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Dear Lindsay_ Lovejoy,
This document is in response to your 30 June, 1994 request for
comments regarding unresolved issues related to the WIPP Compliance
Status Report (CSR, OOE/WIPP 94-019). I have examined the items in section
6 which DOE claims as "dosed" or resolved. I have not examined or
commented upon issues 6.1.1 F, J, K, L, M,N,O. I have prepared comments
on two general areas, Deep Hydrology and Surface Hydrology. Each
encompasses several of the issues that DOE has listed as resolved. A minimal
number of sources of information have been cited, owing to limitations of
time.
Unresolved problems related to deep hydrology are important for
Performance Assessment (PA), but how they would effect the performance of
the repository would depend on the results of further research and
exploration which probably would not be authorized by OOE. On the other
hand, what is known about surface hydrology has revealed a site that, under
conditions of even moderately changed climate, because ol changes in the
Rustler aquifer, may not meet present requirements for disposal over a time
interval of 10,000 years. Over the next 100,000 years, the certainty of
significant climate change means that WIPP cannot accomplish its mission of
demonstrating safe, long-term isolation of radioactive waste.
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Anderson to Lovejoy, Comments on CS~DOFJWIPP 94-019; 14 July, 1994
"Deep Hydrology' Issues
6.1.1
6.1.1
6.1.1

A Brecda pipes (closed)
0 Brine weeps and seeps (open)
E Dissolution (closed)

The report contains several inaccuracies about the distribution of
brecda pipes and their relation to hydrology. Breccia pipes su. found within
the basin and they are tw1 restricted to the area above the reef. The
occurrence of a breccia pipe within the basin was reported by Anderson and
Kirkland (1980) and a photograph of collapse brecda in that pipe was featured
on the cover of the national journal which published the reviewed article.
The abundant limestone buttes (castiles) that are exposed in Culberson
County are another example of breccia pipes or chimneys within the basin.
All of these vertically penetrating features have a small cross section and the
statement that none ocrur in the vicinity of WIPP would require supporting
evidence that the geophysical methods used to explore the WIPP site area
were capable of identifying such features. Equally important as their
occurrence within the basin, is a lack of understanding about how such
collapse features formed and how they are related to the hydrology of the
basin.
Other collapse structures found within the basin are Bell Lake Sink and
Slick Sink, which occur east of the WIPP site and within an area of the basin
where there is no evidence for regional dissolution. No one disputes that
these are collapse structures but there is no information .about the depth of
these structures, about which geologic strata were dissolved to produce the
collapse. or about the hydrologic conditions that caused the collapse. It is
entirely conceivable, and in fact likely, that the collapse extends downward at
least to the Rustler aquifer. The large diameter of Bell Lake Sink, a collapse
structure which pre-dates the climate change of the last glacial maximum
{LGM), and geochemical evidence for the upward movement of deep
formation fluids (Hill, 1993), suggest that Bell Lake Sink is a deep structure.
Some information on Bell Lake Sink is in a UNM MS thesis by R
Widdicombe, but the origin of this collapse feature, within tht basin, has been
largely ignored during the characterization of WIPP.
The implications of having a deep, localized collapse structure within
the "undissolved" region of the Dela ware Basin should not be

underestimated. For example, U the structure is rooted in the Rustler aquUer
it would mean that fluids moving throug~ the Rustler have produced ·
localized dissolution and collapse well beyond advancing regional fronts of
dissolution. Bell Lake Sink contains a high lake stand that probably reflects
climate changes during the LGM. The possible renewal of localized collapse
before or during the LGM has important implications for the local stability
and hydrology of the site under a wetter climate regime and is therefore
related to the "dosed" issue of climate change. Climate issues are also related
to the question of karst and surface hydrology, discussed later.
Still another question related to "deep" hydrology, is the character and
origin of the west-to-east, upslope-to-downslope hydrologic communication
that is known to exist within the body of Salado evaporites within the
Delaware Basin. This hydrologic condition was recognized long ago by Hills
(1968), evidence was presented by Anderson (1981, and in several reports to
Sandia Laboratories), and EEG has confirmed the validity of the evidence.
Possible consequences of having moist salt is the unexpectedly fast rate of salt
creep and room closure (see issue 6.1.2 B.2) and increased brine seepage (see
issue 6.1.3 F).
The repository is already built and it is too late to use information
about this largely unknown hydrologic system for site selection. However, it
is not too late to characterize the hydrology and to use this understanding in
order to provide more reliable estimates of brine seepage and room closure,
issues that are vital to PA. For the reasons cited above, I do not consider
dissolution or "deep dissolution", breccia pipes, or brine weeps and seeps to be
resolved issues.

