%
S, balance Fe. The results of these tests are complied in Table 3.9. Examina-
tion of the interior surfaces by low power microscopy and scanning electron
microscopy (SEM), metallographic examination of both radial and axial sections
and mechanical tensile testing to detemmine yield strength, ultimate-tensile
strength and elongation at fracture were used to test each of the samples.
Large percentages of sulfur, nickel and chromium were discovered by x-ray
analysis of deposits in the pits. Since sulfates were present in the water
extracts of cation exchange resin samples it is likely that the deposits con-
tained sulfates of nickel and chromium. It is suggested that the environment
contains sulfuric acid.

The conclusions drawn from the corrosion study were:(7)

l. The irradiated anionic resin and its products of decomposition did
not sianificantly attack the Type 304 stainless steel containers.

2. The irradiated cationic resin and its products of decomposition
caused significant localized corrosion of the Type 304 stainless
steel containers. The attack was in the form of etching under sur-
face deposits, and pitting. The pits were of different sizes, inclu-
ding some large and deep depressions.

3. Although the corrosion attack did not cause loss of strength of the
test cylinders, the localized nature of the attack might cause
perforation of the walls at longer exposures.

BNL(4) has studied the corrosion effects of IRN-77 (H*) and IRN-77
(Na*) cation exchangers on mild steel and type 304 stainless steel coupons.
The corrosion of mild steel was increased by irradiation. The hydrogen form
of IRN-77 being more corrosive then the sodium form. No corrosion was ob-
served for stainless steel although the igntact time was only 3 days (signifi-
cantlyashorter than that in McFarland's(10) experiment) and the dose was
3 x 10° rad.

The effects of moisture content of organic ion exchangers on the radia-
tion induced corrosion of mild steel (ASTM 1020) coupons were examined by
BNL.(8) Table 3.10 summarizes the corrosion of mild steel measured as
weight loss of the coupons. The following observations were reported:
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e MWithout exception, corrosion of mild steel is decreased in resins of
lower moisture content. At the lowest moisture content, there was no
cbvious evidence of coupon corrosion in either the irradiated or unir-
radiated specimens.

o In all cases where corrosion was observed in the irradiated resins,
there was a pronounced darkening of the resin adjacent to the metal
coupon at the bottom of the sample tube.

Tabie 3.8

Corrosion Study Experiments(6)

Sample Ton Exchangers Irradiation Weight Loss Qualitative Features of Corroded
No. Used Facility % mT’T’TT‘z al wt. mg/cml Metal Coupon Surfaces
? 1ONSIV-1E-95 60co2 0.9 6.4 Spotty rusted areas with zeolite beads
strongly adhering.
8 1ONSIV-1E-95/ 60coa 2.6 19 One half covered with rust only. The
Anberlite IR-120 other half had rust and resin beads.
9 Amberlite IR-120  60cod 3.3 24 Covered with rust throughout. One end
had white spots in addition to rust.
10 Amberlite IRA-400 60co2 1.9 13 Uniform thin layer of rust. No crust
formation.
11 1ONS1V-1E-95/ 60cq2 4.4 32 No significant crust, but significant
Amberlite IRA-400 pitting on surfaces.
12 1ONSIV-1€-95/ 60cqe 4.1 30 Covered fully with black beads and rust.

Amberlite IR-120/
Amberlite IRA-400

7-8 IONSIV-1E-95 none 0 /] Bright surfaces. Barely visible rust spots
at the edges.

9-8 Amberlite IR-120 none 0.3 2.0 Almost all of the surface of the coupon was
covered with a very thin layer of corrosion
product.

10-8 Anberlite IRA-400 none 0 0 Bright surfaces like the original sample.
No visible corrosion products or rust
spots.

41 JIONSIV-1E-95 TRIGAD 0.5 3.1 Distinct, but spotty crust formation with
zeolite particles adhering to the corrosion
product.

42 Amberlite IRA-120 TRIGAD 3.5 27 Significant corrosfon product build-up.
Uniform throughout the surface.

a3 Amberlite IRA-400 TRIGAD 0.7 5.2 Spotty corrosion product build-up,
especially around edges of the coupon.

44 IONSIV-1E-95/ TRIGAD 0.8 6.2 Uniformly distributed surface layers of

Anberlite-IR-120/ corrosfon products.

Amberlite-IRA-400

~

ose « 2 x 109 rad: flux = 4.4 x 106 R/he.
BDose = 4.4 x 108 rad; flux = 7.6 x 10% R/hr.
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Table 3.9

Corrosion of Stainless Steel in Contact With Irradiated Ion Exchange Resins(7)

Dose
Code? Container® Resin (Rads) pHC Comment s

cd 1 Cation 2.5x10° - Crusty deposits, surface
etched, pits and de-
pressions.

pd 1 Cation 2.5x109 .- Deep pits, dark deposits.

W 2 Cation 5x109 4 Heavy deposits in pits,
depressions up to 200 m
deep.

P 2 Caticn 1x109  4.0-4.5  Deposits, pitted and

: etched.

u 2 Cation 5x108  2.5-3.0  Small number of sites of
attack, circular deep
pits, heavy deposits.

Q 2 Cation 3x108  4.0-4.5  Similar to P, deeper
depressions.

T 2 Cation 1x108 2.5-3.0 Clean surface, etched
circular areas with pits
in the center.

ad 1 Anion 7.9x108 - No evidence of corrasion
for samples with anion
resin.

X 2 Anion 1x10°  8.0-8.5 o

v 2 Anion 1x109  7.5-8.0 e

S 2 Anion 1x108  8.5-9.0 =

Control 2 None None - -

3Code refers to sample designation given in Reference 7.

bThe container dimensions are: 1 - 1.0 in 0.0., 0.037 in wall thickness,
2 - 0.5 in 0.D., 0.034 in wall thickness.

CpH of the environment in the containers at the end of the exposure, as

measured with narrow range pH paper.

dpressurized containers.
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Moisture content is clearly an important variable affecting corrosion.
The rasults suggest that corrosion can be greatly reduced if the resins are
driea before storage. The pH measurements (see Table 3.10) indicate the ra-
diation induced degradation of the functional groups in all cases. It was

tentatively concluded that moisture is important as a transport/electrolytic
medium in the corrosion process.

9orrgsion was observed on PF-16, the prefilter used in the TMI clean-
up. (17,18) Thus far, a visual examination was made of the exterior surfaces
of the liner and of the interior of the liner above the demineralizer bed. No
significant external corrosion was found, however, the internal surface of the
manway cover wac corroded. Areas where the epoxy coating peeled away from the
interior walls, also showed signs of corrosion. Below the bed surface there
was no corrosion observed in the area examined. The environment of PF-16, a
liner filled with dewatered ion exchange material, is indeed corrosive to
carbon steel. The epoxy coating has apparently provided some protection from
corrosion, however, it is not clear why the coating peeled away from the con-
tainer surface. The epoxy coating may be degraded by the chemical environ-
ment of the liner or by radiation. The behavior of this coating upon irradi-

ation should be examined in order to access the effectiveness of the coating
as a means of extending the container life.

Table 3.10

Effect of Moisture Content on Irradiated and Unirradiated Resins(8)

Percent pH of D.1.W. Coupon Percent
:::-M Moisture M xtures?.D weight Loss
W".Rf““d 55 2.76, 3.16, 3.07 9, 5,6
He 27 3.28, 3.11 2, 4
He 14 3,24, 3.29 0,0
50 3.65, 3.51, 3.58 4, 4, 4
::: 25 3.52, 3.42 3, 3
Ma+ 13 3.29, 3.49 0,0
2 108“. fad 55 top 1.67, 1.57 20, 8
4 %gg s, 7
] top 1.52, 1. "
. . bottom 1.36, 1.36 .8
14 top 1.65, 1.50 2
v bottom 1.55, 1.46
50 top 2.53, 2.35 4, 5
bl bottom 2.80, ;.gz J
25 top 2.31, & .
- bottom 2.48, 23 a
13 top 2.45, 2. R
.4 bottom 2,41, 2.43
Contact times for corrosion experirents
uynirradiated sm‘mles: 190 h
amples:
‘"“‘S‘OE;:!’!::SNN: 78 h unirradiated + 75 h irradiated.
25.27% motsture: 75 h unirradiated + 75 h irradiated.
13-14% moisture: 6 h unirradiated ¢ 75 h irradiated.
30 measured in the supernz;clo; ; nixture of 2 g of resin and
f defonized water (D.i.%.),
4?\(:}'0: sego::ted by commas are values of replicate specimens.
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3.4 Biodegradation

The importance of biodegradation to the decomposition of organic ion
exchange resins and to the stability of the internal environment of a waste
package was evidenced by the survey response from the Duane Arnold Energy
Center (see section 2.12). They described a pressure buildup in drums of
dewatered ion exchange resins. The gas generation was attributed tc organic
growth in the resin waste container, citing floor drains as a source of
organic matter. There is, however, little irformation available about the
biodegradation of radioactive ion exchange resin waste.

Water samples from the influent and the effluent of a demineralizer plus
resin samples from the demineralizer were obtained from the High Flux Beam
Reactor at Brookhaven National Laboratory and analyzed for growth of micro-
organisms.* Bacteria growth was monitored by measuring COp generated from
the decomposition of organic carbon. The bacteria activity was greater in the
influent water samples than in the effluent water sampies. Measurements of
C0p generation performed on the resins showed the largest growth of micro-
organisrs. The radioactivity on the resins was described as low, but no
values were specified.

The results of these tests indicate biodegradation of organic matter.
However, there is no direct evidence distinguishing the digestion of organic
contaminants in the water and trapped on the resin from the digestion of the
organic backbone of the resin bead.

Information about biodegradation on organic ion exchange resins is needed
in three areas. First, the types of organisms must be isolated, preferably
using samples from utility reactors. Second, the stability of the organisms
to radiation must be evaluated; complications can result from the formation of
mutations. Third, the environment in which the organisms propagate should be
understood. To predict the potential problems from biodegradation, it is ne-
cessary to detemmine both the rate of bacteria growth and the extent of the
attack on the environment.

Bacteria growth in_resin waste having high radionuclide concentrations
(approximately 40 Ci/ft3 as in the EPICOR-II prefilter liners used in TMI
cleanup) is expected to be completely retarded. However, it is claimed that
demineralizers with lower activities (approximately a thousand times lower
than the EPICOR-II prefilisri) may support bacteria growth after 35 to
100 years giving CO» gas. (22

3.5 Summary

It should be apparent from this discussion that fonizing radiation at
high doses is a major factor causing the degradation f ion exchange resins.

*A. J. Francis, Brookhaven National Laboratory, in a private communication
to P. L, Piciulo, November 16, 1981.
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Thus, radiation damage must be considered when addressing the long-range
stability of a waste package containing dewatered ion exchange media. The
following general statements are intended to summarize the discussions on
resin degradation in this chapter:

Radiation doses on the order of 108 rad result in significant
chemical and physical changes in organic ion exchange resins.

The scission of resin functional groups (e.g., sulfonic group from
cation exchangers; quaternary ammonium group from anion exchangers)
will release water and various chemical species.

Marked lowering of the pH of water associated with irradiated cation
exchangers has been observed.

Some evidence shows changes in the pH of drainable liquids from ion
exchange demineralizers several months after the systems were removed
from service at TMI. There is a trend for the pH to approach neutral
(i.e., pH = 7). However, the unknown contents of the liners, upon
which this conclusion is based, limits the ability to interpret the
observation,

Gas generation is significant at doses >108 rad for both cation and
anion exchangers. It may be necessary to have a vent on a container
to avoid the buildup of pressure and the possible failure of the
container integrity.

Hydrogen gas is liberated whereas oxygen is apparently consumed in a
radiation environment.

Anion resins are generally less stable than cation resins.

Both cation and anion exchangers show signs of agglomeration due to
radiation.

Liquids are released from anion exchange resins after a radiation dose
of 108 rad.

Amines released by anion exchange resins may buffer the acidic
products relezsed on the irradiation of cation exchangers.

Irradiated ion exchange resin becads accelerate the corrosion of both
mild steel and some stainless steel.

