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MEMORANDUM FOR: Vandy L. Miller, Assistant Director
for State Agreements Program
Office of State Programs

Paul H. Lohaus, Chief
Low-Level Waste Management Branch
Division of Low-level Waste Management
and Decommissioning
Office of Nuclear Material Safety
and Safeguards

SUBJECT: TECHNICAL CVALUATION REPORT ON THE DIVERSIFIED TECHNOLOGIES,
INC., TOPICAL REPORT, "VERI™ (VINYL ESTER RESIN IN S1TV)
SOLIDIFICATION PROCESS rOR LOW-LEVEL RADIOACTIVE WASTE,"
REPORT NUMBER DT-VER1-100-NP/P, REVISION O, DECEMBER 1, 1991,
DOCKET NUMBER WM-j0%

Four copies of the subject Technical Evaluation Report (TER) and our letter of

transmittal are enclosed. The TER approves the Diversitied Technologies

topical report on the VERI™ Solidification Process when th: final revised

topical report is submitted. Please note that final approval is contingent on

a revised topical report and satisfactory resolution of the open issues <
identified in Section 3.0 of the enclosed TER. The revised topical report is :
due to the Nuclear Regulatory Commission on April 5, 1993, :

Please transmit the TER's and cover letters to the Host States. If you have
any questions regarding this letter, please contact Jennifer Davis at
(301) 504-2697.

Paul H. Lohaus, Chief
Low-Level Waste Mancgement Branch
Division of Low-Level Waste Management
i 1 Decommissioning
Office of Nuclear Material Safety
and Safequards

Enclosures: As stated
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4 NUCLEAR REGULATORY COMMISSION
. WASHINGTON, D C 20808
‘\.

il

Mr. Charles E. Jensen

Vice Pres. dent, Operations
Diversified Technologies, Inc
10 Dixon Drive

Chestertown, MD 21620

Dear Mr. Jensen

The Nuclear Regulatory Commission has completed its reviev of topical reporte,
OT-VERI-100-NP/P, *"VERI™ (Vinyl Ester Resin In Situ) Solldification Process
for Low-Level Radiocactive Vaste * The technical review included information
contained in the topical report (TR), and Further information that was
submitted as a result of the reviev., The Technical Evaluation Report (TER)
for this review is enclosed

We have concluded that the topical report supplemented by adaitional
information that was provided in response to staff comments and questions
adequately describes low-level radioactive vaste forms produced through use of
the VERI™ process. This process applies to the solidification of tWwo waste
Streams, mixed bed bead resins, and LOMI resins.

We also conclude that the solidified wvaste forms described meet the structural
stability requirements of 10 CFR 61 for the divowal of Class B and Class C
vastes These conclusions are predicted based on satisfactory completion of a
final revised topical report which should include all applicable information
developed during the technical reviev, a copy of the enclosed TER, and the
following conditions:

1 The VERI™ waste solidification process shall be used in accordance vith
the limitations called out in Section 3.1 of this Technical Evaluation
Report, and all additional restrictions and requirements specified by
the disposal facilicy operators and governing state agencies.

2. Diversified Technologies must notify users of the VERI™ vaste
solidification process that they shall certify that ail restrictions and
required procedures have besn adherad to, anu that the waste forms do
net contain proscribed chemicals or vaste materials.

3 Diversified Technologles must characterize the chemical nature of the
resins used in the qualificat! o tests so that users of the process can
know what kind of resins can de satisfactorily solidified. This
information must be clearly specified in the final revised TR and
operating procedures.

4 Diversified Technologies must resolve the outstanding i{ssues specified
in Section 3.2 of the enclosed TER.

I30t130 295 290




Charles Jensen o2

Note cthat Fioal Approve) (4 contingent on completion of & revised TR vhich
ineludas lltlcflctcry resolution of the outstanding issues in J and & above .

The revised toeplcal report should be submitted to the NRC within 90 days of
thin letter.

[t should be noted that notwithstanding NRC's decisions on the adequacy of the
VERI™ polymer solidified vastes, the sited States have regulatory authoricy
concerning the conditions of acceptance of vaste forms at their disposal
facilities. 1t {s therefore the licenses's responsibility to contact the
Jtate regulatory authorities to determine the acceptability of the polymer
solidified wastes at their State’'s facilities.

Coples of the enclosed TER and this letter are being forvarded to the States
of Nevada, South Carolins and Washington for their {(nformation and use .

