NUREG/CR--5672
EGG-2635
Vol. 2

Characterlstlcs of Low-Levei
- Radioactive Waste

Decontamination Waste Pr ‘aram
Annual Report for Fiscal Yedr 1991

Sabem et -~ e
R e e T ST T AR

——

Prepared by
N. Morcus, 1. W. McConnell, Ir.. D). W. Akers

Idaho National Engineering Laboratory
EG&G Idaho, Inc.

Prepared for
U.S. Nuclear Regulatory Commission

9%87060028 920620

P
CR-5672 R PDR ‘



AVAILADILITY NOTICE

mammwnmm

Mm»e"fztf’".‘m-.::mm...;,;“wbnommumfo:m.«rac:
1. The NRC Palc Document Room 21201 SCcs. NW., Lower Level, Washington. DG 20685

2. The Superintencent of Dacuments, U 5. Government Printing Otfice. P O. Box S7082. Washington,
OC 20013-7082

8 Tha Nationa! T wwoal . formation Service. Springtield. “fA L2161

mmmm:mmm-mmuyum-oacamsam publications ., it in not
Irended to be pxhaustive

mmnmu:mmmmmm-mmmmnnwow-mm
include . HC correspondence and riarmal NRC memoranda: NAO bulleting, eirculars, information notices.
el in and Investigation 1i0'ice @, FTENtDe @ven! repurts; vendor reporté and con sspondence . Comimis-
mnm;mwmwmmmrm.

The following dosuments in the NURSG series are avaliabie for purchase from the GG Sales Progran:
formal NRC statt and contractor reporis, NAC-sponsored conference proveerings. international agreement
reports, grant publications, and NRC bookiets and brochures Also aveiable are reguiatory guides, NRC
reguiations in the Code of Federal Reguiarions. and Nuglesr ReQuiBrory COMMISHGT ISSBN0es

Documents avaliabie from the National Tectwical information Service Inciute NUREG -series rep wis and
techrizal reports prepared by other Federal agencies and reports preparsd Ly the Atormic Energy Comm -
sion. forsrunner agency to the Nuciear Reguiatory Commission

Mwmwmmwwmumwmm.uoponuomwum. such a%
books, journal articles, and transactions.  Fede sl Register notices. Federal and State legisiation, and con-
yressional reports can uavally be obtained from thése kbrasies

Docurments such 88 theses, dissertaticns. foregn reports and transiations. and non-NRC conference pro-
ceedings are avallable for purchase from the organization sponsoring the publcation cited

Bingle coples of NRC draft reports are avallabie free. 1o the extent of supply . upGn written request 1o the
Office of Administ-ation. Distribution and Mal Ssrvices Section. L.§  Nugiear Regutatory Commission,

Washington, DC 20656,

cwdmmmwnmmmoﬂhunmummnmmmNHCwammarc
maltaine at the NRC Library, 7820 Norfolk Avenue  Bethesda, Maryland. for use by the pudlic. Codes and
standards are usually copyrighted and may be purchased from the onginating organization or, i they are
American National Standards, from the American National Standards Institute. 1430 Broadway . New York,
NY 10018

DISCLAIMER NOTICE

This rer 1mwmummr‘dwmmwwwmwsmumms:ammm.
Neither the United States Governmant nor any agency therect, or any of their employsas, makes any warranty,
expressod ¢ - implied. or assumes any leqgai hability of responsibility for any thirgd panty's use, or the resufts of
such use, of any information, apparatus, Product o process disclosad in this report, o répresants that its use
L_by such third panty would not infringe privately owned rights

J




NUREG/CR-5672
EGG-2635
Vol. 2

Characteristics of Low-1 evel
Radioactive Waste

Decontamination Waste Program
Annual Report for Fiscal Year 1991

Idaho National Engineering Laboratory
EGa&G idaho, Inc.

Prepared for
U.S. Nuclear Regulatory « ommission

9207060045 F20630
PDR  NUREG
CR=-5672 R PDR



AVAILABILITY NOTICE
Availabity of Reterunce Maledais Cited in NRC Publications

Most deouments ched in NRC publications wit He avatabie from ona of the fokowing sources
The N=C Pubic Doournent Room 2120 L Street NW . Lower Level Wasringten, DC 20558

The Saperinte: dent of Documents, U S Geverdment Priiing Office. P G Box 37082 Washington
DO 200137082

3. The Kational Technical Intormation Service. Spingfield. VA 20181

Athough the kst ig that follows represents the majsriry ot documents cited in NRC pubiostions. W is not
ntended 1o be exhaustive

Referenced documents availabie 1or iInspection and copying hor a fee from the HRC Public Dosument Room
nelude NRC carrespondence and internal NRC memoranda. NAD buketis skculars sgrmaticn natices
inspaction and Investigalion RoTices. YCensae BVeNnt FODGrTE. vENdST Seports and correspendence: Comimig.
Sign papers: and appican! ant liceriee Goolments and Cotraspondence

Tk follovng gocuments in the NUREG series are avalabile 107 purchase from the GPO Saies Progran
forrmal HRC $12% and cantracior reporis . NAC spontnred conterency procteedings international 8 reemant
reports. grant publications, and NAD pocklels and brothures. Alsc avalatie are roguiaiory guices, NRC
regiutations i the Code of Fegery REghations. and Nuciear Regula.ory Cummision IMuanced

Documents available from the National Techsical mformation Service Inciude NUSEG-series repi-1s and
tecANICAl reports prepared By other Federal agencing And 1 8purls Drépares by ihe Atgmic Energy Cornmnss-
sion, torerunnir agency 10 the Nutiear Regulatory CommaEsion

Docurnents avaistiée from pubke and special techmical iuraries Ioiude & epen Merature items. such as
pooks. journal ariizies . and transections. Faoaryl Regatel folices Faderal ang State egisialon. And oo
gresgional reporty cad usualy be abtened feomm thens Knraries

Cocurvants such as Theses  dissectationg, fgregn reputis and ansatang 3 son-NRC. conteranas Pra
sendings are zvaishie tor purchase from the of ganization sponssring the publicanon cied

Sitigle opies of NAT draft reports &re available fres, 1o the extent o) SupEly . JUPON wiltten request 1o 1he
Citfice of Agmimstration Oistribution and Mai Services Section, LB Kutlear Reguiatory Cormmission,

Washington, DT 0455

Copies of industry codes ang standarss used O a substantive raanner in the NRC regulatsry procest are
framtained ot the NRC Uibrary . 7920 Narfolk &v - ua. Beawmesda. Marypand. for use By e pubkc. Codes and
standards are usually copyrighied and nay De pwrthased from! the gngitaling oranation or f 1hey are
Arriavicar MNatlonal Srandards . rom the Arnefican Natgnal Stanoargs Insthuie 140y Broagway . New York

NY 10016,

DISCLAIMER ROTICE

This repon was preparad s B ac00ut of work Sponsoned Dy 8 agency of the Linigd States Goven nent.
Marhier the United States Govemmant figr any agency thareot, or any of ther wmpiayees, Makes any wamanty
expregsec of impiied, or @ssumes any leQal hability of resnaneibily tor any third party's use, or the rasuits of
such use of any information, dppanaiug, product or process dIsCIesed in s rennn, Or repreasnts that 1S use
by such third party woult! r~* nlringe privately owned rights




NIURIE b
(), CY
Characteristics of Low-Level
Radioactive Waste
v\
{:X, . .* Regula
Office of N 1€ Regp ;
U.S. Nu ir Reg { {
\'\._-.~" ngti I AL N
NRCO FIN A
{ 1O}
i ¥ 9 [ - 5



|
B
|

S TN W e, =
[

SN e .