As the moisture content of ion exchange resins decreases there is a
decrease in the corrosive effects on mild steel.
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e The analysis of the TMI first stage liner has revealed an apparent
protection of the carbon stee1 container by an epoxy coating.
(EPICOR, Incorporated claims™ that the epoxy lined carbon steel
lirer is being considered by them as a possible high integrity
container,)

o There is limited information about long-term resin decomposition due
to normal a2ging and biodegradation.

>

number of questions still remain.

e Utilities generally dispose of mixed beds of ion exchange resins.
What are the resulting chemical and physical changes of mixed bed
resins resulting from ionizing radiation?

e Powdered resins are commonly used in the nuclear industry. What, if
any, are the differences in the radiation damage of mixed bed powdered
resins as compared to the work reported for bead resins?

e What are the effects of radiation induced degradation of products from
ion exchange media on candidate materials for future high integrity
containers like epoxy and high density crosslinked polyethylene.

e What are the corrosion rates of resin degradation products on metals
and on nonmetal lic materials being considered for the construction of
disposal containers?

e To what extent does biodegradation effect the stability of a waste
package of organic ion exchange resins?

The technical basis for establishing maximum loadin? ]imits on organic
ion-exchange resins is presently being evaluated at BNL. The NRC has
suggested, in a draft Branch Technical Position on Waste Form, that regins
should not be lToaded to bulk specl }c act1v1t133 greater than 10 Ci/ft
loading of this concentration of s and/or “YSr will result in an
aggumulated dose of approximately 10° rad. A radiation dose in excess of

rad may result in the degradation of organic ion exchange media. If a
limit is established on the allowable radionuclide loading on ion exchange
media being buried, then problems resulting from pH changes, gas generation,
agglomeration, and metal corrosion may contribute less to the instability of
the waste package.

i Levendusky, EPICOR, Incorporated, in a private communication with
P. L. Piciulo, August 19, 1981
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4, RESIN DEWATERING

4.1 Introduction

A survey of four manufacturers of organic ion exchange resins was con-
ducted by telephone. The information described in this chapter is taken from
the discussions with personnel at Diamond Shamrock Corporation (Duolite),
lonac Chemical Corporation, and Rohm and Haas (Amberlite). Dow Chemical,
,S.A. responded in a letter to the questions submitted. Table 4.1 summarizes
their comments. In addition, three companies which supply services to the
nuclear industry, Chem-Nuclear Systems, Incorporated (CNSI), EPICOR,
Incorporated (EI1), and Hittman Nuclear and Development Corporation (HNDC),
were questioned regarding the dewatering of radioactive ion exchange resins.
The information obtained in these communications is summarized in Table 4.2.

Also discussed in this chapter of the ~eport is information found in the

literature and information regarding the experience with dewatering ion ex-
change resins used in the cleanup at TMI.
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Table 4.1

Summary of Comments From lon Exchange Resin Manufacturers

Dow Chemfcal U,S.A.Q

Diamond Shamrock Corp.®+¢  lonac Chemical Co.¢

Rohm and Haas®

Dewatering Method

Amount (% by volume)
of free liquid in
dewatered resin

Amount of free liquid
released during
storage

Amount of free liquid
released during
transportation

Environmental factors
causing release of
moisture

continuous vacuum filter

0.75 typical

none 1f in a sealed

container

evaporatifon, stream of

dry air, heating above
100°C

screened underdrain,
vacuum filter

drain and vacuum filter

minimal (no value given) ~0.7

stored 1n air-tight
drum no moisture lost

moisture can evaporate
if open to air

evaporation, heating will hot afir drying

remove moisture

column drain, air or tnert
gas passed through resin

minimal (no value given)

moisture can evaporate {f
open to air

evaporation, heat will in-
crease rate of moisture
loss, resin heated at 110°C
overnight {s considered

to be dry resin

2D, Dunkelbarger, Dow Chemical Company, U.S.A., in a letter to P, Pictule, August 19, 1981,

DA, Lamorena, Diamond Shamrock Corporation, in a private communication with P, Picfulo, August 26, 1981,
€J, Abrams, Diamond Shamrock Corporation, in a private communication with P, Piciulo, September 1, 1981,
df, McGarvey, lonac Chemical Company, 1n a private communication with P, Pictulo, July 31, 1981,

€f, Feeney, Rohm and Haas Company, in a private communication with P. Piciulo, August 26, 1981,
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Table 4.2

Summary of Comments From Vendors of lon Exchange Resin Dewatering Liners

Chem-Nuc lear
Systems, Inc,®

EPICOR, Incorporatead

Hittman Nuclear and
Development Corporation€

Dewatering Method

Dewatering time to reach
1 gallon free liquid
0.5% free liquid
1.0% free liquid

Changes in volume of
free 1iquid during
storage

Changes in volume of
free 1iquid during
transportation

Vacuum filtration
conical bottom,
three filter levels

4 hes (15 ftd)
1-1/2 days (300 ft3 Viner)

Comments on high integrity Presently supply a WIC

containers (MIC)

made of HOXLY poly-
ethylene. Dewatering
equipment 1s the same
as for steel liner

Vacuum filtration
"pancake” screen
underdrain,
dewatering cartridge

24 hrs (150 ft3 Viner)

none (vibration test)

Three are planned:
1. steel and epoxy
2. fiberglass

3. pelyethylene

Vacvum filtration
full underdrain

A2 weeks (6'x6' liner)

none (vibration test)

Cons {dering HOXLY
polyethylene as the
construction material,

3G, Allen, Chem-Nuclear Systems, Incorporated, in a private communication with P. Piciulo, August 4, 198!,
b), Levendusky, EPICOR, Incorporated, in a private communication with P. Piciulo, August 12, 1981,
°ﬁ'g.."‘s{'?\'"x'38§"‘” Nuclear and Development Corporation, in a private communication with P. Piciulo,

u » .

dHDXL = High density cross-1inked.




4.2 Dewatering New Resins

Vacuum filtration is mos: often used by the manufacturers for dewater-
ing organic ion exchange resins. The procedure involves sluicing the resins
into a large tank equipped with an assembly of screens at the bottom and a
drain. The water is allowed to gravity drain and then the resin beads are
dried further by the suction of air through the resin bed. A second tech-
nique uses a continuous vacuum filter to dewater ion exchange resins. In this
case, the resins are slurried onto a moving screen belt and the water and air
are pulled through the screen by a vacuum. The dewatered resin is unloaded
into a storage hopper.

Resins dewatered by these methods will generally contain less thar 1.0%
free moisture by volume. This is controlled by the amount of time the resin
is in the vacuum filter. A fiber drum with a polyethylene liner (bag) is
generally used to ship ion exchange resins. It is possible that a drum filled
with new resin beads can have "dry" beads on the top, whereas the resins at
the bottom can be a little "souny" due to free liquid. However, the dewater-
ing procedures used by the manufacturers are intended to minimize the water in
a package containing resin in order to avoid the expense of shipping water.

4.3 Dewatering Spent Ion Exchange Resins

Three companies which supply services to the nuclear industry were sur-
veyed regarding the dewatering of ion exchange resins. Each of ihe companies
supply liners specifically designed for resin dewatering. All of the liners
are equipped with underdrains. This may be a stainless steel strainer or
“pancake" (EI), a conical bottom with a dewatering "spider" (CNSI), or a
screened bottom and standpipe (HNDC). The water is initially gravi‘y drained
from the liner then a vacuum is applied, pulling large volumes of air through
the resin thereby reducing the volume of free liquid. Usually a cycle of
gravity draining followed by pumping is used. The amount of free liquid re-
maining in the liner is dependent on the pumping time and the physical condi-
tion of the resins.

New ion exchange resins are easier to dewater than used resin beads.
Organic ion exchange beads which were in use for a long period of time and
repeatedly regenerated, often have associated resin fines and broken beads.
Some utilities use an ultrasonic cleaner to remove resin fines (particles
smaller than 0.3 mm) and any "crud" which may be filtered by the ion ex-
change bed. Abrasion encountered in sluicing, and mechanical shock from the
pressure drop across a resin bed, cause beads to crack and/or break. Repeated
regeneration can result in a decrease in the cross-linking of the resin beads
making them more sponge-like. All these factors make it more difficult to de-
water spent resin beads.

The dewatering of powdered resins (e.g., Powdex, Ecodex) can be done in
the liners described above or with a high speed centrifuge. To use the de-
watering liners it is necessary to incorporate an underdrain which will accom-
modate the smaller particle size of powdered resins. The powdered resin/water
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slurry has been described as having a mud-like consistancy. As water is
removed, air does not pass freely through, but rather a partial vacuumn
results and the water is sucked from the material. The final cons stency is
that of dry mud.

Some power stations use a nigh speed centrifuge to dewater the powdered
resins [see Section 2.10, Table 2.6). A system described by one utility spins
the water/resin slurry tc remove the water and an auger is used to push the
dry material from the centrifuge to the disposal liner. Vermont Yankee
Nuclear Power Station, Edwin I. Hatch Nuclear Plant, and Peach Bottom Atomic
Power Station clair they have no problem meeting the free liquid requirements
using centrifugat’on to dewater powdered resins.

4.4 Dewatering Tests

4,4.1 Chem-Nuclear Systems, Incorporated

Tests have been conducted by CNSI on the dewatering of liners contain-
ing both depleted and new organic ion exchange resins.” The depleted
resins, which nad been regenerated several times, came from a paper mill and
are believed to provide for a more realistic test thgn dewatering new resins.
Work started with the largest CNSI container, 300 ft~° (2240 gallons). In
the liner there were used resins and about 400 gallons of free water. The
exact measure of this water was difficult because the amount is dependent on
evaporation, the void space above the resin, and temperature. The dewatering
procedure required pumping water from the liner contzining resin for a given
time until no water could be pumped out, then allowing the liner to sit and
gravity drain for a given time. This pump-drain sequence can be repeated as
necessary. Measurements of the amount of water removed from the liner versus
time indicated that there is initially free water, which drains quickly from
the liner, followed by water absorbed on the resin beads, which is released
very slowly. CNSI repeated the tests three to five times with averages and
deviations determined to obtain confidence limits, It is claimed that the
plotted data are best described by two regions; one for the fast drainage of
water and the second is an asymptotic portion of the plot showing the slow
release of water from the bed of resins. (Data of this type is discussed in
section 4,4.4,) The drainage versus time curves can be used to determine the
dewatering time necessary to reach a certain volume of free water remaining in
the liner. It is also possible to fit the easily removed water (points at
short times) to a single curve and extropolate to long time. CNSI claims that
this practice does not give a true representation of the dewatering of ion
exchange resins.

There is a relationship between the liner size and the time necessary
to dewater to a givan amount of free water. The following examples were de-
scribed by CNSI:

*G. Allen Chem-Nuxlear sttems Incorporated, in a private communication
with P, Pic1J1o, ugust 3, 1981,
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e A 300 ft3 1iner was dewatered to 1% free liquid within 1-1/2 days.
This required eight hours of pumping, 16 hours of draining, and an
additional four hours of pumping.

o A 15 ft3 liner was dewatered to 1/2% free water within approxi-
mately 4 hours of pumping. This test, however, was done using new
resins which are generally easier to dewater.

o Activated carbon required several days to dewater. This extended
time was attributed to the porosity of the material.

The bulk of the water is said to be removed from the liner within the
first four hours of pumping, whereas the water on the _bead surface is released
slowly. CSNI contends that liners smaller than 20 ft3 can be pumped to
1 gallon free water with little difficulty. For the large liners (300 ft3),
the 1 gallon limit (0.045%) is not practizal. Core samples taken from liners
which were dewatered showed that the resins at the hattom of the liner are as
"dry" as the resins at the top of the liner.