"Surface Hydrology'' Issues
The remaining issues are closely related to one another and to the
larger issue of karst, which DOE claims is resolved.
6.1.1
6.1.1
6.1.3
6.1.4

G Karst

I Paleoclimate and climate change
A Focus on Culebra Dolomite
F Climate change
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Kant
History of the Karst Issue
In 1975, after complex structures and a pressurized brine reservoir were
encountered at the first WIPP site, the project moved westward to the Los
Medaf\.os site along the eastern margin of Nash Draw. Approximately half of
the halite in the Rustler Formation was missing at this site (CSR Fig. 2-8). It
soon became apparent that dissolution by near-surface ground waters had
removed the halite along the eastern margin of Nash Draw (Fig. t), which
borders the WIPP site on the west. Nash Draw is one of the largest karstic
dissolution structures with surface expression in North America. Geologic
features and surface hydrology around the site clearly are expressions of the
kinds of geomorphic features and groundwater flow regimes that geologists,
world-wide, refer to as karst.
The issue of surface dissolution and karst was originally investigated
to detennine if rates of regional dissolution and erosion were sufficient to
breach the repository. Although suberosion is too slow for a breach,
dissolution does pose a threat to the Rustler aquifer. The CSR separates the
issues of karst and dissolution and minimizes its use the term karst in
describing the processes of dissolution at the site that effect the Rustler
aquifer. The CSR uses the term karst for the deep dissolution troughs that
occur in the central and southern part of the Delaware Basin and which
contain thick sequences of early Pleistocene Gatu.i\a Formation.
The CSR cites the absence of visible karstic surface features at the WIPP
site as DOE's main reason for closing the issues of both karst and surface
dissolution. The CSR acknowledges the importance of karst, were it to exist at
the W1PP site, but closes the issue by stating that • ... karst formation is not a
process at the WIPP site which will result in significant compliance-related
consequences.•
The absence of visible karstic surface features such as sink holes,
however, is nm evidence that the Rustler aquifer is unaffected by dissolution.
The moderate thickness of halite and gypsum strata in the Rustler Formation
precludes the development of large, visible collapse structures at the surface
until late stages of dissolution. In addition, a cover of dune sand at WIPP
obscures any surface expression of smaller karst features such as swallow
holes. As will be discussed, there is ample evidence that dissolution is an
active process at the WIPP site and the issue of near-surface dissolution(karst)
is critical to the effects of climate change on the performance of WIPP.
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Fig. 1. Location of Nash Draw in relation to WIPP site.
Dissolution, beginning along the axis of Nash Draw, has moved about 10
miles eastward and over the WIPP site to the present position of the
dissolution front. Dissolution moved eastward in a series of pulse-like
episodes controlled by changes in climate (see Fig. 3).

Notice that the main flow path in the Rustler aquifer and the local area of
increased hydraulic conductivity in the southern part of the WIPP site occur
as a northward extension of the southeastern lobe of Nash Draw.
Subsiding and expanding topographic depressions, such as Nash Draw,
are typical of karst regions and a karstic hydrology.

Age of Dissolution

•.