If you have any questions on this matter, please contact me at (301) 504-3450,
or Jennifer Davis at (301) 504-2697

Sincerely,

John Thoma, Section Leader
Technical and Special Issues Section
Lov-Lavel Vaste Management Branch
Division of Low:-Lavel Waste Management
and Decommissioning
Office of Nuclear Material Safery
and Safeguards

Enclosure:
As stated
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TECHNICAL EVALUATION KEPORT
Docket No. WM-105

Prepared by: Lov-Level Waste Managesent Branch

Division of Low-Level Vaste Managesent and Decommissioning
December 1992
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ABSTRACT

This Technical Bvalugtion Report (TER) has besn Prepared by the 0ffice of
Nuclear Materisl Safety and Safeguards of the US Nuclear Regulatory Commiesion
for Diversified ?oehulogtn' Topical Report (TR), DT-VERI-100-Np,p, VERI™
(Vinyl Ester Resin [ Sieuw) Solidification Process for Lov-Lavel Radioactive
waste " (Docket Nusber WN-105). This TR is based on work done in conjunction
with the Dow Chemical USA Toplcal Report DNS-RSS-200-NP, *The Low Waste
Soildification Process For Lov-Level Radiocactive Vastes* (Docket Number LB
82) . The Diversified Technologies’' TR expands on the Dov TR {n two areas.
Flest. all of the Approved Dow vaste forms wvers limited to & maximum of 50
cublc feet. The Diversified Technologies’' TR was designed to qualify
tolidification of spent lon-exchange resin (n a 200 cubic foot liner, using a
process similar to the Dow process. [t also containe qualification test
resulcs for solidification of spent LOMI (Low Oxidation State Transition Metal
lon) ion-exchange resin, which was not one of the vaste streams included in
the Dow TR

On the basis of the information presented, the staff concludes that this
binder process, vhen applied to the specified wvaste streams, should result in
waste forms that meet the structural stability requiremsents of 10 CFR Part 61
and the guidance provided (n the Technical Position on Vaste Form, Revision 1,
January 1991, Lisiting conditions for use of these vaste forms may be
specified by the regulating authority for a particular disposal site.
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TECHNICAL EVALUATION REPORT
FOR VASTE FORMS PRODUCED FROM THE
DIVERSIFIED TECHNOLOGIES vERy™ PROCESS (WM. 10%)

L 0 BACKGROUND

This report provides the evaluation results of the technical review of
information and data submitted by Diversified Technologies in a topical report
(TR) entitled, *VERI™ (Vinyl Ester Resin In Situ) Solidification Process for
wow-Level Radicactive Vaste " DT-VERI-100-NP/P, December 1, 1991. This
Technical Evaluation Report (TER) (s & detalled evaluation of the vaste form
qualification test data provided by Diversified Technologies to confira that
this solidification process vill produce a vaste fors that meets the
regulatory requirements of 10 CFR Part 61 with respect to structural
stability

Orice a topical report reviev has been completed and the assoclated product(s)
has been approved, the T process allows a user to refarence the report to

regulatory review process and is acceptable to the staff. Thus, the TR
process alluws the use of a fepeated process, action, etc., at several
facilities afrer a single successful reviev has been completed. However, In
the case of TR'r for waste forms, vaste generators must take additional
actions (e.g., plant-specific process control procedures) to demonstrate that
all portions of Part 61 have been mat

Ll Regulasions

By Federal Register Notice dated December 27, 1982 (47 R 57446), the United
States Nuclear Regulatory Commission (NRC) amended (ts regulations to provide
specific requirements for licensing of facilities for the land disposal of
low-level radicactive waste (LLE) The majority of these requirements are now
contained in Part 61 to Title 10 of the Csde of Federal Regulations (10 CFR
Part 61) entitled ‘Licensing Requirements for land Disposal of Radioactive
Waste® (Ref. 1). These regulations are the culmination of a set of
prescribed procedures for LIW disposal that were proposed ir the Federal
Register on July 24, 1481.

The effective date for the implementation of 10 CFR 20.311/20.2006, (*Standard
for Pratection Against Radiation®) wt. ch requires vaste generstors to meet the
wvaste classification and vaste fors requiremencs in 10 CFR Part 61, was
December 27, 1983 As set forth in 10 CFR 61.55, Class B and Class C vaste
MUST meet structural stability requirements thar are established under 10 CFR
61.56(b). As noted in 10 CFR 61.56(b)(1), structural stability could be
provided by (a) processing (1.e., solidification of) the waste form, (b) by
the vaste itself (as with large activated steel compenents), or (c¢) by placing
the waste in a container or structure vhich would then provide the required
stability ({.e., & high intagrity container (HIC)). To the extent
practicable, Class B and C vaste forms or containers should, according to
Section 61.7 of Part 61, maintain structural stability fox 300 years. In May
1583 the NRC provided additional guldance by weans of a Technical Position on
Waste Form (TP) (Ref. 2) that describes test procedures and criteris



o}
&6 O® Used o damonstrate the required
stabliiitly The BOSL recent
the Technlcal Pogiri

O -Carm W vYear sty
4 N

guisan ‘N vaste forms (s provided

! w"aste | s wt

. iral
Al r i ,

b ""nl}wv
LEN was (ssusd it 'ANUAL

y 'S

LAY I ¥

pica
&ertal

1 waste Orms pt
fequirenants
L8 process appi
WEARES Stresns ¢t

ion Repor:?

