





considered the topography and meteorological characteristics of
each study location. Several of these provided valuable insight
about the interaction of extreme precipitation over climatologically
similar regions to the mining locations discussed in this paper (Fig.
1). These PMP studies have received extensive review, and the
results have been used in computing the Probable Maximum Flood
(PMF) for the watersheds and regions covered. The mine locations
discussed in this paper were able to leverage those previous studies
and follow the same accepted procedures to determine PMP values,
to develop the PF database, and calculate other meteorological data

for each location.
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Mine Site Locations

Each of the locations had previously utilized the Hershfield statisti-
cal method (Hershfield, 1961 and Hershfield, 1965) to derive PMP
depths. Use of the storm-based approach to derive the updated PMP
and other meteorological parameters is a significant improvement
over the previously derived estimated PMP depths. The storm-based
approach provides more confidence and certainty in the depths used
for design of these high hazard infrastructures. In contrast to the
Hershfield method, the storm-based approach and utilization of ob-
served rainfall events specifically relevant for a given location, is able

to more accurately quantify rainfall accumulation in space, time, and

In contrast to the Hershfield method, the storm-based approach, and utilization of observed rainfall events
specifically relevant for a given location, is able to more accurately quantify rainfall accumulation in space, time,
and magnitude and provide meteorological information covering all area sizes and durations.



magnitude and provide meteorological infor-

mation covering all area sizes and durations.

The Indonesian mine is located just south

of the equator and is the world’s largest gold
mine and second-largest copper mine (Fig. 2).
Due to the topographic setting and extreme
elevations, the site can receive snow at the top
of the basin at the same time heavy monsoon
rainfall is occurring at lower elevations. The
region includes tropical glaciers above the
mine site with tropical rainforest throughout
the majority of the basin, ending with an ocean
interface (Mealey, 1996). Terrain plays a key
role in defining the PMP storm type and PF
development, the magnitude of rainfall ac-
cumulations, and their associated spatial and
temporal distributions. These factors were
explicitly accounted for during the updated
PMP and PF development processes.

The mine in Peru is located in a mountainous

region near the headwaters of the Marafién
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Basin Statistics:

Area:

Centroid:

Ave. Elevation:
Max. Elevation:
Min. Elevation:

2,204.8 km®
4.40 8,137.01E
892 meters
4,949 meters
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the foothills of the Andes and into the Andes themselves, annual
precipitation increases as well, reaching over 750 mm (29.5 in.)
per year over the highest peaks, including snowfall. These factors
were explicitly accounted for during the PMP and PF develop-

ment process.

PMP Development Process

The storm-based approach utilized by AW A in these studies
requires that explicit precipitation data be analyzed which rep-
resent PMP-type storm events that have or could occur over the
location of interest. Therefore, AW A performed extensive data
mining and analysis to identify the storm type(s), region of similar
meteorology and topography, and individual extreme precipita-
tion events. AW A’s Storm Precipitation Analysis System (SPAS)
was used to analyze all storms. SPAS produces hourly gridded
precipitation data, as well Depth-Area-Duration (DAD), mass
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curves (hyetographs), total storm isohyetal images, AEP maps, and
several other standard outputs. In addition, AW A derived clima-
tological data sets that are used to adjust individual storms. These
include development of 100-year recurrence interval dew point
climatologies, sea surface temperature climatologies, and 100-year

recurrence interval precipitation frequency estimates.

Statistical procedures for estimating PMP can be used if sufficient
period of record precipitation data are available and are particular-
ly useful for making quick estimates of PMP when more detailed
meteorological data are limited. The Hershfield method is used
mostly for making quick estimates for basins of no more than
about 400-mi? (Hershfield, 1961; Hershfield, 1965; Koutsoyiannis,
1999). This method is convenient in that it requires consider-
ably less time to apply than other meteorological or storm-based

approaches and doesn’t require meteorologists to develop the

































