



















































































Vol. 1, pp. 122-128). This means, for example, that DHI’s incorrect
interpretation of the geology allows groundwater to bypass the Near Field,
whereas in reality it must all flow through this area.

ii1) The Silala Fault, invoked as a high-permeability groundwater pathway by
DHI, does not exist, could not be related to tectonic events that took place
millions of years before the ignimbrites or the Miocene Volcanics were
deposited and cannot be used to specify narrow high-permeability zones
running down the Cajones, Orientales and Silala River ravines in an
impossible sinuous manner (CAP, Vol. 1, pp. 128-130; CAP, Vol. 2, pp. 214-
221).

iv) The Bolivian structural analysis is flawed. This has led to erroneous
interpretations in the structural geology, which has then led to the false
assumption of the presence and location of open fractures able to conduct
groundwater, so there is a likelihood of incorrect assignment of aquifer
properties in both conceptual and numerical modelling. (CAP, Vol. 2,
pp. 212-235).

v)  DHI has ignored Chilean evidence of a shallow aquifer system, which is
supported by geophysical and hydrochemical evidence. Although DHI has
acknowledged two sources of groundwater supplying the Bolivian wetland
springs, these have been ignored in the construction of the Near Field Model,
leading to incorrect interpretation of the groundwater water table distribution
and groundwater flowpaths (CAP, Vol. 1, pp. 132-133; Peach and Wheater,
2019; Arcadis, 2017; SERNAGEOMIN, 2019a; Herrera and Aravena, 2017;
Herrera and Aravena, 2019).

vi) The DHI conceptual model of groundwater flow and potentiometric contours
used for the Near Field Model (BCM, Vol. 4, p. 97) are in conflict and
represent different interpretations of the groundwater flow regime (Wheater
and Peach, 2019b, at CAP, Vol. 1, p. 108, Figure 8).

All of these listed issues affect the representation of groundwater/surface water
interaction in the Near Field Model and in turn affect the estimation of the impact
of the channelization on surface and groundwater flows.

This list is disturbing and leads to the conclusion that the modelling which has been
used to support and justify the DHI estimates of the impact of channelization on the
surface and groundwater flows from the Bolivian wetlands at the headwaters of the
Silala River is highly flawed. In short, the Near Field Model models developed by
DHI as Bolivia’s expert advisors are based on an incorrect understanding of the
geology and hydrogeology of the Silala River surface and groundwater catchments.

4.3.4 Wetland degradation

Studies by Bolivia’s experts, including two reports by FUNDECO (BR, Vol. 3,
Annexes 23.3 and 23.4), considered the effect of historical channelization on
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observed changes in the wetlands. Bolivia’s studies shed light on some of the
changes that have taken place in the wetlands, but they are flawed in several
important respects, as discussed by us in Wheater and Peach (2019b) (CAP, Vol. 1,
pp. 137-140), and by Bolivia’s own consultant (DHI, 2018b) in Bolivia’s Rejoinder
(BR, Vol. 2, pp. 65-122).

Bolivia repeats a very serious error in the reporting of current wetland areas (as
0.6 ha), which DHI note is flawed.!* Bolivia also asserts that large reductions in
wetland area are solely due to the historical channelization.!> However, this is based
on their FUNDECO (2018) report, in which, using geochemical evidence, they state
that wetland desiccation °...began around 1908, which is a clear sign of the effects
that canalization had on the Silala springs’ (BR, Vol. 3, p. 142), and note, from
pollen analysis, ‘From 1908 onwards, a gradual desiccation process took place’
(BR, Vol. 3, p. 142). It follows that, on Bolivia’s evidence, this desiccation predates
the construction of the channelization (installed in 1928) by some 20 years. They
also note that ‘this desiccation process reached its climax around 1950..." (BR,
Vol. 3, p. 142), which to our knowledge does not coincide with any channel
changes. Other strands of their evidence, from soil analysis, indicated major
changes between 680 and 862 years ago, and between 1960 and 1980 (BR, Vol. 3,
p. 155). Given that the dates of reported changes bear no relationship to the date of
channelization, it must be concluded that other factors are playing a significant role.
We agree with Bolivia’s experts, DHI, that climate changes could have been the
cause of some of these changes (BR, Vol. 2, p. 99).

In Wheater and Peach (2019a) (CR, Vol. 1, pp. 127-138), we reported on detailed
monitoring of an undisturbed Chilean wetland within the Silala River basin,
coupled with high resolution remote sensing data of the Bolivian wetlands, to
investigate whether there was evidence of degradation of the Bolivian wetlands.
Bolivia had asserted that ‘the artificial channels and drainage network of the Silala
River substantially affected and degraded the bofedales and caused the wetlands to
recede and decline’ (BCM, Vol. 1, p. 102). Our results showed that both the
Bolivian and Chilean wetlands continue to fully occupy the valley floor, and
seasonally extend up the base of adjacent hillslopes (CR, Vol. 1, pp. 132-136). It
therefore appears that channelization in Bolivia has not affected the area of active
wetland in the valley floors, where the drainage channels are located.