e85 and t Process

omalr ) bl aste
material ¢t

VoW
ﬁl!‘-!. ftesit
jvaliflied or

lechnologles submitted theiy topical report, DTI-WMS-100.NP

Ref 8 The *VER] ™= Process “ascribed in the topical
tfers from the Dow "VES* process in several wvavs The VERI™ process
¢s forcing (by pumping) or iraving (by suction) a catalyzed and promoted
ied vinyl ester resin through an expended ion exchanger resin container
v solidification method s a aixing proceas In addition, the binder

romoter specifind by Diversified Technologles differ slightly from those
Dorw Diversified Te: anologles also proponed qualification of a waste
ream not qualified by Dow; spent LOMI (Low Ozidation State Transition Metal
exchange resis The original Diversified Technelogies' topical
incliuded information on two other Diversified Technologles low
focessing methods that were not part of this review The NR
Nat the TR vas not an addendum to the approved Dovw solidificatior
% TR based on & newv process (vhich results in a polymer wvaste
$¢ rom the Dow process) The NRC requested Diversified




Technologiens to subgq, & revised TR, which they did on December 1, 1

(Ref &). This ™ma ¢, written to describe and 4pprove only the revised and
relssued TR and S8s0ciated documentation This associated documentat{on
Includes & vecond Npc Request for Additional Information (RAI L F3

(Ref . 9) and Diversified Technologies’ Response (Ref. 10) .

Note that some Information in the original TR was not included (n th revised
TR, but vill be reinstated ner RAI #2 and the responses to RAI #2. Thi,
material vill be discussed, as it is {ntegral to the TR Feviev. Note that for
all future purposes the December 1991 TR vill be considered vhe ‘original*
Diversified Technologies TR,

*} vexalfisd Technologies Vinv) Eater Reain In-$itu Procass

The proposed solidification process invelves forcing (by pumping, or suction)
& Catu.yzed and promoted modified vinyl ester styrene through & 4lsposal
liner, demineralizer column. orf other expended {on exchange resin container
As the bindar flows through the resin bed, {t fills the void Spaces between
the resin beads, and forces any free water in the container inte the bottom
devatering internals. After filling the void spaces in the resin bed, and
displacing the ex.ass water, the binder cures to form a liquid-free, hard,
free-standing monolith inside the container.

¢.0 TECHNIZAL EVALUATION

The (nformation presented in the topical report and Diversiiied Technologies’
letter responses to NRC's comments provide the basis for the technical
evaluation presented in the folloving sections. The reviev and evaluation vas
conducted by NRC staff members. The determination of the acceptabilicy of the
submitted i{nformation is based Upon & comparison with the applicable
regulatory requirements of 10 CFR Part 61 and the guldance on solidified vaste
forms in the Revised TP (Ref. 1),

¢ 1 Waste Characteristics

The sinimum set of characteristics that all LW intended for near-surface land
disposal must meet (s defined in 10 CFR 61.56(a). Theso requirements are
intended to provide for eass of vaste-handling and to provide for the
protection of the health ana safaty of the personnel at the disposal site.
Class A vastes are only required to meet these ainimum requirements {f they
4re segregated and are not solidifiad vaste forms. Class A vasces that aic
sollidified and disposed of with Class B and Class C vestes shall Besat the
stability guidance fur thesa vastes, in addition to meeting the minimum set of
characteristics.

The characteristics the vaste fora classified az Clase B or Class C should
exhibit to meet the stability requirements of 10 CFR 61.56(b), are those that
will enable the vaste form to saintain {ts stability and packags (ntegrity
during waste-handling and eaplacenent, as vell as after disposal. Stability
is intended to ensure that the vaste does not structurally degracde and affect
the overall stability of the site through slusping, collapse, or other failure
of the disposal unit, and thereby lead to water infiltretion. Stability (s
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CAST elght discrete types of resin beads inorganic oxides, and vater
vEOCessing media; hovever, no mores explicit information vas provided
egarding the app oximate juantities or specific types of resin This
hould be provided by Diversified Technologies in thelr revised
Al report Some of the material used for the teast
veen stoted for up to a vear. and other material
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of 1 FR Part 6] nmeains the ainisus requirements for a
These requirements are

intended to facilicate handling at
4nd provide for the protection of health and for the safety
the disposal site The TR vas evaluated Against each

ontained in 10 CFR 61 .56, as vell as the guidance contained
n Waste Form (Refs. | and 1)

it

yectior 26(a)(1l) of 10 CFR Part 61 specifies that vaste must not be
vackaged for disposal in cardboard or fiberboard boxes The waste form (s
NEained in steel drums or liners and thus satisfies this requirement

on 61.56(a)(2) of 10 CFR Part 61 specifies that liquid waste must be
iidified or packaged in sufficient absorbent material to absorb twice the

iume of the liquid The liquid wastes addressed by the subject topical
report and subsequent vendor communications. are solldifled and, therefore
fulfill this requirement

Eree Liguid

vection 61 . 56(a)(3) of 10 CFR Part 61 specifies that free standing liquid i(n

o .