ABSTRACT

The objective of the Low-Level Radioactive Waste—Decontamination Waste
Program (FIN A6359). funded by the United States Nuclear Regulatory Commis-
sion (NRC), 15 10 provide base-line data on the physical stability and leachability of
solidified waste streams generated in the decontamination process of primary cool-
ant systems in operating nuclear power stations. The data include information on
the chemical composition and characterization of these waste streams In addition,
this work is intendad to evaluate waste form characterization tests identified in the
“Technical Position on Waste Form” (Revision 11, prepared by the Low-Level
Waste Management Branch of the NRC. This Branch Technical Position clarifies
the methods 1o meet the requirements of 10 CFR Part 61, Samples of LOMI decon-
tamination wasie stream resins solidified in Portland cement, and unsolidified
waste stream resins were oStained from the Peach Bottom commercial 1uclear
power station. The radioisotopic composition of the waste stream was determ ned.
and the solidified samples were leached in demineralized and simulsted sea water.
The compressive strengths of samples immersed for 90 days in the two leachants
was determined. In addition to the samples obtained from Peach Bottom. filter
sludge waste siream and solidified waste forms were obtaimed from Nine Mile
Point nuclear power station. The radioisotopic composition of the Nine Mile Point
waste stream was determined.

FIN A6359—Charz  2ristics of Low-Level Radioactive Waste:
Decontamination Waste

1l NUREG/CR-5672
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EXECUTIVE SUMMARY







Characteristics of Low-Level Radioactive Waste-—
Decontamination Waste Program Annual Report for
Fiscal Year 1991

1. INTRODUCTION
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hﬂﬂ. (continued |

Tash

Status

——

2

Develop and begin  implementing &
chemical composition  charactenization
program plan for the solidified wase
streams obtained. During wadte stream
characterization, include analyses (ul the
parts per million level) for elements such
as metals, organies such as chelating
agents. and rathological constituents such
as gamma-ray emitters, “08r, “Fe, VINQ,
and 1Py Consider waste streams from
Nine Mile Point and another plant such as
Oyster Creek,

Report the fingl results of this task under
Tasks Land 6. Report the progress in the
FY-91 annual repert.

Initiate waste form performance ssess
ment i accordance  with the  recom-
mended tests i the BTP including
compressive strength, radiation stability,
biodegradation, leachability, immersion,
thermal cyeling. and free liguid amouent,
Use characterized and solidified decon-
tamination waste streams obtained from
nuclear power stations under Task 1 for
this lask,

Analyze leachates for metals such us
calerm, boron, orgame compounds such
as chelating agents, and radiological
constituents such as gamma-ray emitlers,
U0, M, SINI, and 4Py

Analyze relevant dita for waste forms that
fuil 10 meet BTP criteria. Determing, for
these forms, it their failure may be
correlated 1o the prosence ol trace
chemicals in the waste streams from
which they were derived. Present the final
results an g letter report.

WURFEGATR -S672
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4,

The program plan for chemical wasie
stream chatacterization was completed,
e Mile Point filter shudge and Peach
Botiom ion exchange resin wasie siieams
were  characterized  for  radicisolopi
content. Complele chemica) analysis of
these waste  strewms  was  initiated n
September, 1991

Samples from Oyster Creek nuclear power
station were not obtained because this
plant has not decided to solidify is wasie
during the course of this fiscal year
Examination of these  samples  will
continue in FY-92  with  addinonal
MCASUTSMEnts,

Nine Mile  Point waste  stream
characterizanon  indicates  that 1 »
Class A waste Based on the BTP, this
waste  classification  does  not - require
soldification. We therelore deterred this
tiask into FY-92. We expect af that time 1o
ablain waste that is Class B,

Because no wiasie forms were assessed this
fiscal year. none failed 1o meet the BTP

N = S SNy NE—=,.




Table 1. (continued).

Introduction

‘l’ufk

Stitis

Detemine  genero-scaling factors and
dose-to-curie factors for Jong-lived and
hard-to-measure radionuchides found in
wasie  streams  and  activated  metals
Radionuclides of concern are listed in
Tables | and 2 of 10CFR 61 55, and may
include ¥'Nb, 1368q, 108may Sy 129
"¢, and "Te, Base the sealing factors on
measurements porformed on actual waste
from nuclear power stations, Document
the tesults in annual and NUREG/CR
repons.

Begin leaching Charactenzation of waste
forms  ebtwined  under Tusk 1 in
accordance  with  American  Nuclear
Saciety (ANS) 16.1 % Use dewonized and
simulated  sea  water  for  leachants
Determine leachability indeses for *Sr,
e, UINI, 4Py menals, radionuclides,
and major chemicul companants such as
chelating agants, boron. and calcum.

Determine the compressive strength of
these waste forms at the end of the
ieaching  study, Document results in
annual and NUREG/CR teports.