The hydrometeorological functioning of the wetland vegetation, as indicated by
remote sensing, is similar in all three wetlands, and associated estimates of actual
evaporation suggest that the highest evaporation rates are observed from Bolivia’s
Cajones and Orientales wetlands, some 10% greater than that of the undisturbed

14 “It seems that the areas in the Ramsar report are not reflecting the full wetland’ (BR, Vol. 5, p.
41).

15 “The scientific evidence shows that the hydraulic works generated the fragmentation of the
bofedals’ (BR, Vol. 1, p. 50).
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Quebrada Negra wetland (CR, Vol. 1, p. 137). This indicates that, with respect to
evaporation, the Bolivian wetlands are functioning at least as well as the
undisturbed Chilean wetland. Thus, from the satellite data, it appears that there has
been no significant reduction in evaporation associated with the channelization of
the Bolivian wetlands, and the small reductions in water table elevations associated
with the drainage of the Bolivian wetlands have not inhibited evaporation from the
wetland vegetation.

The important conclusion, that no effects of channelization on wetland evaporation
have been detectable, has significant implications. As discussed above, changes to
wetland evaporation losses are seen by both ourselves and DHI to be the primary
cause of potential changes in the fofal cross border flow of water from Bolivia to
Chile, as both surface water and groundwater flow from Bolivia into Chile (BR,
Vol. 5, p. 30; CR, Vol. 1, p. 108).

We note in passing that Bolivia’s confusion concerning the wetlands extends to
their criticism of our analysis of high-resolution remote sensing data of wetland
extent (BR, Vol. 1, p. 46). Our analysis showed strong seasonal variability in the
spatial extent of active wetland vegetation, which according to Bolivia ‘reveals
flawed calculation that cannot be reasonably accepted’. Bolivia thus ignores the
evidence of its own experts, Torrez Soria et al. (2017) (BCM, Vol. 3, p. 73) and
Castel (2017), who also confirm a large expansion and contraction of areas of active
wetland vegetation as the seasons progress.

4.3.5 Could the flow from groundwater fed springs in the Cajones and
Orientales springs have been significantly enhanced by the use of
explosives?

It was suggested (BCM, Vol. 1, p. 47) that the groundwater-fed springs of the
Cajones and Orientales wetland had been enhanced by explosives. However, as we
discussed in Peach and Wheater (2019), the evidence for this is very flimsy and a
reference cited by Bolivia concerning development of deep borehole yields from
very low permeability rocks by explosive methods is inapplicable. The BCM cites
Driscoll (1978) (BCM, Vol. 1, p. 47) as evidence that blasting can enhance water
flows by a factor of 6 to 20. However, this article is in no way applicable to Bolivia’s
situation. Firstly, it concerns the development of deep (over 100 metres depth)
borehole water supplies, not springs. Secondly the boreholes were located in poorly
fractured granites, quartzites and slates. These rocks are metamorphic, have
undergone considerable changes due to very high temperatures and pressures, and
hence are normally very poorly permeable, unlike the permeable rocks feeding
Bolivia’s springs. Thirdly, the deep boreholes were plugged with sand to direct the
blast horizontally, which is clearly inapplicable to Bolivia’s situation. Bolivia’s
springs could not have been developed significantly to increase yields by the
explosive methods they suggest (CR, Vol. 1, pp. 217-218).

25



4.4 Summary discussion

In short, the basic reasons for the disagreement between Bolivia’s experts, DHI,
and ourselves concerning the impacts of historical channelization concern the poor
use of well-established modelling software by DHI and inaccurate understanding
of geology. Our initial concerns with respect to the DHI modelling associated with
errors in boundary conditions were acknowledged by DHI, but when DHI’’s digital
data were made available, further very serious errors and unexplained assumptions
became apparent. In our opinion, the effects of channelization are primarily due to
changes in wetland evaporation. However, DHI and we agree that these will, at
most, account for a very small (< 2%) increase in the river’s surface water flow,
and our remote sensing analysis shows no material difference in wetland
evaporation when an undisturbed wetland in Chile is compared to the channelized
wetland in Bolivia.

DHI has proposed additional effects, arising from changes in groundwater elevation
gradient due to channelization and increased hydraulic resistance to groundwater
flow associated with hypothetical peat accumulation. While we accept that these
effects are feasible, our own analysis showed that these effects were very small (a
result that has subsequently been confirmed when the DHI models were run by us
with errors partially corrected).