¢ solid vaste shall not excesd 1% of the volume of the solid waste In the




TR, the vendor statey thee *the binder Cures, forming o Llawld: free
free-standing menol{eh (n,(de the container* (o.tu::o added) . m'o?:::hx

™ (..‘ .) Stated m' '“'.'l\ cuttln‘ thy the side of the llmr
apount .‘ vatar Yas 0..."." C°ll.¢t.4 .::.h“‘.u.‘. lm.’. '.r.) & small

approximately 1. § Ballons (less than 0 10% of the liner volume) .

the small clrewmferencial vold between the liner and the lol‘d:flodlzza:::itn'
Diversified Technologies’ discussion of this phenomenon points oyt that the
amount was less than 0.15% of the waste volume as wvell as being less than
0.10% of the liner volumse Inspection indicated that the water was probably
driven off the monolith by the exotherm and volume shrinkage experienced
during the binder curing process. This (s supported by bench scale testing.
“her a sample (s removed from Lts mold, & small amount of moisturs is evident
on its surface. This surfs-- molsture appears to be independent of the degree
of pre-devatering Althoug. hers may be some free vater present following
solidification as demonstrated. the volume (s well within the maxious, and the
vaste forms therefore fulfill this requirement .

2.1.4 lllﬂﬁ‘!‘:! of km&

Section 61 56(a)(4) of 10 CFR Part 61 specifies that rhe vaste sust not be
readily capable of detonation, explosive decomposition, or reaction, at normal
Pressures and teasperatures, or of explosive reaction with vater. After
solidification, the vaste forums described (n the subject topical report do net
contain any substances capable of such reactions and thus satisfy this
requirement

¢35 Texic Cas Generation

Section 61 56(a)(5) of 10 CFR Part 61 specifies that the vaste must not
contain or be capable of generating toxic gases, vapors, or fumes harmful to
persons transporting, handling or disposing of the vaste form. The solidified
waste forms emit no such gases, vapors, or fumes and thus satisfy this
requirement

¢.3.6 Pyrophoricity

A waste sust not be pyrophoric, as defined in 10 CFR 6..2 and prohibited in

61 .56(a)(6) of the regulations. The solidified v.ste forms are not pyrophoric
nor do they contain materiale which are pyrophoric; therefore, the solidified
wastes satisfy this requirement.

207 Gassous Yaates

This solidification process is not proposed for use on gaseous wastes, so that
L0 CFR 61.56(a)(7) of the regulation i{s not applicable to the Diversified
Technologies wvaste forms.

238 Hazardeus Vaate

Under Section 10 CFR 61.56(a)(8), vaste containing hazardous, blological,
pathogenic, or infectious material sust be treated to reduce to the maximus
extent practicable the potential hazard fros the non-radiclogical materials.

5



Nelther the VERI™ Polymar binder materig] . nor the vaste streay materialy

idencified In the TR concqin biological pathogenic or infectious
, nat :
Therefore, the requirements of 10 CFR 61.56(a)(8) have been met. -

It should be noted thar the NRC topleal report review of the Diversified
Technologies VERI™ oo\ (4ification Process did not address any applicable v.s
Environmental Protection Agency (EPA) requirements relating to hazardous solid
vaste, for which the vendor or VASte generator using the Diversified
Technologles VERI™ process for LIV may be legally responsible under the
Resource Consarvation and Recovery Act (RCRA),

Under RCRA, the EPA has Jurisdiction over the Banagement of solid hazardous
“astes with the exception of source. byproduct, and special nuclear material .
which NRC regulates under the Atomi: Energy Act. LLW's contain source,
byproduct, or special nuclear matarials, but they may also contain chemical
constituents which are hazardous under EPA regulations promulgaced under
“ubtitle C of RCRA. Such Vastes are commonly referred to as mixed low-level
radicactive and hazardous vaste (mixed wvaste).

Applicable NRC regulations control the byproduct, source, and special nuclear
Baterial components of the mixed LLW (10 CFR Parts 10, 40, 61, and 70); EPA
regulations control the hazardous component of the mixed LLW (40 CFR Parts
¢60-266, 268 and 270). Thus, all of the individual constituents of mixed LLN
are subject to efither NRC or EPA regulations. However, when the components
are combined to become mixed LLV, neither agency has exclusive Jurisdiction
under current Federal law. This has resulted (n dual reguiation of mixed LIV,
wherein NRC regulates the radloactive component and EPA regrlates the
hazardous component of the same waste.