4.4,2 EPICOR, Incorporated

Dewatering tests were performed on 150 ft3 liners containing approxi-
mately 120 ft3 of resins; both new agd depleted resins (not radioactive)
have been used in these experiments, A known amount of water is added to
the liner containing the resins and then water is measured as it is removed.
The procedure involves pumping the water from the liner for a set time fol-
lowed by a period of time the liner is allowed to stand without pumping. This
cycle is repeated until a certain amount of free water is believed to remain
in the liner. (The uncertainty in the determination of the quantity of free
liquid is dependent on the initial condition of the resins. It may be easier
to remove all of the water added to the liner at the beginning of the test if
the resins have a large amount of associated water (i.e., surface water) then
if the resins were initially drier.) EPICOR, Incorporated has reached the
limit of 1 gallon free water, after a 24-hour period of dewatering which in-
cluded tipping the liner slightly on edge. Tipping presumably directs water
toward the underdrain outlet(s). EPICOR, Incorported, believes that 0.5% free
liquid is 3 reasonable limit, since it would allow 4 gallons of free water in
the 150 ft? liner, which can be readily achieved. The dewatering tests per-
formed at TMI used the EPICOR liners and the results are discussed in section
4.4.5.

4.4,3 Hittman Nuclear and Development Corporation

Dewatering tests have been performed by HNQE with used resin (not ra-
dioactive) which had been previously regenerated. A positive displacement

*J. Levendusky, EPICOR, Incorporated, in a private communication with
**P. Piciulo, August 12, 1981.
C. Mallory, Hittman Nuclear and Development Corporation, in a private
communication with P, Piciulo, August 11, 198l1.
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pump is used to remove water from a liner equipped with a full underdrain.
Based on measurements of water removed from a liner vs time, Hittman claims
that a predictable relationship exists between dewatering time and free water
remaining in the liner. (Resin dewatering is dependent on the resin condi-
tion, as well as the liner dimensions. Thus, it is not clear that a dewater-
ing curve for a given liner will be applicable to the large variations of
resin waste found in the nuclear industry.) The limit of 1 gallon free water
in a 6 ft diam x 6 ft high (170 ft3) right cylindrical liner was reached
after dewatering for a couple of weeks. Tipping the liner on edge was re-
quired to reduce the free liquid to this volume. HNDC maintains that 0.5%
free liquid remaining in a liner of dewatered resins is a realistic limit.

4.4,4 Turkey Point Dewatering Test

A dewatering test was conducted at Turkey Point Units 3 and 4 (Florida
Power and Light Company) to show that a Hittman HN-100 liner equipped with an
underdrain and a bottom drain plug coul? dewatered such that less than
1 gallon of water remains in the liner. ) Residual water was removed from
the liner containing mixed resin beads (presumably cation and anio.. exchang-
ers) by pumping from the bottom drain while the liner was tipped at 10°., With
the 170 ft3 liner set in a horizontal position, 540 (540.4) gallons of de-
mineralized water were added. About half of the water (253.5 gallons) was re-
moved from the liner during 15 hours of gavity draining. The liner was again
tipped to a 10° angle with the bottom drain at the low point and an additional
208 (208.7) gallons were removed on pumping. Dewatering by pumping was con-
ducted at app-oximately 24-hour intervals until an insignificant amount of
water was removed. Two-hundred milliliters (0.053 gallons) were arbitrarily
defined as this endpoint. No additional dewatering was done for about a week.
A final dewatering at this point would determine if a significant amount of
water remained. Table 4.3 presents the test data.

The extent of the initial resin dewatering is not clear. The "dry-
ness" of the resins at the start of the test and at the end of the test should
be compared. The large difference existing between the amount of water initi-
ally added to the liner (540.4 gallons) and the total amount of water removed
(472.3 qallons) presents an error of ~12%. It was postulated that near the
end of the gravity drain period the velocity of water passing through the ef-
fluent water meter was too low to be registered by the meter. An independent
test of the flowmeter showed that a -20% error was possible. Also, they
claimed that 540 (540.0) gallons of water were required to refill the liner.
The water volumes reported imply a measuring accuracy of one part in 5000
(i.e., 0.02%), however, the errors observed are of the order of 10% to 20%.
The Turkey Point workers concluded that it is possible to meet the criteria of
1 gallon free ligquids with reasonable assurance when dewatering the Hittman
HN-100 liners equipped with a bottom drain using the procedure described
above. The conclusion is based on the observation that only 0.11 gailons of
additional water was removed from the liner on day 31, 9 days after the de-
watering routine was stopped. It is questionable that in this 170 ft3 (1270
gallons) liner there is only one gallon ( ~0.08% of the container volume) of
free water remaining. The uncertainty in knowing the volume of free water re-
maining in a liner should be evaluated.
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Table 4.3

Data Sheet(23)
Liner Dewatering Test

Volume of Water

Removed
Day (Gal.) Remarks
1 253,34 Gravity drain, 15 hr, liner flat
2b 208,7 Liner tipped 10 degrees, pumped
3 - | Dewatered twice
3 .4
4 .8 Bottom drain
4 o3 Underdrain
5 % |
6 1.48 Bottom drain
6 .14 inderdrain
7 - Not dewatered
8 .93 Bottom drain
8 0. Underdrain
9 .70
10 - Not dewatered
11 52
12 .264
13 . 264
14 .232
15 .124
16 127
17 .132
18 ——— Not dewatered
19 .063
20 074
21 - Not dewatered
22 .032
23
24
25
26 Not dewatered per test plan
27
28
29
30
31 .11 End of test

aSyspected error. See text.
bA11 dewatering from day 2 on was done by pumping with the liner
tipped approximately 10 degrees.
Note: Container: Hittman, HN-100, with bottom drain.
Media: Tlon exchange resin.
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The Turkey Point data were analyzed by the Hittman Wuclear and
Development Corporation and they also concluded that less than 1 gallon of
free water remained in the liner after the 22-day dewatering operation. The
method used by HNDC was to plot gallons removed vs time (24-hour intervals) as
shown in Figure 4.1 and fit the points to an unspecified power series of time.
The data used is given in Table 4.4, the water removed on days 1 and 2 were
omitted fron all three of the numerical analyses performed:

Analysis 1 - fit Days Counting from 1 through 20; the last point was
dropped.

Analysis 2 - fit all data; Days Counting 1 through 29.
Analysis 3 - fit Days Counting 4 through 29.

Table 4.4
Turkey Point - Liner Dewatering Drainage Data(23)
(12/29/80
Draining No. Date Days Counting Volume-Gallons
3 and 4 11/30 1 2.5
5 12/1 2 1.3
6 12/2 3 1.1
7 12/3 4 1.88
8 12/5 6 .93
9 12/6 7 .70
10 12/8 9 .52
11 12/9 10 .264
12 12/10 11 . 264
13 12/11 12 .232
14 12/12 13 .124
15 12/13 14 .127
16 12/14 15 .132
17 12/16 17 .063
18 12/17 18 .074
19 12/19 20 .032
29 12/28 29 .11

Note: Data from Drainings 1 and 2 were not used.

There are a number of confusing points in Table 4.4. Although the Days
Counting are consistent with the days on the data sheet if the counting starts
at day 3, the Draining Number is misleading. Apparently, all water removed on
a single day was combined into one value. The Volume-Gallons associated with
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Days Counting number 4 in Table 4.4 is 1.88 gallons and is presumably in er-
ror. This value should be 1.62 gallons, which is the sum of the gallrns re-
moved in 2 dewaterings on day 6, listed in Table 4.3. It is nu. -1~ as to
the etfect of this ecror on the analyses performed.

The integral of the power series eguation fit to the 3 cases listed was
evaluated to determine the time, t, necessary to reach the 1 gallon remaining
limit. The observations reported for each analyses are:

Analysis 2 - t = 128 days, the correlation (not specified) of the data
fit is lower than desired. The point at Days Counting = 4
was considered as affecting the correlation coefficient,
but not corrected.

Analysis 1 - Dropping the last point shortened the predicted dewatering
time to t = 98 days.

Analysis 3 - The total quantity of water remaining in the liner after
the Days Counting = 20 was estimated at 0.71 gallons.
Nine days later 0.1] gallons or 15% of this was removed.

Once again it is unclear as to what effect the error in point 4 would
have in the above caluclations and the ability to predict when the 1 gallon
limit is reached. The plot of the data and the results of Analysis 3 sup-
port the claim, made by Chem-Nuclear Systems, Incorporated (see section
4.4,1), that it is necessary to treat the dewatering data in two distinct re-

gions when performing an analysis.

o In this test as in the others discussed, no determination is made
of the total amount of water inside the liner. The distinction
between water associated with the resins (e.g., water of hydration
and surface water) and that which is free water should be
understood.

Since the approximate volume of the Hittman HN-100 liner is 170 ft3
or 1270 gallons it follows that:

e 0.5% of the volume is approximately 6.4 gallons,
o 1.0% of the volume is approximately 12.7 gallons,
e 1 gallon is approximately 0.08% of the total volume.

Assuming that less than 1 gallon of free liquid remains in the liner at the
end of the 31-day dewatering test, then, from Table 4.3, the following is
observed:

o The volume of water remaining in the liner after day 5 of dewatering
is approximately 5.2 gallons. This volume plus the 1 gallon free
liquid assumed to remain in the liner totals 6.2 gallons which are
less than 0.5% of the liner volume.
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e The volume of water remaining in the liner after day 2 of dewatering
is approximately 11.1 gallons including the 1 gallon of free liquid
assumed to remain in the liner. This volume is less than 1.0% of
the container volume.

Clearly, the bulk of the water is removed from the liner in a short time as
suggested by CNSI.

4,4,5 TMI-2 Resin Liner Dewatering Study

A liner dewatering study was done on the EPICOR-I and EPICOR-II
Radwaste System Liners used in the water treatment at Three Mile Island.(24)
It has been learned from the survey responses and & private communication with
personnel at EPICOR, Incorporated, that a number of portable demineralizers
are in use in nuclear power stations. Since the liners presently in use are
similar to those used at TMI, the findings of the dewatering study are rele-
vant to this report.

The testing was performed with 6 ft x 6 ft (approx. 145 ft3) liners.
Five hundred eighteen gallons of water were added to the liner. This free
water is defined as water existing above the resin bed and within the resin
intersticial void space. Table 4.5 summarizes the volume of the container,
resin and water for these tests. The liner is equipped with an arrangement of
"laterals" at the bottom allowing water and not resin to pass through on
pumping. The basic method used for dewatering is outlined in Table 4.6.

Several other tests were conducted and the results are summarized in
Table 4.7. In the tests, the dewatering time was varied, hot air was used to
help remove the water, a liner was transported 900 miles to observe the ef-
fects of road vibrations on water, and the effects of reversing the airflow
were examined, This latter method of reversed airflow may have just dispersed
the water to different parts of the bed. It is possible that this water will
be released at a later time. The results indicate that less than 1.63 gallons
of free water remained in the liner after dewatering., The transportation cest
released only 2 additional quarts of water more than the static dewatering
test. The use of heat and variations in pumping time had little effect on the
overall dewatering of the resins.

g Levendusky, EPICOR, Incorporated, in a private communication with
P. Piciulec, October 2, 1981.
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Table 4.5

Water Retention in a Typical EPICOR, Inc. 6 ft x 6 ft Resin Liner(24)

Total container volume

II. Volume of resin in liner accounting for

compaction and liner internals

I[II. Volume of free water above and within

resin
IV, Total free water

V. Gallons of water electrochemically

bound by resin

145 ft3
116.0 ft3

58.8 ft3
518.4 gallons

433.8 gallons

Table 4.6

The Basic Test Procedure Used in the TMI Dewatering Study(24)

Basic Method: Dewatering with Sandpiper pump
Air drying with Sandpiper pump

Step
: i Liner filled with water

2. Liner decanted at 20 gpm until

suction lost

3. Liner air dried
a. Air dried ( ~150 scfm)
b. Allowed to settle
c. Air dried ( ~150 scfm)
d. Allowed to settle
e. Air dried ( ~150 scfm)

4, Bottom drain removed

5. Liner drained

Results: Relative humidity of inlet air
Relative humidity of effluent air = 56

Water drained in step 5

Date

9/26/79
(1130)

9/26/79
(1830)

9/27/79
(2030)

= 55

Duration

el e
FFTFTFT

14 h

= 1.3 gallons
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Table 4.7

Summary of Liner Dewatering Test Results(24)

Water Drained Percent (%)

Following of Total Percent (%)
Dewatering Container Free
Test Procedure Volume Water?
| A Dewatering with Sandpiper pump
Air drying with Sandpiper pump
IA. Timing and 1.3 gallons 0.12% 0.25%
IB. Sequence was 1.7 gallons 0.15% 0.33%
IC. Altered 1.2 gallons 0.11% 0.23%
II. Dewatering and drying with 1.13 gallons 0.10% 0.22%
Sandpiper pump, air drying
with heated air exhauster
III. Dewatering with Sandpiper pump 1.13 gallons 0.10% 0.22%
air drying with air exhauster
IV. Test III coupled with shipping 1.63 gallons 0.15% 0.31%
900 miles over the road
V. Dewatered with Sandpiper pump 0.25 gallons 0.02% 0.05%

air drying with Sandpiper pump
(Reversing airflow direction)

dRelative to 518.4 gallons.

