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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 fon ex-5

changers are reviewed, and the effects of resin decomposition products on the
waste container are discussed. Methods for dewatering f on exchange resin
waste are evaluated in this report.

Recommendations are given for determining the maximum limit on the amount
of liquid allowed in high integrity containers used for disposal of dewatered
resins. The draft copy of proposed Nuclear Regulatory Canmission guidelines
on high integrity container design is reviawed. 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 RADI0 ACTIVE ION EXCHANGE RESIN WASTE

'

1. INTRODUCTION-

'
, Organic ion exchanguesins are widely used for water treatment in nu-
clear power . plants. The subsequent low-level radioactive resin wastes are
buried in the three comt.ercial disposal sites currently operating, i.e. , at
3arnwell, South Carolina; et Beatty, Neyqda; and at Hanford, Washington.*

Presently, the State of Scuth CarolinaU/. requires that " ion exchange resins
.jand-filter media containing isotopes with greater than five (5) year half-

lives having a specific activity of all these isotopes of 1 microcurie / cubic
centimeter or greater must be stabilized by solidification" and "shall have no
detectable free staading (sic.) liquids." The phrase "no detectable free
standing.(sic) liquids'' is defined as "one-half percent (0.5%) by waste volume

E or one gallon of non-corrosive liquids per container, whichever is less."
However, ion exchange resins and filter media which are dewatered and contain
" liquids in excess of one-half 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 U.S. Nuclear Regulatory Commission (NRC) has proposed design guide-
lines to .be considered in the construction 'of a HIC, but the NRC has not yet
certified such a container. The technical justification for the design guide-

- lines and the technical rationale for detennining the maximum limit on the
amount of -liquid allowed 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
information regarding their experience with organic ion exchange resins in'

l water treatment and the subsequent disposal of these materials. Information
regarding the dewatering of fon exchange resins and the characteristics 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 resins 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 af liquids from resins are considered and suggestions are made of meth-
eds that can be used to provide information which is believed necessary to

,

characterize th.e internal environment of a HIC filled with dewater ion ex-
change media.

" The criteria or standards presented in the draft copy of prooosed NRC
guidelines on high integrity container design are reviewed in section 6.

1

l
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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.

.
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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,

i for water treatment in nuclear power plants. Data were compiled from sources
In the nuclear industry and from manufacturers of ion 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 performance1

' ' of the ion exchange system were reported and problems associated with DF val-
| ues were considered. The decontamination factor of an ion 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 radioactive 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
i water treatment in nuclear power plants, using ion exchange media, were found
i 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, Clark'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 ion 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!

personnel in a number of nuclear power plants.

The replies to the survey are reproduced in Appendix A. The responses
! were evaluated and an attempt was made to characterize any drainable liquids
j which might be present in a disposed liner of dewatered organic ion exchange

medic. Additionally, ccaditions 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 -0H form are routinely used.
However, other types of ion exchange media are sometimes necessary. For ex-
ample, weakly basic anion exchange resins having an acrylic backbone structure

3
1

<
~
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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), Ionac 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 t

treatment have a water content of approximately 50%, but this may vary by
*

+20%. The moisture retained by ion 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 -

-OH for anion exchangers). Nuclear grade cation exchangers have a specified
maximum metal ion (e.g. , Fe, Cu, Na) content, and the equivalent grade anion
exchangers also have a specified minimum chloride (Cl-) ion and carbonate
(C0 ") ion content.3

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 septu;n, 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 of ten tenned " deep beds", since they

3consist of large volumes ( 20 to 180 ft ) 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 bed 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.

4
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l'0 ft3 (6 ft x 6 ft). The liners are supplied prefilled by EPICOR,5
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 treapent systems are consistent with those reported in the earlier re-
ports,t ,3) and the resin manufacturers' recomnendations. However, extended2

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. Thi s may a f-
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, respectively, together with the pH ranges taken
from the twe earlier surveys. Lin(21 reported that the pH values in BWR

plants are near neutral (gH)approximately 7), while in PWR plants the pH rangeis from 4 to 10.5. Clarkt3 indicates that in BWRs, the pH may vary from 4
to 9 anj 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 ef fluent is reported to have a pH of 6.

It is likely that the water remaining in a disposal liner will have a pH
which 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 conmonly used in
the construction of disposal liners.

.

!
l .

5

{
1



>

Table 2.1

pH Range of Water in BWR's

Present
BWR Lina 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 N7 7--

Duane Arnold Energy Center 7c-- --

Edwin I. Hatch Nuclear Plant 5.6-7.5-- --

Lacrosse (Genoa) Nuclear
Generating Station 8.1-- --

Monticello Nuclear Generating
Plant 7 7 7

Nine Mile Point Nuclear Plant 7 7-8 --

Peach Bottom Atomic Power
Station 6-8 N7 5.5-8.5

Pilgrim Nuclear Power Station 5.2-8.7-- --

Vermont Yankee Nuclear Power
Station 4-9 7.2-7.4--

aData taken from Reference 2.
b ata taken from Reference 3.D

cValue given for the liquid in the spent resin holding tank.

t

a

e
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Table 2.2

pH Range of Water in PWR's

Present
PWR Lina Clarkb Study

.

4.5-9Beaver Valley Power Station ----

4.8-9.0Crystal River Nuclear Plant ----
,

Donald C. Cook Nuclear
Power Plant 4- 8-- --

Fort Calhoun Station 7.83-- --

Indian Point Station 5-10.5 -- --

Joseph M. Farley Nuclear
2-8Plant -- --

Kewaunee Nuclear Power Plant 5-7 5-8c--

*

Main Yankee Atomic Power
4.8-5.8 6-8Plant --

Palisades Nuclear Plant 4.5-8.0 -- --

Point Beach Nuclear Plant 4-7.5 -- --

San Onofre Nuclear Generating 4.5-10.2 4- 7. 5d --

Station
Sequoyah Nuclear Plant 4.2-10.5e 4.2-10.5e 6.3-8.7
Shippingport Atomic Power
Station <7-10.3 -- --

St. Lucie Plant 4.5-10.2-- --

4-9.2Trojan Nuclear Plant -- --
,

'

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

aData taken from Reference 2.
b ata taken from Reference 3.D

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

dA pH = 3 is reported for the radwaste water.
eExpected values are reported. The plant was not operating at the time of the
report.

,
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2. 6 Conductivity, Total Suspended Solids, 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 (fons) in a
solution. These ions can be radionuclides, nonradioactive corrosion products,
and ott.er ionic species which may enter a waste stream. TSS are particulates -

present in the various waste streams which may not be charged and are of ten
removed by filtration. The radwaste treatment system may have a large amount
of TSS and a high conductivity since this system processes aqueous 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 umhe/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 ef fluent. 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
(Cl-) is important to the reactor plant operation because it is a species
which is corrosive to stainless steel. Thus, the presence of Cl- in the
drainable liquids in a disposal 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
ara: iron, copper, nickel, sodium, and silica. Small amounts of detergents
were reported by one utility. The concentration of boron present in the fuel
pool water system of PWR's varies widely, Fort Calhoun reported 2150 ppm and
Yankee Rowe reported 427 ppm.

,

The infomation 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 -

8
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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 disposl liner. Large variations in conductiv-
ity, TSS, and contaminants have appeared among the dif ferent water treatment
systems in a nuclear power plant. Variations also exist Tram 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 nC1/mL) for both PWR's and
BWR's. The gross 8,y activity is less than 2 pC1/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 levels 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:

e 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 ef fluent.

|
|

|

.
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Table 2.3

Gross Activities Found in BWR Waste Streams

Influent Effluent

Gross a Gross 8,y Gross Gross B,Y
BWR Systema pC1/mL pC1/mL pCi/mL pC1/mL Radionuclides

Dresden C None 10-4 None 10-4 No analysis is done.
RC 10-6 1 10-6 10-1 See Appendix A for

complete lists.
RW 10-3 __ 10-4 Co-60, Co-58, Cs-137,--

Cs-134, Mn-54.-
o FP 10-3 10-4 See Appendix A for-- __

complete lists.

Hatch C LLD(b) LLD-- --

RC LLD 0.1 LLD 0.001 to 0.01 Isotopes and activity
LLO 10-4 to 10-3 on resins are listedRW -- --

FP LLD 10-3 LLD (10-3 in Appendix A.

Peach Bottom RC 0.05 to 0.2 | Isotopes and activity-- -- --

FP -- 10-4 to 10-3 ( on resins are listed-- --

in Appendix A.e

aDemineralizer Systems: C = Condensate Demineralizer,
RC = Reactor Coolant,
RW = Radwaste,
FP = Fuel Pool.

btLD = Lowest Limit Detectable. This pertains to the sensitivity limit of the monitoring equipment.
No values were specified by the utility.

-
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Table 2.4

Gross Activities Found in PWR Waste Streams

Influent Ef fluent
.

Gross a Gross 6,Y Gross a Gross 8,Y
a pCi/mL pCi/mL pCi/mL pC1/mL RadionuclidesPWR System

Farley RW None 5x10-4 None 5x10-6 Co-58, Co-60, Cs-137,
Mn-56

Kewaunee B <LLDb 10-2 (LLD --

2.1 10-2 Na-24, F-18RC <LLD 10-1 <ALLD 3

10go10-3(10g0-3to 10-2 <LLD
<5x <LLD 10-3 Co-58, Co-60 -RW <LLD

C0-58, Co-60FP <LLD

Fort Calhoun RC <2.61x10-7 1.86 See Appendix A fori -- --

complete list.

FP -- 20x10-2 -- -- --

~
-

Maine Yankee RC <1.0 1.0 <1.0 <1.0 Co-58, Mn-54, Co-60,
I-13X, Rb-8X, Cs-13X

Troj an FP 3x10-2 3x10-2 -- -- Isotopes and activity
on resins are listed
in Appendix A.

,

10-5
2x10-5(Cs-134)

See Appendix A for listYankee Rowe FP -- ----

(CS-137) of RC systems.

Zion B 10-5 0.005 to 0.5 <10-5 <10-5
RC 10-5 0.05 to 0.5 <10-5 <10-3 See Appendix A for
RW 5x10-5 5x10-5 to 0.005 <10-5 5x10-5_10-6 complete lists.

FP 10-2 to 10-4 10-5 __ __

aDemineralizer System: B = Boron Recycle
RC = Reactor Coolant,

| RW = Radwaste,
FP = Fuel Pool.

t

tLD = Lowest Limit Detectable. ity.This pertains to the sensitivity limit of the monitoring equipment.
Nob

value was specified by the utili

,
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2.8 Transport of Resins

Ion exchange resins are generally transported to and from th9 demineral-
3izer tank by sluicing with a slurry pump or a hydraulic device.l ; If a

resin bed is 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 routinely 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 (i.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 tnion 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,

l 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 low
! although the Duane Arnold Plant reported a large range of water conductivity.

The amount of TSS is variable, and there is no significant infonnation 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 hal f-li fes (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 removed during t.he - -

dewatering procedure. None of the plants responding nor any of the radwnte
personnel contacted indicated an analysis of this liquid.

12
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Table 2.5

The Characteristics of the Water in the Spent Resin Holding Tank
'

Conductivi ty Gross Gross TSS

Plant pH pmho/cm pCf/mL pCi/mL Radionuclides (ppb) Contaminant'

BWR

Dresden 7 1 Unknown Unknown Co-60, C0-58, Unknown Minimal
Cs-134, Cs-137,
Mn-54

Edwin I. 7.3 0.1-1.0 3.0x10-10 10-3 See Table 2.8 for 10-1000 Na+, SiO -2
Hatch a list of isotopes

on the resin
-

,'" Duane 57 1-45,000 -- -- -- -- --

Arnold

PWR

Farley Variable Variable None Very Higha Co-60, Co-58, Unknown Unknown,

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 Generai:ing Station, using the portable demineralizer from
EPICOR, Incorporated for their radwaste 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 .

5 x 10-5 <1 x 10-5
gross a (pCi/mL) ) 10-3 - 5 x 10-5 5 x 10-5 - 10-6gross 8,y (pCi/mL .

TSS (ppb) 2 - 20 1 - 15
5 ppm - SiO2contaminants --

The characteristics of the effluent water of the portable demineralizer are
probably a good doscription 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 di sposal . 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 dqwatered resins are constructed of carbon steel and range in size from

350 fta to 200 ft . The 17H steel, 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 completion of the,

| dewatering process. A problem with shielding and the mechanical hookup was *

,

1

'

*W. Hagen, Surry Power Station, private communication to P. L. Piciulo,
September 30, 1981.
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stated by the Farley Nuclear Plant. In a telephone conversation with radwaste
personnel at Surry Power Station, concern was expressed for these same prob-
lems. Surry aims at shipping dewatered resins with "no" free liquid, thus
minimizing the 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

Annual Volume of Planning Future Use
Dewatering ResinOgsposed of High Integrity

(ft ) ContainersPower Station Process Used

SWRs

Browns Ferry Liner with vacuum 30,000 Yes, when activity
drain > 1 WC1/mL

Dresden Solidifled 540 No

Duane Arnold Solidtfled 6,000 If systen will
accept it

E. I. Hatch Centrifuge 15,000 Yes

Monticello Solidified --- ---

Peach Botton 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- Yes---

drain
Sequoyah Liner with under- 1,600 Yes, if needed

drain
Trojan Liner with under- 350 No

drain
Yankee Rowe Liner with under- 80-160 Undecided

drain
Zion Solidt fled

- Being considered---

at corporate level
.