B~WWWMMW
Lecholcal Position on Waste Form

The requirements of 10 CFR 61 56(b) are intended to result i(n vaste products
vith structural stability. Scability {s {ntended to ensure that the waste
does not structurally degrade and affect overall stabilicy of the site through
slumping, collapse, or other failure of the disposal unit and thereby lead to
water infiltration. Stability is also a factor in limiting exposure to an
inadvertent intruder, since (¢ provides a recognizable and nondispersible
waste. The 1991 ravised Technical Position on Waste Form elaborates on the
provisions of Section 61.56.

Je 1l Srructural Stability

A structurally stable vaste form will generally maintain its physical
dimensions and its form under the expected disposal conditions such as welght
of overburden and compaction tquipment, the presence of moisture and microblal
activity, and internal factors such as radiation effects and chemical changes
Structural stability can be provided by processing the vaste to a stable forw,
such as has been proposed by the Diversified Technologies' polymer
solidificetion process. The :{opoood veste forms resulting from the
Piversified Technologies VERI™ process will be packaged (n suitable
containers, but the containers are given no credit for stability. The vaste

6



form has been evalugred for use in direct trench burial, but can
In lmproved dispesy) conditions, such g (n 4 high-integrity con
enginesred barrier yyyeee that Bight use & concrete veult. Additiong)

guidance on meeting the regulatory Fequizements has been provided {n, the TP

4150 be used
Calnar or an

The following sections sumsarize the qualification testing of the Diversified
Technologles’ polymeric vaste forms 4% described in the documents ldentified
in Section 1 2, above, and evaluate the test results utilizing the cricertia
recommended (n the revised TP on Waste Fors. Noté that the Dov samples vere
tested and approved in accordance with the original TP on Waste Form (Ref. 2),
which is very simfilar to the revised TP with respect to polymer wvaste forms .
The Diversified Technologies samples vers also tested in accordance vith the
eriginal TP, but will be qualified according to the revised TP

¢ &bl AsCured Compressive Strength

The 1983 TP recommended that the sinious compressive strength for a solidified
vaste product be at least 50 pei as Beasured In accordance with the procedure
of ASTM C39 (Ref. 11). The sinisus allovable compressive strength

vas later raised to 60 psi to take into Account the increase in burial depth
‘and thus burial losding) at Hanford from 45 feet to 55 feet. The term
“compressive strength testing® as used (n this sectien of the TER is limited
to testing of as-cured solidified vaste forms. "As-cured® testing refers to
testing performed on specimens vhich have 0L heen subjected to environmental
influences which have the potential to degrade the Specimen (e g., lmmersion,
thermal cycling, (rradiation), hence the equivalent term *pre-environmental *

The compressive strength tests were conducted i(n accordince with the procedurs
of ASTM C39 using cylindrical sasples sachined to & diameter of 1 25* and a
length of 2.5 The tests vere conducted by an independent laboratory on
three replicates of each type. The compressive strengths follow:

Table I - As-Cured Compressive Strengths

Mixed Bed Resin Mixsd Bed Resin
Data from TR Data from
DNS -RSS - 200 -N§* 200 fe? Liner Run

Compressive
Strength (psi)

Surrogite
LOMI Resin
Data

Lab Sample <176 & 232
50 fe' Sample

200 ¢

2052 ¢ 29

. -

2633 & 798

t? Sample

epor

The compressive strengths of all solidified waste forms tested were well above
the 60 psi miniwum s ecified by the Technical Position on Vaste Form, aid ace
acceptable.
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bacterial growth op any of the specimens. The ressive strangeh
after the :ul.ll and bacterial testing are as fo;T:'li e Wy

Table 111a - Yessive Strengths

Compressive Mixed Bad Resin Mixed Bed Resin Surrogate
Strength (psil) Data from ™ Data from LOMI Resin
DNS -RSS  200.Np* 200 ft' Liner Run Data

2059 & &7

Table 111b - Compressive Strengths Following Blodegradation Testing
(Bacterial)

Compressive Mixed Bed Resin Hixed Bead Resin Sutru;ot.
Strength (psi) Data from ™ Data from LONI Resin
DNS-RSS - 200-NP* 200 ft® Liner Run Data

2524 % 291 . 1806 & 647
1810 & 567 "an

All post-blodegradation compressive strength test values listed Are greatar
than 60 psi. are comparable to the pre-biodegradation compressive strengtis
listed in Table I, and are therefore acceptable.

¢4 1.4 Leachability

The 1991 TP recommends that leach testing be performed for & ainimus of 90
davs in accordance with the procedure described in ANS1/ANS-16.1

(Ref. 14) [n addition to the demineralized water test specified in
ANSI/ANS-16.1, the TP recommends that the samples be tested with the
synthesized sea water leachant. The TP also recommends that radioactive forms
of cobalt, cesium and strontius should be used as tracers. The leachability
index, as calculated in accordance vith ANSI/ANS-16.1, should be greater than
6.0 .