An independent dewatering test included ? msthematical model to eval-
uate the ability to predict free water removal. 24) Factors such as resin
mixture, resin exhaustion, electrolytical charge, compaction and interstitial
void space were considered, although no details of the model were given. The
model established that 312.7 gallons of water had to be removed from a resin
bed by the dewatering process. The field test run in parallel with the model-
ing work showed that 326.8 gallons of water were removed from the resin bed
under conditions as assumed in the mathematical model. The report concludes
that the close agreement (approximately 4.3%) shows toth a sound under-
standing of water retention in a resin bed and the ability to predict water
removal efficiencies. However, the 4.3% error in this test is an indication
?f tr. inability to accurately determine the volume of free water present in a
iner.

4.4.6 Vermont Yankee Nuclear Power Station

Powdered ion exchange resins are extensively used in boiling water re-
actors (see section 2) and several of these plants dewater the resins using
centrifugation. The quantity of water in the remaining in powdered resins
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after centrifugation was determined at the plant.' The water present in a
sample of Powdex resin, as supplied by their vendor, was measured by weight
differance before and after drying under controlled conditions. The same test
was performed on a sample of resin which was dewatered in their centrifuge.
The azmount of watar measured in the sample dewatered in the Vermont Yankee
centrifuge vas smaller than that found in the fresh resin sample. Since there
is no free liquid in the Powdex resin received from the supplier, it was con-
cluded that there is no free liquid in the disgusal liner prior to shipping.

4.5 Release of Ligiid luring Storage and Transportation

The manufacturers and vendors surveyed agree that no additional water
should be released during the storage or the transportation of dewatered or-
ganic ion exchange resins. After all the free liquid is removed, some mois-
ture will remain adsored on the surface of the resin bead and as water of
hydration of the functional groups. This water can be released to give addi-
tional free liquid in the container. However, the release is unlikely to
occur during storage {at ambient temperature) or due to mechanical shock re-
sulting from transportation.

A number of factors can affect the removal of water retained by ion ex-
change resins. The water retained in an ion exchange resin is primarily that
hydrating the exchange groups. The water of hydration can account for 30% to
70% of the resin volume., Heating resins in an oven at 105°C for 16 hours 1s 2
method indicated by one manufacturer to prepare "dry resin beads," considered
to contain no water. Less severe conditicns can remove a substantial portion
of the bound water. In contact with dry air, water can be iost by evaporation
and as the temperature of the air increases (and relative humidity decreases),
the rate of water loss will increase. The degree of drying is dependent on
the exposure time. Passing the resins through a stream of hot air can result
in a decrease in moisture content from approximately 50% to approximately 10%.
The resin will subsequently shrink to almost 50% of its original volume. Dry
resins are a strong desicant, and when rehydrated, will expand. The pressure
resulting from the expansion on contact with water can destroy the container.

4,6 Resin Drying

A method ha “bsen patented for the dehydration of spent radioactive ion
exchange resins. (<) The organic resins are vacuum filtered in a chamber
which can be heated to between 40°C-150°C (preferably between 70°C-80°C) and
evacuated to a pressure tetween 380-740 Torr. The second step uses super-
heated steam at a temperature between 93°C-260°C to fluidize the resin bed.
The fluidized bed is subjected to a partial vacuum and as the resin loses
moisture, heat is continuously added to the fluid bed to maintain the bed
temperature in a range consistent with the thermal stability of the resin
being dried. The water removed is expected to be of high purity and can be

*a. D. Weyman, Vermont Yankee Nuclear Power Station, explained the procedure
to P. Piciulo during a site vist, June 30, 1981.
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recy.led back to the water system of the nuclear plant. The dried resins can
be packaged for disposal. Volume reductions of 45-50% are claimed, The
thermal stability of the ion exchange resin must be considered when selecting
the operating parameters in order to minimize the release of decompositicn
products and, possibly, radioactive species.

It 1s not known that the resin dehydration technique is being util-
ized in the nuclear industry at present.

EPICOR, Incorporated, is developing a dewatering cartridge that will take
up any residual water when injected into a liner of dewatered resins.”
Although the details of the device are proprietary; it is claimed that the
cartridge has been tested in demineralizers used in the TMI cleanup
(presumably EPICOR-I or EPICOR-II liners).

The consideration of moisture-absorbing materials is discussed in a
report on TMI liner dewaterinq.(zd) The criteria established for the
selection of the absorbing substances are:

. Nonreactive to resin beads and impurities fixed on resin.
>« Highly moisture absorbent.

. Easily pumpable.

. Able to mix within a resin bed.

Two materials chosen after laboratory testing were silicate and cellulose., It
is zlaimed that these can be added to the liner in sufficient excess to assure
no free liquid. No details of the testing were given.

4.7 Summary

It is apparent from this review that the cdewatering of organic ion ex-
charqe resins is dependent on the dewatering time. New resin beads are con-
sidered easier to dewater than beads which are old and may be cracked or bro-
ken. Tne three vendors of dewatering services to the nuclear industry agree
that it is not practicle to dewater a liner containing ion exchange media such
that less than 1 gallon of free water remains in the liner. The time requried
to reach this limit can range from hours for small containers to weeks for
liners of 150 ft° and larger.

Dewatering liners are generally equipped with underdrains. One company,
CNSI, uses a liner with a conical bottom to direct the water to a low point.
This is advantageous since liners with flat bottoms often need to be tipped on
edge. Powdered resins are easily dewatered via centrifugation, assuring less
than 1 gallon free liquid in the disposal container.

A method exists for dehydrating resins, and absorbent materials are being
cons idered to help remove residual water from a liner of dewatered resins.

*

J. Levendusky, EPICOR, Inc
P. Piciulo, August 12, 198

?rporated, in a private communication with
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Characteristics of Environment Inside a High Integrity Container

The survey of nuclear power plants, reviewed in section 2, revealed
extreme variations in the water chemistry within the different water treatment
systems in a plant and from one plant to another. Thus, it is not possible to
define the characteristics of water remaining in a HIC. However, the
following points are apgarent:

The pH of the liquid can vary from 2 to 11. Solutions with pH <4 are
generally corrosive to carbon steel.

Chloride ions (C1-) may be present in the drainable liquids in a
disposal liner at concentrations of hundreds of parts per billion.
Chloride is corrosive to stainless steel and, therfore, the effect of
C1= on the container lifetime must be considered if stainless steel
is used as a liner material.

The resin waste inside a liner may come from a single demineralizer in
a plant or from a spent resin holding tank where resins from several
demineralizers are mixed.

The radionuclide concentration in the free liquid remaining after
dewateriny will be lower than that on resins.

The gross B,y activity on ifon exchange resins being disposed of varied
from <1 to 5000 wWCi/mL. This coupled with the large variations in the
radioisotopes present will affect the total radiation dos~ to the
resins during burial, thus, affecting resin degradation.

In several cases ion exchange resins have been disposed of with large
radionuclide loadings which can result in radiation doses to the
resins greater than 10° rad. Section 3 presented evidence of
radiation induced degradation products of ion exchange resins which
are corresive to carbon steel, a liner material used at present.
Thus, a HIC must not only withstand any degradation effects of free
liquid in the liner, it must also maintain its integrity when in
physical contact with the waste.

Cas buildup inside a disopsal liner may result from both radiolysis
and biodegradtion. The radiolysis of water or the ion exchange resins
will produce primarily hydrogen gas. Biodegradation of organic carbon
will yield carbon dioxide.

It is recommended that liquid removed during the dewatering of resins by
the utilities, be analyzed to establish a data base on the chemistry of the
water inside a liner. This is necessary to assess the corrosivity of the

liquids.
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Additional information about the long-term chemical and physical decom-
position of organic ifon exchange resins is necessary to evaluate the stability
of a high integrity container filled with resins throughout the hazardous
liftetime of the waste.

There is little data in the literature des~~ibing biodegradation in or-
ganic fon exchange resin waste. Reseach is needed to identify the type(s) of
microorganisms present in radioactive ion exchange resin waste, their rate of
growth, and the extent of multiplication. In addition the effects of the
degradation rate and the degradation products on the waste package should be
assessed.

5.2 Maximum Limit on Free Liquid in High Integrity Containers

0f primary cuncern in establishing a maximum limit on the amount of free
liquid remaining in a high-integrity container (HIC) filled with dewatered or-
ganic ifon exchange resins, is the protectiun of the public health and safety.
It is undesirable to have large amounts of radioactive liquids spilling from a
liner of organic ion exchange resins in the event of an accident during trans-
portation or being released intc a burial trench due to container failure.
The radiation exposure to the plant personnel responsible for dewatering the
iiner must also be considered. Since long dewatering times may increase the
radiation exposure to the operator, the allowable volume of drainable liquids
should be achieved in a reasonable dewatering time.

It is difficult to account for all the water in a liner filled with ion
exchange resins because these resins generally contain about 50% water. For
example, one manufacturer, Dow Chemical, USA, specifies a range of water re-
tention capacity for their resins. Dowex HCR-S, a strong acid cation exchang-
er supplied in a nuclear grade, has a range of water retention capacity of
50-56%. Several factors will affect the water retention capacity for spent
resins such as repeated regeneration, cracked beads, and radiation damage.
Environmental factors like temperature and humidity can cause a change in the
amount of water that is held by the resin. Consider an example where
150 ft3 (1122 gallons) of resins are dewatered in a liner to the limit of
1 gallon free liquid. Since the resig beads are spherical and packed randomly
in the liner, about 35% of the 150 ft2 volume of resins is interstital void
space. Thus, there are about 97.5 ft3 (729 gallons) of resin material in
the liner. If the water retention capacity ranges from 50 to 56% for these
resins then there are 365 to 408 gallons of water in the liner. A temperature
change causing evaporation of water from within the resin bead followed by
condensation outside the resin, can significantly change the volume of free
water in a liner. Likewise, it is possible for the resins to take up mois-
ture. Clearly it 1s difficult to account for 1 gallon of water in a liner of
resins containing almost 400 gallons of water bound to the resins, It is in-
teresting to consider that, in a large liner, for example, a 6 ft x 6 ft right
cylinder with a flat bottom, 1 gallon of water equally distributed across the
bottom of the container will be approximately 0.06 inches (1.45 mm) deep. One
company, CNSI, ha< a conical bottom on the dewatering liner which will direct
any free liquid to a low point to de removed. This design is
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better than having a utility tip a disposal cask and liner to direct the water
to a low point. A disadvantage of the conical bottom is the likelihood of
collecting any corrosive liquids in a small area rather than having the solu-
tion dispersed over a larger area. It may, however, be safe to assume that a
liner placed in a burial trench will not lie perfectly flat. Thus liquid in
the liner will collect in the low point of the container in any event,

Liner~ used for the disposal of jon exchange resins vary in volume from
the 55-gallon drum to the CNSI 300 ft3 (2240 gallon) liner, it may be rea-
sonable to express the limit of free liquid as a percentgge of the volume of
waste in the container. Consider the disposal of 300 ft° of dewatered
resin, in a 300 ft° (2244 gallons) liner, 1 gallon of free liquid would be
allowed. Since dewatering to thig limit is ditficult in the large liner, dis-
posing of the resins in six 50 ft2 (374 gallon) liners may be preferred.

Ore gallon of free liquid is allowed in each of these gix liners or 6 gallons.
If 6 gallons of free liquid were allowed in the 300 ft° liner, dewatering to

this 1imit (approximately 0.3% of the container volume) would have been easi-
er, and in the end less material would have been buried (asguming it requires

13ss material to construct one 300 ft3 liner than six 50 ft3 liners).

