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MEMORANDUM FOR: Robert F. Cook, NMSS
High-Level Waste Licensing
Management Branch

FROM: Michael B. McNeil
Waste Management Branch
Division of Health, Siting,
and Waste Management

SUBJECT: IMPRESSIONS OF BWIP TECHNICAL PROGRAM

While I have not yet had time to digest all the documents I got at BWIP, and
will communicate with you in detail on specific points, I would like to give
you some ovgra]] impressions.

1) The Cr-Mo low alloy wrought steels which have been considered for the
centainers seem to have been chosen to minimize uniform corrosion and
without adequate consideration of welding problems. Since thée containers
will have to be welded shut and since most people who have looked at
steel containers (including me) think that the major problem will be
localized corrosion, these are not the most appropriate choices. The
emphasis on wrought steel seems to be a path-of-least resistance choice,
since so many more data are available on wrought steel; even if BWIP
continues to treat containers as pressure vessels (an approach that
causes me concern) it is not at all clear that the optimum thickness
will be one which can be best made from wrought product, and of course
a wrought steel container has welds at both ends. This is a situation
I view with alarm since I think the waste form will be severely fragmented
an?dw}I}]offer a percolation path through the waste in the event of
we ailure.

2) It 1s not always useful to try to analyze pitting corrosion in terms of
some multiple of uniform corrosion rates (see, for example, work by Uhlig
and others on passivation of copper alloys, reviewed in my 1973 paper
in the NBS/ONR symposfum on marine corrosion). Pitting corrosion can be

« severe when uniform corrosion rates are extremely small. BWIP seems to
ignore pits as stress risers.

3) Pouring the glass into a 304L thin skin canister and then welding the can-
ister shut will lead to severe sensitization. Even if the bulk stainless is
cathodic with respect to the carbon steel (overpack) container, I am
not sure the grain boundaries will be, and the resistance difference
because of the gap between the stainless and the carbon steel may lead
to severe attack on grain boundaries {rrespective of the carbon steel
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5)

6)
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potential. BWIP and DOE claim no resistance to corrosion for the stainless,
but still if I were to design the 2-container system I would try to use an
inner container which would be less vulnerable. Hastelloy is the obvious
choice since the temperature of the glass excludes brasses and bronzes.

It is apparent that the hydrology of the site is really critical to
the radionuclide containment over the longer term, and I believe this
must be looked at very carefully. My concern is that BWIP is going

to be taking chances on the form, container, and backfill resting on
the assumption that. the hydrology will protect the accessible environ-
ment, and this attitude makes a really high level of confidence in the
hydrology essential.

There are not adequate data on radionuclide solubilities, especially
if one assumes that the groundwater chemistry may vary significantly
from one part of the repository to another. Collecting these data

is expensive and time consuming, and the past attitude of many parts
of DOE ("let DOE/BES do it - they are the research arm" - which I have
heard repeatedly) is not satisfactory when BES has its own financial
problems and everybody else is trying to push programs off on them.
DOE needs to stop passing the buck and get moving.

The presence of so much CHy may be a hazard in tunnelling operations.

By and large, I felt that BWIP technical staff have a clear comprehension of their
problems and are very willing to deal with them in a way that should be satisfactory.

The question is whether DOE will commit the resources and whether BWIP management
have the foresight and care to ensure that all the individual issues must be
nailed down.
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Michael B. McNeil

Waste Management Branch

Division of Health, Siting,
and Waste Management

cc: D. Alexander
J. Davis
K. Kim
B. Wright (NMSS)
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'BROOKHAVEN NATIONAL LABORATORY
MEMORANDUM

DATE: August 25, 1982
TO! rile
 FROM: ' Rarl Swylar

m, Report on BWIP briefing meeting st Rockwell/Hanford.

: Ou August 9-12, 1982, a meeting was held on the Hanford reservatiou
betwveen Rockwell/Hanford personnel, NRC staff members, and vepresentatives
from MRC contractors. The purpose mas to obtain background on preliminary
{oformation which would axpsdite NRC review of the forthcoaing BWIP Sive :
Charactericetion Report (8CR). This report is presently being drafted by MIP
personnel et Ranford, and {ts submission to HRC €or comment is scheduied for

uid-November, 1982.