The majority of the Dov waste forms vere tested before ANS 16.1 was developed
and published. The Dow test methods vere, however, similar to the ANS 16.1
method, and much of the Dov data has been verified by other ressarchers. The
main difference between the ANS 16.1 procedure and rte Dow test method is in
the amount of leachant volume used in the test. The ANS 16.1 procedure
specifies that a leachant voluse 10 times the sxternal surface area of the
Specimen be used. The leaching in the Dov tests wes carried out with smaller
amounts of leachant, 0.5 to 2 times the specimen surface ares in order that
the very low leach rates of the Dow spe.imens could be measured vithout



excesding the Sensitivicy of avallable counting equipment. Inde nde

Pendent |
testing on vasts Solidified using the Doy Process indicated that the low S
amount of | € used had no significant effect on the test results. (gqe
Ref. 6 for further information )

e T™he samples
were 4. 75 cm in diameter X 5.7 ‘@ long, and vere lmmersed in 250 el of either

demineralized vater or synthesized ses water, for a V/§ of pproximately tweo.
This V/5 is deemed Appropriate for this type of vaste form only because the
ieach indices are relativaly high, and because the independant testing
indicated a correlation for the similar Dov vaste forms.

The revised TP recommends that *|[fler Proposed nuclear pover station vaste
Streams  cobalt, cesius and Strontium should be used as tracers.* The
Griginal TP did not specify tracers. The Proposed vaste forms we-e tested
using the original TP, -nd the method described in the Dow TR (Ref. 5), and
only cobalt was used as & tracer. The resulting leach indices in both

synthe .ized sea vater and demineralized vater vere more than three orders of
®agnitude greater than the TP criteria of €. Because the leach indices for
cobalt in these vaste forms were so high, and becauss the available results
ate simliar to the Dov results, which also shoved a very low leachabilicy for
cesium, testing with cesium and strentius tracers is not required at this
time e results of the Diversified Technologles leach testing are listed {n
Table |

Leachability Indices

Table IV -

WASTE FORM

LEACHABILITY INDEX

(Ca) Hixed Bed Resin | Mixed Bed Resin Surrogate
Data from TR Data from LON]
DNS - RS§-200- 49" 200 ft’ Liner Run Resin Data

DEMINERALIZED WATER
SYNTHESIZED SEA WATER

All of the leach indices are greater than 6.0, and the leachability of these
samples is therefors acceptable.

¢« 1% lessralen Resistancs

The Technical Position on Wasts Form recommends that waste specimens should
maintain the maxisus practical compressive strength as tested using ASTM C39
(Ref. 11) following immersion for a ainisus period of 90 days. The immersion
resistance tests wvare performed on 1.25-inch diameter by 2.5-inch high
cylindrical samples immersed in demineralized vater for 90 days. At the end
of the 90-.day period compression tests were performed on the samples. See
Table V for the results of the compression tests for each vaste streas.

10



Table v

Compressive
Strength (psi)

Before
lesarsion

- Compresaive Stre

Kixed Bod Rasin
Data from ™R
DNS -RS8-200. N9

1919 & 40

jths Pollowin

2052 ¢ 294

Imsersion

Nixed Bed Resin
Data from
200 £ Liner Run

4176 & 232

‘ Follovtng
[amersion

2023 ¢ 86

217% & 421

1801 ¢+ 64k

Before
Immersion

5848 4+ 66

Following
lemersion

4128 2 128

Before
lmmersion

2633 ¢ 798

Following
Immersion

The compressive strengths folloving immersion are well

required, and are similar to the crmpressive strengths

addition, the test specimens wvere
from the vater in vhich they were
physical integrity were evident.

have maintained the maxisus pracedi

test results for these

<

The Technical Position

be conducted in heating and cooli
ASTM B553, Section 3 (Ref. 19).

between 60°C and -40°%
Following testing,
strengths.

The thermal eycling test was

2 4.1.6 Thermal Cyeling

2119 & 4Be

above the 60 pail

prior to immersion. In
visually examined immediately after removal
iamersed, and no changes in appearance or
The staff considers that the wvaste specimens

cal compressive strengths, and the immersion
samples are therefore acceptable.

on Waste Form recommends that thermal cycling testing

ng chambers conforming to those described in
A series of 30 thermal cycles

should be carried out in accordance with ASTM BSS3.

performed on cylindrical

the specimens should have the maxisus practical compressive

specimens measuring 1 25

inches in diameter by 2.5 inches high. The vendor ensured that the samples

reached thermal equilibrius at
the center of one of the waste
chamber, and the time required
alloved to cool to room temperature,
the time required to resch -40°C

samples vere then
sanples held

compressive strengths:

11

each remperature by placing a therwmocouple in
forms. The sample was placed in the heating
to reach 60°C was determined. The sample vas
then placed (n the cooling chamber and

vas determinad.