If a HIC fails during the required containment time (say 300 years) in
the burial trench, it is preferred that only a small amount of liquid is re-
leased from the container to the trench. Remember, however, that the radio-
nuclide concentration is much smaller in the free liquid than in the ion ex-
change resins., Because the resins are largely water, after the liner is
breached, it is possible that the water and/or radionuclides in the resins
will exchange with water and/or ions in the trench soil. The equilibrium
resulting in this scenario may be as important as the release of free liquids
when considering the transport of radioisotopes into the environment.

Since ion exchange resins generally have a moisture content of 50% of ihe
resin volume, the effects of this water on the waste package shculd be consid-
ered, Data presented in section 3 indicated that removal of water retained
by the resins significantly reduces the corrosion of steel by resin degrada-
tion products. Thus, little is gained by reducing the allowable free liquids
from 1% or 0.5% to 1 gallon if corrosive species can still be transported to
the liner wall by water by the resins.

The vendors of services to the nuclear industry agreed that water removal
is a function of dewat.ring time. Excessively long dewatering times may
achieve the desired small amount of free water (e.g., 1 gallon), but it may
also result in larger radiation exposures to a worker.

It is recommended that the amount of free liquid allowed in a high integ-
rity container be as low as reasonably achievable. Given the findings of this
study the 1imit should be based on the volume of waste in a liner. It is ap-
parent that allowing only one gallon of free liquid in a liner is not prac-
tically achievable in large liners. Therefore, a limit of 0.5% free water is
suggested. However, in order to establish a 1imit on the amount of free water
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to be allowed in @ high inteqrity container, information 1s needed in the
following areas:

The water defined as free water remaining in a liner must be defined,
The water held by the resins, water absorbed on the surface of the
resins and water adsorbed on the interior suriace of the liner must
all be considered. These factors cause a large uncertainty in
quantifying the amount of free liquid in a liner.

The accuracy of the dewatering method to be used by a utility must be
substantiated by the vendor of the dewatering equipment. The
suggested procedure for dewatering resin filled liners to a certain
limit of free liquid is apparently based on the interpretation of
water removed vs dewatering time data.




6. TECHNICAL JUSTIFICATION FOR THE DRAFT COPY OF THE NRC HIGH INTEGRITY
CONTAINER DESIGN GUIDELINES

6.1 Introduction ’

A major concern in the shallow land burial of radioactive waste is the
stability of the burial site, which can be achieved through a stable waste
package. Solidification is a common method to stabilize radioactive waste.
The use of a high integrity container (HIC) for the disposal of low level
radioactive waste is intended as an alternative to solidification. Design of
a HIC should be based on the specific type of waste to be buried. The high
integrity container design addressed in this chapter is for the disposal of
dewatered ion exchange resin waste from nuclear power plants. Some of the
problems of high 1ntegr1t{ gongainer gevelopment have heen considered in a
number of recent reports.\.2¢,26,27,28

The State of South Carolina presently allows dewatered ion exchange resin
wacte with specific activity greater than one microcurie per cubic centimeter
to be buried in a high integrity container at the Barnwell disposal site.
Design criteria for the construction of a HIC have been established by the
state in a memorandum, which is reproduced in Appendix B. The South Carolina
Department of Health and Environmental Contral, Bureau of Radiological Health
has, thus far, issued a certificate of compliance for HIC to Chem-Nuclear
Systems, Incorporated and Philadelphia Electric Company.

The United States Nuclear Regulatory Commission has proposed a draft
regulatory guide for high integrity container design also presented in
Appendix B. The guide is applicable to a HIC containing dewatered ion ex-
change resins with a specific activity of 350 Ci/em3 or less of radionu-
clides with half-1ives greater than 5 years. This is just a guide and no HIC
has yet been certified by the NRC. This section shall review each criterion
and present the technical justification based on information available in the
literature. Those areas where data is lacking are indicated and methods to
aleviate the deficiencies are suggested.

6.2 HIC Design Guidelines

Guideline A. The container should maintain its physical integrity for 10
hal f-1ives of the longest lived significant isotope. For rou-
tine resin wastes, the isotopes of primary concern are Cs-137
and 3r-50 having 30-year half-lives. Therefore, the design
lifetime of a container for routine resin wastes should be a
minimum of 300 years. For wastes containing isotopes having
half-lives less than 30 years, containers may be designed with
lifetimes less than 300 years.

To establish the minimum lifetime for a high integrity container filled

with routine resin wastes from lignt-water reactors (LWR) the protection of
humans from the radioactivity in the waste must be considered. The possible
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pathways of transfer of radiocactive materials from the waste form and the re-
lation between radioact};s nuclide concentraticn or total amounts and human
exposurs Sre important. +29) The Draft Environmental Impact Statement
(DEIS)( 9) on 10 CFR Part 61 provides the rationale for the waste categories
and the allowable limits in the wastes of various nuclides.

In general, the most restrictive limit on allowable radioactivity in
wastes is determined by the 58§sib111ty of an intruder coming in contact with
the wastes afte, .00 years.( + This is the postulated period of institu-
tioral control over the waste site. The intruder can construct a building,
live in this building and farm the area, or on first digging, find large quan-
tities of foreign material (i.e., waste packages) and quickly leave to find
information on the material. Table 6.1 is reproduced from 10 CFR Part 61 and
present the proposed waste classification., The Class A wastas are considered
innocuous and indestinguishable from natural soil after 100 years. Class B
wastes require the stability of the waste form or container (HIC) to warn an
intruder of possible danger, in addition to, preventing the loss of waste to
the environment. Class C wastes must be stabilized and must provide protec-
tion from intruders either by the depth of burial or engineered barriers.

If the level of radioactivity of Class A waste at the end of the 100-year
institutional control period is assumed safe for ceneral access by man, then
the time necessary to reach this safe ievel can be calculated for various nu-
clides with initial activities as given for Class B wastes. Table 6.2 shows
the major isotopes of concern, the half life, and decay constants. The maxi-
mum concentration for Class A segregated waste as defined in 10 CFR Part 61
and the concentration after 100 years are listed in lines 3 and 4, respec-
tively. The maximum concentration for Class B segregated waste as defined in
10 CFR Part 61 is given (line 5) and the time for this c ‘ncentration to decay
to the safe level (line 6) is also listed. Clearly, if the resin waste is
loaded with H-3 or Sr-90 to the maximum concentration allowable for Class B
waste, the necessary lifetime of the container would have to be greater than
300 years. The survey results discussed in this report have not shown any
utility loading resins with radionuclides to the concentrations given in Class
B for H-3, Co-60, and Sr-90, however, the Edwin I. Hatch Nuclear Plant (see
Table 2.8) and the Vermont Yankee Nuclear Power Plant (see Table 2.11) have
reported loadings of Cs-137 of 757 uCi/g and 48.4 nCi/g, respectively. These
values are above the vaiue suggested in 10 CFR Part 61 for Class B segregated
wastes and the materiais should be buried as Class C, intruder wastes. The
loading of 757 uCi/g would require about 385 years to decay to the level
considered safe (see line 4 of Table 6.2). An estimated upper-range maximum
radionuclide concentrations for a number of w?ggs streams in both BWR and PWR
power stations is given in Table 7.4 of DEIS. « The values for the ion
exchange resins loaded with the nuclides of interest in this discussion are
listed in line 7 of Table 6.2. The time necessary to reach the level of ac-
tivity considered safe is shown in line 8. Only the estimated upper range of
Sr-90 expected from pressurized water reactors will not decay to the accepted
safe activity level within 300 years.
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Tadble 6.1

Waste Classifications
Table 1 From 10CFR Part 61

Col Col Col!nn

Isotope 1 2 3
Any with half-l1ife less than 5 years 700 70, Theoretical maximum specific activity
H-3 40 1 Th:antlul maxinum specific activityd
c-14 0.8 0.8 0.
Ni-59 2.2 2.2 2.2
C0-60 700 70,000 Theoretical maximum specific activity
Ni-63 3.5 70 70
Mb-94 : 0.c02 0.002 0.002
Sr-90 0.04 150 700
Tc-99 0.3 0.3 0,34
1-129 0.008 0.008 0.008%
Cs-135 84 84 8
Cs-137 1.0 44 4600
Enriched uranium 0.04 0,04 0.04
Natural or depleted uranium 0.0% 0.05 0.05%
Alpha-emitting transuranic isotopes 10 nCi/g
Py-241 350 nCi’q

‘naz:uluu concentration for Class A searegated waste. Above this, 1t is Class B stadble waste

“ c' -

22oncentrations above which some wastes become Chss C intruder waste uCi/cm3,
aximum concentration for any waste class wCi/cm?,

UNear-surface disposal facilities will be limited to a specific quantity for the disposal
site. This quantity will be determined at the time the license is issued and will be
qoverned largely by the characteristics of the site., Therefore, the tota! activity of these
1sotooo; in each package of waste must be shown on the shipping manifest (see §20,311 of this
chapter).

For isotopes cortained in metals, metal alloys, or permanently fixed on the metal as
contamination, the values above may be increased by a factor of ten, except natural or deplet-
ed uranium which can be the natural specific activity.

For isotopes not listed above, use the values for Sr-90 for beta emitting isotopes with little
or no qamma radiation; the values for Cs-137 for beta emitting isotopes with sianificant
qamma raodiation; and the values for 1)-235 for alpha emitting fsotnpes other than radium,
Wastes containing chelating agents in concentrations qreater than 0.1% are not permitted
except as specifically approved by the Commission,

For mixtures of the ahove isotopes, the sum of ratfos of an isotope concentration in waste
to the concentration in the ahove tahle shall not exceed one for any waste class,
Concentrations may be averaged over volume of the packane. For a 55-callon drum multiply the
concentratifon limits by 200,000 to determine allowable total activity.

Unti] estah!ishment and adoption of other values or criteria, the values in this tahle [or
greater concentrations as may be appoved hy the Commission in particular cases) shall be uLsed
in cateqorizing waste for near-surface disposal,

It is recommended that all high integrity containers have a minimum 1ife-
time of 300 years if they contain ion exchange media with radionuclide load-
ings greater than those suggested for Class A waste in 10 CFR Part 61. A con-
tainer designed with a shorter lifetime and allowing the release of its con-
tents in fewer than 300 years may cause a change in the soil characteristics
of the trench. This in turn can result in the premature failure of other con-
tainers which are expected to last 300 years. Line 9 of Table 6.2 presents
the estimated maximum concentrations to be buried in containers with a 300-
year lifetime. The activities listed will decay after 300 years to the level
considered safe given in line 4 of Table 6.2. Resin wastes having radio-
nuclide loadings greater than those listed in line 9 should be disposed of in
a waste form or HIC designed to maintain its integrity for more than 300
years.
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Table 6.2

Comparison of Radionuclide Concentrations With Timed

Isotope H-3 Co-60 Sr-90 Cs-137
1) Half-life (yrs) 12.26 5.26 28 30
2) Decay-const. (yr-l) 5.654x10-2  1,318x10-1 2.476x10-2  2,310x10-2
3) Maximum concentration
for Class A segregated
wasted (uCi/cm3) 40 700 0.04 1.0
4) Concentration for Class A
segregated wasts after
100 yrs (uCi/cm3) 0.140 1.32x10-3  3.36x10-3  9,93x10-2
5) Maximum concentration
for Class B segregated
wasted (uCi/cmd) 108 70,000 150 44
6) Time for maximum concen-
tration for Class B
waste to reach concen-
tration given in line
5 (yrs) 360 135 432 264
7) Estimated upper-range
maximum radionuclide
concentration
(uCi/em3)¢
for BWR's 227 73.4 2.17 53.4
PWR's 144 25.4 71.0 112
8) Time for values in line
8 to reach levels listed
in line 5 (yrs)
for BWR's 131 83 261 272
PWR's 123 75 402 304
9) Maximum radionuclide
concentration to be
buried in a container
having a 300 yeas
lifetime (uCi/cm3) 3x106 Theoretical
Maximum
Specific
Activity 5.65 102

aA11 calculations used the basic decay relation N(t) = N, e=’t,
PAs defined in the proposed ruling of 10 CFR Part 61.
CTaken from Table 7.4 in Reference 29.