Although the CSR makes little mention of the age of dissolution In the··
area of WIPP, other publications by DOE team members (e. g. Beauheim and
Holt, 1990) make it clear that most of the dissolution, karst development, and
associated fracturing of the Rustler aquifer is believed to have occurred in the
Cenozoic. Nash Draw, for example, is considered to be a Cenozoic feature
related to the ancestral Pecos drainage and to the deep dissolution troughs in
the central area of the Delaware Basin (Beauheim and Holt, 1990). This
estimate of the age of Nash Draw clearly is in error because the age of this
structure has been adequately dated by tephrochronology as younger than
600,000 years (Bachman, 1974). The young age of Nash Draw is highly
relevant because it offers a means for examining the effects of climate change
on the progress of dissolution.
The young age of Nash Draw and its growth and development under
regional hydrologic conditions that continue to the present day provide a
basis for understanding and predicting future dissolution at the WIPP site.
For example, Beauheim and Holt (1990) recognize that •A high transmissivity
'finger' penetrates the southern border of the WIPP site.• This finger is a
localized area of high transmissivity in the Culebra aquifer (Fig. 2A). This is
the area where test wells that show rapid movement of tracers. It is also the
area where groundwater is relatively fresh and unsaturated for gypsum (Fig.
28), and where gypsum cement in Culebra fractures has been removed by
dissolution (Fig. 2C). The "finger" is also the pathway for the most rapid flow
in the Culebra and the local site for dissolution of halite above the Culebra
(Fig. 20). Examination of the location and orientation of this finger of high
flow, fresher water, and dissolution effects, relative to the configuration of
Nash Draw, shows it to be a northeastern extension of conditions that prevail
within the southeastern lobe of Nash Draw.
Other geologic features and hydrologic conditions found in the finger
and into the central area of the WIPP site are explainable as early stages in the
process of karstic dissolution. For example, physical and photographic
evidence taken from the main shaft at the center of the WIPP site reveals that
fractures in soluble units below the Culebra have been enlarged by
dissolution to form flow channels (see Fig. 2 in Chaturvedi and Channel,
1985). The fact that hydraulic conductivity varies by 6 orders of magnitude
across the site, as well as the vertical movement of fluids through other
stratigraphic units of the Rustler, are conditions that are consistent with
karstic dissolution. Some wells in the finger, such as H-11, show high
transmissivities and rapid movement of tracers, while other nearby wells
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Fig. 2. Expression of active dissolution in the southern area of the WIPP.
Adapted from Beauheim and Holt (1990).
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have very low transmissivities. This ~s precisely what one would ,expect to ..
find under conditions of developing l<arstic dissolution.
" ·
;'..
Present models adopted for the WIPP PA assume only fradure flow in
the Culebra, and as will be discussed, a correct understanding of the evidence
for dissolution is necessary for the development of valid hydrologic models.
In this regard, it is pertinent that a team of international experts, reviewing
WIPP hydrologic models, has suggested the use of alternate "fracture
channeling models" (see Beauheim and Davies, 1992), thereby acknowledging
that the aquifer has developed flow channels and has adjusted to an early
stage of karstic development.
Interpreting the "finger" as an advancing extension of the karst
hydrology of Nash Draw follows logically from the young age of Nash Draw
and from its history of eastward expansion and migration during past
episodes of climate change. The response of Nash Draw and adjacent areas to
the effects of climate change are critical to predicting the future performance
of WIPP.

Climate Change
The CSR contains a meager summary of climate issues and gives
conflicting statements, saying in one section that the issue of climate change
is open and in another that the issue is closed (12-7 vs 12-24).
I have emphasized the issues of karst and dissolution in because
placing the WIPP in a region of developing karst carries with it profound
implications for the stability of the site under conditions of variable climate.
Problems related to site stability and hydrology are different in character and
more acute in a region of soluble strata that continues to be affected by
changes in climate.
A brief geologic history of Nash Draw illustrates the problem of long·
term site stability. Nash Draw (Fig. 1) formed sometime after a thick surfacelayer of soil carbonate (Mescalero "caliche") developed over the region of
WIPP. The Mescalero unit is about 500,000 years old. The first stage of
dissolution and subsidence was centered in the present axis of Nash Draw and
during the last 500,000 years dissolution and subsidence has expanded
laterally under a highly variable climate, creating the present topography and
reaching the present edge of the regional dissolution front (Fig. 1). Today, the
topographic or physiographic expression of Nash Draw resembles a very large
dog bone (Fig. 1). In the southeastern comer of Nash Draw, dissolution and

