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GENERAL COMMENTS

The Dats Reviev provided an excellent opportunity to interact iaformally
vith the staff of lLos Alamos National Laboratory (LANL) .and to discuss our
concernus relative to the sorption informaticn that has been published to
date. The meeting was organized around two presentations (givean by A, D,
Kelpers) that addressed our major concerns (see detailed discussion below).
A tour of che laboratory facilities was taken after the {nformal discussions
vere completed.

The meeting was useful in cthat it provided an opportunicy for frank and
open interaction between ORNL and LANL staff. The NRC should be commended
for arranging this oeeting. Such interaction has not been possible in the
more formal workshops that we have attended in the past at LANL., We
strongly urge that siailar meetings be held on a somevhat regular basis
(e.g., every six oonths) for both the NNWSI and BWIP projects. To help
ainicmize the nuaber of pereons involved, these meetings should be focused
on specific aspects of geochemistry.

We feel that both ORNL and LANL staff benefited from the meeting and cace
avay vith a better understanding of the viewpoints and concerns of their
counterparts. Clearly, wa are nov in a better position to formulate our
experinental evaluation of sorption information for Yucca Mountain.

OBSERVATIONS RELATED TO THE PRESENTATIONS OF A. D. XELMERS

During the cne day Data Reviev on radionuclide sorption informstion f{nvolving
NRC/NMSS, ORNL, end DOE personnel from several facilities, which was held at
Los Alaacs National Laboratory (LANL) on September 26, 1985, A. D. Kelmers
presented two informal talks. Extended and intensive discussion with LANL
staff and others present at the meeting resulted from the subject matter of
the calks; these interchanges are summarized below:

860117
POR “%;g 851211
WM-11 PDR



I.

"Concerus Ralative to the Applicability of the Yucca Mountain Sorption
Information for Site Performance Assessaent Purposes”™, A, D. Kelmers,
ORNL. .

Five concetus were i{dentified in this talk; these problem aress ware based
on ocur letter Report LR-287-7, July 15, 1985. The concerns and s brief
sumnatry of the discussion of each concern at the meeting are presented bdelow:

l.

Lack of Sorptiocn Information Compilation and Synthesis

We felt that the extensive reporting of experimental sorption infor-
aation obdtained at LANL was primarily limited to descriptions of what
vas doue and the guabers obtained, without sccompanying coapilation and
explanaticn of how the information was to be used in site perforamance
sssessaent. Thus, w were not able to assesns che applicadilicy, rele-
vance, or completeness of the Yucca Mountain sorption information for
NRC licensing purposes. LANL staff responded that some discussfon had
been included in earlier reports, particularly “Tuff 4° {LA-9328-KS
(1982)), but agreed that more explanation and summsrization would be
useful. LANL ecaff stated that they are preparing a topical repnrt o
sorption; this may ansver some of our questicns. No expected comple-
tion date vas given for this report.

Timeliness of Reporting

We noted that 12 to 18 months may pass from the time LANL performs an
experiment until we see & published descripticn of it in their quarterly
progress reports. LANL staff correctly pointed out that our ORNL work
is not available to them as NUREG/CR reports any more rapidly. We urged
that some mmchanisa for more rapid and informal exchange and fnteraction
betwveen ORNL and LANL be considered, but there was no formal tesponse

to this suggestion from NNWSI management staff at the meeting., LANL
staff indicated that the quarterly progress creporting had been discon-
tinued and only topical reports will be issued in the future. Thus, it
pay be some time before we see any nev sorption information for Yucca
Mountain. This information hiatus may represent a significant problea
for the NRC evaluation of DOE sorpticn information.