See Table 6.1.
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Guideline B. As a minimum the following should be evaluated in assessing the
integrity of the container over the design lifetime:
B.1. Corrosion of the container under storage and burial conditions.

Generally, nuclear plants do not store dewatered ion exchange resins in
the disposal container for long periods of time on the plant site (see
section 2). Therefore, since the waste package should retain its integrity
for hundreds of years, corrosion of the container under burial site conditions
is of major concern. However, the container is also expected to resist
corrosion during short-term storage prior to burial.

Liners presently used for the disposa! of dewatered ion exchange resins
are generally constructed of carbon steel. The survey of vendors of disposal
liners to the nuclear industry (see section 4) revealed that one company,
EPICOR, Incorporated, is considering epoxy-iined steel for a HIC. Since cor-
rosion is a major failure mechanism for metallic containers, the corrosive
effects of the burial environment must be addressed when designing a HIC.

Gause, et a1.(26) made a thorough report on the corrosion of container
metals in soil incorporating a number of laboratory and field studies. A
number of factors affect the corrosiveness of soil such as moisture, pH, con-
ductivity, permeability c¢f water and air, oxygen, salts, stray electrical cur-
rents, and biological organisms. Simple relationships between these factors
and the corrosiveness of soil are not always valid. Pitting is the most com-
mon form of corrosion in most soils. For a nuclear waste container, the pene-
tration rate or pitting rate should be considered when selecting a metal as a
container material.

B.2. Corrosion of the container due to the contents

Section 3 of thi; rsport reviews the degradation of organic ion exchange
resins. Studies(4:6,7,8) of the radiation-included degradation of ion ex-
change media have shown corrosion of both mild steel and stainless steel by
chemical species released from the resins. Moisture in the resin beads acts
as a transport medium for corrosive s?gg1es from cation exchange resins to the
metal surface resulting in corrosion. [f metals are choosen as construc-
tion materials for a HIC it is recommend that the resistance to the corrosive
action of the resins, drainable liquids and degradation products of the ion
exchangers be evaluated for that material.

The use of coatings, like epoxy, used in EPICOR-II liners at TMI, may be
choosen as a method of protecting the metal surface of a HIC. To provide pro-
tection against metal corrosgon, the coating must be resistive to moisture,
acids, alkalis, and salts(30) which may be present inside a liner. The
coating material should adhere to the metal surface and remain in tact for
the intended life of the container. It is also necessary that the coating be
free of holidays (areas of metal not covered) which can provide a surface for
corrosion to occur.
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Plastics, such as high density cross-linked polyethylene, are being used
as HIC materials. Work is necessary to demonstrate the corrosion resistance
of HDXL polyethylene to species released on the radiation-induced degradation
of organic ion exchan. resins.

B.3. Mechanical strength of the container to withstand a load placed
directly on the top of the container e3u1valent to 35 feet of
material having a density of 120 1b/ft°.

The HIC is to be used for segregated waste with radionuclide loadings
greater than suggested for Class A waste in 10 CFR Part 61 ruling. This waste
is disposed of in the uppermost 10 to 20 meters (33 to 66 feet) of the earth's
surface. The container should have a minimum mechanical strength to support
the load of 10 meters of earth overburden. The three operating ?*rial sites
construct trenches having a depth in the range of 5 to 8 meters. 0

Appendix C l1ists the soil c?sr cteristics of National Bureau of Standards
test sites in the United States,(26) Column 19 gives the apparent specific
gravity of the soil for 53 of the sites. The average value is 1.72 and the
standard deviation of these values is 0.2. Assuming a normal distribution of
apparent specific gravities, then approximately 68% of the values will differ
from the mean by less than 1 standard deviation. Therefore, 84% of the values
will be less than the mean plus one standard deviaticn or 1.92 (1.72 + 0.20).
Examination of the table shows that approximatle§ 80% of the values do fall
below the value of 1.92. A density of 1.92 g/cm?® corresponds to 120

1bs/ft°. Therefore, the values of 35 feet of overburden having a density of
120 lbs/ft3 are a conservative requirement for mechanical strength of the
container.

B.4. Mechanical strength to withstand routine loads from disposal site
operations, such as trench compaction operations.

The HIC should be safe during the routine handling operations at a dis-
posal site. Once a container is placed in a trench, it should maintain its
physical integrity through the entire operation of filling the trench and
finishing the trench cap. Collapse or slumping of the trench cap or cover can
result in water entering the trench. To minimize the settling of the earth in
the trench, it is necessary to compact the dirt, hence, the waste package must
oe able to withstand the load resulting from this operation. This 1nad may be
larger than that of the earth overburden which must be supported for the in-
tended life of the container.

B.5. Thermal loads from processing, storage, transportation, and burial.

Several mechanisms exist, which can result in a thermal load on a HIC
filled with dewatered ion exchange resins. The use of dry hot air in the
resin dewatering process was discussed in section 4. No information was
given, however, on the air temperatures used or the subsequent thermal ex-
posure to the liner. The survey reviewed in section 2 showed that
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short-term storage of dewatered resins at nuclear plants can be either indoors
or outdoors, and a liner can also be exposed to a large variation in tempera-
tures during transport from the reactor station to the burial site. Table 6.3
lists temperature ranges for a few states in which some nuclear plants are
located. The thermal load possi?}a gniide a liner of resin due to radioactive
decay heating has been discussed(22,31) for the EPICOR-II liners used t.
process water from the Auxiliary Building at TMI., Based on assumptions spe-
cific to the cleanup operation, the maximum temperature difference across the
ion exchange media was estimated to be 11°C to 44°C (52°F to 111°F) for a
total thermal inventory of 1.0 to 4.0 watts, respectively. This evalualion
may serve as an upper bound approximation for resin waste from operating nu-
clear plants.

Table 6.3

Temperature Variations for Several States

Mean Minimum Mean Minimum
Temperature (°F) Range Temperature (°F) Range
Januaryd Julyd
I1linois 14-28 84- 90
Maine 0-14 70- 84
Nevada 10-36 76-104
South Carolina 30-42 80- 92
Washington 8-36 64- 92

3The range given is taken from the lowest and highest isoline
values from the appropriate maps in Raference 32.

The possible temperature variations discussed here indicate the necessity
to address the thermal stability of a waste package when designing 2 high in-
tegrity containe~. Recommendations of test procedures are presented in a
recen 3§sview of methods for testing the thermal stability of a waste
form.

B.6. Radiation stability of the container material and the contents to
include effects produced by irradiation of the resins, including
gas generation and acid formation.

It is essantial that a container maintain its integrity for the hazardous
life of the waste to prevent the release of radionuclides to the environment.
Therefore, the stability of the waste (e.g., ion exchange resins), and the
container material to radiation must be assessed in a high integrity container
design.

Section 3 of this report reviews the effects of ionizing radiation on ion
exchange resin media. In general, radiation doses to resins in excess of
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108 rad result in gas generation, and the corrosion of steel due to acidic
species released from cation exchangers. The corrosive effects of resin
degradation products on alternate container materials (for example high dens-
ity cross-iiked (HDXL) polyethylene which is being used for the dispoal of de-
watered ion exchange resins at the Barnwell, SC, burial site) must be evalu-
ated on a case-by-case basis.

The use of orgnaic materials like HDXL polyethylene and epoxy coatings on
steei in high integrity containers possess a question of their ra 1aSion sta-
bility. Organic compounds yield gaseous products on irradiation. Hy-
droge? is Ehe primary gas generated in the radiolysis of polyethy-
lene, (33,34) and there 13 subsequent deterioration of the mechanical prop-
erties of the plastic.(3 ) A minimum accumulated radiation dose usually
exists above which these changes occur. However, if a limit is establ}ghed on
the allowable radionuclide loading on ion exchange media being buried, )
then failure of the waste package due to radiation damage of the contents of
the container materials may be negligible. Where data is lacking on the radi-
ation stability of candidate container materials, the information should be
determined and limits established if the materials are to be used in HICs.

B.7. Biodegradability of the container and contents under storage and
burial site conditions.

Microorganisms can be responsible for the degradation of natural and
man-made organic materials. Thus, the possibility of biodegradation must be
considered in the design of an HIC to be used for the disposal of organic ion
exchange resins. The survey of the utilities revealed a potential problem of
gas generation due to bacteria growth in ion exchange resin waste. There is,
however, limited data on the biodegradation of organic ion exchange media, as
discussed in section 3.4 of this report.

High density cross-linked polyethylene is presently in use as a construc-
tion material for HICs buried at the Barnwell, SC, disposal site. Since micro-
organisms are present in resin waste and also abundent in the biosphere, par-
ticularly in shallow land burial trenches,(lo) the possible biodegradation
of the waste package resulting in the re}ggie of radionuclides to the environ-
ment must be addressed. A recent report showed that Tow density poly-
ethylene was degraded slowly by microbial action. The initial rate of degra-
dation was measured between 0.005 and 0.10% per month. High density p?agstny-
lene has been reported to have good resistance to soil microorganisms,

There is need for work in the area of microbial decomposition of both
waste packages and the waste itself (i.e., ion exchange resins) in order to
assess the extent of the problem on nuclear waste management.

Guideline C. The container should be able to meet the requirements for a Type
A package as defined in 49 CFR Section 173.398(b). The free
drop test may be performed in accordance with 10 CFR Part 71,
Appendix A.
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Since it is necessary to transport the high integrity container, filled
with dewatered ion exchange resins. from the nuclear piant to the burial site,
as a minimum, the container should meet tne rzguirements of the Department of
Transportation [i.e., 49 CFR Section 173.398(b)]. The NRC regulation defining
the free drop test (i.e., 10 CFR Part 71 Appendix A) is a conservative re-
quirement for the packaging of radioactive material. Appendix C contains the
two regulations of concern. These requirements include tests in heat, cold,
pressure, vibration, water spray, free drop, penetration, and compression en-
vironments, and they have contributed ;g‘§he safe packaging and transport of
radioactive waste at the present time,\~=,

Guideline D. The container and the associated 1ifting devices should be able
to withstand the forces applied during 1ifting operations. This
includes adding a safety factor te cover "abrupt lifting." As a
mi?iTum, the container should be able to withstand a 3 g verti-
cal load.

If a container used for the transport and disposal of dewatered spent ion
exchangers is to retain its integrity for 300 years in burial, then, it should
be designed to withstand the normal operations necessary to fill the package
with waste, transport the package to the disposal site, and move the package
to its final resting place in the burial trench. Burial site operations may
include as a minimum, the use of fork 1ifts and cranes to 1ift the contairer
from the transport vehicle to the trench. Since the public safety is of major
concern when handling radioactive waste, the HIC design must address all un-
certainties which may be encountered during these operations. Abrupt lifting
is an example of an operation which can result in large stress on the con-
tainer from the lifting device. The existing requlation for waste package
standards, 10 CFR Section 71.31(c) (see Appendix C) requires that lifting de-
vices on the waste form must be capable of supporting three times the weight
of the loaded package. The weight w, of a package is simply the mass, m, of
the material multiplied by the acceleration due to gravity, g.

W =mg

Since the mass of the package is constant during abrupt lifting, a minimum
load of 3 g is equal to three times the weight of the package. Therefore,
this vertical load is a minimum requirement which is consistent with the
existing requlation.

Guideline E. The container should avoid the collection or retention of water
on container surfaces.

The survey of operating nuclear stations, discussed in section 2 of this
study indicates that the majority of the nuclear plants either operating or in
various stages of construction are located in humid regions of the United
States. Figure 2.1 shows the approximate location of the nuclear power reac-
tors in the United States, wnich are the source of the organic ion exchange
resin waste to be dispose Qg in a HIC by shallow land burial. The "Low Level
Waste Policy Act Report,” 37) also shows that the majority of low level
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waste from reactors is produced in humid regions and is presently disposed of
at the Bar?wssl, South Carolina, ?g;}al s‘te where the precipitation is

118 cm/yr. 1 Public law 96-573 calls for each state to provide the
availability of disposal capacity for LLW. A large portion of ion exchange
resin waste is produced and buried in wet areas of the United States, hence,
it is reasonable to expect the waste package design to address the problem of
the collection and retention of water on the container surface. To ensure
water drainage in a burial trench, the container design should minimize the
possibility of water accumulation on the surface. The avoidance of water
collecting in a single area on a container surface will help mitigate any
corrosive attack.