The HRC/KRC contractor contingent wse functionally divided into twn
groups. One group was charged with concentrating on design basis Informstion
in the SCR relstive to the waste package. The second group was primarilty
concerned with the characterization of nesr-field geochemistry. The wricer
was invited to attend &85 s menber of the "waste package”™ group, specificsliy
concerned with the sffects of radiation on the waste package performence.

Tho brisfing began with a series of overview prasantations by Rockwell
etaff aimed et familisriziug the NBC and its represeuntatives with preseat
design concepts for BWIP. The stated BWIP spproach is to first concentrate on
determining the enviromment of the waste package, sand then tafloerfug the wsste
psckage to perform scceptably in this environment. Consequently, st this

atage of development, the majority of emphasis has been placed on charecter-~

izing the geochemistry and hydrology of the host rock, as opposed to derafled

performance evsaluation of potentisl. This initial geochemistry and hydrologic
cherzctarisation hae led to some modificatfons fn wasts package deaign philos-

ophy. Spacifically, the present design basis fncorporates the followiny ‘
conceptst . .

1. 8Shortly after repository closure, oxygen fugacity will be reduced to
a low valus by geochenical reacticuns with the basalt. Thess resc-
tions, evidently involving oxidation of firon contained in the basalt,
should maintain & strongly reducing enviromment (Eh ~ =0.45) aver the
1ifetine of the rapository.
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1. Under the anticipated conditions of Bh, pH, groundwater flow cate
‘ and geocheafistry, redionuclide release from the vaste form wiil be
- limited by the solubility of 1nd£v£duxl radionuclides in basaltic
groundwater. Specifically, the “source tera™ for radiocnuclide
- rtelease from s diesolving (glasa) vaste fora may be conservatfvely
modeled by considering the flow of a certain volume of groumdsatar
at the solubility li{uited cadfonuclide concentration.

These concepts are reflected fa the present repository conceptusl desiga
in aeverel ways. Overall performance asseaszeat presantly incorporates &
computer code which {s sti{ll under development. Thus fsr this code has been
used largely for senaitivity analysis, end we understand that thess resulrs
will not be specificelly described in the SCR. The methodology, however, is
.of {nterest. The approsch {s to carry out radionuclide transport calculs-
tione, assming various values for radionuclide solubility, repository ground-
water flow, ete. to identify those cases when solubllity limited transpart '
through the geomedia cannot schieve compliance with EPA relesse criterfa.
Presumably, these cases will then be used to further define contmiument
taquirements on the engineered systen.

In thie eont.xt. key features and psrformance objecttvns of the vefereuce
nttc package design in the SCR may be sunmacvized as fallows:

1. Thres l:ypu of waste form are contemplated: coanercial HIR glsss,
defense HLVW glass and spent fuel. The protatype for coumarciel RIW
glass is PNL 77-260. The defense HIN glass prototype will he &
Ssvannsh River Piant formulation. There do notv appear to be saoy
denign criteris specifically regulating cudicnuclide release from the
wvaste form. While extensiva leach rate dats exiat for waste plasses,
such data are considered by BWIP personnel of questionable applice-
bility to long term performance assessmant. ITustead, emphasis fv
placed on radionuclide solubility limits echieved vhen waste form
materials react hydrothermslly with basaltic groundnter. Bete, tha
present data base i{s vary linited.

2. The contsiner is dealgud to withstand hydrostatic pressure (~31600
pai) for 1000 years after emplacement. The anticfpated reducing
enviromaent peraits the use of mild steel (ASTY 1018-1020) as & coo-
tainer material with adequate corrosiou resistance. The design s
basad on a requirezent that after 1000 yeerg, the containsr should be
sufficiently thick to satisfy an ASHME boiler code requirenmsat at the
{ndiceted pressure. The design thicknese of 1 1/4 inches $ncludes an
allovance of 0.3-inch for corrosion. The (very preliminsty} corro-
sion allovance is eimply based on & linear extrapolation of wsfight
loss data for pipes buried in soctl.
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3. A conceptual backfill design was described coneleting of & 75X
- erushed basalt, 25 sodium bentonite amixture, &-inches thick. One
schemt I8 to blow this backfill waterisl arcund waste contafpers f{n
horizontsl emplacement. It ie not clear, st present, how hesvily the
veference backfill dasign will figure f{n the upcoming SCR. In gene-
ral, the backffll £i expected to perform at lesst four functions:

o Limit (by virtus of avelung of the bentonite clay) the travsport of
vater to and from the waste container.