Evaluate the stability of solidified waste
forms under long-term leaching condi-
tons. Leach actual sondified waste from
nuclear power stations in detonized vnd
simulated sea water for a period of at least
one year m accordancs with a Long-Term
Leaching  Program  Plan  (LTLPP)
Develop and  write the LTLPP by
March 1. 1991, Change leachates every
43 days after the siandard 90 days sam-

pling protocol  Anaslyze leachates for

calcium and other metals, boron, organic
compounds such as chelating agents, and
radiological constituents such as gamma-
ray emitiers, ™Sy, 3Fe, ©INi, and 2py

No work hus boen performed on this task
as b reguires specific inmating cues from
the NRC Program Manager,

The waste stewm from Nine Mile Point was

obtained under Task 1. Anuslysis of this

wirste streum fndicated thin i was Class A
waste.  This  classification  precluded
further sssessment of the solidified waste
in wccordance with the BTP

A Long-Term  Leaching  Plan  way
developed and  circdlated  for review,
Comments were received from the NRC
Program Manager and were addressed. No
samples were avaglable from commercisl
nuclear power stations 1o proceed with this
task. The task was deferred 10 FY.u1

NUREBGTR S22






Introduction |

Task Staius

1o Lo« long-term leaching data to evalucte 11 Work tor this task was delerred 10 FY 9

the appheability of the  Clifton
Pommerstein Model i predicting  the
stability and leaching behavior of sohidi-
fied waste forms. Leach data to be used
include releases of calcium and other
metals, boron, major gamma-ray enitters,
YSt, e, N, and M'Pu. Summarize
results 1 a letter repon 1o be issued in
FY-92.

e

2 12, Initiate development of o program plan to 12, Work on this task can begin  after
evaluate effectiveness of non-destructive completion and assessment of results from
mechanical and chemical methods This Taoky 3,6, 7. K. and 9.

will be used 10 determine the stability of

actual solidified radioactive wastes. The

program will include identificaton of

MINOT Constituents in actual waste streams '
obtained from nuclear power stations. !
short- and long4erm leach data from
actual plant-sohdified waste and process
control program samples, other test resalts ]
as outlined i BTP tests, and results !
obtained  from  the Millstone  Liner
examination.  These  mechanical  and |
chemical waste form gssessment methods |
can provide the information required to
determine waste form stability.

PR P R n——.
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Relate waste form assessment data 1o
waste disposal sile acceplance parame-
ters, and, where applicable, identify and
recommend new waste form acceptance
tests for wasie disposal sites,

Summarize results for this task in a letter
| repon.

yalEr s
e

',
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Tusk

7 Status

ey

13,

14,

15,

Initiate assessment of full-scale sehidified
racioactive wasie forms on the hasis ol
tests performed on smallscale wasie
forms. Data from Brookhaven National
Laboratory and the INEL indicate that
leachability indeves do not follow the
trends sugpested in ANS 160, Review
these data and inveshigate the pracocality
of leaching large waste forms, Test
full-size waste forms 1o compare them 1o
core samples removed from full-scale
sobiditied hners. Cores from the Millsione
linet may be used for this assessment.

Summarnize results for this task in a letter
report.

Complete NUREG/AUR 8601 and journ
articles on the effects of waste form size on
leachability of radionuchides and chemi-
cals  from solidified  decontamination
wisié by March 31, 1991

Provide necessary technical expertise as
requested and specified by the NRC
Research Program Manager within bud-
getary constraints. Subjects may include
decomamination processes: sohdification
of jon-exchunge resins,  leaching ol
radionuchides,  metals  and  chelating
agents: and analysis of waste streams tor
radionuclides, metals, and chemicals. In
addition, assistance may be provided on
an as-needed basis with respect to research
topics on waste form stability, waste test-
ing, characterization, and Classification,

NUREG/CR-5672
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Data  collection  tor  this sk was
predicated  on using  the  solidified
Millstone Liner. However, aovess o the
sobidifiod waste form w0 the liner 1

postponed o 1Y 93

NURBG/OR-S601" was issued 10 June,
1991, 1o additon. two journal ancles
were submitted 1o Wasie Management
journal for publication after review by the
NRC Program Munager

Technical expertise was  provided a5
requested and specified by the NRC
Program  Muanager  within - budgetary
CONSITmNS.
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Table 1.  (continued).

Task

Status

16 lssue monthily and guanerly progress
reports. Complete o draft annual report
covering research activities performed in
FY-91 by September 30, (991 a4
NUREG/CR  repon. Complete  and
publish the FY.90 annual repon as a
NUREG/CR report.

17 Ensure proper disposal «f all radionctive
matenials generated during the course of
this research effort in approved disposal
facilities. These may be at INEL or at
commercial disposil sites. This disposal
activity - will  include  resealing  and
possibly ovepacking the Millstone liner
prior 1o its disnosad,

16 Monthly and guanterhy reports were issued
i sccordance with the requirements

17 Radioactive waste materials genorated o
date fram this work were disposed of
aceording to propet procedures, However,
disposal of the bulged Millstone hiner wil]
mncur expected addional costs

2. PEACH BOTTOM LOMI DECONTAMINATION WASTE STREAM

From the Peach Bottom nuclear nower station,
LOMI decomamination waste stream and small
scale waste forms were collected on March * 1,
1991, The waste was analyzed for radionuchidic
and chemical compesitions at hoth Feach Bottom
and INEL. Radiochermcal analysis of the unsolids
fied waste stream was performed at INEL on twao
samples to determine the waste Classificaton. The
measured concentrations of *“Fe, "Ca, and %N
in the waste stream indicate that 1t s Class A wasic
TRU content was determined to be <10 nCli/g.
Table 2 summerizes the results. Analyses for
stable metals in this waste stream were initiated in
Seprember, 1991,

Peach Bottom LOMI resins sohidified in
Portland cement were immersed in two different

leachants for a period of 90 days, and the compres.

sive strengths of these specimens were measured,

The loachants were detonized and simulated sea
water After 30 days of imimersion, small amounts
of resin and cement debris (< 1g) were observed in
the leaching containers bottoms. All samples
mamntained their physical integrity and rema.ned
without cracks during the leaching experiment
Table 3 summarizes the compressive strength
measurement results, The compressive strength of
additional samples from this solidified waste
stream “vill be ussessed penodically throughout
Fy a2,

In addition, waste forms obtained from the
process control program were cast into paper
drinking cups and consequently were not trye
vylinders Compressive strength measurements of
this type of solid will be calculated by using the
smaller of is two diameters. The ratonale for

selecting this caleulations] method 15 presented

by R. Netlsan in Appendix A

NUREG/CR-5672




Table 2.  Radiochemical analyses of Peach Bottom LOMI resin waste

Peach Bottom LOMI resin waste samples

Sample A Sample B
Waste activity wasle activity

Radioisotope (Ci/m'y (Cim*)
Snmn 2 86F - 02 RO - 02
“he 9 ARE ~ 0] X O0F —0)
L &1 LIE + 00 FITE 40
BN 6.44F - 02 JO0F — 02
55Zn 397E - 01 4. 06F - 01
125k 1.22E~ 02 I 13E =02
137¢Cs 26LE -~ 03 2I8E ~03
ipy 8 69 ~ 08 L28E - 08
Mopy | 62F = I8 | 34F ~ 08
Hipy 1.24F -2 | 14E « 02
41 Am 4.33E - 08 2 70E - 08
M2Cm TRIE -6 S O3E - 06
WMOm |O2E ~ 04 7 39E - 08

Table 3. Compressive strength test measurements of solidified Peach Bottom LOMI wasie stream resins.