subsidence have outflanked Livingston Ridge and the effects of dissolution
have encroached upon the WlPP site from the south (Fig. t).
Dissolution and eastward expansion of Nash Draw occurred mainly
during a series of four strong perturbations in climate that occurred in the
latter part of the Ice Age and Nash Draw migrated eastward during a series of
dissolution episodes, each separated by dry intervals of lesser dissolution,
such as the dry episode of the last 12,000 years (Fig. 3). The average amount of
precipitation in New Mexico during these major climatic episodes ls believed
to have increased to more than double its present value. Precipitation during
moist episodes also occurred in short pulse-like events of even greater
precipitation (Allen and Anderson, 1992). The pulse-like character of these
events may have increased the effectiveness of infiltration into karstic
systems, thereby facilitating dissolution during moist episodes.
The finger of anomalous hydraulic conductivity in the southern part of
the WIPP site, referred to earlier, is also the main flow path through the
Culebra aquifer. One can anticipate that during the next major climate cycle
of increased precipitation, dissolution will expand along the finger, advance
northward, dissolve what remains of the halite in the Rustler Formation, and
dissolve some fraction of the upper Salado at the interface between the
Rustler and Salado salt (brine aquifer).
A precursor to the path that dissolution is expected to take in the future
can be seen, as well, in the distribution of the secondary gypsum in fractures
in the Culebra aquifer (CSR Fig. 2-12). To appreciate the significance of this
pattern, and the importance of the effects of climate change, it is helpful to
describe the process of re-solution of gypsum in stages, as follows, and as
depicted in Fig. 3:

1. Creation of a system of open fractures in the Culebra aquifer during
episodes of high flow prior to 12,000 years ago.
2. Plugging of the open-fracture network by precipitation of secondary

gypsum in frachlres during a period of reduced rainfall and infiltration, anil
low hydraulic head in the WIPP area. This warm dry climate episode
occurred in the American Southwest about - 8000 to 4000 years ago.
3. Beginning about 4000 years ago, re-solution of secondary gypsum
from fractures ill the Culebra aquifer occurred after the regional climate
changed from dry to the moderately moist conditions of the present day.
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Fig. 3. WeVdry climate cycles and their effect on the Rustler aquifer in the
southern area of the WIPP site. Major climate cycles based on marine
isotopic record (see Swift, 1992).

4. DtVtlopmtnt of a IOC11liztd palltr11 of optn fr«!u.rn that
corrtsponds, approximattly, with tht modttn flow ,,.,,. through tht Rustltr .·
aquifer (Figs. J, 2, and Stt Fig. 26 in Bnuhtim and Holt, 1990).
The effects of the above climate-driven cycle of solution, deposition, and re·
solution can be seen in the present-day pattern of open fractures in the
Culebra (Fig. 2C, and see CSR Fig. 2·12). This localized pattern corresponds to
the area of variable and high hydraulic conductivity, to the area of anomalous
tracer tests, and to the main flow path (Fig. 20).
OOE, as outlined by Swift (1992), has correctly identified a climate
history for the WIPP area that is essentially as illustrated in Fig. 3. The CSR,
however, does not link this history to dissolution and related changes in the
Rustler Formation. The effect on dissolution by the moderate changes in
climate that occurred during the last 10,000 years, as shown in stages 1-4 above
and in Fig. 3, leads to several observations regarding the effects of larger
changes in climate expected in the future.
1. Adjustments of the Rustler aquifer to past changes in climau can be 11Setl as

a predictor of patterns of dissolution and structvral adjustments during
future changes in climau.
One can predict that the dissolution front will migrate further eastward and
most if not all the remaining soluble beds will be removed from within the
Rustler. More important for the performance of WIPP, however, will be the
flanking movement of dissolution that extends from the southeastern lobe of
Nash Draw. This route will bring active dissolution to the center of the WIPP
site shortly after a major change in climate and before the remaining halite in
the Rustler Formation is removed along the regional dissolution front.