o Maintain & strongly reducing enviroument {n the {mnediste vicfafty of
the container and waste forn (by virtue of the crushed bzexlt

companent ).

& BRetard the transport of radionuciides by sorptive processes fe the
tentoanite clay component. .

o Transfer nnfficion: heat to maintain temperatures within design
.1dmits.

The preseant referance design {uncludes & backiill temperature limit of
300°C undar these conditions. This limitation Le imposed to ensure lIfttie
hydrothermal alteration of the backfill. Based oo a Darcisn flov sodel snd
currently availadle backfill permeability date, & §-inch thickneas of (fully
swollan) backffll s congidered sufficient to provide diffusion controlled
uaas transport under anticipated repository condit{ions.

Using retardation factors derived from B4 messuroments for various
vadionuclides fn bentonite clay, breakthrough times have been cslculatad fa
the diffusion controlled transport limit, The expression used is appacectly
simtlar to thsat obtsined at Sandis and elaevhere under similar assusptions.
In particular, the calculation assures an .input radionucifde concentratfon
which is constent with tioe, 885 8 first approximation to solubllity Iimited
behavior of & dissolving waste form, For a 6-fnch backfi{ll thickness,
praliminary sorption data are safd to indicate 5% breskcthrough times of more
than 1000 y for Cs, Sr amd Rp. and more than 300 y for Pu, under anoxtic
conditionu.

The backf{ill s alsoc expactad to ba & controlling factor in tha resaturs-
tion behavior, f.e., the manner in which the waste container is expoeed vo
water folloving repository closure. The most plausible vesaturation scewnario
was oot deterained.
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The overview presentations described above aerved tc establish & frzme of

teference for individual discussions betwmeen NRC/NRC contractor represents-
tives and Rockwell personnel. Theae discussfions were concerned with estah-
1fehing the data base and analytic procedures ussd In support of the prassnt
dasign/characterization, and with identifying further informational ceeds.
The writer was not invalved in all of these dfscussions, particulariy thoss
dealfng with geochenmical gnd hydrolysis consideratiaus. From thie perspective
the 'titet'l experience in these discuseions may be sunmarized &8 follows:

o Mull repository performance: Tha present conceptual degign velies

bheavily on the properties of ths geomedium ¢o provide the primary
oeans of radionucifde contaimment. ¥ey properties in thie regard
{nclude groundwater flow velccities and hydrology of the mined
repository, and the ability of the basalt to mpintain 8 low Bx
environment., While both of these properties reaain to bs furthar
defined, cartain points are notsworthy. FPor example, the present
evideoce for low CTh conditions in groundwater at the repository
horison is largely (nferential. It has not yet besn possibla to
directly measure the £h in groundwater obtained from the reposfltory
horison. Presently, BEh dats are largely based on the coexisteuce of
certain uingrel phases or “couples”™ present in basaltic groundwster
ssaples, and on preliminary measurenents of oxygen uptake by crushed
besalt in a hydrothermal enviromment. Establishing the correapondence
bstwesn these laboratory evaluations and embient conditions at Jepth
(i.e., validating the analysig) vas agresd tc bs a central fssue for
furthar study. At the saze time, the relisbility with vhich vaposi-
tory groundwater flow ratee can be (or need to be) bounded will pre-
sumsbly be sn faportant issue, particularly since test drillings
fndicete that certain regions of donu basalt strate may be leas thick
than anticipated. X