Guideline F. The container should remain sealed for the design lifetime of
the container. Special vent designs which do not cause radio-
nuclide migration over the design lifetime of the container may
be considered if needed to relieve excessive internal
pressures.

The high integrity container is an alternative tc solidification as a
means of stabilizing ion exchange resin wastes for disposal. In both cases,
it is expected that the radionculides will not be released to the environment
during the hazardous lifetime of the waste. For the HIC, the construction ma-
terial is the ultimate barrier to the environment for the release of radioac-
tive contaminants to the environment, Additionally, the caps and covers used
for the closure of the container must prevent the loss of radicactive species
to the same extent as the construction material.

Both radiation induced degradation and biodegradation of organic ion ex-
change resin waste can result in gaseous products. Experimental evidence for
gas generation is discussed in section 3 of this report. Gases of major con-
cern are hydrogen, Hp, produced on the radiolytic degradation of organic ion
exchange media and the radiolysis of water, and carbon dioxide, COp, result-
ing from biodegradation of material inside the container. Although the radio-
lytic gas generation may be neg]ig}b‘e if a 1imit for radionuclide loading on
ion exchange media is established, the potential problem of gas produc-
tion from biodegradation must be assessed. Pressure buildup inside the con-
tainer may result in failure of the HIC. To prevent a failure of this type, a
vent for gaseous compounds may be necessary. Vent designs incorporated into
high integrity containers should not allow the release of radionuclides from
the waste pacxage to the environment, thereby defeating the purpose of con-
tainment. Additionally, chemical and biclogical substances from the trench
environment should not pass through the vent if they can cause a decrease in
the stability of the resin waste package.

6.3 Conclusions
The high integrity container discussed in this study is for the disposal

of dewatered ion exchange resin waste from nuclear power plants. The NRC sug-
gests that the radioactivity in the container does not exceed 350 uCi/cc of
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nuclides with half-lives greater than 5 vears. Based on the waste classifica-
tions defined in the prcposed ruling, 10 CFR Part 61, "Licensing Requirements
for Land Disposal of Radioactive Waste,"” it is recommended that the HIC have a
minimum 300-year design lifetime. Maximum activities for H-3-Co-60, Sr-90,
and Cs-137 to be disposed of in this HIC are estimated above which a disposal
container having a longer 1iftime should be used.

The container should maintain its structural integrity and prevent the
loss of the contents for the design lifetime. Corrosion is a major failure
mechanism for metallic containers and corrosion can be caused by the internal
and the external environment of the HIC. Mechanical strength and thermal
stability must be considered in the design of a HIC., If a 1imit is estab-
lished for the radionuclide loading on ion exchange resins being disposed of
there may be no deleterious effects to the resins or the container material
resulting from radiation.

Information on the biodegradation of the contents (i.e., ion exchange
resin waste) of the HIC is sparse, thus work should be done in this area.

It may be necessary to incorporate a vent in the HIC to relieve excess
gas pressure resulting from bacterial activity. It is recommended that the
effects of radiation and of biodegradation on the HIC stability be evaluated
on a case-by-case basis.
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APPENDIX A
COMPLETED QUESTIONNAIRES
This appendix contains the completed questionnaires received from seven

boiling water reactors (BWR) and nine pressurized water reactors (PWR).
Included is any additional information supplied by the utilities.

A.1 Boiling Water Reactors

Responses were received from:

Bronws Ferry Nuclear Power Station
Dresden Nuclear Power Station
Duane Arnold Energy Center

Edwin I. Hatch Nuclear Plant
Monticello Nuclear Generating Plant
Peach Bottom Atomic Power Station
Vermont Yankee Nuclear Power Station

A.2 Pressurized Water Reactors

Responses were received from:

Fort Calhoun Station

Joseph M, Farley Nuclear Plant

Kewaunee Nuclear Power Plant

Maine Yankee Atomic Power Plant

Prairie Island Nuclear Generating Plant
Sequoyah Nuclear Plant

Trojan Nuclear Plant

Yankee-Rowe Nuclear Power Station

Zion Nuclear Plant

The contents of this appendix are given in the attached microfiche.



APPENDIX B

1. HIGH INTEGRITY CONTAINER DESIGN GUIDELINES

2. SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL,
“STAFF POSITION ON GENERAL CRITERIA FOR HIGH INTEGRITY CONTAINERS"
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HIGH INTEGRITY CONTAINER DESIGN GUIDELINES

Scope:

This guide is applicable to a high integrity container to be used for the dis-
posal of nuclear power plant dewatered resins containing up to 350 uCi/cc of
ruclides with half-lives greater than 5 years. The resins are assumed to be
dewatered to the extent that the remaining drainable liguid upon receipt at
the disposal site would not exceed 0.5% of container volume or 1 gallon,
whichever is less, and has a pH within the range of 4 to 11l.

Guidelines:

A. The container should maintain its physical integrity for 10 half-lives of
the longest lived significant isotope. For routine resin wastes the
isotopes of primary concern are Cs-137 and Sr-90 having 30-year half-
lives. Therefore, the design lifetime of a container for routine resin
wastes should be a minimum of 300 years. For wastes containing isotopoes
having half-lives less than 30 years, containers may be designed with
lifetimes less than 300 years.

B. As a minimum the following should be evaluated in assessing the integrity
of the container over the design lifetime:

1. corrosion of the container under storage and burial site conditions;

2. corrosion of the container due to the contents;

3. mechanical strength of the container to withstand a load placed
directly on the top surface of the container equivalent to 35 feet of
material having a density of 120 1b/cf;

4. mechanical strength to withstand routine loads from disposal site
opertions, such as trench compaction operations;

5. thermal loads from processing, storage, transportation, and burial;

6. radiation stability of the container material and the contents to
include effects produced by irradiation of the resins, including gas
generation and acid formation.

7. biodegradability of the container and contents under storage and
burial site conditons.

C. The container should be able to meet the requirements for a Type A package
as defined in 49 CFR Part 173,398(b). The free drop test may be performed
in accordance with 10 CFR Part 71 Appendix A.

D. The container and the associated 1ifting devices should be able to with-
stand the forces applied during lifting operations. This includes adding
a safety factor to cover "abrupt 1ifting." As a minimum, the container
should be able to withstand a 3g vertical load.
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The container design should avoid the collection or retention of water on
container surfaces.

F. The container should remain sealed for the design lifetime of the contain-
er. Special vent designs which do not cause radionuclide migration over
the design lifetime of the container may be considered if needed to re-

lieve excessive internal pressures.
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RETYPED FOR LEGIBILITY

October 22, 1980
MEMORANDUM

TO: Heyward G. Shealy, Chief
Bureau of Radiological Health

FROM: Divisfon of Rad. Materifal Licensing & Compliance
Bureau of Radiological Health

SUBJECT: Staff Position on General Criteria for High Integrity Containers

In October 1979, the 1ow-level waste facility 1icense was, again, amended in its entirety.
This revision to the burial license specifically defined our requirements for free
standing 11quids and set goals for their implementation. Also discussed were tne Depart-
ment's goals to enhance the stability of the high concentration waste forms buried at
the South Carolina site. One method to increase stability and containment of these
waste forms 1s to require complete solidification. Another option is to improve the
integrity of the burial containers.

High integrity containers could be a viable option to increase stability and long term
containment of high concentration waste forms. High concentration waste forms are
defined as fon exchange resins, filter media and other media used to concentrate and
remove activation and corrosion products from plant process systems having specific
activity of one (1) microcurie/cubic centimeter or greater of all radionuclides with
greater than five (5) year half-1ives. The high integrity containers for these waste
forms should be designed and constructed to minimize any impact on the industrybut also
to meet the criterfa established below. These containers should be designed to be used
in conjunction with existing Type A and Type B specification shipping containers to
meet the U. S. Department of Transportation requirements.

The general criteria for high integrity containers to be used for high concentration
waste forms 1s as follows:

(1) The container must be capable of maintaining its contents until the radionuclides
have decayed, approximately 300 years since two of the major isotopes of concern
in this respect are Strontium90 and Cesium 137 with half-1ives of 28 and 30 years,
respectively.

(2) The structural characteristics of the container with its contents must be adequate
to withstand all the pressure and stresses it will encounter during all handling,
1ifting, loading, offlcading, backfilling, and hurial.

(3) The container must not be susceptible to chémical, galvanic or other reactions
from its contents or from the burial environment.

(4) The container must not deteriorate when subjected to the elevated temperatures of
the waste streams themselves, from processing materials inside the container, or
during storage, transportation and burial.
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Memorandum
Page two S
October 22, 1980

(5) The container must not be degraded or {1ts characteristics deminished by radiation
emitted from 1ts contents, the burial trench or the sun during storage.

(6) A1 1ids, caps, fittings and closures must be of equivalentmaterials and construc-
tion Lomeet all of the above requirements andmust be completely sealed to prevent
.any loss of the container contents.

WBH:kn
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APPENDIX C

49 CFR Section 173.398 SPECIAL TESTS

10 CFR Part 71 - APPENDIX A - NORMAL CONDITIONS OF TRANSPORTATION

10 CFR Section 71.31 - GENERAL STANDARDS FOR ALL PACKAGING

Table C.1 - CHEMICAL AND PHYSICAL PROPERTIES OF THE SOILS AT THE
NBS TEST SITES
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49 CFR Section 173,398 - SPECIAL TESTS

§173.398

defined in paragraph (a) of this sec-
tion.

(Amdt, 173-90. 39 FR 45243, Dec. 31, 1974)

§ 173398 Special tests.

(a) Special form material: To qualify
as special form material, the radioac-
tive material must either be in massive
solid form or encapsulated. Each item
in massive solid form cor each capsule
must either have no overall dimension
b Lhan 0.5 milllmeters, or must have
al least one dimension greater than §
millimeters. Each item, or the capsule
material, must nct dissolve or convert
into dispersible form Lo the extent of
more Lthan 0.005 percent, by welght, by
immersion for | week in water at pH
6-8 and 68" F., and 2 maximum con-
ductivity of 10 micromhos/centimeter,
and by immersion in air at 86° F. If in
massive solid form, the radioactive ma-
terial must not break, crumble, or
shatter {f subjected to the percussion
test prescribed in this section, and
must not melt, sublime, or Ignite at
temperatures below 1,000 F. 1If encap-
sulated, the capsule must retain its
contents when subjected to all of the
performance Llests prescribed in this
section, and must not melt, sublime, or
ignite at temperatures below 1,475 F.

(1) Free drop. A free drop through a

distance of 30 feet on Lo a flaL essen-
tially unyielding horizontal surface,
striking the surface in such a position
as to suffer maximum damage,
_(2) Percussion. Impact of the flat
circular end of a one inch diameter
steel rod weighing three pounds,
dropped through a distance of 40
inches. The capsule or material shall
be placed on a sheet of lead, of hard-
ness number 3.5 Lo 4.5 on Lthe Vickers
scale, and not more than one inch
thick, supported by a smooth, essen-
tially unyielding surface.

(3} Healing, Heating in alr Lo a Ltem-
perature of 1,475 F. and remaining at
that temperature for a period of 10
minutes.

(4) Imwmersion. Immersion for 24
hours in water at room lemperature.
The water shall be at pH6-pH8, with a
mayitaum conductivity of 10 microm-
nessam,

Nore | Each shipper of special form ra.
dioactive material shall maintain on file for

Tithy 49—Transportation

al least one year after the !ast shipment,
and be prepared Lo provide the Department,
a romplete certification and supporting
safely analysis (ser Note 2) demonstrating
that the special form ma.erial meels Lhe re-
quirements of paragraph (a) of Lthis section.
This requirement is cflective December 31,
1974,

Norte 2. Prior to the first shipment of a
special form radioactive material outside of
the United States, each shipper shall obtain
a Certificate of Compreient Authority fer
the specific material. Each petition  .ast be
silunitied n accordance with § 1733030 ()
and (¢}, and must sdditionally include Lhie
following Information:

& A detailed description of the material,
or if a capsule, the contents. Particular refl-
erence must be made Lo both physical and
chemical states,

b. A detailed statement of the design of
any capsule L0 be used. Including complete
engineering drawings and schedules of ma-
terial, and methods of constsuction,

e. A statement of Ve tests which have
been done and their resulls, or evidence
based on calrilalive methods Lo show that
the material L. capable of meeting the Lesls,
or other evidence thal the special form ra.
dioactive material meels the requirements
of paragraphs (aX 1) thru (4) of this section.