9

15

_



Also listed in Table 2.6 is the reported annual volume of resins for dis-
posal. A strikinn feature is the difference in the amount of resin disposed

of between BWRs and 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 be 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-
cause 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 disposal of their resin waste.

2.11 Radionuclide Loadings on Spent Resins

Several questions in the survey were aimed at finding the " normal" ra-
dionuclide loading on spent ion exchange resins. Table 2.7 lists the gross

and gross B ,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 wqste streams. A liner disposed of
by Maine Yankee had an estimated 125 Ci/ft3 maximum radionuclide loading.
The principle radionuclides were corrosion products. A list of isotopes pres-
ent in this plant's water analysis is given in Table 2.4. Assuming that the

60major isotope was Co, this loading will result in an absorbed dose of ap-
8proximately 8 x 10 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 exchangg) resins for loadings reported in this survey will be given in alater report.P ) Similarly, the Hatch Nuclear Plant reported resins used

| in the reagtor cleanup demineralizer with a maximum radionuclide loading of
'

41.5 Ci/ft5 As listed in Table 2.8, Cs-137 accounts for over 50% of the
activi ty. The radiation dose from the Cs-137 having a 30-year half-life, is
estimated to be greater than 3 x 10o rad after 10 half-lifes. Radiation

| doses of this magnitude could result in resin degradation and the formation of

cies)which are corrosive to container materials such carbon
I chemic 1

steel . 4, ,8,9 Therefore, resin degradation must be considered when *

i

l 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 Ion Exchange Retins Disposed of by Nuclear Stations
~

Max. Activ. Max. Activ.
Gross in a Liner in a Bed

3 3Gross (uC1/d) (Ct/ft ) (C1/ft)

i * BWRs

2.47 3.73Browns Ferry --

18 18Dresden - -
,

85 0.15 1.55.Duane Arnold ' .

600.5 - 8aE. 1. Hatch .-

100 - 1000b

2 - 20 0.123cPeach Botton --

4.6-141dvermont Yankee -- -
j

PWRs

1

1.0 - 100 3 7Farley -

57.34- 2.7Fort Calhoun --
,

5Kewaunee <10 nC1/g - -

,

Maine Yankee (1 Cf/t 1000-5000 12E (1500R/hr)

Low 10-3-10-2 1 2Prairie Islandd -

High 2 - 10

015Sequoyah -- -

Trojan 14.4 nC t /g* (1 5.4f 5.4

0.1 - 59 3 20Yankee Rowe -

1

30 40Zion - -

,

8 Range gives for condensate, radwaste and fuel pool de91neralizers.
bRange given for reactor coolant cleanup demineralizer.
cAverage value given for 1981,
dSum of values listed in Table 2.11. ~

4.56 uCt/g - condensate de :ineralizer.
140.9 uC1/g - reactor cleanup.

' Sun of values listed in Table 2.10'

fResins solidified in cgment.
9 ross f.) of 50 -Cl/cm3 reported when poor fuel was in use. .-

t

t

._

e

e
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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 pCf/g pCi/g pCf/g pCi/g

.

'

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
Zn-65 128 1.44 0.775 0.3961
Zr-88 0.006-- -- ~-

Zr-95 0.048 0.0123-- --

Nb-95 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 0.0481--

Cs-137 757 1.41 0.0624--

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 pC1/g

Cr-51 0.206
Mn-54 0.011
Co-58 0.105
Co-60 0.665>

! Zn-65 2.454
I-131 0.127
Cs-134 0.272 -

Cs-137 0.406
La-140 0.0238

i -

|
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Table 2.10

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

B,Y Emitting a Emitting
Isotope UCi/g Isotope DCi/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 53 15.4
Zn-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

i 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, ,

' Zn-65 0.461 20.3
Zr-95 11.1--

Tc-99m 0.419--

: I-131 0.535*
--

| Cs-134 0.702 17.8
'

Cs-137 2.27 48.4

19
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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 slufcing 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 ion exchange media from the demineralizer tank directly to the disposal
liner.* Spent fon 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 the different beds are in the liner .

and, hence, radionuclide loadings 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 operation
of the spent resin, it is expected that the radionuclide loading 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

3anion exchanger and one part cation exchanger) of 90 ft . Although the ra-
dionuclide loading may be low in this case, radiation damage may result from
the 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 discussed 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. Similarly,
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. Two 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
integrity 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.

20

-.
_-



"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
from (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-
s pondi ng.

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 (II); six in the Midwest Region (III), and two in the Western Regions
(IV and V).] Several plants ship part of their 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 United

| States. The precipitation at Barnwell, South Carolina is 118 cm/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.

| 21
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2.14 Sumary

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 affecting the ion exchange resin waste, gen-
erated by nuclear power plants, and the subsequent waste container, filled*

with dewatered resins, are illustrated by the following points:

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

.

e The pH of the liquid in a liner can vary in the range from 2 to 11.

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

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

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

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

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

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

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

;

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

e Dewatered spent resins are generally not stor6d very long on the
plant site.

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

,

e 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 variation: in the chemistry of any free liquids 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 loadings have been reported. For example:

e Maine Yankee Atomic Power Plant:.

3125 C1/ft ; neinly activated corrosion products.

e Edwin I. Hqtch Nuclear Plant:
41.5 Cf/ftJ; 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 reggrd(ng studies of the
degradation of ion exchange media. Gangwer, et al.ill/ 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 containing ion ex-)change resins are of particular interest. A number of studies,(4,6,7,8,9
which are reviewed here, have emphastred the following specific areas where
radiation effects might be important:

e pH changes,
e gas generation,
e resin bead agglomeration, and
e corrosion in contact with ion exchange media.

All of these can effect the stability of the ion exchange resin waste package.
Additionally, preliminary results of the analysis of a disposal liner 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 biodegradation of resin waste are considered. Conditions causing the re-
lease of water from ion exr.hange resins were discussed with manufacturers of
organic ion exchange resins. The companies contacted were:

e Dow Chemical, U.S.A.
.

e Diamond Shamrock Corporation.

. e Ionac Chemical Corporation

e Rohm and Haas.

25
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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, but 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 aming exchange group with little change in total exchange capacity of
the resir..(121 For example, .

-CHCH . -CHCH -
g g

CH3 CH3
I ) /

,-CH -N+-CH -0H -CH -N + CH3 OH2 3 2

CH3 CH3

Strongly Basic Weakly Basic
Anton Exchanger Anion Exchanger

Carbon dioxide from the air can react with the hydroxyl 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 fom.

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

becatap1ically induced by ions of iron (Fe), manganese (Mn), and copper(Cu).ll 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 fon exchange resins. The stability of the C-N bond in anion
resins is enhanced at low pH. In the case of catjon
less stable with respect to hydrolysis at low pH.(13) resins, the C-S bond isScission 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 -
t

| 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 fon 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 beads due to
osmotic shock. However, it is unclear as to the ef fect of these phenomenon 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 Ion 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 fonced 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 anion exchange 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 functional groups are of major concern due to thier extens-
ive use in the nuclear indestry. These lead to large decreases in pH, pro-
ducing solutions which can be highly corrosive to liner material (such as
carbon steel).

Experiments reported in the 11terature(4,6,7,8) 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
i mixed. It has been shown that resins in mixed beds can absorb degradation

product s. (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:sible 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 ar'e widely used in the nuclear power industry and
have not been given any attention regarding their radiation induced degrada-
tion. These materials are comcenly used in a mixed bed system to provide a
floc like coating which will bel .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-! liners, fifteen EPICOR-II
DF (second stage) liners and seven EPICOR-II DS (third stage) liners used at

ing was close to neutral.11g)the pH of the water removed in a second dewater-
TMI. The data indicate thg

The pH range of the final effluent 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 6,Y ac-
tivity ranges from <1.2 x 10-6 to 3.5 x 10-1 gCi/mL which is comparable to
radioactivity levels in operating plant water streams, but in 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 water cleanup
at TMI was taken to be analyzed by Battelle Columbus Laboratories.(17,18)
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 (s 1200 curies gross 8,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 liquid 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 ouring opera-
tion. However, there is clearly a change in the pH of the free water taken
from the bottom of the liner.

The laboratory experinents 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 ef fects of *

mixtures of anion exchangers and cation exchangers remains unclear.

.
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Table 3.1

pH Changes on the Irradiation of Organic lon Exchange Resins

Dose
Resin (Rad) pH Comments Ra f.

Anberlite IR-120(H+) 0 3. 4 a 6
7x107 1.5-1.6 a,c.f 1

4.4x1$ 3. 5 a ,d.1

Amber 11te IR-120(NH +) 0 8. 5 a J,
4

7x107 2.3-2.5 a c g.1
Amber 11teIRA-400(C1-) 0 4. 6 a 6

4.4x108 4. 6 a d.1
Dow 58R-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-5 (Na+) 108 2.5-3.0 bem 7

3x1% 4.0-4.5 b,e.m
5:10 2.5-3.0 b,e,a

109 4.0-4.5 b,e.m
5x109 4.0 bem

IRN-77(H+) 0 3. 5 a,c 4
107 2.5 a,c.n

7
1.25x19 (e-) 2. 5 a c.o

3:10 2.0 a c.n
74.6x10(e-) 2.0 a,c.o

108 1.5 a,c.n
3:108 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
3:107 3.6 a,c.n

108 2.9 a c.n
3x108 2.1 a.c ro

109 1.3 a.c.n
IRN-71(H+) 0 2.76-3.16 a.h.n 8

0 3.11-3.28 a,1,n
0 3.24-3.29 a .k .n

3x10@8
1.55-1.67 a.h.n

3x1 1.32-1.52 a ,1.n
3x108 1.46-1.65 a .k .n

_

IRN-77(Na') 0 3.51-3.65 a,h n 8
0 3.42-3.52 a,1,n
0 3.29-3.49 a.k.n
3x1@ 2.35-2.80 a.h.n
3:1@ 2.22 2.48 a 1,n
3:108 2.42-2.45 a.h.n

|

apH measured in supernate of a af ature of 2 g of restn and 10 mL of de-
ionized water.

bpH measured by placing samples of beads on narrow range pH paper.
C5 ample f rradiated in Pyrez tubes, drip dry resins.
d arole irradiated in aluminum tubes, def p dry restn.5

85 ample irradiated in stainless steel tubes, drip dry resin.
( f rradf attons were done on sample tubes containing 20 g IR-120 (H+ form)!

at the bottom and 2 g Ip.120 (NH +) on top; pH was taken from the bottom[ 4
1 2 g allquot.

9trradiations were done on sample tubes containing 20 g IR-120 (NH +4
form) at the bottom and 2 g IR-120 (H' form) at the top; pH was taken from.

the botton 2 g aloquot.
h ample in Pyren tube, percent moisture in resins was 55.5
1 5anple in Pyres tube, percent mositure in rests was 27.
k 5 ample in Pyrex tub percent noisture in resin was 14-13.t

' I Gama f rradiation. 0, flux 1.2 x 105 R/h-

"Gama irradiation, 60C0 source, flux 5 x 105 R/h.
nGame irradiation, 60C0 Source, flga not spect fled.02.2 MeV electron bean, flux 5 x 10 R/h.

?.9_ -
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Table 3.2

Epicor Liner Dewatering 2)

Last Effluent Water Removed

Liner Gros s 8,Y Cs-137 Gross 8 y Cs-137 -

Code pH pCf/mL pCi/mL ATa Gallons pH pC1/mL pC1/mL

P-13 6.96 5.3x10-4 6.0x10-5 8 13 7.10 1.60x10-4 1.6x10-4 *

P-14 7.47 1.7x10-4 1.1x10-4 6 38 7.35 9.60x10-5 8.7x10-5
P-15 6.68 5.8x10-6 1,7xio-6 5 30 7.48 2.04x10-5 1.3x10-6
D-21 7.59 8.3x10-5 6.0x10-5 8 40 6.87 5.75x10-5 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 1.1x10-1 6.8x10-4 20 5 6.93 5.02x10-3 3.2x10-3
DF-2 5.87 2.5x10-1 1.3x10-3 19 5 6.4 6.29x10-4 1.8x10-4
DF-3 8.10 1.6x10-1 7.4x10-2 19 5 7.67 1.29x10-2 1.1x10-2
DF-4 8.49 4.5x10-2 3.8x10-2 19 5 6.49 5.98x10-5 6.5x10-5
DF-5 7.11 3.5x10-1 2.3x10-1 19 3 7.54 2.46x10-1 2.0x10-1
DF-6 6.37 3.8x10-2 9.5x10-4 18 1.5 7.66 1.14x10-2 7.1x10-3
DF-7 7.21 4.9x10-5 7.1x10-6 15 3 6.86 6.89x10-4 1.7x10-4
DF-8 7.56 1.2x10-2 4.2x10-4 15 3 6.80 4.22x10-4 1.2x10-4
DF-9 7.66 3.4x10-2 1,gx10-3 14 7 6.41 2.76x10-4 1.3x10-4

14 4.25 6.26 3.86x10-4 9.6x10-5DF-10 5.56 4.5x10-4 1.3x10-5 *

DF-11 6.93 4.8x10-3 5.1x10-3 12 6 6.21 1.06x10-4 6.5x10-5
DF-12 5.24 3.9x10-2 3.7x10-3 12 6M 6.52 2.4x10-3 6.2x10-4
DF-13 5.53 3.8x10-2 1.5x10-3 11 5 6.40 2.55x10-4 7.8x10-5
DF-14 4.50 3.4x10-3 4.0x10-6 11 4 5.97 2.57x10-5 1.8x10-5
DF-15 6.17 5.8x10-3 1,7x10-4 6 5 6.24 5.06x10-4 1.3x10-4
DS-1 5.68 1.6x10-4 <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 1.5x10-4 '16 18 6.59 4.61x10-5 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 15 18 6.19 6.51x10-5 3.5x10-5
DS-6 5.34 1.6x10-4 3.6x10-6 12 15 6.13 9.54x10-5 7.9x10-6
DS-7 5.04 9.6x10-6 <5.1x10-7 6 5 5.98 3.58x10-5 1.5x10-5

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

.