Area Yicld load Yield strength
Sample (n.=~j (Ib) (psi)

1. Unleached 2MUA 4370 1242

2. Unleached 2695 2620 972

3. Unleached 2.690) 3250 1208
Average £ 0 3000 4 402 1140+ 147
1 DI water 2.122 240 1 190

2. DI water 2541 1300 1334
Average 2 O 3152 106 1262 ¢ 101
1. Sea water 2739 2720 992

2. Sea water 2.127 o 1 196
Average £ 0 3268 £ 770 1194 4 285

NUREG/CR-5672 X
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feak above an internal contaner pressure of 2 that & radiation dose of greater than 10% 1o 107

st 1o addition, the foam or rubber gaskes RAD s required. The Mullstone hner internal
wsed i these covers allow hydrogen o ditTuse dose was ten orders of magnitude lower than this
Murgoser, private discussions with Dr B, Siskind necessary aose (0,17 RAD over four years snd
of Prookhaver National Laboratory regarding the ignoring decay corrections). Hydrogen as
radiation Jdoses reguired 10 cause hydrogen ga. busldup within the (ner was ruled out. However,
generation from itradiation of orgamc ion due to changes in prionty, this task was posponed
enehanger matenial and water hydrolysis indicate 10 FY-93 by the NRC Program Manager

6. CHEMICAL WASTE STREAM CHARACTERIZATION

A Program Plan, “Charscterization of Chemi- wits completed and will be implemented (soe
citl Wastes Present in Racioactive Waste Forma,™ Appendix O)

7. LEACHING PLANS

The “NRC Leaching Program Plan™ was com A Long Term Leaching Plan was completed
pleted. 1t includes sampling methods and dire- Commendts from the NRC Program Manager were
tions tor short-term leachimg in accordance with solicied and incorporated, The plan wall be pub
ANS 16,1, Comments from the NRC Project lished in FY 92

Manuger were solicited and incorporated
8. NUREG CR PUBLICATION

SUREG/CR-5601" was published and distrib Brunswick and FitzPanck soliditied waste-form
uted i July, 1991, It entalled leacning and com specimens

pressive strength data and a discussion on

9. JOURNAL ARTICLES PUBLICATION

Two journal articles were submitted 1o Waste obtained fror ¢ - pressurized waier reactor, and
Management joumal for publication after review specimens of sulfate evaporater concentraie
by the NRC Program Manager Section 9.1 sum- waste solidified 1 Porthind type | cement were
marizes the journal article by C. V. Molsaac and obtained from & boiling water reactor station. The
S, 1. Uroney,* and Section 9.2 summarizes the specimens varied in size. The physical dimen
article by C. V. Mclsaac (o be published) wons, surface arcas, and volumes of the collected

waste-form specimens are summarized
9.1 Effect of Waste Form Size Tables S and 6 for the boric acid and sulfate
on the L‘ﬂChﬂb““y of waste forms, respectively
Radionuclides Contained in
CQmeni.Sollded The stugdy was undertaken to corrélate radionu

clide leachability trom small- and full-scale wasie
forms. The samples were leached in detonized

Evaporator Concentrates
Generat.d at NUC'GC" water at 25°C using a modified International

Power Stations Atomic Energy Agency (IAEA) leaching pro
cedure. Release rates, effecuve diffusivities, and
(s, and ¢com

Hond acid e vaporator concenrate Waste sped leachability indexes of *'Co, '°

mens sahidified sn type mi modar cemenl were bined ¥¥Sr and Y'Sr were determined using

NUREG/CR-5672 10
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Joumal Articles

Table 8.  Physical parameters of boric acid v aste forms.

Wasie Volduse o-surface

Sm& loading Diameter = height Sutface arca Volume Cren Tatio
num (vol4 | (e em?) (em?) om

1 765 S« 10 I8 x e L70 = 1Y (1us

2 768 5% 10 178 = 10 L7270 % 10? (Lus

3 770 1515 1.27 > 10 144 v ¢ 270

4 76.3 86 = 76 AR 194 « |0° OOy

§ 77.4 86 % 76 1.RS = ¥ 1.92 = 1) 1140

Table 6. Physical parameters of sulfare waste forms

Waste Yolume-o surface
Sumple load g Diameter = height S face area Volume dredt ratio
nurn{:er (volt ) (cm) fem) (em’ty fem)
1 MN.3 6hox X 194 = |0 204 < ¥ | 08
2 k|5 15x 18 | = 108 2.70 « 10} 2.51
3 K13 xS 7.49 x 10 4,80 = (¢ 6,42

diffusion release models given in ANS 16,1, The
results ndicate that predicted long-term releasss
of “Co from large-sca’e waste forms on the basis
data from mall-scale waste forms are overesti-
mated by as much as a factor of five after one yiar
of leachg.,

The solidified specimens were leached with a
modified 1AEA leaching procedure using deion-
ized water at 25°C. The release rates and leach-
ability indexes for “'Co, combined *Sr and %'Sr,
and 'Cs from both types of solidified wastes
were calculated in sccordance with the diffusion
models of ANS 16,1, The calculaed valies are
summarized in Tables 7 and 8 for boric acid and
sulfate waste forms, respectively.

Leach tests were conducted at two commercial
nuclear power stations on difterem sizes of speci-
mens of boric acid and sulfate evaporator concen-
trate waste solidified in cement to correlate

11

tadionuclide leaching from small- and full scale
waste forms. Tests were performed using a mod
fied TAEA leaching procedure using deionized
water at 25°C, Release rates, effective diffusivy-
ties, and leachubility mdexes of “Co, 170, and
combined *Sr and *'Sr were determined for the
different sizes of waste-form specimens using the
ditfusion release models of ANS 16,1

When the effective Siffusivities determingd fos
'wo § x 10<cm boric acid waste-form specimens
were used to predict long-term releases of “Co
from two 856 x 76-cm boric acid waste forms. pre.

dicted cumulative fractional releases (CFRs) of «

“Co from the larger specimens were facturs of
between 3.6 and 5.2 higher than actual CFR s after
a leaching tiive of one year. Predicted CFRs of
Iy from the two 86 % 76-cm boric acid w aste
torm specinens after one year of leaching were
between 25% and 42% lower than actual CFR of

NUREG/ACR-5672
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B Table 7. Relcase rates and leachability indexes for boric acid waste forms.
Awrg;mhm Tae
Diameter » height Leachabulity
Nuclide (cm) Woem® s) (Fiem? - s index

C §« 10 262« 10V 1 96« 1000 a8l 2 007

£x 10 4« 10" 200 % (o0 94 4 0]

18«18 |36 10N 1) = ot 94 4 01
i &6 x 76 601w (0 194« 101} 945 & 007
L 86 % 76 507 =107 Adxott G A7 & 007

7 msrl W'ts! S « 10 wh i L

iy Sx 10 I8 10 289 = 10 679 4 606

- 18 %18 6K) w1012 ARSI 69 102
56« 76 148510 2 SEVR (TR 709 & 009

S6 76 2 x 101 RSB LAY 73401
S & 5% 10 286 % i0? 270 v ¥ 631 ¢ 003
i‘ % 10 168 % 107 279 % 10 6.26 ¢ 003
2 185 % 18 4.00 % 107 207 wag ¢ 627 4 002
j 56 < 76 472 % 10" 4 wal 6.14 £ 003
[ S < 76 533 % 107 d9ix10F »07 £ 003

—— i —— i =

& Fraction of initeal inventory released per cm? per second,

.. Leachates \cere not analy zed tor radiostrontium.