Haste formt The shift in emphanism from leachability to solubilicy is
safd to change the vadionuclide relesse scenaric from dynsamicelly
varying, tise dependent behavior requiring wxtrapolation to a steady
state situation which can be characterized in terms of thermodynamic
dats. The present emphasis {5 to deternine the salubility Ifaits for
varions vedionuclides whan waste from materiels are dissolved in
basaitic groundwater. Since only very limited data are presentiy
svailable, this is to bhe the subject of a fairly extensive progras of
hydrothernal tests. In the solubi{lity livi{ted scenario, radiomsclides
relessnd from the dissolving wvaste form will bs largely {ncorpsrated
in sscondary mineral phases which are said cto be in or near equilib-
riua vith the local environment. These secondary phases will, tm
effect, serve as alternata waste forus. Conssguently, some character—
dzation of these secondary phases will be unecessary to evaluvates thetfr
dursbility over & range of (changing) repoasitory conditions. This is
alsd to be undertaken in the hydrothsrmal testing prograa. It uass not
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icaediately ohviocus how extensive a characterization of secondary
phases will be required to provide an adequate data base.

The solubility limited scenario does not rule out the possfbilifty of
radfonuclide tramsport iun particulate or colloidal forms. Agsia, vary
1ittle direct fnforaaztion is presently svsiledle. The posasidbility of
colloidal or particulate transport {¢ to be explicitly studied imn the
hydrothermal test progres.

Az wentioned earlier, ths present concept doss not explicitly give
credit to the waste form gs masintaining a berrier to radionucifde
release. The solubility limited picture has several sttractive
features, among them not requiring that the wsate form maintain fts
leach resistance under hydrothermal conditions. However, should :
further study f{ndficate the need for addftfonsl confinement fu certsin
cases, (e.g., nvuclides such as Se and Tc, extreme flow rates,

particulate transport, ete.), it was pointed out that dats on the rate

at vhich the waste fora dissolves might also be useful.

6 Contatner: The design basis for the container is still very prelisin-
ary snd &s indicated earlier does not rely on gfte-~specific dsts.
HBydrothermsl scoping experiments are pressntly under way inveatigeting
corrosion of mild steael {n bassivic water. Thesse indicate that corro-
sion may be retarded by formation of a protective film. W rfgorovs
basis bas yet been proposed to extrapolate such short term cerrcaion
data to tines of i{nterest {n the repository anviromment. This must
avaft the completion of more sophisticated electrochenmical corrcsfon
teste following the ecoping measurements. 8Scoping studfes hawve not
yat included coupons contacted with backtul or in & partial stesm
envivomaent. -

o Backffll: FKey informationsl nesds identified for backfill inciade
thermal conductivities, permeabilities, and avelling behavior. This
{unforuation ig te be generated by direct messurement over the next few
yoars. K3 vsluss for various radionuclides are praesontly svailable
in sodium bentonite which has been hydrothermally treated, and
preliainary hydrotharmal experiments on the chemical stabiliey of
crushed basalt hsve been carried out and secoundary phases
characterieed. Effarte are under way to validate cheae accelerated
u:: :y comparing the alteration products to those found in patural
€co tions.

- " we . remun e o



e}
"

37

" Memo tb File from Rerl Swyler
August 25, 19352
m. 6.

Backfill proparties (wet and dry thermal conductivity, wet and dry
perneability at elevated temperature, etc.) are expected to plsy an
izmportant role in astablishing the resaturation ecenario. At presant,
this £8 not wall defined, and i{s to be ptudied by direct experimgst.
Presently at least & partial steas envirounent seens a resl

. poseibility.

‘Prasuaably, it will also be necessary to establish under what
conditfons (if any) the backf{ll could be exposed to a wet/dry cycle.

o Radiation effects. Radiation effects dats under site specific

. condicions were identiffed by BWVIF persounel as s critical need to
estsdlish preliminary design requirements. Thus far, such site
epecific considerations have not been undertaken snd, presussbiy, wi{ll
not de trested in the SCR. The effect of {fonizing radiacion oo
near-field Eh and pH condftions, snd {ts subpeguent effect on
corrosfon, solubility, Kj, etc. has not yst been considered {a :

. detail. Gomws information along these lfnes is tc be genersted iz kot
cell hydrothermal experioents vhere the irradiation fa produced by
ensll szuples of Lully loaded waste form matecrial. _
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