2. Changes in climate result in rapid adjustment of the IUJUifer to the altered

climate state.
Evidence for this observation is considered in later paragraphs.
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Rapid adjustment of the aquifer due to dissolution and subsidence following
a change in climate means that hydrologic models cannot accurately predict
flow rates, retardation, and other measures of WIPP performance on the basis
of modem hydrologic data. These adjustments range from dissolution of
gypsum in existing fractures to the generation of additional fractures
following the removal of soluble strata
Present hydrologic models alter climate input by changing values for
hydraulic head in the Culebra aquifer. Such models assume no change in the
condition of the aquifer and cannot be used to predict adjustments in the
aquifer (e. g. fracturing and channelization) under different climatic
conditions. A model that attempted to do so would have to consider so many
unknown variables that output from the model would be of little or no
value.

Inadequacy of Performance Assessment
For Altered Oimatic Conditions
The above observations indicate that there is no adequate means for
predicting the perfomumce of WIPP under climatic conditions of increased
moisture. This conclusion is based on the fact that soluble material and strata
adjust rapidly, through dissolution and then through subsidence and
fracturing, to small increases in the supply of dissolving fluids. For example,
a continuation of the increased moisture of the last 4000 years, relative to the
dry interval between 8000 and 4000 years ago, will result in further
dissolution of secondary gypsum from fractures in the Culebra Dolomite.
With only a moderate increase in moisture and head, fractures in the Culebra
will continue to widen and accommodate increased flow within a time frame
of a few thousand years, thereby reducing the validity of a 10,000-year
prediction based on tighter fractures. For even larger increases in moisture,
as illustrated in Fig. 3, removal of soluble strata within and below the Rustler
Formation will lead to further fracturing and channelized flow, making
predictions even less reliable.
OOE, which has dosed the issue of karst, probably will challenge the
above conclusions on grounds that little or no dissolution, fracturing, or
channelization of the aquifer is likely to occur during the next 10,000 years.
However, such an argument cannot be based on the assumption that Nash

Draw and the associated fractures in the Rustler are old structures that _
developed largely during the Cenozoic or early Pleistocene.
Evidence for the on-going nature of dissolution is provided by the
distribution of secondary gypsum in Culebra fractures and by the fad that the
climate history of the Southwest constrains the time when re-solution and
increases in transmissivity occurred (Fig. 3). Another line of evidence that
helps date the pace of dissolution is the rate of migration and collapse of Nash
Draw. Although Nash Draw grew to its present size during four or five
major climate cycles over the last 500,000 years (Fig. 3), eastward migration
was undoubtedly marked by episodes of rapid migration during wet intervals
separated by cessation of dissolution and fracture filling during periods of
dryness. Eastward migration means that most of the soluble materials
removed from the Rustler Formation in the vicinity of WIPP were dissolved
out during the last major wet climate episode Oess than -100,000 years, see
Fig. 3).
Examination of this last major climate cycle at other localities in New
Mexico shows that climate changed in a series of strong pulsations lasting no
more than a few centuries and that these century-scale wet intervals were
grouped into longer cycles of about 2000 years (Allen and Anderson, 1993).
Even though the last major wet episode was sustained for more than 50,000
years, actual increases in moisture to double present values during this
prolonged interval were much shorter, possibly representing as little as 10,000
years. We are left with the understanding that the time available for active
dissolution and the development of karst, in the vicinity of the site, is within
the same time frame as the time interval for which prediction is required.
Predictions of future flow in the Rustler under conditions of a
doubling of moisture, given the short time frame of dissolution and aquifer
adjustment, must deal with the problem of an altered aquifer. For example,
assume that a dramatic increase in precipitation occurred 2000 years from
now, a real possibility if one examines Fig. 3. Under such conditions a lag
between increased precipitation/infiltration and dissolution of nearly 8000
years would be required for a prediction to be valid for 10,000 years. The
evidence from the rate of migration of Nash Draw, and from the re-solution
of secondary gypsum in fractures, indicates no such lag.
The question of lag effects and how soon dissolution and subsidence
will follow a shift in climate depends upon the pathways and rates of
infiltration from the ground surface to the Rustler and brine aquifers.
Extensive dune cover over the site area has obscured any surface expression
of rapid infiltration (e.g. sinkholes and swallow holes). However, a sinkhole
and a test well east of Nash Draw and near the western edge of the site (WIPP
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33) testify to rapid infiltration. Halite ls dissolved from ~e str~~- thatJie..
above the finger of high transmissivity, undersaturation, and rapid flow in
the Culebra (Fig. 20). Where did the brine from this dissolved salt go, if not
downward and into the Culebra aquifer? Where was the source of dissolving
waters? South of the finger ls an unexplained decrease in total dissolved
solids that provides a strong due as to how the hydrologic system must work.
The CSR leaves the question of surface recharge of the Rustler aquifer
open, stating that "recharge areas and rates remain unidentified" (CSR, p. 6·
20). Even after making this unequivocal statement, the CSR concludes,
remarkably, that the issues of lcarst and dissolution are resolved and will not
have ... "compliance related consequences."