The qualification test

subjected to thermal cycling for thirty cycles, with the
4t each temperature (-40°C, 20°, and 60°C) for one hour after
reaching thermal aquilibrius. The following are

the post-thermal-cyecling



Mixed Bed Resin Surrogate
Data from TR Data frow LoMY :..m
DNS -RSS . 200.-NP* 200 f¢? Liner Run Data

2492 ¢ 3% ‘o 5539 & 336
2916 & 5%

eport

Following the thirty cycles, visual txamination showed that the samples had
saintained their appearance and physical integrit+, 1Ipn addition, all post.
thermal cycling compressive strength test values .isted are greater than 60
Psi, are comparable to the pre-thermal cycling compressive strengths listed 'n
Table 1. and are therefore scceptable

¢4 1.7 Cerxelation lesating

The TP indicates that {f small simulated laboratory-size specimens are used
for the qualification testing progras, test data from sections or cores of the
anticlipated full-scale products should be obtained to correlate the
characteriscics of actual size products with those of simulated laboratory-
size specimens. This testing may be performed on non-radioactive specimens.
The full-scale specimens should be fabricated using actual or comparable
solidification equipment. This correlation should be established by 90-day
‘mmersion tests (including post-immersion compressive strength tests). It {s
also suggested that the correlation testing should be performed on the most
conservative waste stream intended for use for the particular solidification
medium. that {s, the waste stream that presents the most difficulty in
producing stable products should be used.

In essence, this TR {s designed for the purposes of correlation testing. The
@ixed bed resin vaste stream vas solidified in & 200 ft? liner, with lab scale
samples manufactured for correlation, and for the leach tests. In addition,
48 & move conservative vaste stream than the surrogate LOMI waste stream, the
200 ft' liner solidification qualifies the LOMI resin beads for large scale
solidification as vell. The results are sussarized in Table V.

The full-scale and lab-scale specimens exceed the 60 psi compressive strength
criterion, and exhibit similar compressive strengths, both before and after 90
day lmmersiom. In summary, the full-scale spscimen results satisfaccorily
demonstrate the correlation between full scals and lab scale samples.

2418 Homeganaity

In addition to correlation testing, it is necessary to shov that the product
iy homogeneous to the extent that all regions in the product have compressive
strengths analogous to those of the lab-scale specimens .

12




Eight vertical corey vere taken from the solidified 200 £t liner

nixed bed resina, After coring, the Samp.es vers turned down on .‘}:tzﬂlﬂ:'
1 25 inches in diameter by 2.5 inches {n length.  Vhen samples vere tested in
friplicate, each sample would be from o different core, and one sach of the
thrae samples would by from the top, bottom and middle of the liner

The (nitial compressive test results on the cored Samples wers 2633 4 198,
These results exceed the 60 Pel minieus, are sisilar to the lab scale results

of 2052 2 294, and show that the full-scale vaste form s homogensous to the
extent required

section 10 CFR 61.56(b)(2) requires that wvastes pProcessed tu a stable foram
have a liquid content that does not exceed 0.5 parcent of the volume of the
waste. The revised TP on WVaste Form addresses this requirement. Section

© 4 g recommends that vaste specimens have less than 0§ percent by volume of
the waste specimen as free liquids as measured using the method described in
ANS 55.1 (Ref. 16) Free liquids should have a PH between 4 and 11,

See Section 2. 4.1 for & discussion of free liquid found following liner
solidification. The liquid amounted to less than 0.15% of the volumse of the
waste. The volume requirement has been satisfied. The pH of the liquid vas
not measured vhen the liquid vas discovered, and ir {s no longer possible to
make that determination. Diversifisd Technologies notad that the same
phenomenon occurs in lab-size samples. The NRC ta. « -«nds that lab-size
samples of the LOM! and mixed bed resin be manufac irad, and that the pH be
determined and reported in the tevised Topical Rejor:.

¢4.) Yoid Spaces

Section 61.56(b)(3) of 10 CFR Part 61 states that veid spaces vithin the wvaste
and between the waste and {ts package must be reduced to the extent
practicable. The polywer binder is forced through the vaste, and the vaste
form solidifies in the container. A circumferential void usually forms
between the liner and the final solidifled monolith when the curing binder
undergoes shrinkage (approximately 2-5%). Othervise, the solidification
Feactions are usual polymerizacion reactions and do net invelve formation of
gaseous byproducts which might create gas-filled volds within the solidified
waste form. No voids were noted during visual inspections of the solidified
monolith. The process is effective in minimizing void spaces to the extent
practicable, however, it (s the responaibility of the user to ensure that
containers are filled to reduce void spaces.