Table 8. Release rates and leachability indexes for sulfate waste forms.

Average release rate

Diameter » height . : | ~achabihiy
Nuclide Lom) (uCijem-s) iFfem= sy index
tiCo 6K 732 % ot 1.56 x 1ot 11.3 4 01
15x 18 23 %107 202 % 1012 104 & 0
1)« 84 9,30 x erﬂ B.J2% 10 14 106 £ 01
KuSr, WSr f 8 LO8 < o 284 x (ov10 91 %03
15x 18 IREE SRS 308 1ot Kb+ 02
x84 109 % 167! 12 %161 Kot 02
13y 6t 241 = 10 342 % 109 SO0 + U404
1515 324 < 10% 366 x 0710 575 + 004
34 x 54 382 % 10° MR TR A 8RO 4 006

a  Fraction of iitial inventory released per em” pet second.
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W0, Predicted CFRs of ™Sr and “8¢ from the
W 86 % 76.¢m banic acid waste forms canged
between |8% lower 1o 30% Ligher than actial
CFRs of strontium

In the case of the sulfuie waste farms, whose
surfaces cracked duning leaching, the predicted
CFR of "'Co from the 34 = 84-om waste-form
specimen after one year of leaching, calculuted
using the effective diffusivity detennined for the
6 B-0m specimen. was essentially dentical w
the CFR estimated using the data for the 34 »
Sdogm waste form, The predicted CFR of V0
from the 34 « S4.¢m waste form after 20 days of
leaching was equal to the CFR estimated using
the leaching data for the 34~ 34.0m waste form

The leactung results for the boric acid wasie
forms, which did not expenence sutface crackng
duning leaching, shoveed that when the effective
diffusivaty of *'Co determined for a 90-day leach
test was used to predict lorg-term releases of
MCo, the CFR of ™Co was overpredicted by as
much as a factor of two after 4 leaching time of
one year.

The dats indicate that leach-testing small-scale
waste-form specimens will vield conservative
predictions of long-term releases of radionuc lides
from full scale wauste forms. Because release rites
nd eftective diffusivities of radionuclides gener-
ally decrease as cumulative leaching time
increases, the use of a relatively short-aerm leach
test such as tnat recommended by the NRC wiil
ensure that predictions of long -term releases from
tull-scale waste forms are conservative

9.2 Leachability of Chelated
Decontamination
lon-Exchange Resins
Solidified in Cement or
Cement and Fly Ash at
Nuclear Power Stations

Leach tests were conducled on six small-seale
specimens of cement-solidified lon-exchange
resin wastes. The ion-exchange resins had been

I3

Jourvad Armicles

used to process reagont solutions following
chemical decontwminations of primass coolam
systenmis at five commercidl Hght wer reacturs
The decontammations wore pertormed usitg AP
Citrox, Can-Decon, Dow NS-1, ana . OM] pro
cesses. The ion-exchanpe resin wastes were
Foaded with cachomuchdes, transition metals, and
argamic chelating o sents and were solidified in
cither Portland tvpe | neat cement of i a misiung
of Portland type | cement and (1 ash The Dow
NS and Can-Decon #1 resin wastes were solidi
fied in Portland tvpe | ncat coment, The renan
ing waste resans werd solidified a0 g mivisie of
Portland type 1 cement and 1y ash

Waste form specimens were leached 15 deion
tzed water at 230 using the ANS 161 proce
dure. Retease rates, effective dtusivines, and
leachability indexes of radivauchdes, chelaing
agents, and stable metals sere determimed using
ANS 161 diffusion felease models, Reloases ol
radienuchdes, chelating agents, and mctals from,
waste torms that degraded during leaching were
stnilar 1o releases from waste Torms that frain
tamed thew physical integniiy daring leaching
The presence of chelating agents 1 the waste
tormms did not sdversely aitect the leachabiliny of
the waste forms. The actual dimenssons of the iy
waste-form specimens that were leached, thei
valumes, surface sreas, wiste loadings. and thew
Suring times are summaiizsed in Tahle 9.

Release rgtes from the Can-Decon #1 wisie
form were generally fower than those fraim the
Dow NS-1 waste form but were often higher thar
those from the Can-Decon #2 and LOMI wasie
forms. Retease rates of “*Fe, "1Co, #'N;, 08,
WCs, PPy, citeie acid, oxalic acid, EDTA,
DTPA, prcolimie acid, and stable mokel are sung.
miarized in Tables 10 and 11, The release rates
shown are simple arthmetc averages of reloas;
tates for individual Teaching imervals. They ar¢
expressed in Tuble 10 as goamtity released per
second per ¢me of sample extemal geometie sy
face ares (Ciom? s or pg/em? <51, Release rates
presented in Table 1] are expressed as Tisction of
intial inventory refeased per second per cme of
sample externa' gemnetnic surfuce  aces
(Fm’ - s
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Table €.  Physical parameters of lon-exchange resin waste forms.

Volue o

Aping Waste Diamcter Surface sitlace
Wastg fon time Rinder hoading = heigh urea Muss Visleme wtea ratio
rdentifiation idays)  matenal iwil ) i (m*) (g (e ™ fem)
APICatron 70 Type P o) IERRA ] 2082 147 & 0w
mined bed)
AP/Citeon K02 Type 1P tr 44102 173 RAR TS 1517 (.91
(cationi
Can-Decon #1 684 Type | 1 d¥ =62 18 1289 ull 0sl
Can Degon #2 §71 Type 1P bl AR89 169 W17 148 4 (0w
Duw NS | o8 Typel 62 R 73 IR 1641 098
LM 8% Type LP 61 46948 171 AN 135 & (193

The uncentainties shown in Tables 10 aud 11
are standard deviations of the mean caleulated
the one-sigma confidence level. The AP/Cirox
wuste forms crumbled during the first (2-houn)
and second (S-hour) leaching intervals. Conse:
quently. the average release rutes did not e lade
the first and second leaching intervals, These
results are shown in the rows with headings of
»>2 hand »7 h, respectively.