An Important Question
The inability to obtain meaningful predictions of performance over the
next 10,000 years raises the question of the proper interval of time for which
waste isolation must be assured with acceptable consequences. A 10,000-year
period of institutional responsibility was promulgated for radioactive waste
disposal on grounds that predictions made beyond that period would be
increasingly unreliable. It was argued that if a site could be shown to be stable
for 10,000- years, then it was likely that the site would be stable for a much
longer interval. Although such an argument might be valid for many
geologic sites, it is not valid for the WIPP because of its history of dissolution
and the certainty that changes in climate will disrupt the Rustler aquifer.
For a radionuclide such as plutonium (half life of 24,000 years) a
realistic period of isolation would be at least 100,000 years. If one examines
the regularity of major episodes of past climate change (Fig. 3) and considers
WIPP in this context, then the Rustler aquifer would have to survive at least
one complete major climate cycle. Given the previous history of Nash Draw,
the soluble beds in the Rustler would be completely removed during the next
major cycle and the question of retardation of radionuclide transport in the
Rustler aquifer would become moot.

A Logical Question
If the existence of karst at WIPP precludes the use of predictive models
for performance assessment for the next 10,000 years, how is it that the WIPP

project moved forward to its advanced stage of development without
recognizing so fatal a flaw?
The answer lies in WIPP history and in an examination of institutional
commitments to WIPP as a disposal site. When the first WIPP site had to be
abandoned, the one remaining site in New Mexico, Los Medai\os, came with
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several problems. One problem was proximity to potash, petroleum and
other resources. For example, producing oil wells nearly endrcle the WIPP
site. The pattern of well spacing indicates that WIPP sits above a major oil
discovery, a fact already known by 1990. The record shows that OOE officials
knowingly failed to inform experts about petroleum exploration and
production at the site, even though producing oil rigs were in clear view of
the WIPP facility (Silva, 1994). This episode illustrates the determination of
institutions to complete the WIPP mission in the face of adverse information,
but, more importanUy, it shows the ineffectiveness of institutional controls
and the certainty that the WIPP site is a target for Human intrusion.
The other problem was that about half of the salt in the RusUer aquifer
was missing. At that time the reasons for a thin RusUer were not well
understood and it was believed that karstic conditions were confined to Nash
Draw. Investigators were concerned with travel time for fluids in the Rustler
aquifer under existing climatic conditions and profound changes in climate
were considered to be mainly a feature of the high latitudes associated with
glaciation.
When evidence began to emerge, before WIPP was constructed, that
karstic conditions were more widespread than anticipated, this information
was ignored, leaving us, today, with consequences made greater by changes in
climate. This means that the effects of human intrusion may not only be
amplified by the pressurized brine reservoir that is reported to occur beneath
the WIPP repository, it will not be possible to predict the consequences of this
compounded scenario owing to unknown responses to climate change.
The institutional track record for characterizing WIPP and for
considering possible consequences warns us to be certain about having
reliable predictions of performance. Therefore, specific recommendations are
in order.

Recommendations
1. The discovery of petroleum resources under WIPP, and a greaUy increased
potential for multiple breaches of the repository, relate direcUy to climate
issues as they effect the performance of the Rustler aquifer. The issue of
resources needs to be reexamined, with all the facts on the table.
2. Previous assumptions about the age of Karst are in error, with karst
development and dissolution in the site area younger and more extensive
than acknowledged. There needs to be a concerted effort to determine the
extent of dissolution by means of further exploration.
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