Abseace of a Performance Assessment Strategy for Sorption Modeling

We indfcated cthat available information does not allov one to determine
the nature of the comprehensive strategy for performance assessoent
mod:iing of sorption at Yucca Mountain., We suggested that tsotopes of
aa, Pu, and Tc may be the key radionuclides for sorption eodeling and
that these elements are not wll described in the published information.
LANL etaff wvas open and frank in stating that they had done coansiderable
experimental work wvith Am and Pu vhich is not published because they
could not understand the datsa; sorpticn ratios for these elesents seeoed
to vary independent of test parsameters, and the controlling sorpticn
processes were not known. LANL staff has conducted sorption experioents
vith these elements for nearly seven years, but they seened not to be
able to predict vhen the behavior of these elements in the enginesred
facility or the far field at Yucca Mountain may be understood. This
uncertainty {s aot surprising, however. Tha cheaistry of actinides at




lowv concentrations in near-ueutral solutions {s extremely coaplex and
difficult to study. There 1s a lack of genersl knowvledge of the spe-
ciation and valence states - making it difficult to characterize even
the starting solutiocns in sorption tests. This uncertainty in actinide
chealstry represents a serious problea for the DOE sfte projects fin
attempting to develop a strategy for sorption/solubility ctests, as well
as for the NRC in developing a strategy for evaluating the data obtained
by the DOE, 1There are expearimental approaches that may provide sroe
partial answers to the behavior of act’aides in groundvaters of this
type. We plan to consider this problea further and discuss with the
NRC Project Manager soms poceible options for eaxperimental efforts to
pursue this problem. Alsoc, we suggest that the NRC begin to consider
vhat regulatory strategy may bs necessary to ensure that sorption
information on elements with coamplex chemical behavior will be accept-
able for licensing purposes (e.g., detailed understanding or eapirical
relacionshipal).

We also discuseed the spparent lack of definftion of groundvater flow
paths and mineralogical charscteristics of these flov paths. 1Idea.ly,
the flov paths and winerals present should bs well-42fined prior to
starting sorption tasts. Unfortunately, cthis fdeal situatfon s aot
realized for the Yucca Mountain eite. The approach that LANL has taken
of testing & vide variety of tuff saaples and goiog from: “simple”
radionuclides (Sr, Cs, Ba, Ra) to "complex” radiosuclides (Aa, Pu, Np)
is understandable given their difficulc situatiocs of unknown flow paths
and mineralogy. Uunfortucately, they are just beginning to address the
sensitivicy of sorption results to parameters such pH, groundwater com-
position, fonic strength, etc. We encouraged LANL to pursue these sen-
sitivity tests that cmy shed some light on the iaportant paraseters and
processes that most sffect sorption.

We expressed some concern over the potentially inappropriate modeling

of sorption processes in the transport codes (i.e., stimple Kd approach).
A staff ceaber from the performance assessment group at Sandia explained
chat a single Kd value will not be used in the wodele. Rather, a
stochastic approach will be used vhere a mman value and associated
distribution will be modeled. This approach may bLe acceptadble, but the
range of Kd values will have to be carefully evaluated to ensure that
nonconservative results are oot generated, especially considering the
coeplexity of the geology and geochemistry at Yucca Mountain. This
approach {s a good example of using an empirical relationship rather
than making extrapolatfons and predictions based on a sound qualitaiive
understanding of the process. The potential coaplicaticns ia this
approach to licensing are still of some concern to us.

4. Unevaluated Batch Contact Methodology Test Protocol and Paramaters

We felt that the reported {nformation did not explain hov the methodology
vas optimized and that the information developed could, therefore, be
bilased or inaccurste. LANL staff vigorously defended their mthodology.
Some of the descriptive information was shown to be availsble in various
progress reports, but LANL etaff did sgree that it vas not summarized
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in one place. The LANL gssumption that freshly crushed rock surfaces
correctly mndel {n situ rock is of particular {mportance to the NRC

evalustion (see below).
Groundvater Instabilicy During Experiments

We expressed concern that, in much of the LANL work, the groundwater pH
had risen by nearly two units due to loss of dissolved CO; to the stmos-
phere. LANL staff defended use of this information as being conssrvative,
since it does not allov for carbonate complexation of asctfnides, and the
fact that in recent LANL experiments where the pH was held stable (pH 7)
by use of a COz-rich atnosphere, little (slwvays {n the direction of wore
favorable sorption) or no change had reportedly been seen in the sorption
ratios for many elements. LANL stated that most experiments will be doae
outside of COz-atmosphere boxes and that only periodic checks on validity
of this test mmthod vill be performed. We feel this approach may wvarrant