We noted in our Updated Analysis (Wheater and Peach, 2019b at CAP, Vol. 1,
p. 142) that DHI refer to a historical estimate of flow, made in 1922 prior to the
channelization, to support their simulations and conclusions. However, in our
opinion, a single estimate, made at a location that is uncertain, and in a difficult
environment where contemporary measurements have had large errors, cannot be
considered reliable. DHI (BR, Vol. 5, p. 56) reported that the single historical flow
measurement was 18% lower than current flows (at a location that they assumed),
but noted (BCM, Vol. 2, p. 392) that even under nearly ideal flow gauging
conditions, based on a specially-constructed flume, errors in flow rate measurement
in the Silala River can be expected to be of the order of 25-30%.

Bolivia’s claims of wetland shrinkage and degradation are not supported by our
remote sensing and ground-based data, and are disputed by their own consultants,
DHI. Similarly, Bolivia’s assertion that wetland degradation has been proved to be
due to channelization have been shown to be incorrect by ourselves and by DHI.
And Bolivia’s claims concerning the use of explosives are implausible and
unsupported by any reliable evidence.

S CONCLUSIONS

It has been encouraging to note that there is general agreement between Bolivia’s
consultants, DHI, and ourselves concerning the hydrological functioning of the
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Silala River basin. The Silala River flows from Bolivia to Chile and is a system of
surface waters and groundwaters constituting a unitary whole and flowing as both
surface water and groundwater across the international border. It is therefore
unequivocally an international watercourse.

Important differences remain concerning the interpretation of the hydrogeology, but
of most significance for the case is the continued assertion by Bolivia, based on
advice from its consultants, DHI, that there are large effects on the surface water
river flows associated with the historical channelization of the Bolivian wetlands,
when in our opinion, these are very small. In our reports accompanying Chile’s
Reply, we showed that there were errors in the geology used in DHI’s modelling
and a fundamental flaw in the treatment of the associated model boundary
conditions. In our Updated Analysis attached to Chile’s Additional Pleading, we
further demonstrated that much of Bolivia’s geological interpretation was wrong.
In addition, with access to the digital data used for the modelling, we showed
conclusively that DHI’s modelling was fatally flawed. As explained above, the
large, simulated effects were in large part artefacts of DHI modelling errors.

In our opinion, the potential effect of the channelization is mainly a reduction in
evaporation from the wetlands. Such a reduction could increase the water available
for surface flow across the border. However, both DHI and we agree that such an
effect would be very small, at maximum 2% of the annual flow. In fact, our remote
sensing analysis of Bolivia’s wetlands suggests that their lateral extent and seasonal
dynamics have not been significantly affected by the channelization, nor has their
evaporation been significantly reduced.

Bolivia’s consultants, DHI, invoke additional mechanisms to explain their large,
modelled effects, represented in their scenarios that compare the ‘Baseline’
(channelized) situation with a ‘No Canals’ and a ‘Restored Wetland’ scenario. Our
simplified calculation, while approximate, suggested that these mechanisms might
generate a 1% change in surface flows. Additionally, it is important to note that any
increase in surface flows will be accompanied by a corresponding decrease in
groundwater flows across the border and vice versa. Any net change in water flow
across the border will primarily be due to change in wetland evaporation, which
DHI agree is small, and our remote sensing analysis suggests is negligible.

In conclusion, Bolivia’s modelling of the impacts of channelization has been shown
to be flawed in many respects. It is wholly unreliable and should not be relied on
by the Court. We have consistently stated our expert opinion that these impacts will
be small. Indeed, the effects of the historic channelization on flows across the
border from Bolivia to Chile are so small that they are unlikely to be detectable.
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Statement of Independence and Truth

1. The opinions I have expressed in my Reports and Written Statement represent my
true and independent professional opinion. Where I have relied on the observational and
monitoring studies under my supervision by the Chilean scientific experts, or data
supplied to me by the Republic of Chile, I have noted that in my Reports and Written
Statement.

2. I understand that my overriding duty is to the Court, both in preparing the Expert
Reports that accompany the written presentations of the Republic of Chile, this Written
Statement and in giving oral evidence, if required to give such evidence. I have complied
and will continue to comply with that duty.

3. I have done my best, in preparing the Written Statement, to be accurate and
complete in answering the request of the International Court, as expressed in a letter of 15
October 2021 from the Registrar of the Court to the Agent of the Republic of Chile. I
consider that all the matters on which I have expressed an opinion are within my field of
expertise.

4. In preparing my Reports and Written Statement, I am not aware of any conflict of
interest actual or potential which might impact upon my ability to provide an independent
expert opinion.

5. I confirm that I have not entered into any arrangement where the amount or
payment of my fees is in any way dependent on the outcome of this proceeding.

6. In respect of facts referred to which are not within my personal knowledge, I have
indicated the source of such information.

7. I have not, without forming an independent view, included anything which has
been suggested to me by others, including the technical team and those instructing me.

WL

Dr. Howard Wheater
Hydrological Engineer

10 January 2022
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Dr. Denis Peach
Hydrogeologist

10 January 2022
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