The release rate of “'Co irom the AP/Citro
cation resin waste form increased sharply during
the second leaching interval. However, release
rates of the remaining radionuclides generally
decreased significantly during the second leach-
ing irscrval.

The average fractional release tates of “Co,
BN, 08¢ citric actd. oxalic acid, and EDTA
fram the Dow NS-1 waste form are summarized
in Table 10. They were sipnificanly higher than
corresponding release rates from the other waste
forms. However, the fractional release rate of
IV from the Dow %81 waste form wvas ane 1o
two orders of magnitude lowet than those of
7% from the other waste formy,

In all cases, maxitmum release rates occurfed
during the first two Jeaching mtervals. Mimimum
release rites ocourred during the last three leuch-
ing intervals. These last imtervals were normally
14, 28, and 43 days fong. In the case of the AP/

NUREG/CR 5672
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Citrox mined-bed resin waste form, which disin
tegrated completely within ! hour following
immersion in leachant, release rates of raduy
nuchides, chelating agents, and stable nickel
decreased significantly afier 7 hours of Jeaching

CFRs of radionuclides, ¢helating agents, and
stuhle mickel at the enu of 90 diys of leaching are
sumimarized in Table 11 They were calulated
from data obtained from unfiliered leachates and
ey ranged from 0.002% from the Dow NS-1
waste form 1o 6,4% from the AP/Citrox cabion
osin waste form for Fe The CFR results for the
latter waste form were ditterent from those «f the
otter specimens, In particular, 92% of the total
guantity of **Fe released from the AP/Citros cat-
jon resin waste torm ocourred during the first
2 howry of leaching.

CFRs of "Co from the APCitrox cation resin,
Can-Decon #1 and #2, and LOMI waste Torms
were similar 1o those of 3*Fe and ranged from
about 0. 1% 10 0.2% . Cumulative releases of “'Co
from the Dow NS and AP/Citrox mived-bed
resin waste forms were about 6% and 2%,
respectively.

Nearly the entir: inventory of ®INi was

released from the Dow NS | waste form. CFRs of

SING froen the remaiming waste Torms ranged trom

B L
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Table 1.  Average fraction release fates (Fiem® )
Sample

identification “Fe b &0 BN wigy
APICitron

mised-hed 16+ 0K % 100 36 4 190 x40 18 g 1@« il 21 2 16 100

2h (3 & 00 x 10 20 4 s 3«00 28 % 20 x WHE 24 4 20« 0
»7 h 12 4 02 %10V 76 % 241" AR & 18 xj0tt 44 2 38 x 0!
cation 93 & 92 = v 16 1O x WY 1K 2 1R x 0™ 14 % 14 % 107
2 h 12 4 07 s 10Y SR DI (AL % S I I (UL B I S [
57 h 20 & 10 < ! 80 & 26w 10 20 2 10 w10 24 04 14 = 100
CanDecon #1 33 & 22 %1077 %9 & 23 5007 Kl 2 34« 100 16 2 12 =107
Can-Degon #2  -" 18 & 13w 0le oW A0 o=
Dow NS-| 63 2 86 x 101 86 £ 230 60 2 3K« W $2 ¢ 40 « W*
LOMI 52 & 17 % 14 €1 ¢ 14% 107 68 £ 82102 17 2 2%« 10

ey Hipy Citric acia Oxalic actd

AP/Ciiros

mxed bed I& 2 09 = j08 O3 k0 2 e 0% 100 29 ¢ 19 % 040
»2 h 1.5 2 10 » 0t AT 10N we & 1o W 10 & 07 x 0t
57 h 50 2 20 =« 107 16w 101 2% & ihx WY 319 4 15 x 10l
cation 23 4 10 x 10" 30 x ¥ 4

s2 h |8 & OK ~ JO" .7 x 0t ¢ &

»7 K 6 2 42 x 100 1.0 = 1pt! € -

CanDecon #1 22 ¢ 1.0 = 108 eh& ¥ 101 13 % 08 10 86 3 A1 o= 10
Can-Decon #2158 3 06 « 107 eldx 100 13 4 34 x 00 4R p 10 X j0l0
Dow NS <20 % 10 eAb x WM 1) o 06 x 10% 43 3 23 x 10
LOMI 86 + 19 x 107 «d 6 x 0t £ R

FDTA DTPA Picalimie acid Nachel

AP/Citron

mined-bed ct -t <2 = 0

2 h —4 -~ ¢ el % 10
>T h Ly ik = «4.7 » 10010
cabon e - g U & R 10
»21, cacnf o ak 09 & 87 > 1M
»7 W -t _— — 44 £ 22 w0l
Can-Decon #1 20 & 06 = 0¥ -t L 1.7 £ 04 w104
Can-Decoh 82 54 2 1K » [0 . = -

Dow NS 1.7 & 0N x (0% b L2 = 40" . =S 40 = 21 = 1W0Y
Lowml - i 4% £ 15 x WY 26 ¢ 1K <0

fon———. s,

2 Fraction of wmitigl anventory feleased et s per e’ of specimien extornal geometnt surface area

b Concentration of madionuchile or metal in resin saste was o determimed

& Chelatin

enl was BOL presenl or wis present gt only oorace level ihorean waste
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? Table 12. Cumulative fraction releases.
; Waste-form
'l identification 53t Co LI Ny gy
|
' AP/Citrox
‘ mixed-bed 13 = 104 1.7 = 102 1.5 « 104 23 = j0?
. canon 64 » 107 1.7 % 108 (.2 x 1wt 99 x 10
E Can-Decon #1 12 % 104 1.8 % 10 06 » 10" 18 x 10!
| Can-Decon #2 P 1.3 = 10 — «XK x 10°¢
- Dow NS 2.2 % 108 6.3 » 107 94 = 10! 24 x 10
- LOMI 27 = 109 13 = 10 7 % 104 2% % 1!
1370y Hipys Citrig acid Oxalic acid |
)
AP/Citrox ‘
mixed-bed 99 = 10! <34 x 107 K4 « 107 11 o= Jrd ‘
f cation 68 x 107 €22 x 107 ok X
| Can-Decon #1 9% x 101 <24 x 104 14 = 107 24 x 107
| Can-Decon #2 16 = 107 <24 x |0? 22 « 10t 1K w102
| Dow N§.1 K6 x 10 <20 x 104 43 107 51 = 101
LOMI 1.0 x 10 <28 % 101 t —t
! Picoling
EDTA DTPA acid Nickel®
AP itros
mived-bed -t i€ -t <15 = w!
Cation et —t — £7 x 107
Can-Decon #1 23 x 10! -t A 14 x 107
Can-Decon #2 7.1 % 107 ¥ _— h
Dow NS 1 1.0 % 10 42 = 10! - 1.0 x 100
LOMI it . K1 o= 100! 30 % 107