-
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3.3.2 Gas Generation

gaseous products.lgig dqggaqation of organic ion exchangers will result in
The radio 1.y

n'elle f/ Table 3.3 summarizes the yields of gaseous
reported in the literature for the irradiation of various res-

prodyg/ Hydrogen and carbon dioxide are the major gases produced onins,t

radiolysis. Gaseous products resulting from the irradiation of cation ex--

H ,CO ,CO,S0 ,02 and CH . The irradiaticn ofchangers are: 2 2 2 4
CO, N , N 0, and NO. The waterH , C02anion exchangers produced: 2 2 2

content of the resin will effect the gaseous products. In the irradiation of
'

dry cation ion exchange resins S02 will be liberated, however, sulfur di-
oxide gas is not produced in water swollen resins, rather acids are formed on
dissolution of S02 in water. The yield of hydrogen is larger in w

This is probably due to the radiolysis of water.(20)et resinsthen in dry.

Table 3.3

G-Valuesa for Gaseous Product Fomation During the
Radiation Decomposition of Ion Exchange Resins

Ionic Irradiation
Resin Form Condition G(H ) G(50 )b G(CO ) G(CO)2 2 2 .

.

Dowex 50W x4 H+,Na+ Ai r-dry 0.1 - --- --- ---

and 0.1 N hcl
Dowex 50W x 10 H+ Dry 0.026 0.087 0.035 0.009
KU-2 x C H+ Dry 1.1 0.06--- ---

Zeo-Karb 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 50W x 10 L1+ Dry 0.001 0.26 0.007 0.002
KU-2 x 8 Na + Dry 1.0 0.03--- ---

Dowes 50W x 10 L1+ Swollen 0.095 0.006 0.019 0.009
K8-4P-7 H+ Swollen 1.22 0.60 0.39---

Dowex 50W x 10 H+ Swollen 0.095 0.006 0.019 0.027 -
K8 4P-2 Na* Swollen 3.10 0.09--- ---

Zeo-Karb 215 H+ Swollen 0.12 0.005 0.046 0.005
Zeo-Karb 215 H+ Immersed in 1.7 0.002 0.43 ---

water
Dowex 50W x 10 H+ Immersed in 1.7 0.41--- ---

water
Dowes 50W x 10 Lt* Immersed in 1.3 0.41 ------

water
Dowen 1 x 4 NO - Ai r-dry 0.09 0.023 --- ---

Dowex 11 NO - Ai r-dry 0.10 0.06 0.013
---

Dowen 1 x 4 NO - In ?N HNO3 0.02 0.63 --- ---
,

8G-value is defined as number of molecules produced for 100 eV absorbed radiation.
bg. values fJr the lowest absorbed dose. ,

. .

-
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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 -

7 rad w
cation exchanger it is 8 x 10jon ex ganger is 4.7 x 107.9 x 10gereas for the
for gas generation for the an

rad.( ,71 A dose of rad was
required to reach a gas pressue of 200 psi (13.6 atm) for anion exchange .

resins whereas, a dose 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.8 There is rapid increase in pressure after1.6 x 10 rad. The pressure in the vessel stopsan apparent threshold of
increasing at 5 psi and a dose of approximately 1 x 109 rad above which the
pressure is slightly less than 5 psi. The samples were irradiated to 5 x
109 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
re in (7.9 x 108 rad) from the anion exchangers and 6.8 cc/g resin (2.5 x
10 rad) from the cation exchangers. It was suggested that branched chain
and/or unsaturated hydrocarbons may also have been produced in the capsule
containing anion exchangers and receiving the maximum dose.

in Section 3.3.1, was analyzed for gas composition.(17,18)eanup and described
The prefilter demineralizer PF-16, used in the TMI cl

It wqs 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 obgervpd
gases are consistent with the findings of other laboratory experiments.d>9 1

The gas conoosition in PF-16 was not fully explained, but it is attributed to
; a combination of air, gas production via radiolysis, and gas from desorption-

dissolution processes during shipment.(18)

.
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Table 3.4

Gas Generation Experiments (7)
Maximum Yields Observed

Amount of Gas Doseb
Gas Resina cc/g of resin rad-

H2 Anton G.8 7.9 x 108
Cation 2.8 2.5 x 109~

CO2 Anion 1.1 7.9 x 108
Cation 0.83 2.5 x 109

C0 Anion 1.3 7.9 x 108
Cation 1. 0 2.5 x 109

02 Anion 0.56 7.9 x 108
Cation 0.71 2.5 x 109

N2 Anion 0.68 7.9 x 108

CH4 Anion 0.81 7.9 x 108
Cation 0.12 2.5 x 109

CH26 Anion 1.4 x 10-2 7.9 x 108
Cation 2.5 x 10-2 3 x 109

CH38 Anion 5.5 x 10-4 7.9 x 108
Cation 7.4 x 10-4 3 x 109

CH4 10 Cation 7.8 x 10-4 3 x 109
,

Sulfur gases Cation b.09pgS/g 2.5 x 109
,

aCation exchange resin: D0W HCR-S (Na+ form).
Anion exchange resin: DOW SBR-OH (Borate form).

b ose rate: approximately 4.8 x 105 rad /h.D

!

|
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Table 3.5

PF-16 Gas Analysis (16)

Components Volume Percent

N2 80.6 + 0.4

H2 12.4 T 0.2 -

CO2 5.52 T 0.06
Ar 0.96 7 0.05
02 0.2010.02 -

C0 0.20 + 0.02

Hydrocarbons <0.1

Hydrocarbon Parts Per Million by Volume

Methane 500. + 2.5
Ethylene & Acetylene 0.7 T 0.1
Ethane 42. T4
Propylene <0.1

'-

Propane 6. +1
Iso-butane 0.6 I 0.1

~

n-Butane <0.1
Hydrogen sulfide <20
Carbonyl sulfide <10
Sulfur dioxide <10
Unknown compounds <20

Table 3.6

Components of Atmospheric Air (21)

,
__

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

N2 78.084 + 0.004 --
, ,

02 20.946 + 0.002 --

CO2 0.033 T 0.001 --

Ar 0.934 T 0.001 --

Ne 7 16.18 + 0.04
He 5.24 T 0.004 ---

Kr 1.14 T 0.01--

Xe 0.087 7 0.001--

H2 0.5
-

-- .

2CH4 --

N0 0.5 + 0.12 _

--

.

'
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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 release
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 IRA-400 (anion ex--

changer) and IONSIV-IE-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 were then irradiated to a cumulative dose of 2.2 x
109 rad (dose rate: 4.5 x 106 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-
lapse 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 Amberlite IRN-77(Na+), IRN-77(H+) and "C-667" (a
cation exchanger) to a dose of 108 rad. However, as the dose increased to
109 rad, the samples become more agglomerated. On addition of water, the
agglomeration was reversed, although IRN-77 (H+) formed a " gel-like"
solution.

McFarland(7) ysical properties of the irradiated samples examined by
The ph

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 109 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

8 to 5 x 109 rad produced ato the cation exchangers irradiated from 3 x 10
7"floculent red-brown precipitate."l 1 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 regularly 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 agglomerates of 9gaque spherical particles and appeared to have agelatinous consistency.g 8)

Those sections containing spherical particles are likely to be either -

inorganic or organic ion exchangers or possibly a mixture of both. However,
this analysis revealed agglomeration and the apparent release of liquid from
ion exchange media which receivgd radiation from an internal source (i.e. .

137 s loading) to a dose of <100 rad.C

Table 3.7

Physical Changes in Irradiated Resins (7)

Resin Dose (rad) Bead Appearance Comments

Anton 108 Some fractured beads, Little liquid present, ,

shedding layers of mate- smell of amines.
rial transparent and
slightly brown.

109 Fractured beads, rough Flowing slurry of
liquid and resin.scaling surfaces. .

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 (4,6,7,8) 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(6) 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 restns in aluminum tubes with a
mild steel cqwn imbedded in the ion exchange material. The samples were ;

exposed to a ouCO ganma flux and to the fission product gamma spectrum of a
research reactor in the shutdown mode. Table 3.8 summarizes the observations
of this corrosion study.

"

The gagple containers, made of AISI type 304 stainless steel, used in the
7McFarlandl 1 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%o

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 determine 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)

1. The irradiated anionic resin and its products of decanposition did
not significantly attack the Type 304 stainless steel containers.

2. The irradiated cationic resin and its products of decomposition
caused significant locali' zed 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.
i

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-

cantly shorter than that in McFarland's(contact time was only 3 days (signifi-
served for stainless steel although the

10) experiment) and the dose was
3 x 108 rad.

'

! The effects of moisture content of organic ion exchangers on the radia-
tion (8) induced corrosion of mild steel (ASTM 1020) coupons were examined byi

BNL. Table 3.10 summarizes the corrosion of mild steel measured as|

| weight loss of the coupons. The following observations were reported:*

t

.
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e Without exception, corrosion of mild steel is decreased in resins of
lower moisture content. At the lowest moisture content, there was no
obvious evidence of coupon corrosion in either the irradiated or unir-
radiated specimens.

e 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.

-

*Table 3.8
,

Corrosion Study Experiments (6)

Sample Ion Exchangers Irradiation Weight loss Qualitative Features of Corroded
No. Used Factitty % initial wt. mg/cm2 Metal Coupon Surfaces

7 10NSIV.!E.95 60 oCe 0.9 6.4 Spotty rusted areas with zeolite beads
strongly adhering.

8 10NSIV-!E.95/ 60 oCa 2. 6 19 One half covered with rust only. The
Arberlite IA-120 other half had rust and resin beads.

9 Amber 11te IR-120 60 oCa 3.3 24 Covered with rust throughout. One end
had white spots in addition to rust.

10 Amber 11te IRA-400 60 Coa 1.9 13 Uniform thin layer of rust. No crust
formation.

11 10NSIV-IE-95/ 60 Coa 4.4 32 No significant crust, but sigrif ficant

Amber 11te IRA-400 pitting on surfaces.

12 10NSIV-IE.95/ 60 Coa 4.1 30 Covered fully with black beads and rust.
Amber 11te IR 120/
Amber 11te IRA-400

7-B 10NSIV.IE.95 none 0 0 Bright surfaces. Barely visible rust spots
at the edges.

9.B Amber 11te 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-B Amber 11te IRA-400 none 0 0 Bright surfaces like the original sample.
No visible corrosion products or rust
spots.

41 10NSIV.IE-95 TRIGAb 0.5 3.1 Olstinct, but spotty crust formation with
zeolite particles adhering to the corrosion
product.

42 Amber 11te IRA 120 TRIGAb 3.5 27 Significant corrosion product build-up.
Uniform throughout the surface.

43 Anberlite IRA-400 TRIGAb 0.7 5. 2 Spotty corrosion product build-up,
especially around edges of the coupon.

44 10NSIV-IE-95/ TRIGAb 0.8 6.2 Unifomly distributed surface layers of *

Amber 1ite.!R-120/ corros1on products.
Amber 11t e.IR A-400

'
s

acog , . 2 x 109 rad; flux = 4.4 x 106 R/hr. -

b00se = 4.4 x 108 rad; flus = 7.6 x 105 R/hr.

.
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Table 3.9

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

Dose
Codea Containerb Resin (Rads) pHc Comments

.

Cd 1 Cation 2.5x109 Crusty deposits, surface--

etched, pits and de-
pressions.-

Dd 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 corrosion--

for samples with anion
resin.

X 2 Anion 1x109 8. 0- 8,5 --

V 2 Anion 1x109 7. 5-8. 0 --

S 2 Anion 1x108 8.5-9.0 --

Control 2 None None -- --

aCode refers to sample designation given in Reference 7..

bThe container dimensions are: 1 - 1.0 in 0.D. , 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.