(b) Standards for Type A packaging:

(1) Type A packaging must be 30 de-
signed and constructed that, if it were
subject Lo the environmental and test
conditions prescribed in this para-
graph:

(1) There would be no release of ra-
dioactive material from Lhe package:

(i) The effectiveness of the packag-
ing would not be substantially re-
duced; and

(iil) There would be no mixture of
gases or vapors in the package which
could, through any credible increase
of pressure or an cxplosion, signifi-
cantly reduce the cffectiveness of the
package.

(2) Environmental conditions:

(1) Heal. Direct sunlight at an ambi-
ent temperature of 130° F. in still alr.

(i) Cold. An ambicent temperature of
-~ 40" F. In sti | air and shade.

(ili) Reduc:d pressure. Ambient at-
mospheric pressure of 0.5 atmosphere
(absolute) (7.3 p.s.ia.).

(iv) Vidration. Vibration normally
Incident to transportation.

(3) Test conditions: The packaging
shall be subject to all of the following
tests unless specifically exempted
therefrom, and also to Lthe consecutive
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Chapter |—Research and Special Programs Administration

application of at least two of the fol-
lowing tests from which L Is not spe-
cifically exempted:

(i) Waler spray. A waler spray heavy
enough to keep the entire exposed sur-
face of the package except the bottom
continuously wet during a period of 30
minutes. Packages for which the outer
layer consists entirely of metal, wood,
ceramic, or plastic, or combinations
thereof, are exemp: from the water
spray Lest.

() Free drop. BDetween 1% Lo 2%
hours after the conclusion of Lhe
water spray test, a free drop through a
distance of 4 feet onto a flat essential-

ly unyielding horizontal surface, strik- .

ing the surface in a position for which
maximum damage is expected.

(iil) Corner drop. A free drop onto
cach corner of the package in succes-
sion, or in the case of a cylindrical
package onto each quarter _of each
rim, from a height of 1 foot onto a flat
essentlally unyieiding horizontal sur-
face. This test applies only to packages
which are constructed primarily of
wood ar fiberboard, and do not exceed
110 pounds gross weight, and to all
Fissile Class I packagings.

(iv) Penelration. Impact ¢f the hemi-
spherical end of a vertical steel cylin-
der L% Inches in diameter and weigh-
ing 13 pounds, dropped from a height
of 40 inches onto the exposed surface
of the package which is expected to be
most vulnerable to puncture. The long
axis of the cylinder shall be perpen-
dicular to the package surface.

(v) Compression. For packages not
more than 10,000 pounds in weight, a
compressive load equal to either live
times the weight of the package or 2
pounds per square inch multiplied by
the maximum horizontal cross section
of the package, whichever is greater.
The load shall be applied during a
period of 24 hours, uniformly against
the top and bottom of Lhe package In
the position In which the package
would normally be transported.

(¢) Standards for hypothetical accl-
dent conditions of transportation for
Type B packagings:

1) Type B packaging must meet the
applicable Type A packaging stand-
ards and inust be designed and con-
structed and its ‘contents so limited
that, if subjected to the hypothetical

§173.398

accident conditions prescribed in this
paragraph, it will meet the following
conditions:

(1) The reduction of shielding would
not be enough to increase the radi-
ation dose rate at three feet from the
external surface of the package Lo
more than 1,000 millirem per hour.

(1i) No radioactive material wouid be
released from packages containing
Type B quantities of radioactive mate-
rial. The al.owable release of radloac-
Livity from packages containing large
quantities of radloactive material Is
limited to gases and contaminated
coolant containing total radioactivity
exceeding neither 0.1 percent of the
total radioactivity of the package con-
tents nor 0.01 curie of Group I radion-
uclides, 0.5 curie of Group 1J radionu-
clides, and 10 curies of Groups III and
IV radionuclides, except that for inert
gases the limit is 1,000 curies.

(2) Test conditions: The conditions
which the package must be capable of
withstanding must be applied sequen-
tially, to determine their cumulative
effect on a package, in the following
order:

(1) Free drop. A [ree drop through a
distance of 30 feet onto a flat essen-
tially unyielding horizontal target sur-
face, striking the surface in a position
for which maximum damage is expect-
ed.

(ii’ Punclure. A {ree drop through a
distance of 40 inches striking, in a po-
sition for which maximum damage s
expected, the top end of a vertical cy-
lindrical mild steel bar mounted on an
essentially unylelding horizontal sur-
face, the bar shall be 6 inches in diam-
eter, with the top horizontal and its
edge rounded to a radius of not more
than one-fourth inch, and of such a
length as to cause maximum damage
to the package, but not less than 8
inches long. The long axis of the bar
shall be perpendicular to the unyleld.
ing horizontal surface.

Gil) Thermal Exposure to a thermal
test in which the heat input to the
package is no less than that whicn
would result from exposure of the
whole package to a radiation environ-
ment of 1,475 F. for 30 minutes with
an emissivity coeflicient of 0.9, assum-
ing the surfaces of the package have
an absorption coefficient of 0.8. The




§ 173.426

package shall not be cooled artificially
unti! 3 hours after the test period
unless it can be shown that the lem-
perature on the insids of Lthe package
has beguin to fall in less than 3 hours,

{lv) Water immersion (fissile radio-
aclive malerials packages only). Im-
mersion in water to the extent that ali
portions of the package Lo be Llested
are under at Jeast 3 feet of water for a
period of not less than 8 hours.

«h) It is nol necessary Lo actually
conduclt the Llests preseribed In this
section If it can be clearly shown,
through engineering evaluations or
comparative data, that the material or
ftem weouid be capable of performing
satisiactorily under the prescribed Lest
conditions.

(AmdL. 173-3, 33 FR 14929, Oct. 4, 1968; 22
FR 19823, Dee. 27, 1968, ax amended by
Amdt. 173-90, 39 PR 45244, Dec. 31, 1974; 40
FR 2435, Jan. 13, 1975)

Subpart |—Special Requirements for
Certain Roil Shipments er Move-
ments

$173.126 Carn, truck bodies or trailers
containing lading which hax been fumi.
gated or treated with flammable liy-
uide, Mammauabhle gases, puisonous lig-
uids or solids, or poisonous guses.

(a) Delivery of rail cars, freight con-
tainer, or trallers containing lading,
fumigated or treated with flammable
liquid or flammable gas lor Lranspor-
tation by rall carrier is prohibited
until 48 hours have elapsed after such
fumigation or treatment, or until cars,
truck bodles or trallers have been ven-
tilated so as Lo remove danger of fire
or cxpiosion due to the presence of
flammable vapors.

(b) Rail cars, truck bodi«= or trailers
containing lading which has pec: (.-
migated or treated with polsonou:
liquid, solid, or gas, such as carboli.
acid, liquid or solid, chlorpicrin, hydro-
cyanic acid, methyl bromide, etc., must
be placarded on each door or near
thercto with placard as described
“below (for cleaning cars sec § 174.615
. of this subchapter):

Title 49--Transpartation

{Reduced size)
(Red lettering on white cardhoard)
10 Inches
DANGER

The Inding of this car has been
FUMIOATED or
TREATED
with

(Name of polsonons lguid, solid, or
as)

sayouy g

BEFORE UNLOADING, open hoth
doors and DO NOT ENTER until car
is free of gas. REMOVE ALL POISON-
OUS MATERIAL before release of
empty ear.

-

(29 FR 18773, Dec. 29. 1964, Redesignated at
32 FR 5606, Apr. 5, 1967. AmdL. 173.94, 41
FR 16087, Apr. 15, 1976, and amended by
AmdL 173-94A, 41 FIR 40684, Sept. 20, 1976)

88 173.027=173.431  [Rexerved] 5

#173.132 Tank car shipmentx.

(a) Tank cars containing any flam;
mable gas or flammable liquid, except
liquid road asphall or tar, must not be
offered for shipment unless originally
consigned or subsequently reconsigned
to parties having private-siding (see
Note 1 of this section) or Lo parties
using railroad siding facilities which
have been equipped for piping the
liquid from tank cars to permanent
storage tanks of sufficient capacity to
receive contents of car.

(b) A tank car containing any com-
pressed gas must not be offered for
transpertation unless the car is con-
signed for delivery (see paragraph (¢)
of this s ction) and unloading on a pri-
vate track (see Note 1 of Lhis section)
excepl that where no privale track is
available, delivery and unloading on
carrier tracks is permitted provided
u::h following conditions are complied
with:

(1) Any tank car of DOT-196A or
110A type (see §§179.300 and 179.301
of this subchapter) may be cffered for
transportation and the loaded unit
tanks may be removed from car frame
on carrier tracks, provided the shipper
has obtained from the delivering carri-
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10 CFR Part 71 - APPENDIX A - NORMAL CONDITIONS OF TRANSPORT

™ APPENDICES
APPENDIX A-NOKMAL CONDITIONS OF
TRANSPORT

Each of the following normal conditions of |
transport is to be applied separately 1o deter-
mine its effect on a package.

1. Hear-Direct sunlight at an ambient
tempersture of 130" F. in still air.

2. Cold-An ambient temperature of
~40"F. in still air and shade.

3. Pressure—Atmospheric pressure of 0.5
times standard atmospheric pressure.

4, Vidration-Vibration normally incident
to transport,

S. Warer Spray~A water spray sufficiently
heavy 10 keep the entire exposed surface of the
packags except the bottom continously wet
h_duﬂu s period of 30 minutes.

-

6. Free Drop—Between 1-1/2 and 2-1/2
hours after the conclusion of the water spray
test, a free drop through the distance specified
below onto a flat essentially unyielding hork
zuntal surface, striking the surface in a position
for which maximum damsge is expected.

FREE FALL DISTANCE

Package weight Distance
(pounds) (feer)

Less than 10,000 ~cwecacaca———
10,000 t0 20,000 ~eemem——— -
20,000 t0 30,000 —— - —e—————
More than 30,000 ~—ce——c—————

7. Corner Drop-A free drop onto each
comer of the package in succession, or in the
case of a cylindrical package onto each quarter
of each rim, from « height of | foot onto a fNat
essentially unyielding horizontal surface. This
test applles only to psckages which are
constructed primarily of wood or fiberboard,
and do not exceed 110 pounds gross weight,
and to all Fissile Clzss Il packagings.

8. Penerrarion~Impact of the hemispherical
end of a vertical steel cylinder 1-1/4 inches in
diameter and weighing 13 pounds. dropped
from s height of 40 inches onto the exposed
surface of the package which is expected to be
most vulnersble to puncture. The long axis of
the cylinder shall be perpendicular to the
_mhu surface.

-

13 FR 1362

P

9. Compression—~For packages not
exceeding 10,000 pounds in weight, & com-
pressive load equal o either § times the weight
of the package or 2 pounds per square inch
muitiplied by the maximnm horizontal cross
mction of the package, whichever is greater.
The load shall be applied during a period of 14
hours, uniformiy agsinst the top and bottom of
the package in the position in which the
_pehu w uld normally be transported.




10 CFR Section 71.31 - GENERAL STANDARDS FOR ALL PACKAGING

LELLE]

Subpart C—Package Standards

§71.31 General standards for all pack-
1§ging.

(a) Packaging shall be of such mate-

w rials and construction that theis will be
= no significant chemical, galvanic, or other

reaction among the packaging compo-
nents, or between the packaging compo-
nents and the package contents.

(b) Packaging shall be equipped with a
positive closure which will prevent iuad-
vertent cpening.

(c) Lifting devices:

(1) If there is a system of lifting
devices which is a structural part of the
package, the system shall be capable of
supporting three times the weight of the
loaded package without generat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>