4% Precesa Contrel Program

The introduction to the Yechnical Fosition on Vaste Form recommends that vaste
generators using an approved topical report process develop plant-specific
process control procedures to desonstrate that a stabilized planc-specific
Waste stream satisfies Part 61 vaste form requirements. Diversified
Technologies has provided a set of operating procedures as part of the Tcpical
Report. The operating procedures consist of PCP-03, *"Process Controel

13



Procedure, Vinyi Eater Resin in ity (VERI™,) Solidification. *
‘Genarsl Operating Procedure

VERI™ Solidification *
Procedurs (ICF) describes the sethod for
and promoter that will schieve
& Che amaumts of
me and qualicy of
perating Procedurs
edures

and GOP.08 .
™e Process Contrel
lsveloping the quantities of
the desired optimal solldificatrt
Atalyst and PIOBOLErY necessary
vfl‘

talyet
on fi.l'.\:llYluh
O achieve the Gesired gel
final L have besn Getermined the Censral
lats 1t} [ for final waste forwm solldification

ed in the RAI's and tesponses ArS

waver Both dot meants describe addit { {

(hese sodifiers are intended for use it iepleting
00 ALE® & apsiity
additior nowvever the modifiers have not
isscribed in the

8¢ resing which have

Diversified Technol gKies TR
isiete the references to modifiers #)1 and ¢4
and the Ceneral ‘Perating Procedure

ifled, & separats additional TR should
SAmpiles manufactured with t) VERI™
s an De successfully solidified

LERQLLINE 2L Mishapa
the revision 1 he 11 Ret )

ETOoup who are 1 \ested To report
rn 1™
i gRles VER] process, the !

‘endors and processors Are
sishaps For the
ollowing types of mishaps are
tances that should be reported for solidified Clais 4 t
rms exhil { the following charscterist B

ime of free liquid

f radionuclides greater than the
be stable (n the waste form |
the regulatory Agency

oncsntrations
noqualification tescing

FeAtar or lesser amounts of solidification media than Vere used

alification testing accepted by the regulatory agency
fressence of chemical ingredients not present ox

accounted for in
jwalification testing accepted by

the regulatory agency

instability evidenced by crumbling, cracking, spalling, voids
gaft.nin' di.ln:.ﬁxn:xun non-homogensaity, or change in dimensions

Evidence of vrocesaing phenomena that excesd the limiting processing

onditions ldentified in the épplicable TR's o operating procedures

£4Ch as foaming, sxcessive Lemparature, premature or slow hardening
roduct \ of volatile material, etc

wAste form mishaps should be reported te the NRC's Director of the
w avel

C
Waste Management and Decommissioning and the designated St

Avisior 4
At




disposal site Fogulatory suthority within 30 days of knowle of

(ncident. Por amy fuch waste form sishap Gccurrences, the :’:oeto:h:naeo form
should not be shipped off-site until approval s obtained from the disposal
site regulatery Suthority. The ressen for this s that the lov-level veste
generators and processors are required by 10 CPR 20.311/20.2006 to certify
that thelr vaste forms meet 1) spplicable requirements of 10 CPMR Pare 61, and
vaste forms that are subject to the types of sishaps mentionsd above may not
possess the required long-term structural stability. When mishaps of the
nature described above occur, LE I8 expecred that, before the vasts fors is
shipped to a disposal facility, either sdequate mitigation of the potential
effects on the vaste fors Or an acceptable justification concerning the lack
of any potential significant effects of the affected vaste form on the overall
performance of the disposal facility would be provided.

1.0 CONCLUSIONS

The Diversified Technologies Topical Report, with the Diversified Tochnolo.ioo
responses to NRC comsents and questions, is acceptable as & reference document
for licensing the vaste fors produced by the VERI™ process, subject to the
certain limitations and further actions by Diversified Technologies

1.1 Lisitationa

&) The wvaste forms produced are limited to those made fros the reactants
specifically identified in the TR A8 those used to prepare the test
specimens on which the data vere obtained.

Subject to the above limitation, and after complecing the further actions
listed below, the Diversified Technologies waste forms should be capable of
Meeting the stability requirements of 10 CFR Part 61 when produced using the
process described in the Topical Report (Ref. &)

3.2 Eursher Actions
4) Information to be added to the revised Topical Report:

L. Diversified Technologies must characterize the chemical naturs of
the resins used (n the qualification tests 20 that users of the
process can know what kind of resins can be satisfactorily
solidifled. Diversified Technologies should also state what
actual nuclear power plant resins are represented by the
simuilated mixed bed resin vaste stroam.

2. Diversified Technologies stated that “each media type vas
ssparately tested and shown to successfully solidify.* The
results of these tescs should be provided in the revised Topical
Report, as they provide vital bounding information.

3. Diversified Technologies should determine the approximate pH of
any free liquid resulting from the solidification process, and
include the figure or range in the revised Topical Report. (See
Section 2.4.2 of this TER for meore details).

15
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