additicansl sttention by the MNRC,

A second concern that we expressed involved the presence of microbiological
grovth in the J-1) groundvater solutions and che possidble effects that this
could have on the measured sorption ratios. The response of LANL to this
concern vas oot entirely clear to us. The LANL project is beginaing to.
develop tests to address thie probleam, but we want to emphasize that this
iseue merits future considerstion. We were particulary interested fn the

interpretation of LANL to include any sorption onto biological particles

as part of the “rock.”™ This interpretatiocn will require careful coasidera-

tion vhen evaluating sorption modeling in performance assessaents 6o that
proper accounting of mitigating processes {s included.

II. "Application of Radfonuclide Sorption Information for Prediction of
Retardaticn in Fracture~Flov Ceologic Systems”, A. D. FKelmers, ORNL.

In this talk, we reviewed the history of the davelopment and the assumptions
underlying the conventicnal use of batch contact sorption experimental
sethodology and of calculated retardation factors to predict radioanuclide
migration in geoclogic systems. Our coaclusions were:

l. Reliance on equilibdrium distribution coefficient (K4) and retardation
factor (Rf) concepts leads to fnaccurate and nonconservative predic-
tions of radionuclide releases to the environaent for fracture-flow

systems.

2. Use of freshly crushed rock 1is not representative of fracture~flow
aicerals.

3. Interesting modeling work is being dooce in Europe to take credit for
satrix diffusion.

4, Bo migration mode]l deals with nonequilibriua sorption reactions or
aultiple radionuclide species and forms; unfortunately, these con-
ditions mmy predoainate for key radfonuclides.

While there was some {nteresting discussfon followving this presentation,
the LANL staff fndfcated that the subject was not relevant to Yucca Mountain
becsuse the working hypothesis of the NNWSI Project is that the wnsaturated




zone beneath Yucca Mountain bdehaves as s permeable mediua with groundvater
flov through the Bulk matrix rather than as predominantly fracture-flow,
This hydrologic issue Will bear watching closely in the future, bdecause {f
groundvater movemant occurs principally by fracture flow, the sorption
information for Yucca Mountian may be of limited spplicability. Important
to this {ssue 13 the consensus &t the meeting that the saturated zone will
have fracture flov as the doainant mechanisa of flow.

111,

Asguaptioas Underlying the LANL Sorption Approach

As & result of this mseting, wva believe that we have developed a better
uaderstanding of some of the fundamental assumptions underlyiog the LANL
approach to the development of sorption i{nformation for Yucca Mountain.
Our {nterpretations of the LANL statemente are listed balow:

1.

3.

L

The current assuaption is that, within the unsaturated zone, all tuff
units at Yucca Mountain will exhibdit porous flow. Therefore, (1) the
bulk rock will be available for sorption, and use of sorption ratios
measured in batch contact tests will model in situ bLehavior, (2) the
bulk rock winerals will be the sorption msdfum rather than fracture-
lining uinerals, and (3) the use of freshly crushed rock eamples will
represent in situ sorptive micerals. This hydrologic issue warrants
close monitoring in the future by the NRC geochemistry group. If the
hydrology is not porous flow, then the LANL approsch and resulting
sorption information may be both ingccurate and nonconservative. LANL
recognized that flov within the saturated portions of the site vill be
predoainantly via fractures. Thus, the applicability of the crushed-
rock, batch coatact tests for these units remains somewvhat questiocable.
We feel that some further consideration of this {ssue may be necessary.