I measured with narrow range pH paper.
dPressurized containers.|
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Moisture content is clearly an important variable affecting corrosion.
The results suggest that corrosion can be greatly reduced if the resins are
drieo 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.

Corrosion 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 was 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

Ef fect of Motsture Content on Irradiated and Unirradiated Resins (8)

Resin Percent pH of D.I.W. Coupon Percent
ICxtures ,b Weight Lossa

Form Motsture

Untrradiated_
H+ 55 2.76, 3.16, 3.07 9, 5, 6

H+ 27 3.28, 3.11 2, 4

H+ 14 3.24, 3.29 0,0

Na+ 50 3.65, 3.51, 3.55 4,4,4

Na+ 25 3.52, 3.42 1, 1

Ma+ 13 3.29, 3.49 0, 0

3 x 108 rad-
55 top 1.67, 1.57 20, 8

H+
bottom 1.55

H+ 27 top 1.52, 1.32 4, 7
bottom 1.36, 1.36

H+ 14 top 1.65, 1.50 0, O
bottom 1.55, 1,46

Na+ 50 top 2.53, 2.35 4, 5
bottom 2.80, 2.61

Na+ 25 top 2.31, 2.22 2, 3

bottom 2.48, 2.42
Na + 13 top 2.45, 2.42 0,0

bottom 2.41, 2.43

Contact times for corrosion experinents .

unirradiated samples: 190 h
trradiated samples:

78 h unirradiated + 75 h irradiated.50-551 noisture:
75 h untrradiated + 75 h irradiated.25-271 moisture:

13-141 moisture: 6 h unirradiated + 75 h irradiated. .

8 H measured in the supernate of a mixture of 2 g of resin andp
10 mL of detonized water (0.!.W.),

b ntries separated by connas are values of replicate specimens.
E
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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 to organic
growth in the resin waste container, citing floor drains as a source of~

organic matter. There is, however, little ir. formation 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-
o rgani sms. * Bacteria growth was monitored by measuring C02 generated from
the decomposition of organic carbon. The bacteria activity was greater in the
influent water samples than in the effluent water samples. Measurements of
CO2 generation performed on the resins showed the largest growth of micro-
o rga ni sr.s. 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

i 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 determine 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 prefiltery) may support bacteria growth after 35 to
100 years giving C02 gas.(22;

3.5 Summary

It should be apparent from this discussion that ionizing radiation at
' high doses is a major factor causing the degradation of fon exchange resins.

'

*A. J. Francis, Brookhaven National Laboratory, in a private canmunication
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:

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

.

e 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. -

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

e 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.

e 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.

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

|

; e Anion resins are generally less stable than cation resins.
1

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

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

e Amines released by anion exchange resins may buffer the acidic
' products released on the irradiation of cation exchangers.
1

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

e 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 steel container by an epoxy coating.
(EPICOR, Incorporated claims * that the epoxy lined carbon steel
liner is being considered by them as a possible high integrity
container.)

e There is limited information about long-term resin decomposition due
,

to normal aging and biodegradation.

A 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 nonmetallic materials being considered for the construction of
disposal containers?

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

The technical basis for establishing maximum loading Jimits on organic
ion-exchange resins is presently being evaluated at BNL.(5) The NRC has
suggested, in a draft Branch Technical Position on Waste Form, that regins

fic activitigg greater than 10 Ci/ftJ. A
should not be loaded to bulk spec:37 s and/orloading of this concentration of . C vuSr will result in an
accumulated dose of approximately 108 rad. A radiation dose in excess of

| 108 rad may result in the degradation of organic fon 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.

.

.

1

*J. Levendusky, EPICOR, Incorporated, in a private canmunication 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),

,

Ionac Chemical Corporation, and Rohm and Haas (Amberl'te). Dow Chemical,
U.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 (EI), 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 report 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 Restn Manufacturers u

Dow Chemical U.S. A.a Diamond Shamrock Corp.b.c lonac Chemical Co.d Rohn and Haase

Dewatering Method continuous vacuum filter drain and vacuum filter screened underdrain, column drain, air or inert
vacuum filter gas passed through resin

Amount (1 by volume) 0.75 typical minimal (no value given) so.7 minimal (novaluegiven)
of free 11guld in
dewatered resin

Amount of free Itquid none if in a sealed motsture can evaporate stored in air-tight moisture can evaporate if
released during container if open to air drum no moisture lost open to air
storage

g Amount of free liqufd none ---- ---- ----

released during
transportation *

Environmental factors evaporatton, stream of evaporation, heating will het air drying evaporetton, heat will in-
causing release of dry air, heating above remove moisture crease rate of moisture
moisture 103'C loss, resin heated at 110'C

overnight is considered '

to be dry resin

80. Dunke1barger, Dow Chemical Company, U.S.A., in a letter to P. Piclulo, August 19, 1981.
b . Lamorena, 01amond Shamrock Corporatton, in a private communication with P. Pictulo, August 26, 1981.A
cJ. Abrams, Diamond Shamrock Corporation, in a private communication with P. Pictulo. September 1,1981.
d . McGarvey, Ionac Chemical Company, in a private communication with P. Pictulo, July 31, 1981.F

eE. Feeney, Rohn 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 Ion Exchange Resin Dewatering Liners

Chem-Nuclear Hittman Nuclear and
Systems, Inc.8 EPICOR, Incorporatedb Development CorporationC

Dewatering Method Vacuum filtration Vacuum flitration Vacuum filtration
conical bottom, " pancake" screen full underdrain
three filter levels underdrain,

dewatering cartridge

Dewatering time to reach
I gallon free 11guld 24 hrs (150 ft3 Ifner) $2 weeks (6'x6' liner)30.5% free liquid 4 hrs (15 f t )
1.0% free liquid 1-1/2 days (300 f t3 Ifner)

Changes in volume of none none none
free liquid during

A storage

Changes in volume of none none(vibrationtest) none (vibration test)free Ifqufd during
transportation

Comments on high integrity Presently supply a HIC Three are planned: Considering HDXLd
containers (HIC) made of HDXLd poly- 1. steel and epoxy polyethylene as the

ethylene. Dewatering 2. fiberglass construction material.
equipment is the same 3. polyethylene
as for steel liner

aG. Allen, Chem-Nuclear Systems, Incorporated, in a private communication with P. Pictulo. August 4,1981.
b . Levendusky, EPICOR, Incorporated, in a private communication with P. Piclulo August 12. 1981.J
c 1 man Nuclear and Development Corporation, in a private communication with P. Piciulo,,

dHDXL = High density cross-linked.
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4.2 Dewatering New Resins

Vacuum filtration is most often used by the manufacturers for dewater-
,

ing organic ion exchange resins. The procedure involves sluicing the resins
: into a large tcnk 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- ,

j nique uses a continuous vacuum filter to dewater ton 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 than 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 " soupy" due to free liquid. However, the dewater-
ing procedures used by the manufacturers are intended to minimize the water int

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 the 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 gravity 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 consistency 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 to remove the water and an auger is used to push the~

dry material from the centrifuge to the disposal liner. Vemont 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 had been regenerated several times, came from a paper mill and
are believed to provide for a more realistic test than dewatering new resins.
Work started with the largest CNSI container, 300 ft3 (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 containing 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 detemined to obtain confidence limits. It is claimed that the
plotted data are best described by two regions; one for the fast drainage of

i water and the second is an asymptotic portion of the plot showing the sicw
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 given amount of free water. The following examples were de-

' scribed by CNSI:

|

.

*G. Allen $1ciolo, August 4,198f. Incorporated, in a private communication
Chem-Nuclear Systems

with P.,

|

|
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e A 300 ft3 liner 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.

e 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. j

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
sl owly. CSNI contends that liners smaller than 20 ft3 can be pumped to

31 gallon free water with little difficulty. For the large liners (300 ft ),
the 1 gallon limit (0.045%) is not practical. Core. samples taken from liners
which were dewatered showed that the resins at the botton of the liner are &s
" dry" as the resins at the top of the liner.

4.4.2 EPICOR, Incorporated

3 liners containing approxi-Dewatering tests were performed on 150 ft
mately 120 f t3 of resins; both new and 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

i 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 a reasonable limit, since it would allow 4 gallons of free water in
the 150 ft3 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 HNDC 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, 1981.

~
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pump is used to remove wa'ter 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

3in a 6 ft diam x 6 ft high (170 ft ) 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 H1ttman HN-100 liner equipped with an
underdrain and a bottom drain plug could be dewatered such that less than
1 gallon of water remains in the liner.(23) Residual water was removed from
the liner containing mixed resin beads (presumably cation and anica 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 approximately 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 gallons) presents an error of 412%. 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 liquids 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 gallons 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 ( N0.08% 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

1 253.3a Gravity drain,15 hr, liner flat -

2b 208.7 Liner tipped 10 degrees, pumped
3 2.1 Dewatered twice
3 .4
4 .8 Bottom drain
4 .5 Underdrain
5 1.1
6 1.48 Bottom drain
6 .14 underdrain
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 3

24
25

l 26 Not dewatered per test plan
| 27

28
29;

| 30
| 31 .11 End of test ,

aSuspected error. See text.
I ball 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: Ion exchange resin.
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The Turkey Point data were analyzed by the Hittman Nuclear and
Development Corporation and they also concluded that less than 1 gallon of
free water remained in the liner af ter 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 unspecifled power series of time.
The data used is given in Table 4.4, the water removed on days 1 and 2 were
omitted from all three of the numerical analyses perfonned:

.

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
20 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-
ro r. This value should be 1.62 gallons, which is the sum of !.he gallons re-
moved in 2 dewaterings on day 6, listed in Table 4.3. It is nw * ' as to
the etfect of this error on the analyses performed.

The integral of the power series equation fit to the 3 cases listed was
evaluated to detennine the time, t, necessary to reach the 1 gallon remaining
limi t . 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 0.11 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 perfonning an analysis,

e In this test . as in the others discussed, no detennination 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.

3Since the approximate volume of the Hittman HN-100 liner is 170 ft
or 1270 gallons it follows that:

e 0.5% of the volume is approximately 6.4 gallons,

e 1.0% of the volume is approximately 12.7 gallons,
1 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:
|

| e 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)

personnel at EPIC 0R, Incorporated,g responses and a private communication with
It has been learned from the surve

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.

3The testing was performed with 6 ft x 6 ft (approx.145 ft ) 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
Tabl e 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

I overall dewatering of the resins.
,

.

*J. Levendusky, EPICOR, Incorporated, in a private communication with
P. Piciulo, October 2,1981. *
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Table 4.5

Water Retention in a Typical EPIC 0R, Inc. 6 ft x 6 ft Resin Liner (24)

I. Total container volume 145 ft3
II. Volume of resin in liner accounting for

compaction and liner internals 116.0 ft3-

III. Volume of free water above and within
resin 68.8 ft3

,

IV. Total free water 518.4 gallons

V. Gallons of water electrochemically
bound by resin 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

Sten Date Duration

1. Liner filled with water 9/26/79 ---

(1130)
2. Liner decanted at 20 gpm until

suction lost
'

3. Liner air dried
a. Airdried(S150scfm) Ih
b. Allowed to settle 1h
c. Air dried ( $150 scfm) Ih
d. Allowed to settle 1h
e. Airdried(S150scfm) Ih'

4. Bottom drain removed 9/26/79
(1830)

5. Liner drained 9/27/79 14 h
(2030)

Results: Relative humidity of inlet air = 55.

Relative humidity of effluent air = 56
Water drained in step 5 = 1.3 gallons

.
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Table 4.7

Summary of Liner Dewatering Test Results(24)

Water Drained Percent (%)
Foll owi ng of Total Percent (%)

Dewatering Container Free .

Test Procedure Volume Watera

I. 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)

aRelative to 518.4 gallons.

An independent dewatering test included a mathematical 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

l model established that 312.7 gallons of water had to be removed from a resin
j bed by the dewatering process. The field test run in oarallel with the model-

ing work showed that 326.8 gallons of water were removed from the resin bedi

under conditions as assumed in the mathematical model. The report concludes
that the close agreement (approximately 4.3%) shows both 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
of tr.; inability to accurately determine the volume of free water present in a
liner.

-

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 detennined at the plant.* The water present in a
sample of Powdex resin, as supplied by their vendor, was measured by weight
difference tefore and after drying under controlled conditions. The same test
was performed on a sample of resin which was dewatered in their centrifuge.
The t. count of water measured in the sample dewatered in the Vennont Yankee
centrifuge war 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 tha,t there' is no free liquid in the disposal liner prior to shipping.~

2Release of Lintid During Storage and Transport:ation4.5
.