4 Not @il Jeachaws were analyzed for this radionuclide or metal, IFRs for leachates that were not malyred
for this radionuclide or metal were estimated by averaging release rates measured for adjacent leaching intery als
Estimated TFR 5 were added 1o measured 1FRs 1o obtain the CFR.

b Concentration of radionuchide or metal in lon-exchange restin waste was not determined

0. Chelating agent was not present or was presont at only  trace level in resin waste

NUREG/CR-5672 18
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1 A : ;
: Table 13.  Leachability indexes.
Waste form _
entification M *Co 1N .
AP itros
mined-besd e & 04 105 ¢ 08 148 ¢ 038 3 % 7
2 h e &2 048 h + O6 46 ¢ 06 109 4 nx
»>T h L3 2 04 108 & 06 182 4 04 1144 02
: cation 09 ¢ 12 127 4 04 146 4 13 oA
22 h 120 & U6 125 & 04 157 & O -
»Th ne £ 09 127 4 04 159 4 DX =
Can-Decon #1 149 2 U4 132 1 01 11 4 02 K0 4 02
Can-Decon #2 -t 128 4 @i} b >4 2
Dow NS | Il 2 0% 93 » 01 T @02 K¢ 04
1O 146 & (06 128 ¢ 01 1VE & 05 BS & 02
0y Hipy Citrie scid Oxalic acid
AP/Citrux
i edbed it £ i % 04 X &« 14
»2 h = e Iy ¢ 04 1o & 04
> h et »123 1.8 £ 04 2 2 04 :
i
Y0 Mipy Cine acrd Onalic acid
wation B a0 A
=2 h -3 118 v
>Th -t >123 sk
Can-Decor #) 61 ¢ 02 »14.3 K ¢ 02 1 & 02
Can-Degon #2 TR & 01 =101 106 ¢ 63 0y & 643
Dow NS »10.8 =120 65 4 02 72 .% 032
LOMI 67 % ) 2123 —k ¥
Picolinic
EDTA DTPA acid Nicke!
APCitron
mixed-hed — it . K7
»2 h = + KN
»7 h - A " w9 |
cation == et — 99 3 10
22 h . X < K & (05
»7 h arei¥ -t s L0 % 06
Can-Decon #1 81 40 S ¢ 0T & 03 1
Can-Decon #2 no + 04 et ¥ - |
Dow NS-| 57 2 03 78 % 02 it 6y 2 0.3
LOMI — — 69 ¢+ 01 ] ¢+ 03
#  CPR was greater than 2094 therefore. the approximate semi-infinite rredinm dyifusion model could not be wed fo cakailate the
effective diffusivity
b Clongentrgtion of tedionusiide o motal in resin waste wits not delermined
& Chelating ugent was not present of was prosent al anly a truce level in resie wistp
5% NUREG/CR-5672




10. MEETINGS ATTENDED

C. V. Melsanc attended “Waste Management were presented in i poster paper titled “Effects of
917 in Tugson. Arizona, and presented the exper- Leachant Chemical Composition and pH on
imental results obained during FY-90 for the Leachability of Coment-Sohidified Decontamina:

Low-Leve! Radioactive Waste— Decontamina tron lon-Exchange Resin Waste ™
tion Waste Program (FIN A6359). The results

11. ANNUAL PROGRAM REVIEW

The Annual Program Review by the NRC was
completed m July, 1991

NUREG/CR-5672 20
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Appendix A

Information Regarding the Compression Testing
of Tapered Cylindrical Waste Forms

Mr. Phillip R. Reed

Waste Management Branch

Office of Nuclear Regulatory Research
U.5. Nuclear Regulatory Commission
Washington, D.C. 20858

INFORMATION REGARDING THE COMPRESSION TESTING OF TAPERED CYLINDRICAL WASTE
FORMS - RMN-34.9)

Dear Kr. Reed:

Mr. John McConnell asked me to provide informaticn regarding the compression
*esting Of tapered cylindrical waste forms in support of the Branch Technical
rosition (BTP) stability guidance for processed {(solidified) Clase B and C
wastec. Specifically, | will address whetlier the waste forms cen be testad in
accordance with ASTM C-39 "Standard Test Method for Compressive strength of
Cylindrical Concrete Specimens” and the signifrcance of test results.

Waste forms obtained from the Peach Bottom Atomic Power Station were collecied
and solidified *~ paper cups. The resultant waste forms are eylindrical with
a length of apyroximately two inches, but are tapered along the ¢ylindrical
axis, The minor diameter of the waste form i< approximately two inches and
the major dismeter is approximately three inches.

ASTM C-39 does not have & restriction regarding taper of the s$ecimen along
the cylindrical axis. However, since the test method 1s norma 1y applied to
concrete cores or molded cylindrical specimens, it 15 uaderstood that the
normal specimen is a right cylinder (mo taper), The test procedure can be
applied to a tapered specimen; the taper presents no fundamental problem in
application of the compressive test. However, a significant question develops
regarding the calculation of the test specimen compressive strength.

The Standard Test Method includes a procedure by which the compressive
strength of the test specimen is calculated. In this test method, the
diameter of the test specimen {5 determined to the nesrest 0.0l inch {0.25 mm)
by averaging two diameters about the midpoint of the specimen. This average
dismeter is used to calculate the cross-secticnal area of the specimen, Thé
compressive strength is detsrmined by dividing the maximum load supported by
the specimen during the test and Jivi~ing this value by the cross-secticnal
area, This calculation procedure is yrobably not appropriate for scecimens
with significant tapers along the cylindrical axis,
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marginal and/or nonuniform waste forms. If this 15 & concern, it could be
resolved by requiring the use of the midheight diameter for the compressive
strength calculation. This wouid provide a more conservative (lower) estimate
of compressive strength although at a probable loss of accuracy relative to
use of the minimum diameter in the calculation.

Please call me at (208) §26-8274 if you have any questicns regarding the
information provided.

~¥oyrs truly,

) ) n
dm buwu—_'}/\
Robert M. Neilson, Jr.

Manager, Metals and Ceramics
Materials Technology Group

dac
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Appendix B

Trip Report of the Collection of Solidification Samples
at Nine Mile Point Nuclear Plant Unit 1

Date: April 2, 1991

Tot J. W. McConnell, M§ 1406 Q/' ;; v
2
From: M. R, Winberg, M8 7113 W’?,(»J“((

)Y
Subject: TRIP REPORT OF THE COLLECTION OF SOLIDIFICATION
SAMPLES AT NINE MILE POINT NUCLEAR PLANT
UNIT 1~ MRW-26-91

On March 11, 1991, John McConnell and ! arrived at Mine Mile Nuclear
Plant Unit 1 (NMP-1) to collect samples from their solidification of
filter sludge. The source of this filter sludge consisted of low-
conductivity wastes from the reactor water cleanup system and floor
drain wastes primacily from the Elevation .55 decontamination. These
wastes were transferred through the plant radwaste system and
collected on polyproplylene wound septum (Precoat) filters. The
waste was then cleaned off the filtets and collected in a line for
solidificution. The volume of waste transferred to the liner was 120
ft'. The plant history shows that these wastes were expected to be
Class B wastes. Unfortunately, when the chemistry reports were

collected and analyzed, the waste was determined to be Class A. That
analysis is attached.