Crushing drill core samples of various tuff units to cobdtain eaterial
for batch contact tests does not alter the mineral sorptive properties.
LANL reached this conclusion because the crystal size of the ainerals
is stated to be sasller than the part{cles generated by crushing; care
is taken by LANL to exclude any fines genersted during crushing. It
may be advisadle to experimentally reexamine this sssumption. If it
should prove to be invalid, then al]l LANL sorption information could be
suspect.

Work at 25°C s conservative for representing sorption at higher temp-
erstures becsuse sorption reactions would asccelerate vith teaperature.
Considering the reactions possidble in these complex mineral/groundvater
systems, this sssuaption oay varrant reexamination. Some specific

cases may exist vhere sorption decreases vith teaperature aa a tesult

of speciation changes, colloid formation, mineral surface reactions, etc.

Work without contrel of CO2 partial pressure and change of solution pH
by twvo units is conservative for sodeling fan situ sorpti{on under coa-
stant pi. This LANL assusption seems particularly questionable and cay
require aote than a casual check as vas implied by LANL, Reaactions

that change mineral surfacee, radicauclide speciatfon, etc., could be




L.

2.

3.

2.

faportant snd sone cases may exist vhere the higher pH sorption values
are noaconservative. We plan to explore this assuaption {n our infttal
experimental work.

MISCELLANEOUS DETAILED OBSERVATIONS

Our general fmpression {s that their batch sorption work is cacrefully
pecformed. There is no apparent need to da concerned wvith fsproper
techniques, especially wvith regard to their radionuclide counting
equipmsnt. Howvever, as discuseed adove, wa sre concernoed wvith esveral
aspects of the overall sorption msthodology of LANL.

We are somevhat concerned vith the column experisents utiliztng long
(1-2 =) colums of crushed tuff. Long, thin columns are somtimes
prone to channeling. This area needs to ba given further constdera-

tion.

Scott Sinaock (Sandia National Laboratory) discussed the relatfonship
betveen percent groundvater saturaction {n ctuff and mstri{c potential.
According to Sinnock, it is eigniffcent that numerous hydrologic
seasyuremsnts in the unsatursted zone at Yucca Mountain fndicate ground-.
vater ssturation values of 60 to 70X. Sinnock etated that ssturation
values in this range imply extremely high mstric potentials, vhich vie~
tuslly preclude significant fracture flov in the deeper cregloans of the
uasaturated zone. Furthersore, he stated that tuffaceous rocks that
are 60 to 702 saturated have much higher matric potentials than tuffa-
ceous rocks that are only slightly more saturated (e.g., the tuffs tn
G-tunnel at 90X sacuration). The tuffs {n G-tunnel, because they are
closer to being saturated, have & much lover mstric potentisl and are
observed to have groundvater floving through major fractures fnter~
secting the tunnel. Therefore, Sinnock stated that the working
hypothesis of NWSI f{s that the relatively lov saturation valuee (60 to
70%) preclude significant fracture flov in the deeper reglons of Yucca
Mountain, vhereas saturation values near 901 ({f they ware observed)
would permit such flov. This hypothesis 1s highly controversial and
aerits additfonal attention.

LANL has been unsuccessful in {ts attempts to use sutoradfography to
identify the priccipal =xinerals sorbing radionuclides fros soclutioa.
The difffcultly is that the amounts of radionuclides sorbed onto the
sinerals {n polished thin sections at the completion of s sorption
experiment are 60 small that they cannot easily bte detected by conven-
tional surface snalytical techaiques. Oue remedy for this prodles s
to increase the concentration of radionuclides {n the solution used to
contact the rocks during the sorption test. Howvever, LANL correctly
pointed out that this spproach might be unsatisfactory becsuse the spe-
ciation of radionuclides may S siguificantly different at higher con-
centrations, thereby (conceivably) faflusncing the sorptive behavior of
the radionuclides and produciag misleading results. To circumvent the
problem of fnsufficfent quanttcies of radionuclides sordbed onto the
surfaces of the thin sections, it mmy be necessary to efther {ncresse
vater/rock ratfos, lengthen contact time, or replenish radioauclide~
containing solutions in lowv water/rock ratio tests.