The manufacturers and vendors surveyed agree that no additional water
should be released during the storage or the transportation of dewatered or-
ganic fon exchange resins. After all the free liquid is removed, some mois-
ture will remain adsorbed on the surface of the resin bead and as water of
hydration of the functional grobps. This water can be released to give addi-
tional free liquid in the container. However, the release is unlikely to
occur during storaSe (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 is a
method indicated by one, manufacturer to prepare " dry resin beads," considered

s

to contain no water. Less severe conditiens can remove a substantial portion
of the bound water. _In contact w'ith dry air, water can be lost 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 has been patented for the dehydration of spent radioactive ion
exchange resins.p5) 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 between 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 thennal stability of the resin
being dried. The water removed is expected to be of high purity and can be*

*G. D. Weyman, Vermont Yankee Nuclear Power Station, explained the procedure
to P. Piciulo during a site vist, June 30, 1981.
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recycled 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 decomposition
products and, possibly, radioactive species.

4

It is 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).

report on TMI liner dewatering.yrg-) absorbing materials is discussed in a
The consideration of moist

t2 The criteria established for the
selection of the absorbing substances are:

,

1. Nonreactive to resin beads and impurities fixed on resin.
2. Highly moisture absorbent.

- 3. Easily pumpable,
4. Able to mix within a resin bed.j

Two materials chosen after laboratory testing were silicate and cellulose. It

-is claimed 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 Summ ry'

It is apparent from this review that the dewatering 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. The 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 ft3 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
considered to help remove residual water from a liner of dewatered resins.

.

*J. Levendusky, EPICORP. Piciulo, August 12,,1981.porated, in a private communication withIncor
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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 apparent:

e The pH of the liquid can vary from 2 to 11. Solutions with pH <4 are,

generally corrosive to carbon steel,

e Chloride ions (Cl-) 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

Cl on the container lifetime must be considered if stainless steel
is used as a liner material.

e 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.

e The radionuclide concentration in the free liquid remaining after i

dewatering will be lower than that on resins.

e The gross 8,y activity on ion exchange resins being disposed of varied
from <1 to 5000 tC1/mL. This coupled with the large variations in the
radioisotopes present will affect the total radiation dose to the
resins during burial, thus, affecting resin degradation.

e In several cases ion exchange resins have been disposed of with large
radionuclide loadings ich can result in radiation doses to the :

resinsgreaterthan10prad.i

! Section 3 presented evidence of
radiation induced degradation products of fon exchange resins which
are corrosive 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.

'

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

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-tenn chemical and physical decom-
position of organic ion 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 ion 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

Of primary concern in establishing a maximum limit on the amount of free
liquid remaining in a high-integrity container (HIC) filled with dewatered or-
ganic ion exchange resins, is the protectfun 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 into a burial trench due to container failure.
The radiation exposure to the plant personnel responsible for dewatering the
liner 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 rest beads are spherical and packed randomly
in the liner, about 35% of the 150 ft volume of resins is interstital void
space. Thus, there are about 97.5 ft (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 is 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, har, 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.

Liners used for the disposal of ion 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 percentage of the volume of
wasteinthecontajner. Consider the disposal of 300 ft3 of dewatered.

resin, in a 300 ft (2244 gallons) liner,1 gallon of free liquid would be
allowed. Since dewatering to thig limit is dif ficult in the large liner, dis-
posing of the resins in six 50 fta (374 gallon) liners may be preferred.
One gallon of free liquid is allowed in each of these six liners or 6 gallons.
If 6 gallons of free liquid were allowed in the 300 ftJ liner, dewatering to
this limit (approximately 0.3% of the container volume) would have been east-
er, and in the end less material would have been buried (assuming it requires
less material to construct one 300 ft3 liner than six 50 ft3 liners ) .

If a HIC fails during the reauf red 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 the
resin volume, the effects of this water on the waste package should 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
I 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 limit 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 limit on the amount of free water
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|

to be allowed in a high integrity container, information is needed in the
following areas:

e 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 surface of the liner must
all be considered. These factors cause a large uncertainty in

, '

quantifying the amount of free liquid in a liner.

e 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.

.

4
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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 the4

; 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 r

,

problems of high integrity container development have been considered in a
number of recent reports.(22,26,27,28),

! The State of South Carolina presently allows dewatered ion exchange resin I

waste 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

i state in a memorandum, which is reproduced in Appendix B. The South Carolina
: Departnent of Health and Environmental Control, Bureau of Radiological Health
j 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/cm3 or less of radionu-

_

clides with half-lives 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 thei

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
half-lives of the longest lived significant isotope. For rou--

tine resin wastes, the isotopes of primary concern are Cs-137
i

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 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 light-water reactors (LWR) the protection ofi

!- humans from the radioactivity in the' waste must be considered. The possible
I
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pathways of transfer of radioactive materials from the waste fonn and the re-
lation between radioactive nuclide concentration or total amounts and human
exposure gre important.(22,29) The Draf t Environmental Impact Statement
(DEIS)(291 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

wastesisdeterminedbythe(g9ojsibility of an intruder coming in contact with
-

the wastes afte. 100 years. 1 This is the postulated period of institu-
tional 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 wastes 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 general access by man, then
the time necessary to reach this safe level 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 cancentration 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 pCi/g and 48.4 uCi/g, respectively. These
values are above the value suggested in 10 CFR Part 61 for Class B segregated

I wastes and the materials should be buried as Class C, intruder wastes. The
l loading of 757 pC1/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 wagtg streams in both BWR and PWR
power stations is given in Table 7.4 of DEIS.W1 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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Table 6.1
<

Weste Classifications
Table 1 Fran 10CFR Part 61

<

Colven Colven Colunn
Isotooe 11 2Z 33

.

Any with half-life less than 5 years 700 70,0 Theoretical maxinun specific activity
H.3 40 1 Thegretical easinum specific actielty4.

,

C-14 0. 8 0.8 0.8'
N1 59 2.2 2.2 2.2
CO.60 700 70,000 Theoretical maximum spectfic activity
N1 63 ' 3.5 70 70 .

* Mb.94 0.002 0.002 0.002.

Sr.90 0.04 150 700
Tc.99 0.3 0.3 0. 34
!.129 0.008 0.006 0.0084
Cs.135 84 84 84
Cs.137 1.0 44 4600
Enriched uranium 0.04 0.04 0.04
Natural or depleted uranium 0.05 0.05 0.05
Alpha.emittina transurante isotopes 10 nCf/g
Pu 241 350 nC1/q

1 Maxima concentration for Class A seoregated waste. Above this, it is Class 8 stable waste

2 once/cm3
DC1

3Maximun concentration for any waste class WC1/cmgs C intruder waste uC1/cm3
C ntrations above which some wastes hecome Cla

.
4Near. surface disposal facilities will be limited to a specific quantity for the disposal
site. This quantity will be detemined at the time the Itcense is issued and will be
governed largely by the characteristics of the site. Therefore, the total activity of these
isotopes in each package of waste must be shown on the shipping manifest (see j20.311 of this
chapter).
For isotopes contained in netals, retal alloys, or pemanently ff xed 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 camna radiation; the values for Cs.137 for beta emitting isotopes with sfonificant
gamma radiation; and the values for U-235 for alpha emitting isotopes other than radium.
Wastes containing chelating acents in concentrations greater than 0.11 are not remitted
except as specifically arpenved by the Commission.
For mixtures of the above isotopes, the sum of ratios of an isotope concentration in waste
to the concentration in the above table shall not exceed one for any waste class.
Concentrations may be averaged over volume of the package. For a 5%-ca11on drun multiply the
concentration limits by 200,000 to determine allowable total activity.
Until establishment and adoption of other values or criteria, the values in this table (or
greater concentrations as may be appoved by the Conmission in particular cases) shall be used
in categorizing waste for near-surface disposal.

. .

It is recommended that all high integrity containers have a minimum life-
time of 300 years if they contain ton 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
yea rs.
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Table 6.2

Canparison of Radionuclide Concentrations With Timea

Isotope H-3 Co-60 Sr-90 Cs-137
.

1) Half-life (yrs) 12.26 5.26 28 30

2) Decay-const. (yr-1) 5.654x10-2 1.318x10-1 2.476x10-2 2.310x10-2
.

3) Maximum concentration
for Class A segregated
wasteb (vCi/cm4) 40 700 0.04 1.0

4) Concentration for Class A
segregated wastg after
100 yrs (pC1/cmJ) 0.140 1.32x10-3 3.36x10-3 9.93x10-2

5) Maximum concentration
for Class B segregated
wasteb (uCi/cm4) 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/cm3}c
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 year<

lifetime (pC1/cm3) 3x106 Theoretical
Maximum

'

Speci fic
Activity 5.65 102

*

aAll calculations used the basic decay relation N(t) = No e-At,
bas defined in the proposed ruling of 10 CFR Part 61. See Table 6.1.
cTaken from Table 7.4 in Reference 29.

.

68

.. __--______



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 conditior.s.

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 disposal 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-lined 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 al.(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 of 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 fann 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 this rport 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

metal surface resulting in corrosion.lgQies from cation exchange resins to the
as a transport medium for corrosive sD

1 If 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
i choosen as a method of protecting the metal surface of a HIC. To provide pro-

acids, alkalis, and salts (30)on, the coating must be resistive to moisture,
tection against metal corrosi

which may be present inside a liner. The
coating macerial 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

material having a density of 120 lb/ftguivalent to 35 feet of
directly on the top of the container e

,

.

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 tyurjal sites
construct trenches having a depth in the range of 5 to 8 meters.(10j

Appendix C lists the soil c argcteristics of National Bureau of Standards
test sites in the United States. 261 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 deviation or 1.92 (1.72 + 0.20).
Examination of the table shows that approximatley 80% of the values do fall
below the value of 1.92. A density of 1.92 g/cm3 corresponds to 120

3lbs/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
ce able to withstand the load resulting from this operation. This load may be
larger than that of the earth overburden which must be supported for the in-
tended life of the container.

B.S. 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 infonnation 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 lg,gnqide a liner of resin due to radioactivedecay heating has been discussed 2 1 1 for the EPICOR-II liners used to
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 evaluation
may serve as an upper bound approximation for resin waste from operating nu-a

clear plants.

Table 6.3

Temperature Variations for Several States

Mean Minimum Mean Minimum
Temperature ( F) Range Temperature ( F) Range

Janua rya Julya
__

Illinois 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

aThe range given is taken from the lowest and highest isoline
values from the appropriate maps in Reference 32.

The possible temperature variations discussed here indicate the necessity
to address the thermal stability of a waste package when designing a high in-
tegrity container. Recommendations of test procedures are presented in a
recent rqview of methods for testing the thermal stability of a waste
form.(38;

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-

desi gn.

| 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
I

~
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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-liked (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
steel in high integrity containers possess a question of their raqiation sta-
bility. Organic compounds yield gaseous products on irradiation.(33; Hy-

.

drogeg is the primary gas generated in the radiolysis of polyethy-
lene,t33,34) and there is
erties of the plastic.(33) subsequent deterioration of the mechanical prop-A minimum accumulated radiation dose usually
exists above which these changes occur. However, if a limit is establish
the allowable radionuclide loading on ion exchange media being buried,1 )ed on5

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-
organismsarepresentinresinwasteanda}so

' ticularly in shallow land burial trenches,g10)abundent in the biosphere, par-the possible bladegradation
of the waste package resulting in the re eage of radionuclides to the environ-,

| ment must be addressed. A recent report 351 showed that low density poly-
ethylene was degraded slowly by microbial action. The initial rate of degra-I

dation was measured between 0.005 and 0.10% per month. High density p
lene has been reported to have good resistance to soil microorganisms.glygthy-3t 9;

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
'

a

with dewatered ion exchange resins, from the nuclear plant to the burial site, -

as a minimum, the container should meet the requirements 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 he safe packaging and transport of
radioactive waste at the present time.

~

Guideline D. The container and the associated lifting devices should be able
-

to withstand the forces applied during lifting operations. This'

includes adding a safety factor to cover " abrupt lifting." As a
minimum, the container should be able to withstand a 3 g verti-
cal load.'

If a coc.tainer 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 lifts and cranes to lift the container,

i 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-2

tainer from the lifting device. The existing regulation 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.

I 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 regulation.

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, which are the source of the organic ion exchange
resin waste to be disposed of 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 Barnwgll, South Carolina, hyrial site where the precipitation is
118 cm/yr.l ul- Public law 96-573l37J calls for each state to provide thel

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
i 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 hazard 0us 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 radioactive species
to the same extent as the construction material.

I

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 rep' ort. Gases of major con-
cern are hydrogen, H , produced on the radiolytic degradation of organic fon2
exchange media and the radiolysis of water, and carbon dioxide, CO , result-2
ing from biodegradation of material inside the container. Although the radio-

|
lytic gas generation may be negligjble if a limit for radionuclide loading on

! ion exchange media is established,t51 the potential problem of gas produc-
tion from biodegradation must be assessed. Pressure buildup inside the con-

i

| 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 package to the environment, thereby defeating the purpose of con-
tainment. Additionally, chemical and biological 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 years. Based on the waste classifica-
tions defined in the proposed 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 liftime should be used.

The container should maintain its structural integrit'y 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 limit is estab-
11shed for the radionuclide loading on ion exchange resins being disposed of4

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.

.

.

t
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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.
l

.

l
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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
r.uclides with half-lives greater than 5 years. The resins are assumed to be
dewatered to the extent that the remaining drainable liquid 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 11.