The preparation of the PCP sample was performed by the Chem-Nuclear
(CNS1) technician on February 21, 1991, Conseguently, we were unable
to witness mixing of the PCP sample used to calculate the mixing
pa.'meters of the liner, We were later able to inspect the PCP
sample and it appeared to have cured properly. Sampling of the
filter sludge prior to solidification was performed on March 13,
1991. The stir paddles were turned on for approximately 10 minutes
te allow the contents of the liner to mix before sampling. Sampling
of the liner was accomplished using a plastic beaker attached to a
long handle. The beaker was dipped into the waste mixture in the
liner through the camera access docor on the fill head using the
handle to collect 500 ml >f sample. The beaker was then removed from
the liner and poured into a bucket. Photographs were taken of thie
operation from the top of the liner. Approximately 1 liter of sludge
was sampled and divided into 2 aliquots; 1) 500 ml for mixing of
additional PCP samples in cylindrical containers for shipment to INEL
for compressive strength tests (these samples were mixed on
March 19, 1991, after we left, using the same recipe as the eriginal
P"P sample), and 2) 500 ml for shipment to INEL for waste
characterization, The radiation reading on the 1 liter container of
sludge was 320 mrem/hr,
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Appendix B

J. W. McConnell

April 2, "9

MRW-26-91

Page 3

for final curing. The sample was poured from the bucket to the

sample containers using a plastic beaker. Thirty (30) samples were
collected in this manner and place in the CNSI oven and baked at 140
degrees F for three days. Photographs were taken of the collection
process and loading the samples into the oven. The radiation reading
on the bucket of sample collected from the liner was 430 mrem/hr at
contact while the radiation readings of the individual sample
containers were about 60 mrem/hr at contact. Photographs that were
taken will be available upon printing by EGsG Fnotographic Services,

Information collected at the plant and included here consist of
chemistry reports detailing radionuclide content, waste

slassific. ion, and gamma spectroscopy report on the sludge before
solidification,

The solidification appears to have gone well. The sludge itself was
a2 slightly viscous, brown-black, liquid. The waste /cement mixture
was smooth and consistent and was thin enough to be able to be poured
int> the sample containers. With the exception of the mixing of the
PCP samples, EG&G was able to observe all phases of the
solidification and sampling of the liner. Shipping of the solidified
liner to Barnwell occurred March 21, 1991,

M*tached are copies of all information collected at the plant., If
‘fere are any questicns please contact me at 6-4042.

Attachments:
As stated,

cc: D. W. Akers, MS 2114
J. W. Mandler, M8 2219
C. V. Mclsaac, MS 7113

W, Serranao, MS 7113

M. R. Winberg ltr file
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Appendix C

Characterization of Chemical Wastes
Present in Radioactive Waste Forms
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Appenax C

Table C-1. Aqucous soluble waste constituents that may affect cement solidification,

Type Chemical Analytical Method
Inorganic Non-metallic anions borates IC*, LC*, ICP
phosphates IC
sodium hypochlorite IC
ammonia IC
sulfates IC
nitrates 1C
pH wWam?
total solids WM
total dissolved solids WM
Metals lead ICP
zinc ICP, AA*®
irron ICp
Metals-oxidizing agents  manganese ICP, IC
chromium ICP, AA, IC
Organic-Aqueous Carboxylic acid chelates  formic acid-formates IC
oxalic acid oxalates IC
citric acid-citrates 1C
picolinic acid-picolinates L.C
Chelating agents NTA LC, IC
EDTA LC, IC
"Decon Solutions” | E el | &
Surfactants soap LC IC, WM
detergent LC, IC, WM

a. IC = ion chromatography

b. LC = liquid chromatography

¢. ICP = inductively coupled plasma
d. WM = standard wet methods

€. AA = atomic absorption

The list was generated from NRC Notice No. %)-31.

C-9
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Appendix C

The first step in the procedure is sparging the sample. A special teflon sampling head is
screwed onto a standard volatile organic (VOA) vial. A teflon tube from this vial goes to a
bulkhead fitting on the wall of the glove box wall. The trap is attached on the cold side, outside
the glove box and is designed for EPA Method 624.*% The column contains 3% SP-2100, 15 cm
of Tenax GC column, and 8 cm of grade 185 silica gel with the exit end attached to a Rotometer.”

Surrogates and spikes are necessary o determine the efficiency for each organic of concern.
A Purgeable Surrogate Standards Mix-CLP will be purchased containing 25 ppm each of two
selected common aromatic and two chlorinated compounds.  Test mixtures containing 25 ppm of
10-15 regulatory compounds from the hazardous substances list called the Purgeable Mix A, B and
C standards will be purchased, mixed, and run according to EPA procedures.® The surrogates are
run alone and added to samples for the measurements. Blanks are also analyzed to test the

residual material deposited on the trap column and within the glovebox.

The trap is desorbed by heating into a GC column that separates the specified chemical
components. Detection is by mass spectrometry  Each organic is quantitated by the total signal
output or peak area. ldentification is by comparative retention time (when it comes out of
column), and mass spectrum The goal of the purge and trap design is to minimize radioactive
contam‘nation and perform the analysis on a cold GSMS. The handling of the small purge vial
and all manipulations in the glove box are difficult and require piactice. Previous expenience
shows recoveries of 18-27%. Most compounds of concern for this study show a 30-40% recovery
at the 50 ppb level. From recent conferences talks and notices, the problems caused by inorganic
components in organic samples have been largely solved."*™*1%! Quality assurance for this
analysis is performed using standard EPA procedures that require regular calibration and periodic

duplicate sample analyses.
Metals

Metal analyses are performed using inductively coupied plasma spectroscopy (ICP), atomic
absorption (AA}, and direct elemental x-ray fluorescence (XRF). The procedures for these
analyses are well defined EPA procedures. Non-destructive elemental analyses can be performed
by XRF in the field on both liguid and solid samples and most metals of interest such as Zn, Cr,
Fe and Mn are detectable at the 10-100 ppm range. This technique when used in the ficld is

considered a qualitative analysis method that is not usable for quantitative analysis.

NUREG/CR-5672 C-14
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