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 hav:ng 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 lb/cf;
l 4. mechanical strength to withstand routine loads from disposal site
| opertions, such as trench compaction operations;

5. thernal 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 lifting devices should be able to with- ,

stand the forces applied during lifting operations. This includes adding
a safety factor to cover " abrupt lifting." As a minimum, the container
should be able to withstand a 3g vertical load.

.

t
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E. 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-
e r. 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
.

HEMORANDUM --

. .

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

FROM: Division of Rad. Material Licensing A Compliance -

Bureau of Radiological Health

SUBJECT: Staff Position on General Criteria for High Integrity Containers

In October 1979, thelow-level waste facilitylicense was, again, amended in its entirety.
This revision to the burial license specifically defined our requirements for free
standingliquids and set goals for their implementation. Also discussed were tne Depart-
::ent'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 fonas is 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
dafined as ion 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-lives. The high integrity containers for these waste
fonns should be designed and constructed to minimize any impact on the industry but also '

, to meet the criteria established below. These containers should be designed to be used
i 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 is 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 Strontium 90 and Cesium 137 with half-lives 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,
lif ting,' loading, offloading, backfilling, and burial.

(3) The container must not be susceptible to chdmical, 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. ,

i

I
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Memorandum , .

Page two ---October 22, 1980

'
(5) The container must not be degraded or its characteristics deminished by radiation

emitted from its contents, the burial trench or the sun during storage.

(6) All lids, caps, fittings and closures must be of equivalentmaterials and 'construc-*

tion comeet all of the above requirements andmust be completely sealed to prevent
.any loss of the container contents.

m
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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 S0ILS AT THE
NBS TEST SITES

.
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49 CFR Section 173.398 - SPECIAL TESTS

,

g 173.398 > ilth,49-Transportation

defined in paragraph (as of this see- at ieast one year after the inst shipment.
Lion. and be prepared to provide the Department.

a complete certification and supporting
*I Amdt.173 00. 39 FR 45243. Dec. al.19741 safety analysts (set Note 3D demonstrating

that the special form ma'er!al meets the re..

E 173.3M Special testa. autrements of paragraph tal of this section.

(a) Special form material: To qualify hh$'neutrement is cueettu Decembu 31.
as special form material the radioac- yoTc 2: Prior to the first shipment of a -

Live material must either be in massive special form radioactive material outside of
solid form or encapsulated. Each item the United states, each shipper shall obtain
in massive solid form cr each capsule a certificate of Competent Authority for
must clllier have no overall dimension the specifle material. Each petition < nist be
lim than 0.fe millimeters, or emn.t have submiticit in accorsiance with I 873.3nsh the
at least one dimension greater than 5 mms ses, and must additsunalty include the
millimeters. Each item, or the capsule I'[[detal ed desc ption of the material,
material, must nct dissolve or convert or if a capsule, the contents. Particular ref-
Into dispersible form to the extent of crrnce must be made to both physical and
more than 0.005 percent, by weight, by chemical states:
Immersion for 1 week in water at pH b. A detailed statement of the design of

6-8 and 68* P., and a maximum con- any capsule to be used, including complete
ductivity of 10 micromhos/ centimeter. engineering drawings and schedules of mm.
nnd by immersion in air at 86* P. If in terial, and recthods of construction;

' ^ "'"'"*'"' "8 "" '""*" "h'#h ""'"massive solid form, the rndlunctive mn- been done and their resulta, or evidence
terial must not break, crumble, or based on calc alative methods to show that
shatter if subjected to the percussion the material n. capable of meettne the tests.
test prescribed in this section, and or other evidence that the special form ra.
must not melt, sublime, or Ignite at dionettve material meets the requirements
temperatures below 1,000* P. If encap- of parasraphs tax 1) thru (4) of this section.
sulated. the capsule must retain its (b) Standards for Type A packaging:
contents when subjected to a!! of the (1) Type A packaging must be so de-
performance tests prescribed in this signed and constructed that, if it were
section, and must not melt, sublime, or subject to the environmental and test,

lanite at temperatures below 1.475* P. conditions prescribed in this pars-
(1) Erce drop. A free drop through a graph-

distance of 30 feet on to;a flat essen. (i) There would be no release of ra-
tially unyielding horizontal surface * dioactive material from the package;
striking the surface in such a position (ii) The effectiveness of the packag-
as to suffer maximum damns:c. Inst would not be substantintly re-
, (2) l'ercussion. Impact. of the fint duced; and
circular end of a one inch diameter (iii) There would be no mixture of
steel rod weighing three pounds, gases or vapors in the package which
dropped through a distance of 40 could, through any credible increase
inches. The capsule or material shall of pressure or an explosion, signifi.
be placed on a sheet of lead, of hard' cantly reduce the effectiveness of the
ness number 3.5 to 4.5 on the Vickers package.
scale, and not more than one inch (2) Environmental conditions:
thick, supported by a smooth, essen- (1) Neat Direct sunlight at an ambi-
Llally unylcidini surface. ent temperature of 130* P. In still air.
(3) /fcating. Alcatinct in air to a Lean- (!!) Cold. An ambient temperature of

pcrature of 1.475* F. and remaining at -40* F. In sti:1 air and shade.
that temperature for a period of 10 (ill) Redue;d pressure. Ambient at-
minutes. mospheric pressure of 0.5 atmosphere

'i (4) Imntersion. Immersion for 24 (absolute) (7.3 p.s.l.a.).
hours in v. iter at room temperature. (iv) Vibration. Vibration normally

'

The water shall be at pH6-pH8. with a incident to transportation.
mayDaum conductivity of 10 microm- (3) Test conditions: The packaging
h0 N - shall be subject to all of the following'

Note 1: Each shipper of special form ra. tests unless speciflCatir exempted -

dioact6ve material shall mamtain on file for therefrom, and also to the consecutive
'

---
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Chapter I-Research and Special Progroms Administration { 173.398

application of at least two of the fol- accident conditions prescribed in this
lowing tests from which it is not spe- preagraph, it will meet the followir.g
cifically exempted: conditions:

(1) Water spray. A water spray heavy (i) The reduction of shielding would
..

enough to keep the entire exposed sur- not be enough to increase the radi-
face of the package except the bottom ation dose rate at three feet from the
continuously wet during a period of 30 external surface of the package to
minutes. Packages for which the outer more than 1.000 millirem per hour.
layer consista entirely of metal, wood. (11) No radioactive material would be 3

*

ceramic, or plastic, or combinations released from packages containing
thereof, are exempt from the water Type B quantitles of radioactive mate-
spray test. rial. The at;owable release of radionc-
till Frer drop. Between 1% to 2W Livity from packages containing large

hours after the conclusion of the quantitles of radioactive materlal is
water spray test, a free drop through a limited to gases and contaminated
distance of 4 feet onto a flat essential- coolant containing total radioactivity
ly unyleiding horizontal surface, strik . exceeding neither 0.1 percent of the
ing the surface in a position for which total radioactivity of the package con.
maximum damage is expected. tenta nor 0.01 curie of Gro'up I radion.
(iii) Corner drop. A free drop onto uclides. 0.5 curie of Group II radionu-

each corner of the package in succes. clides, and 10 curies of Groups III and
sion, or in the case of a cylindrical IV radionuclides, except that for inert
package onto each quarter.of each gases the limit is 1,000 curies.
rim from a height of 1 foot onto a flat (2) Test conditions:.The conditions
essentially unyleiding horizontal sur- which the package must be capable of
face. This test applies only to packages withstanding must be applied sequen-
which are constructed primarily of Llally, to determine their cumulative
wood or fiberboard, and do not exceed effect on a package, in the following
110 pounds gross weight, and to all order:
Mssile Class II packagings. (1) Free drop. A free drop through a
(iv) Penetration. Impact of the hemi- distance of 30 feet onto a flat essen-

spherical end of a vertical steel cylin- tially unyleiding horizontal target sur-
der 1% inches in diameter and weigh- face, striking the surface in a position
ing 13 pounds, dropped from a height for which maximum damage is expect-
of 40 inches onto the exposed surface ed.
of the package whlch is expected to be (11' Puncture. A free drop through a
most vulnerable to puncture. The long distance of 40 inches striking, In'a po-
axis of the cylinder shall be perpen- sition for which maximum damage is

,

dicular to the package surface. expected, the top end of a vertical cy-
(v) Compression. For packages not lindrical mild steel bar mounted on an

more than 10.000 pounds in weight, a essentially unyleiding horizontal sur-
compressive load equal to either five face, the bar shall be 6 inches in diam-
times the weight of the package or 2 eter, with the top horizontal and its
pounds per square Inch multiplied by edge rounded to a radius of not more
the maximum horizontal cross section than one fourth inch, and of such a
of the package, whichever is greater. length as to cause maximum damage
The load shall be applied during a to the package, but not less than 8-

period of 24 hours, uniformly against inches long. The long axis of the bar
the top and bottom of the package in shall be perpendicular to the unyleld-'

the position in which the package Ing horizontal surface.
would normally be transported. (111) Thermal Exposure to a thermal
(c) Standards for hypothetical accl. test in which the heat input to the

dent conditions of transportation for package is no less than that whlen
Type B packagings: would result from exposure of the,

'.1) Type B packaging must meet the whole package to a radiation environ- -

applicable Type A packaging stand- ment of 1,4'l5' P. for 30 minutes with
ards and must be designed and con- an emissivity coefficient of 0.9. assum-
structed and its 'contenLs so limited ing the surfaces of the package have
that' if subjected to the hypothetical an absorption coefficient of 0.8. Thed '

,

.
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{ U3.426 Title 49--Transportation

package shall not be cooled artificially g neduced sizes
until 3 hours after the test period
unless it can be shown that the tem. Ired lettering on white cardboardi ,

pcrature on the inside of the package no inches
has begun to fall in les than 3 Inours.

(iv) Water immersion (fissile radio-
active materials packages ontv). Im. The ladini: or thin car has been ,

FUMIDATEli sermerslors in water in the extenL that all THE^ *portions of the package to be tested """ =are under at least 3 feet of water for a
Eiperiod of not less than 8 hours.

(d) It la not neccanary to actually #""""''**'",*"',"'8"**"^"d** f.

cosidurL the tenta prescribed in this DEFOlm UNLOADINO. opes hoth
section if it can be clearly shown. doors and DO NOT ENTEft until car
through engineering evaluations or is free of gas. RE&tOVE alt. POISON.
comparative data, that the material or Ous g:ATERIAI. before release of
item wm Id be capable of performing empty ear.
satisfactorily under the prescribed test ,

conditions. [29 FR 18773. Dec. 39,1964. Redesignated at
I Amdt.173-3. 33 FR 14929. Oct. 4.1968: 33 32 FR 5606. Apr. 5.1967: Amdt.173 94. 41
FR 19823. Ike. 27.1968 an amended by FR I4087. Apr.15.1976. and amended by
Amdt.173 90. 39 FR 45244. Dec. 31.1974: 40 Amdt.173 94 A. 41 Fit 40684. Sept. 20.19761

*
.

FR 2435.Jan.13.197$1 - ,,
,

Subpart I--Speclol Requirements for 5 173.132 Tank car shipments.
Certain Rail Shipments or Move- (a) Tank cars containing any flan 6.
enents mable gas 3r flammable liquid, except

liquid road asphalt or Lar. must not be

5 173.126 Carn. truck hedlem er trailern offered for shipment unless originally
containing lading which has been fumi. consigned or subsequently reconsigned
gated er treated with flammable lig. to parties having private siding (see

vida, flammable games, pulmmous lig. Note 1 of this section) or to parties

uids or mulida, or painonnum gumen, using railroad siding facilities which
have been equipped for piping the

(a) Delivery of rail cars freight con- liquid from tank cars to permanent
tainer or trallers containing lading, storage tanks of sufficient capacity to
fumigated or treated with flammable receive contents of car.
Ilquid or flammable gas for transpor. (b) A tank car containing any com.
Lation by rail carrier is prohibited pressed gas must not be offered for
until 48 hours have elapsed after such transpertation unless the car is con-
fumigation or treatment. or until cars. signed for delivery (see paragraph (c)
truck bodies or trailers have been ven* of thir section) and unloading on a pri-
tilated so as to remove danger of fire -vnte track (sce Note 1 of this section)
or explosion due to the presence of except that where no private track is
flammable vapors. availabic, delivery and unloading on
(b) Rail cars, truck bodies or trailers carrier tracks is permitted provided

containing lading which has neer. f.*- the following conditions are complied
migated or treated with poisonour with:
liquid. solid, or gas, such as carbolla (1) Any tank car of DOT-106A or
acid. liquid or solid, chlorpicrin. hydro- 110A type (see ii 179.300 and 179.301
cyanic acid, methyl bromide, etc must of this subchapter) may be offered for

*
be placarded on each door or near transportation and the loaded unit
thereto with placard as described tanks may be removed from car frame
below (for cleaning cars see i 174.615 on carrier tracks. provided the shipper '

1 . of.this subchapter): has obtained from the delivering carri-
P

.
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10 CFR Part 71 - APPENDIX A - NORMAL CONDITIONS OF, TRANSPORT

*
.

""

APPENDICES

APPENDIX A-NOMM AL CONDITIONS OF' ,

TRANSPORT |

l
- Each of the fouowing normalconditions of.

transport is to be applied separately to deter.
mine its effect on a package. j

t. Nest-Direct sun!!sht at an ambient 1

temperature of I30'F. In st!H air. '

* 2. Cold-An ambient temperature of
-40*F. In stui alt and shade.

3. Premre-Atmospheric pressure of 0.5
times standard atmospheric pressure.

4. Vibration-Vibration normally incident

to transport.

5. Weter Sprey-A water spray sufficiently
heavy to keep the entire exposed surface of the
package except the bottom continously wet i
during a period of 30 minutes.
I

g. Free Drop-Between 11/2 and 21/2
hours after the conclusion of the water spray
test a free drop through the distance specifled
below onto a flat essentlany unyielding hork
zontal surface, striking the surface in a position
for which maximum damage la expected.

FREE FALL DISTANCE

Psen.sge weight Distence
(pounds) (feet)

less than 10.000 4-

10,000 to 20.000 3- - - -

_ 20,000 to 30.000 2- -

g More than 30,000 1I -

0 7. Corner Drop-A free drop onto each

[ corner of the package in succession or in the
case of a cylindrical package onto each quartero

" of each rim. from a height of I foot onto a flat
essentlauy unyieldlas hortsantal surface. This
test applies only to packages which are
constructed primaruy of wood or fiberbostd.
and do not exceed 110 pounds gross weight,
and to att F1sade Cass !! packagings.

8. Frnetrert.m-tmpact of the hemispherical
end of a vertical steel cylinder 11/4 inches in
diameter and weighi93 13 pounds. dropped
frona a ho!sht of 40 is:hes onto the exposed
marface of the package which is espected to be
most vulnerable to puncture. The long amis of
the cyllader shall be perpendicular to the

i package surface. ,
1 m

~

9. Compression-For packages not
eneseding 10.000 pounds in weight, a com.

pressive load equal ' ) either 5 times the weight
of the package or 2 pounds per square inche
multiplied by the maalmum horizontal crosa
secties of the package. whichever is greater.
The lead shan be applied during a period of 24
hours, uniformly against the top and bottom of

' the package la the position in which the

, ackage wculd normally be transported.p

-
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10 CFR Section 71.31 - GENERAL STANDARDS FOR ALL PACKAGING
.

Subpart C-Package Standarda 1 (d) Tie down devices: _
471.31 General standards for all pack- (1) If there is a system of tie-dows"

aging, devices which is a structural part of the

b (a) Packaging shall be of such mate- package, 2e system M be capaWe of

E t'als and construction that thens will be
mthstanding, w,that generating stress b

, -

any material of the package in excess of:: no sisnificant chemical, galvanic, or other
its yield strength, a static force applied toreaction among the packaging compo - the center of gravity of the package

nents, or between the packaging compo- having a vertical component of two times
nents and the package contents,

- the weight of the package with its con-
,

(b) Packaging shall be equipped with a tents, a horizontal coinponent along the
positive closure which will prevent inad- direction in which the vehicle travels of
vertent opening. 10 times the weight of the package with

(c) 1.ifting devices: its contents, and a horizontal component
(1) If there is a system of lifting in the transverse direction of 5 times the

devices which is a structural part of the weight of the package with its contents.
package, the system shall be capable of (2) If there is a structural part of the
supporting three times the weight of the package which could be employed to tie
loaded package without generating stress the package down and which does not
in any material of the packaging in excess comply with subparagraph (1), of this
of its yield strength. paragraph, the part shall be securely

(2) If there is a system of lifting covered or locked during transport in
devices which is a structural part only of such a manner as to prevent its use for

4

the Ild, the system shall be capable of that purpose,
supporting three times the weight of the (3) Each tie down device which is a
lid and any attachments without generat. structural part of the package shall be so
ing stress in any material of the tid in designed that failure of the device under
excess ofits yield strength. excessive -load would not impair the

(3) If there is a structural part of the ability of the package to meet other
packass which could be employed to lift requirements of this subpart. g

-
the package and which does not comply '

with subparagraph (1) of this paragraph,
the part shall be securely covered or
Iccked during transport in such a manner
as to prevent its use for that purpose.

(4) Each lifting device which is a -

structural part of the package shall be so
i designed that failure of the device under

| excessive load would not impair the
I containment or shielding properities of
j the package.

.

e

94

.. , _ _ - - - . _ - _ _ - - - - - . . _ _ - - . _ _ . _



-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _

l

., ow o h.. . o.oo.. . - , . ... o on~nw..
,1 o o.n. . ..o.e n . o. . ..n.. . o. n. e. o..... .

.
.

.oo-. o--n enoon -n. n. . . . . . n ooon. nn.

3 |a. g :- -n~ng o--oo, -

n nn n - n%

y ,3. . gg
*

n....n. .. :2. :. :n *.*.S.
*

: :... ....- .. n... . . .!.g. 8. R.n R.,.3. ., ., !. 3 2.a. B..e.3.e.~..
* .

.... .n..m..4.,4 D -.. . . . .. . - . - - ....

.... . .... . o. .. ... = , . --
.g. b. ;.

. . . . -.-
, .---n -n--.g g

. . . n.o. m. . o. :=. . n.. . . : e. >. . . .n. o. . . n.,*

. . = . > . ..-....n.. * ~ . . . ... w o. w. . . . -n ~ .---o ... n.n a
. .u. en-n.

f *9 1. .o n.o.. - -n -nn- - -nn ...
.

.. . .e-- n,
.

- . . - n -

.
-

on. n - n n n-n--g .
n.n<

. . e-- n..~..u
.

a.n.o. . o.n.n.e. . ..... n. n.o. . ...e.. ...,o . o. n.o. ..,n.. .

t n. gg . . - n..
... . . . enn-n on.- ~.L.. . n n-~ en-~- ne .n --n. .. .

en,u- g. n~~nQ n-
x.,..p

e
- n ~n- - en

.un n -enn- n-a-. nnoun nne-o. ~

.. e* -a 99 --
. - a*- *=m n om

4 M 90.= -n
;2 J*aa ? c.9 * Ma?.aagg.n,~ng *n*,.,g mgown - ~,.,
y .s 3 a *j

...wnoo. g ~,o. e. *. sgn~..

-~ e nn-..-.- n, .- un n -.n nne -
.in .o,ne t.1 nn. n enen,

.. o.n . . n . o. e n. o. . n.e,
-

. 3 . . .
n. . . . o.n..g..e n o. n.

, o.n. n. . n..... .. - . .

m, g 1., %. 7 .- .E.-2
n. n.

n. o.o. ..., - .e.3
.

s -. . . ..-,S~, S .-
.-. ~ . , - ~ ... . . ..

.n.. . . ... .s ... n.
. ,

.. . 8 n. .. . ...... , .8. ... ..
.... .. .. .n n ... . . . . . . . n .. . o ...o

. o- .... . .

2. . . .
G ....n. ....-n. ..n...

,

. . . n. n. ....n...n..
.

. . . .. . a.
. .

.o n ...... ...o .
..u - ..... . .. . .... .n - . n .-eno .. . .e .oo. .. .. .... ......- o .. .

.. e. . ..
.. . .

.un

.....
..:R . :8., 2. ;.

:8. . :. :888 .. :8 88.. 3 : :8 :. . . :,,: :: :: . .. . . . ...
8... :. :.3 ..o..... . . . . .. . .

.. . . .. . . ....o e n .o ... .n o .u .

.......
s ..... .o. . .

.. . ...o . . :* :.. ..m * * ****.

y . o .. .. * * ** *

p. g x *| t! ?* ! : *

..:g . :.e.e 2. .|c. * :o . . . :n.
...8

.;.. . :s. '. o g n 8.;

8.. ; *8 . !. . |. :.
..

....eeo, e. ....
*....

" * . *.....o. s. .
...O . . . ... ....,

o-....o ..... .-.n
. . . - .. ono .. . . .. . -o . -.m * ...

.. . .
....o

.
.

. . . . .
cm 1 O .

.
.

.
. .

. . . . . .

;8.80. :.x , -

. . . 8 8. :.8.8 8
..

:. 3. :.8. 8.8.8.88 ;8.8.:.8 :: :.. .. .. . . .. :
. 8.88

, : : 8.8. :8 : :
. 8. :. :.e "a d 8.8. :. :8

.
.

.

.. .. . . .. .. . . . .... . . .
. . .

.. .
.

J: O o ..
:,.3. :.., . . : : . : 3.o :. 8.. :y f

.e. . . .o : :2. :. . :. :g ::o ,g ::n:, n . ., o.. .. . . . . n. . . . n.n: :
... ....

..n... ..a.. . . . . . ..... .. . ..

.o .

.... ..o
......

.

. .o.....
. .. .. .. .. .

m . . .
. .. .. . -o-o .a , .....

. o ..
....

. .

..

., .. . ... .

. . n. ... .. ..
. . . 2. .. . 8.o,.

.
.. . . .. .. .. .

..a. . .o 2. 3
.. . ... n. o R.e.8. n. o.

.

.... .3.8. 2 . .n. e .
..m -

8. . .. . . ,
.

.... ..~. ... ... . .

.. -o-o .no ... ..- .o-o .- e d n.
,

. .. . .o-... . . - . . o ... . . .... . . - ..

.. ...- t . .. . . . . . .

. . . 3. o :o . . : ~.8. :.
o : :

h :ne :3: : .. : :. :n .. n. . .o.. . ~ n. n. ...n. n.33.o n. n. n.x. n.. : : : :n :. .: :.e .:." ..n.c o , ...
. .u. .... ...,. n. u. .

.a.... . . . .
.. ..... .. .o . .. . .o . ...o -no . .o ....e n. .. ... . - .o ... ..

.. . . .. . . . . .
.2:: x. ... .

.

-..e. --<ne -m<.9. --men on.<me, en:-m .==n. en.ne.men...< :e.,n <-u . .-
-4 .

on . -.-o- . n n n .. o.~ n - .- n
2 ~, -. %- -n -- - - .n n - -un-2 - --. ng ~n

a o g:- - - -

,

~ ~~ ...

..n.,..n....n. n..... . n. . ~. n. ....o. . . . . .a
m. .. ...-....n.... . . .

. o. n. n. . . ....o. . ....~ n-..~ n. , . ... ..n.

.- - . -
,

- ... .~~~.. . ..o -

te:ge.s sasa.s. gaan: gs.e.e.s. ases.s s.ar.eg gsssg sg.a a. assan ses s
aem a sa n -- sn a--n-

'a ,i , ,F-
- n --

a-, n-n ~ n
2n' d 22 A

.- a ddd Ad ad 24 & .Addd di 22 & dd O'd d& dadd
. =$ *h

-

c n * -
- --a -

k
O -

L

j ,E .j AAcha ChAAA Chhhh kACCA ACACA CAAhL CChhc CAchA AkhCA CAAAC
t 4 :.a.

.....
.... . . .....

._ .

..... .... ..... ...... .

..... ..... .....
.... ... .

.....

. ... ..... ......... ..... ..... ..... ..... ...... .j. . . ... ..... . ...m . ... .... ...... .....
3...

..... ..... d ... ......,u- ....
... .a : ..... .

.i.J

.... ..... ..

.. .acp ?.h.33 m:g:SGii~3 jdpig Ti;::3. .s aga,Ei ced55322.1 ::v42:s
. ..... .. ...3 4 .a 4

.. ... .. .

..:.::L .i ,es .:
. . .

4 .. 4. ..

: c5=ic sc. nii l : -:A :- 2 . . .. . .e. :....m .

* a . iz <*< ing;aai :4 . .32:* ;1..

ei iizM. Ysix

3:i G 1*ste
:.c 3 og.it

s1 - aiuS I
o .

ol' -

ei
3 14.jdbii]=i.:301 415.31 c.i

!a=T:.txo,.
5

12 so
is ea e: 41e s 2 2< -e a , 32 1.:2.s.g =2,.33 <26~6 ja23a salix 33241 s'sa6 19113 h: isis 31213 inc;?i aissa aak3k

o ta:c >. .s
a=

.....

.... ......... :..-

.....

..... . ... .....
.

.....
... ........ .. ....m .... ....

.. .. ....
.......... ..... ..... .........

.....

..... ..... .....
.....

.. .. ..... ......u. ..... ..... .......... ..... .................. .......... ......

.......... .. .. .. . ........ ......... .......... ......

..

. ..... ............. .. ..s ..... .......... ....
.. .

..... ......,.. ...... .... .. ...... .. .. ......... .... ..........,o-
.... .

. .... . .. ..
.. ..

e.... . .j. .. .. . .. ,.... ... ..
. ...

. .... ..
2..

.. .. .
.. .

.. ... . ........ .

... .. .. 1,13
. . ..

... . .. . ........... . ..
i.... ....... ..

u .

.a.
.... ...

1.a . .....: 3j ;. J,- UW; i. : . ,
. .

....... . m., . . .
...

,. ,.1 . . .......
... ...

.

. e. -... . . .. .... . , , . .
.

r ,. . .el.l ,. ....sj.
.

. ......E . .. .

. . ,. . .
.

. . s . 1. .
.

. ......

..
. ..... . .

..
..... ... . . ......... .. ., ..

...
. :r .:

.. .

1:1 y;4:1 1:::d ,3

. .- .. .- : si ::8 3
.

a:s:3
gje== d : :e :- .. . 88- . i4::- =9

i : 8 :. . =1i27 3:*it
3 b5 5i3i! I i 315N ~NMI s_d is 3$ :!$1 l*isi.!. iii.13-hl-EiNill'??"0'3

r-

l2Y3 =d .

N$'
i

5.=-?i9.,i i.,i;li 1111. t.i'ai 1122.] i.='~ 5.Ji 4^..il.az= .k g,;sg.
s5

= .
3 ,5 7. , ,. ,

a scc =---- xxx . ..... 22.33_s, ,3, m, ...,e g. . E .s . .= .o g , e ,n e
-

. ,-
_,gg g.. ..-

=, ca .,s. a.. ,2 ,
.. ..e.a ==<-o -... .. .. a=

1<-

.~..o - n, n, - ....,~,.-~g.~.gg n~n~n-.|
, .----- --- g -nn... .. n a. nn nnon,-nn.. .~..-an,- .~..o- nannu

,s,
.
,

95

-
_ _ _ _ _ - _ _ _ _ _ .



%

e

%

.

e...... ..... ..... ..... . .e .. ... ,

!n.. .e ~ . . . *s.... .. e

~. 8. . 9 . =. ,. h. e. php- e.... ...... . . .. i-e .......... ....e d . . . . - .. . m.n. ... ... .e
p3..S $13eo ........ . . .

'......1 o ..... .. . . .. . 1 9......a ... .... *a n . - - ., ...... c A w, u. ...
*

4
.

.

.. ... ,-..........
.. . ... ..... ........ .....

2 a% l,4,1 .... .% .....----~~~.3...e e e k,. I. ,.*e .... ...... .. .... ..... .....
3.e,2. 3.n, ...- ....

......n.n.o. . . .. .... .... ..... -

;g gJ;g
gy *-. ....

.. .... .... .....--n--.
.

- s '3 '..,
-

s-... . ... .

.... e:..... .....
w e. . . ... ..... .....

.... .... .....R....3.g 7 m. . o. . ,. .n.n. e. . . ... ......... .... ... --

.... ..... ,e ,
.

.
. ......... ..... .. ..

2n e .. .........< g 3. ..n
.. 3 w t *

.... .... ... . .. ...
..-- n -- ...

. . . .

*""*N. ".--98 o.*.*" ' . = f
. - oo

. 9'*9 !. M !. !. !. . !. !. !. !.o**9"" *"**n. - em :* ****tj'12 1. "'*n.9 8." e .,K' n o -oe-. n. *

.

.o-en Ssen
. *..K' M' M' a n . Sn e

~oe.m nnn ~

_ *1 *Kon n.
- n

3 ~e o In -n nnnnn cw n* wn-. s . . ...
*-

.. .....e. o.n. .. n.n. e. . e. e. . .,.n.,. ,.
. nue-o e n ,- ~ e, e n,e, n . I ,.

. o. - o..>e...
n ..-d* o o. o. .o. n. .... . . . , . , , . , . , . . ......

4.3 .L ,3 n,o, ~ -~~.n.., ...e ,. . - , ,... e.. 6 .-. en --#~ -* *- * *
y3 e, a e n.o e: :: c. o. n. n. - n.

. .......... ....n. anS-3 -U3.g --e .~~e e 3 3.om. .~ . - 23g l a.3....o..n a. n.o.o. ,n. . >N s g ; *. ,A.,.
v

.

g 1.y e . m. .=23 2e.ene e.m.e.e-g e. n ee. ....%,

.... . .. e e..... ee e m,.
.

. .
.

U.I. . .
... .. . .. o . .

eI.n ... , o ". : : ": j,**e no .. . . . . -I. !:* | :'" *
w a - ~ A

8.* * * * .
. >>=en *

W d I. :oO.* I."o *- .E. N.I.w**e * *:M ! ** " *! * " "

- n an... .. n a
. o. o . . .... . .: -. 3g*o n ee... . .o n -

. .

& a .nnn -3o e oenn.,M. .n .n - . =- 8-

y$ . . . .. . -e eu
e. . . . B..... .e-

. 2. 3. e - .*e. n. e..

.

. n3. .c 2. o ma,n 3. *e.8. .,- ..
y) .

3. . . , > 8.o .o. . * S 8.*=.S. n ..... ..

-o
o. w o. .e. ,,,w

...
.

.
~4 . . . . .., .... .. o .. . ,s o,...-o- c. o . ...... .. ..p . .

e o.--a no .m meno . . .. n . ,
. -

. .- a ; ww se 8 * s n .w.* e.n . |.3. 3.e :... :e >o.2 e 3.=~.
'o : *aS *

: ...r........o.c ....* * . ---=
I--

-

8- o S.n.8. 88... 8. E.e n. : ....n... . ... n.
u, ,- s

.. w
o. n.n.. . e.n. . w . .. ... ,gn.-*'o ''* ** =o .n -o*. **..

'.-o=-v1 - o '. .
.. . o* o-o .. . ...

.. . . . . . ..

e e,
8. !.888. 8.8.8. !8. 88.8.8. :. 3. : :. :. : .:* : :8 88. :. : :. : : 38. 8.88. .:S. 88. ;. ;. : 8. . : 1_ = 1 =Z - .

"a g a, E t '. . .... . ...

. s : : o r :r:- : : : ::: .: -o :- o : - .-
.

eJ,,'=--c
2..

.. *-
. .... M.,......o.

. ..

R.o.e ..n. . .
.

.. . .o n ,- . -ea: . .

eR. 2.. no...n.a. m. e. n...-n, 28. ...E. 3. 2. e.e 2. . . . .. ...
o . .n. .- nn ; . .y

.. . . e.
.o * .. ....... . ;o g... . . .- .ano ;,.. . . .ono . ,

--*
. ~ , ap ., *=

3.3. :. :. :. 3. :. :. :l *3=.
. . .

:n 2 : : : :
3.

:.
R.e.-3. :. ~.e, S.n. ~I.... S.n : . .B.B. . B.e..e.

n =

a :S.S.n.
a n n

. o no .. . . . . . o.. 8..men...n. . .e. .e. .. o. n . . e. . .n.a d - - . . .

..... .
.w .. . .o.. .

o .onn woo .e anon o mne- o e. .. .1 . . -- . -
-. - - . - . - ---p. ,

4 3, g 3
y ,.

'

*.
2.:

2. ee. :3. e2.:....,:.
S.o. 8. . n. : :

e.2.~.: en
.g

m.O 3. :n_,3. s.e-, :.e. . . e..... g . . . n. .. .. o .=
. . . . . . . . .

.

. n....an...m .... o. ~ n. n. . . .n .... . v.... ..+x . . .

..m a n o ,..

n... . .n n . gen .e c.

j .g 3,.
...c . .. -no .n gwoo . .

-
2 o .nga .. ....n . ...

,ev
. .

MN<<< <<!.*,< << ann 3. e
p <e-n

d , a*-<o M 9* *.?, <<<<i. < << < <<ome
@ {s

e-- -Meu no. . n-,n ,~e. n, a, - u. n. n n , o. :- . . . . .. -
c) 4 pg= -g -- z===- -

3 eoo 7,~,n* ,. e.e.n. e . ,m. e. ,. a. n. , . . e. n. . e. n. n. e. . . . e..
.

. n. e. . .
m e w,.n.m w - o. .n.o. e. e e. . > . c. o. e. . . .n. a. n. . . ..

e ea, ,, eon >> nee on, , ww n. . . .

w. . n e ,. .e he.* ; emme>-a nenh, ,-c.-

e g *#";
e.n ?.S.R 8 n g S. n.o 9 ~oy nom. : enn-e

e-n.-n . ~ s e n.n, ~g8mo- se- S.g 88.%-- -ng. - ,--e
[] go8,en eno. -oe. n. ,. . .e----, n

.
a .: a : a as asa :.: a s.:a o.:a 21 1- - -~s . n _ e nem -

.h_w 4
n -- noee u

nn . -n- nuean o .O.o.

D g -

-4wM O
h hk h hChAh hhCCQ CCALL LhIch AhCCO ALLL ,-,

j g]4. 3 *j AC>AL>s &>AAh> hCh>L
, L.6 LF- 6 ,

=~ y e oa .w- ' 4 . a, u z
..... ..... ..... ......... . ... ..... ....., ..... .,.,... ...... e,x,a ., ,

1 ,....g...... .
.. ,.,- ........... ... .. .... . .. ;.. g-J... s...o d 3 ; . * Q.... ,.... .......... . ...g ... ....... . .... ,... .... -u..

.. -.. . ....... : . : ..: .. m .

...: ...u : . .e . . ... ....:
.

.
q d, 9

. . . .

M.33 d e ,.j.j ::
. . .: . ... . .. - *'D'.d .d-

.2 .4 .32j

t... 3.o .. 2 u* l' .
. . ': . l . 0.a. * ,. '

.-
.

4 ********.

u. %. -
' .- e a*. 1n .n*1

*

: - -
;2 .:2. d. .:. . . .

m 2- : . ...

a .m a .=-U .i..su.: ~a -

d <g4 Z..a. ; =[>- :a.- .. 3

e. :;8.uh.e
.o . ny s. ma .* . g .; .o ..

.c .

., ..ic.3 j
c., .d. h. e.3 =:c,c1

- -
s, . - - -}s t < . ,

*

u. .. -

.

3 4.a..
...t < .- g, m:. .

g 6,,,
ua

] 22.-a.-j<2==
-- ..

23 .- f :=5 g e s3 3 .s- .>* 3 35 1Jiza lit; ~ 2 .. :
. i -

4:a
..

1 o.
81:,5 4 = sani 2 31 2453cj>gz =ciso c1414 s -1351 s,3qas: s:'.c;s:s 2;c:4

,

:s i :2 4 3 g:is t s s i g s; y=
. :

i m =il e
a acsc Aw d= a - -

;3..4
c * * *

:...;.* .....|
... , a............. . .... ..... ....."

..... . . .

"4 o.m....... ......a. .... .. .....
. a.a...... ..... ............ .....

.2.,.,..... .... .... . . . .... ..... ..... -..... ..........u , ..... .... ......

. , . . .
....... ... . . . . . .....

..... .... ...... . ,.

......... ....
.......... ...2,-- .... ...: ..

,i. . . : : : : *:3.. . , *e ..... ..... .. .....- .. . . . .- e- ... . . .

..n 2: : : :: m.. . . .] s =e
-:j : : :: ;'. .:: :a.o *::*: : : : :: :..s: : s

. ..a a --s. .g.. . . m,... .g . ., ,. .e _. ..
. - so.....

1..2..
... .....

.

2= . .. . .: ..wa ,_. . . . , - , . . .
,.

..as..... ...... ..

..1.,a.. . _ . ....- . . . g ,, .
a - .....

'..g , .=..

1.... , . . . . :.. .

.. ....... .-, m,

.......

.

.. .- . . . 533 22it ? ii!:: 1g jl
. . .

.. .. .ga........ . - -
.. . ...., e-

3_6. . i. !. !. !g! !. !..!! !. ! ij ;;.J _ ssi,J 33 .. :
.....

1:! : 33, ! !. 3 t i. , s.i...

1-J
...

>

31 >I # .. _

1 :. 2 m ,2 . __22. .. : . m). 3

.1_.s :. . J. __ _e.1
...,.. s

,

,2- ~.1,.: ,. . n
..: ,. 2.=.; 3_ .> : ... . ,

s u .. s;, =. .... - . . - - . ,=::e:.

= . > .a: a..e a._2 . . 23::
. -

. . . . - ..~ . - -
-, .

. . . ,. , l :. . 2 s =, . . s s. . e ,e s . , , a1,. ,. . , . 2 . ,, s ,;-
. ..

i e- =~u._ ..

| :. 2 4 :,3 a.
.

3, . .-
..

e.2., 3,. -
. ;

.__. .,.. s . . . , . 14 s 3, _. e.,2. . , . _, a...o =.2,c.==g. ,.= c,a . =,. ,. s.i. ,v .e.
-

-. : .: .
s

-. . s .. ,, .. .. -
-- .-. .zzz m ,4 . , , . , ,, - , .. . ..,. 2 -

-
. .. ,. ..

.- .- , ccmm. c = .
. . c= =s ~..ca .. s 3 e' ',

ga
s.

* I- 9-
Mgeo

-dhe e - P. n o .eme- nne-g hmso- mMe.e h e m g. - Z ,*C.
--- nenM.So-no -d e 4 4 e MMMMM >>>>O MQadQ odo-- -

.n
f .=d. h e. S . 3ede. ---- -- - -- ----.= - -----

g

-

96

,
,

L
__ _ _ _ . _ _ _ _ _ _


